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BIOLOGY 2201

UNIT 1: Part B  
Matter and Energy for Life

The Cell Membrane and Cellular Transport

Textbook Reference: Sections 2.2 and 2.3

Cell Membrane:
This is the outermost edge of the cell.

Functions:
· Protective layer

· Holds cell contents in place and keeps it separate from the surrounding environment

· Regulates movement of substances in and out of the cell.

· Maintains homeostasis (dynamic equilibrium)
Structure:  

· It is composed of a phospholipid bilayer embedded with proteins and cholesterol.  
· Cholesterol allows the cell membrane to function at a wide range of temperatures. 

· Carbohydrates extend from the lipids and proteins on the external edge of the membrane.
· The membrane has a fluid or moving property in which neither the proteins nor the phospholipids are stationary.  This fluid property allows the membrane seal to be broken and for molecules to enter and leave.
· Proteins may also change shape and provide a channel to transport molecules.

A. Phospholipids
The phospholipid molecule has a phosphate group with lipid tails attached.  Lipids are considered nonpolar which means they will be found away from the watery environment inside and outside of the cell.  This means that the phosphate heads will form the inner and outer edges of the cell membrane.

Hydrophilic: __________________

Hydrophobic: _________________


          __________________



 _________________


          __________________



 _________________

B. Proteins
Some proteins are found on the outer surface of the membrane, some are found on the inner surface and some extend through the entire membrane.  Proteins can carry out the following functions:

a. They can be transport proteins that control the movement of substances through the membrane.

b. They can be binding sites for specific messenger molecules.  These messenger molecules signal the cell to begin and stop some metabolic activity.  They are called receptor proteins.

c. They may act as enzymes.

d. They help bind the membrane to neighboring cells or to the structural elements in the cytoplasm of the cell.

C. Carbohydrates
May be called glycoproteins or glycolipids.  These distinctive sugar molecules can act as signatures to identify specialized cells.

	Diagram of Cell Membrane




Selective Permeability of the Cell Membrane

The cell membrane is considered to be selectively permeable.  Selective permeability means that the cell membrane selects or controls what substances may enter or leave the cell.  It is often determined by the following properties:

A. Solubility: Lipid molecules and molecules that can dissolve in lipids can pass through easily.  Since lipids are non polar, non polar substances easily dissolve 

Ex: Alcohols and anesthetics such as ether and chloroform can pass through easily.

B. Size:  Small molecules can pass through easily.  Some examples of small molecule include water, carbon dioxide and oxygen.

Large molecules can not pass through easily such as starches and proteins.

C. Charge:  Electrically neutral particles can pass through easily such as water and glucose.

Electrically charged ions can not pass through as easily.  ie. Sodium and potassium ions

Cellular Transport

The cell uses two main types of transport mechanisms:

A. Passive Transport

B. Active Transport

A. Passive Transport: 

This type of transport does not expend cellular energy.  Molecules are transported by means of a concentration gradient and the kinetic energy of the molecules themselves.

There are three types of passive transport:

1. Diffusion: This is the most common type of type of transportation in the cell.  It requires a concentration gradient. In a concentration gradient, molecules move from a region of high concentration to a region of low concentration.

It results in an equal distribution of molecules on the inside of a cell and on the outside of a cell.  Equilibrium is reached when there are as many molecules moving into of the cell as out of the cell.  

Diffusion occurs because molecules are in constant motion – kinetic energy.

There are four factors that influence diffusion through the cell membrane:

a. Permeability:  Materials that are soluble (nonpolar), neutral, and small will diffuse easier. 

b. Concentration:  A concentration gradient is required.
c. Temperature:  Higher temperatures increase the rate of diffusion 

d. Pressure: As osmotic pressure increases, diffusion will slow so the cell is less likely to rupture.
How does the size of a cell affect diffusion?

Some examples of where diffusion occurs in the human body include:

· The exchange of oxygen and carbon dioxide into the bloodstream at the capillaries of the lungs

· The movement of nutrients of the bloodstream into the body cells
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2. Osmosis:  This is the diffusion of water along a concentration gradient.

Osmotic Pressure: Diffusion depends on pressure as well as concentration gradient.  In osmotic pressure, water molecules are entering quicker than they are leaving, causing the cell to swell.  Weight and pressure on the inside of the cell membrane will eventually slow diffusion.  There may not be equal concentrations of water molecules on the inside compared to the outside of the cell but molecules will be passing in and out at the same rate – osmotic balance or equilibrium.  Concentration and pressure work to balance movement.

The Effects of Osmosis

The effects of osmosis can be observed by placing cells into solutions containing different concentrations of dissolved substances in water.

A. Hypotonic Solution: This solution has a lower concentration of dissolved substances than the cell being placed in it.  Water will move into the cell, increasing osmotic pressure.  This will cause the cell to swell and perhaps burst (animals).  In plant cells, the central vacuole swells and pushes the cell contents against the cell wall.  In plants, this is known as turgor pressure and is preferred.
B. Hypertonic Solution: This solution has a higher concentration of dissolved substances than the cell being placed in it.  Water will move out of the cell.  The animal cell will shrink and the vacuole in the plant cell collapses, causing the plant cell to shrink.  This shrinking of the cytoplasm is called plasmolysis.

C. Isotonic Solution: This solution has the same concentration of dissolved substances as the cell being placed in it.
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3. Facilitated Diffusion:  This is the transport of material along a concentration gradient using a transport protein.  This form of diffusion is more rapid than normal diffusion.  The protein is specific to the shape, size, and charge of the molecule or ion it is transporting.  
· Carrier proteins accept non charged molecules such as glucose and are specific to the substance they are transporting.  The protein can change shape to allow the molecule to pass through.  
· Channel proteins are tunnel-shape to allow ions such as sodium and potassium to pass through.  The ion must be small enough to fit through the channel and be opposite in charge to the protein channel.
B. Active Transport: 

In this type of transport, the cell must expend cellular energy in the form of ATP.  The use of cellular energy allows the cell to work against a concentration gradient.

Active transport allows a cell to maintain external conditions that are chemically different from the surrounding medium.  For example it can allow for the cell to concentrate nutrients or expel wastes.
There are two types of active transport:

1. Transport (Carrier) Proteins: These proteins are always specific to the substance being transported.  This protein will changes shape to allow for the passageway of molecules.  It requires energy in the form of ATP to move substances against the concentration gradient.  Ex: sodium-potassium pump.
2. Membrane Vesicles: There are two main forms of cellular transport using vesicles:

A. Endocytosis: In this case, materials become enclosed in the impocketing of the cell membrane.  The membrane closes over and pinches off to become a sac or vesicle.  The contents are then released to the inside of the cell.

There are three types of endocytosis:

(i) Pinocytosis: Liquids and small particles are transported to the inside of the cell, therefore only a small impocketing is required.  The contents of the vesicle can normally be released directly into the cell.

(ii) Phagocytosis: Solids or larger particles are ingested.  It requires a larger impocketing.  Food vacuoles instead of vesicles can be formed so that digestive enzymes can be used to break down food. Ex. Macrophages
(iii) Receptor-assisted Endocytosis: specific molecules attach to special proteins in the cell membrane called membrane receptors.  Cholesterol enters the cell in this way
	Diagram for Endocytosis

	
	
	


B. Exocytosis:  A vacuole or vesicle containing materials within the cell fuses to the inside surface of the cell membrane.  Its contents are released to the outside of the cell.

	Diagram for Exocytosis

	
	
	


Cells and Energy

Textbook Reference: Section 3.4

Photosynthesis

· Organisms such as green plants carryout a process by which energy rich carbohydrate molecules are produced, this process is called photosynthesis.
· Photosynthesis is carried out by organelles called chloroplasts.
· In this process solar energy from the sun is combined with carbon dioxide and water to produce carbohydrate molecules (usually glucose)
· By products of this reaction include oxygen
Overall Reaction:
Cellular Respiration

· Cells are able to get the energy needed for cellular processes by way of a process called Cellular Respiration

· This process is carried out in organelles called mitochondria
· Small carbohydrate molecules (usually glucose) are combined with oxygen, and the energy is released.

· By products of this process are water and carbon dioxide.

· This process is carried out by cells of all living organisms.

· Energy released by cellular respiration is stored in an energy carrier molecule called adenosine triphosphate (ATP).  ATP provides energy for muscles to move, nerves to conduct impulses, enable cell to build proteins, pump in substances they need, permit enzymes to act and so on.
Overall reaction:

The two main forms of cellular respiration are aerobic respiration and anaerobic respiration.

A. Aerobic:  This type of respiration requires oxygen.  In this process glucose, is completely oxidized into carbon dioxide and water in the presence of oxygen to release energy.  (Oxidation occurs when a molecule loses electrons and energy is released.)  It is the most common form of glucose breakdown and allows for the maximum amount of energy to be released from the glucose.  It occurs in the cytoplasm and mitochondria of plant and animal cells.

B. Anaerobic:  In this type of respiration, oxygen is not necessary.  Glucose is broken down in the absence of oxygen to release energy.  This generates very little energy for the cell.  It will occur in smaller organisms and in larger organisms when oxygen is not present.  It occurs in the cytoplasm of plant and animal cells.

Respiration and Photosynthesis

Respiration and photosynthesis are dependent upon each other.  Photosynthesis produces the raw materials for respiration.  Respiration produces the raw materials for photosynthesis.  Many closed systems such as terrariums and aquariums operate on this principle.
CO2 + H2O

Light (photosynthesis(glucose+H2O(respiration(ATP

    

O2
Photosynthesis and Cellular Respiration are considered to be complimentary processes, because the products of one type of reaction are the raw materials from the other type

Importance of Photosynthesis and Aerobic Respiration on a Global Scale
Photosynthesis can be considered the biological basis of industries of agriculture, forestry, petroleum, and the fisheries. Humans are manipulating the natural processes of photosynthesis and respiration directly through activities such as selective breeding of plants to increase productivity, burning fossil fuels, deforestation, and man-made fires. This is leading to increased concentrations of carbon dioxide contributing to global warming. Incomplete combustion of fossil fuels can lead to increased soot, carbon monoxide, and acid rain.
Photosynthesis and cellular respiration are very much a part of the global carbon cycle. They also are the driving forces behind energy and matter exchanges at the cellular level.
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