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Section II

THE CELL ----- Life processes in a cell

[For the basic structure of a cell, please refer to textbook Ch.3 for details]

A) Metabolism
· Metabolism consists of catabolism and anabolism

Catabolism

· It refers to all of the “breaking-down” reactions occurring within an organism.

· In catabolic reactions, complex molecules are broken down into simpler ones.

· e.g. cellular respiration, glucose ( water + carbon dioxide + energy
Anabolism

· It refers to all of the “building-up” reactions occurring within an organism.

· In catabolic reactions, complex molecules are built up from simpler ones.

· e.g. formation of starch from glucose
· Anabolic reactions need energy, which comes from cellular respiration.
Metabolic rate

· Metabolic rate refers to the overall speed of the chemical reactions of an organism.

· It varies with body activities.

· It is low when the organism is at rest, and is high when the organism is active.

· Age also affects the metabolic rate, e.g. older people have a lower metabolic rate.

B) Role of enzymes in metabolism

· The metabolic rate of an organism is regulated by enzymes inside its cells.

· Enzymes usually speed up the rate of chemical reactions in organisms.

· Without enzymes, reactions in cells would often be too slow to support life.

· They work inside as well as outside cells.

C) Characteristics of enzymes / protein nature of enzymes

1. They are proteins

· actions of enzymes is affected by temperature and pH.

· extreme temperature or pH will make the amino acids in proteins broken, thus denature enzymes.

· enzymes work best at a certain range of temperature and pH.

· enzymes become inactive at low temperatures.

2. They are biological catalysts

· A catalyst is a substance that speeds up reactions without being changed or used up itself.

· enzymes are produced by living cells of organisms, thus they are BIOLOGICAL CATALYST.

3. They are reusable

· During the reaction, enzymes temporarily combine with the reacting molecules called substrates.

· When the reaction finishes, enzymes return to the original form and are used to help another molecule of substrate to change.

· As they are reusable, only a small quantity is enough.

4. action of enzymes is specific

· each enzymes acts on one or a few chemically-RELATED SUBSTRATES ONLY.
D) Specificity of enzyme activities

· There is an active site on each enzyme.

· Each enzymes acts on only one or a few chemically-related substrates and catalyzes only one kind of reaction.

· The specificity of enzymes can be explained by the “lock and key” hypothesis.

· “Lock and key” hypothesis: a key of a specific shape (the enzyme active site shape) opens only one lock (substrates) which fits into the shape.

enzyme + substrate(s) ( enzyme-substrate complex(an unstable combination) 

                  ( breaks down to give the products

                  ( release the enzyme in its original form

E) Factorings affecting enzyme action
Temperature

	Temperature
	Actions of enzymes
	*Reaction rate

	Low
	· Enzymes are inactive
	Low

	Rises from low
	· Substrates and enzyme molecules vibrate more rapidly.

· This increases the chance they may hit each other.
	Increasing

	Optimum
	· enzymes work best at this temperature

[  different enzymes have different optimum temperatures

   e.g.  human cells enzymes: around 37oC

        plants enzymes: mostly have lower optimum temperatures  ]
	Highest

	Above optimum
	· Shapes of enzymes, shapes of their active sites are changed
	Decreasing

	Very high
	· Enzymes are denatured when heated too much
	No reaction


*Reaction rate: It refers to the rate of the formation of product.

pH

· enzymes usually work within a narrow range of pH

· their activities change greatly with small changes in the pH of the liquid / medium they are in

· a change in pH value changes the shape and the activity of enzymes (enzymes are proteins)

· optimum pH: enzymes work best

· The optimum pH varies with each enzyme, but most likely between 5 and 9 for most enzymes 
F) Diffusion, osmosis and active transport
	
	Diffusion
	Osmosis
	Active transport

	Definition
	· random movement of molecules in all directions due to their kinetic energy

· a net movement of molecules from the region of higher concentration to a region of lower concentration until there is no longer a difference (along concentration gradient)

· Thereafter, diffusion in all directions continues at the same rate
	· the net movement of water molecules across a selectively permeable membrane from a region of higher water potential to a region of lower water potential
	· the movement of substances across cell membrane, usually from a region of lower concentration to a region of higher concentration, with the use of energy

	Requirements
	· with or without a selectively permeable membrane
· no additional input of energy to transport substances (a passive process)
	· a selectively permeable membrane
· a difference in the concentration of molecules that cannot cross the membrane
	· energy (from cellular respiration)
· the transport is done by special active protein molecules (carrier molecules) inside the cell membranes 

	Significance of selectively permeable membrane
	If a membrane is present, only molecules that are smaller than the holes in the membrane can diffuse across it.
	
	

	Importance
	· Transport of oxygen and nutrients into the cell
· Transport of carbon dioxide and waste materials out of the cell

· important for the distribution of substances within the cytoplasm all over the cells
	· Important for the entry and exit of water to and from cells of all organisms, especially the movement of water in plant cells (water moves through the cells of roots by osmosis)
· Important for transporting water across living tissues
	· Important for the movement of essential materials (glucose, water materials, urea) when diffusion is too slow or there is no concentration gradient
· absorption of minerals from the soil into root hair cells

· absorption of glucose in the intestine

	Remarks
	Water potential

· it describes the possibility of water molecules moving through the membrane from each side of the selectively permeable membrane
· high water potential: high concentration of water molecules, low concentration of solute molecules

· pure water has the highest water potential which is 0, other solutions have negative water potentials.
Active transport

The carrier molecules carry substances from one side of the membrane to another side according to the need of the cell BUT NOT always in one direction.
e.g. carry glucose to the cells and remove waste materials from the cell (opposite direction)


G) Osmosis and cells
· A cell gains or loses water depends on the water potential of both its cytoplasm and the liquid surrounding the cell.

	A cell put into a Hypertonic solution (a solution with a lower water potential than the cytoplasm)
	· water leaves the cell by osmosis and the cell becomes softer

· animal cells: shrunken

· plant cells:   the cytoplasm shrinks

             ( cell membrane contracts away from the cell wall

             ( plasmolysis occurs and the plant becomes plasmolysed

               (the cells become flaccid)

	A cell put into a Hypotonic solution (a solution with a higher water potential than the cytoplasm)
	· water enters the cell by osmosis and the cell swells / grows in size
· animal cells: burst as their cell membranes are thin

· plant cells:   their cell walls are rigid

             ( swelling is limited

             ( water eventually stops entering the cells

             ( the plant becomes swollen / turgid

	A cell put into an Isotonic solution 

(a solution with the same water potential as the cytoplasm)
	· there is no NET osmosis
( no change in water content of the cell


