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Biotechnology is the manipulation of living organisms and organic material to modify human health 

and the environment. Eg. yeast, penicillin, cloning. 

Microbes and the Microbial Toolbox 

● Microscopic organisms (eg. fungi, yeasts, bacteria, viruses, bacteriophage) that provide the 

foundation for research in biotechnology and create many processes and techniques. 

● The Microbial Toolbox is very useful because it: 

○ Consists of a range of living microbes; 

○ Rapid growth - can be produced quickly in large numbers and short periods of time, 

allowing study of several generations; 

○ Easy and cheap to grow; 

○ Highly diverse; 

○ Small genomes; 

○ Tools for manufacturing and modifying proteins 

● Bacteria have a simple cell structure. Some can manufacture own food, others live in 

association with other organisms and some live on organic matter. They are used as tools to 

study inheritance and gene expression. 

● Fungi include microbes like moulds and yeast. They do not photosynthesise, instead they 

feed on organic matter. 

● Yeast are single-celled fungi, reproducing by budding. Can ferment carbs, therefore 

important in brewing and baking. Key component in ethanol creation, through fermentation. 

● Viruses are tiny organisms containing genetic info, but can’t reproduce on their own.  

○ Must invade host organisms cells and use that cell’s reproductive machinery 

○ Act as parasites - use the cells to live 

○ Used to carry DNA into cells (transduction) 

 



 

 

Microbial Toolbox 

● Plasmids are small DNA molecules within a cell that is physically separated from 

chromosomal DNA 

○ Allow for transfer of genetic material between bacteria 

➢ Antibiotic resistance 

➢ Production of toxin 

➢ Metabolism of an energy source 

○ Can replicate independently 

○ Most commonly found as small, circular, double stranded DNA molecules in bacteria 

● Regulatory switches - Regulators interact with each other and other substances in the cell 

to govern the gene expression levels of mRNA and proteins.  

○ Regulator can be DNA, RNA, protein and their complex 

○ Interaction can be direct or indirect (through their transcribed or translated protein) 

● Mobile DNA - Sequence present in the variable locations on the chromosome. 

○ Also known as jumping genes or transposable elements - capable of being 

interchanged and put into a different place or order. 

● Enzymes - Proteins that act as catalysts, ensuring speed and completion of all intra-cellular 

chemical processes. Each enzyme catalyses a specific biochemical reaction involving a 

specific substrate. 

Studying microbes helps us to understand the world around us: A good 

model for research 

● Genetics - We can examine the inheritance of characteristics more quickly than in other 

organisms 

● Genetic traits of various microbes can be used in genetic exchange, recombination and 

engineering 

● Vectors - some microbes are used as vehicles to transfer genetic material. Eg. viruses, 

bacterial plasmids 

● Some prokaryotes can grow under very harsh conditions & define the limits of where life can 

exist. This ability is forcing scientists to rethink the requirements necessary to support life. 

● Human proteins, eg. insulin, HGF, are now produced in bacteria using genetic engineering 

● Many drugs available to treat infectious diseases originate from bacteria and fungi 

 



 

 

Molecular Cloning 

● Microbiologists were trying to understand the molecular mechanisms through which 

bacteria restricted the growth of bacteriophage. 

○ Isolation of restriction endonucleases 

○ Enzymes that could cleave DNA molecules only at specific DNA sequence 

● Discoveries in 1960s-70s: 

○ Restriction enzymes cleaved chromosome-length DNA molecules at specific 

locations, & specific sections of the larger molecule could be purified by size 

fractionation. 

○ Fragments generated by restriction enzymes could be joined in new combinations, 

termed recombinant DNA 

○ By recombining DNA segments of interest with vector DNA, such as bacteriophage or 

plasmids, which natural replicate inside bacteria, large quantities of purified 

recombinant DNA molecules could be produced in bacterial cultures 

○ The first recombinant DNA molecules were generated in 1972 (which lead to 

molecular cloning) 

● Concept of Molecular Cloning: 

○ Molecular cloning is a set of experimental methods in molecular biology that are 

used to assemble recombinant DNA molecules and to direct their replication within a 

host organism 

○ Cloning refers to the fact that the method involves the production of a population of 

cells with an identical DNA molecule 

○ Molecular cloning generally uses DNA sequences from 2 different sources: the 

source of the DNA to be cloned & a vector that allows for the replication of the 

cloned DNA within the living host cells  

● Elements required for molecular cloning: 

○ Plasmids: 

■ Small circular DNA replicating independently of the 

chromosome in bacteria & unicellular eukaryotes 

such as yeasts 

■ Maintained at a characteristic stable number from 

generation to generation 

■ Widely used in genetic engineering as vectors into 

which foreign genes are inserted for cloning or expression 


