
Fluorescent antibodies can be used as a cell tag
¾ Highly specific
¾ Making antibodies is time consuming and expensive
Green fluorescent protein can be genetically engineered into cells
to make them autofluorescent
¾ Can be used to track bacteria
¾ Can act as a reporter gene

General Staining Methods



¾ Nucleic acid probe is DNA or RNA complementary to a sequence in a
target gene or RNA

¾ FISH: fluorescent in situ hybridization
¾ Phylogenetics of microbial populations
¾ Used in microbial ecology, food industry, and clinical diagnostics
¾ CARD-FISH

Fluorescent In Situ Hybridization (FISH)



CARD-FISH
¾ FISH can be used to measure gene expression in organisms in a

natural sample
¾ A FISH method that enhances the signal is called catalyzed reporter

deposition FISH (CARD-FISH)

Fluorescent In Situ Hybridization (FISH)



¾ Specific genes can be used as a 
measure of diversity

¾ Techniques used in molecular 
biodiversity studies

¾ DNA isolation and sequencing
¾ PCR
¾ Restriction enzyme digest
¾ Electrophoresis
¾ Molecular cloning

PCR Methods of Microbial Community Analysis



¾ DGGE: denaturing gradient gel electrophoresis separates genes of the 
same size based on differences in base sequence 

¾ Denaturant is a mixture of urea and formamide
¾ Strands melt at different denaturant concentrations

PCR Methods of Microbial Community Analysis



T-RFLP: terminal restriction fragment length polymorphism
¾ Target gene is amplified by PCR
¾ Restriction enzymes are used to cut the PCR products
¾ ARISA: automated ribosomal intergenic spacer analysis
¾ Related to T-RFLP
¾ Uses DNA sequencing
¾ Results of PCR phylogenetic analyses
¾ Several phylogenetically distinct prokaryotes are present
¾ rRNA sequences differ from those of all known laboratory cultures
¾ Molecular methods conclude that less than 0.1% of bacteria have been 

cultured

PCR Methods of Microbial Community Analysis



Phylochip: microarray that focuses on phylogenetic members of microbial 
community
¾ Circumvents time-consuming steps of DGGE and T-RFLP

Microarrays and Microbial Diversity: Phylochips



Environmental genomics (metagenomics)
¾ DNA is cloned from microbial community and sequenced
¾ Detects as many genes as possible
¾ Yields picture of gene pool in environment
¾ Can detect genes that are not amplified by current PCR primers
¾ Powerful tool for assessing the phylogenetic and metabolic diversity of 

an environment

Environmental Genomics and Related Methods



¾ Chemical Assays, Radioisotopic Methods, and Microelectrodes
¾ Stable Isotopes
¾ Linking Specific Genes and Functions to Specific Organisms

Measuring Microbial Activities in Nature



¾ In many studies, direct chemical measurements are sufficient 
¾ Higher sensitivity can be achieved with radioisotopes
¾ Proper killed cell controls must be used

Chemical Assays, Radioisotopes, & Microelectrodes



Microelectrodes
¾ Can measure a wide range of activity
¾ pH, oxygen, CO2, and others can be measured
¾ Small glass electrodes, quite fragile
¾ Electrodes are carefully inserted into the habitat (e.g., microbial mats)
¾ Measurements taken every 50–100mm

Chemical Assays, Radioisotopes, & Microelectrodes



¾ Nonradioactive isotopes of an element
¾ Used to study microbial transformations in nature
¾ Isotope fractionation
¾ Carbon and sulfur are commonly used
¾ Lighter isotope is incorporated preferentially over heavy isotope 
¾ Indicative of biotic processes
¾ Isotopic composition reveals its past biology (e.g., carbon in plants and petroleum)
¾ The activity of sulfate-reducing bacteria is easy to recognize from their 

fractionation of sulfur in sulfides

Stable Isotopes



Flow cytometry and multiparametric
analysis
¾ Natural communities contain 

large populations
¾ Flow cytometer examines 

specific cell parameters very fast 
¾ Cell size
¾ Cell shape
¾ Fluorescence
¾ Parameters can be combined 

and analyzed (multiparametric
analysis)

Linking Specific Genes and Functions to Specific Organisms



¾ Radioisotopes used as measures of microbial activity in a microscopic 
technique called microautoradiography (MAR)

¾ Radioisotopes can also be used with FISH
¾ FISH microautoradiography (FISH-MAR)
¾ Combines phylogeny with activity of cells

Linking Specific Genes and Functions to Specific Organisms


