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Properties Simple Diffusion Facilitated Diffusion
Solutes transported
Small polar (H;0, glycerol) Small polar (H;0, glycerol)
Small nonpolar (02, CO) Large polar (glucose)
Large nonpolar (oils, steroids} lons (Na*, K*, Ca%*)

Thermodynamic properties

Direction relative to electrochemical  Down Down
radient

Metabolic energy required No No
Intrinsic directionality No No
Kinetic properties

Membrane protein required No Yes
Saturation kinetics No Yes
Competitive inhibition No Yes
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Active Transport

Large polar (glucose)
lons (Na™, K*, Ca?*)

Up

(a) Simple diffusion.
Oxygen, carbon dioxide, an

(b) Facilitated dm\lslon using
carrler prot

water diffuse directly across GLUT1 mnapom glucon into the
the plasma membrane in erythrocyte, where the glucose
response to thelr relative conclmrallon Is lower. An anion
concemmlonu Inslds and xchange protein transports
outside the cell. No transport chlnnde (C) and bicarbonate
prmem g ) in opposite directions.
(a) Glucose
transporter
co, (GLUT1) (b)
Glucose
Anion exchange
H,0, protein

Sodium/potassium
pump

(e}
Aquaporin
(d)

(c) Facilitated ditfusion using (d) Acllv- n—ansporl using
channel protei

imps.
Aquaporin channel proteine can I}rlven by the hydralynls of ATP,
facilitate the rapid inward or the Na'/K* pump moves godem

outward movement of wate:
iepending on the lelnlve olute

concentration on oppos

cidos of the membran. | plasma membrane for both Ions.
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(a11n the c: = of body tssus llow [0, an igh (€01
Telaivefo thearthrocyia) O s released b nemoglabin

o o
accompanlod by the Inward movemont of chiords 1ons 1o
maintain chargo balance. Carbon dioxide therctore rtums
tothe lungs s bicarbonate ons.

@) Lowo,
Hight€o
- e

©0, +H0 ——— W' 4HOO, | MO0,

©, RED BLOOD CELL
o7 In body tissues.
Gl Hight0,)
Inthe lungs. Low CO,1
——
AT
S ) .
e
o monscsem
—

Blood plasma.

{51 In the capilaris o the lunge (igh (0 and ow 00,1

atvo yt09), O, iffuscs Iniard and bind

moglobin. Bicarbonats meves invard rom hebiood
d movement of

lining the capillres of the lungs. The CO, is now ready to
be expelled from the body.
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{a)Simple diftusion takes piace when the memorane separating
nd B is permeable to molecules of dissolvet

SOt sepresented by he D1ack dots Net movement of solute

molcules dcross the mermbrane I rom chimber A0 8 (igh

Equilibrium is the

L2l concemation s the sarme n botn chambers.

Solute
movement
fromAto B

Membrane
(permeable to solute)

{81 Osmosis occurs when the membrane between the two
I not permeable to the dissoved solute,
Tepresemted by the iack nangies Because soluts cannot
crossthe membrane, atr ifuses from chamber B, where
the solute concentralion s lower (more wate), 1o chamber A,
te concentration s Nigher (ess waten. At

equilbrium, the sotuts concenration wil e equal o both
Sides of e membrane.

Water
movement
fromBtoA

Membrane
(ot permeable to solute)
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HYPERTONIC ISOTONIC
SOLUTION SOLUTION

H,0

(a)

Shriveled Normal
ANIMAL CELL

Py

Plasmolyzed Flaccid
PLANT CELL
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HYPOTONIC
SOLUTION
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rate of diffusion

v=

Facilitated diffusion
(hyperbolic)

Simple diffusion
(linear)
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A[S] = solute concentration gradient

© Glucose binds toa
GLUT1 transporter proteln
that has its binding site
open to the outside of the
cell (T, conformation).

@ Glucose binding causes
the GLUT1 transporter to
shift to its T, conformation
with the binding site open
to the inside of the cell

\

=

T,

S // Glucose transporter
g (GLUT1)

© Glucose is released to @) Loss of bound glucose
the interior of the cell, causes GLUT1 to return to
initiating a second its original (T,) confor-
conformational change in  mation, ready for a
GLUT1. further transport cycle.

o |
e - P

Glucose Jt‘ i \

OUTSIDE
OF CELL

T,

INSIDE OF CELL ]
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Lipid molecule Water
)
Cytoplasmic
(a) Aquaporin tetramer (end view) (b) Aquaporin monomer (side view)
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OUTER

SURFACE S Sa

eeee AAAAL A
eeeve] 100OC Y
INNER

SURFACE

s &
Symport Antiport
(a) Uniport (b) Coupled transport

{a) Porin side view

(b) Porin end view
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(a) Direct active transport (b) Indirect active transport
involves a transport system involves the coupled
coupled to an exergonic transport of a solute S and
chemical reaction, most ions—protons, in this case.
the hydrolysis of The ic inward
ATP. As shown here, ATP movement of protons
hydrolysis drives the outward provides the energy to move
transport of protons, thereby the transported solute, S,
establishing an electro- against its concentration
chemical potential for protons gradient or electrochemical
across the membrane. potential.
o H e
OUTSIDE H*
OF CELL H* H* S
0000000 oOx ) ? X
INSIDE
OF CELL H*
S H* s s
%ﬁﬁg/\v (@ S
S
@D+ (F) g
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Iniial state:
pump open to inside.
(, conformation)

OUTSIDE
OF CELL

© oK expeliedto
e v e AT B
and the pump retums
o inital sate

‘Thes Nat trom
ide the cell bind to

s S
P %
® © i g rggers
c sindingviggers G Sutopnospnaryaien
© K hncng et INSIDE R ettt soog s>
e oF cELL SrADP s relensed
]

change back to £,

Two K* trom|

o
outside the cell
bind 10 £,

© Acontormatonal
Change 1o £ expele
hree Nt tothe outside
ot coll

3@

Pump open o outside,
ready to start second
hait of cycle
(€, conformation
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Purple membrane.

(b) Halobacterium cell
with patches of purple
membrane

(a) Halobacterium (purple color) grows in
the high-salt concentration of solar
‘evaporation ponds used for
manufacturing salt around San
Francisco Bay

INSIDE OF CELL

teriorhodopsin molecule embedded in
e plasma membrane

(e) Bact
the
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Initlal state: OUTSIDE
‘symporter open to outside OF CELL
@ Release of glucose @
allowa the empty :
symportertoreturn 000 90 R e e R
e the cell are bound
/ e
S
% Glucose
S
© Loss of Na*
S e © Binding of Na*
Inside OF CELL allows glucose
binding and a cubsequent
conformational change
£ ¥
s

© Symporter opens to inside

b
@  Na*arereleased /o) ok
fe, but are continually g
extruded to outside by a o
separate Na*-K* i i )
pump (dashed line) @@x o0x o
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