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I. MICROSCOPY 
  

 

LIGHT & ELECTRON MICROSCOPES 

 

-All microscopes employ lenses! 

-Magnification: the ability to make objects appear enlarged,  

-Resolving power: the ability to show detail. 

 

 Magnification is not the limiting factor in our ability to see small objects.  

     It is instead resolution: the ability to distinguish two adjacent as distinct and separate! 

 

    Magnification can be increased virtually without any limit,  

    Resolution can not because it is a function of physical properties of light.   





Light microscope  

 Light microscope limits of resolution are about 

0.2  µm (µm=10-6)  

 Two objects that are closer together than 0.2 µm 

cannot be resolved as distinct and separate.   

 

 

 

 

Types of light microscopes  

Several types of light microscopes are used 

in microbiology:  

 Bright-field  

 phase-contrast 

  differential interference contrast 

 dark field 

 fluorescence 



 Immersion Oil 

•  is a special oil used in microscope work with the highest power  objective lenses (ie 

100X lens).  

• Immersion oil increases the light-gathering ability of a lens by allowing some of the 

light rays emerging from the specimen at 

 

  There are two basic types of immersion oil, Type A and Type B.   

  The only difference between the two is the viscosity.   

   One or two drops of oil are placed on top of the coverslip and the 100X objective 

lens is brought into position so that it touches the oil and creates a "bridge" of oil 

between the slide and objective lens.  



Bright Field  

  Sample illumination is transmitted as white light and contrast in the sample is 

caused by absorbance of some of the transmitted light in dense areas of the 

sample.  

 • Contrast differences arise because cells 

absorb or scatter light to varying degree.  

• Bacterial cell is difficult to see.  (not 

pigmented cell) 

• Staining increase contrast for Bright-Field 

Microscopy.  (Gram Staining)  



 Dyes are organic compounds; affinity for specific cellular 
materials 

 

 Dyes can be used to stain cells and increase their contrast so that 
they can be more easily seen in the bright-field microscopy. 

 

 Many dyes used in microbiology are positively charged, and for 
this reason they are called basic dyes (methylene blue, crystal 
violet, and safranin) 

 

 

 Basic dyes bind strongly to negatively charged cell components, 
such as nucleic acids and acidic polysaccharides. 

 



Gram staining 



Differential staining 

 



Phase Contrast and Dark Field 

Microscopy  

 Staining kills bacteria! Without staining 

 Wet mount preparation..  

 Some samples can be placed directly under the microscope. However, many samples look better 

when placed in a drop of water on the microscope slide. This is known as a "wet mount.“ 

 Phase Contrast: cells differ in refractive index from their surroundings 

 the refractive index  is a factor by which light is slowed as it passes through a material 

 Result: A dark image on a light backround 

 

 



Phase Contrast 



Dark Field Microscopy  

 Light reaches to specimen from the sides 

only! 

 The only light that reaches the lens is that 

scattered by the specimen.  

 Specimen appears light on a dark 

background 

 Excellent to observe microbial motility.  

 Resolution better than light microscopy 



Cells visualized by different 

types of light microscopy. 

 

 The same field of cells of the baker’s yeast 

Saccharomyces cerevisiae visualized by: 

 (a) bright-field microscopy,  

   (b) phase-contrast microscopy, 

   (c) dark-field microscopy.  



Fluorescence microscopy 

 A fluorescence microscope  is used to 
visualize specimens that emit light of one color 

following absorption of light of another color. 

     Principle: 

   The specimen is illuminated with light of a 

specific wavelength (or wavelengths) which is 

absorbed by the fluophores, causing them to 

emit light of longer wavelengths (i.e., of a 

different color than the absorbed light).  



E.coli  

Fluorescent dye DAPI 

Cyanobacteria 
Bright field microscopy  

Cyanobacteria  
Contain chlorophyl a and other pigment  



3D imaging 
 

 

Differential Interference Contrast 

Microscopy (DIC) 

That contains polarizer in the condenser to produce 

polarized light.  Light passes through prism that 

generates two distinct beams 

These beams traverse the specimen and enter the 

objective lens where they are recombined into one 

and create the interference effect.  

Cellular structure; nucleus of eukaryotes, endospores, 

granules of bacterial cells appear more 3D 

 



 Three-dimensional imaging of cells using Differential interference contrast (DIC) 



3D Imaging 
 

 Confocal Scanning Laser 

Microscopy 

 is a technique for obtaining high-

resolution optical images with 

depth selectivity. 

 Computerized microscope 

 Computer can focus the laser on 

single layers of the specimen  

  Different layers can then be 

compiled for a threedimensional 

image 

  Resolution is 0.1 µm for CSLM  

 



3D Imaging 

 Atomic Force Microscopy (AFM) 
• tiny stylus is positioned extremely close to the specimen so that weak repulsive 

forces are established between the probe on the stylus and atoms on the surface 

of the specimen 

 

• During scanning, the stylus surveys the specimen surface, continually recording 

any deviations from a flat surface 

 

• pattern that is generated is processed by a series of detectors that feed the digital 

information into a computer which then outputs an image 

 



Electron Microscopy 
 Uses electrons instead of light. 

 Electromagnets functionsas lenses 

 Whole system operates in a vacccum 

 The shorter wavelength of electrons gives greater 

resolution. 

 An electron microscope (EM) has greater resolving 

power than a light-powered optical 

microscope because electrons have wavelengths 

about 100,000 times shorter than visible light 

(photons). 

 Two types: TEM and SEM 



a) Transmission Electron Microscopy 

(TEM) 

 A "light source" at the top of the microscope emits the electrons that travel 

through vacuum in the column of the microscope.  

 

 Instead of glass lenses focusing the light in the light microscope, the TEM uses 

electromagnetic lenses to focus the electrons into a very thin beam.  

 

 The electron beam then travels through the specimen you want to study. 

Depending on the density of the material present, some of the electrons are 

scattered and disappear from the beam. 



 Whereas the resolving power of a high quality light microscope is about 0.2 micrometer,  

 the resolving power of high quality TEM is about 0.2 nanometer 

 TEM is used to examine cells and cell structure at very high resolution and magnification.  

 Special techniques of thin sectioning are needed to prepare specimens before observing them. 

 

 

 

•     You can study small details in the cell or different 

materials down to near atomic levels. 



b) Scanning Electron Microscopy (SEM) 
 Type of electron microscope that images a sample by scanning it 

with a beam of electrons in a raster scan pattern. 

 

 If only the external features of an organism are to be observed, 

thin sections are unnecessary.  

 

 In SEM the specimen is coated with a thin film of a heavy metal, 

such as gold  

 

 Electrons scattered from the metal coating are collected and 

activate a viewing screen to produce an image 

 

 Electron micrographs are black and white images.  

SEM close-up view of a Wolf Spider  



Comparison of Types of Microscopes 



 



 



Summary 

 Microscope 

 Difference between magnification and resolution 

 Staining 

 Light microscope 

 3D Imaging 

 Electron microscopy 



II. Prokaryotes and Eukaryotes 



The cell 

 A living cell is a complex, multi-functional unit 

   It performs a large array of different tasks and functions. 

 All cells have the following in common: 

 – Cell membrane 

 – Cytoplasm 

 – DNA 

CELL WALL!  Not for all cells 



Elements of Microbial Structure  

 Eukaryotic vs. Prokaryotic Cells  

Eukaryotes  

• DNA enclosed in a membrane-bound nucleus  

• Cells are generally larger and more complex  

• Contain organelles  

Prokaryotes  

•  No membrane-enclosed organelles, 

•  No nucleus                 

•  Generally smaller than eukaryotic cells  



Viruses  

• Do not have structures such as walls 

or a cytoplasmic membrane 

• No metabolic abilities of their own  

• Depend completely on biosynthetic 

machinery of infected cell  

• Infect all types of cells  

(a) Particles of rhabdovirus (a virus that infects plants and animals). 

A single virus particle, called a virion, is about 65 nm (0.065µm) 

wide. (b) Bacterial virus (bacteriophage) lambda. The head of each 

lambda virion is also about 65 nm wide.  



Arrangement of the DNA 
 PROKARYOTE  

 Circular molecule called the 

chromosome (few prokaryotes have linear 

instead of circular)  
  

 Only single chromosome (most of them) 

 Nucleoid (mass of affregated chromosomes) 

 Haploid (single copy of gene) 

 One more small circles of DNA distinct from 

chromosome “plasmids” 
Plasmids: typically contain genes that 

confer a special property on a cell rather 

than essential genes. 

 



Arrangement of the DNA 

 EUKARYOTE  

• Linear molecules within the membrane-enclosed 

nucleus (few have circular instead of linear) 

• Chromosome numbers varies by organism.  

• Diploid (double copy of gene) 

• Proteins for packing 

 



Microbiological Methods 

 Making Media 

 Pouring Culture Plates 

 Sterile Technique 

 Inoculating Plates and Culture Tubes 

 Use of a Plate Counter to Estimate Microbial Population 

Densities 



Culturing Microorganisms 

There are two basic culture techniques used in microbiology: 

1. Liquid culture: bacteria, algae, and some fungi can be 

reared in culture tubes (test tubes) in a liquid medium. 

 Liquid medium is best when you want to rapidly increase the 

concentration of the organism or when you want to grow motile 

cells. 



Culturing Microorganisms 

There are two basic culture techniques used in microbiology: 

2. Culture Plates: Liquid medium is solidified using agar 

(agarose) and poured as a thin layer in the bottom of a 

culture dish (petri plate) 

 Culture plates are used when you want to test (1) antibiotic 

sensitivity, (2) estimate culture concentrations from environmental 

samples, or (3) isolate individual colonies from environmental 

samples.  



Sterile Technique 
 



Sterile Technique 

When culturing bacteria or other microorganisms, it is 

important to keep your work area as clean as possible. 

 

This prevents the introduction of other microorganisms from 

the environment into your culture. 

 

The techniques used to prevent contamination are referred 

to as sterile techniques. 



Sterile Technique 

1. Start by washing your lab benches with a surface 

disinfectant.  The most commonly used disinfectants for 

lab use are: 

1. 10% bleach 

2. 85% ethanol 

 



Sterile Technique (2) 

2. Turn off any forced air heating or air conditioning units that create 

strong air current in your work area. 

 

3. A small room or closet that can be closed off is worth the effort to 

set-up if you will be doing a lot of microbial culturing. 

 

4. You can install a UV bulb in a fluorescent light fixture to sterilize your 

work bench surface if you have an enclosed area.  Remember to leave 

the area when you turn on the UV light source! 



Sterile Technique (3) 

5. All glassware should be cleaned and sterilized before you begin. 

 

6. All pipettes, spatulas, and test tube (culture) racks should also be 

sterilized. 

 

7. You can purchase sterile, disposable culture tubes, petri dishes, and 

pipettes to minimize the quantity of glassware that you have to 

sterilize. 



Sterile Technique (4) 

8. Don’t forget to wash your hands after you finish cleaning 

and put on a pair of sterile disposable gloves before you 

begin. 

 

9. Once your work area is clean, your hands are clean, and 

your glassware is clean and sterile, don’t contaminate the 

work area by placing “dirty items” such as pencils, pens, 

notes, or books in the sterile work area. 



Media Preparation 

 



Microbiological Media 

 The type of growth medium that you use is a function of the 

organisms that you want to culture.  Use a reference book 

(there are many) to determine the type of medium that is 

best suited for your organism of interest. 

 

 Common media include Luria Broth (LB), Nutrient Agar, 

Potato-Dextrose Agar (PDA), Bold’s Basal Medium (BBM)…. 



Luria Broth (LB) 

Liquid Medium 

10 g Bacto-Tryptone 

5 g Bacto-yeast extract 

5 g NaCl 

Distilled H2O to 1 l volume 

Adjust pH to 7.0 

Sterilize for 45 minutes using autoclave or pressure cooker 

Plate Medium 

10 g Bacto-Tryptone 

5 g Bacto-yeast extract 

5 g NaCl 

Distilled H2O to 1 l volume 

20 g agar 

Adjust pH to 7.0 

Sterilize for 45 minutes using 

autoclave or pressure cooker 



Luria Broth 

Things to remember: 

The volume of media (liquid or plate) should be roughly ½ the 

volume of the container in which it is placed for sterilization 

realizing that the liquid expands under increased heat and 

pressure during the sterilization process. 

 

Estimate plate quantities (how many you need to make) as a 

function of 15-20 ml per plate. 



Assemble all of your chemicals in your work 

area before you begin. 

 



Accurately weigh each of the dry ingredients in 

your culture media. 

 



Add each dry culture medium ingredient to the 

culture flask. 

 



Media Sterilization 

 There are two reliable methods used to sterilize microbial culture 

media: 

• autoclave 

• pressure cooker 

 

 When using an autoclave, use the “wet” setting for sterilizing 

liquids (flasks, bottles, culture tubes, etc), and use the “dry” 

setting when sterilizing empty containers, stoppers, etc. 



Media Sterilization (2) 

 All liquid media should be sterilized for a minimum for 25 

minutes at high temperature and pressure.  Autoclaves will 

cycle automatically, but if you use a pressure cooker, set a 

timer. 

 

 Remember not to tighten the cap or seal on any container; it 

will explode under high pressure and temperature! 



Sterilize for 25 minutes using the wet cycle (autoclave) or at maximum 

pressure in a pressure cooker.  Remember  to cover the top of the flask or 

jar with aluminum foil to prevent contamination when as the media 

cools.  



Plate Pouring Tips 

 Line empty plates along the edge of the work bench. 

 

Open the petri dish lid at about a 30-45° angle to allow the 

hot liquid to cover the bottom of the dish.  The thermal 

current created by the hot media prevents bacteria and fungal 

spores from landing in your clean dish. 



Line your sterile petri plates along the edge of the table.  Transfer hot 

media to a small sterile container and pour 15-20 ml of the plate media 

into each petri plate.  The petri plate lid should be open slightly, but not 

completely open as this increases contamination. 

 



Plate Pouring Tips 

 As the plates are poured, move the filled plates to the back of the table 

until the plates cool and congeal. 

 

 Once the plates have cooled and the media is firm, store the plates 

media side-up (bottom) with the lid securely taped or the plates 

restacked in the manufacturer’s plastic sleeve. 

 

 To increase the shelf-life of the plates, store in a cool, dry environment 

until they are used (refrigerator).   



Inoculating Plates and  

Culture Tubes 

 



Inoculation of Culture Plates and Tubes 

 Clean and surface sterilize your work area as detailed in the section on Sterile 

Technique. 

  

 Use either disposable inoculation loops or a metal loop that can be heat 

sterilized to inoculate plates, slants, and liquid culture tubes. 

 

 If using a metal loop, be sure to cool the loop by touching the sterile cooled 

liquid media or the sterile culture plate before the placing the loop in your live 

culture.  Failure to cool the loop will kill your active microbial cultures! 



 



Inoculation of Liquid and  

Solid (Slant) Culture Tubes 

Step 1: Remove the culture tube stopper or cap with one (do not set 

it down) and flame the mouth of the tube to surface sterilize 

the mouth.  The heated tube surface will generate a thermal 

current that prevents contamination of the culture. 



 



Inoculation of Liquid and  

Solid (Slant) Culture Tubes 

Step 2: Without setting any of the culture materials on the bench, place 

the sterile inoculation loop in the culture. 

 

Step 3: Replace cap on the culture tube with the active microbes and put it 

in the test tube rack. 

 

Step 4: Without setting the loop down, pick-up a sterile fresh culture tube 

with media with one hand, and remove the cap with the other hand. 



Inoculation of Liquid and  

Solid (Slant) Culture Tubes 

Step 5: Flame the mouth of the clean culture tube. 

 

Step 6: Place the inoculation loop containing the microbes in the fresh 

media and swirl the loop in the loop in the media to ensure even 

dispersal in the media. 

 

Step 7: If using a solid media slant tube, follow steps 1-5 and then zig-zag 

the inoculation loop across the slanted surface of the solid media in 

the tube. 



 



Inoculation of Liquid and  

Solid (Slant) Culture Tubes 

Step 8: Flame the mouth of the newly inoculated culture tube and 

replace the cap. 

 

Step 9: Place the culture tube in test tube rack. 

 

Step 10: Repeat until all of the sterile tubes have been inoculated.  

Use a fresh disposable culture loop  for each tube or flame the 

metal loop after each tube has been inoculated. 



Inoculation of Liquid and  

Solid (Slant) Culture Tubes 

Step 11: Incubate the culture at the recommended temperature (check with your 

supplier for growth requirements). If using environmental samples, incubation 

at room temperature will avoid the accidental culture of human pathogens. 

 

Step 12: Dispose of all culture materials in a biohazard bag and sterilize all old 

cultures before pouring out cultures and washing culture tubes. Disposable 

culture dishes should be melted in an autoclave or pressure cooker prior to 

disposal. 



 



Use of a Plate Counter for Estimating 

Microbial Populations 

 



Serial Dilution of Environmental 

Samples or Commercial Cultures 

 Serial dilution techniques should be used in the estimation of microbial 

population sizes. 

 

 Serial dilution involves the use of a known amount (in ml or μl) in a known 

volume of liquid media. 

 A one in ten dilution is made in a new liquid culture tube, and this process is 

usually repeated several times.  The resulting cultures are dilutions of 1/10, 

1/100, 1/1000, 1/10,000, for example, of the original sample. 

 These cultures are plated on petri plates and incubated at the recommended 

temperature.  



Estimating Microbial Population Size 

 After the inoculated plates are incubated for the appropriate time 

period, the number of colonies per plate are counted. 

 

 Population estimates are obtained by multiplying the dilution factor by 

the number of colonies per plate.  The resulting number is a rate 

(function) of the initial weight or initial volume used from the 

environmental sample or culture (per gram soil, per ml or μl of 

culture). 



Counting Plates 

 If a commercial plate counter is not available, you can Xerox 1 mm 

square graph paper and use it as a grid for colony counting.  You would 

need to estimate the total surface area (in mm2) by counting the number 

of squares in a dish. 

 

 If using a commercial plate counter, touch each colony on the plate with 

the pen, and the cumulative number of colonies will appear on the 

display. 



 



 



Summary 
 Different media are used to culture microorganisms, be certain that you 

are using the appropriate media for your organism. 

 Always use sterile technique to prevent contamination. 

 Choose the type of media (liquid or plate) appropriate for your 

investigation or application. 

 Sterile liquid culture tubes and media plates can be prepared in advance 

and stored in the refrigerator for later use (2 weeks for liquid culture 

tubes, 2 months for media plates). 



Summary 
 Liquid culture tubes, solid slant tubes, and petri plates can be used to 

culture microbes. 

 

 Media and lab materials should be sterilized prior to use; an autoclave 

or a pressure cooker can be used in the sterilization process. 

 

 Serial dilution and plate count techniques are used to estimate 

microbial populations from environmental or commercial cultures. 



SUMMARY 

 Prokaryotes vs. Eukaryotes 

 Laboratory methods 
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