
Keystone Biology Review



Module 1 -

Characteristics of Living Things:

All living things…

1. reproduce. (sexual or asexual) 6. adapt. (change over time)

2. are made of cells. (uni- or multicellular) 7. respond to stimuli

3. have DNA, the universal genetic code. 8. have a source of energy. 

(autotroph v. heterotroph)

4. are homeostatic. (stable internal environment) 9. grow.

5. have a lifespan.

• To be considered a living thing, an organism must meet ALL of these qualifications.



• Prokaryotes vs. Eukaryotes

• All living things are made of cells that can be categorized into one of 
two groups.  Organisms are made of either prokaryotic cells or 
eukaryotic cells.

• Prokaryotic cells are more simplistic, lack a nucleus, lack a majority of 
the membrane-bound organelles and are smaller. (ex:  bacteria)

• Eukaryotic cells are more complex, have a nucleus, have many 
membrane-bound organelles and are larger. (ex:  animal and plant 
cells)



Water – due to the uneven sharing of electrons in the covalent bonds of water, the 
oxygen end of the water molecule is slightly negative and the hydrogen end is 
slightly positive.  This means that water is POLAR.

Because of its polarity, water has several properties that make it important to life…

1. It’s a good solvent.  It’s the “universal solvent.” Anything that has a charge will 
stick to water.  If it has a positive charge, it will stick to the negative end of the 
water molecule.  If it has a negative charge, it will stick to the positive end of the 
water molecule.  Therefore, these substances dissolve easily in water.  Many of 
these charged particles must dissolve within the water inside our bodies.

2. It has high heat capacity.  Because water is polar, water molecules tend to stick 
together.  The negative end of one molecule will stick to the positive end of another 
molecule.  It therefore takes a lot of heat to raise the temperature of water, 
because the initial energy added to water doesn’t raise the temperature.  Instead, 
the initial energy is forced to break the hydrogen bonds that exist between the 
water molecules.  Because living organisms are made of a lot of water, our body 
temperature doesn’t fluctuate very rapidly.

3. Water is the medium in which most of our chemical reactions take place.

4. The solid form of water (ice) is less dense than the liquid form.  For this reason, 
ice floats, allowing life to exist in water below the ice surface.



Proteins – These are different from the previous two types of organic 
compounds because all proteins contain the element nitrogen in 
addition to the carbon, hydrogen and oxygen shared by lipids and 
carbohydrates.  The monomer of a protein in called an amino acid and 
there are about twenty different types of them.  Here are just three…



Carbohydrates – The smallest version of a carbohydrate is called a 
monosaccharide.  Some examples include glucose, galactose and 
fructose.  When two monosaccharides are combined together, it’s 
called a disaccharide and when even larger carbohydrates are formed, 
they are called polysaccharides.  They are all made of the same basic 
unit….a monosaccharide.  Examples of disaccharides include sucrose, 
lactose and maltose.  Polysaccharides are glycogen, starch and 
cellulose.  The main usage of carbohydrates by living things is for the 
production of ENERGY.



Organic Compounds – those that have a carbon backbone

There are two types of chemical reactions that are very important 
when it comes to organic compounds.  One of those is called a 
condensation reaction (also known as dehydraton synthesis).  A 
condensation reaction is used to bind smaller molecules (monomers) 
together to make larger molecules (polymers).  In doing so, it removes 
two H’s and an O from the adjoining molecules, thus forming water.  
The opposite reaction is called hydrolysis.  Hydrolysis takes larger 
molecules and breaks them down into many smaller ones.  It does this 
by adding a water molecule back in.



Lipids – This category of organic compounds is composed of fats, oils, 
waxes and steroids, but we’ll focus on the fats.  Fats are composed of 
two main parts….glycerol and fatty acids.  The fatty acids can vary 
based on the number of hydrogen atoms in them.  The more hydrogen 
atoms, the more saturated the fatty acid.  The fewer the number of 
hydrogens, the more unsaturated the fatty acid.  The main usage of fats 
is in the storage of energy and in the composition of our cell 
membranes.  The body can store more energy in the form of fat than it 
can in the form of carbohydrates.



A special subset of proteins called enzymes, are very important to life.  
Enzymes act as biological  catalysts of chemical reactions.  In other words, 
enzymes help chemical reactions take place within your body, without 
actually being used up in the process.  Enzymes help by speeding up the pace 
at which a reaction takes place as well as lowering the activation energy 
necessary for a chemical reaction to get started.

Enzymes are very specific.  Each different type of enzyme can only catalyze 
one specific chemical reaction.  This occurs because the active site on an 
enzyme can chemically fit with only one specific set of substrates.  For 
instance, the enzyme, sucrase can break apart the sugar, sucrose.  This is the 
only reaction that sucrase can perform because the substrate, sucrose, is the 
only substance that will fit in its active site.  Also notice that the name of 
most enzymes ends with the letters –ase.



The more enzyme and the more substrate that is present, the more 
times this reaction will take place.  Other factors that affect an 
enzyme’s ability to work would be temperature and pH. Lower 
temperatures make an enzyme less active, but higher temperatures can 
cause the enzyme to denature, meaning that its structure will break 
down and it will become useless.  Therefore, there is an optimal 
temperature for each different enzyme.  The same is true of pH. A pH 
too high or too low will cause denaturation of the enzyme, rendering it 
useless.



• Rough ER

• Golgi

• Plasma membrane (cell membrane)



Proteins Carbohydrates



Proteins Carbohydrates

• Give body energy
• Best source of fuel for the body
• Help digest proteins and fats



prokaryotes eukaryotes

Prokaryotic cells are more 
simplistic, lack a nucleus, lack a 
majority of the membrane-bound 
organelles and are smaller. (ex:  
bacteria)

Eukaryotic cells are more complex, 
have a nucleus, have many 
membrane-bound organelles and 
are larger. (ex:  animal and plant 
cells)



Photosynthesis

• Light  +  6CO2 +  6H2O    C6H12O6 +  6O2

• The whole point of photosynthesis is to take energy in one form (light) and 
change it into energy in another form (chemical).  Plants can do this.  We 
can’t.  In the equation above light is to the left side of the arrow, meaning it 
is a reactant in the chemical reaction.  On the right of the arrow is C6H12O6, 
or sugar.  The energy that was originally in the form of light is now captured 
in the bonds between the carbons, hydrogens and oxygens of the sugar 
molecule.

• This process takes place in the chloroplasts of plant cells and is broken 
down into two sections…the light dependent reactions and the light 
independent reactions.

• The light dependent reactions use light and water to produce O2, ATP and 
NADPH.  The oxygen is expelled and the ATP and NADPH, now containing 
the energy from the light in their chemical bonds, go onto the light 
independent reactions, where they mix with CO2 to form sugar.



Cellular Respiration

• C6H12O6 +  6O2  6H2O  +  6CO2 + Energy in the form of ATP

• Photosynthesis is meaningless without cellular respiration and vice versa.  The 
whole point of cellular respiration is to take the sugar formed during 
photosynthesis and convert it into a usable form of energy, called ATP (adenosine 
triphosphate).

• Steps of Cellular Respiration

• 1. Glycolysis  (gain of 2 ATP)

• 2. Kreb’s Cycle (gain of 2 ATP)

• 3. Electron Transport (gain of 32-34 ATP)

• Oxygen is necessary for step #3, and this is why we must constantly breathe.  No 
O2, no ATP.  No ATP, no energy for life.  The presence of oxygen means that this is 
an aerobic process.  Steps 2 and 3 both take place within the mitochondria.



The cell membrane is largely composed of what is called a phospholipid bilayer.  This layer of fat 

is unique in that the exterior portion of it is hydrophilic, meaning “water-loving”.  The interior 

portions are hydrophobic, meaning “water-hating”.  In order to stay alive, cells must import and 

export substances through the cell membrane.  There are a number of different ways in which 

this happens.  Most of these ways can be defined through the following choices:

Does the material moving through the cell membrane go UP or DOWN the concentration 

gradient?  Up means that molecules are moving from areas of low concentration toward areas of 

high concentration.  Down means molecules are moving from areas of high concentration toward 

areas of low concentration.

Is the movement of material through the cell membrane ACTIVE or PASSIVE?  Active means 

that the cells need to supply additional energy to the molecules moving through the membrane.  

Passive means that no additional energy is necessary.



Types of Cell Transport:

• 1. Diffusion – Down, Passive, Non-mediated

• 2. Osmosis – Down, Passive, Non-mediated (**deals specifically 
with water)

• *Water will flow from a hypotonic solution (more concentrated) 
toward a hypertonic solution (less concentrated) in order to help that 
solution reach equilibrium.

• 3. Active Transport – Up, Active, Mediated

• 4. Facilitated Diffusion – Down, Passive, Mediated

• 5. Endocytosis/Exocytosis – These really don’t follow the same rules 
described above.  They both deal with large packages/vesicles 
entering or leaving a cell.  If the vesicle is entering the cell, it’s called 
endocytosis.  If the vesicle is leaving the cell, it’s called exocytosis.


