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Section 1.4: Carbohydrates and Lipids 
Mini Investigation: Modelling Carbohydrates, page 33 
A. The waste product of the dehydration synthesis is water, H2O. 
B. Answers may vary. Sample answer: The three molecules I created were glucose, C6H12O6, 
fructose, C6H12O6, and sucrose, C12H22O11. 
The ratio of C:H:O for glucose is 1:2:1. 
The ratio of C:H:O for fructose is 1:2:1. 
The ratio of C:H:O for sucrose is 12:22:11. 
C. Glucose and fructose have the same chemical formula, so they are structural isomers. 
D. Cellulose is the large polysaccharide that I created that is similar to the glucose chain I 
created. I could have formed a starch molecule, which is another large polysaccharide. 
E. The large number of OH groups tends to make the molecule polar. This means molecules are 
more likely to be soluble in water, a polar solvent, when the carbon chain contains –OH groups. 
 
Mini Investigation: Modelling Lipids, page 37 
A. Hydroxyl and carboxyl groups are involved in the dehydration synthesis reaction in Step 2. 
The waste product of the reaction is water. 
B. The overall chemical formula of the triglyceride is C19H32O6. 
C. The C:H:O ratio in the triglyceride I synthesized is 19:32:6. 
D. Carbohydrates have a C:H:O ratio of 1:2:1. In comparison, triglycerides have the ratio 
19:32:6 and therefore, have less oxygen and more hydrogen per carbon unit.  
E. Oxygen is less abundant in fats. 
F. Each of the three acids is a non-polar molecule. Glycerol is a polar molecule. The final 
triglyceride is significantly less polar than the original glycerol molecule.  
G. Individual fatty acid molecules are acidic, glycerol is not acidic, and when they combine the 
triglyceride is not acidic. 
H. Answers may vary. Sample Answer: Steroids all have a four-ring structure and differ in 
relation to the functional groups attached. 
 
Section 1.4 Questions, page 38 
1. (a) An isomer is a molecule that has the same chemical formula as another molecule but the 
two molecules differ from one another by having a different atomic arrangement.  
 (b) Molecules (iii) and (iv) are isomers because they share the chemical formula, C6H11O7. 
2. Carbohydrates are hydrocarbons that are dependent on their length, structure, and functional 
groups to determine their solubility. They are useful sources of structural materials and energy 
for living organisms.  
3. Monosaccharides are the primary fuel source for human cells. They are broken down during 
energy production or polymerized to form disaccharide or polysaccharide chains. Disaccahrides 
are mainly food in human food sources and lactose is a disaccharide found in milk. 
Polysaccharides are used for structural purposes and for glucose storage. 
4. Carbohydrates are polar and lipids are non-polar. Polar carbohydrates are very hydrophilic and 
dissolve in water if they are small enough. Lipids are hydrophobic and insoluble in water. These 
properties make lipids useful in cell membranes and as water proofing molecules. 
5. Most polysaccharides are insoluble in water because they are too large to dissolve. 
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6. (a) A fatty acid is a long hydrocarbon chain with a carboxyl group on its end. Fat is composed 
of three fatty acid chains attached to a glycerol molecule.  
(b) Acidic properties of fatty acids come from carboxylic acid functional groups and this quality 
does not exist in fat. 
7. Steroids are important for normal growth, maintenance of the plasma membrane, hormonal 
signalling and development, even though some athletes abuse them. 
8. Answers may vary. Students’ answers should include relevant information on a particular 
performance-enhancing steroid. 
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Section 1.5: Proteins and Nucleic Acids 
Mini Investigation: Building and Exploring Models of Proteins, page 44 
A. The amino acid R group is polar due differences in electronegativity, resulting in the 
formation of polar bond. 
The amino acid R group is non-polar when the molecule contains mostly CH bonds. 
The amino acid R group is ionic when the molecule contains charged atoms. 
B.  The carboxyl group and amino group are involved in the dehydration reaction. 
C. The acid property of the amino acid changes because the hydrogen that it normally gives the 
amino acid its “acidity” is involved in the formation of water. Therefore, the carboxyl group 
becomes part of the backbone and the molecule is no longer acidic. 
D. Answers may vary. Sample answer: Amino acids all have a carboxyl and amino group and a 
central carbon atom. R groups vary for each amino acid. 
E. Amino acids contain nitrogen, which is not part of carbohydrates and lipids. In most amino 
acids, there is less oxygen than in carbohydrates but often more than in most lipids. 
Carbohydrates and amino acids have a relatively fixed ratio of atoms of the elements and lipids 
do not. 
F. Answers may vary. Sample answer: The size of the polypeptide may affect its solubility. If it 
is too large, it may be insoluble. R groups will have an effect on solubility. If R groups are polar 
or ionic they will be more soluble than non-polar R groups. 
G. Given: number of amino acids, a = 20; peptide chain length, l = 10  
Required: total number of peptide combinations, c  
Analysis: c = al 

Solution:  

Statement: There are 1  1013 possible peptides that are 10 amino acid units in length that can 
be formed using 20 different amino acids. 
H.  The formation of a peptide bond is a neutralization reaction because it is formed from an acid 
and a base and water is a product.  
 
Section 1.5 Questions, page 47 
1.  All amino acids contain an amine group, carboxylic acid, and an R group.  
2. Primary protein structure is linear sequence of order of amino acids. Secondary protein 
structure is the result of hydrogen bonding between different parts of the same amino acid 
backbone. 
3. Answers may vary. Sample answer: For proteins to function properly, they need to fold into 
very specific three-dimensional shapes (tertiary structure) and may require the assembly of 
multiple polypeptides (quaternary structure). 
4. Answers may vary. Sample answer: Hydrogen and disulfide bonds help to maintain proper 
secondary and tertiary structure—i.e., they are responsible for the shape of the polypeptide. 
5. Answers may vary. Sample answer: Structural proteins provide framework support. Examples 
in animals are spider web silk proteins and eggshells. Defensive proteins fight off infection. 
Examples in animals are antibodies. Signal proteins are chemical messengers. Examples in 
animals are hormones.  
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6. Answers may vary. Sample answer: There are 20 different amino acids. They represent an 
almost limitless number of combinations for different proteins. This factor and the ability of 
amino acids along the backbone of a protein molecule to make various combinations of 
hydrogen, disulfide bonds, and non-polar configurations leads to tremendous diversity of shape 
of proteins and therefore function. 
7. (a) Since the pH of the solution is greater than 7, the solution is basic. The protein would be 
abundant in basic amino acids like lysine, arginine, and histadine. 
 (b) The protein would contain few acidic amino acids like aspartic acid and glutamic acid.  
8. Sugar and phosphate groups form the backbone of a nucleic acid molecule. 
9. Answers may vary. Sample answer: DNA is double stranded and RNA is a single stranded 
molecule. Nitrogenous bases in DNA are G (guanine), A (adenine), T (thymine), C (cytosine) 
Nitrogenous bases in RNA are G, A, U (uracil), and C. DNA almost always forms a double helix 
while RNA can take on a variety of configurations. 
10. Linkage of two nucleotides  

 
Linkage of two amino acids  

 
11. Other macromolecules have a large number of structures and functions. Nucleic acids have 
only one function – working together to make proteins. 
12. When nucleotides contain at least one phosphate group and they break down, they produce 
phosphoric acid. Fatty acids break down and produce ketone bodies that are acidic. Amino acids 
containing sulfur in their R group will produce sulfuric acid when they break down. In each case, 
there is change in the concentration of hydrogen ions in solution. 
13. Answers may vary. Sample Answer:  
(a) Tryptophan is required for normal growth of infants and nitrogen balance in adults. It is used 
in the biosynthesis of niacin (vitamin B3) and the neurotransmitter, serotonin.  
(b) Some foods that contain tryptophan include: cheese, chicken, fish, milk, nuts, peanuts, 
pumpkin seeds, sesame seeds, soy, and turkey.  
(c) Tryptophan deficiency can lead to pellagra, characterized by delusions, diarrhea, inflamed 
mucus membranes, mental confusion, and scaly skin sores. 


