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BIOTECHNOLOGY

Biotechnology (a) – LIVING FACTORIES

[image: image12.wmf]In biotechnology, products useful to man are made using cells from plants animal or microbes.

Yeast

Yeast is a fungus made up of single cells.

Yeast can use sugar as food to produce energy.  It is used in BREWING and BAKING.  In baking carbon dioxide produced by the yeast XE "yeast"  causes bread to rise.  This is produced as a result of yeast respiring aerobically.  In brewing, the manufacture of beer and wine depends on the production of ALCOHOL by yeast.  This is produced as a result of the yeast performing ANAEROBIC RESPIRATION:


GLUCOSE   →  ETHANOL  +   CARBON DIOXIDE  +  ENERGY*.

*  As brewing occurs, the energy released by yeast XE "yeast"  is detected as an increase in temperature – the brew heats up!

 Anaerobic respiration XE "respiration"  by a micro-organisms, such as yeast XE "yeast"  is called fermentation.  

Comparing Anaerobic and Aerobic respiration XE "respiration"  in yeast XE "yeast" 
	AEROBIC RESPIRATION
	ANAEROBIC RESPIRATION

	Glucose is broken down completely
	Glucose is not broken down completely

	Carbon dioxide and water are produced
	Carbon dioxide and alcohol are produced

	Oxygen needed
	Oxygen is absent

	Can continue indefinitely
	Alcohol eventually kills yeast XE "yeast" 


Commercial Brewing

In commercial breweries, the yeast XE "yeast"  are given the best possible conditions for growth by maintaining the following at optimum levels:


Temperature


Oxygen supply


pH


glucose supply

They also ensure the brew is kept free from unwanted microbes, which would spoil the brew, by sterilising all the equipment using high temperatures and/ or chemicals.  Contamination would be expensive as the brew would need to be thrown away.

Beer is made from barley which is a seed XE "seed" .  However, seeds, including barley only contain starch XE "starch" , which yeast XE "yeast"  cannot use as a food source.  Consequently, the brewer has first to germinate the barley.  This is called MALTING and as the seeds germinate, they produce an enzyme XE "enzyme"  (amylase XE "amylase" ) which breaks the starch down into maltose. The yeast then anaerobically respire the maltose into alcohol.
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Batch Processing

Brewing is an example of BATCH PROCESSING.  Batch processing is when the fermenting vessel has all the ingredients added, is sealed and allowed to react.  At the end of the reaction, the vessel is opened and the product XE "product"  removed.  The vessel is then sterilised and prepared once more for reaction.
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Continuous Flow Processing

In continuous flow processing XE "continuous flow processing" , ingredients/ raw materials are added in at one end of a reaction vessel and product XE "product"  removed at the other.  This is much more efficient as the process can run continuously.  In biotechnological processes, immobilisation technique XE "Genetic engineering: immobilisation technique" s are used to retain the enzymes or cells in the reaction vessel (e.g. jelly beads).

Cheese & Yoghurt

In the manufacture of cheese and yoghurt, milk is made to curdle (become more solid).  BACTERIA anaerobically respire sugars in milk to produce LACTIC ACID which helps this happen.  Special bacteria are added to the milk to do this and different bacteria produce different flavours of cheese.

Souring of milk

Other bacteria in milk will cause milk to sour.  Under certain conditions, bacteria feed on sugars present in fresh milk changing them into acids, lowering the pH, which sours the milk.

LACTOSE is one such sugar.  In the souring of milk XE "souring of milk"  it is changed into lactic acid XE "lactic acid"  by anaerobic respiration XE "anaerobic respiration" 

 XE "respiration"  (LACTIC ACID FERMENTATION).





bacteria in milk
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Refrigerating milk slows the growth of these bacteria and so reduces the speed with which milk sours.
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Biotechnology (b) – PROBLEMS & PROFITS WITH WASTE

Bacterial Cultures


In hospital labs and industry, it is often necessary to produce cultures of bacteria or fungi on plates of agar XE "agar"  gel, or agar broths.  To do this all plates and equipment must be kept sterile to prevent contamination by other bacteria.

[image: image19.wmf]
Sterile Techniques

1. Wash your hands 

2. Clean all work surfaces with disinfectant

3. Only use equipment that has been sterilised in an autoclave (autoclave = a pressure cooker which heats to 121(C to kill all bacteria*)

4. Work close to a hot Bunsen flame which carries airborne bacteria up an away from the plates

5. Regularly flame all culture bottles and spreaders/ inoculating loops in Bunsen to sterilise

6. Lift lids as little as possible.

7. When finished sterilise surfaces and wash hands.


Preventing Contamination in Manufacturing processes.

Many manufacturing processes depend on the activities of bacteria.  They would be spoiled should an unwanted bacteria contaminate the reaction vessel.  As a result:


The food supply would be used up


The product XE "product"  could taste wrong


The product XE "product"  may be toxic


The process would need to be cleaned out and restarted at great cost.

Manufacturers take great care to prevent this by using high temperatures and/ or strong chemicals to clean machinery.

Decay

Decay is the decomposition (breakdown) of organic material (dead plants/ animals, faeces XE "faeces"  or plant wastes).   This is carried out by micro-organisms (bacteria and fungi).  Decay micro-organisms or decomposers XE "saprophytes"  are said to be SAPROPHYTIC.  They use the organic matter as a food source to supply energy and raw materials for growth.  It is only through the action of these decay XE "decay"  micro-organisms that the minerals and other elements locked up in dead bodies can be made available for use by other organisms.  Without the action of these micro-organisms, the world’s supply of mineral nutrients would soon be exhausted.

All elements are recycled – they form CYCLES.

CARBON CYCLE




The Nitrogen Cycle is detailed on Error! Bookmark not defined.of this set of notes.  Bacteria perform the following roles in  the cycle:

SAPROPHYTIC BACTERIA and FUNGI feed on dead organisms and their wastes

They change nitrogen (in proteins and amino acids) into AMMONIUM compounds in the soil.

NITRIFYING BACTERIA change these ammonium compounds into first nitrites then nitrates in the soil.  (the nitrates are then absorbed by plant roots and used to make plant protein XE "protein" ).

NITROGEN FIXING BACTERIA (found in root nodules of legumes e.g. clover, peas and beans) change atmospheric nitrogen into nitrates (fixation) which can then be used by the plants.

DE-NITRIFYING BACTERIA break nitrates down to release nitrogen gas into the atmosphere.

Sewage Treatment

Before disposal into a river or the sea sewage XE "sewage"  needs to be treated because untreated sewage (see also page 8 of these notes) :


Damages the environment (e.g.  kills fish)


Spreads disease such as DYSENTERY, TYPHOID, CHOLERA, POLIO and FOOD POISONING.


Lowers the oxygen concentration of the river water, killing fish


Alters the pH of the river water (makes it more acidic)

The problems caused by sewage XE "sewage"  result from the fact that it contains organic material which ACTS AS A FOOD SOURCE FOR THE GROWTH OF BACTERIA.  Consequently, the major function of sewage treatment XE "sewage treatment"  is to change this organic material into materials harmless to the environment.

[image: image3.wmf]
The sewage XE "sewage"  is screened prior to the primary settlement tank in order to remove large objects (plastic bags etc.).  

The oxygen needed to aerate the sewage XE "sewage"  is provided by stirring or compressed air.

The oxygen is required to ensure that bacteria carry out AEROBIC RESPIRATION.  If they only carry out ANAEROBIC RESPIRATION, then the sewage XE "sewage"  would not be completely broken down leaving toxic products which would poison the river.

Sewage is a mixture of all sorts of different organic chemicals.  Each species XE "species"  of decay XE "decay"  micro-organisms can only breakdown a few of these substances.  Consequently, many different species of decay micro-organisms are required to ensure COMPLETE BREAKDOWN of ALL sewage XE "sewage"  materials.  Activated sludge contains the required variety.

Upgrading waste

Waste disposal is a big cost for business.  If they can find an alternative use for their wastes, they benefit by eliminating this cost as well as often being able to sell a second product XE "product" .  When waste products are changed into useful materials (such as foods and fuel) in this way, we call it upgrading waste.  Examples include:


BIOGAS: 
this is mainly methane which can be produced by fermenting* refuse, manure or solid sewage XE "sewage"  sludge.  The gas is used as a fuel.  


ALCOHOL:  produced by fermentation* of sugar cane waste by yeast XE "yeast"  can also be used as a fuel. 


PROTEIN FOODS:
cheese making produces whey, a liquid waste containing protein XE "protein" .  This would pollute if flushed into a river.  However the protein can be extracted and used to produce a high protein animal feed for livestock. 

* Fuels produced through fermentation rather then derived from fossil fuels are of great benefit because:


Harmful wastes are made safe


Money and scarce natural resources (coal, oil, gas) are conserved for use in the future.

High Protein Foods

Micro-organisms can be made to reproduce very rapidly under the correct conditions.  They does by ASEXUAL REPRODUCTION, by a process known as binary fission.  Through this process fungus can rapidly produce large quantities of protein XE "protein" .  The protein can be used in the production of  meat alternatives such as QUORN, or in the production of animal feeds.  This is a more efficient way to produce protein food than feeding livestock.
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Biotechnology (c) – REPROGRAMMING MICROBES

In common with all living organisms bacteria the growth and development of bacteria is controlled by their genetic material.  They only have a single chromosome XE "chromosome" , in the form of a  large ring of DNA.  In addition, bacteria can also contain a number of small circles of DNA called plasmids.  Plasmids are not essential for normal growth, but may contain special genes XE "genes"  which often make enzymes or proteins not usually needed (e.g. antibiotic XE "antibiotic"  resistance genes are usually found on the plasmids).


Genetic Engineering

In genetic engineering XE "genetic engineering" , new genes XE "genes"  are transferred from another organism XE "organism"  (such as a human), into the bacteria.  In this way the bacteria can produce human proteins, or other substances useful to humans.  A recent example is the production of human insulin by bacteria.  Insulin is used to treat diabetes.



The bacteria produced in this way are “factories” producing useful products.  Insulin has been particularly beneficial as increasing amounts of insulin are required because:


Diabetics are living longer


The number of diabetics is increasing


Some diabetic patients are allergic to insulin produced from cows or pigs


Cattle or pig insulin may fail to meet the demand


Some diabetics are unhappy having to inject themselves with cow or pig insulin.

Advantages of Genetic Engineering compared with Selective breeding

As a result of genetic engineering XE "genetic engineering" , the genes XE "genes"  of organisms are altered to produce organisms with more desirable characteristics.  As a result of this, genetic engineering and selective breeding XE "selective breeding"  produce similar results.  However, genetic engineering has some distinct advantages over selective breeding.

Selection for desirable characteristics by genetic engineering XE "genetic engineering"  is more certain.  As individual genes XE "genes"  are changed specific XE "specific"  characteristics can be altered.  

Genetic engineering is much QUICKER than selective breeding XE "selective breeding" , taking only one generation.

Disadvantages of Genetic Engineering.

Genetic engineering may produce strains of micro-organisms which may be harmful to plant or animal life.
 

Other products produced through genetic engineering XE "genetic engineering"  include:


Vaccines, Drugs*, Enzymes for washing powders, Antibiotics*.

*Drugs and antibiotics may be produced more cheaply using genetically engineered bacteria

Washing Powders

Washing powders contain detergents (chemicals), which dissolve dirt and stains.  The ability of a washing powder to clean clothes improves as the temperature of the water increases.  Boil washes (90C) gives the best clean.

Biological washing powders also contain detergents, but in addition have enzymes added.  The enzymes are typically proteases and lipases which digest the proteins and fats XE "fats"  which make clothes dirty.  These enzymes have been produced by bacteria and are selected so that they work well at low temperatures (40˚C).  Biological washing powders wash better than non-biological washing powders XE "biological washing powders"  at these low temperatures.  At higher temperatures, the enzymes are denatured XE "denatured" .

The advantages of biological washing powders XE "biological washing powders"  are:


Conserve heat energy, saving money


Allow cleaning of delicate fibres (e.g. silk), that would be damaged by high temperatures.

Antibiotics

Antibiotics are chemicals which prevent the growth of bacteria. 

Bacterial diseases are caused by a range of different bacteria and so a range of different antibiotics are required to kill them all.  Which antibiotic XE "antibiotic"  is most useful in treating a given bacterial infection can be determined using a multidisc – paper impregnated with different antibiotics.  The antibiotic with the largest cleared area is the most effective against the bacteria causing the disease.

[image: image7.emf][image: image8.emf]

Problem Solving

Percentage Calculations
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3 Types of percentage calculation can be asked:

 

Percentage change (increase or decrease):

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If the answer is 

negativ

e the factor has 

decreased

, if it is 

positive 

the factor has 

increased

 

 

e.g. Calculate the percentage c

hange in blood flow to the skeletal muscles during exercise, if it rises from 10 l/min to 30l /min.

 

 

Percentage change = 30

-

10 

÷

 10 X 100 = 20

÷10 X 100 = 200% change (increase).

 

 

Percentage of:

 

 

This asks what percentage a subset is of the total

 

 

 

 

 

 

 

 

 

e.

g. What percent of the whole population has blood group AB?

 

 

 

 

 

 

Total = 24 + 45 + 33 + 86 = 188

 

Subset = 33

 

Percentage = 33

 

÷

 1

88 X 100 = 17.6%%

 

How many, if the percentage is already given:

 

 

 

 

 

 

e.g. If 20% of a class of 40 have blue eyes, how many of th

e class has blue eyes?

 

 

Total =40

 

Number = 40 X 20

 

÷

 100

 

 

              

 

              

= 800 

÷

 100 = 8

 

Percentage change =

 

End value

—

start value

 

Start value

 

X 100

 

To find the 

change

 

To change to a 

percentage

 

STEP 1

-

Find the START Value  (in the question)

STEP 3

-

FIND OUT HOW MUCH IT HAS CHANGED

(use a calculator!!!!!):

END VALUE 

–

START VALUE

STEP 2

-

Find the END value  (in the question)

STEP 4

-

Divide this answer by the START VALUE

STEP 5 

-

Multiply that answer by 100

STEP 1

-

Find the START Value  (in the question)

STEP 3

-

FIND OUT HOW MUCH IT HAS CHANGED

(use a calculator!!!!!):

END VALUE 

–

START VALUE

STEP 2

-

Find the END value  (in the question)

STEP 4

-

Divide this answer by the START VALUE

STEP 5 

-

Multiply that answer by 100

Percentage of =

 

Size of subset

 

 

Total

 

To change to a 

percentage

 

X100

 

T

o calculate the proportion the su

b-

set forms of the total

 

Number =

 

Total  X   Percentage

 

 

100

 

Blood Group

 

A

 

B

 

AB

 

O

 

Number

 

24

 

45

 

33

 

86

 

 



Ratios

A ratio is a way of showing the relationship between two or more values.

For example a forest contains two types of deer, Roe deer and Fallow deer.  The deer are counted and 360 Roe deer are found, but only 120 Fallow deer are present.  To express this as a ratio a number of steps can carried out.

1. Try to divide the large number by the small number 

360 :  120







( each by 120


3:1  this is the simplest whole number ratio.

Second example.

The head teacher wishes to know the ratio of male staff to female staff in the school.  There are 32 male staff and 56 female staff

1. Try to divide the large number by the small number 
32: 56

( each by 32


1:1.75, not a whole number ratio move to next step

2. Divide both sides by the largest number which goes in evenly,


32:56 
 
( each by 4


8: 14  

( each by 2


4:7 This is the simplest whole number ratio, the two numbers cannot be divided evenly by the same number!

Third example

The EU fishery minister suggested that the North Sea contained very little cod, but much more herring.  The survey shows that there were 175 cod, and 1,260 herring.  What is the ratio of cod: herring.

1. Try to divide the large number by the small number 

175 :  1260





( each by 175


7.2:1, not a whole number so move to next step

2.Find a number that will divide evenly into both sides (the same number for each side)





















175: 1260 
( each by 5


35:252 
can they be divided again?


35:252 
 ( each by 7


5:36         This is the simplest whole number ratio, the two numbers cannot be divided evenly by the same number!

Chemical Tests

[image: image10.wmf]TESTS 

 

 

pH Scale (Acidity/ Alkalinity)

 

 

The pH Scale gives a measure of how acidic or alkaline a solution is:

 

 

 

 

 

 

 

 

 

 

pH is mea

sured using pH indictor or paper

 

 

The pH falls (becomes more acidic) when fats are broken down to 

fatty acids

 (& glycerol), or p

rotein 

are broken down (to give 

amino acids)

 

 

Carbon Dioxide

 

 

Carbon dioxide is the gas used up in photosynthesis and produced i

n aerobic respiration in animals and 

plants (along with water) and in anaerobic respiration in plants (along with alcohol).  In 

experiments it 

can be absorbed by soda lime or potassium hydroxide.  

 

Carbon dioxide turns limewater milky.

 

Bicarbonate indicato

r can be used to tell how much carbon dioxide is present 

 

 

 

 

 

Experimental Design

 

 

In a scientific experiment a test is only 

fai

r

 if only one variable factor has been changed at a time.  

Examples of 

variable factors

 are time, lengths, volumes, weights and 

concentrations.  If more than is 

changed between experiments the test is not fair.  A fair test is also a 

VALID 

 test.

 

 

Experime

nts are repeated to make them more 

RELIABLE 

or

 REPRESENTATIVE.

  To make an 

experiment more 

accurate

 better equipment must be use

d e.g. a more accurate balance or replace a 

ruler having centimetre divisions with one having millimetre divisions.

 

 

Food Tests

 

 

 

pH

 

1

 

2

 

3

 

4

 

5

 

6

 

7

 

8

 

9

 

10

 

11

 

12

 

13

 

14

 

COLOUR of 

pH indicator

 

RED

 

ORANG

YELLOW

 

GREE

BLUE

 

PURPLE

 

Carbon Dioxide

 

Zero

 

Normal (0.03%

 

High

 

Colour of Bicarbonate Indicator

 

Purple

 

Red

 

Yellow

 

Food Type

 

Reagent

 

Procedure

 

Positive result

 

Glucose (sugar)

 

Benedict’s

 

Heat with sample at 95

°

C

 

Turns from blue to orange

 

Starch

 

Iodine

 

Add to sample

 

Turns from orange to blue/

black

 

Protein

 

Biuret

 

Heat with sample

 

Turns from to violet

 

Fats

 

Alcohol and 

water

 

Shake with sample.

 

Solution goes cloudy

 

 



Charts/Graphs

[image: image11.wmf]CHARTS

 

 

In Biology two types of chart are used:  

 

        

the BAR chart and the LINE GRAPH

 

Usually a question tells you which to draw.

 

B

AR CHART

 

 

When data concerns the numbers in various groups, then a bar chart is used

 

 

 

 

 

 

 

 

 

 

 

 

Label; axes names and units (if 

any)

 

copy

 the column headings.  The first set of 

 

information goes on the horizontal axis, the 

 

second on the vertical axis.

 

Dev

ise a scale (divide the axis up evenly).

 

Find the highest value in your data.

 

   

 

            

37

 

Count the number of large squares on your vert

ical axis 8

 

Divide the highest value by the number of squares,

 

  

 

            

37/8 = 4.625

 

 round your answer up to the nearest easy* number. 

 i.e.  

5

  Each large square is worth 5

 

*easy numbers are usually 1, 2, 5, 10, 50, 100 etc.

 

Draw the bars (you should make each b

ar the same width and leave a gap between the bars (you won’t 

lose marks if you don’t)

 

LINE GRAPH

 

Line graphs are used when both

 sets of data are numbers.  A scale must be used on both axes.

 

 

 

 

 

 

 

 

 

 

 

 

Label axes by 

copying

 the column headings

 

(first 1st

—

h

orizontal, 2nd column

—

vertical)

 

Devise scales for both axes

 

Horizontal 50/10 = Each big box is worth 5 

º

C

 

Vertical 74/8 = 9.25, 

Each big box is worth 10%

 

Plot the points and join with a straight line (Only join 0,0 if that point is in the data)

 

Colour of Flower

 

Number 

 

RED

 

37
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15
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7

 

WHITE

 

3

 

GREEN

 

24

 

Number

 

Colour of Flower
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20
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5

 

 

0
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GREEN

 

Temperature (

º

C)

 

Germination (%)
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          malting of barley		    anaerobic respiration





   (amylase enzyme in barley)  	        enzymes in yeast
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Cultures of bacteria must be grown on the correct type of agar at the correct pH and temperature often with special food (e.g. blood, or milk).





*  When heated, some bacteria and fungi form thick coated, spores which can survive these extreme temperatures (also survive drying out and pH changes).  To destroy such spores a temperature of 121(C is required.
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Clean working conditions are essential to keep unwanted microbes out of cultures to prevent CONTAMINATION of plates or cultures.














Carbon dioxide gas in air





Carbohydrates in green plants





Carbon compounds in dead organic matter (or wastes)





Carbon compounds in animals





Respiration in saprophytic micro-organisms which bring about decay





Animal respiration





Death








Animal feeding





Plant respiration





photosynthesis





Death
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