
The Biology of Agrobacterium 

Agrobacterium tumefaciens is a soil-borne, Gram-negative bacterium, much beloved of plant 
biologists and biotechnologists alike. The explosion of interest in A. Tumefaciens has been 
drived by several observations that have both biotechnological and purely scientific 
ramifications. A. tumefaciens is the causative agent of crown-gall disease, an economically 
important disease of many plants (particularly grapes, walnuts, apples, and roses). The ability to 
cause crown galls (timorous tissue growths) depends on the ability of Agrobacterium spp. To 
transfer bacterial genes into the plant genome. This startling feature is to date, one of the very 
few examples of inter-kingdom gene transfer, which has obvious scientific interest. More 
important to the biotechnologist is the development of plant transformation methods that make 
use of this unique capability. 

Crown-gall disease 

In order to fully appreciate and understand how A. tumefaciens became such a widely used tool 
in plant biotechnology it is worth looking at the biology of crown-gall disease. A. tumefaciens, 
the causative agent, is a Gram-negative, rod-shaped, motile bacterium found in the rhizosphere 
(the region around the roots of plants) where it normally survives on nutrients released from 
plant roots. However, if a plant is wounded or damaged, A. tumefaciens can infect the plant at 
the wound site and cause disease symptoms. A. tumefaciens is attracted to the wound site via 
chemotaxis, in response to chemicals (sugar and phenolic molecules) released from the damaged 
plant cells.  

Crown-gall formation depends on the presence of a plasmid in A. tumefaciens known as the Ti 
plasmid (Ti stands for tumour-inducing). Part of this plasmid (the transfer DNA, or T-DNA 
region) is actually transferred from the bacterium into the plant cell, where it becomes integrated 
into the genome of the host plant. The T-DNA carries genes that encode proteins involved in 
both hormone biosynthesis (of auxin and cytokinin) and biosynthesis of novel plant metabolites 
called opines and agropines. The production of auxin and cytokinin causes the plant cells to 
proliferate and so form the gall. The proliferating cells also produce opines (which are amino 
acid derivatives) and agropines (sugar derivatives), which are used by A. tumefaciens as its sole 
carbon and energy source (Figure) shows the structure fo the common opines, octopine and 
nopaline). Different strains of A. tumefaciens contain different Ti plasmids that code for the 
production of different opines. Opines and agropines are not normally part of plant metabolism 
and are very stable chemicals,which provide a carbon and energy source that only A. 
tumefaciens can use (genes on the Ti Plasmid that are not transferred toi the plant encode 
proteins involved in opine uptake and catabolism). A. tumefaciens has therefore developed the 
ability to genetically transform plant cells to usurp the plant’s biosynthetic machinery and 
produce nutrients that only it can utilize. 

 



The Ti Plasmid 

As the Ti plasmid has a central role in crown-gall formation, and it is a portion of the Ti plasmid 
(the T-DNA region) that is actually integrated into the genome of the host plant, we shall look at 
the Ti plasmid in more detail. 

As we have seen, the ability of A. tumefaciens to cause crown-gall disease was found to depend 
on the presence in the bacterium of a large (=200 kb) plasmid termed the Ti plasmid. Analysis of 
the nuclear DNA from plant tumours showed that a portion of the Ti plasmid was integrated into 
the genome of the host plant. This portion was termed transfer DNA (T-DNA) and was found to 
be responsible for the tumorous phenotype. Analysis showed that one or more copies of the T-
DNA could be integrated into the genome, but, in general, the T-DNA insertions in the plant 
genome were bordered by small (24 bp), nearly perfect, direct repeats, which also border the T-
DNA in the Ti plasmid (Figure). 

Ti-Plasmid features  

Ti plasmids from different strains of A. tumefaciens generally have several features in common: 

1. They contain one (or more) T-DNA regions; 
2. They contain a vir region; 
3. They contain an origin of replication; 
4. They contain a region enabling conjugative transfer; 
5. They contain genes for the catabolism of opines (a class of amino acid/sugar conjugates). 

The T-DNA 

The T-DNA region of any Ti plasmid is defined by the presence of the right and left border 
sequences. Theser border sequences are 24 bp imperfect repeats. Any DNA between the borders 
will be transferred into the genome of the host plant. Although not part of the T-DNA, octopine-
strain Ti plasmids contain an overdrive sequence or enhancer sequence  associated with the right 
border sequence, which is required for optimal T-DNA transfer. 

Nopaline strains of Ti plasmid have one T-DNA of approximately 20 kb, whereas octopine 
strains have two T-DNA regions, termed TL region is oncogenic (the Tg region carries genes for 
opine biosynthesis). 

The T-DNA of nopaline Ti plasmids contains 13 open reading frames (ORFs), whereas the Tl T-
DNA of octopine plasmids contains eight. These ORFs have the features of eukaryotic, rather 
than prokaryotic, genes. The nopaline T-DNA and the Tl octopine T-DNA show extensive 
similarlity in an area known as the core region. This region contains the genes that code for 
proteisn involved in hormone biosynthesis (the oncogenes) and opine synthesis, and for 
determining tumour size. The organization of the genes in the Tl T-DNA is shown in Figure. 



 

 

 

The Oncogenes 

Two genes, auxA (or tms 1 or iaaM) and auxB (or tms2 or iaaH),encode proteins involved in the 
production of the auxin indole-3-acetic acid (IAA). auxA encodes tryptophan mono oxygenase 
and auxB encodes indole acetamidehydrolase. Another gene, cyt (or tmr or ipt), encodes an 
isopentenyl transferase that catalytses the most important step in cytokinin production. These 
genes are the prime determinants of tumour phenotype and are therefore often referred to as 
oncogenes. The Tr region of octopine T-DNA contains no oncogenes, explaining its lack of 
oncogenicity.  

Other genes present on the T-DNA 

Genes for the production of opines (either octopine or nopaline) are present on the T-DNA (the 
octopine Tr T-DNA possesses genes encoding proteins involved in the biosynthesis of other 
opines as mannopine,agropine, and fructopine). The tml gene,which is involved in determining 
tumour size in some species, is also found in the T-DNA (see Figure 3.3). 

The vir region 

The genes responsible for the transfer of the T-DNA region into the host plant are also situated 
on the Ti plasmid,in a region of approximately 40 kb outside the T-DNA, known as the vir 
(virulence) region. 



There are at least nine vir gene operons. The functions of the vir genes present in these operons 
have, in many cases, been determined. In the following section, we will look in more detail at vir 
gene functions and the role they play in T-DNA transfer from A. tumefaciens to plant cells.  

The process of T-DNA transfer and integration 

T-DNA transfer and integration into the plant genome can be divided into the following steps 
(see Figure for a simplified representation of this process.  

Step 1. Signal recognition by Agrobacterium 

Agrobacterium perceives signals, such as phenolics and sugar, which are released from wounded 
plant cells. Normally these substances are probably part of the plant’s defence mechanism, being 
involved in phytoallexin and lignin synthesis. The substances released from wounded cell 
effectively signal the presence of plant cells that are competent for transformation. 

Step 2. Attachment to plant cells 

Attachment of Agrobacterium to plant cells is a two-step process, involving an initial attachment 
via a polysaccharide (the product of tghe attR locus). Subsequently, a mesh of cellulose fibres is 
produced by the bacterium. Several chromosomal virulence genes (chv genes) are involved in the 
attachment of the bacterial cells to the plant cells. The chvA and chvB genes are involved in the 
production and secretion of cyclic B-1, 2-glycans and the pscA gene (psc, polysaccharide) is 
involved in secreting succinoglycan. Agrobacterium strains carrying mutated chvA or chvB 
genes are avirulent or extremely attenuated.  

Step 3. Induction of vir genes 

VirA (a membrane-linked sensor kinase) senses phenolics (such as acetosyringone) and 
autophosphorylates, subsequently phosphorylating and thereby activating VirG. VirG then 
induces expression of all the vir genes (including virA and virG). Many sugars, but in particular 
glucose, galactose, anxylose, enhance vir gene induction. This enhancement requires another 
chromosomal vir gene, termed chvE, which encodes a glucose/galactose transporter that interacts 
with VirA. 

Step 4. T-strand production 

The left and right borders are recognized by a VirD1-VirD2 complex and VirD2 produces single-
stranded nicks in the DNA.After nicking, VirD2 becomes covalently attached to the 5’ end of the 
displaced single-stranded T-DNA stand. Repair synthesis replaces the displaced strand. VirC1 
may assist in the process. 

Step 5. Transfer of T-DNA out of the bacterial cell 



The T-DNA-VirD2 complex is exported from the bacterial cell by a T-pilus (effectively a 
membrane-channel secretory system) composed of proteins encoded by the virB operon and 
VirD4. VirE2 and VirF are also exported from the bacterial cell.  

Step 6. Transfer of the T-DNA and Vir proteins into the plant cell and nuclear localization 

The T-DNA-VirD2 complex and other Vir proteins cross the plant plasma membrane. Once 
inside the plant cytoplasm, the T-DNA strand becomes covered with VirE2 proteins and is 
known as a mature T-complex. The VirE2 molecules are postulated to protect the T-DNA from 
nucleases, facilitate nuclear localization, and confer the correct conformation to the T-DNA-
VirD2 complex for passage through the nuclear-pore complex (NPC). 

Both VirD2 and VirE2 have been shown to interact with a variety of plant proteins that are 
important in ensuring nuclear localization of the T-DNA complex. VirD2 contains a nuclear 
localization signal and interacts with a plant protein. This plant protein belongs to a group of 
proteins (called the karyopherin-α family) involved in the recognition and transport of proteins 
through the NPC. 

VirE2 possess two nuclear localization signals, but its nuclear localization is mediated by another 
plant protein, termed VirE2-interacting protein 1 (V1P1), which also has a functional 
homologue, the bacterial VirE3 protein. V1P1 and VirE3 are thought to facilitate interactions 
between VirE2 and karyopherin-α, effectively ‘piggy-backing’ the VirE2 into the nucleus of the 
plant cell. This contribution of VirE2 to the nuclear localization of T-DNA complexes may be 
particularly important for large T-DNAs. 

The T-DNA and associated proteins pass through the nuclear pore, with the bound VirE2 
proteins also giving the correct conformation to the T-DNA strand. V1P1, which interacts with 
the chromatin protein histone H2A, may be particularly important in targeting the T-complex to 
the integration site. The T-complex does, however, also interact with various proteins that form 
part of the transcriptional machinery and these interactions may also be important in directing the 
T-complex to the site of integration. The proteins bound to the T-complex must also be removed, 
a process involving VirF, a bacterial F-box protein that can direct V1P1 and VirE2 for 
degradation by the proteasomal machinery. The T-DNA strand is integrated into the host plant’s 
genome by a process referred to as illegitimate recombination. This process, unlike homologous 
recombination, does not depend on extensive regions of sequence similarity and is likely to be 
mediated almost exclusively by plant proteins involved in DNA repair.  

 



 

 

 


