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6.4: Important Monosaccharides

&b Learning Objectives

o Identify the structures of glucose, galactose, and fructose.
o Contrast structures of the important monosaccharides.
o Classify monosaccharides as D- or L-sugars.

Important Hexoses

Although a variety of monosaccharides are found in living organisms, three hexoses are particularly abundant: D-glucose, D-
galactose, and D-fructose (Figure 6.4.1). Glucose and galactose are both aldohexoses, while fructose is a ketohexose.

CHO CHO CH,OH
H——OH H——OH ——o0
HO———H HO————H HO—F——H
H————OCH HO—————H H————OH
H—T—0CH H—T——0CH H—T——0CH
CH,0OH CH,0OH CH,OH

Figure \(\Pagelndex{ 1}\): Structures of three important hexoses: D-glucose (left), D-galactose (middle), and D-
fructose (right).

Glucose

D-Glucose, generally referred to simply as glucose, is the most abundant sugar found in nature. Most of the carbohydrates we eat
are eventually converted to glucose in a series of biochemical reactions that produce energy for our cells. Glucose is also known by
three other names: dextrose, from the fact that it rotates plane-polarized light in a dextrorotatory (clockwise) direction; corn sugar
because in the United States cornstarch is used in the commercial process that produces glucose from the hydrolysis of starch; and
blood sugar because it is the carbohydrate found in the circulatory system of animals. Normal blood sugar values range from 70 to
105 mg glucose/dL plasma, and normal urine may contain anywhere from a trace to 20 mg glucose/dL urine.
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Figure 6.4.2: Fischer projection of D-glucose

The Fischer projection of D-glucose is given in Figure 6.4.2. Glucose is a D sugar because the OH group on the fifth carbon atom
(the chiral center farthest from the carbonyl group) is on the right. In fact, all the OH groups except the one on the third carbon
atom are to the right. If the direction of any of these groups change, it will no longer represent D-glucose.

Galactose

D-Galactose does not occur in nature in the uncombined state. It is released when lactose, a disaccharide found in milk, is
hydrolyzed. The galactose needed by the human body for the synthesis of lactose is obtained by the metabolic conversion of D-
glucose to D-galactose. Galactose is also an important constituent of the glycolipids that occur in the brain and the myelin sheath of

nerve cells. For this reason it is also known as brain sugar.
Galactose is an epimer of glucose because the arrangement of the molecules are identical, except around one chiral center (Figure
6.4.3).
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Figure 6.4.3: Fischer projections of D-Glucose and D-Galactose.

Fructose

D-Fructose, also shown in Figure 6.4.1, is the most abundant ketohexose. Glucose and fructose are not epimers. Instead, these
molecules are structural isomers of one another. They both have the CqH;,0¢ molecular formula, but differ in the arrangement of
atoms around carbons 1 and 2. Note that from the third through the sixth carbon atoms, the structures are the same.

Fructose occurs, along with glucose and sucrose, in honey (which is 40% fructose) and sweet fruits. D-fructose (from the Latin
fructus, meaning “fruit”) is also referred to as levulose because it has a specific rotation that is strongly levorotatory (—92.4°).
Fructose is the sweetest sugar, being 1.7 times sweeter than sucrose (table sugar), although many nonsugars are several hundred or
several thousand times as sweet (Table 6.4.1).

Table 6.4.1: The Relative Sweetness of Some Compounds (Sucrose = 100)

Compound Relative Sweetness
lactose 16
maltose 32
glucose 74
sucrose 100
fructose 173
aspartame 18,000
acesulfame K 20,000
saccharin 30,000
sucralose 60,000

X Looking Closer: Artificial Sweeteners

Although sweetness is commonly associated with mono- and disaccharides, it is not a property found only in sugars. Several
other kinds of organic compounds have been synthesized that are far superior as sweetening agents. These so-called high-
intensity or artificial sweeteners are useful for people with diabetes or other medical conditions that require them to control
their carbohydrate intake. The synthetic compounds are noncaloric or used in such small quantities that they do not add
significantly to the caloric value of food.

The first artificial sweetener—saccharin—was discovered by accident in 1879. It is 300 times sweeter than sucrose, but it
passes through the body unchanged and thus adds no calories to the diet. After its discovery, saccharin was used until it was
banned in the early 1900s. However, during the sugar-short years of World War I, the ban was lifted and was not reinstated at
the war’s end. One drawback to the use of saccharin is its bitter, metallic aftertaste. The initial solution to this problem was to
combine saccharin with cyclamate, a second artificial sweetener discovered in 1937.

In the 1960s and 1970s, several clinical tests with laboratory animals implicated both cyclamate and saccharin as carcinogenic
(cancer-causing) substances. The results from the cyclamate tests were completed first, and cyclamate was banned in the
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United States in 1969. Then a major study was released in Canada in 1977 indicating that saccharin increased the incidence of
bladder cancer in rats. The US Food and Drug Administration (FDA) proposed a ban on saccharin that raised immediate public
opposition because saccharin was the only artificial sweetener still available. In response, Congress passed the Saccharin Study
and Labeling Act in 1977, permitting the use of saccharin as long as any product containing it was labeled with a consumer
warning regarding the possible elevation of the risk of bladder cancer. Today this warning is no longer required; moreover, the
FDA is currently reviewing the ban on cyclamate, as 75 additional studies and years of usage in other countries, such as
Canada, have failed to show that it has any carcinogenic effect.
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A third artificial sweetener, aspartame, was discovered in 1965. This white crystalline compound is about 180 times sweeter
than sucrose and has no aftertaste. It was approved for use in 1981 and is used to sweeten a wide variety of foods because it
blends well with other food flavors. Aspartame is not used in baked goods, however, because it is not heat stable.

In the body (or when heated), aspartame is initially hydrolyzed to three molecules: the amino acids aspartic acid and
phenylalanine and an alcohol methanol. Repeated controversy regarding the safety of aspartame arises partly from the fact that
the body metabolizes the released methanol to formaldehyde. It should be noted, though, that a glass of tomato juice has six
times as much methanol as a similar amount of a diet soda containing aspartame. The only documented risk connected to
aspartame use is for individuals with the genetic disease phenylketonuria (PKU); these individuals lack the enzyme needed to
metabolize the phenylalanine released when aspartame is broken down by the body. Because of the danger to people with
PKU, all products containing aspartame must carry a warning label.

Acesulfame K, discovered just two years after aspartame (1967), was approved for use in the United States in 1988. It is 200
times sweeter than sugar and, unlike aspartame, is heat stable. It has no lingering aftertaste.

One of the newest artificial sweeteners to gain FDA approval (April 1998) for use in the United States is sucralose, a white
crystalline solid approximately 600 times sweeter than sucrose. Sucralose is synthesized from sucrose and has three chlorine
atoms substituted for three OH groups. It is noncaloric because it passes through the body unchanged. It can be used in baking
because it is heat stable.

All of the extensive clinical studies completed to date have indicated that these artificial sweeteners approved for use in the
United States are safe for consumption by healthy individuals in moderate amounts.

Important Pentoses

Ribose and 2-deoxyribose are pentoses which are parts of larger biomolecules that make up our genetic material called nucleic
acids. Ribonucleic acid (RNA) contains the sugar ribose and deoxyribonucleic acid (DNA) contains 2-deoxyribose.
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Figure 6.4.1: Fischer projections of D-ribose (left) and D-2-deoxyribose (right).

v/ Example 6.4.1

Describe the similarities and differences in the structures of D-glucose and D-galactose.

Solution

D-glucose and D-galactose are similar because they are both monosaccharides that are classified as aldohexoses. However,
these two monosaccharides differ in the arrangement of the H and OH around the fourth carbon atom.

? Exercise 6.4.1

Describe similarities and differences in the structures of D-glucose and D-fructose

Summary

o Three abundant hexoses in living organisms are the aldohexoses D-glucose and D-galactose and the ketohexose D-fructose.
e D-glucose and D-galactose are epimers because the molecules are identical, except at C4.
o D-glucose and D-fructose are structural isomers that both have the CgH;,0¢ molecular formula.

This page titled 6.4: Important Monosaccharides is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by
Tanesha Osborne.
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