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Microbial Diversity

Many bacterial species have the capacity to
differentiate: in other words- produce
subpopulations with different shapes and/or
function

Sporulation:  Bacillus and Clostridium

Heterocyst formation: filamentous cyanobacteria
(Anabaena)

Endospore production by

* Endospores

Bacillus subtilis

— Highly differentiated cells resistant to heat, harsh

chemicals, and radiation

— “Dormant” stage of bacterial life cycle

— Ideal for dispersal via wind, water, or animal gut

— Only present in some gram-positive bacteria

The Bacterial Endospore
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Figure 4.38

Differences between Endospores

and Vegetative Cells

Table 4.3 Differences between endospores and vegetative cells

Characteristic

Structure

Microscopic appearance
Calcium content
Dipicolinic acid
Enzymatic activity
Metabolism (O, uptake)
Macromolecular synthesis
mRNA

Vegetative cell

Typical gram-positive
cell; a few gram-negative
cells

Nonrefractile

Low

Absent

High

High

Present

Present

Endospore

Thick spore cortex; Spore coat;
exosporium

Refractile
High

Present

Low

Low or absent
Absent

Low or absent
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The Life Cycle of an Endospore-
Forming Bacterium

Differences between Endospores
and Vegetative Cells

DNA and ribosomes Present Present

Heat resistance Low High °

Radiations resistance Low High 3

Resistance to chemicals (for Low High ﬁ

example, H,O5) and acids E

Stainability by dyes Stainable Stainable only with

special methods

Action of lysozyme Sensitive Resistant

Water content High, 80-90% Low, 10-25% in core

Small acid-soluble proteins Absent Present

(product of ssp genes) g

Cytoplasmic pH About pH 7 About pH 5.5-6.0 (in core) - 7| 8
2
2
£

Figure 4.39

Exosporium
Spore coat

Endospore Structure

Core wall
Cortex

— Structurally complex DNA

— Contains dipicolinic acid

— Enriched in Ca?*

— Core contains small-acid soluble proteins (SASP)

H. S. Pankratz, T. C. Beaman
and Philipp Gerhardt

Kirsten Price

(b)

Figure 4.41
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Dipicolinic Acid (DPA . . .
P ( ) Stages in B. subtilis endospore formation
=
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i cell DNA becomes
€
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~*Ca*"00C” SN~ CO0" *Cat 100C™ SN~ CO0" *Cat—>
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(b) Carboxylic acid Stage Il l e
groups B
10-15% dry weight of a endospore Developing &-
endospore l Endtospore
. . septum
Small Acid Soluble Proteins (SASPS) Stage Il grgws around
protoplast
Bind to DNA and protect molecule, and provide a Forespore
carbon and energy source for germination Fig. 4.49 formation
Figure 4.43
What these stages look like
Core

under the electron micrograph

Exosporium synthesis; primordial

l cortex formed between the
two membranes; dehydration

Stage IV
—~Exosporium
Primordial Ca2+ incorporation;
cortex l further dehydration,
s v production of SASPs
tage and dipicolinic acid;
coat layers formed
Maturation
(development of
Stage VI resistance to
heat and chemicals)
Cortex .
l Ly§|s ?f cell
and release
Stage Vil of endospore
Core
Free Figure 4.43

Exosporium  endospore
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What controls initiation of Sporulation?

Lets talk about the regulation of sporulation ... M e

DNA damage

Energy potential
Sda Redox state

Sporulation in B. subtilis is a cascade Y
. CodY-GTP KinB  KinA  KinC KinD KinE
of gene expression ‘
events in both the mother cell and the developing spore
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Two

Heterocyst Formation

Only certain prokaryotes have the ability to

carryout nitrogen fixation

N, ------- >NH; (NH,*) «—— NO;
organic nitrogen
groups

Free-living nitrogen fixers
Symbiotic nitrogen fixers

Nitrate (NO5") Metabolism

Assimilative Pathway Dissimilative pathway

(plants, fungi, NO»; (bacteria only)
bacteria) Nitrate reductase
NH;-repressed NO2 Anoxia-derepressed

(nltrlte)
NH,
Dissimilative reduction to
ammonia; some bacteria
Nitrite reductase
[NH,OH] NO (nitric oxide)

d 4

NH; (ammonia) N,O (nitrous oxide)

4

R-NH, (organic N) N,

Assimilation of Inorganic Nitrogen

Two Mechanisms:

1. Glutamic dehydrogenase

a-ketoglutarate + NH; ----- > glutamic acid

2. Second mechanism uses a 2 enzyme system: L-
glutamine synthetase and glutamate synthetase or
GOGAT enzyme.

Glutamic acid + NH; + ATP ------- > glutamine

GOGAT

Glutamine + a-ketoglutarate -------- > 2 glutamic acids

Transamination Reactions

Glutamic acid + OAA Aspartic acid + a-ketogluterate

Glutamic acid + pyruvate — Alanine + a-ketogluterate
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Nitrogen Fixation

Nitrogenase Complex N=N
14 H
-Dinitrogenase reductase
-Dinitrogenase HN=NH
2H
HoN-NH»
. ... 2H
Nitrogenase sensitive
H3N NHj3

to oxygen

Overall reaction
8H*+8e +No — 2NH3 + Ho
16-24 ATP — 16-24 ADP + 16-24 P;j

Table 20.2 Some nitrogen-fixing organisms®

Free-living anaerobes

Chemoorganotrophs Phototrophs Chemolithotrophs®
Clostridium Chromatium Methanosarcina
Desulfovibrio Ectothiorhodospira Methanococcus
Desulfobacter Thiocapsa Methanobacterium
Desulfotomaculum Chlorobium Methanospirillum

Chlorobaculum Mathanolobus

Rhodospirillum Methanocaldococcus

Rhodopseudomonas

Rhodomicrobium

Rhodopila

Rhodobacter

Heliobacterium

Heliobacillus

Heliophilum

Heliorestis

Table 20.2 Some nitrogen-fixing organisms”
Free-living aerobes/Facultative aerobes

Ch ga ph Ph ph Chemolithotrophs
Azotobacter Alcaligenes
Azomonas Thiobacillus
Agrobacterium Acidithiobacillus
Klebsiella® Streptomyces
Beijerinckia thermoauto-
Bacillus polymyxa trophicus
Mycobacterium flavum

Azospirillum lipoferum

Citrobacter freundii

Acetobactor diazotrophicus Heterocyst formation
Methylomonas . .
Methylococcus Nitrogen fixation
Methylosinus

Pseudomonas

Anabaena heterocyst

spaced every 10-20 cells
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Heterocyst Development O
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Light quanta

Photosystem Il

NADPH (from light reactions or
reverse electron flow)

Calvin-Benson Cycle

ATP (from light react\ons)\
600, |
12 3-Phospho- 12 ATP
glycerate
(36 carbons)

121,3-Bisphospho-

Ribulose bisphosphate
carboxylase (Rubj

glycerate
12
- - NADPH
phosphoribulokinase
6 ATP
12 Glyceraldehyde
6 Ribulose 3-phosphate

5-phosphate (36 carbons)

(30 carbons) }
Sugar Fructose

reamangements . 10 Glyceraldehyde  6-phosphate
3-phosphate (6 carbons)
(30 carbons) l

Biosynthesis

Overall stoichiometry:
6 CO, + 12 NADPH + 18 ATP ———>
CgH1206(PO3H,) + 12 NADP* + 18 ADP + 17 P;

Fig. 17.22

Only a few cells undergo differentiation
Heterocysts can not differentiate back
into an oxygenic photosynthetic cell!

Vegetative cell Heterocyst
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