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DNA Recombination

* Recombination is a type of genetic
recombination in which nucleotide
sequences are exchanged between two
similar or identical rno'ecules of DNA.

» ltis used in horizontal gene transfer to
exchange genetic material between
different strains and species of bacteria
and viruses.



Section 2 Bacterial Genetic Elements

*Bacterial chromosome
‘Plasmid
*Bacteriophage

*Transposable elements



Genetic recombination
produces new bacterial
strains

* In addition to mutations, genetic
recombination generates diversity
within bacterial populations.

* Recombination occurs through three
processes:

1. Transformation
2. Transduction
3. Conjugation



Genetic recombination - transfer of DNA from one
organism (donor) to another recipient ¢The
transferred donor DNA may then be, intfegrated into
the recipient's nucleoid by various\mechanisms
(homologous, non-homologous).

Homologous recombination- homologous DNA
sequences having nearly the,same nucleotide
sequences are exchanged by means of Rec A
proteins. This involves\breakage and reunion of
paired DNA segments-as seen in (Natural

mechanisms of genetic’' recombination in bacteria
include:
gtransformation
B_Aransduction
e conjungation



1. TRANSFORMATION

* Transformation involves the uptake of free
DNA molecules released from one
bacterium (the donor celi) by another
bacterium (the recipient ceil).

* Discovered by Frederick Griffith in 1928 in
S.pneumoniae.

* In this experiment Griffith found out that a
virulent Streptococcus pneumonia
became virulent when exposed to heat
killed virulent cell.



Transformation ?\

* We aren’t going to speak much of this s, except to
note that it is very important for r% inant DNA work.
The essence of recombinant DNA teehhology is to
remove DNA from cells, mani it in the test tube,

' ' Vi &T{ In most cases this is

then put it back into livin
done by transformatioré
* In the case of E. coli ells are made “competent” to be

transformed by treatment with calcium ions and heat
shock. E. coli cells’in.this condition readily pick up DNA
from their surroundings and incorporate it into their
genomes

R




Griffith’s Transformation

Experiment

* Frederick Griffith in 1928 performed
experiment with Streptococcus pneumonia
bacteria in mice.

* This showed that something passed from
dead bacteria into nearby living ones, allowing
them to change their cell surface.

* He calied this agent the transforming principle,
but did not know what it was or how it worked.



Bacteria with
polysaccharide
capsule

|

Type IIR: Type I11S:
living, living, virulent

nonvirulent

Inject mice

”~

|
Y

Survives; Dies; type 1S .~

no bacteria yirulent

recovered / E bagteria
/ reécovered

Type 11IS:
heat-killed,
nonvirulent

Y
Survives;
no bacteria
recovered

Type IIR:
|Wﬁ19, +
nonvirulent

Y
Dies; type IIIS
virulent
bacteria
recovered

Type I11S:
heat-killed,
_nonvirulent




Figure 7.33 Transformation in Strgptococcus pneumoniag-overview

Observations of Streptococcus pneumoniae Griffith's experiment: ;vﬂm transformation
- Living 1) . (XX Heat-t XX Heat-treated

o+
Live cells

strain R "y  dead ce dead cells of

' s train S
E\M _—=\|Injection 0 DR e WA n
\/" ; & into pieces
Capsule -
a
l A up DNA from the

strain S § Ej |
e . 1 environment and

|
Heat-treated
Y
” A ./ incorporate it into
- -7 Mouse dies - their chromosomes

oy |

s, Living strain R

dead cells of 23 Some cells take

(b) | ¥
. = Culture of !
R 2, . Streptococcus o |
| SR ~ from dead (8
Strain R live cells — . G, Transformed cells
(no capsule) 5 : ’ 5 acquire ablility to
%) - synthesize capsules
x /-"'"'"-—"‘- . " . 1 I“U!
Y 3 g %5) 7 Living cells :
' " with capsule \
(strain S) .
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COMPETENT CELLS &
COMPETENCE

* The ability of a cell to be transiormed,
depends on its COMPETENCE.

- COMPETENCE ¢ the 2 ability of a recipient
bacterium to take up DNA from the
environmert.

* COMPETENT CELL’S are those cells,
which can be transformed.



Contd.

* The mechanism of transformation involves 2
steps which are as follows:

* Step1: The DNA binding receptor on a
competent bacterium bhinds double stranded
DNA. As the DNA entiers the cell, one strand is
degraded, & the other strand is coated with
single-strand DNA-binding protein.

* Step2: The single strand of donor DNA is
integrated into the chromosome of the recipient
cell producing a DNA heteroduplex with different
alleles in the two strands.



(a) Transformation with DNA fragments (b) Transformation with a plasmid

]{ .\ / \DNA fragments §DNA plasmid

\ Bacterial
Bacterial chromosome

( @ chromosome ./ { ‘)
Uptake v | Uptake
of DNA & ot plasmid

L0 O 60

nonrecl rocal

re{:ombmauon / Degradation Stable transformation

Stable transformation Unsuccessful transformation




Transformation

+ Genetic recombination in which a DNA
fragment from a dead, dégraded
bacterium enters,a ¢ompetent recipient
bacterium and it’is exchanged for a
piece of the recipient's DNA.

* Involves 4-steps



http://'www.cat.cc.md.us/courses/bio141/lecguide/unitd/genetics/recombination/transformation/transformation.html

The 4 steps in Transformation

fragment of D
a dead ba : 5
— -\ Rec A

"""""""""""""" protein y

fragment of DNA from =
a dead bacterium living, competent
ciplent bacterium
A fragment of DNA from the dead donor

1. A donor bacterium dies and is de§ bacterium binds to DNA binding proteins on

the cell wall of a competent, living recipient
bacterium

dongr DNA

COY

recipient's DNA

3. The Rec A protein promotes genetic exchange
between a fragment of the donor's DNA and the
recipient's DNA

4. Exchange is complete



DNA Uptake in Bacterial

* Protein system allows DNA to move Transformation (details of

across cell walls

— Gram-negatives

— Similar system in Gram-pos.

PilQ aids in movement across

outer membrane
Quter

4 wuly \I'r.lr,r.t.r.r.fr h
- o.’.oaaa"q'.' L membrane

Pilin complex (PilE) moves
DNA across periplasm and

peptidoglycan . Plasma

...... j RUULBUBIAILLLIAY membrane
ComE is DNA binding protei
N is nuclease th t%es
one strand
Peptidoglycan
smembrane
- Plasma
membrane

(b) B. subtilis system 26



Transformation

Transfer of naked DINA from donor to recipient 1

genetic material and can be transferred host and recipient

Transformation experiment by Griffith sh at DN A is the
t c
DN A.

F.coli cannot undergo transformation naturally, hence it is made
competent in the lab.

The process is called “Artifi 1 Transformation’.

Physiological ability t
such cells are Compe

up DNA is called ‘Competence’ and
cells.

E.coli cannot ergo transformation naturally, hence made
competen e ;

This prog€edure 1s comparatively easy and simple.

Involves Calcium chloride or Electroporation.



Transformation by Calcium Chloride

Cells are incubated i1in a solution contai ivalent cations like
calcium i1n cold condition and a rapid he ock 1s given.

Surface of FE.coli is negdtiyely charged (Phospholipids,
Lipopolysaccharides) as well& s negatively charged.

The divalent cation shie negative charges and hence DNA
adheres to cell surfac

Divalent cations r@ so weaken cell surface making it more

permeable to @

Heat sh reates thermal imbalance within the cell.

DN A enters the cell either by pores on the surface or damaged cell
wall.



Transformation by Electrcrnoration

+ Electric shock is given to the cells which c?hs oles in the pores
of the membrane.

+ DNA enters through the porey&? N

* After the shock, pores c..\; sed rapidly by repair mechanisms of
cell membrane.

K



Conjugation

» Conjugation is the closest analogue in
bacteria to eukaryotic sex.

The ability to conjugate is conferred by

the F plasmid. A plasmid is a small circle
of DNA that replicates independently of
the chromosome. Bacterial cells that -
contain an F plasmid are called “F+". Mating of F+ and F-
Bacteria that don’t have an F plasmid are Bacterial Strains

called “F-".

F+ cells grow special tubes called “sex
pilli” from their bodies. When anF+ céll
bumps into an F- cell, the sex pilli ho'td Animation by
them together, and a copys6f'the £ Thomas M. Temy
plasmid is transferred fromtHe F+to the
F-. Now both cells aref#+

Why aren’t all E. coli F+, if it spreads like
that? Because thesF plasmid can be
spontaneouslyfost.




Bacterial Conjugation

Bacterial Conjugation is genetic recombination
in which there is a transfer of DNA from a
living donor bacterium\Yo.a recipient
bacterium. Often invelves a sex pilus.

+ The 3 conjugative processes
I. F conjugation
IT, “Hfr conjugation
ITIL. Resistance plasmid conjugation



2. Conjugation

*“CONJUGATION is the transfer of genes
between cell’s that are in physical contact
with another”.

“* The first demonstration of recombination in
bacteria was achieved by LEDERBERG &
TATUM IN 1946.

* JHOSUA LEDERBERG & EDWARD
TATUM, combined two different strains of E.
Coli and gave them opportunity to mate.

“* They found that, genetic traits could be
transferred among them, if physical contact
occurred.




Experimental Work Of
Joshua Lederberg and Edward Tatum

Meiced together
meat~ bic~ thr* leu™ thi*
and
mel* bio* fr‘_ir‘ leu—thi~
met= bio~thr* leu™ thi*

Y Y l
Nutrient agar plates lacking amino acige™siatin, and#amine
o~ \ 9"
N

’*-

Bacidhial Selonies

*:.;: . -

aArw

No colonies

WT

Sorme progeny obitalned
on mixing the two strains

mel* bio* thr kBu~Ih~

No colanies

No colofies.drose on plates
containing either strain A or strain
B alefie, showing that back

~mutations cannot restore
¢ \prototrophy, the ability to grow on
. Unsupplemented minimal medium.

"However, the plates that received

the mixture of the two strains
produced growing colonies at a
frequency of 1 in every 10,000,000
cells plated (in scientific notation,
T 10"

This observation suggested that
some form of recombination of
genes had taken place between the
genomes of the two strains to
produce prototrophs.
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The Fertility Factor {F)

The Fertility Factor (F) is a plasmid:
The F plasmid directs the synthesis of pili, projections.
Pilli,

— initiate contact with a re€ipiént

— draw the donor and recipient cells closer, and

— allows the F DNA, from the donor cell, to pass through a
pore into the recipientcell.

One strand of the"double-stranded F DNA is transferred

and then DNA replicates, restores the complementary

strand indoth-the donor and the recipient.

This replication results in a copy of F remaining in the
donor'd@nd another appearing in the recipient.



F+ and F- FACTORS

* |In 1950, WILLIAM HAYES,FRANCOIS JOCOB
and Eli h. Wolman established that-

Conjugating bacteria are of two mating types:-

1-male types which donates their DNA, these are
called f+ cells.

2-female types which are recipient of DNA
donated by F+ cells and are called F- cells.

* These F+ and F- are called FERTILITY factor
or F- factor or SEX factor.



PROCESS OF CONJUGATION

* The F Pili of the F+ donor cell make
contact with the F- recipient cell & pull the
cell together.

* Rolling circle replication transfer one
strand of the - factor into the recipient
cell.

* Transfer of F factor is completed, yielding
two F+ factor bacteria.



Terminology

The Donor

s F+
o Fertility factor

s> Gontains
genetic
material for
gene
exchange

s male” Q

o> F-

netic
aterial

s Female” cell

The Recipi%

he Conjugatsf

g0 HFR
> High
frequency
recombinant
so Resulting
genetic
recombinant

so lransfers
entire genomic

DNA when



1. Cell—Ce

Attachment Via Pilli 2 : M O bil i Z at ion Genetic Transfer of ssDNA

so Formation of “sex pilus” or F-bridge between

Synthesis. of Separalion and Formation
Coinpicmentary LA of Two F+ cells

s> Cells separate
= Form two F+ cells with completed recombinant plasmids
s> Both serve as donor cells for further conjugation

so Gomplementary strands of Df
replicated in both F- and

F- genome

[~ (“female”)
Thr, Leu”







Conjugation in Bacteria: F* xv\crosses

Donor
Bactenal

chromosome
n<
Plasmid §

Pilus
y o ;

' /'HF.I/I:*JIEH'I
(a) ¢

Two bacterial gﬂs are
pulled togethen, by a
Pilus’

O
)

Cun]ug.ﬂlun

(b)
Conjugation bridge, having a
pore, is formed between the
two cells.

One strand of the plasmid (F)
DNA, passes into the recipient
bacterium

Then, the single strands
replicate in both the bacterial
cells.



Figure 7.35 Bacierial conjugation-overview

£} Donor cell attaches to a recipient cell with
its pilus.

£ Pilus may draw cells together.

) One strand of F plasmid DNA transfers

P
v
,# By , ..;.‘:;
. * oF

F*cell F* cell

£} The recipient synthesizes a complementary
sirand to become an F+ cell with a pilus; the
donor synthesizes a complementary strand,
restoring its complete plasmid.

b)
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I. F+ Conjugation Progess

F+ Conjugation- Genetic recombination in
which there is a transfer“of an F+ plasmid
(coding only for a sex{pilus) but not
chromosomal DNA .frem a male donor
bacterium to a female recipient bacterium.
Involves a sex (conjugation) pilus. Other
plasmids presént in the cytoplasm of the
bacterium; such as those coding for
antibiotic-resistance, may also be
transferred during this process.




The 4 stepped F+ Conjugation

: sex pilus
kil 1. The E#m as an F+ plasmid coding
foras and can serve as a genetic

donﬁr'

2. The sex pilus adheres to an F- female
(recipient). One strand of the F+ plasmid
breaks

F+ plasmid

F+ male (donor)



The 4 stepped F+ Conjugaﬂo%(con'r'd)

3. The sex_pil racts and a bridge
is create en the two bacteria.
One strand «of the F+ plasmid enters

TWM bacterium

. Both bacteria make a complementary
strand of the F+ plasmid and both are now
F+ males capable of producing a sex pilus.
There was no transfer of donor
chromosomal DNA although other plasmids
the donor bacterium carries may also be
transferred during F+ conjugation.

http://www.cat.cc.md.us/courses/bio141/lecguide/unitd/genetics/recombination/conjugation/f.htm |



F plasmid Conjugation pilus Chromosome
ttaches to a recipient

ith’its pilus. The pilus
the cells together.

T

o

F

I'r..
4
¥
i
th
1

*".1.

Vi LT T S et

= B
b
i i T—
il e T . =

R R i, SR o1 A2y ) One strand of plasmid DNA
/ @ \ / \ transfers to the recipient.
% 4 & o 4

T T3, 0 L g

o, QP Ty The cells contact one another.

o
e BT

R MR T i B R e e
e il
g™

\ complementary strand to become
(3 i an F* cell; the donor synthesizes

W"J a complementary strand,
- restoring its complete plasmid.

1\? ) The recipient synthesizes a

L=
T T

F* cell
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Physiological States of K Factor

Autonomous (F*)
Characteristics of F* X F- crosses:
* K- becomes F* while F' remains F*

* Low transfer of donor chromosomal genes




Hfr Strains

Luca Cavalli-Sforza discovered a derivative of an F*st”‘raefh,-;in 1950.

On crossing with F~ strains this new strain prodtieed*1000 times as many
recombinants for ‘genetic markers’ as did asnorthal F* strain.

Cavalli-Sforza designated this derivative an Hfr strain to indicate a high
frequency of recombination.

In Hfr x F~ crosses, virtually none of the/P~ parents were converted into
F* or into Hfr.

This result is in contrast with F+ % F- crosses, where transfer of F results in
a large proportion of the F~ paréhts being converted into F*.

An Hfr strain results from the integration of the F factor into
the chromosome.

//' .
\ 4

#

P oy,  ——&DF

integrated F

Fertility factor F integrates into the host chromosome



IT. Hfr Conjugation

Genetic recombination in.which fragments
of chromosomal DNA from a male
donor bacterium are\fransferred to a
female recipient_bacterium following
insertion of an-F* plasmid into the
nucleoid of the'donor bacterium.
Involves_a sex (conjugation)pilus.



Conjugation in Bacteria: Hfr x F-

V\'
S

A

| \ LTI TITIIICLTTIITYY saineiiini 9
A single strand of F is -
transferred to a recipient
cell, along with the £opy of In the donor cell, host
a part of the host
R chromosome, a copy of F
In the recipiént cell/ a remains (due to
second strand is synthesized, rep lication Of the
for thetransferred DNA oy :
Caslie s remaining single strand)

* The chromosomal fragment transferred, can then recombine with the
recipient chromosome.



Hfr Conjugation

* When it exists as a free plasmid,
the F plasmid can only transfer
itself. This isn’t all that useful for
genetics.

* However, sometimes the F
plasmid can become incorporate&
into the bacterial chromosom
by a crossover between the
plasmid and the chromo e.
The resulting bacterial ce
called an “Hfr”, whic fo
“High frequency
recombination”.

* Hfr bacteria cOnj just like F+
do, but the copy of the

entire chirol me into the F-
cell. N\

r




5 stepped Hfr Conjugat'gns

male (donor)
P+ ™\ sex pilus
asmid
donor's 7
nucleald @

1. AnF smid inserts into the donor
e latmid buch& ucleoid to form an Hfr male.

Hfr male (donor) v

2. The sex pilus adheres to an F-
female (recipient). One donor DNA
strand breaks in the middle of the
inserted F+ plasmid.




5 stepped Hfr Conjugation (%HJA)

3. The sex pi s\ tracts and a bridge

forms betwe two bacteria. One

donor D% and begins to enter the

3 pucieoid, recipient erium. The two cells break

; W.Iy so the only a portion of the

donor bacterums DA nor's DNA strand is usually
erred to the recipient bacterium.

Fin‘;?aienfld E
%E 4. The donor bacterium makes a

complementary copy of the remaining
DNA strand and remains an Hfr
male. The recipient bacterium makes
a complementary strand of the
transferred donor DNA.




Fo plaamid 5. The dono fragment undergoes
genetic % e with the recipient
bacterium's/DNA. Since there was

ecpents TP of some donor chromosomal
ok Q‘ ut usually not a complete F+

id, the recipient bacterium usually

ains F-

http:/fwww_cat.cc.md.us/courses/bio 141/lecguide/unitd/genetics/recombination/conjugation/hfr htm |



Figure 7.36 Conjugation "“’C"fm‘g an Hir cell-overview

or chromosome

E)Portion of F plasmid partially
moves into recipient cell
trailing a strand of donor's
DNA

Incomplete F plasmid;
cell remains F-

L) conjugation ends with pieces
of F plasmid and donor DNA
in recipient cell; cells synthesize

complementary DNA strands.

{ ) Donor DNA and recipient
DMNA recombine, making a
recombinant F- cell.

Recombinant cell (still F-)

0 2013 Paarson BEdueation, ing




Physiological States of I Factor

Integrated (Hir)

Characteristics of Hfr x F- crosses:
* F rarely becomes Hfr while Hir remains Hfr
* High transfer of certain donor chromosomal genes
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Interrupted mating shows markers transfer at different times
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F* Conjugation

 Result when the F
factor incorrectly leaves
the host chromosome

« Some of the F factor is
left behind in the host
chromosome

« Some host genes have
been removed along
with some of the F
factor

— these genes/Can-be
transferred 10 a second
host cellby conjugation

Hfr F
A

S Tt

A Deintegration
IRy, including part of 4‘1
: bacterial Y
] chromaosome
)

Cells connected by type IV
secretion system
F’ F

(ol

(a

j\ F' plasmid begins

\/ replication and transfer.

) O

F' plasmid replicated
and transferred

F F

w3 =
) O

51



F+ = Hfr
REVERSIBLE

WHEN THE F FACTOR REVERTS FROM
INTEGRATED we 'FREE STATE IT MAY
SOMETIMES CARRY. WITH IT SOME
CHROMOSOMAL DNA FROM ADJACENT SITE OF
ITS AFTACHMENT

SUCH AN F FACTOR IS KNOWN AS F’ FACTOR



(F’) + (F-) —— SEXDUCTION

WHEN (F’) CONJUGATES WITH A RECIPIENT (F-
), IT TRANSFERS, ALONG WITH THE F
FACTOR, THE HOST DNA INCORPORATED
WITH IT.




Physiological States of K Factor
Autonomous with donor genes (F°)

Characteristics of F’ x F- crosses:
* F- becomes F’ while F° remains F’
* High transfer of donor genes on F° and low
transfer of other donor chromosomal genes




Conjugate with F*

<

Curing

Conjugate with ¥’

Deviational excision

Integrate

Transtorm of F plasmid
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3. TRANSDUCTION

* Transduction occurs when a phage (virus)
carries bacterial genes from cne host cell to
another.

- TRANSDUCTION IS A PHENOENON,BY WHICH,
BACTERIAL DNA 'S TRANSFERRED FROM ONE
CELL TO ANOTHER WITH THE HELP OF
BACTERIOPHAGE.

* Transduction was discovered by Norton
Zinder and Joshua Lederberg at the
University of Wisconsin—Madison in 1952.



Transduction ?\

* Transduction is the process of moving ial DNA from

one cell to another using a bacteri

* Bacteriophage or just “phage” are bacterial viruses. They
consist of a small piece of D A%de a protein coat. The
protein coat binds to the ﬁq’ | surface, then injects
the phage DNA. The phage:DNA then takes over the
ates many virus particles.

cell’'s machinery and
« Two forms of tra% ion:

» 1. generalize e of the bacterial genome can be

transferre
* 2. speci =only specific pieces of the chromosome can be
tranQ




What are Bacteriophages?

Bacteriophage (phage) are obligate
intracellular parasites that multiply

BACTERIOPHAGE

LSRR R TR IR R TR E ¢ Bacteriophages are viruses (PHAGE)
machinery (i.e., viruses that infect o e :
which infects the bacteria.......

bacteria

* Two types e e
| / % DNA HEEE

1.Bacteriophage T4 | N

2 Bacteriophage Lambda m

* The life cycle of these fwo involve:

*
Neck and collar

3

Infecting phage Ct:;re
-'3
a3

Fe 2
Sheath
End plate

) il wall
Injected o e

DNA

1.Lytic cycle
2.Lysogenic cycle



Heads are packed .=
with DNA. ¢ @

Empty phage heads // _/"] '® (F_;
are synthesized. \ |
W\ O [’:\: “-/-- /’) / J

e

The phage DNA directs
the cell's metabolism
to produce viral [
components—proteins '\
and copies of phage

Binary fission is
completed; eachy%

DNA. | o x‘% Q ) \ ¥ —
/) Phage DNA inserts itself

— lars, sheaths, and base plates
\ f ;} & have been attached to heads.
= . Y (@  Tail fibers are added last.

| N . Bacterial cell lyses,
g V" [(eleasing completed
infective phages.

)
'% Phage attaches to

receptor site on
' another bactenial cell
/' wall, penetrates it,
“ and inserts its DNA.

(as a prophage) into
bacterial chromosome.

/ . Phage is replicated along
Eﬁ“ hasD Ea ; ' with the bactenal DNA
phage / rior to binary fission.
.ncorpg@iea \ St y F ’
LYSOGENIC

\_EeEe
Q O)




Transduction

* Genetic recombination in‘which a DNA
fragment is transferred from one
bacterium to anotherrby a bacteriophage

Head/Capsid

Contractile — 0
Sheath

y Y
Tail Fibers ——{'T ?

Base Plate

Structure of T4 bacteriophage Contraction of the tail sheath of T4



PROCESS OF TRANSDUCTION

First of all, bacteriophage attaches to donor
bacteria.

They inject their nucleic acid (DNA) into
bacterium.

This DNA replicates rapidly, and also directs
the synthesis of neaw phage protein.

Then, the new DNA combines with new
proteins, to make whole phage particles.

These are then released by destruction of
cell wall and lysis of the cell.




Contd.

These phases are composed of its DNA
together with the donors DNA.

Now Then this phage atiacks the another
host and infect it.

the recipient DNA integrates with this DNA.
And it results In the transfer of DNA.

Recipient cell is now called TRANSDUCED
CELIE



The fate of exogenous DNA in Generalized
Transduction:
1) Complete transduction
2) Abortive transduction
Qr phage DA

D

Bagferia
DNA

Infected

a _ by ph:{ge
bacterium

'

Without

integration / \
inte ar ation

O]

Complete transduction Abortive transductior



Bacteriophage e
Host bacterial cell
(donor cell) =

S TN

EBacterial chromosormnme™ : .
. . nPh-ge% DA

g SENZYImMes
e host DMNAC

P hage with donor DA
(transducing phage)}

Flcell synthesizes new
phages that incorporate
phage DMA and, mistake nly,
some host DMNA.

Transducing phage

Recipient host

uTﬂu‘lﬁdutﬂﬂg phage
injects donor DN A,

M Donor DMNA is incorporated
into recipient’s chromosome
by recombination.



TYPES OF TRANSDUCTION

* Mainly there are two types of
transduction:-

l.e.

“* GENERALISED or NON-SPECIALISED
TRANSDUCTION

**RESTRICTED or SPECIALIZED
TRANSDUCTION



Transduction (cont'd)
+ There are two types of transduction:

- generalized transductions~ A(DNA fragment
is transferred from onebacterium to
another by a lytic bdacteriophage that is
now carrying donor“bacterial DNA due to an
error in maturation during the lytic life
cycle.

- specialized _¥r@nsduction: A DNA fragment
is transférred from one bacterium to
another by-a temperate bacteriophage that
is now, €arrying donor bacterial DNA due to
an error in spontaneous induction during the
lysogenic life cycle




GENERALISED TRANSDUCTION

* If all fragments of bacterial DNA
have a chance to enter a transducing
phage, the process is called
GENERALISED TRANSDUCTION.

* It mediates the exchange of any
bacterial gene.



Seven steps in Generalised Transduction

viral
genome 4
\ < /
y

<N/
becteriel 1. A lytic bacter@phage adsorbs to a susceptible
bacterium.
/ py,
( i 2. The bacteriophage genome enters the
g;;;‘.,,_,_‘ dacterium. The genome directs the bacterium's
metabolic machinery to manufacture

bacteriophage components and enzymes

phage camying
bacterial DMNA

| £\

fragments of the bacterium's
nuclecid or plasmids

3. Occasionally, a bacteriophage head or
capsid assembles around a fragment of

donor bacterium's nucleoid or around a
. % plasmid instead of a phage genome by

mistake.




Seven steps in Generalised Transduction (cont'd)

L/&ﬁ ‘wé \} 4. The bncf@n ges are released.

5. The bacteriophage carrying the donor
bacterium's DNA adsorbs to a recipient
bacterium




Seven steps in Generalised Transduction (contd)

6. The bncf@’uage inserts the donor

bacterium's it is carrying into the

recipi n?"rerium .

7. The donor bacterium's DNA is exchanged
for some of the recipient's DNA.

reciplent bacterium's
nlclesid

http://'www.cat.cc.md.us/courses/bio141/lecguide/unitd/genetics/recombination/tran
sductionftransduction.html



Bacrteriophage

Host bacterial cell
{donmnor cell)

Bacterial chromosome

Phage with donor DNA
(zransducing phage)

&) Cell synthesizes neww
prhages that incorporate
phage DMNA and. mistakenly,
some host DMNA

Transducing phage
Recipient host cell

€D Transducing phage
injects donor DNA

Donor DMNA s incorporated
into recipient™s chromosome
by recombination




SPECIALISED TRANSDUCTION

“In this phenomenon, certain phages can
transfer only a few restricted genes of the
bacterial chromosomes.”

Here, the phages transduce only those
bacterial genes adjacent to the phage in the
bacterial chromoscmes.

Thus the process is called restricted
transduction.

It mediates the exchange of only limited
numbers of specific genes.

This is mediated by LAMBDA PHAGE
VIRUS.




Six steps in Specialised Transduction

% Y

o 1. A tempe Z‘I‘eriophnge adsorbs to
o | a susceptible erium and injects its

geno
bacterium's
nucleoid

-~

2. The bacteriophage inserts its genome
info the bacterium's nucleoid to become a

prophage.

prophage

bﬂﬂlé‘flumiﬁ
nuclecld



Six steps in Specialised Transduction (cont'd)

portion of donor
bactenum's nucleoi

phage DNA

{

R

pha ge'DNA plus
donor bacterial DNA

« VvV

N/

3. Occusionulf?ﬁuﬁﬂg spontaneous
induction, /@“small piece of the donor
bacterium"s DNA is picked up as part of

the phage's genome in place of some of
\e’ phage"DNA which remains in the

Pacterium's nucleoid.

4. As the bacteriophage replicates, the
segment of bacterial DNA replicates as
part of the phage's genome. Every phage
now carries that segment of bacterial
DNA.



Six steps in Specialised Transduction (cont'd)
5. The bacteri %ndsorbs to a
recipient t@r and injects its

o «?‘

6. The bacteriophage genome carrying the
donor bacterial DNA inserts into the
recipient bacterium's nucleoid.

recipient bacterium's
nuclesid

htp:wowow. cat. ceomd.us’courses/bio 141/ lec guide/unitd/gene ie s/ recombination/transduc tion/spec tran.hitml



Drug Resistance
* An increasing problem

— once resistance originates in a~population it
can be transmitted to otherbacteria

— a particular type of resistance mechanism is
not confirmed to & single class of drugs

* Microbes in abscesses or biofiims may be
growing slowly.and not be susceptible

» Resistance mutants arise spontaneously and
are thensselected



Drug Resistant “Superhug”

* A methicillin-resistant Staphylocoeets 'aureus
(MRSA) that developed resistance, to-vancomycin

— this new vancomycin-resistant.§S. aureus (VRSA)
was also resistant to mostoether antibiotics

— isolated from foot ulcers‘on a diabetic patient

— Acquired from conjugation with vancomycin-
resistant enteroeocci (VRE) were isolated from
same patient

* These drug-resistant organisms are a serious
threat to‘human health



Mechanisms of Drug Re5|stance

Efflux pump

O
¢ . %ve%lrance of drug

Antibiotic-degrading
enzyme

efflux (pump drug out
II)

Inactivation of drug

Antibiotic

— chemical modification of drug
by pathogen

* Modification of target
enzyme or organelle

b « Use of alternative pathways
ntibiotic-altering

SR or increased production of
target metabolite

35
Antibiotic




The Origin and Transmission of

Drug ResiStance
* Immunity genes

— resistance genes thatexist in nature to
protect antibiotic producing microbes from
their own antibiatiecs

* Horizontal genedransfer

— transferred immunity genes from antibiotic
proddcers’to non-producing microbes



Origin and Transmissjon...

 Chromosomal genes

— resistance from (rare)
spontaneous mutations
(usually result in a change
in the drug target)

« R (resistance) plasmids

— can be transferréd.te ‘other —
cells by conjugation; !
transduction\and / \
transformation . T st

—_— I fTiZ:ngkti}E;He ImTed - tnpA tnpR bla - |. - ;Zrniei;;m
can carry multiple i | ok

resistance genes 2 g B

Transposase Resolvase [-lactamase
(MW 120 K) (MW 21 K) (MW 20 K)

80



ITI. Resistant Plasmid Conf§ugation

Genetic recombination’in‘which there
is a transfer of an-R plasmid (a
plasmid coding for multiple antibiotic
resistance andvoften a sex pilus) from
a male donor ‘bacterium to a female
recipient bacterium. Involves a sex
(conjugation) pilus



4 steped Resistant Plasmid Conjugation

1. The bacte %an R-plasmid is

sax pllus
donor’ . L s .
multiple antibiotic resistant and can
R plasmic produce lus (serve as a genetic

Bacterium with R plasmid: :
multiple antibictic resistant i - donOI" -
and male (donor) CEVE
biobic
).

3 L -
Bactenum without R plasmid. anti
sensitive and female (recipient

2. The sex pilus adheres to an F- female
(recipient). One strand of the R-plasmid
breaks.



4 stepped Resistant Plasmid Conjugation (cont'd

3. The sex pil cts and a bridge
is created n the two bacteria.
One stra e R-plasmid enters the

recipient bactérium.

strand of the R-plasmid and both are
now multiple antibiotic resistant and
capable of producing a sex pilus.

R plasmid
donor's sex pilus ;? N
A % 4. Both bacteria make a complementary

http:/fwww.cat.cc.md.us/courses/hio 14 1/lecguide/unitd/genetics/recombination/conjugation/r.htm
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