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Passive transport is diffusion of a substance across a
membrane with no energy investment

Molecules -> + constant meotion -> + thermal energy
JI rande'n
Diffusion = Movement of particles of any substance so that they spread
out info the available space

Pevmeale,
e.g. a synthetic membrane separating pure water from a solution of dye in water

e

diffusion occur —3 equal concentration of dye molecules = reach to dynamic
equilibrium = many dye molecules cross the membrane in one
direction as in the other

i = In the absence of other forces, a substance will diffuse from where it is more
concentrated to where it is less concentrated. (clong s concentration gradient)
-> Membrane should be selectively permeable
-> No work must be done to make this happen
-> Sponfaneous process
-> No input of energy needed
-> unaffected by conc gradient of other substances

llen’ = region along which density of a chemical substance increases or
decreases
-> CG itself represent POTENTIAL ENERGY & drive DIFFUSION

e.g uptake of O2 by a cell performing cellular respiration
(Dissolved 02 diffuses info cell across plasma membrane)

Aty vort = Diffusion of a substance across a biological membrane
[bc cells do not need to expend energy)



Y Figure 8.10 The diffusion of solutes across a synthetic
membrane. Each of the large arrows under the diagrams shows the
net diffusion of the dye molecules of that color.
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(a) Diffusion of one solute. The membrane has pores large enough
for molecules of dye to pass through. Random movement of dye
molecules will cause some to pass through the pores; this will hap-
pen more often on the side with more dye molecules. The dye
diffuses from where it is more concentrated to where it is less con-
centrated (called diffusing down a concentration gradient). This
leads to a dynamic equilibrium: The solute molecules continue to
cross the membrane, but at roughly equal rates in both directions.
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(b) Diffusion of two solutes. Solutions of two different dyes are sepa-
rated by a membrane that is permeable to both. Each dye diffuses
down its own concentration gradient. There will be a net diffusion

of the purple dye toward the left, even though the total solute
concentration was initially greater on the left side.



Effects of Osmosis on Water Balance

e.g.Two sugar solution of different solute concentrations are separated by a selectively permeable
membrane that only solvent(Water) can pass through but the solute(sugar)cannot.(bcuz pores in the
membrane are only large enough for water molecules)

-> Water molecules move randomly in both direction

-> tight clustering of water molecules around hydrophilic solute molecules --> some water

unavailable to cross membrane

-> thus, solution with a higher solute concentration -> + lower free water molecules

-> Water diffuses from region of higher free water conc:(Lower solute conc:) to Lower free water

conc:(higher solute conc:) until SOLUTE CONC: ON EACH SIDE ARE MORE NEARLY EQUAL

-> but overall water diffuses from solution with less conc: solute --> more conc: solute | i o 40 ly equol
_jriu abbecd lh EI :Il._;

= PASSIVE TRANSPORT OF WATER(OSMOSIS) -> make sugar conc: on both sides more nearly equal.

Lower Higher More simiiar
concentration concentration concentrations of solute
of solute (sugar)  of solute |
o
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molecule ..
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Water maolecules ¢
can pass through |Water molecules cellular
pores, but sugar |rlu5ter around
molecules cannotl ’ ‘ "‘ [sugar molecules.
5 S
This side has ’ ,’—P [ This side has more
fewer solute ";.a I \"‘n_‘smlute molecules
molecules and |° > and fewer free
more free water " '!'. - ® | water molecules
molecules,

Water moves from an area of
higher to lower free water concentratian
{lower to higher solute concentration).



Application of osmosis to living cells
Water Balance of cells without cell walls

For behavior of cell in a solution,
--3» we must consider both --» SOLUTE CONC & MEME PERMEABILIY

TONICITY = ability of a surrounding solution to cause a cell to gain or lose water
-> Tonicity of a solution dp on --> its solute conc: that cannot cross membrane relative to that

inside the cell
E.g. higher solute conc: in surrounding solution --> WATER WILL LEAVE THE CELL and vice versa

If cells without a cell wall{sﬁn animal cell) -> immersed in ISOTONIC environment

RO NO NET MOVEMENT OF WATER

0 o live m |'.,-;I;-'_-:' fomc/ hypotonic emaronment -_1 ﬂﬂimﬂl CE” "I'OILI'.ITIE FS 5iﬂble

et rore OSMOREGULATION Thus, Seawater is isotonic to many marine
[Control of solute conc; and water balance) invertebrates.

e.g. Unicellular Eukaryote i-‘aa:.—t:-:ium —3live in pond water{hypotanic) And ECF{EKMCEHUI&T‘ FIU'Id} 15 lﬂﬂ"'ﬂnlc 'I'ﬂ

{# plasma memb: that is much less J, the EE”.S ,Df lﬂﬂd—dWE“iﬂg ﬂﬂimﬂiﬁ.
permeable fo water -» that slows

uptake of water into the cell) Gl clon s i

{bcuz of controctile wocuole = organelle that func: as o
bilge pump to force water out of th cell as fost as it
enters by osmaosis)

If cells without a cell wall(s/a animal cell) -> immersed in HYPERTONIC environment

¥
CELL WILL LOSE WATER —3 SHRIVEL AND DIE

increase in salinity of a lake can kill animals

Bacteria and archaea that live in hypersaline environments -> + cellular mechanisms that
balance internal and external
solute conec: to ensure that water
does not move out of the cell

If cells without a cell wall(s/a animal cell) -> immersed in HYPOTONIC environment

L

¥ Figure 5,13 The contractile vacuole of Paramecium, [Fr

Vacini= coflects filsd froen £anss in the cytaplasm. VWhen fuil e WATER WILL ENTER THE CELL CELL SWELLING

umcunks A carib coebiact, el ol From the ot (LI

FASTER THAN IT LEAVES ? AND BURST(LYSE)




::Ce[ls become FLACCID(limp) => plants will wilts

Water Balance of Cells with Cell Walls

Cells of Plants

:mm:ryufes —> 4 cell wall ——= immersed in
ung

Some Unicellular Eukaryotes J/

cell wall helps

HYPOTONIC SOLUTION (s/a rainwater)

maintain cell's water balance

-> Relatively inelastic cell wall will expand only much
before it exerts a back pressure on the cell
(TURGOR PRESSURE) -> Oppose further water intake

Cells become TURGID(very firm) = healthy state for most plant cells

Plants that are not woody(s/a houseplants) —-> dp on cell turgidity by a surr: hypotonic sol:

for mechanical support

If immersed in ISETDNIC SOLUTION (s/a rainwater)

NO NET TENDENCY FOR WATER TO ENTER
b

If immersed in HYPERTONIC SOLUTION

!

Cells will LOSE WATER AND SHRINK

As plant cell shrivels --> PLASMOLYSIS occur
(plant cell plasma memb: pulls away from cell
wall at multiple places

AC

MMM%H u§gsoenergy to

mt:.fwa solutes against their gradients

¥ Figure 8.12 The water balance of living cells. How Inving cells react to changes in

the solute concentration of their environment depends on whether or not th

ey have cell walls

{a) Animal cells, such as this red bload cell, do not have cell walls. (b} Plant cells do have cell walls
LArrows indicate net water movement after the cells were first placed |n these solutions.)

Hypotonic solution Isatonic solution

{a) Animal cell, An
animal call fares best HO H,0
in an lsotonic environ-
ment unless it has
special adaptations
that affset the osme-
tic uptake or loss of

Wwater Lysed Normal

H,Q

Plasma Ciell wall

memirans
H,0

H,0

{b) Plant cell. Plant cells
are turgid (firm) and
generally healthiest
in a hypotonic envi-
ronment, where the
uplake of waler is
evertually balanced
by the wall pushing

back on the cell, Turgid (normal) Flaccid

Hypertonic solution
H,0

Shrivelad

Flasma

H,0
membirane

Plasmolyzed




Facilitated Diffusion: Passive Transport aided by Proteins

Many polar molecules and ions --> impeded by lipid bilayer of memb:

(FACILITATED DIFFUSION)

Diffuse passively with the help of transport proteins that span the membrane
(very specific)

Channel Proteins

N

AQUAPORIN

facilitate massive levels of water
diffusion(0SMOSIS)

—»in plant cells and in RBCS

-#in kidney cells —> o reclaim
water from urine

{without this — you will excrete
180 L of urine/Day and have to
drink equal amoun of water)

{a) A channel

ION CHANNEL
(GATED CHANNEL)

-» Open or ciose when a specific
gubstance other than the one fo be
transported binds fo the channel in
response to a stimulus (m/b electrical
shimulbus)

protein has a EXTRACELLULAR < A «

channel through FLUID
which water
molecules or a
specific solute
can pass.

'”Hﬂh?!&h

u}: ']"r*l"i }?

Channel protein

: Solute
CYTOPLASM 4 &k

Carrier Proteins

)

GLUCOSE TRANSPORTER)
Binding and release of transported molecule
change [tshupe

translocates the solute-binding site across the membrane

4
Net m/m of sub: down its conc: gradient

??J“IHE' HHH?"HJ!!HIH H!H

A ARHBERa

Carniet protein Solute
o o

(b) A carrier protein alternates between twa shapes, moving a solute
across the membrane dunng the shape change



Active transport uses energy to move solutes against their
gradients

The Need for Energy in Active Transport

To pump a solute across a membrane against its gradient (ACTIVE TRANSPORT)

-> requires work

-> the cell must expend energy

-> all carrier proteins rather than channel proteins

-> Active transport enables a cell --> to maintain internal concentrations of small solutes
that differ from concentrations in its environment

e.g- Compared with its surroundings, animal cell --> (+) a much higher conc: of (K+) ions

T\ KTV
@ NG

¥ Figure B.76 Review: pasaive
and active transport,
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& a much lower conc: of (Na+) ions

J

Plasma membrane helps maintain
these steep gradients
by pumping Na+ out of the cell
and K+ into the cell.
v ATP hydrolysis
ATP transferred its terminal Phosphate
directly to transport protein

induce the protein to change its shape

in a manner that translocates a solute
bound to the protein across the
membrane.

e.g. sodium-potassium pump, which
exchanges Na+ for K+



How lon Pumps Maintain Membrane Potential

_@.u—e_ i Lol ang, x:'_-_iz-‘-"-k-'_- %@eﬁl’w wu ooy piﬁ-ﬁz

All cells - + vofmga across their plasm.a. memhmng S50 euﬁhpimmiﬂ .
Electrical potential energy TN

(a separation of opposite Chﬂrgﬂs}l'i-l-.._:_':_l.:l'”'._. i CL o | Tistabubwn —
II onmons @A Cokons on lgid.@,&

Like a battery (an energy source MP fovburs
that affects the traffic of all

charged substances across the

membrane)

In the case of ions, IONS diffuse down its electrochemical gradient. .

2 forces that drive diffusion of ions across a membrane (ELECTROCHEMICAL GRADIENT)
1. Chemical force (ion's concentration gradient)
2. Electrical force (effect of the membrane potential on the ion's movement)

The 2 forces will not always act in same direction
(s/t when electrical forces might oppose simple diffusion of ion down its conc: gradient)

V

ACTIVE TRANSPORT MAY BE NEEDED

Some membrane proteins --> actively transport ions -> fo contribute to memb: potential

e.g. sodium-potassium pump -> pumps 3Na+ out of the cell
major ES pump -2 pumps 2K+ info the cell

of animal cells

ELECTROGENIC PUMP = transport protein that %— This process stores energy as voltage
generates voltage across memb:

-> Net fransfer of 1(+) charge to ECF

can be used for cellular work

e.g. Proton pump(H+ out) <- Main EG pump of plants,fungi and bacteria

o
TR EXTRACELLULAR

-

*use = ATP synthesis during cellular respiration

¥ Figure 8,17 A proton pump. Proton pumgs are electrogenic @ @

pumps that store energy by generating voltage (charge separation) agoss @
rembiranes, A proton pump translocates positive charge in the farm of

hydrogen ions. The voltage and H® concentration gradient represent a CYTOPLASM - . : . @

dual energy source that can drive other processas, such as the uptake of
nutrients. Meast proton pumps are powered by ATP hydrolysis.



Cotransport: Coupled Transport by a Membrane Protein

COTRANSPORT = a tfransport protein (a cofransporter) can couple the
“downhill” diffusion of the solute to the “uphill” transport of a second
substance against its own concentration gradient.

e.g. proton pump (powered by ATP Hydrolysis) --> H+ out of the cell

U

increase in H+ conc: outside cell(H+ gradient)
J, H+/Sucrose cotransporter

Plant cell use proton pump
to drive active transport of
amino/a, sugars or several
nutrients into the cell.

Cotransporter couples diffusion of H+ tfo cell
with active transport of sucrose info cell of
veins of leaves (against its conc: gradient) .

N
distribute sugar to roots and other
nonphotosynthetic organs that do not
make their own food

¥ Figure 8.18 Cotransport: active transport driven by a
concentration gradient. A carner proten, such as this H sucrose
cotransparter in @ plant call (lop), 5 able to use the ditfuson of H
cown its electrochamical gradient into the cell to drive the uptske

of zucrose, (Thecell wall is not shown.) Although not technically part
of the cotransport process, an ATP-drwven protan pump & shown
herz (bottom), which concentrates H outside the cell. The resulting
H' gradient represents potential energy that can be used for active
transport—of sucrose, in this case. Thus, ATP hydrolyss indirecthy
provides the energy necessary for cotransport

Cotransport proteins in animal cells => more effective Tx for Diarrhoea
Diarrhoea -> expels waste rapidly l

Normally, Na+ in waste —-> reabgprbed in colon maintaining constant level in body

l

Na+ level falls

Tx = Drink high conc: of salt(NaCl) and glucose -> solutes are taken up by Na+/Glucose
cotransporters on surface of intestinal cells --> into blood --> lower infant mortality rate



Bulk transport across the plasma membrane occurs by
exocytosis and endocytosis

Water and small solutes --> enter and leave cells by diffusion/by pumps/ or by transport protein

Larger molecules(s/a proteins, polysaccharides) --> cross memb: in bulk,packed in vesicles
require energy

EXOCYTOSIS

Transport vesicle with secretory substance -> budded from Golgi apparatus
and moves along microtubules of cytoskeleton

to plasma membrane

!

Vesicle memb: touch with plasma membrane

Specific protfeins rearrange lipid molecules
of two bilayers

Two membrane fuses

|

Contents of vesicle spill out of the cell
vesicle memb: becomes part of plasma memb:

EXOCYTOSIS = cell secretes certain molecules by fusion of vesicles with the plasma memb:

e.g. Insulin secretion from pancreas into ECF

N/T release from neurons fo signal muscle cells
Exocytosis delivers some necessary protfeins and CHOs from Golgi vesicles fo outside of cells to

make cell walls in plant cells



ENDOCY TOSIS

ENDOCYTOSIS = the process how cell takes in molecules and particulate matter by
forming new vesciles from plasma membrane

A small area of plasma memb: sink inward

. '!(R . 3 types of ENDOCYTOSIS
el Phagocytosis(cellular eating)
'L Pinocytosis(cellular drinking)

packEl decpens =¥ pinches 1 Receplor-mediated endocyfiosis

l

form vesicle containing material

Human cells use r/c mediated endocytosis
to take in CHOLESTEROL for memb: syn: & syn: of other steroids

)

Cholesterol travels in blood in particles called LDL(low density lipoprotein) |L

J’ > &E—Fechue_ [ eni s6ing n 'mhu.ri‘tecﬁ- c‘.lLS {‘Dm‘;liu.
LDL bind 16 plasma membrane hj? ex Anolestavalemio.
! /

enter /the cells by endocytosis C L 2 ;[\ bl{ﬂ_ CV\DLQEWB
b

Car .I.H obheros clero €

¥ damage | skvolee

Endocytosis and exocytosis also provide mechanisms for rejuvenating

or remodeling the plasma membrane.

occur in most eukaryotic cells

amount of plasma memb: in nongrowing cell => remains fairly constant
(bcuz addition of memb: appears to offset the loss of membrane by other.



¥ rigure 8,19 EXplorin

Endocytosis in Animal Cells

Receptor-Mediated Endocytosis

In phagocytosis, a cell eigulfs 4 partiche

by extending pseudopodia (singular,
prewdapadier) around it and packaging

it within a membranoos sae called a food
vacuode. The particle will be digested after the

food vacunle fuses with a lysosome containing

hydrolytic enzymes (see Figune 7.13),

In plnpeytosis, 3 coll continually gulps”
driplets of extracellular fud into tiny
vesicles, formed by mfoldings of the plasma
membrane, in this way, the cell obtains
molecules dissolved in the droplets, Because
ary and all solutes are taken into the cell,
pinocytosis as shown here s nonspecific for
the substances it In many cases, as
abeve, the parts of the plasma membrane that
form vesicles are lined an their eyroplasmic
sidde by & lueey layer of coat protetn: the "pits"
and resulbing vesicles are said (o be “costed”

An amoebs engulfing a green algal cell
via phapocytosis (TEM)

Pinccytotie vesiclis forming (TEMs).
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Receptor-mediated endocytosis s a
speclalized type of pinocytosis that enables
e eal o soquire bolk quantties of specific
substanges, even though thise substances
may not be very concentrated in the
extracellular fluid. Embedded in the plasma
mimbrane are proteins with receplor sites
expused o the extracellular Tuid. Specliic
selutes bind to the teceptors, The receptor
proteins then custer in coated pits, and
each coated pir forms a vesicle containing
the bound modecales, The dingram shows
anily bound malecules {purple tdanglos) Inslde
the vesicle, but other molecules from the
extracellular fluid are also present
Aftor the [ngested material s liberated
from the vesicle, the emptied receptoes arg
recyched to the plasrma membrane by the

e vesicle (notshown).

Tap: A coated pit, Batton A conted vesicle
forming duiring receptor-mediated endocy-
tovsls (TEMs).



