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Transmission of genetic variation: conjugation

Bacterial Conjugation is genetic recombination in which there is a transfer of
DNA from a living donor bacterium to a recipient bacterium. Often involves a
sex pilus.
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Transmission of genetic variation: conjugation
& &

« Direct transfer of DNA from one strain to
another.

* Best studied in E. coli, and
approximately a third of freshly isolated E.
coli have plasmids.

« Conjugative plasmids have been found in
approximately 30 genera of bacteria,
mostly gram-negative. Antibiotic-
resistance plasmids RP4 & R68.45 can
propagate and promote conjugation in
virtually any gram-negative bacterium.

« Some gram-positive conjugate such as
Streptococci, Staphylococcus,
Streptomyces, Clostridium, and Bacillus.

Transmission of genetic variation: F+ conjugation

3. The sex pilus retracts and a bridge

1 3 is created between the two bacteria.
o O - One strand of the F+ plasmid enters

e the recipient bacterium

4. 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
[Resnwa  transferred during F+ conjugation.

Transmission of genetic variation: F+ conjugation

E+ Conjugation- Genetic recombination in which there is a transfer of a
large (95kb) plasmid F+ plasmid (coding only for a sex pilus) but not
chromosomal DNA from a male donor bacterium to a female recipient
bacterium. Involves a sex (conjugation) pilus. Other plasmids present in
the cytoplasm of the bacterium, such as those coding for antibiotic
resistance, may also be transferred during this process. F can be
transferred from E. coli to Salmonella, Shigella, and Proteus.

Transmission of genetic variation: Hfr conjugation

Hfr conjugation: Genetic recombination in which
fragments of chromosomal DNA from a male
donor bacterium are transferred to a female
recipient bacterium following insertion of an F+
plasmid into the nucleoid of the donor bacterium.
Involves a sex (conjugation)pilus.

«F+ plasmids can exist extrachromosomally or
integrated into the host chromosome.
«Integration occurs at a frequency of 10 per
generation.

«Integration occurs via homologous
recombination between IS-elements on the
plasmid and IS-elements in the chromosome.

Transmission of genetic variation: F+ conjugation
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Transmission of genetic variation: Hfr conjugation

1. An F+ plasmid inserts into the donor
Fop— bacterium's nucleoid to form an Hfr male.

2. The sex pilus adheres to an F-
—) female (recipient). One donor DNA

strand breaks in the middle of the
stk inserted F+ plasmid.




Transmission of genetic variation: Hfr conjugation

3. The sex pilus retracts and a bridge
forms between the two bacteria. One
donor DNA strand begins to enter the
recipient bacterium. The two cells break
apart easily so the only a portion of the
donor's DNA strand is usually
transferred to the recipient bacterium.

A

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.

Transmission of genetic variation: R-plasmid conjugation
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« R factors - Drug-resistance
plasmids first isolated in late
1950's in Shigella during an
outbreak of dysentery. The first
plasmid isolated carried resistant
determinants to four different
antibiotics: chloramphenicol,
tetracycline, streptomycin, and
sulfonamides. Latter the same
plasmid was found in E. coli.

[[R-eatmminant segmant |

In patients given oral
tetracycline, the predominant
fecal E. coli isolates carry
tetracycline-resistance R
plasmids within one week.

Transmission of genetic variation: R-plasmid conjugation

Properties of some R plasmids

Plasmid Origin Resistances Size (kb)
RP1 England CokmTe 36
RS2T Spain CoCmGmKm3mSuTeHg 49
PMGS Japan AKKmMSUTmBorHgPme Ter 280
pMGE0 France CHCmGmMKmSmSuTeTmBarkig 150
Rms14g Gemany CoGmSmSuTra 3
PMG3E usA CoGmKmSuTeTmHg 53
FP110 Ausiralia CmaPasFpi10 60
PMG25 South Africa ChCmGmMKm3mSuTmBor 86
PMGEY Iretand CHGMKmMSMSUTeTmTra 47
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Transmission of genetic variation: conjugative transposition
Composite transposons (Tn):
. Carry genes (e.g., a gene for antibiotic resistance) flanked on both sides by IS elements.

. TIn10is 9.3 kb and includes 6.5 kb of central DNA (includes a gene for tetracycline resistance)
and 1.4 kb inverted IS elements.

+ IS elements supply transposase and ITR recognition signals.
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Genetic variation: Implications for pathogenesis and antibiotic resistance

I. Transduction
a. Vibrio cholera
b. Corynebacterium diphtheriae
c. Neisseria meningitidis

II. Transformation
a. Neisseria gonorrhoeae pilin variation

11l. Conjugation
a. Bacillus spp.
b. Enterococcus faecium
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Transduction: Corynebacterium diphtheriae
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Transduction: Examples of Virulence Factors Carried by Phage

. Gene
Bacterium Phage Product Phenotype
Vibrio cholerae CTX phage | cholerae toxin cholera
Escherichia coli lambda shigalike toxin hen_'lorrhaglc
phage diarrhea
Clostridium botulinum clostridial botullpum botu!lsm_(food
phages toxin poisoning)
Corynebacterium corynephage diphtheria . .
diphtheriae beta toxin diphtheria
Streptococcus T12 erylhrqgemc scarlet fever
pyogenes toxins

Transduction: Corynebacterium diphtheriae

TABLE 3
Subcutancows lests of bacteriophage Iyrates® in guinea pigs
e covrone mos oL ruow s e | oo s s
44 0/at /1 44 072
nw4 o1 o1 e L
1180 0/1 0/1 2/2 071
™ 0/1 o1 22 o/
411 0/1 01 0/1 01
Tolal....oovere-s o7 0/s w011 o6

* All cultures and culture lysates were washed off agar media with 0.85 per cent saling

and inoculated in 1.0-ml doses.

# The numerator ropresents tho number of guines pigs that died; the denominator, the

total namber tested.




Transduction: Vibrio cholera
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Transduction: Neisseria meningitidis

A chromosomally integrated bacteriophage
in invasive meningococci

[:
n
Xavier ‘Nawif,

||.. mr. Jeame |u||-I| Zah
b A Jodle

" I.mb\ 0

o Wi poncmoyt

Cerebempinal meningits » 3 feared diense that can cune the death ol 3 previossly heslthy
indevdua withi hours. Pasdsicaby,th camatie agen, Meineri meniogit, 8
e i samh, vy

prorrirebuapmiein oy 3 re i owd-Arii baris . Coet At
Fuarthermare, ment meningaoanrl dssist Iy cuned by bocteris 1 ooy 3 fem
i et sy the g s ot vmtiets he papaludin recies
o this grmetioaly variobbe awever, e gimethe bk foe the Sffeseaces b

pathesponic potentisl remainy choive. By performing whole grname smpariom of 3 large
eullection of eught ba light &
e phage. of the iamemtonn
famdy. exches from the chsmesome sl f secerted from the bacteria v the type ¥ piln

Transduction: Vibrio cholera

g

Transduction: Neisseria meningitidis

Table L Fropesties of the islandts ORF

01 N1 T34
a4 N
DA, NI
Ry N T
08T, Nk e
o N T

oA, N s

Peaten

m
@

[ pr———
INP_EET30 1L % 10

" = 1 W
= 1 5
= 1 "
» 1 w
= 2 "
" = 2 w5
- = 2 0 8 [ eboms sokamerranem i)
L=
TAOLILY = 0
m = ® esgasne {fushenchia o 1231

mACTEAT1L D

Transduction: Vibrio cholera
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Transformation: Neisseria gonorrhoeae pilin variation Transformation: Neisseria gonorrhoeae pilin variation

DNA transformation leads to pilin
antigenic variation in Neisseria
gonorrhoeae
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Transformation: Neisseria gonorrhoeae pilin variation . . .
Conjugation: Bacillus spp.

Bacillus anthracis, Bacillus covens, and Bacillus thuringiensis—
Omne Species on the Basis of Genetic Evidence
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Transformation: Neisseria gonorrhoeae pilin variation . - .
Conjugation: Bacillus spp.




Conjugation: Bacillus spp.
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Conjugation: Bacillus spp.
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Conjugation: Enterococcus faecium
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