The great basic question of science:
Membrane compartment or non-membrane phase compartment

is the physical bas~_|,s for origin of Ilfg?
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The different phases

Cell
as a membrane
vesicle

The same phases




Fundamental physical propertles

of the I|vmg ceII ,
1. Selectlve permeability (sem|permeab|||ty) *a.
2. Selective accumulation of solutes
(accumulation of K* and exclusion of Na*).

3. Osmotic stability.
4. Generation of electric potentials.

Our understanding of the physical nature of these properties dramatically affect our
understanding of cellular function and, accordingly, on the methodology of solving the
problem of the origin of life.



The standard,membrane, model of the Iiving cell

‘The physical state of water and
mrerd ions inside the cell and outside is
the same. |
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~ The phase model of the living cell

| Adsorptlon by protelns of the main
portion of mtracellt?far water and basic

_cation (K*) leads to a change.in the
physical state of particle majorlty in the

| system and makes the cell a phase:.

| immiscible with surrounding solution.
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Proteins with extended conformation only
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~ Dipole moments of functional groups
of peptide bond are stronger than that of water

1,85D > 2,9 D (+60%)
(gas =2 liquid)

'-(" s

:
L)
Ave
¢ -

A
\. ",, y

Dipole moment of
carbonyl group: 2,7 D (1,85 + 46%);

peptide bond: 3,5 D (1,85 + 89%). ' P

Collins J.M. and Leadbeater N.E. Microwave energy: a versatile
tool for the biosciences. Org. Biomol. Chem., 2007, 5: 1141-1150.

The dipole moment of water molecules interacting with protein
is stronger than their dipole moment in liquid phase



Hydrophilicity, / hydrophobicity of a polypeptide
is’deter‘min‘ed_ by its conformation
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Primary structure

Peptide linkage
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a-Helices in
lipid phase

polypeptide chain

transmembrane domain



The structure of biophasosOme, protein-adsorbed water complex
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Dialysis as a method of investigation of solute
distribution in condition of diffusion equilibrium

A quantitative measure of equilibrium (steady
state) di;;cribution of solutes is

' At diffusion the distribution coefficient
: o o oge o q= C‘:';/cs'l' .
Before dlalySIS equﬂlbrlum where C, concentration of'tg's‘f"éd_solute in water
Before dialysis = At equilibrium of dialysis bag (or some another.system),
C,, concentration of the same solute in the
fixing of the : 1Y
' .— dialysis bag medium.

tight closure

dialysis bag, large (membrane Dialysis membrane

semipermeable impermeable) molecule "
membrane R (e.g. protein) . =——— (lobular macromolecule
3 (IgG, 160A, 150kDa)
dialysed solution NS small, membrane permeable
(V5) . 5 molecule of the

outside solution

dialysing solution . O
5/2) by small, membrane permeable
i - . molecule of the
inner solution i »——— Small molecule

(B-ME, ~5A, 78Da)

o . Membrane pore
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magnetic
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Table I Equilibrium distribution coefficients (q) of solutes between studied systems (solutions
of macromolecules, coacervates, living cells), on the one hand, and bathing solution, on the other,

depending on their molecular III;L‘E!S. qi C. where C., concéntra.t.ion of Eést.ed solute in water of Eq ul I | b rium d | St ri b ut 10 n COEffI (o [ ntS (q )

dialysis bag (or some another system), C,, concentration of the same solute in the medium.

of solutes between studied systems (solutions
==l of macromolecules, coacervates, living cells),
on the one hand, and bathing solution,
on the other depending on their molecular
| mass
(Ling & Hu 1‘985;.LTg 1993),
_' o T ] (Tré:;?:hIQGE?ig'bT:;,l g:)r;a tem'porari'a;'.
2,3-Butancdiol - I I B _ (Ling et al. 1993), Rana pipience, DMSO, di_r:1ethy|
: — sulfoxide; ok ‘ -

(Ling 1965), cation (sulfonate) exchange resin,
053 IR R N spherical material of 20-50 mesh.

Ling, G. N. (1965). The physical state of water in living cell and model s,ystems
Annals of the New York Academy of Sciences, 125(2), 401-417.

Ling, G. N. (1993). A quantitative theory of solute distribution in cell water
according to molecular size. Physiological chemistry and physics and medical
NMR, 25, 145-145.

Ling, G. N., and Hu, W. (1988). Studies on the physical state of water in living
cells and model systems. X. The dependence of the equilibrium distribution
coefficient of a solute in polarized water on the molecular weights of the
solute: experimental confirmation of the" size rule" in model studies.

3 Physiological chemistry and physics and medical NMR, 20(4), 293-307.

: Troshin, A.S. (1966). Problems of Cell Permeability. Pergamon Press, Oxford.
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The dependence of distribution coefficient (q) of solutes between tested system
and bathing solution dependihg on their molecular mass (see Table 1)

, hative bovine hemoglobin solution (39%);
~, NaOH-denattited bovine hemoglobin (20%),
dlaly5|s was carried out in an alkallne solution containing

0.4 M NaOH; W
, poly (ethylene oxide) (15%);
(18%);

, gelatin-gum arabic complex at 40 °C;
, frog calf muscle (Rana temporarla) at18- 20 °C;
, frog sartorius muscle (Rana pipiens) at 0 oC;
, the cation (sulfonate) exchange resin, *
spherical materlal of 20 to 50 mesh.

Coacervates

Muscle T

Dowex 50 The non-uniform distribution of solutes
Muscle P (when g < 1) indicates the phase differences
between bulk water and (i) aqueous
polymer solutions, (ii) models and (iii) living

300 400 500 600
cells.

Molecular weight



Experimental evidences for existence
of adsorbed water phase at hydroph|I|c
surfaces

containing COOH groups
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Figure 1.
Solute exclusion i
llpel'hl\ed with

~ Pollack G.H. Water, energy and life: fresh views from the water’s edge.
Int J Des Nat Ecodyn. 2010, 5(1): 27-29.
Zheng JM, Chin WC, Khijniak E, Khijniak E Jr, Pollack GH. Surfaces and
interfacial water: evidence that hydrophilic surfaces have long-range impact.
Adv Colloid Interface Sci. 2006 Nov 23;127(1):19-27.

<--Red arrows indicate thickness of adsorbed
water phase with a reduced solvency

Stainless steel




~ Biophasosome or Nanocell,
minimal cell/protocell providing the physical conditions
) requiredfor-originz_b‘f Iifeiand evolution '

Protein molecule

Cardinal adsorbate,

_ | with extended ' ‘ |

ATP or its predecessor R adsorbed on protem moIWular» o
A R conformation surface L s 3

(pyrophosphate, | . B e o W
_ polyphosphates) Na* Na* | N | i o

. : L'k.
Na* 4
Na*
Na* Na* Na* Na*

Separation of internal environment from external one occurs without lipid membrane,
ion channels and pumps; energy generation mechanism is not needed



The standard (membrane) model of the living cell is not able to explain
the electrical activity of Fox's proteinoid microspheres

p (Asp Glu Arg) and 60mM KCl
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Light Activation

Microsphere Spiking

Fig. 6. Action potential resembling that of neuron.

Upper) Spiking in crayfish stretch receptor neuron. . . L L . . .
ELE\E&% Sgikini in migrosphere of 2:2:f-pmteinoid, Fig. 7 A-C. Electrical activity begins with illumination (10 lux) at A. It dies off when light is

(By Dr. A. Przybylski.) extinguished (B), and it begins again with reillumination (100 lux) at C

Fox, S. W. (1992). Thermal proteins in the first life and in the “mind-body” problem.
In: Evolution of Information Processing Systems (pp. 203-228). Springer Berlin Heidelberg.

Microspheres have no lipid membranes or sodium pumps, or specific ion channels,
but nevertheless they generate action potentials




Karl Raimund Popper

"The criterion of the scientific status

j{:‘:‘f‘-*of a theory is its faIS|f|ab|I|ty, or refutability,
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or testability."

Popper K.R. Conjectures and refutat/ons.
; Scientific Knowledge.
Vew \g{k;@_%g), p- 37
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Basic Books,

To falsify the phase bulk approaél'r%x“
necessary to give another explanation for
the non-uniform distribution of solutes
between the considered phase systems and
the environment without involvement of
the properties of water.



THE MODERN

THEORY OF THE DESCENT

OF MAN.

Since the origin of the first protocell
and up today the physical mechanism
of the equilibrium distribution of
solutes between the cell'and its
environment has remained unchﬁnged




Mem b'rane. or phase;*What d'o‘experiurnents argue?
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Membrane@pproach

_ Prd\"le‘d
1. Spontanéous synthesns of |IpIdS
B b Spontaneous synthesis of amino acids.
3. Spontaneous synthesis of polypeptides.
2k ‘;‘_,4 rSeIf-assemny of lipids to form membrane.

e Phase__bulk approach
o e . TR

. Spontaneous formation of polypeptldes;?{s’; y
Not proved I . Spontaneous association of polypeptides toforma
’ - protocell. | e

. Spontaneous formation of Na,K-pumps. S
' P . Multilayer adsorption of water by polypeptides:.

. Spontaneous formation of specific ion
channels.
. Spontaneous formation of functional

. Protocell ability to accumulate K* (Fox's
microspheres).

. Maintaining an integrity of protocell (biophasosome)
does not require permanent supply of energy.

. Spontaneous formation of ATP precursors,
pyrophosphate, polyphosphates.

lipid membrane with built-in ion
channels and Na,K-pumps.

. Spontaneous formation of energy supply
mechanism needed for molecular pumps.




Main conclusions:

| + the sorption properties of phase maklng proteins are able to explain
earllest elementary steps of the origin of life creating physical. condltlons
needed for life processes and, therefore, for evolution; R

+ the fundamental physical properties of the living cell remains
qualitatively unchanged throughout all stages of evolution — from the orlgln o
of life to the present;

+ the minimal cell is a minimal single-protein-based structure, which
has inseparable four fundamental physical properties of the living cell.

Matveev, V.V. (2017) Comparison of fundamental physical properties of the model cells

(protocells) and the living cells reveals the need in protophysiology,
International Journal of Astrobiology, 16(1): 97-104
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