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Objetivos de la clase

1. Establecer un marco conceptual basico:
desde el enfoque de un biologo celular

2. Conocer herramientas experimentales:
resolucion de preguntas

3. Ejercitar el pensamiento critico:
analisis y discusion fundamentada,
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@
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Taxonomia de Bloom

Clasificacion de objetivos de la ensefianza y el aprendizaje

Dr. Benjamin Bloom

1913 - 1999 Aprendizaje: estructura jerarquica

Pensamiento de
Orden Superior

7

Formular nuevo punto de vista, nueva hipétesis

Justificar una posicidn, sacar conclusiones

/ Analizar \ Examinar, cuestionar, experimentar

Aplicar \ Usar la informacion en otro contexto

Comprender \ Explicar, discutir

Pensamiento de / Recordar Memorizar, repetir
Orden Inferior /

(tomado de Taller Educacion Cientifica, febrero de 2014)



- rodea a las células

- primer paso evolutivo en la construccion de la vida
- diferencias citoplasma / medio extracelular

’ "
- presentan una estructura general comun ‘ =



Arguitectura general:

1. composicion:

organizados como bicapa continua

(5nm de espesor aprox.)

harrera  \Proteinas - median las demas

funciones

2. estructuras fluidas y dinamicas
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Timeline | A century of cell-membrane bilayers

Langmuir’ publishes a
miodel of how ol

molacles are The fluidity of membrane lipids
Lord Rayleigh, orientated at the begins to be detectad by
AgresPockels | | water/ar interface, Danielli and severa methods (for a review,
and mary which is based onthe | | Davson® describe see REF. 14). Lateral and
others begin to expenments of Agnes | | an influential rotational diffusion of
investigate the Pockels but with an membrane model membrane proteins begin to
spreading of o miproved apparatus that ntegrates lipids | | be demonstrated in severa
O Watey. [BOX 1) and proteins. laboratorieg'® 1517,

After considerable
debate®! g
CONSENsLS is

reached that call- The importance of We are awatting a new mode
membrane lipids membrane trafficking that integrates the numerous
are organized as o the steady-state features of eukaryotic cel
bilayers a5 plasma-membrans membranes, which have
proposad in structure begnsto be | | emerged since they were frst
REF.14. apprecigted™ characterzed.

=

1899 1917

1925

1935 1969 1972

1973

1990s

Overton' describes a fipid
bamer between the
eukanyotic cel cytoplasm
and the cutside world. This
work also focuses
attention on the cel-
surface membrane as the
membrane that is most
accessible to experimeantal
stuay.

(Gorter and Grendelf

use Langmur's

methaods to infer that

arythrocyte
membranes ars
bilayers.

Robertson? argues Data on membrane A domain model is
that all cel protein composition and proposed, which
membranes have a mobility are fused in the ndicates that
common structure. fluid mosaic model of cell | | membranes can be
membranes ™, mosaic rather than

Michael Edidin is at the Department of Biology,
Johns Hopkins University, 3400 North
Charles Street, Baltimore, Maryland 21218, USA.

i

The fact that membrane lipid
and protein domains have
various cell functions begins
to be appraciated™-®,

Edidin, 2003. Nature




Modelos estructurales de las
membranas bioldgicas

¢ 1925
| Gorter y Grendel

“estructura de membrana:
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Timeline | A century of cell-membrane bilayers

Lord Rayleigh,
Agres Pockels
and mary
others begin to
investipate the
spreading of o

on water,

Langmuir’ publishes a
mioded of how ol
miolecUles are
orientated at the
water/ar inferface,
which is based on the
aexperments of Agres
Pockels but with an
mproved apparatus
(BOX 1).

Danielli and
Davson® describe
an influentia
membrana model
that integrates lipids
and proteins.

The fluidity of membrane lipids

beqins to be detected by
severa methods (for a review
see REF 14). Lateral and
rotational diffusion of
memirane proteins begin to
be demaonsirated in severa

P I,
|laboratarie

31517

{8 )

After considerable
debate'™! 3
CONBENSLS IS
reached that cel-
membrane lipids
are organized as
bilayers as
proposad in
AEF19.

The imporance of
membrang frafficking
o the: steady-state
nlasma-membrane
sfructure begins to be
apprecigted™ =

We are awaiting a new mode
that integrates the numerous
features of eukaryotic cel
membranes, which have
emerged since they were first
characterzed.

1899 1917 1925 1969 1972 1990s

(Chverton’ describes a lipid
bamier between the
eukaryotic cell cytoplasm
and the outside world. This
work also focuses
attention on the cel-
surtace membrane as the
membrane that is most
accessible to expenmental
stucy

T L o
\a0ner ana arender

methods to infer that

erythrocyte

Hobertsor? argues
use Langmuir's that
mambranas have a
common structure,

Jata an membrane
protein composition and
mabitty are fused in the

membranes are
bilayers.

membranes &,

fluid mosaic model of cel

A domain model is
proposed, which
ndicates that
membranas can be
mosac rather than

fluid™.

The fact that membrane lipid
and protein domaing have
various cel functions begins
to be appreciated™*,

Edidin, 2003. Nature



Exterior Oligosaccharide Glycoprotein

Intearal
earss o L T
30 §
_ {
. g i '

Yyl

J#rﬂf

T B B
..|r...-..-i'-,u-'.-|-'

E
o=
£
=)
L
[+1
=)
=
=
-
I

HjllIﬂIl]]ﬂl:

» Integra prntmn '
Peripheral proteins

Disposicion de los componentes:

Fatty acyl
tails

— Hydrophilic polar
head

al azar

JaAenq pidijoydsoyd

1Y 1 joydsoy




Cuidado con el volumen del video, puede estar alto
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Timeline | A century of cell-membrane bilayers

Langmuir’ publishes a

miodel of how il After considerable

171

miolecules are he fluidity of membrans lipids | | debat i
Lord Rayleigh, orientaied at the begins to be detected by CONSensus is
AgresPockels | | water/ar interface, Danieli and several methods (for a review reached that cell- The importance of We are awaiting a new mode
and many which isbasedonthe | | Davson® describe see REF 14). Lateral ; membrane lipids membrane trafficking that integrates the numerous
others begin to experments of Agnes | | an influentia rotational diffusion of are organized as to the steady-state features of eukaryotic cel
investigate the Pockels but with an membrans model membrane proteins begin to bilzyers as plasma-membrane membranes, which have
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Owverton’ describes a lipid Gorter and GrendeE Robertson? argues lata on memgrane A domain model is The fact that membrane lipid
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Bicapa lipidica
e Lipidos
- aprox. 50% de la masa de membrana celular

- moléculas anfipaticas

\ cabeza:. hidrofilica o polar

cola: hidrofobica o no polar
4

'
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La bicapa lipidica: modelo tridimensional

Polar head groups




Naturaleza anfipatica

agregacion espontanea
(medio acuoso)

|

enmascaran colas y exponen
cabezas

Formacion y estabilidad de membranas:
base termodinamica =y

21T




Disposicion de las moléculas anfipaticas
en una solucidén acuosa

Micelas “dliposomas
Micalle
Liposame
APEIEBEMERE R RE NG B RE B BE M ML IR0 RS N
A AN A A A S A s s e
( l'-l'l'.l'l'l'l'l-ll‘l'l'l'.'l'l'l-II-I‘I'I'I'I'I'I‘I'I‘I
. » -
b IC ap as Bilayer sheet

'l
comportamiento espontaneo: sella Compartiment%%s



shape of lipid
molecule

packing of lipid
molecules

Figure 10-7a Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Membranas
artificiales

(bicapas sintéticas)

- difusion de lipidos
marcado (grupo nitroxilo,

fluorocromo u oro coloidal: cabeza)

- permeabilidad

Phospholipid
bilayer

Traat with
organic
solvent

ol o

Evaporate
solvent

Proteins and oligosacchandes
form insocluble residue
that iz removed

o

Phogpholipids In solution

Disparsa
phospholipids

in watar

Planar
bilayar

fﬂlignsamhﬂride

Dissolve phospholipids
in solvent and apply
to small hole

I partition

Plastic
/ partition

25 nm




Movilidad de los lipidos en una bicapa lipidica

lateral diffusion

00000

‘| flip-flop
| (rarely

(:) I' occurs)
4
000000 U
flexion rotation

(B)

fatty acid tails Proteinas:
Flipasas

lipid head groups Flopasas
Escramblasas

water molecules

Figure 10-11 Molecular Biology of the Cell 5/e (© Garland Science 2008)

e migracion entre monocapas: ocurre rara Vez ;por qué?
e intercambio de sitios en monocapa: 107/ segundo
difusion lateral: rapida Q'

e rotacion sobre su egje: rapido S



cmembranas bioldogicas?

- membranas aisladas

- células in vivo

En general, se cumplen los mismos
principios definidos en las artificiales «f




Fluidez de la bicapa lipidica

Q
o
S
=
o

Fluid-like consistency T
Temperature —

Cambio de estado: transicion de fase

- depende de la composicion de lipidos
temperatura: especifica para cada lipido

‘%

(=]

(colas mas cortas y/o con doble enlaces = temperatura de TF menor) Q@



models

Levaduras

Bacterias

Ajsute en la composicion de acidos grasos de lipidos: mantenimiento de fluidez cte.

'O
Importancia: procesos de transporte / actividades enziméti‘s;‘



Lipidos de las membranas biologicas
. Fosfatidiletanolamina
FOSfOIlpldOS e _ Derivados
, Fosfatidilserina — de glicerol
- son los mas abundantes
- 4 tipos principales: =
Esfingomielina

) NH, & H,

- Fosfolipido
derivado de
esfingosina
(esfingolipido)

T
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- Fosfolipidos
con inositol
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FATTY ACID TAIL

FATTY ACID TAIL

FATTY ACID TAIL —O—0
FATTY ACID TAIL
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Colesterol

rigid
planar
steroid
ring
structure

® CéIUIaS eucaI’IOtaS anlma|eS abundante (relacionado con funcién de barrera)
e bacterias: ausente




Glucolipidos

CH—CH—CH3

|
CH NH
Glucido Cabeza del Cabeza del

glicolipido (polar) fosfolipido (polar)

I

|
CH C=0

i

L | | Bicapa
e h"l,' lipidica
A 2

FATTY ACID TAI

FATTY CHAIN

Y
Py

\

"\ ,e.'

- x ) \ 3 ;"/
Interior de la : R PO O

célula (citoplasma) -
Proteinas Region

periféricas  pigrofilica

Il IOH
H,OH

{A} galactocerebroside (B} Giunn ganglioside (C) sinlic acid (MANA)

Colas de acidos
grasos (apolares)

hidrofébica Colesterol

e sector externo de la bicapa lipidica

e 5% de las moléculas lipidicas

e distribucion muy amplia (células animales, plantas y bacterias)

® grupos azucares expuestos hacia exterior 2
Interacciones celula — entorno / proteccion (células epiteaeg



Approximate Lipid Compositions of Different Cell Membranes
Percentage of total lipid by weight

Liver cell Red blood Myelin Mitochondrion Endoplasmic E. coli
plasma cell plasma (inner and outer reticulum bacterium

Lipid membrane membrane membranas)

Cholestero 17 23 22 3 6 C
Phosphatidylethanolaming 7 18 15 28 17 7C
Phosphatidylserine 4 7 g 2 i frace
Phosphatidylcholine 24 17 10 44 40 C
Sphingomyelin 19 18 8 0 5 C
Glycolipids 7 3 28 frace frace C
Others 22 14 8 23 27 30

Diversidad de lipidos a dos niveles:

quimica confiere propiedades especificas a lipidos

composicional afecta comportamiento colectivo de lipidos en la membrana (entre
especies, entre tejidos y/o entre células de un mismo organismo, distintos organelosd ,

(=]

distintas monocapas) =

)




Lipidos regulan procesos REVIEWS

NATURE REVIEWS | MOLECULAR CELL BIOLOGY

bioldgicos

£ 2018 Macmillan Publishers Limited,

/Understanding the diversity

Balance de tamano cabeza/cola: of membrane lipid composition
afecta curvatura espontanea

Takeshi Harayama and Howard Riezman Insaturacion aumenta fluidez

a Membrane curvature b Fluidity and/or phase behaviour
Lipid specie:z and spontaneacus membrane curvature Membrane curvature and fission Model membranes
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¢, Como se distribuyen los lipidos en las
membranas celulares?

- Monocapas: al azar
- Microdominios de membrana o balsas lipidicas (lipid rafts)

enriguecidos en esfingolipidos y colesterol

son transitorios (vida media 10 a 20 ms)

reportados en diversos tipos celulares (conservacion)
mecanismo de generacion aun en debate:

1. nucleacion iniciada por proteinas
2. estabilizacién por interacciones proteina-lipido y lipido-lipido

(Harayama y Riezman, Nature Rev.2018)
Hipotesis
- ayudarian a organizar proteinas de membrana

a) concentracion para transporte en vesiculas
b) concentracion para transduccion de sefales Q

21T



Liposomas

(A) L1 (B)
10 pm

Figure 10-13 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Fosfatidilcolina / esfingomielina Fosfatidilcolina/esfingomielina/colesterol
1:1 1:1:1 o

Controversia / Nicolson, 2013 y Levental y col. 2020: rol bioldgico Q@



Cell

Levental y col. 2020 REVIEWS

GPl-anchored
protein islands

Raft-preferring
lipid

e

Raft-excluded®
SD lipid
AR ALIO ORI \-’JL’_}»{C?-Z‘

A
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Algunas evidencias
Adaptor- experimentales

mediated
traffic

Y
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Asimetria en la distribucion de lipidos
en ambas monocapas

Ej: bicapa lipidica de glébulo rojo humano

EXTRACELLULAR SPACE

o T

1L \ I,' Glucolipidos
'i 1) |

Fosfatidiletanolamina

CYTOSOL Fosfatidilserina

e existen diferencias entre la monocapa interna y externa
- fosfolipidos y glucolipidos

e colesterol: distribucion homogénea

e importancia: funcional
- proteccion, union de proteinas a ciertos lipidos, apoptoS!is

298>



Proteinas de membrana

e Estructura basica de las membranas biologicas: bicapa lipidica

Proteinas de membrana

- responsables de la mayoria de las funciones
especificas de las membranas

- Imponen a cada membrana sus propiedades
funcionales caracteristicas

‘ cantidad y tipos presentes en las membranas: muy vaLi\qule

—
)
AN



Composicion de algunas membranas

Membrana %proteinas | % lipidos | %carbohid.
M. mitocond. |76 22 2

Interna

M. mitocond. |52 46 2
externa

MP bacteriana | 60-70 40-30 0-10

MP hepatocito |50-60 45-35 5

MP eritrocito |50 40 10
Mielina 18 79 3

°* menor
concentracion de
proteinas

* mayor cantidad
de lipidos

°* menor
complejidad

funcional

21T



Asociacion con la bicapa lipidica

L).

A~ S
ASNA00000

lipid
bilayer

000002

e

®

Figure 10-19 Molecular Biology of the Cell 5/e (© Garland Science 2008)

e Proteinas integrales de membrana

e Proteinas periféricas



Proteinas integrales de membrana

1. Proteinas transmembrana (1,2 y 3)
- atraviesan la bicapa lipidica

- son anfipaticas

2. Proteinas ancladas a region citosélica de bicapa (4 y 5)
- alfa helice anfipatica

- union covalente a lipido

3. Proteinas ancladas a regién externa de la bicapa (6)

- union por enlace covalente 4

21T



Proteinas perifericas

- asociacion no covalente a cualquier cara de la bicapa lipidica

5

ASNJe

’«‘“‘“"Qi‘-

<

A

®

Figure 10-19 Molecular Biology of the Cell 5/e (© Garland Science 2008)

asociacion proteina — bicapa lipidica

: |

funcion de la proteina




Proteinas de membrana: solubilizacion

Detergentes
(anfipéticos)

=

C
&
.
‘
I

membrane protein detergent datergeant
in lipid bilayer micelles MIONOMErs

I =

water-soluble protein- ;u:luhl& mixed
lipid-detergent complex lipid-detergent
micelles

sadium dodecyl sulfate Triton X-101}
[S0E)




Proteinas de membrana: electroforesis

sample loaded onto gel protain with two
by pipetta subunite, A and B,

joined by a disulfide single subunit
protein
plastic caging C

1y charged S0D5
B molecules

FPOLYACRYLAMIDE-GEL ELECTROPHORESIS

S

slab of polyacrylamide gal




La membrana plasmatica de los eritrocitos humanos

Figure 10-40 Molecular Biology of the Cell 5/e (© Garland Science 2008

e disponibles en grandes cantidades
e relativamente puros

® N0 poseen nucleo * (mamiferos) Q

e es posible aislar membranas celulares

21T



Membranas celulares
de eritrocitos aisladas: ’

exposicion a medios hipotonicos t a

1 X

|ISIS celular

"

ae>
nte
=%
e

Solubilizacion
con detergentes

2
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Eritrocitos

Esta técnica, ¢nos permite saber
la identidad o localizacion de las
proteinas en la membrana?

approximala
malecular
wwinicght

o Spectin

240,000 — _

220,000 — . [+ spectrin

1 n‘n_l = —.—-.____. ) )
ankyrin

100, 0064 - band 3

30,000 — — glycophorin
band 4.1

43,000 —E— actin




Microscopio electronico de
transmision (MET)

Electron gun =——

Condensor Lens «—

Specimen
i S

.\
Objective Aperture
Lens

]
Intermediate Lens~ - -

\ J
\ !'!
Projector Lens—l *( l
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f

Analisis de membranas celulares
Limite de resolucion adecuado

Distintas preguntas : distintas técnicas Fluorescent Screen




zonas electron-densas (oscuras)
zonas electron-lucidas (claras)
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Microscopia electréonica de transmision
criofractura-réplica

transmembrane ar QleIn

direction
of fracture

———

- lipid
bilayer

FRACTURE WITH
KNIFE

E fracture face P fracture face
exposed exposad
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¢ por qué la cara P presenta
mas particulas que la cara E?
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Localizacion de proteinas especificas
a nivel ultraestructural

http://www.ifom-ieo-campus.it/research/tacchetti.php
Anticuerpo primario
especifico

Anticuerpo secundario
+ oro coloidal

Microscopia
Electronica de EGFR-gold (15 nm)

Tran S IS I é n Rece ptOr de EG F (factor de crecimiento epidéni

Eps15-HRP




Las proteinas de membrana,
;,son capaces de moverse en el plano de la
bicapa lipidica?

J. Cell Sci. 77, 319-335 (1970)

Printed in Great Britain

THE RAPID INTERMIXING OF CELL SURFACE
ANTIGENS AFTER FORMATION OF MOUSE-
HUMAN HETEROKARYONS

L.D.FRYE* ano M. EDIDIN¢{

Department of Biology, The Fohns Hopkins University,
Baltimore, Maryland 21218, U.S.A.

heterocarionte
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Movilidad de las proteinas
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FRAP: fluorescence recovery after photobleaching

Cuidado con el volumen de la animacidén, puede estar alto
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Calculo de la tasa de difusion lateral por FRAP:

¢,seraigual al valor in vivo
para una proteina X?

« Considerar: celulas aisladas o en su contexto
alteracion potencial por marcado de las proteinas

;.es deseable que todas las proteinas difundan
al azar en la bicapa lipidica?



Movilidad de las proteinas de membrana:

protein A

p 208 \1'

Sector apical del tight
dominio lateral junction

apical plasma

membrane " ‘\
protein B

@
lateral plasma &
@

membrane

basal plasma P

&
membrane e
P

6—¢ &%

basal lamina

Figure 10-37 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Células epiteliales
e dominios especificos (apical, lateral, basal): distribucion proteica asmﬂlga
. . . Q
uniones intercelulares de tipo ocluyente




Acrosome

3-Neck
Coarse outer fiber
Outer doublet M _LMOQe
microtubules ] % ‘ peece
Central paired
microtubuies

Annulus~~

Espermatozoide mamifero
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Difusion lateral de lipidos y proteinas confinada a
dominios especificos dentro
de una membrana plasmatica continua

¢ Qué mecanismos estan involucrados?

]
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Mecanismos de inmovilizacion de
proteinas de membrana

Ensamblaje en cristales

Anclaje a ensamblados
macromoléculares

B) externos (matriz extracelular)
C) internos (citoesqueleto)

Entre células Q
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Proteinas con dominios hacia el exterior

transmembrane adsorbed ~ transmembrane
glycoprotein glycoprotein P9 proteoglycan
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Figure 10-28b Molecular Biology of the Cell 5/e (© Garland Science 2008)

4
e NO se exponen desnudas hacia el exterior de la célulaﬂé’




e carbohidratos asociados: proteinas (glucoproteinas)
lipidos (glucolipidos)
proteoglucanos

Oligosacaridos

Cubierta celular o glucocaliz 2NN
Polisacaridos - proteoglucanos

carbohydrate layer cytosol nucleus plasma membrane

Figure 10-28a Molecular Biology of the Cell 5/e (© Garland Science 2008)




Funciones de la cubierta

e proteccion (dafio quimico y mecanico)
e impedir interacciones proteina - proteina

e procesos de reconocimiento celular
(diversidad de oligosacaridos)

A
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Modelo integrador

Biochimica et Biophysica Acta xocx (2013) xxx-xx

Contents lists available at Sciencelirect

Biochimica et Biophysica Acta

journal homepage: www .elsevier.com/locate/bbamem

Review

The Fluid—Mosaic Model of Membrane Structure: Still relevant to
understanding the structure, function and dynamics of biological

ot _-\_

membranes after more than 40 years™ ™™

Garth L. Nicolson ™

Departrment of Moleculsr Pathology, The Institute for Molecular Medicine, Huntingon Beach, CA 92649, [5A

Evolucion del modelo propuesto por él mismo:

1) Existencia de dominios de membrana reversibles, balsas lipidicas
2) Asociacion con citoesqueleto




Nicolson, 2013

3) arquitectura dinamica: respuesta rapida a claves internas y externas_,

e

4) no autbnomas: integradas a su entorno e
5) moléculas: organizacién cooperativa, no al azar, dominios reversibles



En resumen:

e estructura de la membrana plasmatica

- son delgadas, fluidas, muy dindmicas e integradas a su entorno
- evolucion de los modelos
- capacidad de autosellado espontaneo en medio acuoso

- caracteristicas de los lipidos y proteinas. piversos/as, presentes en

diferentes proporciones, definen las funciones biolégicas que cumplen las membranas.

- distribucion asimétrica en monocapas de componentes
- existencia de dominios especificos

- capacidad de difusion lateral

21T

- aproximaciones experimentales Q



