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Basic Reading for Molecular Biology

1.1 SMALL MOLECULES

1.1.1 Sugars are Food Molecules of the Cell

The simplest sugars—the monosaccharides—are compounds with the
general formula (CH,0),, where “n” is an integer from 3 through 7.
Glucose, for example, has the formula C¢H;y Og. Sugars can exist in
either a ring or an open-chain form. In their open-chain form sugars
contain a number of hydroxyl groups and either one aldehyde
( =C=0) or one ketone ( ;=C—0) group. The aldehyde or ketone
group plays a special role. First, it can react with a hydroxyl group in the
same molecule to convert the molecule into a ring; in the ring form the
carbon of the original aldehyde or ketone group can be recognized as the
only one that is bonded to two oxygens. Second, once the ring is formed,
this carbon can become further linked to one of the carbons bearing a
hydroxyl group on another sugar molecule, creating a disaccharide. The

addition of more monosaccharides in the same way results in
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oligosaccharides of increasing length (trisaccharides, tetrasaccharides,
and so on) up to very large polysaccharide molecules with thousands of
monosaccharide units. Because each monosaccharide has several free
hydroxyl groups that can form a link to another monosaccharide (or to
some other compound), the number of possible polysaccharide structures
is extremely large. Even a simple disaccharide consisting of two glucose
residues can exist in eleven different varieties, while three different
hexoses (CgHj305) can join together to make several thousand different
trisaccharides. It is very difficult to determine the structure of any
particular polysaccharide because one needs to determine the sites of
linkage between each sugar unit and its neighbors. With present methods,
for instance, it takes longer to determine the arrangement of half a dozen
linked sugars (those in a glycoprotein, for example) than to determine the
nucleotide sequence of a DNA molecule containing many thousands of
nucleotides (where each unit is joined to the next in exactly the same
way)!.

Glucose is the principal food compound of many cells. A series of
oxidative reactions leads from this hexose to various smaller sugar

derivatives and eventually to CO, and H,O. The net result can be written

CoHipOg + 60,—> 6C0, + 6H,0 + energy

In the course of glucose breakdown, energy and “reducing power,”
both of which are essential in biosynthetic reactions, are salvaged and
stored, mainly in the form of ATP in the case of energy and NADH for
reducing power.

Simple polysaccharides composed only of glucose residues—
principally glycogen in animal cells and starch in plant cells—are used
to store energy for future use. But sugars have functions in addition to the
production and- storage of energy. Important extracellular structural
materials (such as cellulose) are composed of simple polysaccharides,
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and smaller but more complex chains of sugar molecules are often
covalently linked to proteins in glycoproteins and to lipids in
glycolipids.

1.1.2 Fatty Acids are Components of Cell Membranes

A fatty acid molecule, such as palmitic acid, has two distinct
regions; a long hydrocarbon chain, which is hydrophobic ( water
insoluble) and not very reactive chemically, and a carboxylic acid group,
which is ionized in solution (COO~ ), extremely hydrophilic ( water
soluble) , and readily reacts with a hydroxyl or an amino group on a
second molecule to form esters and amides. In fact, almost all of the fatty
acid molecules in a cell are covalently linked to other molecules by their
carboxylic acid group. The many different fatty acids found in cells differ
in the length of their hydrocarbon chains and the number and position of
the carbon-carbon double bonds they contain.

Fatty acids are a valuable source of food since they can be broken
down to produce more than twice as much usable energy, weight for
weight, as glucose’. They are stored in the cytoplasm of many cells in the
form of droplets of triglyceride molecules, which consist of three fatty
acid chains, each joined to a glycerol molecule; these molecules are the
animal fats familiar from everyday experience. When required to provide
energy, the fatty acid chains can be released from triglycerides and
broken down into two-carbon units. These two-carbon units, present as
the acetyl group in a water-soluble molecule called acetyl CoA, are then
further degraded in various energy-yielding reactions, which we will
describe below.

But the most important function of fatty acids is in the construction of
cell membranes. These thin, impermeable sheets that enclose all cells
and surround their internal organelles are composed largely of
phospholipids, which are small molecules that resemble triglycerides in
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that they are constructed mostly from fatty acids and glycerol. In
phospholipids, however, the glycerol is joined to two rather than three
fatty acid chains. The remaining site on the glycerol is coupled to a
negatively charged phosphate group, which is in turn attached to another
small hydrophilic compound, such as ethanolamine, choline, or serine.
Each phospholipid molecule, therefore, has a hydrophobic tail—
composed of the two fatty acid chains—and a hydrophilic polar head
group, where the phosphate is located. A small amount of phospholipid
will spread over the surface of water to form a monolayer of phospholipid
- molecules; in this thin film, the hydrophobic tail regions pack together
very closely facing the air and the hydrophilic head groups are in contact
with the water. Two such films can combine tail to tail in water to make a
phospholipid sandwich, or lipid bilayer, an extremely important assembly
that is the structural basis of all cell membranes

1.1.3 Amino Acids are the Subunits of Proteins

The common amino acids are chemically varied, but they all contain
a carboxylic acid group and an amino group, both linked to a single
carbon atom. They serve as subunits in the synthesis of proteins, which
are long linear polymers of amino acids joined head to tail by a peptide
bond between the carboxylic acid group of one amino acid and the amino
group of the next. Although there are many different possible amino
acids, only 20 are common in proteins, each with a different side chain
attached to the alpha-carbon atom. The same 20 amino acids occur over
and over again in all proteins, including those made by bacteria, plants,
and animals. Although the choice of these particular 20 amino acids
probably occurred by chance in the course of evolution, the chemical
versatility they provide is vitally important. For example, 5 of the 20
amino acids have side chains that can carry a charge, whereas tie others

are uncharged but reactive in specific ways. As we shall see, the
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properties of the amino acid side chains, in aggregate, determine the
properties of the proteins they constitute and underlie all of the diverse
and sophisticated functions of proteins.

1.1.4 Nucleotides are the Subunits of DNA and RNA

In nucleotides one of several different nitrogen-containing ring
compounds (often referred to as bases because they can becombined with
H* in acidic solutions) is linked to a five-carbon sugar (either ribose or
deoxyribose) that carries a phosphate group. There is a strong family
resemblance between the different nitrogen-containing rings found in
nucleotides. Cytosine (C), thymine (T), and uracil (U) are called
pyrimidine compounds because they are all simple derivatives of a six-
membered pyrimidine ring; guanine (G) and adenine (A) are purine
compounds, with a second five-membered ring fused to the six-membered
ring. Each nucleotide is named by reference to the unique base that it
contains.

Nucleotides can act as carriers of chemical energy. The triphosphate
ester of adenine, ATP, above all others, participates in the transfer of
energy ini hundreds of individual cellular reactions. Its terminal phosphate
is added using energy from the oxidation of foodstuffs, and this phosphate
can be split off readily by hydrolysis to release energy that drives
energetically unfavorable biosynthetic reactions elsewhere in the cell. As
we discuss later, other nucleotide derivatives serve as carriers for the
transfer of particular chemical groups, such as hydrogen atoms or sugar
residues, from one molecule to another. And a cyclic phosphate-
containing adenine derivative, cyclic AMP, serves as a universal
signaling molecule within cells.

The special significance of nucleotides is in the storage of biological
information. Nucleotides serve as building blocks for the construction of
nucleic acids, long polymers in which nucleotide subunits are covalently
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linked by the formation of a phosphate ester between the 3’ -hydroxyl
group on the sugar residue of one nucleotide and the 5’ -phosphate group
on the next nucleotide. There are two main types of nucleic acids,
differing in the type of sugar that forms their polymeric backbone. Those
based on the sugar ribose are known as ribonucleic acids, or RNA, and
contain the four bases A, U, G, and C. Those based on deoxyribose (in
which the hydroxyl at the 2’ position of ribose is replaced by a hydrogen)
are known as deoxyribonucleic acids, or DNA, and contain the four bases
A, T, G, and C. The sequence of bases in a DNA or RNA polymer
represents the genetic information of the living cell. The ability of the
bases from different nucleic acid molecules to recognize each other by
noncovalent interactions ( called base-pairing)—G with C, and A with
either T (in DNA) or U (in RNA )—underlies all of heredity and

evolution.

Vocabulary
monosaccharide [ imonou’seekoraid]  n. [44L 188
formula ['fo: mjuls] n. A, H
glucose [’glu: kous] n. WEMN
hydroxyl [ hai’ droksil ] n. g%
aldehyde [’ eldihaid] n.[4L1RE
ketone ['ki: toun] n.[{L]18M
disaccharid [ dai’seekoraid ] n. 5
oligosaccharide [ oligou’sackoraid]  n. {EXHE, MK
trisaccharide [ trai’ seekoraid ] n.=H
tetrasaccharide [ itetro’seekoraid]  n. PUBE
polysaccharide [ poli’seekoraid ] n. 2, Z R
hexose [ 'heksous ] n. o
glycoprotein [ iglaikou’prouti:n] n. WEH
oxidative ["oksideitiv] a. K
derivative [ di’ rivetiv ] a. 31K, R/



biosynthetic
salvage
glycogen
starch
extracellular
cellulose
covalently
glycolipid
hydrocarbon
hydrophobic
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ester

amide
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glycerol
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phospholipid
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choline
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phosphate
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bilayer
polymer
versatility
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aggregate [ egrigeit]
nucleotide [ 'nju: kliotaid]
base [ beis]
ribose [ 'raibous]
deoxyribose [ di: oksi’raibous]
cytosine [ saitosi:n]
thymine [ 'Gaimi:n]
uracil [/juoresil ]
pyrimidine [ ipai’rimidi:n]
guanine ["gwa:ni:n)
adenine ["eedoni:n]
purine ["pjueri:n]
triphosphate [ trai’ fosfeit ]
oxidation [ oksi’deifon]
hydrolysis [ hai’drolisis ]
cyclic ['saiklik ]
noncovalent [ "nonkau’ veilant ]
Phrases
reducing power W1, RS
fatty acid JFkBER
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acetyl CoA ZM:#M A
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Notes
1.it takes longer to determine . . . than to determine . .., FIEEBRN B EILE
E—RAOBHAE LRELTABEN DNA FFFIE RS, EiEEE4

HERHERE.
2.Fatty acids are a valuable source of food ... more than twice as much usable

energy, weight for weight, as glucose. JX/H) & I M B : IREAAE N R Y AR
BEACEHRZHOEE, FRRABA T ENEREWEHROFTEE,

1.2 GENES ARE DNA

The hereditary nature of every living organism is defined by its
genome, which consists of a long sequence of nucleic acid that provides
the information needed to construct the organism. We use the tenn
“information” because the genome does not itself perform any active role
in building the organism; rather it is the sequence of the individual
subunits (bases) of the nucleic acid that determines hereditary features.
By a complex series of interactions, this sequence is used to produce all
the proteins of the organism in the appropriate time and place. The
proteins either form part of the structure of the organism, or have the
capacity to build the structures or to perform the metabolic reactions
necessary for life.

The genome contains the complete set of hereditary information for
any organism. Physically the genome may be divided into a number of
different nucleic acid molecules. Functionally it may be divided into
genes. Each gene is a sequence within the nucleic acid that represents a
single protein. Each of the discrete nucleic acid molecules comprising the
genome may contain a large number of genes. Genomes for living
organisms may contain as few as < 500 genes (for a mycoplasma, a type
of bacterium) to as many as > 40 000 for Man.

The basic behavior of the gene was defined by Mendel more than a
century ago. Summarized in his two laws, the gene was recognized as a



