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Membranas, proteinas - sera que
modelos estatisticos tem algo a
dizer?
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organizagdo depende das interagoes entre muitas particulas e da
temperatura

como obter informagdo das interagoes a partir do experimento?

como prever propriedades macroscopicas a partir das
iInteragoes?




polaridade e organizagao

Moléculas polares e apolares
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polaridade e organizagao

Moléculas polares em dgua

5t H\
S*H—N:5
/

6t H

Salt crystal

Jb Ji *.3' P
*1 -T"'I?-I ':"33 'Jb-j

2093 1758

8-, z%%,-*“

.
» T}.mé -

1 104

1,864/ Jb.d-

,J1TH#1TGP




polaridade e organizagao

Moléculas polares e apolares na dgua

Polar & Nonpolar Molecules
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polaridade e organizacao: membrana

Moléculas bioldgicas sdo anfifilicas

detergente

Hydrophilic head .\% /g}
lipophilic tail .{‘(‘K\.\.
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membrana




polaridade e organizacao: membrana

Moléculas bioldgicas sdo anfifilicas
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polaridade e organizacao: membrana

Moléculas anfifilicas formam

estruturas em dgua
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polaridade e organizac¢ao: proteina

Variable
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polaridade e organizacao: membrana
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polaridade e organizacao: membrana
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espalhamento e estrutura

&ead
Crystalline solid screen

\ Spot from incident beam

. Spots from diffracted X-rays
N Photographic plate

10,000-
40,000 volts




espalhamento e estrutura VOLUME 7, NUMBER 6
Structure Factor and Radial Distribution Function for Liquid Argon at 85 Kt

s(Q)

J. L. Yarnell, M. J. Katz, and R. G. Wenzel

JUNE 1973

Los Alamos Scientific Laboratory, University of Californie, Los Alamos, New Mexico 87544

S5. H. Koenig

IBM Thomas J. Watson Research Center, Yorktown Heights, New York [0598

(Received 29 January 1973)
The structure factor S{Q) for liquid argon at 85 °K has been determinecN

i neutron scatjs
experiment to an accuracy of =0.01. The problem of obtaining S({Q) from the Tesults of

ing

neutron scattering measurements, made as a function of scattering angle using a detector with an
energy-dependent efficiency, 15 considered in detail. Smooth curves for S({Q) and its Fourier transform,
the radial distribution function g(r), were obtained from the experimental data by an iterative
procedure suggested by Verlet and carried out by Schiff, and are tabulated for convenience. The
experimental results are in excellent agreement with the predictions of computer simulations based on
either the Lennard-Jones two-body interaction, or on the Barker, Fisher, and Watts potential with

corrections for three-body and quantum effects included.

FIG. 3. Fully corrected
experimental values of the
liquid structure factor ${Q)
for ®Ar at 85°K, The solid
line is a smoothed and ex-
tended $(@) obtained from the
experimental data by an itera-
tive procadure described in
the text. The small dip in
the experimental data near
the top of the second peak
(@=3.75 A1) is apparently
statistical in origin.



espalhamento e estrutura

solido x liquido
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espalhamento e estrutura  Insitu X-ray scattering observation of two-dimensional
interfacial colloidal crystallization
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espalhamento e forma

liquido x coldide
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por que a diferenca?




tecnicas experimentais

mudanca de fase
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calor especifico



transicao de fase e calor especifico

transicdo de fases e experimentos
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transicao de fase e calor especifico

ISEN 0965-545X, Polymer Science, Ser. A, 2000, Vol. 52, No_ 11, pp. 12201227 © Pleiades Publishing, Lid., 2010,
Original Russian Text © V. Ya. Grinberg, N V. Grinberg, T.V. Burova, AS. Dubovik, D .R. Tur, V.5. Papkov, 2010, published in Visokomolekulvarnye Soedineniva, Ser. A, 2010,

Fol. 52, No. 11, pp. 20252033,

Phase Separation in Aqueous Solutions

of Polyethylaminophosphazene Hydmchlnrlde durmg Heatmg

V. Ya. Grinberg?, N. V. Grinberg?®, T. V. Bu

¢ Emanuel Institute of Biochemical Physics, Russian
b Nesmeyanov Institute of Organoelement Compounds, Ru
e-mail: g

Abstract—It is shown that agueous solutions of
separation during heating. This phenomenon is ¢
to the composition of the system with the use of
and the enthalpy of phase separation of the syster
system features a lower critical solution tempera
phase separation is 12.8 + 0.6 J/g of the polymei
the analysis of DSC data on the phase separation
on the basis of calorimetric parameters couple
Through this approach, the main contribution to
is related to a change in the energy state of a poly
of its dehydration.

DOI: 10.1134/50965545X10110167
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Fig. 3. Excess-heat-capacity curves for the PEAP - HCl—
H,0 system of various compositions: w, = (/) 0.00025,
(2) 0.0005, (3) 0.001, (4) 0.002, (5) 0.004, and (6) 0.01 at
pH 3.5 (0.1 M citrate buffer). For the sake of clarity, the
curves are arbitrarily shifted along the ordinate axis.
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transicao de fase e calor especifico

PHYSICS REPORTS (Review Section of Physics Letters) 98, No. 2 (1983) 57-143. North-Holland Publishing Company

EQUILIBRIUM CRITICAL PHENOMENA IN
BINARY LIQUID MIXTURES

A. KUMAR,* H.R. KRISHNAMURTHY and E.S.R. GOPAL

Department of Physics. Indian Institude of Science. Bangalore-S60012, India
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Fig. 4.1. Specific heat of methanol + n. heptane in the critical region (after Viswanathan et al. 1973). Note the sharpness of the specific heat peak at
T. and X..



area por lipidio

transicao de fase e calor especifico

area

transicao ordem-desordem

calor especifico

em membranas: experimento
e modelagem
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transicao de fase e calor especifico P

Papel da carga!

light absorftion
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transicao de fase e calor especifico

nature » scientific reports » articles » article

Open Access | Published: 26 October 2015

Thermodynamics of protein denaturation at
temperatures over 100 °C: CutA1 mutant proteins
substituted with hydrophobic and charged residues

Yoshinor Matsuura, Michiyvo Tak

Maoki Kunishima & Katsuhide Y1

Scientific Reports 5, Article numl
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DSC curves of hydrophobic EcCutA1 mutants with no SH group at pH 2.0.

(A)Typical DSC curves of four mutants: EcCutA1_05SH, EcCutA1_05H_511V, EcCutA1_05H_E61V and
EcCutA1_0SH_S11V/EG1V. Scan rates were 60 °C/h. (B)Reversibility of heat denaturation of
EcCutA1_0SH, EcCutA1_05H_511V and EcCutA1_0SH_S11V/E61V. The red curves of three proteins are

the second runs of DSC, just after the cooling step of the first run (the black curves). 5can rates of both



teoria
experimento
e

modelo estatistico




teorig

comportamento universal em
transicoes de fase
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modelo estatistico




transicao de fase e modelo estatistico

experimento e “universalidade”

O caso mais antigo:

pV = %RT hidrogénio

pV = :1—2 RT oxigénio

pV = 2%RT nitrogénio

comportamento universal
independe de detalhes
moleculares ou
intermoleculares

|

inven¢ao
do mol

univers

. alidade

pV = nRT

N\




transicao de fase e modelo estatistico

“universalidade”
e

T modinamica dos gases

° Mo
° Mo

Gas ideal

écu
écu

e distribuicdo aleatdria de velocidades

as sem volume
as ndo interagem (sem choques!)

pV = nRT

NS 3

se. | Ecin=5nRT




transicao de fase e modelo estatistico

experimento e “"universalidade”

Temperatura critica
—229°C Ne
+16.6C Xe
—147°C N,
—82.3°C CH,

Reescalar por
grandezas
criticas

T ==T /T,
p ==p/p.

curva universal




transicao de fase e modelo estatistico

experimento e universalidade”
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transicao de fase e modelo estatistico

C “universalidade”
modelo estatistico

» discretizacao do espaco: rede de células

* moléculas = ocupam espaco (as células) e se atraem
Epot(x)

\ X
0 7
‘ 3 /f !

/ 'zr.\\

atracdo de particulas
vizinhas com energia -&




transicao de fase e modelo estatistico

"universalidade” >
modelo estatistico

transicao liquido-gas

temperatura A
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transicao de fase e modelo estatistico

experimento
ho laboratério e na simulagdo

“universalidade” - interpretagdo do experimento

!

nimeros!

modelo estatistico desafio!




transicao de fase e modelo estatistico

"universalidade" e modelo estatistico

Doniach’'s two-state model (1980)

ﬂ — one ordered state ‘
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transicao de fase e modelo estatistico

Cp (cal/mol-chain/deg)

Success

300 T T

250 -
200

150{
100 |

0! Toee”

280 290 300 310 320 330 340

of Doniach's model

with x = 1. Within the accuracy of the
data, this is consistent with the critical-
| point behaviour associated with the univer-
sality class of the two-dimensional Ising

TEMPERATURE (K)

g 325~ B 1019 .

: 9 B

£ 315¢ s DMPC 20 °C

i ¢»n 1079

Z 305

[ 10‘?1

295 1031
0 0.4 X 0.8
’ 104 " y .
0.1 1 10 100

DMPC — DSPC q (um-T)
Sugar, Thomas, Biltonen Bioph J 1999 Figure 1 Critical fluctuations in phospholipid monolayers imaged

by atomic-force microscopy as a height-difference map. a,b,

O Mouritsen NATURE | VOL 404 | 23 MARCH 2000 | www.nature.com



teorig

calculo da estrutura
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FIG. 4. Radial distribu-

—_ tion function gi») for **Ar at
“‘E'-. - A 85 “K. This curve is the

Fourier transform of the
smoothed and extended S{Q)
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teoria e estudo de modelos de muitas
particulas
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Parte 2

modelos estatisticos estudados
pelo gapeBiolat

- 0 caso da membrana lipidica -




Modelos estatisticos estudados
pelo Guupo Biolar

o dgua (estrutura e hidratagado)

o monocamadas e bicamadas

o membranas carregadas e poros

o cristal liquido nematico

o propriedades de transporte




Laboratorio de Biofisica do IFUSP

o estudos de membranas modelo (Figura de
vesicula)

o técnicas experimentais: calorimetria,
espalhamento de luz dindmico e estético,
raio-x, ressondncia paramagnética
eletronica, fluorescencia, viscosimetro,
eletroforese, ..... como funcdo da
temperatura




area por lipidio
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calor especifico
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“universalidade" e modelo estatistico
Doniach’'s two-state model (1980)

ﬂ — one ordered state ‘
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Success of Doniach's model
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Figure 1 Critical fluctuations in phospholipid monolayers imaged
by atomic-force microscopy as a height-difference map. a,b,
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Anionic membrane - competition between
electrostatic and hydrophobic interaction

B3
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temperature
hydrophobic attraction
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electrostatic repulsion




lipideos ionizdveis (Lab Biofisica)
X
lipideos neutros
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Biophysics Lab at TFUSP - experiment

Papel da carga!

p
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Biophysics Lab at TFUSP - experiment
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Biophysics Lab at TFUSP - experiment

Intensity (a.u.)

dsc and conductivity
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Aumento de ions livres com
desordenamento das cadeias?



Biophysics Lab at TFUSP - experiment
light scattering — frobing vesicle oz

100 07

10 20 30 40
Temperature ("C)

50

Chem Phys Lipids, 2012
static light scattering
raio aumenta 3 vezes!

X

— dynamic light scattering

raio aumenta 50%
1111777

»Como explicar essa discrepancia??
P P



Biophysi c¢s Lab at TFUSP - experiment
and “hand-waving” models

Os poros podem explicar o
“crescimento” da vesicula?

. Como entender a

o discrepancia entre DLS e
¥ SLS?

. *aa?.

D=kT/6mmR



guestoes

microsegregacao de lipideo (EXP: EPR)
microsegregacao de carga (T: competicao)

poros e carga (EXP: transparéncia,
condutividade; T: competicao)

poros e fluidez (T: curvatura)
jons
agua
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troduce lipid dens

ii- introduce charge
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Charge order of ionized lipids

fluid

anionic-lipid
vesicle ordered charged headgroups

disordered
headgroups



experiment vs model: ionization and lipid density

charge AND density fluctuations
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pores form on chain disordering in
the presence of charge

charge AND density fluctuations
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charge AND density fluctuations

centrates on pore rims

G—O lipid ionization
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Theoretical x experimental model
o que aprendemos?

o Pores may explain transparency

o Ionization produces larger pores (condutividade
e transparéncia)

o Correlation between ionized lipid and pore rim

o Discrepancy between DLS e SLS - vesiculas
porosas ou carregadas ndo satisfazem Stokes ou
Stokes-Einstein (estudos de Boltzmann na rede)



many open questions...
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Obrigada!



Model 2

Is local lipid density a relevant feature?
Is there a correlation with charge

distribution?
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