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CHAPTER 3
Water and life
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The Molecule That Supports All of Life. Water is the only common substance to exist in the natural
environment in all three physical states of matter: (Solid, Liquid and Gas)

Water is vital (essential) for life:

1) Living organism (70-95%) contains water.

2) Three-quarters (3/4) of Earth’s surface is covered by water.

Concept 3.1: Polar covalent bonds in water molecules result in hydrogen bonding.

Water molecule is deceptively simple. It is (V) shaped molecule, 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 to oxygen
than to hydrogen and because of that we call it Polar covalent bonds.
This unequal sharing of electrons and water’s V-like shape make it a
polar molecule, meaning that its overall charge is unevenly
distributed. In water, the oxygen of the molecule has two regions of H 8+ 8+ H
partial negative charge (8-), and each hydrogen has a partial positive
charge (5+).

8-

Polar covalent bond
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Polarity allows water molecules to form hydrogen
bonds with each other. The partially positive hydrogen
of one molecule is attracted to the partially negative
oxygen of a nearby molecule. The two molecules are :
thus held together py a hydrogen bond. Hydrogen Region of partial ™~ Hydrogen bond
bonds are very fragile, each only about 1/20 as strong  negative charge 44

as a covalent bond. The hydrogen bonds form, break,
and re-form with great frequency. The maximum
number of hydrogen-bond a water molecule can form is
(4). The bond between water molecules is H-bond.

Polar covalent bond

plall il S gon ki 55300 Bl 5 055 4 oy b (il elall 563 0¥ 5+
Sl dskaia) plall £ g5 (B Crpoted) B3 Bl ) Gask e b s (5 LAY
Ladll ¢y Sl dahaia) JAT pla g g a 3 sl 30 (A sal) Lnll (g
(Rt 5 sl Al ) pand Al g o pal) A (3 A 058 (Al
By s 13 Aaa L) b 1) (a s il Aiang ) i
s i e Aoy aa (e (Q1983) JSEIT 2 gai g pauSTS A g gl (4) Hydrogen bonds only
(58 Ayt Tl 5 4) s AT ke i dag o of aalsh el

1




Concept 3.2 Four emergent properties of water contribute to Earth’s suitability for life

Four emergent properties of water: Sl n age oLl Jeas Gaiad dag i cllia
1) Cohesive behavior. et} Al -1
2) Ability t_o moderate ter_nperature. (gAY Y b aal o 5l -
3) Expansion upon freezing. 2 xie aaadl) -3
4) Versatility as a solvent. J‘};ﬂ c_u.\AS ki 4

1) Cohesion of Water Molecules:
Water molecules stay close to each other as a result of hydrogen bonding. Hydrogen bonds hold
water molecules together a phenomenon called cohesion. Cohesion due to hydrogen bonding
contributes to the transport of water and dissolved nutrients against gravity in plants.
Adhesion: is an attraction between different substances, adhesion of water by hydrogen bonds
to the molecules of cell walls helps counter the downward pull of gravity.

Evaporation pulls water upward.
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Adhesion

¢ Two types of ‘
water-conducting i

3 cells ,'

Cohesion occurs between same molecules.

Adhesion occurs between different molecules. 6
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<—— Polar or Charged Object — >
Surface tension: is.a measure of how difficult it is to break
the surface of a liquid. Water has an unusually high surface
tension due to hydrogen bonding between the molecules.
(H-bond is responsible for surface tension). Surface tension
allows insects to walk on water as shown here in the figure.
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l In a single molecule of water, two hydrogen atoms are bonded to a single oxygen atom by?
} A) Hydrogen bonds.

: B) Nonpolar covalent bonds.

| C) Polar covalent bonds.

: D) lonic bonds.

: E) van der Waals interactions

| Answer: (C)




2) Moderation of Temperature by Water:

Anything that moves has kinetic energy, the energy of motion. The faster a molecule moves, the
greater its kinetic energy. The kinetic energy associated with the random movement of atoms or
molecules is called thermal energy. Thermal energy in transfer from one body of matter to
another is defined as heat. Water absorbs heat from warmer air and releases stored heat to
cooler air. Water can absorb or release a large amount of heat with only a slight change in its own
temperature. A calorie (cal) is the amount of heat required to raise or decrease the temperature
of 1 g of water by 1°C. One joule equals 0.239 cal; one calorie equals 4.184 J.
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Water’s High Specific Heat:

specific heat of a substance: is the amount of heat that must be absorbed or lost for 1 g of that
substance to change its temperature by 1°C. We already know water’s specific heat because we
have defined a calorie as the amount of heat that causes 1 g of water to change its temperature by
1°C. The specific heat of water is 1 cal/(g e °C).

Water heats up + cool down—>resists changing its temperature because of its high specific heat.
Water’s high specific heat can be traced to hydrogen bonding:

A) Heat is absorbed when hydrogen bonds break.

B) Heat is released when hydrogen bonds form.
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Evaporative Cooling:

Evaporation (or vaporization) is transformation of a substance from liquid to gas. Heat of
vaporization is the heat a liquid must absorb for 1 g to be converted to gas as a liquid evaporates, its
remaining surface cools, a process called evaporative cooling. Evaporative cooling of water
helps stabilize temperatures in organisms and bodies of water. Evaporation of sweat from
human skin dissipates body heat and helps prevent overheating on a hot day.
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Hydrogen bond Liquid water:
Hydrogen bonds
break and re-form

3) Floating of Ice on Liquid Water:

Ice floats in liquid water because hydrogen
bonds in ice are more ordered making ice less
dense than water. Water reaches its greatest
density at 4°C. (Most dense). As the
temperature falls from 4°C to 0°C, water begins
to freeze, the molecules become locked into a
crystalline lattice. Many scientists are worried
that global warming is having a profound effect .

on icy environments around the globe. Hydrogen bonds
are stable
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l All of the following are water properties essential for life on earth, except:
} A) Cohesion.

: B) Specific heat.

| C) Solvent.

| D) Expansion above 10°C.

: E) Surface tension

| Answer: (D)

4) Water: The Solvent of Life:

A solution is a liquid that is a completely homogeneous
mixture of substances.

The solvent is the dissolving agent of a solution.

The solute is the substance that is dissolved.

An aqueous solution is one in which water is the solvent.

pliall sy o Capaii Cogu Bladl B ) gall cudal) Jilad) slall
W sall e ilatia e S (A JILA) a1 glaal)

Jistaall 3 ol sl (a3 Jaladl -piall

st Jas s o) sl bl

el g el (56 Jlan g 1 Alall J glaall

Water: solvent / NaCl (salt, ionic compound): solute

Water is a very versatile solvent due to its polarity.

Suppose for example that we dissolved a spoonful of table salt (NaCl) in a glass of water. NaCl will
dissociate into two ions: Na* and Cl". These ions and regions of the water molecules are
attracted to each other due to their opposite charges. The oxygens of the water molecules have
regions of partial negative charge that are attracted to sodium cations (because sodium has a
positive charge). The hydrogen regions are partially positively charged and are attracted to
chloride anions (because chloride has a negative charge). As a result, water molecules surround
the individual sodium and chloride ions, separating and shielding them from one another. The
sphere of water molecules around each dissolved ion is called a hydration shell. Acompound
does not need to be ionic to dissolve in water it can be polar or charged compound.
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Hydrophilic and Hydrophobic Substances: (slll daa il 5 daall 3 gall)

1) A hydrophilic substance is one that has an affinity for water. (Philic = Love)

2) A hydrophobic substance is one that does not have an affinity for water. (Phobia = Hate)

[@ Example of hydrophilic substances: (salts, sugars, polar substances, substances that can form
hydrogen bonds). There is some hydrophilic substance that does not dissolve in water like
cotton, a plant product. ®@Example of hydrophobic substances: (wax, oil, nonionic, nonpolar,
substances that cannot form hydrogen bonds). Oil molecules are hydrophobic they have
relatively nonpolar bonds. Hydrophobic molecules related to oils are the major ingredients of cell
membranes.
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Q1: Cohesion helps the transport of water against gravity in plants?

A) True.
B) False.

Answer: (A)

Q2: Polarity allows water molecules to form hydrogen bonds?

A) True.
B) False

Answer: (A)

Summary offKey Concepts:

Concept 3.1: Polar covalent bonds in water molecules result in hydrogen bonding Water is a
polar molecule. A hydrogen bond forms when a partially negatively charged region on the oxygen of
one water molecule is attracted to the partially positively charged hydrogen of a nearby water
molecule. Hydrogen bonding between water molecules is the basis for water’s properties. Ice floats
because it is less dense than liquid water. This property allows life to exist under the frozen surfaces
of lakes and polar seas. Water is an unusually versatile solvent because its polar molecules are
attracted to ions and polar substances that can form hydrogen bonds. Hydrophilic substances have
an affinity for water; hydrophobic substances do not. The emergent properties of water support life
on Earth and may contribute to the potential for life to have evolved on other planets. Concept 3.2:
Four emergent properties of water contribute to Earth’s suitability for life Hydrogen bonding
keeps water molecules close to each other, giving water cohesion. Hydrogen bonding is also
responsible for water's surface tension. Water has a high specific heat: Heat is absorbed when
hydrogen bonds break and is released when hydrogen bonds form. This helps keep temperatures
relatively steady, within limits that permit life. Evaporative cooling is based on water’s high heat of
vaporization. The evaporative loss of the most energetic water molecules cools a surface.

l Which of the following is incorrectly matched?
} A) Solvent — dissolving agent.

: B) Solutes — dissolved substance.

| C) Water — versatile solvent.

l D) Aqueous solution — organic solvent.

: E) Aqueous solution — water solvent.

| Answer: (D)




Test Questions (Practice exam)
Test Yourself

Q1: The slight negative charge at one end of one water molecule is attracted to the slight
positive charge of another water molecule. What is this attraction called?
A) A covalent bond.
B) A hydrogen bond.
C) An ionic bond.
D) A hydrophilic bond.
E) A hydrophobic bond.

Q2: What gives rise to the cohesiveness of water molecules?
A) Hydrophobic interactions.

B) Nonpolar covalent bonds.

C) lonic bonds.

D) Hydrogen bonds.

E) Both A and C.

Q3: Water’s high specific heat is mainly a consequence of the?

A) Small size of the water molecules.

B) High specific heat of oxygen and hydrogen atoms.

C) Absorption and release of heat when hydrogen bonds break and form.
D) Fact that water is a poor heat conductor.

E) Inability of water to dissipate heat into dry air.

Q4: Which type of bond must be broken for water to vaporize?
A) lonic bonds.

B) Nonpolar covalent bonds.

C) Polar covalent bonds.

D) Hydrogen bonds.

E) Covalent bonds.

Q5: At what temperature is water at its densest?

A) 0°C.

B) 4°C.

C) 32°C.

D) 100°C.

E) 212°C.

Q6: The partial negative charge in a molecule of water occurs because?

A) The oxygen atom acquires an additional electron.

B) The electrons shared between the oxygen and hydrogen atoms spend more time around the
oxygen atom nucleus than around the hydrogen atom nucleus.

C) The oxygen atom has two pairs of electrons in its valence shell that are not neutralized by
hydrogen atoms.

D) The oxygen atom forms hybrid orbitals that distribute electrons unequally around the oxygen
nucleus.

E) One of the hydrogen atoms donates an electron to the oxygen atom.

Most of water properties are due to hydrogen bonds between water molecules?
A) True.
B) False.
Answer: (A)
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Q7: The amount of heat required to change the temperature of 1 g of any substance by one C
is defined as?

A) 1 kilocalorie.

B) 1 calorie.

C) 1 joule.

D) The heat of vaporization of that Substance.

E) The specific heat of that substance.

Q8: Many mammals control their body temperature by sweating. Which property of water is
most directly responsible for the ability of sweat to lower body temperature?

A) Water's change in density when it condenses.

B) Water's ability to dissolve molecules in the air.

C) The release of heat by the formation of hydrogen bonds.

D) The absorption of heat by the breaking of hydrogen bonds.

Q9: What do cohesion, surface tension, and adhesion have in common with reference to
water?

A. All increase when temperature increases.

B. All are produced by ionic bonding.

C. All are properties related to hydrogen bonding.

D. All are properties related to polarity of water.

E. C and D only.

Q10: Each water molecule can form hydrogen bond with other ....... Molecules?
A) 4.

B) 3.

C) 2.

D) 1.

Q11: Hydrophobic substances such as vegetable oil are?

A) Nonpolar substances that repel water molecules.

B) Nonpolar substances that have an attraction for water molecules.
C) Polar substances that repel water molecules.

D) Polar substances that have an affinity for water.

E) Charged molecules that hydrogen-bond with water molecules.

Q12: The sphere of water molecule around an ions is known as:
A) Cohesion.

B) Adhesion.

C) Hydration shell.

D) Surface tension.

E) High specific heat.

Q13: Which of the following classified as hydrophilic molecules but cannot dissolve in water?
A) Sugar.

B) Cotton.

C) Salts.

D) Oils.

E) Both B and D correct.

A joule is the amount of heat required to raise the temperature of 1 g of water by 1°C. :
A) True. }

B) False. :

Answer: (B) |




Q14: Transformation of a material from liquid to gaseous state is known as:
A) Boiling.

B) Evaporation.

C) Vaporization.

D) Condensation.

E) B+C.

Q15: The tendency of water molecules to stay close to each other as a result of hydrogen
bonding ...... ?

A) Provides the surface tension that allow leaves to float on water.

B) Is called cohesion.

C) Acts to moderate temperature.

D) Keeps the water moving through the vessels in a tree trunk.

E) All of the above.

Q16: Which of the following is a hydrophobic material?

A) Paper.

B) Table salt.

C) Wax.

D) Sugar.

E) NaCl.

Q17: Adhesion is best described as which of the following?
A) The clinging of one substance to another same substance.
B) A property of water that helps moderate Earth's temperature.
C) The process that contributes to the transport of water and dissolved nutrients in plants by causing
water molecules to tug on other water molecules.

D) The process by which a crystalline lattice forms.

E) The clinging of one substance to different substance.

Q18: What property of water allows it to_have a very high boiling point?
A) Hydrogen bonding.

B) Covalent bonding.

C) Van der Waals forces.

D) Evaporation.

E) High specific heat.

Q19: Which of the following would the strongest type of bond present in a sample of water?
A) lonic bond.

B) Polar covalent bond.

C) Van der Waals interactions.

D) Hydrogen bond.

E) Dipole-dipole interactions.

Q20: Water can form hydration shell around which of the following compounds:
A) NaCl

B) Sugar.

C) Cotton.

D) All of the above.

E) All of the above except C.

1-B 2-D 3-C 4-D 5-B 6- B /- E 8-D 9-E 10- A
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CHAPTER 5
Biological macromolecules and lipids
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You need to know some of these functional groups to understand this chapter:
1) Alcohols (Polar): -OH= Hydroxyl group. Example: Ethanol.
2) Carboxylic acid (Polar): R-C=0-OH (C=0-OH Carboxyl group).
3) Esters: R-C=0-0OR (C=0-0OR Carboxyl group).
4) Amine: R-NH2 Example: (NH3 ammonia).
5) Amide: O=C-NH2. Example: (Acetamide). o
2° Carbon O . O
R ” R—ITI—H I
R /C\()/H o —LOH H cH; TNH,
H "": H = A primary (1°)
H The carboxyl group amine Acetamide

The Molecules of Life:

All living things are made up of four classes of large biological molecules: carbohydrates, lipids,
proteins, and nucleic acids. Members of three of these classes: carbohydrates, proteins, and
nucleic acids are huge and are therefore called macromaolecules. (Lipids are not macromolecules)
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Concept 5.1: Macromolecules are polymers, built from monomers

A polymer: is a long molecule consisting of many similar building blocks.

A monomers: The repeating units that serve as building blocks for polymers.

Carbohydrates, proteins, and nucleic acids are polymers. Note: only Carbohydrates, proteins,
and nucleic acids are polymers and this means that lipids are not polymers.

Lipids — are not macromolecules + are not polymers.
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A polymer is a long-chain molecule made up of a repeated pattern of monomers.

Carbohydrates, Protein, Lipids and nucleic acids are macromolecules?
A) True.
B) False.
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The Synthesis and Breakdown of Polymers:

Enzymes are specialized macromolecules that speed up chemical reactions such as those that
make or break down polymers.

Dehydration reaction: The reaction connecting
monomers in which two molecules are covalently

bonded to each other with the loss of a water HO_"Q‘*&\M @*J*H

molecule. Also called (Polymerization reaction)

(a) Dehydration reaction: synthesizing a polymer

Short polymer Unlinked monomer
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Hydrolysis: a process that is essentially the

i _ _ (b) Hydrolysis: breaking down a polymer
reverse of the dehydration reaction. In this * N

process Polymers are disassembled to HO_@_@;&}_&H
monomers. Hydrolysis means water breakage

the pgnd between monomers is broken by the Hydrolysis adds a water @
addition of a water molecule. An example of moleeule, breaking a bond.

hydrolysis is the process of digestion.
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How many water molecules needed to hydrolyze a polymer made of 4 monomers?
A) 4.
B) 3.
C) 2.
D) 1
E) None of the above.
Answer: (B)

Concept 5.2: Carbohydrates serve as fuel and building material

Carbohydrates include sugars and the polymers of sugars. There are two types of sugar: simple
and complex sugars. Simple sugars include monosaccharide (mono = 1)

Example: Glucose, Galactose and Fructose.

Complex sugars include disaccharide, oligosaccharide and polysaccharide. (Complex = more
than one. (di = 2), (oligo = 3-10) and Poly = 100 or 1000 (many).

Example: Maltose, Lactose and Sucrose.

Maltose = glucose + glucose

Lactose = glucose + galactose

Sucrose = glucose + fructose

Carbohydrates—>Sugars — it ends with 0se (Sl o3¢ Sl dpans giii)

Function of carbohydrates: fuel (source of energy), Building material.
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3 el A3 ) Sl e o e dadi g ) (Sae 5 gl diamy ae dadi e Sl (e s (e ST e (g sia rBiaal) Cily S
A s ke

Monosaccharides have molecular formulas that are usually multiples of {CH20}.
Glucose (CsH1206) is the most common monosaccharide. Monosaccharides are classified by:
1) The location of the carbonyl group (as aldose or ketose).

2) The number of carbons in the carbon skeleton. Aldoses (Aldehyde Sugars) Ketoses (Ketone Sugars)
et e . cw e T el G “ . Carbonyl group at end of Carbonyl group within
oda Clislaa (e (5SS Balally LI Aaija ddaa LalaY) b Sl carbon skeleton carbon skeleton
LA 5o gad Lalay) il Sl ST s S el S Al : *
i i .. Trioses: three-carbon sugars (C3H503J
fa ala) Gl Sl dlal — -
5 algaall) Cpend a5 Jai g0 SN Ao gana adiga (1 v 4 H
(o ¥ | H—C—OH
(580 Jaell) A0 81 ALl 8 (g9 S il )3 a2 (2 H—C—OH =0
: : H—C<=QH ! H—C—OH
Though often drawn as linear skeletons, in aqueous !
. . H
solutions many sugars form rings. )

. . Glyceraldehyde Dihydroxyacetone
Monosaccharides serve as a major fuel for cells An initial breakdbwn An initial breakdown
and as raw material for building molecules. V4 " product of glucose

La JRA 8 e 9o WS ol JSaa JS5 e il Sl s 3 saladly Pentoses: five-carbon sugars (C;H,,0;)
il 0685 il Sl (e pall dle Jolaa b gl avie LI | [T ;
LAY ) gall Ay cilan g g LSIAL 3 68 o< Aalay) il Sl Jass H\Cyo i d o

I |
A . H—C—OH C=0
1(1: “foh (|:H20H H—C—OH H cI OH
. _C— —C—
H—C—OH Sc—O0—H y Q I I
] H H /: s e e
H0—3(l:—H }C/J' 1C/H a\c \1c/ H CI OH H CI OH
H_A(I'_OH ~ /\clm II/ No PN / III/\ H—cl—OH H—Cl—OH
OH 2 OH 2{ OH
H—C—OH —% 3|C—<|3 H H
H—G(Ii— OH H OH H OH Ribose Ribulose
| A component of RNA An intermediate
H n photosynthesis
Linear and ring forms Hexoses: six-carbon sugars (C;H,,0,)
oF 45 Aila JSa ) ol g5 JSA e Sl deai ke o) || y ’

aly Gsr s Ao A ganall CransV) aa (1) a8y 0g2 SN LS ) Gk \cf \Ef H —C—OH
a8 5 Sl G AU Adag) ) b JSa) o) i ge 52 Las (5) H—C|—OH H—C|—OH é=0

Cpaaasy) C)‘?JNI C)*JJ'I#I LG-IIS“MJ&JP&OMYI‘S(l) HO_C|_H Ho_i_H HO —é—H

-(5) PQJ CL’:USSI L}Jg 4“3"“‘“ H—(|:—DH HO —(1:—H H _(I —OH
i Monosaccharides are classified by number of A H—G—OH
: carbons in carbon skeleton and the location of H—=(—OH H=q—oH H—G—OH
I hydroxyl group? H H H
I A) True Glucose Galactose Fructose
i B) False Energy sources for organisms An energy source for arganisms
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A disaccharide is formed when a dehydration reaction joins two monosaccharides.
This covalent bond is called a glycosidic linkage. (1-4 glycosidic bond).

(a) Dehydration reaction in

the synthesis of maltose.
The bonding of two glucose H & H H Q. H
units forms maltose. The 1-4 H H
glycosidic linkage joins the OH H OH H
number 1 carbon of one HO @j OH HO
glucose to the number 4 | l
H OH H

CH,OH CH,OH CH,OH CH,OH
1-4
H Q, H glycosidic 8 H
1 linkage

carbon of the second glucose. OH H OH H OH
Joining the glucose monomers

in a different way would re- Glucose Glucose Maltose
sult in a different disaccharide.

(b) Dehydration reaction in

the synthesis of sucrose. CH,OH CH,0H
Sucrose is a disaccharide H Q y o H
formed from glucose and
fructose. Notice that OH H 03 H HO
fructose forms a five-sided HO CH,0OH
ring, though it is a hexose l
like glucose. H OH @ OH H
Glucose Fructose Sucrose

Lpanlud Aday) y ddayl )1 £ o3, ) Lgudamy aa Apalal) il Sad) Jay 9 sla g S AN A Al JOLES (3 sk e Al iy Sl ¢y oS
g Al NS and g

3O NR 50 AY) Ga g3 b g JaSgutgl) A gana abaal (e £ 55 a gAY Sl e G 33 g JSAN 18 B i gl
LN cil S ¢ 9S8 AU g Apalal) Sl e G Adal 5 ¢ eSiEl dal g pla £ 5 5o £ 35 Al £ ganaS

Polysaccharides, the polymers of sugars, have storage and structural roles. The function of a
polysaccharide are determined by its sugar monomers and the positions of its glycosidic
linkages.

s A Gl Sl Gf i AUl ¢ jA% 28e Ll aBigh 5 () oS5 (e Liad Lghilla g 8 Baaiall ol jSuall CAlias rBasmiall cily ySud)
S e A glad) A S s Sl ol (S 88 5 Al ) A (sl 5) A8l el ()5S (e e g () (S a8
Ll 3 A0al Hlaad _wlud) ¢ sSall 5 shabud)

Storage Polysaccharides: Starch in plants, Glycogen in animals.

Starch a storage polysaccharide of plants, consists of glucose monomers.

Plants store surplus starch.as granules within chloroplasts and other plastids. The simplest form
of starch is amylose —— not branched.

There is a complex structure of starch called amylopectin — branched.

Amylose and amylopectin are consists of glucose monomers joined together by covalent bond
(1-4 glycosidic linkage). Only at the branching point in amylopectin glucose monomers is joined
together by (1-6 glycosidic linkage).

5l 8 (Ladll) (i) Cle 5 a5 (AL Lall LS aai ST anall JAls (¢ 533) 1o AT 8 deddiu) iy Sl

e (Laall) Gt o585 il of Cam 98 gl iy S (e LA 8 2 gl (L) (i) o) oS il ad) 8 Cym sS0)
o ALl o (555 55 lall iy (e Al (a0 5 Jsbaa¥l on (LAY (5 Ul JISEH Janal s Cansdly sl 31 cilppa (K2
Sl i (e Al (e L (0555 Cam (5o slaal s slaa) (o i E6) 4SS (L) il AT S m 05 A i
g SSE 4-1) Aot Al gy (S slea) 5 5 5baaV) e S 8 55 a1 iy a5 ey Sy A i (455 ALl o34 ()
o5 (A7 g S 6-1) Adloi Al 3y o€ sl iy S Jai 55 (IS, glaall) (S 5 b ) ABRS e 4if m ) ASGAY 5 (s
.4-1

Glycogen is a storage polysaccharide in animals. Glycogen is stored mainly in liver and muscle
cells. Hydrolysis of glycogen in these cells releases glucose when the demand for sugar increases.
Hydro = water / lysis = breaking — aibas
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50 um
(a) Starch

|
Muscle
tissue

h"\ tissue
g ‘
N

i\

Cell wall
1 um
(b) Glycogen é"ﬁo{."

Cellulose microfibrils
in a plant cell wall

Plant cell,

surrounded Microfibril (bundle of
by cell wall about 80 cellulose

molecules)

(c) Cellulose

Structural Polysaccharides:

Storage structures (plastids)
containing starch granules in a
potato tuber cell

7 h—”’/ Glycogen granules
stored in muscle

o‘*’fgo

Amylose (unbranched)

——

Glucose
P Amylopectin monomer
J/ (somewhat branched)

Glycogen (extensively branched)
g &
: o

5
"
¥

Cellulese molecule (unbranched)

______,7 Hydrogen bonds between

. parallel cellulose molecules

hold them together.

Wooooooc

The polysaccharide cellulose is a major component of the cell wall of plant cells. Like starch,
cellulose is a polymer of glucose, but the glycosidic linkages differ. The difference is based on two
ring forms for glucose: alpha (a) and beta (B). In starch a (1-4) glycosidic linkage / in cellulose

B(1-4) glycosidic linkage.

Basaie i (e (S (L) i) Jie Jglabuall g clilil) & A2A plaad o)l & sSall 5 phibual) S ey 1Ailial) iy jSuad)
Lal (g8 v g 41 W) Apadloa Ayl Lo (LAQN) M) o G Adagd )11 £ 63 8 Ly Lo alias (<) 5 gS glad) (e

(R A2 sS4 Vi) dpableas Ayl s o 58 5 glabuead)

¥ Figure 5.7 Starch and cellulose structures.

H 0
N A
(a) @ and B glucose ring C
structures. These two CH,0H | CH,0H
interconvertible forms of H O H—Cl—OH H O,
glucose differ in the H HO— C—H H
placement of the hydroxyl & OH H ! f— [ — < OH H !
group (highlighted in blue) HO H—C—OH HO H
attached to the number 1 |
carbon. H OH H—C—0OH H OH
o Glucose H—Cl—OH P Glucose
|
H
CH,OH CH,OH CH,OH CH,OH CH,OH OH CH,OH OH
O, O O
1 4 0~/ 0OH O« OH
H H H H H H
OH OH OH CH,0H OH CH,0H

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

() Cellulose: 1-4 linkage of B glucose monomers. In cellulose,
every [ glucose monomer is upside down with respect to its
neighbors. (See the highlighted —OH groups.)
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Here in this figure we have two different ring forms for glucose: alpha (a) and beta (B). If the
hydroxyl group in carbon number 1 (C1) is located down then it is alpha (a) but if the hydroxyl
group is located up then it is beta (B).

Cl1—» OH—> down—> alpha (a)

Cl1—>OH—>up—> beta (B)

A1 as 05S) AV sl 83 I e Cagin (5 S (L g W) S lal) Sl clBlal) e lilise Gle g8 G JSEI 138
L 131 Ao YL aa sl JaasS g i) Ao sana oS 131 Ll L o 131 JAGNL 3aa) sie JauaS g ) e sane cilS 1) (4ala)

Starch (a configuration) is largely helical. Cellulose molecules (B configuration) are straight and
unbranched. Enzymes that digest starch by hydrolyzing a linkages can’t hydrolyze 8 linkages
in cellulose. The cellulose in human food passes through the digestive tract as insoluble fiber.
Some microbes use enzymes to digest cellulose.

Ao e b g Aailns ()5S U g sl o o S slibiead) iy Loy (AdLa) (SN A g3t () Sl g o 55 (Ll (i
b LS Uiy £ 95 Ayl 1) aliat o abis ¥ Ul 55 (o 30 bl ) i (3 5k oo (g pilll) ) ngs 30 iy Y]
A sl San bt gt ¥ LSl Wl g gil) (st g 9ahil) amn i (laali) e 21 2355 3 ey 35915 slalieal
0S8 e oadagll Jall Bash e s i Aadat o Y Al bl S e 5 sing dlaks ) JSU Losie ol Ui p 5 000
Sslibiad) S it alins cilag ) e (5 sin (Ao CAIS) g sSpal) ey lllin G SSAL Saaall ey Gl sl AL e il
(U £ 58 o Ayl ) et abiiads (51)

Chitin, another structural polysaccharide, is found in the exoskeleton of arthropods.
Chitin also provides structural support for the cell walls of many fungi.
Chitin —>N-acetyl glucosamine.

The structure/of chitin °”2°:
AR JSgll A as g Al cil pSad) aal s sl G H 4 OH
acall g fﬁws@%k}i%@ﬁﬂ\d&)gw on OH H (
Mesa e Loayl oy s (léeY) (0 |=0
(l:H3

Concept 5.3: Lipids are a diverse group of hydrophobic molecules.

Lipids are the one class of large biological molecules that does not include true polymers. (They
are not polymers). The unifying feature of lipids is that they mix poorly if at all, with water (insoluble
in water). Lipids consist mostly of hydrocarbon regions.

The most biologically important lipids are fats, phospholipids, and steroids.

Ayl ot LSl 5yl 2 o) I 5 (o Sl s (oll o ) Ll A ) i (0 A i A yamn 2 ol
Lol 3l ailas aal (el chun) Bamiall Gl pall (oa Chand o 5 Al b A g sl (agand) g 3 g2 ASH g (g
g5 arl o all 5 S ufiaad) 5 Sl hanl) w5 Al ga S g0 (3halia (e Sl () sSE s L slall (B ugdi Yy slall e
(Rasaadl) A gl o) Lalil) (e Jasll

Fats and oils are constructed from two types of smaller molecules: glycerol and fatty acids.
Glycerol is a three-carbon alcohol with a hydroxyl group attached to each carbon. A fatty acid
consists of a carboxyl group attached to a long carbon skeleton.
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Fatty acid chain is linked to glycerol via dehydration reaction It forms an ester bond between

carbon and oxygen (so we remove H atom from
hydroxyl group from fatty acid carboxyl group).
1Fatty acid + glycerol — Palmitic acid

OH group in glycerol and we remove (OH)

Glycerol + 3Fatty acids —Triacylglycerol or (triglyceride)

5 - . L. 3] R aall ot H .om d oy Hog W R R
g - o Gk o ds pesil & ‘i’:‘bm ‘}uﬁ H—d—of) \C\C'/LL\J:/CI\é/cl\c'/‘ilxcl/‘l-\;':/cl\é/cl\.:'/H
wwuﬁ*é‘ibuxﬂ‘u#@bu\sﬁ.wﬁwwgﬁﬁﬁ \I,®/ | ,|_| | ,!l ||4 ,_|| Jl |_|| IL ,|_| F|| ,!l ||4 |_|| ||4
Al g Jgomenad) S pa (pa G gogd) B3 B Al gy ) | (o
oadllg Faal el Audu (e JauiS g 0¢d) A gana £ 3 D it Fatty alcid_ i
z A s ; H—¢—oH in this €ase; palmitic aci
Aladadl 4lgd (2 3393 sal) JaiS 52 ) Ao pana (e 1
Fats separate from water because water Glycerol

molecules hydrogen-bond to each other and

exclude the fats. In a fat, three fatty acids are
joined to glycerol by an ester linkage, creating
atriacylglycerol, or triglyceride. The fatty 41— BB
acids in a fat can be all the same or of two or Y .
three different kinds.

(a) One of three dehydration reactions in the synthesis of a fat

Ester linkage

L i elall il a OF @l elall e () spall (i) Jualls D,
Lo Comal i ledld Ml Lo L A g Bl g | M0 Lo LA
Geob e Jooantid) ae (AR Gaaad) (o iy o A Lai s bow lowl
ot Jad g1 f cen oS je anil Aig S el

(0] H H H H H H H
| dgaliicia aaall alealV) Judls o S8 o oSl TR L T I I L A I
R U Aoy et [ o 20 M E N AN N N E N N
_t\y\umwmj\(uzﬁ\mgpy)uhu B ||4H ||4 b qu i J. i ||4 i I!I + IL . J.

(b) Fat molecule (triacylglycerol)
Fatty acids vary in length (number of carbons) and in the number and locations of double bonds.
Fatty acids divides into two groups: Saturated and Unsaturated fatty acids. Saturated fatty acids
have the maximum number of hydrogen atoms possible and no double bonds. Unsaturated fatty
acids have one or more double bonds.

Gaptia g dandia ) Ainall (g senl a5 A Al 0 g g (C100S 3 235) Lgdsh (b Aiaal) (o sanl) ilias

Saturated —— No double bonds (s S @3 G 4l Lyl 5 5 e ¢ giad ¥ dasdia ¢ 983)
Unsaturated —> One or more double bonds (JAS) sf 45 ddayl ) e (5 gt dasdia & () 580)
(a) Saturated fat (b) Unsaturated fat 3.

pLa
-

Structural formula . z . £

of a saturated fat l ?WVWV\N\ e -

molecule B e e o v *
n,,,“Lofgv\,\N\M/\,\ Structural formula u«-¢-o0-¢

Space-filling model i gramunsafurated . Lol

of stearic acid, a q EE ii E E i E i i Tatmolecule " .JI: N

saturated fatty acid

Space-filling model
of oleic acid, an
unsaturated fatty
acid

Cis double bond
causes bending.
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Bending = Kink = 4l dday ) vie dlulull pliald) Guay
Fats made from saturated fatty acids are called saturated fats and are solid at room temperature.
Most animal fats are saturated. Fats made from unsaturated fatty acids are called unsaturated fats

or oils and are liquid at room temperature. Plant fats and fish fats are usually unsaturated.

o Adlal) Aadly 2a 65 Y Aasdia padd) G gaal) Lal B3l (e 48 ad) 3 ) o A )n o duleal) ABad) 8 (30 68) ()5S dadiall g gaa))
Cliladl) 5 Alant) Lal dasdia s Lgddlay ) o gaall () S5 @il gaad) alaea Co 3l e 4B A1 5 ) ja A o o Abilad) Al 2a 5
Aspdia b Ggaa e (g i

A diet rich in saturated fats may contribute to cardiovascular disease through plague deposits.

Hydrogenation is the process of converting unsaturated fats to saturated fats by adding
hydrogen. Hydrogenating vegetable oils also creates unsaturated fats with trans double bonds.

These trans fats may contribute more than saturated fats to cardiovascular disease.

Llae Gl ) calaati Jio QBN B () pal Eigan ) o5 Y aad ol s dapdiall g8l A8 4l (13 aUAT (L)) auza g 13)
o) el satl Al g3 A pan o)y L Led O gutgd) Adlaly elld s dapdia ¢y gaa ) dapdia ) ea ) Jugad lee a5 da jagd)
Al aild i) 8 AU Al ) ¢ 985 Lavie a3l D) Jaa pdad S el 138 5 3315 e A gl dslee Dy Mo (S e any daadia (900

Ll dapdiall Al sl g Bl el e g dasal) e uhd il

(Ol ) alali (i ya)

Cardiovascular disease —atherosclerosis
So what do we mean by trans or cis fats? Cis Vs Trans

Function of fats:

Trans ——-o0pposite direction
Cis —»same direction Look at H atoms

ennynyyIN Gy

n 1

HO GGG o - Cn g NG g Gt e
HHHHHHMH H H HHHHHH

BRREE 4 IR R
HO-C- G5 G- PAE N CoC G- CuC G oo wun
HHHHHHH H HHHHH

linoleic acid: cis configuration (cis isomer)

1) The major function of fats is energy storage (&uall g jas o saall 4wy ) ik o))
Humans and other mammals store their long-term food reserves in adipose cells.

(A al) LA Jals oA lilsl) asy s ) die (o saall () 5a3)

ailialy Cucd A pagd) e agdl) Gpanil (K15 gt € JiuYl JSal)

2) Shock absorbent. (@kaall (alaia))
3) Thermal insulator (3, sl J)\e)
o
O\d & % & \CJ/C\ p:
’ JON / 3 \ RN
Yo N W AN
0‘; /C\ =C’C\ \@ »
¥ §°¢ %
H H
Complete chemical side-effect of chemical
hydrogenation hydrogenation
HaEuaar S g4 HHI
INEREREREERRE  REEEE Fh el b
OO =CmC ==l G i = C = U e
HHHHHHHHHHHHH HHHHH
Double bond in the frans configuration
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Phospholipids:

In a phospholipid, two fatty acids and a phosphate group are attached to glycerol. The two fatty
acid tails are hydrophobic, but the phosphate group and its attachments form a hydrophilic head.
Phospholipid = Glycerol + 2Fatty acids + Phosphate group

Phospholipid is an amphipathic molecule. Amphipathic!! What it means??

An amphipathic molecule is a molecule that has both polar (hydrophilic) and non-polar

(hydrophobic) parts.

R paeadl (e IS Jadi y Cuny J g i) 5 Sl gd A gana (a5 A (el (e Gabi i e 2 il ()5S 2 gladl)
L (sl T ) sl &3S 13 JSE e bl a5 (il JS38) 3 ) Ay o il e oo
80 s 3 phall ima g i s m 2 il (5Ll (3205) plal (g0 ) Gl S5 8 b g e s
i) o) adde slhy

CH, —N(CH,),
i ) cle Choline
. T L e i e o oS mrnnaaa s
: Hydrophilic ) NN 1 M I
il héad P M Yty Sl ooy ,\,», YL \,,;, : = O=F=0 Phosphate
(g NN YN IINII Y . [= 1 0
W =] Y . SN, e
“‘ \ WWW - CHE_CH_CIHE L
/[ Hydrophobic 2 | I Glycerul b
" T o0 o0 F Q8 ¥ -
| 11 tails | T A S
A) C=0 C=0
(c) Phospholipid symbol (d) Phospholipid bilayer
- Fatty acids
When phospholipids are added to water, they = ’
self-assemble into double-layered sheets e
called bilayers. The phospholipid bilayer forms E | Kink due to cis
a boundary between the cell and its external o double bond
environment. }
Al Jgny (AAD JS8 43 elal) ) aud pludl) Caliay Lavic
el AU s adde (3l g el agany (358 Gl )
oAl Cra sy Loy QAN ala audghadl) Glida (5, | NS
_(3,9)&\ cﬁ\j.'\}d\) (a) Structural formula (b) Space-filling model

Steroids:
Steroids are lipids characterized by a carbon skeleton consisting of four fused rings. Cholesterol,
a type of steroid, is a component in animal cell membranes and a precursor from which other
steroids are synthesized. A high level of cholesterol in the blood may contribute to cardiovascular
disease.

Steroids —»Cholesterol —4Rings —»3Hexose and 1Pentose
Function of steroids: (sl das 5)

1) Cell membrane (sl eLiall S i Ja)

2) Hormones —Testosterone / progesterone (U s« ell (<)

Alaia cilbla day i (he 0 5Sh lalll (e g i) 2ay 12 g el
(et dals 5 Ll il EME) (andl gty oy

sLaal) i gSa (e 585 g uieal) €15 (oo £ 58 o g iead 51
e (B adll Jala J g sl KU A gL ) 5 ] gaadl (g plAd)
Ol ) gl i Qi) 3 () gal Eigan ) o s
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Concept 5.4: Proteins include a diversity of structures, resulting in a wide range of
functions.

Proteins are polymers chain of monomers and the monomers are amino acids. Proteins are vital
(essential) for life. Proteins account for more than 50% of the dry mass of most cells. Some
proteins speed up chemical reactions other protein functions include defense, storage, transport,
cellular communication, movement, and structural support.

Bant o) i) B sl (Aaall) Gaaad) Jing 3 (ol ge) Aol Clan gl Cha dptndl (a0 oS S yo (45 el <Ll g g g 5
Gy IS s g 320w (il g s g yull 5 LSIAL L dlal) ALY (0 %50 (pa ST Jis g8 sLall lan daga clisi 5yl (a8 ga)
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Enzymatic proteins

Function: Selective acceleration of chemical reactions
Example: Digestive enzymes catalyze the hydrolysis of bonds in food

molecules. O\ :

Examples: Casein, the protein of milk, is the major source of amino
acids for baby mammals. Plants have storage proteins in their seeds.
Ovalbumin is the protein of egg white, used as an amino acid source
for the developing embryo.

=

Storage proteins

Function: Storage of amino acids

‘:'Dor:. ooq.
'\'\ / %
e
Ovalbumin Amino acids
for embryo

Hormonal proteins

Function: Coordination of an organism’s activities

Example: Insulin, a hormone secreted by the pancreas, causes other
tissues to take up glucose, thus requlating blood sugar concentration.

%o
e —— =
. . Insulin
3 High " ed MNormal

blood suaqar blood sugar

Contractile and motor proteins

Function: Movement
Examples: Motor proteins are responsible for the undulations of cilia

and flagella. Actin and myosin proteins are responsible for the contrac-

tion of muscles.

- e e it
- —— ot T
Muscle tissue 30 um

Defensive proteins

Function: Protection against disease
Example: Antibodies inactivate and help destroy viruses and bacteria.

f ‘Antibodies

Bacterium

Transport proteins

Function: Transport of substances

Examples: Hemoglobin, the iron-containing protein of vertebrate
blood, transports oxygen from the lungs to other parts of the body.
Other prateins transport mclecules across membranes, as shown here.

Transport
protein

o Q

Cell membrane

Receptor proteins

Function: Response of cell to chemical stimuli

Example: Receptors built into the membrane of a nerve cell detect
signaling molecules released by other nerve cells.

/Receptor protein

.' " ..l &

o ey
Signaling ITIO|EEU|E§'4'%. o ¥

Structural proteins

Function: Support

Examples: Keratin is the protein of hair, horns, feathers, and other skin
appendages. Insects and spiders use silk fibers to make their cocoons
and webs, respectively. Collagen and elastin proteins provide a fibrous
framework in animal connective tissues.

Collagen

v -
‘;.)“"fg .’ .;

Connective tissue
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Enzymes are proteins that act as catalysts to speed up chemical reactions. Enzymes can perform

their functions repeatedly.

(oS0 Sy il 5 el ey 30U Sy 5 Ailasll Ble i) g pual

i el e i g (o0 3)ke Sl 1Y)

Proteins are all constructed from the same set of 20 amino acids. Polypeptides are unbranched

polymers built from these amino acids. A protein is a biolog
of one or more polypeptides.

ically functional molecule that consists

Ekie s S pe e b e o il e (IS ) ) i) S 5 ) | 685 1 o1 () a5 Alaa¥) G saal e .53 20 llin
S il dae e aalg e e el O5Sh sed A gaad) Al o) iy Sad) aal (g Gl gl dny (Lede ad)) Adial) (2 gand) (g (e
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Amino Acid Monomers:
Amino acids are organic molecules with amino and carbox
Amino acids differ in their properties due to differing side c

yl groups.
hains, called (R) groups.

L@)uad\kg_‘auucdﬁaﬁuﬂ}mhdﬁh‘.@ JMSJAJISS\AL}AM}U.\AY\M}AMUJ;L; Myaﬁuhsfw\!\uaw\
SV Ao gana anl pele (3l 5 Lo Jaut 5 AdliA Ll 4353 S 902 Juudliaw 3539 ey el 5 (Adlida (yariliad

Side chain (R group)

el aaald) g gi s AN A

Variable | ——> | b_sia

o carbon

| %,

Fixed Backbone

— H /
P H SoH
— Amino group Carboxyl group
Nonpolar side chains; hydrophobic
CH
Side chain C{"3/CH3 |3
N | |
T CH, %H C{Hz H,C—CH
S
H;N*—C—C—0~ H bl gV —C—O H,N*—C—C—0" H.Nt*—C—C—0" HN*—C—C—0~
TV N T T [
HC O H O H O H O H O
Glycine Alanine Valine Leucine Isoleucine
(Gly or G) (Ala or A) (Val or V) (Leuor L) (Ile or I)
CH,
|
S —
| NH
CH, — CH,
| /N
C}Hz C|H2 CH, H2<i: <i:H2
H3N+—C|—i —0" HBN*—C|—i —0 H3N+—C|—i —0 HZN*—C—i—D‘
H O H O H O H O
Methionine Phenylalanine Tryptophan Proline
(Met or M) (Phe or F) (Trp or W) (Pro or P)

Amino acids are linked by covalent bonds called peptide bonds
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Polar side chains; hydrophilic

Since cysteine is only weakly

polar, it is sometimes classified OH N\HZ/O
as a nonpolar amino acid. C/
NH, O |
N2/
PH QH CH, SIH i T
N
CH CH CH CH CH, CH,
| | [ [ | |
H,N*—C—C—0" H;N*—C—C—0" H,N*—C—C—0" H;N*—C—C—0" H,N*—C—C—0" H,N*—C—C—0"
o0 T Tl Tl o0 o0
H O H O H O H O H O H O
Serine Threonine Cysteine Tyrosine Asparagine Glutamine
(Ser or S) (ThrorT) (CysorC) (Tyr or ) {(Asn or N) (Gln or Q)
Electrically charged side chains; hydrophilic
Basic (positively charged)
e
i Acidic (negatively charged) I\|IH3+ (T_=NH2+
(o ) C|H2 I\|1H
- ~ N4 A
o o C CH, CH, | N\H
N | | | | N
? C|H2 C|Hz C|H2 NH
CH, | CHy | LGH, . 2 e
HN*—C—C—0"  H;N*—C—C—O" HN*—C—Ca—07f| (B 26—Cc—0 | HN*—C—C—O-
F L | I I [l
H O H O H' O L H O H O
Aspartic acid Glutamic acid Lysine Arginine Histidine
(Asp or D) (Glu or E) (Lys or K} (Arg or R) (His or H)

A polypeptide is a polymer of amino acids. Polypeptides range in length from a few to more than
1,000 monomers. Each polypeptide has a unique linear sequence of amino acids, with a carboxyl

end (C-terminus) and an amino end (N-terminus).

O (Craa il 5 & g8l (0 5S3) Al Ada) ) o) Leale (slhay g dpanlud Jan) g g () Leany ae duiial) i gand) i 53
G ganl) (a5 3paa T Alaider Lo Al S (5 pin (il sm s Gl ) Oy 385 Lo LyESH) 4] (2 gaal (s il
oAV Al 8 ¢l 4o pana s Llel) an 3 JaS g2 S A8 ganna e (5 5in LY 8 nan) Ainal)

Protein Structure and Function:
The specific activities of proteins result from their
intricate three-dimensional architecture. A

functional protein consists of one or more CHz
polypeptides precisely twisted, folded, and coiled H |
i i —N—C—C——N—
into a unique shape. 0
$0A80 ol 5 S ANy Y :4-’\3?53; O gl (JSa) Ay Peptide bond
D ) ALCE iy Gl 5 A el 55 ) o i
Sigan e Y AR a5 Jid (sl 05K ST L da)
bl i cilp) o)) Jie 4l ) sSall il dae e Gl il (e _ ria
AS 55 (e 1 S dslaa] (e o B Sl | Shains :
(R
. . . groups) CHz
The sequence of amino acids determines a s
protein’s three-dimensional structure. The "
function of a protein usually depends on its back ! [N
ability to recognize and bind to some other |
molecule. f
Amino end

(N-terminus)

SH
CHz cle

| H

Cl_ﬁ_@ @—hll —¢—§—o°H
H O o)

.,
D

Mew peptide
bond forming

C—OH

Carboxyl end
({C-terminus)
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Four Levels of Protein Structure:

1- The primary structure of a protein is its unique sequence of amino acids.

2- Secondary structure, found in most proteins, consists of coils and folds in the polypeptide chain
(Coils and Fold due to hydrogen bonding between amino acids).

3- Tertiary structure is determined by interactions among various side chains (R groups).

4- Quaternary structure results when a protein consists of multiple polypeptide chains.

(Ot _nl) (JSa) Aty el Ja ga day i clllia
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G s) il oo Al 3 il 5 U Ld Gy s iyl aad Loy e Al all o385 (49l Aidl) 40l A sl -2
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As we see in this first figure the primary structure
of a protein contains sequence of amino acids.
(We have two ends amino end and carboxy!l

end). S (o} R H (®)
Gua oy gl (@Lu‘i\ :\.3_\_\”) uija” a.hjd\ Gl JKET 2 Amino 0 T e e 0 1 e
e g8 e i) Gagaal) e desana e ol 29 Tl @ QO O
Ao sane Al 5 (el Ao sana 5V Ales) QUGS Ll o Gas 3 R i) (©) R
(oS g sty \\\ e
In the second figure we have the secondary. *HN@@@@@@@@@@

Amino end

e

structure of a protein. The coils.and folds of
secondary structure result from hydrogen bonds ' ,
between repeating constituents of the .‘m. '

| . OO
polypeptide backbone. Typical secondary @@ v YOS o0
structures are a coil called an a helix and a folded ‘
structure called a B pleated sheet.

Regions stabilized by hydrogen bonds
between atoms of the polypeptide backbone

Coiled —» a helix

Folded — B pleated sheet -

. “w » — “ & “ . o IS A region

OsSS oy i (g g pll Ag o) Al pal) (g SEN JSG) of ahelix o g

il 3yaad 35 Sl Al a gan) cp Al gt Bl g i transtiyretin
- oIS %4l OJS:‘J _QléLiﬂ‘g\ any g Ql;kl\ . .4 QM Hydrogen bond
oS el J<& Jie d}‘y\ -1 A reg“u_:nn of B pleated sheet in tra.nstf):rftln _____ L sEtaeemd
Aadal) Ji ;GJJS\ JS& Jia S 22 2 o o A P@h_§ strand, often shown
i @ . Y i as a folded or flat arrow

pointing toward the
carboxyl end

Hydrogen bond___--~
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Tertiary structure, the overall shape of a Tertiary Structure

olypeptide, results from interactions between
POYPED Three-dimensional shape stabilized by

R groups. These interactions include S . “ idaichial
hydrogen bonds, ionic bonds, hydrophobic IDESCVNT DEOVEN BIae Chais

interactions, and van der Waals interactions.
Strong covalent bonds called disulfide "7 mmemeeeo o
bridges may reinforce the protein’s structure.

o helix
JSE 05K G (gl AT Al ) Gy BN JR2Y ,
sy 13 g g3l Ala ) e EST D Aiad) Sae R ————— “ Transthyretin
Ailad) Jadbaal) 8 a3 (Jagl g 1Y) codla)ail) - 4 polypeptide
A Ll 55l 03w g (JSIV) Ao sana) Simel) (aeall ‘
[ &gl dayl gy / Al g b ool 9 ) 1 a5 ool dusad e ——
Lol s/ Mg o 8/ slall diaa ydd) il jall a5
sl 5 81 x5 ) 3 i 3
R-interactions include: Nﬂéﬁé E'g%(’ge" & & cn, B
1) Hydrogen bonds. H, interactions and
2) lonic bonds. van der Waals

3) Hydrophobic interactions. s
4) Van der Waals interactions. | -
5) Disulfide bond (Strongest bond).

Polypeptide :

backbone of qH

small part of CH,

a protein
Quaternary structure results when two or
more polypeptide chains form one Quaternary Structure
final stage in protein structure. (some proteins only)

Lodie il Ailgdl) Als yall & 5 i g sll gl ) A el
g e S ) e e S b il JSTS

908 (e pdila
Collagen is a fibrous protein consisting of e (g Aq)

. . . T-— Y Transthyretin
three polypeptldes coiled like arope. . protein
Hemoglobin is a globular protein consisting Single—___ (four identical

. polypeptide & polypeptides)
of four polypeptides: two a and two 8 subunit )
subunits. NN

— ; e R ~ A\
A e s ging (bl (1o 0 5Sh) (A g 5o ¥ ) Heme _ - Y
dall Jia (anil) Leany Jsa Adile a0 a3 (e Juadlas > .
Sudls daJf e (5 sing JSAN (598 Gign 5o Csle sl (& Risubunit
L g i e QU g Wl g 65 e QU sl ae (1 SN :

Collagen

subunit

22




Sickle-Cell Disease: A Change in Primary Structure

A slight change in primary structure can affect a protein’s structure and ability to function. Sickle-
cell disease, an inherited blood disorder, results from a single amino acid substitution in the
protein hemoglobin. The abnormal hemoglobin molecules cause the red blood cells to aggregate
into chains and to deform into a sickle shape. Glutamine replaced by Valine at number 6 in amino
acid chain.

JSé o g Lee (o loLasg) Gl g ol Aaleal) Al 8 oy i ooy Ladic g (i pall 138 o Al pal) 88y 5

LSl muad ol paad) aal) il )8 JS5 8 il daas) aally (3laie (Al )9 00 s aiall aall 8 (e g Al g 5 U (55l
saaall A kil (Gl glil) Jae Jag ¢lld) AT el (aes (l8a el (aes Pla) dlee Guaat Sua (IS A 5 WS SIS
i) pmeal) Alidus b (uabad) )

Primary

Secondary and Quaternary

Structure | Tertiary Structures Structure Funcsion etk gpod Cell Shape
1 Normal B subunit Normal Normal hemoglobin proteins do Normal red blood
= hemoglobin not associate with one another; cells are full of
a 2 each carries oxygen. individual \
% 3 herrt\qglobin
° % ’g |aproteins.
@ =
= 5 ‘-ﬁ |
©
1 o M»
K &
|
1 Sickle-cell B subunit Sickle-cell Hydrophobic interactions between | Fibers of
= hemoglobin sickle<celhhemoglobin - abnormal
= 2 proteins lead to their hemoglobin
g, 3 aggregation deform red
£ ( into a fiber; blood cell into
o 4 | o | capacity to sickle shape.
= 5 carry oxygen
] is greatly . . oz N
o P >
@ 6 reduced. 3 P
.-§ 7 ' . # S

What Determines Protein Structure?

In addition to primary structure, physical and chemical conditions can affect structure.
Alterations in pH, salt concentration, temperature, or other environmental factors can cause a
protein to unravel. This loss of a protein’s native structure is called denaturation. A denatured
protein is biologically inactive.

il Sl g BN o g s nll Agpaaaa) Al) ) A8LaYL Jalsall (e pnd) clllin SEALSE 5 (i g pall Ay 2as3 A Jal gad) L
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Aaba¥) Ay oy sl GMBR ansy s ol Al g ol Ay (B S D) Jalsall (e a5 Adaall (e 4y Adgaal) Jal gadl [ 50 )
(A My V) Jad 1 gy iy s Aabeal) ity (i g pall 88 Ladie 5 (b g (1) Cfignl) G

Protein Folding in the Cell:

It is hard to predict a protein’s structure from its primary structure. Most proteins probably go
through several stages on their way to a stable structure. Diseases such as Alzheimer’s,
Parkinson’s, and mad cow disease are associated with misfolded proteins.

Two methods that scientists used to determine a protein structure:

1) X-ray crystallography

2) Nuclear magnetic resonance (NMR) spectroscopy.
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Concept 5.5: Nucleic acids store, transmit, and help express hereditary

The amino acid sequence of a polypeptide is programmed by a unit of inheritance called a gene.
Genes consist of DNA, a nucleic acid made of monomers called nucleotides.

Alee o5 (Salae) S oadl gal) (g 235 Bl 5 Aadulal) LSyl (go 203 By g 5l m pen) 1Ay g3 G gand) o seie o ST s
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There are two types of nucleic acids:

1) Deoxyribonucleic acid (DNA) — (0aanSY) (a siie (5 sml )l (5553 (aaall)
2) Ribonucleic acid (RNA) — (s sx 5 55 (aaall)

DNA provides directions for its own replication. DNA directs synthesis of messenger RNA (mMRNA)
and, through mRNA, controls protein synthesis. This process is called gene expression. (We will
take about it later in chapter 17)

Each gene along a DNA molecule directs QWDNA
synthesis of a messenger RNA (mRNA). The

| |
|

MRNA molecule interacts with the cell’s .

; . ) ) © Synthesisiof
protein-synthesizing machinery to direct mRNA in the '/
production of a polypeptide. The flow of nuclets /|
genetic information can be summarized as | /4
DNA— RNA — Protein > 1

550> s ) 998153l 2 DNA J) 225 ,,_,hr'UCLEUS STOrA

MRNA s> Jeldly | yélu JSé mRNA J) ————————

Em@asﬂdﬁ\ﬂ\GJaﬂuyw\j\én - RNA
ol a3 s g b Al Sl ) € Movement of
mRNA into cytoplasm Ribosome

The Components of Nucleic Acids: via nuclear pore
Nucleic acids are polymers called
polynucleotides. Each polynucleotide is made © synthesis of

of monomers called nucleotides. Each protein using
. . . information
nucleotide consists of a nitrogenous base, a et
pentose sugar, and one or more phosphate mRNA
groups. The portion of a nucleotide without Polypeptide acids

the phosphate group is called a nucleoside.
Nucleotides (building units) —— pentose + nitrogen base + phosphate group
Nucleoside — Nucleotide — phosphate group

Aap 333 9 e 25l il dae ()oK A8 g8 gll) e s padd g2 s sl i sand) a0 $95 55 pmaal) CligSa o L

Al Bas gl oo 58 gall) i 518 gl dae () 0S5 () Lgaany e 05 a8 ) panT Laie (15 045 9alS gail) ans (0 98 34)
) e S al gl il gill Ao gana 23) 5 Al 13) el i gil) Ao gana + Aiin g 0i 3o + pulad S (e (S5 (55 530) (anal]
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Look at this figure we have a pentose sugar (5
carbon sugar). The difference between DNA
and RNA is that DNA doesn’t have oxygen
atom at carbon number 2 (deoxygenated).

SUGARS

(U520 3 ued) (pbad S slaall JSEN 5 aalii LS
2 8, o Sl aie DNA JV o) RNA Jls DNA J) o A
R saia) i sl e Adadi e (s 30 e g giaY
(CmassY)

Deoxyribose (in DNA)

Nucleotide Polymers:

Nucleotides are linked together by a
phosphodiester linkage to build a
polynucleotide. A phosphodiester linkage
consists of a phosphate group that links the
sugars of two nucleotides. These links
create a backbone of sugar-phosphate
units with nitrogenous bases as
appendages.

Ayl ) Gasb e pamdl Lpany ae 1A galS gail) Jasi i
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(on blue background)

5 end/

OH
3’ end

(a) Polynucleotide, or nucleic acid

Ribose (in RNA)

Sugar-phosphate backbone

MNucleoside
—_——
Nitrogenous
base

Il N
©0-P-0 CH
(O —1'C
Phosphate 37N
group Sugar
(pentose)

(b) Nucleotide monomer in a
polynucleotide

Only certain bases in DNA pair up and form hydrogen bonds: adenine (A) always with thymine
(T), and guanine (G) always with cytosine (C). This is called complementary base pairing. This
feature of DNA structure makes it possible to generate two identical copies of each DNA molecule

in a cell preparing to divide.

T=—A — > Two hydrogen bonds (2)
G=—C — Three hydrogen bonds (3)
There are two types of bases in DNA:

Pyrimidines — Cytosine (C) / Thymine (T) (in DNA) / Uracil (U) (in RNA)

Purines — Adenine(A)/ Guanine(G)

& A g Ao gy (ad) Lpans e Jasi i Banaa A g i a0 g lllia N,
@Qﬁb@i\u_)&/%&‘@o&é\ﬂﬁﬁLﬁj‘gﬂ\umal\;d‘_)a ¢(|:\
0 8393 gall dpaldl) o2 5 (Lanall Lgdany JaSi 2o sal) 028 Cyen giibedl) N G
AR andl Lavie 4l (pilaia (it sl (e 4343 g 958l Gaaad) || o2 C - CH
H

To make it simple when you memorize it the long word

Cytosine (C)

has one ring but the short word has two rings.

Pyrimidines (long) —» one ring
Purines (short) — two rings

[
//Na-.hc/ ‘-“Q:-N

HC

N—Co o CH

H

Adenine (A)

NITROGENOUS BASES

Pyrimidines
7 i
C CH C

H
Thymine (T, in DNA) Uracil (U, in RNA)

Purines
s g
c
/A>T NH
<O
N =~
; N7 “NH,

Guanine (G)
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The Structures of DNA and RNA Molecules:

DNA molecules have two polynucleotides spiraling around an imaginary axis, forming a double
helix. The backbones run in opposite 5 — 3’ directions from each other, an arrangement referred
to as antiparallel .One DNA molecule includes many genes.

JSa O (sl (50) Guitad) JSG ady JSG 153 K8 AN e Legie JS (il ) 30 (e (i3 00 DNA J) s> O5SE
DNA Jl (0 3313 55 (Gl amns o ciila) ¢l sia s (S 05 s 3 ) 45 Al clalad) 3 (555l el
bl e sl e s s

RNA, in contrast to DNA, is single-stranded. Complementary pairing can also occur between two
RNA molecules or between parts of the same molecule. In RNA, thymine (T) is replaced by uracil
(VU), so A and U pair.

B ) Eaany G oSaall oy Baal g Aades (1o ()5S RNA J) el 6 AY) e Lgie IS Gl ol o o <5 DNA J) s 5
J e oa o8 Ll iVl Cpail) lasi s DNA J) sisa (b .8aal g A (e 585 431 as RNA Ul 650 (A duia g sll) a0 g8l
G Jan ) Ty UL 5 Gl p ) o (AT A g s S22l Jaw sl RNA

Sugar-phosphate , .,
backbones \ ’ N l//\ \ _ _Z?S‘
Hydrogen bonds __ { \

Base pair joined
by hydrogen bonding

3’ 5 Base pairjoined
by hydregen bonding
(a) DNA (b) Transfer RNA
Test Questions (Practice exam)
Test Yourself

Q1) Which of the following would most likely qualify as a macromolecule?
A) Protein.
B) DNA.
C) RNA.
D) Cellulose.
E) All of the above.
Q2) Which of the following is NOT a carbohydrate?
A) Glucose.
B) Sucrose.
C) Glycine.
D) Glycogen.
E) Cellulose.
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Q3) The primary structure of a protein involves:

A) Disulfide linkages.

B) Van der walls interactions.

C) Hydrogen bonds.

D) Hydrophobic forces.

E) None of the above.

Q4) The chemical union of the basic units of carbohydrates, lipids, or proteins always
produces the biproduct:

A) Energy.

B) Carbon.

C) Water.

D) Acid.

E) None of the above.

Q5) When disaccharides are changed to monosaccharides, the common chemical process
involved is:

A) Hydration.

B) Hydrolysis.

C) Digestion.

D) Dehydration.

E) Activation.

Q6) Polymers of polysaccharides, fats, and proteins are all synthesized from monomers by:
A) Connecting monosaccharides together.

B) The addition of water to each monomer.

C) The removal of water (dehydration synthesis).

D) lonic bonding of the monomers.

E) The formation of disulfide bridges between monomers.

Q7) The organic compounds that have many structural purposes and are used in many
processes within the cell are called??

A) Carbohydrates.

B) Lipids.

C) Proteins.

D) Nucleic Acids.

Q8) Hydrolysis could be correctly described as the?

A) Heating of a compound to drive off its excess water and concentrate its volume.

B) Breaking of a long-chain compound into its subunits by adding water molecules to its structure
between the subunits.

C) Linking of two or more molecules by the removal of one or more water molecule.

D) Constant removal of hydrogen atoms from the surface of a carbohydrate

E) None of the above.

Q9) A CARBOHYDRATE (polysaccharide) that makes PLANT CELLS and tissues
STRUCTURALLY RIGID is:

A) Sucrose.

B) Glycogen.

C) Starch.

D) Cellulose.

E) Amylopectin.

27




Q10) Lipids:

A) Serve as food reserves in many organisms.

B) Include cartilage and chitin.

C) Include fats that are broken down into one fatty acid molecule and three glycerol molecules.
D) Are composed of monosaccharides.

E) None of the above.

Q11) Which of the following is an extensively branched storage polysaccharide found in the
liver and muscles of animals?

A) Glycogen

B) Starch

C) Amylopectin

D) Cellulose

E) Amylose.

Q12) Humans can digest starch but not cellulose because??

A) The monomer of starch is glucose, while the monomer of cellulose is galactose.

B) Humans have enzymes that can hydrolyze the B glycosidic linkages of starch but not the a
glycosidic linkages of cellulose.

C) Humans have enzymes that can hydrolyze the a glycosidic linkages of starch but not the 3
glycosidic linkages of cellulose.

D) Humans harbor starch-digesting bacteria in the digestive tract.

E) The monomer of starch is glucose, while the monomer of cellulose is glucose with a nitrogen-
containing group.

Q13) The molecular formula for glucose is CeH1206. What would be the molecular formula for a
molecule made by linking three glucose molecules together by dehydration reactions?
A) Ci18H3601s

B) CisH32016

C) C6H100s

D) Ci8H10015

E) CsHeOs3

Q14) A molecule with the formula C3oHs0026 Is probably a??

A) Carbohydrate.

B) Palmitic acid.

C) Protein.

D) Nucleic acid.

E) None of the above.

Q15) The R group or side chain of the amino acid serine is -CH2-OH. The R group or side
chain of the amino acid leucine is -CH2-CH-(CH3)2. Where would you expect to find these
amino acids in a globular protein in agueous solution?

A) Serine would be in the interior, and leucine would be on the exterior of the globular protein.
B) Leucine would be in the interior, and serine would be on the exterior of the globular protein.
C) Both serine and leucine would be in the interior of the globular protein.

D) Both serine and leucine would be on the exterior of the globular protein.

E) Both serine and leucine would be in the interior and on the exterior of the globular protein.

1-E 2-C 3-E 4-C 5-B 6-C 7-C 8-B 9-D 10- A
11-A [12-C |13-B [14-E |15-B
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5 Chapter Review

SUMMARY OF KEY CONCEPTS

CONCEPT 5.1

Macromolecules are polymers,
built from monomers (pp. 1715-116)

Large carbohydrates (polysaccharides), proteins, sé’&.cé&z
and nucleic acids are polymers, which are chains 9oColRIOUX
Large Biological Molecules Components
CONCEPT 5.2 CH,OH
H O H

Carbohydrates serve as i
fuel and building material OH H

(pp. 116-120) HO OH
H OH
Compare the composition, structure, and
function of starch and cellulose. What
role do starch and cellulose play in the
human body?

Monosaccharide monomer

Glycerol

CONCEPT 5.3

Lipids are a diverse group
of hydrophobic molecules
(pp. 120-123)

e Why are lipids not considered to be
polymers or macromolecules?

Steroid backbone

CONCEPT 5.4 -—_ =
Proteins include a diversity

of structures, resulting in H P
a wide range of functions A C\OH
(pp. 123-131) &

Amino acid monomer

9 Explain the basis for the great diversity o s

of proteins.

CONCEPT 5.5

Nucleic acids store, transmit, Phosphate
and help express hereditary Serte
®_CH2 0

information (pp. 132-134)
Sugar
What role does complementary
base pairing play in the functions

of nucleic acids? Nucleotide (monomer

of a polynucleotide)
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of monomers. The components of lipids vary. Monomers form
larger molecules by dehydration reactions, in which water
molecules are released. Polymers can disassemble by the reverse
process, hydrolysis. An immense variety of polymers can be
built from a small set of monomers.

What is the fundamental basis for the differences between large
carbohydrates, proteins, and nucleic acids?

Examples

Monosaccharides: glucose,
fructose

Disaccharides: lactose, sucrose _ |

Polysaccharides:
Cellulose (plants)
Starch (plants)
Glycogen (animals)
Chitin (animalsiand fungi)

Triacylglycerols (fats or oils):
glycerol +three fatty acids

| Phospholipids: glycerol +

phosphate group + two fatty
acids

Steroids: four fused rings with
attached chemical groups

Enzymes
Defensive proteins
Storage proteins
Transport proteins
Hormones
Receptor proteins
Motor proteins
Structural proteins

Sugar = deoxyribose
Nitrogenous bases = C, G, A, T
Usually double-stranded

RNA: 7 N/ .
Sugar = ribose
Nitrogenous bases = C, G, A, U
Usually single-stranded
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Functions
Fuel; carbon sources that can be
converted to other molecules or
combined into polymers

Strengthens plant cell walls

u Stores glucose for energy
Stores glucose for energy
Strengthens exoskeletons and
fungal cell walls

Important energy source

=
t.—-—-——;

Lipid bilayers of membranes
Hydrophobic

W%@W'{ails
Hydrophitic Z_ILLLY
heads

Component of cell membranes
(cholesterol)

Signaling molecules that travel
through the body (hormones)

Catalyze chemical reactions
Protect against disease

Store amino acids

Transport substances
Coordinate organismal responses
Receive signals from outside cell
Function in cell movement
Provide structural support

Stores hereditary information

Various functions in gene
expression, including carrying
instructions from DNA to
ribosomes



CHAPTER 6
Energy and life

Reactants Ole ia Activation Ll Equilibrium OV Y s
Products & Inhibition Loy Organic (§ sac
Spontaneous Sk Metabolism o=yl Sblke | Regeneration | guw dile)
Exergonic Al o jla Catabolism el Clilee Active site adaidll dalaial)
Endergonic Al ale Anabolism bl Cllee Concentration | Sl

Concept 6.1: An organism’s metabolism:

Metabolism: all chemical and energy transformation in the cell. Metabolism is an emergent
property of life that arises from orderly interactions between molecules. A metabolic pathway
begins with a specific molecule and ends with a product. Each step is catalyzed by a specific enzyme.

Enzyme 2 [N Enzyme >

- > ¢ -
Reaction 1 Reaction 2 Reaction 3

Starting Product
molecule

& o) Gllee 5 dal) ISl ol el clles (e A1 Lils AL e alStileie  ladl g ABUal) e alSH o g Ll 1 b
O colelil Eigan 5yl (e Laii g sball dagall gailadd] (e 2xi s AN Jaly ABUall & ) i) 5 dibpansl) <l i) & sane
JSEl) 8 s 5 LS) @il ghd gk (e clld Cuany g il g 5 (COSLET) S £ g () Gllee Lo oy AGNE) iy jad)
(Beslana Jal gaS ey 33Y) Jant) Adlida Slay 3} (ke B gbad S g el oy S (il ghad A clllia

The metabolic pathway is divided into two pathways:

1) Catabolic pathways. (a4 <llee) Complex == Simple

2) Anabolic pathways. (skll ldee) Simple == Complex

1) Catabolic pathways: release energy by breaking down complex molecules into simpler
compounds. Example: cellular respiration, the breakdown of glucose

in the presence of oxygen. We will talk about it in details in (chapter 10)

2) Anabolic pathways: consume energy to build complex molecules from simpler ones. For
example, the synthesis of protein from amino acids is an anabolic pathway or Photosynthesis.

Llee a5 o gAY Guditl) Al ey e Jie o) @il ja ) Baaal) ciliadl S 3y 5k oo A8l (3lhil sasgd) cliles (1
S 3 s 53 Sl i S ) (e e s 3a) S gS slad) agdans

Oe Oigal) e dlas @l Lo Qi Baie LS pay 50 9 Adapey il Sa T gd Al ) oLl cililee lia e L) cilbiles (2
(Ll gliag sl Ll AU (o) = s adgl)) | Agall sl Dbae ol (lo L Lians) Axisal) (ya gaal)

Energy = Ability to do work (cannot be created or destroyed but it can be converted from one
form to another).
Example: Kinetic energy / Thermal energy / Potential energy / Chemical energy

AT I8 (e Jgati oSl Eaaaid Vg A8 Y ABU 5 (Jardl HLal) Jrdl S e 88l s 4B
Al sl / Adal) A8l / 4 ) jad) A8l / AS jad) A3l -ABUaY) £ g e i

Concept 6.2: The free-energy change of a reaction tells us whether or not the reaction
occurs spontaneouslv
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Free-Energy Change, AG:

If we have this reaction A+B —> C+D

(A+B reactants).

(C+D products).

AG = Energy of products — Energy of reactants

If E (reactant) = 60 K.Cal / E (product) = 40 K.Cal Then AG =40 - 60 = -20 K.Cal

So we have a negative sign for AG.

If AG is negative the reaction is consider as exergonic reaction. (Release energy)
If AG is positive the reaction is consider as endergonic reaction. (Absorb energy)
AG = negative —>exergonic reaction —>spontaneous reaction

AG = positive— endergonic reaction —>non-spontaneous reaction

-2 [ d3Uall o jUa Jelds -1 redleld) g 33 (e e gi cllia || (a) Exergonic reaction: energy rele_gsed,_spnmaneaus
o AUl ) o3 A8l Ba Ul c) el b A8l yale Jelds
AU 3 5l Lisnea 1305 gl o) 8 38U (e ST Sl il

B LAY o aais (cdle Lital) — il ol = (381) Lagia JS

Reactants

s Jelddh) o (s Al 5 HLEY) 5 Adl () oS5 o g Al Amount of
O o1 fua T energy
dr_\..s.d\ Lol :g.\l.si.\'d&ag Sy ds:l.s.d\g\) (MM..:G-HA) 43l elaktod
Lodind e lital) A8 (he jus) gl 5il) A8 ) (<8 43U (alal) (AG < 0)

Energy

A,

ATl B LAY o) anie Legie JS (g 8Ll 8 (5 81 o
ABall (ala Jeliil) o it g gall B LAY 5 4 g ()5S
(AL (8 diaag ¥ il 5 (A8 glisg) I

Products

Free energy —=

Equilibrium: in equilibrium energy for reactants
= energy for products (AG = 0).

P

Progress of the reaction

It consider as a dead system or closed l_(h} Endergonic reaction: energy required, nonspontaneous
system. Cells are not in equilibrium; they are
open systems experiencing a constant flow of Products

materials. A defining feature of life is that

Allia 32 3) (3o ol ALty Guila’oldid 3 LAY ¢

4 glucia a5 gl gl Cpm s CBle il ABUAY 8 by 3
S O s b pal) clles S5 O (S Y (AU b
COlelial (e JS Ga A8l 8 cldg 8 elilia o) 5 of cany
-Q:'U'ub Progress of the reaction -

Reactants

metabolism is never at equilibrium.
T Amaount of
llias Lexie Ala all o3 ) Jelddl) Jemy o 3lsil daja || ] enetoy,
. - e b . . require
Gl 3168 a8 canal LAY ZBUal) (s gl o3 cdlelinal || D (AGS 0)
N c

Concept 6.3: ATP powers cellular work by coupling exergonic reactions to endergonic
reactions

A cell does three main kinds of work:

1) Chemical work: pushing endergonic reactions.

2) Transport work: pumping substances against the direction of spontaneous movement.
3) Mechanical work: such as contraction of muscle cells.

A ) Jas ) (e 1 61 A A1

Adlall dalall ke i) xds 1 AbasS Jee (1

(R rling) (ALY AS Al olad) (uSay 3 sall Jai ;NG (3latia Jeo (2
CBland) palll) ;K Jee (3
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To do work, cells manage energy resources by energy coupling, the use of an exergonic process
to drive an endergonic one. Most energy coupling in cells is mediated by ATP.

o5 halee 33yl e U A unS o sllaall Jaally o5 S 48U a2 3y 318 Lgia o sthaall Jaally LAY o 685 S
llgins) 4l AU 4ABUall dalall e il () 5 (A gisi) d8Ua Jant 48Ul 3 jUall codle il () Ll Loy LS (Adasi yal) 43Ual))
dalal) ol lall Lgithe Y ABUall 53 jUall cdle il (e AUl A8 aading Adadi yal) ABUaY) f ABUal) Jals ) ddee Uil 5 (48U
ATP J) S e dasl gy 255 laall 038 ABUall

The Structure and Hydrolysis of ATP:

- . ] Adenine  nNH
ATP (adenosine triphosphate) is the cell’s ’

- - C
energy shuttl_e. ATP is composed of ribose (a o ;?Nac/ Sy
sugar), adenine (a nitrogenous base), and S0 0 o HG ICH
three phosphate groups. The bonds between :" D—H—D—g—o—ﬂ—ol—mz N—C< 2
the phosphate groups of ATP’s tail can be ' L_l} R {lj R é} ®

broken by hydrolysis. Energy is released from T iohosohate aroun

. . riphosphate group
ATP when the terminal phosphate bond is (3 phosphate groups)
broken. OH OH

H Ribose

S9N S5 G Sl 5 55 AT s i || (9 The strucure of ATP. i o, st o st of
A g sisi Bae + (CaaasY) (aghia jf ouibed Su)
JSal 8 2l LeS) ciliugdl) ¢pa e gana A0 + (0aiaY))
S S AN B any Sl 138 ola LS 5 (shaal
Wy o ol 940 AN il 58l Cile gane Jas 53 948U GL,_J
Il Alee ) plall 853 A} (335 e ) alaas pandl ||
gh’:' &z‘bn M Ladie ) glaall J<1) Y LS (‘fl'd‘ Adenasine triphosphate (ATP)
A 5l i (g ) i gh Ao sana s Dl
(Sl gl (o (i sana Sl (5 sin) a3l

Adenosine = (Yl sacld

Tri = A P—P + ® + Energy
Di = A
Inorganic phosphate = gsae & cildu g Inorganic

Adenosine diphosphate (ADP) hasoha
phosphate
AGaTtp = -7.3 K.Cal/mol

(b) The hydrolysis of ATP. The reaction of ATP and water yields
ADP and inorganic phosphate ((F),) and releases energy.

In the cell, the energy from the exergonic reaction of ATP hydrolysis can be used to drive an
endergonic reaction. Overall, the coupled reactions are exergonic. ATP drives endergonic
reactions by phosphaorylation, transferring a phosphate group to some other molecule, such as a
reactant. The recipient molecule is now called a phosphorylated intermediate.

Llhall Lalal) cdle i) b A8l s3a ardivd Cuay (48Ul Agiial)) 48Ual 34 Ul clleliid) (e ATP J) oS jal Jlail) dolee aas

(B oAl dilac ) (il 98 guul) s Alae (3 5k (pe ABUY) 028 LS ) Al $EAEUD LS yall o8 2aL (S (S (sl Cillec)
4 Bl (8 Ly (oDhe§ JSE) b (550 WeS) dule i gill e gana S el Jand il g Ao gana Syl el oty 43f s
SR Jeldil) & gaad

(+3.4) W laie AU uudiSy o I zling 42 NH3 Lisa¥) ao Glu i) gaaeall Loy Laie 1Juadl 3 ) goay JS8I) mania 5l

W ke AU 4plani o g GlU ieY) paeally (ATP J) S e (e g8 35 3 ill) o gil) Ao sana Jasi 5 Laxie (S1 J e/ s 5LS
J S e 2ga s e AT LS AN J e [T 52 1S (3.9- = 3.4 + 7.3-) QoS AN AU il UL 5 J se/d 9 5LS (-7.3)
AR Gala 58 o e Yoy Bl 3 s Jeliill muad @l ATP

32




o

A W — G’IUQH%/ AGgy, = +3.4 kealimol
/Glu [ 3

Glutamic acid Ammonia Glutamine FEIRL uaLA qum

(a) Glutamic acid conversion to glutamine

\ 4

8\ & SpTpS _O L AT L e 9 [WNH,7 4 ADP + (B,
/Glu /\ I\";_:" /Glu Glu \
Glutamic acid Phosphorylated Glutamine

intermediate

(b) Conversion reaction coupled with ATP hydrolysis

FAGG|,,=+3.4 kcal/mol —1 250 s Je ) \
ey i) e
Jr;"/—\\ hl-"\-/]_ 'H | 7 =
f"'fGIui + @ + SATPC ——> Glz&z/ + ADP + (Pj

J_/’\ J'\‘{"

AGg), = +3.4 kcal/mol L AGprp = 7.3 kcalimol —j
+AGpp = 7.3 kcal/mol

Net AG =-3.9 kcal/mol

(c) Free-energy change for coupled reaction

Transport and mechanical work in the cell are also powered by ATP hydrolysis.
ATP hydrolysis leads to a change in protein shape and binding ability.

aalsy A ) Adal) 3 A clilee  ASilSal) iilenl] Zlin Transport protein Solute
& 5 ATP J dladdglee . ATP J) Sy e 48Ul 030

Basi 5 Ladie () sbaall JSEN 3 L) ol 38 b ks g0n o

(oS o Jaudl) Al sty opfig sl 6 i g} de gana iR —> ADP + (P
m‘éﬁ\ﬁéy‘dﬁewlﬁeégﬂh} e (P
The Regeneration of ATP: (48Ul yaa3) : SOWt: 4
ATP is a renewable resource that is ransporwe

regenerated by addition of a phosphate group (a) Transport work

to adenosine diphosphate (ADP). The energy to
phosphorylate ADP comes from catabolic Vesicle Cytoskeletal track
reactions in the cell. The ATP cycle is a

revolving door through which energy passes

during its transfer from catabolic to anabolic ATP —»
pathways. N

-
An%i — A —+ ADP+ Pi

Motor protein Protein and
vesicle moved

(b) Mechanical work
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AAAAAS ARRAD

[

Energy from Energy for cellular
catabolism (exergonic, work (endergonic,
energy-releasing ADP + (P energy-consuming
processes) ' processes)

e gana slhe) 55k (e @lld Qi g Lgie Jo ABla piuai Liils 48Us ellgrin Labie 43f (o] Baaaia 430201 8 48U a5 1ABUAY) aaas dilec
5 ATP J S se ellgind Gl dualal) e liill ATP Ciliu dll (A ) i i) (A (e Y uad ADP oS 0 ) ciliugd
Al Lgd pal 399 clllia 4 3l yuaidall ATP zuad ADP J) S je ) 4BUa e 48Ul 33 jUal) cole il (S ADP () 4l ga
Aalal) cBle il 8 Lgasding g 53 Ual) @8l (e dBUAY) 241 Lol Gy

Concept 6.4: Enzymes speed up metabolic reactions by lowering energy barriers

A catalyst is a chemical agent that speeds up a reaction without being consumed by the
reaction. An enzyme is a catalytic protein. For example, sucrase is an enzyme that catalyzes the

hydrolysis of sucrose.

ic e 4 debsa Jale an WYY 2y + +
o pmmin ] @@ @ Dyt oD

Jelall 8 dlgiay o) e Ge Jelal)

Jomz g3l a8 gl ) 1S e Jla sucrose Glucose Fructose
S90Sud) S anhaali Ao s saly ) e (C12H22044) (CsH1206) (CeH,204)

The Activation Energy Barrier:

Every chemical reaction between molecules Owe

involves bond breaking and bond formings. M

The initial energy needed to start a chemical Transition state

reaction is called the free energy of activation,
or activation energy (Ea). Reactants must get
very close to each other in the correct
orientation.

phad aany G a2V (baas Jolil S b shpddil) 4l Reactants

& B ) g5 JSAS STAIS LAY ) gal) ciliy S (oo Jal g0

LY A8l B Ll el AU ey a3 ol ol

ISty Jelill wiy K1y (cdleliall Jay) gy ahias) Jolisl) gad

Ol s ol Lpudany (e el lial) i o e MNigmawa | Lo N ] V..
(iall) gmaal) ooty 3 Jeliil ¢ o, Products

Free energy —

Progress of the reaction——

......................

How Enzymes Speed Up Reactions:
In catalysis, enzymes or other catalysts speed up specific reactions by lowering the Ea barrier.
Enzymes do not affect the change in free energy (AG); instead they make another road for the

reaction.
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Jals ay 3Y) 2ay SECDe W) ag il o cilag 31 Jaad oS Course of

by 48U IG5 3 . & de s el reaction E.
2] o d:ULfP dg ,‘ > “ﬂA g . without without .
3 gal) A8l Sle Sin ol e U"“ Jeuill 9"1‘3 Y enzyme enzyme E, with
pigs ¥ 5 Jadd Japial) Aol I, 4l (gf) daalil) i Adeliial) ;enlzyme
- is lower

LS) Gl sy Gl ey i L5 (4 oo
(dsal A

Reactants

Free energy — »

e . Course of AG is unaffected
Substrate SpeC|f|C|ty_of Enzym(_as. reaction by enzyime
Enzymes mostly consist of proteins. Some with enzyme
of them are RNA we call them Ribozymes.
.. U AN
Products
The reactant that an enzyme acts on is Progress of the reaction ——>

called the enzyme’s substrate. The enzyme binds to its substrate, forming an enzyme-substrate
complex. While bound, the activity of the enzyme converts substrate to product.

i (ALt i) 5 95l) Gaaall cpa ()5S o 3 5 (S pnall Led) il g (1m0 55 b 33 ey 51 (3o (6 55 cllia
Ladny (Ao litia Baba — a3l dira) (pana i€ 3o JSEE il o o3 Jagi i Lovie Ao Liall 8l gally oansi p 33 Jasi i duald iy o
(@8 S edlelita ) Aatl Sala ) AleLital) Baball o3 53y s w53 el sl Jalgi )

The reaction catalyzed by each enzyme is very specific. The active site is the region on the enzyme
where the substrate binds.

There are two models for Enzyme — Substrate complex (ES complex):

1) The lock-and-key theory states that the active site of the enzyme is a perfect fit for the
substrate.

2) The induced fit model, which is the more accepted model, describes that a substrate brings
chemical groups of the active site into positions that enhance their ability to catalyze the
reaction.

Substrate

Enzyme-substrate
complex

sl Ol cllln Aleliial) 3 gall gy Lasi 5 (Aad) Adadi Alhaia o aa 3 (5 5iny 3 Alle 483 55 Jelii au Y1 4y g s3) Je Wl 2y
oY) (8 B3 s sall Anidl) Adhaial) g Ao liialf Balal) G Jali Y1 z3lai (e (i gad

(Asha ol 2 5) Uelital) 5alal) J& aa Laily il ay 3330 Aaddl) ABhatal) of e 4y kil a2 (i iz liball g JEBN) 4y 43 -1
b Lgls Aadit) Aalatally Ao liial) dalal) Lo 5 Leie of o 4y kil o2 Gali :quuliall g galll 4 ki gd Al 4y kil Wi -2
(B9 ) & Akl o3a) Jali ¥ Ailes o Aleliial) ) gal) doludiy cpuad! Glld 5 Lgra AuiliasSl) e ganall 2t
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s . . . _— A v @) Substrates enter ¢) Substrates are held
ot @l (A Jollill dles paddy Jecd) 18 | active site. in active site by
1Y) weak interactions.
ALl 3) gally ddeLital) 3 gal) i 5 (1
A gy 3ak o bt (2 =l
Jell) pad Japlint) 48 J85 (3 ?
sl ol el Jsai (4 Substrates
el g A (5 Enzyme-substrate
Aalic il Aihial) g (6 complex __© The active
site lowers
Weak interactions are divided into ( Active site Ea-
two types: hydrogen bonds or lonic s available —
bonds. for new
substrates.
Bl gy roe o ) Adamdall Layl g ) A
90 .ugf-yf% s ;J;JS puss Enaiinig
A gl daal 5 [ A 58

The active site can lower an Ea @Products are _— \
barrlgr b.y: released. ’ ¢) Substrates are
1) Orienting substrates correctly. \ converted to
2) Straining substrate bonds. Products products.

3) Providing a favorable microenvironment.
4) Covalently bonding to the substrate.

:Gisb O Jaadiil) ABUa (e Jul) ddadidl) dbhaial) adaid
faall slatyly eilelital) Jay 5 -1

e ¢y gl gl e Jaiall -2

Jo Uil dlia diy 2455 -3

ele el ga dpabludi Jayl g 2 Jasi 5 -4

The rate of an enzyme-catalyzed reaction can be sped up by increasing substrate concentration.
When all enzyme molecules have their active sites engaged, the enzyme is saturated. If the
enzyme is saturated, the reaction rate can only be sped up by adding more enzyme.

Ladie (5f) Aleliiall o) sally Adai o cilag JHY) Gl aven ()5S5 Lodie 5 Ao Liliall 3l gall 3855 8345 (5a ok e Joldil) de i 3045 o
Ay B3 kit il sas W AR Ll 5 (Blad) Alla 3) Aapdia (1985 ey Y1 (4 (At pa by 33Y) qend Alniil) ghaliall ()5S
a8 8L -1 e Ul Ae s B3l 3 U ke clllia 4l sl ey HY) Sl 208 5al) (A dapdia Gilag 3 ()5S Lerie Jo i)

SLEY Al 8 cuils 1)) clay 33 ciliy ja aae el -2 / Adeliial) 3 gal)

We use the prefix (ase) at the end of the word to indicate that it is an enzyme. Example:
Sucrase / Amylase / Urease.

Effects of Local Conditions on Enzyme Activity:

An enzyme’s activity can be affected by:

1) General environmental factors, such as temperature and pH.

2) Chemicals that specifically influence the enzyme.

sl 3 BLES e Sis Jalge Bas <lllia
i gaad) da /51 ad) - Jie i Jalge -1
a3 dee o gald J8dy i A ApilaasSl 3 sall Giany -2
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Effects of Temperature and pH:
Each enzyme has an optimal temperature in which it can function. Each enzyme has an optimal
pH in which it can function. Optimal conditions favor the most active shape for the enzyme

molecule. Optimal temperature for Optimal temperature for
. . P = R = | A |typical human enzyme (37°C) enzyme of thermophilic
) Bl o A gaal) da a9 o)Al Aags Ll | ] (heat-loving)
AdilBy gay Cuny Qe bl a da 3 au il o | o ! bacteria (75°C)
Alia dia gan Ay 1Y gk : L=
e g T 5 sl S | S
i g Bl 35T Lavie 5 asal) JSAl abilig a5 Gy | §
(Ualad isT) A¥la Juadl b eay o 300 A3l | 4
5]
Look at this figure that shows us the Effect g " Y
i Vi T T T T T T
of Temp and pH on the enzymatic activity. 0 20 40 60 80 100 120

The optimal Temp for human enzyme is Temperature (°C)

(37°C) on the other hand the optimal Temp  (a) Optimal temperature for two enzymes
for the thermophilic (loves heat) bacteria is

(75°C). Pepsin enzyme WhICh Is Ipcated in Pepsin (stomach Trypsin (intestinal
the stomach has an optimal activity at pH=2 | enzyme) enzyme)
(acidic) But trypsin enzyme which is located
in the intestine has an optimal activity at
pH=8 (basic).

Enzyme helpers:
1) Cofactors are nonprotein enzyme

-

Rate of reaction-

helpers. Cofactors may be inorganic (such . . T . . ‘ . . . .
as a metal in ionic form) or o 1 2 3 4 5 6 7 8 9 10

i : _ H
2) Organic an organic cofactor is called a il oH § P
coenzyme. (b) Optimal pH for two enzymes

(S o8) A g ilaelena -2 / (SosiStaes) Al S Claelins -1 1ibay HY) Claebua (e (pe g lllia 1ilay HY) Claslica
Canaii dy geae ilaclin b 1Aai g sl cilasbusall el ((alaall) i Ay gudae 5 ) e (S5 O Saall (ha 1A g g i) Clac Ll
e bl (o W g ilisalindl)

Enzyme Inhibitors: (wla 3y cidais)

There are two types of inhibitors: Reversible or Irreversible.

1) Competitive inhibitors bind to the active site of an enzyme, competing with the substrate.

2) Noncompetitive inhibitors bind to another part of an enzyme, causing the enzyme to change
shape and making the active site less effective. Some examples of inhibitors are toxins, poisons,
pesticides, and antibiotics.

Note (1): Competitive and non-competitive inhibitors are considered as reversible inhibitors.
Note (2): Sometimes the inhibitor attaches to the enzyme by covalent bonds, in which case the
inhibition is usually irreversible.

(Aadla) A3 AL 8 cilladia g (Aaily e ) AU ALE e jciladiall (e gle i il

10 58 G AN U AR e fal) sy

Bfal) i 1) il 5 o 30U Adacall) dbalally Bl Y) e AdoUital) by jall pe (udl Adadial) iy sall o (sl 4l cildadia -1
((B) J8all L (55 LS) Ao liial) salal) Jali ) (e ey 4l daiil) dakaially

dahia L dasi 5 ) Adaddl) dalaially Jag 3 Y il (of Adeliiall iy jall e (ol ¥ ddadie iy jo Slllia 1A0udlis e clladia -2
dalaially o 3 ) Ao liial) iy jal) adaiad Y Ul o (Lgdaldd ¢pe JIS) Lilida dlaiil) didaiall JS& Jead Camy a 5Y1 Ao g A
Balaall alual) / agand) riihiall e ABY) ey ((C) JSE 8 5 5 LS) ddaiill
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We can fix the effect of the competitive inhibitors on the enzyme

by increasing the concentration of the substrate.

(a) Normal binding

q’\ Substrate

Lol 3 gall 38 5

B3 it 08 Apudis cilahal) Al Ja il

metabolism

Concept 6.5: Regulation of enzyme activity helps control

Allosteric Regulation of Enzymes:

Allosteric regulation may either inhibit or stimulate an enzyme’s
activity. Allosteric regulation occurs when a regulatory molecule binds
to a protein at one site and affects the protein’s function at another

site.

Active site
ﬁEnzyme

(b) Competitive inhibition

lae e 33 ALY adat dlee ) cldas B aSadl] o aoluy cilay 33y L& agdals
Goob (e Alead) o3 Ty 0 5baty ol 3YI Janis Lo) sy sy (585 g 30 Bl plais
4 0o plaial) sgsall 1aa Jasi 13 UL 5 Banl g dga (e Cnligunlly plila g s 3o Jal )
gl aen G (gl Al e g Casud Baal g

N Competitive
inhibitor

(c) Noncompetltlve inhibition

Allosteric Activation and Inhibition:

Most allosterically regulated enzymes are made from polypeptide
subunits, each with its own active site. The enzyme complex has
active and inactive forms. The binding of an activator stabilizes the
active form of the enzyme. The binding of an inhibitor stabilizes

the inactive form of the enzyme.

(Sl LS 4 aroxe) Al aae (e Cilaa g (g pliial) a3 (S0
a5 o) OSae Ol @lllin g Aald Jali ) Allaia e sasl s S (5 sin
e Y e

(Bdiall) (S 5 a 4o latiy o Andd Ao B a3 0108 o) W) (1
AL (e a3y g Aas

S e dhiy gdhdd 52 Al a0 ol Wi (2

A (e b (Al g (Jadially)

Cooperativity is a form of allosteric regulation that can
amplify enzyme activity. Cooperativity is allosteric
because binding by a substrate to one active site
affects catalysis in a different active site.

(b) Cooperativity: another type of
allosteric activation

Substrate

9

%)

Noncompetltlve inhibitor
(a) Allosteric activators and inhibitors

Allosteric Active site

enzyme (one of four)

with four

subunits

Regulatory

S':? (one Actlvator

of four) Active form Stabilized
active form

Oscillation
Non-

functional
active site
e
@
Inhibitor

Inactive form Stabilized
inactive forn

A

o

Stabilized

Inactive form
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Feedback Inhibition: Control of metabolism. D, e

. e substrate
In feedback inhibition, the end product of a w (threonine)
metabolic pathway shuts down the pathway. Qj;:}’:bf;“’
Feedback inhibition prevents a cell from wasting Threonine

in active site

chemical resources by synthesizing more product
than is needed.
- - " . Isoleucme
dlee a6 ) alles (A aSaill dluug A ay 30 il dles usedupby

8 BliaS Jeny 4l G ) cillaad Al @il 5o 5k Ge il : "
Those GaLial & . o~ L Ry ntermediate
(Al Alalall ,£ (Sa) o PYI o (S Jafi 5 o S (paudlls Feedback | Active site
LBl Uan LaS Lgdaldad (e Jl5y 5 Adadll) dldaial) JS& 8 il Chasy g inhibition _#"no longer | Enzyme 2|
- i LRy . - ft( % . . - available; \ 4
Slalasd) eh\ (e (UA-),YJ ililany ?Sa.d\} Lol 4.:\14::) Alaell oda axtig pathway is e S
(i ) JI38) (e AT} @S 3] Al S pnan JA1 Caans Al haited o
dala G Bail) gl g8 el (e Leniai 5 dageal) Apilaassl) jaliaal) | Enzyme 3|
\ a = A J
e R Intermediate C
s_oleucme
The final product works as inhibitor to inhibit the e
enzyme. site. Y
- Intermediate D
hafias Jany Je il 13a (e @il Algdl) S pal) (Juad) JSly mana 5ill ——
¥ (Gaild) 45 23 ) paad iy e (S 5 38 5 3y Latie (Jo il | BEEE
O s 4ld el S el 13gd 1A caliag 1315 A4 dda audiad
s S ', End product
iy Alndkil) AaY) L) a5 e b a0 Sl Lgod aa gial) Adlaial) \ B e
A (4 Anlaal s

Test Questions (Practice exam)
TestwYourself
Q1) If an enzyme in solution is saturated with substrate the most effective way to obtain a
faster yield of product is to:
A) Add more of the enzyme.
B) Rise the temperature to 50CP°.
C) Add a competitive inhibitor
D) Add more of the substrate.
E) None of the above.
Q2) Allosteric inhibitors act as:
A) Coenzyme.
B) Cofactors.
C) Competitive inhibitors.
D) Non-competitive inhibitors.
E) Either competitive or non-competitive inhibitors.
Q3) Some bacteria are metabolically active in hot springs because:
A) They are able to maintain a lower internal temperature.
B) High temperature make catalysis unnecessary.
C) Their enzymes have high optimal temperatures.
D) Their enzymes are completely insensitive to temperature.
E) None of the above.
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Q4) Induced fit results from binding of ................ To an enzyme:
A) Specific substrate.

B) Vitamins.

C) Competitive inhibitor.

D) A + B.

E)A+C.

Q5) Allosteric enzymes:

A) Enzymes that are easily denaturated.

B) Enzymes that are unable to be denaturated.

C) Enzymes that can be only activated.

D) Enzymes that can change its shape between active and inactive form.
E) None of the above.

Q6) The enzyme can speed chemical reaction by:

A) Speeding the movement of molecules.

B) Lowering the activation energy.

C) Increasing the number of substrate molecules.

D) All of the above.

Q7) In spontaneous change:

A) The free energy of system decreases.

B) The system becomes more stable.

C) The released free energy can be harnessed to do work.
D) Always move from equilibrium.

E) All of the above are correct except D.

Q8) The minimum amount of energy needed for a reaction to occur in known as:
A) Entropy.

B) Endothermic energy.

C) Free energy.

D) Exothermic energy.

E) Activation energy.

Q9) A negative AG for a chemical process indicates:
A) The reaction is exergonic.

B) The product of the chemical process store less energy than reactant.
C) The reaction can happen spontaneously.

D) The reaction can proceed without an input of energy.
E) All of the above is correct.

Q10) The active site of an enzyme is the region that:
A) Binds to non-competitive inhibitor.

B) Binds to allosteric inhibitor.

C) Binds to allosteric activator.

D) Binds to heme group.

E) Binds to substrate.

Q11) Coenzymes are usually:

A) Inorganic cofactors.

B) Organic factors.

C) Vitamins.

D) Allosteric regulation.

E)B + C.

40




Q12) During a laboratory experiment you discover that an enzyme-catalyzed reaction has a
AG of — 40 Kcal/mol. If you double the amount of enzyme in the reaction, What will be the AG
for the new reaction?

A) -40 Kcal/mol.

B) -20 Kcal/mol.

C) -80 Kcal/mol.

D) +40 Kcal/mol.

E) +20 Kcal/mol.

Q13) Enzyme activity could be affected by:

A) A non-competitive inhibitor.

B) A competitive inhibitor.

C) Allosteric activation.

D) Certain chemicals.

E) All of the above.

Q14) A chemical reaction that has a positive AG is correctly described as:

A) Endergonic reaction.

B) Exergonic reaction.

C) Spontaneous reaction.

D) Endothermic reaction.

E) A+D.

1-A 2-D 3-C 4- A 5-D 6- B 7-E 8-E 9-E 10- E
11-E |12-A |13-E |14-A
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6 Chapter Review

CONCEPT 6.1

An organism’s metabolism transforms
matter and energy, subject to the

iz s
laws of thermodynamics (pp. 142-145) VOCAB

SELF-QUIZ
goo.gl/Rn5Uax

Metabolism is the collection of chemical reactions
that occur in an organism. Enzymes catalyze reactions
in intersecting metabolic pathways, which may be catabolic
(breaking down molecules, releasing energy) or anabolic (building
molecules, consuming energy). Bioenergetics is the study of the
flow of energy through living organisms.

Energy is the capacity to cause change; some forms of energy

do work by moving matter. Kinetic energy is associated with
motion and includes thermal energy associated with random
motion of atoms or molecules. Heat is thermal energy in transfer
from one object to another. Potential energy is related to the
location or structure of matter and includes chemical energy
possessed by a molecule due to its structure.

The first law of thermodynamics, conservation of energy,
states that energy cannot be created or destroyed, only transferred
or transformed. The second law of thermodynamics states
that spontaneous processes, those requiring no outside input
of energy, increase the entropy (molecular disorder) of the
universe.

Explain how the highly ordered structure of a cell does not conflict with
the second law of thermodynamics.

CONCEPT 6.2

The free-energy change of a reaction tells
us whether or not the reaction occurs
spontaneously (pp. 145-148)

Aliving system’s free energy is energy that can do work under
cellular conditions. The change in free energy (AG) during a bio-
logical process is related directly to enthalpy change (AH) and

to the change in entropy (AS): AG=AH — TAS. Organisms live at
the expense of free energy. A spontaneous process occurs with
no energy input; during such a process, free energy decreases
and the stability of a system increases. At maximum stability,
the system is at equilibrium and can do no work.

In an exergonic (spontaneous) chemical reaction, the products
have less free energy than the reactants (—AG). Endergonic
(nonspontaneous) reactions require an input of energy (+AG).
The addition of starting materials and the removal of end prod-
ucts prevent metabolism from reaching equilibrium.

9 Explain the meaning of each component in the equation for the
change in free energy of a spontaneous chemical reaction. Why are
spontaneous reactions important in the metabolism of a cell?

CONCEPT 6.3

ATP powers cellular work by coupling exergonic
reactions to endergonic reactions (pp. 748-151)

ATP is the cell’s energy shuttle. Hydrolysis of its terminal phos-
phate yields ADP and (P), and releases free energy.

Through energy coupling, the exergonic process of ATP hydro-
lysis drives endergonic reactions by transfer of a phosphate group
to specific reactants, forming a phosphorylated intermediate

160 UNIT ONE The Role of Chemistry in Biology
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that is more reactive. ATP hydrolysis (sometimes with protein
phosphorylation) also causes changes in the shape and binding
affinities of transport and motor proteins.

Catabolic pathways drive regeneration of ATP from ADP + (®)..

9 Describe the ATP cycle: How is ATP used and regenerated in a cell?

CONCEPT 6.4

Enzymes speed up metabolic reactions
by lowering energy barriers (pp. 151-157)

In a chemical reaction, the energy necessary to break the bonds
of the reactants is the activation energy, E,.
Enzymes lower the E, barrier:

Course of

reaction Ep
without without
enzyme enzyme E, with
enzyme
is lower
= Reactants
z
@ Course of AG is unaffected
@ reaction by enzyme
s

with'enzyme

Products

Progress of the reaction —

Each enzyme has a unique active site that binds one or more
substrate(s), the reactants on which it acts. It then changes
shape, binding the substrate(s) more tightly (induced fit).
The active site can lower an E, barrier by orienting substrates
correctly, straining their bonds, providing a favorable micro-
environment, or even covalently bonding with the substrate.
Each enzyme has an optimal temperature and pH. Inhibitors
reduce enzyme function. A competitive inhibitor binds to
the active site, whereas a noncompetitive inhibitor binds
to a different site on the enzyme.

Natural selection, acting on organisms with variant enzymes,
is responsible for the diversity of enzymes found in organisms.

9 How do both activation energy barriers and enzymes help maintain the
structural and metabolic order of life?

CONCEPT 6.5

Regulation of enzyme activity helps control
metabolism (pp. 157-159)

Many enzymes are subject to allosteric regulation: Regulatory
molecules, either activators or inhibitors, bind to specific regula-
tory sites, affecting the shape and function of the enzyme. In
cooperativity, binding of one substrate molecule can stimulate
binding or activity at other active sites. In feedback inhibition,
the end product of a metabolic pathway allosterically inhibits the
enzyme for a previous step in the pathway.

Some enzymes are grouped into complexes, some are incorporated
into membranes, and some are contained inside organelles, increas-
ing the efficiency of metabolic processes.

What roles do allosteric requlation and feedback inhibition play in the
metabolism of a cell?

42



CHAPTER 7
Cell structure and function

Prokaryotes 3l 5ill 4l Fungi Qe Envelope e
Eukaryotes 3l gall 43 Nucleus 3l 5 Rough (s

LM P IETE Nucleolus 45 Smooth acli

SM oS e Nuclear pore S5 Cisternae gl
Protist ) Nuclear lamina | 455l 4aiall | Lysosomes Allaall alua)

Cell: the unit of structure and function in living organism. All organisms are made of cells. The cell
is the simplest collection of matter that can be alive. Cells can differ substantially from one another
but share common features.

Unicellular —— ameba

Multicellular — human

8 3% e Al ety LY (e Jua) 8 0 oS8 dall Gl aan oY @lld g dpal) LSl Adda 6l g Alid) Sas o) A0A) 2es
Agaliia pailady L Lad & 18 (KU sl Ly g LD GRlEAS | sl S0 ause

Concept 7.1: Biologists use microscopes and the tools of biochemistry to study cells.

Cells are usually too small to be seen by the naked eye. Microscopes are used to visualize cells.
In a light microscope (LM), visible light is passed through a specimen and then through glass
lenses. Lenses refract (bend) the light so that the image is magnified.
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Three important parameters of microscopy:

Magnification: the ratio of an object’'s image size to its real size.

Resolution: the measure of the clarity of the image, or the minimum distance of two
distinguishable points.

Contrast: visible differences in brightness between parts of the sample.
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Light microscopes can magnify effectively to about 1,000 times the size of the actual specimen.
The resolution of standard light microscopy is too low to study organelles.
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Types of light microscope:
1) Brightfield (unstained specimen): Light passes directly through the specimen. Unless the cell is
naturally pigmented or artificially stained, the image has little contrast.
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2) Brightfield (stained specimen): Staining with various dyes enhances contrast
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3) Phase-contrast: Variations in density within the specimen are amplified to enhance contrast in
unstained cells useful for examining living, unpigmented cells.

g g9 Apianl) Belida) Gaend e Jany s (Liske 1ue) 48 suaa pd) Ciliall jenall 138 aodiy -3

4) Fluorescence: The locations of specific molecules in the cell can be revealed by labeling the
molecules with fluorescent dyes or antibodies Fluorescent substances absorb ultraviolet radiation
and emit visible light.
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5) Confocal: Capturing sharp images at many different planes.
Apall Aol g 8 g Jomy el 13 1S 58568 g -5

6) Super-resolution: the best light microscope.
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Labeling individual cells with fluorescent markers improve the level of detail that can be seen.
Confocal microscopy and deconvolution microscopy provide sharper images of three-
dimensional tissues and cells. Super-resolution microscopy allows one to distinguish structures
as small as 10-20 nm across.
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Two basic types of electron microscopes (EMs) are used to study subcellular structures:

1- Scanning electron microscopes (SEMs) focus a beam of electrons onto the surface of a
specimen, providing images that look 3-D.

2-Transmission electron microscopes (TEMs) focus a beam of electrons through a specimen.
TEMs are used mainly to study the internal structure of cells.
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Light microscope ——1000X (321000 _sil))
Electron microscope — 1000000X (3.~ 1000000 _.-sill)

Transmission —— e
electron L Scanning electron '2——‘
microscopy (TEM) microscopy (SEM) rm

Cell fractionation:
Cell fractionation takes cells apart and separates the major organelles from one another.
Centrifuges fractionate cells into their component parts. Cell fractionation enables scientists to
determine the functions of organelles.
Mechanism of action: We put a group of cells

in a tube then we put the tube in a device b

looks like a blender. The blender makes —_— A —
homogenous mixture of the sample in the tube. w

We put the homogenous mixture in Homogenizatioy
centrifugation system then it starts to rotate for ~—Tissue

a period of time, (Large structures will cells % Homogenate
precipitate first). After 10 min nuclei and o

cellular debris precipitate then after 20 min Centrifugation
mitochondria and chloroplast then after 60 min 4 599 g
(Lhour) microsomes and finally after 3 hours 10 min
ribosomes will precipitate (smallest one) 20,000 g

Supernatant poured into next tube
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Concept 7.2: Eukaryotic cells have internal membranes that compartmentalize their
functions

As we said before cells are the unit of structure and function in living organism.
We have two types of cells:

1) Prokaryotic (5 s 4xily)

2) Eukaryotic (Eu = real) (s)sll 4ds8a)

Ex of prokaryotes: Bacteria and Archaea. (&gl 5 Ll 3 5l 4y clils e dl)
Eukaryotes: Protists, fungi, animals, and Plants (<tibll/cl) gall/clie ¥1/44ad) 31 )

Comparing Prokaryotic and Eukaryotic Cells:
Basic features of all cells:

1) Plasma membrane.

2) Semifluid substance called cytosol.

3) Chromosomes (carry genes).

4) Ribosomes (make proteins).

3 il Al o Bl gl Aiia o g UDIAY G AS jidial) dauladl) (ailadl) (s,
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Prokaryotic cells are characterized by having:
1) No nucleus Fimbriae ,
2) DNA in an unbound region called T Y

the nucleoid \ Nucleoid
3) No membrane-bound organelles : :
4) Cytoplasm bound by the plasma N /R'b°5°mes
membrane. - Plasma membrane
13150 Loy LA g | Bacterial Cell wall
ot 1 romosome AN )
352 e gusdl) paaadl /3155 e L) gialaae T Glycocalyx

2 Y) o5 e b dblaa 8 Adhbia b
W e ¥/ (st paeall Jany (5958 Dl Flagella
a3 ghilad) / 4 14 AME Ty Aalas cilpuiae /
e Bkl s L&A bas ya

Eukaryotic cells are characterized by having:
1) DNA in a nucleus that is bounded by a double Carbohydrate side chains
membrane

2) Membrane-bound organelles

3) Cytoplasm in the region between the plasma
membrane and nucleus.

Eukaryotic cells are generally much larger than
prokaryotic cells. The plasma membrane is a
selective barrier that allows sufficient passage  Hydrophobic

Phospholipid

Hydrophilic —
region

of oxygen, nutrients, and waste to service the region
volume of every cell. Hydrophilic '
region Proteins

(b) Structure of the plasma membrane
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We want to talk about another feature of cells: Surface area increases while
Surface area: i Y1 ym el ‘ total volume remains constant
In this figure we have a cube with height =5 &‘ il e
then the volume of the cube will be 5x5x5=125. 4> s¥! 2e*ialuall=xlaull dalia |
The surface area = 6x5x5=150 5
Now if we want to calculate the ratio between |
surface area to volume (S/V) = 150/125=1.2 19
So this is the ration for the large cube with 5 Total surface area
height. Now let's make the same calculation for [sum of the surface areas 6 150 750
the little cube with height = 1. The volume will ~ (height X width) of all box

. sides X number of boxes]
be=1x1x1=1, and the surface area will be
=1x1x6=6. Then the ratio (S/V) =6/1=6. The Total volume
conclusion is that when we have small amount of [Qeighlbx Wiﬂt,h X length 1 125 125
volume we will have high amount of ratio AR
between S and V. Thus cells are small insize

they have high surface area to increase the DR

7 . . (S-to-V) ratio 6 12 6
efficient of exchanging materials between [surface area = volume] .
them.
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Plant cell ENDOPLASMIC Animal cell
RETICULUM (ER)

! y ) Nuclear
Rough ER RoughER Smooth ER sriveiops
' Smooth ER Nucleolus

” Flagellum\ _ Chromatin
Ribosomes Centrosome , /-

_~Plasma
membrane

NUCLEUS

Central vacuole

Microﬁlaments} CYTOSKELETON:

Microtubules Microfilaments._
Intermediate filaments—__

Microtubules | 2
SN e = ¥/~ TRibosomes

Golgi =
apparatus |

Mitochondrion =8 Microvilli:’;"
Peroxisome - "
Plasma Golgi apparatus
membrane Chioroplast Peroxisome
Cell wall

Plasmodesmata Lysosome

Wall of adjacent cell Mitochondrionﬁ
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A Panoramic View of the Eukaryotic Cell:

A eukaryotic cell has internal membranes that divide the cell into compartments the organelles.
The basic fabric of biological membranes is a double layer of

phospholipids and other lipids. Plant and animal cells have most of the same organelles.

EX: Chloroplasts are found only in plant cells.
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Concept 7.3: The Nucleus Information Central:

The nucleus contains most of the cell’s genes and is usually the most conspicuous organelle. The
nuclear envelope encloses the nucleus, separating it from the cytoplasm. The nuclear envelope
is a double membrane (outer and inner); each membrane consists of a lipid bilayer. Cytoplasm =
Cytosol (dense-fluid) + organelles P % Nucleus

AATL oS LT s i) e 315 g gia Huceolus
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Nuclear pore

Pores, lined with a structure called a S Rough ER
pore complex, regulate the entry and Pore ; ’

exit of molecules from the nucleus. complex

The nuclear size of the envelope is Ribosome

lined by the nuclear lamina, which is
composed of proteins and maintains
the shape of the nucleus.

. < Close-up ’%

of nuclear A Chromatin
envelope
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In the nucleus, DNA is organized into discrete units called chromosomes (12> ag=)

Each chromosome contains one DNA molecule associated with proteins, called chromatin.
Chromatin condenses to form discrete chromosomes as a cell prepares to divide. The nucleolus is
located within the nucleus and is the site of ribosomal RNA (rRNA) synthesis.

Protein + DNA = Chromatin (3l sl sha (8 SV a s ga5 S (e B ke (nilas S)
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Ribosomes: Protein Factories:

Ribosomes are complexes made of ribosomal RNA and protein. Ribosomes carry out protein
synthesis in two locations: (rRNA + Protein = Ribosomes)

In the cytosol (free ribosomes) —— local use (J s shbadl Jala aaiiug)

On the outside of the endoplasmic reticulum or the nuclear envelope (bound ribosomes).
Ribosomes consist of two subunits: Large and small subunits.

Bound ribosomes —— Export ———> Secretion (J)_3Y) Glleal axitius)
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FRNA + &g oo uu}u}'ebh = : "’{m;%?&"*& e Endoplasmic reticulum (ER)
Crfflaia (8 il g pall iaal e gau sl M g e T Y
tCpialid g ke | >Ribosomes
o : bound to ER
1 siladd) -1
(Aot e e AS Al B A e gu sl 1) () 55) i My
d)li—“ ‘-isi i 1...\A 9 .L\’Y‘ A"s“:"“ - Li _2 R ol W W
ida J . J?.u:ju‘ L C_J . TEM showing ER
s e AR O 2 ) tgasd and ribosomes
(:"SJQ‘ B U}Sj Large '
(O 9) Ci i (e ila g gl ) () S :ubul:'ut
3 yhua B B _mS B ma
S S subunit
Diagram of Computer model
aribosome of a ribosome

Concept 7.4: The endomembrane system regulates protein traffic and performs metabolic
functions

The endomembrane system consists of :(ue (A Audall jlgall ¢ <)
1) Nuclear envelope (g5 <idal)

2) Endoplasmic reticulum (A Sk say) Asuil)

3) Golgi apparatus (s alwal)

4) Lysosomes (dlsall alual)

5) Vacuoles («lsadl)

6) Plasma membrane (o3 sléall)

The Endoplasmic Reticulum: Network of interconnected membranes (cisternae). The
endoplasmic reticulum (ER) accounts for more than half of the total membrane in many eukaryotic
cells. The ER membrane is continuous with the nuclear envelope

There are two distinct regions of ER:

1) Smooth ER, which lacks ribosome (<lagumgsls e g5l ¥ sludall 3<,451)

2) Rough ER, whose surface is studded with ribosomes. (lagusul o gl giay 4183)

Ge 4S5 e b le (o 1de By paly) ASudl

A 5 anll Lpnany ae Adiatial) 438 Y)

chuai (e JS) e g gint dga 3 525

B sl e IR 3 4K dude V) p ganna

AMadl & Saia 3.*4))4}33}[\ il e lic

Al e (Odihaia) el llia (2953 | Rough ER

e 0 523y

o 05S) slaadal) da Dy ai¥) ASpdl) -1

(il U5

Sl p) ALEA A PP galy) ASuEN -2 .\
Lela 5o 5 5 968 Al ae dliaia (<5 | ER lumen =

A&ilal ulsy) Jio | Cisternae 4

Smooth ER

Nuclear
envelope

Ribosomes Transitional %

} : / FT
T A

Transport vesicle

All endoplasmic reticulum surfaces are studded with ribosomes?
A) True
B) False
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Now let’s talk about the functions of each ER:

A) Functions of Smooth ER:

1) Synthesizes lipids. (<)l axias)

2) Metabolizes carbohydrates. (biSw ) &ijas g sl agdaal)

3) Detoxifies drugs and poisons. (aeall Ja1s asaull (e b e 5 4393Y) e daalill a gand) &) 3))
4) Stores calcium ions in muscles. (bl i a gl Gl gl ¢ 337)

B) Functions of Rough ER:

1) Protein modification (add carbohydrate (sugar) to protein covalently bonded). Glycoprotein =
Protein + Sugar (L& sSw d8laly cilis g ) Jyad dilec )

2) Protein secretion (transport throw vesicles). (<bwassall aladiuly clish g pul) Jai lac)

3) Membrane factory for the cell. (3all Jals 458 Y) aiuaa)

3- The Golgi apparatus: Shipping and Receiving Center:

The Golgi apparatus consists of flattened membranous sacs called cisternae After the proteins
are modified in the ER vesicles will transport these proteins to the Golgi apparatus (cis face or
the receiving side) for further modification. Then it will pass throw the trans face or shipping side
to their locations in cell. ,

M\ 22 La ddaadll GA.J"& ?Lu%i A=’y Golgi ¢
- = . apparatus _
Adsmal) @l g ) Lol Jiis ) dga 33 503y) Pt e e
e ool o ST Gl g (5Sm Lead) Cilaall) Juiny) dilia gt
(W : [ | Jsd cis face X
U‘Lés O GAJP — U{S:u *“HS,‘ ~ .. | (“receiving” side of :
L o) alse plual jaa ey dAdila 4uildS | Golgi apparatus) ~ Cisternae o
Aaslal) 3 gal) JLELLY dilie olilaia o Clens L\ 57
Gk oo Pl Al e | -6

A8Y) JA)a Baasall Lgad) ga T clis gl 9
dahia Lol o) sf) bt (e i Ledie .
(A dBhia 5 Jgia
.\ «., . transface
G})A—“ dakaie (“shipping” side of
Functions of Golgi apparatus: Golgi apparatus)

1) Modifies products of the ER.
2) Manufactures certain macromolecules like polysaccharides. (Pectin in plants).
3) Sorts and packages materials into transport vesicles.

g8 plual Ciil g

A P ) ASLED (e AL 3 gall Jyaas (1

(S S Jia il Sl ansS dadidal) il pall 3y aiiati (2
ABUY ey sall 1 3 gall JiS (3

4- Lysosomes: Digestive Compartments: (sl slua¥)) lyso = Jdlss / sOme = awa

A lysosome is a membranous sac of hydrolytic enzymes that can digest macromolecules.
Lysosomal enzymes work best in the acidic environment (PH=5) inside the lysosome.

Hydrolytic enzymes and lysosomal membranes are made by rough ER and then transferred to the
Golgi apparatus for further processing.
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(sl il ja ) Lebidas s dadual) il pal) aubaatt o Joat) Allaa cilag ) Lelaly aa g LilE8 (ST 0o 3 jle Allaal) alual)
Eial Ay (A geall A 5o Gl aua §) Alsdl) slua1 Jahy (aan B () 5S5 Ledie Led Jae Juadl Allaall by 3Y1 Jan
Seaal) a3y S elld g adge alual ) ABLY cBlaygadl yie Jai &5 ADEAY) e Dl oaly) ASudd) Ja e | s Allaal) cilay 33Y)

lo Ll sinY elly g Anaal) dua Bl puY) KN 8 aiat 5 cilidig g oo 8oke a3 O SAL aal) Gas) ST gale
(Slagugnl

Some types of cell can engulf another cell by phagocytosis; this forms a food vacuole. A
lysosome fuses with the food vacuole and digests the molecules. Lysosomes also use enzymes
to recycle the cell's own organelles and macromolecules, a process called autophagy.
Phagocytosis = 4elll ddee / Autophagy = Clacasdl maat didec

Aol olas Fleal) o2 (panss (Lgalant s L Sl lis elingd) aall iy S Jia) Lgalisd 5 (5580 LA e asagl) bt LAY (s
plaa¥) Jai (Jawd) (8 3 s sall JSI) () i) Gaal) JS& Jia) 4128 5 gad JRET ) Glld (05 (5 5a0 A Aipms A ol Laic
JS Lgie Caaatl) Clpcanl) 338 Aidee e (5 AT dlee @lllin | (Leddat) Lelalyy Lo auda e Jaady 4300380) 5 gadl) 1) Allaal)
ISy giib g oasi Y el ol Balall (e BT Lgillad ot (e 3 (e B ) Lgaaladiid) ay Lanie Ly S gilall Jis ilscanll lany (Jacaie
LElS g it (St dlec) Lt 0 oS Bale) oy S ellh y Clbudanl) o2a akaath Uia dllaal) abuaal) 50 b Ul 5 JalSia g g
FXYXEN

Vesicle containing
Nucleus 1pm two damaged
) — organelles

Mitochondrion
fragment

Peroxisome
fragment

Digestive ’Lysosome
enzymes
Plasma \&*
n}embrane Digestion P \ |
X Food . \Mitochondrion Digestion
& vacuole Vesicle
(a) Phagocytosm (b) Autophagy

5- Vacuoles: Diverse Maintenance Compartments

Vacuoles are large vesicles derived from the ER and Golgi apparatus.

There are many types of vacuoles:

1) Food vacuoles are formed by phagocytosis, found in both animal and plant cells

2) Contractile vacuoles, found in animal and plant cells, Function: pump excess water out of cells
(Osmoregulation).

3) Central vacuoles, found in plant cells (only).

(o8 aleal 5 A D salY) ASHA) (e Lgaiall aly paal) B S SOy g (8 Ble @l gadl)
Jia <l gadl) (ha ABliS £ 530 Elllin

Al gad) 5 ALl LAY Jaks Juaad Al deald) clidas (o Aasli 5 gad A g 1A 5 eadl) (1
Ll gan g A0S o) gau LAY e 2313 slal) 7 A5 sduaiiall 3 gadll (2

Al LAY (B Jaid aa g5 14y 38 sl Bsadll (3
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Central vacuole functions:

1) Storage: Minerals + H20, Organic molecules, Pigments. (<tall/sLall/alaall 1y 5A50)
2) Disposable site of wasting material. (&3xdl (0 (alidll)

3) Control plant cells growth. (&sball LAl el 2Sa)

Concept 7.5: Mitochondria and chloroplasts change energy from one form to another

6) Mitochondria: Chemical Energy Conversion:

Mitochondria are found in nearly all eukaryotic cells. They have a smooth outer membrane and an
inner membrane folded into cristae.

The inner membrane creates two compartments:

1) Intermembrane space

2) Mitochondrial matrix.

Cristae present a large surface area for enzymes that synthesize ATP.

(B g clial) (any Cuany (RIS ol 5/ Galel AR sliic 10l (e o S g ) gal) ABa LA Calef 8 Ly S gial) a8
[ OxlEa) Cm e £ 81 ansiy (A cLia) 5 AR cLiall G La B s o (OaiBlata) cuisaa () LoaS gind) ARIAN oLiall sy
Lyl 8 a cilaguugul ) Slo s sing s 998l paaad) (e adad o (s sing (0aSsilall) LS gilal) Jala )5Sy sl Jilaad) sgd (AEN Ll

(ABUall jaaall) (o glad) (pudiil) a1 jaiS gl A g

Mitochondria contains: Mitochondrion

1) DNA fragments.

2) RNA. »« Intermembrane space
3) Free Ribosomes. Outer
4) Enzymes (Kr le). S
) Enzymes (Krebs cycle) membrane
Function: Cellular respiration
tels Wil LS gilall g giad & :
& 0aldl) (DNA) 5l paaal) (e adad (1 v : DNA

RNA (2

(clisig ) pia o 5 48) 3 a cilagugaly (3 Inner
L) gl ala B addind cilag ) I m \1
TUN s 4Bl ppaliad clad) (4 o0 membrane |
G AN Ludiil) 2Ly i ghlal) 48403 g ribosomes

in the

mitochondrial .3 \
matrix Matrix—
7- Chloroplasts: Capture of Light Energy:

Only in plant cells (Function: Photosynthesis)

Chloroplasts contain the green pigment chlorophyll, as well as enzymes and other molecules that
function in photosynthesis. Chloroplasts are found in leaves and other green organs of plants
and in algae. (Pigment = 4.x/ algae = k)

We have two membranes: inner & outer
Intermembrane space between the two membranes. Stroma in the chloroplast is the same as

Matrix in the mitochondria.

52




s Lals ox is - Stroma
6 5ind s LAl o sll) ¢l draa o Cuadly g slSl) (g gias

a5 S0 3 5 gl £Ul) oenl ga a3 e
Coadly 958 & iy lladall 5 il @) Ribosomes
AR12) LIS el Ly 5 LAY (L aiS giaall Inner alr;d outer
olo peie US (5 st s LR O L £1 ol s (o2 A4 membranes
A Jil e 5 8 a Sla sl s g ol paaal) (e pdad
Ll (Lag ) 2Dl S0 (8 s ol iy (1
(S ) (o LS sl 3

Stroma = <Dl 5 IS JA0a 2 ga gl JiLud)
Thylakoid = 35l &) juadll 4530l au)
Granum = &} _padll GlaiuSull (e de gena

8- Peroxisomes: Oxidation (s:Ssall alual) Thylakoid  Intermembrane space
Peroxisomes are specialized metabolic compartments bounded by a single membrane.
Peroxisomes in the liver detoxify alcohol and other harmful compounds producing hydrogen
peroxide (H202) and convert it to water. Some peroxisomes use oxygen to break fatty acids down
into smaller molecules. Specialized peroxisomes called glyoxysomes are found in the fat-storing
tissues of plant seeds. These organelles contain enzymes that initiate the conversion of fatty

acids to sugar, which the emerging seedling uses as a source of energy.

Jans 3 852 5 sall B gal) alua¥) sl g Alde CiMliy Ll y Gl cldes 8 dawadia 5 § jaas alual 3auS3all alualy) e
pladiuly slall ) Ledsai's G g tgd) a9 Al Balall il o (s A Y) Bl S yall 5 J sl (e Al o ganad) 413} e
On Jpaa g s lllin B phua S ja ) Apiaall (2 gaal) alaad ST ellig G 80uS all plual) (mm p230ud cilag JY) G
caaal) Jgat ey ) e (g giats i) Hody 8 aaall ¢ Al gadl) L 83a) gia (A 5 o geseiS g0R]) ans BaniS 3all alesaY)
sl Jals Bl jaaaS anais S elldy Sa ) Aaal)

Concept 7.6: The cytoskeleton is a network of fibers that organizes structures and
activities in the cell

The cytoskeleton is a network of fibers extending throughout the cytoplasm.

Function:

1) Support the cell and maintain its shape.

2) It organizes the cell’s structures and activities, anchoring many organelles.

3) It interacts with motor proteins to produce cell motility (movement). Inside the cell, vesicles can

travel along tracks provided by the cytoskeleton. e ¥ - .
; — ahwd, Vesicle ————»
AR shld) Ll avan 8 i LYY (e ASudi 1 g glA) Jagd) ~ATP” - &
il '\ g Receptor for
il s Al Jit a2 / g e Adiblaall g Al aca -1 L~ motor protein
i gl ae Jelilh -3 / (amill Lgaiany ae cilpudaad) (10 22all Jay 50 v
Gaob e Adall Jals ABUY cdlay sad) Jii 25 AIA) Jals 48 ) |
il sl 5 A8 jall (Gask) see led g Cum 3081 g glAT) JSugd) Microtubule Motor protein
(staal Ja LY of cytoskeleton (ATP powered)

(a) Motor proteins “walk™ vesicles along
Cytoskeleton composed of three types: cytoskeletal fibers.

1) Microtubules the thickest of the three components of the cytoskeleton. (4Sles i)

2) Microfilaments or (Actin filaments) thinnest components. (iStew (&)

3) Intermediate filaments are fibers with diameters in a middle range. (f sic LgSau)
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Table 7.1 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 Actin One of several different proteins
a-tubulin and B-tubulin (such as keratins)

Main functions Maintenance of cell shape Maintenance of cell shape (tension- Maintenance of cell shape (tension-
(compression-resisting “girders”); bearing elements); changes in bearing elements); anchorage of
cell motility (as in cilia or flagella); cell shape; muscle contraction; nucleus and certain other organ-
chromosome movements in cell cytoplasmic streaming in plant elles; formation of nuclear lamina
division; organelle movements cells; cell motility (as in amoeboid

movement); division of animal cells

Fluorescence micro-
graphs of fibroblasts.
Fibroblasts are a favor-
ite cell type for cell
biology studies because
they spread out flat and
their internal structures
are easy to see. In each,
the structure of interest
has been tagged with
fluorescent molecules.
The DNA in the nucleus

- - - - -

has also been tagged . J - >TSS DK ‘v SUUULURLUULUA AU AU
in the first micrograph A |
(blue) and third micro-

graph (orange). Column of tubulin dimers

10 pm
]

Keratin proteins

Actin subunit Fibrous subunit (keratins
coiled together

Microtubules:

Microtubules are hollow rods about 25 nm in diameter and about 200 nm to 25 microns long.
Microtubules are constructed of dimers.of tubulin.

Functions of microtubules:

1) Maintenance of cell shape.

2) Cell motility (as in cilia or flagella).

3) Separating chromosomes during cell division.

o

Siasili 200 a2 ) diaiy yia gili 25 = W jhd Jsh sl Jie gl 1 ARAN) )
(Tubulin &) + (Tubulin \) «-al-wﬂ‘ cn 280 (a Q95T
A8 Ui Al g

_m‘d&d&&u\("
ol gull) 5 Y ye AA) A a B asai (2
Al Ada e (A e g g g SN Jucid (3

Centrosomes and Centrioles:

In animal cells, microtubules grow out from a SR )
centrosome near the nucleus. In animal cells, the Centrosome ) e
centrosome has a pair of centrioles, each with nine £ = i R
triplets of microtubules arranged in a ring. Function:

movement of chromosomes in cell division.
Centrosome = 2Centrioles (9 rows 3 columns) J
N T —
P
S —
Centrioles
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Lol ga ()5S 5 3 gaug laad) (o 3l g g g sSilall (gal) (55 Al ) LAY 8 2 ((g 3 pall padd) o) 3N g g sieal) 5 3o guu g siaad)
OS5 Chua JS 5 Gamll Lguan cailan (i ghea 4 (e (585 o5 IS aagiiad) (e i (e Jagmug Alad) ()5S 5) 51 il
(AR iy (KA (5 55 LaS) 3 amai g pSilall (e Baae] A (1

Cilia and Flagella: (k3% 5 i)

Cilia and Flagella are composed of microtubules. (Aidall cab¥1 (e Lol sulY) 5 laalyl () &)

Cilia and flagella share a common structure:

1) A group of microtubules sheathed by an extension of the plasma membrane

2) A basal body that anchors the cilium or flagellum

3) A motor protein called dynein, which drives the bending movements of a cilium or flagellum.
Function: Movement Plasma

: < ‘ ) Outer microtubule, membrane
-agldtia S 5 Ja) gl s il & jiss | 0.1 pm doublet

9) dila J<& e ABAM) quuli¥) (e e sana (o (583 -1

w . Motor proteins
e st Cin S5 JRIA (5o i + AN (o gl Q 7 ‘._&((dyneln%ﬁﬁ
| S

a3 el w5 Central
(O g P A G microtubule e

iy (1) Ja) pual) 5 laa¥) (e S otk i) -2 | e T
(el BlES | ‘“Qs&iRadial spoke

el s g 5 Gl canss (S0a O Glo 555 -3 | (b) Cross ‘ Crotses_-li:k:‘rl\vg ;
1w S Al ddda bt 3S a1l e o) gl 5 laY) section of gs:erl:o:ble:zn
AS al) o bl sl motile cilium

Cilia 9+2 arrangement (doublets)
Flagella 9 rows 2 columns

& “» u 4
(c) Cross section
Microfilaments (Actin Filaments): of basal body

Microfilaments are solid rods about 7 nm in diameter, built as a twisted double chain of actin
subunits. A network of microfilaments helps support the cell’s shape. They form a cortex just
inside the plasma membrane to help support the cell’s shape. Bundles of microfilaments make up
the core of microvilli of intestinal cells.

O g O Cfilhadn (g 0 5SE ia 9l 7 (g by W ok J gl dbea o 5 (S (g g (0 (05SE (AR BN o gl (puiiiadlod g S5l
selad Sl s bl pldial) Jalo & of B8 (< LIS o Bliad) g 4040 aca o Jasd plaad) Lgpdany Jsa cali 0p3SY)
S pabaiay) dlec 3 Laaal Ll slaal) LA 330 g sall (3 g Sbal) (1 oS5 8 ABBA Ja gpdl) Jaxi AN J<& e Lliad) b

slaa) JAN dhaas

= - w

Microfilaments that function in cellular motility . =

contain the protein myosin in addition to actin. Cells " Muscle, =

crawl along a surface by extending pseudopodia col

(cellular extensions) and moving toward them.

C_ytoplasmlc streaming (in pla.nt cells onlly) is a ACtin—— ey .

circular flow of cytoplasm within cells, driven by filament 9% | 57;;;:;%3} s _1 o7

- - - - = 'l s

actin-myosin interactions. Myosin —d ALl Sl ok
Mlament = ek etaliind 1 S0
Myosin—33_ 1 __SEI358 <793 £ &£
head =

(a) Myosin motors in muscle cell contraction
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P . L . X Cortex (outer cytoplasm):
Uﬁ} 4_13;}\ & MJAJ\ Lgia Blax%a g_q.\Uaj M.ﬁ\ LJAA.“ ROV gel with actin network
d;mm\aukaﬂ\uﬁd}aﬁjﬂ\@a\s)ﬂ\ AT Ladie

i) 5 mlial) CoS¥) i g s ) G gaall (5
oe L) 84S all dlee (Al g i) 5ale (pudi (Alias])
iy Alalaa g 4dlS add 55l (o O AT g Al guad) LAY

p 3k sileal) (3335 5 1 pa D glbead) (BB Alee AN e g I
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Ceugpall ae (ESY) L s O iy g
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Inner cytoplasm

(more fluid) \

Extending
pseudopodium

Intermediate Filaments: (b) Amoeboid movement

Intermediate filaments range in diameter from 8 to 12 nanometers, larger than microfilaments but
smaller than microtubules (inbetween). Intermediate filaments are more permanent cytoskeleton
fixtures than the other two classes. They support cell shape and fix organelles

in place.

iau siall b pdl) Jass (ALMJM)Mﬁ\wUY!meiJMJS\LM\ RS 55l 12 (A 8 (e W kb Niay rAla giall a gpil)
Mgtlaas ulli 5 Al 08l e a e Jand DAY Gae il (e ST RN Il S 5 B

Concept 7.7: Extracellular components and connections between cells help coordinate
cellular activities

1) Extracellular matrix in Animal cells (ECM).
2) Cell wall in Plant cells.

sob oo iy 4 plal) dadal) aditi e 4y ld 7 A il pSall Jans
il gl A o glad) 7 A Jilad) (1
ALl SIAY B A jlaa (2

1) The Extracellular Matrix (ECM) of Animal Cells:

Animal cells lack cell walls but are covered by an elaborate extracellular matrix (ECM). The ECM
is made up of glycoproteins such as collagen, proteoglycans, And fibronectin. ECM proteins bind
to receptor proteins in plasma membrane Called integrins.

A proteoglycan
LAY (g giat ¥ :as adl LS 5 g g1 JLAY) Jibual 3 A EXTRACELLULARELUDL L Cplex
Z oAl Ll (i) Jalad Lesly Aad) jlaa e gl gl

- - e 4 . . . Polysaccharide
i ) Ao Sl g sl n L 13 (S8 58 i

molecule

bl A ) oy (ke Lgie Liaas IS8 Aana Barbio:
Oig ) A Alias) IS gl / S 9 0 [ ¥ S hrydrates
53 s sl I gl T 5 (L) o3 pe S 8 S Y o
o 29 s Al g g Oy (g 18 7 LAl Jilull b
O] (e (oA B eLER])
——
Proteoglycan
molecule

There are some functions for the Extracellular
matrix (ECM) that you sould know:

1) ECM can regulate a cell’'s behavior by communicating W|th a ceII through mtegnns

2) The ECM around a cell can influence the activity of gene in the nucleus.

3) Mechanical signaling may occur through cytoskeletal changes that trigger chemical signals in
the cell.

Integrins
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2) Cell Walls of Plants:

The cell wall is an extracellular structure that distinguishes plant cells from animal cells.
Prokaryotes, fungi, and some unicellular eukaryotes also have cell walls. The cell wall protects
the plant cell, maintains its shape, and prevents excessive uptake of water. Plant cell walls are
made of cellulose fibers embedded in other polysaccharides and protein.

O 3) Al gaad) LAY e Aladl) WA adl aadaiod 3 & 518 7 JA) LS all aal 4080 lan ey 1AS0AN UAD 8 4080 las
Jia) 31 g3l Aty Apad) ciliilsl) « a5 40A0) Hlaa o (o sind g AT A clulS elltn AN jlaa e s giad Y 4 sall LDIAY)

L 8Y) ey s WS o Adblanal) s 4bal) 408 dlea e AN las Jeny 39l ABSa LD Clamg (iamy s (Y 5 (LS
S gl Gara g s AY) by Sl Gany ) ALYl bl IS0 G sblad) S (g0 LAY Jlaa 0S5 slall (aliatia) A (334 3Y)

AaS i b Jax Al
Plant cell walls may have multiple layers: /Central vacuole
1) Primary cell wall: Relatively thin and of "ﬂ/ Cytosol
flexible. > -

fexvle. ” . b e == 9\\ ',‘f/,(-?d_,/ Plasma membrane
Middle lamella: Thin layer between —
_ < \N Plant cell walls

primary walls of adjacent cells. N
3) Secondary cell wall (in some cells): “ 250 . \\4
Plasmodesmata’

Added between the plasma membrane
and the primary cell wall.

Layer = 4ida

Lamella = 4asia
Plasmodesomata =

(DAY a Jad 0 €1 680 e £ 54)

Secondary

Bl clida o cilibdl) 8 Adad) jlas s sl cell wall

OS5 1 (W) ARl pmaladlt S AN AAAY) Jlan o1 Primary
Al gy dagd cell wall
D G o i daghy Al 4 dbgial) dagiial) -2 .
. Buglatiall LAY Y Aa) Middle

4l 4 4 lamella

oy b (AU Aadall) (o B0 AL las -3
D ALl eLERD, (s aa) 555 Leasan Gl 5 LAY
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Cell Junctions:

Plasmodesmata in Plant Cells: Plasmodesmata are channels that perforate plant cell walls.
Through plasmodesmata, water and small solutes (and sometimes proteins and RNA) can pass
from cell to cell.

4 91ad) Jagl 9,0
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Tight Junctions, Desmosomes, and Gap Junctions in Animal Cells:
Three types of cell junctions are common in epithelial tissues:
1) At tight junctions, membranes of neighboring Tight junctions prevent

cells are pressed together, preventing leakage of fluid from moving
o _across a layer of cells.

extracellular fluid.

2) Desmosomes (anchoring junctions) fasten cells
together into strong sheets.

3) Gap junctions (communicating junctions) provide
cytoplasmic channels between adjacent cells.

(8 1aaa3) Ja8h 43 gaald) LA 6 53 g gl ol g l1 (e £) 930 A clllia
(Ml sl v L 'gght jnnctlon

Lenns go duaal e Jaol 501 038 ()55 1 (ARcall) daSaall dagl 9501 -1 ,
A 7 A Sl ged) e el ST llh g 3 glaiall LAY ()
Gl Lpmny qa LAY Jay ) e dagl 5 )0 oda Jand 1 dagl 1) abesal) -2
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Jexi 3 dxluaa) g dagl g 1) ho Tl 1 o3a 2 £ AN 3 dagl 9500 -3
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Tight junctions, Desmosomes and

Plasmodesmata are found in animal cells only? ~ —lons or small
molecules
A) True

B) False

Plasma membranes Space
of adjacent cells between cells
Test Questions (Practice exam)
Test.Yourself
Q1) This cell organelle does not contain DNA:
A) Nucleus.
B) Mitochondria.
C) Lysosomes.
D) Chloroplast.
Q2) Animal cells are interconnected by
A) Plasma membrane.
B) Cell wall.
C) Desmosomes.
D) Plasmodesmata.
Q3) Plasma membrane is made of:
A) Proteins and lipids.
B) Proteins and carbohydrates.
C) Proteins, Nucleic acids and lipids.
D) Proteins, Carbohydrates and lipids.
Q4) Lysosomes are rich in:
A) Nucleic acid.
B) Hormones.
C) Carbohydrates.
D) Hydrolytic enzymes.
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Q5) Choose the correct statement:

A) Genes are located in the chromosomes.

B) Cell is located in the nucleus.

C) Chromosomes are located in the nucleolus.

D) Cell membrane surrounds the nucleus.

Q6) The most important function of cell membrane is that it:

A) Controls the entry and exit of materials from cells.

B) Controls only the entry of materials into cells.

C) Controls only the exit of materials from cells.

D) Allows entry and exit of materials without any control.

Q7) Which of the following feature will help you in distinguishing a plant cell from an animal
cell?

A) Cell wall

B) Mitochondria

C) Cell membrane

D) Nucleus.

E) None of the above

Q8) Which tool is most likely used to produce a clear image of very tiny structures inside a
cell?

A) Light microscope.

B) Magnetic resonance imaging.

C) Electron microscope.

D) Computer model.

Q9) What is the main function of the Golgi Apparatus?

A) Communicate with other cells.

B) Convert solar energy to chemical energy.

C) Process and deliver proteins.

D) Copy genetic information.

Q10) Which of the following can be found in the cytoplasm and on the surface of the
endoplasmic reticulum?

A) Mitochondria.

B) Centrosomes.

C) Ribosomes.

D) Centrioles.

Q11) Which of the following is NOT a function of the cytoskeleton?
A) Transporting molecules into the cell.

B) Transporting of molecules within a cell.

C) Cell movement.

D) Cell anchoring.

E) Providing cell structure and shape.

Q12) Which cellular filament is found in the flagella of eukaryotic cells?
A) Intermediate filaments.

B) Microfilaments.

C) Collagen.

D) Microtubules.
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Q13) Which of the following is true regarding microfilaments?
A) They are the smallest of the cytoskeletal elements.

B) They always have a 9+2 arrangement.

C) They are made up of myosin and actin.

D) A+C.

Q14) Which cell organelle can be described as a big tail projecting from the cell like a motor?
A) Flagellum.

B) Centriole.

C) Mitochondrion.

D) Pilus.

E) Cytoskeleton.

Q15) Plasmodesmata in plant cells are analogous to what structure in animal cells?

A) Tight junctions.

B) Gap junctions.

C) Adhesion junctions/Desmosomes.

D) Vacuoles

Q16) Urine is confined to the human bladder in part due to the structure of junctions that
connect the cells lining the bladder. These junctions form a barrier that prevents the exchange
of ions and solutes between the blood and urine. What is the likely identity of these junctions?
A) Gap junctions.

B) Tight junctions.

C) Desmosomes.

D) Plasmodesmata.

Q17) Which of these correctly matches the cellular junction with its function?

A) Gap junctions prevent the flow of ions and water from one part of the body to another.

B) Adhering junctions (AKA desmosomes) are branched network of proteins that are impermeable to
fluids.

C) Gap junctions are connections that directly connect the cytoplasm of two cells.

D) Tight junctions are random, spot attachments between cells that prevent tearing of tissue.

Q18) Bind cells together, prevent maolecules from passing in between the cells, and also help
to maintain the polarity of cells.

A) Desomosomes.

B) Gap junctions.

C) Tight Junctions.

D) Connexons.

Q19) Which of the following organelle is involved in Carbohydrates metabolism?

A) RER.

B) SER.

C) Peroxisomes.

D) Golgi apparatus.

Q20) Inside the cell, H202 clearance is brought about by

A) Peroxisome with enzyme amino oxidase.

B) Glyoxysome with the enzyme catalase.

C) Peroxisome with the enzyme catalase.

D) Glyoxysome with enzyme isocitrate lyase.

1-C 2-C 3-D 4- D 5-A 6- A 7-A 8-C 9-C 10- C
11-A |12-D |[13-A |14-A |15-B |16-B |17-C |18-C |19-B |20-C
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7 Chapter Review

CONCEPT 7.1

Biologists use microscopes and
biochemistry to study cells (pp. 164-167)

VOCAB
SELF-QUIZ
goo.gl/Rn5Uax

Improvements in microscopy that atfect the param-
eters of magnification, resolution, and contrast have
catalyzed progress in the study of cell structure. Light
microscopy (LM) and electron microscopy (EM), as well as
other types, remain important tools.

Cell biologists can obtain pellets enriched in particular cellular
components by centrifuging disrupted cells at sequential speeds,
a process known as cell fractionation.

How do microscopy and biochemistry complement each other to reveal
cell structure and function?

Cell Component

CONCEPT 7.3

The eukaryotic cell’s
genetic instructions are
housed in the nucleus
and carried out by the
ribosomes (pp. 172-174)

9 Describe the relationship |
between the nucleus and 4

Ribosome
- |

Endoplasmic reticulum (ER)

ribosomes.

CONCEPT 7.4

The endomembrane
system regulates
protein traffic and
performs metabolic
functions (pp. 174-178)

(Nuclear
envelope)

9 Describe the key role played |_
by transport vesicles in the
endomembrane systeni.

194 uNIT Two Cell Biology

) Go to MasteringBiology™ for Videos, Animations, Vocab Self-Quiz,
Practice Tests, and more in the Study Area.

CONCEPT 7.2

Eukaryotic cells have internal membranes
that compartmentalize their functions
(op. 167-172)

All cells are bounded by a plasma membrane.

Prokaryotic cells lack nuclei and other membrane-enclosed
organelles, while eukaryotic cells have internal membranes
that compartmentalize cellular functions.

The surface-to-volume ratio is an important parameter affecting
cell size and shape.

Plant and animal cells have most of the same organelles:

a nucleus, endoplasmic reticulum, Golgi apparatus, and
mitochondria. Chloroplasts are present only in cells of
photosynthetic eukaryotes.

Explain how the compartmental organization of a eukaryotic cell
contributes to its biochemical functioning.

Structure

Surrounded by nuclear envelope
(double membrane) perforated by
nuclear pores; nuclear envelope
continuous with endoplasmic
reticulum (ER)

Two subunits made of ribosomal
RNAs and proteins; can be free in
cytosol or bound to ER

Extensive network of membrane-
bounded tubules and sacs; mem-
brane separates lumen from
cytosol; continuous with nuclear
envelope

Stacks of flattened membranous
sacs; has polarity (cis and trans
faces)

Membranous sac of hydrolytic
enzymes (in animal cells)

Large membrane-bounded vesicle
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Function

Houses chromosomes, which are
made of chromatin (DNA and pro-
teins); contains nucleoli, where
ribosomal subunits are made; pores
regulate entry and exit of materials

Protein synthesis

Smooth ER: synthesis of lipids,
metabolism of carbohydrates, Ca**
storage, detoxification of drugs and
poisons

Rough ER: aids in synthesis of secre-
tory and other proteins on bound
ribosomes; adds carbohydrates to
proteins to make glycoproteins;
produces new membrane

Modification of proteins,
carbohydrates on proteins, and
phospholipids; synthesis of many
polysaccharides; sorting of Golgi
products, which are then released
in vesicles

Breakdown of ingested substances,
cell macromolecules, and damaged
organelles for recycling

Digestion, storage, waste disposal,
water balance, cell growth, and
protection



Cell Component

Mitochondrion

CONCEPT 7.5
Mitochondria and

chloroplasts change Chloroplast
energy from one form
to another (pp. 179-182)
9 What does the endosymbiont peroenn

theory propose as the origin
for mitochondria and
chloroplasts? Explain.

CONCEPT 7.6

The cytoskeleton is a network of fibers
that organizes structures and activities
in the cell (pp. 182-188)

The cytoskeleton functions in structural support for the cell
and in motility and signal transmission.

Microtubules shape the cell, guide organelle movement, and sep-
arate chromosomes in dividing cells. Cilia and flagella are motile
appendages containing microtubules. Primary cilia also play sen-
sory and signaling roles. Microfilaments are thin rods that func-
tion in muscle contraction, amoeboid movement, cytoplasmic
streaming, and support of microvilli. Intermediate filaments
support cell shape and fix organelles in place.

o Describe the role of motor proteins inside the eukaryotic cell and
in whole-cell movement.

CONCEPT 7.7

Extracellular components and connections between
cells help coordinate cellular activities (pp. 788-191)

Plant cell walls are made of cellulose fibers embedded inother
polysaccharides and proteins.

Animal cells secrete glycoproteins and proteoglycans that form
the extracellular matrix (ECM), which functions in support,
adhesion, movement, and regulation.

Cell junctions connect neighboring cells. Plants have plasmo-
desmata that pass through adjoining cell walls. Animal cells
have tight junctions, desmosomes, and gap junctions.

Compare the structure and functions of a plant cell wall and the
extracellular matrix of an animal cell.

CONCEPT 7.8 . WA N E |
A cell is greater than the sum of its parts (pp. 197-1793)

Many components work together in a functioning cell.

9 When a cell ingests a bacterium, what role does the nucleus play?

TEST YOUR UNDERSTANDING

‘ Multiple-choice Self-Quiz questions 1-5 can be found
in the Study Area in MasteringBiology.

6. DRAW IT From memory, draw two eukaryotic
cells. Label the structures listed here and show
any physical connections between the internal
structures of each cell: nucleus, rough ER, smooth
ER, mitochondrion, centrosome, chloroplast,
vacuole, lysosome, microtubule, cell wall, ECM,

PRACTICE
TEST
goo.gliAsVgL

Structure

Bounded by double membrane;
inner membrane has infoldings

Typically two membranes around
fluid stroma, which contains
thylakoids stacked into grana

Specialized metabolic
compartment bounded by
a single membrane

Function

Cellular respiration

Photosynthesis (chloroplasts are in
cells of photosynthetic eukaryotes,
including plants)

Contains enzymes that transfer H
atoms from substrates to oxygen,
producing H,0O, (hydrogen peroxide),
which is converted to H,0.

microfilament, Golgi apparatus, intermediate filament, plasma
membrane, peroxisome, ribosome, nucleolus, nuclear pore,
vesicle, flagellum, microvilli, plasmodesma.

7. EVOLUTION CONNECTION (a),What cell structures best reveal
evolutionary unity? (b) Provide an example of diversity related
to specialized cellular modifications.

8. SCIENTIFIC INQUIRY" Suppose you wish to separate two cellular
proteins, A and B. Protein A binds with DNA and is found in
the chromatin complex. Protein B binds with RNA and is found
in nucleoli. How would you separate cell fractions containing
protein Aand protein B? Explain the rationale behind your

method.

9. WRITE ABOUT A THEME: ORGANIZATION Considering some
of the characteristics that define life and drawing on your
knowledge of cellular structures and functions, write a short

| essay (100-150 words) that discusses this statement: Life is an
emergent property that appears at the level of the cell. (See

Concept 1.1.)

10. SYNTHESIZE YOUR KNOWLEDGE

The cells in this SEM are
epithelial cells from the small
intestine. Discuss how aspects
of their structure contribute to
their specialized functions of
nutrient absorption and as a
barrier between the intestinal
contents and the blood supply
on the other side of the sheet of
epithelial cells.

For selected answers,
see Appendix A.

For additional practice questions, check out the Dynamic Study
Modules in MasteringBiology. You can use them to study on
your smartphone, tablet, or computer anytime, anywhere!

CHAPTER 7 Cell Structure and Function

62

195



CHAPTER 8
Cell membranes

Permeable Asall Hs 0 zas | Lysed (Uaik) ahaia | Starch by gl
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The plasma membrane is the boundary that separates the living cell from its Surroundings. The
plasma membrane exhibits selective permeability, allowing some substances to cross it more
easily than others. Transport proteins are often responsible for controlling passage across
cellular membranes. Cell membranes are found in all cells and it is ultra-thin structure with 5-

10nm in diameter.
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Concept 8.1: Cellular membranes are fluid mosaics of lipids and proteins

Phospholipids are the most abundant lipid in the plasma membrane. Phospholipids are
amphipathic molecules, containing hydrophobic (water-fearing) and hydrophilic (water-loving)
regions. The hydrophobic tails of the phospholipids are sheltered inside the membrane, while the
hydrophilic heads are exposed to water on either side.
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Two phospholipids

WATER

/7 7/

Hydrophilic
head

Hydrophobic-7.!
tail )

Fluid mosaic model = Glutuwsll 73 saill

Cell membrane composed of Lipids + Proteins.
Proteins such as: Globular proteins + Glycoproteins.
Lipids such as: Phospholipids (in large amounts) + Glycolipids +Cholesterol.

Sl + Sl g g e Al lle ()5S
o S S g g9 + A g8 il g 1 die i g
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In the fluid mosaic model, the membrane is a mosaic of protein molecules bobbing (embedded) in
a fluid bilayer of phospholipids. Proteins are not randomly distributed in the membrane.
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Fipe’rs of extrax
cellular matrix (ECM)
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The Fluidity of Membranes: (43! Ll a5 4863 3 jran duald clilia)

Membranes are held together mainly by weak hydrophobic interactions.

There are two movements that occur in the cell membrane:

1) Sideway: Most of the lipids and some proteins can move sideways within the membrane.

2) Flip-flop: Rarely, a lipid may flip-flop across the membrane, from one phospholipid layer to the
other. Cell Exterior

This figure is not included in the book but | put it Transverse d|ffus|on (flip-flop)
to understand the Flip-flop movement of the cell | """ e (~10%se0)

membrane.
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As temperatures cool, membranes switch from a fluid state to a solid state. The temperature at
which a membrane solidifies depends on the types of lipids. Membranes rich in unsaturated fatty
acids are more fluid than those rich in saturated fatty acids. Membranes must be fluid to work
properly; membranes are usually about as fluid as salad oil. The steroid cholesterol has different
effects on the membrane fluidity of animal cells at different temperatures. 1- At warm
temperatures (such as 37°C), cholesterol restrains movement of phospholipids. At cool

temperatures, it maintains fluidity by preventing tight packing.
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(a) Unsaturated versus saturated hydrocarbon tails.

Unsaturated hydrocarbon
tails (kinked) prevent packing,
enhancing membrane fluidity.

Viscous

Saturated hydrocarbon tails
pack together, increasing
membrane viscosity.
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Membrane Proteins and Their Functions:

(b) Cholesterol within the animal cell membrane.

Chaolesterol reduces membrane
fluidity at moderate tempera-
tures by reducing phospholipid
movement, but at low tempera-
tures it hinders solidification by
disrupting the regular packing of
phospholipids.

Cholesterol

According to the fluid mosaic model proteins are embedded in phospholipid bilayer.

We have two types of proteins that function in cell membranes:

1) Peripheral proteins: are bound to the surface of the membrane.

2) Integral proteins: penetrate the hydrophobic core. Integral proteins that span the membrane
are called transmembrane proteins. The hydrophobic regions of an integral protein consist of
one or more stretches of nonpolar amino acids, often coiled into a helices.
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Functions of membrane proteins:

1) Transport.

2) Enzymatic activity.

3) Signal transduction.

4) Cell-cell recognition (by Glycoproteins).
5) Intercellular joining.

Peripheral membrane protein
S <))
G
S 'ogo D

— |

L
\

I

.*;Y..‘...;:/..‘
Peripheral . 2

membrane proteins

6) Attachment to the cytoskeleton and extracellular matrix (ECM).
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d Signaling
molecule
Receptor

Signal transduction
(c) Signal
activity transduction

(d) Cell-cell (e) Intercellular (f) Attachment to the
recognition joining cytoskeleton and
extracellular matrix

Cell-surface proteins are important in the medical field:

For example HIV must bind to the immune cell-surface protein CD4 and a co-receptor CCR5 in
order to infect a cell. HIV cannot enter the cells of resistant individuals who lack CCR5. Drugs are
now being developed to mask the CCR5 protein.
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(a) HIV can infect a cell with (b) HIV cannot infect a cell
CCR5 on its surface, as in lacking CCRS on its surface,
most people. as in resistant individuals.

The Role of Membrane Carbohydrates in Cell-Cell Recognition:

Cells recognize each other by binding to molecules, often containing carbohydrates, on the
extracellular surface of the plasma membrane. Membrane carbohydrates may be covalently
bonded to lipids (forming glycolipids) or, more commonly, to proteins (forming glycoproteins).
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Concept 8.2: Membrane structure results in selective permeability

A cell must exchange materials with its surroundings, a process controlled by the plasma
membrane. Plasma membranes are selectively permeable, regulating the cell’'s molecular traffic.
Hydrophobic (nonpolar) molecules, such as hydrocarbons, can dissolve in the lipid bilayer and
pass through the membrane rapidly. Hydrophilic molecules including ions and polar molecules do
not cross the membrane easily. Proteins built into the membrane play key roles in regulating
transport.
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Transport Proteins:

Transport proteins allow passage of hydrophilic substances across the membrane

Some transport proteins, called channel proteins, have a hydrophilic channel that certain molecules
or ions can use as a tunnel. Channel proteins called aquaporins greatly facilitate the passage of
water molecules. Other transport proteins, called carrier proteins, bind to molecules and change
shape to shuttle them across the membrane. A transport protein is specific for the substance it
moves.

Aquaporins = sLiall e clall g e adatil Lals 5l8

So the thing is that we have two different types of membrane proteins:

1) Channel proteins (Ex: water channel aguaporins)

2) Carrier proteins.
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There are two types of transports: (i) Jah Jall (e gle 5 llla)
1) Passive transport (without ATP). ((Slakll Jail)
2) Active transport (with ATP). (&l Jaill)

Diffusion: is the tendency for molecules to spread out evenly into the available space

Substances diffuse down their concentration gradient, the region along which the density of a
chemical substance increases or decreases. No work must be done to move substances down
the concentration gradient. The diffusion of a substance across a biological membrane is passive
transport because no energy is expended by the cell to make it happen.
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Concept 8.3: Passive transport is diffusion of a substance across a membrane with no
energy investment
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Passive transport is composed of two types:

1- Simple diffusion: The movement of the molecules across the membrane from high
concentration to low concentration (We talked about it).

2- Facilitated diffusion: The movement of molecules across the membrane via transporter
proteins. Osmosis is an example of a passive diffusion (Without using ATP.
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In facilitated diffusion, transport proteins speed the passive movement of molecules across the
plasma membrane. Transport proteins include channel proteins and carrier proteins. Aquaporins
facilitate the diffusion of water. lon channels facilitate the transport of ions. Some ion channels,
called gated channels, open or close in response to a stimulus. For example, in nerve cells, ion
channels open in response to electrical stimulus.

(a) A channel
protein has a
channel through
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which water
molecules or a
specific solute
can pass.
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Channel protein

A Solute
CYTOPLASM 4 &k

Carrier proteins undergo a subtle change
in shape that translocates the solute-
binding site across the membrane: This
change in shape can be triggered by the
binding and release of the transported
molecule.

Carrier protein

(b) A carrier protein alternates between two shapes, moving a solute
across the membrane during the shape change.
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The substances are in a permanent movements within the cells. So they diffuses from one side (that
have a high concentration) to the other (that have a low concentration) without using energy (ATP).
Osmosis is the diffusion of water across a selectively permeable membrane. Water diffuses
across a membrane from the region of lower solute concentration to the region of higher solute
concentration until the solute concentration is equal on both sides.
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Water Balance of Cells without Cell Walls:

Tonicity: is the ability of a surrounding solution to cause a cell to gain or lose water. The tonicity
of a solution depends on its concentration of solutes that cannot cross the membrane relative to
that inside the cell.
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We have three types of solutions:

1) Isotonic solution: Solute concentration is the same as that inside the cell no net water
movement across the plasma membrane.

2) Hypertonic solution: Solute concentration is greater than that inside the cell cell loses water.
3) Hypotonic solution: Solute concentration is less than that inside the cell cell gains water.
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We want to compare between animal cells and plant cells in different solutions:

The difference between animal cells and plant cells is that the normal solution in animal cells is
Isotonic (no net movement of water) but in plant cells the normal solution is Hypotonic (Turgid)
plant cells receive water. The reason that plant cells prefer the hypotonic solution (to receive water
inside it) is that it has a central vacuole that needs more water to be in normal situation.
Shriveled = Plasmolyzed = (&dall iss) / Normal = (2xk) / Flaccid = (Ja_ia [ A i)

Lysed = (i)

Turgid = (&bl LAl Al & anls 5 &ifia)
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Water Balance of Cells with Cell Walls:

Cell walls help maintain water balance. ~ Plasma  Cell wall
A plant cell in a hypotonic solution membrane
swells until the wall opposes uptake the
cell is now turgid (firm). If a plant cell and
its surroundings are isotonic, there is no
net movement of water into the cell; the
cell becomes flaccid (limp). In a
hypertonic environment, plant cells lose
water. The membrane pulls away from
the cell wall, causing the plant to wilt, a
potentially lethal effect called plasmolysis.

Turgid (normal) Flaecid Plasmolyzed
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Concept 8.4: Active transport uses energy to move solutes against their gradients

Facilitated diffusion is still passive because the solute moves down its concentration gradient, and
the transport requires no energy. Some transport proteins, however, can move solutes against
their concentration gradients and we call this Active transport.

SN G @A 505k e JEIE (s ciligdad) Jal A8 L) mliag W 4dY elld g ciliy Jall A JLEIN) &) 5l aal aSaal) JLEIN) 2y
dahial) ) 55 J8Y) dBhaial) (e ol L 38 8 olat) (S iy Jall Jagy Y A8 ) Uiy Jaddl) JAT Wl (5 jal Allalal Allaia (1
S A2

Active transport requires energy, usually in the form of ATP hydrolysis, to move substances
against their concentration gradients. All proteins involved in active transport are carrier proteins.
Active transport allows cells to maintain concentration gradients that differ from their surroundings.
For example, an animal cell has a much higher potassium (K*) and a much lower sodium (Na*)
concentration compared to its surroundings. This is controlled by the sodium-potassium pump, a
transport protein that is energized by transfer of a phosphate group from the hydrolysis of ATP.

i g ) aaan 5 W 38 5 olat) (uSay iy ) JAL (1 elld g ATP JI S Jad (e 48Ual) o3a iy 5 ABUa ) #Uisy Jadall) JadY)
Lol 6 Jaddl) JaN e Jla (A s ) Ol g8l e g g5 o) an g ¥ ) Lath ABU cilifig g oo i) JAI) Adee 8 Jai
gl 585 A (g ST (g 518 gAY Sl 3 p a0 gudl) il gl 35S 5 A (9555 1 panalli g — 3 e g Adidaa s ) snd)
ddaa Joxi I a gad gaal) Ciligal 50855 (e ST (o518 JRIA L) J geagiibaad) 3 o gl gal) il gal 50855 ) 50 S0 goaal gl
Oa i 3 Jaii Lga A ) Ja0 o gail gall 5 o g0 gual) @ligal o JS 3855 e Bl e o gaaild g3 — .93 gaa il 5
Leila (1) s @ A (e pgmali gl ligsl (0o Gt S JAT 5 (sl () LIS A1 (e (5T) W3S 5 olat) uany 2 503 guadl) il g
B 380 5 olant) (S <y Sl Ja g5 A8 ) o2 JEl) dplee prliag AL W 38 55 o) (uSay Liadl

70




EXTRACELLULAR  [Na®] high

FLUID [K™] low
" Na®
' L Nat
Na* 4 2 a
L (i I - NN
NN o 00 .- o
VRN | / - [Na*] low Na 000
ﬂ# { , ! CYTOPLASM & [K*] high W,
LSS i ;;'p\f, ATP
e : @ Cytoplasmic Na* binds 7 3
IN / : ; ADP
to the sodium-potassium
@ pump. The affinity for Na* e Nat binding stimulates
is high when the protein phosphorylation by ATP.

has this shape.
affinity for Na* is

high again, and the

cycle repeats.

G K* is released; ‘

€) Phosphorylation leads to
a change in protein shape,
>~ (P), reducing its affinity for Na*,
O The neW khape has a high which is released outside.
affinity for K*, which binds on the

extracellular side and triggers
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© Loss of the phosphate
group restores the protein’s
original shape, which has a
lower affinity for K*.
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How lon Pumps Maintain membrane Potential:

Membrane potential is the voltage across a membrane. Voltage is created by differences in the
distribution of positive and negative ions across a membrane. The cytoplasmic side of the
membrane is negative in charge relative to the extracellular side. We have positive charge on the
extracellular side of the membrane becouse of Na*- K* Pump. The pump transport 3 ions of
sodium outside the membrane and 2 ions of potasium inside it. Then if we calculate the net
charge of the membrane (3Na*-2K*=1Na*) we will have more positive charges in the Extracellular

side.
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Y Figure 8.16 Review: passive
and active transport.

Passive transport. Substances diffuse
spontaneously down their concentration
gradients, crossing a membrane with no
expenditure of energy by the cell. The rate
of diffusion can be greatly increased

by transport proteins in the membrane.
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Diffusion. Facilitated diffusion.
Hydrophobic Many. hydrophilic

substances diffuse
through membranes
withithe assistance of
transport proteins,
either channel

proteins (left) or carrier
proteins (right).

molecules and
(at a slowrate)
very small un-
charged polar
molecules can
diffusesthrough
the lipid bilayer.

We have two forces that drive the diffusion of molecules across a membrane:

A) Concentration gradient: Only a chemical force (the ion’s concentration gradient

B) Electrochemical gradient:
Two combined forces
1) A chemical force (the ion’s concentration gradient).

2) An electrical force (the effect of the membrane potential on the ion’s movement).

Active transport.

Some transport proteins
act as pumps, moving
substances across a
membrane against their
concentration (or elec-
trochemical) gradients.
Energy is usually supplied
by ATP hydrolysis.
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An electrogenic pump is a transport protein that generates voltage across a membrane. The

sodium-potassium pump is the major electrogenic pump of

animal cells. The main electrogenic pump of plants, fungi, and bacteria is a proton pump (H*
Pump). Which actively transports hydrogen ions (H*) out of the cell. Electrogenic pumps help

store energy that can be used for cellular work.

Electrogenic pump = (pslis — o 520 puaa Gl gl Adiaa Jie a2l eliall e dea (358 C_uM)
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Cotransport: Coupled Transport by a Membrane Protein. (z_s« Jaill)

Cotransport occurs when active transport of a solute indirectly drives transport of other
substances. The diffusion of an actively transported solute down its concentration gradient is
coupled with the transport of a second substance against its own concentration gradient.

il jadl e (e o8 JAI A g5l JB1 ) (aey Clllia
sladly £ g Ja Ji o Cus (F99ia J) gl (udly
S i (50 LS o 38 i olad) (g AY1g 0358 5
gl Jai Cua 7 9334 (A9 JBU Lol s g

) TR e (Al g gl L S 3 ol (v g o)
iy g0 338 5 olad) GuSay Jg Sl S Jin 5 JANA
S AY JA cliles (e 4ABa - 50 3l JBLY

- Sucrose
WE*/sucrose

cotransporter Diffusion of H*

H+ down its electrochemical gradient / Sucrose against its concentration gradient

Concept 8.5: Bulk transport across the plasma membrane occurs by exocytosis and

endocytosis

Small molecules and water enter or leave the cell through the lipid bilayer or via transport
proteins. Large molecules, such as polysaccharides and proteins, cross the membrane in bulk via
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vesicles. Bulk transport requires energy.

Lets talk about Exocytosis: (sl zl AY) oo Gasthi (o gu)
In exocytosis, transport vesicles migrate to the membrane, fuse with it, and release their
contents outside the cell. Many secretory cells use exocytosis to export their products.
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Endocytosis: (gsiall Jaayl)

In endocytosis, the cell takes in macromolecules by forming vesicles from the plasma
membrane. Endocytosis is a reversal of exocytosis, involving different proteins.

There are three types of endocytosis:
1) Phagocytosis (“cellular eating”).

2) Pinocytosis (“cellular drinking”).

3) Receptor-mediated endocytosis.
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1) In phagocytosis, a cell engulfs a particle in‘a vacuole. The vacuole fuses with a lysosome to
digest the particle.

2) In pinocytosis, molecules dissolved in droplets are taken up when extracellular fluid is “gulped”
into tiny vesicles.

3) In receptor-mediated endocytosis, binding of specific solutes to receptors triggers vesicle
formation. Receptor proteins, receptors, and other molecules from the extracellular fluid are
transported in the vesicles. Emptied receptors are recycled to the plasma membrane.
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Human cells use receptor-mediated endocytosis to take in cholesterol, which is carried in
particles called low-density lipoproteins (LDLS). Individuals with the disease familial
hypercholesterolemia have missing or defective LDL receptor proteins. Hypercholesterolemia,
also called high cholesterol, is the presence of high levels of cholesterol in the blood. LDL is a
harmfull molecule and we need to get rid of it. To get rid of it cells transport these molecules to
the liver and liver will convert these LDL molecules to HDL (High — density lipoproteins)
molecules. HDL molecules are useful for the human body.
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Test Questions (Practice exam)
Test Yourself
Q1) According to the fluid mosaic model of membrane structure, proteins of the membrane
are mostly:
A) Confined to the hydrophobic core of the membrane.
B) Embedded in the lipid bilayer.
C) Randomly oriented in the membrane.
D) None of the above.
Q2) Active transport involves:
A) Movement with a concentration gradient.
B) Chemical energy.
C) Simple diffusion.
D) The movement of water.
E) Movement against concentration gradient.
Q3) A sodium potassium pump is a type of...
A) Passive transport.
B) Cotransport.
C) Active transport.
D) Symport.
E) None of the above.
Q4) Which of the following is a major components of cell membrane?
A) Cholesterol.
B) Steroid.
C) Trans-fat.
D) None of the above.
Q5) What is the major function of cholesterol in cell membrane?
A) Maintain fluidity.
B) Strengthens bilayer.
C) Transport molecules.
D) None of the above.
Q6) Which of the following can pass through phospholipid bilayer without assistance?
A) Fat-soluble molecules.
B) lons.
C) Water.
D) None of the above.
Q7) How is large molecules enter the phospholipid bilayer?
A) Exocytosis.
B) Endocytosis.
C) Cotransport.
D) All of the above.
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Q8) What method does channel protein adopt to transport ions?

A) Facilitated diffusion.

B) Active transport.

C) Both A and B.

D) None of the above.

Q9) What is NOT TRUE about the cell membrane?

A) It controls what enters and leaves the cell.

B) Semipermeabile.

C) Phospholipid bilayer.

D) Contains digestive enzymes.

Q10) What forms the channels and pumps in the phospholipid bilayer?
A) Carbohydrates.

B) Proteins.

C) Hydrophilic heads.

D) Lipids.

Q11) What is the role of transport proteins?

A) Make amino acids.

B) Move proteins sideways within plasma membrane.

C) Give cells their shape.

D) Move needed substances or waste materials through plasma membrane.
Q12) Which of the following molecules would NOT be found in animal plasma membranes?
A) Proteins.

B) Phospholipids.

C) Glycolipids.

D) Cholesterols.

E) Nucleic acids.

Q13) Which type of protein in the plasma membrane has carbohydrate attached to it so that
cells can be distinguished from each other?

A) Carrier protein.

B) Channel protein.

C) Cell-recognition protein.

D) Receptor protein.

E) Enzymatic protein.

Q14) A protein has a specific shape such that only a particular molecule can bind to it?
A) Enzymatic.

B) Receptor.

C) Cell-recognition.

D) Carrier.

E) Channel.

Q15) A hormone such as insulin acts by attaching to proteins in the plasma membrane
and increasing the glucose carriers present?

A) Receptor.

B) Enzymatic.

C) Carrier.

D) Channel.

E) Cell — recognition.

1-B 2-E 3-C 4-D 5-A 6- A 7-B 8-B 9-D 10-B
11-D [12-E |13-C [14-D |15-A
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Endocytosis and exocytosis also provide mechanisms for
rejuvenating or remodeling the plasma membrane. These
processes occur continually in most eukaryotic cells, yet the
amount of plasma membrane in a nongrowing cell remains
fairly constant. The addition of membrane by one process
appears to offset the loss of membrane by the other.

Energy and cellular work have figured prominently in
our study of membranes. In chapters 10 and 11, you will
learn more about how cells acquire chemical energy to do
the work of life.

BioFlix® Animation: Membrane Transport

CONCEPT CHECK 8.5

1. As a cell grows, its plasma membrane expands. Does this
involve endocytosis or exocytosis? Explain.

2. DRAW IT > Return to Figure 8.9, and circle a patch of
plasma membrane that is coming from a vesicle involved
in exocytosis.

3. MAKE CONNECTIONS » In Concept 7.7, you learned that
animal cells make an extracellular matrix (ECM). Describe
the cellular pathway of synthesis and deposition of an
ECM glycoprotein.

For suggested answers, see Appendix A.

8 Chapter Review

Go to MasteringBiology™ for Videos, Animations, Vocab Self-Quiz,
Practice Tests, and more in the Study Area.

a higher solute concentration (hypertonic) than the cytosol;
water enters the cell if the solution has a lower solute concentra-
tion (hypotonic). If the concentrations are equal (isotonic), no

CONCEPT 8.1

Cellular membranes are fluid mosaics
of lipids and proteins (pp. 197-201)

5 q . . . VOCAB
In the fluid mosaic model, amphipathic proteins S
goo.gl/Rn5Uax

are embedded in the phospholipid bilayer.
Phospholipids and some proteins move sideways
within the membrane. The unsaturated hydrocarbon tails of

net osmosis occurs. Cell
survival.depends on

Passive transport:

some phospholipids keep membranes fluid at lower temperatures,
while cholesterol helps membranes resist changes in fluidity
caused by temperature changes.

Membrane proteins function in transport, enzymatic activity, sig-

balancing water uptake Facilitated diffusion
and loss.
In facilitated 7 2 A & @‘
dlfqumn, a transport 4 Y4y ‘@ b
protein speeds the v
vavPY &%
movement of water or <5 L 9 @
asolute across a mem- T
brane down its concen- '\}'}'}'{‘
tration gradient. Ion Channel mm Carrier

channels facilitate the  protein
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nal transduction, cell-cell recognition, intercellular joining, and
attachment to the cytoskeleton and extracellular matrix. Short
chains of sugars linked to proteins (in glycoproteins) and lipids
(in glycolipids) on the exterior side of the plasma membrane
interact with surface molecules of other cells.

Membrane proteins and lipids are synthesized in the ER and
modified in the ER and Golgi apparatus. The inside and outside
faces of membranes differ in molecular composition.

9 In what ways are membranes crucial to life?

CONCEPT 8.2

Membrane structure results in selective
permeability (pp. 201-202)

A cell must exchange molecules and ions with its surroundings, a
process controlled by the selective permeability of the plasma
membrane. Hydrophobic substances are soluble in lipids and pass

through membranes rapidly, whereas polar molecules and ions
generally require specific transport proteins.

9 How do aquaporins affect the permeability of a membrane?

CONCEPT 8.3

Passive transport is diffusion of a substance
across a membrane with no energy investment
(pp. 202-206)

Diffusion is the spontaneous movement of a substance down its

concentration gradient. Water diffuses out through the per-

meable membrane of a cell (osmosis) if the solution outside has

diffusion of ions across
a membrane. Carrier
proteins can undergo
changes in shape that
translocate bound A 7]
solutes across the

membrane.

9 What happens to a cell placed in a hypertonic solution? Describe the
free water concentration inside and out.

CONCEPT 8.4

Active transport uses energy to move solutes
against their gradients
(pp. 206-209)

Active transport

Specific membrane proteins use energy,
usually in the form of ATP, to do the
work of active transport.

Ions can have both a concentration
(chemical) gradient and an electrical gra-
dient (voltage). These gradients combine
in the electrochemical gradient,
which determines the net direction of
ionic diffusion.

Cotransport of two solutes occurs
when a membrane protein enables the
“downhill” diffusion of one solute to
drive the “uphill” transport of the other.

ATP is not directly involved in the functioning of a cotransporter. Why,
then, is cotransport considered active transport?
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CONCEPT 8.5

Bulk transport across the plasma membrane
occurs by exocytosis and endocytosis (pp. 209-211)

In exocytosis, transport vesicles migrate to the plasma membrane,
fuse with it, and release their contents. In endocytosis, molecules
enter cells within vesicles that pinch inward from the plasma
membrane. The three types of endocytosis are phagocytosis,
pinocytosis, and receptor-mediated endocytosis.

(2]

Which type of endocytosis involves the binding of specific substances
in the extracellular fluid to membrane proteins? What does this type of
transport enable a cell to do?

TEST YOUR UNDERSTANDING

6.
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Multiple-choice Self-Quiz questions 1-5 can be found
in the Study Area in MasteringBiology.

DRAW IT An artificial “cell” consisting of an
aqueous solution enclosed in a selectively
permeable membrane is immersed in a beaker
containing a different solution, the “environment,”
as shown in the accompanying diagram. The
membrane is permeable to water and to the simple
sugars glucose and fructose but impermeable to the
disaccharide sucrose.

(a) Draw solid arrows to indicate the net movement of solutes
into and/or out of the cell.

Is the solution outside the cell isotonic, hypotonic, or
hypertonic?

(c) Draw a dashed arrow to show the net osmosis, if any.

(d) Will the artifi-
cial cell become
more flaccid,

more turgid, |
or stay the same?
Eventually, will
the two solutions
have the same or
different solute
concentrations?

==L

PRACTICE
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0.03 M sucrose
0.02 M glucose
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EVOLUTI.ON CONNECTION Paramecitim.and other
unicellular eukaryotes that live in hypotonic environments
have cell membranes that limit water uptake, while those
living in isotonic environments have membranes that are
more permeable to water. Describe what water regulation
adaptations might have evolved in unicellular eukaryotes in

uNIT Two Cell Biology

®

10.

11.

hypertonic habitats such as the Great Salt Lake and in habitats
with changing salt concentration.

SCIENTIFIC INQUIRY An experiment is designed to study
the mechanism of sucrose uptake by plant cells. Cells are
immersed in a sucrose solution, and the pH of the solution
is monitored. Samples of the cells are taken at intervals, and
their sucrose concentration is measured. The pH is observed
to decrease until it reaches a steady, slightly acidic level,
and then sucrose uptake begins. (a) Evaluate these results
and propose a hypothesis to explain them. (b) Predict what
would happen if an inhibitor of ATP regeneration by the cell
were added to the beaker once the pH was at a steady level.
Explain.

SCIENCE, TECHNOLOGY, AND SOCIETY Extensive irrigation
in arid regions causes salts to accumulate in the soil. (When
water evaporates, salts that were dissolved in the water are left
behind in the soil.) Based on what you learned about water
balance in plant cells, explain why increased soil salinity
(saltiness) might be harmful to crops.

WRITE ABOUT A THEME: INTERACTIONS A human pancreatic
cell obtains O,—andmnecessary molecules such as glucose,
amino acids, and cholesterol—from its environment, and

it releases CO, as a waste product. In response to hormonal
signals, the cell secretes digestive enzymes. It also regulates its
ion concentrations by exchange with its environment. Based
on what you have just learned about the structure and function
of cellular membranes, write a short essay (100-150 words) to
describe how such a cell accomplishes these interactions with
its environment.

SYNTHESIZE YOUR KNOWLEDGE

In the supermarket,
lettuce and other
produce are often
sprayed with water.
Explain why this
makes vegetables
crisp.

For selected answers, see Appendix A.
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For additional practice questions, check out the Dynamic Study
Modules in MasteringBiology. You can use them to study on
your smartphone, tablet, or computer anytime, anywhere!



CHAPTER 10
Cell respiration

Aerobic oSyl aa s | Catalyzed &b e o | ATP synthase FEBNIPE
Anaerobic CpanSY) iy Oxidation 28 Electronegativity | dulus <
Redox Ji sl - ausls Reduction Jia) Fermentation RAS
Agent Jale Breakdown ahsy Regulation s
Harvest Loy Motive force 428123 48 Photosynthesis | sl sl

Respiration: extraction of energy from nutrients.

Energy flows into an ecosystem as sunlight and leaves as heat. The chemical elements essential to
life are recycled. Photosynthesis generates Oz and organic molecules, which are used in cellular
respiration. Cells use chemical energy stored in organic molecules to generate ATP, which
powers work. Light f- 5 %
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There are three types of Respiration:
1) Aerobic respiration (Cellular respiration).

2) Anaerobic respiration (Fermentation) ATP ATP powers
3) Facultative anaerobic respiration. 1% most cellular work
il cllend §1 g3 A5 Alia Heat { {
(O iy Eiaay ¥) G 3508 o $IAY) il (1 energy

(CrnasSY) 392 9 ady iaay) Guas) 3529 & G g oA Ll (2
CraasY) Sl gl g g Gy (o 1A (il (3

Aerobic respiration consumes organic molecules and Oz and yields ATP. Anaerobic respiration
is similar to aerobic respiration but consumes compounds other than O2. Fermentation (Type of
anaerobic respiration) is a partial degradation of sugars that occurs without O-.
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Concept 10.1: Catabolic pathways yield energy by oxidizing organic fuels

Catabolic pathways release stored energy by breaking down complex molecules. Electron
transfer plays a major role in these pathways. These processes are central to cellular respiration.
The breakdown of organic molecules is exergonic.

Cellular respiration —catabolic pathway —> exergonic reaction
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Cellular respiration includes both aerobic and anaerobic respiration but is often used to refer to
aerobic respiration. Although carbohydrates, fats, and proteins are all consumed as fuel, it is
helpful to trace cellular respiration with the sugar glucose.

3539 lilenll o3 Juaii (S oS Gy (5 51 Gl 5f OS] 35309 (g 1 aTS L) (a5 1) ) ity
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(AL ) Ales (B 5 oS S oS gAY s

General equation: CeH1206 + 6 O2 — 6 CO2 + 6 H20 + Energy (ATP + heat) / Heat = 686 K.Cal/mol
Redox Reactions: Oxidation and Reduction. (Jay!s wstill cdleli)

The transfer of electrons during chemical reactions releases energy stored in organic molecules.
This released energy is ultimately used to synthesize ATP.

Redox = an abbreviation of Oxidation — Reduction reaction.

Ja clig i) Ji cldae | ATP A8Uall QS ja aiat oo Al glgmnall o (diil) ke 8 Gaaas ) J) J3AY g sl e i
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Chemical reactions that transfer electrons between reactants are called oxidation-reduction
reactions, or redox reactions. In oxidation, a substance loses electrons, or is oxidized. In
reduction, a substance gains electrons, or is reduced (the amount of positive charge is reduced).
The electron donor is called the reducing agent. The electron receptor is called the oxidizing
agent.

Loss electrons — oxidation reaction — reducing agent

Gain electrons — reduction reaction — oxidizing agent

(4883) el sl ddee 6 JI3EAY) g deasUil) coBle s Aloliiall o gall (pu il g ASIB U Leud oty ) Ailpanl) el anss
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During cellular respiration, the fuel (such as glucose) is oxidized, and Oz is reduced. Organic
molecules with an abundance of hydrogen are excellent sources of high-energy electrons. Energy
is released as the electrons associated with hydrogen ions are transferred to oxygen, a lower
energy state.

9 Becomes oxidized — 1
C6H1206 + 6 02 —> 6 COZ + 6 H20 + Energy

(S ) adany 5 g SSIY) 59 B jSan Sy 4l (1) ) R CopmanSD Cannyg 98 gl pSn duasilly (g gAY (i) Ll Jala
s clig A (e S a3e e L) gia) o A8 Mo | jaas (o g sigd) 3 Ga S aae e (g gind ) LS jall 2ai
b A yal) g AN = 5 A Gash o A8 g g A s Can g 33 12 Lo g giag Y dlle A8 g3 Sl S oy
(D158 g sl Alac (5) S ) L) 39S sIAN JSa JA1S i gt
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In cellular respiration, glucose and other organic molecules are broken down in a series of steps.
Electrons from organic compounds are usually first transferred to NAD*, a coenzyme. As an
electron acceptor, NAD* functions as an oxidizing agent during cellular respiration. Each NADH
(the reduced form of NAD*) represents stored energy that is tapped to synthesize ATP.

NAD* = Nicotinamide adenin dinucleotide. NAD*
FAD = Flavin adenin dinucleotide.
Dinucleotide = (4 G s (e (5 sin) 29l gl (AL H ﬁ

LS all (e o 5 9S 9B S anlas oy (g gAY il Ayles 3

4 guanl) LS pall (e AT oy ) g S ) e Bas e & gadanl)
(AN J58) ) g RSB Jalins 22y 2 5 NAD™ J) S e ) Jais
IR Al Gy 4l (g) (g 5lal) el ddee 8 MuSga JalaS aidida g () 5SS
13 s sisy NADH Y dsaks NAD* J) JI A &5 Ladie (s e muSs3 5
OsSi ATP J) S e pleal podiins ALy 4338 4Bl e (S )

£ 6 5 (38 5l SE) 38 il (g G5 0 NADY J S
Al 55 320 L Nicotinamide 4 s il saclal Jasy (s glal)
O s ¢ yaal) sac 8l Jaay

C— NH,

Nicotinamide
(oxidized form)

H—(::—OH +NAp+ Dehydrogenase c:::o +NADH + H*
Dehydrogenase: is an enzyme that catalyzes oxidation

— reduction reaction (redox reaction) in cellular |
respiration. Dehydrogenase oxidize the organic
compound and take two H atoms from it then one of | HO  OH
these H atoms is transported to NAD* to form NADH.

dia g g 5 geand) i sl o Y1 100 Sy g S ki) Ao 3 1 FAYI g Sl SRS Sy s i sh Sk g bl o )
NADH zaadl Gaa 558 33 4plazy s NAD* J) S je J550 a3 cpa g o) O a2

Three Stages of Cellular Respiration:

1) Glycolysis (breaks down glucoese into two molecules of pyruvate).

2) The citric acid cycle or Krebs cycle (completes the breakdown of glucose).
3) Oxidative phosphorylation (accounts for most of the ATP synthesis).

1dal e A ) o gl (il dlec aud

(B9l a5 Cniua CnS e ) SN S padaat o) 39S gl Sau aglant Al ja -1

(als U= 5 g8 otal) S adani Al yall o2 B o) (S feal) aand) Alla i (g S ABla D

(4 o slal) il Adae (3 ATP 1 S e alina (685 Ala jal) o3n (B ) Banasliall 5 jiudl) s ja -3

The process that generates almost 90% of the ATP is called oxidative phosphorylation because it
is powered by redox reactions. A smaller amount of ATP is formed in glycolysis and the citric
acid cycle by substrate-level phosphorylation. For each molecule of glucose degraded to CO2
and water by respiration, the cell makes (30 — 32) molecules of ATP.
Oxidative phosphorylation =
(sansSliall 3 jaudll)
Substrate-level phosphorylation =
(Aleliiall ol sall 5 judll)
(sl IS Y ki

Substrate
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Concept 10.2: Glycolysis harvests chemical energy by oxidizing glucose to pyruvate

Glycolysis (“sugar splitting”) breaks down glucose into two molecules of pyruvate
Glycolysis occurs in the cytoplasm and has two major phases:

1) Energy investment phase.

2) Energy payoff phase.

Glycolysis occurs whether or not Oz is present.

b g aal) 1) 558 ) BauaS (5 5k e ibpanl) Bl 321 5 ¢ 558 ) pskaad Al e

(a9 ) Gt O s G 5 sS slall adaaty Cus (e 300 i) a3 sbead) (B 5 S lal) S agaad oty
O )5S sla) aydas vie ABUAY) 4
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Which of the following is true?
A) The first phase in cellular respiration is Pyruvate oxidation.
B) The second phase in cellular respiration is oxidative phosphorylation.
C) The first phase in cellular respiration is Glycolysis.
D) The second phase in cellular respiration is Krebs cycle.
E) C+D.
Answer: (E)
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We used 2 ATP molecules for the
glycolysis to occur. At the end of the
glycolysis process we got (4ATP + 2H20 +
2Pyruvate + 2NADH). The net ATP for this
processis (4—-2=2ATP)

.I:.jl‘"-.-'"v-’ ! § _;:_,-
<ATP ¢

Glucose “ )\

o H

Glucose
6-phosphate

Energy Investment Phase

Glucose
Wt ],

2.3 ATP? used 2 ADP + 2 (P)

W
Energy Payoff Phase
_ Y WL
4 ADP + 4 (P) 4 > ATP / formed
/\\
2NAD* + 4 e +4H* - 2 |NADH| + 2 H*
;» 2 Pyruvate + 2 H,0
Net \

2 Pyruvate + 2 H,0
2 ATP
——» 2 NADH + 2 H*

Now let’s talk about the energy investment phase of the glycolysis process:

&’\‘@

Fructose
6-phosphate

CHo0H UP CH0— P CHpO—(®) CH,OH
H OH H On 2
H ' H H HO
OH H OH H OH
HO OH Hexokinase HO OH  phosphogluco-
H od OH isomerase HO H

The energy investment phase occurs in five steps: (<) shi duady dls yall o1 )

1) Addition of a phosphate group to glucose molecule at carbon number 6 (C6) catalyzed be
hexokinase enzyme (the phosphate group is taken from ATP).

Hexokinase m @b oo dllis (6) by gt o JsSsid) ps5ad itk | s ATP JI @S a (e il gh A gana 33 o5 -1

(i -6 38588 ) ) Jsais

isomerase enzyme. Isomer = (k)

2) Then the Glucose 6-phosphate is converted to Fructose 6-phosphate by Phosphogluco-

w3 Gk Ce (808 ) S ele (e) i gib oS AN ) i g6 g8 olad) (s a I -2

(Sssstall ulai 543,81 223) . Phosphogluco-isomerase
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Glyceraldehyde
J-phosphate (G3P)

Fructose \ATF/ Fructose o
6-phosphate . " 1,6-bisphosphate |“°“
CH,0—(P CH,0H UDP P)—0CH, CH;0—P CH0—E
o 0 Isomerase
H HO H HO
HHU i [ Phospho- HHD 1 on Aldolase | Dihydroxyacetone
(4] phosphate (DHAP)
© CHy0—F
¢—o0
CrgoH

3) Addition of another phosphate group to Fructose 6-phosphate at carbon number 1 (C1)
catalyzed by Phospho-fructokinase enzyme (NOT Hexokinase) so now we have Fructose 1,6-
bisphosphate as a result. Bisphosphate = <l s (e gana

s> &l Phospho-fructokinase a3l b oo i g6 588 e a A s AT 8 ciliugh de gans dBLa) -3
i gl iG55l

4) Fructose 1,6-bisphosphate is a highly unstable molecule thus Aldolase enzyme break down
this molecule into two molecules (Glyceraldehyde 3-phosphate (G3P) + Dihydroxyaceton-phosphate
(DHAP)) each one of them has 3Carbon atoms.

sgiall 18 aubad e Aldolase mil den il (dlle d8Ua 53) jiiwe o o hn il gd],6 S5 AN o5 a2 -4
.G3P & DHAP s (i jall @Sl G @3 3 Lo agie s IS (ssing (i ) (0 S) (ouulinn)

5) G3P is an aldose molecule (look at the carbonyl group) but DHAP is a ketose molecule.
G3P and DHAP are isomers, Isomerase enzyme catalyze the conversion between these two
molecules. Conversion between DHAP and G3P this reaction never reaches equilibrium.

O 5 ey il (50 DHAP £ a5 (dise Sl Ao ganae (S ) Slil) cilalgaal¥) e G3P J) pg -5
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Now let’s talk about the Energy payoff phase of the glycolysis process:

.\

25 ATP.

Glyceraldehyde 2 NADH A
2-phosphate (G3P) 2 NAD* +2H' 2ADF\/ 2 =
- \_/ 2 o
CHy0—P Triose r/-_ FHUH Phospho- EHGH
phosphate 2 (P); CHO0—P glycerokinaze CH,0—P
lzomerase dehydrogenase - 0
(5] 6 1,3-Bisphospho- 3-Phospho-
”‘B'm Dihydroxyacetone glycerate JiE=E -
phosphate (DHAP)

zlzuzn P

C=0

CHyOH
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6) Two molecules of G3P enter the energy payoff phase to continue the process. Pjis an
inorganic phosphate that doesn’t have energy inside it, two molecules of G3P are oxidized in
which an aldehyde is converted into a carboxylic acid and two molecules of NAD* is reduced to
NADH catalyzed by Triose phosphate dehydrogenase enzyme. The energy released by this
highly exergonic oxidation reaction is transferred to the inorganic phosphate group. So now the
phosphate group has a high amount of energy. G3P is converted to 1,3-Bisphosphoglycerate.
Note: we have two molecules for each compound. (S JS ¢ Gl > Uaal)

Al 8 il gl Ao gana ()85 Jelill 13 4l (3 S8 slil) apdaad Llee JlaSia 400N s jal) ) G3P Ul (e Oda Jay
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7) Each 1,3-Bisphosphoglycerate molecule has two phosphate groups attached to it.
1,3-Bisphosphoglycerate is converted to 3-phosphoglycerate catalyzed by
Phospho-glycerokinase enzyme that cleave two phosphate groups from 1,3-Bisphosphate
molecule and transfer them to ADP, ADP + P = ATP.

Don't forget that we have two molecules for each compound. We have got 2ATP molecules.

S e (o Cilds 8 (S gaa £ ) oLy Gl g8l (0 (S gaa e g5is0 1,3-Bisphosphoglycerate (= s g JS -7
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2ZADP
2 2 2 2
T T ! il
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CHOH H—CO— P co—P C=0
| Phospho- | Enolase I Pyruvate |
CHEO—’E glyceromutase CH,OH 9 CH, kinase CH,
2-Phospho- 9 2-Phospho- Phosphoenol- @ Pyruvate
glycerate glycerate pyruvate (PEP)

8) Slight change occurs to 3-phosphoglycerate molecule catalyzed by Phospho-glyceromutase
enzyme that change the position of the phosphate group from the third carbon atom to the
second carbon atom. 3-Phosphoglycerate — 2-phosphoglycerate.

e Jexs 53 Phospho-glyceromutase ajdl ik o= 3-phosphoglycerate «S o o i3 clllia Gaasy -8
. 2-phosphoglycerate ) S all Jgaib 2 a8 050 KU ) 3 a8 ) (5 SN e lhan gil) A8 gana pBga st
(SSm S e O s Ll il i )

9) Enolase enzyme takes two molecules of water from 2-phosphoglycerate producing
Phosphoenol-pyruvate (PEP).

Phosphoenol-pyruvate = » gii# 2-phosphoglycerate «S s o slall (s (i ja Enolase mi) & 54 -9
(S 0 U8 (e o s Wl 4l i ) (PEP)
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10) Pyruvate kinase enzyme removes the phosphate group from Phosphoenol-pyruvate (PEP)
and transfer it to ADP producing ATP + Pyruvate.

Kinase: the enzyme that is responsible for substrate-level phosphorylation in the cellular
respiration. (95}&\ el ‘;su;uw A gall 3 ja0dll dilae e J g pan a Y \'JA)

) 4 il gil) de saae Jig Phosphoenol-pyruvate «S s o« cildugill 4 saas Pyruvate kinase a3 g ik -10
. ATP + Pyruvate J < giid ADP S %

At the end of the glycolysis glucose molecule is broken down into two molecule of pyruvate. And
also we have 2NADH + 2H20 + 2ATP (Net) as a products.

Concept 10.3: After pyruvate is oxidized, the citric acid cycle completes the energy-yielding
oxidation of organic molecules

In the presence of Oz, pyruvate enters a mitochondrion (in eukaryotic cells), where the oxidation
of glucose is completed. Pyruvate enters the mitochondria via active transport.
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Oxidation of Pyruvate to Acetyl COA: (a3 Sl S yo N gl 520<1)
Before the citric acid cycle can begin, pyruvate must be converted to acetyl coenzyme A (acetyl
CoA), which links glycolysis to the citric acid cycle. This step is carried out by a multienzyme
complex that catalyzes three reactions:
1) Oxidation of pyruvate and release of CO.. (Carboxylation: Carboxylase enzyme)
2) Reduction of NAD* to NADH. (Catalyzed by dehydrogenase enzyme).
3) Combination of the remaining two-carbon fragment and coenzyme A to form acetyl CoA.
CoA = Coenzyme A (a derivative of vitamin B).
Decarboxylase = «S_all (e 580 s (A0 £33 e Jany (52 a1 3 50
Dehydrogenase = ¢ Al (udlll) dlee < JIEAY) — sl MW Egan e J g pesdl) A Y
r 4 MITOCHONDRION

CYTOSOL »
7 e
|
(2

T
f:O CH;
CH;
NAD* |NADH | +H*  Acetyl CoA
Pyruvate

Transport protein
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L] (A £ 55 s Lavie @980 (ge 3 ADE e (g giny cub gl S 5e o Ly Decarboxylase mi Gk e 4l
058N Ga O3 e (g ging s Jiamal) S pa iy L5 (3 raa s JBT (5 S Q3 a2 (8 4ke g8

NADH J) <S50 ) NAD* J) S e 138 o il s ) 358) dgles clllia aasl dles JS1-2

288 il S e U 5 a9 33 980 o) S e Jasi 3 -3
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The Citric Acid Cycle:

The citric acid cycle, also called the Krebs cycle, completes the breakdown of pyruvate to COa.
The cycle oxidizes organic fuel derived from pyruvate (Acetyl CoA), generating 1 ATP + 3 NADH +
1 FADH2z + 2 CO2 per turn.

&85 ) 098N i A ) Cudg sl (S e andand JlaSid Ala pall 038 ol | S Al Co e e sl S ) Glaealf dils
ABlat) o ) g ()5S s ARLAY) o2a 3 a3 68 S Bausl iy (o slal il Ailee

Ol ga &aaali 550l o388 b g ) S 5e (g Cpifa Lol 48l Ly 3,90 0881 ATP + 3 NADH + 1 FADH2 + 2 CO2
s il st

The citric acid cycle has eight steps, each catalyzed by a specific enzyme:

<|:=O
CHy |
Acetyl CoA
o=<|:—coo-‘r_ 'S H.O
4 tl:nz ] o cl:oo- . .2 \
/;f’" | CO0 : CH; . coo
- Oxaloacetate éHz
Hé—COO‘
HO—CH
(oo )
Isocitrate .
CITRIC -
- 'NADH
ACID © L EE)
. C

Hz

|
Fumarate ¥ . énz a-Ketoglutarate

CHz —_—v— !

9

Succinate P
GTP GDP Succinyl *H
CoA
ADP

1) The acetyl group of acetyl CoA joins the cycle by combining with oxaloacetate, forming
citrate. Acetyl CoA (2C) + Oxaloacetate (4C) = Citrate (6C)

(98 i citrate wS e oS g8l (SLy oxaloacetate «S a8l A acetyl COA S« badipn -1
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2) Rearrangement of atoms in Citrate molecule by removing H20 molecule from citrate and bring
it back in a different arrangement of atoms producing Isocitrate.

s> ik lull (e CAliia quli i aale ) g slall (e g3 £ 3 Gob ce Citrate J) S e Jals @l dll gl [ sale) <2
Isocitrate

3) Isocitrate is oxidized to a-Ketoglutarate and NAD* is reduced to NADH. One CO2 molecule is
removed from Isocitrate. a-Ketoglutarate has 5 carbon atoms.

S 4 J)358) o4 a-Ketoglutarate S e ) Jsaid ase 0 se SU sl A6 eg3a £ 35 ISOCitrate s sauSi o4 -3
0308 e &l 3 ek e a-Ketoglutarate << « s siss NADH ) NAD* J)

4) a-Ketoglutarate is oxidized and combined with CoA-SH forming Succinyl CoA. NAD" is
reduced to NADH (for the second time). Another CO2 molecule is removed so Succinyl CoA has

4 carbon atoms.

&) NAD* <€ 1 J1358) oty Succinyl COA S » UgSa COA-SH & ki a-Ketoglutarate —< »« 1usls -4
058 e 1,3 4 Succinyl COA S e dlliag il 6 AT 5 50 ¢y ga Sl Buasi (AU e(5 3 £ 35 s (450D 3,.1) NADH

5) CoA-SH is removed from Succinyl CoA producing Succinate molecule (with same carbon
atoms). GDP is attached to a phosphate group forming GTP molecule. The phosphate group is
transferred from GTP to ADP. ADP is converted ATP.

s bt (O O3 2 G e s 5ia) Succinate sei> &8 Succinyl CoA S (s« COA-SH g3 &l =5
ATP e 3 b ADP ss5a o) GTP Ul (e Sl sl e sane JEEE Glld 2ay o5 GTP U 58 il gil) de sanes GDP

6) Succinate is oxidized to Fumarate and FAD is reduced to FADHz.

FADH2 ) Jsaiis FAD J) s s JIFA) sbs Fumarate ¢ s ) dsaiis Succinate d) s s b3Sl o -6

7) Addition of water molecule to Fumarate producing Malate molecule.

Malate s~ giid Fumarate & sl s s 4ila) -7

8) Malate is oxidized to Oxaloacetate and NAD" is reduced to NADH (for the third time).

.NADH ) NAD* ¢¢s 32 J 3l sy Oxaloacetate s> ) Malate s 2ty Cua J) ) — 20sl Jelii Gy -8

The Citric acid cycle occurs twice per glucose molecule. (1ATP + 3NADH + 1FADH:2 + 2CQO2) *2

$g 0 JSs g ) (o Gl () Jeal S slidl alad Letie ) toaall) St g IS (OsU99) (e u S Al Gaad
LABLSY o3a JAN Oy g9 Gaaad Al wﬁﬁﬁhgﬁuédi zla Cad gy

Concept 10.4: During oxidative phosphorylation, chemiosmosis couples electron transport
to ATP synthesis

Following glycolysis and the citric acid cycle, NADH and FADH2 account for most of the energy
extracted from food. These two electron carriers donate electrons to the electron transport
chain, which powers ATP synthesis via oxidative phosphorylation.

e Sl o s giaig FADH2 (e (> 9 NADH Cliaja (e ddadl ity G S ABla g 568 glad) andaa dlec (e s LY 22y
Sy (g RS JAL Aladas ) Lgie il Sty I gd i g SSIM JB1 38 <y Sl oda Jand | S sS sBl) S (e 3] ) A8
S5 g SR il Adae 38 AN Alda pall 2a3 ) ) Bacasliall 3 el dlee 5050 o2 ATP J) @S e gaiaall e Jans
(s
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The Pathway of Electron Transport: (s 5! Jall s )

The electron transport chain occurs in the inner membrane (cristae) of the mitochondrion. Most of
the chain’s components are proteins, which exist in multiprotein complexes. Electrons drop in
free energy as they go down the chain and are finally passed to Oz, forming H20. Electron
carriers alternate between reduced and oxidized states as they accept and donate electrons.

i (e it g ) i g ) (o A i oS aam a5 LS ghall S0 pLERY 3 il g YT (S Aoy o

s2a JEIE Ly O2 CaaasS¥) o5 on ) Wl o dilgl) 85 LgiBlla (ha Ig G didid JAT ) (i g pal) dimall (g ALl 8 i 5 STY)
O Adudeal) Jals il S Ji oy plall oo UsSe HY G g dgd) ol O Oy Canas¥) Ty G L) il g )
AT ) il e (e JIFR) — aunSlEl S 15k

We have 4 multiprotein complexes:

Complex (1), Complex (2), Complex (3),
Complex (4)

1) In Complex (1) electrons are transferred from
NADH to FMN Then to Fe.s and NADH is oxidized
to NAD".

2) In Complex (2) electrons are transferred from
FADH: to Fe.s and FADH: is oxidized to FAD.

2 electrons are transferred from NADH or

2 electrons are transferred from FADH: per turn.

Complexes 1-1V each
consist of multiple
proteins with electron
carriers.

Saal) [ (1) (g nl) aall 1A g ) dBral) (e £ 581 4 L 2a
Glghd (4) by pll dadl /(3) Aol el /(2) Aol
A g A JAT Al

e ) NAD.H G s S dﬂ:‘j (1) sl 2ol ‘f_a‘ -1 Electron transport chain
Cua | Fe.s Al & FMN ) (osuus 48l + 598 glad) andaat dglec Electrons (from NADH or FADH,)

NAD* gzass NADH J m\:% move from a less electronegative
9 electron carrier (one with a lower affinity

Fe.s ) FADH2 oo <l ashy) Jais (2) L..s‘.‘:‘S}JT‘” M‘ Lfa -2 for electrons) to a more electronegative electron
e L) a8 g il Jaiy FAD zoan s FADH2 28l dua carrier down the chain, releasing free energy.
(Auda JS ) 55 US GAFADH2 5| NADH

2
13l .FADH2 (e }i NADH (3 Lo ¢yl g <l A o ;)'Z\Si C_)mj\ﬂ The last electron carrier (Cyt a;)
we . ol i ey v passes its electrons to oxygen,
Jih 3 s (1) U“~'~“~9J"'“ VOB NADH ¢- fujﬁﬁ‘g\ <adl which is very electroregative.
FADH2 0 <ad) 131 Wl (2) (g pall ddnall 88 iy g il g AsIY)
Saal) gy g il g S JAT () sa (2) (Adigll daal) 2H* + 'f;-@
(1) A (most electronegative) Y\

2) Whatever those electrons have been taken from NADH or FADH: it will be transferred to @
ubiquinone molecule. Ubiquinone: abbreviated as Q, is an organic molecule (not a protein)
dissolved in the hydrophobic region of the inner membrane of the mitochondrion. It can move
freely within the hydrophobic region of the membrane.

ubiquinone sl I iy A o Jiilia FADH2 (ol NADH (e o) s WIAT 25 ) clig SN jaan (S Laga -2
eLiall b plall dpaa i) didaiall (3 58 Of aodaion (Q) Coa o i) &y (Silisi s ) (e il 5) G 9aS £ g0 sl 13 any
[l g Sy il pLad) Jals A pguey AS ) ki 4ild Ul 5 L S ginll AR

3) Electrons will be transferred from ubiquinone to Cytochrome b (Cyt b) then to Fe.s then to
Cytochrome C1 (Cyt c1) in Complex 3.
Ubiquinone —Cyt b »Fe.s »Cyt c1 (in complex 3)
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Cyt c1 ) wligashy) Jos 4 Fe,s ) i AN Jiil 5 Cyt b ) 4 alig AN ubiquinone sgia ik -3
(3 (Al SBaall JaN)

4) Cyt c1 will transfer these electrons to Cyt ¢ then from Cyt ¢ to Cyt a then to Cyt as.
(Only Cyt a and Cyt a3 are located in Complex 4).

Jaiie gl ) g CBl) A g ) dheal) (e Juag Alla JS 5315 Cyt € #gla ) 4ie Qlig AN Cyt €1 s Jikuw -4
Cyt az sja ) baw JEiiiu 25 Cyt @ s¢ia ) Cyt C (e Lasy cilig sty

5) Finally electrons are transferred from Cyt as to Oxygen molecule (high electronegativity) after
that Oxygen molecule combine with 2H* forming water molecule (Hz20).
2H* + %202 — H20

Lafi p ladey 5 (il ASIN e 4l (ol Al Al g S Al) s s a I Cyt @3 s> (e gAY Jiiia 3 ghd AT -5
i g S of paadi ¥ rdale daglra (o) 8 Al Hhil) slal) g g a UsSa (2HY) o) e @it (O) onnSY) o5 3
ATP Jl @S 0 phia dlee & 48U o3 alasia] oy (A g S Ja ddis 8 AT ) A g dna e JEI Lexic 43U J88

Chemiosmosis: The Energy-Coupling Mechanism. (ibws 4 5 sau))

The energy released as electrons are passed down the electron transport chain is used to pump
H* from the mitochondrial matrix to the intermembrane space. H* then moves down its
electrochemical gradient back across the membrane, passing through the protein complex ATP
synthase.

Aalall o2 addiud g S JA Ao & AT ) A g dBaa e JIE Laic (Lo ) ja) 48U a8 <l g ) () Wl Uaas LS
35 ey LS siaall Al ci L £ ) LS sl o gl JAI Jiladl e (U0 Cruned) i B b
355 0Y) s JRI Jiladl ) 5 AT 58 e 3505 g gl ode 5aE Ul g as (e (bl G La 1A b g g )
S 4 (e B AaS ala 218 (ATP synthase) 4uall alaall ¢ gl o (AL (g ook oo (el padida (5354l
(BB wiaall G5l 5o Jawdd JSill) L ATP J)

H* moves into binding sites on the rotor of ATP synthase, causing it to spin in a way that
catalyzes phosphorylation of ADP to ATP. This is an example of chemiosmosis, the use of
energy in a H* gradient to drive cellular work.

Stator = (<uill) ®)
Rotor = (<l i i sall) INTERMEMBRANE SPACE || & &
Internal rod = (¢lusdll e e lud)
Catalytic knob =

(ATP (rsSi L iany Al dakidl))

ddhaia) Cpuilidad) G La £181 ( clighgual) & jams
Oigull 2o 3 g sall f galls Jasi 35 ((Alad) s 2
i ) gl g AL il g g ) Tas ABUall aiaall
ALl 51) ADP S e 3 jheid )y 5all dulee (e

Jlie 22y 138 5 ATP ) Jsals (<l gh de sana Internal rod
AaUal) alodin o Cus Aibeassl] 4y pand) dlee o |
Al 38 il dalaie e Cligh gl AS ja (e Al / ;
oabidall 5 il Ahla ) (Guldad) Gn L E1,) Catalytic knob
S Sl by i glaall Jabs (g slad) Jalal) Jilud)) ‘
ATP J
=F Mg 7
®: < ATP
MITOCHONDRIAL MATRIX /\ \ -
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Certain electron carriers (Complex 1 + Complex 3 + Complex 4) in the electron transport chain
accept and release H* along with the electrons. In this way, the energy stored in a H* gradient
across a membrane couples the redox reactions of the electron transport chain to ATP
synthesis. The H* gradient is referred to as a proton-motive force, emphasizing its capacity to do
work.

Protein
complex
of electron

WADH || NaD
(carrying electrons
from food)

\

SATP

J J

€) Electron transport chain #) Chemiosmosis A

Oxidative phgsphorylation

Al 8 ABUal) 2885 il g <Y () Caany (S0 5 LS ginall (o 514 JATAN) Jilaad) 8 e )5Sy lisigpall 5uS 58 o 8 Wil Lass LS
enah Ly S ginall ¢pilal) cp La $108N ) o 18 JAIAN i) (pe il g5 ) JAIY Sf fidal andied A8l o2a ()l 5 (9 S0 JA
el S U e 5 Lo saall Al Giaad) (3Gl 5355l 38 5 Ji s Cuibdiad) G La §1AY 3 Ml i ) 58 5
ikaall G gl 505k (e L oS ginall AR Jilad) s AT 3 50 3 ga Lenie e A Al 5y Guildad) G La 141 8 i 5l
i) O Lo E1AN (8 haa S IS5 Uil S 800 ) oy ATP I S s (g Al ey jad) 43S 50, 31 (S 4Bl

Jh Sl il e Jani ((4) gl sbaall +(3) (i soall domal) + (1) (gl dheall) A g pal) cilaral) 2ay 8 Uil

Gk oo ol Ly (g il g SSIY) S < ) s A5 (bl G e 181 () L )i glall AR Jiladd) (e il g g
Cildall G La §1,80 8 13 iy Mo il ghgual) a8 55 raan el A gAY S8 Abedes 8 JISEAY) — el cdlelis
AUl piadl ALERY gl 5a sk Ge (AN L)) Gadiial) 38 dBhie ) 2 sad s clighgull Alle dadla 3 g8 o S Juilly
45 san) A ya + (g Y A Aoy A oz 3555 ATP J) S e (e by o) o el 6580 Al 45 gan¥) Lolany
Sy 52 08 g sIAN il 8 Alas AT 2a3 31 5 BacsUiall B jfudl) ddec chas Agilassl)

An Accounting of ATP Production by Cellular Respiration: (Aaslll aUall 4.8 Clus)

During cellular respiration, most energy flows in this sequence:

Glucose — NADH — electron transport chain — proton-motive force —» ATP

About 34% of the energy in a glucose molecule is transferred to ATP during cellular respiration,
making (30 — 32) ATP. The rest of the energy is lost as heat.

Bl U 3 g Sy JAi Aluds LY 5 NADH ) o5 JsSsBl) S 39 Joadocil] e Ailal) Jiiss g gl (i) Flee &
e oy Cun (g oA il Ades 3 ATP ) Jeai JsS ol 5 (s 5 48l (10 %34 ATP JSS Jlo o5 clighgpall dadlal)
Bl 08d e A8l A 2 a5 ATP J) e s3> (32 — 30)

Every NADH molecule gives 2.5 ATP / Every FADH2 molecule gives 1.5 ATP.

Important note: The free energy from the electron transfer causes 4 protons to move into the
intermembrane space contributing to the proton gradient. For every 4 H+ ions, 1 ATP is
produced.
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ATP J) S e (0 1.5 s FADH2 ¢ s S 9/ ATP J) @S0 (10 2.5 hes NADH @S 4 (e 5552 S

SBaall ) Adig g Sra (e o) JAY o sian (e clig S JEIE Ladie (g ASIY) JAI Aludur 8 ASH il L8aaS 11as el 4 glaa
S A3 Gy Guildal)l G La £ A0 cligi g gl cpe <l 33 4 Jii B 48Ul o3a addiud Eua 1giBla ha JulAl) 84S Lgdd (daly oA
il g (Sl 38 i) Aflata) Ly S ginall ASIAN Jilad) ) agas S cligig ) oda adai Aulle dadly b b JSdy g Lgad Ciligi gl
ATP J) (e 28y 555 pea (2 phlu 01589 (o i3 4 JS O alad O agall a9 ATP J) llly

Electron shuttles : h | MITOCHONDRION
span membrane Y—' (2NADH |
or —— —
CYTOSOL — 2F 69@
2 NADH| 2NADH, __  6NADH. [2FADH,|
~ OXIDATIVE
o PHOSPHORYLATION
- A - A : (Electron transport
and chemiosmosis)
+2ATP +2ATP + about 26 or 28 ATP
Maximum per glucose: _ About

30 0r 32ATP.
So now let’s calculate how we have got (30 — 32) ATP In cellular respiration:
1) From glycolysis: we have got 2ATP + 2NADH (in some cases NADH is converted to FADH>).

(FADH2 ) NADH Jsak a¥lal) (s 8) NADH o Ciaja + ATP S e (e i gl 1S sitd) anbad dlee (0 -1

2) From Pyruvate oxidation: we have got 2NADH.
3) From Citric acid cycle or Krebs cycle: we have got 3SNADH + 1FADH:2 + 1ATP per turn, but two
turns occur in Krebs cycle so we have 6NADH + 2FADH: + 2ATP.

NADH ¢ G a8 1Cud 5 sl 32080 -2
S Al (3 S 3,59 JUATP (s aly #558 + FADHz Ge 43l 2552 + NADH 00 Sl 3 g soma s &l 00 3
.6NADH + 2FADH2 +2ATP &\-&453 Ol e @\ﬂ\ e aclaly ‘;JouJJsJ_GJ\ S (e RN OS5 ada

4) All NADH and FADH2 molecules are used in Oxidative phosphorylation process (Electron
transport chain + Chemiosmaosis). And that’s why the oxidative phosphorylation has the
highest amount of ATP production. (26 — 28) ATP.

(Al Ay gacd) + (gAY JAT Abiabs) auai ) BacasSliall B i) didee 8 NADH + FADH2 il geen padicd -4
O i L SEATP J) cli jad L) 5 glad) (udiil) cilbdas (e dalas JAS) a5 Bauuslial) 3 jdadl) dilee () 3 canad) 134

I i Jsaih o (Saall (e (S stad) puaat A pa) A o Jgb A 4dl o8 ol S8 Sall (e 2350 085 G5 e5 5 (28 — 26)
J) S i Ul ud ATP J) iy ja 230 ofd Ml g odef JS& 8 ¢paa o LS FADH2 ) & jall 038 (1 (il NADH
ATP 1.5 b2y FADH2 J S 0« 5 ATP 2.5 = NADH

Oxidative phosphorylation — 2NADH or 2FADH: + 2NADH + 6NADH + 2FADHz.

! | !

(26 — 28) ATP » 3-5ATP) + (5ATP)+(15+3=18ATP)
So that’s why we have (30 — 32) ATP molecules.
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Summary for aerobic respiration: (CxssSY) 3e g 5 Al Guiiill juad jadla)

We have three processes:

1A) Glycolysis occurs in cytosol.

1B) Pyruvate oxidation occurs in mitochondrial matrix.

2) CAC or Krebs cycle occurs in mitochondrial matrix.

3) Oxidative phosphorylation (Electron transport chain + Chemiosmosis) occurs in the inner
membrane (cristae).

10y 25a g0 (A il jpad adle

tda) e 4530 Ll

AR Jilad) 8 g ) Bans) Wany g [ J gea giibal) 8 2 39S glad) anlani -1

AR Jilad) 8 Caon r S s 22

LS gall ARSI a6 Can (AibaasSh) 43 ) pant) + (9 ASIY) J83 Alaidid) il ) BacsUiall 3 dudll -3

Products: (e JS & 5)

1A) Glycolysis: 2 ATP (Net) + 2 NADH + 2 H20 + 2 Pyruvate.
1B) Pyruvate oxidation: 2NADH + 2CO2

2) Krebs cycle: 6NADH + 2ATP + 2FADH:2 + 4CO:2
Glycolysis generates 2ATP

Krebs cycle generates 2ATP

Oxidative phosphorylation generates (26 — 28) ATP.

Total = (30 — 32) ATP.

Concept 10.5: Fermentation and anaerobic respiration enable cells to produce ATP
without the use of oxygen

Most cellular respiration depends on electronegative oxygen to pull electrons down the
transport chain. Without oxygen, the electron transport chain will cease to operate. In that case,
glycolysis couples with anaerobic respiration or fermentation to produce ATP. Anaerobic
respiration uses an electron transport chain with a final electron acceptor other than oxygen, for
example, sulfate. Fermentation uses substrate-level phosphorylation instead of an electron
transport chain (Oxidative phosphorylation) to generate ATP.

OV Ay Cpaasy) aga g o e g slall il Sllee alana 1 pedilly cansi Lo sl CanaSY) 3529 1 e g oA (udill) lee

B Adas 3535 (e 58 Y (oS smp i e S A R Al 5 il g I (gl Jienal) 5 Alle Al Al g Y
g gl alant yadil) dlee 8y CpeaSY) 252 93 (5 s il 8 LS (g 08 JAS Adalas 23 93 Y el Bplee 8 Uil 5 5 5
585 5) Jadd Alo Uiial) o) gall 8 pdeadl) dulac (1o (ATP) 4Bl iy padil) (G (3l (S0 5 ConnmaSH) 252053 (5 51A0) (pudilll 8 LaS 368 oY)
Ji Aludi aga ot 13> Adlle Cilialy) Bacsliall 3 jiudl) 305k (e Leaiiy CpaasSY) 3 5a 50 (5 AT GalTEl el (13 Uaea daSy

(ol i) o) e s 5 g ASIN (gl Jiianal) ()5S padl) e B (95

Two types of fermentation: alcohol fermentation and lactic acid fermentation. Fermentation
consists of glycolysis plus reactions that regenerate NAD*, which can be reused by glycolysis.
In alcohol fermentation, pyruvate is converted to ethanol in two steps:

1) The first step releases CO:2 from pyruvate. Pyruvate — Acetaldehyde.

2) The second step produces NAD* and ethanol.

ISV Gaaa jadd D [ (A gasl) jadal) -1 ;i) dles (e gl i Ll

JEY) ) gl Jsas (Jgash) jaddl) 8 NAD*Y 2225 Al edlelii -2 558 glal) aphaati -1 opfiales (e el Lol ()5S
S JIA) dles a3 -2 gl ) S el Jgatd b g gl o g S dpaS] (A o5 () £35 A -1 10 shady
(S50 U8 (e i3 Ll s A glas) NADY 2528 NADH e il aasl dlee ity Jgiliy) ) J oy Cum ailgualliun)
Agall o la g 3l dslia b oSl el ddes pdiud
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2ADP+ 2(®, 23 ATPC

Glucose

- 2 NAD* 2[NADH] (O

C=0
| 2 Pyruvate
H—C —OH

| NAD* REGENERATION
CH,

2 Lactate

(b) Lactic acid fermentation

2 ADP + 2(P),

.:'.’I k\il— _--'Z;
=0

Glucose |

2@
+ 2 HY
T H
|
H—C—0OH C=0

| NAD* REGENERAFION |
CH, CH,

2 Ethanol 2 Acetaldehyde

(a) Alcohol fermentation

In lactic acid fermentation, pyruvate is reduced by NADH, forming NAD* and lactate as end
products, with no release of CO2. Lactic acid fermentation by some fungi and bacteria is used to
make cheese and yogurt. Human muscle cells use lactic acid fermentation to generate ATP

during strenuous exercise when Oz is scarce.

s n sl g 09 Sl daasl (AU pg () £ 50 (e ISV Gaaa b g ) J) A S LSSV (daeald jeddl) dlee 8
LAY axdts s bt g ol (any wial SLESY) aaad paddl) dilac b i€l g GeY) (s aaiius . NAD*SY NADH

A A st A J8 Laxie ABLAY ¢y lail) o U 48U gt SVElly  iSY) (aan el dolee (LY sl Al

S 3a Jale oSy JIEA) dales Al Gang o2 Gllg J R Jale (S sl dples Al Giaay g3 1 S

Comparing Fermentation with Anaerobic and Aerobic Respiration:

The processes have different mechanisms for oxidizing NADH to NAD*: In fermentation, an
organic molecule (such as pyruvate or acetaldehyde) acts as a final electron acceptor. In cellular
respiration, electrons are transferred to the electron transport chain. Cellular respiration
produces (30 — 32) ATP per glucose molecule; fermentation produces 2 ATP per glucose

molecule.

Oy 352 83 (o 1Y) (uditl) (o cld g Al e Caaatil
O JS QaliaS CpansSY) 392 g i (e 5 AT (udiil)
& Vsl JISEAY) — ausll cdlelds 43y )l b cpialaad)
SR Al 2353 Y (OS] (193 (0) padl) Al
Lod ilgalliona) 5h g ) S ja ()5S0 5 48 (9 Y
b (Al Jalinal) (558 s Lal ALl Jaltial)
i paddl) Adee b CpansY) 5 g 5 g olA) Luditl)
15200 gAY (il 3 Ll ATP Ge O s 4088 48Us
ATP e 253> (32 — 30) gy 438 GaaasY)

Glucose
CYTOSOL Glycolysis
No O, present: O, present:
Fermentation Aerobic cellular

respiration

MITOCHONDRION

Ethanol,
lactate, or
other products

CITRIC
ACID ¥

CYCLE
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Concept 10.6: Glycolysis and the citric acid cycle connect to many other metabolic
pathways

Glycolysis and the citric acid cycle are major intersections to various catabolic and anabolic

pathways. Glycolysis accepts a wide range of carbohydrates including starch, glycogen, and

several disaccharides. Proteins that are used for fuel must be digested to amino acids and their
amino groups must be removed. Fats are digested to glycerol (used to produce compounds
needed for glycolysis) and fatty acids. Fatty acids are broken down by beta oxidation and yield
acetyl CoA, NADH, and FADH:. An oxidized gram of fat produces more than twice as much ATP

as an oxidized gram of carbohydrate.

A A gae GLS ja e (A gl o slall i) dplee b () Clilead AdliAL @) jlua clllia
U g atgd) Cililasd il jlaall aal (um S ABIS 5 5 98 olad) andant dlac e

S (b Sadl) 508 51 IS (e ) iy Lgeiy Aoland) (5 () it ) B 508 g8l S e g8 glall ks Ales

e

Jm.m\i

36858 aaaind Al i gyl LSl e W e ) (il gl B Sl cpa sS4+ (il 8 DSl () Jie g8 glad)
Caadiivd 13] \gda (el A gana £33 ol O any Ll o5 ¥ gl Aaal (o g 1) aaa () oy (eSSl s A (5 1A (i) dland
Grob oo Aiaal (b gaadl Judla alaati Gy aay o5 (Al (da gand) + g aula)) dabeal) Lgilig8a ) alaati G g 3688 ¢y ga
Bl e laaS aad Lgils G gaal) (e 3l g a) & Bausi &5 1305 FADH2 + NADH + aail o8 Jisad Leia iy Cum (Baws¥)) didac
(3 5a S (e ST g o Alle Al e (g gt ¢ gaall () (of) il ad ga SN (e da) g al S B a3 1) ABUal) AaS ria (e S

Other metabolic pathways:
1) Carbohydrates (sugar) pathway: " &
If we have glucose sugar then the glycolysis '
will begin normally, but if we have another
sugar it will behave another pathway. K%
2) Proteins pathway: |
After the break down of proteins into amino

acids and the removal of amine group (NHz3)

these amino acids join the cellular respiration

in three pathways (join Pyruvate or join

Acetyl CoA or join CAC.

3) Fats pathway: after the break down of

fats into (glycerol + Fatty acids), glycerol

joins G3P molecule and fatty acids are NH,
converted to Acetyl CoA. ‘

Amino
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Proteins |

Carbohydrates Fats

Sugars Glycerol

Glucose

Glyceraldehyde 3-(P) -

4
Pyruvate

Acetyl CoA

Fatty
acids
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Regulation of Cellular Respiration via Glucose

Feedback Mechanisms: ' AMP
Feedback inhibition is the most common GLYCOLYSIS [
mechanism for metabolic control. If ATP s Séim”'a‘es
concentration begins to drop, respiration

speeds up; when there is plenty of ATP, v
respiration slows down.

Inhibits Inhibits

G AN Guditl) dplas audali 1 1 IAY) (il dlas aas
(Odla e Gaok o0

Jany (Ao ATP S je 3388 OIS 13 shagfidl) dda pa -1
a3 laadi e Citrate + ATP «Sa

Jl @S 3855 S 13 W Phosphofructokinase

Ce Aalil) ald o ) (udil) Alee Jandds S5 48 S8 ATP
Phosphofructokinas a3 Jss AMP S s 32 5b

ﬂ\%%;#c@\ﬁjw 138 2y 43l L.,Si
ATP S e 585 S hilly g glad) % <

Citrate

CITRIC
ACID
CYCLE

\L Oxidative
phosphorylation

Test Questions (Practice exam)
Test Yourself
Q1) The end product of glycolysis is:
A) NADH.
B) Acetyl-CoA.
C) Lactate.
D) Pyruvate.
Q2) The final output of the Krebs cycle includes all of the following except:
A) NADP.
B) FADH:.
C) ATP.
D) CO2.
Q3) Which of the following is not a product of fermentation?
A) COa.
B) O..
C) Ethanol.
D) Lactate.
E) All of the above are products of fermentation.
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Q4) What substance is produced by the oxidation of pyruvate and feeds into the citric acid

cycle?

A) Pyruvate.

B) Acetyl — CoA.

C) COo..

D) Citrate.

E) None of the above.

Q5) In aerobic cellular respiration, which generates more ATP, substrate-level

phosphorylation or chemiosmosis?

A) Substrate — level phosphorylation.

B) Chemiosmosis.

C) Both generate the same amount of ATP.

D) Neither generates any ATP.

Q6) What role does Oz play in aerobic respiration?

A) It plays no role.

B) It combines with acetyl-CoA at the start of the Krebs cycle.

C) It is given off as a by-product during the oxidation of pyruvate.

D) It combines with H20 to help drive the formation of ATP.

E) Itis the final electron acceptor at the end of the electron transport chain.

Q7) Organisms that do not have the ability to produce or synthesize their own food are called:

A) Anaerobic.

B) Autotrophs.

C) Exergonic.

D) Catabolic.

E) Heterotrophs.

Q8) What substance is regenerated by fermentation?

A) O2.

B) NAD*.

C) Acetyl — CoA.

D) ATP.

E) Glucose.

Q9) Oxidizing which of the following substances yields the most energy?

A) Proteins.

B) Glucose.

C) Fatty acids.

D) Alcohols.

E) Water.

Q10) The oxidation of glucose to two molecules each of pyruvate, ATP, and NADH is called
and occurs in the

A) Glycolysis / Cytoplasm.

B) Fermentation / Cytoplasm.

C) The Krebs cycle / mitochondrial matrix.

D) Anaerobic respiration / cytoplasm.

E) The respiratory electron transport chain; cristae of the mitochondrion.
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Q11) The final electron acceptor in lactic acid fermentation is:
A) NAD".

B) Pyruvate.

C) O2.

D) Ethanol.

E) ATP.

Q12) ATP formation by glycolysis:

A) Occurs through aerobic respiration.

B) Is an extremely efficient method of acquiring energy by the cell.
C) Requires oxygen.

D) Involves substrate-level phosphorylation.

E) A+C.

Q13) The net result of the breakdown of glucose in glycolysis and fermentation is the
production of:

A) 38 ATP.

B) 36 ATP.

C) 2 ATP.

D) 4 ATP.

Q14) In glycolysis, the activation of glucose is accomplished by:
A) NADH.

B) Coenzyme A.

C) ATP.

D) COs..

E) None of the above.

Q15) If 10 molecules of acetyl CoA enters the Citric acid cycle, How many molecules of ATP
will be made by Substrate — level phosphorylation.

A) 18.

B) 10.

C) 20.

D) 4.

E) 32.

Q16) In glycolysis glucose undergoes:

A) Polymerization.

B) Oxidation.

C) Reduction.

D) Catabolism.

E) B+D.

Q17) The net products of breaking down of one Acetyl CoA in Citric acid cycle are:
A) 2 CO2, 6 NADH, 2 FADHz and 1 ATP.

B) 2 CO2, 3 NADH, 1 FADHzand 1 ATP.

C) 3 CO2, 3 NADH, 1 FADH2 and 2 ATP.

D) 4 CO2, 6 NADH, 2 FADH2 and 2 ATP.

Q18) The carriers for the electron transport system are located
A) Within the cytoplasm of a cell.

B) On the cristae of mitochondria.

C) Within the matrix of mitochondria.

D) Within the Golgi apparatus.
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Q19) How many times does the Krebs cycle turn per glucose molecule?
A) Once.

B) Twice.

C) Three times.

D) Four times.

E) Six times.

1-D 2- A 3-B 4-B 5-B 6- E /- E 8-B 9-C 10-A

11-B [12-D |13-C [14-C |15-C |16-E |17-B [18-B |19-B
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Phosphofructokinase is an allosteric enzyme with
receptor sites for specific inhibitors and activators. It
is inhibited by ATP and stimulated by AMP (adenosine
monophosphate), which the cell derives from ADP. As
ATP accumulates, inhibition of the enzyme slows down
glycolysis. The enzyme becomes active again as cellular
work converts ATP to ADP (and AMP) faster than ATP is
being regenerated. Phosphofructokinase is also sensitive

to citrate, the first product of the citric acid cycle. If citrate

accumulates in mitochondria, some of it passes into the
cytosol and inhibits phosphofructokinase. This mecha-

nism helps synchronize the rates of glycolysis and the citric

acid cycle. As citrate accumulates, glycolysis slows down,
and the supply of pyruvate and thus acetyl groups to the

citric acid cycle decreases. If citrate consumption increases,

either because of a demand for more ATP or because ana-
bolic pathways are draining off intermediates of the citric
acid cycle, glycolysis accelerates and meets the demand.

Metabolic balance is augmented by the control of enzymes

that catalyze other key steps of glycolysis and the citric
acid cycle. Cells are thrifty, expedient, and responsive in
their metabolism.

Cellular respiration and metabolic pathways play a role of
central importance in organisms. Examine Figure 10.2 again
to put cellular respiration into the broader context of energy
flow and chemical cycling in ecosystems. The energy that
keeps us alive is released, not produced, by cellular respiration.
We are tapping energy that was stored in food by photosyn-
thesis. In Chapter 11, you will learn how photosynthesis
captures light and converts it to chemical energy.

CONCEPT CHECK 10.6

1. MAKE CONNECTIONS » Compare the structure of a
fat (see Figure 5.9) with that of a carbohydrate (see
Figure 5.3). What features of their structures make
fat a much better fuel?

2. Under what circumstances might your body synthesize
fat molecules?

3. VISUAL SKILLS » What will happen in a muscle cell that
has used up its supply of oxygen and ATP? (Review
Figures 10.18 and 10.20.)

4. VISUAL SKILLS » During intense exercise, can a muscle
cell use fat as a concentrated source of chemical energy?
Explain. (Review Figures 10.18 and 10.19.)

For suggested answers, see Appendix A.

Go to MasteringBiology™ for Videos, Animations, Vocab Self-Quiz,

0 Cha pter Re‘Ii ew ' Practice Tests, and more in the Study Area.

SUMMARY OF KEY CONCEPTS

CONCEPT 10.1

. . ¥ N\
Catabolic pathways yield energy
by oxidizing organic fuels (pp. 237-241)
Cells break down glucose and other organic fuels sgﬂ%‘lﬁz
to yield chemical energy in the form of ATP. goo.gl/Rn5Uax

Fermentation is a process that results in the partial

degradation of glucose without the use of oxygen. The

process of cellular respiration is a more complete breakdown
of glucose. In aerobic respiration, oxygen is used as a reactant;
in anaerobic respiration, other substances are used as reactants in a
similar process that harvests chemical energy without oxygen.
The cell taps the energy stored in food molecules through redox
reactions, in which one substance partially or totally shifts elec-
trons to another. Oxidation is the total or partial loss of electrons,

passed first to NAD", reducing it to NADH, and are then passed
from NADH to an electron transport chain, which conducts
the electrons to O, in energy-releasing steps. The energy that is
released is used to make ATP.

Aerobic respiration occurs in three stages: (1) glycolysis,

(2) pyruvate oxidation and the citric acid cycle, and

(3) oxidative phosphorylation (electron transport and
chemiosmosis).

9 Describe the difference between the two processes in cellular respiration
that produce ATP: oxidative phosphorylation and substrate-level
phosphorylation.

CONCEPT 10.2

Glycolysis harvests chemical energy by oxidizing
glucose to pyruvate (pp. 242-243)

Glycolysis (“splitting of sugar”) is a series of reactions that breaks

while reduction is the total or partial addition of electrons. During
aerobic respiration, glucose (C.H;,0) is oxidized to CO,, and O, is
reduced to H,O:

— becomes oxidized
CgH1,06 + 60, — 6CO, + 6H,0O + Energy
L—becomes reduced

Electrons lose potential energy during their transfer from glucose
or other organic compounds to oxygen. Electrons are usually
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down glucose into two pyruvate molecules, which may go on to enter
the citric acid cycle, and nets 2 ATP and 2 NADH per glucose molecule.

Inputs Outputs

Glucose '—‘> 2 Pyruvate + 2 + 2

Which reactions in glycolysis are the source of energy for the formation
of ATP and NADH?




CONCEPT 10.3

After pyruvate is oxidized, the citric acid cycle
completes the energy-yielding oxidation
of organic molecules (pp. 243-246)

In eukaryotic cells, pyruvate enters the mitochondrion and is
oxidized to acetyl CoA, which is further oxidized in the citric
acid cycle.

Inputs Outputs

_‘

2 Oxaloacetate

3C|TR|C

What molecular products indicate the complete oxidation of glucose
during cellular respiration?

CONCEPT 10.4

During oxidative phosphorylation,
chemiosmosis couples electron transport
to ATP synthesis (pp. 246-250)

NADH and FADH, transfer electrons to the electron transport
chain. Electrons move down the chain, losing energy in several
energy-releasing steps. Finally, electrons are passed to O,, reducing
it to H,O.

S AeSeRctsT L A S
1 1+ INTERMEMBRANE
1
i @ SPACE
Protein complex )
of electron Y
carriers
Q
b
FADH, (29" 2H %50, H,0
NAD*
NADH MITOCHONDRIAL MATRIX
(carrying electrons from food)
Along the electron transport R- *
chain, electron transfer causes EMBRANE
SPACE W e

protein complexes to. move H"
from the mitochondrial matrix
(in eukaryotes) to the intermem-
brane space, storing energy as a 5 y
proton-motive force (H' gradi-

ent). As H™ diffuses back into the MITO-

matrix through ATP synthase, EA'_LCT)E:?(RIAL ATP

its passage drives the phosphory- synthase
lation of ADP to form ATP, called

chemiosmosis.

About 34% of the energy stored
in a glucose molecule is trans-
ferred to ATP during cellular
respiration, producing a maxi-
mum of about 32 ATP.

aop+ ®, (@)

9 Briefly explain the mechanism by which ATP synthase produces ATP
List three locations in which ATP synthases are found.
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CONCEPT 10.5

Fermentation and anaerobic respiration enable
cells to produce ATP without the use of oxygen
(pp. 251-254)

Glycolysis nets 2 ATP by substrate-level phosphorylation, whether
oxygen is present or not. Under anaerobic conditions, anaerobic
respiration or fermentation can take place. In anaerobic respira-
tion, an electron transport chain is present with a final electron
acceptor other than oxygen. In fermentation, the electrons from
NADH are passed to pyruvate or a derivative of pyruvate, regen-
erating the NAD" required to oxidize more glucose. Two common
types of fermentation are alcohol fermentation and lactic
acid fermentation.

Fermentation and anaerobic or aerobic respiration all use glycolysis
to oxidize glucose, but they differin their final electron acceptor
and whether an electron transport chain is used (respiration) or
not (fermentation). Respiration yields more ATP; aerobic respira-
tion, with O, as the final electron acceptor, yields about 16 times
as much ATP as does fermentation.

Glycolysis occurs in nearly all organisms and is thought to

have evolved in ancient prokaryotes before there was O, in

the atmosphere.

Which process yields more ATE fermentation or anaerobic respiration?
Explain.

CONCEPT_10.6 ..

Glycolysis and the citric acid cycle connect
to many other metabolic pathways (pp. 254-256)

= Catabolic pathways funnel electrons from many kinds of organic
molecules into cellular respiration. Many carbohydrates can
enter glycolysis, most often after conversion to glucose. Amino
acids of proteins must be deaminated before being oxidized. The
fatty acids of fats undergo beta oxidation to two-carbon frag-
ments and then enter the citric acid cycle as acetyl CoA. Anabolic
pathways can use small molecules from food directly or build
other substances using intermediates of glycolysis or the citric
acid cycle.
Cellular respiration is controlled by allosteric enzymes at key
points in glycolysis and the citric acid cycle.

Describe how the catabolic pathways of glycolysis and the citric acid
cycle intersect with anabolic pathways in the metabolism of a cell.

TEST YOUR UNDERSTANDING

‘ Multiple-choice Self-Quiz questions 1-7 can be found
in the Study Area in MasteringBiology.

8. MAKE CONNECTIONS Step 3 in Figure 10.9 is ;
a major point of regulation of glycolysis. The :
enzyme phosphofructokinase is allosterically C
regulated by ATP and related molecules (see O
Concept 6.5). Considering the overall result of PRACTICE
glycolysis, would you expect ATP to inhibit or
stimulate activity of this enzyme? Explain. (Hint:

Make sure you consider the role of ATP as an

allosteric regulator, not as a substrate of the enzyme.)

9. MAKE CONNECTIONS The proton pump shown in Figures
8.17 and 8.18 is a type of ATP synthase (see Figure 10.14).
Compare the processes shown in the two figures, and say
whether they are involved in active or passive transport (see
Concepts 8.3 and 8.4).
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CHAPTER 11
Photosynthesis

Autotrophic 0l (S By-product S5 il Pigment Lua
Heterotrophic | &l S0 je Nucleic acids | &5 ases Excitation (z=68) 34
Photosynthesis | sl <Ll Reverse S Linear BN
stomata DY Y Calvin cycle CAl dals Cyclic S
Mesophyll 48 )5 Lol Wavelength sl Jshbll | Fixation TS

The Process That Feeds the Biosphere. (sl still ddac o (g gaadl Gl 20540 Aleall)
Plants and other photosynthetic organisms contain organelles called chloroplasts.
Photosynthesis is the process that converts solar energy into chemical energy within
chloroplasts.

8 yat g ol gy glSl) 3 gual) sl Alae Chaas _mmjﬁmtwujcgsﬂs Jadl) Sl ey pe g Ll (g gins
Ailass AU ) A pucal) ABURY 3y a5 Alee Ll

Autotrophic = <tlall Jis L0380 513/ Heterotrophic = Ui sal) Jie 0l a3 e
Autotrophs (self-feeders) are the producers of the biosphere, producing organic molecules from
CO2 and other inorganic molecules. Heterotrophs are the consumers of the biosphere.

S AU o5 3 (e (SeSSRY S i) Ay guaad) LS pall i g (s gaad) CiDIAT) JAS daiial) Sl Ap3aal 463 i) axs
Ly Ll Al Y gd (5 gaad) Cidlall Atgional) clulSl) Al A e Kl dad Gl Jad) (e 0 e 5 (9 SY)

Photosynthesis occurs in plants, algae, certain other unicellular eukaryotes, and some
prokaryotes. (L e s LAY Glaa g + qllakl) + @bl 4 A gedal) sUd) Adee iaal)

Concept 11.1: Photosynthesis converts light energy to the chemical energy of food

Leaves are the major locations of photosynthesis in plants. Chloroplasts are found mainly in
cells of the mesophyll, the interior tissue of the leaf. Each mesophyll cell contains (30-40)
chloroplasts. CO2 enters and Oz exits the leaf through microscopic pores called stomata.

e G S N
CIEud) Cudl g slSl) aa 5 cliludl) 3 (gl N =
mesophyll =3 S 48 el LAY Jals (51 i)
489 4l JS s giad (48,50 AN eldal) 3 s 55)
Gl e JAx cdly gy olsll (e 8552 (40 = 30) e
Oy Sl AT B, 1 G G gl sl A
Ao 4B g0 8 a0 5l agli 5o sk e 4Bl (e

3|

Mesophyll {i. A il

)
' Stomata é\(@ |

Mesophyll = cudls ) slsll e 4 giaall 48 5 L3a
Stomata = Jsd o s

Chloroplast = (s!_aall Glaiudll)

Stroma (internal fluid) = ¢ sla Jalall L)
Thylakoids = ! yaall claiudd) Jals dglie sl
Granum (Stacked thylakoids) =

dal il aliall (WlsY) (e gana

Thylakoid space = Jiall (usll Jala g1l

membrane

Outer membrane = o~ cLiall Stroma Granum Thylakoid Intermembrane

Inner membrane = skl ¢Lixl) ace space

Intermembrane space = gabiall Gu e g1 all Inner
membrane
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Photosynthesis is a complex series of reactions that can be summarized as the following
equation: 6 CO2 + 12 H20 + Light energy — CsH1206 + 6 O2 + 6 H20.

The overall chemical change during photosynthesis is the reverse of the one that occurs during
cellular respiration.

il Aal) lanl) i gudal) pUinl) Aglee 2ay AN 5 Alslaall (335 OIS (ha B Alades (pa i geall i) Agla () oS5
6 COz2 + 12 H20 + Light energy — CsH1206 + 6 O2 + 6 H20:4dslaal) | (5 g1i)

Chloroplasts split H20 into hydrogen and oxygen, incorporating the electrons of hydrogen into
sugar molecules and releasing oxygen as a by-product. In this figure we see how the reactants are
distributed to form products.

gl L sl pig 5 coudla s slSl i Reactants: 6 CO, 12 H,0
Ol e Sl S sy CpasY) +
ComaaSY) (3l g Sl iy e Wganai
EI80 Ak s ) suall oda B 5 i, g 53 milaS
ARl 3 sall 8 Aleliall o pall il 53 Products: CeH,506 6 H,O 60,

Photosynthesis as a Redox Process: Photosynthesis reverses the direction of electron flow
compared to respiration. Photosynthesis is a redox process inwhich H20 is oxidized and COz is
reduced. Photosynthesis is an endergonic process; the energy boost is provided by light.
Photosynthesis is an anabolic process.

o) (uSady gl oLl dolee 8 adl Cum | € (S ) FAY) — Sl ESLES Ly diang Al cilileall (e (g gudal) sll) Do 2
B e 3 JIEA) Gaaay g (il S d84) slall g Ja aaslly A peall slidl didae 8 (g oA (i) dilaay 45 jlie g SNy JUSH)
sl dlee a8 2aS3a Jale (50 SISl U eg 5 2my I i Jal plall o5 a ay Uil g (il g a8l qaey) (g2 Sl A
Ll liag) Blall dalall cilalaall (e 68 Uil s (Jasss S ja (e dra (S yo piaali Ll 3)) cililadl) & e Uil cilbidas (e 5 gucal)
soall @b oo AajY) Akl o a1 Ay (Gaad S

,— Becomes reduced —J,

Energy + 6CO2 + 6HO0 —> CgH120g + 6 O2
‘— Becomes oxidized 4T

There are Two Stages of Photosynthesis:

1) Light reactions (the photo part).

2) Calvin cycle (the synthesis part).

The light reactions occur in the thylakoids. (dxildall (ubs¥) 8 4 gall clelitl) Eiass)
Steps:

1) Split H20

2) Release O2

3) Reduce the electron acceptor NADP*to NADPH

4) Generate ATP from ADP by photophosphorylation.

The Calvin cycle occurs in the stroma forms sugar from COz2, using ATP and NADPH.
Calvin cycle has three phases we will take about them later.

(ATP + NADPH) are the light reaction products.
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43 gual) OIS LEL @ ghad Light

(2o + Ol ) sladl g5 paadly -1 )/
(Craas¥) 5 aT) Ot £ 904 -2 [

NADP* U slall s 5 (e cilig SN J &3 -3 4
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3 el dlac (10 ATP U Sy aoriaali 21y -4 \
O Ml s ADP oS sl (i gb L))
(e 43Ul Gl jal) e 223 ATP + NADPH LIGHT
& QANS ABla a4y gudal) cdle i) Aa e REACTIONS

230 b ()5S Can Cadly g 1Sl AN Sl

O s ks . Thylakoid -
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ATP + NADPH sacluse; i 435 guall
Chloroplast

Concept 11.2: The light reactions convert solar energy to the chemical energy of ATP
And NADPH

Chloroplasts are solar-powered chemical factories. Their thylakoids transform light energy into
the chemical energy of ATP and NADPH.

Akl Jygad! aliaa (5 padd) Coladadiall) Cudly g ol aad ApibrasS A8l ) A gual) A8 gt e A gudal) el W) Jass
Slo 0S5 Alpas A ) 4 pudal) ABU) gl e Lelals Al (b Jard Cun Al 8l ) (4 saall) dpanadid)
ATP + NADPH Jsi

The Nature of Sunlight:
Light is electromagnetic energy, also called electromagnetic radiation.
Wavelength: is the distance between crests of electromagnetic waves.

O 3le ¢ saall 98¢ guall daple a Lo 815 AuibiasS ) A gudal) 48U J gas 4l 5 (A gudal) oLl dlac 8 13 aga s gl f L o
e O Al cadl e o gall Johal) Cajas s 4y Gald 2 ga Ish plad) US| nlaline g )4 plad) sf dphalina g ¢S 43l
Apuhaliia g <) iy gall

Visible light

T T T T
380 450 500 550 600 650 700 750 nm

Shorter wavelength » Longer wavelength

Higher energy » Lower energy

The electromagnetic spectrum is the entire range of electromagnetic energy, or radiation.
Visible light consists of wavelengths (380 nm to 750 nm) that produce colors we can see. Visible
light also includes the wavelengths that drive photosynthesis. Light also behaves as though it
consists of discrete particles, called photons. Two lights are important in photosynthesis
process:

1) Blue light (400 — 500) nm wavelength / 2) Red light (640 — 700) nm wavelength
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Qe el g A%l @) (s seall) pladdl o gall sl 08 LS dala i sles

Photosynthetic Pigments: The Light Receptors.

Pigments are substances that absorb visible light. Different pigments absorb different
wavelengths. Wavelengths that are not absorbed are reflected or transmitted. Leaves appear
green because chlorophyll reflects and transmits green light.

_(9}&&%@\&)@)&\&3&1\@4\34@ Slaall
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Jid g sl ddsa (o J g8l Uadlf e il Lgde Lads ) pdacddy)
5 masall g padY) gl 31,0 s padl) ¢ gl el
Cndl (588 duaiai Y g puadY) g gual) (et S g ol<l) ddua ¢

padl gl g3 U 5L A uSalal)l pdl) ¢ guall

Chloroplast N N

A spectrophotometer measures a pigment’s
ability to absorb various wavelengths. This
machine sends light through pigments and
measures the fraction of light transmitted at
each wavelength. Transmitted
Spectrophotometer = (i sall Cahll (i) light

il s Elual) e o gual) AV o3 oy AllIA A ga J) ghal aliatial Ao dipal) 3308 (Ll (A1) 1ol o 1A gl Cidal) (ubida
(s dsb JS palay ) 099 (e Adpall B (e e A1 (gl ¢ 5ad)

N . N " White Refracting Chlorophyll Photoelectric
a5 (A aey lea reiahll (alaial) (uld Slea light prism solution tube

Al 2 al) Jshally ¢ puall drpall abaia) G 4830al)
e 5 gl a Jtean B o - Slgal) Jandl A
Tl A el pipedl) Jlatd Lala ) sl 9.

o2 i o) plakl) y pall Gals gudal lld aay o5 W)
dipa Aldly Jolaa e e pladdl 138 Jaai laday

Galvanometer

The high transmittance (low

Jud g slsl dssa (aliatia) Hlade (bl clld g Jud g, 51N | Slit moves to pass light Green absorption) reading indicates
Se) AN e gilil) Glga o jeday olld aay Q3 pladdl of selected wavelength. light that chlorophyll absorbs
e aall Oi d\) 3\,311.9 Sea 1 ‘;3“2\ sel il o g LS very little green light.

CilS ey al g S g slsll drsa DA e e 53
Lasa o L e Sleadl 138 (e il s (laa Alle Al
A Adaai g dsal Jy p2dY) o plal) Gaiai Y Jid g ol =
Bl Al 8 | pumdl sl Ll 48,5l b Jully 5 LIS (e

dapa YA (e sadd (3030 Adgl ek Linia 5 AL

. RN TR v R a4k The low transmittance (high
Aaa Ol 1) 4“-‘-‘& JLC‘AA‘ B8] 2 ilSa i g is) Blue absorption) reading indicates
(omS J8hy @0V s pall patial Jid g ) 5 light that chlorophyll absorbs

most blue light.
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There are three types of pigments in chloroplasts:

1) Chlorophyll a, the key light-capturing pigment.

2) Chlorophyll b, an accessory pigment.

3) Carotenoids, a separate group of accessory pigments.

The absorption spectrum of chlorophyll a suggests that violet-blue and red light work best for
photosynthesis. An action spectrum profiles the relative effectiveness of different wavelengths of
radiation in driving a process.
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pigments
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T T i
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Wavelength of light (nm)

(b) Action spectrum (a) Absorption spectra
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The difference in the absorption spectrum CH; in chlorophyll a
between chlorophyll a and b is due to a slight CHOn chlorophyTb

CH2z
structural difference between the pigment .:;H H o
molecules. Some carotenoids function in NN Porphyrin ring:
me pn wo—c. §7 8" So—cheos  |ight-absorbing
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Excitation of Chlorophyll by Light: Excited
When a pigment absorbs light, it goes from a
ground state to an excited state, which is
unstable. When excited electrons fall back to the
ground state, excess energy is released as heat.
In isolation, some pigments also emit light, an
afterglow called fluorescence.

Heat

[ a
N

Energy of electron

oaial Laxie 1¢ guaall Lgualialia) 31k (8 Jib g st 500 dlec L e
(5 5al1) At sty ) 3 jiueal) AaY) (pa JHEE 5 gudal) Abseal Hl ;::g:’e’; concs)
il g sy d‘}! EAY) dapall Ll 5 jiiea gr a2 ‘;ﬂ\} Photon L'%\A, : P~
¢ (5 gaall (o JEiT g gudal) (10 Al CapiS) Dicpaal Jiy (A cr state

) (s gheal) I clig pSY) aga Lavie Ada o) (5 gia ) 4
e 5 Bu0a J8E e L) Lgstian ) AUt 4845 Lgild dgle cuils
(UBsa) plad s

(a) Excitation of isolated chlorophyll molecule

A Photosystem: A Reaction-Center Complex Associated with Light-Harvesting Complexes.

A photosystem consists of a reaction-center complex surrounded by light-harvesting
complexes. The reaction-center complex is an association of proteins holding a special pair of
chlorophyll a molecules and a primary electron acceptor. The light-harvesting complex consists
of pigment molecules bound to proteins. Light-harvesting complexes transfer the energy of
photons to the chlorophyll a molecules in the reaction-center complex. A primary electron
acceptor in the reaction center accepts excited electrons and is reduced as a result.
Photosystem = (2l saill) / Reaction center complex = (& sall Jelall 38 )

sall el 38 ja -1 1opilaia (e (b geall aldall) () oS5y Photo/s\ystem STROMA

S bt il ¢ 58 A8l e (Sand) saliiny) dilais -2 Photon “ Light- Reaction- )
Ll 5 i o u de e Dol S e o oS5 JoLi /-] harvesting  center Primary
g Jead Qi g s A8 gada (e DoNSE =5, complex electron

-/ _complexes

g S (Al St g (1) JibgslSl) dda o S3as 795
Aoy ja Clasal) (e Badaia laiJa (e dlasl) dilaia o) K 33332
O US1 (g A Gl (8 il g 5l o (a) ity - A
Suaal) Aihia U 060 sdl) e Aadlal) ALY a5 ( Cpilaial) \

Joliil) 38 sa dihaia ) Y gy AT () dda e JEET Wa2ay g
(1) Ssuslsl disa (e Gpaall gl G AU i i (S gudal)
slall £ g e 0550 gl sl dlec 8 Clig SIY) )aiaa s

A ) elall e(g 3a oo i g ST bda Jais adaalty Ladie

(1) Sdaustsl) da e Saaall g3l ) daail s (o gudal) pla)

(1) Susls i o Jpaall 7 g3 ) ABUAY JUS) s
) Jiial) ) ey Jui 5 3 e cili g SN 028 raaa

acceptor

Thylakoid membrane

Transfer  Special pir of chloro- Pigment
Ll g yast of energy phyll a molecules molecules

~ THYLAKOID SPACE
(INTERIOR OF THYLAKOID)
(a) How a photosystem harvests light

There are two types of photosystems in the thylakoid membrane:
1) Photosystem Il (PS Il) functions first. The reaction-center chlorophyll a of PS Il is called P680
because it is best at absorbing a wavelength of 680 nm.
2) Photosystem | (PS |) is best at absorbing a wavelength of 700 nm. The reaction-center
chlorophyll a of PS I 'is called P700.
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During the light reactions, there are two possible routes for electron flow: cyclic and linear.
Linear electron flow, the primary pathway, involves both photosystems and produces ATP and
NADPH using light energy.

Caaating Jod Jla -2 [ g I3 Jlaa -] tad e i g S JEIE ST (0 sh) b lllia ) & A gudal) Joldl) cliles DA
+ (2) Aguall pUAL) Ay guall AaBaiY) aran 392 g Cpaaly Cun Gl gASIYY JUEY (A gY) Jlasall ol Jlaal) axy 0 jludll SIS e
ATP + NADPH «bija Jadl) jlwall g ity ((1) Agall allail)

¢ Electron
transport chain
) Electron — P
transport chain ectron ® NADP
73 ' NADP+ 1+ H*
& reductasel: ..
2H s - Cytochrome '>DIADPI1
+ complex ‘
710, "
e. ~
Q. P6 5/ . Light
Light \ ¢/ G
’ /‘.V« A
Pigment
molectles Photosystem I
Photosystem II (PST)
(PS 1)

There are eight steps in linear electron flow:
1) A photon hits a pigment in a light-harvesting complex of PS II, and its energy is passed
among pigment molecules until it excites P680.

Yy s AT L L (po ABUAY JEIT Laasy 5 (2) o gudall AUAIN Jals BN Sl Aihaia 3 Ban) sial) diguall o (g0 gh Tai -1
o g Y jauma pdalh daglee Lglaly g SN 5 ) Cnd PEBO e I ol (1) dibgslsl) dina (e paad) a3l N
sl dala Ja AU o) g0 s e (5 Al

2) An excited electron from P680 is transferred to the primary electron acceptor (we now call it
P680").

P680 Jsii Julls A il sy S ) (PES0) Jidg sl ddval Sraall 7 g3l (1o Ll cilig yishy) Jaisi -2
g ASIY) il LY Adadd) A e s | PEBOT )

3) H20 is split by enzymes, and the electrons are transferred from the hydrogen atoms to P680",
thus reducing it to P680. P680* is the strongest known biological oxidizing agent. The H* are
released into the thylakoid space. Oz is released as a by-product of this reaction.
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4) Each electron “falls” down an electron transport chain from the primary electron acceptor of
PS Il to PS I. Energy released by the fall drives the creation of a proton gradient across the
thylakoid membrane.

P700 (o5 L sl (1) Sdgosisll dasa o Spaadl £ o30 ) (2) hgall alil) & oY) i g ASY) Jaiena (e cili g AslY) JE5E -4
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.Thylakoid space (Abdall gusll Jala &1 dl ) Stroma cawdl g slSll Al Jilud) (e @iligi gl Jo e d8Ual)

5) Potential energy stored in the proton gradient drives production of ATP by chemiosmosis.

Aiaasl) 4y ) sany) dples Bask e ATP S g o Jend ciligh g sall Adlal) 3 g8 3 4 jaal) 4BUaY) -5

6) In PS | (like PS 1), transferred light energy excites P700, which loses an electron to the primary
electron acceptor. P700* (P700 that is missing an electron) accepts an electron passed down
from PS Il via the electron transport chain.

PS Il (PEA) > Pq » Cyt complex »Pc »P700.in PS |

PS Il = Photosystem 2 / PEA = Primary electron acceptor / Pq = Plastoquinone
PS | = Photosystem 1/ Pc = Plastocyanin / Cyt = Cytochrome.

&) (A RS JA Al g il g Sy S Ladey (2) (ALY i gual) a3 Chasy LS (1) Jo¥) (gl a3 sy -6
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7) Each electron “falls” down an electron transport chain from the primary electron acceptor of
PS | to the protein ferredoxin (Fd).

ferredoxin = Gsies ) ((1) gl s i o g sall) (AN il g Sy Jiia (pe il g S JAiSS -7

8) NADP* reductase catalyzes the transfer of electrons to NADP*, reducing it to NADPH. The
electrons of NADPH are available for the reactions of the Calvin cycle. This process also
removes an H* from the stroma.

S A i) a8 NADP* s 32 S ferredoxin ¢fign oo <l Ayl Jii e NADP* reductase a3 Jax -8

Llaall o3a 3 Wy OANS Ala a5 U Aa jal) ) JA5 S350 NADPH s (8 8agagall cilip SN maai NADPH
848 Lasi <1 ellyy Thylakoid space (Al (sl Jahs £, ) stroma <l g sisll ARl Jilead) e il g g ) Ji
S e (a3 el daiie S (S @l g pall dadl

Cyclic Electron Flow: (wliy sSIY) Jay g slall L))

In cyclic electron flow, electrons cycle back from Fd to the PS | reaction center via a
plastocyanin molecule (Pc). Cyclic electron flow uses only photosystem | and produces ATP,
but not NADPH. No oxygen is released. Only ATP are produced in cyclic electron flow
Photon —> Light harvesting complex — P700 —> PEA — Ferredoxin — Cyt complex
Pc — P700.
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A Comparison of Chemiosmosis in Chloroplasts and
Mitochondria:

1) Source of energy: Chloroplasts and mitochondria generate ATP by chemiosmosis, but use
different sources of energy. Mitochondria transfer chemical energy from food to ATP;
chloroplasts transform light energy into the chemical energy of ATP.

2) Chemiosmosis process: In mitochondria, protons are pumped to the intermembrane space
and drive ATP synthesis as they diffuse back into.the mitochondrial matrix. In chloroplasts,
protons are pumped into the thylakoid space and drive ATP.synthesis as they diffuse back into
the stroma.
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ATP and NADPH are produced on the side facing the stroma, where the Calvin cycle takes
place. In summary, light reactions generate ATP and increase the potential energy of electrons
by moving them from H20 to NADPH.

stroma cawdl g slsll ARl Jilud) 3 Gaad dua GdlS A8l L) Waniial (g LEN) 223 ATP + NADPH @iy s Jiis
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Concept 11.3: The Calvin cycle uses twical energy of ATP and NADPH to reduce
02 to sugar

The Calvin cycle, like the citric acid cycle, regenerates its starting material after molecules enter
and leave the cycle. The Calvin cycle isanabolic; it builds sugar from smaller molecules by
using ATP and the reducing power of electrons carried by NADPH.

B 8 Input 3 CO,, entering one per cycle

Phase 1: Carbon fixation
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The Calvin cycle has three phases:

1) Carbon fixation (catalyzed by rubisco).

2) Reduction.

3) Regeneration of the CO2 acceptor (RuBP).

tOANS Al (B Gian Ja) e 4336 Sl
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Now let’s explain the Calvin cycle in details:

1) Three CO2 molecules enter the cycle per turn combine with three molecules of RuBP. RuBP
molecule has 5 Carbon atoms, after the combination of RuBP with CO2 we will have a product
with 6 Carbon atoms. (3 RuBP (5C) + 3 CO2 = 3 (6C)). This combination reaction is catalyzed by
Rubisco enzyme.

RuBP = Ribulose 1,5-Bisphosphate. (ki awy) 138 jlaid) Lis clle acdl 13gy cullaa cud)
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2) The 3 molecules of the 6 Carbon compound formed during Carbon fixation phase are
unstable and immediately cleaves into 6 molecules of 3 Carbon compound known as 3-
Phosphoglycerate.

O3Sl prilds S ) (ge iy Jo DAY 138 ASETH (Adadil) B jilia b 0 9S5 EIL  gu SN madies S pal) (e iy o EDAL -2
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3) The 6 molecules of 3-Phosphoglycerate is converted into 6 molecules of
1,3-Bisphosphoglycerate by Phosphorylation (the Transfer of a phosphate group from ATP to
3-phosphoglycerate). Here we used 6 ATP molecules.

1,3-Bisphosphoglycerate oS 0« cliyja < Il 3-Phosphoglycerate oS (e cliyja G Jgadi -3
(Sl gLl g ATP S pa (g b s Ao gana J5) B ohadl) Apas (35 e
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4) 6 molecules of NADPH is oxidized into NADP* and 6 molecules of 1,3-Bisphosphoglycerate is
reduced into G3P (Glyceraldehyde 3-phosphate).

S e e il 6 JIJR) S s NADP* ) Jsaiiy (wibis isl) 885) NADPH (e <l ja 6 sl -4
.G3P @S0 (e cliyja 6 S Jeaiiy (b sl qudst) 1,3-Bisphosphoglycerate

5) One of the 6 molecules of G3P leaves the cycle. The remaining 5 molecules of G3P enters the
regeneration of RuBP phase.

RUBP @S0 3325 dla jo G3P S e (e 4iiall ciliyja (uadd) JANE 5 QIS dala G3P S e il ja da) jalas -5
(OAS ARl -y LAY s jal)

112




6) Three phosphate groups are transferred from 3 ATP molecules to the remaining 5 G3P
molecules by phosphorylation. Then these 5 molecules of G3P is converted to 3 molecules of
RuBP (the initial molecule of the cycle).
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9 ATP + 6 NADPH + 3 CO2 are used to drive one turn of the Calvin cycle which produces one
molecule of the 3 Carbon sugar (G3P). Since two molecules of G3P are needed to produce
glucose the Calvin cycle must occur twice and the reaction will use: 18 ATP + 12 NADPH + 6 CO:a.

(G3P) (B jSeal) il &l 8550 IS e iy (9 ATP + 6 NADPH + 3 CO2) padiea GllS s (8 Guaai 393 J<
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) liad sl 5 NS ddla 8 deadiaiall cliy jad) sae cicliayg S olad) Su alal

J9S s Ga aalg s gha 2l 18ATP + 12 NADPH + 6 CO2

Test Questions (Practice exam)
Test Yourself
Q1) Which of the following are products of the light reactions of photosynthesis that are
utilized in the Calvin cycle?
A) CO2 and glucose.
B) H20 and O2.
C) ADP, Pi, and NADP*
D) Electrons and H".
E) ATP and NADPH.
Q2) Which of the following is incorrect for P680 and P7007?
A) Are found in thylakoid membrane.
B) Are oxidized following excitation.
C) Participate in linear electron flow.
D) Are modified of chlorophyll a.
E) Directly involved in chemiosmosis.
Q3) Rubisco:
A) Catalyzes carbon fixation in chloroplast.
B) CO2 and RuBP are its substrate.
C) Is found in the stroma of the chloroplast.
D) Is a Calvin cycle enzyme.
E) All of the above are correct.
Q4) Where does the Calvin cycle take place?
A) Stroma of the chloroplast.
B) Thylakoid membrane.
C) Cytoplasm surrounding the chloroplast.
D) Chlorophyll molecule.
E) Outer membrane of the chloroplast.
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Q5) When oxygen is released as a result of photosynthesis, it is a by-product of which of the
following?

A) Reducing NADP*.

B) Splitting the water molecules.

C) Chemiosmosis.

D) The electron transfer system of photosystem |.

E) The electron transfer system of photosystem II.

Q6) A plant has a unique photosynthetic pigment. The leaves of this plant appear to be
reddish yellow. What wavelengths of visible light are being absorbed by this pigment?
A) Red and yellow.

B) Blue and violet.

C) Green and yellow.

D) Blue, green, and red.

E) Green, blue, and yellow.

Q7) The reaction-center chlorophyll of photosystem | is known as P700 because
A) There are 700 chlorophyll molecules in the center.

B) This pigment is best at absorbing light with a wavelength of 700 nm.
C) There are 700 photosystem | components to each chloroplast.

D) It absorbs 700 photons per microsecond.

Q8) Which is released as a byproduct of photosynthesis:

A) Oxygen.

B) Carbon dioxide.

C) NADPH.

D) H20.

Q9) In Calvin cycle, 1 molecule of glucose is formed from

A) 6CO2 + 30ATP + 12NADPH.

B) 6CO2+ 12ATP.

C) 6CO2+ 18ATP + 12NADPH.

D) 6CO2 + 18ATP + 30NADPH.

Q10) The final product of the Calvin cycle is:

A) RuBP.

B) 3-phosphoglycerate.

C) G3P.

D) 1,3 — Bisphosphoglycerate.

Q11) Colors of light mast useful in photosynthesis are:

A) Green, yellow, and orange.

B) Red, violet, and blue.

C) Infrared, red, and yellow.

D) Red, white, and blue.

Q12) Both carotenoids and chlorophylls:

A) Are pigments.

B) Absorb photons of all energy.

C) Contain porphyrin rings.

D) All of the above.
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Q13) Water vapor exits and COz enters a leaf through the:
A) Stomata.

B) Grana.

C) Porphyrin rings.

D) Stroma.

Q14) Which of the following occurs during the light-dependent reactions of plants?
A) Electron transport.

B) Chemiosmosis.

C) Splitting of water.

D) All of the above.

Q15) How many carbon atoms are in a molecule of RuBP?
A) Two.

B) Three.

C) Five.

D) Six.

1-E 2-E 3-E 4- A 5-B 6- B 7-B 8-A 9-C 10-C

11-B [12-A [13-A [14-D |15-C
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1 Chapter Review

CONCEPT 11.1

Photosynthesis converts light energy to
the chemical energy of food (pp. 267-264)

VOCAB
In eukaryotes that are autotrophs, photosynthe- sggf:qmz
sis occurs in chloroplasts, organelles containing 2ol Rnsbax

thylakoids. Stacks of thylakoids form grana.
Photosynthesis is summarized as

6 CO, + 12 H,O + Light energy — C,H;,0, + 6 O, + 6 H,O.

Chloroplasts split water into hydrogen and oxygen, incorporating
the electrons of hydrogen into sugar molecules. Photosynthesis

is aredox process: H,O is oxidized, and CO, is reduced. The light
reactions in the thylakoid membranes split water, releasing O,,
producing ATP, and forming NADPH. The Calvin cycle in the
stroma forms sugar from CO,, using ATP for energy and NADPH
for reducing power.

9 Compare the roles of CO, and H,0 in cellular respiration and photosynthesis.

CONCEPT 11.2

The light reactions convert solar energy to the
chemical energy of ATP and NADPH (pp. 264-273)

Light is a form of electromagnetic energy. The colors we see as
visible light include those wavelengths that drive photosynthe-
sis. A pigment absorbs light of specific wavelengths; chlorophyll a
is the main photosynthetic pigment in plants. Other accessory pig-
ments absorb different wavelengths of light and pass the energy on
to chlorophyll a.

A pigment goes from a ground state to an excited state when

a photon of light boosts one of the pigment’s electrons to a
higher-energy orbital. This excited state is unstable. Electrons
from isolated pigments tend to fall back to the ground state,
giving off heat and/or light.

A photosystem is composed of a reaction-center complex
surrounded by light-harvesting complexes that funnel the
energy of photons to the reaction-center complex. When a
special pair of reaction-center chlorophyll @ molecules absorbs
energy, one of its electrons is boosted to a higher energy level and
transferred to the primary electron acceptor. Photosystem II
contains P680 chlorophyll a molecules in the reaction-center
complex; photosystem I contains P700 molecules.

Linear electron flow during the light reactions uses both
photosystems and produces NADPH, ATP, and oxygen:

&
/@q,o,?[
.
Ch, N5,
Primary i Por
e S electron Fd
electron . gecenion _—,—NADP*
acceptor o?)/‘» re’\éﬁthZse +H
%%%O NADPH
@ %
@/ Cytochrome .

complex
¢ @&
o O PO °
0,00 o o a®
020 Y]
. Photosystem I
Photosystem 11
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Cyclic electron flow employs only one photosystem, produc-
ing ATP but no NADPH or O,.
During chemiosmosis in both mitochondria and chloroplasts,
electron transport chains generate an H' gradient across a
membrane. ATP synthase uses this proton-motive force to
make ATP.

o The absorption spectrum of chlorophyll a differs from the action

spectrum of photosynthesis. Explain this observation.

CONCEPT 11.3

The Calvin cycle uses the chemical energy
of ATP and NADPH to reduce CO, to sugar
(pp. 273-274)

The Calvin cycle occurs in the stroma, using electrons from
NADPH and energy from ATP. One molecule of G3P exits the
cycle per three CO, molecules fixed and is converted to glucose
and other organic molecules.

3C0,

Carbon fixation

Regeneration of
CO, acceptor

Reduction

1 G3P (30)

DRAW IT » On the diagram above, draw where ATP and NADPH are used
and where rubisco functions. Describe these steps.

CONCEPT 11.4

Alternative mechanisms of carbon fixation
have evolved in hot, arid climates (pp. 275-278)

On dry, hot days, C; plants close their stomata, conserving
water but keeping CO, out and O, in. Under these conditions,
photorespiration can occur: Rubisco binds O, instead of CO,,
consuming ATP and releasing CO, without producing ATP or car-
bohydrate. Photorespiration may be an evolutionary relic, and it
may play a photoprotective role.

C, plants minimize the cost of photorespiration by incorporat-
ing CO, into four-carbon compounds in mesophyll cells. These
compounds are exported to bundle-sheath cells, where they
release carbon dioxide for use in the Calvin cycle.

CAM plants open their stomata at night, incorporating CO, into
organic acids, which are stored in mesophyll cells. During the day,
the stomata close, and the CO, is released from the organic acids
for use in the Calvin cycle.

Organic compounds produced by photosynthesis provide the
energy and building material for Earth’s ecosystems.

Why are C, and CAM photosynthesis more energetically expensive
than C; photosynthesis? What climate conditions would favor C,
and CAM plants?
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CHAPTER 16
Nucleic acids and inheritance

Helical Oy Thickness asland) Elongation L)
Bacteriophages | LS K54 | Antiparallel ST Mono gkl
Experiment 4 s Replication Che Lal Tri T
Injected (R Fork o) Opposite oSl
Diameter il Stabilize I Fragments aks

In 1953, James Watson and Francis Crick introduced an elegant double-helical model for the
structure of deoxyribonucleic acid, or DNA.

O Aadgal 3 diuag Cus DNA sl paaall (dah) qusS il lad e (@ (uad] B + Ggaidl g Jasn) Gpallal) a8 1953 ole 8
Q93 Jia (il lpiany o Adile cpilada) Ag s JSE 53 (DNA) @5l paeal)

Concept 16.1: DNA is the genetic material

Evidence That DNA Can Transform Bacteria:

The discovery of the genetic role of DNA began with research by Frederick Griffith in 1928.
Griffith worked with two strains of a bacterium, one pathogenic and one harmless. When he
mixed heat-killed remains of the pathogenic strain with living cells of the harmless strain, some
living cells became pathogenic. He called this phenomenon transformation, now defined as a
change in genotype and phenotype due to assimilation of foreign DNA.

il a2l 5 11928 ple o Gy @ o b allal) Lad B8 (2l A il day (s 99l laead) JA1 clisall g0 elllia (o Cilias) o
Jas e A aill ke sl L@l e (e g Jand Y daglu s Ay e (2 34 Jan LSl o3 e Baa) 5 LSl (e e i gl
L paall L iSll audagg allall Cad g Al Giang ol dabiad) U Sl Adia Laie g A1) Cila dia yaal) LSl AN s Ladind
LSl L el e cpe ol S Adfia g UL sla elld aay s la pall Lgdilay (Al & il 408 g8 o3y S Ae 8 ) 8 da o JA
Gl 3By sall Lgad AN 4kl AR o aa e B LAY G Gl1D ey a5 (Aaad) Aardad) LSSl + 31 ad) quses Lgd &5 )

O all Alalad) 4y Sl USIAY auan Conpal g il Al LS ) daabead) b S (e JEIE ale @lllia o 41 cpuid dllad) B ) adl
LS G A 6l Balall Jabs Caany 0l a5 s

48 WA FEPLIEY 4as WA .

:\J.A}u+a5\; MJMJ;\G-F%A La)_u +R=BJ._); QJM‘QM\C)‘@}‘
Living S cells Living R cells Heat-killed S cells Mixture of heat-
(pathogenic (nonpathogenic (nonpathogenic killed S cells and
control) control) control) living R cells

pesuts | 1 1 1

Mouse dies Mouse healthy Mouse healthy Mouse dies

@ o 68 B
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Evidence That Viral DNA Can Program Cells:

More evidence for DNA as the genetic material came from
studies of viruses that infect bacteria. Such viruses, called
bacteriophages (or phages), are widely used in molecular
genetics research. A virus is DNA (sometimes RNA)
enclosed by a protective coat, often simply protein.

Al sl 480 ) gl Balall 451 5 (DNA) asil) paaall agag Ao dibs sl
Gl gl £ 93 (any lllin LSl o 558 Al Gl g ) Al (e sl
Jals aa g ealad) Giagl) cilles (B ) oS andiu 5 Ly G0 AIEY) g pdl) o
waaall 0555 (RNA) o gsiag pandls (DNA) s558 oaen Gl g ) oa
Adlaad (g iy hlaa (5 953

In 1952, Alfred Hershey and Martha Chase showed that DNA
is the genetic material of a phage known as T2. They
designed an experiment showing that only one of the two
components of T2 (DNA or protein) enters an E. coli cell
during infection. They concluded that the injected DNA of the
phage provides the genetic information.

Tail fiber

Genetic

-7 material
/‘ -

LSl ST g padd 480511 83L) 58 (DNA) sl el o e (Jobdi Bjla + (i 2 8l) pallal) i) 1952 ole 3
i) adia Jglaa Jals i g ) Giamy + (u gl A0 5 6 Balal | grim 5 A AR e (a5 oal By (T2) aub e
L) Ly Sl JAIS La (a9l 4505 610 Balall 5 cysig ) 3l g o San ¥ 43 g i s Al AR JANS V) L slal o (gl
Agad) cilaghrall Jand u g l) 50 55l Balall o g i il s (paia 2515

€) Labeled phages @) Agitation frees €) cCentrifuged cells ) Measured the

infect cells. outside phage parts form a pellet. radioactivity in
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Additional Evidence That DNA Is the Genetic Material:

DNA is a polymer of nucleotides, each consisting of a nitrogenous base, a sugar, and a
phosphate group. The nitrogenous bases can be adenine (A), thymine (T), guanine (G), or
cytosine (C). In 1950, Erwin Chargaff reported that DNA composition varies from one species to
the next. Two findings became known as Chargaff’s rules: 1- The base composition of DNA
varies between species. 2- In any species the number of A and T bases is equal and the number
of G and C bases is equal. The basis for these rules was not understood until the discovery of

the double helix. Sugar—phosphate Nitrogenous bases
backbone
A el 3alall sa (DNA) il paaad) o e JAT Jula 5 end
OsSh Gt galS gl G ad) e 0 5S5 3 G el sl e DNA J 2z %o
3&@+Qm\,§lﬁw+w&$ﬂ)w¥3ﬁs‘”§d§ O"'on CH,
Ca £ sl dagyf dlin (L je 5 Uil Ade Uand LS (Ll g 5 \o "’ Thymine (T)
oy L (Cmsiibead) [ cpl ) [ craadl) / cpial)) Al g ) a0 ) g1 ! D\
G e il DNA J) o 8% Gl L& gl allal) 216 1950 ple ‘?»P o L ¥
b ool lall S35 AY a | 0T ). W
AN Gl £ gd DAL (5 9 5dl) paeall L_,.ul.uf\i\ s il calian -9 ¢ ' ) Guanine (G)
L g il a0 g8l aaad (g sluse (iS Aa g 3ll) a0 581 Sae -2 - " o il
20 51 aaad (g sbuaa (o) sl A5 il o) 1 230 g (el By
Lasl a) s sall o34 BaEEY) o o5 Cpen sbend] s 5l ° W
JSAN Fgsla DNA J sgla of Cilass) & e V) (dapaaa 4 "‘\?h"“ "I > Cytosine (C)
\\Oli H o N }
After DNA was accepted as the genetic material, q.'ap,.o“ H
the challenge was to determine how its structure T o ]
accounts for its role in heredity. Maurice Wilkins Phosphate &*; & ML+ | adenine (A)
and Rosalind Franklin were using a technique group N/ n
called X-ray crystallography to study molecular g':xgar" "“:
structure. Franklin produced a picture of the DNA DNA  (deoxyribose)
molecule using this technique. nucleotide Nitrogenous base
3" end

s . DNA J S sig J8a 48 pa sa plalal) da) oo (s2l) gaatll ()\S doald) ciliil<ll 45 56 3alal) 8 DNA JI o) 388 J g & Laxny
Adlly Jary 0ald Sl aladind Gk e DNA U1 quS g J8a Al ) e (OIS vl s ) + 3iShg () sle) sallal) ciles Ui
DNA Js 455 51 ddaud)

Franklin’s X-ray crystallographic images of DNA enabled Watson to deduce that DNA was helical.
The X-ray images also enabled Watson to deduce the width of the helix and the spacing of the
nitrogenous bases. The pattern in the photo suggested that the DNA molecule was made up of
two strands, forming a double helix.

DNA J) of (g + il s) o Jills s Gsallad) dbariiinsd 3 Abpedd) A Slga e (s + Qo gmals) Cpallad) (g IS i)
By Al g i 8208 JS (L 1l g DNA dlagl 48 jma & G gaudl g allal) el diaaad) A2d¥) Slea O LS (sl (Huits AlS
O L £1AD O Jaual) JSA b o LSy g stadl Jie paamd) Wgudany e Adila (il (e 0585 DNA s 3a OF Qi) s s
JS dsb Ul 5 agia 10 o (s sint Al g il 201 981 an) 611 3 )92l () Cum (sl 0.34) (55t AV s dplin g sll) Bas Al

(Sl 2) (s sbes DNA s ok (b Aldd LSy (fagili 3.4 = 0.34 @& 10) g5 592

Watson built a model in which the backbones were antiparallel (their subunits run in opposite
directions). At first, Watson and Crick thought the bases paired like with like (A with A, and so

on), but such pairings did not result in a uniform width. Instead, pairing a purine (A or G) with a
pyrimidine (C or T) resulted in a uniform width consistent with the X-ray data.
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They determined that adenine (A) paired only with thymine (T), and guanine (G) paired only with
cytosine (C). The Watson-Crick model explains Chargaff’s rules:
in any organism the amount of A =T, and the amount of G = C
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Concept 16.2: Many proteins work together in DNA replication and repair

The Basic Principle: Base Pairing to a Template Strand.

Since the two strands of DNA are complementary, each strand acts as a template for building a
new strand in replication. In DNA replication, the parent molecule unwinds, and two new
daughter strands are built based on base-pairing rules.

DNA replication = (sssil) paeal) dislai 4lee) / Template = ()

LAY Audial! Alasa DNA ss 5> b dadas JS 223 DNA (55 (0 (Aeades) QB JS 8 Al g 5il) 301 681 Ll ) dulec
Adus ¢l 21 DNA s> Aada 0o 4l 1) DNA s sl dgdee A Baiaa 5 AT Alada plid QB Abda JS JSi
Al Audud) e Jua) (Baba Adid Al oLy 2t (Basan

5 3 5 3 5 3 b
E % :
3! 5' ar 5! 3! .5' 3'
(a) Parental (b) Separation of (c) Formation of new
molecule parental strands strands complementary
into templates to template strands

Watson and Crick’s semiconservative model of replication predicts that when a double helix
replicates, each daughter molecule will have one old strand (derived or “conserved” from the
parent molecule) and one newly made strand.

Aaud gigad dllia of (e + Gguily) Gaalladl (i Semiconservative
cielail) dles 41 iand Laxic DNA s jal Bilaa model /'\/’\ <
O 5953 Ganall g g jal cisla Ales iaad Ladic
95l (el 565 () daptd Al 328 s g U9 m
O oSal) Baaa Al s (oY) B3 g JS g LS

A 4 o 5 /'\/ < \/'\
. - < /
DNA replication: (<selzill s ) Baaa Al +

Replication begins at particular sites called origins of replication, where the two DNA strands
are separated, opening up a replication “bubble”. A eukaryotic chromosome may have
hundreds or even thousands of origins of replication. Replication proceeds in both directions
from each origin, until the entire molecule is copied.

&e JuadiYl (DNA) JI Aleades fa )5 (ielail) ddae i JuaY) ddhaia) aus Badaa (3hlia i (DNA) disbal Llee fag
Adda <)) Acldd J<i e DNA A dua¥) ddhaia JS& may Cpiladad) Jugd Gl fag Loxie ddhaial) oda (o pland) Lgudany
Balall Jaad cila g ga g S Ao (o giad Y 8) gl Al Ll Lal 4505 g1 Balall Jaas ) a5 Clagugag S Ao (s giad 31 6l
LAY 3 e ga g s8I o I e A p€l) AR 8 LS a3 JS8G o ) Adma dlhala (3 Aragiia 451 )5l salall () 5S40 ) gl
8193l Ailay il Y 5 DNA s i cielai! Jual ddhia g SiSH Al ¢ 98 40ld 4gde 480 ) gl) Balal) (e 2=l ey 31 63l) A88a
DNA cislail 3aa) g Jual dblaia Lol 5 5 4ild Lol 450 ) 1) Balal) Jani cila ges a9 S Ll 23 93 Y 5 S ) Ay
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(a) Origin of replication in an E. coli cell (b) Origins of replication in a eukaryotic cell

Parental (template) strand Origin _Of Double-stranded
Origin of replication /DNA molecule
replication Daughter (new) n &
strand Parental Daughter
Replication (template) strand (new) strand
Double- fork
stranded
DNA Repllcatlon
=,
molecule bubble Bubble | Replication fork
Two daughter B A W
DNA molecules TN N
g= {
= Two daughter DNA molecules
3 9l Aia, i) () JSal 13 8 L LS
81 9l Aty i) o JSEl 13 8 aalis LS e lail) Lleal Jual Allaia (e JSS) e (5 sias
_uchbﬂ\@d&a\\,%\fah&vgcg# &e&éds,iulc@as

At the end of each replication bubble is a replication fork, a Y-shaped region where new DNA
strands are elongating. Helicases are enzymes that untwistthe double helix at the replication
forks. Single-strand binding proteins bind to and stabilize single-stranded DNA.
Topoisomerase relieves the strain of twisting of the double helix by breaking, swiveling, and
rejoining DNA strands.

Replication fork = (—el=ill olai)) / Helicase = (95 gaead) Aladu Juady 3 a3 1Y)

Single-strand binding proteins = (¢35l oaeal) dubd didall clis g ull)

Topoisomerase = (Jaill 4las a5 (g 558l Ganal) Alaba o) 53 o Chaddil) e Jany 531 a33Y))
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815 il Topoisomerase mil b ¥l 1@ sill gaeal) iluda Juad e Jaxi ) cilisi gl g Slag 3 (0 e sana
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Synthesizing a New DNA Strand:

DNA polymerases require a primer to which they can add nucleotides. The initial nucleotide
strand is a short RNA primer. This is synthesized by the enzyme primase. Primase can start an
RNA chain from scratch and adds RNA nucleotides one at a time using the parental DNA as a
template. The primer is short (5-10 nucleotides long), and the 3’ end serves as the starting
point for the new DNA strand. DNA polymerase = (353 el Syaall dludad) iy 3 a33Y)

Primer = (sl ool Uy Llas Wtie (o 108 il galS gl (e Ao gana)

Primase = (33l dlaud) ¢l atl dapal) Alealuadly il 58 gall) 038 Jay 33 (5 2) o 53Y))

Aila) Bk e Busall g geill aeal) Auda An 1) a3Y) DNA polymerase a2 Yl $9asa Aluba el a4 oS
)i gal€ guil) ABLaLy Tay Allaia Gl (4685 () cangy Ui (Al g JESH )i galS guil) Ciday () aa Y1 138 ki Y Lgd il al€ gl
o SIS 55 (10 — 5) (e (19S5 Aiia a5 Primer W e cag g€ gl Ay oy 330 138 oy 30 ABkiall 038 e g
DNA s 3 daldd) cilas gl gl ALl 1oy s DNA polymerase asl e ki RNA

BSusall dluld) e Primer cisay a0 Primase a3

Enzymes called DNA polymerases catalyze the synthesis of new DNA at a replication fork. Most
DNA polymerases require a primer and a DNA template strand. The rate of elongation is about
500 nucleotides per second in bacteria and 50 per second in human cells.

i 1€ ull) Ao gana ) au5Y) 138 ~lisy s DNA polymerase as! s sasadbdladad) el (o Jg3mal) a3 of Lhass LS
QAL oy Lo Aagal) Aol AbaSa () 65 Gy Bapaad) Aludid) sy 25y cAaly 4 glaa) s lid) dbany T2y I (RNA Primer)
s 918 gall) ABLG) Aoy ()5S (Lagal) Alabial) 8 <l galS aill Al (683 Bayand) Aladdd) 8 il ) cola gl gl o 6

(Gl (8 AU U A5 018 023 50 / LSl b Al UK 451858 500) Gl WA (e £l & S0 LAY B

Each nucleotide that is added to a growing DNA strand is a nucleoside triphosphate.
Nucleoside = Ribose (sugar) + Nitrogen base / Triphosphate = three phosphate groups. We have 4
types of nucleoside triphosphate:

1) dATP = Deoxy adenosine triphosphate. (sl 33c\d) ¢ 5 sy (agiia uled jSu)

2) dTTP = Deoxy Thymidine triphosphate. (cealll 32l ¢ o (paus) (agiia oulad jSu)

3) dGTP = Deoxy guanosine triphosphate. (&silsal 3l g o Cpaus) (agiie ouled jSu)

4) dCTP = Deoxy cytidine triphosphate. (Cwusilad) 3ol ¢ 55 caas) pagiia ubed Sw)

The difference is in their sugars: dATP has deoxyribose while ATP has ribose.

055 S Al 5 CormnaS) g ghia sl S e 0555 Y S al anl ) St £ b 8 ATP S a5 ATP oS e cow Al
Jual) A Y g gsill paeadl s dua giia ciliy jad) ) Clis jall Zdlia) oy (CpaasY) (@ giia p8) (aab § gl ) S (e
OS] gaghia gl SSw (e O5SH

As each monomer joins the DNA strand, via a dehydration reaction, it loses two phosphate
groups as a molecule of pyrophosphate.

Important note: All nucleotides are synthesized as monophosphates then they are converted
into triphosphate form because the triphosphate form makes the reaction favorable to
synthesis DNA

By il 5 e gana AU (ad g B2a) g i g8 A gana (A0 (g g8 O 2 Y Basaad) (958l (aeal) Aludey 3518 g JS oy S
Ge Baaad) (5 9 il) (aend) Aladu 35618 gl a5y a8 2l gl ) Jsay s cilea gll) (g (S ganna (il gl (G dlan g3l ai1)
(sl Ja 3l Jelddll) dehydration reaction Gk

5 18 gail) ot g S g 3y ) il gl e gana (e ALY 4Bl DNA polymerase J) aii) asiiey 1dals daglea
g ) Ay yaa)
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Antiparallel Elongation: (gJ\sie s JS5 dlaball AUaY) 4l )

The antiparallel structure of the double helix affects replication. DNA polymerases add
nucleotides only to the free 3’ end of a growing strand; therefore, a new DNA strand can
elongate only in the 5’ to 3" direction. Effect of Antiparallel structure on DNA replication: is that it
results in DNA replication in two opposite directions in every replication fork.
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polymerase (II) the leading strand. :
DNA polymerase (Ill) -3 3

Single-strand binding - P, (A 5'

Along one template strand of DNA, the = proteins g RNA primer
DNA polymerase (3) synthesizes a ar Sliding clamp
leading strand continuously, moving DNA pol III
toward the replication fork. To Parental DNA l )
elongate the other new strand, called 8

the lagging strand, DNA polymerase
must work in the direction away from

the replication fork. 5' ©) continuous elongation

1\« * B
¥ %‘,@ in the 5' to 3’ direction
5'




Leading strand —>toward the replication fork —>continuously
Lagging strand —away from replication —— discontinuous

HAlesa JSy A5 e bl slad) (udly Lol (gl Aadiiia Alelus (1985 La) -1 320l (65530 laaal) Juudhes (16 (e 5 L

Bac clllia of L e LS (Lgman ally Glld amy o adad JS& e 355) adalile JS&y g5 oLl slad) (usay 3 Alie Audus (iS5 51 -2
S 5) gesill paeall Baaall Judlud) sl e DNA polymerase [l a3 dazs 3 DNA polymerase a3 g5
() Adid) ) AdaSall <l oS gail) Ciuday

€) Primase makes Primer for
RNA primer. Origin of leading
replication strand

1) Primase enzyme will synthesis several 3’
primers to which DNA polymerase (III) will
start adding new building units.

5, @ TN

J) (e 4o gara sl Primase Jl a3 ashs -1 Template 3
ol Aaatiall RNA J) @lasi 285 10-5) primers shrand g
das £33 1) 138 (53529 (DNA G 5 5lS il sl ) DNA pol III
> ¢hsiul DNA polymerase (I1l) oa desana | 3 RNA primer l makes Okazaki

Jals dladiall Wil (e de sane ) primers J) for fragment 1 fragment 1.
Bl (g g 5il) (aeald) Al NL

2) These small Fragments (parts) that are
synthesized are known as Okazaki
fragments.

S allall A ()5S gl adally Ail) adal) o3a cansi -2

L)
3) After the synthesis of Okazaki
fragments DNA polymerase (3) is
released. i
pr ) oAk SIS ol el ey (e pLEARY) 2, -3 RNA primer for fragment 2

. Adulud) ¢ Juadly s DNA polymerase (lI)

) Fragment 2

‘&3 Bl
4) This process is repeated as shown in the ’/, P is primed.
figure. (JSGIL paga oo LS dlaall oda  850) s
5) DNA polymerase (I) replaces RNA primers

with DNA.

RNA J @las 55) RNA primers 413 ai -5 5 l /
Gk oo DNA JUdualid) cufag ol gilly Lgdlasia) g 3 DNA pol I
DNA polymerase | a5 replaces RNA

with DNA.

6) After Okazaki fragments are synthesized =
the fragments are joined together by an R ' ll'q" TER &
enzyme called DNA ligase. 5

(D DNA ligase forms

e Aablia oS5 gl oda (SIS ) @b iy o L 223 -6 . bonds between
22 Ly ) DNA ligase a3 Jdexy Jully s (aaral) lguany 5 DNA fragments. €) The lagging

o) Lguany aa adadl) strand is

complete.

7) Finally the lagging strand is completed.
(3 AL Aladad) i Algdl) i 5)
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"..S @ LG.A‘!.' ‘ & A;ﬂ‘ QLA,-,'}J?\ !‘. . "‘ i“rj O js all ‘& Protein Function

M 2aaal) cielead Helicase 3 | Unwinds parental double helix at
(DNA) <§3J—‘3 5’ > replication forks
NI i
Base — pair mismatch: . *( 5
Sometimes the DNA polymerase (lll) wrongly Single-strand binding Binds to and stabilizes single-
adds the nucleotide with the wrong base (not- protein 5 ik 3 itran?etd DNA until it is used as a
. emplate
complementary) with the template base x
Iti inb . . tch Topoisomerase Relieves overwinding strain ahead
resufting in base — pair mismatcnh. 5 3 of replication forks by breaking,
Example: 3 5 | swiveling, and rejoining DNA
(A) Must bind with (T) but sometimes (G) binds : Sk
with (T) resulting in Primase Syr:jth?slize;.an R':\IA Zrimcejr att55”
. . . .t e . | end of leading strand and a
base —pair mismatch. (‘E‘Jn Alee < dﬁ\ﬂ\ ?J‘-’) > v B 3 end of each Okazaki fragment
. . w . .ty . . o f lagging strand
idec vie ((DNA) Aluod Aiin g il) 201 g8 gy 8 Uk & on b,
U . . . . DNA pol III Using parental DNA as a template,
) ﬁf’:\’w Ul ORaall (o g 95l paaad) Al sl 5 A _ 3 synthesizes new DNA strand by
Ol G a g el Alee 4 DNA polymerase (1) 5 ‘adding nucleotides to an RNA
L a . i) sac ) (g gin (.\.\SJSSJ.U) LR Saag ALl 3 primer or a pre-existing DNA strand
Oi Cye J Dliad (?iy‘) d‘é‘;‘ Lot u"“ Jsaga o Ll daaiall DNA pol I \ ?emoves R(I;IA r:juclec:tides gf primeP:
" s “ . e w rom 5’ end and replaces them wit
“?3-“ b 4dd (T) e (A) Ao Aaginall 4.1“%:‘“ “3‘9{‘ by S:WB, DNA nucleotides added to 3’ end
Al g il ae ) Jila sy il g (G) Ao 4 giaal) AL 3 5 | of adjacent fragment
PR A R " . 13l Sasd g
huf"‘ o UA, d M‘fﬂs) (A) = (Cf) """.‘9 o ‘ a.\:l.ﬂ-\ (T ) DNA ligase Joins Okazaki fragments of lagging
Alanld) 02 e (Gwith T bipglad Gy A with T strand; on leading strand, joins 3’
(Z\ﬂ*" Fill) ac ) g8l Jayy 3 LL;;) | @ end of DNA that replaces primer to
N rest of leading strand DNA

Proofreading: DNA polymerase (l) proofread newly made DNA, replacing any incorrect
nucleotides. In mismatch repair of DNA, repair enzymes correct errors in base pairing in a
process known as proofreading.

waaal) Abadad 3¢ 8 33le) e DNA polymerase (1) ai das rdaiaall g il paaad) dladad dpasial) 341l 4iles
oaand) Aladar & Al g il ao g8 Jayy B Usd dlllia () Cadis) 13) caag o) sUAY) aal o Jany S Baaad) o g 6il)
@Juds.mtkaj\ 13 Zaaaal oy 4ild saaall (g 9 6dl)

DA can be dar 9811111111
DNA can be damaged by exposure to harmful chemical or physical agents 3¢ 5

such as cigarette smoke, X-rays and UV - light. By the process known as
nucleotide excision repair, three enzymes carry out this repair process: Nuclease l
1) A nuclease cuts out the damaged part.
2) A DNA polymerase replaces damaged stretches of DNA. 5" ). Y 3"
3) The segment is joined by DNA ligase. m
e iy 3 51 g gl a0 (3 e 55 el 313 IS ey o (Sl 0 | °
CuaY)) oand Aplae Caaald JIAY 138 paliaily Audid) (398 AndY) 5 Anbed) 05T 5 lad) (lAs | DNA
ey 33 A G2 )l e daleall 038 355 (A5 Polvmerasel

nuclease a3l @b oo A 48 &aa i) ¢ 5l A1) ol -1

A3 43 g3 3l e J gl £ 52l sl Bile) Ll DNA polymerase ai des -2 | °

.DNA ligase a3l daul g dudad) AL aa gosuall s 5l Jayjy oy -3 | 3" 5
One example of the damage caused by UV - light is the formation of DNA
thymine dimers. ligase
(Crpasill) i g 5l 2ol Jai 5 (o 5o Al (36l A Cpe il B M) QY le Jlie 5’ 3
(el (AU JIR) o ymy e 5 oS Ll A (i) (g A g sl Bao 3 ' 5
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Concept 16.3: A chromosome consists of a DNA molecule packed together with proteins

The bacterial chromosome is a double-stranded, circular DNA molecule associated with a small
amount of protein. Eukaryotic chromosomes have linear DNA molecules associated with a large
amount of protein. In a bacterium, the DNA is “supercoiled” and found in a region of the cell
called the nucleoid.

Crfilealeal) 038 (195 g (s ila JSa Ao 05%3) DNA ss5il) paad) (e Gl (ra Ly 380 JA03 32 52 gal) il gos g g SI) () 4S5
waly oha Jd o) DNA ‘53333\M\woﬂg@yyjﬂléﬂﬂ‘%éw&\géus LU gl e B siia AaaSy Adats ja
nucleoid o dbhia b 352 909 S JSd Ciile (5 g 9il) (aanld) (98 LSl (B il g sl (e 1aa B S Ay Ja ja g (g0
Bs e g iad Y LY

In the eukaryotic cell, DNA is precisely combined with proteins in a complex called chromatin
Chromosomes fit into the nucleus through an elaborate, multilevel system of packing.
Proteins called histones are responsible for the first level of packing in chromatin.

s g5l paeall o 13l (SI Chromatin (&3 Le Sdia cilisigull aa b sgsil) paaal) 3ol 4dda LAY 8

O g 31631 JaNa A o)) aakaieny SV 83 1aa Jagh ) sl A LIAL 33 sa sl (55 5il) () 43l 8 SIS o 5 cand) S8 5 Ll
Alee Gaang adls IS (GlasY) ann (B elaad) Tase (pui) Adgh Sl Lona Jasi 5 liiguall Jga il o gle ang B yia 3153)
S A ) e A glpmal) i gl 028 anst 31581 JAID dada ae 2l Aleagba (g 953l aaall Jal jesae o a5 i)
Histones Ju gssill paeall Gildll) ddee 3

SRS Chromatid
_ _ - = (700 nm)
“” - ”/ Nucleosome

DNA (10 nm in diameter) o

double helix d/

(2 nm in diameter)

D v i
uﬁ‘u'u PR, A

IR | S
\1 NING \)\/{ /TV &
(/\1 Histone tail

Histones

Looped 3
' domain Scaffold

(1,400 nm)

1) DNA, the double helix:
DNA the double helix alone is 2 nm in diameter. Each phosphate group along the backbone
contributes a negative charge along the outside of each strand.

:(DNA) g5l paeal) -1
55T (5 99l paaall AU JGel JA1a Baga ga il gh de gana JS9 e gili 2 (5 gl 023 51 (DNA) (5558 (aaall jld Jgh
T e s 95l (aaall e ALl 5 LEY) o3n yglity L 5 b Al 5 L) o

2) Histones:

Proteins called histones are responsible for the first level of DNA packing in chromatin. More
than a fifth of a histone’s amino acids are positively charged (lysine or arginine) and therefore
bind tightly to the negatively charged DNA. Four types of histones are most common in
chromatin. (H2A, H2B, H3 and H4) another type of histone protein called linker DNA (H1)

127




:Histone J) ¢isn -2

oalkaal) (e alinl) 4plEY) Cua 4B g (5 99l Glaaad) apead dules (o (AgY) Ada jall oo Jgipal) (gl 9 i gl 13

g Ual ) o 48 Ml (lysine and arginine) (i) paead) Jia daa go dindy 45 gadia (i gl 13¢d 43 g<al) Aplaal)
958 paaall aglsa Ciily 3 Histone J) Guign ¢ g5 dn ol dlllia dallaal) dially ¢ gadiall (DNA) (5958 paeally

A BaSal) Jay o g 968l Glaaad) Al ga il ) Lol N Histone Ju aes H1 S Osig e dlia g H2A, H2B, H3, H4 :pdy
(Ll (Al BaBally oS

3) Nucleosomes, or “beads on a string” (10-nm fiber):

Each “bead” is a nucleosome, the basic unit of DNA packing; the “string” between beads is called
linker DNA. A nucleosome consists of DNA wound twice around a protein core of eight histones,
two each of the main histone types.

(&, ko (S AN oA Ay dady) g silS gall) -3

AN da by 1 g (DNA) 358 paeadl gpaat dales b dpalul) Baa gl 23 Al 5L 4aS Nucleasome J) Az ol
Cro (55 p g galS gaill g (ade Whant 3l (H1) csiwgd) 88 AYI Nucleosome Jw Nucleosome J) &z s 1) Leai Al
2 (Y Siagili 10 g o kb (b Ml ¢4 e (DNA) s35il) paeadl agdga ciily Histone o) csign Ge Gl ja 43l
LS gl

4) 30-nm fiber:

The next level of packing results from interactions between the histone tails of one nucleosome

and the linker DNA and nucleosomes on either side. The fifth type of histone is involved at this
level. These interactions cause the extended 10-nm fiber to coil or fold, forming a chromatin fiber
roughly 30 nm in thickness.

s e gili 30 Ada e -4

08 sl 038 Tig siagili 30 DNA 5358 Gaasl) () o rsas DNA (555l (anal Gilitl s goand (a &la sl 038 b
(H1) 525 Histone J) &fisn ¢x AY g5l g Nucleosome J Jah asa sl Histone J O (e SOAIS &igas sk
30 ASaw gmad S) JSy (g shaili 9 il (g 958l (aaal) Al Jrad AN 238 5 g 553l aaall Jayl ) ¢ gluglly pansy ()
Fagli 10 ¢ Yy sia sl

5) Looped domains (300-nm fiber):
The 30-nm fiber, in turn, forms loops called looped domains thus making up a 300-nm fiber.

48l gl -5
S ili 30 (e Yy sia sl 300 ASams Ty 9 parall gy gs sl e il (84 o (g5 5l) Gaand) guay Als jall odb (b

6) Metaphase chromosome:
In a mitotic chromosome, the looped domains themselves coil and fold in a manner not yet fully
understood. The width of one chromatid is 700 nm.

il gau g4 9 SH ALukRY) Al 50 -5
) daasd (5 9581 paaad) dSla 335 ) 535 Le ARl Alda pal) B S8 Al Lpdi Clilall Gl g cilla Giaag Ads jal) 024 B
o psmigasll (Lk8) daw Juasd Chromatid J) ¢s Ceisia o8 3k agmigag Sl o8l aal gl Chromatid Y iasil 700
e
A5 1400
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Test Questions (Practice exam)
Test Yourself

Q1) The sugar that is in the backbone of DNA is called:
A) Fructose.
B) Deoxy ribulose.
C) Glucose.
D) Deoxy Ribose.
Q2) According to Watson Crick model, the two strands of the DNA double helix are:
A) Parallel.
B) Identical.
C) 3.4 nm apart.
D) Antiparallel.
E) Semiconservative.
Q3) Which of the following is synthesized 3’ to 5’:
A) The lagging strand.
B) Primers.
C) The leading strand.
D) Okazaki fragments.
E) None of the above.
Q4) Given the template DNA sequence (3’) - TACATG — (5’). Which of the following is its
complementary strand?
A) (5’) = TACATG —(3)).
B) (5’) - AUGUAC — (3’).
C) (3’) - AGUAGG — (5).
D) (5°) — ATGTAC — (3)).
Q5) Okazaki fragments:
A) Are fragments produced by DNA polymerase (1).
B) Are fragments of the template DNA during replication.
C) Are fragments of the discontinuously synthesized DNA strand.
D) Demonstrate that DNA replication is dispersive.
Q6) What is the composition of nucleoside?
A) A sugar + a phosphate.
B) A base + a sugar.
C) A base + a phosphate.
D) A base + a sugar + a phosphate.
Q7) According to Chargaff’s rule, in a DNA molecule ?
A) The amount of adenine and thymine is equal to the amount of guanine and cytosine.
B) The amount of adenine and guanine is equal to the amount of thymine and cytosine.
C) The amount of adenine and uracil is equal to the amount of guanine and cytosine.
D) The amount of adenine and guanine is equal to the amount of uracil and cytosine.
Q8) What kind of chemical bonds is found between paired bases of the DNA double helix?
A) Hydrogen.
B) lonic.
C) Covalent.
D) Phosphodiester.
E) None of the above.
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Q9) What is the role of DNA ligase in the elongation of the lagging strand during DNA
replication?

A) It synthesizes RNA nucleotides to make a primer.

B) It catalyzes the lengthening of telomeres.

C) It joins Okazaki fragments together.

D) It unwinds the paternal double helix.

Q10) Which of the following can be said to be semiconservative process?
A) Translation.

B) Transcription.

C) Replication.

D) Transduction

E) Transmition.

Q11) Which chemical group is at the 5’ end of a single polynucleotide strand?
A) Hydroxyl group.

B) Phosphate group.

C) Nitrogen group.

D) Methyl group.

E) Nitrogen base.

Q12) Cytosine makes up 38% of the nucleotide bases in a sample of DNA, What is the
percentage of the thymine in this sample will be?

A) 12.

B) 24.

C) 31.

D) 38.

E) It cannot be determined.

Q13) If adenine paired with guanine and cytosine paired with thymine the shape of DNA
molecule would be:

A) Be longer.

B) Be shorter.

C) Be circular.

D) Have irregular widths.

E) Be unwinded.

Q14) DNA replication begins:

A) At the replication fork.

B) At the leading strand.

C) At the origin of replication.

D) At the cytoplasm.

E) At the start codon.

Q15) The enzyme used to separate the double helix into 2 single strands is:
A) Helicase

B) DNA polymerase llI

C) Topoisomerase.

D) DNA ligase.

E) None of the above

1-D 2-D 3-B 4-D 5-C 6- A 7-A 8-A 9-C 10-C

11-B [12-A |13-D [14-C |15-A
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6 Chapter Review

CONCEPT 16.1
DNA is the genetic material (pp. 365-370)

Experiments with bacteria and with phages

provided the first strong evidence that the genetic sé’&%\tﬁz
material is DNA. goo.gl/Rn5Uax

Watson and Crick deduced that DNA is a double

helix and built a structural model. Two antiparallel
sugar-phosphate chains wind around the outside of the molecule;
the nitrogenous bases project into the interior, where they
hydrogen-bond in specific pairs, A with T, G with C.

@)
JI— Nitrogenous bases

Sugar-phosphate backbone

Hydrogen bond

What does it mean when we say that the two DNA strands in the
double helix are antiparallel? What would an end of the double helix
look like if the strands were parallel?

CONCEPT 16.2

Many proteins work together in DNA replication
and repair (pp. 370-379)

The Meselson-Stahl experiment showed that DNA replication

is semiconservative: The parental molecule unwinds, and each

strand then serves as a template for the synthesis of anew strand

according to base-pairing rules.

DNA replication at one replication fork is summarized here:
DNA pol I1I synthesizes
leading strand continuously

[

Parental ¢
DNA 9 DNA pol IILstarts DNA

. synthesis at 3" end of primer, Origin of
gu continues in 5" — 3’ direction replication

0 Lagging strand synthesized
in short Okazaki fragments,
later joined by DNA ligase

T iy i

'y 'l,l,l'lll i ll"lllllll.[
0 Primase synthesizes

a short RNA primer
P 9 DNA pol I replaces the RNA

primer with DNA nucleotides
DNA polymerases proofread new DNA, replacing incorrect nucle-
otides. In mismatch repair, enzymes correct errors that persist.
Nucleotide excision repair is a process by which nucleases cut
out and other enzymes replace damaged stretches of DNA.
The ends of eukaryotic chromosomal DNA get shorter with each
round of replication. The presence of telomeres, repetitive
sequences at the ends of linear DNA molecules, postpones the
erosion of genes. Telomerase catalyzes the lengthening of telo-
meres in germ cells.

o Compare DNA replication on the leading and lagging strands, including
both similarities and differences.
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CONCEPT 16.3

A chromosome consists of a DNA molecule
packed together with proteins (pp. 380-382)

The chromosome of most bacterial species is a circular DNA mol-
ecule with some associated proteins, making up the nucleoid. The
chromatin making up a eukaryotic chromosome is composed
of DNA, histones, and other proteins. The histones bind to each
other and to the DNA to form nucleosomes, the most basic
units of DNA packing. Histone tails extend outward from each
bead-like nucleosome core. Additional coiling and folding lead
ultimately to the highly condensed chromatin of the metaphase
chromosome.

Chromosomes occupy restricted areas in the interphase
nucleus. In interphase cells, most chromatin is less compacted
(euchromatin), but some remains highly condensed (hetero-
chromatin). Euchromatin, but not heterochromatin, is
generally accessible for transcription of genes.

Describe the levels.of chromatin packing you’d expect to see in an
interphase nucleus.

TEST YOUR UNDERSTANDING

|

Multiple-choice Self-Quiz questions 1-8 can be found
in the Study Area in MasteringBiology.

9. MAKE CONNECTIONS Although the proteins
that cause the E. coli chromosome to coil are not
histones, what property would you expect them to
share with histones, given their ability to bind to
DNA (see Figure 5.14)?

R
EVOLUTION CONNECTION Some bacteria may goo.gliAsVaL
be able to respond to environmental stress by

increasing the rate at which mutations occur during cell
division. How might this be accomplished? Might there be an
evolutionary advantage to this ability? Explain.

SCIENTIFIC INQUIRY

10.

11.

DRAW IT Model building can be an important part of the

scientific process. The illustration shown above is a computer-

generated model of a DNA replication complex. The parental

and newly synthesized DNA strands are color-coded differently,

as are each of the following three proteins: DNA pol III, the

sliding clamp, and single-strand binding protein.

(a) Using what you’ve learned in this chapter to clarify this
model, label each DNA strand and each protein.

(b) Draw an arrow to indicate the overall direction of DNA
replication.

CHAPTER 16 Nucleic Acids and Inheritance 383



CHAPTER 17
Expression of genes

Expression sl Complementary | e Termination | 4l
Transcription & L) Sequence Sl Modify Jaasi
Translation daa i Template lld Splicing diad gl alad
Codons <l 35Sl Initiation Al Transfer Jay
Triplet e Elongation Al Binding site | LY adse

Concept 17.1: Genes specify proteins via transcription and translation

Gene expression, the process by which DNA directs protein synthesis, includes two stages:
transcription and translation.

Flosiny) dla e -1 r(ula pa Gash o8 LAY A adaaall A5 ) quS AN daat Le o ) Aleall o ) i) diles
el Al ya -2

mM-RNA s¢ 3 @i DNA s zleiinl = Transcription

Ll g sU m-RNA e 8253 gall Slagleal) daa S dlee = Translation

Nutritional Mutants in Neurospora: Scientific Inquiry

George Beadle and Edward Tatum carried out experiments on neurospora and showed that
mutation in one gene results in the loss of the activity of one enzyme, therefore they concluded
the existence of the relationship One gene — One enzyme. This relation was later expanded and
change to One gene — One protein. Recently this relation was modified into One gene — One
polypeptide or One gene — One RNA.

Gigan ) (g5 anlg G (B 8 ik Gaad Lavie il agd Gl Sl O e A jas (@ 2053 + Jam a5 el e S sl
Qﬁj\JJJA@ZﬁM\ 02 @&“‘ﬂ‘?—‘ (a9 a3 — aaly ) [ oa PETS AA\”M\P@J@AZ\ &;,nuﬁﬂhu}gﬁb@
L3I0 — aafg () ogema] ABMal) o paad o Uas s Gl gl e (1S cilag 3 OF by (a9 g — 2a)g () Casal
Al Bae (e Gl g e S Giiguall OF @lldg () by

Basic Principles of Transcription and Translation:

RNA is the bridge between genes and the proteins for which they code. Transcription is the
synthesis of RNA using information in DNA. Transcription produces messenger RNA (mRNA).
Translation is the synthesis of a polypeptide, using information in the mRNA. Ribosomes are the
sites of translation.

il glaall o MRNA .6 5 gind ol Floatin) lee 3 4l 3 lisigallg clinl) o Lo (ual) sl RNA 5553 222
s b 825 sall cila slrall aladinly (gl 43 sSall Ban 5ll) i) dae asiual o daa 3l dules 8 DNA s o 825254l
A il dlas 4gd Juany (531 1 sall e gaa gl ) 2235 MRNA

In prokaryotes, translation of mMRNA can begin before transcription has finished
In a eukaryotic cell, the nuclear envelope separates transcription from translation. Eukaryotic
RNA transcripts are modified through RNA processing to yield the finished mRNA.

Llee fad o Saddl (e Gl (e 3Bl JiLadl) o33l gibeall 6 (Aaa il dales + Flatin) dulae ) Cuan B) i) Auilay LYY 3

& Ll Ctland) (ge JS Qually 958 S e (g g5t Y 31 g Auilay LAY 0 8 sl 5 (Flealieal) dples (e slgiY) 8 A S
Llaall 038 (ya LN 2y &5 3 931 JANS Fladin) dlae Caaa) Cfiaband) 038 (ga IS G Juady (5 99801 DAL ()8 3) 6il) ABda LAY
p Bk ghilaal) ) AN S8 815 4 MRNA s o daaad iy 81 ol Aiia LIAY 3 (Jgen gibaad) 2 A i) dplas s LS
Aaa il dles ol
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- uclear
- : == envelope

¥ k]
| RO\ ]
i e ) . e / TRANSCRIPTION B LA )
o Oiilaad) (pa JS Gaaal ’. ‘ 3
. - . - - |
(pISlasiabaall) (e 33kl Jileal) \ — Pre.mRNA! S
il RNA PROCESSING =
SRONIRINON . NucLeus | mRNA, 3
DNA = P
TRANSCRIPTION | CYTOPLASM —=—=r=m :i
amm—————
CYTOPLASM mRNA :
TRANSLATlON :
Ribosome Ribosome
TRANSLATION é‘
PR ‘\ i
Polypeptide Polypeptide
(a) Bacterial cell (b) Eukaryotic cell

The central dogma is the concept that cells are governed by-a cellular chain of command: DNA
— RNA — protein. (Central dogma = Gene expression).

ool sl i s MRNA GasSi 15 e Geadl a8 ciblee acentral dogma e e sl Asadl juail)

The Genetic Code:
There are 20 amino acids but there are only four nucleotide bases in DNA.

DNA s 3 (o6 i g i 20168 gl gy 005 isal) paaal) (e .95 20 llia

Codons: Triplets of Nucleotides: (4 il 3158l 40 il ga o) 2a3)

The flow of information from gene to protein is based on a triplet code: a series of non-
overlapping, three-nucleotide words. The words of a gene are transcribed into complementary
non-overlapping three-nucleotide words of mMRNA. These words are then translated into a chain
of amino acids, forming a polypeptide.

238 daa i oy Aduiduadia Ayl g sl 20 BADE e (198 JS (S Cun iliga oS J8d MRNA ) el (e Slaglaal) J&S 25
A aae Aad ey Ldas DA Gara Al Gaan ) @l g 60 38 (he 3l g JS

One of the two DNA strands, the template strand, provides a template for ordering the sequence
of complementary nucleotides in an RNA transcript. During translation, the mRNA base triplets,
called codons, are read in the 5" — 3’ direction. The nontemplate strand is called the coding
strand because the nucleotides of this strand are identical to the codons, except that T is
present in the DNA in place of U in the RNA Each codon specifies the amino acid (one of 20) to
be placed at the corresponding position along a polypeptide.

oaaal) Audad dlase Adid) 038 (5585 Lt MRNA dlodes Flaiin 21l QIES g 993l Gaaad) iladu (e 3aa) g Adada addiod
Baclal) Jaiind MRNA & 8 o MRNA Qedig 5 958 aaadl Aads (s 50 5 Fleatia) dalaad crasding ) g 9ol
5" — 3" olaily Al o i pa S0 3¢) 8 o MRNA Aedead dag il Llae 8 (U) At 5 yiaid) sl (T) Adin g il
‘_,M:.Lﬁm)ﬂa Audadl B MRNA (e Aedas Flaiind 5 95 paaal) (e 3aa) g Aeades Laadiny) Ll Loy
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We have 64 Codons: DNA

61 code for amino acids and 3 triplets  omPiate : ' — 5
are (stop codons) that stop signals to

end translation. The genetic code is Mﬂ
redundant (more than one codon may 5’ 3

spec_lfy a particular amino a_lc_ld) but not TRANSCRIPTION
ambiguous; no codon specifies more

than one amino acid. Codons must be {
read in the correct reading frame (correct  onNA 5 3

groupings) in order for the specified \ I R N U X W
polypeptide to be produced. Codon
Stop codons: (UAA + UAG + UGA) TRANSLATION Buy| | | |

Protein

Trp 'Phe Gly __/Se,

Amino acid

i ga gSl) odh (pa ATVE elllin <1/ dan AN dilee & dial gl gan ) ad 0 998l 038 (e 61 10sasS 64 Ll 23 gy ale S
OSaal) (o daga daglaa daa Al dilee (il ¢ Leli MRNA Aada 8 & pglh 13 (Aiaa] lagan ) a5 Y) i g i ga g€ 2l
(il palaa) Bas N aa s O sl gl Geassll (K Y (S dal g (el (Ran ) ) gan i ) 09988 (e SSY

Example: Sy Y OS] dal g (el laan Baa i (5898 G SASY (S () Sl 1aa 8 el LS
CUU/CUC/CUA/CUG} Leu ciligasS 4 clllia JUial) 3 2alis L) ual plaea (pa JSY aa s 0 ) gl ¢y g3 90
() aand) (bl an 5

The genetic code is nearly universal, shared by the simplest bacteria and the most complex
animals. (3axall Gl gal) 5 b Sl Jaca Led oy ¢ U8 dralle A0 ) gl 3 8udd) ax)
Concept 17.2: Transcription is the DNA-directed synthesis of RNA

Transcription is the first stage of gene expression. (il sl clles ) Fladind) ddac 2a3)
Promoter  Transcription unit

. A ‘ | 5

3! rl 1 2 5!
““Nstart point DNA
@ Initiation VA Polymerase
Unw?u.rjd DNA Nontemplate strand of DNA
5! I‘_.-/ - - : | 3,
3 % | '
-
RNA Template strand of DNA
_ transcript
€ Elongation Rewound
¥ :\; §= 5
RNA Direction of
transcript transcription
€) Termination (“downstream”)
5' —T T 3"
3 '
5 I~
Completed RNA transcript (
N

~J
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There are three stages of transcription:

1) Initiation / 2) Elongation / 3) Termination.

1) RNA polymerase attaches a DNA sequence called promoter. RNA synthesis is catalyzed by
RNA polymerase, which pries the DNA strands apart and joins together the RNA nucleotides.
The RNA is complementary to the DNA template strand.

2) The RNA strand is elongated in 5’ — 3" direction.

3) After the RNA strand is completed RNA polymerase leaves the DNA strand.

Note: RNA polymerase does not need any primer.

Al Al pa -3 / Addiaal) A e -2 / Aol Ads ya -1 i) dpland Ja) o 433 cllin

promoter e Cafi gl gl Ga Cpra Judead ok o 95l paeal) Al e RNA polymerase a3 ks -1
sy B T 5 planll Wy e s il panal) iladu dualy 5ed RNA Auda sy = RNA polymerase a3 dexs
i) Ll aiian) i 1 g 530 (nan) Abeadead AlaSa RNA Aleals (fbuaia)

5" — 3’ slaily RNA Adadia AUt uass -2

Ul 8 13) g Jadijal) 5 9581 aaad) Aluls RNA polymerase asl sty RNA Adadi Jai g dlaad) (4585 Laxe; -3
ar zling Y rlaadle (ST Buina () 55) 81 5l Agiia LAY b Fleatiaa) dlee 5 UBNER) @lllia 5 (51 51 dgilay LSIAY)

a ) Aaliag Al 5 5 goill Gaaall dielai dlee & primer JI addiey 451 S3) primer ¢! RNA polymerase
.DNA polymerase

Framater
DNA y Nontemplate strand
5 —ﬂ_ﬁ 3 .
3 ATATTT -5 (1 ;‘ri:'l:gtrg:tm
TATAbox  gtart T|:rn::int Template
strand
Transcription
factors
-
] - - ]

g, ! T g € Several
transcription
factors bind
to DNA.

RNA polymerase II

& Transcription factors
.'f‘(
g ﬂ g € Transcription
. initiation
" 'RNA transcript complex
b " -l forms.

Transcription in Eukaryotes is different from prokaryotes. TATA box is a sequence of DNA
found in the core promoter region, and it is the binding site for the transcription factors.
Transcription factors mediate the binding of RNA polymerase (ll) and the initiation of
transcription. The completed assembly of transcription factors and RNA polymerase Il bound to
a promoter is called a transcription initiation complex.

Transcription factors + RNA polymerase (Il) + Promoter = Transcription initiation complex
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A0 LAY 330 ga ge e B il Sa o (g 5ia Ll 3 81 il Adlay LA (e 31 6l Aida LDIA) 6 A lusiny) dilee (alids
Sal gad) (land Jals ) Adhaia JS8 40V 133 aga Juudeil) 138 2255 TATA DOX (oo promoter Jal Gma Judud 2a 51 3) 5l
el iludu b dlas fas ua Juadailly Lls )Y e RNA polymerase Il ass) o) Jal go aclos grwill dagal)
Sy @S i JE ald promoter Ju sk (Gl Jelse + RNA polymerase 1) a3 ¢ JS gadag i 5 5 9530
) Gl ey

Elongation of the RNA Strand in eukaryotes:

As RNA polymerase moves along the DNA, it untwists the double helix, 10 to 20 bases at a time.
Transcription progresses at a rate of 40 nucleotides per second in eukaryotes. Nucleotides are
added 5 — 3’ direction of the growing RNA molecule.

20 — 10 (0 Jeaiy) 95 paaall iladu Juad Lle RNA polymerase |l asl des 131 gl Adda 1A 8 AUy dlee
Ulid 5" 5 37 olaily b gl guil) 028 ol s L0l & 0 9alS 935 40 ¢ leaiiaa) oy )53 diiia LAY 3 (3 e JS 3ol
Ngatiod 5 3

Termination of Transcription:

The mechanisms of termination are different in bacteria and eukaryotes. In bacteria, the
polymerase stops transcription at the end of the terminator and the mRNA can be translated
without further modification. In Eukaryotes we have a termination signal called Polyadenylation
signal (AAUAAA) that ends the transcription process. The RNA polymerase (ll) is released 10—
35 nucleotides past this polyadenylation sequence.

LS 3 o) Axitay LAY g 31 i) Adiia USIAY) (e IS 3 Fleadin) dolead duilgl) Al yal) Calias -3) oil) 488a LAY 3 4ilgdl) Al 5
s Ly (e (6 Lodic (5 99801 Ganal) Audu Jaiy RNA polymerase asiil ol (LSl :Jia) 8 sl 4ihay LMAY 8 Laas
aaal) Al RNA polymerase 11 a3 jata ¥ 81 sil) d8a LAY 6 L Lgade Jamed 6 £1a) e e Abebadd) daa i o35
G Joadal) 3 e tr landiol Alee JLaES) i ARy Cmn Juuded 33m 5 con SY oli S0 s o3n 5] 5 5530

A Juuleatll g 8 LAY dgant Ladie ay 30Y) Jao i gig dadia 9 i) 38 81 (e de sena (e 0985 Cus polyadenylation

Al (T) o (U) Ao il 3301 ol 3 s sn shon o 950 man) Albuadan iy 5y 53Y) i gy La e s AAUAAA
DNA 35 gaes Ao ol g MRNA s (o 2S5 LY

Concept 17.3: Eukaryotic cells modify RNA after transcription

Enzymes in the eukaryotic nucleus modify pre-mRNA (RNA processing) before the genetic
messages are dispatched to the cytoplasm. During RNA processing, both ends of the primary
transcript are altered. Also, in most cases, certain interior sections of the molecule are cut out
and the remaining parts spliced together.

Gl s gien g ol o330 glibad) N 7 9 AL S AL 1 gludin) ddes (1 23Ul MRNA Aaada 4585 31 98l) A LAY
S Bl Gany o e Aallaal) lee i o5 Aaa ) Adend AL gread U3 5§15 Ja0 MRNA Aol dallas Tl isas
Eiih sadall £ Y Ga 80 La gan ol lld day s (Aan il Alaad Baida yil) #13Y) Gy ey adid 355k c) MRNA Ada

Asdl MRNA Adada

Alteration of mMRNA Ends:

Each end of a pre-mRNA molecule is modified in a particular way:
1) The 5° end receives a modified nucleotide 5' cap

2) The 3' end gets a poly-A tail. (50 — 250) nucleotide of Adenine
These modifications share several functions:

1) They seem to facilitate the export of mMRNA to the cytoplasm.
2) They protect mRNA from hydrolytic enzymes.

3) They help ribosomes attach to the 5’ end.
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Split Genes and RNA Splicing: (Alulul 8 sade 5l o) 32 Gany A1) ol adaidilec)

Most eukaryotic genes and their RNA transcripts have long noncoding stretches of nucleotides
that lie between coding regions. These noncoding regions are called introns. The other regions
are called exons because they are eventually expressed, usually translated into amino acid
sequences. RNA splicing removes introns and joins exons, creating an mRNA molecule with a
continuous coding sequence.

mudsg)hepﬂ\dhmgwﬁmRNAM‘;@m,mmsuﬁé&mJ&u,s:sa,m&.u;uﬂe&a‘;
o O g dan il 8 Jala g Adama MRNA Aeabs o ST (Aisal (i gand aa j55 Y (3hlia s d3isal) (la gaall aa 35 (3hilia 22 g
AAAJJ\MLA:JUMAJM&.AMLMSU}SMUMH@MCAM\U.Au.ﬁuuc.u}(@a Y@\&M\);\ﬁ‘i\b&&h&

(introns) akdy 413 id (exons) aasi il (ghlial Ll g (introns) aa s Y Al hliall o

Pre-mRNA
5" Cap Intron _ Intron 3
RN, E Poly-A tail
1L:€|JJ 31-104 105-146

Introns cut out and
exons spliced together

5" Cap \TRNA
/— Poly-A tail
] L 1-146 )\
5 UTR Coding J'UTR
segment

In some cases, RNA splicing is carried out by spliceosomes. Spliceosomes consist of a variety
of proteins and several small RNAs that recognize the splice sites. The RNAs of the
spliceosome also catalyze the splicing reaction.

w@w‘;sda\ud\smnuduhucmRNAmuAP Y‘;J\dhl.uﬂ ﬂb\)&hﬂ\m ""QY\AJ\UAQ.:@
le oy ) B gal) Basd e Sbaall JAJa RNA @lija Jesis (spliceosome) S (RNA) <lisda o aall 5 i g )
Agaay g (ghlial) oda ) dheal) 138 ila a5y ) Adalal) (413)) adad
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Ribozymes:
Ribozymes are catalytic RNA molecules that function as enzymes and can splice RNA.

@ aa Y il ghliall adad o (a3 eml ) clas ) sda Jexi (@i (e ouls RNA (e QoS 438 an 3] 58 2ol Jgal )

Aludd)
Concept 17.4: Translation is t@irected synthesis of a polypeptide
Genetic information flows from mRNA to v s e P
protein through the process of translation. A ® o ®
i i ® e
cell translates an mMRNA message into protein V =
with the help of transfer RNA (tRNA). tRNAs s © Amino
transfer amino acids to the growing Polypeptide acids
polypeptide in a ribosome. tRNA = transfer J .2
RNA. @ tRNA with
vasa I MRNA b e Liad) cila ghaal) day 5 a3 amino acid
il glaall dag i Al o g (il g gl 4 5Sa) Ainal attached

Ribosome

il sacluay MRNA Aada e 4 sanal) (iliga g<th)
ila gou g A1 ) AaY) g gaal) tRNA ciliyja Jiii tRNA
Al pae el S

The Structure and Function of Transfer RNA:
Each tRNA molecule enables translation of a
given mRNA codon into certain amino acid.
Each carries a specific amino acid on one end.
Each has an anticodon on the other end. The
anticodon base-pairs with a complementary

codon. /
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Accurate translation requires two steps:

First: a correct match between a tRNA and an amino acid,
done by the enzyme aminoacyl-tRNA synthetase.

Second: a correct match between the tRNA anticodon and
an mRNA codon. Flexible pairing at the third base of a codon is called
wobble and allows some tRNASs to bind to. more than one codon.

Anticodon

e L et s ege Yen d el 3 Tyrosine (Tyr)
Gfigen A gt el G S e il 2 ‘m_{M € Amino acid (amino acid)
) : and tRNA Z
Jdsaaall (sl paeal) (s asal) glaiay) Vsl -1 enter active B / g;‘:ﬁglt;sRSA
a3 Bk e a3 tRNA s o site. >
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Slo dsanall sds8l u maall BLS Y WG -2 | T iRNA 5 ( ) .
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MRNA e 2l giall ¢ 51580 A
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w
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The Structure and Function of Ribosomes:

Ribosomes facilitate specific coupling of tRNA anticodons with mRNA codons in protein
synthesis. The two ribosomal subunits (large and small) are made of proteins and ribosomal RNA
(rRNA). Bacterial and eukaryotic ribosomes are somewhat similar but have significant
differences.

e g gl Y1 Al 59 S 5 (8 aaail g Y1 g

pikal daa il Alee A MRNA dlids e 33 ga gal) ciliga o<l ae tRNA s 4 2all Cligags Jaldi ) dudac cila gau gl ) Jeuss
AL (FRNA + Gl n e Claagl) o2 () 5S5) B ysua Baa g ao By 83 g (O 2) O g (e psmu gl ) (S0 i g )
Adnud) B g i) any 393 g ae Ay LBIAL) 5 31 6l A8 LAY 8 Cila gaa gl )

A ribosome has three binding sites:

1) The P site holds the tRNA that carries the growing polypeptide chain.

2) The A site holds the tRNA that carries the next amino acid to be added to the chain.
3) The E site is the exit site, where discharged tRNAs leave the ribosome.

Amino end Growing polypeptide il P site (peptidyl-tRNA
' binding site)
Next amino acid ”‘ \ Exit tunnel

to be added to
polypeptide chain A site (aminoacyl-
E site tRNA binding site)

tRNA (exit site)
3'

Large

mRNA subunit

mRNA
binding site | Small

subunit

(c) Schematic model with mRNA and tRNA (b) Schematic model showing binding sites
Bl adl ga 35 Ao o g gl S (s s
Al aedhasae Alud Jasy 3 tRNA sa adsall 138 8 b (P site) -1
& 252 9al) il yae Aliades ) 48y 4l AaY) (aeal) ey 2 ERNA s> adgall 138 L ki 1(A site) -2
P site
(BN 088) sl el Gaaa Jaay Y 3 tRNA s gaA (dise) 48kia :(E site) -3

Building a Polypeptide: (aull a4 5<5)

The three stages of translation:

1- Initiation / 2- Elongation / 3- Termination

All three stages require protein “factors” that aid in the translation process Energy is required
for some steps.

(Flaiia) ddes A Ja) jal) (i) Algil) Ads ga -3 / AdUatad) Ads e -2 / Al Ads pa -1 cdan 3N Aland Ja e A5G clilia
C : : 2

Ribosome Association and Initiation of Translation:

The start codon (AUG) signals the start of translation. First, a small ribosomal subunit binds
with mRNA and a special initiator tRNA. Then the small subunit moves along the mRNA until it
reaches the start codon. Proteins called initiation factors bring in the large subunit that
completes the translation initiation complex.
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Elongation of the Polypeptide Chain: (&isSiall aind) yae Aladad AUaY) Als 5a)

During elongation, amino acids are added one by one to the C-terminus of the growing chain.
Each addition involves proteins called elongation factors.

Elongation occurs in three steps: 1) Codon recognition /2) Peptide bond formation

3) Translocation. Energy expenditure occurs in the first and third steps.

gling s A0 gSiall aie) dae AL A g U ALl 1) gAY ol saal s Baaad) Aial) (alaal) AdL) L5 Aduaiay) ds e DA
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& 50 Jaasi -3 / Al Adayl 0 (985 -2 /(A Site) B 2 giall gassl) e il -1 da) e A5 DA e Aliay)
LARPEPIN]
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1) Codon recognition: This step involves binding of the anticodon of the tRNA complementary
to the codon at the A site. This process requires GTP.

A site b 2 giallg 4l aaiall (193580 aa tRNA o 352 5all aial) (5258 Doy Al jall 038 3 10y 9a 58 Ao il dla ja -1
GTP &S e (e e il dBUa ) Ads jall o2 lini

2) Peptide bond formation: A ribozyme in the large subunit joins the amino acid carried by the
tRNA to the C-end of the growing polypeptide by forming peptide bond.

U TRNA Gle Jsanall i) Gaskad) Loy 5 ciba gou s s 5 550 5an gl (b 2 gial) ol gl 1 sy opdit) Ay 1) JS35 -2
iy Ayl A o Lpaldl) i) 300 Alualead B g 0 Al

3) Translocation: The ribosome moves a distance of one codon toward the 3’ end of the mRNA.
As a result the tRNA holding the growing polypeptide will move from the A site to the P site and
the vacant tRNA moves to the E site leaving the A site with a new codon. This process requires
GTP.

e Aadad Jelall tRNA J) Jiiid mRNA J) "3 4l sladly aal 5 ¢ 999 Alosa aga sl o) & jaiy < a8) gall 3 Ada ja -3
A (gass e (A site) gsiasw Laiw (E site) ) W tRNA J) Jiiby (P site) o) (A site) o Axlill adul)
(GTP) (3o aiuss daa ) Ads jall oda Zliats

The tRNA in the E site leaves the complex and the cycle is repeated. Each cycle will result in the
addition of one amino acid to the growing polypeptide.

Termination of Translation: (el ils )

Elongation continues until a stop codon (UAA , UGA , UAG) in the mRNA reaches the A site of
the ribosome. The A site accepts a protein called a release factor. The release factor causes the
addition of a water molecule instead of an amino acid. This reaction releases the polypeptide,
and the translation assembly comes apart.

530 ol gl 19058 ga L Y1 i ERNA 2535 pind 0 (A Site) ol sl (13358 Jiman i AN 5150 e
+ g gl Clas g + AlSdial) d3is g ) Aledeal Jaaly Jalad) 138 o 8y (Loaall Jaladl) (cons (A9 5 S Ak Y Badi
GTP 4iua ) 4xlaal) o3 zliady (sixall ¢l Jal i) mRNA

)
Release ‘ Eree

polypeptide

Stop codon
(UAG, UAA, or UGA)

0 Ribosome reaches a stop Q Release factor promotes 9 Ribosomal subunits
codon on mRNA. hydrolysis. and other components
dissociate.
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Targeting Polypeptides to Specific Locations: (Sighal mechanisim)

Protein synthesis is normally targeted to a specific location (Cytosol or RER). The process of protein
synthesis always begins in the cytosol and may continue in the cytosol or could be targeted to
continue on the RER. This targeting occurs by a process known as signal mechanism. The signal
mechanism suggest that in some polypeptides the first 20 amino acid of the polypeptide are called as
signal peptide. If such signal peptide is synthesized at the beginning of the polypeptide chain then
proteins synthesis will be targeted to continue on the RER. If no signal peptide is produced then
proteins synthesis will be completed in the cytosol.
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Test Questions (Practice exam)
Test Yourself

Q1) Which of the following is true regarding Transcription and Translation?
A) Both occurs in the cytoplasm in Prokaryotic cells.
B) Both occurs in the nucleus in Eukaryotic cells.
C) Transcription occurs in Nucleus and Translation occurs in Cytoplasm in Prokaryotic cells.
D) More than one is correct.
E) None of the above is correct.
Q2) transcription in eukaryotes require which of the following in addition to RNA polymerase?
A) The protein product of primer
B) start and stop codons
C) Ribosomes
D) transcription Factors
E) Aminoacyl synthetase
Q3) once transcribed, eukaryotic mRNA typically undergoes alterations that include:
A) Union the ribosomes
B) Fusion into circular forms known as plasmid
C) Linkage to histone molecules
D) Excision of introns
E) Fusion with ither newly transcribed mRNA
Q4) what kind of molecules can be transcription factors?
A) DNA and RNA
B) RNA and proteins
C) Proteins
D) Lipids
E) Lipids and carbohydrates
Q5) Which of the following components does not form part of the transcription initiation
complex in eukaryotic promoter?
A) TATA box
B) Start point
C) Transfer RNA
D) Transcription factors
Q6) What is the coding segment of a stretch of eukaryotic DNA called?
A) Introns
B) Exons
C) Codons
D) Replicons
E) None of the above
Q7) Which is the energy rich molecule required for the initiation of translation?
A) ATP
B) GTP
C) CTP
D) AMP
E) Glucose
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Q8) In eukaryote translation occur in:

A) Centriole.

B) Centrosome.

C) Lysosome.

D) Cytoplasm.

E) Nucleus.

Q9) during normal translation, Where would you except to find tRNA attached to single amino
acid?

A) E site

B) P site

C) A site

D) Both E and P

E) Both A and P

Q10) During elongation which site in the ribosome represent the location where a codon being
read?

A) E site

B) A site

C) P site

D) The small ribosomal subunit

E) mRNA binding site

Q11) Which of the following doesn’t take place in nucleus?

A) Transcription

B) Assembly of ribosome

C) Removing of introns

D) Replication

E) Translation

Q12) Which molecule can we find the promoter and terminator in?

A) DNA

B) mRNA

C) tRNA

D) polypeptide chain

Q13) Which sequence of DNA bases would pair with this partial strand 3’ATG TGA CAG’5?
A) 3'ATG TGA CAG’5.

B) 3’ TAC ACT GTC’S.

C) 5TAC ACT GTC’3.

D) 5°CAT TCACTG’3.

Q14) According to the central dogma, which of the following represents the flow of genetic
information in cells?

A) Protein to DNA to RNA

B) DNA to RNA to protein

C) RNA to DNA to protein

D) DNA to protein to RNA

Q15) Which of the following components is involved in the initiation of transcription?
A) Primer

B) Origin

C) Promoter

D) Start codon
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Q16) Which of the following is not a function of the 5’ cap and 3’ poly-A tail of a mature
eukaryotic mRNA molecule?

A) To facilitate splicing

B) To prevent mRNA degradation

C) To aid export of the mature transcript to the cytoplasm

D) To aid ribosome binding to the transcript

Q17) Mature mRNA from a eukaryote would contain each of these features except which of the
following?

A) exon-encoded RNA

B) intron-encoded RNA

C) 5 cap

D) 3’ poly-A tail

Q18) Which of the following is the name of the three-base sequence in the mRNA that binds to
a tRNA molecule?

A) P site.

B) Codon.

C) Anticodon.

D) CCA binding site.

1-A 2-D 3-D 4- C 5-C 6- B 7-B 8- D 9-E 10- B
11-E |12-A [13-C |14-B |15-C |16-A |17-B |18-B
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7 Chapter Review

CONCEPT 17.1

Genes specify proteins via transcription
and translation (pp. 386-392)

VOCAB
SELF-QUIZ
goo.gl/Rn5Uax

Beadle and Tatum’s studies of mutant strains of
Neurospora led to the one gene-one polypeptide
hypothesis. During gene expression, the infor-
mation encoded in genes is used to make specific polypeptide
chains (enzymes and other proteins) or RNA molecules.
Transcription is the synthesis of RNA complementary to a
template strand of DNA. Translation is the synthesis of

a polypeptide whose amino acid sequence is specified by the
nucleotide sequence in messenger RNA (mRNA).

Genetic information is encoded as a sequence of nonoverlapping
nucleotide triplets, or codons. A codon in mRNA either is translated
into an amino acid (61 of the 64 codons) or serves as a stop signal

(3 codons). Codons must be read in the correct reading frame.

Describe the process of gene expression, by which a gene affects the
phenotype of an organism.

CONCEPT 17.2

Transcription is the DNA-directed synthesis
of RNA: a closer look (pp. 392-394)

RNA synthesis is catalyzed by RNA polymerase, which links
together RNA nucleotides complementary to a DNA template
strand. This process follows the same base-pairing rules as DNA
replication, except that in RNA, uracil substitutes for thymine.

Transcription unit

Promoter{
5 T T == 3
gy m . T #- 5
5 Template strand
RNA polymerase of DNA
RNA transcript

The three stages of transcription are initiation, elongation,

and termination. A promoter, often including a TATA box

in eukaryotes, establishes where RNA synthesis is initiated.
Transcription factors help eukaryotic RNA polymerase recog-
nize promoter sequences, forming a transcription initiation
complex. Termination differs in bacteria and eukaryotes.

9 What are the similarities and differences in the initiation of gene
transcription in bacteria and eukaryotes?

CONCEPT 17.3

Eukaryotic cells modify RNA after transcription
(pp. 395-397)

Eukaryotic mRNAs undergo RNA processing, which includes
RNA splicing, the addition of a modified nucleotide 5’ cap to the
5’ end, and the addition of a poly-A tail to the 3’ end. The pro-
cessed mRNA includes an untranslated region (5' UTR or 3' UTR)
at each end of the coding segment.
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Most eukaryotic genes are split into segments: They have
introns interspersed among the exons (the regions included in
the mRNA). In RNA splicing, introns are removed and exons
joined. RNA splicing is typically carried out by spliceosomes,
but in some cases, RNA alone catalyzes its own splicing. The cata-
lytic ability of some RNA molecules, called ribozymes, derives
from the inherent properties of RNA. The presence of introns
allows for alternative RNA splicing.

5" Cap Poly-A tail
5’ Exon Intron Exon Intron Exon 3’
Pre-mRNA \ [
’ RNA splicing
mRNA
v TR,
5 UTR Coding 3’ UTR
segment

9 What function do the 5' cap and the poly-A tail serve on a eukaryotic mRNA?

CONCEPT 174 . .

Translation is the RNA-directed synthesis
of a polypeptide: a closer look (pp. 397-406)

A cell translates an mRNA message into protein using transfer
RNAs (tRNAs). After being bound to a specific amino acid

by an aminoacyl-tRNA synthetase, a tRNA lines up via

its anticodon at the complementary codon on mRNA.

A ribosome, made up of ribosomal RNAs (rRNAs) and
proteins, facilitates this coupling with binding sites for mRNA
and tRNA.

Ribosomes coordinate the three stages of translation: initiation,
elongation, and termination. The formation of peptide bonds
between amino acids is catalyzed by rRNAs as tRNAs move
through the A and P sites and exit through the E site.

Polypeptide

Amino
acid

Ribosome

After translation, during protein processing, proteins may be
modified by cleavage or by attachment of sugars, lipids, phos-
phates, or other chemical groups.

Free ribosomes in the cytosol initiate synthesis of all proteins, but
proteins with a signal peptide are synthesized on the ER.

A gene can be transcribed by multiple RNA polymerases simulta-
neously. Also, a single mRNA molecule can be translated simulta-
neously by a number of ribosomes, forming a polyribosome.
In bacteria, these processes are coupled, but in eukaryotes they
are separated in space and time by the nuclear membrane.

Describe how tRNAs function in the context of the ribosome in building
a polypeptide.
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