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Chapter 5

The Plasma Membrane

Carbohydrare
Pristsin molsculs chain

Protein
molezuls

Diffusion

A2nd Law of Thermodynamics
governs biological systems
e Universe tends towards disorderd ENTROPY!

Molecules of dye Membrane (cross section)
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e movement from high - low concentration

Diffusion of 2 solutes

AEach substance diffuses down its own
concentration gradient, independent of
concentration gradients of other

Diffusion

AMove from HIGH to LOW concentration
efipassive transporto
£ no energy needed
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(b) Diffusion of two solutes . . .
diffusion 0Smosis
Cell (plasma) membrane Building a membrane
Acells need an inside Awith what do you build a barrier that
¢ separate cell from its environment keeps the watery contents of the cell
¢ cell membrane is the boundary separate from the watery environment?
Your choices
- carbohydrates?

- proteins?
- nucleic acids?
- lipids? J
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Lipids of cell membrane

AMembrane is made of phospholipids
e phospholipid bilayer

inside cell
hydrophili
phosphate yarophtlic
. hydrophobic
outside cell ( \ varop

fatty acid tails

Phospholipids

g —icng

Hydrophilic head

Fatty acids
Hydrophilic
head

Hydrophobic tails

Hydrophobic
tails.

(a) Structural formula (b) Space-filling model (c) Phospholipid symbol

Semi-permeable membrane
ANeed to allow passage through the
membrane for a lot of stuff!
ABut it needs to control what gets in or

out
e membrane needs to be semi-permeable

stgar @ ipic @ NH,

So how do you build a
semi-permeable membrane?

Simple diffusion across membrane

Which way will
the lipids move?
lipid lipid (net movement)
inside cell lipid
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Phospholipid bilayer
Awnhat molecules can get through directly?

Fats and other non-
polar (hydrophoblic)
molecules can slip
directly through the
phospholipid bilayer
membr ane,

lipid

inside cell

éwhat about
other stuff?

b

Permeable cell membrane

ANeed to allow other material through
emembrane needs to
Aall materials a cell needs to bring in
Aall wastes a cell needs excrete out

Aall products a cell needs to export out

b e

inside cell s@r lipid
fihol eshannels in
cell membrane allow
polar (hydrophilic)
materials in & out
outsidecell  BHg

p
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Diffusion through a channel Semi-permeable cell membrane
AMovement from high to low  Which way will ABut the cell still needs control
the sugars move? ) .
B $Ugdr  (net movement) & membrane needs to be semi-permeable
o — Aspecific channels allow specific material in & out
ar

inside cell

outside cell

Sr sr NH salr outsidecell‘
60 @ g @ ]

Soé lWoywou build a selectively Why proteins?
permeable cell membrane? Aproteins are mixed molecules
Awhat molecule will si £ some hydrophobic amino acids
phospholipid bilayer forming channels? Astick in the lipid membrane
bi-lipid Aanchors the protein in membrane
membra"ej £ some hydrophilic amino acids

Astick out in the watery
| fluid in & around cell

” Aspecialized
I for specific molecules

Membrane Proteins Facilitated Diffusion

AProteins determine most AMovementfromHlGHtoLOW

specific functions concentration through a protein channel
e cell membrane & organelle mempranes each ¢ passive transport
have unique collections of proteins

A Membrane proteins: ” y € no energy needed
e peripheral proteins = loosely r :; e facilitated = with help
bound to surface of membrane EZ -
e integral proteins = penetrate into 2 \w
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lipid bilayer, often completely vl o7y O
spanning the membrane O Vi1 f mﬁm
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Peripheral  Integral
protein protein
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Facilitated Diffusion

AGlobular proteins act as doors in membrane

e channels to move specific molecules
through cell membrane

open channel = fast transport
protein [high]
- 0

Hrdrophilie region
o

Osmosis is diffusion of water

Awater is very important, so we talk
about water separatelyd but same idea!

ADiffusion of water from
high concentration of water to

low concentration of water
Hypotonic Hypertonic

£ across a Sotn saton
o~ ©p 0 £ e
(@) © semi-permeable
RRn membrane
» -
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region of protein [Iow] ﬁ T h 2 B 3 3 *® L)
Selectively permeable membrane
Concentration of water Managing water balance
ADirection of osmosis is determined by Acell survival depends on balancing
comparing total solute concentrations! water uptake & loss
£ h el’tOﬂiC more Solute |ess Water Hypotonic solution Isotonic solution Hypertonic solution
nhypertonic - ;
€ hypotonic - less solute, more water & J—
nimal cel
€ isotonic - equal solute, equal water
© molecule of solute Lysed
Which way will H,0
the water move? plant call
(net movement) )
Turgid (normal) Flaccid
freshwater balanced saltwater
Managing water balance isotonic solution Managing water balance mypotonic solution
Alsotonic H,0 H,0 AHypotonic H,0
e animal cell immersed in e animal cell in hypotonic
isotonic solution solution will gain water,
Ablood cells in blood swell & burst
Ano net movement of water AParamecium vs. pond water &
across plasma membrane Normal AParamecium is hypertonic Lysed
Awater flows across AH,O continually enters cell
membrane, at same rate Ato solve problem,
in both directions = specialized organelle,
Avolume of cell is stable _contractile vacuole
Apumps H,O out of cell
using ATP
Flaccid E plant cell Turgid (normal)

Aturgid
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Managing water balance uypenonic solution
AHypertonic
e animal cell in hypertonic
solution will lose water,
shrivel & probably die

Asalt water organisms are
hypotonic compared to
their environment

Athey have to take up
water & pump out salt

e plant cells
Aplasmolysis = wilt

Aquaporins 1991 | 2003

Awater moves rapidly into & out of cells
e evidence that there were water channels

Peter Agre  Roderick MacKinnon
John Hopkins Rockefeller

Active Transport
Acells may need molecules to move
against concentration situation
£ need to pump against concentration
£ protein pump
£ requires energy

AATP
Na+/K+ pump
in nerve cell
Cell (compared to beaker) - hypertonic or hypotonic membranes
Beaker (compared to cell) - hypertonic or hypotonic
Which way does the water flow? - in or out of cell
Active Transport Active Transport

AGlobular proteins act as ferry for specific
molecules
e shape change transports solute from one side
of membraneto other- pr ot ei n fApuri
e i ¢ 0 s énsrgy (ATP)

conformational change

Hrdrophilie region
& L

protein

Hydrophobic
region of protein

AThCeoor manao

AMany models & mechanisms
£ uniports, symports, antiports
£ primary vs. secondary active transport

using ATP using ATP
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