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Microbial Nutrition 

Nutrition  ï process by which chemical 
substances (nutrients) are acquired from 
the environment and used in cellular 
activities 
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7.1 Microbial Nutrition 

Essential nutrients ï must be provided to an organism 

Two categories of essential nutrients: 

ïMacronutrients  ï required in large quantities; play 
principal roles in cell structure and metabolism  

ÅProteins, carbohydrates 

ïMicronutrients  or trace elements ï required in 
small amounts; involved in enzyme function and 
maintenance of protein structure 

ÅManganese, zinc, nickel 
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Å9ǎǎŜƴǘƛŀƭ ƴǳǘǊƛŜƴǘǎ ŀǊŜΧΧΦΦΚ 
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Nutrients 

ÅOrganic nutrients ï contain carbon and hydrogen 

atoms and are usually the products of living things 

ïMethane (CH4), carbohydrates, lipids, proteins, and nucleic 

acids 

ÅInorganic nutrients ï atom or molecule that contains 

a combination of atoms other than carbon and 

hydrogen 

ïMetals and their salts (magnesium sulfate, ferric nitrate, 

sodium phosphate), gases (oxygen, carbon dioxide) and 

water 
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ÅWhat is the difference between organic and 
inorganic compounds? 
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Sources of 

microbial 

nutrients 
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Chemical Analysis of Microbial Cytoplasm 

Å70% water 

ÅProteins 

Å96% of cell is composed of 6 elements: 

ïCarbon 

ïHydrogen 

ïOxygen 

ïPhosphorous 

ïSulfur 

ïNitrogen 
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Sources of Essential Nutrients 

Nitrogen Sources 

ÅMain reservoir is nitrogen gas (N2); 79% of earthôs 
atmosphere is N2 

ÅNitrogen is part of the structure of proteins, DNA, RNA 
and ATP ï these are the primary source of N for 
heterotrophs 

ÅSome bacteria and algae use inorganic N sources (NO3
-
, 

NO2
-
, or NH3) 

ÅSome bacteria can fix N2. 

ÅRegardless of how N enters the cell, it must be 
converted to NH3, the only form that can be combined 
with carbon to synthesize amino acids, etc. 

11 



Sources of Essential Nutrients 

Oxygen Sources 

ÅMajor component of carbohydrates, lipids, 
nucleic acids, and proteins 

ÅPlays an important role in structural and 
enzymatic functions of cell 

ÅComponent of inorganic salts (sulfates, 
phosphates, nitrates) and water 

ÅO2 makes up 20% of atmosphere 

ÅEssential to metabolism of many organisms 
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Sources of Essential Nutrients 

Hydrogen Sources 

ÅMajor element in all organic compounds and 
several inorganic ones (water, salts, and gases) 

ÅGases are produced and used by microbes 

ÅRoles of hydrogen: 

ïMaintaining pH 

ïAcceptor of oxygen during cell respiration 
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Sources of Essential Nutrients 

Phosphorous (Phosphate Sources) 

ÅMain inorganic source is phosphate (PO4
-3) 

derived from phosphoric acid (H3PO4) found in 

rocks and oceanic mineral deposits 

ÅKey component of nucleic acids, essential to 

genetics 

ÅServes in energy transfers (ATP) 
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Sources of Essential Nutrients 

Sulfur Sources 

ÅWidely distributed in environment, rocks; 

sediments contain sulfate, sulfides, hydrogen 

sulfide gas and sulfur 

ÅEssential component of some vitamins and the 

amino acids: methionine and cysteine 

ÅContributes to stability of proteins by forming 

disulfide bonds 
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Other Nutrients Important in Microbial 

Metabolism 

ÅPotassium ï essential to protein synthesis and 

membrane function 

ÅSodium ï important to some types of cell transport 

ÅCalcium ï cell wall and endospore stabilizer 

ÅMagnesium ï component of chlorophyll; 

membrane and ribosome stabilizer 

ÅIron ï component of proteins of cell respiration 

ÅZinc, copper, nickel, manganese, etc. 
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ÅWhat are the functions of: 

ïPotassium? 

ïSodium? 

ïIron? 

17 



Growth Factors: Essential Organic Nutrients 

ÅOrganic compounds that cannot be synthesized 

by an organism because they lack the genetic 

and metabolic mechanisms to synthesize them 

ÅGrowth factors must be provided as a nutrient 

ïEssential amino acids, vitamins 
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Å²Ƙŀǘ Řƻ ǿŜ ƳŜŀƴ ōȅ ά9ǎǎŜƴǘƛŀƭέ ŀƳƛƴƻ 
acids?? 
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Growth Requirements 

M̋icrobial growth  

ïIncrease in a population of microbes 

R̋esult of microbial growth is discrete colony  

ïAn aggregation of cells arising from single parent 

cell 

R̋eproduction results in growth 
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Growth Requirements 

N̋utrients: Chemical and Energy Requirements 

ïSources of carbon, energy, and electrons 

ïTwo groups of organisms based on source of carbon 

ïAutotrophs 

ïHeterotrophs 

ïTwo groups of organisms based on source of energy 

ïChemotrophs 

ïPhototrophs 
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Sources of Essential Nutrients 

ÅCarbon sources 

ÅHeterotroph ï must obtain carbon in an 

organic form made by other living organisms 

such as proteins, carbohydrates, lipids, and 

nucleic acids 

ÅAutotroph  ï an organism that uses CO2, an 

inorganic gas as its carbon source 

ïNot nutritionally dependent on other living things 
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ÅAre you an autotroph or a heterotroph?? 
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Figure 6.1  Four basic groups of organisms 



Nutritional Types 

ÅMain determinants of nutritional type are: 

ïCarbon source ï heterotroph, autotroph 

ïEnergy source   

ÅChemotroph ï gain energy from chemical 

compounds 

ÅPhototrophs ï gain energy through 

photosynthesis 
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ÅWhat is the difference between a: 
 
Chemotroph ς  

ÅPhototroph ς  
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Autotrophs and Their Energy Sources 

ÅPhotoautotrophs 
ïOxygenic photosynthesis 

ïAnoxygenic photosynthesis 

ÅChemoautotrophs (lithoautotrophs) survive 

totally on inorganic substances 

ÅMethanogens, a kind of chemoautotroph,  

produce methane gas under anaerobic 

conditions  (Landfill gas) 
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Heterotrophs and Their Energy 

Sources 
ÅMajority are chemoheterotrophs 

ïAerobic respiration 

ÅTwo categories 

ïSaprobes: free-living microorganisms that feed on 
organic detritus from dead organisms 

ÅOpportunistic pathogen 

ÅFacultative parasite  

ïParasites: derive nutrients from host 

ÅPathogens 

ÅSome are obligate parasites 

29 



Growth Requirements 

N̋utrients: Chemical and Energy Requirements 

ïOxygen requirements 

ïOxygen is essential for obligate aerobes  

ïOxygen is deadly for obligate anaerobes 

ïHow can this be true? 

ïToxic forms of oxygen are highly reactive and 

excellent oxidizing agents 

ïResulting oxidation causes irreparable damage to 

cells 



Growth Requirements 

N̋utrients: Chemical and Energy Requirements 

ïOxygen requirements 

ïAerobes 

ïAnaerobes 

ïFacultative anaerobes 

ïAerotolerant anaerobes 

ïMicroaerophiles 



Gas Requirements 

Oxygen 

ÅAs oxygen is utilized it is transformed into several 
toxic products: 

ïSinglet oxygen (1O2), superoxide ion (O2
-
), peroxide 

(H2O2), and hydroxyl radicals (OH
-
) 

ÅMost cells have developed enzymes that neutralize 
these chemicals: 

ïSuperoxide dismutase, catalase 

ÅIf a microbe is not capable of dealing with toxic 
oxygen, it is forced to live in oxygen free habitats 
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Figure 6.2  Catalase test 



Categories of Oxygen Requirement 

ÅAerobe ï utilizes oxygen and can detoxify it 

ÅObligate aerobe ï cannot grow without 

oxygen  

ÅFacultative anaerobe ï utilizes oxygen but 

can also grow in its absence 

ÅMicroaerophilic  ï requires only a small 

amount of oxygen 
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Categories of Oxygen Requirement 

ÅAnaerobe ï does not utilize oxygen  

ÅObligate anaerobe ï lacks the enzymes to 

detoxify oxygen so cannot survive in an oxygen 

environment 

ÅAerotolerant anaerobes ï do not utilize oxygen 

but can survive and grow in its presence 
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Figure 6.3  Oxygen requirements of organisms-overview 
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Figure 7.11 

What type of 

organism is 

represented by 

each of these?? 

 

(Fluid 

Thyoglycollate 

Medium) 
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Figure 7.10 

Brewer 

Anaerobe 

Jar.  

 (John 

Brewer) 



Carbon Dioxide Requirement 

All microbes require some carbon dioxide in 

their metabolism 

ÅCapnophile ï grows best at higher CO2 

tensions than normally present in the 

atmosphere 
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Effects of pH 

ÅMajority of microorganisms grow at a pH 

between 6 and 8 

ÅObligate acidophiles ï grow at extreme acid 

pH 

ÅAlkalinophiles ï grow at extreme alkaline pH 
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Osmotic Pressure 

ÅMost microbes exist under hypotonic or 

isotonic conditions 

ÅHalophiles ï require a high concentration of 

salt 

ÅOsmotolerant ï do not require high 

concentration of solute but can tolerate it when 

it occurs 
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Other Environmental Factors 

ÅBarophiles ï can survive under extreme 

pressure and will rupture if exposed to normal 

atmospheric pressure 
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ÅIŀƭƻǇƘƛƭŜǎ ƎǊƻǿ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦΧ 
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Growth Requirements 

N̋utrients: Chemical and Energy Requirements 

ïNitrogen requirements 

ïAnabolism often ceases because of insufficient 
nitrogen 

ïNitrogen acquired from organic and inorganic 
nutrients  

ïAll cells recycle nitrogen from amino acids and 
nucleotides 

ïNitrogen fixation by certain bacteria is essential to life 
on Earth 



Growth Requirements 

N̋utrients: Chemical and Energy Requirements 

ïOther chemical requirements 

ïPhosphorus  

ïSulfur 

ïTrace elements 

ïRequired only in small amounts 

ïGrowth factors  

ïNecessary organic chemicals that cannot be 
synthesized by certain organisms 



Growth Requirements 

P̋hysical Requirements 

ïTemperature 

ïEffect of temperature on proteins 

ïEffect of temperature on membranes of cells and 

organelles 

ïIf too low, membranes become rigid and fragile 

ïIf too high, membranes become too fluid 



Figure 6.4  Microbial growth-overview 



Figure 6.5  Four categories of microbes based on temperature ranges for growth 
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3 Cardinal Temperatures 

ÅMinimum temperature  ï lowest temperature 

that permits a microbeôs growth and 

metabolism 

ÅMaximum temperature ï highest temperature 

that permits a microbeôs growth and 

metabolism 

ÅOptimum temperature ï promotes the fastest 

rate of growth and metabolism 
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3 Temperature Adaptation Groups 

1. Psychrophiles ï optimum temperature below 

15oC; capable of growth at 0oC 

2. Mesophiles ï optimum temperature 20o-

40oC; most human pathogens 

3. Thermophiles ï optimum temperature 

greater than 45oC 
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Figure 6.6  An example of psychrophile-overview 



  

ÅOrganisms that grow at low temperatures are 
ŎŀƭƭŜŘΧΦΚ 
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Growth Requirements 

P̋hysical Requirements 

ïpH 

ïOrganisms are sensitive to changes in acidity  

ïH+ and OHï interfere with H bonding 

ïNeutrophiles grow best in a narrow range 
around neutral pH  

ïAcidophiles grow best in acidic habitats 

ïAlkalinophiles live in alkaline soils and water 



Growth Requirements 

P̋hysical Requirements 

ïPhysical effects of water 

ïMicrobes require water to dissolve enzymes and 

nutrients 

ïWater is important reactant in many metabolic 

reactions 

ïMost cells die in absence of water 

ïSome have cell walls that retain water 

ïEndospores and cysts cease most metabolic activity 

ïTwo physical effects of water 

ïOsmotic pressure 

ïHydrostatic pressure 



Growth Requirements 

̋Physical Requirements 

ïPhysical effects of water 

ïOsmotic pressure 

ïPressure exerted on a semipermeable membrane by 

a solution containing solutes that cannot freely cross 

membrane 

ïHypotonic solutions have lower solute concentrations 

ïHypertonic solutions have greater solute 

concentrations 

ïRestricts organisms to certain environments 

ïObligate and facultative halophiles 



Growth Requirements 

̋Physical Requirements 

ïPhysical effects of water 

ïHydrostatic pressure 

ïWater exerts pressure in proportion to its 

depth 

ïBarophiles live under extreme pressure 

ïTheir membranes and enzymes depend on 

pressure to maintain their shape 



Growth Requirements 

A̋ssociations and Biofilms 

ïOrganisms live in association with different species 

ïAntagonistic relationships 

ïSynergistic relationships 

ïSymbiotic relationships 



Ecological Associations Among 

Microorganisms 
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Interrelationships Between Microbes and 

Humans 

ÅHuman body is a rich habitat for symbiotic 

bacteria, fungi, and a few protozoa - normal 

microbial flora  

ÅCommensal, parasitic, and synergistic 

relationships  
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Microbial Biofilms 

ÅBiofilms result when organisms attach to a 
substrate by some form of extracellular matrix 
that binds them together in complex organized 
layers 

ÅDominate the structure of most natural 
environments on earth 

ÅCommunicate and cooperate in the formation 
and function of biofilms ï quorum sensing 
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Growth Requirements 

A̋ssociations and Biofilms 

ïBiofilms 

ïComplex relationships among numerous 
microorganisms 

ïDevelop an extracellular matrix 

ïAdheres cells to one another 

ïAllows attachment to a substrate 

ïSequesters nutrients 

ïMay protect individuals in the biofilm 

ïForm on surfaces often as a result of quorum 
sensing 

ïMany microorganisms more harmful as part of a 
biofilm 

© 2012 Pearson Education Inc. 



Figure 6.7  Plaque (biofilm) on a human tooth 
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Figure 7.13 


