Bacterial growth and Physiology

BACTERIAL GROWTH AND PHYSIOLOGY

· Bacteria grow is assessed by the multiplying of bacteria at an enormous rate in a short time.
· Bacterial growth involves both:                                                                                           1- An increase in size of bacteria.
 2- An increase in number bacteria (Biomass).

The increase in Biomass is important for: 
1- In studying the rapidity of an infection.
2- In studying mutations in the bacteria.
3- In the measurement of antibiotics effects.
· In the laboratory Bacterial Growth can be seen in three main forms:

1) - By the development of colonies (20-30 cell division of single bacterium) or clump of bacteria on solid media.

2) - By transformation of clear Broth medium to turbid suspension of 107-109 cells per milliliter.

3) - In Biofilm formation- Growth spread thinly (300-400μm thick) in the inert surface of Intra-vascular Catheters.

· Bacteria main activities are:

i) Maintenance of bacterial metabolism (existence).

ii) Cell division (multiplication).

· Chemically bacteria are consist of:

1. Proteins

2. Polysaccharides

3. Lipids

4. Nucleic acids

5. Peptidoglycans.

· Bacterial Growth requires:

1) Materials (for synthesis of structural &metabolism components).

2) Energy (ATP). 

· The most important elements require for growth:

Hydrogen

Oxygen

Carbon

Nitrogen

· Base on their carbon-utilization, Bacteria can be classified as:

1. Autotrophs: Free-living, non-parasitic bacteria can use carbon dioxide (co2) as carbon source. Energy needed for metabolism obtained from:

i) Sunlight-(Photo-autotrophs).

ii) Inorganic compounds by oxidation-(Chemo-autotrophs).
2. Heterotrophs: Generally Parasitic bacteria need ready made supply of organic compounds (e.g. sugars) such as human pathogenic bacteria.

· Carbohydrates (sugars) are degraded either:
(i) Oxidation

(ii) Fermentation (provide ATP as source of storage energy)

· Ammonia is the main bacterial source of nitrogen.

· Organic Growth Factors:

1) Amino acids. 

2) Nucleic acids /Purines (A,G) & Pyrimidines (T,C) - forming DNA or RNA.

3) Vitamins- important in formation of coenzymes. 

Environmental Conditions and Growth:

1. Water: Moisture is required for growth, 80% of bacterial structure is water.

2. Oxygen: bacteria differ in their need to oxygen (table).

	Bacteria
	In presence of oxygen
	In absence of oxygen

	Aerobes:

Strict aerobes

Facultative anaerobes
	+

+


	--

±

	Anaerobes:

Strict Anaerobes

Microaerophiles
	--

±
	+

-


3. Carbon dioxide: Required by all bacteria, produce by bacterial metabolism. Slow-growing bacteria need it to be added to the media (5-10% co2 ).
4. Temperature: Bacteria optimal temperature range for growth:

Psychrophile

below 20 °C

Mesophile


between 25 °C and 40 °C (37 °C body temp)

Thermophile

between 55 °C and 80 °C

5. Hydrogen ion concentration: 
The optimal pH for bacteria that have evolved in association with man is similar to physiological pH (7.2-7.4).
Lactobacilli// pH 4

Cholera // pH 8

· Bacterial Growth cycles (curve):

1. Lag-Phase: Period of adaptation and preparation to growth.

2. Exponential (Logarithmic) Phase: 

i) Shortest generation time

ii) Maximum use of oxygen

iii) Maximum number of cells.

iv) Best time for antibiotics to kill bacteria.

3. Stationary Phase: Nutrients are consumed / toxin Build up and increased / Cell division stops/ No growth.

4. Decline Phase: Bacteria start to die and number of living cells decreased.
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Growth in Vivo:

Bacterial Growth in human body is much weaker and slower than in vitro. Various Factors Influence Bacterial Growth in Vivo:
1. Nutritional status of patient

2. Hydrogen ion concentration pH.

3. Presence of elements // iron, calcium etc..

4. Localization of nutrients in the human body.

5. Cellular defenses
6. Humoral defense (Immunoglobulin, complement).

Media for Bacterial Growth:

· The objective of media design is to Grow and Identify Pathogenic Bacteria/ from Normal flora.

· Solid media (With Agar, Gelatin and Egg albumen) used to isolate and identify pure colonies.

Media contents:

1- A source of Protein from Brain Heart infusion or liver infusion.

2- Control of pH (After sterilization).

3- Blood or serum.

· Media could be in the form of:

A- Liquid (Broth).

B- Solid.

· Media Purpose:

1- General or enrichment (blood culture).

2- Selective growing (McConkey agar).

· Example of media:

1- Nutrient Broth: Beef extraction, peptone.

2- Nutrient agar: (15% agar is added to solidify the broth).

3- Blood agar (Nutrient agar + 5-10% blood).

4- Chocolate agar: heated blood agar.
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