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ABSTRACT 

The following note focuses on bacterial conjugation system specifically found in gram-negative bacteria that use type IV secretion system. 
Gram-negative bacteria uses type IV secretion system for a variety of biological functions including exchange of genetic material with other 
bacteria and translocation of oncogenic DNA and effector proteins into eukaryotic host cells.  The type IV-secreted effectors play important 
roles in the virulence of some gram-negative pathogens. 
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INTRODUCTION 

Bacteria is prokaryotic microorganism, first life forms on earth, showing variations in shapes and sizes from spherical (cocci), rod shaped 

(bacilli), comma shaped (vibrio), spiral shaped (spirilla) and tightly coiled (spirochaetes).  The associated forms of bacteria are called Strep-

tococcus (chain form), Staphylococcus (bunch of grapes), Neisseria (diploid).  Actinobacteria is a filamentous bacteria covered by sheath that 

contain many individual cells, and species Nocardia form complex branched filaments similar to fungi mycelia. 

          

Fig Bacteria. 

Bacterial internally consists of nucleoid, ribosomes, granules, and endospores.  Bacteria lacks membrane-bound organelles, hence DNA is 

present in the central region.  Ribosomes impart granular appearance to the bacteria, small compared to ribosomes in eukaryotic cells, and 

function in translating the genetic message in MRNA into production of peptide sequences.  Nutrients are stored in bacteria in form of lipids, 

glycogen and polyphosphate.  Endospores are not present in all bacteria, Clostridium botulinum form spores that are resistant to high temper-

atures. 

Bacterial surface structure consists of capsule, a layer of polysaccharide acts as a barrier against phagocytosis by white blood cells associated 

with pathogenic bacteria.  The outer membrane is a lipid bilayer found in gram-negative bacteria and is source of lipopolysaccharide.  Cell 

wall is composed of peptidoglycan maintaining the overall shape of the bacterial cell.  Periplasmic space present only in gram negative bacte-

ria consisting of enzymes and proteins for digestion of nutrients and their movement into cell.  Plasma membrane, lipid bilayer responsible 

for transport of ions, nutrients and waste.  Bacterial appendages are of two type pili and flagella.  Pili allows bacterial attachment with other 

cells and transfer of plasmid DNA from one cell to another while flagella facilitates motility of bacteria. 

BACTERIAL CONJUGATION 

Bacterial conjugation is a process of bacterial contact through pilus projection for sharing genetic information between cells.  Bacterial con-

jugation leads to new physiological characteristics in the bacteria.  It was first postulated in 1940 by Joshua Lederberg and Edward Tatum. 

               

 

The bacterial conjugation involving F factor plasmid involves a nonreciprocal transfer of DNA through sex pilus resulting in double stranded 
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DNA for integration.  In some cases, the F plasmid exits the bacterial chromosome carrying a piece of chromosomal DNA, this plasmid is 

called F’ plasmid and if F’ plasmid is transferred to recipient gene during conjugation, donor bacterial genes will also be transferred.  This is 

important for spread of bacterial genes through a bacterial population and such process is called sexduction. 

 

 

 

 

BACTERIAL SECRETION 

 

 

Finlay and Cossart in 1997, Finlay and Falkow in 1997, and Salyers and Whitt in 1994. 

The gram-negative bacterial cell wall is a complex structure requiring several transport and translocation systems for movement of virulence 

factors and to inject the bacterium directly into the host cell which facilitates interactions with host cell signalling systems, the vesicular 

transport, and apoptotic pathways.  The interaction of bacterial pathogens with host cell depends on bacterial surface factors and factors se-

creted in extracellular space.  The secreted bacterial proteins are involves in proteolysis, hemolysis, cytotoxicity, protein phosphorylation, and 

dephosporylation.  There are totally 4 pathways of secretion in gram negative bacteria.  The following note focuses on type IV secretion sys-

tem in bacteria. 

Bacterial secretion usually refers to active transport of proteins from cytoplasm into the bacterial membrane or surface of bacteria.  Secretion 

differs from export where there is transport of proteins from cytoplasm to periplasmic space. 

The type IV secretion sytem in bacteria. 
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Type IV secretion systems are involved in pathogenecity caused by bacteria Helicobacter pylori responsible for gastric ulcers, Legionella 

pneumophilla responsible for legionnaire disease. 

The VirB/VirD system of Agrobacterium tumefaciens serves as prototype for T4SS.  In A. tumefaciens it is responsible for secreting virulence 

factors.  In A. tumefaciens T4SS is composed for 11 proteins encoded by VirB operon, VirD4 encoded by VirD operon. 

The type IV secretion system requires subclass of ATPase, known as VirB11 ATPases for conjugative transfer of DNA.  The VirB11 ATpases 

are dynamic hexameric assemblies in type IV secretion system.  The VirB11 ATPases in Helicobacter pylori is responsible for direct transport 

of toxins to inner membrane.  VirB11 involved in assembling and disassembling of type IV secretion machinery. 

VirB2 is a major pilus component and VirB5 is a minor component of A. tumefaciens that participates in protein-protein interactions im-

portant for pilus assembly and function.  VirB7 is a outmembrane protein. 

The periplasmic components of T4SS: VirB8 and VirB10.   

VirB9 is a C-terminal domain of type IV secretion components binding to VirB7. 

Type 4 secretion system is used by bacteria for genetic exchange and transfer of effector molecules to eukaryotic target cells.  This facilitates 

the pathogens to survive in changing environmental conditions during invasion of host, suppress defence mechanism, synthesis of nutrients 

and bacterial colonization. 

The type IV secretion system can be classified into three types 

1. Conjugation. 

2. DNA uptake and release. 

3. Effector translocators. 

                                        

VirB/D4 transfer system of A. tumefaciens 

CONJUGATION 

Conjugation is an important factor contributing to genome plasticity and bacterial resistance to changing environmental conditions but prob-

lematic in nosocomial infections because of conjugative plasmids dissemination and other mobile elements. 

DNA uptake and release 

DNA uptake and release is independent of contact with target cells.  The two sub systems include, the Campylobacter jejuni Cjp/VirB and 

Helicobacter pylori ComB system and one DNA release system which is an F –plasmid Tra-like system seen in Neisseria gonorrhoeae.  These 

systems promote genetic exchange and transfer of survival traits during infection. 

The type III effector translocators are indispensible in infection and are reminiscent of type III secretion which deliver their substrates 

through direct contact with the eukaryotic target cell. 
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HELICOBACTER PYLORI 

H. pylori is a gastric pathogen using type IV secretion system T4SS also known as cag system in epithelia cell colonization.  The effector 

CagA leads to host cell morphology changes, chronic gastric inflammation and gastric carcinoma formation. 

BARTONELLA  

Bartonella requires two different T4SS for pathogenecity.  The TrW system for gene duplication creating variant pilus subunits and for colo-

nization of erythrocytes and VirB system and Bartonella effector proteins Beps responsible for cellular effects of Bartonella with host cell. 

LEGIONELLA PNEUMOPHILA 

L.pneumophila can replicate within macrophages interfering with endocytosis.  The effectors translocated by Dot/lcm T4SS system are iden-

tified.  Ralf guanine nucleotide exchange factor uses ADP ribosylation factor ARF proteins to Legionella containing vacuole.  LidA is in-

volved in maintaining integrity of Legionella cell.  Recently it was shown that activation of caspase 3 is dependent on Dot/lcm T4SS which 

cleaves Rabaptin 5 preventing Rab5 to be used to the phagosomal membrane and inhibiting endocytic fusion. 

AGROBACTERIUM TUMEFACIENS 

The VirB/D4 system in plant pathogen A. tumefaciens is prototypical T4SS.  It translocates single stranded DNA T-DNA into dicotyledonous 

plants causing tumors known as crown galls.  T-DNA is translocated as a nucleoprotein complex with VirD2 which along with VirE2 carries 

translocation of T-DNA to the nucleus. 

BORDETELLA PERTUSIS 

The Ptl T4SS found in B.pertussis which causes whooping cough secretes effector protein PTX pertussis toxin into intracellular milieu which 

causes ribosylation of of Gi, inhibitor G protein which increases intracellular levels of cAMP and modulates intracellular signalling pathways 

leading to cell death. 

 

 

 

CONCLUSION 

Bacterial conjugation aids in convenient transfer of genetic material find its use in plant engineering.  Agrobacterium has DNA transmission 

capabilities and follows type IV secretion system very similar to mechanisms used by pathogens to insert proteins into human host.  Marc 

Van Montagu and Jeff Schell discovered gene transfer mechanism in Agrobacterium resulting in development of methods to alter bacterium 

into a delivery system for genetic engineering in plants. 

The study of process of pathogenesis in bacteria is useful in vaccine development as disease acquire resistance to drugs. 
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