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Welcome to Chem 353 
Nutritional Biochemistry 

Course Objective 
The objective of this course is to gain a basic understanding of 
biochemistry with a particular emphasis on nutrition and its effects 
on metabolism.  Concepts covered in this course include identifying 
and characterizing nutrient molecules involved in metabolism, and 
ultimately understanding the degradative pathways of these 
molecules.  In addition, an introduction to genetic material, DNA 
Replication, Transcription, and Translation will also be given. 

Biochemistry 

•! It is the study of chemical processes in living 
organisms 

•! Specifically, it aims to understand  the structure 
and function of biomolecules  

•! In this class we are going to focus on the four 
major macromolecules found in living organisms 
–! Carbohydrates  
–! Lipids 
–! Proteins  
–! Nucleic Acids 

Lecture 1 

Carbohydrates -  
Monosaccharides and Dissaccharides 

Chapter 19 Section 1-5  

Carbohydrates 

•! Primary source of energy for the cell 
•! Composed of Carbon, Hydrogen and Oxygen in a 

ratio roughly 1:2:1 (generic formula CnH2nOn) 
•! Included in this group are 

–! Starches and fibers (complex carbohydrates) 
–! Sugars (sweet tasting compounds, simple carbs) 
–! Structural material (such as cellulose) 

Properties of Carbohydrates 

•! They are alcohols (contain -OH functional 
groups) and carbonyls (C=O functional groups, 
in the form of an aldehyde or ketone group) 

•! Because of the -OH groups they form extensive 
hydrogen bonds  
–! The ability to hydrogen bond allows them to dissolve 

well in water 
–! Have high melting points 
–! Mono- and disaccharides are solids at room temp. 

Types of Carbohydrates 

•! Monosaccharides - one saccharide unit  
•! Disaccharides - two saccharide units 
•! Oligosaccharides - a few saccharide units (about 

3 to 10) 
•! Polysaccharides - formed of many repeating 

units of mono or disaccharides, can range from 
more than 10 to several 100 
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Monosaccharides 

•! Are simple carbohydrates that can not be 
hydrolyzed further 

•! They are the building blocks of more complex 
carbohydrates 

•! Can range in size from 3 to 7carbon units 
–! A 3C saccharide is called a triose 
–! A 4C saccharide is called a tetrose 
–! A 5C saccharide is called a pentose 
–! A 6C saccharide is called a hexose 
–! A 7C saccharide is called a heptose 

General Nomenclature for  
Monosaccharides 

•! The name is composed of three parts 
–! First part identifies the type of carbonyl 

•! Aldehyde - aldose (aldo)      
OR 

•! Ketone - ketose (keto) 

–! Second part identifies the number of carbons in the 
saccharide 

•! Mono, di, tri, tetra, penta, hexa, OR hepta 

–! The last part identifies the compound as a sugar  
•! ose 

Examples 

ketotriose aldotriose 

aldopentose 

1 2 

ketotetrose 

3 

aldohexose ketoheptose ketohexose 

4     

5 6 7 

Drawing Saccharide Structures 
•! Fisher Projections 

–! German chemist Emil Fischer initiated the 
convention of depicting the formulas as 
follows 

•! Aldehyde or ketone towards the top 
•! The -H or -OH are positioned to the right or left 
•! The formulas that followed glyceraldehyde (or 

had the -OH positioned to the right of the chiral 
carbon furthest from the C=O) represents the 
dextrorotatory isomer (D)   

•! The levorotatory isomer (L) has the -OH 
positioned the left 

–! The D and L do not explain how the 
saccharides rotate plane-polarized light, 
they only tell you the absolute configuration 

D-Glyceraldehyde 

D-Galactose 

Common Names for Monosaccharides 

All of the sugars used by humans are in the D 
configuration, because our enzymes do not 
recognize the L configuration 

D-(+)- Glyceraldehyde 

Dihydroxyacetone 

D-(-)- Ribsose D-(-)-2- Deoxyribsose 

Two Biologically Important 
Trioses 

•! Phosphorylated derivatives of 
Glyceraldehyde and 
Dihydroxyacetone are very 
important intermediates in glycolysis 

•! More complex sugars are thought to 
be derived from glyceraldehyde and 
dihydroxyacetone 

•! Note that dihydroxyacetone does not 
have a chiral carbon 

D-(+)- Glyceraldehyde 

Dihydroxyacetone 
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D-(+)-Galactose 

Most Commonly Found Hexoses in Nature 

D-(+)-Glucose D-(+)-Mannose D-(-)-Fructose 

These are 6 Carbon Sugars (Hexoses) that you should be able to 
identify  * 

Information on the Abundant Hexoses 

•! Glucose (also known as dextrose, grape sugar, 
corn sugar) 
–! Most abundant sugar found in nature 
–! Commonly found in fruits (especially ripe grapes) 
–! Most carbohydrates we eat eventually get converted to glucose in 

a series of metabolic pathways that produce energy 
–! Is the circulating carbohydrate of animals (blood sugar) 

•! Mannose 
–! Is a component of the polysaccharide mannan, found in some 

berries and “vegetable ivory” (white fleshy part) of palm nuts 

•! Galactose (also known as brain sugar) 
–! Is obtained from hydrolyzing lactose (a disaccharide of glucose 

and galactose) 
–! Does not occur in nature uncombined 
–! Is an important constituent of the glycolipids that occur in the brain 

and in the myelin sheath of nerve cells  
•! Fructose (also known as levulose) 

–! Is the only naturally occurring ketohexose 
–! Is found in honey and sweet fruits, along with glucose and 

sucrose 
–! Is the sweetest sucrose 
–! Is the only sugar found in the semen of bulls and men.  It is 

formed in the prostate gland and is the major energy source for 
spermatozoa 

Cyclic Structures of Monosaccharides 

•! Remembering a little organic chemistry we know that 
aldehydes and ketones can react with alcohols as follows: 

R-C-H 

= O 
+ R’-OH R-C-H 

OH 

OR’ Aldehyde Alcohol 
Hemiacetal 

R1-C-R2 

= O 
+ R’-OH R1-C-R2 

OH 

OR’ Ketone Alcohol 

Hemiketal 

•! The fact that the two functional groups are close together in 
monosaccharides facilitates their ability to react 

•! Monosaccharides longer than tetroses exist mainly as cyclic hemiacetals 
and hemiketals 

•! Generally the carbonyl will react with the OH group that will lead to the 
formation of a stable 5 or 6 member ring (rings with these sizes have the 
least amount of strain) 

•! Therefore in solution D-glucose exists as a mixture of: 

-These two isomers are referred to as anomers  
-They differ in structure around the anomeric carbon (the carbon that was the 
carbonyl carbon in the straight chain form) 

Looking at examples of monosaccharides that form five membered rings 

Rule of thumb: 
1. Aldoses tend to form rings that represent the number of carbons the 
sugar has, so if it is a 5 carbon sugar it will form a 5 member ring 
2. Ketoses tend to form rings that are 1 member smaller than the number 
of carbons the sugar has, so if it is a 6 carbon sugar then it will form a 5 
member ring 
*And remember with both types, one member of the ring will always be 
oxygen 
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•! In solution the !-, "-  
and open chain forms 
of the saccharide 
exist in equilibrium 

•! The molecules will 
interconvert between 
the various forms in a 
process referred to as 
mutarotation 

•! Questions: 
–! What will happen if a pure anomer of D-glucose is dissolved 

in water? 
–! What will happen if a chemical is added that reacts with the 

open chain of D-glucose? 

Haworth Projections 
•! Are a simplified 

projection of the cyclic 
version of saccharides 

•! The saccharide is 
placed on a plane with 
the darkened edges 
toward the viewer 

•! C and H directly 
attached to the ring are 
not shown (generally) 

•! Any group of atoms 
written on the right in a 
Fisher projection are 
drawn down on a 
Haworth projection and 
any on the left are 
drawn up 

O H 

Properties of Monosaccharides 
•! Glucose, mannose, galactose and fructose are crystalline solids at 

room temp. 
•! These sugars are readily soluble in water because of the many 

hydroxyl groups present 
•! The hydroxyl groups can be chemically changed to esters and ethers, 

but most importantly the aldehyde group can be oxidized with a mild 
oxidizing agent 
–! Tollens’s Reaction 

–! Any carbohydrate capable of this reduction without first 
undergoing hydrolysis is said to be a reducing sugar 

C 
O H 

R 
+ Ag(NH3)2

+ 

Tollens’s Reagent 
(Clear solution) 

C 
O O 

R 

_ 

An aldose 

+ Ag(s) 

Silver mirror Carboxylate anion 

•! Another reagent also used to determine if a sugar is 
a reducing sugar is Benedict’s reagent 

•! Modified versions of this reaction are used as 
diagnostic tools to determine the presence of glucose 
in blood or urine 

•! The advantage of these reactions are that they are 
simple and quick 

C 
O H 

R 
+ Cu(citrate)2

-2 

Benedict’s Reagent 
(blue solution) 

C 
O O 

R 
An aldose 

+ Cu2O(s) 

Brick-red  
precipitate Carboxylate anion 

Disaccharides 
•! Monosaccharides can also form chains,  
•! Two monosaccharides can join together to form a disaccharide, 

one water molecule is eliminated in the process and the bond 
formed between the sugars is called a glycosidic bond 
–! Glycosidic bonds form when the anomeric carbon of one 

monosacccharide reacts with the hydroxyl group of a second 
monosaccharide 

–! The carbon-oxygen-carbon linkage is called the glycosidic linkage 
–! Anomeric carbons involved in a glycosidic bond are non reducing 

Still reducible 

•!Remembering a little organic chemistry 

C 
O H 

R 
Aldehyde 

+ R’OH 

Alcohol 

R-C-OR’ 
OH 

H 
Hemiacetal 
(unstable) 

+ R’’OH Acid R-C-OR’ 
OR’’ 

H 
+ H2O 

Second 
alcohol 

Acetal 
(Stable) 

•!When starting with a ketone instead of an aldehyde the first product is 
referred to as a hemiketal and the end product is a ketal  
•!Forming glycosidic linkages makes the sugars more stable 

Not reducible hemiacetal hemiketal 

acetal ketal 
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Writing Names for Disaccharides 
•! The common names for disaccharides have an ! or " placed before 

the name, this refers to the position of the OH group attached to the 
reducible anomeric carbon 

Example: 

!!-Maltose ""-Maltose 

•! But the linkage for both is labeled as an !-1,4-glycosidic linkage 
because the Oxygen connected to the anomeric carbon involved in 
the bond is pointing down and down is referred to as !, if the bond 
were pointing up as in lactose then the linkage would have been " 

Common Disaccharides 

•! The three common disaccharides we are going to focus 
on are: 

–! Maltose (malt sugar) is a disaccharide 
produced during the breakdown of starch 

•! It is important in the manufacture of beer 
and is produced when barley germinates 
and breaks down starch stores 

•! It is 30% as sweet as sucrose 
•! In humans it is broken down into its 

component, two D-glucose molecules by 
the action of the enzyme maltase 

•! In the laboratory it can be broken down 
with dilute acid acting as a catalyst  

•! Maltose is a reducing sugar, it exhibits 
mutarotation at the free anomeric carbon  

!!-1,4-glycosidic 
bond 

D-glucose 

Maltose 

D-glucose 

–! Lactose (milk sugar) is a disaccharide 
found in milk produced by humans 
(7.5%), cows (4.5%) and other mammals 

•! It is only synthesized by mammary tissue 
(most other carbohydrates are produced 
by plants) 

•! The alpha form is commercially important 
in baby formula and in the production of 
penicillin 

•! Drug dealers use it to cut heroin 
•! It is 1/6th as sweet as sucrose 
•! In humans it is broken down into its 

component, D-galactose and D-glucose  
by the action of the enzyme lactase, 
people who are lactose intolerant have a 
deficiency in lactase 

•! In the laboratory it can be broken down 
with dilute acid acting as a catalyst  

•! It is a reducing sugar and exhibits 
mutarotation at the free anomeric carbon  

""-1,4-glycosidic 
linkage 

Lactose 

D-galactose 

D-glucose 

•! The glycosidic linkage in sucrose is 
unique among common disaccharides 
because it is a head-to-head linkage   

•! Because the two anomeric carbons 
are stable (both saccharides formed 
either an acetal or ketal) the sugar 
cannot be reduced or undergo 
mutarotation.  It exists in one state in 
both solid and solution form and as a 
consequence can crystallize easily 

•! In humans it is broken down into its 
component, D-glucose and D-fructose  
by the action of the enzyme sucrase 
(invertase). The two sugars are 
produced in a 1:1 ratio and the 
mixture is referred to as invert sugar 

–! Sucrose (beet sugar, cane sugar, table sugar, sugar) is obtained from 
sugar canes and sugar beets. Juice obtained from sugar canes and 
sugar beets contain 14-20% sucrose.  The sucrose is recovered by 
evaporating the water and recrystallizing the sucrose.   

Glucose 

Fructose 

!!-1,""-2-
glycosidic 

linkage 

Sucrose 

Invert Sugar and Chocolate-
Covered Cherries 

•! What is the secret to the extra sweet juice in chocolate-
covered cherries 
–! Before being dipped in chocolate the cherries are covered in a 

sugary paste that contains sucrase, then the cherries are dipped 
and stored for one to two weeks  

•!  During storage a chemical process occurs, sucrase 
converts sucrose into invert sugar (a 1:1 mixture of 
glucose and fructose) 
–! Invert sugar remains in solution better so they stay dissolved in 

the cherries juice 
–! Fructose produced from the hydrolysis is sweeter than sucrose 

•!  The chocolate has to be a of an optimum particle size 

Consequences of Too Much Sugar 

•! The average American consumes more than 100 lbs of 
sucrose a year and 2/3 of this comes from 
–! Soft drinks 
–! Sugary cereals 
–! Other highly processed food  

•! Excess consumption of sugar has led to increased obesity, 
tooth decay and possibly other problems 
–! Obesity can result from excess carbohydrates being converted and 

stored in the body as fat 
–! Tooth decay is a result of sucrose becoming a part of plaque, the 

bacteria in plaque then uses the sucrose as an adhesive and a 
food source.  The bacteria can also breakdown the sucrose to 
lactic acid, which corrodes teeth and leads to gum destruction  



6/23/10 

6 

Artificial Sweeteners 
•! Synthetic organic compounds that are much sweeter then 

natural sugars (high intensity sweeteners) 
•! They are noncaloric or used in such a small amount that 

they do not add significantly to the caloric value of the 
food 

–!Sachcarin is noncaloric because it 
passes right through unchanged and it is 
500-700x sweeter than sucrose, it needs 
to be combined with cyclamate to avoid 
a metallic aftertaste 
–!Cyclamate is 30-50x sweeter than 
sucrose, when combined with saccharin 
in a ratio of 10 to 1 (cyclamate to 
saccharin) the aftertaste of both is 
masked, it is stable after heating 

–! Aspartame is 160x sweeter 
than sucrose and has no 
aftertaste. In the body it is 
hydrolyzed to aspartic acid, 
phenylalanine, and methanol. 
The only major risk is to people 
with PKU disease. Lastly it is 
not heat stable and cannot be 
used in baked goods 

–!Acesulfame K is 200x sweeter than 
sugar, is heat stable and has no 
aftertaste 

–!Sucralose is 600x sweeter than 
sugar, it is synthesized from sucrose 
but has 3-OH replaced by Cl, it 
passes right through and is heat 
stable 

Lactose Intolerance and Galactosemia 

•! Lactose intolerance is caused by an inability to digest lactose 
–! Lactose makes up 40% of an infant’s diet during the first year, 

but infants and small children have a potent form of lactase in 
their small intestine that allows them to easily digest lactose 

–! Adults have a less active form of the enzyme and about 70% of 
the world’s population (20% of US population) have some 
lactase deficiency and for some people as they age they 
produce less and less enzyme.   

•! Symptoms of intolerance are caused by the unhydrolyzed 
lactose passing straight into the colon, there its presence 
causes fluid to be drawn in to the colon by osmosis and at the 
same time bacteria may act on the lactose to produce organic 
acids and gases which all results in: 
–! Abdominal distention, cramps and diarrhea 

•! In most cases these symptoms are alleviated by:  
–! Limiting or excluding milk from diet   
–! Purchasing milk that has already been treated with lactase or treating 

food with lactase (lactaid)   
–! Consuming milk that has been cook or fermented, because these 

process result in the partial hydrolysis of lactose 
•! A more severe enzyme deficiency associated with the inability to 

digest milk is galactosemia (Rate in US is 1 in every 65,000) 
•! Galactosemia is a genetic disease, in which either of the two 

enzymes needed to convert galactose to glucose is lacking 
–! As a result blood galactose is markedly elevated and galactose is 

found in the urine 
–! An infant with the disease may exhibit lack of appetite, weight loss, 

diarrhea, and jaundice 
–! The disease can result in impaired liver function, cataracts, mental 

retardation, and even death 
–! If recognized early the effects of the disease can be prevented by 

eliminating all galactose from the diet  
–! As the child ages, the child will develop an alternate pathway for 

metabolizing galactose 

Where Do Carbohydrates Come 
From? 

•! People cannot synthesize carbohydrates from CO2 and 
H2O so we obtain them from plants, by eating 
–! Seeds, roots, tubers, fruits, etc 

•! Plants synthesize sugar glucose as follows: 
 6CO2 + 6H2O + 686 kcal # C6H12O6 + 6O2  

Solar Energy 

•! The processes is known as photosynthesis 
•! The glucose can either be used by the plant for energy or 

it can be converted to a more complex carbohydrate that 
stores energy for later use or provides structure 
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Carbohydrates Are Very Important  

•! Because they are the primary energy source 
for plants and animals  

•! Because they provide the building blocks for 
the synthesis of proteins, lipids and nucleic 
acids  

AND Questions????? 

Guess the Main Sugar 


