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Carga Elétrica

* Coulomb (C, SI);

»1 C =6.24 x 1018 electrons;
» Forcas elétricas;

» Conservacao da carga.
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Carga Elétrica

» Polaridade de moléculas
il
C

“iC
FF/Z:\>\ No net dipole B %7 )\>

IH
| —Net dipole

CF, is nonpolar

CHF; is polar

» Tipos de ions
(Cation e anion)
(Formam a corrente
de conducao)

Gradiente
+P0tencial Eléh’ﬁo )

Fluxo de Anions «1—6

@—P Fluxo de Cations

>




Potencial Eléetrico (Tensao Elétrica)

*Volts (V, SI);
*1V =1 Joule/Coulomb (J/C).

Energia Energia
potencial = 30 ] potencial =0
1C elétrica elétrica

1C Q 30 J (trabalho) @ | Forca atracdo

e
o |

b






Corrente Elétrica

» Amperes (A, SI);
«1A=1C/s:
» Tensao = Resisténcia x Corrente (V = R x I).
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Resisténcia Elétrica

Ohm (Q, SI); —I:I—{ 5
V=RxI: 1

Qual permite maior corrente
(maior aquecimento)? R
Sendo que 1I ~ 1P




Resisténcia Elétrica |E@sc

/(?/ /@/  Por que isso é importante?
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Eletrolitos

» H20 pura nao conduz (dielétrico);
» Porém, meios bioldgicos sao eletrolitos.
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n _
NaCl(aq)=> Na (aq) + Cl(aq) Fluxo de Anions i—@
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Figure 2.1: The basic bipolar electrolytic experiment, shown with material transport directions. Corrente de Difusio



Eletrolitos

-SC

Table 2.6: Concentration of Electrolytes in Body Liquids [meq/L] is lon Concentration

Cations, meqg,/L Anions, meq/L
Plasma Intracellular Plasma Intracellular

Na* 142 10 cl= 103 4
Kt 4 140 HCO3 24 10
Ca "’ 5 10— Protein™ 16 36
Pg?t 2 30 HPOT 4+ 507 + 10 130
HY (pH=7.4) 4x107% 4% 107° organic acids
Sum 153 180 Sum 153 180

Milliequivalents | mmel = valency z] per liter, and 0.9% MacCl is 154 mmol.



Membrana Isolante (Dielétrico)

(a) A célula e a solugdo estdo elétrica e quimicamente em equilibrio

. ‘ ‘ ‘ ‘ (b) A célula e a solugédo estdo em desequilibrio quimico e elétrico.
: — E usada energia para bombear um cétion para fora da célula,

©
. . - ‘ . deixando uma carga resultante de -1 na célula e +1 fora dela.
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Membrana Isolante (Dielétrico)

Um eletrodo de registro é

colocado dentro da célula. O voltimetro mede a

diferencga de cargas
elétricas entre o interior de
uma célula e a solugdo que
a circunda. Este valor é a
diferenca de potencial da
membrana, ou Vp.

Saida

+20 — Diferenca de potencial da membrana (Vp,)

Bt e e | e e
20 — vV
diminui Vo
aumenta
'\

S

Despolarizagdo Repolarizagdo Hiperpolarizagao

Banho contendo
salina

Potencial de membrana (mV)
A
(<)
|

5 B
|

Tempo (ms)—>



Caracteristicas Eléetricas da Membrana

Chemically-gated
channels

Voltage-gated
channels



Capacitancia

» Farad (F, SI)

Conductive plates
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https://phet.colorado.edu/sims/html/capacitor-lab-basics/latest/capacitor-lab-basics_en.html

Caracteristicas Eletricas da Membrana |E@SC

extracellular . .
® . 920009

extracellular 90000000
plasma membrane

92900900000
+
R Y OF intracellular @ @ @ |
C

intracellul :
}m racetiar Equacgéo de Goldman-Hodgkin-Katz:

RT In P(K*], + PyaINa*], + Pc[Cl;
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Caracteristicas Eléetricas da Membrana
Efeito da capacitancia

» Acrescenta delays!

¢ rising voltage

- acrass C falling woltage
acrass C
1 LI e m—
5 10 15 2n 5 10 15 20

CHARGE OISCHARGE
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Caracteristicas Eléetricas da Membrana

Cell membrane




Modelo Hodgkin-Huxley

Outside

[ (I

Rna Rx R

Cm

il i

-+
|+

*
|
|
E
|
!
'

Inside

Fig. 1. Electrical circuit representing membrane. Ry,=1/gx.; Rx =1/gg; B;=1/F,. Ry, and
Ry vary with time and membrane potential; the other components are constant.
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Corrente Direta e Alternada; Frequéncia IE@SC

Direta

duration

pause

period T :
interval T

frequency =1/T
q y=1/ rate=1/T



Comando e Resposta




Comando e Resposta ,E{@sc

command potential current response
+50 1
E{m‘v';l finA)
0
=6
il time (ms) 135 -l 0 time (ms) 1'25
1
| I I I
: ImA)
_ﬁ;—wg— ' -1
I Emv) +50 'I
m
-60 1
0 time (ms) 125




Registros Eletrofisiologicos




Registros Eletrofisiologicos

» Hodgkin and Huxley, 1939 (Nobel 1963)

Huxley

Tentacle

Hodgkin

Stimulus

Giant
axon

Squid axon

ACTION POTENTIAL RECORDED BETWEEXN INSIDE AND
OUTSIDE OF Axox. TIME MaARkER, 500 ovcLes/sec.
THE VERTICAL SCALE INDICATES THE POTENTIAL OF
THE INTERNAL LELECTRODE IN MILLIVOLTS, THE SEA
Potentials Recorded from Inside a Nerve Fibre (1939) WATER OUTSIDE BEING TAKEN AT ZERO POTENTIAL.



Registros Eletrofisiologicos @sc

The Nobel Prize in Bext Sekman
. N . Editors

Physiology or Medicine

1991

Single-Channel
Recording

SECOND EDITION

UL

Erwin Neher Bert Sakmann
Prize share: 1/2 Prize share: 1/2




Registros Eletrofisiologicos

Instituto de Engenharia Biomédica
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Tipos de Registros

Figure 4.6. Diagram to show the
difference in sign of action

+ /\ potentials recorded by

intracellular and by extracellular
electrodes. Extracellular records

______ ‘ Intracellular
+++"++ + recording are in fact frequently shown with
( O negative potentials upwards,

_=a Extracellular i
( T T recording il

L, [pA]
0 Channel
oy LI | closed
-1
| ‘ | |
‘ Patch Clamp | | | |
3 Channel
| LA P }tﬁ( """"""" L, open
o r T T T T ,
0 20 40 80 80 100 120 Time [ms]

The physiology of excitable cells



Equipamentos para Patch-Clamp

Faraday cage

L

Headstage i\
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Instrumentacao

METRIC PREFIX SCALE

T G M k m u n
tera giga mega kilo (none) mili micro  nano
1ot 10° 108 107 10 107 107 107®
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pico
1o 1z

10 1ot 1ot 1o7F
hecto deca deci centi
h da d C

~nA/ ~mV
Amplifier

Headstage

Bath electrode

Inverted Microscope Solution Gutflow




Instrumentacao

An Outwardly Rectifying Chloride Channel in Human Atrial
Cardiomyocytes

Oxidacao, Dissociacao... current

_).

MARIE DEMION, PH.D., ROMAIN GUINAMARD, PH.D., ANTOUN EL CHEMALY, PH.D.,
MOHAMMAD RAHMATI, M.D., and PATRICK BOIS, M.D.

From the Institut de Physiologie et Biologie Cellulaires, CNRS UMR 6187, Université de Poitiers, Poitiers Cedex, France

amplifier Measurements

output signe! (V) Single-channel currents from patches of isolated car-
diomyocytes were recorded under voltage clamp with an

Vemnd RK400 (Biologic, Claix, France) patch-clamp amplifier us-
ing the cell-attached and inside-out variations of the patch-
clamp technique.® The bath reference was 0.5 M KClI (in
a 4% agar bridge) connected to an Ag/AgCl pellet. Liquid
junction potentials arising at the inner surface of the mem-
brane patch due to changes in bath solutions were determined

GQ using a pipette containing 2.7 M KCI, which allowed the
zero-current voltage deflection to be monitored. The mea-

sured values were similar to those calculated by the JPCalc

program® with Clampex software (version 8.1; Axon instru-

ments, Foster City, CA, USA). Applied potentials (V,, =

Viath — Vpipee) Were corrected accordingly. In cell-attached

patches, the applied potential (AV,,) was superimposed on

the spontaneous cell membrane potential that was unknown.

sensing electrode
Ag/AgCl wire

bath
glectrode




Micropipeta

Pipette Cookbook 2018
P-87 & P-1000 Micropipette Pullers

Rev. F




Micropipeta

Image A (40x mag.) 1.0 x 0.5 thick walled glass (BF100-50-10)
~0.5um Tip, 4-5mm taper, one line program with 3 loops

——

1.5mm x 0.86mm thick walled glass, ~2um Tip, 3-4mm taper (400X mag)

Medium/Large Holding Pipette (400x mag.)
Scored and cut with clean break using a ceramic tile,
then fire-polished. 15um ID x 80 um OD




Medicao Intracelular
Circuito Equivalente IEBUFSC

/l bath solution
output

C

pipette

amplifier dif feratntlal -
amplifier
| | Rk micropipette
| | P—
bath electrode — C
- pipette
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Figure 2.14 Equivalent circuit for an intracellular recording configuration. In addition to

Patch Clamping
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Figure 2.24 Equivalent circuit for the cell-atrached patch configuration “o.._cell -

.....
........
.......................

Patch Clamping
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Instrumentacao |
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Ruidos - Filtro por software
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Ruidos - Filtro por software e
digitalizacao
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An Outwardly Rectifying Chloride Channel in Human Atrial
Cardiomyocytes

MARIE DEMION, PH.D., ROMAIN GUINAMARD, PH.D., ANTOUN EL CHEMALY, PH.D.,
MOHAMMAD RAHMATI, M.D., and PATRICK BOIS, M.D.

From the Institut de Physiologie et Biologie Cellulaires, CNRS UMR 6187, Université de Poitiers, Poitiers Cedex, France

Data Analysis

Signals for analysis were stored on digital audiotapes and
then played back through a filter (Bessel model 902LPF, Fre-
quency Devices, Inc., Haverhill, MA, USA) and digitized at
1 kHz using a Digidata 1,200 A analog-digital interface and

Fetchex software (version 6.02; Axon instruments). Currents
were analyzed with Bio-patch software (version 3.30; Bio-
logic, Claix, France), with amplitude histograms generated
for the construction of I/V curves and for the estimation of
channel open probability (P,). Because the channel conduc-
tance rectifies, I/V curves could not be fitted to a straight
line. We therefore fitted the data points to a curve describing
exponential growth. In some cases this might have induced




Curvas I/V (Relacao Corrente/Tensao) IE{@SC
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Figure 5.13 The outward current responses to a standard voltage step protocol are shown
in the left-hand panel, with the maxima plotted versus step potential in the right-hand
panel



Curvas I/V (Relacao Corrente/Tensao)
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Figure 5.13 The outward current responses to a standard voltage step protocol are showr
in the left-hand panel, with the maxima plotted versus step potential in the right-hanc

panel
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Figure 5.14 Application of a tail current protocol. Tail current amplitudes are measured
at the dorted line in the lefr-hand panel and plorred versus step voltage in the right-hand

panel
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Figure 5.17 Garing of inward rectifying potassium channels is controlled by G proteins,
bur hyperpolarisation relieves magnesium and polyamine block. In a step protocol this has
the appearance of an increase in leak current at very negative membrane potentials
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Riscos Equipamentos/Instalacoes {@
Elétricas IEB(UFSC
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Figura 1.2.3 - Trajeto da corrente do choque elétrico

Kindermann, G. Choque Elétrico
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Elétricas

Acidentes com origem
eletrica causaram 622
mortes em 2018

Publicado em 02,/05,/2019 - 21:18 ~ Por Elaine Patricia Cruz - Repdrter da Agéncia Brasil @ Sio Paulo

Em 2018, foram registrados 1.424 acidentes com origem elétrica em tedo o pais.

<> sendo 836 choques, 537 incéndios por sobrecarga ou curto-circuito e 51 descargas & S

atmosféricas (raios). Isso representou um aumento de 2,67% em comparacao ac ano -

anterior e de 37.2% em relacao a 2013, inicio da serie historica
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