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3. The chemicals of life 

 

In this chapter, you will find out about: 

Water, 
Minerals, 
Movement IN and OUT of Cells (Diffusion, Osmosis, Active transport) 
Carbohydrates, Lipids, Proteins and Nucleic Acids, 
How Plants Make Carbohydrates by Photosynthesis,  
The Most Controversial Statements Made by the Father of DNA. 
 

 

3.1. Water 

Water makes up 60-75% of human body weight. A loss of just 4% of total body water leads 

to dehydration, and a loss of 15% can be fatal. Likewise, a person could survive a month 

without food but wouldn’t survive 3 days without water. This crucial dependence on water 

broadly governs all life forms. Clearly water is vital for survival, but what makes it 

so necessary? 

Many of water’s roles in supporting life are due to its molecular structure and a few special 

properties. Water is a simple molecule composed of two small, positively charged hydrogen 

atoms and one large negatively charged oxygen atom. When the hydrogens bind 

to the oxygen, it creates an asymmetrical molecule with positive charge on one side and 

negative charge on the other side (Figure 1). This charge differential is called polarity and 

dictates how water interacts with other molecules. 

 

Figure 1: Water Chemistry. Water molecules are made of two hydrogens and one oxygen. 

These atoms are of different sizes and charges, which creates the asymmetry 

in the molecular structure and leads to strong bonds between water and other polar 

molecules, including water itself [1] 

As a polar molecule, water interacts best with other polar molecules, such as itself. This is 

because of the phenomenon wherein opposite charges attract one another: because each 

individual water molecule has both a negative portion and a positive portion, each side is 

attracted to molecules of the opposite charge. This attraction allows water to form relatively 

strong connections, called bonds, with other polar molecules around it, including other water 

molecules. In this case, the positive hydrogen of one water molecule will bond 

with the negative oxygen of the adjacent molecule, whose own hydrogens are attracted 



to the next oxygen, and so on (Figure 1). Importantly, this bonding makes water molecules 

stick together in a property called cohesion. The cohesion of water molecules helps plants 

take up water at their roots. Cohesion also contributes to water’s high boiling point, which 

helps animals regulate body temperature. 

Furthermore, since most biological molecules have some electrical asymmetry, they too are 

polar and water molecules can form bonds with and surround both their positive and negative 

regions. In the act of surrounding the polar molecules of another substance, water wriggles 

its way into all the nooks and crannies between molecules, effectively breaking it apart are 

dissolving it. This is what happens when you put sugar crystals into water: both water and 

sugar are polar, allowing individual water molecules to surround individual sugar molecules, 

breaking apart the sugar and dissolving it. Similar to polarity, some molecules are made 

of ions, or oppositely charged particles.  Water breaks apart these ionic molecules as well 

by interacting with both the positively and negatively charged particles. This is what happens 

when you put salt in water, because salt is composed of sodium and chloride ions. 

Water’s extensive capability to dissolve a variety of molecules has earned it the designation 

of “universal solvent,” and it is this ability that makes water such an invaluable life-sustaining 

force.  On a biological level, water’s role as a solvent helps cells transport and use substances 

like oxygen or nutrients. Water-based solutions like blood help carry molecules 

to the necessary locations. Thus, water’s role as a solvent facilitates the transport of molecules 

like oxygen for respiration and has a major impact on the ability of drugs to reach their targets 

in the body. 

Water also has an important structural role in biology. Visually, water fills cells to help 

maintain shape and structure. The water inside many cells (including those that make up 

the human body) creates pressure that opposes external forces, similar to putting air 

in a balloon. However, even some plants, which can maintain their cell structure without 

water, still require water to survive. Water allows everything inside cells to have the right 

shape at the molecular level. As shape is critical for biochemical processes, this is also one 

of water’s most important roles. 

Water also contributes to the formation of membranes surrounding cells. 

Every cell on Earth is surrounded by a membrane, most of which are formed 

by two layers of molecules called phospholipids (Figure 2). 

The phospholipids, like water, have two distinct components: a polar “head” 

and a nonpolar “tail.” Due to this, the polar heads interact with water, while 

the nonpolar tails try to avoid water and interact with each other instead. 

Seeking these favorable interactions, phospholipids spontaneously form bilayers 

with the heads facing outward towards the surrounding water and the tails facing inward, 

excluding water. The bilayer surrounds cells and selectively allows substances like salts and 

nutrients to enter and exit the cell. The interactions involved in forming the membrane are 

strong enough that the membranes form spontaneously and aren’t easily disrupted. Without 

water, cell membranes would lack structure, and without proper membrane structure, cells 

would be unable to keep important molecules inside the cell and harmful molecules outside 

the cell [1]. 

https://www.youtube.com/watch?v=UxvFdW9aO0s


 

Figure 2: Phospholipid bilayers. Phospholipids form bilayers surrounded by water. The polar 

heads face outward to interact with water and the hydrophobic tails face inward to avoid 

interacting with water [1] 

3.2. Minerals 

The body needs many minerals; these are called essential minerals. Essential minerals are 

sometimes divided up into major minerals (macrominerals) and trace minerals 

(microminerals). These two groups of minerals are equally important, but trace minerals are 

needed in smaller amounts than major minerals. The amounts needed in the body are not 

an indication of their importance. 

A balanced diet usually provides all of the essential minerals. The two tables below list 

minerals, what they do in the body (their functions), and their sources in food. 

Macrominerals 

Mineral Function Sources 

Sodium Needed for proper fluid balance, nerve 

transmission, and muscle contraction 

Table salt, soy sauce; large amounts 

in processed foods; small amounts in milk, 

breads, vegetables, and unprocessed meats 

Chloride Needed for proper fluid balance, 

stomach acid 

Table salt, soy sauce; large amounts 

in processed foods; small amounts in milk, 

meats, breads, and vegetables 

Potassium Needed for proper fluid balance, nerve 

transmission, and muscle contraction 

Meats, milk, fresh fruits and vegetables, whole 

grains, legumes 

Calcium Important for healthy bones and teeth; 

helps muscles relax and contract; 

Milk and milk products; canned fish with bones 

(salmon, sardines); fortified tofu and fortified 



 

 

The body needs trace minerals in very small amounts. Note that iron is considered to be a trace 

mineral, although the amount needed is somewhat more than for other microminerals. 

 

Microminerals 

Mineral Function Sources 

Iron Part of a molecule (hemoglobin) found in 

red blood cells that carries oxygen in the 

body; needed for energy metabolism 

Organ meats; red meats; fish; poultry; 

shellfish (especially clams); egg yolks; 

legumes; dried fruits; dark, leafy greens; iron-

enriched breads and cereals; and fortified 

cereals 

Zinc Part of many enzymes; needed for 

making protein and genetic material; has 

a function in taste perception, wound 

healing, normal fetal development, 

production of sperm, normal growth and 

sexual maturation, immune system health 

Meats, fish, poultry, leavened whole grains, 

vegetables 

Iodine Found in thyroid hormone, which helps 

regulate growth, development, and 

metabolism 

Seafood, foods grown in iodine-rich soil, 

iodized salt, bread, dairy products 

Selenium Antioxidant Meats, seafood, grains 

important in nerve functioning, blood 

clotting, blood pressure regulation, 

immune system health 

soy milk; greens (broccoli, mustard greens); 

legumes 

Phosphorus Important for healthy bones and teeth; 

found in every cell; part of the system 

that maintains acid-base balance 

Meat, fish, poultry, eggs, milk, processed foods 

(including soda pop) 

Magnesium Found in bones; needed for making 

protein, muscle contraction, nerve 

transmission, immune system health 

Nuts and seeds; legumes; leafy, green 

vegetables; seafood; chocolate; artichokes; 

"hard" drinking water 

Sulfur Found in protein molecules Occurs in foods as part of protein: meats, 

poultry, fish, eggs, milk, legumes, nuts 
 

https://www.uofmhealth.org/health-library/ste122090#ste122090-sec
https://www.uofmhealth.org/health-library/stp1987#stp1987-sec


Copper Part of many enzymes; needed for iron 

metabolism 

Legumes, nuts and seeds, whole grains, organ 

meats, drinking water 

Manganese Part of many enzymes Widespread in foods, especially plant foods 

Fluoride Involved in formation of bones and teeth; 

helps prevent tooth decay 

Drinking water (either fluoridated or 

naturally containing fluoride), fish, and most 

teas 

Chromium Works closely with insulin to regulate 

blood sugar (glucose) levels 

Unrefined foods, especially liver, brewer's 

yeast, whole grains, nuts, cheeses 

Molybdenum Part of some enzymes Legumes; breads and grains; leafy greens; 

leafy, green vegetables; milk; liver 

 

Other trace nutrients known to be essential in tiny amounts include nickel, silicon, vanadium, 

and cobalt [2]. 

 
3.3. Movement IN and OUT of Cells 

Cells need to take in substances that they need, such as oxygen and glucose, and they also 

need to get rid of waste products and chemicals that are needed elsewhere in the body. There 

are 3 main ways that substances can move into and out of the cell. 

3.3.1. Diffusion 

In living organisms diffusion of dissolved substances such as oxygen, carbon dioxide and 

glucose occurs into and out of cells across the semi-permeable cell membrane. 

 The net (overall) movement of particles in a liquid or gas from an area of high 

concentration to an area of low concentration (down a concentration gradient). 

 Diffusion is a passive process (doesn't require energy). 

 It takes place because of random movement of the particles (due to their inherent 

kinetic energy). 

 

https://www.uofmhealth.org/health-library/sti150726#sti150726-sec


 
Figure 3: Diffusion [3] 

There are 3 main things that affect the rate of diffusion: 

 Temperature - the higher the temperature, the faster the rate (due to an increase 

in the speed of the random movements of the particles). 

 Concentration gradient - the bigger the difference in concentrations of particles 

between the two areas, the faster the rate of diffusion. 

 Distance - the shorter the distance, the faster diffusion occurs 

 

3.3.2. Osmosis 

Osmosis is a special case of diffusion: 

 The movement of water molecules from an area of high concentration of water 

to an area of low concentration of water (down a concentration gradient). 

 It occurs across a partially permeable membrane. 

 It is a passive process (doesn't require energy). 

 
Figure 4: Osmosis [3] 

 

Here the membrane is only permeable to water molecules. They will move from an area 

of high water (dilute solution) to an area of low water (concentrated solution). Thus it will 

move from the right to the left, and consequently you will see a raise in water level. 

Like diffusion, in the case of osmosis the water molecules move in order to try to regain a 
balance between the two sides 



 

3.3.3. Active transport 

 The movement of substances from an area of low concentration to an area of high 

concentration (AGAINST a concentration gradient) or the movement of larger 

substances across a semi-permeable membrane 

 This is an active process and so requires energy 

 Requires carrier proteins in the cell membrane 

ATP is what we know of as energy! It comes from cellular respiration - remember this. Cells 

that undergo a lot of active transport will therefore be packed full of mitochondria, the 

organelles within which respiration occurs. 

See in the above example that the concentration of particles is higher inside the cell than 

outside, but the carrier protein moves them into the cell. 

The fact that active transport allows cells to move substances into them AGAINST 

a concentration gradient means they can absorb substances such as ions and sugars from very 

dilute solutions [3]. 

3.4. Carbohydrates, Lipids, Proteins and Nucleic Acids 

The large molecules necessary for life that are built from smaller organic molecules are called 

biological macromolecules. There are four major classes of biological macromolecules 

(carbohydrates, lipids, proteins, and nucleic acids), and each is an important component 

of the cell and performs a wide array of functions.  

3.4.1. Carbohydrates 

 
Here are some key words that you need to know: 
 
Isotonic 
Having the same concentration of solutes as another solution  
Hypertonic 
A solution with a higher concentration of solute molecules than 
another solution 
Hypotonic 
A solution with a lower concentration of solute molecules than another solution        
 

 
Figure 5: Hypotonic, isotonic and hypertonic solution  [3] 



Carbohydrates are, in fact, an essential part of our diet; grains, fruits, and vegetables are 

all natural sources of carbohydrates. Carbohydrates provide energy to the body, particularly 

through glucose, a simple sugar. Carbohydrates also have other important functions 

in humans, animals, and plants. 

Carbohydrates are classified into three subtypes: monosaccharides, disaccharides, and 

polysaccharides. 

Monosaccharides (mono = “one”; sacchar = “sweet”) are simple sugars, the most common 

of which is glucose. In monosaccharides, the number of carbon atoms usually ranges 

from three to six. Most monosaccharide names end with the suffix -ose. Depending 

on the number of carbon atoms in the sugar, they may be known as trioses (three carbon 

atoms), pentoses (five carbon atoms), and hexoses (six carbon atoms). 

Monosaccharides may exist as a linear chain or as ring-shaped molecules; in aqueous 

solutions, they are usually found in the ring form [4]. 

 

Figure 6: An example of the linear and ring forms of glucose [5] 

 

Disaccharides (di- = “two”) form when two monosaccharides undergo a dehydration reaction 

(a reaction in which the removal of a water molecule occurs). During this process, the hydroxyl 

group (–OH) of one monosaccharide combines with a hydrogen atom of another 

monosaccharide, releasing a molecule of water (H2O) and forming a covalent bond between 

How Plants Make Carbohydrates by Photosynthesis? 

 
The chemical formula for glucose is C6H12O6. In most living species, 
glucose is an important source of energy. During cellular respiration, 
energy is released from glucose, and that energy is used to help make 
adenosine triphosphate (ATP). Plants synthesize glucose using carbon 
dioxide and water by the process of photosynthesis, and the glucose, in 
turn, is used for the energy requirements of the plant. The excess 
synthesized glucose is often stored as starch that is broken down by 
other organisms that feed on plants [4]. 

https://www.youtube.com/watch?v=pFaBpVoQD4E


atoms in the two sugar molecules. The most common disaccharide is sucrose, or table sugar, 

which is composed of the monomers glucose and fructose. 

 

Figure 7: Disaccharides [6] 

A long chain of monosaccharides linked by covalent bonds is known as a polysaccharide (poly- 

= “many”). The chain may be branched or unbranched, and it may contain different types 

of monosaccharides. Polysaccharides may be very large molecules. Starch, glycogen, cellulose, 

and chitin are examples of polysaccharides. 

Starch is the stored form of sugars in plants and is made up of amylose and amylopectin (both 

polymers of glucose). Plants are able to synthesize glucose, and the excess glucose is stored 

as starch in different plant parts, including roots and seeds. The starch that is consumed 

by animals is broken down into smaller molecules, such as glucose. The cells can then absorb 

the glucose. 

Glycogen is the storage form of glucose in humans and other vertebrates, and is made up 

of monomers of glucose. Glycogen is the animal equivalent of starch and is a highly branched 

molecule usually stored in liver and muscle cells. Whenever glucose levels decrease, glycogen 

is broken down to release glucose. 

Cellulose is one of the most abundant natural biopolymers. The cell walls of plants are mostly 

made of cellulose, which provides structural support to the cell. Wood and paper are mostly 

cellulosic in nature. Cellulose is made up of glucose monomers that are linked by bonds 

between particular carbon atoms in the glucose molecule. 

Carbohydrates serve other functions in different animals. Arthropods, such as insects, spiders, 

and crabs, have an outer skeleton, called the exoskeleton, which protects their internal body 

parts. This exoskeleton is made of the biological macromolecule chitin, which is a nitrogenous 

carbohydrate. It is made of repeating units of a modified sugar containing nitrogen. 

Activity:  How to Test Presence of Carbohydrates? 



3.4.2. Lipids 

Lipids include a diverse group of compounds that are united by a common feature. Lipids are 

hydrophobic (“water-fearing”), or insoluble in water, because they are nonpolar molecules. 

This is because they are hydrocarbons that include only nonpolar carbon-carbon or carbon-

hydrogen bonds. Lipids perform many different functions in a cell. Cells store energy for long-

term use in the form of lipids called fats. Lipids also provide insulation from the environment 

for plants and animals. For example, they help keep aquatic birds and mammals dry because 

of their water-repelling nature. Lipids are also the building blocks of many hormones and are 

an important constituent of the plasma membrane. Lipids include fats, oils, waxes, 

phospholipids, and steroids. 

A fat molecule, such as a triglyceride, consists of two main components—glycerol and fatty 

acids. Glycerol is an organic compound with three carbon atoms, five hydrogen atoms, and 

three hydroxyl (–OH) groups. Fatty acids have a long chain of hydrocarbons to which an acidic 

carboxyl group is attached, hence the name “fatty acid.” The number of carbons in the fatty 

acid may range from 4 to 36; most common are those containing 12–18 carbons. In a fat 

molecule, a fatty acid is attached to each of the three oxygen atoms in the –OH groups 

of the glycerol molecule with a covalent bond. 

 
Carbohydrates present in a solution can be easily identified by 
performing certain tests in the laboratory. The important tests for 
carbohydrate detection are as follows: Molisch’s Test, Iodine Test,  
Benedict’s Test,  Bial’s Test,  Barfoed’s Test,  Seliwanoff’s Test,  
Phloroglucinol test and  Osazone Test. 



 

Figure 8: Lipids include fats, such as triglycerides, which are made up of fatty acids and 

glycerol, phospholipids, and steroids [4] 

During this covalent bond formation, three water molecules are released. The three fatty acids 

in the fat may be similar or dissimilar. These fats are also called triglycerides because they 

have three fatty acids. Some fatty acids have common names that specify their origin. 

For example, palmitic acid, a saturated fatty acid, is derived from the palm tree. Arachidic acid 

is derived from Arachis hypogaea, the scientific name for peanuts. 

Fatty acids may be saturated or unsaturated. In a fatty acid chain, if there are only single bonds 

between neighboring carbons in the hydrocarbon chain, the fatty acid is saturated. Saturated 

fatty acids are saturated with hydrogen; in other words, the number of hydrogen atoms 

attached to the carbon skeleton is maximized. When the hydrocarbon chain contains a double 

bond, the fatty acid is an unsaturated fatty acid. 

Most unsaturated fats are liquid at room temperature and are called oils. If there is one double 

bond in the molecule, then it is known as a monounsaturated fat (e.g., olive oil), and if there 

is more than one double bond, then it is known as a polyunsaturated fat (e.g., canola oil). 

Essential fatty acids are fatty acids that are required but not synthesized by the human body. 

Consequently, they must be supplemented through the diet. Omega-3 fatty acids fall into this 

category and are one of only two known essential fatty acids for humans (the other being 



omega-6 fatty acids). They are a type of polyunsaturated fat and are called omega-3 fatty acids 

because the third carbon from the end of the fatty acid participates in a double bond. Salmon, 

trout, and tuna are good sources of omega-3 fatty acids. Omega-3 fatty acids are important 

in brain function and normal growth and development. They may also prevent heart disease 

and reduce the risk of cancer. 

Phospholipids are the major constituent of the plasma membrane. Like fats, they are 

composed of fatty acid chains attached to a glycerol or similar backbone. Instead of three fatty 

acids attached, however, there are two fatty acids and the third carbon of the glycerol 

backbone is bound to a phosphate group. The phosphate group is modified by the addition 

of an alcohol. A phospholipid has both hydrophobic and hydrophilic regions. The fatty acid 

chains are hydrophobic and exclude themselves from water, whereas the phosphate is 

hydrophilic and interacts with water. 

Cells are surrounded by a membrane, which has a bilayer of phospholipids. The fatty acids 

of phospholipids face inside, away from water, whereas the phosphate group can face either 

the outside environment or the inside of the cell, which are both aqueous. 

3.5. Proteins 

Proteins are one of the most abundant organic molecules in living systems and have the most 

diverse range of functions of all macromolecules. Proteins may be structural, regulatory, 

contractile, or protective; they may serve in transport, storage, or membranes; or they may 

be toxins or enzymes. Each cell in a living system may contain thousands of different proteins, 

each with a unique function. Their structures, like their functions, vary greatly. They are all, 

however, polymers of amino acids, arranged in a linear sequence. 

The functions of proteins are very diverse because there are 20 different chemically distinct 

amino acids that form long chains, and the amino acids can be in any order. For example, 

proteins can function as enzymes or hormones. Enzymes, which are produced by living cells, 

are catalysts in biochemical reactions (like digestion) and are usually proteins. Each enzyme is 

specific for the substrate (a reactant that binds to an enzyme) upon which it acts. Enzymes can 

function to break molecular bonds, to rearrange bonds, or to form new bonds. An example 

of an enzyme is salivary amylase, which breaks down amylose, a component of starch. 

Proteins have different shapes and molecular weights; some proteins are globular in shape 

whereas others are fibrous in nature. For example, hemoglobin is a globular protein, but 

collagen, found in our skin, is a fibrous protein. Protein shape is critical to its function. Changes 

in temperature, pH, and exposure to chemicals may lead to permanent changes in the shape 

of the protein, leading to a loss of function or denaturation. All proteins are made up 

of different arrangements of the same 20 kinds of amino acids. 

Amino acids are the monomers that make up proteins. Each amino acid has the same 

fundamental structure, which consists of a central carbon atom bonded to an amino 

group (- NH2), a carboxyl group (- COOH), and a hydrogen atom. Every amino acid also has 

another variable atom or group of atoms bonded to the central carbon atom known as the R 



group. The R group is the only difference in structure between the 20 amino acids; otherwise, 

the amino acids are identical. 

 

Figure 9: Amino acids are made up of a central carbon bonded to an amino group (–NH2), 

a carboxyl group (–COOH), and a hydrogen atom. The central carbon’s fourth bond varies 

among the different amino acids, as seen in these examples of alanine, valine, lysine, and 

aspartic acid [4] 

The chemical nature of the R group determines the chemical nature of the amino acid within 

its protein (that is, whether it is acidic, basic, polar, or nonpolar). 

The sequence and number of amino acids ultimately determine a protein’s shape, size, and 

function. Each amino acid is attached to another amino acid by a covalent bond, known 

as a peptide bond, which is formed by a dehydration reaction. The carboxyl group of one 

amino acid and the amino group of a second amino acid combine, releasing a water molecule. 

The resulting bond is the peptide bond. 

The products formed by such a linkage are called polypeptides. While the terms polypeptide 

and protein are sometimes used interchangeably, a polypeptide is technically a polymer 

of amino acids, whereas the term protein is used for a polypeptide or polypeptides that have 

combined together, have a distinct shape, and have a unique function. 

As discussed earlier, the shape of a protein is critical to its function. To understand how 

the protein gets its final shape or conformation, we need to understand the four levels 

of protein structure: primary, secondary, tertiary, and quaternary. 



 

Figure 10: The four levels of protein structure can be observed in these illustrations [4] 

 

 

3.6. Nucleic Acids 

Nucleic acids are key macromolecules in the continuity of life. They carry the genetic blueprint 

of a cell and carry instructions for the functioning of the cell. 

Activity:  How to Test Presence of Lipids and Proteins? 

 
Lipids present in a solution can be easily identified by Emulsion Test. 
On the other hand the important test for proteins detection is Biuret 
Test. 
 
 



The two main types of nucleic acids are deoxyribonucleic acid (DNA) and ribonucleic acid 

(RNA). DNA is the genetic material found in all living organisms, ranging from single-celled 

bacteria to multicellular mammals. 

The other type of nucleic acid, RNA, is mostly involved in protein synthesis. The DNA molecules 

never leave the nucleus, but instead use an RNA intermediary to communicate with the rest 

of the cell. Other types of RNA are also involved in protein synthesis and its regulation. 

DNA and RNA are made up of monomers known as nucleotides. The nucleotides combine with 

each other to form a polynucleotide, DNA or RNA. Each nucleotide is made up of three 

components: a nitrogenous base, a pentose (five-carbon) sugar, and a phosphate group. 

Each nitrogenous base in a nucleotide is attached to a sugar molecule, which is attached 

to a phosphate group. 

 

Figure 11: A nucleotide is made up of three components: a nitrogenous base, a pentose 

sugar, and a phosphate group [4] 

DNA has a double-helical structure. It is composed of two strands, or polymers, of nucleotides. 

The strands are formed with bonds between phosphate and sugar groups of adjacent 

nucleotides. The strands are bonded to each other at their bases with hydrogen bonds, and 

the strands coil about each other along their length, hence the “double helix” description, 

which means a double spiral. 



 

Figure 12: Chemical structure of DNA, with colored label identifying the four bases as well as 

the phosphate and deoxyribose components of the backbone [4] 

The alternating sugar and phosphate groups lie on the outside of each strand, forming 

the backbone of the DNA. The nitrogenous bases are stacked in the interior, like the steps 

of a staircase, and these bases pair; the pairs are bound to each other by hydrogen bonds. 

The bases pair in such a way that the distance between the backbones of the two strands is 

the same all along the molecule.  The rule is that nucleotide A pairs with nucleotide T, and G 

with C [4]. 

 

 

 

 



3.7. James Watson: The most controversial statements made by the father of DNA 

Independent, Josh Gabbatiss, January 13, 2019 [7] 
 
The Nobel Prize laureate is widely recognised as a great scientist, but his reputation has been 
tarnished by remarks he has made about race, women and gay people. 
 
James Watson is undoubtedly one of the world’s greatest living scientists. 
Awarded a Nobel Prize for his work unravelling the double-helix structure 
of DNA while still a young man, the geneticist went on to be a leading light 
in the molecular biology revolution that followed. He has led major 
research institutions and spearheaded the Human Genome Project, which 
successfully mapped the spread of human DNA for the first time. 
Sadly, in recent years his achievements have been overshadowed by a series of 
controversial remarks made in public and to the press that have been viewed as racist, sexist 
and homophobic. 
 
He has remarked in relation to future genetic innovations that:  
 
“There’s a difference on the average between blacks and whites on IQ tests. I would say 
the difference is genetic.” 
 
“People say it would be terrible if we made all girls pretty. I think it would be great.” 
 
“If you could find the gene which determines sexuality and a woman decides she doesn't 
want a homosexual child, well, let her.” 
 

 
Figure 13: Dr James Watson with the original DNA model ahead of a press conference at the 

Science museum in London in 2005(AFP/ODD ANDERSEN) [7] 

 

 

https://www.independent.co.uk/news/science/james-watson-racism-sexism-dna-race-intelligence-genetics-double-helix-a8725556.html?jwsource=cl


To discuss… 

What do you think about eugenics and also about some of James Watson most controversial 
statements? 
 

(Eugenics is a movement that is aimed at improving the genetic 
composition of the human race.  Historically, eugenicists advocated 
selective breeding to achieve these goals. Today we have technologies 
that make it possible to more directly alter the genetic composition of 
an individual. However, people differ in their views on how to best 
(and ethically) use this technology.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sources: 

[1] http://sitn.hms.harvard.edu/uncategorized/2019/biological-roles-of-water-why-is-water-

necessary-for-life/ 

[2] https://www.uofmhealth.org/health-library/ta3912 

[3] https://drrandallscience.weebly.com/cellular-transport-diffusion-active-transport-and-

osmosis.html 

[4] https://opentextbc.ca/biology/chapter/2-3-biological-molecules/ 

[5]https://www.researchgate.net/publication/265405199_Prediction_of_Oligosaccharide_3

D_Structure_using_Genetic_Algorithm_Search_Methods/figures?lo=1 

[6] https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-

2.0/section/26.2/primary/lesson/disaccharides-chem 

[7] https://www.independent.co.uk/news/science/james-watson-racism-sexism-dna-race-

intelligence-genetics-double-helix-a8725556.html 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://sitn.hms.harvard.edu/uncategorized/2019/biological-roles-of-water-why-is-water-necessary-for-life/
http://sitn.hms.harvard.edu/uncategorized/2019/biological-roles-of-water-why-is-water-necessary-for-life/
https://www.uofmhealth.org/health-library/ta3912
https://drrandallscience.weebly.com/cellular-transport-diffusion-active-transport-and-osmosis.html
https://drrandallscience.weebly.com/cellular-transport-diffusion-active-transport-and-osmosis.html
https://opentextbc.ca/biology/chapter/2-3-biological-molecules/
https://www.researchgate.net/publication/265405199_Prediction_of_Oligosaccharide_3D_Structure_using_Genetic_Algorithm_Search_Methods/figures?lo=1
https://www.researchgate.net/publication/265405199_Prediction_of_Oligosaccharide_3D_Structure_using_Genetic_Algorithm_Search_Methods/figures?lo=1
https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-2.0/section/26.2/primary/lesson/disaccharides-chem
https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-2.0/section/26.2/primary/lesson/disaccharides-chem
https://www.independent.co.uk/news/science/james-watson-racism-sexism-dna-race-intelligence-genetics-double-helix-a8725556.html
https://www.independent.co.uk/news/science/james-watson-racism-sexism-dna-race-intelligence-genetics-double-helix-a8725556.html



