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09.11.09 Bacterial Genetics 2 
Molecular mechanisms of horizontal gene transfer  
F’  X  F- 

Animation of gene transfer 
http://www.blackwellpublishing.com/trun/artwork/Animations/conjugation/conjugation.html 

The tra (transfer) gene specify structural proteins that are required 
for pili formation and various enzymes required for “mobilization” 
of the DNA 

Transfer of the plasmid DNA starts at ori-T and proceeds 
counterclockwise on the drawing shown above 

http://www.blackwellpublishing.com/trun/artwork/Animations/conjugation/conjugation.html


 3 

Important implications of whole plasmid transfer 
• This is a great way for a bacterial cell to acquire novel genes:  

since no requirement for cross over, resident genome does not have 
to have homology to incoming genes  

• Also plasmid packaged AR genes come with their own transfer 
genes 

 
 
 
Why is the homology issue so important in the movement of antibiotic 
resistance genes?
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In natural settings there is a tremendous amount of 
promiscuous plasmid exchange via conjugation (most 
bacterial and some archeal species encode conjugation 
systems) and transformation 
 
This exchange can occur between distantly related bacterial 
species  
 
This sort of casual horizontal (lateral) transfer of genetic 
information (mostly on plasmids) has played a decisive role in 
the appearance and evolution of organisms resistant to various 
types of antibiotics 
 
Overlap of circles indicates documented gene exchange 
 

 

Yeasts
non-conjug

gramneg.

grampositive

bacteria

   soil

Bacillus

streptomyces

   Myco-

bacterium

Bacteriodes
Plants

Agrobacterium
 conjugative

gramnegative

    bacteria

Range of Plasmid-Related

Gene Flux . 

Regions of overlap between 

major genetically related 

organisms represent gene 

exchange. !! Almost all

this network is based on 

plasmid self-mobilization, 

although other means of lat-

eral transfer maybe involved.

Arrows show the proposed

origin and dispersion of diff-

erent antibiotic resistance 

determinants. Some deter-

minants arose from antibiotic-

producing organisms and soil

bacteria, others from mutant

organisms exposed to drugs

during the antiboitic era.



 5 

 
In contrast to plasmid transfer, transformation, transduction and 
transfer of chromosomal genes via conjugation require some sequence 
homology between incoming DNA and resident genome to generate a 
stable recombinant 
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Transfer of chromosomal genes by integrated F factor 
• Animation of gene transfer:  Hfr X F- 
• to get a stable recombinant homology must exist between some 

portion of the incoming DNA and the resident genome 
• Since only a portion of the F factors is transferred, the recombinant 

does not become male 
 
 
http://highered.mcgraw-
hill.com/sites/0072556781/student_view0/chapter13/animation_quiz_4.html 
 
 
http://www.biostudio.com/d_%20Bacterial%20Conjugation.htm 

http://highered.mcgraw-hill.com/sites/0072556781/student_view0/chapter13/animation_quiz_4.html
http://highered.mcgraw-hill.com/sites/0072556781/student_view0/chapter13/animation_quiz_4.html
http://highered.mcgraw-hill.com/sites/0072556781/student_view0/chapter13/animation_quiz_4.html
http://www.biostudio.com/d_%20Bacterial%20Conjugation.htm
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Transfer of the plasmid DNA starts at ori-T and proceeds 
counterclockwise on the drawing shown above 

A single crossover between the the F plasmid and the bacterial 
chromosome will integrate the plasmid DNA into the chromosomal 
DNA. These crossover events take place at either the IS2 or IS3 sites.  
This means that during transfer of DNA by an integrated F plasmid, the 
entire bacterial chromosome would have to be transferred before the tra 
genes would enter the F- cell. 
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Transfer is counterclockwise in this drawing of an integrated F factor.  
The whole E.coli genome must is transferred before the F factor tra 
genes. 
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The molecular basis of recombination 
 
http://www.sinauer.com/cooper/4e/animations0602.html 
 
http://www.courses.fas.harvard.edu/~biotext/animations/holliday.html 
 
 
http://engels.genetics.wisc.edu/Holliday/holliday3D.html 
http://engels.genetics.wisc.edu/Holliday/index.html 
 
 
 

http://www.sinauer.com/cooper/4e/animations0602.html
http://www.courses.fas.harvard.edu/~biotext/animations/holliday.html
http://engels.genetics.wisc.edu/Holliday/holliday3D.html
http://engels.genetics.wisc.edu/Holliday/index.html
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Molecular basis of homologous recombination in E. coli 
RecA (aka synaptase) is a central player: RecA molecules scan DNA 
for homology and align homologous regions forming a triplex DNA 
molecule 

 
 
 
 
 
http://www.courses.fas.harvard.edu/~biotext/animations/GeneralRecombination.html 

RecA binds and forms 
a filament on a single-
strand of DNA 
generated from DS-
DNA by RecBC (see  
next figure) 
 
The RecA-DNA 
complex can then bind 
a DNA duplex 
 
When homology is 
found, a synapse 
forms and strand 
exchange occurs 
 
 

http://www.courses.fas.harvard.edu/~biotext/animations/GeneralRecombination.html
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Holliday structure 
 
 
 
http://www.courses.fas.harvard.edu/~biotext/animations/GeneralRecombination.html 

RecBCD binds to the end of 
donor DNA 
 
RecBCD unwinds until a chi 
site is reached 
 
At the chi site RecBCD 
nicks the DNA and 
continues unwinding 
 
Then the RecA filament 
forms.  RecA finds 
homology (at least 50 bp) 
and mediates strand invasion 
(invading strand displaces 
like strand in DNA duplex)  
 
RuvAB binds at the 
crossover and carries out 
branch migration which 
extends base-pairing 
between donor and recipient 
strands 
 
Endonuclease cleaves one 
end of D loop 
 
Displaced ends are ligated to 
opposite strands 
 
 

http://www.courses.fas.harvard.edu/~biotext/animations/GeneralRecombination.html
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RuvAB proteins catalyze branch migration –helices are pulled in 
direction of arrows increasing the length of heteroduplex 
 
http://engels.genetics.wisc.edu/Holliday/holliday3D.html 
http://engels.genetics.wisc.edu/Holliday/index.html 

http://engels.genetics.wisc.edu/Holliday/holliday3D.html
http://engels.genetics.wisc.edu/Holliday/index.html
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Transformatin in B. subtilis  -- note  RecA “delivering” ssDNA to the 
chromosome
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                             DONATES AT A                        
E. COLI  
STRAIN  

F FACTOR   HIGH FREQ.     LOW FREQ. 

F- NONE NOTHING NOTHING 
 

F+ CYTOPLASMIC 
(F factor integrated in 
1/1,000 cells)  

F FAC TOR CHROMOSOMAL 
GENES (VERY 
LOW  FREQ) 

F’ CYTOPLASMIC 
CARRIES A BIT OF 
THE BACTERIAL 
CHROMOSOME 

F FACTOR AND 
BIT OF 
BACTERIAL 
CHROMOSOME 

MOST 
CHROMOSOMAL 
GENES (VERY 
LOW  FREQ) 

Hfr 
   an Hfr 
strain is a 
laboratory 
artifact 

integrated in all 
cells  
(site of integration 
varies from Hfr  
strain to Hfr 
strain) 
 

CHROMOSOMAL 
GENES 
(ESPECIALLY 
NEAR SITE OF 
INTEGRATION) 

F FACTOR  
(VERY LOW 
FREQ) 

   
                                             
F+ X   F-  cross:    Many F- cells converted to F+; rarely: some bacterial genes 
transferred to F- cells from rare cells with an integrated F factor 
 
F’ X   F-  cross:    Many F- cells converted to F’+; rarely: some bacterial genes 
transferred to F- cells from rare cells with an integrated F factor 
 
Hfr  X  F-  cross:   Bacterial genes transferred (from a fixed point in the 
chromosome in a fixed order) to F- cells at a high frequency.  Order of gene 
transfer varies from strain to strain depending on where the F factor has integrated. 
Few F- converted to F+ because the F factor genes are the last to be transferred in 
any Hfr strain and most mating pairs don’t stay tother long enough for the entire 
chromosometo be transferred. 
 
 
 




