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Phenomenal Properties of the Domain
Ensembles in Proteins

Abstract

The method of gravitational mass spectroscopy was applied to study the long-
range order in collagens and gelatins at the level of domains up to 210 million
Daltons. Ensembles of domains were found in both kinds of substances. Domains
as ensembles of atomic nuclei masses were formed and strongly determined under
the influence of gravitational noises emerged from the sun system and our galaxy.
The domain distribution in ensembles in native collagens was observed to be very
different from that one in the gelatins. The interaction of the polymer domains
with water clusters was investigated. The dynamics of the domain ensembles
in swelling, drying, crystallization and interaction with specific water morphism
was understood. For some domains, a hypothetical structure was proposed.
Resonance fields caused by domain ensembles in proteins and their interaction
with analogues at long distances were described.
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Introduction

Previously, we have shown that molecules as ensembles of atomic
nuclei, secondary and higher structures in polymers (domain
concentrations) and clusters in liquids (long-range order, LRO)
are formed under the influence of local gravitational noises (GN)
that they are resulted from gravitational fluctuations in the sun
system and in our galaxy [1]. Attempts to investigate the domain
structure of gelatins and collagens did not get any satisfactory
results [2]. The methods were very limited [3-6] and actively
influenced the real LRO in gels [7-10]. Therefore, to acquire a
true idea about the domain structure and its distribution in the
amorphous polymer gels was unsuccessfully. This is especially
regarded to the chains’ endings of the triple helices (Figure 1) —
the role of these heads in physical and chemical processes such
as hydrolysis, aging, oxidation. Regarding the native structure of
the heads there is no clear idea [11] in the literature, but there
is an understanding that they are represented by an amino
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group on the one side and a carboxyl one on the other side.
These groups are able to form domain structures with distinct
properties, typical for domains [1].

The interaction of water with collagen at the level of the
configuration features of the polymer chains was studied in
many works [12,13] however, at this level when secondary and
higher structures of protein chains interact with water cluster
ensembles no reliable information can be obtained.

Since water and collagen are characterized by different
cohesive energies they primarily interact among themselves
cohesively leading to ensembles of clusters and domains and
only then sorption processes take place. Moreover there
is no information on how water with a specific LRO (water
polymorphism) influences gelation processes and aging of
gels, although the strong influence of some morphism water
states on the energy dissolution is known [1].
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Till the authors of the present work developed the GMS as a
passive analysis method for the investigation of cluster and
domain structures in amorphous molecular matter [1,14] there
were only active methods that destroyed the native structure.
The said method allows registering GN from atomic nucleus
concentrations without affecting the external energy.

Collagens are natural polymers with a heterogeneous structure
they consist of atomic nucleus concentrations (domains) of
different nature. On the other site, atomic nucleus concentrations
(clusters) in water have to be understood as different
polymorphism states of the liquid (LRO). When water is heated
up, LRO shall be destroyed and the released individual molecules
can interact with the polymer fragments [15]. Water cluster
ensembles in biometrics with native collagen play an important
rolein stabilizing the entire ensemble of nucleus masses as an unit,
regardless of their nature [1], however, under an enforced impact
of single water molecules on the polymer fibrils denaturation and
even linking of chains [16] with the emergence of a new state
of domains in gelatin could take place. Moreover to De Simone
water stabilizes secondary structures of proteins [17].

Earlier we found the remote interaction of individual domains
and clusters in water and synthetic polymers at large distances
[1,18], it was therefore, of interest to look for this effect in the
domain ensembles of the simplest proteins e.g. gelatin.

The aim of this work was to study the long-range order in collagens
and gelatins, the dynamics of secondary and higher structures of
polymer chains in gelatins during their interaction with water
cluster ensembles further, to investigate the interaction between
distant domain ensembles in proteins.

Materials and Methods

Fresh native collagen from air bubble of a young fish (1 month)
and from fresh sinew (approx. 86 % collagen) of two year old
ducks as well as industrial gelatin (Dr Oetker, FRG) were measured
by the GMS method described in [1] using weak shock waves and
the Zubow constant Z=6.45E-15 N/m. The GMS method registers
molecular masses (clusters and domains) direct (in vitro or in
vivo) during some secunds. In Figure 2, a schematic experimental
description for the study of the interaction of distant domains in
protein ensembles was given.

Result and Discussion

In the GMS spectrum of the fresh fish air bubble biometric,
containing native collagen, all mass concentrations of water,
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Figure 2 Scheme of experiment for study how distant
domains in protein ensembles interact with each
other. Sample- gelatin film, sample analogue- part
of the gelatin film.
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biopolymers, salts, fat and other components were found; they
were represented by one single harmonious ensemble (Figure 2).
The first four signals in the left part of the spectrum at 199, 1821,
5073 and 9894 Daltons were related to the main components -
water clusters [1] and small domains in the polymer [19] (Table 1).

The globular domains NC1 were described in numerous papers
[20-24], and their masses vary over a wide range. In Figure 3, the
signals of these domains [monomers (approx. 20 ... 35 kDa),
dimers, trimers, hexamers (~ 170 kDa), etc.] were marked in
red, and the full range by a bracket. The signals from very large
domains (>200 kDa) reflected configurations and conformational
irregularities in polymer chains (loops, spirals, coils) moreover,
oscillations of secondary and higher structures as well as of
micelles and sub-micelles [25]. Additionally, the spectrum showed
clear distinctions between the expanded (+f) and collapsed
(-f) forms of domains at 1,905 kDa (broad arrow) and 122,253
kDa (dotted arrow). The very large sub ensemble of oscillators,
with a maximum at 158,458 kDa was assigned to super micelle
structures. Thus, the structure of this native collagen was
represented by a highly organized ensemble of domains.

The distribution of clusters and domains in fresh biomatrix of
sinew from a two-year-old duck was given in Figure 4.

As shown in Figures 3 and 4 the domain structures in air bubble
and sinew strongly differed from each other regarding both the
number of domains and their distribution in the ensemble as well
as their physical characteristics (e.g. part of domains in collapsed
form). It is believed that the differences are due to aging
processes in collagen, degradation of domains that were weakly
integrated in the oscillation with neighbors and the maintenance
of the main structure-forming domains or their sub ensembles.
In the area of head polymer oscillation, the strong signals from
NC1 disappeared, but there was a "poor" family of expanded
hexamers (170.2 kDa, wide vertical arrow), directly evidencing
the destruction of collagen. The signal at 24.5 kDa could reflect
the presence of NC1 monomers (arrow), and the strong one
at 815 Da (indicated by an asterisk) the domains of 14 glycine
units in a spiral shape or the domains of five repeating average
structures in collagen chains (RASC) consisting of: Gly 22 -Pro %
13% - Hyp 10 % - Glu 9.8 % - Ala 8 % - Arg 7.6 % (weight %).

Industrial gelatins were obtained by extraction of collagen from
different animal row materials. In Figure 5, the spectrum of a
food gelatin was given, nearly all domains were represented in
their expanded form (+f). The strong signal at 455 Da should be
assigned to small spirals of 2 meanders each of which consists of

This article is available in: http://biochem-molbio.imedpub.com/archive.php
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Table 1 Models of the known water clusters and small domains in collagen.
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Figure 3

-

3 GMS spectrum of a fresh fish air bubble from
a young roaches (1 month). Average molecular
mass of the whole ensemble Mgs=33,372 kDa,
total number of signals from domains and clusters
N=496, part of collapsed structures D =68%. Weak
shock waves [1]. The base water cluster is given
in the left part of the spectrum NC1=170,251 Da.
Z=6.45E-15 N/m, m: mass in Dalton; f: part of
a single domain in ensemble. Photo of fibrils of
native collagen taken from [25].
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4 Gly units or 3 meanders of RASC in expanded form. This signal
was found in dry gelatin films, too. It could belong to the water
cluster (H,0),. however, it is known in theory, only, throughout
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Figure 5 GMS spectrum of industrial food gelatin (film).
M,,,=34,585 kDa, N=566, D =0%. The signal NC1
at 170.251 Da was marked with a broad arrow, the
domain of 455 Da- with asterisk.
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our research, it has never been detected [1]. The next signal at
log m=3.5 was found in solid gelatins and gelatin hydrogels, but
not in native collagens it corresponds to 179 molecules of water
or 20 RASC. A sub ensemble of huge domains with a peak at
39,382 kDa (log m=7.5) was typical for the series of studied food
gelatins, to heat, water and aging, it was more or less resistant.
It has to be understood as oscillations of giant globular super
micelle structures. The signals in the area of smaller domains
were variable, here the spectrum depended on the origin of the

gel.

For understanding the state of domain ensembles in proteins the
integrated curves of domain distribution were analysed (Figure 6).
Here the industrial food proteins strongly differed from native
collagens where the distribution was more uniformly. Attempts
to convert higher polymer chain structures in gelatins to native
collagens were carried out applying various procedures of water
removing. As reported by Belitz [11] the restructuring of polymer
chains in gelatins to collagen is possible in concentrated gels at
low temperatures. On the other hand, seed crystals are used
in the crystal chemistry to achieve regular structures. Probably,
the domain ensembles in gelatins may act as seed centres for
developing native collagen structures or at least their precursors
in processes of drying or saturation with water. It is difficult to
conceive that industrial gelatin shall be completely converted to
native collagen, but a maximum approach to a long-range order
could be tried at least.

In Figure 7 it was shown how changed the distribution of
domains in gelatin during drying. This process was accompanied
by not only the removal of water from the gelatin matrix, but
also intense restructuring processes within the whole ensemble
of protein domains. Here, the strongest signals were assigned to
the small domains of log m<3.5 where the domain forms were in
strong dependence on the reconstruction processes in secondary
and higher structures of the polymer chains of log m>4.5. The
signal at log m=2.3 indicated either on the water basic cluster of
11 + 1 molecules or on the domain in the chain ends of type like
below:

After drying the film this signal remained therefore, it shout
be attributed to this domain in collagen (Figure 3). The next
strong signal at log m=3.1 appeared very seldom, it was ascribed
to the domain in the expanded form with a mass of 1257 Da
consisting of 8 RASC. This oscillator can be believed of as a spiral
of 2 meanders, each of which contains 4 RASC units. It has to
be mentioned that in duck collagen (Figure 3) strong signals
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3: food gelatin (Figure 5) and 4: another charge of (3).J
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Figure 7 Restructuring processes in a domain ensemble of
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This article is available in: http://biochem-molbio.imedpub.com/archive.php
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of domains with similar masses (log m=2.91 and log m=3.26)
were detected, but not this signal. In air bubble collagen,
however, (Figure 3) all these signals disappeared. Therefore, it
was believed that all these signals in gelatin reflected domains
belonging to the end groups in the polymer chains. The signal at
log m=3.5 changing sporadically its characteristics, was assumed
to play a key role in the reorganization of the whole ensemble.
The signal from domain (M) of 20 RASC with 3,225 Da could be
emerged by an oscillating loop with a diameter of nearly 1.5
nm, tensions of which (f) reflect the state of higher structures in
polymer chains. In the area of very large domains (log m>6.5),
evident changes in the sub ensemble at gel dehydration were
observed at the intermediate stages of drying only. These were
likely network collagens (log m~7.5) of IV, VIII, X types that were
difficult to transfer to another state, to destroy or to crystallize.
For this sample of gelatin, the stability was maintained both at
long heating, swelling and on exposure to specific polymorphic
forms of water (acoustic LRO stimulations), (Figures 4,6,11,13).

In the protein film, after 520 h sub ensembles were formed, two
from expanded domains (+f) in S1 and S3 and one from collapsed
(=f) ones in S,. They reflected the beginning of the crystallization
of chains and their fragments with similar cohesive energies. The
appearance of these sub ensembles with a strong individuality
may indicate on the number of different sources of raw material
for the food gelatin production and consequently, on the
number of procollagen kinds (super structures with different
cohesion energies). The signals from small domains were sharply
weakened, showing that these small domains were involved in
the structures of sub ensembles. Here was interesting to note that
the domain 4097 kDa appeared (log m>3.61), who's structure can
be characterized as a mass oscillator consisting of three spirals
of two meanders, each of which contains 4 ... 5 RASC units.
Furthermore, in the collapsed form, it was assumed to stabilize
the ends of polymer chains and thus ensure that the secondary
structure of the protein has the lowest potential energy.

After 774 h the spectrum of small and middle domains was
alike those of native collagens (Figures 3 and 4) although, with
remarkable differences in the area of super micelle structures.
With regard to small and middle domains, the similarity
concerned only the expanded form and not the mass.

In Figure 8, the curves were given how the forms of NC1 hexamers
and small spirals in gelatin changed at drying. As visible at the
beginning of drying, both curves run synchronously, but after 270
h the curve courses were changed to the opposite. The expanding
of hexamers (+f) and the collapsing of small spirals (-f) at the
drying end evidenced that small spirals do not belong to the
structural elements of hexamers and the hexamers themselves
are not part of the polymer chains in gelatin.

While the behavior of gelatin at drying has been investigated
already in the following was of interest, how it behaves in the
presence of water, especially in concentrated hydrogels where
restructuring processes are of practical importance. In Figure 9,
the emergence of collapsed mass structures in a concentrated
gelatin hydrogel (20 wt. %, 277 K) was given.

As visible after 68 h the part of collapsed structures in the

© Under License of Creative Commons Attribution 3.0 License
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Figure 8 Changing domain forms in gelatin (Figure 6) at film
drying in air at 343 + 20 K. 1- NC1 hexamer (170 kDa),
2- spiral (455 Da, Figure 4).
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Figure 9 Emergency of collapsed mass concentrations in a
concentrated gelatin hydrogel at 277 K. 1- part of
polymer domains and water clusters in the collapsed
form in the whole ensemble, 2- f value for NC1
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Figure 10 Change dynamics of NC1 hexamer (1) and NC1 dimer
(2, 85 kDa) shapes in a 20% gelatin hydrogel at 277 K.

hydrogel was the highest, in the NC1 hexamers the collapsed
forms dominated too. At the beginning, the collapsed forms
were temporarily in the most than the hexamers were again
transformed into the expanded ones. Such dynamics can be
understood when NC1 was influenced by restructuring secondary
and higher structures of the polymer chains. Although NC1 was
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not part of the domain structure of the gelatin chains the hexamer
belonged to the whole domain ensemble in the sample. This
chains’ restructuring forced to change the form of NC1. Further,
inside the hexamer the events developed differently (Figures
10 and 11). Initially, the density (form) of domains changed
synchronously, but in the later stages of the hydrogel ripening,
relaxation processes in the higher chain structures disturb these
curve courses. Upon reaching 300 h the hexamer was mainly
in the expanded form, its dimer however in the collapsed. This
phenomenon can be understood only under the influence of the
polymorphic structures of water, which clusters also undergo
restructuring at approaching a thermodynamic state with a new
low potential energy [1].

Comparing the dynamics of the shape change of the NC1 dimers
and small spirals it was striking that in the dimers were dominating
expanded structures but in spirals collapsed (Figure 5), however,
only at the beginning restructuring of supramolecular structures
of the polymer chains, later they changed to the expanded states
(Figure 11).

Unlike the NC1 hexamers and small spirals, the NC1 dimers
reacted only weakly on restructuring in the supramolecular
structure of protein chains, thus evidencing their high stability
against conformational changes in small spirals. Hence these
spirals were concluded not to be structural elements of the
dimer, and lastly of the NC1 hexamer.

The signal at log m=3.5 being one of the strongest signals could
belong to both the water cluster of 179 molecules and the
hypothetical domain (M) of 20 RASC (Figure 12). In hydrogels, it
was found to change irregularly its form (density) that may be an
indicator for specific rearrangement processes of secondary and
higher structures in protein chains. The changes were observed
in the whole range of studied mass ensembles of clusters and
domains in hydrogel (Figure 12), but they did not concern the
mass concentrations, which were allowed by the gravitational
noises in our galaxy. As visible the ensemble of clusters and
domains in hydrogel was represented by expanded structures
mainly nevertheless, at aging, conversions from the collapsed
form to the expanded one and conversely ran more than once.

So already at 68 h sub ensembles (indicated by arrows) that
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reflect the formation of large domain structures in hydrogel
were detected, but they were still unstable and needed to be
reconstructed under the influence of other surrounding domains.
Thus, the ensemble of clusters and domains in hydrogel aged and
was in search of a minimum potential energy of its state. Here
the influence of a second element in hydrogel like a water cluster
ensemble on the supramolecular structures of protein chains
cannot be ignored hence, it makes sense to look at how the water
morphology [1] (Figure 13) influenced the ensemble of protein
domains in gelatin hydrogel (Figure 14).

Figure 13 showed the GMS spectra of water that was exposed to
sounds of different frequencies. As visible the cluster structures
differed from each other. These structures were found to be stable

This article is available in: http://biochem-molbio.imedpub.com/archive.php
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The modeled base water cluster was kindly

provided by A. Lenz [27]. See too: http://lenta.ru/

\ photo/2016/02/26/soundwaves/#11 J

under sound exposure, only and when disconnecting the sound
generator the morphology immediately changed leading to the
same LRO. At low sound frequencies, the signal of the base water
cluster (H,0),, [26,27] got a positive f— value, which indicated its
expanded structure [1]. At the frequency of the Chaplin cluster
of 100 molecules at 7353 Hz (Table 1) the signal of the cluster
even disappeared while the base water cluster became collapsed

-f[1].

Figure 14 showed a series of gelatin spectra at swelling, stimulation
of specific LRO structures of water clusters in the swollen sample
(at 7353 Hz), and after soft drying. Here, at 7353 Hz a balance

© Under License of Creative Commons Attribution 3.0 License
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Effect of LRO water influence (7353 Hz) on domain
ensembles in gelatin film. A- initial film, B- film after
swelling in water (24 h), C- subjecting of swollen film
(B) for 20 min to 7353 Hz, and after 28 min storing to
reach a stable state in LRO-transformation, D- gelatin
film C after soft drying at 293 K. A- M s=26,327 kDa,
N=525, D_=40%; B- M, .=32,669 kDa, N = 513, D =1%;
C- M,,=32,020 kDa, N=582, D =1%; D- M_,,=27,523

GMS

\_ kDa, N=473, D =82%. Y,

between collapsed and expanded structures of (H,0), , was
achieved no signal in the spectrum, consequently. Generally, the
spectra highly differed from each other. Swelling and the impact
of the amorphous water structure with dominating water clusters
(H,0),,, [1] did not return the ensemble of protein domains in
the initial state of collagen LRO, revealed especially for the
sub ensembles of large domains (log m>6.5). A tendency for a
harmonization between collapsed and expanded supramolecular
structures of polymer chains D, (Figure 14) was marginally
noticeable. In the small mass concentration area, the signals from
small spirals became expanded. As LRO of water with dominating
(H,0),,, affected the supramolecular structure of the protein it
was interesting to understand the behavior of other LROs.

Figure 14

The influence of other water LRO on domain ensembles in the
polymer was shown in Figure 15. As follows LRO of water strongly
influenced the domain structure in the hydrogel that can be
used to change the polymer domain structure and later higher
conformational states of the protein chains. The splash of the
average molecular mass of all domains in the solid gelatin after
stimulating by specific water LRO in the hydrogel (4405 Hz) could
give an indication on an intensive development of seed crystals
in the whole ensemble of investigated masses. Thus it seems to
be possible using water LRO to approximate the gelatin LRO to
that one of collagen. It should be noted however, that the effect
depended strongly on the production process of gelatin.

Previously we found that mechanical deformations of liquids,
polysaccharides and synthetic polymers influenced individual
clusters, domains and domain ensembles in their analogues that
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softly dried gelatin (state D, Figure 14).
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were at some distance from them [1]. It was of interest to test
this phenomenon for proteins. Figure 16 showed the reaction
of domain ensembles in gelatin located 30 cm from the sample
analogue that was subjected to bending deformation (Figure 2).

As visible from Figure 16, the domain ensembles in protein
responded to events in their analogues located at a distance
of 30 cm. Forcibly changing the potentially energy state of a
domain ensemble in a protein film by mechanical deformations
(5 s) caused after some seconds a LRO restructuring in the other
domain ensembles. Thus, domains and domain ensembles
of the same protein formed uniform resonance systems that
reflect the common structure of the neutrino fields around
mass assembles of the same substance. Applying this discovery
it should be possible to influence distantly domains and hence
the conformations of protein chains in biomatrices e.g. in rapidly
mutating systems (viruses), in systems with abnormal tissue
development (sprains, bruises, contraction and expansion of
blood vessels). It creates a platform for future medicine without
pills. Note that this phenomenon has been used in nature for
a long time for example, subconscious scratching - a method
to remove effects of tissue spasms. Physiotherapy (massage,
heat) also belongs to harmonization of domain ensembles in
biomatrices (Figure 17).

This treatment method as a way of minimizing the potential
energy inside a single oscillator (mass ensembles of similar
material systems) should not be confused with the hypothetical
teleportation (https://en.wikipedia.org/wiki/Teleportation)

Conclusion

Long-range order in collagen and gelatin was represented by
ensembles of atomic nuclei mass concentrations - domains and
super domain formations. Domain ensembles were not constant,
but dynamic systems that reflected the state of supramolecular
structures of protein chains. Domain ensembles in collagens and
gelatins actively influenced the cluster ensembles in water and
vice versa. Between the two ensembles (water & protein) existed
a thermodynamic equilibrium affecting the supramolecular
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Reaction of domain ensembles in a gelatin film on
mechanical deformations of its other part (cut off
before) that was 30 cm distant from it (film bends 45°,
enforced deformation time of 5 s, then a pause of 5 s,

k and so on three cycles). J

structure of the polymer chains. The cluster structure of water
and its long-range order was found to be part of the long-range
order of domains in gelatins and collagens.

Figure 16

To get the domain structure of native collagens from industrial
gelatins was impossible. Domains and domain ensembles of
proteins distantly interacted with each other and were in a
common resonance gravitational field of neutrinos in our sun
system. This effect should be a platform for a new biochemistry
medicine in the 21 century.
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Figure 17 Modeled enforced harmonization of an inharmonic oscillator ensemble (A- fragment of a pathological biomatrix) inside an
ensemble of harmonic oscillators (B- healthy biomatrix) under influence of many pendula (domain ensembles) from surroundings
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