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181 Anil ntroduction te

Blechemistry

Biochemistry - chemical basis of life. Biochemical
reactions are involved in such areas as breaking down
food molecules, generate and store energy, buildup
new biomolecules, and eliminate waste. Some
biomolecules are small and have only a few
functional groups others are huge and contains a
large number of functional groups. The principal
classes of biomolecules are: Proteins, lipids, and
nucleic acids.
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Functional Group Structure Type of Biomolecule

Aming group —-MH3", —NH; Amino acids and proteins
(Sections 18.3, 18.7)

Hydrowyl group —H Monosaccharides (carbohydrates) and
glycerol: a component of trlacylglyoerals
ilipicls) {Sections 22.4, 24.2)

Carbnn:r! group O MMonosaccharides {ﬁrbnh].ndrale;}; in

_g_ acetyl grodp (CHLO0) vsed b transfier

Carboxyl group

Amide group

Carboxylic acid ester

Phesphates, mono-, di-, tri-

Hemiacetal group

Acetal group

|
O
I
—_———R
(6]
I
—C"U'—TI"—D"
1
'ﬁ‘ (]
—%—nnv—nmp_o-
I
o f b
——0—f—0—Ff—0—F—0
(& o~
|
— G
&
|
—'LlF—IDR
O

carboen atoms during catabolism
(Sections 224, 714, 71 8)

Aming acids, proteins, and fatty acids
(lipicls) {Sections 18.3, 18.7, 24.2)

Links amino acids in prnlr:rirls; formed h}'
reaction of amino group and carboxyl group
(section 18.7)

Triacylglycernls (and other lipids);
formed by reaction of carboxyl group
and hydrosyl group (Section 24.2)

ATF and many metabolism inlermediates
(seckions 178, 21.5, and throughout
mietabolism sections)

Cvclic forms of mencsaccharides;
formed by a reaction of carbonyl group
with hvdroxyl group (Sections 16.7, 22.4)

Connects monosaccharides in
disaccharides and larger carbobhydrates;
formed by reaction of carbonyl group
with hivdroxyl group (Sections 167,
227, 12.9)

Prentice Hall © 2003

Chapter Eighteen



18.2 Proeten Structureand

Eunction: An ©verview

Proteins are polymers of amino acids.

Each amino acids in a protein contains a
amino group, -NH,, a carboxyl group, -
COOH, and an R group, al bonded to the
central carbon atom. The R group may be a
hydrocarbon or they may contain functional

group.
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All amino acids present in a proteins are a-
amino acids in which the amino group Is
bonded to the carbon next to the carboxyl
group.

Two or more amino acids can join together
by forming amide bond, which is known as a
peptide bond when they occur in proteins.
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A dipeptide results when two amino acids combine
together by forming a peptide bond using amino
group of one amino acid and carboxyl group of
another amino acid.

Peptide
bond
‘ﬁ‘ ] Vi
HEN—(fH—C—DH + I—IEN—(|?H—C—DH > HEN—(TH—CiNH—(fH—C—DH + H,0
CH CH, CH CH,
AN | SN |
CH; CH, S—H CH; CHs S—H

Valine Cysteine A dipeptide

A tripeptide results when three amino acids combine
together by forming two peptide bonds, and so on.
Any number of amino acids can link together and
form alinear chain like polymer — polypeptide.
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NH2-C-R-COOH
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All but one natural amino acids differ only in the
Identity of the R group or side chain.

The remaining amino acid (proline) i1s a five
membered secondary amine.

Each amino acid has a three letter shorthand code-
for example, Ala (alanine), Gly (glycine), Pro
(proline).

20 amino acids present In proteins are classified as

neutral, acidic, or basic depending on the nature of
the side chain.

15 neutral amino acids are divided into two groups —
polar and nonpolar on the basis of the nature of their
side chain.
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184 Acid-Base Propeities of

AmMIRnoAcidS

Amino acids contain both an acidic group, -
COOH, and a basic group, -NH.,.

As a result of intermolecular acid base
reaction, a proton is transferred from the —
COOH group to the -NH,, group producing a
dipolar 1on or zwitterions that has a positive
and aso a negative charge and Is thus
electrically neutral.
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I

Iﬁﬁ—fH—C—O_
CHOH

|
CH;

Threonine—zwitterion
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Because they are zwaltterion,
anino acids have many
properties that are common for
salts. Such as

amino acids crystalline

amino acids have high
melting points

amno acids are water
soluble.
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In acidic media (low pH), amino acid
Zweltterion accept a proton on their basic —
COO group to leave only the positively
charged —-NH." group.

In basic media (high pH), amino acid
zweltterion loses a proton from their acidic —
NH;* group to leave only the negatively
charged —COOQO group.
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The charge of an amino acid molecule at any
given moment depends on the identity of the
amino acid and pH of the medium.

The pH a which the net positive and
negative charges are evenly balanced is the
amino acid’'s isoelectric point- the overal
chargesis zero.

Prentice Hall © 2003 Chapter Eighteen 14



18.5 Handedness

Prentice Hall © 2003

Chapter Eighteen

Mirror images of hand
do not superimposes
on each other. Image
of left hand on the
mirror looks like the
right hand — objects
that have handedness
IN this manner are said
to be chiral.

15



18.6 Miolecular Handednessand

Amino Acids

L1ke objects, organic molecules can also have
handedness, that Is they can be chiral.

Alanine, a chiral molecule

Mirror
0. O | 0. O
N ! V4
B ; Rs
e ] : | "
CH, | CH,
"Left-handed” E “Right-handed”
L-alanine D-alanine
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A molecule 1s a chira molecule If four
different atoms or groups are attached to a
carbon. The carbon carrying four different
groups called a chiral carbon.  Chiral
molecules has no plane of symmetry.

The two mirror image forms of a chiral
molecule like alanine are called enantiomers
or optical isomers.

Enantiomers have the same formula but
different arrangements of their atoms.
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19 out of 20 natural amino acids are chiral —
they have four different groups on the a-
carbon. Only glycineisachiral.

Nature uses only one isomer out of a pair of
enantiomers for each amino acid to build the
proteins.

The naturally occurring amino acids are
classified as left-handed or L-amino acids.
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187 Primary. Protein Structure

Primary structure of a proteins is the sequence of
amino acids connected by peptide bonds. Along the
backbone of the proteins is a chain of alternating
peptide bonds and a-carbons and the amino acid side
chains are connected to these a.-carbons.

Planar units along a protein chain

H o H R H o H R _H
| [ b / | I y/ |
N"& .-a"c“*-».. :«.ﬁ P ..-"'C‘u. ..a"c‘*«-.. ..«-'“N‘M
I:I. N E I: N 'E E'&’m
\ | Il | 7
H O O R H

One planar unit I\? /“\
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By convention, peptides and proteins
are always written with the amino
terminal amino acid (N-terminal) on the
left and carboxyl-termina amino acid
(C-terminal) on the right.

N === C
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18.8' Shape-Determining

| nteractions in Proteins

The essential structure-function relationship for
each protein depends on the polypeptide chain
being held In its necessary shape by the
Interactions of atoms in the side chains.

The kinds of interaction that determine the
shape protein molecules are shown in Fig 18.4.
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Hydrophobic interactions— CH,C—N—H=#* *+O—CH, ‘
Pleated sheet structure water-free pocket

Salt bridge Hydrogen bond

between side chains

Oe e -I—m

: CHj, CH,4
Hydrogenbond
peptide groups CH, CH, 5 ;
\ —t
CH, C'H' s o) Hydrophobic " }

interactions .

- -

Hydrogen bond befween -
side chain and peptide group CH;—S55—CH,

/

Disulfide bond

'rf Hydrogen
H:N bonds

Fig 18.4 Interactions that determine protein shape
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Protein shape determining interactions are
summarized below:

Hydrogen bond between neighboring
backbone segments.

Hydrogen bonds of side chains with each
other or with backbone atoms.

lonic attractions between side chain groups
or salt bridge.

Hydrophobic Interactions between sSide
chain groups.
Covalent sulfur-sulfur bonds.
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18:9'Secondary: Protein Structure

Secondary structure of a protein iIs the
arrangement of polypeptide backbone of the
protein in space. The secondary structure
Includes two kinds of repeating pattern
known as the a-helix and /f-sheet.

Hydrogen bonding between backbone atoms
are responsible for both of these secondary
structures.
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a-Helix: A sngle
protein chain coiled In
e .. a spira with a right-
I 1 haded (dlockwise)
twist.

H bonds

. Caromy] carbon
& Hydrogen

@ imogen

'. Siude chiain
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[Sheet: The polypeptide chain is held in place by
hydrogen bonds between pairs of peptide units along
nelghboring backbone segments.

R group
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Fibrous and Globular proteins: one of the
several classifications of protens.

Fibrous protein: Tough and insoluble protein In
which the chain form long fibers or sheet. Secondary
structure 1s responsible for the shape of fibrous
proteins. Wool, hair, and finger nails are made of
fibrous proteins.

Globular protein: water soluble proteins whose
chains are folded into compact, globular shape with
hydrophilic groups on the outside.
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18 108 rertiary: Protein Structure

Tertiary Structure of a proteins The overall three
dimensional shape that results from the folding of
a protein chain. Tertiary structure depends mainly
on attractions of amino acid side chains that are far
apart along the same backbone. Non-covalent
Interactions and disulfide covalent bonds govern
tertiary structure.

A protein with the shape in which it exist naturally
In living organisms is known as a hative protein.
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Simple protein: A protein composed of only
amino acid residues.

Conjugated protein: A protein that incorporates
one or more non-amino acid units in Its structure.
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1811 Quaternary: Pretein

Stiructure

Quaternary protein structure:. The way In
which two or more polypeptide sub-units
associate to form a single three-dimensional
protein  unit. Non-covalent forces are
responsible for quaternary structure essential to

the function of proteins.
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Fig 18.8(b) Hemoglobin, a protein with
guaternary structure
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1812 Chemical Properties ol

Protans

Protein hydrolysis: In protein hydrolyss,
peptide bonds are hydrolyzed to yield amino
acids. Thisisreverse of protein formation.
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Protein denaturation: The loss of secondary,
tertiary, or quaternary protein structure due to
disruption of non-covalent interactions and or
disulfide bonds that |eaves peptide bonds and
primary structure intact.

Heat

denatures
protein
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Agents that causes denaturation includes:

Heat The weak sde-chain attractions In
globular proteins are easily broken by heating.
Cooking meat converst some of the insoluble
collagens into soluble gelatin.

Mechanical agitation Most familiar example
of denaturation of protein by mechanical
agitation i1s the foaming that occurs during
beating of egg whites.

Detergents very low concentration of
detergents can cause denaturation by
disrupting the association of hydrophobic
side chains.
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Organic compounds Polar solvents such as
acetone or ethanol can Interfere with
hydrogen bonding by competing for bonding
sites.

pH change Excess H* or OH- ions reacts
with the basic or acidic side chains in amino
acid residues and disrupt salt bridges.

|norganic salts Sufficiently high
concentrations of 1ons can disrupt salt
bridges.
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191 Catalysis by ERzymes

Enzyme A protein that acts as a catalyst for a
biochemical reaction.

Active site A pocket in an enzyme with the
specific shape and chemical makeup
necessary to bind a substrate and where the
reaction takes place.

Substrate A reactant in an enzyme catalyzed
reaction.
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Enzymes activity is limited to a certan
substrate and a certain type of reaction, IS
referred as the specificity of the enzyme.
Enzymes differs greatly In their specificity.
Catalase, for example, Is amost completely
specific for one reaction — decomposition of
hydrogen peroxide, a necessary reaction that
destroys hydrogen peroxide before it damages
biomolecules by oxidizing them.
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Enzymes are specific with respect to
stereochemistry — catalyze reaction of
only one of the pair of enantiomers. For
example, the enzyme |actate
dehydrogenase catalyzes the removal of
hydrogen from L-lactate but not from D-
|actate.
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The specificity of an enzyme
for one of two enantiomers
IS a matter of fit. One
enantiomer fits better Into

the active site of the enzyme
than the other enantiomer.
Enzyme catalyzes reaction
of the enantiomer that fits
better into the active site of
the enzyme.

Prentice Hall © 2003 Chapter Eighteen
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19,2 Enzyme Colaciorns

Many enzymes are conjugated proteins that
require nonprotein portions known as
cofactors.

Some cofactors are metal 1ons, others are
nonprotein  organic  molecules  called
coenzymes.

An enzyme may require a metal-ion, a
coenzyme, or both to function.
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Cofactors provide additional chemically
active functional groups which are not
present in the side chains of amino acids
that made up the enzyme.

Metal 1ons may anchor a substrate in the
active site or may participate In the
catalyzed reaction.
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19,5 EnZyme Classification

Enzymes are divided into six main classes
according to the general kind of reaction they
catalyze, and each class is further subdivided.

Oxidoreductases. Catalyze oxidation-reduction
reactions, most commonly addition or removal
of oxygen or hydrogen.

Transferases. Catalyze transfer of a group from
one molecule to another.
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Hydrolases: Catalyze the hydrolysis of
substrate — the breaking of bond with addition of
water.

Isomerases. Catalyze the Isomerization
(rearrangement of atoms) of a substrate In
reactions that have one substrate and one product.

Lyases. Catalyze the addition of a molecule such
as H,0, CO,, or NH, to a double bond or reverse
reaction In which a molecule I1s eiminated to
create a double bond.

Lygases Catalyze the bonding of two substrate
molecul es.
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194 Hoew: Enzyme \Werk

Two modes are invoked to represent the

Interaction between substrate and enzymes.
These are:

Lock-and-key model: The substrate Is

described as fitting into the active site as a key fit
Into alock.
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| nduced-fit-model: The enzyme has aflexible
active site that changes shape to accommodate
the substrate and facilitate the reaction.

Active site Induced fit
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In enzyme catalyzed reactions, substrates are
drawn into the active site to form enzyme-
substrate complex. Within the enzyme-
substrate complex, the enzyme promoted
reactions takes place.

Once the chemical reaction Is over, enzyme
separates from the substrate and restores its
original conditions, becomes available for
another reaction.
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195 Efifect ofi Concentration on

Enzyme Activity,

Variation In concentration of enzyme or

substrate alters the rate of enzyme catalyzed
reactions.

Substrate concentration: At low substrate
concentration, the reaction rate Is directly
proportional to the substrate concentration. With
INncreasing substrate concentration, the rate drops
off as more of the active sites are occupied.
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Maximum and constant reaction rate

Rate approaches
maximum

Reaction rate ——>

Rate increases directly with
substrate concentration

Substrate concentration—>
(constant enzyme concentration)

Fig 195 Change of reaction rate with substrate
concentration when enzyme concentration is constant.
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Enzyme concentration: The reaction rate varies
directly with the enzyme concentration as long as the
substrate concentration does not become a limitation,
Fig 19.6 below.

Reaction rate

Enzyme concentration —>
(excess substrate)
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19,6 Effect off lremperatuire and

PIH on Enzyme AchVity

Enzymes maximum catalytic activity 1s highly
dependent on temperature and pH.

Increase In temperature increases the rate
of enzyme catalyzed reactions. The rates reach
a maximum and then begins to decrease. The
decrease In rate at higher temperature Is due to
denaturation of enzymes.
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Maximum rate

N\

Reaction rate ————»

| I f 1
10 20 30 40 50

Temperature (°C)

Fig 19.7 (a) Effect of temperature on reaction rate
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Effect of pH on Enzyme activity: The catalytic
activity of enzymes depends on pH and usually has a
well defined optimum point for maximum catalytic
activity Fig 19.7 (b) below.

Trypsin

Reaction rate ——»
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197 Enzyme Regulation: Eeedhack

andl Allesteric Control

Concentration of thousands of different
chemicals vary continuoudly in living organisms
which requires regulation of enzyme activity.

Any process that starts or increase the activity of
an enzyme Is activation.

Any process that stops or slows the activity of an
enzyme isinhibition.
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Two of the mechanism that control the enzymes activity
are:

Feedback control: Regulation of an enzyme's
activity by the product of areaction later in a pathway.

Allosteric control: Activity of an enzyme IS
controlled by the binding of an activator or inhibitor at a
location other than the active site. Allosteric controls
are further classified as positive or negative.

- A positive regulator changes the activity site so
that the enzyme becomes a better catalyst and rate
accelerates.

- A negative regulator changes the activity site so
that the enzyme becomes less effective catalyst and rate
slows down.
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Positive allosteric control

Unavailable
ﬁ/ active site

Substrate
can enter

Positive
allosteric
regulator

4

Negative allosteric control
Substrate

Active site

- —
=

Negative \ - /
allosteric r
regulator
\ Allosteric
site
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Substrate can't

A positive regulator
changes the activity
Site so that the enzyme

becomes a better
catalyst and rate
accelerates.

A negative regulator
changes the activity
site so that the enzyme
becomes less effective
catalyst and rate slows
down.
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198 Enzyme Regulation:

laRIBItion

The inhibition of an enzyme can be reversible
or irreversible.

In reversible inhibition, the inhibitor can
leave, restoring the enzyme to its uninhibited
level of activity.

In irreversible inhibition, the inhibitor
remains permanently bound to the enzyme
and the enzyme is permanently inhibited.
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|nhibitions are further classified as:

Competitive inhibition if the inhibitor binds
to the active site.

Competitive inhibition

Competitive
inhibitor

V'] Substrate
can't enter
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Noncompetitive Inhibition, If the inhibitor
binds elsewhere and not to the active site.

Noncompetitive inhibition

—— | Substrate can't
~B enter

Noncompetitive
inhibitor
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The rates of enzyme catalyzed reactions with or
without a competitive inhibitor are shown in the Fig

19.9 below.

inhibition

No inhibition ~ ~77T 777777 7TTTTOC Wi
T \ reaction
rate
&
© Competitive
s inhibition Maximum
=\ / /  mmmmmmmmmm-m—--e- reactifm
S d rate w1tr} ‘
= Noncompetitive e A
P inhibition

Substrate concentration —>
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19,9 Enzyme Regulation: Covalent

Viedification and Gengetic Control

Covalent modification: Two general modes of
enzyme regulation by covaent modification —
removal of a covalently bonded portion of an
enzyme, or addition of a group. Zymaogens or pro-
enzymes becomes active only when a chemical
reaction splits off part of the molecule.

Genetic control: The synthesis of enzymes Is
regulated by genes. Mechanisms controlled by
hormones can accelerates or decelerates enzyme
synthesis.
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19.10 Vitamins

Vitamins: An organic molecule, essential
IN trace amounts that must be obtained In
the diet because It IS not synthesized In
the body. Vitamins are classfied as
water-soluble and fat-soluble.
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21-1 Energy anailtiie

All living organisms need energy to carry out
various functions.

In humans, energy released from food allows
us to do various kinds of works that need to
be done.

Energy used by a very few living organisms
comes from the sun.
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Plants convert sunlight to potential energy
stored mainly In the chemical bonds of
carbohydrates.

Plant eating animals utilize the energy stored
by the plants, some for iImmediate needs and
the rest to be stored for future needs, mainly
In the form of chemical bondsin fats.

Other animals, including humans, are able to
eat plants and animals and use the chemical
energy these organisms have stored.
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{ Sun ¢
ﬂ_}" 3
P It
}ﬁ Chemical symthesis Trimsport across menbrimne
Solar A+ B + energy —= AB Ci)
energy
Mecifﬂrfrmf work E?g ggg
Chemical energy w élg}g ggg
Plants— Animals—

photosynthesis release of chemical

energy in catabolism Mamtain Lost to

|
body tempernture surroundings

Fig 21.1 The flow of energy through biosphere
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Specific requirements for energy to be useful In
living organisms:

Energy must be released from food gradually.

Energy must be stored in readily available form.
The release of energy from storage must be finely

controlled so that It I1s avallable when and where it
1S heeded.

Just enough energy must be released as heat to
maintain constant body temperature.

Energy must be avallable to drive chemical
reactions that aren’'t favorable at body temperature.
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24.2 Energy anad Blechemnical

[REactions

Reactions in living organisms are similar to reactions
In achemical |aboratory.

Spontaneous reactions, those are favorable In the
forward direction, release free energy and the energy
released I1s available to do work.

Spontaneous reactions , aso known as exergonic
reactions, are the source of our biochemical energy.

As shown In Fig 21.2a, products of exergonic
reactions are more stable than the reactants and the
free energy change AG has a negative value.
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Reactions in which the products are higher In
energy than the reactants are unfavorable or
endergonic reactions.

Unfavorable reactions can't occur without the
Input of energy from an outside source.

As shown In Fig 21.2b, products of endergonic
reactions are less stable than the reactants and
the free energy change AG has a positive value.

Oxidation reactions are usually favorable
reactions and release energy.

Oxidation of glucose, the principal source of
energy for animals, produces 686 kcal of free
energy per mole of glucose
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Free energy ———»
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A favorable reaction

Exergonic
reaction

AG

Products

Reactants LNE gative

Reaction progress ———»

(a)

Free energy

An unfavorable reaction

Endergonic
reaction

Positive _P;a:}_d_uzlg
AG

Reactants

Reaction progress ——»

(b)

Fig 21.1 (a) Energy diagram of an (@) exergonic and (b)

endergonic reaction
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Photosynthesis in plants, converts CO, and
H,O to glucose plus O, which is the reverse of
oxidation of glucose. The sun provides the
necessary external energy for photosynthesis
(686 kcal of free energy per mole of glucose
formed).

Photosynthesis

- — AG =+ 686 kcal/mol (endergonic, energy required
e . ( g gy req )
6CO, + 6H,0 CH,,0, + 60,
A3 ______..a*'
-i--‘*__‘:i i l_nn \G = —686 kcal /mol (exergonic, energy released)
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21,3 Ceallsand TThear Structures

Energy generating reactions take place within
the cells of living organisms.

There are mainly two kinds of cells:

- prokaryotic cells, usually found in single-
celled organisms including bacteria and blue-
green algae.

- eukaryotic cells, found in some single-celled
organisms and all plants and animals.
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Eukaryotic cells are
about 1000 times
larger than bacteria
cells and also have a
membrane enclosed
nucleus containing
thelr DNA, and
several other internal
structures known as
organelles.
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Fig 21.3 A generalized eukaryotic cell.

Chapter Eighteen 71



The mitochondria is often called the cell’s
power plants. Within the mitochondria,
small molecules are broken down to
provide the energy for an organism and
aso the principle energy carrying
molecule adenosine triphosphate (ATP) IS
produced.
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G, O,
AT Moy

Fig 21.4 The mitochondrion
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244" An Overview ofi M etabolism

and Eneray Preduction

Metabolism: Together, all chemical reactions
that take place In an organism.

Catabolism: Metabolic reaction pathways that
break down food molecules and release
biochemical energy.

Anabolism: Metabolic reaction pathways that

build larger biological molecules including
those can store energy from smaller pieces.
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Food molecules undergo catabolism to provide energy In
four stages as shown in the following Fig 21.5
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Fig 21.5 Pathways for
the digestion of food
and the production of
biochemical energy
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LIPIDS

Bulk food is digested in
the mouth, stomach, and

Stage 1. Digestion

small intestine to vield
small molecules

Fatty acids
and glycerol

Stage 2. Acetyl-5CoA Production

[';-l,l:._';.ﬂrI 131[}: ¢'||.'|'|_‘|I and amino
acid molecules are degraded
in the cytoplasm of cells to
vield acetyl-5CoA.

Fatty acid
oxidation

Stage 3. Citric Acid Cycle
Acetyl-SCoA 15 oxidized
insice mitochondria by
the citric acid cycle o
vield C0; and reduced
COENZYIMES.

Stage 4. ATP Production

The energy transferred o the
reduced coenzymes in stage
3 is used to make ATF by the
coupled pathways of electron
transport and exidative
phosphorylation,
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21.5 Strategies ofi Mietabolism: ATP

andl Energy. Iiransker

Adenosine triphosphate (ATP) transport energy In
living organisms.

ATP has three -PO,- groups.

Removal of one of the -PO; groups from ATP by
hydrolysis produces adenosine diphosphate (ADP).

Since this reaction IS an exergonic process, It
rel eases energy.

The reverse of ATP hydrolysis reaction is known as

phosphorylation reaction. Phosphorylation reactions
are endergonic.

Prentice Hall © 2003 Chapter Eighteen 77



Biochemical energy production, transport, and use all
depends on the ATP = ADP interconversions.

® ® ®—O— Adenosine

Energy Energy
from o for
food work

Phosphate () ®—O0— Adenosine Phosphate
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TABLE 21.1 Free Energies of Hydrolysis of Some Phosphates

Il I
R—O—lr—O_ + H,O «<—— ROH + HO—1|3—O_
) O~
Compound Name Function AG (kcal/mol)
Phosphoenol pyruvate Final intermediate in conversion of —14.8
glucose to pyruvate (glycolysis)—
stage 2, Figure 21.5
1, 3-Bisphosphoglycerate Another intermediate in glycolysis —11.8
Creatine phosphate Energy storage in muscle cells =103
ATP (—> ADP) Principal energy carrier =
Glucose 1-phosphate First intermediate in breakdown of =5
carbohydrates stored as starch
or glycogen
Glucose 6-phosphate First intermediate in glycolysis =3
Fructose 6-phosphate Second intermediate in glycolysis s 5
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21,6 Stirategiesiof Vi etanelism: Metanelic

RPathwaysand Coupled Reactions

Metabolic pathways of catabolism release energy bit
by bit in a series of reactions.

The overal reaction and the overall free-energy
change for any series of reactions can be found by
summing up the eguations and the free-energy
changes for the individual steps.

The reactions of all metabolic pathways add up to
favorable processes with negative free-energy
changes.
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Not every individual step In every metabolic
pathway I1s a favorable reaction.

Metabolic strategy IS to couple an
energetically unfavorable step (endergonic)
with an energetically favorable (exergonic)
step so that the overall energy change for the
two reactions is favorable.
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247 Strrategies ofi Viietalholism:

Oxidized andl Reduced Ceenzymes

The net result of catabolism iIs the oxidation
of food moleculesto release energy.

Many metabolic reactions are therefore
oXxlidation-reduction reactions.
A steady supply of oxidizing and reducing
agents must be avallable to accomplish the
oxlidation-reduction reactions.

Prentice Hall © 2003 Chapter Eighteen 82



A few enzymes continuoudly cycle between

thair oxidized and reduced forms.

Coe nzyme
X {Lnldutd}

Coenzyme-H
(red ucud}

As Oxidizing As Reducing
Coenzyme Agent Agent
Nicotinamide adenine dinucleotide NAD* NADH/Ht
Nicotinamide adenine dinucleotide NADP™T NADPH/H™T

phosphate
Flavin adenine dinucleotide FAD FADH,
Flavin mononucleotide FMN FMNH,
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Nicotinamide adenine dinucleotide (NAD)
and its phosphate (NADP) are widespread
coenzyme required for redox reactions.

As oxidizing agents (NAD* and NADP*) they
remove hydrogen from a substrate and as

reducing agents (NADH and NADP) they
provide hydrogen that adds to a substrate.
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21.6 TThe Citric Acid Cycle

Citric acid cycle also known as Krebs cycle: The
series of biochemical reactions that breaks down
acetyl groups to produce energy carried by
reduced coenzymes and carbon dioxide.

The eaght steps of the cycle produce two
molecules of carbon dioxide, four molecules of
reduced coenzymes, and one energy rich
phosphate. The final step regenerates the
reactant for step 1 of the next turn of the cycle.
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24.90rhe Ellectron=liransport Chain

and AP Preduction

Electron transport chain: The series of biochemical
reactions that passes electrons from reduced
coenzymes to oxygen and is coupled to ATP
formation. The electrons combine with the oxygen
we breathe and with hydrogen ions from their
surrounding to produce water.

Electron transport involves four enzyme complexes
held in fixed positions within the inner membrane
of mitochondria and two electron carriers move
from one complex to another.
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]_[F‘] Ds CARBDH YDRATES PROTEINS
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In electron transport chain
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H,0
ATP
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The most Important electron acceptors are:

Various cyctochromes that contan heme

groups in which the iron cycles between Fe**
and Fe>*,

Proteins with iron-sulfur groups in which the
iron also cycles between Fe** and Fe?*, and

The coenzyme Q, often known as ubiquinone
because of Its widespread occurrence and the
presence of a quinone group In its structure.
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H+

Coenzyme Q

Fig 21.12 Pathway of electrons\
In electron transport
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ATP Synthesis

ADP iIs converted to ATP by a reaction
between ADP and hydrogen phosphate ion.
This Is both an oxidation and phosphorylation
reaction. Energy released in the electron
transport chain drives this reaction forward.
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2410 Harmiitl- ©xygen By-Proeducts

and Antioxidant Vitamins

About 90% of the oxygen we breathe are utilized in the
electron transport-ATP synthesis reactions. These and
other oxygen consuming reactions produces some
harmful oxygen containing highly reactive products
such as hydroxyl free radical, HO:, superoxide ion, O,
and hydrogen peroxide, H,O,. These reactive species
can cause damage by breaking covalent bonds in
enzymes and other proteins, DNA, and the lipids in the
cell membranes.
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The outcomes of such damages are cancer, liver
damage, heart disease, Immune system damage
elcC.

High

Inflammation POz

Smog
Radiation (05, NO,)
Nl ’lq/]-ﬁ‘ b{\f\'r\' Reactive

metabolism O, ——> | oOxygen species

555! % (0, H,0 OH™)
Hglﬂg ‘% Chemicals

and
Reperfusion drugs
injury
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Superoxide dismutase and catalase, some
very fast acting enzymes in our body,
provides protection against these harmful
free radicals and hydrogen peroxide by
destroying them as they are produced.
Protection Is also provided by the vitamins
E, C, and A. These vitamins make the free
radicals harmless by bonding with them.
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22. 1 An Intreduction to

Carboehydraies

Carbohydrates are a large class of naturally
occurring polyhydroxy aldehydes and ketones.

Monosaccharides also known as ssimple sugars,
are the smplest carbohydrates containing 3-7
carbon atoms.

sugar containing an aldehydes is known as an
aldose.

sugar containing a ketones is known as a ketose.
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Carbohydrates are a large class of naturally
occurring polyhydroxy aldehydes and ketones.

Monosaccharides also known as simple sugars, are
the ssimplest carbohydrates containing 3-7 carbon
atoms.

sugar containing an adehydes Is known as an
aldose.

sugar containing a ketones is known as a ketose.

The family name ending -ose indicates a
carbohydrate.

Simple sugars are known by common names such
as glucose, ribose, fructose, etc.
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The number of carbon atoms in an aldose
or ketose may be specified as by tri, tetr,
pent, hex, or hept. For example, glucose is
aldohexose and fructose I1s ketohexose.

Monosaccharides react with each other to
form disaccharides and polysaccharides.

Monosaccharides are chira molecules and
exist mainly in cyclic forms rather than the
straight chain.
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22,2 Handednessin Carbohyadrates

Carbohydrates are chira molecules since
they have carbon atoms carrying four
different groups.

The ssmplest three carbon naturally occurring
carbohydrate glyceraldehyde lack a plane of
symmetry and exist as a par of
enantiomers — aright handed D form or aleft
handed L form.
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D-Glyceraldehyde
Right-handed
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L-Glyceraldehyde
Left-handed
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Two forms of glyceraldehyde (D and L) have
the same physical properties except they
behave differently In the presence of a
polarized light.

Two forms of glyceraldehyde rotate plane of a
polarized light in the opposite direction by the
same amount.

An instrument known as Polarimeter can be
used to measure the degree of rotation of the
plane of apolarized light.
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Polarized light

rotated
PchlI‘IZEd light thmugh this angle
Obc.en er
Polarizer bample tube Anal }zer .
‘ T pDhrlze d mlthlnrg?mc
Light source light TGS
in solution

Fig 22.1 Principles of a polarimeter, used to determine
optical activity. A solution of an opticaly active
Isomer rotates the plane of the polarized light by a
characteristic amount.
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In general, compounds with n chiral carbon
aloms has a maximum of 2" possible
steroisomers and half that many par of
enantiomers.

Glucose, and aldohexose, has four chiral
carbon atoms and a total of 24 = 16 possible
stereolsomers (8 pairs of enantiomers).
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H,\C#O H\:C#O HRC#,O HRC#O
Hw(C-a0OH HO--EC*-IH HOw»(C-=aH : Hw(C-a0OH
H w=—C-=OFH | HOw(C-aH Hw—(C-w0OH u HOw(C—-aH
CH,OH CHOH CH,OH CH,OH
| Erythrose - Theeose |

Fig 22.2 Two pairs of enentiomers. The four isomeric
aldotetroses, 2,3,4-trihydroxybutanals.
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22,3 e Drand L Eamilies of Sugars:

DrawingSugar Vlielecules

Fisher Projection  represent  three-
dimensional structures of stereoisomers on a

flat page.

A chiral carbon atom Is represented In the
Fisher projection as the intersection of two
crossed lines. Bond that points up out of the
page are shown as horizontal lines, and
bonds that point behind the page are shown
as vertical lines, see the following scheme.
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In a Fisher projection, the aldehyde or ketone
carbonyl group of a monosaccharide Is aways
placed at the top.

Fischer projection of a glyceraldehyde enantiomer

CHO
— 1D Bty
Bonds = «— _Bonds
o —HEB_E s & 2 (Home—n
P&;L:‘ v cliy
~HO8 CH,OH

Fischer projection
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Monosaccharides are divided Into two
families—D and L sugars.

- In D form, the —OH group on carbon 2
comes out of the plane of paper and points to
the right.

- In L form, the -OH group on carbon 2
comes out of the plane of paper and points to
the left.
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There is no correlation between the D and L
and direction of rotation of a plane of
polarized light. The D and L relate directly
only to the position of —-OH group on the
bottom carbon in a Fisher projection.
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22,4 Siructure ol Glucese and Other

Mionesacchanides

D-Glucose, sometimes called dextrose or blood
sugar, IS the most widely occurring of all
monosaccharides.

In nearly al living organisms, D-glucose serves as a
source of energy for all biochemical reactions.

D-glucose Is stored in polymeric form as starch in
plants and as glycogen in animals.

Monosaccharides with five or six carbon atoms exist
mainly in cyclic forms.
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22,5 Seme limpertant IVienesaccharides

Monosaccharides are generally high-melting,
white, crystalline solids that are soluble in water
and Insoluble In nonpolar solvents. Most

monosaccharides are sweet tasting, digestible, and
nontoxic.

6
CH,OH

5]
CH,OH

OH

2
OH B-D-Galactose
o-D-Galactose
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B-D-Fructose
o-D-Fructose
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Anomers: Cyclic sugars that differs only In
positions of substituents at the hemiacetal carbon;
the a-form has the —OH group on the opposite
side from the -CH,OH; the pB-form the —OH
group on the same side as the -CH,OH group.

o-D-Galactose B-D-Galactose
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Ordinarily, crystalline glucose is entirely in
o.-form.

Once dissolved in water, equilibrium Is
established between the open chain and two
anomeric form of the glucose. The optical
rotation of afreshly prepared solution of o or
B glucose gradually changes from its original
value until It reaches a constant value that
represents the optical rotation of the
equilibrium solution, known as mutarotation.
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CH,OH
OH, 2 H H OHOHH O
AN {‘J}Ii S I]U_(::n_ﬁ:?_[;:jJ,_I:lj‘m_CL_?._(!]:_I{ —
H OHH H OH

o-D-Galactose Open-chain galactose B-D-Galactose

The structure of D-galactose: The molecule
can exist as an open chan hydroxy aldehyde
or asapair of cyclic hemiacetals.
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The optical rotation of a freshly prepared
solution of a. or B glucose gradually changes
from its original value until it reaches a
constant value that represents the optical
rotation of the equilibrium solution, known as
mutar otation.

Monosaccharides are high melting, white
crystalline water soluble solids. Most
monosaccharides are sweet-tasting, digestible,
and non-toxic.
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22.6Reactions of Vlonesaccharides

Reactions with Oxidizing Agents: Reducing
Sugars

When an open chain aldenyde form of an
adose monosaccharide, 1s oxidized Its
equilibrium with the cyclic form iIs displaced.
The aldehyde group of the monosaccharide is
ultimately oxidized to a carboxylic acid group.
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Reducing sugars. Carbohydrates that reacts In
basic solution with a mild oxidizing agents are
classified as reducing sugars. In basic
solution, all monosaccharides, whether they
aldoses or ketoses, are reducing sugars.

Reactions with Alcohols: Glycoside and
disaccharide Formation

Monosaccharides react with alcohols to form
acetals, which are called glycosides.
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The bond between the anomeric carbon atom
and the oxygen atom of the —OR group IS
known as glycosidic bond.

In disaccharides and polysaccharides,
monosaccharides are connected to each other
by glycosidic bonds.

Hydrolysis: Reverse of glycosidic reaction
that happens during digestion of all
carbohydrates.
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Formation of Phosphate Esters of Alcohols

The —OH group of sugar can add —PO.% group
to form phosphate esters.

Phosphate esters of monosaccharides appear
as reactants and products throughout the
metabolism of carbohydrates.

Disaccharides ae made up of two
monosaccharides. For example, sucrose, table
sugar, IS a disaccharide made up of one
glucose and one fructose.
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Most fruits and fresh vegetable contain mono
and disaccharides.

Disaccharides contain a glycosidic link
between the hemiacetal hydroxyl group at C1
of one sugar and the hydroxyl group at C4 of
another sugar.
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The three naturally occurring common
disaccharides are:

Maltose: Two a-glucose are joined by an a-
1,4-link.

L actose, also known as milk sugar: The major
carbohydrate found in mammalian milk. Two
B-monosaccharides are joined by an -1,4-link.

Sucrose, table sugar: Sugar beets and
sugarcane are the most common sources of
sucrose. One molecule of D-fructose and one
molecule of D-glucose joined together by a
1,2-link between the anomeric carbons.
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22,8\ ariaiens onithe Carlehydraie

Theme

Monosaccharides with modified functional
groups are components of a wide variety of
biomolecules.

Short chains of monosaccharides, known as
oligosaccharides, enhance the function of
proteins and lipids to which they are bonded.
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A few of these carbohydrate variations are,

- chitin: the shells of lobster, beetles, and
spiders are made of chitin.

- heparin: an agent that prevents or retards
the clotting of blood.

- glycoproteans: performs  iomportant
function at the cell sufacee They can
function as receptor for molecular
messengers or drugs. They ae aso
responsible for the familiar A, B, O system
of typing blood.

Prentice Hall © 2003 Chapter Eighteen 123



22,9 Seme limpertant Polysaceharides

Polysaccharides are polymers of many
monosaccharides linked together through
glycosidic bonds. Three of the most important
polysaccharidies are cellulose, starch, and
glycogen.

Cellulose Is a fibrous substance that provides
structure In plants. They consist entirely of
several thousand B-units joined together in a
long straight chain by 3-1,4-links.
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Starch, like cellulose, Is a polymer of glucose.
Starch i1s fully digestible and is an essential part
of human diet. In starch, glucose units are
joined by a-1,4-links.

Glycogen, also called animal starch, serves as
the energy storage role as starch serves in plants.
Some of the glucose from starches in our diet
used immediately as fuel, and some are stored
as glycogen for later use.
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23,1 Digestion eoff Carbenydrates

Digestion entalls physical grinding, softening,
mixing of food, and enzyme-catalyzed
hydrolysis of carbohydrates, proteins, and fats.
The products of digestion are mostly small
molecules that are absorbed from the intestine
tract. The digestion of carbohydrates iIs

summarized in Fig 23.1.
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Fig 23.1 The digestion of

carbohydrates

Prentice Hall © 2003

Dietary
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Polysaccharides, sucrose,
lactose, and maltose

Stomach

Pancreatic a-amylase,

Small intestine 5
maltase, sucrase, lactase

b

Monosaccharides

Absorption
through small
intestine lining

Monosaccharides in
bloodstream
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284 EntiRy oF Other Sugarsinie

Glycolysis

Major monosaccharides from digestion other
than glucose also enters Into glycolyss
pathway.

Fructose from fruits or hydrolysis of the

disaccharides sucrose Is converted to
glycolysis intermediates in two pathways.
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- In muscle, it Is phosphorylated to fructose 6-
phosphate.

- In the liver, it Is converted to glyceraldehyde 3-
phosphate.

Galactose from hydrolysis of the disaccharides
lactose Is converted to glucose 6-phosphate by a
five-step pathway.

Mannose, a product of hydrolysis of plant
polysaccharides other than starch, is converted by
hexokinase to a 6-phosphate which is then undergoes
a multistep, enzyme catalyzed rearrangement and
enters glycolysis as fructose 6-phosphate.
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23.5he Eate of Pyruvate

The conversion of glucose to pyruvate iIs a central
metabolic pathway In most living organisms. The
further reactions of pyruvate depend on metabolic
conditions and on the nature of organism.

Under normal oxygen rich (aerobic) conditions,
pyruvate is converted to acetyl-S-coenzyme A.

Ethyl <—— Pyruvate —> Lactate
alcohol l

Acetyl-SCoA

Prentice Hall © 2003 Chapter Eighteen 130



Under anaerobic (not enough oxygen)
conditions, pyruvate IS reduced to lactate.
When sufficient oxygen becomes available,
|actate Is recycled to pyruvate.

When body Is starved for glucose, pyruvate is
converted back to glucose by
gluconeogenesis.

Yeast IS an organism that converts pyruvate
to ethanol under anaerobic conditions.
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237 Regulation of Glucese

Mietalholism and Eneray: Proeduction

Normal blood glucose concentration a few hours after a
meal ranges roughly between 65 and 110 mg/dL.
Departure from normal has serious effects on our body,
Fig 23.5.

Low Dblood glucose (Hypoglycemia) causes
weakness, sweating, and rapid heartbeat, and in severe
cases It can cause coma, and eventually to death.

High blood glucose (Hyperglycemia) causes
increased urine flow. Prolonged hyperglycemia can
cause low blood pressure, coma, and death.
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for diabetes

110
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60
Fig 23.5 Blood glucose 30  Hypoglycemic coma
Hypoglycemia
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The following two hormones from pancreas have
the maor responsbility for blood glucose
regulation.

- Insulin 1s released when blood glucose
level rises. Its role is to decrease blood glucose
concentration by accelerating the passage of
glucose into cells where it Is used for energy
production, and stimulating synthesis of
glycogen, proteins, and lipids.
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- Glucagon is released when blood glucose concentration
drops. Glucagon stimulates the break down of glycogen in
the liver and release glucose. Amino acids from proteins

and glycerol from lipids are also converted to glucose in the
liver by gluconeogenesis.

Rising blood gliucose concentration Falling blood glucose concentration

. Glucose enters cells faster. . Glucose entry to cells
slomys down,

Breakdown of glucose by Glycogen breakdown in

= T glycolysis speeds up. liver speeds up.
ancreatic [ cells .
R Pancreatic o cells ek i cf et aad
Glycogen synthesis increases release glicagon. - A e
YoOE ¥ proteins to raw materials

in liver and skeletal muscles. for glucose synthesis by

gluconeogenesis increases.

Synthesis of lipids and Gl B
proteins increases. oH e e L
accelerates.

Fig 23.6 Regulation of glucose concentration by insulin and
glucagon from pancreas.
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Liver ‘

Fig 23.10 Glucose production during exercise.
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