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Physiology Lecture 4

Transport of substances through
cell membranes

Dr. Waleed R. Ezzat
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Lecture Objectives:

.

1

Define simple and facilitated diffusion.

Understand osmosis and define osmotic
pressure concepts.

Compare between osmolality and osmolarity.

Describe primary active transport and explain
how secondary active transport is different.

Define the processes of exocytosis and
endocytosis, and describe the contribution of
each to normal cell function.

Diffusion

It is the random movement of substances molecules, ions, or
suspended colloid particles either through membrane openings or
through intermolecular spaces in the membrane, or in
combination with a carrier protein.

Diffusion through cell membrane is either simple or facilitated.

Simple diffusion is passive process (no energy is required) by
which particles in solution flow down a concentration gradient.
Diffusion rate is determined by the (1) concentration gradient, (2)
electrical gradient, and by (3) membrane permeability. It is the
only form of transport that is not carrier-mediated.

Lipid-soluble particles can diffuse easily, their permeability is
proportional to their lipid solubility.

The selective rapid passage of water through the membrane is
achieved through aquaporins. Water-soluble particles diffuse
through protein pore channels as well. Their permeability is
proportional to their size, shape, and charge; as well as the
number of channels through which they can diffuse.
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| Diffusion (cont.)

. e Permeability describes the ease with which a
solute diffuses through a membrane. It depends
on the characteristics of the solute and the
membrane.

|
|

* The permeability increases if:
1. Solute is lipid soluble )
2. The radius of the solute is small—--#7" 72"

3. The membrane thickness is small—<; 000,
(e) 4oy ectd

* 0,, N,, CO,, and alcohols can diffuse through lipid
membrane because of their high lipid solubility.
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Diffusion (cont.)

>~

Some lipid-insoluble molecules (such as urea) can use less
selective water channels to pass.

In facilitated diffusion carrier protein aids passage of too large
molecules or ions by binding chemically with the molecule or
ion and shuttling them through the membrane in this form
down an electrochemical gradient (e.g. glucose and amino
acids). It does not require metabolic energy (i.e. passive) and is
more rapid than simple diffusion.

As facilitated diffusion is carrier-mediated, therefore, it exhibits
stereospecificity, saturation (hastransport maximum or Tm or
Vmax), and competition. This means that initially facilitated
diffusion depends on the concentration gradient until all
binding sites are filled (saturated); at this point, the rate of
diffusion can no longer rise with increasing the concentration
gradient.
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Simple diffusion
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Facilitated
diffusion

Rate of dlffuJ;on
| |
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Concentration of substance

Effect of concentration of a substance on the rate of diffusion
through a membrane by simple diffusion and facilitated diffusion.
This graph shows that facilitated diffusion approaches a maximum
rate, called the V...

| Osmosis
\-
"« Itisthe net passive flow of water across a
selectively permeable membrane down an
osmotic pressure gradient, i.e. from a

region of high water concentration to one
that has a lower water concentration

» Example, from pure water to salty solution
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Semipermeable
/l/ membrane
Time

——
Water flows
by osmosis
from 2+ 1

1 2 1 2

Osmosis of H20 across a semipermeable membrane
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Osmosis (cont.)

e Osmotic pressure (1) = the pressure needed to stop osmosis. It
\_ is determined by the number of particles in a solution per unit
~ volume of fluid (i.e. molar concentration). The osmotic pressure
' increases when the solute concentration increases.
» The higher the osmotic pressure of a solution, the greater the

water flow into it.
VIR - wv(’)

» The Osmole of a substance = 1 gram molecular weight of
undlssocuaﬁed solute of that substance.

* The O/s“n}'l‘élality = the number of osmoles per kilogram of water.
The normal osmolality of the extracellular and intracellular fluids
is about 300 milliosmoles per a kilogram of water.

The average osmotic pressure of the body fluids is about 5500
mmHg, since one milliosmole per liter is equivalent to 19.3
mmHg osmotic pressure.

¢ The Osmolarity = the number of osmoles per liter of solution =
osmolality for dilute solution, such as those in the body.
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Pressure gauge

FIGURE.  When a selectively permeable membrane separates two solutions of different osmolalities (A),
water flows from the solution with the lower osmotic pressure (concentration) to the solution with the higher
osmotic pressure (concentration). (B) Water flows into the chamber until the pressure (i.e., hydrostatic and
osmotic) difference between the two chambers is zero. (O The application of pressure to the chamber that
“ontains the higher solute concentration prevents the flow of water. The amount of pressure that must be
applied to prevent the flow of water is a measure of the osmotic pressure between the two chambers.

/7
'Osmosis (cont.)

{ * Colloid osmotic pressure, or oncotic pressure, is the osmotic
\ pressure created by proteins (e.g. plasma proteins). As proteins do
not cross the capillary wall, they cause colloid osmotic (oncotic)
. pressure gradient between the capillary and the interstitial fluid.

* Cell volume can change if the cell is placed in a solution with
different osmolality. The new cell volume can be calculated by the
formula:

n-vi=na-.va2
* |f the concentration of a substance increases in the ECF
compartment the ECF becomes hyperosmotic. If the cell
membrane is impermeable to this substance the ECF becomes

hypertonic too. Hypertonic ECF causes water to flow out of the cell
(vice versa for hypotonic ECF).

* A solution that causes no change in intracellular volume is called
isotonic.

ey B >
® In renblfa(ﬂdif;e the ECF is hyperosmotic but not hypertonic (as cell
membrane is permeable to urea), whereas the rise in glucose
produced by diabetes causes water to flow out of cells as ECF is
both hyperosmotic and hypertonic.
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\ Active transport
\ It is the movement of molecules or ions by

- a cell membrane (or intracellular .
membranes) uphill against a concentration

or electrical gradient.

lons actively transported are Na*, K*, Ca**,
iron, H*, I, and urate ions.

Molecules that are actively transported are
diffsrent sugars and most of the amino
acids.

Transport depends on carrier proteins in
cell membrane.
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Types of active
transport

Secondary active Primary active

transport transport

Primary active transport

Uses the hydrolysis of ATP as source of energy. lons transported
téy this mechanism are Na*, K*, Ca?*,H*, CI-, and few other ions.
xamples are;

A. Na*- K' pump (Na*- K* ATPase) is a clear example of this mechanism.
Both Na* and K* are transported against their electrochemical
gradients. Each cycle of the pump uses 1 molecule of ATP to remove
3 Na*ions from the ICF and transport 2 K* ions into the ICF. The Na*-
K* pump controls cell volume and creates electrical potential across
the cell membrane as it pumps.

This pump is inhibited by digitalis, a drug used in the treatment of
heart failure. Also this pump stops functioning if no Na*, K*, or ATP is
available.

B. Ca’ pump on the sarcoplasmic reticulum (SR) of muscle cells, which
maintains the intracellular ionic Ca?* concentration below 0.1
pumol/L.

C. H*-K* ATPase or proton pump. This pump is found in (1) the gastric
glands of the stomach and in (2) the late distal tubules and cortical
collecting ducts of the kidneys.
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Secondary active transport

\

& . » Metabolic energy is not provided directly, but indirectly

- from the Na* gradient that is maintained across cell
- _membranes (potential energy).

* Two or more solutes are coupled to the carrier protein;
one of the solutes (Na*) is transported downhill and
provides the energy for the uphill transport of the other
solute(s). Thus, inhibition of Na*-K* pump eventually
inhibits secondary active transport.

* If Na* ions pull other substances along with them while
diffusing to the interior (solutes move in the same
direction), the phenomenon is called co-transport. Glucose
and many amino acids are transported by this mechanism
(such as in intestinal epithelial cells and in the renal
proximal tubules of the kidney).
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Secondary active transport (cont.)

,\ ‘ (/)}// aLgfl e Qs a?
< e Other form of secondary active transport is 'the counter

-  transport or exchange phenomenon. Here Na* ions diffuse
. inreplacement for intracellular substances that must be
transported to the outside.

* Two counter-transport mechanisms are especially
important; they are:

* The Na*-Ca?* exchanger (responsible for the removal of
calcium from the cytoplasm of myocardial cells)

* The Na*-H* counter-transport. This latter mechanism is
responsible for the removal of H* ions produced by
cellular metabolism to the ECF. The same mechanism is
also responsible for the reabsorption of bicarbonate
ions in the proximal tubule of the kidney.

Og\/‘]u&i{_}_ljd J)’Oﬂu,f!yﬂ/{s ]J%Mﬂ,:/_u/ﬂ@ C@U/?fﬁ/ P/’m{pa"f-
\Dleiine Ci) SCcondaf Aetive .. copz gy Mok pump cimy 1i1 &l paicui-
_(5’)/4«&},&“; o;://l/art /€+ﬂampc§3_!1 C{l/ji/'d/if -).J_J‘f‘_L_

O 5 DU Gu? et e 2 Gonsatpiim Lo wina) i digitalls I Thie o e 12l Lol
etk pump edigitalis A6l |, 305 Lad G

Gl iy it o iy 5 \essind G0 Cat fts ca”t gl ot Lits
UG~ K pump 2w L3 gz 1 0 a3m G (o Widihs o i) g Wl e Cr 2
- (Rulollizlhy EXCHAME 1 Gosrid s Ads)d Sl 2yZnd Al o s



Lumen Intestinal or Blood
proximal tubule cell

Na*
N a+ Na* N a+
Glucose | K*
/l/' Na*
Secondary Primary
active active

Na"—glucose cotransport (symport) in intestinal or proximal tubule epithelial cell

Secondary
active

» s Ca2+

C a2+

Primary

active

Na*—Ca®* countertransport (antiport)



~T1

”
/

wlLp 72 Ackiu= Oj
Vesicular transport

' This mechanism include endocytosis and exocytosis

A.

In endocytosis the material to be transported first binds to a receptor,
and then the receptor-substance complex is ingested by endocytosis.
Iron and cholesterol are two important examples. Endocytosis is of
two types;

1. Phagocytosis (cell eating), for bacteria, dead tissue, and bits of
material.

2. Pinocytosis (cell drinking), the ingested substances are in solution
and cannot be seen under the microscope.

In exocytosis, intracellular material is trapped within vesicles, the
vesicles fuse with the cell membrane and release the content to the
ECF. Hormones, digestive enzymes, and synaptic transmitters are
examples of materials transported by such mechanism. The process
requires Ca%* and energy.

Note: Exocytosis-endocytosis coupling maintains the surface area of the

cell at its normal size.



Canlps p okt Cudpus ) Goop Coaiep Wl s s Ao ins &5 U L) o5 Ubeo s sty
R, g A o NCSiCular Haan spr -

[Lpe celeating Loraw ptoTp |51 Gacl shoosstos [ WtTstocalo) Mo« (W0Il) L L o
Pinocytosis {ac(» 450 1o <Y [ +1, Phagocytosis

exocytosis paw Gito L @;‘/d)bw 3,1}] |t

SwweasS @sepfor”  plz L/Luw&.azjv'/cfw? (s s -

oS hanrcmembantc ZUisn & cell mem blane s Uis (4 G i

312 U (esepfor”  Lpal l,x}«’ljw‘ﬁtl 0D 27240 47> UPP (0 sk 54/’;0:9;/,_/_' ) Gl smdt dlo
G5 slililas Gl 3N LD 5 W pais v o\ ad & 600, Gp (esePlot” adll & las’
C WL B 5 VesiCle e cTass Wi, (esepbor” S i) A Galsl ol s

cl membire M S 550 52 (oo vesicle i s -

&pi W\;QQAH el hoV GSh _auwsg iz cel menbrare 5 wesicles o ahd),6oi i) Cop -
ce//nmé.,l/{qfu;g)\lesic/ts s slod g 2y iy ) afbild &L;GJZ‘,_:[;\J&S('C,/P_{

- wleii Lo el mem brame GAues (s s lad -

Culss i ) spr EXOcy O5is Lells



- Test Question

| Q. Which of the following characteristics is

: shared by simple and facilitated diffusion
of glucose?

A. Occurs down an electrochemical gradient.
Is saturable.

Requires metabolic energy.

. Is inhibited by the presence of galactose.
Requires a Na* gradient.
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