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.. 1able 272 A Comparison of the Three
. Domains of Life
Prokaryotic Phylogeny

DOMAIN
Priokariyo'res bacl"erlia and CHARACTERISTIC Bacteria Archaea Eukarya
Gr‘ChaeG, were Of'iginally placed Nuclear envelope Absent Absent Present
: : Membrane-enclosed | Absent Absent Present
in the Kingdom Monera. orpanelle
. Peptidoglycan in Present Absent Absent
Recent molecular analysis of cell wall
nucleotide sequences have Membrane lipids Unbranched Some Unbranched
shown that these two groups hydrocarbons branched hydrocarbons
L. | ) hydrocarbons
Gl:'e distinct Y different and RNA polymerase One kind Several kinds  Several kinds
dlver'ge from one another very Initiator amino Formyl- Methionine  Methionine
ear‘ly in the hiS"’Of‘Y of life acid for start of methionine
’ protein synthesis
Domain Introns (noncoding | Absent Present in Present
Domain Domain Eubara parts of genes) some genes
Bacteria Archaea y
(Eukaryotes) Response to the Growth Growthnot  Growth not
antibiotics inhibited inhibited inhibited
streptomycin and
chloramphenicol
Histones Absent Present Present
associated
with DNA
Circular Present Present Absent
chromosome
Ability to grow No Some species No
. at temperatures
Universal ~100°C

ancestor
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Eukaryote

*Classification

1 Old 5 Kingdom system e
= Monera, Protists, Plants, '
Fungi, Animals

1 New 3 Domain system

¢ reflects a greater
understanding of evolution
& molecular evidence
= Prokaryote: Bacteria gy
= Prokaryote: Archaebacteria

= Eukaryotes

* Protists
+ Plants

-
-

'
’5_". e at )
==

Animalia

¢ Fungi

¢ Animals
Bacteria




Bacteria live EVERYWHERE! ==

= Bacteria live In all ecosystems
¢ on plants & animals
¢ in plants & animals
¢ in the soil
¢ in depths of the oceans
¢ in extreme cold
¢ in extreme hot
¢in extreme salt|
son the living [~ %
¢ on the dead

AP Biology

Microbes always ER—
flnd a way to -__ 'Tf;- ; -"'f.".i;w- g
make a living! 4




BACTERIA SHAPES

SPHERES (COCCI) ODS (B. SPIRALS

Streptococci
oy Qq (Streptococcus _— a
Vibrios
Diplococci Chain of bacilli Vit choleitia)
(Streptococcus (Bacillus anthracis)
pneumoniae) Tetrad
a _amay N
Spirilla
(Helicobacter pylori)
Flagellate rods
(Salmonella typhi) AN
Staphylococci Sarcina Spore-former
(Staphylococcus (Sarcina (Clostridium Spirochaetes

aureus) ventriculi) botulinum) (Treponema pallidum)



eukaryote cell

Bacterial Structure

%

prokaryote
cel

AN

= Unicellular 540
¢ bacilli, cocci, spirilli

m Sjze o)
¢ 1/10 size of eukaryote cell \

= 1 micron (1um)
= |nternal structure

¢ no internal compartments 1, weou
= no membrane-bound organelles

Cell wall

S .
ST SR /%
) e W
e 4 -/:'{.:}‘ '}t o /v,/
o A 4 7\
Prokaryotic
flagella

= only ribosomes
¢ circular chromosome, naked DNA
* not wrapped around proteins (no histones)
AP Biology




Cell wall

Replicated
DNA

Bacteria

N

e The cytoplasmic

Bacteria review %
¢ one-celled prokaryotes  ingona |

molecules
¢ Do not reproduce by
m itOSiS e Cross wall forms;

membrane

* Divides by binary fission  iaginates

y ':~,_\

¢ rapid growth
= New generation every. O Cross wall forms
~20 minutes completely
= 108 (100 million) colony
overnight!

+ dominant form of life on © Paushtercelis
Earth

¢ incredibly diverse

4/ <
4

Cytoplasmic
membrane



Bacterial Structure s

a— Cell wall

Circular chromosome

e Some prokaryotes have
fimbriae (a.k.a. attachment pili)

e allows them to stick to their
substrate or other —_— ]
individuals in a colony organization %

A R
SR \

Capsule G B
Y Sex pilus

e | Sex pili are longer than
fimbriae and allow

¢ The most common method of
locomotion in bacteria is the @Wm
allowing for taxis. —
’)‘
Hook
O

\ Basal apparatus
\ah
7

N

~

Flagella /

 The ability of mobile cells
move in a desired direction

away from stimuli

AP Biology

Cell wall

»,

Plasma ‘..



e
Bacterial genome

N

= Single circular chromosome
¢ Haploid (1n)
¢ No introns or exons
¢ Naked DNA

= no histone proteins

¢ ~4 million base pairs
= ~4300 genes
= 1/1000 DNA in eukaryote

¢ Bacteria do not form gametes § nor have sex

= How then do they increase their { genetic diversity?

¢ Genetic transfer is the mechanismY, by which DNA is
transferred from a donor to a
recipient.

Mutations
Transformation

How have these

Conjugation little guys gotten to
Transduction ‘%o diverse??




e
Prokaryote vs. Eukaryote Chromosome

Prokaryote

Eukaryote

double helix

Ve 1
ji Central hlstone} Nucleosome
r Spacer histone { }
AP Biology o Ik



S
VvV mitoc

ariations in Cell Interior
Exist in Bateria

cyanobacterium
(photosythetic) bacterium

N
%

aerobic bacterium

chloroplat

< g r—

AP Biology



e
Cell-Surface Structures

N
\J

. An important feature of nearly all prokaryotic cells is
their cell wall, which maintains cell shape, provides
physical protection, and prevents the cell from bursting
in a hypotonic environment

 Eukaryote cell walls are made of cellulose or chitin

« Bacterial cell walls contain peptidoglycan, a
network of sugar polymers cross-link
polypeptides Plasma

 Many antibiotics target peptidoglycan g
bacterial cell walls while Cell wall
bacterial ribosome

* A polysaccharide or protein layer
called a capsule covers many

"2 | Nucleoid
prokaryotes |, region oNa
AP Biology

Ribosomes

Prokaryotic
flagella



*Eubacterial Cell Wal

| Structure

[

Gram-positive bacteria

=y,

pe

That's
important for
your doctor

Gram-negative bacteria

cell wall -

peptide side

plasma membrane

chains

cell wall—
ptidoglycan

A -
......................
................

/

protein

peptidoglycan = polysaccharides + amino acid chains
lipopolysaccharides = lipids + polysaccharides

outer membrane of
lipopolysaccharides

outer
membrane

peptidoglycan —

plasma |
membran g




_ peptldoglycan = polysaccharides + amino acid chains |

opolysaccharides = lipids + polysaccharides
Eubacterial CeII Wall Structure
Both gram-positive and gram-negative Gram Positive

bacteria can be pathogenic

Plasma Membrane
Six
are known to cause disease in Periplasmic space
humans: Streptococcus,

Staphylococcus, Corynebacterium,
Listeria, Bacillus and Clostridium. Peptidoglycan

Many are also

pathogenic e.g., Pseudomonas

aeruginosa, Neisseria gonorrhoeae, pjasma Membrane

Chlamydia trachomatis, and Yersinia

pestis. Periplasmic space
Gram-negative bacteria are also more
resistant to antibiotics and their outer
membrane comprises a complex Outer membrane
lipopolysaccharide (LPS) whose lipid ji5n01ysaccharide
portion acts as an endotoxin. and protein

Peptidoglycan

AP Biology Gram Negative




Let's increase

Tra n sfo rm ati on genotypic diversity.

= Many bacteria are opportunists _

¢ pick up small pieces of naked foreign DNA
wherever it may be hanging out

= have surface transport proteins that are Remember Griffith?
specialized for the uptake of naked DNA - i
+ While E. coli lacks this specialized mechanism, it b el dllipe

can be induced to take uE small pieces of DNA if pathogenic &
cultured in a medium with a relatively high non-pathogenic
concentration of calcium ions. bacteria

¢ import bits of chromosomes from other
bacteria

¢ incorporate the DNA bits into their own o \v
chromosome /GF |
= express new genes ST L
¢ Process of internalizing foreign DNA= S e e
TRANSFORMATION

= The genetically transformed cell is called a mice die _

. ‘ trIc:ecatlrjlsedit has a giﬁlerent /
genetic makeup than the donor and the 4 T

recipient - Found living

= Give rise to genetic diversity in the . k pathogenic

population = diversity in the population. ;;i;,\,_“;;- bacteria in
= form of ‘recombination’ R blood




e
Generating Genetic variation
In bacteria

® Mutations
2

N
J

= binary fission
.

(prokaryotic DNA polymerase lacks
proofreading ability that)

* 1in every 200 bacteria has a mutation

= you have billions of E. coli in your gut/
¢ |ots of mutation potential!

m Genetic recombination

bacteria share genes

= plasmids contain extra genes

+ small supplemental @ '®)
circles of DNA

= conjugation = the process by which bacteria can share a
copy of their plasmid or genes with neighboring bacteria

conjugation + direct transfer of DNA “horizontally”

B 2k s



e
Extrachromosomal DNA exists inside prokaryotes

= Plasmids o

+ Small supplemental circles of DNA
= 5000 - 20,000 base pairs
= self-replicating ®)
+ Replicate separately

from chromosome
¢ carry extra genes

N

O

o = 2-30 genes ©
+ Often also genes for antibiotic resistance
i ¢ Plasmids can be exchanged between bacteria O

= bacterial “sex” = CONJUGATION

& = can lead to rapid evolution!!!

o ¢ can be imported from
environment

AP Biology © O



Sex Ine T donor cell containing
I o o ple i Eolasnk i astie o
i synthesizing a sex pilus.

Conjugation

= A special plasmid is needed for — Oonor e gggg;l Reipint o
CO ni U CI ati O n T:cepszztp’_lluse(;:)nlacts the

¢ The F plasmid (fertility
plas_mid)_facilitates

conjugation.
. - . ilfvf;fon o The plasmid is activated for
* This can give a bacterium DNA orranstr cloavesono sand ol ONA S
new genes that may help it the orignof transter.

survive in a changing
environment. % %O

+ Some plasmids can integrate — R
reversibly into the bacterial srees Gl logoer T F asm
chromosome. 5553;? Li,‘JiEZ?B‘L"Aa;;i’J?é"'

F plasmid transfer '

= An integrated plasmid is
called an episome.

The complementary strands

+ Bacteria that have a F 0o s s
= are synthesized in tne donor
plasmid are referred g;;:e;s p an it cls. Boh
a functiona the sex pilus. ’
to as as F+ or male. 2t

¢ Those that do not < -
have an F plasmid are %00 %o
F- of female.

F* cell Ft cell




Conjugation

" The F plasmid consists of
25 genes that mostly code
for production of sex pili.

¢ A conjugation event
occurs when the male
cell extends his sex pili
and one attaches to the
“female” (F- bacteria)

= This attached pilus is a
temporary cytoplasmic
bridge through which a
replicating F plasmid is
transferred from the male
to the female.

+ When transfer is
complete, the result is
two “male” cells.

Donor cell

STEP 1
Contact

STEP2
Activation of
DNA for transfer

Origin of transfer

BB

F* cell

STEP 3
Plasmid
transfer

Of\«%b

STEP4
Synthesis of
a functional
plasmid

@O

Sex
pilus

Ine kT aonor cell containing
an F plasmid is capable of
synthesizing a sex pilus.

l Remplent cell

_—

The sex pilus contacts the
recipient F~ cell.

<

F plasmid transfer

3

The plasmid is activated for
transfer when an endonuclease
cleaves one strand of DNA at
the origin of transfer.

The sex pilus retracts and
pulls the donor and recipient
cells together. The F plasmid
is transferred as a single-
stranded DNA molecule.

The complementary strands
to both F plasmid strands
are synthesized in the donor
and recipient cells. Both
cells are F* and synthesize
the sex pilus.




Conjugation
¢ The F plasmid can behave as an episome.

* When the F+ plasmid is integrated within the bacterial
chromosome, the cell is called an Hfr cell (high frequency of

recombination cell).
+ Hfr cell still behaves as a F+ cell, transferring F genes to a F-cell, but
now some of the bacterial chromosome is moves along with the
episome to the new bacterial cell

F plasmid Bacterial chromosome

M:nce" é @_} ‘% © O © F+ ceII Q ©
D, O (OO

F-cell’ “Bacterial S
chromosome

(a) Conjugation and transfer of an F plasmid

— Recombinant

(_I. i- \ F- bacterium

-

—_— :;““ A__"'i
U. Homolog us genes (aIIeIes)
factor DNA

in the “new”
and the bacteria’s

(b) Conjugation and transfer of part of an Hfr bacterial chromosome chromosome are swapped

Hfr cell \

F factor

F- cell



R Plasmids and Antibiotic Resistance

N
\V

e R plasmids carry genes for antibiotic
resistance

- Antibiotics select for bacteria with genes
that are resistant to the antibiotics

e Antibiotic resistant strains of bacteria are
becoming more common

N\ sex pilus
donor's
nucleoid
R plasmid

Bacterium with R plasmid:
multiple antibiotic resistant
and male (donor).

AP Biology Bacteriu_rn without R plasmid_: gntibiotic
sensitive and female (recipient).



Mutations are a big source of genetic diversity

N

T= But together with transformation, conjugation, and finally transduction,
genetic information gets shared.

¢ Transduction - when viruses inadvertently carry genetic
information from one bacterial cell to another

Phage protein coat
—(O
@ Bactenal chromosome

| Recombination |

7~ \
= Donor cell
are obligatory Phage DNA
Ir‘-t racellular paraSItgs 2L mUSt o A phage infects the 9 Phage DNA and proteins
invade a host cell in order to donor bacterial cell. are made, and the bacterial
reprod uce chromosome is broken down
: into pieces.
Bacterlal DNA
Donor Recipient
bacterial bacterial
Pg; A DNA DNA
N i
b At O) — ( O)
Recipient cell Recombinant cell
€) Occasionally during phage ) A phage carrying bacterial ) Recombination can occur,
assembly, pieces of bacterial DNA DNA infects a new host cell, producing a recombinant
are packaged in a phage capsid. the recipient cell. cell with a genotype different
AP Biol Then the donor cell lyses and from both the donor and
10l0gy releases phage particles containing recipient cells.

bacterial DNA.



Bacteria make recombinant DNA = increase their
genetic diversity

—>—— a Bacterial transformation

Release of

=D

Antlblotlc
resistance gene

Donor cell Recipient cell

¥

Recipient cell

b Bacterial transduction

E E J Release of

phage

Phage-infected donor cell

C Bacterial conjugation

(oo

Transposon Donor cell Recipient cell

AP Bio




Prokaryotic metabolism

= How do bacteria acquire their energy & nutrients?

¢ Where does it get C from for making organic compounds....

* Auto = C from CO2
= Hetero = C from organic compounds

¢ Where is energy harvested from
= Photo = energy from sunlight
= Chemo = energy from chemical bonds
= photoautotrophs
¢+ photosynthetic bacteria
= chemoautotrophs
¢ oxidize inorganic compounds
= nitrogen, sulfur, hydrogen...
= chemoheterotrophs
¢ live on plant & animal matter
¢ decomposers & pathogens

Pili ONA Pili ONA




Table 27.1 Major Nutritional Modes

Mode of
Nutrition

Autotroph

Photo-
autotroph

Chemo-
autotroph

Heterotroph

Photo-
heterotroph

Chemo-
heterotroph

Energy
Source

Light

Inorganic
chemicals

Light

Organic
com-
pounds

Carbon
Source

CO,

CO,

Organic
com-
pounds

Organic
com-
pounds

Types of Organisms

Photosynthetic prokaryotes,
including cyanobacteria;
plants; certain protists

(algae)

Certain prokaryotes (for
example, Sulfolobus)

Certain prokaryotes

Many prokaryotes and
protists; fungi; animals;
some parasitic plants




e
The Role of Oxygen in Metabolism

N

e Prokaryotic metabolism varies with respect to O,:

Obligate aerobes require O, for cellular respiration

— Use their plasma membrane instead of mitochondria for
their Electron Transport Chain, pumping H+ out of the cell
and allowing diffusing back into the cell to make ATP

In prokaryotes the enzymes and intermediates of the Krebs
cycle are distributed throughout the cytoplasm.

ol am  The pyruvate-dehydrogenase complex (catalyzes the
o o conversion of pyruvate to acetyl CoA) and electron transport
system are associated with the plasma membrane.
=== Some bacteria do not use organic molecules as the

source of electrons.

.......
......
RN BEA e
X ) MECOOCESAS

s These bacteria can strip electrons directly from
inorganic substances (such as H.,S, H,, or Fe**)

Aerobic species of prokaryotes use O, as the final




[P0 — W, ~[O0

The Role of Oxygen Gilooss ooronidED  |00E
|in Metabolism i :
* | Prokaryotic metabolism mﬁ%&mo%
varies with respect to O,: PRI
1. Obligate anaerobes are o ~'

—
D GA NAD"'(_Pi m

poisoned by O, and use

fermentation or anaerobic
respiration

2, Facultative anaerobes

can survive with or
without O,

;;;

pea
ES

210qeeW Buieq ssoon|B I gnogoWw
OES 10} 87 SINT00 sd8)s 8581 JO YSET

-

Alcoholic
fermentation

Lactic acid
fermentation




e
Nitrogen Metabolism & the Nitrogen Cycle

e Prokaryotes can metabolize nitrogen in a variety

of ways

In nitrogen
fixation, some

chemohetero-
trophic
prokaryotes
convert
atmospheric
nitrogen (N,)
to ammonia
(NH,)

e Other prokaryotes
then convert NH,

NOZ- and NO3',
the chief

way plants get
their nitrogen!!!

Nitrogen in e
atmosphere (N3)

4
\ ,/!b

DERitrifying
hcteria

Nitrates (NO5")

e L%

&N

."--'-'-

Nitrogen-fixing

bacteria in 2 }1

root nodules VB
o U7

of legumes

Decomposers
(aerobic and anaerobic
bactena and fungi)

@ Nitrifying
Ammonification Nitrification bacteria

@ Ammonium (NH,*) &

Nitrogen-fixing Nitrifying
soil bacteria bacteria




Chemical Cycling

N

%
o

Prokaryotes play a major role in the recycling of
chemical elements between the living and nonliving

components of ecosystems  DECOMPOSER $

 Chemoheterotrophic

They Consume(eat) dead plants ¢

Qnimals and decomposes them- reduc

them do simpler forms of modter:

PRIMARY DECOMPOSERS
Fungi ¢ Bom’feria)

prokaryotes function
as decomposers,
breaking down
corpses, dead
vegetation, and
waste products

+ These bacteria convert organic molecules back into
organic ions in the soil - the minerals photosynthetic
organisms like plants will later absorb to make their
organic molecules out of, which are then passed through

AP Biology the ecosystem when consumers consume producers.



Bacteria as pathogens

N
WV

= Disease-causing microbes

¢ plant diseases
= wilts, fruit rot, blights

¢ animal diseases

= tooth decay, ulcers

= anthrax, botulism | N R

= plague, leprosy, “flesh-eatlng” dlsease

= STDs: gonorrhea, chlamydia

typhoid, cholera
= TB, pneumonia
* lyme disease




e —
Bacteria also include beneficial &
necessary organisms

N

N
L

= Life on Earth is dependent on bacteria

= Prokaryotes are so important to the biosphere that if they were to
disappear the prospects for any other life surviving would be dim

¢ decomposers

* recycling of nutrients from dead to living

b @ * nhitrogen fixation
= ONLY organisms that can fix N from atmospherev)
+ needed for synthesis of proteins & nucleic amds/lg

¢ Live in plant root nodules -
¢ help in digestion (E. coli ©

= digest cellulose for herbivores
¢ Can make cellulase enzyme

=" )« produce vitamins K & B,, for humans

¢ produce foods & medicines
* from yogurt to insulin

f
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