Transmission of genetic variation: conjugation

Transformation Conjugation Transduction
Lysis of Donorcell  Reciplent cell Donor cell  Recipient cell
Cx GO W
releases [
DNA into
medium. Donar cell Bacleriophage
plasmid infects a cell.
C a £ ) Cﬂ_ *
¥
Recipient cell Daonar DNA is transbered Lysis of donor cell.
directly 1o recipient Donor DMNA is packaged
through a connecting in released bactericphage.
tube. Contact and
trangter ane promoled
by & specialized plasmid
in the donor cell
Deonor DNA is Donor DMA is transbermed
taken up by recipient. when phage partiche

infects recipient cell

Transmission of genetic variation: conjugation
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« Direct transfer of DNA from one strain to
another mediated by fertility factor (F).

« 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: 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.

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.
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Transmission of genetic variation: F+ conjugation

1. The F+ male has an F+ plasmid coding

( Q# for a sex pilus and can serve as a genetic
\ S donor

[——

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




Transmission of genetic variation: F+ conjugation
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3. The sex pilus retracts and a bridge
) is created between the two bacteria.
pere One strand of the F+ plasmid enters
the recipient bacterium

(=0
- 4. Both bacteria make a complementary
{ @ @ — strand of the F+ plasmid and both are now
\ F+ males capable of producing a sex pilus.

T——— - There was no transfer of donor
wowss | chromosomal DNA although other plasmids
““"_‘ the donor bacterium carries may also be

transferred during F+ conjugation.

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.

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: Hfr conjugation
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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°5 per
generation.

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

Transmission of genetic variation: Hfr conjugation

5. The donor DNA fragment undergoes
s, v s genetic exchange with the recipient
bacterium's DNA. Since there was
weers  transfer of some donor chromosomal
“2"  DNA but usually not a complete F+

( (‘ plasmid, the recipient bacterium usually
) remains F-
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Transmission of genetic variation: Hfr conjugation

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

2. The sex pilus adheres to an F-
—_— female (recipient). One donor DNA
i A ) strand breaks in the middle of the

stk inserted F+ plasmid.

Transmission of genetic variation: Hfr conjugation

«Can be used to map genes via interrupted mating
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Transmission of genetic variation: R-plasmid conjugation

* 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.

<o REPLATS-- = .

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 Enghland CoKmTe 36
RS2T Spain CHCmGmMKmSmSuTeHg 48
PMGS Japan AKKmSuTmBorHgPmeTer 280
pMGE0 France CHCmGmKmSmSuTeTmBorkg 150
Rms140 Germany CoGmSmSuTrar 36
PMG3E usA CoGmKmSuTeTmHG 53
FP110 Australia CmaPaeFp110 &0
pMG25 South Africa CHCmGmMKmSmSuTmBor 86
pMGES Iretand CHGmKmSmMSUTeTmTra 47

Transmission of genetic variation: R-plasmid conjugation

1. The bacterium with an R-plasmid is
multiple antibiotic resistant and can
produce a sex pilus (serve as a genetic
donor).

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

Transmission of genetic variation: R-plasmid conjugation
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Transmission of genetic variation: R-plasmid conjugation

3. The sex pilus retracts and a bridge
is created between the two bacteria.
One strand of the R-plasmid enters the
recipient bacterium.

4. Both bacteria make a complementary
strand of the R-plasmid and both are
now multiple antibiotic resistant and
capable of producing a sex pilus.

Transmission of genetic variation: conjugation
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Transmission of genetic variation: conjugative transposition
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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
b. Neisseria gonorrhoeae B-lactamase resistance
c. Neisseria gonorrhoeae pilin variation

11l. Conjugation
a. Bacillus spp.
b. Enterococcus faecium

Transmission of genetic variation: conjugative transposition
Composite transposons (Tn):

+ Carry genes (e.g., agene for antibiotic resistance) flanked on both sides by IS elements.

+  Tnl0is 9.3 kb and includes 6.5 kb of central DNA (includes a gene for tetracycline resistance)
and 1.4 kb inverted IS elements

- ISelements supply transposase and ITR recognition signals

Transposon, Tnid

9,300 bp
S 1,400
bp 6,500 bp bp
i e

|\ 1S10L | Tetracycline l i
Ul resistance 4
Inverted gene (TcF) Inverted
repeats repeals

of IS of IS
element i

Inverted 1S elements !

Genetic variation: Implications for pathogenesis and antibiotic resistance

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

II. Transformation
a. Neisseria gonorrhoeae
b. Neisseria gonorrhoeae p-lactamase resistance
c. Neisseria gonorrhoeae pilin variation

1l. Conjugation
a. Bacillus spp.
b. Enterococcus faecium
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11l. Conjugation
a. Bacillus spp.
b. Enterococcus faecium

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 herporrhaglc
phage diarrhea
Clostridium botulinum clostridial botullpum botu!lsmv(food
phages toxin poisoning)
Corynebacterium corynephage diphtheria . .
diphtheriae beta toxin diphtheria
Streptococcus T12 erythrqgemc scarlet fever
pyogenes toxins




Transduction: Vibrio cholera

Lysogenic Conversion by a
entous Phage Encodi
Cholera Toxin

Matthew K. Waldor" and John J. Mekalanos
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Transduction: Corynebacterium diphtheriae
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Transduction: Vibrio cholera

Model of the key steps (infection, integration, replication, assembly and secretion) i the fe cycle of CTX. (a) CTX infection of V.
chlera requies TCP and T0Q, TOR and Tol. he inge standad DNA of X (+) SSDNA) oses s proteincoatand s tansported
into (b) DN ine phage genome
o of CT. () T chromosome.ancoe ecomb nases Y and XD, slon wih e phage-encodedpotam A, re feced for
integration of pCTX into the chromosome at or near the V. cholerae dif ste. (d) Recombination between nearly identical sequences in
PCTX and the V. (green ther a single CTX prophage or (as shown) tandem prophages. (€)
Tandem prophages can serve as a template for production of extrachromosomal phage DNA. This process is initated by the phage-
encoded prtein ReA; () reslsnhe fomatonof th singesanded pnage gerome (15sDIVA) (9 BCTX canserve s a templte
for further replication of the nslated, resulting in synthesis of phage proteins.
(724 ) Prage poein ar inought 1 be e membrans protens pror o nscrion o phage paricies. Phage DA (chaih of Grcie9) &
simultaneously packaged into virions and secreted from the cel. Phage secretion depends upon the outer membrane channel EpsD. Ss,
single-stranded.

Transduction: Corynebacterium diphtheriae
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Transduction: Vibrio cholera
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Transduction: Corynebacterium diphtheriae

TABLE 3
Subcutancows lests of bacteriophage Iyrates® in guinea pigs
e courune mos oL ruow s e | oo s s
s 0/at oy 44 072
nw4 o1 o1 /2 o1
1180 o1 071 22 01
™ 01 L 22 L
411 o L L 0
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* 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 represents the number of guines piga that died; the deacminator, the
total namber tested.




Transduction: Neisseria meningitidis Transformation: Neisseria gonorrhoeae pilin variation
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DNA transformation leads to pilin
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gonorrhoeae
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Transduction: Neisseria meningitidis Transformation: Neisseria gonorrhoeae pilin variation

Table L Fropeties of the island's ORFs
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Transduction: Neisseria meningitidis . . . . o
Transformation: Neisseria gonorrhoeae pilin variation
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Transformation: Neisseria gonorrhoeae B-lactamase resistance

Hybrid penicillin-binding proteins
in penicillin-resistant
strains of Neisseria gonorrhoeae

Brian G. Spratt

Microbial Genetics Group, School of Biological Sciences,
University of Sussex. Falmer, Brighton BN1 9QG, UK

Conjugation: Bacillus spp.
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Omne Species on the Basis of Genetic Evidence
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Conjugation: Bacillus spp.

Transformation: Neisseria B-lactamase resistance
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Fio. 1. pend genes of the Neisseria strains. The pend genes of
the penicillin-sensitive N. gonorrhorae straim LM306 (4] snd N,
strain C311(C The
extent of the coding region for PBP-2 s shown by the hins termi-
nating an as arrowhead. The dashed lines and solsd blocks in the
repeesentations of the pend genes of the penicillin-resivtant N,
ponorrharas sirmin COCR-D60418 () and N. memingitidis virain
ST3% 1D maicare 1 respectively. regions their sequences are
almast idestical 1o or ulﬂm'!lr diverged from the comesponding
regions of the per “The figare:
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Conjugation: Bacillus spp.
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Conjugation: Bacillus spp.

Identification of anthrax toxin genes in a Bacillus
cereus associated with an illness resembling
inhalation anthrax
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Conjugation: Enterococcus faecium

Joumsas or Barmmsesnor, Jas. 190, p. 11131 Vol 173, Ma. 1

Characterization of Tnl546, a Tn3-Related Transposon
Conferring Glycopeptide Resi: Synthesis of
Depsipeptide Peptidoglycan Precursors in
Enterococcus faecium BM4147

MICHIL ARTHUR,* CATHERINE MOLINAS,f FLORENCE DEFARDIEL,
a0 PATRICE DOURVALIN
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