Acquaporine (AQP, varie isoforme)

Canali ionici

Na* ; : :
" Per ciascuno di questi

K ioni vi sono piu canali

Ca2+ che si differenziano per

cl la loro selettivita,

ARIGR conduttanza e modalita
Ao, di regolazione (gating)

Cationi

Uniporto

Glucosio (GLUT2)

Fruttosio (GLUTS)

Urea (UT-A1)

Fed" (ferroportina/IREG-1)

HOW GLUT-1 FACILITATES GLUCOSE DIFFUSION
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1. GLUT-1 is a membrane 2. Gluoose binds to GLUT- 3. A conformational change 4. Glucose is neleased
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Simporto

1Na™-glucosio (SGLT2)

2Na ' -glucosio (SGLT1)
Na"-aminoacido (piu trasportatori)
Na*-Cl~ (NCC/TSC) . .
Na', 1K, 201~ (NKOO?) Two kinds of active transport
Na'-83HCO, (NBC1)

3Na"-P, (trasportatore dei fosfati tipo Ila)
2Na*-11~ (NIS)

Na "-acido biliare (NTCP, varie isoforme)
3Na"-dicarbossilato (SDCT, varie isoforme)
H™-oligopeptide (PepT e PHT, varie isoforme)
H'-Fe3" (DCT-1)

K*-Cl~ (KCC, varie isoforme)

Antiporto

Na*-H* (NHE, varie isoforme)

Cl"-HCO; (AE-1/banda tre e pendrina)
3Na*-Ca?* (NCX, varie isoforme)
Anioni organici (OAT, piu trasportatori per anioni diversi)
Cationi organici (OCT e OCTN, varie isoforme)

ATPasi per il trasporto di ioni

Tipo P
Na*, K*-ATPasi

H*, K™ -ATPasi

H*, Ca2'-ATPasi (PMCA) Primary active transport Secondary active transport
TipoV (@) (b)

H*-ATPasi

Trasportatori ABC

Regolatore della conduttanza transmembrana della
fibrosi cistica (CFTR)

Proteina della resistenza multipla ai farmaci (MRP-1)
Anioni organici (MRP-2)
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Transport of calcium by o Lo™* pump Tqi2-¢

{ }5 nucleotide-binding
- domain

CYTOPLASM

CYTOSOL

LUMEN OF
SARCOPLASMIC
RETICULUM /

H+

Tonoplast

ATPasi per il trasporto di ioni

:li:f E*-ATPas' ....

H, ;<‘-ATPasi | (k;l)))((;])n\
H*, Ca?'-ATPasi (PMCA) ') " ‘ (
:?-:\:Pasi '..‘.‘
Trasportatori ABC

H
+

Regolatore della conduttanza transmembrana della
fibrosi cistica (CFTR)

Proteina della resistenza multipla ai farmaci (MRP-1)
Anioni organici (MRP-2)



Active
Transport ADP + Pi

Side 1 Side 2

(Na*, K+)-ATPase
In plasma membranes of most animal cells, is an antiport ion pump. It catalyzes ATP-
dependent transport of Na+ out of a cell in exchange for K+ entering the cell.

(H+, K+) -ATPase
Involved in acid secretion in the stomach, is an antiport pump. It catalyzes ATP-dependent

transport of H+ out of the gastric parietal cell (toward the stomach lumen) in exchange for K+
entering the cell.

Ca*+-ATPases

In endoplasmic reticulum (ER) and plasma membranes of many cells, catalyze ATP-dependent
transport of Ca++ away from the cytosol, into the ER lumen or out of the cell. Some evidence
indicates that these pumps may be antiporters, transporting protons in the opposite direction.
Ca++-ATPase pumps function to keep cytosolic [Ca++] low, allowing Ca++ to serve as a
signal.
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H+

Proto

Transporter Protein

Uncharged Biogenic Amine
Charged Biogenic Amines



Apical Basal
surface surface

Intestinal {/
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lumen \m

Microvilli > — e

prthehal cell % oKt
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2Na' 9@ _ -

-.'fi}luoose uniporter
- GluT2 (facilitates
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Na™ glucose =:
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{driven by high >
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Absorption of Carbohydrate

Intestinal lumen

Lactose Sucrose Giycogen
D-Glucose+D-Galactose (G-F) a-amylase
. e A ~——
OF @ o limitdextiins Oligo-saccharides

l 1. [Na' l l Gj-Q/
G-Gao. -[a][:]\

L&) GGG
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Table 1  Summary of the properties of the glucose transporters

Tisswe Kwerk
Tronsporrer Tipe disrbwrion properties RMologiea role Disorder
SGLTI Na"-linked Entestinal sucosa, pacs K~ 02 smaoll Intetssal ghucose Glucose galactose
soccadsry active rocta of resal peosimal V..~ 42molmin per absceplion, resal madabuceplion
transpoat tubulke mg peolan reabioeplion
SGLTZ Na*-linked Farst part of eenal peossmal K~ 10 mmadL Major fraction of senal Renal ghycomuria
socondary active tubuke Vauo = 10 nuzmcl 'mtinn pee slucose reabsceplion
tfranspoat mg peoten
GLUm Faaltased trassport Widespeead, highest bovels A, ~ 2 mmol'L Geaeral basal gloccse Infantile sewrures
in erythrocytes, vascular transpoct, LIATSPOIT across developmental delay s
endotheliom blood-bran barmner hypoglyeorrkachia
GLUT2 Facilitased tramsport Hepatocytes, pancreatc i K, ~ 4 mmol L Intestimal absorptoa, renal Fazconr-Mickel syndroase
cells, basal membranes of reabsorphion, pancreatic ~— Bepotic and remal
intestinal mucosal and and hepatx controd of ghcopen storage, renal
remal peoximal tobelar glocose homeostans proximal tobalar defoct
cells
GLUT? Facilnated trazsport Neurons K, ~ 10 mmod'L Glucose tramsport into Not defined
mewrons m bran
GLUT4 Facilitated trasspost Skeletal muscle, cardiac K, ~ YmmolL Insuba-dependent glucose Y Role in insobn resistance
musde, sdipose tissoo transport
GLUTS Facilitated t1ranspost Intentinal mucos Froctose absorptioa Nome detined — debiaency

does not appear to be
comso of solaed froctose
malkahsorption

umaug



Absorption Of Peptides And Amino Acids

Proteins in the intestinal lumen

‘ Pancreatic
protease
r,/—’—\ Oligo-peptides
3-8-oligopeptides Di-tri-peptides 00 Alanine
Na* Proline

/(IXID




Endocytosis
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Pinocytosis
and macropinocytosis
Dynamin independent

Caveolar endocytosis
Dynamin dependent

. |Phagocytosis | .

Clathrin-mediated endocytosis
Dynamin dependent

clathrin coat

coated
vesicle @
\

t

VESICLE
FORMATION

cargo adaptin
receptor '

— adaptin
naked transport
vesicle

CYTOSOL

—— dynamin

Journal of

Cell Science

cargo molecules




COSA DOBBIAMO RICORDARCI:
2. | TRASPORTI DI MEMBRANA

Il concetto di diffusione e leggi che ne regolano la velocita
La diffusione dei gas

La diffusione facilitata: canali e trasportatori

. Trasporto dell’acqua: acquaporina

. Trasporto dell’'acqua: osmosi

La diffusione facilitata del glucosio: i trasportatori GLUT

. Trasporto attivo primario: Na/K ATPasi

. Trasporto attivo secondario: Simporto e Antiporto

. Trasporti attraverso gli epitel

10. Eso e Endocitosi
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Cellula segnalatrice

Molecola segnale Cellula bersaglio

legata alla membrana

N (C
Cellula segnalatrice
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Cellule bersaglio
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Corpo cellulare /é/;
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Neurotrasmettitore /6 A

Cellula bersaglio
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) ,,{I)”’\S Sinapsi
L ‘4> 2 (\1)2

) ) Cellula
A 5\ bersaglio

Cellula bersaglio

Sinaptica

D Endocrina

m /7

Trasporto selettivo di
molecole (trasportatori)

Riconoscimento di
cellule e substrati
(integrine, matrice)

Comunicazione
Intercellulare
(recettori e proteine
trasduttrici)

Attivita enzimatica
Determinazione della

forma cellulare
(citoscheletro)



(a) Gli ormoni sono secreti nel sangue dalle ghiandole endocrine
o da altre cellule. Solo le cellule bersaglio dotate di recettori
per I’ormone rispondono al segnale.

¢ > ¢

¢
Sang‘ie% (W ‘ ‘ \‘} ‘ ’ l U] -z.
§ ¢ '\'; N \ )
[ / pe
 Cellula Cellula
Cellula senza dotata
endocrina Cellula

recettore

Nessuna risposta

di recettore

bersaglio

Risposta

(b) | neurotrasmettitori sono molecole secrete da neuroni, che diffondono
a breve distanza verso la cellula bersaglio. | neuroni comunicano
anche tramite segnali elettrici.

Segnale
elettrico 5 ®
@ “ Cellula |

bersaglio




Agonist
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l Activation
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and translation
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Ligando

- Proteina recettrice

A < Proteine segnale intracellulari

l ‘ Proteine bersaglio“
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Proteina Enzima Proteina Proteina Proteine
trasportatrice  metabolico regolatrice  citoscheletrica del ciclo
del gene cellulare

Modificazione [Modificazione :
‘dell'espres- | | della forma | della crescita

sione o del e della
genica movimento divisione
cellulare cellulare




Adrenalin,
Noradrenalin
o o0 2

W) 3

@ 0

- 3
B ] n
| /% |
D o gmp

0% /©C ©¢C

v

)
v ' ' v

Smooth muscle Inhibition of Smooth Heart muscle
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release contraction smooth muscle
relaxation,

glycogenolysis



Recettori legati ai canali ionici

Membrana
plasmatica 7 olecola segnale

Proteina G Enzima Proteina G
attivata attivato

Recettori legati a enzimi

olecola segnale

Dominio catalitico Dominio catalitico Enzima
inattivo attivo attivato
C




Attivazione di Ser-Thr protein-chinasi: Recettori eptaeliche e Proteine G

HON—C

H

COOH

serine

Messenger-
binding site

EXTRACELLULAR
FLUID
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Plasma
membrane

00000000000

CH3
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Attivazione di Ser-Thr protein-chinasi: Recettori eptaeliche e Proteine G

Plasma
membrane

G-protein-linked (GDP’
receptor

G protein -
(a) G-protein system in inactive form Beym
Receptor Signal molecule Activated

(activated) (

Active G protein

GDP displaced
by GTP

(b) G-protein system in action Cellular response

Q

(c) Return to inactive form ®x
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beta
Inactive Heterotrimeric G-protein Active G-protein beta/gamma
monomer dimer

B

GTP
—>
be
Cytoplasmic

Part of the

Activated

G-Protein GDP “
Receptor

bet

Active
Monomer




Adenilato ciclasi - cAMP- Protein Kinasi A

| CYCLIC AMP: GENERATION AND REMOVAL

MNH 2
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ATP </ |
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