
Are they helpful or harmful? 



 Most microorganisms are invisible to the 
naked eye 

 Some are essential to the environment while 
others cause diseases 



 Microorganisms are living things made up of 
single cells 

 They form together to form a colony which 
may be visible to the naked eye 



 Grouping of microorganisms 
◦ Protozoa and algae 

◦ Bacteria 

◦ Viruses 

◦ Fungi 

 



 Most are multicellular 

 

 

 Some like yeasts are unicellular 

http://optimum.infospace.com/_1_VN4UYE072OWEI__info.cablev/clickit/search?r_aid=9FEA79BA59C94EFAA63720E696084370&r_eop=2&r_sacop=2&r_spf=0&r_cop=main-title&r_snpp=2&r_spp=0&qqn=z%27c!%27kKN&r_coid=372380&rawto=http://ca.answers.yahoo.com/question/index?qid=20061108163226AAt3o5o
http://optimum.infospace.com/_1_VN4UYE072OWEI__info.cablev/clickit/search?r_aid=AEB1A8DCAE8F4E27B2C820E6ACBC5610&r_eop=2&r_sacop=2&r_spf=0&r_cop=main-title&r_snpp=2&r_spp=0&qqn=aYiU3M%3BI&r_coid=372380&rawto=http://www.widomaker.com/~john/Slideshow/pages/Orange%20Mushroom.htm


 Bread Mold 



 Food – mushrooms 

 Used to make cheese – Blue Cheese 

 Used to make wine, beer, and whiskey 
(Yeast) 

 Used to make bread rise 

 Used to make soy sauce from soy beans 

 Used to break down materials and recycle 
wastes and dead organisms 

 Used to make certain drugs (ex. Penicillin) 



 Single cell organisms that have features like 
an animal 

 Some have chloroplasts like plants 



 Biofuels 

 Food 

 Fertilizer 



 Single-celled organisms made of very small, 
simple cells 



 Break down pesticides 

 Make plastic 

 Eats oil 

 Breaks down wastewater 

 Biomedication 



 Smallest microorganism 

 Are not cells 

 Thought to be part living and part chemical 

http://www.newworldencyclopedia.org/entry/Image:T4bacteriophage.jpg
http://en.wikipedia.org/wiki/File:Rotavirus_Reconstruction.jpg


 Study cellular biology 

 Genetic engineering 

 Nanotechnology 

 Virotherapy 

 Weapons 



Growing cells on a large scale 



 Microorganisms obtain energy by anaerobic 
respiration 

 Fermentation means anaerobic respiration 



 Fermenters are vessels used to grow 
microorganisms used for fermentation 



 Can hold up to 200 000 litres of culture 

 Cells are provided with nutrients and very 
carefully controlled environment to keep 
them in desired growth stage 



 Usually made out of stainless steel as many 
fermentations produce acid. 

 Nutrients and other materials are fed in 



 Conditions in the fermenter are carefully 
monitored to regulate cell growth. 
◦ Temperature 

◦ pH 

◦ Carbon dioxide concentration 

◦ Nutrient supply 

◦ Oxygen 



Industrial 
fermenter 

 





 The mould Penicillium is an important 
antibiotic 

 Fermenters allows for quicker production of 
Penicillium 



 Production 
◦ Broth of spore moulds 

◦ Sugar, nutrients and oxygen added 

◦ Kept at 24 oC 

◦ Mass doubled every 6 hours 

◦ After 40 hours penicillin is produced 

◦ Broth filtered and penicillin collected 





  Basic ingredients 
are wheat, water, 
yeast, fat, sugar 
and salt. 

 Dough is made by 
mixing ingredients 
together. 

 



  The yeast, 
Saccharomyces 
cerevisiae, feeds on 
the sugar breaking 
it down 
anaerobically to 
ethanol and carbon 
dioxide. 



  The bubbles of CO2 
remain trapped in 
the sticky dough 
causing it to rise. 

 Dough is then cut 
and placed in loaf 
tins. 

 Dough then goes 
through a final 
fermentation at 
45oC. 



  The baking kills the 
yeast, evaporates 
off the alcohol and 
cooks the flour. 

 A modern bakery 
can make 10 000 
loaves of bread per 
hour. 



 

 

 Most beers are 
made from barley 
and hops. 

 The process 
consists of seven 
stages! 

 

http://nfsprc.usda-ars.orst.edu/nfsprc/henning/Images/pic6.jpg


Malting 

• Barley steeped in water 

• Then allowed to 
germinate. 

• During this process 
amylase is broken 
down to maltose 



Kilning 
• Malt is gradually 

heated to between 
65 and 80oC 

• This kills the 
embryos without 
destroying the 
amylase. 

• Higher the temp. – 
the darker the beer. 



 Milling 

• Barley grains then 
crushed into a 
powder called grist. 

 



 

Mashing 

• The grist is mixed with 
water at 65o C. 

• The amylase breaks 
down the starch into 
sugars. 

• The nutrient rich liquor 
(sweet wort) is 
separated from the 
spent grains. 

• The spent grains can 
be used as cattle feed. 



Boiling 

• Hops added for 
bitter flavour 

• Further enzyme 
action is stopped 

• Full flavour is 
extracted. 



 Fermentation 

• Boiled wort is 
cooled to 30oC and 
innoculated with 
yeast 

• Left to ferment for 
7 to 10 days. 

• Sugars turned into 
alcohol and CO2 



 Fermentation 

• Fruits and other 
flavourings are 
added to the wort 
after the first 
fermentation 



  Pasteurization 
◦ Beer is heated to a 

specific temperature 
then cooled 

◦ Helps slow microbial 
growth 



 Finishing 
• Beer is filtered 

(spent yeast sold to 
make yeast extract 
– Marmite) 

• Modern beers are 
pasteurised, 
standardised and 
finally bottled or 
canned. 

http://oasis.realbeer.com/oasisc.php?s=113&c=560




A form of fermented milk produced in most 
countries where fresh milk is drunk. 



 Yoghurt ferments milk with lactic acid 
bacteria 

 Idea is to turn liquid milk into a semi-solid 
food with a sour taste 



  Yoghurt is produced 
by the controlled 
fermentation of milk 

 



  Two species of 
bacteria 

 

  Lactobacillus 

 Streptococcus 



  The sugar in milk 
(called lactose) is 
fermented to acid 
(lactic acid) and it is 
this that causes the 
characteristic curd 
to form. 



  Milk is pasteurised 
at 85-95 C 

 Homogenised to 
disperse the fat 
globules 

 Cooled and 
inoculated with the 
two bacteria 



  Mixture is 
incubated to digest 
milk proteins and 
ferment lactose to 
lactic acid 



  Thickened yoghurt 
is stirred and 
cooled 

 Flavourings and 
fruits added 

http://www.dannon.com/common/productLocator.cfm


The wave of the future? 



 Adding desirable genetic traits to an 
organism by inserting genes from organisms 
that carry these desirable traits. 



 Begins with DNA 

 

 Remember that DNA codes for proteins 
◦ For enzymes 

◦ Structural proteins 

◦ Hormones 

◦ Specific functions such as haemoglobin 



 The basis of G.E. is Recombinant DNA 
◦ A section of DNA that has been snipped out of the 

chromosome 



 Organisms that receive the new gene from a 
different species is a transgenic organism 

 
 



 





 Bacteria were discovered to have two sorts of 
DNA 
◦ Regular DNA and 

◦ Small circular pieces of DNA called plasmid 



 Bacteria naturally swap plasmids 

 Biologists found ways to transfer plasmids 
from one bacterium to another 



 Restriction Enzymes or Restriction 
endonucleases 
◦ Biological scissors used to cut out specific genes 

from the DNA 

◦ Recognizes certain base sequences 



 Restriction Enzymes or Restriction 
endonucleases 
◦ Straight cuts – blunt ends 

◦ Staggered cuts – sticky ends 



 DNA Ligases 
◦ Enzymes used to join the cut ends of the DNA 

molecules 



 Plasmids are isolated from bacterium 

 Plasmids are opened with restriction enzyme 

 The gene to be transferred is cut out of donor 
DNA using restriction enzyme 

 



 Open end of plasmid and isolated gene are 
recombined with lagase enzyme 

 This produces the recombinant plasmid 

 Recombinant plasmid inserted back into 
bacteria 

 Bacteria is grown in a fermenter 

 





 Virus that attacks bacterium 

 The DNA from the virus becomes 
incorporated into the DNA of the bacteria 





The GM Debate 

Separating fact from fiction! 



 Human insulin 
◦ More required every year. 

◦ Better than from animals 

 Enzymes for washing powders 
◦ Digest large insoluble molecules 

◦ Amylase, proteases, lipases 

 



 Enzymes in food industry 
◦ Glucose isomerase turns glucose into fructose 

◦ Saves money and contains less sugar 

 Human growth hormone 
◦ Helps children with defective pituitary gland 

 



 Bovine somatotrophin (BST) 
◦ Growth hormone in cattle 

◦ Increases milk production 

◦ Increases muscle production 

 Human vaccines 
◦ Antigen for hepatitis B 

 





 Plants are more 
complicated than 
bacterium 

 Modified cells must be 
grown into the whole 
plant using 
micropropagation 



 Two main stages 
◦ Introduce new gene into plant 

◦ Produce whole plants from a few cells 

 



 Bacterium called Agrobacterium was found to 
work best for plants 

 Regularly inserts plasmids into plant cells 



 Can’t be used on all plants 

 Agrobacterium will not infect grass plants 

 Gene guns are used to fire tiny pellets of gold 
coated with DNA 

http://www.youtube.com/watch?v=gluCG6hoLUo&feature=youtube_gdata_player




 Help humans to resist infection by modifying 
plants to produce antibodies 

 Called plantibodies and plantigens 



  Pest and pathogen 
resistance 

 Increased heat and 
drought tolerance 

 Increased salt 
tolerance 

 Better nutrients 



 Tomatoes can be 
manipulated to improve the 
crop quality 

 Tomato pastes have been 
modified with a gene which 
inhibited the production of 
the enzyme which softened 
cell walls in the tomato.  

 The GM gene therefore 
served to maintain firmness 
in the tomato as the fruit 
ripened.  



 High-lysine corn 
products that improve 
the nutritional value of 
animal feed  

 Improved soybeans 
and canola for 
healthier oils and 
protein,  



 Nitrogen-fixing 
bacteria on plants 
other than legumes 

 
◦ Able to supply nitrogen to 

plants in non fertile soil 

◦ Reduce fertiliser costs 





 First GM animals 

http://upload.wikimedia.org/wikipedia/commons/f/f2/GloFish.jpg


 Poses similar problems to plants because 
they are multicellular 

 Plant cells are grown through 
micropropagation 

 Animals cells can’t be micropropagated 



 DNA is injected directly into newly fertilised 
egg cells 





 Benefits 
◦ Increased production 

◦ Increased disease and parasite resistance 

◦ Manufacture of antibodies 

◦ Manufacture of specific medicinal products 

◦ Production of low cholesterol milk 

◦ Production of organs for transplantation 



 Taking GM animals and cloning could expand 
the possibilities of antibody production or 
providing human organs 
◦ Xenotransplantation 



 Risks associated with xenotransplantation 
◦ Greater immune rejection 

◦ Transplanted organ may carry pathogens harmful to 
humans 

◦ Hidden viruses 

◦ Immuno-suppressant drugs could allow pathogens 
to reproduce in the body 





Views for: 

• This issue has been 
carefully considered by 

 many independent ethical 
bodies including the  Pope.  

• None has found any reason 
to consider GM technology 
as unacceptable in 
principle. 

• All technologies if handled 
properly benefit 
humankind. It is unethical 
to deny the exploration of 
the potential of such 
beneficial technologies. 

 

 

View against: 

• Humans have always 
‘tampered’ with nature – 
but GM represents a 
fundamental change in the 
way we deal with nature. 

 

• Some people believe that 
GM is unethical. Food 
containing GM material 
must be labelled so that 
these people can avoid GM 
if they wish. 

 



Views for: 

• GM offer exciting 
opportunities for a more 
sustainable future, hope of 
alleviating hunger around 
the globe, and a way of 
coping with the projected 
major increase of the 
world's population. 

• We have an obligation to 
evaluate all avenues that 
may achieve these goals. 

 

View against 

• The unknowns surrounding 
GM and the risks that have 
not yet been fully 
understood ,we may be 
leaving a worrying legacy 
for the future.  

• We could be posing major 
environmental, socio-
economic and even health 
problems for future 
generations. 

• There is no strong evidence 
that GM offers a more 
sustainable future. 

 

 



Views for 

• Countries should be 
allowed to decide for 
themselves without being 
dictated to by largely 
overfed societies. 

• GM crops provide an 
opportunity for increasing 
food supply to 
malnourished people.  

• Two-thirds of the farmers 
currently growing GM crops 
live in resource-poor 
countries, including those 
in Africa. 

 

Views against 

• Africa is being used as a 
dumping ground for GM 
foods. 

• The people who benefit are 
not the poor but the 
biotechnology companies 
and the seed distributors. 

 


