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Abstract

Living matter is characterized by its variegated potential energy landscape
possessing a proneness to continually absorb externally supplied energy. This
enables it to ascend from its momentary energy minimum state to one of its
myriad barriers only to subsequently descend to a new minimum with a po-
tentiality to perform new functions or processes, in the while exuding energy
(mainly in the form of heat). As in studies of molecular intersystem crossing,
the jumping processes are describable in terms of quantum states. In this
work we derive the low energy quantum states for those three templated
self-assembling processes, self-replication, metabolism and self-repair that are
commonly regarded as distinguishing animate from inanimate substance.
The outcome of each process is a new, long-living, stable molecular aggregate
characterized by its specific conformation, comprising a host of micro-states
associated with sub-conformations and patterned upon the template. The
provenance of these newly-formed states is obtained here by a unified for-
malism for all three processes, based on a Hamiltonian, constructed in an ab-
stract Hilbert-space framework, whose essences are bilinear coupling terms in
the Hamiltonian between the template and the bath, as well as between the
reactants and the bath. Treating these terms by second order perturbation,
one finds in low lying quantum states an alignment between the template and
the product, somewhat analogous to the Kramers-Anderson superexchange
mechanism, with the bath replacing the bridging anion and by exploitation of
the decohering due to the randomness of the bath. The idea underlying this
work, recurrent in the biological literature and here expressed in a Physics,
Hamiltonian framework, is the correlative unity of the whole biological sys-
tem comprising multiple organs.
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1. Introduction

The dichotomy of living versus inanimate matter is one of the central puzzles in
our understanding of the world around us and as such has occasioned a wide li-
terature [1]-[7]. Besides constituting an intellectual challenge (reflecting also on
ideologies [8], beliefs [9], life’s meaningfulness [10]), it has bearings on very
practical issues, like robotics [11], biomimetics [12], artificial intelligence [13]
[14], quantum computing [15] [16]. It is commonly asserted that living systems
are distinguished by their faculty for self-replication, metabolism and self-repair
(the first of which is accredited to Kant). In this work each faculty is formulated
in a quantum mechanical framework. The limitations of such undertaking are so
obviously manifold that they need not be stressed at the outset, but will be noted
as we go along. The basic rationale is the recognition that biological systems are
definite molecular aggregates (in Schrodinger’s terminology “aperiodic crystals”
[1]) with well defined conformations. The meaning of conformation is the mode
of mutual attachment between molecules in an organ, including their relative
orientations, but here we include also electronic and vibrational states. In short,
all degrees of freedom (dof).

In actual biological systems conformations possess a large measure of stability
or permanence, measured erstwhile by the free energy excess of the next, higher
lying conformation. Thus in functional proteins this excess in the unfolded state
relative to the native, folded state is about 2500 K in temperature units, so that at
room temperatures at most only a fraction 0.00025 of proteins is unfolded [17].
The high conformational stability of DNA is at the root of anthropology analyses
of human and animal skeletal remains, lifeless over several millennia (a pre-
sumed 700, in the case of a horse in Yukon permafrost in Alaska). The stability
of conformations implies that they are residing in a low lying quantum state.
Below it is argued that this is a mixed state, composed of micro-states identified
as those arising from numerous multi-stable sub-conformations [18] [19] [20].
Under assumption of ergodicity, this entails a decohered motion of a particular
organ between its micro-states. The status of states in sub-conformations (“con-
formational substates”, CS) belonging to the same conformation (e.g., to the
folded form of proteins) and crucial for their signalling and functions, will be
discussed in subsection 3.2, below.

In a unified formalism for each of the three above mentioned conformational
changes of biological organs, the present work shows how each CS in the out-
come organ is parented by the analogous CS in the template. This is achieved by
deriving low-lying eigenstates for the template-product organ pair from a post-
ulated Hamiltonian, whose notable features are the organs’ bilinear interaction
terms with the environment (the “bath”). Treated perturbationally, these terms
align corresponding states in the Hilbert spaces of the pair.

It is stressed that the theory here outlined does not address the mode of func-
tioning of the biological units, an activity that takes place under conditions of

non-equilibrium, but only their mode of assembly onto a quiescent form out of
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their constituents. The theory has thus some methodological similarities to what
is practised in CASP (Critical Assessment of protein Structure Prediction), in
which the task is to predict three dimensional structures of proteins on the basis
of submitted various amino acid sequences [21]. Earlier successes in CASP
competitions, mainly through the intense computational efforts of Computa-
tional Molecular Physics (CMP), have been summarized in [22] and a more re-
cent one described in [23]. Full and partial applications of quantum mechanical
methods to biological systems, pioneered in [24], have been comprehensively re-
viewed in [25]. Nevertheless, the complexity of the molecular arrangements is
frequently countered by adoption of a classical or semi-classical approach.

Adjacent to the present theory of creation of organs from a template, is the
subject of morphogenesis, addressing the emergence of form in living systems.
In a monumental work, structure and patterns in plants and animals were stu-
died from a “physico-mathematical” viewpoint by D’Arcy W. Thomson [26], in
which a quotation epitomises also the present work [27]. Deviations from sym-
metrical forms, due to random disturbances and fortified by activators (“evoca-
tors”) and inhibitors, were treated with methods of Physical Chemistry by Tur-
ing [28]. Recent ramifications of morphogenesis, particularly in the direction of
embryogenesis, incorporate a host of assistant actors [29]. A detailed sequential
description of the latter is provided in [30].

The following introductory remarks refer mainly to the first of three processes
treated here, but are valid for the other two, as well.

In a self-replicative process the template (T) unit (composed of possibly one,
but mostly several interwoven molecules) gathers up from the surrounding mo-
lecular Zoo, in biological literature named “library”, exactly the same molecules
of which itself is composed and arranges them with the intermediary of enzymes
in a new unit, the replicate (R), that assumes the same (or very nearly so) state as
itself and (in case of contact or close adjacency) detaches itself from it to contin-
ue with separate existences. (Cf. childbirth as an example or an analogy).

From the Physics viewpoint, in the past self-replication (SR) has been treated
as a process, subject to laws of non-equilibrium Thermodynamics or Dynamic
Statistical Mechanics (e.g., [31] for a recent account); here it is treated by con-
sideration of the microscopic entities of which it is composed. As such, these are
subject, like all other material entities, to Quantum Mechanics (QM), and as a
consequence require description in terms of the basic brick-stones of QM,
namely “quantal states”. It is upon these that the followings rest. SR being a
process, implies by definition “transitions” and more precisely in QM: transi-
tions between the states pre- and post-SR; their description is avoided here due
to the fact that the status of transitions in QM (termed as “Measurements”) is

problematic and controversial.

1.1. Sub-Conformal Protein Motion: Phased or Decohered?

For proteins (and not for them alone) it is now well established that a profile of
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the potential energy landscape along an interaction coordinate consists of a great
number of potential wells of similar depths (energy-wise differing by less than
room temperature and separated by barriers of energy heights exceeding 800 K)
[32] [33]. In their quiescent mode, proteins responding to temperature caused
fluctuations move about these wells and the important question arises whether
the quantum state of a mobile protein is phase observing, such that in the su-
perposition (sum) of the components belonging to the different wells there pers-
ist definite phase relations, or is it a “mixed state” in which the weights of com-
ponents are fixed statistically (possibly by a Gibbs distribution function for a
macro-canonical ensemble ), but not the phases. In the latter case, assuming er-
godic behaviour in the protein, the time spent by the molecule in each well is al-
so by the same distribution.

The issue of tunneling versus barrier-jumping has been at the basis of the
anomalous temperature dependence of the specific heats at low temperatures of
some glasses, whose state has formed a prototype for that in proteins [32]. This
was clarified in [34] [35] by considerations of tunneling in two level systems,
which is of importance at low temperatures and there alone [34] [35] [36] [37].
Tunneling in biological molecules was the subject of Colloquium in the late se-
venties [38], in which the question of phase-conserving versus decohered state
outcome of the processes was left unanswered.

In the former, passage between the wells may be promoted through tempera-
ture effects raising and lowering adiabatically the wells, thus enabling the protein
to tunnel across two or more wells coherently. Movement in the mixed state
arises by the more common barrier jumping, Marcus-type thermally activated
mechanism. If adjacent wells belong to different electronic states, then the elec-
tron-vibrational mechanism (associated with an energy-gap law behaviour and
involving a “promoting” coordinate factor [39] [40]) is applicable, otherwise
only vibrationally induced transitions operate [41]. In either event, the rando-
mising mechanism inherent in temperature activation ensures that in the state
resident in the new well there is no remnant of the starting phase. The conclu-
sion that the stable conformation represents a mixed state with respect to the SC
states, with no phase coherence among these, so that the different states within
the ensemble can give rise to different H-tunneling probabilities. This is of im-
portance for the present theory, in that each SC state in the template gets indi-
vidually entangled with a state (or states) in the replicate, rather than as a cohe-
rent superposition of SC states.

It is of interest to remark that Bersuker has argued in various publications, e.g.,
[42], that when a point of instability separates the wells, there must necessarily
be different electronic states to which the different wells belong, known as the
pseudo Jahn-Teller effect. The outcome of such occurrence is the drastic reduc-
tion by several orders of magnitudes of the pre-exponential factor in the rate ex-
pression from a frequently assumed value of inverse nano- or femto-second [1].
Typical inter-well transition times in some enzymes were indeed estimated to be

as high as milliseconds [20].
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1.2. Self-Assembly

The three transformations treated here are those for the normal flow of biologi-
cal information: DNA can be copied to DNA (DNA replication), DNA informa-
tion can be copied into mRNA (transcription), and proteins can be synthesized
using the information in mRNA as a template (translation), known as the central
dogma of biology [43] and predicated at each stage upon the existence of a tem-
plate. A related subject not considered here is the non-templated self-assembly
of (frequently large and biologically significant) molecules [44] [45], in which
the final product is not replicated. Successes in this field have strong repercus-

sions in the search for primordial bio-genetic mechanisms [46] [47] [48] [49].

2. Formalism

Notation

Let the full biological system under consideration be considered as composed of
a mutually exclusive set of organs, designated generically X, each organ possess-
ing an arbitrary number of molecules, describable by NX, bosonic and NX_

fermionic degrees of freedom (dof). Although the numbers of quantum states
(energy eigen-states, deemed non-degenerate) of these dof are in general infinite
(enumerably such for bound states and otherwise for continuous states or for
translational degrees of motion), we consider only a finite though arbitrarily
large number of these, MX; and MX_ respectively, so that the Hilbert space
of each organ is of size NX = NX} & « NX™* . The whole Hilbert space is the
direct product of these organs. Next, each organ is distinguished by a capital let-
ter with eigenstates labelled with the corresponding greek letter, as follows:

1) The template organ T, with state kets |r> , characterized by stability and
being well organized to carry out various tasks.

2) The template’s sister organs S (with kets: |G> ) composed of the same types
of molecules and in the same configuration and state as T. These organs number
Ns.

3) The candidate for replication R (| p) ), also consisting of the same types as
the template, but initially in different states, e.g. dispersed in the system.

4) A different set of molecules from the former, out of which some new,
product organ is formed, designated P (|7r) ).

5) The full biological system excluding those items in the above, constituting
the bath B (| /3) ), characterized by the random amplitudes and phases in the
states of its constituents.

We now order the points in Hilbert state of each organ according to rising
energy values (supposed to be non-degenerate), with the energy ground state la-
belled 0. We thus obtain a vector for each organ and the direct product of the

five vectors for the whole system. We write this
[¥)=[T)[S)R)P)B) (n)

A partial direct product, exclusive of |X> will be denoted |‘P>X and that
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exclusive of | X >|Y>, |\I’>XY .

Members of mammoth direct product in Equation (1), numbering
Iy srps(NX), will form the bases for the Hamiltonian matrix to be formu-
lated. The Hamiltonian operator is a sum of the self-energies of the organs and
of coupling terms between the first four organism types and the bath. The latter
terms will be treated by perturbation theory, but their entering the formalism is
the foundation stone of the theory. Conceptually, they reflect the unity and co-

hesion of the full living system. We thus start with the Hamiltonian operator

o~ e~

H= 3 Hy+ Y Hg (2)

Hy =[¥), Y h|E)E], (], (X =T,R,S,P,B) (3)
4

Hye =¥ 2 s [E)(B] 4 (¥]+CC. (X =T,R,S,P) 4)
&

The operators in the second line enter the Hamiltonian matrix as diagonal
terms; those in the third line as off-diagonal terms.

(Remark on the formalism: A more natural description of the systems would
be within a second quantization formalism. But then fermionic and bosonic op-
erators would have to be distinguished, thus doubling the nomenclature. An
added remark is that in a previous, much more simplified, formulation of the
theory [50] we included a further many component system, entitled the “library”
which was then incorporated into a Hamiltonian of a few ~2° order and solved
numerically. As pointed out there, their inclusion did not qualitatively affect the
outcomes. Here they are included in the bath. One may also add for clarification,
that, with the bath being considered homogeneous and of limitless extent, one
may eliminate from the formalism the space-translational dof, keeping only
those for the inter-molecular distances.)

With this we are ready to formulate the three salient biological activities: rep-

lication, metabolism and repair, in turn.

3. Self-Replication

Here one considers two different realizations of the T-R system the template (T)
and the (potential) replicate (R), each containing the same molecular set and
therefore the same set of dof. We thus obtain two state vectors (kets) of size N

each, designated

IT).R) (5)
with representatives T. and R, respectively.
s . _p 1

T, =e%5, i 7,=0 R, =—==€"5, (R =1 Ry) (6)

mix
In the template T, is an eigenstate, being one or another CS of the conforma-
tional energy ground state, e.g., of a folded state for a protein. The (potential)

replicate is in one of its R, ’s state, being a mixed state with equal likelihood of

X

being in any of these. Though the concise notation does not reveal any great dif-
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ference between the states of T and R, the construction of the state vectors from
all degrees of motion allows us to represent the template state by a localized
compact and ordered arrangement of molecules and the (potential) replicate
state by a set of isomerically different and even dispersed, irregularly spaced and
oriented molecular aggregate. The “miracle” is that the formalism shows the way
to arrange the latter into the likeness of the orderly agglomerate of the template.
Additional to their being in different eigen-energy states, the difference be-
tween T and R is also reflected in their initial entropy values being 0 (for T) and
InR,,, (for R). The entropy difference is due to the environment (the “bath”)
being regarded homogeneous and of unlimited extent, in which the freely float-
ing molecules can take up any position, while in the attached situation, they lack
this freedom. The gain in free energy resulting from a decrease of entropy at
room temperature, incident upon attachment, relative to a free movement for
particles at millimolar concentration has been estimated as 5.5 kcal/mol, while

for the freezing of rotational freedom the free energy gain was 0.7 kca/mol [45].

3.1. Single Subconformation

3.1.1. A “Superexchange” Analogy

Let us consider for a start the case when there is a single well in the conforma-
tion; the realistic multi-stability case is taken up in subsection 3.2. For the tem-
plate to have the capability of self-replication, it must have the property of sta-
bility. This means that

1) T is in ground state 7 =0, and to avoid excitation by the rest of the organ-
ism or by thermal fluctuation,

2) its energy relative to the next excited state must be negatively much larger
than the scaled temperature: |h0| > KkgT, |h1 — h0| > kT .

(kg being the Boltzmann constant and in this context 7 the temperature.
Henceforth, k,T will serve as the energy unit.)

It needs to be remarked that for identically labelled components of T and R,
T=p,one has g, =g, since both coefficients couple identical states to a
given bath state. With this property and having regard to the random phases of
the bath state amplitude we can show, incurring some approximation proce-
dures. that the T-bath and R-bath coupling terms in Equation (4), taken together,
force the replicate to a state identical to that of the template. To demonstrate this,

we treat the following, arising from two terms in Equation (4), perturbationally.

— —

Hpg + ﬁ; =Hpe (7)
The first order perturbational correction to the energy due to these terms
1 . 0
5( )E‘P T <\P| Hre g |\IJ>TR ©)

vanishes due to the randomness in the bath variables. The second order correc-

tion is now manipulated as follows:

S 2
(¥ |Frn o | %)
E‘P - Eexc

5(2) E\i, — Zexc

)
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Approximate now by replacing the denominators by their (negative) average

—|VE| and apply closure to get
5°E, =~ |VE| ([ Fiop + Fis | |'¥) (10)

Opening the square bracket, one finds that the squared terms contribute only
negative constant terms to the T-R system. However, the cross terms give after
tracing over the P, S, B organs’ dof

1

_|VE| (T |(R|{Z 9559, |z’>|p><p|<r|:|| R)|T>+complex conjugate (11)
p

whereas for 7 # p the sum decoheres due to the random nature of the bath, for
2

>

7=p in the sum the product terms g:ﬁg ,p are necessarily positive |g op
since both the template and the replicate are composed of the same set of mole-
cules and the interaction with the bath is identical. Adopting now from the
theory of electron-paramagnetic resonance a further approximative procedure,
known as the “Effective Hamiltonian formalism”, we can employ the term inside
the bra-kets as an interaction term in the T-R Hamiltonian. Explicitly

1
It =TI AW {olfel W, = - %
172 B

2

(12)

9.

The direct effect of this term is the tendency to align in the ground state the
replica state with the template state. As by construction and its stability (ex-
pressed by h_,>1 for the template’s state), the replicate’s state will also be
this state, provided only that algebraically

W >h all p (13)

With the inclusion of the term gained from the second order perturbation and

after elimination of the bath’ dof, the Hamiltonian for the T-R system reads

qr: =T Z, hT T,p)(r',p' 51,1’ - Z’ hp|T,p><T,,p,|§p'p’
», TP TP (14)
+ Z ’[grp‘r'p' _Wrér‘pcsr’,p'} T:p)(‘[’,p'|
TP

The first requirement upon this expression is the large value of |h0| >1 in
the first sum, thereby ensuring that in the lowest lying energy state of the (di-
agonalized) H;_, the target ground state 7 =0 will be predominant. Next is
the requirement for a large diagonal term W, >1 in the square brackets of the
second line, that has the role of making the

p=1=0 (15)

state govern also the replicate in the T-R ground state, and this under the provi-
so that in the square bracket the accompanying term g, is substantially less.
The criteria for SR can thus be quantitatively formulated through the inequali-

ties on a temperature energy scale (kT =1)

h, 1 for z=0,[h,[=0(1) all p,W, >1W, >

9, |allindices  (16)

Here the second relation ensures that self replication occurs as an outcome of
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the process of switching on the interactions and not due to the intrinsic property
of the replicate. The physical meanings of the relations are for the first: the sta-
bility of the template; for the second: a propensity of change in the initial state of
the (potential) replicate; for the third: an effective interaction with the bath; fi-
nally, the low availability of alternative channels for changes in the replicate.

The similarity of the formalism with Kramers’ and P.W. Anderson’s mechan-
ism for superexchange [51] [52] will be noted, with the bath replacing the
bridging anion and exploitation of the randomness of the former. The aligning
factor W,, Equation (12), has its counterpart in the “attractive coupling” ex-
pression (based on third order perturbation) of Anderson following his Equation
(19) in [52].

3.1.2. An Illustration

The aligning effect of the second order perturbation term can be seen in an al-
gebraically solvable model, in which the template and the replicate have each
two states. With the choice of a large value for the template’s self-energy
h, =24, the calculated alignment of the replicate in the ground state is contour
plotted in Figure 1, as function of Was the abscissa and h, as the ordinate. In
the blank bottom-right region the alignment is complete, while in the blue up-
per-left part the alignment is well-nigh zero. The diagonal dividing line is
|h p| =W, a line of bifurcation, along which the aligning and non-aligning states
are co-degenerate. (A more detailed study of this bifurcation, potentially giving

rise to criticality, is left to a future work.)

12

10

0
0 1 2 3 4

Figure 1. Alignment of the replicate with the state of the template plotted with x=W
(the second order bath coupling strength); y=-h  (a negative, anti-aligning replicate

self-energy). There is full alignment in the blank triangle, minimal alignment in the blue
regions, with more smallness on the left. The gradations show changes in the minute
alignment probabilities for the non-aligned region roughly in units of 3 x 10~ decreasing
towards the left.
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3.2. Multiple Subconformations, SC

While the foregoing theory related to a single ground state SC for both the tem-
plate and the replicate, in reality there are a number of these, designated sub-
conformations (SC), belonging to the same generically termed “conformation”,
e.g., the folded state for proteins. Moreover, these SC are vital for the function-
ings of the organ, insomuch that an external signal, as also thermal fluctuations
shunt the organs between the SC, while still residing in the basic conformation.
As the energy difference between SC are much smaller than between different
conformations, they will be populated to varying extents and the interconver-
sions are governed by the heights of the barriers between the subconformations
[18]. Likewise, the activity of the protein, like H-tunneling, may send it from one
to another SC. More radical and lasting effects were noted in [19] under the
heading of “evolvability”, with this taking place at a faster rate in RNA than in
proteins.

An examination of the foregoing theory shows that the results of Section 3
hold for each SC separately, in the sense that when the template resides in one of
its multi-stable states, it will drag along the replicate to an identical multi-stable
state. The protein being in a mixed state of SC, there is no phase relation be-
tween them. The process is illustrated in Figure 2. Formally, one extends the
notation of 0 for a unique ground state to 0’,0”,0"",--- for the set of mul-

ti-stable states, and replace the criterion in Equation (15) to

9,8 =95 ,D=‘[:O',O”,O”’,... 17)

4, Metabolism

Here the situation differs from the one for SR, in that the physical organ per-
forming the metabolic action (which due to the scarcity of symbols will still be
termed “template, T” and its Hilbert space labelled by 7, in spite of the risk of
misnomers) gathers up from the “library” a set of molecules different from those
that itself is composed of, organizes, transforms (metabolises) them to a new ag-

gregate of a specific form and potentiality to perform a specific task and—then

(@) (b)

Figure 2. Replication to a CS. (a) For a single CS in the conformation, the unique ground
state in the template (lower well) is replicated onto the replicate (upper well) to form the
combined ground state; (b) For multiple CS (with only two drawn) each CS in the tem-
plate is separately partnered by the corresponding CS in the replicate.
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sends the away. In the present formalism the product is labelled P and the com-
ponents 7. The most notable examples are for T = DNA and P = a protein.

The required changes in the formalism set out for SR are, apart from the ob-
vious replacements of R+ P, p > 7, that the Hilbert-spaces of T and P are

different. The main step now is the inclusion of the perturbative terms
VH;g +VHpg = Hyp g (18)

in the Hamiltonian operator. When the effects of these are estimated by second
order perturbation theory and following the approximative procedures (constant,
average energy denominators, random phase dissipation, effective Hamiltonian
description) made in Section 3, one obtains the following equalities that are ne-
cessary and sufficient for the creation of a new metabolic entity, fully specified,

apart from phase, by the Hilbert space index 7 :
9eprp = 9o 0 all 3, the bath-state index (19)

This relation ensures that all bilinear terms in the effective T-P Hamiltonian
term add up constructively and negatively. Analogously to the result for SR,
when this term has a large absolute value, one obtains for the T-P ground state
the new combined state made up of the original template state 7, as well as of
the new product state 7, a metabolic addition to the organs of the biological
system. The identity and form of this product state are specified by that, that it is
the state |7rp> for which the equalities in Equation (19) hold. (By implication, if
these equalities do not hold, the template does not metabolize and is left to do
other tasks.)

At this point it needs to be noted that (in contrast to the case of SR, in which
the two members of Equation (19) related to the states of identical molecular
systems, in the template and its replicate, and had clear intuitive justification)
the provenance of Equation (19) is not clear. It may be related to some underly-
ing unity in the full biological system, T-P-B, possibly beyond the reach of hu-
man inquiry. Nevertheless, the foregoing analysis is of value as a comprehensive

descriptive formalism within a quantum mechanics frame.

5. Biological Repair

Here matters are more complicated, since there are three stages to the process:
the recognition of damage, (frequently) sealing and healing (regeneration) [12].
For each stage questions arise as to how the information reaches the organ,
where it originates, what prompts the need and mode of action to be taken, etc.?
These questions are not here answered. There exists, though, for the threshold
timing of wound recognition in cells an estimate of 1 - 10 s, provided in [53],
which discusses in detail two instances of damage: a cell damage due to puncture
of Xenopus oocytes and the Joss of oral apparatus in Stentor coeruleus.

The latter form is clearly the more radical one, exemplifying that class of
damage in which a loss of an entire organ has taken place (the loss of flagellum
in Chlamydomonas is a frequently quoted example, as again in [53]); even here,
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too, some repair or adjustment is frequently brought into play. In addition to
repair, or as an independent side effect, a genetic regulatory mechanism pro-
voked by organ changes has also been noted in some cases [54]. Thus in obser-
vations in amphibian embryos of polyploidy (the presence of more than two
chromosome sets, frequent among plants) changes in cell shapes were noted,
thereby maintaining the normal form of organs. Remarkably, the theory pre-
sented in the following subsumes even this radical class of damages, the loss of
an organ, though it does so in an extremely abstract way. A criterion for cata-

strophic, irreparable damage types also emerges from the formalism.

5.1. A Majority Rule

The guiding idea for recognition of aberrations by biological organs and their
subsequent elimination may be termed “the democratization of the organs”. It
postulates that any time of maturation there are a number of organs (cells, pro-
teins, etc.), entrusted to carry out identical tasks, and at stages of normalcy pos-
sessing the same structure and occupying the same quantum state. Normally,
this is their ground state (0). However, it can happen that some external factor
removes temporarily one or a few organs from that state forcing it into another
damaged state, but leaving the majority of organs in their original ground state.
At this stage, there enters the interaction between the organs, by which the sister
organs notify the damaged state of its aberrant status. At that instance, the heal-
ing or repair process begins.

This arises from the mutual interaction between the damaged organ and its
sister organs, mediated by the coupling of the organs to the bath. As in the pre-
vious Sections 3 and 4 this coupling is treated in second order and with tracing
over the bath states. Due to its entering negatively the Hamiltonian, the resulting
coupling drives the damaged organ to an alignment with the healthy sister or-
gans’ state, namely to its pre-damage ground state. Needless to re-emphasize
that the theory (which is formulated in terms of states, not of processes) does not
explain the mechanism of the events (recognition, repair), only their outcomes.

The following separates the stages of the repair process.

5.1.1. Damage
We recall from Section 2 that the stability or permanency of the template T is
ensured by that its self-energy h, in its ground state (labelling 7 =0) is nega-
tive and numerically large. We now adopt the symbol D for the organ under-
going damage and & for its states (the ordered Hilbert-space points), so that
again 0 =0 denotes the ground state of D prior to its repair. As parts of the
living system, additional to T there are Ny sister organs labelled n tasked with
the same function as T, identical to it, all residing in their ground states.

The damage done to T is expressed by the application of a unitary, transfor-
mation matrix D,  to the template T. During its damaged state the organ’s

states are

|5> = ZT: D§,r

7) (20)
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with self-energies

“h, (21)

E; :Z|D¢5,r

Clearly the ground state energy of this, E, ~ —|h0|(Dgr’O )2 is different from

that of the undamaged template —|h0| Moreover, the new damaged ground
state of the organ is » D _|r), different from |0). (The difference in the

state, arising from the damage can be of any form or extent; e.g., it can even

gr,z

represent the detachment of part of the organ. This follows from the complete-
ness of the Hilbert space, which includes all possible states and configurations of

the ensemble of molecules constituting the organ.)

5.1.2. Repair

The repair is achieved by the damaged organ receiving feedback from the rest of
the sister-organs in the system. As in the previous Sections 3 and 4 the correc-
tion arises from the second order perturbational treatment of the interaction

terms of the template and its sister molecules with the bath

o —

Hos + 2, HSHB' =Hgs g (22)
n=1--,Ng

similar to Equation (7), but a sum over all sister organs in the second term on
the left. It is important to realize that the organ-bath coupling terms g, in
Hps are not changed by the occupation of the states, since the Hamiltonian
depends only on the identity of molecular components and not on the tempo-

rary occupancy of the states. This identity is not changed by damage. Therefore

Hps = Hrg (23)
Carrying out the second order perturbation as heretofore, one is left with a
(negative) coupling of the form

N
OHp s =0H; :_Z|T>|O->WTD <J|<T|; WTD - _ﬁzﬂ:

’ (24)

g 755

Meaning: The combined effect of the healthy sister organs, residing in their
ground state o =0 drives the damaged organ back to its original ground state
7 =0. Repair has been achieved. In fact, this process of self-repair is equivalent
to that in self-replication, since the same molecular entities are involved, the dif-
ference being only that here a number ( N ) of organs reproduce their own im-
age.

(As a corollary one may note that with a lethal damage, when the number of
undamaged organs Nj is insufficiently large, repair may not take place and the
system becomes defunct. This can also occur when the system is small and can-
not provide appropriate feedback.)

6. Couplings

In the foregoing formalism an essential and critical role was played by the inte-

raction terms (of the type g ;) between the biological entity and its surround-
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ings. Whereas it is usual to deal with these interactions under the amorphous
title of “weak thermal interaction”, here they were subject to precise, detailed
equalities. Moreover, the entities so being coupled were not confined to the im-
mediate neighbourhood, but were rather spread out over the fullness of the bio-
logical space. As already noted elsewhere, organisms’ (and also cells’) functional-
ity and even survival is not an intrinsic property of the organism (or cell), but is
due to interactions between a large number of cells [55]. This property is at the
basis of the formalism.

A quotation (with permission) from [55] (p.72) amplifies this, as follows:

“A cell is the basic unit of life and all living organisms are composed of one or
more cells. The capacity of organisms to adapt to changing and often hostile en-
vironments, tolerate limited failures and heal damaged organs is not because of
the robustness of individual cells, but because of the interactions between large
numbers of cells. A cell is able to divide into two daughter cells, emit chemicals
to the surrounding environment, and actively deform by applying physical
forces across its walls. Different chemicals within and around the cell control
these actions. A cell can sense chemicals on its walls, as well as in its environ-
ment. The nucleus of the cell contains DNA, which encodes different genes that
have been retained through evolution. A gene is activated when a certain condi-
tion is true. This condition could be a critical concentration level of a chemical
or a set of chemicals that the cell possesses or that the cell has sensed. When a
gene is activated it may cause certain cell actions, which could result in the
turning other genes on or off.”

However, question arises as to the origin and nature of these couplings?

Electromagnetic, covalent and exchange forces (or in phenomenological terms:
Coulomb, hydrogen bonding, van der Waals and hydrophobic interactions) are
prevalent in chemical bondings and as long as the distance dependence of the
coupling coefficients is not clarified, it is not possible to answer the question
above. It is necessary to note, though, that the coupling terms connect up the
organ with the bath (manifest through the bath index f in the coupling coeffi-
cient), and the bath environment is regarded as homogeneous and of unlimited
extent, devoid of any distance dependence from the organ. Still, there is one
more possibility for the couplings (one, that is novel and speculative, rather than
established), namely that they reflect the entanglement between the entities. The
quantum mechanical entanglement effect is distance independent, this being the
basis of the Einstein-Podolsky-Rosen paradox, and its occurrence is predicated
only by the different dof having been in conjunction once upon a time. This de-
mand is undoubtedly satisfied by the zygote stage of embryonic development,

from which animal organs eventually emerge.

7. Conclusions

It may be objected that an attempt to portray biological entities as microscopic

systems is a futile undertaking, due to their complexities, but it should be noted
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that for long decades the measurement problem in QM was treated, by von
Neumann and subsequently, in a similarly abstracted form, in spite of most
measurement apparatus having complexities approaching those of biological
systems [56] [57]. (In a Wigner formulation of the measurement problem even
the experimenter’s brain (mind ?) was added to good measure, as a determinant
of the physical state.) Alike to the von Neumann formulation of the measure-
ment process, the durations of the three processes (SR, metabolism, self repair)
are here left out of considerations.

Regarding the interface of the present work’s methodology with the very ex-
tensive philosophical discussions on causation, in their terminology this metho-
dology is set on a bottom-to-top approach, contrasting with the advocacy of the
opposite, top-to-bottom explications, strongly argued in [58]. In this context, the
title phrase “More is Different” due to the eminent physicist P.W. Anderson is
sometimes cited as a call to arms for phenomenological descriptions and even
the superfluousness of research at a more basic level. In fact, a proper reading of
Anderson’s article shows that his advocacy was for a steadfast funding of phe-
nomenological research, conducted mainly in the sciences of condensed matter
and against the mega-funding of particle physics. This was in line with the view,
expressed by him at occasions, that greatly significant advances in Physics take
place mainly through novel experimental results (achieved frequently thanks to
refined techniques), to be followed by a careful reading of the findings by theo-
reticians.

In the last four decades we have witnessed numerous, perhaps thousands of
intensive computational efforts to elucidate the quantum mechanical basis of
specific biological structures and activities [25]. The present work is in a differ-
ent direction: a formal blueprint set out in general terms. It does not reduce the

need for further work of the former kind.
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The equilibrated-quantum-states, holistic approach proposed in this paper, con-
trasting with the conventional non-equilibrium description of living matter’s
functioning, possesses an analogy with theories of electrical conduction which,
after generations of being viewed by the Drude theory as a non-equlibrium
phenomenon, has been superseded by a scattered quantum-state treatment
(through inclusion of the leads as part of the system) in the Biittiker-Landauer-
Imry theory [59].
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