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1.7: Carbohydrates

Fermentation Carbohydrates 

Carbohydrates are the most abundant biomolecules on earth and are widely used by organisms for structural and energy-storage
purposes. In particular, glucose is the most commonly used monosaccharide, thus, this is why all of the pathways that we have
covered start with glucose.

However, many microorganisms are able to utilize more complex carbohydrates for energy.

Let’s look at the structures of different carbohydrates and their use in microbial metabolism.

Monosaccharides 

Monosaccarides are the building blocks (monomers) for the synthesis of polymers. These sugars are classified by the length of the
chain and the position of the carbonyl.

Glucose and Ribose are shown below.

They are both aldoses because the carbonyl is a [ketone/ aldehyde].
One is a hexose and one is a pentose. Label each.

Glyderaldehyde and dihydroxyacetone are shown below.

 Exercise 1.7.1
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One is an aldose and one is a ketone. Label each.
They are both ______________oses

Monosaccharides of four or more carbon atoms are typically more stable when they adopt cyclic, or ring, structures. This is a
nucleophilic addition the results in a hemiacetal.

Draw arrows for this forward reaction.

Draw arrows for the reaction back to the straight chain.

Stereochemistry of Cyclic Sugars 

There hemiacetal formed when the sugar cyclizes is a new chiral center. Two possible orientations can be formed.
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Circle the new chiral center on the two possible isomers ( -glucose and -glucose) below. This is called the anomeric
carbon.

Disaccharides 

Disaccharides are carbohydrates composed of two monosaccharide units that are joined by a carbon–oxygen-carbon linkage known
as a glycosidic linkage.

Three common disaccharides are the grain sugar maltose, made of two glucose molecules; the milk sugar lactose, made of a
galactose and a glucose molecule; and the table sugar sucrose, made of a glucose and a fructose molecule.

Circle the disaccharide linkage in each of these disaccharides from the table below.

Maltose Lactose Sucrose

There are different types of glycosidic linkages. They are characterized by the numbering of the alcohols that are linked in the
ether. And the anomer of the sugar.

For the maltose shown here, the sugars are [  ] anomers. Circle one.
Which alcohols are linked? Numbering proceeds around the ring starting with the anomeric carbon.

 Exercise 1.7.4
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Thus, this is alpha-1,4-maltose.

Draw -1,4-maltose, where the glucose on the right has isomerized.

What type of glycosidic linkage is present in this lactose isomer?

What type of glycosidic linkage is present in sucrose?

The human body is unable to metabolize maltose or any other disaccharide directly from the diet because the molecules are too
large to pass through the cell membranes of the intestinal wall. Therefore, an ingested disaccharide must first be broken down by
hydrolysis into its two constituent monosaccharide units. In the body, such hydrolysis reactions are catalyzed by enzymes such as
maltase or lactase.

** This will be important in upcoming discussions of beer, cheese, and yogurt production!

Polysaccharides 

Polysaccharides are very large polymers composed of hundreds to thousands of monosaccharides. These structures are used for
energy storage or, in the case of cellulose, structural components. Starch is a mixture of two polysaccharides and is an important
component of grains (wheat, rice, barley, etc.). This will again be important in bread and beer fermentations. These two polymers
are amylose and amylopectin.

Amylose is a straight chain polysaccharide (shown below).

 Exercise 1.7.7
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What monomer is present?
What type of linkage is present?
This structure becomes a spiral. What IMF and geometry effects might cause the structure to take on this shape?

Amylose is not water soluble even though the monosaccharides are soluble. Suggest a reason why this is not soluble in
water. Consider how easily the water might be able to interact with the spiral structure.
Amylase cleaves only internal alpha (1-4) glycosidic bonds. Which disaccharide will be formed when amylose is being
hydrolyzed by amylase

Amylopectin is a branched-chain polysaccharide. (cartoon shown below)

 Exercise 1.7.8
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What monomer makes up this polymer?
There are two types of linkage are present. What are they?
Amylopectin is water-soluble but amylose is not. Show how water might interact with amylopectin above (IMF) so that it
will dissolve.
The branched linkages are hydrolyzed by isoamylase, while the 1-4 linkages are hydrolyzed by amylase. What is the
disaccharide produced?
Amylopectin is more easily digested than the amylose. This is due to the packing of amylose. Explain.

HW questions: 

Another Polysaccharide: Cellulose

Draw cellulose.
How does it differ from amylose?
Cellulose is not digestible by mammals (unless they have a symbiotic bacteria in their gut). Why?
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