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Bacterial Genetics
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o strugiwes blologlcal

___Characteristics of bacteria are

~ controlled by DNA encoded &
expressed genes.

= Bacterial Genome: S,
Chromosome, single circular e

double-stranded DN.A. | ym

ﬂ—um Iong COntalnS 4 Guanine Cytosine
, 106 nucle%’ ases, =
Sugar Phosphate
— Backbone
sand different genes.

According to bacteria types.



Ribosomes through tRNA into various
protein structures and enzymes with
diverse functions
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BACTERIAL GENETICS
. CENTRAL DOGMA

Heplication Transcription Iranslation

B

DNA RNA —— PROTEIN

Heverse transcriptase

DNA template DNA template (sense strand)  mRNA template

DNA polymerase |l RNA polymerase ribosomes

replication proteins  transcription factors translation factors

dNTPs, ATP, Mg2t  NTPs, Mg#* AAs, tRNAs, synthetases,
ATP, GTP Mg2*




= Gene : A segment of DNA specifies production of a
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= Bacteria with similar organization and location of
essential genes are grouped within the same Family-
Genus-Species- strains.

* The sequence analysis of bacterial genomes has
confirmed that genetic change / mutation in bacteria

s both by alteration of the DNA base sequence,
~gain or los gments containing

= Bacterial genome includes Chromosome & DNA
Plasmid, DNA / RNA Bacteriophage



Bacterial Genes-2

~ Tundamental tcC 2 unaerstanadinge ""“"f Yy and
evolution of microorganisms. |
= Genotype /Wild Type : Represents all potential

genes of bacteria cell.. Its genome.. All Inherited
essential biological features & Growth patterns.

* Phenotype: The observed characteristics of the of the
iIndividual bacteria species/strain. Expressed by
physical & biochemical properties. Growth patterns,
Fermentation products, Antibiotic resistance, Toxins

~production. .etc. - R
-%@I bio-engineering has made important

fibutions to medicine, food agriculture & industry,
medical drugs like Insulin ,Interferon, Vaccines




= Lab diagnosis of pathogens: _ PCRamplification
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(PCR technlque) aIIows [
amplification of specific region
‘'of DNA to detect few number of
microorganism/ cell DNA in
clinical specimens.. Blood,
Urine.. identify cause of
Disease.

= 16S ribosomal RNA gene
(16srRNA) is highly stable in
. most bacterial types
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Polymerase chain reaction amplification of the ply gene from a

reference Streptococcus pneumoniae strain and from cerebrospi-
nal fluid (CSF) samples from pneumococcal meningitis confirmed
cases. 1: molecular weight marker; 2: reference strain (ATCC 49619);
3: culture-positive C SF sample; 4: antigen detection-positive CSF
sample: 5: Gram stain-positive CSF sample; 6: negative control.




© stranded autonomous DNA
- =Replicate-by itself
= |t often carries nonessential genes such as

resistance to antibiotics, virulence factors
(bacteriocin, enterotoxin, adhesion factor).

2lasmids vary in size, copy number and host -
nge.. terial cell
ains1-10 plasmids.




Selectable
Marker

Antibiotic
Resistance
Gene

Plasmid Map

Origin of Replication

Fromoter

S Primer Site
Restriction Site

Inserted Gene

Restriction 5ite
3’ Primer Site




4 —_— Y -— iqr "N IT W " g — --..*i-; " ravyay __'r_.—g- 7

Types of Plasmids

o —— — e i - S it

P_W_u

F—p/asm/d F-factor Plasmid Fertlllty S
Produces Pilus.

Bacterial Conjugal junction
chromosome

f
Replication
and transfer
of F factor
—_—>

ON,

F ™ cell F* cell F* cell

F* cell
(a) When an F factor (a plasmid) is transferred from a donor (F*) to a recipient (F ), the F ™~ cell is converted to an F* cell.
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2. Nonconjugative plasmid:

acterial cells. e

3.—~Iransposones / integrons: (jumping genes)

Nonessential small genetic elements that can exist in two ways
In the bacterial cell: Both can be integrated into the bacterial
chromosome or attached to plasmid in the cytoplasm

O
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chromosome plasmid
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ed’relaent genera Speues E.coli 'S“a/mon T
....Pseudomonas.. etc. contribute to spread antibiotic
resistance within short time.

= Narrow Host Range Plasmid: Only capable of
replication in a single bacteria species. £.coli or very
closely related bacteria species.

= Donor bacterial cell that donates some of its DNA to
another cell..

pient bacterial cell that recsives DNA from the
onor cell.
. ransfer iIs common in most Bacteria.. Emerge
of new pathogenic strains.. R-strains, Toxic/virulent
strains etc.




Genet] nange In Bacteria
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appeaéance of new pathogens developmen of antimic
~_resistance.. can occur and become widespread over a short
- period of time——

= Mutation affects the epidemiology & virulence of a pathogen..
contribute to changes In the nature and prevalence of certain
Important infections.

= Genetic variation in bacterial antigens (capsule, toxins) of

mathogens can seriously complicate the development of
es again anisms. ———

enetic change accounts for the evolution of bacterial
pathogens.. Complicate Treatment of Infections.




Bacterial Mutation
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I Mutatlon of eX|st|ng DNA IS expressed in nucleotlde

- seguence changes (insertions, deletions, DNA
rearrangements like inversions, duplications,
transpositions) occur mostly spontaneously at a low
frequency of 103 to 1019 per bacterial cell.. bacterial
Strain

* Induced mutation followed mostly used chemical

- agents or radiation.. A slow genetic process-can. .
=~

E¥elog in vivo & vitro. —
IS genetic exchange process can produce dramatic

changes in the phenotypic properties of an bacterial
strain.. Development of Resistance.. Toxigenic Strains







Mechanism of gene transfer between bacteria
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~ DNA released by dymg hacteria .. taken up y other be
cells and mcorporated into the chromosome/ plasmid by
- homologous recombination.

= Only certain pathogens (S. pneumoniae, N. gonorrhoeae ) are
capable of doing this process in vitro or vivo ..under natural
condition.

2. Conjugation: It occurs mostly in Gram negative bacteria.. By

ce Factor F WELLY factor)
#:snmld Co

jugative plasmid.

-

replicating itself. 1t

rom host to host




Incx:rporatton OR \Degradaﬁon
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Stable transformation Unsuccessful transformation




Transformation with a plasmid

S DNA plasmid

Bacterial
5 ‘o,_.'@coum'm'n_rn_% chromosome
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1 Uptake of

plasmid
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Stable transformation




Conjugation

A cell comaining the F Tactor is called an
F* cell. Bacteria that carry F factor can
produce sex pili. Aswwas mentioned in
Bacterial Structure, anly a feww sex pili
are todnd per cell.

Theze structures reach ot and anchor
the F'cell (alka donor cell tao a
recipient cell that does not contain the
F factor (aka F cel).

COnce cortact is established
between the F* and F~ cells, the F C:F [::J
plasmid transters a linear strand of
it= O~ to the recipient (F D cell and

retains the circular strand. -

e _l' e
For plasmid transfer, the contact
between donor and recipient cells has P— S rerererereren

to be maintained for only a couple aof
minutes. Wwhen the sindle-stranded, {:} {:}
limear caopy of F enters the recipient

cell, it circularizes and replicates the O3

missing strand. T he single-stranded, O
circular copy of F retained by thhe donor

cell alzo replicates the missing strand. A ey
The end result of conjudgation is that

both the donor and recipient cells now F + F+

contain Tunctional copies aof th_:a F
plasmid. (So, they are both F cells)



Transductlon

» ' 11l | -' | |
Uull! , 1 CL AJ( UUICL ‘-“-1“- -l

' —bactemlacklngspe0|f|c reC'G'ptOI’ are |m§
that particular phage.

I

be

Transduction Is the process of moving bacterial DNA from one cell
to another using a bacteriophage.

Bacteriophage or just “phage” are bacterial viruses. They consist
of a small piece of DNA inside a protein coat. The protein coat
binds to the bacterial surface, then injects the phage DNA. The
phage DNA then takes over the cell’'s machinery and replicates

many virus particles.
ﬁms of transgu_cnon — | e —

T~
of the bacterial genome can be -

tr (=

2. specialized: only specific pieces of the chromosome can be
transferred.
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- Lytlc /V|rulent phage the phage produces progeny and IyS|s
~the host cell..-Generalized Transduction.. Pick any part of
bacterial chromosome

= Lysogenic / Temperate phage.. A phage that can enter into
lysogeny with its host. insert certain genes into bacterial
chromosome.. Prohage ..

#nic state / Iysogeny..
geni ain to toxogenlc

-Hemolytic Sz‘repz‘ococcv (Group A)..
z‘aphy/occocus aureus.. production of toxins by specific
bacteriophages.. increased virulence




hehacteriophage Thecapsiy  Uneenthehost  Theviusgoes  Thehost bacteriumis bysed
daysonthe 0l e through ts anid the viral prageny are
otddecfthe  Pacterophage replication cycle.  released,
hoet cell. The sutwertsthel Viral genomes are
vir DN g ostsmachinery. — produced and

injected into packaged into
the host cell LA,




Phage attaches Occasionally, a prophage exits
~ to host cell and the bacterial chromosome,
Phage DNA - <(J injects DNA. initiating a lytic cycle.
4 C——= -",- z ~ ,;\“J"
— | (_,- e~ ) S\ \_ — Many cell divisions
Z = > i A N produce a colony of
/ Bactnrlal \, / \,\ bacteria infected
, chromosome \ 7 . with prophage.
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Cell lyses, Phage DNA Bacterium reproduces normally,
releasing phages. circularizes copying the prophage and
» / \ transmitting it to daughter cells.
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\\ //- \\‘ Proph.” /"_/
N = . N _ : N A
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New phage DNA and Phage DNA integrates into
proteins are synthesized the bacterial chromosome,
and assembled into phages. becoming a prophage.
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Assay for Lytic Phage
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\ :H' Phage
Eﬁ- P
* Plague assay U
I ] Baciens
— Method H“ﬁ\é |
~ Plague forming unil L Phage
(ptu)

— Measures infectious
particles






Generalized transduction

L

Transduced cell
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Specialized transduction
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