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Chapter 2: Molecular biology 
1 Living organisms and the cells that comprise living organisms are a complex set of interacting chemicals and 

chemical reactions. 

2 Water molecules are polar and thus have a relatively negative end (where oxygen is located) and a relatively 
positive end (where the hydrogens are located). 

3 Many of the properties of water are explained by its polarity. These properties include being a solvent for 
other polar molecules, cohesion between water molecules, and also a variety of thermal properties. 

4 Carbohydrates are organic molecules composed of carbon, hydrogen, and oxygen at or near the ratio of 
CnH2nOn, where n = the number of carbon atoms. 

5 The ‘building blocks’ of large organic molecules are often called monomers. Think of the smallest 
carbohydrates (or monomers) as being ‘single sugar units’. Monosaccharides are single sugar units, 
disaccharides are two-sugar units and polysaccharides are many sugar units in size. Lipids are also known as 
fats and oils. A typical lipid, called a triglyceride, is composed of one molecule of glycerol bonded to three 
molecules called fatty acids. Proteins are molecules composed of many amino acids bonded together. 

6 Condensation reactions covalently bond smaller organic molecules together to form larger organic molecules. 
Hydrolysis reactions reverse this by breaking the larger organic molecules apart into the original smaller 
molecules. 

7 The building block units of DNA molecules are called nucleotides. Each nucleotide is composed of a 
monosaccharide sugar, a phosphate group, and one of four possible nitrogenous bases (adenine, thymine, 
cytosine, or guanine). 

8 DNA is composed of two strands of nucleotides. These two strands are held together by hydrogen bonding 
between complementary bases. Together, they form an overall double helix geometric shape. 

9 The complementary base pairs of DNA are: 

• adenine and thymine 
• cytosine and guanine. 

10 DNA replicates in a semi-conservative pattern in which each of the two strands of DNA is used as a template 
for the formation of a new strand. Thus, all newly formed DNA molecules are actually one half old DNA and 
one half new DNA. 

11 Proteins are synthesized using a two-step process. First, a strand of DNA is used as a template to create an 
messenger (m)RNA molecule in a process called transcription. Second, this mRNA molecule, with the help of a 
ribosome, transfer (t)RNA, and amino acids, synthesizes the actual protein in a process called translation. 

12 The genetic code is written in sequences of three bases along the DNA molecule. Each sequence of three 
bases is called a triplet. 

13 Some proteins act as organic catalysts within cells and are called enzymes. Each enzyme typically has a single 
substance that it is ‘specific for’ and that substance is called the enzyme’s substrate. As enzymes are complex 
proteins, they are affected by variation in temperature, pH, and substrate concentration. 

14 Cell respiration is common to all cells and explains how a cell derives energy in the form of ATP molecules 
using organic molecules, such as glucose, as a fuel. Some cells use a relatively inefficient form of cell 
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respiration called anaerobic respiration, and others a much more efficient form called aerobic cell respiration. 
Efficiency in this case is determined by how many ATP molecules are derived from a single fuel molecule 
(glucose). 

15 Photosynthesis is a two-stage process whereby light energy is first converted into chemical energy and then 
that chemical energy is used to ‘fix’ carbon dioxide into an organic molecule such as glucose. These two 
stages are called the light-dependent reactions and the light-independent reactions, respectively. 
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Chapter 6: Human physiology 
1 Food molecules are often in the form of macromolecules such as protein, starch, and lipids. These require 

digestion by way of hydrolysis reactions aided by a variety of enzymes that enable the reactions to occur at 
normal (homeostatic) body temperature, 37°C. Contractions of the small intestine mix food with enzymes and 
keep the food moving through the gut. 

2 Absorption occurs primarily in the small intestine, a long tube that has a huge surface area for absorption due 
to the presence of multicellular villi and cellular microvilli. 

3 The human heart acts as a double pump. The right side of the heart pumps deoxygenated blood to the lungs 
(pulmonary circulation) and the left side pumps oxygenated blood to the body’s capillaries (systemic 
circulation). 

4 When a human is ‘at rest’, each heart beat is initiated by a group of cells within the right atrium known as the 
sinoatrial (SA) node. The SA node is also known as the ‘pacemaker’. 

5 Arteries are relatively thick with smooth muscle in their walls; veins are relatively thin but have large internal 
diameters. Capillaries are very, very thin (one cell layer thick) and are the only blood vessels that allow 
molecular exchanges in to and out of the bloodstream. 

6 The best defence against organisms that cause infectious disease is to prevent their entry into the body. Skin 
and the mucous membranes are extremely important in this role. Cuts are quickly sealed by clots in order to 
prevent blood loss and entry by pathogens. 

7 Many foreign proteins on invading microorganisms are recognized by specific leucocytes as ‘not-self’ and thus 
act as antigens for an immune response. Among other responses, a specific type of protein antibody is 
produced by specific lymphocytes in response to recognition of a specific antigen. 

8 Antibiotics are chemicals that selectively work against bacterial (prokaryotic) cells but those same chemicals 
have no effect on body (eukaryotic) cells. Viruses are not affected by antibiotics as they are not cells of any 
kind. 

9 Human lungs are designed for efficient gas exchange (oxygen and carbon dioxide). Much of this efficiency 
results from numerous microscopically small alveoli within the lungs where the gas exchange actually occurs. 

10 Our nervous system sends and receives messages in the form of action potentials. An action potential is 
created when ions are actively transported in and out of the neurone and then suddenly allowed to diffuse 
according to their concentration gradients. This action occurs in a fraction of a second and represents one 
very small ‘piece’ of nervous system information. 

11 Neurones communicate with each other when a chemical called a neurotransmitter is released from one 
neurone (the presynaptic neurone) and is received by another neurone (the postsynaptic neurone). This 
synaptic transmission is not always just between two neurones: multiple neurones can be involved. 

12 Homeostasis is the body’s attempt to keep factors such as temperature and blood sugar within a normal 
range. Homeostasis is typically designed around a negative feedback mechanism where a factor (e.g. body 
temperature) that is beginning to leave its normal range triggers a response that brings it back closer to the 
midpoint of the range or set-point. 
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13 Diabetes is not a single disease. Type I diabetes is an autoimmune disease in which the immune system 
destroys the cells within the pancreas that produce insulin. Type II diabetes is much more common; it often 
shows up later in life and is typically a result of body cells no longer responding to insulin as they once did. 

14 The purpose of the female menstrual cycle is to prepare the uterus (thicken the endometrium with blood 
vessels) in case there is a fertilization and thus a need for an early embryo to implant itself in the 
endometrium. This can then lead to the successful formation of a placenta. 

15 Sex hormones, such as oestrogen, progesterone, and testosterone, are first influential during embryonic 
development in forming either male or female body parts. At puberty, the sex hormones are responsible for 
changes in the body known as secondary sex characteristics. 
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Chapter 11: Animal physiology 
1 True immunity is gained when the immune system is challenged by a foreign antigen and responds by cloning 

appropriate B cells to produce antibodies effective against that antigen. Some of those B cells are memory 
cells and are long-lived, ready to respond to the same antigen if another infection occurs. 

2 A vaccine is a weakened form of a pathogen. This provides the immune system with the antigen molecule(s) 
of the pathogen without risk of disease symptoms. 

3 Monoclonal antibodies are produced by hybrid cells, as a result of the fusion of a specific B cell with a 
cancerous myeloma cell. The resulting hybridoma cell is cultured and produces a single type of antibody 
known as a monoclonal antibody. 

4 Some antigens result in white blood cells, known as mast cells, to release a chemical known as histamine that 
results in inflammation and other symptoms. Allergies result when the antigens are part of the everyday 
environment (such as pollen). 

5 The human elbow is an example of a hinge joint. The distal end of the humerus forms a joint with both the 
radius and ulna of the forearm. The primary antagonistic muscles of the elbow are the biceps (to flex the arm) 
and the triceps (to extend the arm). 

6 Muscles contract when a multitude of alternating actin fibres are pulled centrally by myosin fibres within 
contracting units called sarcomeres. ATP molecules are used to ready the projecting myosin ‘heads’ for a 
power stroke in order to slide the actin fibres. 

7 Kidneys filter the blood, keeping the levels of such molecules (e.g. urea), ions, and water within a normal 
homeostatic range. The maintenance of a normal water balance is known as osmoregulation. 

8 The filtering units of kidneys are called nephrons. The blood is filtered under pressure in an area of the 
nephron known as Bowman’s capsule. This is called ultrafiltration and results in the removal of a massive 
amount of water, ions, and glucose from the blood. Many of these molecules must then be reabsorbed back 
into the blood in the capillary beds surrounding the nephrons. 

9 Much of the reabsorption process occurs within the proximal convoluted tubule, the loop of Henle, and the 
distal convoluted tubule of the nephron. A variety of active and passive transport mechanisms are used in the 
reabsorption process. 

10 Much of the water is retained in the filtrate until it enters the collecting ducts of the nephrons. If water needs 
to be retained by the body, the posterior pituitary gland secretes antidiuretic hormone (ADH). This results in 
the collecting ducts becoming permeable to water, which then exits the collecting duct into the surrounding 
hypertonic fluid of the medulla region of the kidney. This water is then taken into the surrounding capillary 
beds. 

11 Millions of sperm are produced each day within small tubes called seminiferous tubules in post-puberty male 
testes. This process is called spermatogenesis and involves mitosis to replace cells and meiosis resulting in 
haploid cells known as spermatozoa. 

12 Ova (in the form of oocytes) begin the process of oogenesis within the ovaries of foetal females. The 
continuation of meiosis is then delayed until ovulation and fertilization. The final result is the production of a 
large haploid cell that is fertilized by a very small haploid spermatozoon. 
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13 A human zygote begins mitotic cell division soon after fertilization and also begins moving down a Fallopian 
tube towards the uterus. On entering the uterus, a human embryo is typically a hollow ball of about 100 cells 
and is called a blastocyst. 

14 A blastocyst embeds itself into the endometrial uterine wall and begins to form an early placenta. When fully 
formed, a placenta is a highly vascular structure composed of both maternal and foetal blood vessels. The 
foetus sends deoxygenated, high-waste blood to the placenta through vessels in the umbilical cord; blood 
returning to the foetus is oxygenated and nutrient rich. 

15 The placenta is also a gland as it secretes both oestrogen and progesterone after forming, and will continue to 
secrete these two hormones during the rest of the pregnancy. 
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Chapter 15, Option D: Human physiology 
1 Some nutrients must be a part of a person’s diet because these nutrients are required but they cannot be 

synthesized from other molecules. These substances are called essential nutrients. 

2  Essential nutrients include minerals and some vitamins, fatty acids, and amino acids. Long-term deprivation of 
any of these essential nutrients leads to a deficiency disease. 

3 Overweight individuals are more prone to hypertension (high blood pressure) and type II diabetes. 

4 Digestion requires the addition of secretions necessary for chemical digestion into the stomach (gastric 
secretions) and into the small intestine. The stomach has cells within ‘pits’ that provide gastric juice and the 
small intestine receives secretions from the pancreas and liver. 

5 Hormonal feedback mechanisms and the autonomic nervous system control when and how much of these 
digestive secretions are produced. 

6 Ulcer(s) of the stomach are now known to be linked to the presence of bacteria growing in the stomach below 
the protective mucus layer. This bacteria species is Helicobacter pylori.  

7 The ‘capillaries’ of the liver are called sinusoids. Each sinusoid receives a mix of blood from both the hepatic 
artery and hepatic portal vein. Sinusoids are more porous than typical capillaries and are lined with a type of 
leucocyte called Kupffer cells. 

8 Liver cells (hepatocytes) help recycle the components of erythrocytes (including haemoglobin). Most red 
blood cells have a cellular life span of around 120 days. Many millions of erythrocytes must be recycled each 
day. 

9 The liver has many other functions, including removal of toxins from blood, storage of iron and some 
vitamins, production of some blood proteins, and storage of an energy reserve known as glycogen. 

10 The function of heart valves is to keep blood flowing in a single direction within all blood vessels. Blood flow 
from the right side of the heart is called the pulmonary circulation; blood flow from the left side is called the 
systemic circulation. The pumping of blood and the action of heart valves is synchronous between the right 
and left sides of the heart. 

11 When one is ‘at rest’, the heart controls its own pace by impulses initiated by a group of cells located in the 
right atrium known as the sinoatrial (SA) node. The SA node results in atrial systole and, after a short delay, 
the impulse is also relayed to the ventricles for their systole by way of another group of cells known as the 
atrioventricular (AV) node. 

12 Body activity (exercise) leads to an increase in carbon dioxide in the bloodstream. This leads to a decrease in 
pH of the blood. The lowered pH is sensed by receptors that respond in a way to cause the medulla oblongata 
of the brainstem to send impulses to the SA node to increase heart rate. 

13 Haemoglobin is a relatively large and complex protein designed to carry respiratory gases, especially oxygen. 
When haemoglobin is temporarily bonded to one or more oxygen molecules, the haemoglobin changes its 
molecular shape to have a greater affinity for more oxygen molecules. As haemoglobin can carry a maximum 
of four oxygen molecules, the form of haemoglobin with the highest affinity for oxygen is one that is currently 
carrying three oxygen molecules. 
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14 Oxygen dissociation curves can illustrate the differing affinities for oxygen shown by different types of 
haemoglobin or by any one haemoglobin type in a variety of environmental situations. 

15 Even though haemoglobin is capable of transporting carbon dioxide molecules in the blood, most carbon 
dioxide is transported in the form of hydrogen carbonate ions. It is this conversion of carbon dioxide to 
hydrogen carbonate ions that lowers the pH of blood as more and more carbon dioxide is produced by the 
body during exercise. 

 


