Tools of the Laboratory


A. Methods of Culturing Microorganisms



1. Microbiologists are in a unique situation among scientists in that they can really 


   only use their sense of sight and their specimens are often found in less than perfect 


   environments along with many other organisms



2. For this reason, pure cultures and aseptic techniques were developed



3. There are 5 basic techniques used in the study of microorganisms




A) inoculation 




B) incubation




C) isolation




D) inspection




E) identification



4. Inoculation 




A) process by which a small amount of microorganism (inoculum) is introduced to 



   a growth medium which provides the sample with the means to grow & multiply





1) Sample may come from many sources depending on the researcher’s goals 




   (i.e. blood, infected tissue, soil, air, food, etc.)





2) The culture media may be contained in a test tube, flask, or Petri plate





3) It may be inoculated with loops, needles, pipettes, or swabs





4) Some microorganisms require live cell cultures or an animal host 




B) There are multiple types of cultures dependent on the need of the researcher or 



   the source





1) Pure – contains only one, known organism




2) Mixed – contains two or more, easily distinguishable, known organisms




3) Contaminated – contains unwanted/unknown organisms


5. Incubation




A) Once inoculated, the media with the sample is placed in a temperature-



   controlled environment to allow multiplication and growth of the microorganism




B) This primarily occurs between 20 and 40 degrees Celsius




C) Usually within 24-48 hours growth can be seen with the naked eye





1) The organism growing on the medium is referred to as a culture





2) Individual clusters of growth within the culture are referred to as colonies






a) Isolated colonies are often the researcher’s goal


6. Isolation




A) Many times after incubation it is necessary to isolate the microorganism before 



   it can be transferred to a slide for viewing




B) This is usually accomplished in one of two ways





1) Streak plate method






a) A small loop of the desired sample is spread out over the surface of a Petri 





   dish containing agar gradually thinning and separating the sample. The dish 





   is then incubated




2) Pour plate (loop dilution) method






a) The sample is serially diluted into a series of liquid agar tubes which are 





   then poured into sterile Petri plates, cooled, and incubated



7. Inspection




A) The microorganism is transferred to a slide, usually stained, and then viewed 



   microscopically




B) The scientist often notes cell size, shape, arrangement, and internal & external 



   structure




C) Through the use of a variety of staining techniques and special media, a scientist 



   has the ability to observe many characteristics of the microorganism



8. Identification




A) Very often the scientist knows what he is looking for when he begins his 



   experiments or they are simply studying aspects of a known organism




B) The Bergey’s Manual is used for identification of microorganisms unbeknownst 



   to the scientist




C) If there is no record of the microorganism then the scientist: 




1) made a mistake 




2) just discovered a new microorganism


B. Media



1. Media is absolutely essential for growing microorganisms in a lab setting



2. The primary requirement of a media is that it contain all the nutritional requirements 


   that the microbe needs to multiply and grow




A) There are roughly 500 different types of media that can be prepared



3. Types of Media




A) Classified based on 3 characteristics




1) Physical form





2) Chemical composition





3) Functional type



B) Physical Form





1) Liquid media are water-based solutions that do not solidify at temperatures 




   above freezing and generally flow freely in the tube






a) Generally referred to as broths, milks, or infusions






b) Growth appears as turbidity (cloudiness) or precipitate formation 





2) Semisolid media have a clot-like consistency at room temperature






a) Primarily used to determine the motility of bacteria




3) Solid media provides a firm surface at room temperature on which 



   microorganisms can form discrete colonies






a) Common in the isolation and sub-culturing of bacteria and fungi






b) 2 types







i) Liquefiable solid media








(a) Liquid at higher temps but solidifies at lower temps








(b) Agar is the most common type







ii) Nonliquefiable solid media








(a) Always a solid








(b) Includes rice grains, cooked meat, and potato slices




C) Chemical Content





1) 2 categories






a) Synthetic







i) Chemically defined







ii) Composed of pure organic and inorganic substances that vary little 






   from source to source






b) Nonsynthetic







i) Not chemically defined







ii) Include items which are not specifically known, usually animal or plant 






   extracts




D) Functional Type





1) Many different classifications






a) General purpose media







i) Designed to grow a broad spectrum of microbes







ii) Contains a wide variety of nutrients







iii) Examples include nutrient agar/broth & trypticase soy agar (TSA)





b) Enriched media







i) Designed to grow fastidious microbes (“picky eaters”)






ii) Contains complex organic substances such as blood and growth factors







iii) Blood agar is an example






c) Selective media







i) Designed to allow growth of certain groups of microbes and inhibit the 






   growth of others







ii) Used when many microbes are known present in the sample (body 






   fluids are good example)







iii) Mannitol salt agar is an example






d) Differential media







i) Designed to allow the growth of multiple microorganisms and to 







   display differences between those microorganisms







ii) Differentiation is usually in colony size, shape, or color







iii) MacConkey agar is an example


C. The Microscope



1. Microscopy – the study of objects using a microscope



2. 2 types of microscopes




A) Simple





1) Have only one lens




B) Compound





1) Have more than one lens



3. Principles of the Light Microscope




A) Light passes around and/or through the specimen and through the objective lens 



   (closest to the specimen) where it is magnified forming the real image



B) The real image is then projected through the ocular lens (the one we look into) 



   and further magnified resulting in the virtual image


4. Variations of the Light Microscope




A)  Bright-Field microscope





1) Most widely used microscope




2) Forms an image when light is transmitted through the specimen




B) Dark-Field microscope





1) An adaptation of the bright-field





2) A stop disc blocks all light from the light source from going through the 





   specimen; only peripheral light gets in





3) Effective for viewing a live specimen which may dry out from the light 




   source




C) Phase-Contrast microscope





1) Alters subtle changes in light passing through a specimen to give a different 




   image than the bright field





2) Generally can see greater detail





3) Good for viewing organelles within cells




D) Fluorescent microscope





1) Uses fluorescent dyes and UV light to produce the image





2) Common in diagnosing infections caused by certain microorganisms 




   (syphilis)


6. Electron Microscope




A) works by transmitting a beam of electrons through a specimen and “catching” 




  them on photo paper




B) some can magnify up to 1,000,000X




C) used for studying viruses and internal cell structures


D. Specimen Preparation



1. Fixed, stained smears




A) Smear – a thin layer of specimen on a slide




B) Heat fixation – the slide is gently heated simultaneously killing the specimen 



   and fixing it to the slide




C) Staining – any procedure that applies colored chemicals (dyes) to the specimen





1) Positive staining – the dye sticks to the specimen giving it color





a) Simple stains







i) Require only one dye







ii) Iodine and methylene blue are commonly used for simple staining





b) Differential stains 







i) Use two dyes; one primary stain and one counterstain







(a) a decolorizer is usually used in between






ii) Used to distinguish between different cell types or parts







iii) Examples include Gram staining and Acid-fast staining





c) Special stains 







i) Used to emphasize certain cell parts not seen with the other types of 






   stains







ii) Examples include flagellar, capsular, and endospore (spore) staining





2) Negative staining – stain does not stick to the specimen but rather the area 





   around it forming a silhouette or negative image
