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Opinion And Perspectives

Hypothesis Based on the Quantum Diagnostic
Function of Aminoacyl-tRNA Synthetases
Hasan Niazi*, Farzam Faeznia†
Abstract
Aminoacyl-tRNA synthetases (ARSs) are a family of enzymes used for protein
biosynthesis, their catalytic mechanism is based on the binding of the tRNA with the
associated amino acid. These enzymes have the peculiarity of combining two different
biological coding languages: the protein coding language (amino acid sequences) and the
DNA coding language (nitrogen-containing bases). Human body cells produce twenty
different ARS types and each one is capable of specifically recognizing an amino acid among
the twenty natural amino acids. Since the size of these enzymes is on the nanoscale, we
believe that their action can be based on quantum mechanical effects. Francis Crick
explained the difference between the number of tRNAs and the number of codons in the
Wobble hypothesis. In this paper, we want to justify why the number of tRNAs is higher
than that of enzymes (ARS). Indeed, the main questions are: how does ARS identify specific
tRNAs for each amino acid that is affine to an ARS? How is ARS not confused with other
tRNAs that have no affinity between the amino acid and the ARS and have an error
coefficient of one ten thousandth? In this article, we have tried to address the process and
order of connection amino acid and tRNA to the ARS, from a physical perspective (using
quantum concepts). In other words, this article focuses on quantum signaling and detection
processes of ARS enzymes and the justification for their low error.
Key Words: Aminoacyl-tRNA Synthetases (ARSs), Amino acid, mRNA, tRNA, rRNA,
Hamiltonian, Interaction Hamiltonian, Perturbation Theory
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1. Introduction
The central dogma of molecular biology
explains how in biological systems RNAs
are made from DNAs and then how
polypeptides are made from RNAs (Crick,
1958). In human and other eukaryotic cells,
RNAs are produced by three different types
of RNApol called RNApol1, RNApol2 and
RNApol3 each ones transcribing particular
RNA gene (Urry, 2016).

RNApol1 transcribe ribosomal RNA
(rRNAs) gene, RNApol2 transcribe
messenger RNA (mRNAs) and some small
rRNAs gene and finally RNApol3 transcribe
transfer RNA (tRNAs)
gene.
The central dogma states that in
biological systems, first DNA is transcribed
to produce primary mRNA (pre-mRNA),
and then the pre–mRNA in a process called
RNA splicing, losses parts called introns
and it is converted to mature mRNA
(Lodish, 2016).
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Then, mature mRNA is read by
ribosomes and utilize amino acid carried by
tRNAs to produce the protein (Lodish,
2016). The sequence of amino acids in a
protein is determined by the sequence of
nucleotide bases in the stretch of DNA that
encodes the protein. Each amino acid is
represented by a sequence of three DNA
bases, called a triplet. Because 4 different
bases can be combined into 64 different
triplets, most of the 20 amino acids are
represented by more than 1 triplet.
Transcription is an information
transfer since DNA and RNA are chemically
and structurally similar, the DNA can act as
a direct template for the synthesis of mRNA
by complementary base-pairing. These 64
triplets can be transcribed into mature mRNAs so it is possible that 64 different
arrangements are created (Snustad, 2011).
In translation process, small and large
ribosomal subunits that recognize and
match to /AUG/codon, make the ribosome.
In the ribosome, the process of making
amino acid sequences takes the form of
complementary anticodons and codons.
Initially, it was expected that 64 different
types of codons should have 64 different
anticodons and as a result, 64 different
types of tRNAs. Later, researches and
experiments have shown that the types of
tRNAs are about 45 (Urry, 2016).
This paradox is resolved by Francis
Crick
in
a
Wobble
hypothesis
(Snustad, 2011). This hypothesis states that
the hydrogen bond between the codon and
the anticodon is less accurate between the
end of 5 anticodons’ nitrogen-containing
base and the end of 3 codons’ nitrogencontaining base. Moreover in front of a
codon, like /AGG/ can be placed tRNA with
anti-codon /UCC/ and /UCU/, while for a
codon, like /AGA/ can again be the same
tRNA used for codon /AGG/ meaning that
/UCU/, this reduces the number of
required tRNAs (Snustad, 2011).
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The question we are trying to answer, is
why even though we have about 45 types of
tRNAs, the number of enzymes ARS for
these tRNAs are the same of the amino
acids (Urry, 2016). The main problems are:
how are tRNAs' anticodons read? How do
ARSs recognize anticodons? Why does the
number of these enzymes match the amino
acids? Many years ago, some scientists and
researchers realized that this process
should not simply follow the Key-Lock
mechanism, for example:
1- Linus Carl Pauling stated in 1957 that
with biochemical and molecular properties,
it is not possible for the enzyme to be so
accurate (Giegé, 2006).
2- According to the results of reference,
at the site of contact of this enzyme with
anticodons, reading and diagnosis occur. In
this article it is stated that by binding tRNA
to ARS, this enzyme is structurally
deformed (Bovee, 1999).
3- According to the Yu’s paper on
Aminoacyl-tRNA Synthetases and amino
acid signaling (Yu, 2021) among ARSs,
leucyl-tRNA synthetase 1 (LARS1) has been
identified to perform specifically as a
leucine sensor upstream of the amino acidsensing pathway. In addition to LARS1,
other types of ARSs such as QARS1 have
been demonstrated to participate in
sensing and transmitting signals related to
intracellular levels of their affine amino
acids.
The history of research on the signaling
and diagnostic function of the ARS
enzymes is shown in Figure 1.
The process of binding amino acid to
tRNA and its function from a common
biochemical perspective is expressed in the
mechanism as below (Giegé, 2006):
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ATP + amino acid → adenyl~amino acid + PP (activation step)
adenyl~amino acid + RNA → RNA~amino acid + AMP (transfer step)
ATP + amino acid + RNA → RNA~amino acid + AMP + PP (overall reaction)

According to this process, the ARS
bound ATP to amino acid and then
particular tRNA to complex of adenylamino acid is bound. This process doesn’t
determine the sequence of binding the
amino acid and tRNA but determines how
amino acid is bound by tRNA.
2. Theory
2. 1 The summarized explanation of
Key-Lock mechanism & Induced Fit
model
Key-Lock theory: a theory to explain
the mechanism of enzymatic reactions, in
which it is proposed that the enzyme and
substrate(s) bind temporarily to form an
enzyme–substrate complex. The binding
site on the enzyme is known as the ‘active
site’ and is structurally complementary to
the substrate(s). Thus, the enzyme and
substrate(s) are said to fit together as do a
lock and a key. The specific action of an
enzyme with a single substrate can be
explained using a Lock and Key analogy
first postulated in 1894 by Emil Fischer.
In this analogy, the lock is the enzyme,
and the key is the substrate. Only the
correctly sized key (substrate) fits into the
keyhole (active site) of the lock (enzyme).
Smaller keys, larger keys, or incorrectly
positioned teeth on keys (incorrectly
ISSN 1970-223X

shaped or sized substrate molecules) do not
fit into the lock (enzyme). Only the
correctly shaped key opens a particular
lock.
Induced Fit
Theory:
not
all
experimental evidence can be adequately
explained by using the so-called rigid
enzyme model assumed by the lock and key
theory. For this reason, a modification
called the induced-fit theory has been
proposed. The induced-fit theory assumes
that the substrate plays a role in
determining the final shape of the enzyme
and that the enzyme is partially flexible.
This explains why certain compounds
can bind to the enzyme but do not react
because the enzyme has been distorted too
much. Other molecules may be too small to
induce the proper alignment and therefore
cannot react. Only the proper substrate can
induce the proper alignment of the active
site.
2.2 Biological Aspect, discussion and
interpretation of the binding order of
amino acids and tRNAs to ARSs
enzymes
We know that in the translation
process, after the pre-mRNAs enter the
cytoplasm, the pre-mRNAs lose introns
sequences and become mature mRNAs
(Urry, 2016).
www.quantumbiosystems.org
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Then the small subunit of ribosome
binds to /AUG/, which is a codon in the
mature mRNA, and the large subunit binds
to the small subunit and completes the
structure of the ribosome. In human cells,
there are 45 different types of tRNAs, 20
types of ARSs and 20 types of amino amino
acids (Urry, 2016).
If the number of different types of
tRNAs is equal to the number of different
types of ARSs and amino acids, then we can
infer that the pattern of tRNA binding to
each ARS follows a Key-Lock mechanism;
but, for two or more different types of
tRNAs, there is one type of amino acid as
well as there is one type of ARS. This means
that one amino acid is encoded for several
different tRNAs. Because there are specific
ARS for each amino acid, binding pattern
amino acid to ARS can be inferred as a KeyLock mechanism, but at the point of
binding of tRNAs to ARS the Key-Lock
mechanism can’t be inferred. Because
tRNAs have the same spatial shapes, they
differ only in the sequence of anticodons
and
some
minor
sequences
(Snustad, 2011).
What
discriminates
against the possibility that some types of
tRNA can bind an amino acid but other
tRNAs do not, is the presence of a certain
anticodon sequence. Indeed, it seems the
ARSs can read information and detect
anticodons sequences. For example, three
different codons /AUU/, /AUC/, /AUA/ are
complementary to the anticodons /UAA/,
/UAC/, /UAU/ on tRNA and these
anticodon sequences in ARS bind to
isoleucine, a specific amino acid for that
ARS (Snustad, 2011).
It means that these three tRNAs are
identified by a specific enzyme for the
amino acid isoleucine, while, for example,
an anticodon sequence /UCG / in this
enzyme prevent the binding of isoleucine.
If the pattern binding is Key-Lock
mechanism, due to the uniformed spatial
shape of the tRNAs, the isoleucine-related
enzyme also had to be linked to tRNA that
had /UCG/ sequence.
In the process of sequencing the
binding of tRNAs and amino acids to ARSs,
two modes can be considered. The first is
the binding of amino acid to ARS and then
the binding of tRNA, and the second is the
ISSN 1970-223X
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binding of tRNA to ARS and then the
binding of amino acid.
Suppose that the first amino acid is
bound to ARS and then tRNA
corresponding to that amino acid is bound
after detection by ARS. In this case, the
following objection can be made to this
assumption. If we accept the common
assumption between cellular and molecular
biologists that the Key-Lock mechanism for
this enzyme is correct, then one of the
drawbacks to this assumption is that by
binding the amino acid to the ARS, due to
the uniformity of the spatial shape of tRNAs
and their differences in anticodons, any
tRNA with any anticodon sequence can
bind to ARS and then tRNA can bind to
specific amino acid for that ARS. As a
result, encoding anticodon becomes
meaningless because any amino acid may
be bound to any type of tRNA. The two
proposed mechanisms of enzyme and
substrate binding include: 1- Key-Lock
model and 2- Induced Fit model.
Here we want to see which of the two
modes mentioned in the previous
paragraph is correct with respect to these
two mechanisms of enzyme and substrate
binding (Koshland Jr, 1995). Let suppose
that a specific amino acid is first identified
by its own ARS (Key-Lock or Induced Fit
model). Then a signal is sent to tRNA
binding. If we consider that the mechanism
of tRNA binding in this Key-Lock state, all
tRNAs can be attached to any ARS, because
they have a fixed 3D shape; and in this case
the probability of error is much higher than
of one ten-thousandth (Loftfield, 1972).
On the other hand, if we consider the
mechanism of binding & tRNA to ARS as
Induced Fit model, we can’t justify the
binding of several different types of tRNAs
to one type of ARS, because tRNAs have a
similar spatial shape. According to this
mechanism, amino acid binds to ARS when
the binding site of amino acid in ARS is
deformed by one type of tRNA. This
deformation is unique to one type of tRNA.
So, we can’t justify the reason why different
types of tRNAs bind to one type of ARS by
these mechanisms.
If we consider the second case, then we
can use two mechanisms of connection of
enzymes to substrates as mentioned earlier
for justifying this case. In this way, tRNAs
www.quantumbiosystems.org
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first interact at the diagnostic site of the
ARS (the interaction area between ARS and
anticodon sequence of tRNA), changing the
structure of the enzyme, as a result, the
amino acid binding site in ARS is deformed
in a way that the ARS can fit to affine amino
acid. Based on the evidence of ARSs
alteration and sensory capability detection
in the anticodon diagnostic region (Yu,
2021), this process can be described as
follows: by binding tRNA to ARS, reading
anticodon occurs, and this reading, which is
accompanied by physical interaction
between ARS and anticodon region of
tRNA, alters the Hamiltonian and ARS
energy levels. These changes lead to
changes in the binding site of the amino
acid in the ARS; as a result, the amino acid
binds to the ARS.
Although irrelevant tRNA binding to
ARS and that can cause to change it.
Changes that created by irrelevant tRNA in
ARS wave function and energy levels and
subsequent production signal (for open the
amino acid site in ARS) are not suitable for
inducing the amino acid catalytic site of the
enzyme. As a result, only tRNAs can bind to
both ARS and specific amino acid to that
ARS, which are evolutionarily compatible
with that ARS.
This compatibility means that some
tRNAs can make a suitable change in one
type of ARS, and this change led to that
specific amino acid for ARS can bind to that
ARS and then can bind to those tRNAs. In
addition to tRNAs that have different
anticodon sequences and have been
evolved to be compatible with one type of
ARS, some tRNAs have anticodons
unrelated to one type of ARS, so it is
possible that these tRNAs can change ARS.
And then cognate amino acid for that ARS
can bind to that ARS.
Therefore, we can divide tRNAs into
four groups:
Group No.1: this group includes tRNAs
that each of them are compatible for one
ARS. So, by binding them to compatible
ARSs, specific amino acids for each ARSs
can bind to them and then bind to
compatible tRNA for each ARS. For
example, tRNA with /CUU/ anticodon
sequence is compatible for LARS1 in
evolution, so by binding that tRNA to
ISSN 1970-223X
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LARS1, Leucine amino acid can bind to
LARS1 and then bind to that tRNA.
Group No.2: this group includes the
tRNAs that although they have different
types of anticodon sequences, they bind to
one type of ARS and amino acid. These
tRNAs only have difference at the end of the
5 anticodon sequence. These tRNAs are
evolved for one type of ARS, except for the
/UAU/, /UAC/, which corresponds to the /
AUG / codon sequence, and binds to
Methionine, with /UAU/ anticodon
sequence that is related to /AUA/ codon
sequence that bind to Isoleucine. As a
result, these tRNAs bind to one type of
amino acid and add them to amino acid
sequences in translation process. Using the
Wobble hypothesis, the biochemical reason
for the coordination of these tRNAs with
the enzyme ARS in evolution can be
deduced. According to this hypothesis,
different types of tRNAs with different
types of anticodons sequences bind to one
type of codon sequence. Therefore, if a
mutation occurs at the end of 3 codon
sequences in the mRNA, this mutation
won’t affect the translation process.
For example, consider the anticodon
sequence /UUU/; according to Wobble
hypothesis, this anticodon can bind to
/AAA/ and /AAG/ and create only one type
of amino acid that is called Phenylalanine.
So, if a mutation occurs at the end of 3
codon of / AAA / and convert that to /G/,
because also the codon /AAG/ can bind to
/UUU/, so the tRNA /UUU/ is sufficient to
them. In other words, if tRNA with /UUU/
sequence doesn’t bind to /AAG/, another
tRNA that have /UUC/ anticodon sequence
can bind to them. It is interesting that
/UUC/ anticodon sequence like /UUU/
anticodon sequence creates the same
amino acid and that is named
Phenylalanine. In result, the anticodons are
different at the end of 5 sequences.
This is the most important factor in
neutralizing the mutations that occur in
codons. It is also a reason for the low
probability of ARSs error. The reason for
placing two anticodons for one codon in the
Wobble hypothesis is that the chemical
bond strength between the third end of the
codon and anti-codon sequences is lower.
www.quantumbiosystems.org
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Group No.3: this group includes
tRNAs that binds to irrelevant ARS and
can’t bind to specific amino acid for that
ARS. These tRNAs have irrelevant
anticodon sequences for binding to several
types of amino acids. But the structure of
these ARSs doesn’t change to be able to
bind to their affine amino acid, because
these ARSs aren’t compatible with that
tRNAs in evolution. For example, tRNA
with /CCC/ anticodon sequence can’t bind
to Leucine, because the LARS1 isn’t
compatible with that tRNA.
Group No.4: this group includes
tRNAs that by binding to ARSs causes that
ARSs make a mistake in diagnostic
function. These tRNAs have irrelevant
anticodons, but as it will be mentioned in
section (2.4), can bind to irrelevant amino
acid.
2.3 Physical Modeling & Quantum
Interpretation of the enzyme ARS
According to the given explanations
and evidence, the process of connecting
ARS to tRNA can be physically modeled
with the following principle: by binding
tRNA to ARS, after the ARS through
physical interaction reads anticodon
sequence and detects them, ARS

Up to this part of the article, we are
trying to justify the process of binding
tRNA to ARS and amino acid by biological
and physical perspective. In this section, it
is tried to analyze the diagnostic and
transferring process of ARSs by quantum
mechanical perspective (perturbation
theory).
The large molecule of ARS can be
considered as a multi-particle quantum
ISSN 1970-223X
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Hamiltonian, wave function and energy
levels are changed. These changes lead to
create one signal in ARS structure. This
signal causes to deform the connection site
of ARS so that amino acid connects to it. In
fact, contrary to common opinion (i.e.
amino acid bind to ARS and then tRNA
bind to it), tRNA binds first of all to ARS
and changes the ARS Hamiltonian, that can
be considered as perturbation and can
deform the ARS structure. Then, these
changes lead to connect affine amino acid
to ARS according to Key-Lock mechanism.
As a result, the Induced Fit model proposed
by Daniel Kochland for the process of
binding amino acid to ARS can be modified
as follows.
The first step: Binding tRNAs to ARS
(figure 3).
The second step: After detection of
anticodons of tRNAs and data transmission
by ARS, the structure of ARS is changed to
be able to bind to affined amino acid based
on Key-Lock mechanism (figure 3).
The third step: binding amino acid to
ARS. Because the ARS structure changes in
amino acid binding site, the affine amino
acid for that ARS can be bound to amino
acid site based on Key-Lock mechanism
(figure 4).

system. The interaction between the tRNA
anticodon sequence and the ARS diagnostic
portion occurs by binding the tRNA to the
ARS. Due to the small part of the
interaction of these two molecules
compared to ARS, the interaction
Hamiltonian can be considered much
smaller than ARS Hamiltonian and so the
interaction can be considered as
www.quantumbiosystems.org
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perturbation.
According
to
the
perturbation theory, we have (Park, 1974):

H  H 0   H  t 

(1)

where H 0 is the initial Hamiltonian of

the system before perturbation, H   t  is the
perturbation Hamiltonian, and  is a
coefficient that indicates a small
perturbation portion compared to the
initial Hamiltonian. Initial wave function is
considered ) 0 ( and initial energy of
system is considered ( E
(Bransden, 2000):

(0)

7

We seek to determine the wave
function and the energy of the system after
perturbation, so we must solve the
Schrodinger equation (Bransden, 2000):
i


 H
t

(5)

The wave function of system can be
written based on the primary wave
functions as follows (Bransden, 2000):
   Ck (t ) k(0) exp(

i

E (0) t )

(6)

k

), so we have

H 0 k0  Ek0 k0

In other words, the wave function of
the system after perturbation can be
written based on the wave functions before

(2)

 0
 H 0 0
t

(3)

perturbation with coefficients Ck (t ) .
These coefficients will be affected by
the Hamiltonian interaction.

i

 0   Ck(0) k(0) exp(

i

Ek(0) t )

(4)

k

By substituting (6) in (5) we will have:


i
i
( Ck (t ) k(0) exp( Ek(0)t )   H 0   H (t )   Ck (t ) k(0) exp( Ek(0)t )
t k
k

i

(7)

By some straightforward calculation we have:

i

C

k

(t ) k(0) exp(

i

Ek(0)t )    H (t )Ck (t ) k(0) exp(

i

Ek(0)t )

(8)

k

If we want to obtain Cb (t ) , it is sufficient to write the equation (8) based on the Dirac
notation:

i


i
i
( Ck (t ) exp( Ek(0)t )  k(0)    H (t )Ck (t ) exp( Ek(0)t )  k0
t k

(9)

Now, if we multiply both sides of the equation (9) from left by  b(0) we obtain:

i


i
i
( Ck (t ) exp( Ek(0)t )  b(0)  k(0)    Ck (t ) exp( Ek(0)t )  b(0) H   k(0)
t k

Due to orthonormalization of basic vectors  k(0) :

(10)

 b(0)  k(0)   bk

In result, the equation (10) is converted to:
ISSN 1970-223X
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 (t )Ck (t ) exp(ibk t )
Cb (t )  (i ) 1   H bk

 (t )   b(0) H   k(0)
H bk

where:

(12)

(11)
and

bk 

Eb(0)  Ek(0)

Equation (11) represents n coupled equation, which connects Cb (t ) to each of the

(13)

Ck . To

solve the equation (11) and take it out of the coupled state, we can expand Ck (t ) with respect
(0)

to Ck

: Ck (t )  Ck  Ck   Ck  ...
0

(1)

2

(2)

(14)

Thus:

Ck (t )  Ck0  Ck(1)   2Ck(2)  ...

(15)

By replacing equations (14) and (15) in equation (10), we’ll have:

Ck (t )  Ck0  Ck(1)   2Ck(2)  ...  (i ) 1   H bk (t ) exp(ibt t )(Ck(0)  Ck(1)   2Ck(2)  ...
To being established (16) for all variables, the coefficients of
be equal. So, we will have:

 with the similar power, must

Cb(0) (t )  0

C (1) (t )  (i ) 1 H  (t ) exp(i t )C (0) (t )
 bk
bk
k
 b

 (2)
1
 (t ) exp(ibk t )Ck(1) (t )
Cb (t )  (i )  H bk



C ( s 1) (t )  (i ) 1 H  (t ) exp(i t )C ( s ) (t )
 bk
bk
k
 b


If the beginning of perturbation time, is considered

(16)

(17)

t0

(Bransden, 2000):

Cb(0)  0  Cb(0)  cte

(18)

Ck(0)   ka ( Discrete States ) or  (k  a ) (Continious States )

(19)

Cb(1)  (i ) 1  H bk (t ) exp(ibk t )Ck(0)

(20)

k

Cb(1)  (i ) 1  H bk (t ) exp(ibk t ) ka

(21)

k

Cb(1)  (i ) 1 H ba (t ) exp(ibat )

(22)

Then:
If b  a , then we have:

ISSN 1970-223X
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t

Cb(1)  (i ) 1  H ba (t )dt 

(23)

t0

If b  a , then we have:
t

Cb(1)  (i ) 1  H ba (t ) exp(iba t )dt 

(24)

t0

In (23) and (24) the constants of integration must be considered so that

Cb(1)  0 in t  t0 .

The probability that the system in time ( t ) is in ( b ) state after perturbation is:
Pba(1) (t )  Cb(1) (t )

2

(25)

Thus, the probability that system transition from (a) state to (b) state is:
Pba(1) 

If



2

t

t0

 (t ) exp(iba t )dt 
H ba

2

(26)

t0  0 and if we assume that H ba (t )  H ba  cte will have:

Pba(1) 

2

P 

2

(1)
ba

Pba(1) 
Pba(1) 

t

  (t ) exp(iba t )dt 
H ba

2

(27)

t0

1
H
exp(iba t )
iba
2
ba

2
 2 H ba



2
ba

2
 2 H ba



2
ba

exp(iba t )  1

2
t
0

(28)

2

(29)

(exp(iba t )  1) 2

(30)

So, we have:

Pba(1) 

2
 H ba
(exp(iba t )  1) 2
( Eb(0)  Ea(0) ) 2

2.4 Justifying the binding of different
types of tRNAs to ARSs according to
Quantum Mechanical perspective
The diagnostic regions of ARSs are in
nanoscale, so it can be considered as a
quantum multi-particle system. So as
mentioned in section (2.3), we can use the
Quantum perturbation theory for justifying
the detecting and binding mechanism of
appropriate tRNA to one ARS. Collectively,
by binding each tRNA to each ARS, one
perturbation in structure of that ARS is
created. If that perturbation is related to
one tRNA that is compatible to that ARS,
ISSN 1970-223X

(31)

then ARS structure changes to be able to fit
to affine amino acid for that ARS.
According to section (2.2), tRNAs in
group number two (that have differed in 5
nitrogen-containing
base
anticodon
sequence) bind to one ARS and amino acid
(except /AUG/ and /AUU/ anticodons).
For justifying this reality, generally we can
say that by binding each tRNA to each ARS,
the wave function and energy of ARS are
changed according to section (2.3). the
energy levels after perturbation caused by
(0)

binding tRNA to ARS from Ea

changes

www.quantumbiosystems.org
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Eb0 . Because the perturbation interaction in
interaction site between anticodon of tRNA
and detecting site of ARS is much smaller

10

than the whole of ARS system, we can
consider the Eb  Ea also very small.
(0)

(0)

So, we have:
exp(iba t )  1  iba t 

Because the

ba

ba2
2!

t2  i

3
ba

3!

t3 

ba4
4!

(32)

t4 

Eb(0)  Ea(0) is very small, we can write:

1  exp (iba t ) 1  iba t

(33)

By substituting equation (33) in equation (31), we will have:

2
 H ba
(1  iba t  1) 2
(0)
(0) 2
( Eb  Ea )

(34)

2
 H ba
( Eb(0)  Ea(0) ) 2
(

)
2
( Eb(0)  Ea(0) ) 2

(35)

Pba(1) (t ) 
Pba(1) 

Finally, we have:

P (t ) 
(1)
ba

H ba2
2

t2

That states that the probability of
binding one tRNA to one ARS and changes
the ARS structure relies on interaction
Hamiltonian. Based on this equation, we
can use the classification in section (2.2) to
justify the different modes of binding
tRNAs to ARSs and amino acids.
It is obvious that in section (2.2)
classification, each group of tRNAs has
unique interaction Hamiltonian for
themselves. The first group indicates that
each tRNA compatible for each ARS in
evolution can bind to that relate ARS and
affine amino acid of that ARS.
The interaction Hamiltonian in this
group can be considered as H1 . The group
number two includes the tRNAs that have
similar nitrogenous basses in the first and
second of tRNA anticodon sequences ( 3
ISSN 1970-223X

(36)
and 4 ), but they differ in the end of the 5
anticodon sequences. This group bind to
one type of ARS and amino acid (except
/AUG/ and /AUA/ anticodon sequences).
Interaction Hamiltonian of this group can
be considered as H 2 .
The group number three includes the
binding of irrelevant tRNAs to ARSs that
aren’t compatible with them in evolution.
By binding these tRNAs to irrelevant ARSs,
the structure of ARSs change, but these
changes are because these ARSs aren’t
compatible with that tRNAs, so they don’t
lead to the ARS structure change as to be
able to bind to affine amino acid. It means
the perturbations that these group create,
aren’t appropriate for change of the amino
acid binding site in some ARSs. The
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interaction Hamiltonian in this group can

H 3 .

be considered as

The group number four includes
tRNAs that by binding to irrelevant ARSs
lead to that ARSs can bind to their affine
amino acids. It means these tRNAs cause
the ARSs to make a mistake in diagnostic
function of tRNAs and bind their affine
amino acids to irrelevant tRNAs. This
group is the main cause of diagnostic
function error of these enzymes. The
interaction Hamiltonian of this group can
be considered as

H 4 . Now, in the form of

questions and answers, we justify the
classification mentioned in the previous
paragraph and section (2.2):
a. For group number one the main
question is, why and how ARS detect
the tRNAs that are compatible with
them in evolution?
In
response,
the
interaction
Hamiltonians that these tRNAs create in
ARSs (that are self-adapted) are higher
than other tRNAs. So, according to the
equation (36), this higher interaction
Hamiltonians leads to the probability
binding tRNAs in this group that go higher
with their ARSs compatibility.
b. For group number two the main
question is, why different types of
tRNAs that are different in anticodon
sequences can bind to one type of
ARS and amino acid?
In response, it can be said that in this
group tRNAs that have similar nitrogenous
bases in 3 and

4 of anticodon sequences

and are different in the end of the 5
anticodon sequences, can bind to one type
of
ARS,
because
the
interaction
Hamiltonians and the probability of them
are very close together. So, according to
equation (36), they can interact with one
type of ARS and bind to its affine amino
acid.
c. For group number three the main
question is, why and how ARS detect
ISSN 1970-223X
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the tRNA that is irrelevant to them
and doesn’t bind its affine amino acid
to it?
In response, it can be said that in this
group, by binding the irrelevant tRNA to
one ARS, the energy levels, the wave
function and Hamiltonian of that ARS
change, but this change is much smaller
than in comparison to group number one
and two. It means the interaction
Hamiltonians that these tRNAs create in
irrelevant ARSs are very small, because
these ARSs in evolution aren’t compatible
with them and as a result, according to
equation (36), these small interaction
Hamiltonians lead to the probability of
binding them to irrelevant ARS to go down.
d. For group number four the main
question is, why ARSs have some
errors?
According to explanation of question
for group number three, the probability of
binding irrelevant tRNAs to ARSs is very
small, but this doesn’t mean that there is no
probability of binding the irrelevant tRNAs.
Because the ARSs are a Quantum multiparticle system, this can be triggered by a
wide range of possible states. These states
may evolve to be incompatible with one
tRNA and cause unrelated amino acid bind
to that tRNA, although probability of them
is low.
According to previous explanation we
(1)

can say: Pba is a high probability of binding
(2)

one tRNA to its compatible ARS. Pba is a
high probability of binding several different
tRNA anticodon sequences to one type of
(3)

ARS. Pba

is a low probability of binding

irrelevant tRNAs to ARSs (or high
probability of binding irrelevant tRNAs to
(4)

some ARSs that can’t bind to them). Pba is
a very low probability of binding irrelevant
tRNAs with some ARSs to them (error of
ARS enzymes).
It indicates that because of equation
(36), each group that have smaller
www.quantumbiosystems.org
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interaction Hamiltonian, probability the
binding that group to ARSs is lower than
other groups.
So, it can be said:

H (ba )4

H (ba )3 , H (ba )2 , H (ba )1  ( Pba(1) ) 4

3. Conclusion
In this paper, by using biological and
quantum mechanical concepts, we reach
the following results:
1. Key-Lock and Induced fit models
alone cannot explain the mechanism of
tRNAs binding to ARSs and amino acid.
2. The order of binding tRNA, ARS and
amino acid are as follow: first tRNA binds
to ARS and then amino acid to ARS.
3. In the process of tRNA to ARS
binding, a quantum interaction occurs
between the anticodon site and ARS
detection site. This interaction as a
perturbation leads to change the
Hamiltonian, the wave function, and the
energy levels of ARS.
4. The quantum perturbation created
by tRNAs to ARS, can change the structure
of ARS itself, in a way that specific amino
acid can fit to it. Those tRNAs are
compatible with the ARS in evolution.
5. The mechanism of deformation of
any ARS is such that, first tRNA bind to
ARS according to Key-Lock model, if this
tRNA is compatible with that ARS.
The interaction with ARS lead to a
conformation change according to the
Induced fit model. This change induces the
binding of the affine amino acid to ARS
according to Key-Lock model.
6. The reason why the tRNAs in group
two (according to classification in section
2.2) binds to specific ARS and amino acid is
because they create similar perturbation in
the interaction site and similar interaction
Hamiltonian in one type of ARS.
7. The reason for ARS errors is because
these enzymes are multiparticle quantum
systems and in these quantum systems it's
possible that irrelevant tRNA-triggered
ARSs, bind an amino acid to irrelevant
tRNA.
According to section (2.4), the
probability of binding irrelevant tRNAs to
ARSs is not zero.
ISSN 1970-223X

( Pba(1) )3 , ( Pba(1) ) 2 , ( Pba(1) )1

(37)

However, the probability is small
because in evolution they are more
compatible
enzymes
with
some
perturbations relevant to the tRNAs that
created them.
References
Bovee, M.L., Yan W., Sproat B.S., Francklyn C.S.
(1999) tRNA discrimination at the binding step
by a class II aminoacyl-tRNA synthetase.
Biochemistry. 38 (41). 13725-35. doi:
10.1021/bi991182g.
Bransden B.H., Joachain C.J. (2000). Quantum
mechanics (2nd Edition) Pearson Education Ed.
Chaliotis A., Vlastaridis P., Mossialos D., Ibba M.,
Becker H.D., Stathopoul C., Amoutzias G.D.
(2016). The complex evolutionary history of
aminoacyl-tRNA synthetases. Nucleic Acids
Research.
45
(3)
1059–1068.
doi:
10.1093/nar/gkw1182.
Crick, F.H.C. (1958). On protein synthesis.
Symposia on the society for Experimental
biology number XII: The Biological Replication
of Macromolecules. 12. 153.
Giegé R. (2006) The early history of tRNA
recognition by aminoacyl-tRNA synthetases,
Journal of Biosciences. 31 (4). 477-88.
doi:10.1007/bf02705187.
Koshland Jr. D.E. (1995) The Key-Lock Theory and
the Induced Fit Theory. Angewandte Chemie
International Edition. 33 (23-24) 2375-2378. doi:
10.1002/anie.199423751.
Lodish H., Berk A. (2016). Molecular Cell Biology
(8th Edition); W H Freeman & Co Ed.
Loftfield R.B., Vanderjagt D. (1972) The frequency
of errors in protein biosynthesis. Biochem J.
128.1353-6.
Park D. (1974) Introduction to the Quantum theory
(2nd Edition). McGraw-Hill Publishing
Company Ed.
Powell J.L., Crasemann B. (1965) Quantum
mechanics,
Addison-Wesley
Publication
Company Ed.

www.quantumbiosystems.org

Quantum Biosystems | February 2022 | Vol 13 | Issue 1 | Page 1-13
Hasan Niazi

Snustad, D.P., Simmons M.J. (2011) Principle of
Genetics (6th Edition). John Wiley & Sons Inc
Ed.
Szymanski M., Deniziak M.A., Barciszewski J.
(2000) Aminoacyl-tRNA synthetases database
Y2K. Nucleic Acids Research. 28 (1) 326–328.
doi:10.1093/nar/28.1.326.

ISSN 1970-223X

13

Urry L.A., Cain M.L., Wasserman S.A., Minorsky
P.V., Reece J.B. (2016) Campbell Biology (11th
Edition), Pearson College Div Ed.
Yu Y.C., Han J.M. and Kim S. (2021). AminoacyltRNA Synthetases and amino acid signaling.
Biochimica et Biophysica Acta (BBA) Molecular Cell Research. 1868, (1). doi:10.1016/
j. bbamcr.2020.118889.

www.quantumbiosystems.org

