
Chapter 2 Biochemistry – Unique Properties of Water 

• Life on Earth could NOT exist without water. 

• Water is one of the most important, stable, and abundant molecules found in living 

things.  

• Water molecules consist of two hydrogen atoms and one oxygen atom that are held 

together by a covalent bond. 

o Covalent bonds are formed between atoms that are sharing electrons  

o The atoms in water’s covalent bond do not share the electrons equally. 

o The oxygen pulls on the electrons more strongly than the hydrogen atom. 

o This causes the water molecule to be a polar molecule.  

o Due to electrons (which have a negative charge) spending more time near the 

oxygen atom, the oxygen side of the atom is considered negative. 

o While the hydrogen side of the water molecule gains a positive charge due to the 

protons (which have a positive charge) 

o For this reason, water is described as a polar molecule. 

• Water – the universal solvent 
o Table salt is an ionic compound that is needed by organisms. 

o Salt is an ionic compound because it contains two ions with opposite charges: Na
+
 

(sodium ion) and Cl
-
 (Chlorine ion) 

o When table salt is mixed with water, the polar water molecule pulls apart the 

sodium and chlorine ions ~ dissolving salt. 

o The ability of water to dissolve ionic compounds is essential to life. 

o The proper concentration of ions (calcium, potassium, sodium, chloride) is 

essential to the functioning of cells. 

o Water also dissolves other polar molecules such as glucose. 

o Because water can dissolve many substances it is known as the universal solvent. 

o Some substances do not dissolve well in water. 

o Lipids are composed of non polar molecules. 

 Lipids are insoluble (don’t break down) in water 

 Cell membranes are composed of lipids, which create a water-resistant 

barrier around the cell. 

• Adhesion vs. Cohesion 

o Cohesion – water molecules creating hydrogen bonds with other water molecules. 

o Cohesion causes high surface tension – more force is needed to break the surface 

of a liquid. 

o Beading water is caused by cohesion. 

o Adhesion – is the tendency of water to stick to substances other than other water 

molecules. 

o This is due to hydrogen bonds – water sticking to glass. 

• Usage of Adhesion and Cohesion 

o Tall plants are able to move water from their roots to the upper branches without 

using energy. 

o Plants move water through interconnected, tube like cells. 

o When water in the leaves of the upper part of a tree evaporates, the water below it 

is pulled up to take its place – using cohesion and adhesion 

o The ability of a liquid to flow against gravity in a narrow space – such as a glass 

tube or vascular tissue in plants – is called capillary action. 

• Water and Heat Energy 



o Another unique property of water is that it has a high capacity to absorb and retain 

heat – known as specific heat. 

 Compared to other substances, water requires more heat energy for its 

temperature to change. 

 Water also releases energy slowly. 

o Benefits of water having a high specific heat capacity: 

 Creates more moderate environments for organisms to live in due to water 

absorbing and releasing heat slowly. 

o This same property of water makes it easier for organisms to regulate their body 

temperatures. 

o Before body temperature changes, large amounts of heat  must be gained or lost. 

 Cold-blooded animals store heat from the sun through the day to keep 

them warm through the night. 

o When a liquid absorbs enough heat it will evaporate – changing it into a gas. 

o The amount of heat that is needed for water to change into a gas – heat of 

vaporization – is high! 

 When we sweat, water on our skin absorbs heat as it evaporates – thus 

cooling us down. 

• Water Density 

o Another unique property of water is that it has a greater density as a liquid than as 

a solid. 

o When water reaches its freezing point, the molecules arrange themselves into an 

unique structure, leaving space between them. 

 The same amount of molecules takes up more volume, making it less 

dense. 

o Due to ice being less dense than liquid water, it floats on the surface of lakes and 

rivers. 

o Bodies of water freeze from the top down – the less dense ice stays above the 

denser liquid water. 

o The ice then acts like insulation for the water below it – protecting aquatic 

organisms from freezing. 

 

Organic Molecules: Lipids and Carbohydrates 

Carbon-Based Life Form 

 Carbon is the backbone for all life on Earth. 

 Carbon forms the compounds that make up all cells and organisms.  

 Organic molecules make up living things. 

o These molecules are composed of carbon and hydrogen. 

o Sometimes they also will have oxygen, nitrogen, phosphorus & other elements  

The Uniqueness of Carbon 

 Atoms create molecules by forming covalent bonds – sharing electrons. 

 The number of covalent bonds depends upon the atoms that are interacting. 

o Hydrogen – can only create one bond since it only has one electron to share.  

 Carbon is unique because it readily makes four bonds with other atoms!  

 Carbon atoms are most stable when they have all four bonds filled. 

o Typically, carbon makes single bonds – like that in methane. 

o However, carbon can also form double and triple bonds.  

 Carbon’s unique structure permits the formation of four different important 

macromolecules: 



1. Lipids 

2. Carbohydrates 

3. Proteins 

4. Nucleic Acids 

Lipids: Fats and Oils 

 Lipids  include oils, waxes, fats and sterols. 

 Fats and oils share the same monomer: fatty acids attached to a single glycerol molecule. 

 Monomers are basic structures of macromolecules!  

 Fatty acids are long chains of carbon atoms connected to each other with double or single 

bonds. 

o Lipids are mostly composed of carbon and hydrogen with a few oxygen atoms.  

 Two forms of fatty acids: saturated (bad) and unsaturated (better). 

o Saturated fats have carbon atoms held together with the maximum number of 

single bonds and hydrogen atoms. 

o Unsaturated fats have carbon atoms held together with single and double bonds 

with hydrogen atoms. 

Lipid Functions 

 Long-term energy storage: In animals, such as us, we store lipids in adipose tissue. 

o Adipose tissue contains special cells for lipid storage.  

 Cell Membranes: Phospholipids help to form the cell membrane and the organelles 

membranes in cells. (Cell membranes are also called plasma membranes!) 

o Phospholipids are composed of a polar phosphate group attached to a non-polar 

glycerol.  

 Chemical Messengers: 

o Sterols act as chemical messengers. 

o Cholesterol is the monomer of estrogen, progesterone, and testosterone.  

Phospholipids 

 The cell membrane (plasma membrane) is made up of phospholipids. 

o Two fatty acid make up the non-polar tails. 

o The phosphate group connects the two fatty acids and makes the polar head.  

 The lipids in cell membranes make them impermeable to water. 

o Water can not freely cross the cell membrane. 

o Water must pass through special protein channels.  

 When we talk about the cell membrane we say that the polar heads are hydrophilic and 

the non-polar tails are hydrophobic. 

o What is hydrophilic? 

o What is hydrophobic?  

 The plasma membrane is made up with a phospholipid bilayer, or two sheets of 

phospholipids.  Given the structure of a phospholipid, how are these sheets arranged in 

the plasma membrane? 

o head*tail – head*tail 

o head*tail – tail*head 

o tail*head – tail*head 

o tail*head – head*tail 

Carbohydrates 

 Carbohydrates consist of carbon, hydrogen and oxygen with a 1:2:1 ratio. 

o Examples: 

o Glucose: C6H12O6 

o Sucrose:  C12H22O11  



 The simplest form of a carbohydrate is glucose. 

o The carbohydrate’s monomer is called a monosaccharide – glucose is a 

monosaccharide. 

 Monosaccharides tend to be single rings.  

 Table sugar (sucrose) is a disaccharide formed by bonding two monosaccharides in a 

double ring structure.  

 Many monosaccharides tend to be isomers. 

o Isomers are molecules that have the same chemical formula but different 

arrangement of atoms.  

Polysaccharides 

 Monosaccharides can be linked together to form long chains known as polysaccharides. 

o Polysaccharides are known as polymers. 

o Many glucose molecules link together to form starch, glycogen and cellulose.  

 Starch is a polysaccharide produced by plants to store energy. 

o Starch is found in wheat, rice and potatoes.  

 Cellulose is a polysaccharide that composes the plant’s cell wall. 

o It strengthens and supports the plant cell. 

o It can only be broken down by a few organisms.  

Many Functions of Carbohydrates 

 Cellular respiration: all carbohydrates are broken down into glucose to be used in cellular 

respiration for ATP production. 

o Any time you see energy production in cells … immediately think ATP!  

 Energy storage: Plants and animals store energy in the form of carbohydrates called 

glycogen and starch. 

 Structure: Plant cell walls are strengthened by cellulose.  

Carbohydrate Reactions 

 Organisms depend upon chemical reactions to join monomers together and break 

polymers apart. 

o Dehydration synthesis/ condensation reaction: joins two monomers together.  

o Hydrolysis breaks down polymers into monomers  

Dehydration Synthesis / Condensation Reaction 

 Dehydration synthesis links two monosaccharides such as glucose and fructose into 

larger molecules. 

o When this occurs, glucose loses a hydrogen and fructose loses a oxygen and a 

hydrogen. 

o Along with the new disaccharide being formed, a water molecule is formed.  

 When dehydration synthesis occurs repeatedly longer chains of carbohydrates are 

formed. 

 Dehydration synthesis also joins fatty acids to the glycerol molecule in lipids.  

Hydrolysis 

 Hydrolysis breaks down polysaccharides into monosaccharides. 

o Water is used to add back the –OH group and H+ atom to the monomers. 

o Hydrolysis is the reverse reaction of dehydration synthesis 

Carbohydrate Reactions 

 In a cell, 132 glucose monomers are joined to form a straight chain of starch.  Remember, 

for dehydration synthesis to occur, water is formed.  How many water molecules are 

formed in this situation?  

Organic Molecules: DNA and Proteins 

 Four Types of Macromolecules and their Monomers: 



1. Lipids – Fatty acids and glycerol (not really the monomer) 

2. Carbohydrates – Monosaccharide 

3. Nucleic Acids – Nucleotide 

4. Protein – Amino Acids  

Nucleic Acids 

 Two types of nucleic acids:  

o DNA – Deoxyribonucleic Acid 

o RNA – Ribonucleic Acid  

 REMEMBER:  the monomer of nucleic acids is a nucleotide. 

 Nucleotides consist of three parts: 

o Phosphate group 

o 5-carbon sugar 

 DNA – Deoxyribose  

 RNA – Ribose 

o Nitrogenous bases 

 DNA – Adenine, Thymine, Cytosine, Guanine 

 RNA – Adenine, Uracil, Cytosine, Guanine 

 Due to nucleotides coming in four different varieties or “flavors”, RNA and DNA can 

code for a wide variety of proteins that spell out how an organism is formed and survives. 

o DNA and RNA encode genetic information. 

DNA vs. RNA 

DNA RNA 

DNA’s 5-carbon sugar is deoxyribose. RNA’s 5-carbon sugar is ribose. 

DNA Base Pairs: RNA Base Pairs: 

 Adenine - Thymine  Adenine - Uracil 

 Guanine - Cytosine   Guanine - Cytosine  

Double stranded Single stranded 

Nucleic Acid 

 Nucleic acid chains (polymers) are made by joining the phosphate group of one 

nucleotide to the sugar of a second nucleotide.  

 The phosphate group and sugar form the backbone of the nucleic acid chain. 

o The nitrogenous base are not involved in the forming the chain. 

 The nitrogenous bases bond the two separate strands with hydrogen bonds. 

 For this to occur, the two nucleic acid strands must be complementary to each other. 

o Each type of nucleotide must pair with its partner type on the other strand: 

 Adenine bonds with Thymine (A-T) 

 Guanine bonds with Cytosine (G-C)  

Nucleic Acid Functions 

 Encoding Genetic Material: Genes found in DNA provide specific instructions for 

making proteins the organism needs to carry on life functions. 

 Protein Synthesis: RNA transport genetic messages to the ribosomes to produce proteins. 

 Composing Ribosomes – Ribosomes are composed of RNA and proteins. 

Nucleic Acid Think About 

 Which is not found in both RNA and DNA? 

 Ribose sugar 

 Phosphate group 



 Nitrogenous base 

 Guanine nucleotide 

Proteins 

 Proteins are important polymers that perform structural and regulatory functions for the 

cell. 

 Proteins are macromolecules that consist of long chains of amino acids (monomer). 

o Long chains of amino acids are called polypeptide chains. 

 Amino acids are all composed of the same amino, carboxyl and central carbon structure. 

 The difference between amino acid monomers is due to each amino acid having a 

different R group. 

o There are 20 different R groups that make 20 different amino acids. 

 Peptide bonds join amino acids through dehydration synthesis reactions. 

o Long polypeptide chains are formed from this process, which connects hundreds 

of amino acids together. 

Protein Functions 

 Cell Structure: they make most of the structure in the cell including the cytoskeleton. 

 Animal Structures: they make up bones, muscle, tendons and hair. 

 Cell Function: they help control what enters and leaves through the cell membrane. 

 Enzymes: speed up chemical reactions in cells and organisms.  

Nucleic Acid / Protein Review 

 Which term refers to this molecule? 

a. Nucleotide 

b. Amino acid 

c. Polypeptide 

d. Nitrogen base  

 Which pair of terms is NOT correctly matched? 

a. Deoxyribose : RNA 

b. Polypeptide : Protein 

c. Nitrogenous base: DNA 

d. Amino acid : Polypeptide  

 Which does NOT describe a function of proteins? 

a. They encode genetic information 

b. They allow muscle cells to contract. 

c. They help to carry out chemical reactions. 

d. They make up structures that support the cell.  

Enzymes 

 Proteins play major roles in the cell, but none as important as making up enzymes. 

o Enzymes permit reactions to occur at rates of thousands times per second. 

o Without enzymes, chemical reactions would not occur fast enough for cells to 

survive. 

Enzymes and Activation Energy 

 Enzymes function as catalysts. 

o Catalysts speed up chemical reaction without 

being changed or used up. 

 This graph compares the energy needed to start a 

chemical reaction with and without an enzyme. 

 As the reactants are changed to products, they take 

on an intermediate form. 



 This form has a greater amount of energy than either the products or reactants. 

 Unless activation energy is added, the reaction cannot proceed. 

o The energy required for chemical reactions to convert reactants into products  is 

called  

 Enzymes work by lowering the activation energy of a chemical reaction. 

 With a lower activation energy, the reactants can be changed to products at a much faster 

rate. 

Enzyme Specificity 

 Organisms have thousands of different enzymes. 

 EACH ENZYME IS SPECIFIC TO A DIFFERENT REACTANT! 

 An enzyme acts on a reactant, or starting material of a reaction. 

o This substance is called a substrate. 

 Enzymes are highly specific for the substrates they bind. 

 The shape of an enzyme is what makes it specific to one substrate and not any others. 

o Enzymes are proteins that have deep folds or pockets on its surface to which a 

substrate molecule. 

 These folds are called active sites. 

 Binding to the active site causes the substrate to be converted to products. 

 A substrate binding to an active site is a lot like a lock and a key. 

 The enzyme catalyzes the substrate only if the shape of the substrate fits the active site. 

 Some enzymes have an allosteric nature. 

o Allosteric enzymes are regulated by a molecule that causes the enzyme to change 

shape in order to fit its substrate. 

Optimal Conditions for Enzymes 

 Optimal temperatures and pH are important for enzymes. 

o Optimal temperatures and pH can be different for each enzyme. 

o Most enzymes in the human body function best at 98.6 F or 37 C. 

 Enzyme reaction rates slow down if it is placed in less-than-optimal conditions. 

o This is because the enzyme’s highly folded, three dimensional structure becomes 

distorted, thus not functioning correctly. 

 Temperatures or pH levels that are too high or low can cause an enzyme to be denatured. 

o Denatured enzymes no longer function. 

Enzyme and Substrate Concentration 

 The more substrate that you add to an enzyme the more product you will receive up to a 

certain point. 

o This is known as the point of saturation. 

 If the saturation point is reached, any additional substrate will not be catalyzed because 

there are no more active sites.  

 Increasing substrate concentration will have no effect on the rate of enzyme activity. 

 Enzyme –substrate reactions are limited by enzyme concentrations. 

 

 


