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Memb6paHHaa Teopmsa NPOHNLLAEMOCTH

* T SR o X - B =

CDpr,aMEHTaIlebIe CBOMCTBA K/J1IeTKU 06bACHAIOTCA
CBOMCTBAMM MJ1a3MaTUYECKON MeMbpaHbI.

CnepoBaTtenibHO, KNOYEBbIM COObITUEM B NPOUNCXOXKAEHUUN XKU3HU ABNAETCA ;:
BO3SHUKHOBEHNA GYHKUMOHUpYIOLWen membpaHbl.
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dyHaameHTaibHble CBOMCTBA K/IETKU 06bACHAIOTCA
copbunoHHbIMU cBOUCTBaMU 6enKoB.

CnepoBaTte/ibHO, NOAB/EHUA OAHUX TO/IbKO NOJIMNENTUAOB YKe AOCTAaTOYHO
Ana obecneuyeHUsa Bcex yeTbipex GyHAAMEHTa/IbHbIX CBOMCTB NPOTOKAETKM,
a KOMMAPTMEHTaIN3aLNA OKa3blBaeTCA pe3y/IbTaTOM XOPOLUO U3BECTHOro
dun3nUYeCcKoro ABseHUsa — aAcopbL MM BeLLecTB Ha MOJIEKY/IAPHON NOBEPXHOCTU
noAUNenTUAoB.

ApcopbupoBaHHan — « CeneKkTuBHasA e

- BO/Aa ap,gop6u,ma

a4




dusuueckana mogenb KNeTku no JIuHry

CocTtoAHme BOAbl N NOHOB B KN1ETKE N B Cpeae NPpnHUnUnmaibHO OoT/in4atoTCA
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ApcopbupoBaHHaA Boga — NJ0XON pacTBoputenb



MHorocaouHaa aacopbuusa soabl
Ha MOJIEKYIAPHOU NOBEPXHOCTU besnKa



Monekyna Boabl

[ebain, eAnNHMLA SNEeKTPUYECKOTO ANNONAbHOTO MOMEHTA
monekyn. 1 [. paseH 3,33564¢1073° Knem. Ha3BaHa B yecTb
du3mka N. fleban. Obo3Havaetcs [ (D).

+H H+ Partially negative .
sideof §
water molecule

105° Partially
side of
water molecule

O Oxygen

HenopeneHHaa napa
ANEKTPOHOB

AcMMMeTpUYHOE pacnosioXKeHue 3apAaaoB
Aenaet MoJIeKyny BoAabl AUnonem.
BoaopoaHas cBA3b CKNagblBaeTcs U3
3/1eKTPOCTaTUYECKOro B3aMmMoaeincTBma n nepeHoca
3apaaa




Cnepyet pa3nuuyarb
(1) cobcTBEHHDbIM ANNONBHBIA MOMEHT BOAbI U

(2) HaBepeHHDbIN

B rasosou ¢pase 1,85 D

B xxugkoun ¢pase 2,9 D
+ 60%

Kemp D.D. and Gordon M.S. 2008. An Interpretation of the Enhancement of the
Water Dipole Moment Due to the Presence of Other Water Molecules.
J. Phys. Chem. A, 112, 4885—-4894.
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MonunenTuaHbit oCcTOB 6enKka — cuctema 3apaaos
OAWHaKoBaA AnA Bcex 6enkos
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nino R i R Carboxy
Ll Peptide group terminus
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AUnonbHbIK MOMEHT GPYHKLMOHANbHbBIX Fpynn
nenTMaHoOU ceasmn bonblue, Hem y BoAabl

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

(ras = »uaKocTb)

3,5D
AnnonbHble MOMEHTbI:

KapboHunbHoM rpynnbi: 2,7 D (1,85 + 46%);
nentugHow rpynnol: 3,5 D (1,85 + 89%).

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

AunonbHbIK MOMEHT BOAbI, B3aumoaeincrtaytouwleit c 6enkom,
6onblie, YeM AUNONbHLIA MOMEHT BOAbI B XXUAKOU ¢pase



BogopoaHblie cBA3M B aacopbumMoHHOM cnoe npouHee!
9TO 1 co3gaeT YyCNA0BUA ANA MHOMoCN0MHOM aacopbunmn

Permanent Dipole
8 Induced Dipole-Induced Dipole Interactions
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CBoMUCTBO aaCOPOLMOHHOro cnosa BOAbI:
yem 6onblue pasmep yacTuubl, Tem 3dpdpekTuBHEE OHA BbITECHAGTCA U3
copbuuoHHoro cnoa (nonynpoHUL,aemocTb)
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30Ha BbITECHEHMUA MAKPOCKONUYECKUX pa3mepos,
obHapyxeHHaa Monnakom

PAAC Nafion

[25

0 sec

200 um 30 sec

60 sec

90 sec

200 pm

Figure 1.
Solute exclusion in the vicinity of polyacrylic-acid gel. The gel was placed on a coverslip.
superfused with a suspension of 1-pm carboxylate-coated microspheres and observed in an

inverted microscope. Image was obtained 20 min after superfusion. (Fuzzy vertical line F| gu re 1 J Col |°|da| par‘t|c| e exc[ usion formed near by
within gel is optical artifact.) Microspheres move away from gel. leaving regions (black) on . . 5 m l n
either side of gel that are devoid of them. Microspheres seen on right edge of figure. the Charg ed su I’faceS Of p0|yaCI’y| IC acl d gel (I eft) =

and Nafion sheet (right). Negatively charged
Pollack G.H. Water, energy and life: fresh views from the water’s edge sulfated microspheres with diameter of 1 um were

Int J Des Nat Ecodyn. 2010, 5(1): 27-29. used. Darker regions adjacent to samples are Fig. 3. Development of exclusion
microsphere free. zone as function of time in
cylindrical channel of PVA gel.
KpacHble cTpenku — 30Ha BbITECHEHUA U3-3a CHUXKEHHOM pacTBopsAoLLeil cnocobHocTH Carboxylate-coated microspheres,

apcopbupoBaHHOM BOAbI 2 um in diameter, were used.



Hayano gnanusa

Before dialysis

dialysis bag,
semipermeable
membrane

dialysed solution
1

dialysinﬁlsolution

2

fixing of the
~—— dialysis bag

large (membrane
impermeable) molecule

small, membrane
outside solution

small, membrane

Aunanus

OnddpysmoHHoe
paBHOBecue

=————24

At equilibrium

tight closure

(e.g. protein)

ermeable
molecule of the
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molecule of the
inner solution

magnetic
stirrer rod

rotating magnet

Dialysis membrane

. o X k—(——(}lobular macromolecule
. s . (IgG, 160A, 150kDa)

Membrane pore
(24A)

1 o—.—SmaII molecule
(B-ME, ~5A, 78Da)

Salt ion
(Na+, < 1A, 23Da)




PaBHOBeCHOe pacnpeaeneHue BewecTs Mmexay moaenbHbiMmu CUCTeMmamu
(pacTBop 6blubero remorno6uHa B AManu3HbIX MellKax)

FIGURE 22. A.
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Concentrauon in Bathing Solution ( mg /ml )
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Concentration in Water in Dialyais Sac ( mM )

Equilibrium distribution of various solutes in a neutral solution of bovine hemo-
globin (39%) after a 5-day incubation at 25°C. Solution contained 0.4 M. NaCl. Ethylene glycol s,
glycerol A, erythritol OJ, D-xylose +, sorbitol A, mannitol <>, trehalose B, raffinose O. B.The equi-
librium distribution of various solutes in an alkaline solution containing 20% bovine hemoglobin
and 0.4 M. NaOH. Incubation time and temperature same as in A. (from Ling and Hu 1988)
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Concentration in Bathing Solution ( mM )

Concentration in Water in [ialysis Sac ( mg/ml )

n cpenou

HaTtuBHbIN

remornobuH (rnobynapHbin), 39%
Bopga cBo6oaHas

[leHaTypupOBaHHbDbIN

remornobuH (passepHyTbin), 20%
Bopa cBA3aHHaA

Ling GN, Hu W. 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. Physiol Chem Phys Med NMR. 1988; 20(4): 293-307.



CpaBHeHue

PaBHOBECHOrIo pacnpeaeneHnAa Hesapa*XeHHbiX seLwlecTts

B CUCTEeMaX.
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PaBHOBecCHOe pacnpeaeneHue He3apaKeHHbIX BelecTs
mexXay AnannsHbim mewkom ¢ 18% pactsopom
pa3BepHyTOro remornobuHa un cpepgoii.
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PaBHOBeCHOe pacnpeaeneHne He3apAXKeHHbIX
BeLeCcTB MeXKAy CKeNNIeTHOMU MbILULEN NATYLIKU

M cpepnoi.




Ewe oaHO cCpaBHEeHuUe
XXUBOMU KNETKU C MOAEeNIbHOU CUCTEMOM

KoauepsaTt

2.0

.,
Coacervates . B

The dependence of the galactose concentration in the
coacervate (C,, in g per 100 ml of coacervate water) on its
concentration in the medium (Cs, in per cent). Complex
coacervate: gelatin and gum arabic. (Troshin, 1966;

Table 14, Fig.31).

dpUTpOUMUT

Erythrocyte B

The dependence of the galactose concentration in rabbit
erythrocytes (C,, in g/100 ml of intracellular water) on the
concentration of this sugar in the medium (C,, in per cent), B.
A, bisector; adsorption limit, D. C, the dependence of the
galactose concentration in intracellular water on its
concentration in the medium. (Troshin, 1966; Table 20, Fig. 40).
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IOHbI TaKKe aacopbupyrorca beakamm.

g [Moyemy K* n3buparenbHo cBs3bIBaeTcA Cc
’ KapbOoKCUMAbHbIMWY Fpynnamy 6esnKa B
npucytctBmnmn Na*?




UHAYKTUBHLIU 3D PeKT

AH=A +H"*
YKCYCHaA KMcaoTa K, = [A[H*)/[AH]

KoHcTaHTbl gnuccoumaumm
YKCYyCHaA Kncaorta 1,82x107
MOHOXNOPYKCYCHan Kncnota 155x107
[nxnopyKkcycHas Kucnota  5000x10~
TpuxnopyKcycHasa kucnota 30000x10~

TpnxnopyKkcycHaa KncaoTa

CpoacTtBo K NPOTOHY cHUXKaeTtca B 16000 pas




UHaykTUBHBLIN 3 deKT B 6enkax BbidbiBatloT ATD, UOHDI,
ropMoOHbI, NeKapcTBa, Apyrue 6enku nocpeacTBOM BTOPUUHbBIX
(HeKoBaneHTHbLIX) cBA3EM
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INEeKTPOHHAaA NIOTHOCTb Ha PYHKLMUOHANBHDIX rpynnax

N3meHeHne ANNONbHOrO MOMEHTA (M3MEHEHME 3NEKTPOHHOM NNOTHOCTM) Ha
(1) dyHKUMOHaNbHbBIX rpynnax NenTUAHOM CBA3N onpeaenseT ux CpoAcTBO
K BOAE M TAaKUM XKe rpynnam gpyrux nentTuaHbix CBA3EN;

(2) kapboKcMNbHbIX rpynnax onpeaensieT ux cpoacTeo K K* mnam Na*,



JlaHHbIe 0 CBA3aHHOM COCTOAHNW
OCHOBHOr0O KaTMoHa KNeTkn — K*

.




KaTuoHbI cBA3bIBAOT KapboOKCUAbHbIE rpynnbl
OCTaTKOB AUKApPOOHOBbIX aMUHOKUCNOT

Ho 1,0 0 0
N—C—C.
H ¢y OH HO OH
. NH-
H O 7N O<— Kap6okcuabHble

rpynnbi

AcnaparvHoBsasa KUCNOTaA frnytrammHoBasa KUCAOTA



PacnpeaeneHme MOHOB Kanuma B MbllL@4YHOM
BONIOKHE NAryLwKu

nerve fiber

*  bBonblas YacTb cBOBOAHbLIX KAPOOKCUIbHbBIX Fpynn
6enka Haxoautca B A-anckax mmodmnbpunn (TemHble

nonochl).

tendon
*  CopepskaHue BOAp! Bbllle B |-AMCKax (CBETAble NONOChI).

membrane

myofibril

ABTOpagnorpadpma MbllLEeYHOro BONOKHA NArYLLKK
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A — mmKkpodoTorpadma BONOKHA, HEHArPYKEHHOTO
PaANOaKTUBHOMN METKOMN.

B, C 1 D —aBTOpagMorpammol BOJIOKOH, Harpy*KeHHbIX
134Cs npu»KMU3HEHHO.

B 1 D — BO/IOKHA, YaCTUYHO NOKpPbITble GOTOIMYNbCUEN.
C — BOJIOKHO pacTsaHyTOe Nnepes BbiCyLUMBAHMUEM.
MacwTabHaa meTKa cooTBeTcTBYeT 10 MKM.




benok in vitro cenekTtusHo caasbiBaeT K 8 npucyrcraun Na*

Edelmann, L. (1981). Selective accumulation of Li*, Na*, K*, Rb*, and Cs* at protein sites of
freeze-dried embedded muscle detected by LAMMA. Fresenius' Journal of Analytical
Chemistry, 308(3): 218-220.
M ~ GS 4

Nlcl+ ’
Lii- K+ Rb+ CS+ ’ }
TR L ST
Tn N 85 133

muscle fibres were exposed to aqueous solutions of
alkali-metal salts. Using energy dispersive X-ray
microanalysis and LAMMA it was found that these
sections showed preferential accumulation of K u
and Cs u over I\ll)aa:dc;n(;::::::nir([)st;ln sitesinthe A ‘ o C L _L | “l

9
Sections of freeze-dried and plastic embedded frog ’ 1 ’

Fig.2. LAMMA-spectra recorded from a muscle specimen. The numbers
correspond to the respective probing areas shown in Fig. 1. The spectrum
labelled GS stems from a gelatin standard containing (mM) Li* 50, Na* 50, K*
10, Rb* 10 and Cs* 10

Fig. 1. Perforated sections of frog sartorius muscle.



Nao' extruded
(mmoles/liter cell water)

K *accumulated
{mmoles / liter cell water)

3aBUCMMOCTb cogep:KaHua K* u Na* B TeHAX 3pUTPOLUTOB B
3aBMCUMMOCTM OT KOIMHECTBA OCTAaTOMHOrO 6enKka B HUX

"TeHn" 3pnTPOUNTOB - 3TO 060I0YKU IPUTPOLUTOB C 3/IEMEHTAMM LMUTOCKENETA.

w
Q
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o

O

@)

301

40

50

B 3aBMCMMOCTM OT MeToAa NPUTOTOBAEHUA TEHEN

WU TWATENbHOCTU €ro NnpnuMmeHeHunAa, cogep*XaHume
OCTaTOYHOro 6enKka B HUX cyuwectBeHHO Konebnetcs.

2 6 8 10 I2 14 Protein )

Ling GN, Zodda D, Sellers M. Quantitative relationships between the
concentration of proteins and the concentration of K* and Na* in red
cell ghosts. Physiol Chem Phys Med NMR. 1984;16(5):381-392.
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MoTteHuyuan pencreun

MoTeHuMan nokosa u AencTemUnA
(noBepxHOCTHbI aaCcOPOLUOHHDbINA NOTEeHLMan)

B mukpoobveme gudpdpysmoHHoe

Andoys.

noteHu,. Na*+ agcopbu,. noteHu,

Na*

O6HyneHMe noTeHuMana
NMOKOSA N OBepLUyT

paBHOBeCHUE HacTtynaet 6bICTpO

Onddy3noHHble

noTeHuunanbl



«Na*-K*-nomna» n «kMOHHbIE KaHanbl» MUuKpocdep Pokca

Izomv
—_——
10ms

120 my

———
10ms

Microsphere Spiking

Fig. 6. Action potential resembling that of neuron.
(Upper) Spiking in crayfish stretch receptor neuron.
(Lower) Spiking in microsphere of 2:2:1-proteinoid.

(By Dr. A. Przybylski.)

p (Asp Glu Arg) and 60mM KCl

Light Activation 11 w

Ss

Fig. 7 A-C. Electrical activity begins with illumination (10 lux) at A. It dies off when light is
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.



PusnonornyecKum atTom

copbuunoHHblie cBoicTBa 6enkoB obecneunBaloT HAaHOKOMNAPTMEHTaNU3aLUIO.
Ha craguu npeabuonornueckou asontouuu ponb AT® mornm urpatb gpyrue coeamHeHuUs,
Hanpumep nonudocdarsbl.

AAcopbUMOHHbBIN CNOK BOAPDI,

Monekyna npotobenka B BK/IOYAIOLWMIA MUNTUOHDI
pa3BEepPHYTOM KOHPOpMaLUH MOJIEKYNAPHbIX CI0EB
Na* Na* Na*
+ K* + K* + + + +
. ‘ + K* +K + : K* K* + € K* . K Na*
K+ K K K* K+ K* K K*
Na*

+ +
Na Na Na*



KnetouHble mogenu Ha ocHoBe makpomoneKyn (6e3 nunupos).
MopdoreHeTuuecKkuia NnoTeHYyUan NnoAMnenTuaos

KoauepBaTbl Mukpocdepsbl, genauwmeca npu
ysenndeHunmn pH

[1BYXCNOMHOE CTpOeHMe NenTuaHbIX MembpaH, KoTopoe
NPUHMMANN 33 AO0Ka3aTeNbCTBO IMNUAHON OCHOBbI BuomembpaH

[Monnmepocomsl



OCHOBHbIEe BbIBOADbI:

(1) CnocobHbl 06bACHUTL CaMble paHHUE, CaMble
3/leMeHTapHbIe 3Tanbl BOSHMKHOBEHUA YXU3HU, CO34aBasA HeobxoAanmble ycaoBusA
ANA AaJibHENLLEN 3BOIIOLUMU;

(2) dbyHpameHTanbHble pU3MUYECKNe CBOMCTBA K/IETKM OCTAIOTCA KaUeCTBEHHO
HEU3MEHHbIMM HA NPOTAXXEHUN BCEX 3TANOB 3BOOLNN — 40O6MONOrMYECKOU U
buonornyeckom;

(3) MMHMManbHaA KneTka — 310 MMHUMAJIbHAA CTPYKTYpa Ha OcCHoBe 6esiKa,

obnaparolans Bcemu Yetbipbma GyHAaMEHTaIbHbIMU GU3NUYECKNMU CBOUCTBAMM,
PACCMOTPEHHbIMM B 3TOM COObLLEHUN.

I =35




Het HUYero npakrtuvuHee xopoweun Teopuu
ycemas Kupxaog (1824-1887)




International Conference

THE PROBLEM OF THE ORIGIN OF LIFE
Youth Scientific School
MOLECULAR AND CELLULAR BASIS
o OF THE EARLY EVOLUTION OF LIFE
; - { 4 &
Wf% Moscow — September 22-26, 2014

CailT KoHhepeHumn: http://oparin2014.inbi.ras.ru/

[loknapa coenaH 23 ceHtabpa 2014 roaa.


Vladimir Matveev
Сайт конференции: http://oparin2014.inbi.ras.ru/


Bupeosanuck aoknana (2014 r.): http://youtu.be/aPKf-wBUXmI

MNpoponxkeHUe Temsl:
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