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Summary of bacteria 

Organism Why is it of 
interest? 

Gram +ve or -ve Morphology? (cell 
shape)

Motility? (Ability 
to move) 

Salmonella 
typhimurium 

Streptococcus 
pyrogenes 

Escherichia 
coli 

Causes food 
poisoning 
Grows fast in a lab

Gram negative - 
pink

Rod Flagella so can 
move 

Chlamydia 
trachomatis  

Sexually 
transmitted 
infection - very 
common. Can 
cause infertility if 
left in females and 
can go unnoticed in 
guys 

Gram negative - 
pink

Coccus Not motile 

Bacillus 
anthracis 

Anthrax

Vibrio cholera 
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Lecture 2: Microbiology
A brief history of microbiology 
- Not too long ago people believed in spontaneous generation in which living organisms arise

without decent from similar living organisms
- E.g. mould arises from bread , and fleas arise from dirt
- Experiment that disproves this: Francesco Redi (1600’s)

- Had 3 containers, one with no lid, one with a lid and one covered in gauze. Meat was
placed in all 3 containers. When the meat was covered, there were no maggots, when meat
was uncovered there were maggots which turned into flies, and on the gauze maggots
were found on top of the gauze. Showed that maggots didn't just arise from meat

- Took us a long time to discover microorganisms as cannot see them
- Robert Hooke developed the microscope, the spores of mural were drawn in 1665
- Antonie van Leeuwenhoek designed a small microscope - viewed small moving things. He wrote

to the Royal Society London which was dismissed in 1674

An introduction to Microscopy 

- Visualisation of micro-organisms usually requires a microscope. We
can see objects as small as 0.2mm with the naked eye

- Light microscope: For low magnification (resolves objects >
0.2μm)

- Electron microscope: For high magnification
- Pictured is Thiomargarita sp. which can be visualised by the naked

eye (1mm)

Light microscopy 

- Bright field
- Dark field
- Phase contrast
- Fluorescence

The Compound light Microscope



- Uses visible light to illuminate cell structures
- Not light source increases visibility by providing light and also

magnification
- Compound microscopes have both ocular and objective lenses for

magnification
- Ocular lenses magnify at 10x
- Note when magnification is at 20x, magnification is actually at 200x

dues to ocular lens
- Condenser focuses light on the sample to illuminate it and magnify

it

Lenses and the bending of light 

- Light is refracted (bent) when passing from one medium to another
- Light is bent to be more perpendicular to the surface of the light
- Use refractive properties of glass to focus the light in one position
- Refractive index: A measure of how greatly a substance slows the

velocity of light
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Why 2 sets of lens? 
- To magnify more
- So the image is not inverted

Critical illumination
- Optimising light gathering ability of our lens, improving the

resolution
- Process of focusing the light on the specimen

The distance between the condenser lens and the specimen is the 
focal length 

Condenser lens close to specimens = short focal length = sample 
greatly magnified 

Condenser further away from sample = longer focal length = sample 
less magnified 

Magnification and Resolution 

- When magnify too much, after a certain point you lose
resolution

Resolution depends on 
1. The numerical aperture (NA) of the lens (the ability of the

lens to gather light)
- Oil emersion: The oil has about the same refracted index

as the lens so more of the light travelling up through the
lens instead of out to the side

2. Wavelength (shorter wavelength = greater resolution)

The best resolution is achieved with blue light (450-500nm) and using an oil emersion lens 

Bright Field Microscope 

- The image appears in a  bright background
- has several objective lenses (eg 10x, 20x,

40x, 100x)
- magnification = product of magnification of

the ocular (eg 10x) and objective lenses
(eg 20x) = 200x
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Dark Field Microscope 

- A ‘dark-field stop’ is used to focus a ‘hollow 
cone’ of light 

- Only light reflected or refracted from the 
organism forms an image — the field 
around the specimen appears black 

- Useful for transparent organisms as in a light microscope the light passes 
straight through them 
- Above source of light there is a circular stop that blocks most of the light 

from travelling up the microscope  
- If there is no specimen, the light travels out the side and no light 

enters the objective lens 
- If there is a specimen present, the light hits the specimen and will 

be defracted and will move up through the objective lens 

Phase-Contrast Microscope

- Based on principle that cells differ in 
refractive index from their surroundings.  

- Useful for detecting bacterial components 
such as endospores
- Anular stop placed above the light source. 

The ring allows a cylinder of light through. 
- If there is no specimen, the cylinder on light will travel through and 

hit the phase plate where it is stopped 
- If specimen is present, the light will be diffracted and travel 

around the phase (blocking) ring where it can then be detected 
- Very useful for looking at internal structures of different density 

(internal features of organism) 
- Note: the halo look of the image 

Bright-field? Dark-field? Phase contrast? 

A = Bright field
B = Phase-Contrast 
C = Dark field 
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Fluorescence Microscopy 

- Typically, microbial specimens are stained with a 
fluorescent dye (e.g. DAPI).

- A mercury arc lamp excites the dye, causing it to emit 
fluorescent light on to the sample 

- Only the ‘excited’, visible light passes through the 
barrier filter 

- Sample located on microscope stage and has been 
dyed with fluorescent dye

- Mercury arc lamp beams short wave lengths of light 
down onto sample

- This exited the dye on the sample which converts the 
short wavelength light to long, which then bourse back 
up through the microscope and it can be detected by 
our eye 

Electron Microscopy 

1. Transmission Electron Microscopy 
2. Scanning Electron Microscopy 

- Uses electrons instead of visible light. 
- Wavelength is shorter than light, resulting in higher resolution. 
- Electromagnets function as ‘lenses’, and operated in a vacuum 
- Achieve high magnification (100,000x) 

Note: 
- Resolution of light microscope ~ 0.2 μm 
- Resolution of electron microscope 0.2 nm 

Transmission Electron Microscopy 

- Electrons pass through the specimen & some scatter depending on density (electrons provide 
the bright spots) 

- Transmitted electrons (those that do not scatter) are used to produce image  
- Denser regions in specimen, scatter more electrons and appear darker  
- For analysis of fine-scale structure and viruses 
- Limitation - Electrons don’t travel far through sample so a very thin slice of cell must be taken 

Scanning Electron Microscopy 

- To examine the surface features of organisms  
- Specimen sprayed with heavy metal (e.g. gold)  
- Electron beam scans back and forth across 

sample.  
- A 3-D image. Raised areas appear lighter  

Examples
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Lecture 3: Lab work 
Learning Objectives 
- Know how to access BioSci204 laboratory resources on CANVAS.
- Describe the basic safety precautions necessary to work on our labs.
- Describe a range of methods for the maintenance of sterile conditions in the laboratory

environment.
- Describe how to dispose of laboratory materials appropriately
- Provide examples of mechanical, physical and chemical control methods to prevent or hinder

microbial growth

During the lab
- Important to prevent contamination of experiment

- Wear gloves to protect experiments from contamination from bacteria on hands
- Work around the bunsen flame as this area is sterile
- Minimise how long petri dishes, tubes, etc., are left open and only open them near the flame

Control of microbial dispersal and growth 

Definitions 

- Antisepsis: Chemicals applied to bodily surfaces
to destroy or inhibit vegetative pathogens

- Sanitisation: Microbial populations reduced to
levels considered to be safe

- Disinfection: Destruction or removal of
vegetative cells, not bacterial endospores

- Sterilisation: Complete destruction or removal of
all viable cells

- Sterilisation and disinfection are most severe
and normally used to treat inanimate objects

An endospore is a dormant, tough, non-
reproductive structure produced by a small 
number of bacteria 

Microbial control methods
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