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Bacterial aer\eﬁc mechanisms

. New antibiotic resistance and emerging pathogens.

. Diseases seemingly under control reappear

. New diseases (at least new to us) emerge and spread.

. Bacteria use mutation and recombination for genomic change

. They have powerful mechanisms for exchange of genes
between cells that do not even have to be closely related.
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. change in the nucleotide sequence of DNA
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Mutations occur in nature at a low frequency

But the large size of microbial populations ensures the

presence of many mutants.

bacteria are haploid,
the consequences of a mutation, even a recessive one,

are immediately evident in the mutant cell.
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Kinds of Mutations

Mutations are heritable changes in the structure of

genes
Active, form of a gene is called the

. The mutated, usually inactive, form s called the

. 2types
. polar mutation
. frameshift
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. involve the substitution of one base for another.
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. involve the removal and addition, respectively, of a

single nucleotide (and its complement in the opposite

strand).
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. involve the addition of many base pairs of nucleotides

at a single site.
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. remove a contiguous segment of many base pairs.
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* DNA 3-CTC CTC CIC-5
* RNA 3-GAG GAG GAG-5
* Protein Glu- Glu- Glu

* Replacement
* DNA 3-CTC CTC CAC-5
« RNA 3-GAG GAG GUG-5
* Protein Glu- Glu- Valine
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* DNA 3-CTC CTC CTC-5
* RNA 3-GAG GAG GAG-5
¢ Protein Glu- Glu- Glu
* Frameshift
* DNA 3-CTC CCT CCT C-5
* RNA 3-GAG GGA GGA G-5
* Protein Glu- Gly- Gly
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A

Flasn GAGAAT TAC
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@ Deletion
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c GAGATTAC
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GAGA-T TAC CTCT AATG



| Inversion
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Inversions

change the direction of a segment of DNA by splicing
each strand of the segment into the complementary
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. produce a redundant segment of DNA, usually adjacent
to the original segment.
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. If areplacement mutation in a codon changes the mRNA
transcript to a different amino acid, it is called a
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. an AAG [lysine] to a GAG [glutamate)).
. The resulting protein may be enzymatically inactive or very

sensitive to environmental conditions, such as temperature.

. If the replacement changes a codon specifying an
amino acid to one specifying none, it is called a
(eg, a UAC [tyrosine] to UAA [STOP)).
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RECOMBINATION
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. The process in which nucleic acid molecules from
different sources are combined or rearranged to
produce a new nucleotide sequence.

. In eukaryotes, this occurs by crossing over during
meiosis.
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. The source of recombinant DNA may be:

1- another part of the same chromosome (endogenote)
. Transposition

a- Insertion Sequence O#cod puudiin recombination JI
o powgeg)Sl uas oo oSy endogenote Ll
b - transposons 7 I
I oo 0y3bas (isSi g LUl exogenote gl
Ll

2- from outside the cell (exogenote)
. Transformation 8a>9 JS Juadizh) dnn
. Transduction
. Conjugation



TRANSPOSITION

. Transposable elements that are genetic units capable of mediating

their own transfer from:
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. one location to another on the same chromosome,
. between chromosome and plasmid.

. Synthesize their own site-specific recombination enzymes, called

. The major kinds of transposable elements are

elements and transposition g ysuas Jl
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. Insertion sequence (IS) elements are segments of DNA that encode
enzymes for site-specific recombination and have distinctive
nucleotide sequences at their termini.

. Different IS elements have different termini, but, has the same
sequence of nucleotides at each end but in an inverted order.

. Only genes involved in transposition (eg, one encoding a

transposase) and in the regulation of its frequency are included in IS.
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The simplest transposable elements. oty .
Liass Lo 32y .
IS Jl ade

. contain only genes for transposition

« Such aninsertion is actually a mutation that alters or destroys the

activity of the gene bl wlats; N ool 1S 1 2k o ke
didybog

Trans Po;ons

. IS elements are components of transposons (Tn) that are
transposable segments of DNA

. containing genes beyond those needed for transposition.

. A central area of genes bordered by IS elements.
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GENETIC EXCHANGE

Despite the fact that bacteria reproduce exclusively asexually, the
sharing of genetic information within and between related species is
common and occurs in at least three fundamentally different ways.
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Conjugation

. All three processes involve a one-way transfer of DNA from a
donor cell to a recipient cell.
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involves the release of DNA into the environment by the lysis of some
cells, followed by the direct uptake of that DNA by the recipient cells.
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the DNA is introduced into the recipient cell by a
bacteriophage that has infected the bacterial cell.
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. involves an actual contact between a donor and recipient cell
during which the autonomously replicating, extrachromosomal DNA
of a plasmid is transferred.

' . Transformation ,.(, & w&,
R Transduction Bfsa - { g
--'.\". ?g; J'— = %&
- e
L Conjugation =3 g
campetent bacteriem ;"é;."‘ O e O £



TRANSDUCTION CONJUGATION

TRANSFORMATION

3
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Transformation involves uptake of short Gonjugation involves transfer of DNA
fragments of naked DNA by naturally DNA from one bacterium into another material via sexual pilus and
fransformable bacteria, via bactenophages requires call-to-cell contact

. all three mechanisms are distributed among both Gram-positive

and Gram-negative species;

. only transformation is governed by bacterial chromosomal genes.

. Transduction is totally mediated by bacteriophage genes, and

conjugation, by plasmid genes.
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Transformation

. The ability to take up DNA from the environment is called

competence,
Encoded by chromosomal genes that become active under certain

environmental conditions.

. Transferee of naked DNA
. dsDNA bind to receptors
. One strand degraded by

nuclease
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Artificial +ransformation
Some species do not naturally enter the competent state,

but can be made permeable to DNA by treatment with agents that

damage the cell envelope,

The experimental use of E coli,
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Transduction

. Transfer of genetic information from donor to recipient cell by
viruses of bacteria called bacteriophages or simply phages.

. The phages infect sensitive cells by adsorbing to specific receptors

on the cell surface and then injecting their DNA or RNA.
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. Phages come in two functional varieties according to what

happens after injection of the viral nucleic acid.
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. cause lysis of the host bacterium
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Temperate phages

- May initiate a lytic growth process
lytic cycle JI J>3 (Son

or can enter a quiescent form (called a

»>b Gl quiescent form J5a5 oSee o
prophage), ki § aatl da

the phage DNA integrates into the
bacterial chromosome.

. Theinfected host cell is permitted to
proceed to growth and division but
passes on to its descendants a prophage ( S ) ( a0 )
genome i ‘

JIJis g plwdil lgdyuay 21) LSl sl
lasle>3 prophge genome

. The bacterial cell that harbors a latent
prophage is said to be a lysogen and its
condition is referred to as lysogeny.

Bacteria:*exists*
Bacteriophage:
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O Occaslonally, the prophage may

Phage attaches excise from the bacterial chromosome
F:augt: Dﬂ:ﬂ"d to host cell and by another recombination event,
(double stranded) - & j;jects DNA initiating a lytic cycle

-~ Bacterial
chromosome
m raocbeos
\ / \\divieiana w
’ Lytic ~ x
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@ Cell lyses, releasing Ph_age DNA circularizes and enters @ Lysogenic bacterium
phage virions lytic cycle or lysogenic cycle reproduces normally

/\@’

N\

D) New phage DNA and 1) Phage DNA integrates within the
proteins are synthesized bacterial ck by binati
and assembled inio virions becoming a prophage
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. For the most part, transduction is mediated by temperate phage,
Conjuaa’rion
. “Sexuality in Bacteria”

. the transfer of genetic information from the donor to a recipient
bacterial cell in a process that requires intimate cell contact.

. Inmost cases, conjugation
involves transfer only of e

plasmid DNA; < . R ; '

. transfer of chromosomal DNA
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Plasmids

Plasmids are autonomous extrachromosomal elements composed
of circular double stranded DNA;

A single organism can harbor several distinct plasmids and single or

multiple copies of each.
Bacterial DNA Plasmids
S ZH

host cell JIlg> cacban )Nl &l dogo dnds

They replicate within the host cell 74 3
recipient Jl lg=> Live g

partitioned between the daughter cells at the time of cell division.

many plasmids are able to bring about their own transfer from one
cell to another by the products of a group of genes that encode the
structures and enzymes required.

Such plasmids are conjugative plasmids
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some conjugative plasmids can transfer themselves only between
cells of the same or closely related species,

others are promiscuous, promoting conjugation across a wide

variety of (usually Gram-negative) species.
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. Nonconjugative plasmids can under some circumstances be
transferred owing to the conjugation apparatus of the latter;

. this process is called plasmid mobilization.

sl 9 digso Bg s 8 3l glai lg)adw Lo glgil Jodo nonconjugative JI
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. Plasmids usually include a number of genes in addition to those
required for their replication and transfer to other cells.

. The variety of cellular properties associated with plasmids is
very great and includes

. production of toxins, production of pili and other adhesins,
resistance to antimicrobials and other toxic chemicalsand
production of certain catabolic enzymes important in the
biodegradation of organic residues.
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. theF factor is a conjugative plasmid.
. contain a set of genes called tra (for transfer),

. which encode the structures and enzymes required.
. These include bridging structures such as a type IV secretion
system or in E coli the F factor-coded sex pilus,
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Old donor New donor

. The sex pilus has the ability to draw the donor and recipient cell into
anintimate contact needed to form a conjugal bridge through
which DNA can pass.

. The plasmid DNA is then enzymatically cleaved, and one strand is
guided through the conjugation structure into the recipient cell by
the action of various proteins

. Finally, circularization of the double-stranded molecules occurs, the
conjugation bridge is broken, and both cells can now function as

donor cells. pilus JI wlius dude suojdl dil Loy
ol Al sl Jain Lo asy &l oubad
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LS| : transferred plasmid
e | with the chromosome.
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Conjuaaﬁon in Gram-Positive

A secretion system

sex pilus

The clumping of cells that contain a plasmid with those that do not.
This clumping is the result of interaction

between a proteinaceous adhesin on the surface of the donor
(plasmid-containing)
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R Plasmids

Plasmids that include genes conferring resistance to antimicrobial
agents
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