
Bacterial culture

Culture is one of the direct detection methods. Goal of the cultivation is to isolate an 
infectious agent in pure culture for its further identification or analysis. 

Bacteria are reproduce by binary fission so one mother cell is divided into two identical 
daugther cells. The time required for the population to double is called the generation 
time. If a liquid medium is inoculated with a microbial culture and viable cells are plotted 
periodically a curve known as the growth curve is obtained (fig. below)

1. cell concentration [log]                  
2. time
A. lag phase                                                 
B. B. exponential growth phase  
C. stationary phase                              
D. death phase



Bacterial growth

Clinically important bacteria are heterotrophic (need organic carbon
for growth), mesophilic (optimal temperature 30-37˚C) and aerobic (use 
oxygen as hydrogen acceptor), facultative anaerobic or anarerobic organisms
(another hydrogen acceptor than oxygen e.g. nitrates).                                       

Note: molds and some protozoal parasites could be also cultivated on the same artificial media as 
bacteria are (e.g. Candida, Aspergillus, pathogenic ameboae).                                                                                                         
Viruses and some intracellular bacteria require for their cultivation living host cells because they dont
have own metabolism and are not able to reproduce extracelluarly (e.g. they need a tissue culture). 



Media for bacterial culture
Liquid media–the nutrient broth: contains a variety of nutrients(source  of amino acids and 
nitrogen), is made by boiling meat or vegetables. Arguments to use the broth could be diluting 
substances including material which are toxic for bacteria (e.g. antibiotics), or if too small 
number of damaged bacterial cells are in a specimen as a result of a previous therapy or an 
attack of innate or specific host immunity the cells could be resuscitated by the broth.                                     

Solid media –the nutrient agar: broth media combined with agar (usually 2%). The agar does not 
contain any nutrients; it only keeps bacterial cells in the same position during cultivation. 
Eventually  distinct bacterial coloniesgrow from one original bacterial cell, which could be seen 
by unaided eye. The shape & color of the colonies (colony morphology) could by typical for a 
particular bacterial group or genera. The colony could be isolated on a new agar plate to receive 
pure bacterial culture.                                                                                                           

General media:described above (nutrient broth & agar).                     
Enrichment media: general media fortified with e.g. blood, yeast extract. Useful in growing 
fastidious microbes.                                                                     

Selective & diagnostic media: used for cultivation of selected pathogenic bacteria (by supressing
growth of others, e.g. via antibiotics as a component) and visualising some of their biochemical 
properties (color change dependent on enzymatic properties of the bacterium), respectively. The 
advantages of both are combined together (e.g. MacConkey agar–inhibits growth of Gram-
positive bacteria, supports the growth of Enterobacteriae; detects microbes able to metabolize 
lactose). 



Nutrient broth. Tube with sterile nutrient broth before 
inoculation of a bacterial culture (left) and turbid overnight 
culture of Escherichia coli (right).

Schema of growing cultures on agar mediaSpecimen

was inoculated and diluted by a bacteriological loop. A 
sterile loop was used for each diluted step (1-3) to spread 
the inoculum over the agar. Confluent growth (1,2) or 
distinct colonies (3) appear after overnight cultivation. The 
size of the last colonies are the largest because of higher 
amount of nutrients per colony. 



Examples of bacterial culture

Colonies of Staphylococcus aureus on a 

nutrient agar (A), detail (B),enrichment
media –blood agar (C), detail (D)

A                  B                        C                     D

Colonies of Enterobacteriae on a nutrient agar (e.g. 
Salmonella sp., Escherichia coli) (A), diagnostic
media - Endo agar and lactose metabolizing culture
of Escherichia coli (B) and lactose non metabolizing

culture of Salmonella species (C)C                    
A                      B                        C                     

A                  B                        C                     D

Chromogenic diagnostic media and 
colonies of Candida albicans (A),detail (B), 
Candida krusei grown on the medium (C) 
and detail (D) 



Culture conditions

Usually the optimal temperature and time for growing medically improtant
bacteria, viruses and parasites are 37˚Cand overnight, respectively. In some 
special pathogens (e.g. slow-growing Mycobacteria, molds) the temperature 
and/or the time of cultivation can differ.   

Atmosphere: normal for aerobes and facultative anaerobes. Microaerophilic 
bacteria are cultivated in higher pressure of CO2 (5%). Anaerobes are cultivated 
in a special thermostat without oxygen – anaerostat. Oxygen is toxic for them 
because they do not produce scavenging enzymes (e.g. catalase). 



Bacterial identification
Matrix-Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry -
(MALDI – TOF MS): is nowadays the most useful modern phenotypic method for 
microbial identification, which analyses molecular structure (mainly proteins) of an 
unknown microbial isolate, as the mass spectral pattern consisting of a number of 
structurally related mass spectral peaks, and comparing with a known patterns analyzing 
the isolate (fig. 3, 4). 

Obr. 3A. Sample preparation for MALDI-TOF/MS analysis
1. Sample of pure culture, 2. Pure culture inoculated on target plate and addition of UV-light absorbing matrix, which will 
absorb most of the energy upon irridiation with the nanosecond laser pulse, and thus prevent damage like fragmentation 
of the biomolecule, but will still allow the transformation of the sample molecules into ionized gas. 



Fig. 3B: Principle of MALDI-TOF/MS analysis 
The mass spectrometer first ionizes, then mass 
separates and finally detects time of the ions flight, thus 
producing a mass spectrum and comparing with known 
mass spektra analyse the studied microorganism. 
1. laser, 2. microbial culture on target plate, 3.strong 
electric field, 4. time of flight (TOF) tube, 5. detector of 
time of flight, 6. ionized molecules of sample (red) and 
matrix (yellow), 7. separation of accelerated particules . 

Fig. 4: Specific mass spectral
peaks of Escheria coli (A) and 
Enterococcus faecalis (B) 
clinical isolates (analysis: 
Karel Bubeníček, Department 
of Medical Microbiology, 2nd 
Faculty Medicine, Charles 
University, Prague) 

Escherichia coli Enterococcus
faecalis


