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Thelllustrationsin following lecture are takenfrom Albertset al.

MolecularBiologyof the Cell, 5thEdition(GarlandScience 2008)
only and exclusivelyfor the educationalpurposes

Al bertis A Johnson A -Lewis- A Ral

Molecular-Biology: of the Cell
Fifth Edition

Copyright E Garl and Scli
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atomic number

_ atomic weight

23 24 25 26 27 28

V Cr Mn Fe Co Ni zéu 3Zn

S sz 56 -




neutron electron

carbon atom hydrogen atom

atomic number =6 atomic number =1
atomic weight =12 atomic weight = 1




SHARING OF
ELECTRONS

molecule

covalent bond

TRANSFER OF
ELECTRON

positive  negative
ion ion

ionic bond




Nonpolar covalent bond

Bonding electrons shared
equally between two atoms.
No charges on atoms.

(A) ethane

Polar covalent bond lonic bond

Bonding electrons shared Complete transfer of one or more
unequally between two atoms. valence electrons.
Partial charges on atoms. Full charges on resulting ions. (B) ethene
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Table 2-1 Covalent and Noncovalent Chemical Bonds

Covalent 0.15
Noncovalent: ionic* 0.25
hydrogen 0.30

van der Waals attraction 0.35
(per atom)

*An ionic bond is an electrostatic attraction between two fully charged atoms.
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HYDROPHOBIC MOLECULES
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(80 vs. 3 kcal/mol).
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SUBUNITS MACROMOLECULES MACROMOLECULAR
covalent bonds noncovalent bonds ASSEMBLIES
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e.g., sugars, amino acids, ‘ 9‘

and nucleotides

e.g., globular proteins 30 nm

and RNA

e.g., ribosome
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(A)

hydrogen bond ~ 0.3 nm long O —H i O
1

donor acceptor O—H |||||||||||||0®

atom atom

O —H I N
:@—- H III||IIII|III
N —H [ o

| S——

covalent bond N®H I o
~ 0.1 nm long
N —H i N

donor acceptor
atom atom




Amino acids in polypeptide chains hydrogen-bonded
together.

—H
C=O[llIMNIH—

|
|
|

R—C
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Two bases, G and C, hydrogen-bonded in DNA or RNA.

H

H
NN
N H|||||||O\\ /N:::C/
C—C /
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N IIH —N

N
OllliiH—N

Any molecules that can form hydrogen bonds to each other
can alternatively form hydrogen bonds to water molecules.
Because of this competition with water molecules, the
hydrogen bonds formed between two molecules dissolved
in water are relatively weak.

peptide
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Charged groups are shiglded by their
interactions with water molecules.
Electrostatic attractions are therefore
quite weak in water.

similarly, ions in solution can cluster around
charged groups and further weaken
these attractions.

Despite being weakened by water and salt,
electrostatic attractions are very important in
biological systems. For example, an enzyme that
binds a positively charged substrate will often
have a negatively charged amino acid side chain
at the appropriate place.

. substrate
e
g +
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3-carbon (TRIOSES) S-carbon (PENTOSES) 6-carbon (HEXOSES)

n
|
n
Q
=
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glyceraldehyde glucose

KETOSES

H

dihydroxyacetone ribulose fructose




D-glyceraldehyd L-glyceraldehyd




RING FORMATION

In aqueous solution, the aldehyde or ketone group of a sugar
molecule tends to react with a hydroxyl group of the same
molecule, thereby closing the molecule into a ring.

CH,OH

glucose

ribose

OH
Note that each carbon atom
has a number.

oo AND B LINKS

The hydroxyl group on the carbon that carries the
aldehyde or ketone can rapidly change from one
position to the other. These two positions are
called o and B.

O 0
OH

B hydroxyl o hydroxyl
As soon as one sugar is linked to another, the o or
B form is frozen.

I
N-acetylglucosamine C=0

I
CH,

ISOMERS

Many monosaccharides differ only in the spatial arrangement
of atoms—that is, they are isomers. For example, glucose,
galactose, and mannose have the same formula (C;H,;04) but
differ in the arrangement of groups around one or two carbon
atoms.

CH,OH

glucose
mannose

These small differences make only minor changes in the
chemical properties of the sugars. But they are recognized by
enzymes and other proteins and therefore can have important
biclogical effects.

SUGAR DERIVATIVES

The hydroxyl groups of a simple
monosaccharide can be replaced
by other groups. For example,

CH,OH

@]
OH

OH H glucosamine

HO

NH
glucuronic acid




DISACCHARIDES o glucose CHOH
@)
The carbon that carries the aldehyde

or the ketone can react with any
hydroxyl group on a second sugar
molecule to form a disaccharide.
The linkage is called a glycosidic
bond.

Three common disaccharides are

maltose (glucose + glucose)
lactose (galactose + glucose)
sucrose (glucose + fructose)

The reaction forming sucrose is
OH
shown here.

OLIGOSACCHARIDES AND POLYSACCHARIDES

Large linear and branched molecules can be made from simple repeating sugar
subunits. Short chains are called oligosaccharides, while long chains are called
polysaccharides. Glycogen, for example, is a polysaccharide made entirely of
glucose units joined together.

branch points / glycogen

+

HO

OH
H,O

@)

sucrose

P fructose
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COMMON FATTY
ACIDS5

These are carboxylic acids
with long hydrocarbon tails.

"-l-"- YOH "-l- QOH "-l- QOH Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
CH. CH. CH. hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated.
|- - C “ |- “ i _

CH, CH, CH, 0 B O\ /O
| | [/ C
{l.'Hg CH;

LlH

CH, CH, CH,

| ~ i : ' — This double bond

CH, CH, CH, is rigid and creates

| A : , /2 kink in the chain. _

L |7 The rest of the chain . stearic

CH, CH, o is free to rotate

| 1 about the other C-C
“l'HE e ] bonds.

LlH

LlH
CH,

CH,

| ) ) space-filling model carbon skeleton

"l'HE E E UNSATURATED SATURATED
CH,

palmitic

GHz al?idl

CH. (Cagd
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CARBOXYL GROUP

If free, the carboxyl group of a But more usually it is linked to or amides.
fatty acid will be ionized. other groups to form either esters

TRIACYLGLYCEROLS Fatty acids are stored as an energy reserve (fats and
oils) through an ester linkage to glycerol to form
triacylglycerols, also known as triglycerides.

glycerol




PHOSPHOLIPIDS

Phospholipids are the major constituents
of cell membranes.

o)
O—P—0
0
CIHQ—C|H—CH2

'| choline

‘\\\ hydrophobic
T fatty acid tails

space-filling model of
the phospholipid
phosphatidylcholine

In phospholipids two of the -OH groups in glycerol are
linked to fatty acids, while the third —OH group is linked

to phosphoric acid. The phosphate is further linked to
one of a variety of small polar groups (alcohols).

general structure
of a phospholipid

STEROIDS

WY OH

cholesterol—found in many membranes

Steroids have a common multiple-ring structure.

HO

testosterone—male steroid hormone

GLYCOLIPIDS

Like phospholipids, these compounds are composed of a hydrophobic
region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugars and no phosphate.

a simple

hydrocarbon tails glycolipid
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