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Course outline

Water, pH, Weak Acids, Weak Bases, and buffers.
Macromolecules, structure and function

— Amino acids and proteins, carbohydrates, Lipids, nucleic acids.
The cell: Prokaryotic and eukaryotic cells.
Microscopy (principles of magnification and resolution).

Eukaryotic cell compartmentalization, endomembrane system and organelles structure and function;
Animal vs plant cell

The cytoskeleton: Microtubules, microfilaments , & intermediate filaments.
Extracellular components and connections between cells.
— Cell Walls of Plants ( primary and secondary cell wall and the middle lamella)
— The Extracellular Matrix (ECM) of Animal Cells

— Cell Junctions Cells in animal (Tight Junctions, Desmosomes, and Gap Junctions in Animal Cells )and
plant cells (Plasmodesmata in Plant Cells).

Biological Membranes and Transport
— Cell membrane structure and function (fluid mosaics model in details)
— The Fluidity of Membranes
— Membrane Proteins and Their Functions
— Traffic across membranes including exocytosis and endocytosis
The cell cycle and cell divisions
—  Mitosis and Meiosis (gametogenesis and nondisjunction) in details
DNA replication



Water and life
« Water is the molecule that supports all of life

« Water Is the most abundant substance in
living systems, making up 70% or more of the
welight of most organisms.

 The attractive forces (cohesion) between
water molecules and the slight tendency of
water to ionize are of crucial importance to
the structure and function of biomolecules and
hence biological systems.
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Structure of water molecule

The water molecule is not as simple as its structure looks
like.

It is shaped like a wide V, with its two hydrogen atoms
joined to the oxygen atom by single covalent bonds.

Oxygen is more electronegative than hydrogen, so the
electrons of the covalent bonds spend more time closer
(unequal sharing) to oxygen than to hydrogen; these are
polar covalent bonds.

This unequal sharing of electrons and water’s V-like shape
make water a polar molecule.

Unequal sharing of electrons results in the oxygen region of
the water molecule has a partial negative charge (8-), and
each hydrogen has a partial positive charge (6+).

The H-O-H bond angle is 104.5°, slightly less than the 109.5°
of a typical tetrahedron because of crowding by the
unshared pairs of electrons of the oxygen atom




Hydrogen Bonds between water molecules

As result of the partial negative charges (6-),
and the partial positive charges (6+), of each
water molecule , there is an electrostatic
attraction between the (6-) of oxygen atom
of one water molecule and (6+) of the
hydrogen of another water molecule which is
called a hydrogen bond (Hydrogen bonds are
relatively weak bond).

Hydrogen bonding is a special type of dipole-
dipole attraction between molecules.

Hydrogen bond results from the attractive
force between a hydrogen atom covalently
bonded to a very electronegative atom such as
a N, O, or F atom and another very
electronegative atom.
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Cohesion of Water Molecules

Water molecules stay close to each other as a result of hydrogen bonding.

Hydrogen bonds between water molecules provide the cohesive forces that make water a
liquid at room temperature and that favor the extreme ordering of molecules that is typical
of crystalline water (ice).

the arrangement of molecules in a sample of liquid water is constantly changing (flickering
clusters), however at any given moment many of the molecules are linked by multiple
hydrogen bonds. These linkages make water more structured than most other liquids .

Collectively, the hydrogen bonds hold the substance together in a strong molecular
interactions, a phenomenon called cohesion.

One result of cohesion of water molecules due to hydrogen bonding is high surface
tension, a measure of how difficult it is to stretch or break the surface of a liquid.

At the air-water interface is an ordered arrangement of water molecules, hydrogen-bonded to
one another and to the water below, but not to the air above, which gives water an unusually
high surface tension, making it behave as though it were coated with an invisible film.

Cohesion also contributes to the transport of water and dissolved nutrients against gravity
in plants

Cohesion attraction forces between molecules of the same substance
Adhesion is attraction forces between molecules of different substances
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Evaporation from leaves pulls water
upward from the roots through
water-conducting cells.

Adhesion of the water to cell walls
by hydrogen bonds helps resist the
downward pull of gravity.

Two types of
water-conducting

Direction Rea—— cohesion due to

of water ; : ' hydrogen bonds

movement § between water

li molecules helps

hold together
the column of
water within
the cells.




Hydrogen Bonding Gives Water Its Unusual Properties

Melting Point, Boiling Point, and Heat of Vaporization of Some Common Solvents

Melting point (°C) Boiling point (°C) Heat of vaporization (J/g)*

Water 0 100 2,260
Methanol (CH;0H) —98 65 1,100
Ethanol (CH5;CH,0H) = 1y 7 78 854
Propanol (CH;CH,CH,0H) —127 97 687
Butanol (CH5(CH5),CH50H) -90 117 590
Acetone (CH5;COCH,) —95 56 523
Hexane (CHs(CH,),CHs) —98 69 423
Benzene (CgHs) 6 80 394
Butane (CHs(CH5),CHs) —135 ~0.5 381
Chloroform (CHCI5) —63 61 247

Water has a higher melting point, boiling point, and heat of vaporization than most other
common solvents.

These unusual properties are a consequence of attractions between adjacent water molecules
that give liguid water great internal cohesion.

Hydrogen bonds are relatively weak. Those in liquid water have a bond dissociation energy
(the energy required to break a bond) of about 23 kJ/mol, compared with 470 kJ/mol for the
covalent —OH bond in water or 348 kJ/mol for a covalent C—C bond.

*The heat energy required to convert 1.0 g of a liquid at its boiling point, at atmospheric pressure, into its gaseous
state at the same temperature. It is a direct measure of the energy required to overcome attractive forces (cohesion)
between molecules in the liquid phase.



Liquid water, ice, and the flickering cluster

Hydrogen bonds between water molecules provide the cohesive
forces that make water a liquid at room temperature and that
favor the extreme ordering of molecules that is typical of
crystalline water (ice).

In ice, each water molecule forms the maximum of four
hydrogen bonds, creating a regular crystal lattice. This crystal
lattice makes ice less dense than liquid water, and thus ice
floats on liquid water

However, at any given time, most of the molecules in liquid
water are engaged in hydrogen bonding ( an average of 3.4 with
other water molecules), but the lifetime of each hydrogen bond
is just 1 to 20 picoseconds (1 ps 10-12s)

Upon breakage of one hydrogen bond, another hydrogen bond
forms, with the same partner or a new one, within ~ 0.1 ps.

The “flickering clusters” is the phrase that has been applied to
the short-lived groups of water molecules interlinked by
hydrogen bonds in liquid water.

The sum of all the hydrogen bonds between H,O molecules
gives great internal cohesion on liquid water.




Water Forms Hydrogen Bonds with Polar Solutes

Hydrogen bonds are not exclusive to water.

Hydrogen bonds readily form between an electronegative atom (the hydrogen
acceptor, usually oxygen or nitrogen with a lone pair of electrons) and a hydrogen
atom covalently bonded to another electronegative atom (the hydrogen donor) in the
same or another molecule

Hydrogen atoms covalently bonded to carbon atoms do not participate in hydrogen
bonding, because carbon is only slightly more electronegative than hydrogen and thus
the C-H bond is only very weakly polar.

Why butanol (CH,(CH,),CH,OH) has a relatively high boiling point of 117 °C than
butane (CH4(CH,),CH;) which has a boiling point of only 0.5 °C.

Hydrogen
acceptor

Hydrogen
donor




Polar biomolecules dissolve
readily in water because they can
replace  water-water interactions
with more energetically favorable
water-solute interactions.

In contrast, nonpolar biomolecules
interfere with water-water
interactions but are unable to form
water-solute interactions—
consequently, nonpolar molecules
are poorly soluble in water.

Uncharged but polar biomolecules
such as sugars dissolve readily in
water because of the stabilizing
effect of hydrogen bonds between
the hydroxyl groups or carbonyl
oxygen of the sugar and the polar
water molecules.

Alcohols, aldehydes, ketones, and
compounds containing N-H bonds
all form hydrogen bonds with water
molecules and tend to be soluble in
water.

Between the
hydroxyl group
of an alcohol
and water

Between the
carbonyl group
of a ketone
and water
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Relatively strong and weak Hydrogen bonds

Hydrogen bonds are strongest when the bonded molecules are oriented to
maximize electrostatic interaction and minimize charge repulsion
which occurs when the hydrogen atom and the two atoms that share it are
In a straight line—that is, when the acceptor atom is in line with the
covalent bond between the donor atom and H.

Hydrogen bonds are thus highly directional and capable of holding two
hydrogen-bonded molecules or groups in a specific geometric arrangement.

Strong

A + hydrogen bond < hydrogen bond




Water Interacts Electrostatically with Charged Solutes

As a polar solvent, water readily dissolves most biomolecules, which are generally
charged or polar compounds

Compounds that dissolve easily in water are hydrophilic (Greek, “water-loving”).
Nonpolar solvents such as chloroform and benzene are poor solvents for polar
biomolecules but easily dissolve those that are hydrophobic—nonpolar molecules such
as lipids and waxes.

Some Examples of Polar, Nonpolar, and Amphipathic Biomolecules (Shown as lonic Forms at pH 7)

Polar Nonpolar 0
Il

Glucose ZHy Typical wax CH,(CHy); —CH=CH—(CH)s—CHy—C_
(8]

|
CH;[ CHz }7_CH:CH—‘ CHZ JT_CHJ

Ampbhipathic
Phenylalanine “NH,

Glycine *NHy;—CH,—CO0~ (\:>_CH c|'1—1 CcO0
- el

Aspartate +NH;
"00C—CH,—CH—CO00~ Phosphatidylcholine 0
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Lactate (JH.-x—(|.JH—L-00— CH4(CHs);5CH,—C—O—CH,

OH CH.f CH-,;J];—.CHZ—%—O—CEH (|g +1|\rch_-1):l
|
0 CH,—O —}[’—o—cﬂz—m2

Glycerol OH
i O-

HOCH,—CH—CH,0H

Polar groups Nonpolar groups
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Water dissolves salts such as NaCl by hydrating and stabilizing the Na+ and CI- ions,
weakening the electrostatic interactions between them and thus counteracting their
tendency to associate in a crystalline lattice

The same factors apply to charged biomolecules, compounds with functional groups
such as ionized carboxylic acids (-COO"), protonated amines (-NH*;), and phosphate
esters.

Water readily dissolves such compounds by replacing solute-solute hydrogen bonds
with solute-water hydrogen bonds



Entropy increases as Crystalline Substances Dissolve

Entropy : It is a measure of randomness or disorder of the system: the
greater is the randomness, the higher is the entropy.

As a salt such as NaCl dissolves, the Na+ and CI- ions leaving the crystal
lattice acquire far greater freedom of motion (increase entropy).

The resulting increase in entropy (randomness) of the system is largely
responsible for the ease of dissolving salts such as NaCl in water.

Melting of the ice is accompanied by an increase of entropy.
Molecules of H,O in ice have fixed position but as soon as it changes into

liquid , the molecules of H,O began to move about freely i.e the randomness
Increases .



Nonpolar Gases Are Poorly Soluble in Water

The molecules of the biologically important gases CO,, O,, and N, are nonpolar.
In O, and N,, electrons are shared equally by both atoms.
In CO,, each C=0 bond is polar, but the two dipoles are oppositely directed and cancel each other.

The movement of molecules from the disordered gas phase into aqueous solution constrains their motion
and the motion of water molecules and therefore represents a decrease in entropy.

The nonpolar nature of these gases and the decrease in entropy when they enter solution combine to
make them very poorly soluble in water .

water-soluble carrier proteins (hemoglobin) that facilitate the transport of O,.

CO, forms carbonic acid (H,CO,) in aqueous solution and is transported as the HCO; (bicarbonate) ion,
either free—Dbicarbonate is very soluble in water (~100 g/L at 25 C)—or bound to hemoglobin.

Two other gases, NH; and H,S, also have biological roles in some organisms; these gases are polar and

dissolve readily in water.
Solubilities of Some Gases in Water
Solubility
Gas Structure* Polarity in water (g/L)"
Nitrogen N=N Nonpolar 0.018 (40 °C)
Oxygen 0=0 Nonpolar 0.035 (50 °C)
Carbon dioxide W Nonpolar 0.97 (45 °C)
0=C=0

Ammonia I-I\I|{/H Polar 900 (10 °C)

N &
Hydrogen sulfide H\ /H \ Polar 1,860 (40 °C)

S -




GAS EXCHANGE AT RESPIRING TISSUES

GAS EXCHANGE AT LUNGS (ALVEOLI)

Dissolved CO, Dissolved CO,

Transport of CO2 as Carbonic Acid

*  When CO2 enters the erythrocyte, it combines with water to form carbonic acid (reaction catalyzed by carbonic anhydrase
CAH)

*  The carbonic acid (H2CO3) then dissociates to form hydrogen ions (H+) and bicarbonate (HCO3-)

« Bicarbonate is pumped out of the cell in exchange with chloride ions (exchange ensures the erythrocyte remains uncharged)

» The bicarbonate in the blood plasma combines with sodium to form sodium bicarbonate (NaHCO3), which travels to the lungs

« The hydrogen ions within the erythrocyte make the environment less alkaline, causing hemoglobin to release its oxygen

»  The hemoglobin absorbs the H+ ions and acts as a buffer to maintain the intracellular pH

*  When the red blood cell reaches the lungs, bicarbonate is pumped back into the cell and the entire process is reversed.



Nonpolar Compounds Force Energetically Unfavorable
Changes in the Structure of Water

When water is mixed with benzene or hexane, two phases form; neither
liquid is soluble in the other.

Nonpolar compounds such as benzene and hexane are hydrophobic—they
are unable to undergo energetically favorable interactions with water
molecules, and they interfere with the hydrogen bonding among water
molecules.

All molecules or ions in aqueous solution interfere with the hydrogen bonding
of some water molecules in their immediate proximity or neighborhood.

polar or charged solutes (such as NaCl) compensate for lost water-water
hydrogen bonds by forming new solute-water interactions.

Hydrophobic solutes, however, offer no such compensation, and their
addition to water may therefore result in a measurable decrease in entropy.

Water molecules in the immediate proximity or neighborhood of a nonpolar
solute are constrained in their possible orientations as they form a highly
ordered cage-like shell around each solute molecule.



Amphipathic compounds

Amphipathic compounds contain regions that are polar (or charged) and

regions that are nonpolar.

When an amphipathic compound is mixed with water, the polar, hydrophilic
solvent and tends to dissolve, but the

region interacts favorably with the

nonpolar, hydrophobic region tends to avoid contact with the water
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)

"NH,

|
@»CHZ—CH 0065

I
CH(CH,);sCH,—C—O0—CH,
CH3(CH2)150H2—(“3—O—CH 0 +N(CHa)s

| |
CHQ—O—IID—O—CHZ—CHZ

O_

Polar groups Nonpolar groups




Amphipathic interaction with water

The nonpolar regions of the amphipathic molecules cluster together to present the
smallest hydrophobic area to the agueous solvent, and the polar regions are
arranged to maximize their interaction with the polar solvent, thus forming
relatively stable structures of amphipathic compounds in water, called micelles.

The forces that hold the nonpolar regions of the molecules together are called
hydrophobic interactions.

The strength of hydrophobic interactions is not due to any intrinsic attraction
between nonpolar moieties. Rather, it results from the system’s achieving greatest
thermodynamic stability by minimizing the number of ordered water molecules
required to surround hydrophobic portions of the solute molecules.

Many biomolecules are amphipathic, e.g. proteins, pigments, certain vitamins, and
the sterols and phospholipids of membranes all have polar and nonpolar surface
regions.

Hydrophobic interactions among lipids, and between lipids and proteins, are the most
Important determinants of  structure in biological membranes.
Hydrophobic interactions between nonpolar amino acids also stabilize the three-
dimensional structures of proteins.



.- Hydrophilic
-\ “head group”

“Flickering clusters” of HoO e\
molecules in bulk phase /

Highly ordered HoO molecules form
“cages” around the hydrophobic alkyl chains

Long-chain fatty acids have very hydrophobic alkyl chains, each of
which is surrounded by a layer of highly ordered water molecules.



Dispersion of
lipids in HoO

Each lipid

molecule forces
surrounding HoO
molecules to become
highly ordered.

Clusters of lipid
molecules

Only lipid portions

at the edge of

the cluster force the

ordering of water.

Fewer HoO molecules
A2, are ordered, and

entropy is increased.

Micelles

All hydrophobic
groups are
sequestered from
water; ordered
shell of HoO
molecules is
minimized, and
entropy is further
increased.




Release of ordered water favors formation of an enzyme-substrate complex

 Hydrogen bonding between water and polar solutes also causes some ordering
of water molecules, but the effect is less significant than with nonpolar solutes.

 Part of the driving force for binding of a polar substrate (reactant) to the
complementary polar surface of an enzyme (both are separate entities) Is the
entropy increase as the enzyme displaces ordered water from the substrate.

Ordered water
interacting with
substrate and enzyme

Disordered water
displaced by
enzyme-substrate
interaction

Enzyme-substrate interaction
stabilized by hydrogen-bonding,
ionic, and hydrophobic interactions




Solutes Affect the Colligative Properties of Aqueous

Solutes of all kinds alter certain physical properties of the solvent, water: its
* vapor pressure
 boiling point
 freezing point
* 0osmotic pressure,

These are called colligative (“tied together”) properties, because the effect of solutes on
all four properties has the same basis: the concentration of water is lower in solutions
than in pure water.

The effect of solute concentration on the colligative properties of water is independent
of the chemical properties of the solute; it depends only on the number of solute
particles (molecules, ions) in a given amount of water.

A compound such as NaCl, which dissociates in solution, has twice the effect as does
an equal number of moles of a nondissociating solute such as glucose.

E.g the tendency of water molecules to move from the aqueous phase to the
surface of a forming ice crystal is reduced when some of the molecules that collide with
the crystal are solute, not water. In that case, the solution will freeze more slowly than
pure water and at a lower temperature.

For a 1.00 M aqueous solution of an ideal, nonvolatile, and nondissociating solute, the
freezing point is 1.86 °C lower (- 1.86) and the boiling point is 0.543 °C (100.543)
higher than for pure water.

For a 0.100 M solution of the same solute, the changes are one-tenth as large



Pure Water Is Slightly lonized

» Water molecules have a slight tendency to undergo reversible ionization to yield
a hydrogen ion (a proton) and a hydroxide ion, giving the equilibrium

H,O — H" + OH™

The position of equilibrium of any chemical reaction is given by its equilibrium
constant, Keq (sometimes expressed simply as K ).

A+B=—=C+D [H+][OH—]
k. _ LCID] By =

@~ TAIB] |[H50 ]




The lonization of Water Is Expressed by an equilibrium Constant
[H*I[OH]
[H>O]

[HTI[OH™]
Keq = 55.5 M

(65.5 M)(Keq) = [HTJIOH™] = K

Koy =

K, =[H'J[OH] = (565.5 m)(1.8 X 10" 1% m)

= 1.0 X 107 m?

K, = [H"JJOH ] = [H"?

[H*] = VK, = V1 x 1074 m2

[H"']=[OH ] =10""m™m

The concentration of pure water at 25 °C is 55.5 M (grams of H,O in 1 L divided by its gram
molecular weight: (1,000 g/L)/(18.0 g/mol)).
Kw = the ion product of water at 25 °C.

The value for K, determined by electrical-conductivity measurements of pure water,
Keq = 1.8 X 10 M at 25 °C .



pH
What does pH mean?

power of hydrogen ‘Denmark

potenz (also meaning power)‘German

puissance EEEE) French

pondus hydrogenii (meaning quantity of hydrogen) ‘ Romans
potentia hydrogenii (capacity of hydrogen) ‘ Romans
potential hydrogen mmmmp British

p = -log “mathematicians”

The initials pH stand for "power of hydrogen" or "Potential of Hydrogen” The pH
of a solution is nothing more than that, the potential of Hydrogen

pH= - log [H*] for pure water pH =-log [107] = 7

POH = - log [OH]
[H*] [OH]= 10-%4

* pH+pOH=14



Examples of solutions

The pH Scale

Battery acid, strong hydrofluoric acid

[H+] (M) pH [OH_] (M) pOH * Hydrochloric acid secreted by stomach lining

_ Lemon juice, gastric acid, vinegar
10~ 14

— Grapefruit juice, orange juice, soda
10 13 13 p J ge |

10° (1)
1071
g~
1073
10
107
10~°
1077 10”7
10~"2 105®
107° 10°
10~%° 107*
10~ 1073
10~ 10>
10~* 1071
10 10° (1)

1 O —12 1 2 Tomato juice, acid rain

10 =1 1 1 Soft drinking water, black coffee
101 10
1077
107°

Urine, saliva

{(®)

“Pure” water

Sea water

0
1
2
3
4
5
6
.
8

Baking soda

Great Salt Lake, milk of magnesia

Ammonia solution

Soapy water

Bleach, oven cleaner

O, NN W s o1 o N 0

Liquid drain cleaner




Strong and weak acids and bases

Strong acids such as: Hydrochloric (HCI), sulfuric (H,SO,), and nitric acids
(HNO,), are completely ionized in agueous solutions

HCH ——> H+ +CI-
Strong bases NaOH and KOH are also completely ionized.
NaOH ——> Nat+ + OH-

However, weak acids and bases are not completely ionized when dissolved in
water, they partially ionized .Therefore, their behavior in agueous solution is
characterized by an equilibrium reaction, and equilibrium constant, K,

According to Brgnsted-Lowry definition, acids are proton donors and bases

are proton acceptors - —
HA — H" + A

CH3COOH == H" + CH3COO~

[H'JAT] _

K. K,

17 [HA]

Equilibrium constants K., for ionization reactions are usually called
lonization or dissociation constants, often designated K,




The dissociation constants of some acids: monoprotic, diprotic, polyprotic

Monoprotic acids //0 /O
Acetic acid CH;C — CH;:,C\ + H"
(K,=1.74 X 10-5m) \OH o~

pK, =4.76
Ammonium ion NH;{ < NH; + H”
(K, =5.62 X 10-10n) pK, =925

Diprotic acids
Carbonic acid . - |
(K, =1.70 X 104 wm); H.CO; — HCO5; + H* HCO3 =— CO3~ +H
Bicarbonate pK, = 3.77 pK, =10.2
(K,=6.31 X 10-11n)

A

Glycine, carboxyl ITIH§ /0 ITTHér /( ]TTH; //O ITIHQ /0
(K, =4.57 X 10-3M); — + = sl i
Hilyeins: axian CH2C\ — CH,C + H UHZC\ — CHzc\ +H
(K, =2.51 X 10-10) OH 0~ o- e

K, = 2.34 K, |= 9.60

Triprotic acids
Phosphoric acid
(K, =17.25 X 10-3);
(I};hyd{"%‘m Pﬁjosg’h?te HyPO, 7= H,PO; + H* H,PO; = HPO?~ |+ H* HPO}~ <— PO}~ + H*
a= 1 X —iM); _ _
Monohydrogen phosphate i, = 214 pK, = 6.86 pK. =124
(K, =3.98 X 10-13 M)

1 2 3 4 5 6 7 8 9 10 11 12 13
pH

pKa = - log Ka; The stronger the tendency to dissociate a proton, the
stronger is the acid and the lower its pKa.



Weak Acids have Characteristic titration curves

Titration is used to determine the
amount of an acid in a given solution.

During titration, a measured volume
of the acid is titrated with a solution
of a strong base, usually sodium
hydroxide  (NaOH), of known
concentration.

The NaOH is added in small
increments until the acid is consumed
(neutralized), The concentration of the
acid in the original solution can be
calculated from the volume and
concentration of NaOH added.

A plot of pH against the amount of
NaOH added (a titration curve)
reveals the pKa of the weak acid

8 CH,CO00- | -

75 [CH,COOH] = [CH;CO0]

T pH 5.76

Buffering
region

& _J—pHS.76

pH = pK, = 4.76

21 <~ CH,COOH

0 L [ ]
0 01020304 05 06 07 08 09 1.0

OH~™ added (equivalents)

I | I
0 50 100%
Percent titrated

The titration curve of acetic acid




pH
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Midpoint

13 of
5 titration

il
11- pK, = 9.25

[NH;I]=[NH,]
10 i
9|

[H,PO; | = [HPO} ] |

l

1

[CH,COOH] = [CH,CO0 |

1| |CH,COOH

0

OH™ added (equivalents)

0 50
Percent titrated

Buffering
regions:

10.25
T

NH,

L 8.25
TT.SG

Phosphate

2.86
5.76

| Acetate

1 —-L— 3.76

| 1 | | | | | | |
0 0.1 02 03 04 05 06 07 08 09 1.0

100%




Buffers Are Mixtures of Weak Acids and Their Conjugate Bases

Almost every biological process is pH dependent; a small change in pH produces a
large change (unfavorable) in the rate of the process.

Cells and organisms maintain a specific and constant cytosolic pH, keeping
biomolecules in their optimal ionic state, usually near pH 7.

In multicellular organisms, the pH of extracellular fluids is also tightly
regulated. Constancy of pH is achieved primarily by biological buffers.

Buffers are aqueous systems that tend to resist changes in pH when small amounts
of acid (H+) or base (OH-) are added. A buffer system consists of a weak acid (the
proton donor) and its conjugate base (the proton acceptor).

OH- H,O

Acetic acid HAc Ac Acetate
(CH;COOH) (CH;CO0O )

q+




Henderson-Hasselbalch equation relates pH, pKa, and Buffer Concentration

HA — H'" + A~

_[H'][A™]
Ka = [HA]
First solve for [H']: — s Ku%

Then take the negative logarithm of both sides:

(HA]
[A7]

—log [H*] = —log K, — log

Substitute pH for —log [H"] and pK, for —log K,:

B [HA]
pH = pK, — log A
Now invert —log [HA]/[A ]
[A7]
pH = pK, + log THA]

Stated more generally,

[proton acceptor]
[proton donor]

pH = pK, + log




Biological Buffers protect Cells and Tissues against pH Changes

The intracellular and extracellular fluids of multicellular organisms have a characteristic and
nearly constant pH.

The organism’s first line of defense against changes in internal pH is provided by buffer
systems.

The cytoplasm of most cells contains high concentrations of proteins, which contain many
amino acids with functional groups that are weak acids or weak bases.

Weak acids and its conjugate base provide best buffering power around (+1) the pKa.
Two especially important biological buffers are the phosphate and bicarbonate systems.

The phosphate buffer system, which acts in the cytoplasm of all cells, consists of H,PO-, as
proton donor and HPO, as proton acceptor

The phosphate buffer system is maximally effective at a pH close to its pKa of 6.86 and thus
tends to resist pH changes in the range between about 5.9 and 7.9.

H2P04_ — H+ =+ HPO4_

Blood plasma is buffered in part by the bicarbonate system, consisting of carbonic acid
(H,CO;) as proton donor and bicarbonate (HCO;) as proton acceptor:

HzCOg —_ HjL + HCOS_



Titrantion curve of polyprotic (triprotic) acid

First Second Third
Equivalence  pqiivalence  Equivalence
Point Point Point
Midpoint 3
12 [HAZ]=[A%]
” | :
Midpoint 22
8 [H,A]=[HAT]
pH
Midpoint 1 l

6 [[H;A1=[H,A]

10

20 30

Volume of Titrant Added (mL)




Macromolecules: The Chemical Building Blocks of Life

The frameworks of biological molecules consist predominantly of carbon atoms
bonded to other carbon atoms or to atoms of oxygen, nitrogen, sulfur or
hydrogen.

Because carbon atoms possess four valence electrons and so can form four
covalent bonds, molecules containing carbon can form straight chains,
branches, or even rings, generating a wide range of molecular structures and
shapes.

Organic molecules consisting only of carbon and hydrogen are called
hydrocarbons. Covalent bonds between carbon and hydrogen are energy-rich
making hydrocarbons as good fuels.

Carbon and hydrogen atoms both have very similar electronegativities, so
electrons in C—C and C—H bonds are evenly distributed, and there are no
significant differences in charge over the molecular surface. For this reason,
hydrocarbons are nonpolar.

Most organic molecules (biological molecules) that are produced by cells
contain C—H core to which specific groups of atoms called functional groups
are attached. These atoms that often have different electronegativities giving
biological molecules their polar characteristics



Functional Groups

Chemical Group
Hydroxyl group (—OH)

d | —oH

(may be written HO—)

Carbonyl group (>C =0)

Carboxyl group (—COQOH)

® 0

o

Group Properties
and Compound Name

Is polar due to electronegative oxygen.
Forms hydrogen bonds with water,
helping dissolve compounds such as
sugars.

Compound name: Alcohol (specific
name usually ends in -o/)

Sugars with ketone groups are called
ketoses; those with aldehydes are called
aldoses.

Compound name: Ketone (carbonyl
group is within a carbon skeleton) or
aldehyde (carbonyl group is at the end of a
carbon skeleton)

Acts as an acid (can donate H*) because
the covalent bond between oxygen and
hydrogen is so polar.

Compound name: Carboxylic acid, or
organic acid

Examples

in alcoholic beverages

H o
|

H— ?_ ?_ oy  Ethanol, the alcohol present
H H

H O H
| B |
H—E———E—H
H H

Acetone, the simplest ketone

OH

Acetic acid, which gives
vinegar its sour taste

H H

0

Ny
H—c—cid
A

H H H

Propanal, an aldehyde

lonized form of —CQOOH
(carboxylate ion),
found in cells




Chemical Group

Group Properties
and Compound Name

Examples

Amino group (—NH)

Acts as a base; can pick up an H* from

the surrounding solution (water, in living 0 T H T
organisms). \ /
o ? Ne—ctn |+ = TN—H
—N Compound name: Amine / | N |
\ HO H H | H
J i Glycine, an amino acid lonized form of —NHs,
(note its carboxyl group) found in cells
Sulfhydryl group (—SH) Two — SH groups can react, forming a
“cross-link” that helps stabilize protein o
structure. Hair protein cross-links maintain K\\C/OH
the straightness or curliness of hair; in hair | _
—d —SH salons, “permanent” treatments break H—C — CH>—SH Cyste_me, a sulfur- _
; cross-links, then re-form them while the | 2 containing amino acid
/ (may be written HS —) hair is in the desired shape. N
T
Compound name: Thiol H H
Phosphate group (—OP0O3%") Contributes negative charge (1- when
positioned inside a chain of phosphates;

2— when at the end). When attached,
confers on a molecule the ability to react
with water, releasing energy.

OH OH H ﬁ

|
SRR

Glycerol phosphate, which
takes part in many important
chemical reactions in cells

b o Compound name: Organic phosphate H H H 0"
Methyl group (— CHs) Affects the expression of genes when NH
bonded to DNA or to proteins that bind [ z
to DNA. Affects the shape and function & CH 5-Methvl Rt
T of male and female sex hormones. |\|I¢ \ﬁ/ : a co%pgngﬁcg‘l?)ﬁ:\.m yrtag?ne'
o _ been modified by addition of
d C—ri Compound name: Methylated O¢C \N/C ~4 a methyl group.

compound




Biological Macromolecules

Some organic molecules in organisms are small and simple, containing only one or a few
functional groups. Others are large complex assemblies called macromolecules.

In many cases, these macromolecules are usually polymers, molecules consisting of
many similar or identical building blocks (called monomers) linked by covalent bonds.

In addition to forming polymers, some monomers have functions of their own. For
example, complex carbohydrates like starch are polymers of simple ring-shaped sugars,
proteins are polymers of amino acids, and nucleic acids (DNA and RNA) are polymers of
nucleotides.

Biological macromolecules are traditionally grouped into four major categories:
Proteins Nucleic acids Lipids Carbohydrates

Q-

Monomer

Polymer




Carbohydrates are a source of
energy and provide structural
support.

"oa'ﬂn."‘.' G“j Glucose

Carbohydrate (starch)

Nucleic acids
store genetic
information and
function in gene
expression.

L1

Nucleotide

Nucleic acid (DNA)

Proteins have a wide
range of functions, such
as catalyzing reactions

and transporting [\9
substances D

-

Amino acid

Protein (alcohol dehydrogenase)

The fourth class, lipids,
are not polymers

Lipids are a group of
diverse molecules that do
not mix well with water. Key 8
functions include providing
energy, making up cell
membranes, and acting as
hormones.

Lipid
(phospholipid)




Macromolecule

Starch, glycogen

Cellulose

Chitin

DNA
RNA

Functional

Structural

Triglycerides (animal fat, oils)

Phospholipids

Prostaglandins
Steroids

Terpenes

Subunit

CARBOHYDRATES
Glucose
Glucose
Modified glucose

NUCLEIC ACIDS
Nucleotides
Nucleotides
PROTEINS
Amino acids
Amino acids
LIPIDS

Glycerol and three fatty acids

Glycerol, two fatty acids, phosphate, and polar
R groups

Five-carbon rings with two nonpolar tails
Four fused carbon rings

Long carbon chains

Function

Energy storage

Structural support in plant cell
walls

Structural support

Encodes genes

Needed for gene expression

Catalysis; transport

Support

Energy storage

Cell membranes

Chemical messengers
Membranes; hormones

Pigments; structural support

Example

Potatoes

Paper; strings
of celery

Crab shells

Chromosomes

Messenger RNA

Hemoglobin

Hair; silk

Butter; corn oil; soap

Phosphatidylcholine

Prostaglandin E (PGE)
Cholesterol; estrogen

Carotene; rubber




The Synthesis and Breakdown of Polymers

« Although each class of polymer is made up of a different type of monomer, the chemical
mechanisms by which cells make polymers (polymerization) and break them down are
similar for all classes of large biological molecules and, these processes are facilitated by
enzymes that speed up (catalysis) chemical reactions.

» The reaction that connects a monomer to another monomer or a polymer is a condensation
reaction, a reaction in which two molecules are covalently bonded to each other with the loss of
a water molecule so it is known as a dehydration reaction. For every subunit that is added to a
macromolecule, one water molecule is removed. Energy is required to break the chemical
bonds when water is extracted from the subunits, so cells must supply energy to assemble
macromolecules.

For example, carbohydrate and protein Dehydration reaction: synthesizing a polymer

polymers are synthesized by dehydration
(HORS )—H

reactions. Each reactant contributes part of
Short polymer Unlinked monomer

the water molecule that is released during
the reaction: One provides a hydroxyl

group (—OH), while the other provides a Dehydration removes a water \
hydrogen (—H). molecule, forming a new bond. @

This reaction is repeated as monomers are =

Vg

added to the chain one by one, lengthening HO—ll—W2 49—H
the polymer

Longer polymer




The Synthesis and Breakdown of Polymers

» Polymers are disassembled to monomers by hydrolysis, a process that is
essentially the reverse of the dehydration reaction during which the bond
between monomers is broken by the addition of a water molecule, with a
hydrogen from water attaching to one monomer and the hydroxyl group
attaching to the other.,

« Hydrolytic reactions release the energy that was stored in the bonds that were

broken.
Dehydration reaction: synthesizing a polymer Hydrolysis: breaking down a polymer
@ ( ' H N p p
HO 1 2 3 4 H
Short polymer Unlinked monomer

Dehydration removes a water \ Hydrolysis adds a water @
molecule, forming a new bond. @ molecule, breaking a bond.

' ’ ’ ; Y :

Longer polymer




Carbohydrates

Carbohydrates serve as fuel and building material and include sugars and
polymers of sugars.

Carbohydrates are polyhydroxy aldehydes or ketones, or substances that yield
such compounds on hydrolysis.

Many, but not all, carbohydrates have the empirical formula (CH,O)n;
There are three major size classes of carbohydrates:

— monosaccharides,

— oligosaccharides,

— polysaccharides

The simplest carbohydrates are the monosaccharides, or simple sugars; these
are the monomers from which more complex carbohydrates are built.

Disaccharides are double sugars, consisting of two monosaccharides joined by
a covalent bond (glycosidic bond)

Polysaccharides are carbohydrate polymers composed of many sugar
building blocks.



Sugars

Mor?osaccg]arideﬁ (from the Greek”mohnos, Aldoses (Aldehyde Sugars) Ketoses (Ketone Sugars)
sIingie, ana sacchar, sugar) generally have Carbonyl group at end of Carbonyl group within
molecular formulas that are some multiple carbon skeleton carbon skeleton
of the unit CH,0.
Glucose (C6H12_O6)’ the most common Trioses: three-carbon sugars (C;H,0,)
monosaccharide, is of central importance in
the chemistry of life y 4B i

\J |

C H—CI—OH
Depending on the location of the carbonyl H_C'_OH (=0
group, a monosaccharide is either an aldose | ' C| i
(aldehyde sugar) or a ketose (ketone sugar). oS B e
Glucose, for example, is an aldose; fructose, H H
Is a ketose. Glyceraldehyde Dihydroxyacetone
Another criterion for C|assifying An initial breakdown An initial breakdown
monosaccharides is the size of the carbon product of glucose product of glucose
skeleton, which ranges from 3 to 7 carbons
long.
Glucose, fructose, and other sugars that have  The simplest monosaccharides are the
six carbons are called hexoses. two three-carbon trioses:

Trioses  (three-carbon  sugars) and * Glyceraldehyde, an aldotriose

pentoses (five-carbon sugars) are also _ _
common. « Dihydroxyacetone, a ketotriose



Aldoses (Aldehyde Sugars)
Carbonyl group at end of
carbon skeleton

Ketoses (Ketone Sugars)
Carbonyl group within
carbon skeleton

Pentoses: five-carbon sugars (C;H,,O5)

Ribose
A component of RNA

Ribulose
An intermediate
in photosynthesis

Hexoses: six-carbon sugars (C;H,,0,)

Glucose Galactose
Energy sources for organisms

H
H —CI—OH
HO —C—H
H —(!—OH
H—C—OH
H —(IZ—OH
!
Fructose

An energy source for organisms




Monosaccharides Have Asymmetric Centers

All  the monosaccharides except
dihydroxyacetone contain one or more
asymmetric (chiral) carbon atoms
(carbon attached to four different atoms
or groups of atoms and thus occur in
optically active isomeric forms.

All  pure chiral compounds are
optically active

Many of the carbon atoms to which
hydroxyl groups are attached are chiral
centers, which give rise to the many
sugar stereoisomers found in nature.

The simplest aldose, glyceraldehyde,
contains one chiral center (the middle
carbon atom) and therefore has two
different optical isomers, or enantiomers

By convention, one of these two forms
IS designated the D isomer, the other
the L isomer.

Aldoses (Aldehyde Sugars)
Carbonyl group at end of
carbon skeleton

H A8
/
\C/

H OH

|

._CI__

H—C|—OH
H

Glyceraldehyde
An initial breakdown
product of glucose

Ketoses (Ketone Sugars)
Carbonyl group within
carbon skeleton

Trioses: three-carbon sugars (C;H;0,)

H
H—Cl—OH
=0
H—(I',—OH
A

Dihydroxyacetone
An initial breakdown
product of glucose




Stereoisomers of monosaccharides

O H O H
\/ \/ {]%Cfli é G%CKH
HO——H H—r—OH H(J—[:I—H : H—C—OH
H——OH T CH,OH CH,0H

HO H | Mirror |
HO——H H——OH ane
. _H H_ [}%EKH . E]%'EH_,H
CHZOH CHZOH éHEIDH éHEOH
L-Glyceraldehyde D-Glyceraldehyde
L-Glucose D-Glucose

The stereoisomers of monosaccharides of each carbon-chain length can
be divided into D and L as they differ in the configuration about the
chiral center (asymmetric carbon atom) most distant from the
carbonyl carbon



H O
A4
C

|
H—(I)—OH
CH,OH

D-Glyceraldehyde

(|3H20H
(|::0
CH,OH

5 ] O
N
C

H—G—oH
H—(|3—OH
T

CH,0H

H\C //O
H—G—oH
HO—(ll—H
H—(ll—OH
H—C—on
(|3H20H

D-Glucose

Dihydroxyacetone

D-Ribose

\C/
H—(ll—OH
HO—(I]—H
HO—(ll—H
H—G—on
éHzOH

D-Galactose

CH,OH
¢—o
HO—C—n
H—(|3—OH
H—(lj—OH
(|3H20H

D-Fructose




Fructose

H
|

H=C=—0n
6=0
HO—(IJ—H
H—(|3—OH
H—é—OH
H—(II—OH
.

Glucose

Galactose




Linear and ring forms of monosaccharides

In aqueous solutions, glucose molecules, as well as most other five- and six-carbon
monosaccharides, form rings, because they are the most stable form of these sugars
under physiological conditions.

In these cyclic (ring) structures, the carbonyl group has formed a covalent bond with
the oxygen of a hydroxyl group along the chain.

The formation of these ring structures is the result of a general reaction between
alcohols and aldehydes or ketones to form derivatives called hemiacetals or
hemiketals.

When an alcohol adds to an aldehyde, the result is called a hemiacetal; when an
alcohol adds to a ketone the resulting product is a hemiketal.

Groups pointing to the right in the Fisher (linear) straight chain form, they point
down in the ring form, while those to the left are point up in the ring

H O
R
1<|5 6 CH,OH 6 CH,OH
2
H—C— OH N 5¢ o
5 H /| H & ya \ 5
HO —C—H \ Vs \ /£ H /
4| o 4C OH 1C\ — 1@ OH 1C
S T AN Y T N
H—-SCl—OH 3C C 3|C (li
H—6f—0|-| H OH ¥ OH
H



o and p and anomers

Isomeric forms of
monosaccharides that differ only
In their configuration about the
hemiacetal or hemiketal carbon
atom (anomeric carbon) are called
anomers.

The o and p anomers of D-
glucose interconvert in aqueous
solution by a process called
mutarotation.

|/H
HO\

40
S
1cI:/
H2C—OH
HO-C—H

H—“(|3—0H
H->C—O0H
°CH,OH

I

6 CH,0H

\/H

|/ s

2I
OH

a-D-Glucose

HO\

pD-Glucose

'\\
\\\

6(I,HQOH

I/ ] \ /OH
|/ &
c')H
B-D-Glucose

2 |




Classes of carbohydrates

There are three major size classes of carbohydrates:
— Monosaccharides
— Oligosaccharides,
— Polysaccharides

Monosaccharides, or simple sugars, consist of a single polyhydroxy aldehyde or
ketone unit. The most abundant monosaccharide in nature is the six-carbon
sugar D-glucose, sometimes referred to as dextrose.

Oligosaccharides consist of short chains of monosaccharide units, or residues,
joined by characteristic linkages called glycosidic bonds. The most abundant are
the disaccharides, with two monosaccharide units.

In cells, most oligosaccharides consisting of three or more units do not occur
as free entities but are joined to nonsugar molecules forming glycoconjugates
(lipids: glycolipids or Proteins glycoproteins).

The polysaccharides are sugar polymers containing more than 20 or so
monosaccharide units, and some have hundreds or thousands of units.

Some polysaccharides, such as cellulose, are linear chains; others such as
glycogen, are branched.



Monosaccharides are Reducing Agents

Monosaccharides are Reducing Agents they can be oxidized by relatively
mild oxidizing agents such as ferric (Fe3*) or cupric (Cu®*) ion.

During this reduction activity, the carbonyl carbon (anomeric carbon) is
oxidized to a carboxyl group.

Sugars capable of reducing ferric or cupric ion are called reducing sugars.
Oxidation is loss of electrons, loss of hydrogen or gain of oxygen

Reduction is gain of electrons, gain of hydrogen, or loss of oxygen.

Oxidation

Dl D

H—>C—OH
HO—C—H
H—C—OH

5 |
H—(‘)—OH

OH
B-D-Glucose

D-Glucose
(linear form)

6CH2 OH Reduction

H—(IJ—OH
HO—C—H

G

H—C—OH
—

|
H—C—OH

|
CH,OH

D-Gluconate




A disaccharide consists of two monosaccharides joined
by a glycosidic linkage

A disaccharide consists of two monosaccharides joined by a glycosidic
linkage (dehydration reaction), a covalent bond formed between two

monosaccharides with a hydroxyl group of one sugar and the anomeric
carbon of the other

For example:

Maltose is a disaccharide formed by the linking of 2 molecules of D-
glucose.

Sucrose, the most prevalent disaccharide is formed by linking 2 different
monomers: D-glucose and D-fructose

Lactose, the sugar present in milk, is another disaccharide, in this case a
D-glucose joined to a D-galactose .

Disaccharides must be broken down into monosaccharides to be used for
energy by organisms.




Dehydration reaction in the synthesis of maltose.

The bonding of two D-glucose units
forms maltose.

The 1—4 glycosidic linkage joins the
number 1 carbon of one D-glucose to the
number 4 carbon of the second D-glucose.

Joining the glucose monomers in a
different way would result in a different
disaccharide.

1-4

O H glycosidic  H
1 linkage 4

Maltose




The  disaccharide  maltose
contains two D-glucose
residues joined by a glycosidic
linkage between C-1 (the
anomeric carbon) of one

alcohol

a-D- Glucose B-D- Glucose

glucose residue and C-4 of the hydm,ymﬂ condensation
other.
Because the disaccharide GCg{zOH

maltose preserves a free 0

anomeric carbon C-1 of the
glucose residue on the right,
maltose Is a reducing sugar. B- Maltose

The configuration of the anomeric carbon atom in the glycosidic linkage
IS a, SO the linkage is a(1—4).

The glucose residue with the free anomeric carbon is capable of existing
In a and B forms (anomers)



Disaccharide Sucrose

« Sucrose is a disaccharide formed from D-glucose and
D-fructose.

* Notice that fructose forms a five-sided ring, though it
is a hexose like glucose.

« The sucrose molecule is exceptional among the
common disaccharides in having an a-1, pB-2-
glycosidic (head-to-head) al« 2f linkage.

« Because this glycosidic linkage is formed by the OH
group on the anomeric carbon of a-D-glucose and the
OH group on the anomeric carbon of p-D-fructose,
it ties up the anomeric carbons of both glucose and
fructose.

* In contrast to maltose and lactose, sucrose contains
no free anomeric carbon atom: therefore, sucrose is
a non-reducing sugar

Nonreducing disaccharides are named as glycosides; in

this case, the positions joined are the anomeric carbons.

In the abbreviated nomenclature, a double-headed arrow

connects the symbols specifying the anomeric carbons

and their configurations.

CH,OH CH,OH
H
OH H H HO
HO 00 CH,OH
H OH l OH H
Glucose Fructose
LHyOH 1-2 CH,OH
H: O H glycosidic Q H
1 link 2
inkage H HO
HO 0 CH,OH
H OH OH H

Sucrose

The abbreviated name of sucrose is
either:

*  Glc(al < 2B)Fru

* Fru(p2 < 1a)Glc




Disaccharide Sucrose

Sucrose

a-D-glucose + B-D-fructose
lycosidic linkage

(head-to-head)




Disaccharide Lactose

SCH,OH SCH,OH

Lactose

D-galactose +one molecule of D-glucose

CGal(1-4)Gle>

The disaccharide lactose, which vyields D-galactose and D-glucose on
hydrolysis, occurs naturally only in milk.

The anomeric carbon of the D-glucose residue is available for oxidation, and
thus lactose is a reducing disaccharide.

Its abbreviated name is Gal B(1— 4)Glc.




Polysaccharides

Most carbohydrates found in nature occur as polysaccharides, polymers of medium
to high molecular weight.

Polysaccharides, also called glycans, differ from each other in:
— The identity of their repeated monosaccharide units
— The length of their chains
— The types of bonds linking the units
— The degree of branching.

Homopolysaccharides contain only a single type of monomer.
Heteropolysaccharides contain two or more different kinds.

Some homopolysaccharides serve as storage forms of monosaccharides that are used as fuels;
e.g. starch and glycogen.

Other homopolysaccharides serve as structural elements in plant cell walls and animal
exoskeletons; e.g. cellulose and chitin.

Heteropolysaccharides provide extracellular support for organisms of all kingdoms. For
example, the rigid layer of the bacterial cell envelope (the peptidoglycan) is composed in
part of a heteropolysaccharide built from two alternating monosaccharide units.

The extracellular space of animal tissues is occupied by several types of
heteropolysaccharides, which form a matrix that holds individual cells together and
provides protection, shape, and support to cells, tissues, and organs



Homopolysaccharides Heteropolysaccharides

Unbranched Branched Two Multiple
monomer monomer
types, types,

unbranched branched




Storage Polysaccharides

The most important storage polysaccharides are starch in plant cells and
glycogen in animal cells.

Organisms store the metabolic energy contained in monosaccharides by
converting them into disaccharides, such as maltose, which are then linked
together into insoluble forms that are deposited in specific storage areas in their
bodies. These insoluble polysaccharides are long polymers of
monosaccharides formed by dehydration reaction.

Both polysaccharides (starch and glycogen) occur intracellularly as large
clusters or granules .

Starch and glycogen molecules are heavily hydrated, because they have many
exposed hydroxyl groups available to hydrogen-bond with water.

Plants store starch as granules within chloroplasts and other organelles which

provides a reservoir of energy available for future needs. Energy for cellular
work can be retrieved by hydrolyzing the links that bind the glucose subunits
together.

Most plant cells have the ability to form starch, but it is especially abundant in
tubers, such as potatoes, and in seeds.



Storage Polysaccharides: Starch and Glycogen

Starch contains two types of glucose polymer, amylose and amylopectin.
The amylose consists of long, unbranched chains of D-glucose residues
connected by a (1—>4) linkages. Such chains vary in molecular weight from
a few thousand to more than a million.

Amylopectin also has a high molecular weight (up to 100 million) but
unlike amylose is highly branched.

The glycosidic linkages joining successive glucose residues in amylopectin
chains are (oo 1—4); the branch points (occurring every 24 to 30 residues)
are (o 1—>6) linkages.

Glycogen is the main storage polysaccharide of animal cells.

Like amylopectin, glycogen is a polymer of (oo 1—4) -linked subunits of
glucose, with (oo 1—6) —linked branches, but glycogen is more extensively
branched (on average, every 8 to 12 residues) and more compact than
starch.

Glycogen is especially abundant in the liver where it may constitute as much
as 7% of the wet weight; it is also present in skeletal muscle.



O
H H
Nonreducing 4 H N, Reducing
end OH H end
O
H OH
(a) amylose
|
(a1—6)
branch Amylose
Branch point T
Reducing
" ends
Nonreducing _ {

ends
Amylopectin

Main H OH
chain




(b) Amylopectin

(a) Amylose

(c) Glycogen




Some Homopolysaccharides Serve Structural Roles

Cellulose, a fibrous, tough, water-insoluble substance, is found in the cell walls
of plants,

Like amylose and the main chains of amylopectin and glycogen, the cellulose
molecule is a linear, unbranched homopolysaccharide, consisting of 10,000
to 15,000 D-glucose units, but in the B configuration (B 1—4) glycosidic
linkage).

Chitin is a linear homopolysaccharide composed of N-acetylglucosamine
residues in B linkage. The only chemical difference from cellulose is the
replacement of the hydroxyl group at C-2 with an acetylated amino group.

Chitin forms extended fibers similar to those of cellulose, and like cellulose
cannot be digested by vertebrates.

Chitin is the principal component of the hard exoskeletons of nearly a million
species of arthropods—insects, lobsters, and crabs,— many fungi, and is
probably the second most abundant polysaccharide, next to cellulose, in nature.

Dextrans are bacterial and yeast polysaccharides made up of (o« 1—-6) -linked
poly-D-glucose; all have (a0 13 ) branches, and some also have (o 1—>2) or
(a0 1—>4) branches.



Starch and cellulose structures.

(a) a and B glucose ring
structures. These two

|
interconvertible forms of H—C‘_OH
glucose differ in the
placement of the hydroxyl — S —
group (highlighted in blug) H—C—OH
attached to the number 1 =
carbon. H OH H—C—OH H OH
a Glucose H—C|—OH B Glucose
|
CH,OH CH,OH CH,O0H CH,OH CH,OH OH CH,OH OH
0 0 0 0 0 0
_ Od OH | O\ OH
OH ( OH OH OH OH OH
HO ‘ 0 0 OH HO e 0 ~/ OH
0 0
OH OH OH OH OH CH,0H OH CH,0H

(b) Starch: 1-4 linkage of o glucose monomers. All monomers
are in the same orientation. Compare the positions of the
—OH groups highlighted in yellow with those in cellulose (c).

(c) Cellulose: 1-4 linkage of B glucose monomers. In cellulose,
every 3 glucose monomer is upside down with respect to its
neighbors. (See the highlighted —OH groups.)




Chitin is a linear homopolysaccharide
composed of  N-acetylglucosamine
residues in - linkage.

The only chemical difference from
cellulose is the replacement of the
hydroxyl group at C-2 with an acetylated
amino group

CH,OH <« The structure

0 of the chitin
H OH monomer
OH H

H

H I\llH

T

CH,




—0

Dextran(o 1—56)
-D-glucose

OH /
C HaOH

& 6

CHa

0 |-|2
OH J—D
OH .
i OH | ﬁ OH 0
OH 'I3Hz
]
(e 1—33) D-glucose -
OH

CH




Structural Heteropolysaccharides: Bacterial Cell Wall
(Peptidoglycan or murine )

* The rigid component of bacterial

cell walls (known as T ——
peptidoglycan or murein) is a R o T —
heteropolymer of alternating T
(B1—>4)-linked: 1

. Site of
N-acetylglucosamine and cleavage by

lysozyme

N-acetylmuramic acid residues.

 The linear polymers lie side by | .. .-
side in the cell wall, crosslinked .
by short peptides that join or
interfuse the polysaccharide chains Ponkiglu e
(glycan) into a strong sheath that
envelops the entire cell and
prevents cellular swelling and lysis
due to the osmotic entry of water.

The enzyme lysozyme (notably present in tears ) Kills bacteria by hydrolyzing the
(B1—4) glycosidic bond between N-acetylglucosamine and Nacetylmuramic acid




Structures and Roles of Some Polysaccharides

Polymer Repeating unit Roles/significance

Starch Energy storage: in plants
Amylose (a1—4)Glc, linear
Amylopectin (a1—4)Glc, with
(a1—6)Glc
branches every
24-30 residues
Glycogen (a1—4)Glc, with Energy storage: in bacteria and animal cells
(a1—6)Glc
branches every
8-12 residues
Cellulose Homo- (B1—4)Glc Structural: in plants, gives rigidity and
strength to cell walls
Chitin Homo- (B1—4)GIcNAc Structural: in insects, spiders, crustaceans,
gives rigidity and strength to exoskeletons
Dextran Homo- (a1—6)Glc, with Structural: in bacteria, extracellular adhesive
(a1—3) branches
Peptidoglycan Hetero-; 4)Mur2Ac(B1—4) Structural: in bacteria, gives rigidity and
peptides GlcNAc(B1 strength to cell envelope
attached
Agarose Hetero- 3)p-Gal(B81—4)3,6- Structural: in algae, cell wall material
anhydro-.-Gal(a 1




Amino Acids Are the Building Blocks of Proteins
Proteins are polymers of amino acids, with each amino acid residue joined to its
neighbor by a specific type of covalent bond: the peptide bond

Although proteins are complex and multipurpose molecules, they are all polymers
of only 20 amino acids (a-amino acids) , in a specific order.

An amino acid is a molecule containing an amino group (—NH2), a carboxyl
group (—COOH), a hydrogen atom, and a variable group symbolized by R.

All four components are bonded to a central asymmetric carbon atom called the o
carbon (C#2), except glycine . The R group, also called the side chain, differs with

each amino acid.

Side chain (R group)
R groups may be simple as hydrogen atom, or it
may be a carbon skeleton with various functional & caibisn
groups attached. — /o ~
The physical and chemical properties of the side H\N__ I
chain determine the unique characteristics of a HY | | | Non
particular amino acid, thus affecting its functional H ,
role in a polypeptide. Amino Carboxyl

group group
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CH;—CHy;—CHy;—CHy—

|
+NH;

(|3H—COO
*NHj

Lysine




Side chain (R group)
a carbon R COO-
/ @) | + |
- B H,N—C—COOH H,N— (it —H
/ X |
H |
¥ OH H R
Amino Carboxyl
group group

Side chain (R group)

« carbon
2N K//o
ATTTN
H
" OH
Amino Carboxy!|
group group

non-ionized amino acid

Side chain (R group)

o carbon
H ,,//O
H /N* T C\
H ! OH
Amino Carboxyl
group group

lonized amino acid




Stereoisomers of amino acids

* For all the common amino acids except
glycine, the o carbon is bonded to four

different groups: a carboxyl group, an
amino group, an R group, and a hydrogen

atom.

* The a-carbon atom is thus a chiral center

for all amino acids, expect glycine, and

have two possible
mirror  images
enantiomers.

stereoisomers

nonsuperimposable
called

* L-amino acids are those with the a-amino

group on the left,

» D-amino acids have the a-amino group on

the right.

* The amino acids that make up the proteins
In our bodies are all L-amino acids.

1(._ZHO CHO
HO=2C—H H—C —OH
3CH,OH CH,OH
L-Glyceraldehyde D-Glyceraldehyde
COO~ COO g
L-Alanine D-Alanine




Classification of amino acids

 The 20 common amino acids are grouped into four chemical
classes, based on their R side groups:

— Group I: Hydrophobic (nonpolar) amino acids: alanine,
valine, tyrosine, leucine, isoleucine, phenylalanine,
methioning, and tryptophan.

— Group I1: Hydrophilic (polar uncharged) amino acids: are
serine, threonine,, asparagine, and glutamine.

— Group Ill: Hydrophilic (polar charged) amino acids
(lonizable amino acids: acidic —ve [aspartic acid and
([:;Iutamlc acid] and basic +ve [arginine, histidine, and

ysine]).

— Group 1V: Special amino acids have distinctive individual
properties: cysteine, glycine proline



HYDROPHOBIC AMINO ACIDS

COO

+*H;N—C—H

|

Alanine
(Ala or A)

COO

+H3N—(|.;—H

iy
T
S

I
CH,

Methionine
(Met or M)

(|ZOO_

*H3N—C—H

|
CH
o

HC CH,

Valine

(Val or V)

COO

+mN—$—H

CH,

Phenylalanine
(Phe or F)

COO

*H;N—C—H

COO~
*H;N—C—H

H_cl:_ CH3 (l:Hz
CH2 CH
| : i
CH, H,C CH,
Isoleucine Leucine
(lle or i) (Leu or L)
(|ZOO_ (IZOO_
+H3N—(|:—H +H3N—('|)—H
CH., ?Hg
= CZQH
] NH
TN
OH \ /
Tyrosine Tryptophan
(TyrorY) (Trp or W)




Polar amino acids with uncharged R groups

CO0™~
+mN—é—H

H,

o

Serine
(Ser or S)

COO

|
+mN—?—H
.

PN
H,N" 0

Asparagine
(Asn or N)

(IZOO_

*H;N—C—H

|
H—?—OH
CH,

Threonine
(Thror )

?00‘
ﬂﬁN—?—H
iy

7 R
H,N© O

Glutamine
(GIn or Q)




?00‘
*HzN—C—H

Lysine
(Lys or K)

Hydrophilic (polar) amino acids

Basic amino acids

COO™

|
*H;N—C—H

|

i
Iy
CH,

|
NH

|
C‘: NH2+
NH,

Arginine
(Arg or R)

COO™

|
*H;N—C—H

Histidine
(His or H)

Acidic amino acids

(llOO_

*H,N—C—H

|
i
00"

Aspartate
(Asp or D)

Aspartic acid

COO

COO

Glutamate
(Glu or E)

Glutamic acid




Special amino acids

COO

|
*H;N—C—H

CH,
SH

Cysteine
(Cys or C)

?00‘
+mN—?—H
H

Glycine
(Gly or G)

COO

e
*H,N” CH,

| |
H,C ——CH,

Proline
(Pro or P)




COO~ COO~
- -
Cysteine
CH2 CHZ
2H™ + 2e~
sH S
x = Cystine
SH N\ =
2H" + 2e~
; CHZ CH2
Cysteine " 4
CH—NH; CH—NH;
COO~ COO~

Reversible formation of a disulfide (S-S) bond by the oxidation of two

molecules of cysteine.
Disulfide bonds between Cys residues stabilize the structures of many

proteins.



Amino Acids are Amphoteric act as Acid and Base

basic acidic
group H group H
\ I I
H,N — C— COO *H,N—C—CO0™
I I
R R
amino acid zwitterion




Amino Acids are Amphoteric act as Acid and Base

When an amino acid is dissolved in water, it exists in zwitterion
solution as the dipolar ion, or zwitterion (German for ®
“hybrid ion) NH;
A zwitterion can act as either an acid (proton donor) R—(lj—COO@
or a base (proton acceptor) |
H
cation zwitterion anion
® ®
NH; NH; NH,
R—C—COOH +=—= R—C—COO +—=* R—C—COO
| | |
H H H
low pH pH high pH




monoamino monocarboxylic a-amino acid

A simple monoamino monocarboxylic a- amino acid, such as alanine, Is
a diprotic acid when fully protonated—it has two groups, the COOH
group and the NH;* group, that can yield protons

I
R—(|3—COOH 75 R c|: coo- - R <|3 COO-
Net “NH, +NH, NH,

charge: +1 0 -1
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Peptides Are Chains of Amino Acids

« Two amino acid molecules can be covalently joined through a
dehydration reaction resulting in a covalent bond termed a peptide
bond, to yield a dipeptide. 55 iy s tas oy il sl on im0

« Such a peptide bond is formed by removal of the elements of water
(dehydration) from the a-carboxyl group of one amino acid and the
a-amino group of another.

AT il aeal Wl 450eY) de ganall 5 aal s el (aead Wl 4 g U e sanall (e (Ciliall) slall uabic 41 3) sk e Ll Aoy 5l oda S5 &5,

« Three amino acids can be joined by two peptide bonds to form a
tripeptide; similarly, amino acids can be linked to form
tetrapeptides, pentapeptides, and so forth.

QI3 ) Lo g ectilasiad) ubad 5 ectlasial) el oS Aiaed) Gabaa¥) Jay 5 (S ediallys il DG (9 5S80 Cpftaasiay (bl ) Aand 53 Asigel (abeal 25306 Lay 5 (S,

* When a few amino acids are joined in this fashion, the structure is

called an oligopeptidle. sy s ot oy d st s Gauay G o s ) & b,

« When many amino acids are joined, the product is called a
p0|ypeptide i o el o had clie el Galea¥) (e sad) s o Ladic
 Proteins may have thousands of amino acid reS|dues

ua\.a;Y\hU.}LJY\u_\cuLm}‘)ﬂ\d‘}\mdﬁ
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Rl

H R?

P |
H3N—CH—C@N CH—COO™

|
O




QLJ:MN}C

N and C terminals

In this oligopeptide (pentapeptide) the end with a free a-amino group is the

amino-terminal (or N-terminal); while the other end, which has a free carboxyl
group, is the carboxyl-terminal (C-terminal).
. . . ji)ﬁy\qﬂtwsﬁmi@yihw&Lﬁﬁgg\aﬁ@\wﬁ‘(@g\wus)g%@ﬁg‘ﬂ\mt s b
This pentapeptide is : ﬁ\) jusﬁﬂ\ Gl a0 a JnS 51 S e pame Glo 5 sing sl AN Calall Laiy ¢t oLl
S 50 S]1),
serylglycyltyrosylalanylleucine, or Ser—Gly-Tyr—Ala—Leu.
R AR At el S e N I

Peptides are named beginning with the N-terminal, which by convention is

placed at the left  weuy o i e im0 a1 (el GoR Ge Toa il fass

OH

CH; CHj
L

(‘JH
CH,OH H H H CH, [H CcH, [H (IJH2

| | B N |
HBKI—C—C—N—C—C—N—C——C—N—C—C—N—('J—Coo

| | | |l L
H O H O H O H O H

Amino- Carboxyl-
terminal end terminal end
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Characteristic of peptide bond: Rigid and Planar

« Planar: The six atoms of the peptide group lie in a single plane, with the
oxygen atom of the carbonyl group and the hydrogen atom of the amide
nitrogen trans to each other.

candl Lagumansy LonaY) (o g i) Ao sana & Conosued) 3,35 oo S de pana (8 CpaniS) 3,0 Tl ) g 3l 5 (5 e & il de ganall L) ol ) &85 15 shunall,

* Rigid, Unable to rotate around its axis. The two amino acids linked by such a
bond are not free to rotate around the N—C linkage because the peptide bond
has a partial double-bond character, unlike the N—C and C—C bonds to the
central carbon of the amino acid. ol e 8 o cols

(lcaaall @LL.\:\Y 25 Jss
s Jhas eyl GlisaY)

* Longer than double bond but shorter than a single bond om0 3
o 53 yiall day) ) e el (K15 A g0 3l ddasl ) e skl Sl N—C A ) oY

A 53 3l Aol 11 ol Led Aac)
sl 5 e e A 5l
N—C sC—C 0 S ze

%] iaeY) (meall (5 S 5l
Carboxyl
terminus
ilsan;r“ ) " ‘;:\SJLM |Q‘Jdﬂc_)ﬁ:
3 g S i S . o o
V) i g el | tETIRINUS Aatall Aoy Hl1 ) 63
(235> 5« trans postion ¢ .
e dag) 1 e Jshall Ll | N T [ 2Ue Juadla J5¥) aad) aaall g n daS 5 SIS G50 S Y (aa¥) Gmalall a5 S YD
e il 5 a5 all A S0 o J V) sed) paslall Cinli g sa J g S Cani S Y,
53 jaall N-Ca Ca-C C-N A e} Gadall Condi gy (ae¥) a5
s Ll s o) S Y] Gadall i g oa GaeY) Sl a5l 5
S e padall Gad g g S WY g



PC
Textbox
صلب، غير قادر على الدوران حول محوره. لا يستطيع الحمضان الأمينيان المرتبطان بمثل هذه الرابطة الدوران بحرية حول الرابطة N—C لأن الرابطة الببتيدية لها طابع الرابطة المزدوجة الجزئية، على عكس الروابط N—C وC—C مع الكربون المركزي للحمض الأميني.

PC
Highlight

PC
Highlight

PC
Highlight

PC
Note
الالفا كربون تبعت الحامض الاميني الأول و الكربون تبعت الكربوكسيل جروب للحامض الأميني الاول هيك صار عنا 2 

والاوكسجين تبعت الكربوكسيل جروب تبعت الحامض الاميني الاول هي ثلاث ذرات 

 والنيتروجين تبعت الامين جروب تبعت الحامض الاميني الثاني 

والهيدروجين تبعت الامين جروب تبعت الحامض الاميني الثاني

والالفا كربون تبعت الحامض الاميني الثاني

PC
Textbox
الالفا كربون تبعت الحامض الاميني الأول و الكربون تبعت الكربوكسيل جروب للحامض الأميني الاول هيك صار عنا 2 

والاوكسجين تبعت الكربوكسيل جروب تبعت الحامض الاميني الاول هي ثلاث ذرات 

 والنيتروجين تبعت الامين جروب تبعت الحامض الاميني الثاني 

والهيدروجين تبعت الامين جروب تبعت الحامض الاميني الثاني

والالفا كربون تبعت الحامض الاميني الثاني

PC
Highlight

PC
Highlight

PC
Textbox
عندي 4 صفات 

Planar 

الاكسجين تبعت الكربونيل الهيدروجين تبعت الامين 

موجودين trans postion 

انها ااطول من الرابطة من المزدوجة واقصر من 

المفردة

رابع شغلة انها صلبة 
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A Protein’s Function Depends on the its Shape

. Protelns consmt}gf Iong amlno aC|d chains folded into complex shapes

4..\.1.1.4 ua jja UAQ_ILLL\} ‘

 The shape of a protein |s very Important because it determines the protein’s
TUNCTION. iy Gak g s0ny 40 1o Vagn 0oyl UK imy

« a general principle about proteins structure and the folding of the polypeptide
chain (s): essentially all the internal amino acids are nonpolar ones, amino
acids such as leucine, valine, and phenylalanine. Water’s tendency to
hydrophobically exclude nonpolar molecules pulls the nonpolar portions of
the amino acid chain into the protein’s interior.

« This situation positions the nonpolar amino acids in close contact with one

sis@NOther, leaving little UE}(@PM INSIGC. £ et g o g 0 s
» Polar and charged amino acids are restricted to the surface of the protein

@Jeﬁ;egi\for the few that pl Play ke key functlonal 459\193, m—

* When a ceII syntheS|zes a proteln polypeptldes folding is driven and
reinforced by the formation of various bonds and forces between parts of the
chain, which in turn depends on the sequence of amino acids. =

 Many proteins are roughly spherical (globular proteins), while others are
shaped like long fibers (fibrous proteins).

A i ) sl G S8 e (00 Y1 Lo o comn o e(as S i ) G (558 UG el clligig il cpm 2paall),
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L_evels of Protein Structure

* The structure of proteins is
traditionally discussed In
terms of four levels of
structure:

=

il Cm ol ginan A ) aam e i gyl Ay Aa 5 (Ll

G

* Primary, ..

« Secondary, s

o Tertiary,
 Quaternary .
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Protein Primary Structure

* Protein Primary Structure refers to the specific amino acid sequence (type,
number and order of amino acids)eaiey! =i ses gl sl Ll oalaall dul ] Gils ol el ISl

el
» This sequence is determined by the nucleotide sequence of the gene (DNA) that
encodes the protein. ol S guls P Ga Juladll 15 323 2% (DNA) 58508 i 63,

» Because the R groups that distinguish the various amino acids play no role in the

peptide backbone of proteins, a protein can consist of any sequence of amino
acids. Slesesad o i R ge dubad gl e 0838 0580 o 0 ol ll gaiadl (o 1 3aal) (8 539 gl nll Y i) ) alaal s
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Protein Secondary Structure

. Secondary structure Is about the arrangement of the polypeptide chain in space
\.msn‘;d.u.\.\ Muu.\.a_)uﬂ\.ayu\m‘

« Most proteins have segments of their polypeptide chains repeatedly coiled or folded in

atterns that contribute to the prot msoverallsha e,
pa %Au(,a\du G L ala u‘;ejo eg C }A\dﬂuwg\ﬁ\‘;cumjﬂ\?kugy

. These coils and folds (pleats), collectlvely referred to as secondary structure, are the
result of hydrogen bonds between the repeating constituents of the polypeptide

backbone (not the amino acid side (R) chains).

el ) il ) 5 1 3 el 5 ) Sl i Sl o syl Lo ) s (b o 01 gl g IS L)y 015 (il il ALl o
Luilall L) (=l (R)).

 The folding of the amino acid chain by hydrogen bonding into these characteristic coils

L_;s‘u.u; el) ) 55l sk e A aleal) Al L el
and pleats is called a protein’s secondary structure. — fwfm@)v:w —

* The o—COOH and a —NH2 groups of the main chain form quite good hydrogen
bonds. ©lesese 08 0—COOH sa—NH2 12 53 dain 50 a5 5 Zpus )l Aol 3,

« Two patterns of H bonding occur: a helix and p-pleated sheet patterns.
. (o3t T a5 e el a5 sk (ailia Laais B,

* Inone, hydrogen bonds form along a single polypeptide chain (intrachain), linking one
amino acid to another farther down the chain, and thus tends to pull the chain into a

coil called an a helix.
cale ) Abulud) G ) e il g Aludidl G aadd AL el e Jay iy o(3alals Alub) sas s ata s dud Joha o Aia s jael) a5l IS5 ¢ 0¥ 3
Ol an . . . .

* In the other pattern, hydrogen bonds occur across two polypeptide chains (interchain),
linking the amino acids in one chain to those in the other. Often, many parallel chains

are linked, forming a pleated, sheet-like structure called a B-pleated sheet.

LALJ\.Q Lg_);Y\A.LnL.J\‘;aéﬁ}d\dhoh\‘,ﬂm‘_gw\ﬂuaha?\lm}unc(&\m@)\u)Juu‘;_,ﬂ\wum_)asm_,_)m@\hb_)ﬂum cﬁ‘}“.k.u]\é
m«ﬁ@mw@um]\mm)&md&dsm)\ﬂ\du)..d\wmad\.ku}
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o helix and p-pleated sheet

Secondary
structure

R e

B-pleated
sheet

o helix




Ol G5l Aail 4y 56 Ay 5o
The a Helix Is a Common Protein Secondary Structure

« The simplest arrangement the polypeptide
chain could assume with its rigid peptide
bonds (but other single bonds free to rotate) is
a helical structure called the a helix.

* In a helix structure the polypeptide backbone
Is tightly coiled around an imaginary
longitudinal axis, and the R groups of the
amino acid residues protrude or extend
outward from the helical backbone.

« Atightly coiled backbone forms the ihner part
of the rod and the side chains extend outward
in a helical array

 The a helix is a coiled Structure stabilized by
intrachain hydrogen bonds.

» The screw sense of a helix can be right-handed
(clockwise) or left-handed (counterclockwise). =

* However, right-handed helices are
energetically more favorable because there is
less steric clash between the side chains and
the backbone. __

« Essentially all %helices found in proteins are
right-handed.

Clig sl maen ulul) (B A il o clisig ol 880 5a sall,



PC
Note
إن أبسط ترتيب يمكن أن تتخذه سلسلة البولي ببتيد مع روابطها الببتيدية الصلبة (ولكن مع وجود روابط مفردة أخرى حرة في الدوران) هو بنية حلزونية تسمى الحلزون .

PC
Note
في بنية الحلزون  يكون العمود الفقري للبوليببتيد ملتفًا بإحكام حول محور طولي وهمي، وتبرز مجموعات R من بقايا الأحماض الأمينية أو تمتد إلى الخارج من العمود الفقري الحلزوني.

PC
Note
يشكل العمود الفقري الملفوف بإحكام الجزء الداخلي من القضيب وتمتد السلاسل الجانبية إلى الخارج في مجموعة حلزونية

PC
Note
الحلزون  هو بنية ملتوية مستقرة بواسطة الروابط الهيدروجينية داخل السلسلة.

PC
Note
يمكن أن يكون اتجاه المسمار الحلزوني أيمن (في اتجاه عقارب الساعة) أو أيسر (عكس اتجاه عقارب الساعة).

PC
Note
ومع ذلك، فإن الحلزونات اليمنى أكثر ملاءمة من الناحية الطاقية لأن هناك تصادمًا أقل بين السلاسل الجانبية والعمود الفقري.


© Carbon
O Hydrogen
© Oxygen

© Nitrogen
O R group

Amino terminus

Carboxyl terminus



Hydrogen-Bonding Scheme For an a helix.

i
|

R Ris2 O [[Risq
M '." | T : | s” z |
\ A q -
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H 0 Rl+1 i H H 0 Rl+;: H tl o Ri+\;s H

In the a helix, the C=0 group of residue n forms a hydrogen
bond with the N-H group of residue n+ 4.
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Amino Acid Sequence Affects « Helix Stability

Not all polypeptides can form a stable o helix. Interactions between amino acid side chains
can stabilize or destabilize this structure.

JSel) 138 )i de e 5 ol cundi o Jasd o Aiaal) Galea DU Fpalad) Judlad) o e il = e (330 0255 laiiand i) aand (S Y

If a polypeptide chain has a long block of Glutamic acid residues, this segment of the chain
will not form an o helix at pH 7.0. The -ve carboxyl groups of adjacent Glutamic acid residues
repel each other so strongly that they prevent formation of the helix. For the same reason,
Lysine and/or Arginine residues (+Ve).[22; 5, 5o Sbdi On e jall 1 J8G 0wl Ginas Uik s Sl 38 le it s ol Sude 20519

rias Ll da 52l 3 g8y (el Lgamy pa By slavall Glials slall men L LA Ju€ 5 KU e gana S 7,0 Aua e
s ) G )Y 5 Gl WSy (8 el il 5 518 0y 5S3),

The bulk and shape of Tyr, Trp, Phe, Met lle, Val, Thr residues can also destabilize an o

helix if they are close together in the chain.
Ll 0S5 5 ans g3 of Ladl e Tyr sTrp sPhe sMet lle sVal sTh Al 8 (sl Leany (e 4y 8 CilS 13) g5 lall ) st de 3o 5 ),

In Asp, Asn, Ser, H-bonding side chains compete directly with backbone H-bonds.
< ASP 5 ASN s Sere dulud) A g el Tl s 1 ae pdlie IS Cn s bell A )l Apalall Judlodl il

A constraint on the formation of the o helix is the presence of Pro or Gly residues.
omadtall 5l ol LE asa s 58 g lad) oSS il Al 28l aal ), o _
In proline, the nitrogen atom is part of a rigid ring, so free rotation is not possible. Thus, a

Pro residue introduces a destabilizing kink in an o helix. In addition, the nitrogen atom of a
Pro residue in peptide linkage has no substituent hydrogen to participate in hydrogen bonds
with other residues. For these reasons, proline is only rarely found within an o helix.

Glycine occurs infrequently in o helices for a different reason: it has more conformational
flexibility than the other amino acid residues. Polymers of glycine tend to take up coiled
structures quite different from an o helix. =
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إذا كانت سلسلة البولي ببتيد تحتوي على كتلة طويلة من بقايا حمض الجلوتاميك، فلن يشكل هذا الجزء من السلسلة حلزونًا عند درجة حموضة 7.0. تتنافر مجموعات الكربوكسيل السالبة لبقايا حمض الجلوتاميك المجاورة مع بعضها البعض بقوة لدرجة أنها تمنع تكوين الحلزون. لنفس السبب، فإن بقايا الليسين و/أو الأرجينين (موجبة).
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في البرولين، تكون ذرة النيتروجين جزءًا من حلقة صلبة، لذا فإن الدوران الحر غير ممكن. وبالتالي، فإن بقايا البرولين تسبب انحناءً غير مستقر في الحلزون. بالإضافة إلى ذلك، لا تحتوي ذرة النيتروجين في بقايا البرولين في ارتباط الببتيد على هيدروجين بديل للمشاركة في الروابط الهيدروجينية مع بقايا أخرى. ولهذه الأسباب، نادرًا ما يوجد البرولين داخل الحلزون.
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يحدث الجلايسين بشكل غير متكرر في الحلزونات لسبب مختلف: فهو يتمتع بمرونة تكوينية أكبر من بقايا الأحماض الأمينية الأخرى. تميل بوليمرات الجلايسين إلى اتخاذ هياكل ملتوية مختلفة تمامًا عن الحلزون.
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A final factor affecting the stability of an helix in a
polypeptide is the identity of the amino acid residues
near the ends of the -helical segment.

s tal o 3all il e ool Auiae) (alant) Wi A o il 8 a0 )il le i o8 i) Jalal,

Normally, a small electric dipole exists in each peptide
bond. These dipoles are connected through the hydrogen
bonds of the helix, resulting in a net dipole extending
along the helix, with partial positive and negative
charges of the helix dipole actually exist near the amino-
terminal and carboxyl-terminal ends of the helix,

respectivelV. B o= o Sl Lo muis i K 3 s b ol 6 = e
p y Mﬂu}ﬂ;y;.ﬂ.\;.wj_,;_jcq UJJM\J}L‘_AGM&_«LA&_:M&LUMGC_\&W u)‘)l;ﬂm)‘)_u@_\\
s e ey slall Al g S0 5 4 phall dyiel) ol laY) e o jally @l sl & s Sladl (adad U A 5

The four amino acid residues at each end of the helix
do not participate fully in the helix hydrogen bonds.

A5 3al Lt 5 gl Jasl 55l 3 JalS IS5 g 3lall (e il IS (8 83 5 sall dag )Y Aial) alea) LGy L35 Y

For this reason, negatively charged amino acids are
often found near the amino terminus of the helical
segment, where they have a stabilizing interaction with
the positive charge of the helix dipole.

a positively charged amino acid at the amino terminal
end is destabilizing.

DIEY axe Gy el 3kl Caphll 8 Lulay) ¢ sadie il aes
The opposite is true at the carboxyl-terminal end of the
helical segment. ..o weancm s mas gy

Amino terminus

ot

Carboxyl terminus
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عادةً، يوجد ثنائي قطب كهربائي صغير في كل رابطة ببتيدية. ترتبط هذه الثنائيات القطبية من خلال الروابط الهيدروجينية للحلزون، مما ينتج عنه ثنائي قطب صافٍ يمتد على طول الحلزون، مع وجود شحنات موجبة وسلبية جزئية لثنائي قطب الحلزون في الواقع بالقرب من الأطراف الأمينية الطرفية والكربوكسيلية للحلزون، على التوالي
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ولهذا السبب، غالبًا ما توجد الأحماض الأمينية المشحونة سلبًا بالقرب من الطرف الأميني للجزء الحلزوني، حيث يكون لها تفاعل مستقر مع الشحنة الموجبة لثنائي القطب الحلزوني.
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5 kinds of restrictions affect the stability of an o helix

(1) the electrostatic repulsion (or attraction) between
successive amino acid residues with charged R groups.

e ganall culd Ldlaiall Linal) pralaal¥) Ll cp Silin g 5eS)) (aall 5f) il R 45 sadiall,

(2) the bulkiness of adjacent R groups

QLG)M‘L\A@RE‘)_’M\

(3) the Interactions between R groups spaced three (or four)
residues apart.

e ganall (p clelaill R W (Al 5f) B2 diliay sac i,

(4) the occurrence of Pro and Gly residues

CSladl 5 55l Llay & gas

(5) the interaction between amino acid residues at the ends of
the helical segment and the electric dipole inherent to the o
NETIX. s kil 5 Qa0 il 01 2 ) il b 3 Rt sband) Ul s S,

So, the tendency of a given segment of a polypeptide chain to
fold up as an o helix therefore depends on the identity and
sequence of amino acid residues within the segment.

o 3all U203 ¥l (mben¥) Uy sy Ay e aing (553l IS e ol phaitl 1) il o) Al (pa Cma o 5 a0l c ML,
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B pleated Sheets Are Stabilized by [inter-chain] H- Bonding Between Polypeptide Strands

* The B pleated sheet differs markedly from the rod like o helix.

A polypeptide chain, called a

strand Inafp

JSE e A 3lall 48 ) 6l e b sale S5 4 shaall 38 ) 1) alias,
sheet Is almost fuf

ly extended rather

than being tightly coiled as in the o helix. e R
O3 g8 Jadl 5 LS AlSals A,

» The side chains of adjacent amino acids p0|nt In opposite d|rect|ons
LuSlaie cilaladl ) 5 slaiall duinady) (aleaSU dlall Judldl

« A B sheet is formed by linking two or more B strands by hydrogen bonds (inter-

chaln hydrogfzn bonds)

MJJM.LMJJ‘\LM‘y_)AS\

u.\.a‘\.\.u;_,)m

in the same direction

4] sie 48 ) 5) olad¥) (i 8 o (A 5ie 48 5)

(parallel sheet)
‘-*—M Cala) JA'-' O 485 5 slaiall Juddl (Kay),

S ol Ly ek e 885l U5 ) _
Adjacent chalns in a B sheet can run in opposite directions (antiparallel B sheet) or

(a) Antiparallel

C

o_-..t.c/N“c’C\N
|\c/ ||

N'*-.. /C N
C/ C \N = —C

C
T el
H

n [
' l

el 1
g C = 1

(0]
| ]
L]
H
I

. i

- I

B pleated
sheet
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Tertiary Structure

« Tertiary structure is the overall 3D arrangement of all atoms in a protein.
Ofgal (8 A aend sl 5O JaLal) i i) o A5 Al

« Amino acids that are far apart in the polypeptide sequence and that reside in

different types of secondary structure may interact within the completely folded
structure of a protein o5l Ll 2 sl ) s Jeliti o A ) ) (e Adliie 157 3 a5 05 st ) Jollos 3 se L) 41 Galen S (s

* Interacting segments of polypeptide chains are held in their characteristic
tertiary positions by different kinds of weak bonding interactions (and

sometimes by covalent bonds such as S-S bridges) between the segments.
s Jie Lpaaludl) Ty 5511 (33 5k e Ulaal o) ddgaall Jagl il el (g Adlida £ ) i OMA (o 5 jpaall A5 Lgnaal s 8 2t sl Judls (e Aleliiall o) JaY) i 3y
S-S) ¢5aY) o,

Disulfide bridge

o
O "
L CH,~CH,~CH,-CH,=NH,*~O~C -CH, ¥

‘ lonic bond ‘

Types of side chain interactions Overall 3D shape (3° Structure)
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يمكن للأحماض الأمينية المتباعدة في تسلسل البوليببتيد والتي توجد في أنواع مختلفة من البنية الثانوية أن تتفاعل داخل البنية المطوية بالكامل للبروتين.
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Forces and factors and stabilize protein tertiary structure

Hydrophobic interaction between
hydrophobic (nonpolar) side chains usually
end up in clusters at the core of the protein,
out of contact with water.

Once nonpolar amino aci(?side chains are
close together, van der Waals interactions
help hold them together. van der Waals
Interactions are nonspecific, nondirectional
attraction and occur when adjacent atoms
come close enough that their outer electron
clouds just barely touch.

Hyaﬂfu?%ﬁﬂa R‘%ggu Qﬂagsmgqar side chains
lonic bonds between positively and
negatively charged side chains also help

stabilize tertiary structure. =

Covalent bonds called disulfide bridges (S-S
bonds) may further reinforce the shape of a
protein.

Hydrogen
bhond

Hydrophobic interactions
(clustering of hydrophobic

| groups away from water)

CH and van der Waals

interactions

| N

(|:H2 H,C CH, Polypeptide
0 H,C CH, backbone
H N

: CH

)

(‘?Hz Disulfide bridge

0
I

—CH,—CH,—CH,—CH,—NH_* "0—C—CH,—
lonic bond

All of these different kinds of
Interactions can contribute to the

stability of

protein tertiary

Ly i 3\ Blaneall draalogtl) Jayf ¢ 4 338 S- j VY ) WY
..}J) %éﬁw“ﬁef’ﬁﬁjre aﬁa% pH.JJ Jexi 38 S-S) 81 S8y o4 5 5l (S fg‘tﬁjcture

i) 5B padl st B Jisall Jal sall (o Lo laiaVl iy
O gl AEDEN Al Sl i) 8 aalad o) (S codlelall (e daliaall g1 Y s28 JS
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عادة ما ينتهي التفاعل الكاره للماء بين السلاسل الجانبية الكارهة للماء (غير القطبية) في مجموعات في قلب البروتين، بعيدًا عن ملامسة الماء.
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بمجرد أن تقترب السلاسل الجانبية للأحماض الأمينية غير القطبية من بعضها البعض، تساعد تفاعلات فان دير فالس في إبقاءها مترابطة. تفاعلات فان دير فالس هي تجاذب غير محدد وغير اتجاهي وتحدث عندما تقترب الذرات المتجاورة بما يكفي بحيث تكاد سحب الإلكترونات الخارجية تلامس بعضها البعض.
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تساعد الروابط الأيونية بين السلاسل الجانبية المشحونة إيجابيا وسلبيا أيضا في استقرار البنية الثلاثية.
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Protein Quaternary Structure

e Some proteins contain
two or more separate
polypeptide chains, or
subunits, which may be
Identical or different,

(S ) alaiiall afisy Jal) Jodles a1 g1 iladis e i g al) imns (5 555
ki f it )55 8 il 5 e 3,

 The arrangement of
these protein subunits
In  three-dimensiona
complexes constitutes
guaternary structure.

Lol Ay 2 A0 Cilaana 3 G g ) (e Aae A Cilas 1) 03 i |

B3
ds-w,-}. This kevel of structure

HNY POG

Primary Structure

This level of suchae

Is datsrmined by the
linear sequence of
amino adids, coded for
In the genes of the DNA

Y
causes the polpeplice G ug
0 form an alpha hakx
or a plaated shest.

Tertlary Structurs

interactions of amno {

ack sida chalns with water, \
cavalert bonding between

R groups, and othar chemical
Interacions datermina tha foided X /.

Mree-dmensional shape of a protain g =

oocuts when two o more
folded polypeptides interact

ey
to parform a biclegical function

The subunits need not be the same. Hemoglobin,
for example, is a protein composed of two a-chain
subunits and two - chain subunits.

Uiy Al (go gpiie 8 (yfian g9 Wl Aludas (e (e 8 s 5 (0 058 Oig o 30ke Onsla sased) JBl Janns e Aliaie e il las sl o585 o w30 Y,
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تحتوي بعض البروتينات على سلسلتين أو أكثر من سلاسل البولي ببتيد المنفصلة، ​​أو وحدات فرعية، والتي قد تكون متطابقة أو مختلفة.
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Lipids
Lipids are a diverse group of hydrophobic molecule.

oLl Za IS iy 5al e e i e sana & (o sa )

Lipids are a somewhat loosely defined group of molecules with
one main chemical characteristic: they are insoluble in water.

;w\&uhjén:d.lu):\cg@BL‘JMJ@%S%M\AL@J}@A‘}J&L"&JJMJP&\Uﬂ)ﬂ\w:\swqﬁUJAJJ‘

The most familiar lipids are fats, oils and phospholipids.

ol i il g g 3l g (yaall & o spd SISV (sl

Other lipids include: Terpenes, Prostaglandins, Steroids and
Waxes

Al g ity g i) g CaliaiDaliv gyl o cilin il -5 AN o aall Jads
5] L g9 i) 9 L) 9 9 Sl A3 OA

Lipids have a very high proportion of nonpolar carbon-hydrogen
(C—H) bonds which serve as long-term energy storage.

O 500l 5 05 S O Al e ool g )l) (e s Alle das e (g saall (g i (C—H) dishll gadl e d8all ) 35S Jast il 5,
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Cppealall asi ya 838aa duind (aleal (e o gadll (o &5
Fats consist of complex fatty acids attached to glycerol

« Fats are lipid molecules built from a simple skeleton made up of two main kinds

of molecules: fatty acids and glycerol.
u.\)uﬂ;lb@hﬂ\uah;&\ &—I\-IJJ&.“L)AUMJUJC}JL)AU‘,SJJLMJJSJAL)A‘LL\.\AMJ&-\LLIPGAU}AJ]‘

« Fatty acids are long-chain hydrocarbons (hydrophobic) with a functional
carboxyl group (COOH) at one end that gives them the name fatty acid.

« Fatty acids are carboxylic acids with diverge hydrocarbon chain length ranging
from 4 to 36 carbons long (C4 to C36), but the most common are even-
numbered chains of 14 to 20 carbons.

083,336 4 (e sk Lt s e At S S oablaal 4 daall Galea¥) (C4 ) C36)¢ 038 553 20 G 14 (e Fam s 3 ALY il Judladl o o g SSYI (K1,

» Glycerol is a 3-carbon polyalcohol (three —OH groups).

e sana EOE) G52 S Gle sane GO (e (58 JaS o e 3ke Gamlall OH).

« Fats are lipid molecules consist of a glycerol molecule with three fatty acids
attached through an ester linkage, one to each carbon of the glycerol backbone
producing fat and commonly called a triglyceride (the more accurate chemical

name is triacylglycerol).
2 el (I S0le ansi 5 ¢y smll @ Cpp pualall (5 581 3 senl) (g (9558 850 ST am) g ¢ i Ayl ) UDA (30 A e Aind (alenl I e 0y puals 65 5 (g0 0555 Aind Sl Y 4 0l
Yoromlall Jausl D ga 483 JEY) el anY),
» The three fatty acids of a triglyceride need not be identical, and often they are

very different from one another. g e s s e b e ; i, e g B8 s Gl 6 of s o ol
ol

« The many C—H bonds of fats serve as a form of long-term energy storage.
Lo 5 yins C—H Jeshl g2l e 48U ¢y 333 QST (pe IS5 Alliag ¢y s8] (852 5 sal) el
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Nomenclature of fatty acids

« A simplified nomenclature for fatty acids compounds specifies the chain length and
number of double bonds, separated by a colon g:)

Ol 4adlay Al gemia a5 hall Jag) 55l aac g ALl J gl diaall (aleaY) il el daall dpanil) 2aa3 (;
; ;i 16 05 SV 2 s

 e.g: The 16-carbon saturated palmitic acid is abbreviated 16:0 gz, e
» e.g: The 18-carbon oleic acid, with one double bond, is 18:1.

« Positions of any double bonds are specified by surerscriot numbers following A (delta).
3y Ayl ald )l A 93 e Al 5 oal ge 2t 2 A (W), lall e (368 adasy A0 oyl 5 1) 8

* A 20-carbon fatty acid with one double bond between C-9 and C-10 (C-1 being the
carboxyl carbon) and another between C-12 and C-13 is designated 20:2(A °12).

NN, S dpanill jpais 13 5 12 &g S Cm s a3 JleS 5 10 Liga S5 Ao S G N0 Jid 83n 55 2l 6 20 (i ]

« There is also a common pattern in the location of double bonds; in most
monounsaturated fatty acids the double bond is between C-9 and C-10 (A?), the other
double bonds of polyunsaturated fatty acids are generally A %2 and A 15,

A 3l) Al (55 il e Ala) in ) (alent) i 8 6hn 33l L) 8 ] e Joad L 3253 C-9 5C-10 (AQ)¢ o pae Amael) o Bl Al imblen Sl (5,231 a2 3all Ll 05555 A
12 sA 15.

» The double bonds (C=C) of polyunsaturated fatty acids are almost never conjugated
(alternating single and double bonds, as in -CH=CH-CH=CH-), but are separated by a
methylene (_CHbg)"grouE: -CH=CH-CH,-CH=CH-.

pein Jaaily ¥ EIEE 530S 3 60 Jaal) fiediy

3,33\;\ 3.):._1\)..1
* Innearly all naturally occurring unsaturated fatty acids, the double bonds are in the cis

configuration.
Ot (5S35 ) Tl 5 1 () 0S5 el i omna (S50 83 g gl Dratiall e dpiadl) mlaal) s 4,
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Saturated and unsaturated fatty acids

« If all of the internal carbon atoms in a fatty acid chain are bonded to two hydrogen atoms,
we call this saturated Geie 1 e Ll om s un 5% A e nall paleat) Aludu & Akl ¢ 5080 @) gen S 1)

 Most animal fats are saturated and the flexibility hydrocarbon chains allows the fat
molecules to pack together tightly. ASsb e sesilly ol il sl mans ¢ 50 S5 el Judls 4 ja 5 chnsdio Zil paall sl plane,

« A fatty acid with double bonds between one or more pairs of successive carbon atoms will
have fewer hydrogen atoms, and thus is said to be unsaturated. Monounsaturated (one
double bond) polyunsaturated (> one double bond). &

« Having double bonds changes the behavior of the molecule because free rotation cannot

occur about a C=C double bond as i C smgle bond thus affecting melting
ia g2 3l A \_)l\d);c_m;.au\u&u‘}(_);]\U\JJJ]\U\J;:L;_);J\J}L&)M JAa 50 e sl 9y 293 g (g2 C=C Al )l ae Giany WS
point of the fat. . i c_Comu e abi i o iy i,

» Fats containing polyunsaturated fatty acids have low melting points because their fatty acid

chains bend at the double bonds, preventing the fat molecules from aligning closely with one

another. 3;}3)'4}\ Jag‘}JS\ dic 6.\;.\.\ \.g_\ ialdl) mﬂ\ uaLQAY\ d.u).w u‘\J 4a8dia )L@.m.u\ .L\A.u Azlia P 3= 4\.\.\&.3 ua\.a;\ GJ“' ng.t;_a ‘s_ﬂ\ u}h.ﬂ\ &\Aﬁj‘

Uarall Lgcan, J<a 58l il Al il
 Most naturahfmoc&?rmgdsunsﬁﬂtﬁ?ated faﬁ“ acids have double bonds with a cis configuration,

(that creates a kink in the hydrocarbon chain wherever it occurs.
hiaa Lail (90 S g Huel) Aluli 8 338e (3la Lae ¢ G o83 I3 A 93 e Jail 5 ) Ao Aaplall Aaliall pe dgianl) UALQAY\?-LA.A‘#):\A.I

- When fats are partially hydrogenated industrially, this can produce double bonds with a

trans configuration resulting in the S0- -called trans fats
Usaiall aly o be () (535 Lae Jsatia (885 QI3 AaT50 e Jaal 5 ) ) 138 (g2 o) (S Belia Wa g saall A jaa o3y Ladie
. “trans fafs have been linked to eIevated Ievefé of low- den5|ty lipoprotein (LDL) and lowered

levels of high-density lipoprotein (HDL) which is thought to be associated with an increased

risk for coronary heart disease.
LK) [ddie ) oy sl Il gl oL A saiall () saal) cudadi ) 88y (LDL) 46N e aaall o 5 pall Gl gl (lésil g (HDL)e shad 5l 30 Jadi ye 430 i 53
Raalal) Bl aal el AiLiaY,
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الأحماض الدهنية التي تحتوي على روابط مزدوجة بين زوج أو أكثر من ذرات الكربون المتعاقبة سيكون لها عدد أقل من ذرات الهيدروجين، وبالتالي يقال عنها أنها غير مشبعة. الأحماض الدهنية الأحادية غير المشبعة (رابطة مزدوجة واحدة) الأحماض الدهنية المتعددة غير المشبعة (> رابطة مزدوجة واحدة).
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Cis double bond R

Satijdra‘ted animal fats such as lard and butter are solid at room temperature.
O fl o= A ) (o

In contrast, ‘the Tats of*’ﬁfﬁfﬁ?‘u”ﬁ “fistes are generally unsaturated (Usually liquid at

room temperature), meaning that they are composed of one or more types of
Lae ¢ |3 Al Bale) dania G AlawY! g catalal) 3 | Al) ojé ¢ il
unsaturated fatty acids. 25 A 2 30 ) e ,sﬁ;“& e

The kinks where the cis double bonds are located in plant and fish fats prevent the
molecules from packing together closely enough to solidify at room temperature.

B8 5a0 85 A 3 (A ool iS5 Ly (35 S Ui (Sl (il ) i lans¥1 5 ) ¢ gl (8 (pupnd) i 33 3l Jash 5 ) L 255 3 iall ),
The phrase hydrogenated vegetable oils on food labels means that unsaturated fats have

been synthetically converted to saturated fats by adding hydrogen, allowing them to

so“d'fy Alz) 305k oo dendie a0 ) Gelia Ll gt i depdiadl e o gaall o 2003801 o) sall cliiale e 83 g sall "a jagall Al gy 3" 3 jle i
e AT ]
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Structural Formula

Structural Formula
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Fats Provide Stored Energy and Insulation

The major function of fats (Triacylglycerols or Triglycerides) is energy storage.

The hydrocarbon chains of fats are similar to gasoline molecules and just as rich in

ener e o Gl Al e Gsaall G il S5 el Judls 4piiy 28D (35 oo (AN oaall 5l A4S Y 5 pudall) ¢ saall L) dida )
gy. Dl iy A8,

A gram of fat stores more than twice as much energy as a gram of a

polysaccharide, such as starch, S essisl sJSigussly dlon leida Al Ll s oo 253880 0l 0n 22l elom 055

Because plants are relatively immobile, they can function with bulky energy
storage in the form of starch. (Vegetable oils are generally obtained from seeds,

where more compact storage is an asset to the plant.).

S ARIAS Rdwever, must carry their energy stores with them, so there is an

advantage to having a more compact reservoir of fuel—fat.

3 Jiag - sl - 2585l e LalSa) ST ()38 Sy Ol A (e g clgae A8 (e Leili 5 A e o Ol guad) e cang «lld pa s,

aaal

Humans and other mammals stock their long-term food reserves in adipose cells,

which swell and shrink (©) as fat is deposited and withdrawn from storage.
Ol (e Lgaas s (g saall oS 55 ae ) © ((Lalily il Al Anall LAY (8 a0l Al gha 451381 agilbbaliial o A N1 clpaill s jdall o 35,
In addition to storing energy, adipose tissue also cushions such vital organs as the

kidneLs, and a layer of fat beneath the skin insulates the body.
e e Al it ¢ gaall (e A8k Jaad LS ¢ S 4 '

_ (S e 4y sonll elme W1 e e Uyl Tinall a1 s ciillall 3 535 ) ALYy, _
This subcutaneous layer is especially thick in whales, seals, and most other marine

mammals, insulating their bodies in cold ocean water.

82l Jasnall olaa b Leabuaal e e Jand Gam A Y A yaal) il alina 5 el s lisall (53] Gala JS8 ASan Alall cind Zalall oda (S5,
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Phospholipids are Structural Lipids form Membranes

* Phospholipids are among the most important molecules of the
cell, as they form the core of all biological membranes.

on shpl) Ba2e ) e a g I L Cun A Sl (e sl s il

« An individual phospholipid is a composite molecule, made up of
three Kinds Of SUDUNITS: ae i cis i o g 151258 e 055 50 o5 58 g0 il sl il

e 1. Glycerol

« 2. two Fatty acids, Two fatty acids are attached to the glycerol
backbone

« 3. Phosphate group (—PO,?), attached to one end of the
glycerol. The charged phosphate group usually has a charged
organic molecule linked to it, such as choline, ethanolamine, or
the amino acid serine.

Clins il Ao gana (—POA2-)c s O ppedl (maen 5f pua¥ SBY1 51l 1) e el asi o () sniio (5 sene o D A sadiadl s il e sanad ()55 Lo Bale Cppudadl (30 22y o oy Aliaia,

» The phospholipid molecule can be thought of as having a polar
“head” at one end (the phosphate group) and two long, very

nonpolar “tails” at the other
DAY Gkl 8 Al b e cply sl "ol 5 (s sl e pama) 4l aal b b el 5" e (g sing A e il siadl) o5 5a ) seal (S



Hydrophilic

Hydrophobic

Hydrophilic head

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




Terpenes and Prostaglandins

Organisms contain many other kinds of lipids besides fats and phospholipids.

Terpenes are long-chain lipids that are components of many biologically
Important pigments, such as chlorophyll and the visual pigment retinal.
Rubber is also a terpene.

Terpenes are linear (acyclic) or cyclic compounds largely found as constituents
of essential oils

Prostaglandins are a group of about 20 lipids that are modified fatty acids, with
two nonpolar “tails” attached to a 5-carbon ring.

Prostaglandins act as local chemical messengers in many vertebrate tissues.

CH,

HiC |
CH

BaL N,

E§\\¢/ﬁ\\//x\v/tiDH
N

OH ) //“\?/A\m//\\//
HO OH

CH, CH CH,
LN S AT
CH, CH,

H H,

Terpene (citronellol) Prostaglandins




Steroids

Steroids, another class of lipid that chemically different, are carbon skeleton
consisting of four-fused carbon rings.

Different steroids are distinguished by the particular chemical groups attached to this
group of rings.

Cholesterol, a type of steroid, is a crucial and common component of animal cell
membranes and is also the precursor from which other steroids, such as the vertebrate

sex hormones, are synthesized. Most animal cell membranes contain the steroid
cholesterol.

In vertebrates, cholesterol is synthesized in the liver and is also obtained from the diet.

Other steroids, such as testosterone and estrogen, function as hormones in
multicellular animals.




Waxes Serve as Energy Stores and Water Repellents

Biological waxes are esters of long-chain (C14 to C36) saturated and unsaturated fatty
acids with long-chain (C16 to C30) alcohols (fatty alcohols).

Their melting points (60 to 100 C) are generally higher than those of triacylglycerols.

In plankton, the free-floating organisms, waxes are the chief storage form of metabolic
fuel.

Waxes also serve a diversity of other functions related to their water-repellent properties
and their firm consistency.

Certain skin glands of vertebrates secrete waxes to protect hair and skin and keep it
elastic, lubricated, and waterproof.

Birds (waterfowl) secrete waxes to keep their feathers water-repellent.

The shiny leaves of many tropical plants are coated with a thick layer of waxes, which
prevents excessive evaporation of water and protects against parasites.

O

|
CHS(CHZ) 14 C O CH2_ (CHZ)ZS_CH3

R 3

Palmitic acid 1-Triacontanol

Beeswax, 1s an ester of palmitic acid with fatty alcohol 1-Triacontanol




Nucleic Acid Chemistry: Structure of nucleic acids DNA & RNA

 The Nucleic Acid chemical information was well known to Watson and Crick
during their investigation and served as the basis of their model building.

Lagad sai slial (a1 ilia S 5 Lagiliiad ol el S 5 ¢ puaih 51 1im & 5pma (5550 Gmanl dibiasCll e slacal) S8

* Nucleotides (Sometimes called Mononucleotides) are the monomers (building
blocks units) of all nucleic acid (DNA and RNA) molecules.

sl aleall iy sa gaead (sl clas r) Aalal) Claa g o (<l i€ ol Cllal Ul andl) g S 5l BNA SRNA)

* Nucleotides have three essential components: a nitrogenous base, a pentose
sugar (a five-carbon sugar), and a phosphate group.

i b de ganay (0528 I3 el e 058 Su) 058U oaled Sy a5 a8 gl U e A3 (g il IS puill S,

» The pentose sugars found in nucleic acids give them their names.
) ) ] o o Loanat 2550 (o) (8 53 5 sall 2 sl iy S
* Ribonucleic acids (RNA) contain ribose sugar s sss i 1l (alall s siai (RNA) Sl Su e

» Deoxyribonucleic acids (DNA) contain deoXyrib0Se SUQA. s o=, el 5 (DNA) 5 oSl S e

» Each carbon atom in the ribose (pentose) sugar is distinguished by a number with a
prime sign () Al Adle Jany o (G53ll) Ssm V) S (B 0508 8,3 S e ()

« Compared with ribose, deoxyribose has a hydrogen atom rather than a hydroxyl group
at the (C-2) QQ?inP”g thus distinguishes DNA from RNA,

e b S5 un Ao ganate Y ol )3 8 SV G st 3sall (5 s ¢ 5%l a4 Eall (C-27)¢ M) i) paaall ce (5553 aeal) aay ML,

* In the absence of the (C-2") hydroxyl group, the sugar is more specifically named
2 -deoxyribose.

MJJ*@J\&LW g ade :dla‘f(c-z')c r"“l" \3.}3;3‘)5\ J&M\wg
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Nucleoside VS. Nucleotide

Nucleoside Nucleotide
NH,

2' Deoxyadenosine 2' Deoxyadenylic acid

Nucleoside Nucleotide

Pentose sugar + Nitrogen base Pentose sugar + Nitrogen base+ Phosphate group




Deoxynucleoside diphosphate (dNDP) Nucleoside triphosphate (NTP)

2’deoxythymidine diphosphate (2'dTDP) Adenosine triphosphate (ATP)




Bases and Sugars (Nucleosides) in DNA and RNA

* In DNA: 2°deoxyribose + A, T, Gor C
—dA 2'deoxyadenosine
—dT 2 deoxythymidine
—dG 2 deoxyguanosine
—dC 2 deoxycytidine
* In RNA: ribose + A, U, G,or C

— A adenosine
- U uridine
-G guanosine

- C cytidine



] 455l (aleal) :sﬁ A 5 i) ae ] Gl ] ]
Nitrogenous bases in nucleic acids
There are two kinds of nitrogenous bases:

Purines : nine-member double ring (A, G)
Pyrimidines: six-member single-ring (C,T, U).

Both DNA and RNA contain A, G, and C
only DNA contains the base T
only RNA contains the base U.

Each nitrogen or carbon atom of the ring
structures of purines and pyrimidines is
designated by a number (NO prime sign

().

Purine ring




Adenine

Guanine

Purine ring
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Highly specific bonding between components of nucleotide

The bonding between the components of a nucleotide is highly specific.
Al 333 35 508 ) S 0o )

The (C-1") atom of the sugar is involved in the chemical linkage to the

nitrogenous base (purine or pyrimidine).
530 )L (C-17) ol ol i sadl) Aum 5 il 8ac Gl Lol Ll Y & S (50)

For purine, the N-9 atom is covalently bonded to (C-1") of the sugar.
3,0 O ¢y sl Al N-9 o Lealus 31235 e (C-17) USed) (e

For pyrimidine, the N-1 atom is covalently bonded to (C-1") of the sugar.

50 0S5 ey pull Aanily N-1 = Gealod 3dasi 30 (C-17) Sl (1

In ribonucleotides, the phosphate group may be bonded to the (C-2") or (C-3") or
(C-5") atom of the sugar. o -
8% il il e sana Jasi 5 28 oclai i€ i g 3l B (C-27) i (C-3)

(C-57) Sull

However binding of phosphate to (C-5") atom of the sugar is the most prevalent
one in biological systems and the one found in DNA and RNA.

5% i sil) i b I3 gas (C-57) ot 5558 manll s s s sill (manll g 2 g sall 5o g dum s) gl Aadi¥) 3 1Lzl SY) 58 Sl e,
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Nucleotide: nucleoside monophosphate (NMP)

* Nucleotides are also described by the term nucleoside monophosphate (NMP).
\u@ﬁdabl@ML@\u\u}ﬁjﬂlm

. The addition™8f oné or two phosphate groups results in nucleoside
diphosphates (NDPs) and triphosphates (NTP), respectively.

s 5alS il s 5 LAl (65 ) i il (g (e sana 5l e gana Adla] 5255 (NDPS) i sill i s (NTP)e sl e

« The 2’deoxyribonucleotide triphosphate (2° dNTPs: 2" deoxyribonucleotide

triphosphate) are the precursor molecule during DNA synthesis.
2) 25 53l 5 gy oS 53372 b b SO ANTPS: 2755l anall 3l ol ) e(g3all 5o (i il (A 25 50l 53 51 5 (oS 520

 The ribonucleotide triphosphate (NTP) adenosine triphosphate (ATP) and
guanosine triphosphate (GTP) are important in cell bioenergetics because of the
large amount of energy involved in adding or removing the terminal phosphate
group.

35508 3l i b 3G e (NTP) 02 5¥) s b 33N 5 (ATP) gl sall s b 3 5 (GTP) A yhal) i sil) e gama &1 3]l Adlia) b 48 jLiiall 5 S ABUAD 2aS sy LAY & goal) A8 b Hagn

» The hydrolysis of ATP or GTP to ADP or GDP and inorganic phosphate (Pi1) is

accompanied by the release of a large amount of energy in the cell.
Jlai calbiay ATP 5l GTP Y ADP sl GDP (s saall e lin sill 5 (Pi) 4all 3 28Ul (e 308 4aaS 33U

 When these chemical conversions are coupled to other reactions, the energy
produced is used to drive them.
Ledsil dainall A8UN alasiind oty ¢ Al e it 4Ll 3 gall 38 Loy ) &%y Ledic



3" to 5" Phosphodiester Bonds Make the Sugar-Phosphate Backbone

The linkage between two mononucleotides
Involves a phosphate group linked to two
sugars.

What is an ester bond??

A phosphodiester bond is formed as 3" _to—§'
phosphoric acid is joined to two alcohols Jf ™ bera™™"
(the hydroxyl groups on the two sugars) by
an ester linkage on both sides.

Two joined nucleotides (through A
phosphodiester bond) form a dinucleotide.
Three nucleotides (through two
phosphodiester bonds), form a
trinucleotide.

Short chains consisting of up to 20
nucleotides or SO are called
oligonucleotides

longer chains, like nucleic acids, are

polynucleotides.




Sugar-phosphate backbone
5" end / (on blue background)

OH
3 end

Polynucleotide, or nucleic acid

Phosphate
group

Mucleoside

r s
Mitrogenous
base

Sugar
{pentose)

%

{b) Nucleotide




Notes about Nucleic acids

Nucleotides are linked by phosphodiester bonds to form Polynucleotides.

Phosphodiester bond: Covalent bond between the phosphate group (attached to 5°
carbon) of one nucleotide and the 3" carbon of the sugar of another nucleotide.

This Phosphodiester bond is very strong, and for this reason DNA is remarkably
stable. DNA can be boiled and even autoclaved without degrading!

5" and 3" : The ends of the DNA or RNA chain are not the same. One end of the
chain has a 5" carbon (C-5")and the other end has a 3" carbon (C-3").

Long polynucleotide chains account for the large molecular weight of DNA and
explain its most important property—storage of vast quantities of genetic
information.

Each nucleotide position in this long chain can be occupied by any one of four
nucleotides giving rise to an extraordinary possible variations.

e.g. a polynucleotide only 1000 nucleotides in length can be arranged 4199 different
ways, each one different from all other possible sequences.

This potential variation in molecular structure is essential for DNA to store the vast
amounts of chemical information necessary to direct cellular activities, traits and
phenotypes.



Major features of Watson—Crick double helical Model

1. Two long polynucleotide chains are coiled around a
central axis, forming a right-handed double helix. Diameter

20 A

2. The two chains are antiparallel; that is, their C-5" to
C-3" (5"— 3") orientations run in opposite directions.

Minor

3. The bases of both chains are flat structures, lying ’ ) ook
perpendicular to the axis; they are “stacked” on one ez

another, 3.4 A (0.34 nm) apart, and located on the
inside of the structure.

Sugar—phosphate
backbone

4. The nitrogenous bases of opposite chains are paired
as the result of hydrogen bonds; in DNA, only A=T .
and C=G pairs occur (complementarity). ) 8, Nitrogenous

base pair

5. Each complete turn of the helix is 34 A (3.4 nm)
long; thus, 10 bases exist per turn in each chain.

6. In any segment of the molecule, alternating larger
major grooves and smaller minor grooves are
apparent along the axis.

g o
] Central axis

7. The double helix measures 20 A (2.0 nm) in
diameter.




Uniform diameter of DNA double helix

Hydrogen bonds form betwean G-C palrs and A-T palrs.

Guanine Cytosing 2
Only purine-pyrimidine palrs fit inside the double hellx. Antiparalis|
strands H

Purine-purine pair i f
NOT ENOUGH SPACE 7

Pyrimidine-pyrimiding pair
TOO MUCH SFPACE

Purine-pyrimidine pair
JUST RIGHT

Sugar-phosphate backbone

Space Inslde sugar- '
phosphate backbones

DMA contains thymine, i
whereas RNA contalns uracil|

The diameter of the B-from DNA double helix is 2 nm and is uniform throughout. This
Is achieved only and only if the complementary base pairing occur between a purine and
pyrimidine.

Therefore, at any base paring location along the DNA molecule, the two sugar phosphate
backbones are always separated by a combined length of three rings, two from a purine
and one from a pyrimidine.



Alternative forms of DNA exist
The DNA molecule that Watson and Crick described was in the B-form and was
based on X-ray studies of B-DNA performed by Roslaind Franklin, which is
present under aqueous, low-salt conditions.

The B-DNA form is believed to be the biologically significant conformation, that
Is found in the cell, at 92 % relative humidity.

Under different conditions of isolation, several conformational forms
(A,B,C,D,E,P, and Z) of DNA have been recognized. The primary difference
between the forms is the direction that the helix spirals.

A, B, C, D, E, and P forms of DNA are right-handed helices

Z form is a left-handed double helix (found in vitro (synthetic), very rich in C-G
base pairs, under high salt). The left-handed helix is 18 A (1.8 nm) in diameter,
contains 12 bp per turn, and assumes a zigzag conformation (hence its name).

A-DNA, is prevalent under high-salt or dehydration conditions, slightly more
compact, with 11 bp in each complete turn of the helix, which is 23 A (2.3 nm) in
diameter.



Average structural parameters for some DNA forms

Helix rise per bp Base pairs/  Helix

RO | ITITEEE /bp apart 360° Turn Diameter

A  Right 2.6A(0.26 nm) 11.0 23A
B Right 3.4A(0.34 nm) 10.0 20 A
C  Right 3.3A(0.33nm) 9.3 19A

Z Left 3.7 A(0.37 nm) 12.0 18A



L_eft-handed and Right- handed DNAs

Left-handed : ‘ Right-handed

Lehninger Principles of Biochemistry fifth edition




Optical density @ OD260: Melting Point Curve of DNA

If DNA is subjected to heat, the double
helix is denatured and unwinds. During
unwinding, the viscosity of DNA
decreases and UV  absorption
Increases (called the hyperchromic

shift).

A melting profile, (optical density /
@260nm: OD260 ) vs. temperature.

The midpoint at which 50 percent of the

strands have unwound is called the : . ,
. 70 75 80 85 20 95
melting temperature Tm.

The molecule with a higher Tm has a
higher percentage of C-G base pairs than
A-T base pairs

Temperature (°C)

Tm= temperature at which 50% the bp in a double stranded DNA sample have denatured
Tm is proportional to %GC



The structure of RNA is chemically similar to DNA, but ??

B :

* The structure of RNA molecules resembles DNA, with several ;—Alanine
important exceptions. 2

* Ribose sugar in RNA, instead of 2" deoxyribose in DNA “m_ 8

* Nitrogenous base uracil in RNA, instead of thymine in DNA (';ﬁ

* RNA is single stranded (single stand of polynucleotides, only one C- gg
5" end and C-3" end), while DNA is double stranded helix (two C- -’ A,
5" ends and two C-3” ends). DGAUGc.SZ:? v :::2; . }};

* RNA moIeCL_JIes often fold back on thems_elves to form double- ée DAGG‘!;'Q \cb \T\\v y
stranded regions of complementary base pairs (only one C-5" end GMe, ~979'“\G/m
and C-3" end). gg

- Some animal viruses that have RNA as their genetic material contain gg
double-stranded helices (two C-5" ends and two C-3" ends). ' A

» There are 3 major classes of cellular RNA molecules function during gc \""""
the expression of genetic information: ribosomal RNA (rRNA), .
messenger RNA (MRNA), and transfer RNA (tRNA). | Codon |

Other unique RNAs exist that perform various genetic and cellular roles, especially in eukaryotes.
Telomerase RNA is involved in DNA replication at the ends (telomeres) of eukaryotic chromosomes
Small nuclear RNA (snRNA) participates in processing (splicing) mRNAs

Antisense RNA, microRNA (miRNA), short interfering RNA (siRNA), and long noncoding RNA

(IncRNA) are involved in gene regulation.
Small nucleolar RNA (snoRNA) and small cytoplasmic RNA (scRNA) are other minor forms of RNA



Secondary Structure of tRNA

Amino Acid
Attachment Site
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Anticodon Anticodon Anticodon
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Prokaryotic vs. Eukaryotic Cells

All cells (prokaryotic and eukaryotic) share certain basic features:
— bounded by a selective permeable cell membrane
— Cytosol, in which subcellular components are suspended.

— Centrally located genetic material or chromosomes, which carry genes in the
form of DNA.

— Have ribosomes for making proteins
A major difference between prokaryotic and eukaryotic cells is the DNA location
In a eukaryotic cell, most of the DNA is in the nucleus,
In a prokaryotic cell, the DNA is concentrated in a nucleoid region.

Eukaryotic cells are characterized by compartmentation they have internal
membranes that compartmentalize their functions.

Two distinct types of cells : prokaryotic and eukaryotic.
Organisms of the domains Bacteria and Archaea consist of prokaryotic cells.

Organisms of the domain Eukarya—protists, fungi, animals, and plants—all consist of
eukaryotic cells.



Bacteria Archaea Eukarya

Green

nonsulfur Euryarchaeota
Y T Yeapas  bacteria Methanosarcina : Agrcannts
Purple  Gram ' Halophiles Animals

Methobacterium
Methanococcus

bacteria positives | Fungi

1. celer Slime molds
o Crenarchaeota Entamoebae Plants
Cyanobacteria s Thermoproteus Ciliates
: | Pyrodictium
Flavobacteria Flagellates
Trichomonads

Thermotogales _ Lz
Microsporidia

Diplomonads




Prokaryotic vs. Eukaryotic Cells

The interior (area) of either type of cell is called the cytoplasm; in eukaryotic cells,
this term refers only to the region between the nucleus and the plasma membrane.

Eukaryotic cells are generally much larger than prokaryotic cells.

Size is a general feature of cell structure that relates to function. The logistics of
carrying out cellular metabolism sets limits on cell size.

At the size lower limit, the smallest cells known are bacteria called mycoplasmas,
which have diameters between 0.1 and 1.0 pm.

These mycoplasmas ( lack a cell wall around their cell membranes) are perhaps the
smallest packages with enough DNA to program metabolism and enough enzymes
and other cellular equipment to carry out the activities necessary for a cell to
sustain itself and reproduce.

Typical bacteria are 1-5 pm in diameter, about ten times the size of mycoplasmas.

Eukaryotic cells are typically 10-100 pm in diameter.



Cell size i1s limited

Most cells are relatively small for reasons related to the rate of transport of
substances into and out of them that mainly affected by:

— (1) surface area available for transport

— (2) the distance over which transport must occur.

As the size of a cell increases, the length of time for transport from the outside
membrane to the interior of the cell increases as well.

Larger cells have higher metabolic rates (anabolism and catabolism)

Molecules needed by the cell must be transported through the membrane. Any
metabolic waste produced must be removed, also passing through the
membrane.

The rate at which this transport occurs depends on both the distance to the
membrane and the area of membrane available.

This is one reason, an organism made up of many relatively small cells has
an advantage over one composed of fewer, larger cells.



Surface area-to-volume ratio limit

Another reason for small cell size is the surface area-to-volume ratio limit.

As a cell’s size increases, its volume increases much more rapidly than its surface
area. For a spherical cell, the surface area is proportional to (r?), whereas the
volume is proportional to (r3).

Thus, if the radii of two cells differ by a factor of 10, the larger cell will have 102, or
100 times, the surface area, but 103, or 1000 times, the volume of the smaller cell.

The need for a surface area large enough to accommodate the volume helps
explain the microscopic size of most cells

Larger organisms do not generally have larger cells than smaller organisms—they
simply have more cells.

A sufficiently high ratio of surface area to volume is especially important in cells
that exchange a lot of material with their surroundings

Such cells may have many long, thin projections from their surface called
microvilli, which increase surface area without an appreciable increase in volume.

Because small cells have more surface area per unit of volume than large ones,
control over cell contents is more effective when cells are relatively small.



Geometric relationships between surface area and volume

A high surface area-to-volume ratio
facilitates the exchange of materials

. . Surface area increases while
between a cell and its environment.

total volume remains constant
As a cell gets larger, its volume increases at a faster rate

than its surface area.

If the cell radius increases by 10 times, the surface area

increases by 100 times, but the volume increases by 1000

times.

A cell's surface area must be large enough to meet

the metabolic needs of its volume.

2 4.3
Surface area (4nr~) Volume (Zar %) 1 @

Total surface area 25 folds 125 folds
[(height X width of 1 side) 6 150 750
X 6 sides X number of cells] units? units2 units2

Totalvolume 125 folds 125 folds

[(height X width X length 125 125
of 1 cell) X number of cells] units> units3

Surface area-to-
volume ratio
[surface area + volume]




Microscopy: magnification and resolution

Microscopes allow visualization of cells and components
Microscopes magnify small objects to appear bigger.

The magnification power of a light microscope is up to 1500 X its original
size.

The magnification power of electron microscopes can reach up to 1 million
X.

Magnification is not all about getting details. At greater magnifications,
additional details may not be seen clearly. The resolution problem.

Bigger is only better when more details are revealed.

The fineness of detail that a microscope can reveal is its resolving power.
Resolution is a measure of the clarity of the image.

Resolution: is the minimum distance two points can be apart and still be
distinguished as two separate points.

Resolution power of human eye : > 100 um which allows our eyes to resolve
them as two distinct objects rather than one.



Microscope resolution formula

Where A is the wavelength of light used to '

image a specimen (a green light of 514 nm) . 0.612 4

Where I is the refractive index of the imaging LG

medium (air or oil). !

If using a ‘dry’ (non-immersion) objective lens / .
the air has a refractive index of 1.0. Objective lens \

If using an immersion objective lens with oil
the a refractive index of the imaging medium is
1.52

Where O is half of the angular aperture of the

objective (The maximum angular aperture of an
objective is around 144°, so max a = 72°).
Short Wavelengths Long Wavelengths

Using standard techniques, the light | /SRR .
microscope cannot resolve detail finer than | | ! |
about 0.2 um, or 200 nm, regardless of the B ——————

Infrared

(V) 3 3 (IR)

magnification



Prokaryotic Cells

When cells were visualized with microscopes, two basic cellular architectures were
recognized that reflects the presence or absence of a membrane-bounded nucleus that
contains genetic material.

In addition to lacking a nucleus, prokaryotic cells do not have an internal membrane
system or numerous membrane-bounded organelles.

Prokaryotic cells have relatively simple organization, therefore are the simplest
organisms.

Prokaryotic cells are small, consist of cytoplasm surrounded by a plasma membrane
and are encased within a rigid cell wall,

Prokaryotic cells have no distinct interior compartments.

Prokaryotes are very important in the ecology of living organisms.

Some harvest light by photosynthesis, others break down dead organisms and recycle
their components.

Still others cause disease or have uses in many important industrial processes.
Prokaryotes have two main domains: archaea and bacteria, the other is Eukarya
which includes all eukaryotes
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Prokaryotic Cells

Prokaryotic cells contain organelles like ribosomes, which carry out
protein synthesis, but most lack the membrane-bounded organelles
characteristic of eukaryotic cells.

The plasma membrane of a prokaryotic cell carries out some of the
functions organelles perform in eukaryotic cells.

For example, some photosynthetic bacteria, such as the cyanobacterium
Prochloron, have an extensively folded plasma membrane, with the folds
extending into the cell’s interior. These membrane folds contain the
bacterial pigments connected with photosynthesis.

Because a prokaryotic cell contains no membrane-bounded organelles, the
DNA, enzymes, and other cytoplasmic constituents have access to all parts
of the cell.

Reactions are not compartmentalized as they are in eukaryotic cells, and the
whole prokaryote operates as a single unit.



Bacterial cell walls consist of peptidoglycan

Most bacterial cells are encased by a strong cell wall.
This cell wall is composed of peptidoglycan, which
consists of a carbohydrate matrix (polymers of sugars)

that is cross-linked by short polypeptide units.

Cell walls protect the cell, maintain its shape, and
prevent excessive uptake or loss of water.

The susceptibility of bacteria to antibiotics often
depends on the structure of their cell walls. The drugs
penicillin and vancomycin, for example, interfere with
the ability of bacteria to cross-link the peptides in their
peptidoglycan cell wall, this destroys the integrity of the
structural matrix, which can no longer prevent water
from rushing in and swelling the cell to bursting.

Some bacteria also secrete a jellylike protective capsule
of polysaccharide around the cell. Many disease-causing
bacteria have such a capsule, which enables them to
adhere to teeth, skin, food—or practically any surface
that can support their growth.



Archaea have unusual membrane lipids

The cell walls of archaea are composed of various chemical compounds,
including polysaccharides and proteins, and possibly even inorganic
components.

A common feature distinguishing archaea from bacteria is the nature of their
cell membrane lipids which composed of glycerol linked to hydrocarbon
chains by Ether linkages, not the ester linkages seen in bacteria and eukaryotes

These hydrocarbons may also be branched, and they may be organized as
tetraethers that form a monolayer instead of a bilayer.

The cellular machinery that replicates DNA and synthesized proteins in
archaea is more closely related to eukaryotic systems than to bacterial
systems. Even though they share a similar overall cellular architecture with
prokaryotes, archaea appear to be more closely related on a molecular basis
to eukaryotes.

Archaea and bacteria are similar in that both have a prokaryotic cellular
structure; however, they vary considerably at the biochemical (metabolic) and
molecular levels.

Archaea and bacteria differ in four key ways: plasma membrane structure, cell
wall structure, DNA replication, and gene expression.
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Some prokaryotes move by means of rotating flagella

Flagella (singular, flagellum) are long,
threadlike structures (protein fibers) protruding
from the surface of a cell that are used in
locomotion. There may be one or more per cell,
or none, depending on the species.

Bacteria can swim at speeds of up to 70 cell
lengths per second by rotating their flagella
like screws.

The rotary motor proteins are anchored in the
plasma membrane and uses the energy stored in
a gradient (Proton-Motive Force) that transfers
protons across the plasma membrane to power
the movement of the flagellum (the movement
of protons through channels across the
membrane is coupled to the rotation of
flagellum).

This coupling of an electrochemical gradient to
mechanical rotational work is  another
fascinating feature of the bacterial motor.
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A Panoramic View of the Eukaryotic Cell

Eukaryotic cells are far more complex than prokaryotic cells.

The hallmark of the eukaryotic cell is compartmentalization and the presence of extensive
endomembrane system through the cell interior and numerous membrane-bounded organelles
that form compartments within which multiple biochemical processes can proceed simultaneously
and independently.

Plant cells often have a large, membrane-bounded sac called a central vacuole, which stores
proteins, pigments, and waste materials.

Inside the nucleus, the DNA is coiled tightly around proteins and packaged into compact units
called chromosomes.

All eukaryotic cells are supported by an internal protein scaffold, the cytoskeleton.
The nucleus is the largest and most easily seen organelle within a eukaryotic cell.

Nucleus is roughly spherical in shape, and in animal cells, it is typically located in the central
region of the cell, in some cells, a network of fine cytoplasmic filaments seems to support the
nucleus in this position.

The nucleus contains the genetic information that enables the synthesis of nearly all proteins of a
living eukaryotic cell.

Most eukaryotic cells possess a single nucleus, although the cells of fungi and some other groups
may have from several to many nuclei. Mammalian erythrocytes (red blood cells) lose their nuclei
when they mature.

Many nuclei exhibit a dark-staining zone called the nucleolus, which is a region where intensive
synthesis of ribosomal RNA is taking place.
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The nuclear envelope and nuclear pores

The nuclear envelope is a two phospholipid bilayer
membranes, the outer membrane is continuous with the the
endoplasmic reticulum.

Nuclear pores are structures scattered over the surface of the
nuclear envelope and 50 to 80 nm apart at locations where the
two membrane layers of the nuclear envelope come together.

The structure of the Nuclear pores consists of a central
framework with eightfold symmetry that is embedded in the
nuclear envelope.

This framework is bounded by a cytoplasmic face with
eight fibers, and a nuclear face with a complex ring that
forms a nuclear basket beneath the central ring.

Nuclear basket coordinates the function of several
multiprotein complexes involved in chromatin regulation,
transcription regulation, proofreading and mRNA export

The Nuclear pore allows ions and small molecules to diffuse
freely between nucleoplasm and cytoplasm, while controlling
the passage of proteins, RNA and RNA—protein complexes.

The inner surface of the nuclear envelope is covered with a
network of fibers that make up the nuclear lamina that
composed of intermediate filament fibers called nuclear
lamins.
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Chromatin: DNA packaging

In eukaryotes, the DNA is divided into multiple linear chromosomes, which are organized with
proteins into a complex structure called chromatin.

The very structure of chromatin affects the function of DNA. Changes in gene expression that
do not involve changes in DNA sequence, so-called epigenetic changes, involve alterations in
chromatin structure.

Chromatin is usually in a more extended form that is organized in the nucleus.

When cells divide, the chromatin must be further compacted into a more highly condensed
state that forms the chromosomes visible in the light microscope.
interphase chromosomes presents as Heterochromatin or Euchromatin.
Heterochromatin (less diffuse structure)
— Tightly compacted regions of chromosomes, Transcriptionally inactive
Euchromatin (more diffuse structure), Less condensed regions of chromosomes
— Transcriptionally active

Centromere

Euchromatin (30 nm fiber Heterochromatin (greater
anchored in radial loops) compaction of the radial loops)




EPIGENETIC MECHANISMS HEALTH ENDPOINTS

are affected by these factors and processes: e Cancer
e Development (in utero, childhood) * Autoimmune disease
¢ Environmental chemicals ¢ Mental disorders

¢ Drugs/Pharmaceuticals ¢ Diabetes
¢ Aging
¢ Diet EPIGENETIC

CHROMATIN
p

@ FACTOR

| DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

and activate or repress genes.

HISTONE TAIL

( HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
Histones are proteins around which | HISTONE alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.
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The nucleolus: Ribosomal subunit manufacturing

Hundreds of copies of the genes encoding the ribosomal RNAs are clustered together
on the chromosome, facilitating ribosome construction by producing RNA molecules
from transcribing the cluster. The clusters of ribosomal RNA genes, the RNAs they
produce, and the ribosomal proteins all come together within the nucleus during
ribosome production.

These ribosomal assembly areas are easily visible within the nucleus as one or more
darkstaining regions called nucleoli (singular, nucleolus). Nucleoli can be seen under
the light microscope even when the chromosomes are uncoiled.

Ribosome is complex molecular assembly and composed of two subunits (large and
small) each of which is composed of a combination of rRNA and proteins.

The large and small subunits join to form a functional ribosome only when they are
actively synthesizing proteins.

Ribosomes are found either free in the cytoplasm or associated (bound) with internal
membranes (Endoplasmic reticulum). Both free and bounded ribosomes and
interchangeable

Free ribosomes synthesize proteins that are found in the cytoplasm, nuclear proteins,
mitochondrial proteins, and proteins found in other organelles not derived from the
endomembrane system.

Bound ribosomes synthesize membrane proteins, proteins found in the endomembrane
system, and proteins destined for export from the cell.



Ribosomal Structure

Ribosomes can be thought of as “universal organelles” because they are
found in all cell types from all three domains of life.

Life is protein-based, and ribosomes are the factories that make proteins.
Ribosome consists of two subunits, one large and one small.

The subunits and rRNA components are most easily isolated and
characterized on the basis of their sedimentation behavior in sucrose
gradients, which is a measure of their rate of migration when centrifuged,
abbreviated S for Svedberg coefficient, which reflects their density, mass,
and shape.

In prokaryotes, the monosome (whole ribosome composed of small and
large subunits) is a 70S particle, and in eukaryotes it is approximately 80S.

Sedimentation coefficients, which reflect differences in the rate of migration
of different-sized particles and molecules, are not additive.

For example, the prokaryotic 70S monosome consists of a 50S and a 30S
subunit

The eukaryotic 80S monosome consists of a 60S and a 40S subunit.



Prokaryotic and Eukaryotic Ribosomes
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The Endomembrane System

The interior of a eukaryotic cell is packed with | 2 nuclews =~ cel
e & membrane

membranes that form an endomembrane system. | === A “v " s~ rough ER
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The endomembrane system is composed of:
* Nuclear envelope
« Endoplasmic reticulum (ER)
» Golgi apparatus
e Lysosomes
« Vacuoles and Vesicles

 Cell membrane

The largest of the internal membranes is the endoplasmic reticulum (ER).



The endoplasmic reticulum (ER)

The ER is composed (like membranes) of
a phospholipid bilayer embedded with
proteins, and may also be connected to the
cytoskeleton, which can affect ER
structure and growth.

The two largest compartments in
eukaryotic cells are the space inside the
ER, called the cisternal space, or lumen,
and the region exterior to it, the cytosol,
which is the fluid component of the
cytoplasm containing dissolved organic
molecules and ions.
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The ER is a network of flattened sacs and branching tubules that extends throughout

the cytoplasm in plant and animal cells.

These sacs and tubules are all interconnected by a single continuous membrane so
that the organelle has only one large complexly arranged lumen (cisternal space).

The membrane of ER is continuous with the outer nuclear membrane.
Two regions can be recognized in most cells, known as smooth ER and rough ER.
The basic difference is that the RER is covered in ribosomes, which give it its rough

appearance in the electron microscope.




The smooth ER (SER)

Smooth ER (SER) refers to the regions of the ER with no or relatively very few bound ribosomes.
The ratio of SER to RER is not fixed and can vary greatly depends on a cell’s function.

Cells that carry out extensive lipid synthesis, such as those in the testes, intestine, and brain, have
abundant SER. Cells that synthesize secreted proteins, for example, antibodies, have much more
extensive RER.

The membranes of the SER contain many embedded enzymes, involved in the synthesis of a
variety of carbohydrates and lipids.

Steroid hormones are also synthesized in the SER of ovaries, testes, and the adrenal gland.
Synthesis of phospholipids. The majority of membrane lipids are assembled in the SER and then
sent to whatever parts of the cell need membrane components.

Store intracellular Ca%* (sequestering calcium), which keeps the cytoplasmic level low, allowing
Ca?* to be used as a signaling molecule. Ca2*ions are pumped from the cytosol into the lumen of
the smooth endoplasmic reticulum to more than 100 times the concentration found in the cytosol.
In muscle cells, for example, Ca?* is used to trigger muscle contraction. In other cells, Ca?* release
from SER stores is involved in diverse signaling pathways.

SER modifies foreign substances to make them more soluble and less toxic. In the liver, enzymes
in the SER carry out this detoxification which involves adding hydroxyl group to drug making
them more soluble and easer to flush from the body.

The SER is responsible for some carbohydrate metabolism. In the liver, for example, the cell
breaks down the glycogen. First Glycogen is broken into glucose-6- phosphate, an ion that, if
released would harm our blood cells. So, enzyme found in the membrane of the SER can remove
the phosphate, allowing pure glucose to be released



The rough ER (RER)

The rough ER is a site of protein synthesis

The rough ER (RER) gets its name from the rough appearance of its surface because
of the bound ribosomes.

The proteins synthesized on the surface of the RER are destined to be exported from
the cell, sent to lysosomes or vacuoles, or vesicles or embedded in the plasma
membrane. These proteins enter the cisternal space as a first step in the pathway that
will sort proteins to their eventual destinations. This export pathway also involves
vesicles and the Golgi apparatus.

The sequence of the protein being synthesized determines whether the ribosome will
become associated with the ER or remain a cytoplasmic ribosome.

In the RER, newly synthesized proteins can be modified by the addition of short-chain
carbohydrates to form glycoproteins.

Proteins bound for secretion are separated from other products and packaged into
vesicles that move to the Golgi for further modification and packaging for export.

After secretory proteins are formed, the ER membrane keeps them separate from
proteins in the cytosol, which are produced by free ribosomes.

Secretory proteins depart from the ER are wrapped in the membranes of vesicles
(transport vesicles) that bud like bubbles from a specialized region called transitional
ER.



Signal sequence

Proteins to be exported contain special amino acid sequences called signal
sequences.

New protein is made by a free ribosome, the signal sequence of the growing
polypeptide attaches to a recognition factor that carries the ribosome and its partially
completed protein to a “docking site or receptor” on the surface of the ER.

As the protein is assembled it passes through the ER membrane into the interior
ER compartment, the cisternal space, from which it is transported by vesicles to the
Golgi apparatus
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Synthesis and Sidedness of Membranes

Membranes have distinct inside and outside faces.

The phospholipid bilayers may differ in lipid composition, and each protein has
directional orientation in the membrane.

Membrane sidedness is the asymmetrical arrangement of proteins, lipids, and their
associated carbohydrates in the plasma membrane

Membrane sidedness is determined as it being built.

Lipid bilayer  Transmembrane

Ty 9lycoprotein

)

Glycolipid @ secretory proteins, membrane proteins, and lipids are
‘ Secretory synthesized in the endoplasmic reticulum (ER). In the ER,
Attached !f protein carbohydrates (green) are added to the transmembrane

proteins (purple dumbbells), making them glycoproteins.
The carbohydrate portions may then be modified. Materials
are transported in vesicles to the Golgi apparatus.

carbohydrate [

@ nside the Golgi apparatus, the glycoproteins
undergo further carbohydrate modification, and
lipids acquire carbohydrates, becoming glycolipids.

© The glycoproteins, glycolipids, and secretory
proteins (purple spheres) are transported in

Vesicle
vesicles to the plasma membrane.

O As vesicles fuse with the plasma membrane,
the outside face of the vesicle becomes
continuous with the inside (cytoplasmic) face of
the plasma membrane. This releases the secretory
proteins from the cell, a process called exocytosis,
and positions the carbohydrates of membrane
glycoproteins and glycolipids on the outside
(extracellular) face of the plasma membrane.




The Golgi apparatus: Receiving & Shipping Center

The Golgi apparatus is a warehouse for receiving, sorting, packaging,
shipping, and even manufacturing, of molecules synthesized at one location and
used at another within the cell or even outside of it.

The Golgi apparatus, named after its discoverer, 1906 Nobel prize winner an
Italian physician named Camillo Golgi.

Golgi apparatus is a distinctive stack of flattened sacks called cisternae, which
vary in number within the Golgi apparatus from 1 or a few in protists to 20 or
more in animal cells, and to several hundred in plant cells.

Unlike the ER cisternae, the Golgi apparatus sacs are not physically connected.

The Golgi apparatus is the distribution point of the cell where proteins and
lipids made within the RER and SER are further processed, modified, stored
and then directed to their final destination.

A Golgi apparatus has a front and a back sides or faces, each with a distinct
membrane composition.

The receiving side is called the cis face and is usually located near the ER.
Materials arrive at the cis face in transport vesicles that bud off the ER and exit
the trans face, where they are discharged in secretory vesicles .
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The Golgi apparatus: Receiving & Shipping Center

Proteins and lipids manufactured on the RER and SER are transported into the
Golgi apparatus and modified during their transit from the cis region to the trans
region.

The most common alteration is the addition or modification of short sugar chains,
forming a glycoprotein and a glycolipid. Membrane phospholipids may also be
altered in the Golgi.

In addition to its finishing work, the Golgi apparatus also manufactures some
macromolecules. Many polysaccharides secreted by cells are Golgi products. For
example, pectins (heteropolysaccharide) and certain other noncellulose
polysaccharides are made in the Golgi of plant cells and then incorporated along
with cellulose into their cell walls.

Like secretory proteins, nonprotein Golgi products that will be secreted depart
from the trans face of the Golgi inside transport vesicles that eventually fuse with
the plasma membrane. The contents are released and the vesicle is incorporated
into the plasma membrane, adding to the surface area.

Before a Golgi apparatus dispatches its products by budding vesicles from the trans
face, it sorts these products and targets them for various parts of the cell.

Finally, transport vesicles budded from the Golgi may have external molecules on
their membranes that recognize “docking sites” on the surface of specific
organelles or on the plasma membrane, thus targeting the vesicles appropriately.
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Lysosomes contain digestive enzymes

Lysosomes are digestive vesicles that arise from the Golgi apparatus and contain
high levels of a variety of enzymes that can degrade proteins, nucleic acids, lipids,

and carbohydrates.
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Lysosomal enzymes work best in the acidic environment found in lysosomes. If a
lysosome breaks open or leaks its contents, the released enzymes are not very active
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Throughout the lives of eukaryotic cells, lysosomal enzymes break down old
organelles (autophagy) and recycle their component molecules, allowing room for
newly formed organelles. For example, mitochondria are replaced in some tissues
every 10 days, liver cell, for example, recycles half of its macromolecules each week =

Lysosomes carry out intracellular digestion in a variety of circumstances.
u;#\w@wm}m@b)ﬂ\d&b?@\mg_au}u}“um
Amoebas and many other unicellular protlsts eat by engulfing smaller organisms or

food particles, a process called phagocytosis. The food vacuole formed in this way
then fuses with a lysosome, whose enzymes digest the food. Digestion products,
including simple sugars, amino acids, and other monomers, pass into the cytosol and
become nutrients for the cell. =

Some human cells, like macrophages, also carry out phagocytosis. Macrophages, a
type of WBC that helps defend the body by engulfing and destroying bacteria and

other invaders
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Autophagy

During autophagy, a damaged organelle or small amount of cytosol becomes
surrounded by a double membrane vesicles and a lysosome fuses with the
outer membrane of this vesicle where the lysosomal enzymes break the
inner membrane and the enclosed material, and the resulting small organic

compounds are released to the cytosol for reuse.
,-.bi:d\ &A (3_5)_5‘):\”\ GAJ-\-}_’ C}é‘).a ;Lﬁz‘: Q‘J QM}M iL‘A.A JJJM\ UA 3‘):\5.»4 3.}45 _5‘ Z\A]Lﬁ\ w‘ C‘_\»AS 6‘_;\35‘ e‘.@.ﬂ‘y‘ ;L\Si
o) Al 3yl 4 gumal) LS pall (33U) A5 cAdliall salall 5 S0 LRl s daa g 5 3lll ey 1Y) a8 g Aliay gall o3g] o A
ALY sale Y J s ) sl

6 Lysosome fuses with
vesicle containing
damaged organelles.

é Hydrolytic enzymes
digest organelle
components.
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Lysosomal storage disorders

« A number of human genetic disorders, collectively called lysosomal storage
disorders, affect lySOSOMES. syl le wtilay 555l ¢ 385 Sl el i Lle 3l 15 o pdl) 4050 Sl o) e 320 iy

» Lysosomal storage diseases are inherited metabolic diseases that are characterized
by an abnormal build-up or accumulation of various materials in the body’s cells as
a result of enzyme deficiencies.

Cilay 33Y1 (il Al ananll Q%Q%N}d@:ﬁkﬁé‘ﬁ ;‘.esbie)éﬂﬁz\iufﬂfdﬁ‘ ol (o (a3 oAl al jal . ]

« Tay- Sachs disease is caused by the loss of function of a single lysosomal enzyme
(hexosaminidase) that necessary to break down a membrane glycolipid found in
nerve cells. Accumulation of glycolipid in the lysosomes affects nerve cell
function, leading to a variety of clinical symptoms such as seizures and muscle
rigidity.

de sana ) (g3 L channnll C3AT Ay e las sl b aad SIS o155 S Aneael) LD (6 3 s sl oLl el Sl 5o (555 i (Sliael 3 5u8) 3505 (a3 3e) 3 Al g (1] Al (Sl (515 (1 yo Biany
) ] ) . ) ozl i 5 il sil) Jia A pad) Gl e Y (10 Ao e

« Pompe disease is a lysosomal storage disorder in which alpha-glucosidase is
deficient or absent. Deficiency of this lysosomal enzyme results in progressive
expansion of glycogen-filled lysosomes in multiple tissues, with cardiac and
skeletal muscle, and tliapato)?ﬂytes being the most severely affected.

U 5 Al ALl Olmall (585 Cm chanetia Al Com pSlally Al a5 5 1m0l g i) 1) a5 3l s 351 138 (o (g e 5 LEGS 315 s sl Al 055 Cum il g5l 0335 G lauial 5 (a0 (e
. . . . . . . s . 1t Y Al

« Cystinosis: Excessive storage of the amino acid cystine (the oxidized dimer of the
amino acid cysteine) in all cells of the body results in impaired kidney function,
increased sensitivity to light, and marked growth retardation.

IS gaill jalig s guall dpulinll 830 35 o KU Cailla g Comin 1 (535 aneall LA an b (Oyfnaal) ined) manll 3S all AUEN) i) (isad) (meall o jial o 5830 i) 1
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Vacuoles

s Ol s Aaa 30 sy Al (e ALl 5 S Clay g (o4 i sadll
« Vacuoles are large vesicles derived from the ER and Golgi apparatus.

«  Vacuoles are an integral part of a cell’s endomembrane system ol bl st oe e ¥ o2 oo ladl

« Vacuoles membrane (vacuolar membrane) is selective in transporting solutes; as a result, the

solution inside a vacuole differs in composition from the cytosol.
Uil oo Sl 85 sadll Jals Jglaall Calin, lla] Ay ehliall o sall Ji3 3 S (o smil) sLiall) <l o) cLie

*  Vacuoles perform a variety of functions in different kinds of cells. s oi g1 o cits oot i te s cinid 35
- Food vacuoles, formed by phagocytosis, =!8 il el

« Contractile vacuoles: Many unicellular protists living in fresh water have contractile vacuoles
that pump excess water out of the cell, thereby maintaining a suitable concentration of ions and
molecules inside the cell.

Al Jals @l jall s b sl (e anlie 38 5 o Jadlag Ml g el = a0 0 elall gt dpnalii) <l gad A3l olbsall A Glans A A s s LS (g ppsal) el Apaliisy) <l sadl)
 In plants and fungi, certain vacuoles carry out enzymatic hydrolysis, a function shared by
lysosomes in animal CellS. wusa bl s ;5 il o 38 it B s o 5« 30 Jlaily S smdl) a5 el lail s il 3
« In plants, small vacuoles (storage vacuoles ) can hold reserves of important organic compounds,

such as the proteins stored in Seeds.  assa cius; i S dued) & soael) S sall o bl Jaiind of (A0 S sad) § sl S paill (20 il
. . . sl 8
« Vacuoles may also help protect the plant against herbivores by storing compounds that are

poisonous or inedible t0 aNIMAIS. i iy, (S0 e A LS 6525 IS (0 A2l gl (e Sl an i Lo il 30 5
« Some plant vacuoles contain pigments, such as the red and blue pigments of petals that help
attract pollinating insects to flOwers.  ci zai cis sl (il il (b 5 g sal o180 5 ol paal) ciisall Jin lonal le ] il sad Gians (5 513

: : . BESUPRER N
« Mature plant cells generally contain a large central vacuole, which develops by merging or fusion
of smaller vacuoles. The solution inside the central vacuole,

called cell sap, is the plant cell’s main storehouse of inorganic ions, including potassium and
chloride, as well as water.

M\EJL‘A‘;ML’SH‘} ‘Z_DSJA\BJ;AS\ d';b.))_;}d\d)u\ )M\u\)ﬁcum\‘,\cadé:\)}aus‘)# sBﬁ%ﬁpré&&w&N\@u\bM\g#c
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Mitochondria and Chloroplasts: Cellular Generators

« Mitochondria and chloroplasts share structural and functional similarities.

« Structurally, they are both surround’eﬁ‘f)‘wm&?ﬂb éﬁyn%féhrﬁbrane and both contain

their own DNA and protein synthesis machinery.
u.\.\}).d\}&}}\n \L_,J;J«uul;u\ LS)‘;-“-‘A)SJ J)A;ML\A‘QLAA)\S M}M\m\.\l\w
. Functionall ly, they are ﬁoth invoived in energy metabolism, changing energy from

one form to another. Laiuu dss g s, A s L Gl L8 LadIS 6 s dub ) Al o

« Mitochondria (singular, mitochondrion) are the sites of cellular respiration, the
metabolic process that uses oxygen to drive the generation of ATP by extracting

energy from sugars, fats, and other fuels.
58 b oY) A0S ) dpal) Al 8 ‘ngh.\\ u.;s.ul\ & sa A (LsS siae s jie) Ly oS ginadl ATP (a1 3585l 5 ¢ saall s by Sl (e 48Ul 2 i) 33 5k e

* Mitochondria are found in nearly all eukaryotic cells, including those of plants,
animals, fungi, and most protists. Some cells have a single large mitochondrion,
but more often a cell has hundreds or even thousands of mitochondria. The
number correlates with the cell’s level of metabolic activity. Cells that move or
contract have proportionally more mitochondria per volume than less active cells.

YT il e e Bl g gind Ll el b STy csand 55 508 L yai St e UDIAN (e 5 gind M}Y\g_\\_ulsl\?Lu}ub)hﬂ\}ub\)ﬁ\}ub\_d\b)s;dh@\m u)u 8 sill Adga LAY IS Ly 500 o giall a3

Ualis JAY1 LA 46 Jlae aas JSI L 500 o€ siall ¢ Luuu‘).\S\.\.\c S LAY (g a3 ) Ll (5 giusey daall Lagi 5 L a3 oS siaal)

« Chloroplasts contain the green pigment ¢ Ioropﬁyll aﬁng With el enzymes and other
molecules and found in plants and algae, are the sites of photosynthesis that
converts solar energy to chemical energy by absorbing sunlight and using it to

drive the synthesis of organic compounds (sugars) from carbon dioxide and water.

d}&&ﬂ\@}d\w\cﬁ\}as&s} s;ﬂ\;ﬂbuhhﬂ\@M};}A\dﬁ‘ﬂu\mﬂ\}u@}Y\ ;u\asl\ ‘d.ﬁ})}m\ g\}aﬂ\w\écg\}aﬂ\u\mﬂ\gjm
el 5 0 0 SISl (e (il jSaall) 3 guanll LS el a5 dlae pdal dsladinl g Gaadl) ¢ guin (alialial (3 5k e AilaS A8 ) Al A8
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Mitochondria metabolize sugar to generate ATP

« Mitochondria (singular, mitochondrion) are typically tubular or sausage-shaped
organelles about the size of bacteria that are found in almost all types of eukaryotic
Cells ool sl diia LA 1 5 maan 8 an 555 U 58 Ly i) ammy 308 (S o f sl e o (L5285 sie 1o ji) Ly oS il

« Mitochondria are bounded by two membranes: a smooth outer membrane, and an
inner folded membrane with numerous adjacent /tangent layers called cristae
(Singular, Crista). s tas i) i S o Aulaalls ) ial ikl o dsnll o g5 b 1513 o5 el (2t ol a2 S saaly L

» The cristae divide the mitochondrion into two compartments: a matrix, lying inside

the inner membrane; and an outer compartment, or intermembrane space, lying

between the two mitochondrial membranes.
Lo o€ sinall lde (a5 eeliiall m §158 5l cdm Ja 5 ma g ¢ Rl cLaRD) A1 a5 48 ghian 1 op paa ) L 5ai oS siall aadl) ands

On the surface of the inner A T
membrane, and also embedded &
within it, are proteins that carry o9

out oxidative metabolism, the 2

oxygen-requiring process by which A

energy in macromolecules is used to Inner membrane /\ :

produce ATP . R R

Y 50l iy 5ol L8 AED aladiul LA (e oy 3l oSS 3 Alandl g cgannSlall 30380 il Hlens o g5 i g 5 o g8 calils Lol o bl oLsial) mbaw e ATP
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Mitochondria

Mitochondria have their own DNA; this DNA contains several genes that

produce proteins essential to the mitochondrion’s role in oxidative

metabolism. Thus, the mitochondrion, in many respects, acts as a cell within

a cell, containing its own genetic information specifying proteins for its

UNIQUE TUNCHIONS. o it s 55555l i, 5 A il e 3 e 350 mend 1 g ms S0mbl 50 Lpcimem by 6 ol ol
Lgiils 3} i gl a3l Aalal Al Lo ghen Sle (5 sty il JR13 RS cal il (g S L ol 50 5 sinall Jam oMLy 5 sansSlall 313

The mitochondria are not fully autonomous. Most of the genes that encode =

the enzymes used in oxidative metabolism are located in the cell nucleus.

A"eukarystic cell does not produée brand-new mitochondria each time the

cell divides. Instead, the mitochondria themselves divide in two, doubling

In number, and these are partitioned between the new cells.

Basandl LSRN (o Lo 5 iy claote ey g eyl 1) Vg U 53555 sigall oo ccl3 ym Y2y A8 L i m IS 8 800 L33 5S s 1 3l i 30801 e ¥

Most of the components required for mitochondrial division are encoded by
genes in the nucleus and are translated into proteins by cytoplasmic
ribosomes. B 3O sl e s g M Al g9 i g g () Liam 5 s 515l g8 5 s sl linal) A3 505 sial) Li Ay sllaall s Sl e a8 o
Mitochondrial replication is, therefore, impossible without nuclear
participation, and mitochondria thus cannot be grown in a cell-free culture.

LA (pe Alla 2885 3 L oS giaall Aol ) San Y il 5 bl 5all S jliia ()5 Jamna el Ly 50 58 ginall ) S5 ofd el
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Chloroplasts use light to generate ATP and sugars

Eukaryotic autotroph organisms (e.g plants) that carry out photosynthesis typically contain
from one to several hundred chloroplasts that contain the photosynthetic pigment
Chlorophyll Baa o g siad LI ol undll I e Clliasae G aals e o Bale sl il Alns 5 3 (CbLall Jia) 3 l;ﬂlm;ma:.d\mlam;lluulﬁld}m
The chloroplast is surrounded by two membranes. In addition to the outer and”inher
membranes, which lie in close association with each other, chloroplasts have closed
compartments (third membranous system) of stacked membranes called grana (singular,
granum), which lie inside the inner membrane. Each granum may contain from a few to
several dozen disk-shaped structures called thylakoids. On the surface of the thylakoids are
the light-capturing photosynthetic pigments.

Surrounding the thylakoid is a fluid matrix called the stroma that includes the enzymes
used to synthesize glucose during photosynthesis. it by 5y e (s sing Sy sandl s Al & gicas 3 S Ly

sl Jiiaill ddae o oS glall ala
All plastids are produced by the division of existing plastids.
53 g2 gall ClaiuSl) aludll (31 yha (e lagnSul) & ) o
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تحيط بالبلاستيدات الخضراء غشائين. بالإضافة إلى الأغشية الخارجية والداخلية، والتي تقع في ارتباط وثيق مع بعضها البعض، تحتوي البلاستيدات الخضراء على حجرات مغلقة (نظام غشائي ثالث) من الأغشية المكدسة تسمى الجرانا (مفردها، غرانوم)، والتي تقع داخل الغشاء الداخلي. قد تحتوي كل جرانوم من بضع إلى عدة عشرات من الهياكل على شكل قرص تسمى الثايلاكويدات. على سطح الثايلاكويدات توجد الصبغات الضوئية التي تلتقط الضوء.
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The Cytoskeleton

« The cytoplasm of all eukaryotic cells is crisscrossed by a network of protein fibers that
supports the shape of the cell and anchors organelles to fixed locations.
 This network, called “the *jc‘i/@f'éj'sﬁ”é’ﬁbdﬁf&ﬂ Almost” Bﬁﬂéﬁf&w‘s%??rﬁﬁé%onstantly
assembling and disassembling. it assis, asess s G i Sl 2t o e 180 Sl o L1 S, s
« Individual fibers consist of polymers of identical protein subunits that attract one
another and spontaneously assemble into long chains. Fibers disassemble in the same
~way, as one subunit after another breaks away from one end of the chain. “ ‘
sal g oAV S Ao 8 8an 5 Jonil Cum Al yLall ey LYY SISa AL sl Judlas 8 GEK panti g el Lgumny (odind At Ak g 3 a5 (3o <l el g0 (30 A il LYY () oS58
oo il Can gl Cilia g 55 (pm 050 Lea OS5 bl Sl Gl o Al DN 1 991 e 51 ) A LD (5 55 5 AL i 5k
Eukaryotic cells may contain the following
three types of cytoskeletal
fibers, each formed from a different kind of
subunit:
Microtubules (the thickest; about 25 nm in
diameter). Dl b yiegili 25 g (8 V) dadall i)
Microfilaments, sometimes called actin
filaments (the thinnest: a about 7 nm in
ATAMBLEI) st 7 im0 63 1t Sl s 0 i )
Intermediate filaments. (are fibers with
diameters in a middle range : 8-12 nm

Jiasili 12-8 rhaws sie Gl (b 5l 55 Ul il (8) Al siall o sl

Microtubule

Intermediate filament

Actin filament

Cell membrane
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The Structure and Function of the Cytoskeleton

Property Microtubules (Tubulin Polymers) Microfilaments (Actin Filaments) Intermediate Filaments

Structure Hollow tubes Two intertwined strands of actin Fibrous proteins coiled into cables

Diameter 25 nm with 15-nm lumen 7 nm 8-12 nm

Protein subunits Tubulin, a dimer consisting of an Actin One of several different proteins
a-tubulin and a B-tubulin (including keratins)

Main functions Maintenance of cell shape; cell Maintenance of cell shape; changes Maintenance of cell shape;
motility; chromosome movements in | in cell shape; muscle contraction; anchorage of nucleus and certain
cell division; organelle movements cytoplasmic streaming (plant cells); other organelles; formation of

cell motility; cell division (animal cells) | nuclear lamina

Fluorescence
micrographs of
fibroblasts.

Connective tissue cells
called fibroblasts are a
favorite cell type for cell
biology studies because
they spread out flat and
their internal structures
are easy to see. In each
fibroblast shown here,
the structure of interest
has been tagged with
fluorescent molecules.
In the third micrograph,
the DNA in the nucleus
has also been tagged
(orange).

: - e - G
Microtubule P (‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\V‘

Microfilament Intermediate filament

Row of tubulin dimers ‘ 4
Keratin proteins

A Actin subunit Fibrous subunit (keratins
coiled together)

P /,\.)

B Mubulin dimer
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Function of the Cytoskeleton: Support and Motility

» The most obvious function of the cytoskeleton is to give mechanical support to the cell

and maintain its shape especially important for animal cells, which lack walls.
Sl ) e ) u\yg\uuuaudsmwf\mg&@;h@\,@@@\&mﬁmgggg\ds*ﬂu,a}ﬁww,n
» The cytoskeleton provides anchorage for many organelles and even cytosolic enzyme

molecules. The cytoskeleton is dynamic, it can be quickly dismantled in one part of the
cell and | reassembled in a new Iocatlon chan %g&g the shape of the cell.

MX;J\JS.\.A).\:_\ m.i_\;u }MHUAA;);)AGA ).uu );@;)t_\uad\wmaﬂ Lufd)u\ds.\g.ﬂ)ﬁ}i

« Some types of cell motility (movement) also mvolve the cytoskeleton
| Ul LAY 3S ¢ ) i

e sial
The term cell motility includes b%thd&%anges in ceff Tocation and movements of cell

parts. Cell motility generally requires interaction of the cytoskeleton with motor
proteinsl LS pall i gyl aa (g 51Al) dsé@\dsm&w@ﬂti\sﬁqm_L@Ij;iaﬁﬁjw\éygéa\ﬁiﬂ\o“)&@ﬂmsﬁc&m‘d@

There are many such examples: Cytoskeletal elements and motor proteins work together

with plasma membrane molecules to allow whole cells to move along fibers outside the
cell. s zos G gsh e ol aill LeleSh LAY Lol o 33U cLERN il e Sl i 5l 5 2510 Al pualinl) Jaas el o A5GV (e wi2all i

Inside the cell, vesicles and other organelles often use motor protein “feet” to “walk”
to their destinations along a track provided by the cytoskeleton. For example, this is how
vesicles containing neurotransmitter molecules migrate to the tips of axons, the long
extensions of nerve cells that release these molecules as chemical signals to adjacent
nerve cells .

The cytoskeleton also manipulates the plasma membrane, bending it inward to form

food vacuoles or other phagocytic vesicles.
Al Lanly Blay a5 Ailae il b JiSl JAlal ) 4l ¢ e 33) sLially e DL Uil (5 1a1) Sl o sl g
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داخل الخلية، تستخدم الحويصلات والعضيات الأخرى غالبًا "أقدام" البروتين الحركي "للسير" إلى وجهاتها على طول مسار يوفره الهيكل الخلوي. على سبيل المثال، هذه هي الطريقة التي تهاجر بها الحويصلات التي تحتوي على جزيئات الناقل العصبي إلى أطراف المحاور، وهي الامتدادات الطويلة للخلايا العصبية التي تطلق هذه الجزيئات كإشارات كيميائية إلى الخلايا العصبية المجاورة
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Motor proteins and the cytoskeleton.

Receptor

™

Vesicle | | |

U

(ATP powered) of cytoskeleton

&

Motor protein Microtubule

A motor protein that attaches to a receptor on a vesicle can
"walk' the vesicle along a microtubule or microfilament




Microtubules

i Ut 13 (0 050 Al (o L S 0555 ¢ fia s 25 s La b iy 6 gmn ol (o iy ) A0Sl pumliall ST o il iy

* Microtubules, the largest of the cytoskeletal elements, are

hollow tubes about 25 nm in diameter, each composed of a
ring of 13 protein protofilaments.

» Microtubules vary greatly in length. Some are less than 200
nm long (cytosolic MTs); others, such as axonemal MTs (cilia
flagella) , can be many micrometers in length

& ia s Spa 3o em%go‘\o&,‘ 15l al) 4y smal) 8800 i) B AT Ganall s ¢(p 30k siand) 3 4283 (il p}auzoo»ghdsew.d}u\gfsds@@w st s,
* Globular proteins consisting of noncovalently dimers of a-
and p-tubulin subunits (heterodimer) polymerize to form the
13 protofilaments. y , o
e A A0V L Sl oS (Galaie e B ol a5 Uiy Wl a5 (o palasl g Clali (go 435Sl Ay g Q1) i 5l aleis
» The protofilaments are arrayed side by side around a central
core, giving the microtubule its characteristic tube shape.
naall (253 IS 3R O 5) ey Las ¢3S he il Jsa i ) Ui 4531 o il st .
« In many cells,” microtubules Torm from nucleation centers

(MTOC) near the center of the cell and radiate toward the

periphery. S5 5815 e Aol a1 JSET (DAY (e 3paal) 3 (MTOC) Jnsmall ai ki Glal) S ja (e il Protofilament

» The two most important types of MTOCSs are the basal bodies Microtubule structure

associated with cilia, and the centrosome associated with

spindle formation. oeiwsi 91 e i MTOCS d5aal ¢y 1l 5 3 el ppals el A all el pLuat) Les
» The average half-life of a microtubule ranges from as long as

10 minutes in a nondividing animal cell to as short as 20

seconds in a dividing animal cell.
Aaniial) A0 gal) 208 3 A0 20 ) Aendiall y A gal) AR & 33163 10 (e 488N CapiU Caaill e Jaus sie & ) 5
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Microtubules forms

Microtubules can form as singlets (13 protofilaments around a hollow lumen), doublets,

or triplets.
Doublets and triplets contain one complete 13-protofilament microtubule (the A tubule)
and one or two additional incomplete (< 13 protofilaments) tubules (called B and C

tubules) usually consisting of 10 -11 protofilaments.
Doublets are found in cilia & flagella; while triplets are found in basal bodies & centrioles.

— b=
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Double : /;?

Triplet
Singlet %
Doublet
Triplet
Protofilament




Microtubule Polarity

The ends of the microtubule are designated as plus (+) (away from the nucleation center)
or minus (—) (toward the nucleation center).

Microtubules grow at each end by the polymerization of tubulin hetero dimers, and
shrink at each end by the release of tubulin hetero dimers (depolymerization).

Both processes (polymerization and de polymerization) always occur more rapidly at
one end, the plus end. The other, less active, end is the minus end.

Special motor proteins (powered by ATP), move cellular organelles around the cell on
microtubular “tracks”.

Kinesin proteins move organelles toward the “+” end (toward the cell periphery), and
dynein proteins move them toward the “—” end.

Centrosomes
(MTOCs)

Centrosome

T\ Chromosomes

(a) Interphase (b) Early prophase (c) Metaphase
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Microtubules are build from Tubulin Heterodimers

The basic building subunit of a protofilament is a tubulin heterodimer (o -tubulin & B —
tubulin). MTOCs organize and polarize the MT within cells.

Individual o and B-tubulin molecules are 4-5 nm in daimeter, and they have nearly
identical 3D structures, and each has a GTP-binding site at the N-terminus.

As soon as individual o -tubulin and B -tubulin molecules are synthesized, they bind
noncovalently to each other to produce an a,f tubulin heterodimer.

GTP is required for MT assembly. Each tubulin heterodimer binds two GTP molecules.
The a -tubulin binds one GTP; the other GTP is bound by B -tubulin

Kinetics of Microtubule Assembly

Microtubules form by the reversible polymerization of o, tubulin heterodimer at their
ends. A critical step in the formation of MTs is the aggregation of o, tubulin
heterodimer into clusters called oligomers that serve as “nuclei” from which new
microtubules can grow, and this process is referred to as nucleation or lag phase which
proceeds at slow rate.

Once an MT has been nucleated, it grows by addition of an a,f tubulin heterodimer
subunits at either end, via a process called elongation, which is faster than lag phase.

Finally, MTs increase to a point where the concentration of free tubulin (individual or
dimers) becomes limiting (critical concentration). This leads to the plateau phase,
where MT assembly is balanced by disassembly:.




Kinetics of Microtubule Assembly
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Centrioles and basal bodies are complex MT structures

Centrioles are barrel-shaped structures found in the cells of animals and most protists.
Centrioles occur in pairs, usually located at right angles (perpendicular) to each other
near the nuclear membranes in a region referred as a centrosome.

Centrioles (each about 250 nm (0.25 um) in diameter are composed of nine sets of
triplet MTs arranged in a ring in “9+0” pattern.

Nontubulin proteins are present to connect the microtubule triplets to each others.

The basal body is structurally very similar to a centriole, with nine sets of triplets MT
in a “9+0” pattern. Basal bodies are the cellular structure responsible for anchoring
cilium or flagellum,

In humans and in many animal species the basal body of the fertilizing sperm’s
flagellum enters the egg and becomes a centriole.




Cilia and Flagella

« Some eukaryotic cells have flagella (singular, flagellum) and cilia (singular, cilium), both

are cellularextensions that contain microtubules.
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 Eukaryotic célls” Rave a compietely different kind of flagellim than prokaryotes,
consisting of a circle of nine microtubule pairs (doublets) surrounding two central singlet
microtubules ( 9 + 2 pattern or structure). Also eukaryotic flagella undulates, or waves up
and down, rather than rotates.
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" The MTs of cilia and fiageflum are derived from a basal body (nine MT triplets); situated>
just below the point where the cilia or flagellum protrudes from the surface of the cell.
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Many unicellular protists are propelled through water by cilia or flagella that act as
locomotor appendages, A cliale Jant 20 b pu of a0 A gy oLl e 2N Bim g SN (e psall o

The sperm of animals, algae, and some plants have flagella. i oo i gany ctabi; £ il s

When cilia or flagella extend from cells that are attached tightly together in a sheet that is
part of a tissue layer, they can move fluid over the surface of the tissue, e.g. the ciliated
lining of the trachea sweeps mucus containing trapped debris out of the lungs, and in a
woman’s reproductive tract, the cilia lining the oviducts help move an egg toward the
uterus.

The sen%]ry cells of the vertebrate ear also contain conventional cilia surrounded by
complex cilia (actin-based stereocilia); so sound waves bend these structures and provide
the initial sensory input for hearing
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Cilia usually occur in large numbers on the cell surface. Flagella are usually
limited to just one or a few per cell, but longer than cilia.

Flagella and cilia differ in their beating patterns.
A flagellum has an undulating motion like the tail of a fish.

In contrast, cilia have alternating power and recovery strokes, much like the oars
of a racing crew boat

A comparison of the beating of flagella and motile cilia.

(a) Motion of flagella. A flagellum Direction of swimming
usually undulates, its snakelike =

motion driving a cell in the same M
direction as the axis of the
flagellum. Propulsion of a human

sperm cell is an example of flagellate W .
locomation (LM). W

Y

(b) Motion of cilia. Cilia have a back-and-forth
motion. The rapid power stroke moves the cell in
a direction perpendicular to the axis of the cilium.
Then, during the slower recovery stroke, the cilium >
bends and sweeps sideways, closer to the cell
surface. A dense nap of cilia, beating at a rate of
about 40 to 60 strokes a second, covers this
Colpidium, a freshwater protist (colorized SEM).

Direction of organism’s movement

Power stroke Recovery stroke

T M S
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9+2 structure pattern bending movements of cilia & flagella

Bending involves large motor proteins
called dyneins (axonemal dynein) that are
attached along each outer MT doublet.

A typical dynein protein has two “feet”
that “walk” along the microtubule of the
adjacent doublet, using ATP for energy.

One foot maintains contact, while the other
releases and reattaches one step farther
along the MT.

The outer doublets and two central
singlet MT are held together by flexible
cross-linking proteins (radial spokes).

Central pair
of microtubules

Outer doublet
microtubules

If the MT doublets were not held in place by the radial spokes, the
walking action would make them slide past each other.
Instead, with the holding function of radial spokes, the movements of the

dynein feet cause the flagellum to bend.
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Structure of a flagellum or motile cilium.

0.1 um
N

Outer microtubule Plasma
doublet \ membrane
Fob AP . Motor proteins : =
y ool (dyneins) \
LA < B “
e b o€ Central
microtubule

4
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o : , Radial
spoke

e 4

Microtubules Cross-linking
protein between

outer doublets

(a) A longitudinal section
of a motile cilium i
shows microtubules
running the length

o G

(b) A cross section through a motile cilium shows

of the membrane- : Plasma the “9 + 2" arrangement of microtubules

sheathed structure ™.  FEg4 membrane (TEM). The outer microtubule doublets are held

(TEM). . | M A together with the two central microtubules by
&- }—Basal body flexible cross-linking proteins (blue in art),

including the radial spokes. The doublets also
have attached motor proteins called dyneins
(red in art).

Teet

(c) Basal body: The nine outer doublets of a cilium
or flagellum extend into the basal body, where
each doublet joins another microtubule to form a
ring of nine triplets. Each triplet is connected
to the next by nontubulin proteins (thinner blue
lines in diagram). Thisis a "9 + 0” arrangement:
The two central microtubules are not present

because they terminate above the basal

body (TEM).
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Microfilaments (Actin Filaments)

Microfilaments (MF) are thin solid rods and present in all eukaryotic cells.

MF are also called actin filaments because they are built from molecules of G-
actin, a globular protein.

Under the right conditions, G-actin molecules polymerize to form
microfilaments; in this form, actin is referred to as action filament or F-actin
(filamentous actin ).

A microfilament is a twisted double chain of G-actin subunits.

Besides occurring as free actin (G-actin) and linear filaments (F-actin) ,
microfilaments can form structural networks (actin network).

A 3D network formed by microfilaments just to the inside of the plasma membrane
(cortical microfilaments) helps support the cell’s shape , which gives the outer
cytoplasmic layer of a cell, called the cortex, the semisolid consistency of a gel, in
contrast with the more fluid state of the interior cytoplasm.

Microfilaments are best known for their role in the contraction of muscle cells.

MFs are not limited to muscle cells, and occur in almost all eukaryotic cells and
are involved in numerous other phenomena, including a variety of locomotory and
structural functions.



G-Actin Monomers Polymerize into F-Actin Microfilaments

G-actin monomers can polymerize reversibly into filaments with a lag phase (filament
nucleation), which begins with formation of dimers or trimers, called nucleation seeds,
followed by a more rapid polymer elongation phase.

The F-actin filaments that form are composed of two linear strands of polymerized G-
actin wound around each other in a helix.

Within a microfilament, all the actin monomers are oriented in the same direction, so
that an MF, like a microtubule, has certain polarity.

In vitro, rate polymerization proceeds much faster at the plus (+) end , than the rate at
minus (-) end.

MONGMEers




Kinetics of Microfilaments Assembly

Mass of filaments
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Microfilaments functions

Examples of locomotory function of microfilaments:

Muscle contraction: Thousands of actin filaments (some times called thin filaments) and
thicker filaments made of a protein called myosin interact to cause contraction of muscle
cells.

Cell migration via pseudopodia formation: the unicellular protist Amoeba and some of
our white blood cells. These cell crawl along a surface by extending cellular extensions
called pseudopodia and moving toward them.

Cytoplasmic streaming movement: In plant cells, actin-protein interactions contribute to
cytoplasmic streaming, a circular flow of cytoplasm within cells, which speeds the
movement of organelles and the distribution of materials within the cell.

Cytokinesis: MFs also produce the cleavage furrows that divide the cytosol of animal
cells during cytokinesis.

Examples of structural function of microfilaments:

Cell cortex: MFs are important in developing and maintaining cell shape. Most animal
cells, have a dense network of microfilaments within the cell cortex just beneath the
plasma membrane. The cortex provides structural rigidity on the cell surface and facilitates
shape changes and cell movement.

Microvilli: Parallel bundles of MFs also make up the structural core of microvilli, the
fingerlike extensions found on the surface of many animal cells.




Actin-myosin in Muscle contraction

Muscle cell
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Role of Ca?* in Muscle contraction

actin filament troponin
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Troponin-Ca®* complex pulls tropomyosin away,
exposing myosin binding sites.

1. ATP is hydrolyzed when myosin
head is unattached.

2. ADP+ (P)are bound to myosin as
myosin head attaches to actin.

4. Binding of ATP causes myosin
head to return to resting position.

3. ADP+®reIease causes head to change
position and actin filament to move.
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Intermediate Filaments (1Fs)

IFs have a diameter of about 8-12 nm, which makes them intermediate in size between
microtubules and microfilaments.

Intermediate filaments are not found in the cytosol of plant cells, but they are abundant
in many animal cells, where IFs occur singly or in bundles and appear to play a
structural or tension-bearing role. Intermediate filaments are the strong element of the
cytoskeleton in animal cells

The basic subunits of IFs are two intertwined polypeptides forming fibrous dimers
(not globular like tubulin and G actin).

In contrast to microtubules and microfilaments, IFs are tissue specific so differ
markedly in amino acid composition from tissue to tissue.

The two polypeptides are identical for all IFs except keratin filaments, which are
obligate heterodimers of type | and type Il polypeptides.

Intermediate filaments are the most stable and the least soluble constituents of the
cytoskeleton. Once formed, intermediate filaments are stable and usually do not break
down

Given their stability, IFs likely serve as a scaffold to support the entire cytoskeletal
framework.

In contrast to MTs and MFs, IFs do not appear to be polarized.



Function of IFs

» Epithelial cells are rich in keratin

filaments.
* Nerve cells (nerve axon)

 The nucleus typically sits within a
cage made of intermediate filaments.

» Other intermediate filaments make up
the nuclear lamina, which lines the
interior of the nuclear envelope

(a) Dimer

(b) Tetramer
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Extracellular structure of plant cells: Cell Wall

The cells of plants, fungi, and many types of protists have cell walls, which
protect and support the cells. The cell walls of these eukaryotes are chemically
and structurally different from prokaryotic cell walls.

In plants and protists, the cell walls are composed of fibers of the polysaccharide
cellulose, whereas the cell walls in fungi are composed of chitin.

In plants, primary walls that thin and flexible are laid down when the cell is still
growing (A young plant cell).

Between primary walls of adjacent cells is the middle lamella, a thin layer rich in
sticky polysaccharides called pectins. The middle lamella glues adjacent cells
together.

When the cell matures and stops growing, it strengthens its wall. Some plant
cells do this simply by secreting hardening substances into the primary wall.
Other cells add a secondary cell wall deposited inside the primary walls (between
the plasma membrane and the primary cell wall)

The secondary cell wall, often deposited in several laminated layers, has a strong
and durable matrix that affords the cell protection and support. Wood, for example,
consists mainly of secondary walls.
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The Extracellular Matrix (ECM) of Animal Cells

Although animal cells lack walls similar to those of plant cells, but they do have a
rich and complex mixture of fibrous proteins, glycoproteins and proteoglycan
molecules forming the extracellular matrix (ECM).

The most abundant protein in the ECM of most animal cells is the fibrous protein
called collagen (~40% of the total protein in human body). Another but less abundant
in ECM s the fibrous protein elastin which forms strong fibers outside the cells

The collagen and elastin fibers are embedded within a complex network of
glycoproteins and proteoglycans secreted by the cells forming a protective layer
over the cell surface.

Some cells are attached to the ECM by ECM glycoproteins such as fibronectin.

Fibronectin and other ECM proteins bind to cell-surface receptor proteins called
integrins that are built into the plasma membrane and span the membrane and bind
on their cytoplasmic side to associated proteins attached mainly to microfilaments
(actin filaments) and sometimes to intermediate filaments of the cytoskeleton.

Integrins are in a position to transmit signals between the ECM and the cytoskeleton
and thus integrate or associate changes occurring outside and inside the cell.

By this way of integration between the ECM and the cells, the ECM can help
coordinate the behavior of all the cells in a particular tissue.




Collagen fibers
are embedded
in a web of
proteoglycan
complexes.

Fibronectin is one
ECM protein that
attaches the ECM
to integrins
embedded in

the plasma
membrane.
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membrane —<

EXTRACELLULAR FLUID

A proteoglycan
complex consists

of hundreds of
proteoglycan
molecules attached
noncovalently to a
single long polysac-
charide molecule.

Integrins, membrane
proteins with two
subunits, bind to the
ECM on the outside
and to associated
proteins attached to
microfilaments on the
inside. This linkage
can transmit signals
between the cell’s
external environment
and its interior and
can result in changes
in cell behavior.




Cell-to-Cell Interactions: plant cell plasmodesmata

« Cells in an animal or plant are organized into tissues, organs, and organ
systems, where neighboring cells often adhere, interact, and communicate
via sites of direct physical contact.

 Plasmodesmata in Plant Cells

* In plants, the nonliving cell walls separate every cell from all others, however
many cell—cell junctions occur at holes or gaps in the walls, where the
plasma membranes of adjacent cells can come into contact with one another.

« The cytoplasmic connections that form across the touching plasma
membranes are called plasmodesmata (singular, plasmodesma).

« The plasma membranes of adjacent cells line the channel (central tubule) of
each plasmodesma and connects the endoplasmic reticulum of each two of
adjacent plant cells together, thus plasmodesmata unify most of the plant
into one living continuum (a continuous sequence) allowing water and small
solutes to pass freely from cell to cell .

« Because the channels of plasmodesmata are filled with cytosol, the cells
share the same internal chemical environment.
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Animal Cell-to-Cell Interactions:
Tight Junctions, Desmosomes, and Gap Junctions

In animals, there are three
main types of cell-cell
Interaction or cell junctions:

Tight junctions
Desmosomes

Gap junctions

All three types of cell
junctions are  especially
common in epithelial tissue,
which lines the external and
Internal surfaces of the body.

Tight junctions prevent
fluid from moving
across a layer of cells.

Extracellular
matrix

Plasma membranes Space
of adjacent cells between cells




Tight junctions

« At tight junctions, the plasma membranes of neighboring cells are very tightly
pressed or squeezed against each other, bound together by specific proteins
thus forming continuous seals or barrier around animal cells that prevents
leakage of extracellular fluid across a layer of epithelial cells.

« Tight junctions contain proteins called Claudins that have the ability to
occlude or block substances from passing between cells.

» For example, tight junctions between skin cells make us watertight (no water
enters or passes through.) .

Tight junctions prevent
fluid from moving
across a layer of cells.
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Desmosomes : Adhesive or anchoring junctions

Desmosomes are adhesive junctions or anchoring junctions that mechanically
attach the cytoskeleton of a cell to the cytoskeletons of other cells or to the
extracellular matrix. These junctions are found in tissues subject to mechanical
stress, such as muscle and skin epithelium.

Desmosomes are a cadherin-based junction. Cadherin is a transmembrane
protein with an extracellular domain that can interact with the extracellular domain
of a cadherin in an adjacent cell to join the cells together.

Desmosomes function like rivets, fastening cells together into strong sheets.

Intermediate filaments (strong keratin proteins) anchor desmosomes in the
cytoplasm.
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Gap junctions: a communicating junctions

 Gap junctions (also called communicating junctions) provide cytoplasmic channels
from one animal cell to an adjacent cell.

* Gap junctions are formed by complexes of six identical transmembrane proteins
extending from the membranes of the two cells and arranged in a circle creating a
channel through the plasma membrane where ions, sugars, amino acids, and other small
molecules may pass, but not proteins.

» Gap junctions are necessary for communication between cells in many types of tissues,
such as heart muscle, and in animal embryos.

Gap junction channels are dynamic
structures that can open or close (gating) in
response to a variety of factors, including | 50 ° 6 3.%95
Ca2* and H* ions. 0 0°0 g Ty > oge
This gating serves at least one important it : Be L‘:::"a"d
function. When a cell is damaged, its plasma ~°g @ molecules
membrane often becomes leaky. lons in high S
concentrations outside the cell, such as Ca2+,

flow into the damaged cell and close its gap
junction channels. This isolates the cell and | Cell1 = ‘Connexon Cell 2

prevents the damage from spreading



Extracellular
matrix

Plasma membranes Space
of adjacent cells between cells



The 1935 Davson—-Danielli model: Sandwich model

« The first model that attempted to describe the position of membrane proteins within
the lipid bilayer was proposed by Davson and Danielli in 1935: (The sandwich
model)

» The sandwich model describes a phospholipid bilayer that lies between two layers
of globular proteins (Sandwich as the lipid layer was sandwiched between two
protein layers) or vis versa two layers of protein flanked a central phospholipid
bilayer.

« Davson—Danielli Sandwich model was the believed and predominated model until
1972 when Singer and Nicolson described the correct cell membrane structural
model: The fluid mosaic model.

Davson-Danielli Model (1935) Singer-Nicolson Model (1972)

Proteins form distinct layers (sandwich) Proteins embedded within bilayer (fluid-mosaic)




Cell membrane: The fluid mosaic model

Cellular membranes are fluid mosaics of lipids and proteins

Lipids and proteins are the major components of membranes, although
carbohydrates are also important.

The most abundant lipids in most membranes are phospholipids (an amphipathic
molecule).

Most membrane proteins are amphipathic.

Singer and Nicolson proposed that the globular proteins are inserted into the
phospholipids bilayer, with their nonpolar segments in contact with the nonpolar
interior of the bilayer and their polar portions protruding out from the membrane
surface, thus maximizes contact of hydrophilic regions of a protein with water in the
cytosol and extracellular fluid

Structure of cell membrane revealed two categories of membrane proteins based on
their degree of association with the membrane.

Integral proteins are embedded in the membrane,
Peripheral proteins are associated with the surface of the membrane



Cellular membranes consist of four component groups

Eukaryotic membranes share the same fundamental architecture and in animals are
assembled from four components:

1. Phospholipid bilayer.

2. Proteins (peripheral and integral)

— Peripheral proteins: are usually loosely bound to the membrane surface and
attached to the hydrophilic part of the Phospholipid molecules or to other integral proteins

— Integral proteins (partially embedded and totally embedded or transmembrane
proteins)

Many integral membrane proteins are not fixed in position. They can move about,
just as the phospholipid molecules do.

3. Cholesterol

Animal cell membranes contain cholesterol. Plant cells have other sterols, but little
or no cholesterol.

4. Carbohydrates

Carbohydrates of the membrane are the sugar molecules added by ER and/or Glogi
apparatus to membrane proteins and lipids, converting them into glycoproteins and
glycolipids. Different cell types exhibit different varieties of these glycoproteins and
glycolipids on their surfaces, which act as cell identity markers (Cell-surface markers).
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The Fluidity of Membranes: phospholipids

Membranes are not static sheets of molecules locked rigidly in place. A membrane is
held together mainly by hydrophobic interactions, which are much weaker than
covalent bonds

Most of the lipids and some proteins can shift about sideways—that is, in the plane
of the membrane. Very rarely, also, a lipid may flip-flop across the membrane,
switching from one phospholipid layer to the other.

Proteins are much larger than lipids and move more slowly, when they do move.

Many membrane proteins seem to be held immobile by their attachment to the
cytoskeleton or to the extracellular matrix.

A membrane remains fluid as temperature decreases until the phospholipids settle
into a closely packed arrangement and the membrane solidifies.

The temperature at which a membrane solidifies depends on the types of lipids it is
made of.

As the temperature decreases, the membrane remains fluid to a lower temperature
If it is rich in unsaturated phospholipids. Because of kinks in the tails where
double bonds are located, unsaturated hydrocarbon tails cannot pack together as
closely as saturated hydrocarbon tails, making the membrane more fluid




Factors that affect membrane fluidity

Unsaturated versus saturated hydrocarbon tails
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The Fluidity of Membranes: Cholesterol

Cholesterol, which is stuck between phospholipid molecules in the plasma
membranes of animal cells, has different effects on membrane fluidity at different
temperatures.

At relatively high temperatures—at 37°C, the body temperature of humans, for
example—cholesterol makes the membrane less fluid by restricting phospholipid
movement.

However, because cholesterol also hinders the close packing of phospholipids, it
prevents the membrane to solidify at low temperatures . Thus, cholesterol can be
thought of as a “fluidity buffer” for the membrane, resisting changes in membrane
fluidity that can be caused by changes in temperature.

Compared to animals, plants have very low levels of cholesterol; rather, related
steroid lipids (Phytosterols or Plant sterols) buffer membrane fluidity in plant cells

Cholesterol within the animal cell membrane

Cholesterol Cholesterol reduces membrane
OO . () fluidity at moderate tempera-

i 1’?’”’”’”” B
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disrupting the regular packing of
phospholipids.

«{«" tures it hinders solidification by




Membrane Proteins: Multifunctional Components

1. Transporters (Transport) . Membranes are very selective, allowing only
certain solutes to enter or leave the cell, through either channels or carriers
composed of proteins.

2. Enzymes. Cells carry out many chemical reactions on the interior surface of
the plasma membrane, using protein enzymes attached to the membrane.

3.Cell-surface receptors for Signal transduction. Membranes are sensitive to
chemical messages, which are detected by receptor proteins on their surfaces.

4. Cell-surface identity markers. Membranes carry cell-surface markers that
identify them to other cells. Most cell types carry their own ID tags, specific
combinations of cell-surface proteins and protein complexes such as
glycoproteins that are characteristic of that cell type.

5. Cell-to-cell adhesion proteins. Cells use specific proteins to glue themselves
to one another. Some act by forming temporary interactions, and others form a
more permanent bond.

6. Attachments to the cytoskeleton and to ECM. Surface proteins that interact
with other cells are often anchored to the cytoskeleton by linking proteins.
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Traffic across membrane

 All cells obtain the molecules and ions they need from their surrounding
extracellular fluid. i usuh £ s Bl ga lealias Ll @l el o LIAY gen Juaa

» There is an continuous traffic of molecules and ions in and out of the cell through
its plasma membrane e.g: glucose, Na*, Ca?*,
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* In eukaryotic cells, there is also transport in and out of membrane-bounded
intracellular compartments such as the nucleus, endoplasmic reticulum, and
mitochondria. eqg:p proteins, mMRNA, Ca?*, ATP.
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1- Relatlve concentrations

Al ¢l

. Normallﬁi molecules and ions move spontaneously down their concentration gradient or
downhill (from a region of hdgher to a reglon of lower concentration)
iS58 3 i ) el 58 5 s Al (pa) Jiad Y a 58 3 pata Jid ) sle il by jall o 325)
«"~ Molecules and ions can be moved agalnst their concentration gradient or uphill, but this
process requires the expenditure of energy (usuall from ATP).
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2-Lipid bwi‘ayers are |mpermea%1e to most esséntial molecules and ions.
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 The hpliﬁ'f“f)’“layer IS permeable to water molecules and a few other small,

uncharged, molecules like oxygen (O,) and carbon dioxide (CO,). These move
freely in and out of the cell.

u.\uSY\d.\AMM\ d Lb‘)“ M\ub)ﬂ\uauj Ld\uLu);J QLUM\.\.\S\A.\.\AJ\MJH\ (OZ)u}J)SH M\@b}(COZ) Ml;]\cj;;d;h‘\.uuu\u)ﬂ

- Lipid bilayers are impermeable to: 1ons stich as K+, Na+, Cad+ Cl-, HCO3- , small
hydrophilic molecules like glucose and macromolecules like proteins and RNA.
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Diffusion vs transport

« Diffusion is the random movement of molecules down their concentration
gradient to spread out into the available space (only its own, without regard to
other molecules). The direction of the diffused molecule is unaffected by the
concentration gradients of other substances.

- Diffusion is spontaneous because it decreases the amount of energy in the
system and increases disorder or increases the entropy.

» Diffusion is passive process because the cell does not use energy.
 When the diffused molecules pass or move across membrane this is called

transport
B Diffusion
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Passive transport

Passive transport is movement of a substance down their concentration
gradient (downhill) across a biological membrane with no use of energy.

The concentration gradient itself represents potential energy and driving
force for passive transport, assuming the membrane is permeable for such
substance or molecule.

Biological membranes are selectively permeable and therefore have
different effects on the rates of transport of various molecules.
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Facilitated transport: Passive Transport Aided by Proteins

Many polar molecules and ions blocked by the lipid bilayer of the membrane can
pass passively (downhill) with the help of transport proteins that span the
membrane. This phenomenon is called facilitated transport.

Most transport proteins are very specific: they transport some substances but not
others.

Transport proteins are either channel proteins or carrier proteins.

Channel proteins simply provide hydrophilic corridors /passageway that allow
specific molecules or ions to cross the membrane e.g water molecules or small
ions .

Aquaporins are specialized channel proteins that facilitate the massive levels of
movement of water (osmosis) that occur in plant cells and in animal cells

Carrier proteins, e.g. glucose transporter, seem to undergo a distinctive
change in shape triggered by the binding and release of the transported
molecule. Such changes somehow translocate the solute-binding site across the
membrane. Sugars and amino acids are also transported by carrier proteins

Facilitated transport via channel protein or carrier proteins is a type of passive
transport that result in the net movement of a substance down its concentration
gradient (downhill).



Saturation of carrier proteins

Facilitated transport through carrier protein
Is a form of passive transport and therefore
requires a concentration difference across
the membrane.

Carrier protein must bind to the molecule
they transport, so the relationship between
concentration and rate of transport
differs from that due to simple passive
transport.

As concentration increases, transport by
simple passive transport shows a linear
iIncrease in rate of transport.

But with Facilitated transport through
carrier protein, as concentration increase
more of the carriers are bound to the
transported molecule. At high enough
concentrations all carriers will be occupied,
and the rate of transport will be constant.
This means that the carrier exhibits
saturation.

Rate of transport

= cimiple passive transport
e Facilitated transport

Concentration of substance




Two types of transport proteins that carry out facilitated transport
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In both cases (channel protein or carrier protein), the protein can transport the solute in
either direction, but the net movement is down the concentration gradient of the solute.



Gated Channels

Many ion channels (Channel proteins that transport ions) function as gated
channels, which open or close in response to a stimulus (electrical,
chemical or mechanical)

Electrically gated ion channels

e.g. a potassium ion channels of a nerve cell is an electrically gated ion
channel that opens in response to an electrical stimulus, allowing a stream of
potassium ions to leave the cell.

Chemically gated ion channels

Chemically (ligand) gated ion channels like Na* channels that opens in
response to chemical ligand (neurotransmitter acetylcholine) binding
allowing a stream of Na*ions move across the membrane.

Mechanically gated ion channels:

e.g K+ channels in stereocilia, the movement of cilia opens potassium gated
channels that starts further steps in generating action potential.




OsmosiIs

Osmosis is the movement of water across semipermeable membranes

In aqueous solution (water + dissolved solutes) both water and solutes tend to
diffuse downhill (down their concentration gradients).

When two regions are separated by a membrane, what happens depends on
whether the solutes can pass freely through that membrane (selective
permeability). Most solutes, including ions and sugars, are unable to cross the
lipid bilayer. So, the concentration gradient of these solutes can lead to the
movement of water.

When a semipermeable membrane (allows water only) separates two
solutions with different concentrations of solutes, the concentrations of free
water molecules on the two sides of the membrane also differ.

The side with higher solute concentration has tied up more water molecules
in hydration shells and thus has fewer free water molecules.

As a consequence of this difference, free water molecules move down their
concentration gradient, toward the higher solute concentration.

This net movement of water across a semipermeable membrane toward a
higher solute concentration is called osmosis
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osmotic concentration (osmolarity/ Osmolality)

Osmotic concentration: represents the concentration of all solutes in a solution.
Osmolarity number of solute particles in 1 L of solvent

Osmolality number of solute particles in 1 kg of solvent.

If two solutions have unequal osmotic concentrations, the solution with the higher
concentration is hypertonic or hyperosmotic, and the solution with the lower
concentration is hypotonic or hypoosmotic).

When two solutions have the same osmotic concentration, the solutions are isotonic or
Isosmotic.

The direction and extent of any movement of water across the plasma membrane is
determined by comparing the osmotic strength of the cytoplasm and the extracellular
fluid.

Water moves out of a cell in a hypertonic solution (that is, the cytoplasm of the cell is
hypotonic, compared with the extracellular fluid). This loss of water causes the cell to
shrink.

The amount of water that enters or leaves the cell depends on the difference the
osmotic concentrations of the cytoplasm and the extracellular fluid. This is measured as
osmotic pressure.

Osmotic strength or pressure: is the tendency of a solution to take in a pure water by
0SMOsSiIS.
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Active transport Across Membranes

Active transport uses energy (typically from ATP) to move solutes across a cell
membrane against their gradients (uphill).

Active transport is described as pumping a solute across a membrane against its
gradient where the cell must expend energy. The use of energy from ATP in active
transport may be direct (primary active transport) or indirect (secondary active
transport).

Active transport involves highly selective protein carriers, not channels, within the
membrane that bind to the transported substance, which could be an ion or a simple
molecule, such as a sugar, an amino acid, or a nucleotide. If the carrier protein
transport a single type of molecule, these carrier proteins are called uniporters

If the carrier protein transport two different molecules together, these carrier
proteins are called symporters or antiporters

Symporters transport two molecules in the same direction, and
antiporters transport two molecules in opposite directions.

Active transport enables a cell to take up additional molecules of a substance that
Is already present in its cytoplasm in concentrations higher than in the extracellular
fluid. Active transport also enables a cell to move substances out of its cytoplasm and
into the extracellular fluid, despite higher external concentrations.



The Na* / K* pump works directly on ATP

More than one-third of all of the energy expended by non-dividing an animal
cell is used in the active transport of Na+/K+ ions.

Most animal cells have a low internal concentration of Na+, relative to their
surroundings, and a high internal concentration of K+.

Animal cells maintain these concentration differences or gradients by actively
pumping three Na* out and two K* in, generating electrochemical gradient.

These gradients of Na+ and K+ are important in the creation of an electrical
potential across the membrane (action potential) , critical to the function of
nerve cells.

The carrier protein that transports these two ions across the cell membrane is
known as the sodium—potassium pump (Na+/K+ pump). This carrier protein
uses ATP to move these two ions.

In Na+/K+ pump, the energy is used to change the conformation of the carrier
protein, which changes its affinity for either Na+ ions or K+ ions.

The Na+/K+ pump works through series of conformational changes in the
transmembrane protein



The Na* / K* pump works directly on ATP

Step 1. With sodium-potassium pump opens inward, one ATP molecule is attached (not
phosphorylated) three Cytoplasmic Na+ bind with high affinity to the cytoplasmic
side of the pump protein .

Step 2. Binding of 3 Na+ ions stimulates phosphorylation (ATP is hydrolyzed to ADP,
transferring a phosphate to the pump), the pump protein is now phosphorylated.

Step 3. Phosphorylation leads to a change in protein shape (opens outward),
exposing the three Na+ to the outside. In this conformation (opens outward ), the pump
has a low affinity for Na+, allowing the three bound Na+ ions to be released into the
extracellular fluid (outward ).

Step 4. The phosphorylated protein that opening outside has a high affinity for K+, so
after the release of the 3 Na+, two K+ bind to the extracellular side of the pump

Step 5. The binding of the K+ triggers dephosphorylation ( the release of the
phosphate group), and a conformational change back to the binding pocket facing the
cytoplasm (opens inward).

Step 6. dephosphorylation restores the protein’s original shape, which has a
lower affinity for K+ , so the two K+ are released inward , and again the pump
returning to a state with a low affinity for K+ and high affinity for Na+ and three new
Na+ can bind to initiate another cycle.

In every cycle, one ATP is utilized, three Na+ leave the cell and two K+ enter.
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Coupled transport: active transport uses ATP indirectly

Some molecules are moved against their concentration gradient by
using the potential energy stored in a gradient of a different molecule,
this process, called coupled transport (cotransport and
countertransport)

In a mechanism called cotransport, a transport protein
(a cotransporter) can couple the “downhill” transport of the solute to
the “uphill” transport of a second substance against its own
concentration gradient.

e.g a plant cell uses the gradient of H+ generated by its ATP-powered
proton pumps to drive an uphill transport of amino acids, sugars, and
several other nutrients into the cell.

A cotransporter couples the return of H+ to the transport of sucrose into
the cell. This protein can translocate sucrose into the cell against its
concentration gradient, but only if the sucrose molecule
travels in the company of an H+.(H+/sucrose cotransport)



Cotransport: Plant H+/sucrose cotransport

Sucrose

Sucrose

B+ /sucrose
cotransporter g Diffusion of H*
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Cotransport and counte rtransport
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A cotransporter in animals is the intéstinal cells” Na+/giucose transport. Na+ is

moving down its concentration gradient into the cell.

The active glucose transporter uses the Na+ gradient produced by the Na+/K+ pump
as a source of potential energy to power the movement of glucose into the cell. In this
system, both glucose and Na+ bind to the transport protein, which allows Na+ to pass
into the cell down its concentration gradient, and move glucose into the cell. In this kind
of cotransport, both molecules are moving in the same direction across the membrane;
therefore the transporter is a symporter.

Sometimes, the inward movement of NaL"+Jis coupled with the outward movement of
another substance, such as Ca2+ or H+, this is called countertransport where both
Na+ and the other substance (e.g Ca2+) bind to the same transport protein (antiporter)
because the two substances bind on opposite sides of the membrane and are moved in
opposite directions. =

In countertransport, the cell uses the potential energy in the concentration gradient of
Na+ while moves downhill into the cell to eject/expel another substance (Ca2+) against

its concentration grad ient. S 8 b Al AL A a5 slnall JiI 3 Nk s sl ssbe g Al Y Adall Jid S 6l sl o8 (Ca2+) W3S i % s

In both cotransport and countertransport, the potential energy in the concentration
gradient of one molecule is used to transport another molecule against its concentration
gradient. They differ only in the direction in which the second molecule moves relative
to the first.
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Cotransport: animal Na+/glucose cotransport
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Bulk transport: exocytosis & endocytosis

» Large molecules, such as proteins and polysaccharides, generally don’t
cross the membrane by simple transport or transport proteins. Instead, they

usually enter (endocytosis) and leave (exocytosis) the cell in bulk,

packaged in VeSICIES. o Yas Jill sy s 5l Ll Ji) Gl o oltall ansiall Sl S5 i ) Jio 3 ) il al et
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« EXocytosis

 The cell secretes certain molecules by the fusion of vesicles with the
plasma membrane; this process iIs called exocytosis. A transport vesicle
that has budded from the Golgi apparatus moves along a microtubule of the
cytoskeleton to the plasma membrane. When the vesicle membrane and
plasma membrane come into contact, specific proteins in both membranes
rearrange the lipid molecules of the two bilayers so that the two membranes
fuse. The contents of the vesicle spill out of the cell, and the vesicle
membrane becomes part of the plasma membrane. =

« Many secretory cells use exocytosis to export products. For example, cells in
the pancreas that make insulin secrete it into the extracellular fluid by
exocytosis. In another example, nerve cells use exocytosis to release

neurotransmitters that signal other neurons or muscle cells.
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Endocytosis: phagocytosis and pinocytosis

In endocytosis, the cell takes in molecules and particulate matter by forming
new vesicles from the plasma membrane, something looks like the reverse of
exocytosis.

First, a small area of the plasma membrane sinks inward to form a deep
pocket that pinches in, forming a vesicle containing material that had been
outside the cell.

According to the nature to enclosed material, three types of endocytosis can
be described:

phagocytosis (“cellular eating): a cell engulfs a particle by extending
pseudopodia around it and packaging it within a membranous sac called a
food vacuole.

pinocytosis (“cellular drinking): n pinocytosis, a cell continually
“swallows” droplets of extracellular fluid into tiny vesicles, formed by
infoldings of the plasma membrane. In this way, the cell obtains molecules
dissolved in the droplets. Because any and all solutes are taken into the cell,
pinocytosis as shown here is nonspecific for the substances it transports.
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Receptor-mediated endocytosis

Receptor-mediated endocytosis (e.g. take in
cholesterol): large molecules are often
transported into eukaryotic cells through
receptor-mediated endocytosis.

These large molecules first bind to specific
receptors in the plasma membrane.

Different cell types contain a characteristic set
of receptor types, each for a different kind of
molecule in their membranes. When binding
occurs, the cell reacts by initiating
endocytosis; the process is highly specific and
very fast. The vesicle is now inside the cell
carrying its cargo.

The portion of the receptor molecule that lies
inside the membrane is trapped in an indented
pit /cavity coated on the cytoplasmic side with
the protein clathrin.

Each pit /cavity acts like a molecular
mousetrap, closing over to form an internal
vesicle when the right molecule enters the pit.
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