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            Outline of Sugar Types Found in Cells - Part 1     

Monosaccharides usually have the general formula (CH2O) n , where n can be 3, 4, 5, 6, 7, or 8, and have two or more hydroxyl groups. 
They either contain an aldehyde group (          ) and are called aldoses or a ketone group (           ) and are called ketoses.

MONOSACCHARIDES

Note that each carbon atom has a number.

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 (C6H12O6) but 
differ in the arrangement of groups around one or two carbon 
atoms.

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 
biological effects.
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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.
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In many cases a sugar sequence 
is nonrepetitive. Many different 
molecules are possible. Such 
complex oligosaccharides are 
usually linked to proteins or to lipids, 
as is this oligosaccharide, which is 
part of a cell-surface molecule
that defines a particular blood group.

COMPLEX OLIGOSACCHARIDES

OLIGOSACCHARIDES AND POLYSACCHARIDES
Large linear and branched molecules can be made from simple repeating units.
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

sucrose

a  glucose b  fructoseDISACCHARIDES 
The carbon that carries the aldehyde 
or the ketone can react with any 
hydroxyl group on a second sugar 
molecule to form a disaccharide. 
Three common disaccharides are 

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

The reaction forming sucrose is 
shown here.

a  AND b  LINKS SUGAR DERIVATIVES
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 
a  and b .

As soon as one sugar is linked to another, the a  or 
b  form is frozen.

The hydroxyl groups of 
a simple monosaccharide 
can be replaced by other 
groups. For example,
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            Fatty Acids and Other Lipids - Part 1                    

These are carboxylic acids with
long hydrocarbon tails.
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Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated.

oleic
acid

stearic
acid

This double bond
is rigid and creates
a kink in the chain. 
The rest of the chain 
is free to rotate
about the other C–C
bonds.

space-filling model            carbon skeleton

Fatty acids are stored as an energy reserve 
(fats and oils) through an ester linkage to 
glycerol to form triacylglycerols.
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If free, the carboxyl group of a
fatty acid will be ionized.

But more usually it is linked to
other groups to form either esters

or amides.

PHOSPHOLIPIDS
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Phospholipids are the major constituents 
of cell membranes.

hydrophobic
fatty acid tails

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).

space-filling model of
the phospholipid
phosphatidylcholine

general structure of
a phospholipid
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            Fatty Acids and Other Lipids - Part 2                    

LIPID AGGREGATES

Fatty acids have a hydrophilic head
and a hydrophobic tail.

In water they can form a surface film
or form small micelles.

Their derivatives can form larger aggregates held together by hydrophobic forces:

Triglycerides form large spherical fat
droplets in the cell cytoplasm.

Phospholipids and glycolipids form self-sealing lipid
bilayers that are the basis for all cellular membranes.

200 nm
or more

4 nm

 OTHER LIPIDS Lipids are defined as the water-insoluble 
molecules in cells that are soluble in organic 
solvents. Two other common types of lipids
are steroids and polyisoprenoids. Both are 
made from isoprene units.
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 STEROIDS

HO O
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cholesterol—found in many membranes testosterone—male steroid hormone

Steroids have a common multiple-ring structure.

 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 sugar residues and no phosphate.

C
C

C
C

CH2

H
H

NH

OH
H

O

galactose

C

O
hydrocarbon tails

sugar
residue

a simple
glycolipid

POLYISOPRENOIDS

long chain polymers 
of isoprene

O–

O–O

O

P

dolichol phosphate—used 
to carry activated sugars 
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and some polysaccharides
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THE AMINO ACID

The general formula of an amino acid is

+

H

H2N COOH

R

C

R is commonly one of 20 different side chains.
At pH 7 both the amino and carboxyl groups
are ionized.

H

H3N COO

R

C

a -carbon atom

carboxyl 
group

side-chain group

OPTICAL ISOMERS
The a -carbon atom is asymmetric, which 
allows for two mirror image (or stereo-) 
isomers, L and D.
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Proteins consist exclusively of  L-amino acids.

C aL D

PEPTIDE BONDS

Amino acids are commonly joined together by an amide linkage, 
called a peptide bond.
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Peptide bond: The four atoms in each gray box form a rigid
planar unit. There is no rotation around the C–N bond.
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Proteins are long polymers 
of amino acids linked by
peptide bonds, and they 
are always written with the
N-terminus toward the left. 
The sequence of this tripeptide 
is histidine-cysteine-valine. These two single bonds allow rotation, so that long chains of

amino acids are very flexible.

amino, or
N-, terminus

+

carboxyl, or
C-, terminus

FAMILIES OF
AMINO ACIDS

The common amino acids
are grouped according to
whether their side chains
are

     acidic
     basic
     uncharged polar
     nonpolar

These 20 amino acids
are given both three-letter
and one-letter abbreviations.

Thus: alanine = Ala = A

BASIC SIDE CHAINS
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This group is
very basic
because its
positive charge
is stabilized by
resonance.

These nitrogens have a 
relatively weak affinity for an
H+ and are only partly positive
at neutral pH.

+
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ACIDIC SIDE CHAINS

H

C C

O

N

H CH2

aspartic acid

(Asp, or D)

C

O O–

H

C C

O

N

H

CH2

glutamic acid

(Glu, or E)

C

O O–

CH2

UNCHARGED POLAR SIDE CHAINS
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Although the amide N is not charged at 
neutral pH, it is polar.
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The –OH group is polar.

NONPOLAR SIDE CHAINS
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Disulfide bonds can form between two cysteine side chains in proteins.
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