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Chapter 5

Microbial Nutrition
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The Common Nutrient
Requirements

* macroelements (macronutrients)
-C,0O,H,N, S, P, K, Ca, Mg, and Fe
— required In relatively large amounts
e micronutrients (trace elements)
— Mn, Zn, Co, Mo, NI, and Cu
— required in trace amounts

— often supplied in water or in media
components
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Requirements for Carbon,
Hydrogen, and Oxygen

o often satisfied together

— carbon source often provides H, O and
electrons

e autotrophs

— use carbon dioxide as their sole or principal
carbon source

* heterotrophs
— use organic molecules as carbon sources
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Nutrltlonal Types of
Microorganisms
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Table 5.2  Major Nutritional Types of Microorganisms
Mutritional Types" s of Energy, Hydrogen/Electrons, and Carbon Representative Microorganisms

Photolithotrophic autotrophy Light cnerey Algac
{Photolithoautotrophy ) C ) Purple and green sulfur bacteria
Cyanobacteria
Photoorganotrophic heterotrophy d Purple nonsulfur bacteria
{Photoorgancheterotrophy) ( i Green nonsulfur bacteria
nic carbon source

(CO; may also be used)
Chemohithotrophie autotrophy Che | energy source (inorganic) Sulfur-oxidizing bacteria
{Chemolithoautotrophy) iic Hie™ donor '

Chemoorganotrophic heterotrophy
{Chemoorganoheterotrophy ) ( : Hie r Fungi
Maost nonphotosynthetic bacteria
{including mosit pathogens)

mixotrophy
echemical energy source (inorganic)
einorganic H/e- donor
eQrganic carbon source
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Reqguirements for Nitrogen,
Phosphorus, and Sulfur

needed for synthesis of Important
molecules (e.g., amino acids, nucleic
acids)

nitrogen supplied in numerous ways

phosphorus usually supplied as inorganic
phosphate

sulfur usually supplied as sulfate via
assimilatory sulfate reduction
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Sources of nitrogen

e organic molecules
e ammonia

e nitrate via assimilatory nitrate
reduction

 nitrogen gas via nitrogen fixation
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Growth Factors

e Oorganic compounds

 essential cell components (or their
precursors) that the cell cannot
synthesize

e must be supplied by environment if
cell 1s to survive and reproduce
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Classes of growth factors

e amino acids
— needed for protein synthesis

e purines and pyrimidines

— needed for nucleic acid synthesis
e Vitamins

— function as enzyme cofactors



Table 5.3  Functions of Some Common Vitamins in Microorganisms
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Vitamin

Functions

Examples of Microorganisms Requiring Vitamin"

Bicwin

Cyvanocobalamin (Bi2)

Folic acid
Lipoic acid

Pantothenic acid

Pyridoxine (Bo)

Niacin (micotinic acid)

Ribollavin (Bz)

Thiamine (Bi)

Carboxylation (COzfixation)
One-carbon metabolism

Muolecular rearrangements
One-carbon metabolism—carries methyl groups

One-carbon metabolism

Transler of acyl groups

Precursor of coenzyme A—carries acyl groups
(pvruvate oxidation, fany acid metabalism)

Amming acid metabolism (e.g.. ransamination)

Precursor of NAL and NADP—carry electrons
and hydrogen atoms

Precursor of FAD and FMN—carry clectrons
or hydrogen atoms

Aldehyde group transfer
{pyruvale decarbosylation, c-keto acid oxidation)

The TEPresEmive MCTOongunisms ane mi=mbers of the following o baweterio (B, Fangi (F), olgse (A ), o st | F}

Lenconnston: mesenteraides (1)
Saccharomyces cerevisiae (F)
Ochromoneas malhamensis (A)
Acanthamaeba castellanii (P)
Lactobacillus spp. ()

Euglena gracilis (A)

Diatoms and many other algaes (A)
Acanthameeha castellanii (P)
Enterococcus faecalis (B)
Tetrabvmena pyriformis (P)
Laciobacillus casei (B)
Terrahvmenaspp. (")

Profews morganii (1)
Hanseniasporaspp. (1)
FPavameciumspp. (P)
Lactobacillus spp. (B)
Tetrahvmena pyriformis ()
firucella aborms, Haemophilus influenzae (B)
Rlastecladia pringsheimii (F)
Crithichia fasciculata (P)
Cuanlobacier vibrivides (B)
Dicrvosreliumspp. (F)
Tetraliverena pyriformis (P)
Bacillus anthracis (B)
FPhyeomyees blakesleeanus (F)
Cchromonas malhamensis (A)
Corlpiclivem campyvlum (P)
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Practical importance of

growth factors

e development of quantitative growth-

response assays for measuring
concentrations of growth factors in a

preparation

 Industrial production of growth
factors by microorganisms
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Uptake of Nutrlents
by the Cell

e Some nutrients enter by passive
diffusion

* Most nutrients enter by:
— facilitated diffusion

— active transport
— group translocation
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Passive Diffusion

* molecules move from region of
higher concentration to one of lower
concentration because of random

thermal agitation

* H,0, O, and CO, often move across
membranes this way
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Facilitated lefusmn

o similar to passive diffusion

— movement of molecules Is not energy
dependent

— direction of movement is from high
concentration to low concentration

— size of concentration gradient impacts
rate of uptake
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Facilitated diffusion...

o differs from passive diffusion
— uses carrier molecules (permeases)

— smaller concentration gradient is required
for significant uptake of molecules

— effectively transports glycerol, sugars, and
amino acids

 more prominent in eucaryotic cells than
In procaryotic cells

15
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erate of facilitated
diffusion increases
more rapidly and
at a lower
concentration

diffusion rate
reaches a plateau
when carrier
becomes
saturated

carrier saturation
effect

16

Figure 5.1
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Active Transport

e energy-dependent process
— ATP or proton motive force used

* moves molecules against the gradient
e concentrates molecules inside cell

* Involves carrier proteins (permeases)
— carrier saturation effect i1s observed
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ABC transporters

 ATP-binding
cassette
transporters

e observed In
bacterla,
archaea, and

eucaryotes
Figure 5.3
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antiport

symport
Figure 5.4
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Group Translocation

 molecules are
modified as
they are
transported
across the
membrane

* energy-
dependent

Process Figure 5.5
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Iron Uptake

e ferric ironis very
Insoluble so uptake Is
difficult

* Mmicroorganisms use
siderophores to aid
uptake

 siderophore
complexes with ferric
lon

e complex is then

transported into cell
Figure 5.6
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Culture Media

e preparations devised to support the
growth (reproduction) of
microorganisms

e can be liquid or solid
—solid media are usually solidified with
agar

e Important to study of
microorganisms
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Synthetic or Defined Media

 all components

O BG=11 Medium for Cyanobacteria Amount (g/liter)
and thel r NaNO, 1.5
K.HPO,-3H,0 0.04
- MgSO,-TH,O 0.075
concen t r at 10NS CaCl,2H,0 0.036
Citric acid 0.006
Ferric ammaonium citrate (0.006
are kn Own EDTA (Na:Mg salt) 0.001

Na.CO, 0432
Trace metal solution® 1.0y mlfiter
Final pH 7.4

Medium for Escherichia coli Amount (gfliter)
Glucose 1.0

Na,HPO, 16.4
KH,PO, 1.5
(NH,),80, 2.0
MgSQ,-7H,0 200.0 mg
CaCl, 10.0 mg
FeS0,-TH,O 0.5 mg
Final pH 6.8-7.0

3 ex. 1 11:1=61, 1979; and 5.5.
Cohen, and R, Arbogast, i A , 19500,

wwee melal solution contains

24
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Complex Media

* CO ntal N Some Table 5.5 Some Common Complex Media
I I Nutrient Broth A t (gliter)
I n g re d I e n tS Of ::]'Etp]:{::w 4rilutin hydrolysate) 5"'“““ e
k Beef extract 3
u n n Own Tryptic Soy Broth
- = Tryptone (pancreatic digest of casein)
CO m p OS I t I O n Peptone (soybean digest)

Glucose

Sodium chloride

an d / O r Dipotassium phosphate

= MacConkey Agar
Concentratl On Pancreatic digest of gelatin 17.0
¢ digest of casein 1.5
Peptic digest of animal tissue 1.5
Lactose 10,0
Bile salts 1.5
Sodium chlorde 5.0
Neutral red .03
Crystal violet 0.001
Agar 13.5

25
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Some media components

e peptones

— protein hydrolysates prepared by partial
digestion of various protein sources

o extracts
— agueous extracts, usually of beef or yeast
e agar

— sulfated polysaccharide used to solidify
liguid media

26
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Types of Media

e general purpose media
— support the growth of many microorganisms
— e.g., tryptic soy agar

e enriched media

— general purpose media supplemented by
blood or other special nutrients

— e.g., blood agar

27
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Types of media...

e selective media

— favor the growth of some
microorganisms and inhibit growth of
others

—e.g., MacConkey agar

* selects for gram-negative bacteria
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Types of medla

e differential media

A

— distinguish between different groups of
microorganisms based on their
biological characteristics

—e.g., blood agar

e hemolytic versus nonhemolytic bacteria
—e.g., MacConkey agar

e lactose fermenters versus nonfermenters
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Isolation of Pure Cultures

e pure culture

— population of cells arising from a single
cell

e spread plate, streak plate, and pour
plate are techniques used to Isolate
pure cultures
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The Spread Plate and
Streak Plate

* involve spreading a mixture of cells
on an agar surface so that individual
cells are well separated from each
other

 each cell can reproduce to form a
separate colony (visible growth or
cluster of microorganisms)
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Spread-plate technique

1. dispense cells onto 4. spread cells
medium in petri dish across surface

Figure 5.7 2. - 3. sterilize spreader

32
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Streak plate technique

Figure 5.8

33
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The Pour Plate

o sample iIs diluted several times
 diluted samples are mixed with
liguid agar

 mixture of cells and agar are poured
Into sterile culture dishes
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Colony Morphology and Growth

e Individual
species form
characteristic
colonies

Figure 5.10b
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Figure 5.10a
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Colony growth

e most rapid at edge of colony

— oxygen and nutrients are more
available at edge

 slowest at center of colony

 IN nature, many microorganisms
form biofilms on surfaces
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