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MEMBRANE STRUCTURE
AND FUNCTION
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5.1 Membranes are a fluid mosaic of phospholipids and proteins
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= Membranes are composed of phospholipids and proteins
Slinig w9 @y98 b Olawd oo auueVl wls
= Many phospholipids are made from unsaturated fatty acids

that have kinks in their tails
bl old deciw ue auds polos! oo a)gawgall wlowlll plass gaai =
lpoud (9
— Membranes are commonly described as a fluid mosaic
& loJl clbwsuansadU acac)l bsle wogi —
— This means that the surface appears mosaic because of the proteins

embedded in the phospholipids and fluid because the proteins can drift
about in the phospholipids
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— This is aided by cholesterol wedged into the bilayer to help keep it liquid
at lower temperatures
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5.1 Membranes are a fluid mosaic of phospholipids and proteins
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= Many membrane proteins function as enzymes, others in signal
transauction, while others are important in transport
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Solall Jail 5 pla pasls o5, LoVl

— Because membranes allow some substances to cross or be transported more
easily than others, they exhibit Selectively permeability
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— Nonpolar molecules (carbon dioxide and oxygen) cross easily

dgp s (oazeanSoVly gyl JwsSol (sib) aubasll e Olyzadl e —
— Polar molecules (glucose and other sugars) do not cross easily
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5.3 Passive transport is diffusion across a membrane
) with no energy investment
a9lb JMsiwl Ve sluuc juc LVl 98 dad]l Jaill

= Diffusion is a process in which particles spread out evenly
in an available space

glio €9 9 Soluudl wlij=l g ddoc 98 Hlinis Y] =

— Particles move from an area of more concentrated particles to an
area where they are less concentrated

525,11 LSy @alniod T3S, ST wlus> ulsubwupub)}JILi)j;l —

— This means that particles diffuse down their concentration
gradient

355501 5blo p0) 38l 2ra0 Jiowl i ol ol 1 wusy —
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— Eventually, the particles reach equilibrium where the concentration
of particles is the same throughout
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5.3 Passive transport is diffusion across a membrane
) with no energy investment
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= Diffusion across a cell membrane does not require
energy, so it is called passive transport
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— The concentration gradient itself represents potential
energy for diffusion
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5.4 Osmosis is the diffusion of water across a membrane
(b JMeiuwl Ugs) sline juc cloll )Ll D 90wl

= Tt is crucial for cells that water moves across their
membrane

lpsling yuc sloll Jyziy ol LMzl (S)9,a)l o

— Water moves across membranes in response to solute
concentration inside and outside of the cell by a process called
0SMOosis
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— Osmosis will move water across a membrane down its
concentration gradient until the concentration of solute is equal on
both sides of the membrane
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PLAY  animator osmoss
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5.5 Water balance between cells and their surroundings is crucial
to organisms
Al OlwSU awi> 6,900 Lhbuxog LM Gw =ladl UL

= Tonicity is a term that describes the ability of a solution to
cause a cell to gain or lose water

slol) aulsl 088 of LlwS| isde Jglzodl 8,180 wany allao yigidl

— Tonicity is dependent on the concentration of a nonpenetrating solute on
both sides of the membrane

sbisdll csuilsr ode U sue Olie 5550 e yigil iy —

— Isotonic indicates that the concentration of a solute is the same on
both sides

sbingdl swla MS (e Olind) Sgluwin 135, (e Jsleindl yieddl Jyy -

— Hypertonic indicates that the concentration of solute is higher
outside the cell

&zl 2, Olind) eVl 58,1l sde NI gl Ja -
— Hypotonic indicates a higher concentration of solute inside the cell
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5.5 Water balance between cells and their surroundings is crucial
to organisms
dl OIS Sgu> s> 0,900 Lphbuxog LMl Lw sladl Ul

= Many organisms are able to maintain water balance within
their cells by a process called osmoregulation

J3ls olodl Ll csde blasdl SISl o S gulaiws
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— This process prevents excessive uptake or excessive loss of water
clol) ouboyanll a@all ol oSl ol 0id gios —

— Plant, prokaryotic, and fungal cells have different issues with
osmoregulation because of their cell walls
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5.6 Transport proteins may facilitate diffusion across membranes
Auial V1 e )iVl Jaidl Olwigw pcii A9

= Many substances that are necessary for viability of the cell
do not freely diffuse across the membrane

sLanedl JWs &y,% adsd) augand @03 Ml slaodl o »uiS puiniis Y @

— They require the help of specific transport proteins
called aquaporins

Oy Aigeo J& Wlyig daclunl slgall 0id gl -
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— These proteins assist in facilitated diffusion, a type
of passive transport that does not require energy
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5.6 Transport proteins may facilitate diffusion across membranes
uial V1 jue HLinii VI Jaidl Olwigw pcli A9

= Some proteins function by becoming a hydrophilic tunnel for passage

sladl llac Jpad sloll o wlgid ] Jg=ills lisgpdl paes Joss

— Other proteins bind their passenger, change shape, and release their
passenger on the other side

9 Lpalli o (o9 lpdSois sy dgsinll 83l iy wliuigrll o —
S >V asU

— In both of these situations, the protein is specific for the substrate,
which can be sugars, amino acids, ions, and even water

oLy sl 83L0Jl (59 Laazio Gwisydl eSs ol LIS (39 —
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diffusion of a specific solute across a membrane
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5.8 Cells expend energy in the active transport of a
solute against its concentration gradient
uese wiliel) ol Jedl audec elil adlb LMl Jiw

1S, 2,08 ol

= Cells have a mechanism for moving a solute
against its concentration gradient

)JS)-*-” C) Lo o=l UJJSJ: wl ol -_51.:).2.;.] q_,JT LMl cllos =
— It requires the expenditure of energy in the form of ATP
ATP Jl as sle adlbl Jid &S gl —

— The mechanism alters the shape of the membrane
protein through phosphorylation using ATP
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5.9 Exocytosis and endocytosis transport large
molecules across membranes

bl Jii l.og.su ngde p_uuwg Solsdl 5,0l

= A cell uses two mechanisms for moving Iarge molecules across
membranes

eVl jue 8,080l Olyjmdl Jad il adzdl paseins

— Exocytosis is used to export bulky molecules, such as proteins or
polysaccharides

sazio ol Wlige,JlS dasall Wl yrad Selsdl s,dadl &l pasind —
adzl 2l (sl bS]

— Endocytosis is used to import substances useful to the livelihood of the
cell

=l sty (Jl addl dinuen) A28l slgo 1,93 wSeddl MV aJl pazind -

= In both cases, material to be transported is packaged within a vesicle
that fuses with the membrane

clindU gwoaisd wMasg> o8 lplas slhedl slgodl & piu =l LS (09 =
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5.9 Exocytosis and endocytosis transport large molecules across
membranes

Quial VI pac 8 puSIl Oyl Jii bogéy Soldl g MisVlg Solsdl > bl

= There are three kinds of endocytosis

Solzdl 3, o elgl @\ s =

— Phagocytosis is engulfment of a particle by wrapping cell membrane
around it, forming a vacuole

agSo adsdl sline lpaden wlys=dl £Vl oo Selsdl plgdV of dosldl —

09=9
— Pinocytosis is the same thing except that fluids are taken into small
vesicles
9 358 ol od JLlowdl Ol V| sesaid] Gy oo 6,le Sol=dl oyl -
O)A&D u\l..a.)9>'

— Receptor-mediated endocytosis is where receptors in a receptor-
coated pit interact with a specific protein, initiating formation of a vesicle

aaleall ;a1 58) S\Wdimoll el dus ablwss Selsdl MoVl —
Uayg> (5955 £3) uo uigy 8o (WMusiwoll
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ENERGY AND THE CELL
au=dlg édUaJl
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5.10 Cells transform energy as they perform
work

= Cells are small units, a chemical factory, housing
thousands of chemical reactions

i AuilosS gilao Qlios (sd 8020 Wla>g LMl =
a5 LouS)l oMelal BV

— The result of reactions is maintenance of the cell,
manufacture of cellular parts, and replication

s3> uiaiy adzl (sde blezdl (s oMeledl 0id iy —
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5.10 Cells transform energy as they perform work
lgilogoy pll dic aslall Jug=xiv LM=| pgsi

= Energy is the capacity to do work and cause change

s Oy Jew Joe wsle 8,08l o adlall =

— Work is accomplished when an object is moved against an
opposing force, such as friction

JisV Jio awSles 398 db s &y loiws> Jowidl 52y —

— There are two kinds of energy o ulecg s
adlll

— Kinetic energy is the energy of motion
aS,=Jl a8lb sdg anS =l aslb)l —

— Potential energy is energy that an object possesses as a result of
its location

asdgn) @i sl LSlioy @l (sdg ol adUa)l  —
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5.11 Two laws govern energy transformations
avlbll UVgxi UleSw VLGS

= Energy transformations within matter are studied
by individuals in the field of thermodynamics

Loleil Lwl,u osiy d3lall (sé @bl GVg=s
&, od| Kool Jlo (58 Ugaaio

= Biologists study thermodynamics because an
organism exchanges both energy and matter with

its surroundings

el Gl OV gzl Saolyadl bl slale Guyay
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5.12 Chemical reactions either release or store energy
adlll Uiz ol 5 Ul bol awilouSIl wMe el

= A living organism produces thousands of endergonic
and exergonic chemical reactions

55,5l aleanSIl Melas] o SYVL cxadll (LSl poay »
’ a8Unl) Al saolls

— All of these combined is called metabolism
W VU Cswooui deoizxo wMeladl olls JS -

— A metabolic pathway is a series of chemical reactions
that either break down a complex molecule or build up a
complex molecule

alonS)l oMelaiddl oo dowdw o 8,Le WVl HLuall —
A2R0 €S> (LS 9| PApJ l.o| gsung
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5.12 Chemical reactions either release or store energy
adlall Uiz 9l 5y Ul bol awilowsIl wMe el

= A cell does three main types of cellular work
il oo iy loil W Joss alsl poss »
— Chemical work—driving endergonic reactions
adlal) alissiwndl wMeladl ey = — (silouS Jouo -
— Transport work—pumping substances across membranes
aiacVl e slgall o — ool Jas —
— Mechanical work— beating of cilia
ol aS,> — ol Jow -

= To accomplish work, a cell must manage its energy resources, and it
does so by energy coupllng—the use of exergonic processes to drive
an endergonic one

— a8Ual UL Ui ogiig Ve jzii) @8lall jslao adsll pdai of LY
Low @8lal) albaiwoll cMeladl slioY @8lall 8,50l GMelad] plaxZiwl
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5.13 ATP shuttles chemical energy and drives

cellular work
Leilogow plusll aud=ll ao ) W aulbwoasdl asWJIATP JI Jau

= ATP, adenosine triphosphate, is the energy
currency of cells.

aalal) 4 4.l “Alas” g (ATP) (» e 902y Caldi g Sk .

— ATP is the immediate source of energy that powers
most forms of cellular work.

Al (5 olall Jedll JISGET alara 2530 Al (5 ) sall A8kl juae 8 ATP —

— It is composed of adenine (a nitrogenous base), ribose
(a five-carbon sugar), and three phosphate groups.

M5 ¢ (O olad S) Jsml ¢ (R ot Bacl) il e O 5Sh —
g
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5.13 ATP shuttles chemical energy and drives cellular

work
JI JauATPLilogos plil) adsel @o ;Wi awiloas) adUall

= Hydrolysis of ATP releases energy by transferring
its third phosphate from ATP to some other
molecule

b 5 s ATP I solodl JLd=dl” slod> S35
ST SR ATP i vaqurj o0 Jin ollsg

— The transfer is called phosphorylation

d rowedl Jadl 13d souwns —
— In the process, ATP energizes molecules
aulos)l 0dd Wil @8lall, wliyz=)l ATP aoy —
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HOW ENZYMES FUNCTION
Oloy ¥l Joc auas
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5.14 Enzymes speed up the cell’s chemical reactions by
lowering energy barriers
Judiiv awlbons] aud=d] Olelas o Olow VI € juni
aslbll j>lg>

= The cell uses catalysis to drive (speed up) biological reactions

9.2l LMeladl gy i) Jd| Ados adsdl paxiws =

— Catalysis is accomplished by enzymes, which are proteins that function as
biological catalysts

a9,> lya=oS Josi Wliwigy 59 Wow VU ezl ddac slul py -

— Each enzyme has a particular target molecule called the substrate

P2Vl Jolos oy wliys=dl o sazo Bad a pyzl JS -

PLAY  Animation: How Enzymes Work
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5.15 A specific enzyme catalyzes each cellular reaction
luso lov il douwles jasw Lols Melai JsS

= Enzymes have unique three-dimensional shapes
acgi o 39 sl WM JSow Lpd wlayVl

— The shape is critical to their role as biological catalysts

yga> 3aém JolgeS 18,91 csewlanl

Sl -

— As a result of its shape, the enzyme has an active site
where the enzyme interacts with the enzyme’s substrate

Jelos, o> alouin @idois oVl cllios ,alSid dxwg —
@ Lol puVl Jole go

— Consequently, the substrate’s chemistry is altered to

form the product of the enzyme reaction

25Ul 068 pupVl Jole) aslioss)] aguall ysis , sJlg
sVl Jeil o
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5.15 A specific enzyme catalyzes each cellular reaction
Crra o 3 Adaadl 51 3830 (5 olA Jo i JS

= For optimum activity, enzymes require certain environmental
conditions

Jio VI abbliais pliall o dui Boyla) pup)l glizy

— Temperature is very important, and optimally, human enzymes
function best at 379C, or body temperature

Lol @k LYl Slagl Joss a1 ol b)lal drys —
(ool ot A Bt 55 37 B ot e s

— High temperature will denature human enzymes

Olou p] Nasud 2" Fuws (sl Sxy adlell bl =]l as s —
Ul VI

— Enzymes also require a pH around neutrality for best results
Jadl 25k J>1 oo Luyss Jsleso pH Loyl wloupVI Cllass —
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5.15 A specific enzyme catalyzes each cellular reaction
a0 pu i dbouwlgy joow Sel> Jelai Js

= Some enzymes require nonprotein helpers

— Cofactors are inorganic, such as zinc, iron, or copper

vazdly o3l Jio dugac e slgo od @adloll Jolgs)l -
wlzills

— Coenzymes are organic molecules and are often
vitamins

0sSs Wleg dugac wliyz> wd wloy ¥l wladl,o -
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5.16 Enzyme inhibitors block enzyme action and can
regulate enzyme activity in a cell

= Inhibitors are chemicals that inhibit an enzyme’s
activity
oYl blaudl bass &5lwouS slgo sd wlasoll =

— One group inhibits because they compete for the
enzyme’s active site and thus block substrates from
entering the active site

2990Jl 9= Baiani L3V bl oot geoleall 03d Sa>] -
3 Jgss o alole Lz (sJlg puVl (9 Joisdl

990l
— These are called competitive inhibitors
Quannd Lid | O lUbwindU 01D (sooutig —
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5.16 Enzyme inhibitors block enzyme action and can
regulate enzyme activity in a cell

= Other inhibitors do not act directly with the active
site

L) a8 gall a3 ilie (5 AY) Cladiall Jalais Y
— These bind somewhere else and change the shape of the

enzyme so that the substrate will no longer fit the active
site

M\éﬁ\MMd&oﬁuﬁ}Y\wﬁ‘u\&m&w\o&@f —
a 1Y) Jalad Lilia
— These are called noncompetitive inhibitors
dodlilll e cladially de ganall 038 o —
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5.16 Enzyme inhibitors block enzyme action and can
regulate enzyme activity in a cell

= Enzyme inhibitors are important in regulating cell
metabolism

Solzdl LAVl pudais (89 @old duoy YVl Olagioll =

— Often the product of a metabolic pathway can serve as an inhibitor
of one enzyme in the pathway, a mechanism called feedback
inhibition
s 58 WloyVl a5V bhioS (sl jluw zoly s> Josy Lo Lile -

\> )| buaasddU adVl 04 (swouunig ¢ Hluwoll

— The more product formed, the greater the inhibition, and in this
way, regulation of the pathway is accomplished

oudbii piu ads,hall 0igug ol sls;l LodS |, zuiedl (509ST slssl LedS —

Lol
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