Neuroscience:
Exploring the Brain

Chapter 3: The Neuronal Membrane at Rest



Introduction

 Action potential in the nervous system
— Action potential vs. resting potential




Not at rest
action potentials

Starring: i\ ~—
water and its polar covalent bonds
lons and distribution of + or — charges
membranes :
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also starring

proteins and enzymes

diffusion, including concentration gradients
electrical potential (VOLTAGE)

electrical conductance



The Cast of Chemicals

 Cytosolic and Extracellular Fluid
(a) H,O = O = @

H
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» Key Ingredient in intracellular and

extracellular fluid @
 Key feature — uneven charge



The Cast of Chemicals

* Cytosolic and Extracellular Fluid (Cont’d)

— lons: Atoms or molecules with a net electrical
charge

—Cations
—Anions

dissolved in water

° Spheres Of hyd ratiOn :b) Crystal of NaCl ’ ) N&* GG



The Cast of Chemicals

 Protein — enzymes, receptors, cytoskeleton
— 20 amino acids e

W W H i M
. . 1 . . .
[T --l!:-ICIJCI Mol —L-CO0-  HpH —C-CO0- MM -&-CW L] -JIZ-DDO

— R group variable ] A

PN
" CHy 5

H [+

Vialing Lewcirn Ipclaucing Phafryislaning  Mathicring
[Val & W) (Lougel)  (Boorly [Fha or F) ekt o I

Amin acids with strongly ydrophilic A groups:

* Hydrophobic il sl i Lo

|
HH --li'--CDEI
CH CH; CH, +
1 "
C [+ —MNH
B T wh o II- pe
L0y gt
— L=
G -8
- -
TG i G raegpt L]
[ ] Asparmic ool Ghtamic acd  ASparaging Heftir
[Asp or DY) (ki e E) [ & M) {Hi& o H)
Chher aming acads
H M W 2] H H H
s A . | A | £ ] i
HaM -?-GDEI HyH —l;'.--ﬂl}l:l Hotl —C—C00-  HM -CI —GO0-  HpH -‘.?—G{!GI Hahl -'I'U-GDEI HN ——C-CO0r Mo -L-000
H CHy CH, CHGOH H={—0H CH; | WL '___l:-'-'- CH,
Za & o, GH C=GH
e other O ——
Ok Fam
) )
-
Chlyearsy Alararsn Tyt Saariewn Thrascring Troding Prodirs Tryplophan
[ Glly e G Dl o A iCysor G (Bar o B) [Theor T) [Tyr e 'Y) P o Fj (Trp or W

b

Meuroscience: Explaoring the Brain, 2rd Ed, Bear, Connars, and Paradise Copyright & 2007
Lippincott Williams & Wilkins



The Cast of Chemicals

Protein

— Structure (Cont’d)
 Peptide bonds ) ) )
I :
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 polypeptides (amino to carboxyl)

d Ed, Bear, Connors, and Paradiso Copyright & 2007 Lippincott Williams & Wilkins
Figure 3.
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~_Amino acids

(a)

Alpha helix

-
»,

SELSESLN

==
g
-
=
—
£
]
o
|
L
=
=
3
L
-3
ay
-
b1
—=
Sy
= |
=
b
m
-
£
5
3
=

|7

© 2001 Lppincott Wilkams & Wilking



The Cast of Chemicals

* The Phospholipid Membrane
— Hydrophilic

» Dissolve in water due to uneven electrical charge
(e.g., salt)

— Hydrophobic

e Does not dissolve in water due to even electrical
charge (e.g., oil)

— Lipids are hydrophobic

» Contribute to resting and action potentials



- Phospholipid
bilayer

_Polar "head” containing
phosphate

_Nonpolar "tail" containing
hydrocarbon

H,0 = <1 nanometer

One bhillionth of meter

woll Wilkames & Wilkine



Polypeptide

" subunit

® 2001 Lippincott Williams & Wilkins

can be open
or gated by environment

© 2001 Lippincott Williams & Wilkins



pUMPS - ENZYyMes

3 Na*
sodium potassium pump

W, breaks down ATP in presence of
| Internal Na+




lon movement results from:

DIFFUSION
*Concentration gradient (movement from high to

low - relative difference in concentration between 2 locations)

CHARGE
*Voltage gradient (same but volts)

Equilibrium occurs when CG balances VG
note this can be disproportionate



CURRENT — movement of electrical charge

amps

positive — movement of + charge | §
negative— movement of - charge

(positive In direction)



HOW MUCH CURRENT WILL FLOW?

1) ELECTRICAL POTENTIAL (voltage)

2) ELECTRICAL CONDUCTANCE
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membrane potential

resting membrane potential
equilibrium potential

action potential — next chapter



potential = voltage

force exerted —

difference between

(-) terminal (cathode)
(+) terminal (anode)

FLOW IS CURRENT

|~ Cathode

VOLTAGE IS DIFFEREI\CE (12v BATTERY)



CONDUCTANCE -aBILITY TO TRAVEL

0

measured In siemens
metal Is a good conductor

It offers little resistance
Resistance - inverse of conductance



HOW MUCH CURRENT WILL FLOW??

Ohm’s law

| =gV

CURRENT = CONDUCTANCE *VOLTS
| = current

g = conductance

V = volts or potential difference



membrane potential

VOLTAGE ACROSS MEMBRANE
at any given moment

membrane is thin

it “stores” charge

it has “capacitance”



RESTING POTENTIAL

-GREATER NEGATIVE CHARGE INTRACELLULARLY

OUTSIDE Na* and CI-  (also CA++)

1) at rest, most sodium channels closed, chloride open

2) sodium potassium pump is always pumping out Na+

INSIDE K* and protein anions A

1) K+ channels always open

2) A- are too big to leave

-65 mV (by convention)



Equilibrium potential

N0 NET movement

A~ ions and K* ions have ...whereas ClI” ions and Na*
higher concentration inside ions are more concentrated
axon relative to outside... outside the axon.
Axon X /\ 305
A K Na* Cl-

Intracellular *J'=°2

2 %039
Extracellular ’ %:



concentrated dilute

no channels, no potential - no Vm



diffusion rules! (for a while)

Inside outside

movement along concentration gradient



BUT REMEMBER
lon movement results from:

DIFFUSION
*Concentration gradient (movement from high to

low - relative difference in concentration between 2 locations)

AND

CHARGE
*Voltage gradient (same but volts)



Inside outside

A- left, so INSIDE becomes more —
and K+ will be pulled back In



Equilibrium occurs when CG BALANCES VG

REMEMBER
this can be disproportionate

A\

NO NET MOVEMENT




. apl a4
Nernst Equation Rm[ EAM;]
_ g9 _
Calculates equilibrium potential of ion E=E nF

« E=potential (volts)

« c=concentration (moles)

 z=charge or valence of the transported substance
« R=gas constant (8.3143 Joules/mole/degree)

« T=temperature (298 degrees kelvin)

« F=Faraday constant (charge of 1 mole electrons
or 96490 Joules/mole/volt)



Nernst Equation

equilibrium
balance of diffusion and electricity
E. -82mV

Fy, 1062mV



lonic driving force

« difference between membrane potential
(whatever) and equilibrium potential

* Vm B Eion



Goldman equation
resting potential

e takes all 1onic
PERMEABILITY into account

Mostly K+ and Na+ and CL-
. -6 mV

(Nernst -equilibrium potential single 1on)



The lonic Basis of The Resting

Membrane Potential

» Equilibrium Potentials (Cont’d)

— Four important points

e Large changesinV,,
— Minuscule changes in ionic concentrations

 Net difference In electrical charge
— Inside and outside membrane surface

 Rate of movement of ions across membrane
— Proportional V, — E;

 Concentration difference known: Equilibrium

potential can be calculated



The lonic Basis of The Resting
Membrane Potential

e The Distribution of lons
Across The Membrane

lon Coqcen!ration _Copcer]tration Ratio e
outside (in mM) inside (inmM)  Out:In (at 37°C)
K* 5 100 1:20 -80 mV
Na* 150 15 10 : 1 62 mV % _
TRED 2 0.0002 10,000:1 123 mV A
CI~ 150 13 11.5:1 —-65 mV

7 Lippincott williams & Wilkins

Notice CA++ small



sodium potassium pump

70% of brain ATP
breaks down ATP in presence of internal Na+

Extracellular Sodium-potassium pumps
fluid

Membrane

Cytosol

AGAINST concentration gradients K+ INSIDE NA+ OUTSIDE

Ouabain — poison arrow also Ca++ pumps



why do you have to know this?

o |IT IS THE DIFFERENCE BETWEEN

LIFE AND DEATH




K+ tightly regulated

* BBB
—CNS

» astrocytes

Figure 3.20
Potassium spatial buffering by astrocytes. When brain [K1]o increases as a result of local neural activity, K1 enters astrocytes via
membrane channels. The extensive network of astrocytic prc helps dissipate the K1 over a large area.

K+ K*

K+

K+

s 4 ~
AT ,SD‘ b7x/r:.>’x|V\|l\an\£&\Mbuns ———————— Astrocyte

K+



K+ channels deformed

let In NA+

epilepsy
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Potassium, euthanasia, capital punishment



