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The soil phytopathogen Agrobacterium 
has the unique ability to intro-

duce single-stranded transferred DNA 
(T-DNA) from its tumor-inducing 
(Ti) plasmid into the host cell in a pro-
cess known as horizontal gene transfer. 
Following its entry into the host cell 
cytoplasm, the T-DNA associates with 
the bacterial virulence (Vir) E2 protein, 
also exported from Agrobacterium, cre-
ating the T-DNA nucleoprotein complex 
(T-complex), which is then translocated 
into the nucleus where the DNA is inte-
grated into the host chromatin. VirE2 
protects the T-DNA from the host DNase 
activities, packages it into a helical fila-
ment and interacts with the host proteins, 
one of which, VIP1, facilitates nuclear 
import of the T-complex and its subse-
quent targeting to the host chromatin. 
Although the VirE2 and VIP1 protein 
components of the T-complex are vital 
for its intracellular transport, they must 
be removed to expose the T-DNA for 
integration. Our recent work demon-
strated that this task is aided by an host 
defense-related F-box protein VBF that 
is induced by Agrobacterium infection 
and that recognizes and binds VIP1. VBF 
destabilizes VirE2 and VIP1 in yeast and 
plant cells, presumably via SCF-mediated 
proteasomal degradation. VBF expression 
in and export from the Agrobacterium 
cell lead to increased tumorigenesis. Here, 
we discuss these findings in the context of 
the “arms race” between Agrobacterium 
infectivity and plant defense.

Agrobacterium infection of plants consists 
of a chain of events that usually starts in 
physically wounded tissue which produces 
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small phenolic molecules, such as aceto-
syringone (AS).1 These phenolics serve as 
chemotactic agents and activating signals 
for the virulence (vir) gene region of the 
Ti plasmid.2,3 The vir gene products then 
process the T-DNA region of the Ti plas-
mid to a single-stranded DNA molecule 
that is exported with several Vir proteins 
into the host cell cytoplasm, in which it 
forms a the T-DNA nucleoprotein complex 
(T-complex).4,5 The plant responds to the 
coming invasion by expressing and activat-
ing several defense-related proteins,5 such 
as VBF6 and VIP1,7 aimed at suppressing 
the pathogen. However, the Agrobacterium 
has evolved mechanisms to take advan-
tage of these host defense proteins.8 Some 
of the unique strategies for achieving this 
goal include (i) the use of VIP1 to bind 
the T-complex—via the VIP1 interac-
tion with the T-DNA packaging protein 
VirE2,9,10—and assist its nuclear import7 
and chromatin targeting,11 and (ii) the use 
of VBF to mark VIP1 and its associated 
VirE2 for proteasomal degradation, pre-
sumably for uncoating the T-complex prior 
to the T-DNA integration into the plant 
genome.6,12 Here, we examine these subver-
sion strategies in the context of “arms race” 
between Agrobacterium and plants.

Agrobacterium, VIP1  
and MAPK-mediated  
Defense Response

While Agrobacterium is aiming to transfer 
its T-DNA into the host, the plant is trying 
to suppress this invasion. One of the key 
host factors in Agrobacterium-mediated 
genetic transformation is the plant 
VIP1 protein.7 VIP1 is a defense-related 
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not only in the cell nucleus, but also in the 
cytoplasm, colocalizing with co-expressed 
free DsRed2, which is known to label both 
cellular compartments.18,19 This is in con-
trast to the localization of the VBF-VIP1 
interaction which is detected almost exclu-
sively in the nucleus.6 Several possible expla-
nations can be offered. VBF may simply 
play a role in other, cytoplasmic, processes 
which also include proteasomal degrada-
tion; in this case, VBF should have other 
specific targets in addition to VIP1. Or, by 
analogy to VIP1, VBF nuclear import may 
be enhanced during defense response by as 
yet unknown mechanism.

Finally, it is important to note that at 
least some of the activity of both VIP1 
and VBF may have been acquired, prob-
ably via convergent evolution,20 by those 
Agrobacterium Vir effector proteins that 
are exported into the host cell; specifically, 
VirE3 functionally mimics VIP1 in the 
T-complex nuclear import,21 and VirF acts 
similarly to VBF in the T-complex uncoat-
ing.19 Thus, VirE3 and VirF may have 
evolved as a “backup” system for the patho-
gen to ensure the completion of the critical 
stages of the infection process.

A Model for the Roles  
of Host Defense Factors  

in Nuclear and Intranuclear  
Transport and Proteasomal  
Uncoating of the T-complex

Agrobacterium infection begins with 
the recognition of the wounded host 
and attachment of the bacterial cell to 
the wounded tissue (Fig. 2A). During 

SCFVBF pathway for proteasomal degra-
dation.6 Thus, VBF likely functions in 
the VIP1/PR1 pathway by reducing the 
amounts of VIP1, thereby negatively regu-
lating this defense response. But what hap-
pens if VIP1 is associated with VirE2? In 
this case, VBF can destabilize both pro-
teins.6 Agrobacterium takes advantage of 
this ability of VBF, most likely, using it to 
destabilize the protein components of the 
T-complex and uncoat the T-DNA.

If such uncoating takes place after the 
T-complex has been targeted by VIP1 to 
the host chromatin, the T-DNA becomes 
available for integration, which most likely 
occurs in the naturally occurring double-
stranded breaks in the plant genome.15,16 
If, however, the uncoating happens before 
the T-complex reaches the target chroma-
tin, the integration would not occur and 
the T-DNA most likely will be expressed 
only transiently and then destroyed by 
cellular nucleases. Whether or not there 
exists a mechanism to favor destabiliza-
tion of VIP1 and, by implication uncoat-
ing of the T-complex, at the chromatin 
remains unknown. Interestingly, how-
ever, it is a long-standing observation in 
Agrobacterium biology that most of the 
T-DNA molecules are expressed transiently, 
ref.17 and only a fraction of them become 
integrated. Potentially, the lack of synchro-
nization between chromatin targeting and 
proteasomal uncoating of the T-complex 
may underly this disparity between levels 
of transient and stable T-DNA expression.

Another interesting aspect of VBF activ-
ity is its subcellular localization. Figure 1 
shows that GFP-tagged VBF is localized 

transcription factor involved in the con-
trol of the plant pathogenesis-related pro-
tein 1 (PR1).13 After the plant recognizes 
microbes via their pathogen-associated 
molecular patterns (PAMPs), it responds 
by activating mitogen-activated protein 
kinases (MAPK), such as MPK3. VIP1, 
which is located in the cell cytoplasm, 
serves as a substrate for MPK3 and VIP1 
phosphorylation results in its translocation 
into the plant cell nucleus14 where it acti-
vates the PR1 transcription. Agrobacterium 
takes advantage of this process by associ-
ating VirE2 with VIP1, thereby allow-
ing the T-complex to hitch a ride into the 
nucleus.7 Since VIP1 is a transcription 
factor, it has a certain affinity to the plant 
chromatin. This property is also exploited 
by Agrobacterium, which uses VIP1 to 
target the T-complex not only through the 
nuclear pore, but also to the host chroma-
tin.11 At this point however, the presence 
of VIP1 as well as its associated VirE2 on 
the T-DNA becomes a burden because the 
T-DNA molecule needs to be exposed for 
integration into the plant genome to occur. 
Agrobacterium achieves this goal also by 
subverting a host defense pathway, medi-
ated by the plant F-box protein, VBF.6

Agrobacterium Activates  
the Host SCFVBF Proteasomal  

Degradation Pathway

Challenge of plants by bacteria, including 
Agrobacterium, results in transcriptional 
activation of an F-box protein, termed 
VBF. VBF can recognize, interact with 
and target for degradation VIP1 by the 

Figure 1. nucleocytoplasmic localization of VBF. GFP-tagged VBF was transiently coexpressed with free dsred2 in Nicotiana benthamiana epidermis 
following microbombardment. (a) GFP-VBF. (B) dsred2. (c) merged image. GFP signal is in green, dsred2 signal is in red and overlapping GFP and 
dsred2 signals are in yellow. arrow indicates the cell nucleus. all images are single confocal sections. Bar = 10 µm.
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likely utilized to target the T-complex to 
the plant chromatin.11,26,27 This is made 
possible by attaching the T-complex to 
VIP1 via VirE2 and formation of such 
VIP1-VirE2-ssDNA and VIP1-VirE2-
ssDNA-nucleosome complexes has been 
demonstrated in vitro.11

As the defense reaction proceeds, there 
arises a need for its control which likely 
involves degradation of VIP1 by the 26S 
proteasome via the SCFVBF pathway.6 
Agrobacterium, again, hijacks this path-
way to remove VIP1 and VirE2 from 
the T-complex and expose its T-strand 
molecule for integration.6 This subver-
sion of plant defense is again based on 
the interaction between VirE2 and VIP1, 
such that when VIP1 is recognized by 
VBF and marked for degradation by the 

Agrobacterium transfers also several of its 
Vir proteins, such as VirE2, VirE3 and 
VirF, into the host cell cytoplasm.21,24 
There, VirE2 packages the T-strand into 
a helical T-complex,9,10 protecting it from 
cellular nucleases25 and setting stage for 
it its nuclear import. To this end, VirE2 
interacts with the cytoplasmic population 
of VIP1 (Fig. 2B).

Meanwhile, the activated plant defense 
employs MPK3 to phosphorylate VIP1, 
thereby inducing its nuclear import for 
subsequent induction of expression of 
the PR1 gene14 as well as other stress 
genes13 by the nuclear VIP1 (Fig. 2C). 
Agrobacterium hijacks this pathway and 
utilizes it to bring the T-complex into the 
plant cell nucleus (Fig. 2C). Furthermore, 
following nuclear import, VIP1 is also 

this first stage, the bacterium and plant 
cell are sensing each other and respond-
ing to each other. In the Agrobacterium 
cell, this response includes activation of 
the vir genes and processing the T-DNA 
for export, i.e., generation of the sin-
gle-stranded (ss) mobile T-DNA copy 
(T-strand), mostly by the VirD2 endonu-
clease, which remains covalently attached 
to the 5' end of the T-strand.22 In the 
plant cell, the pathogen attack triggers 
different defense responses, such as sys-
temic acquired resistance (SAR)23 (Fig. 
2A), which include activation of defense-
related genes and synthesis of their protein 
products, such as VBF (Fig. 2B).

Next, the T-strand is transferred into 
the host cell (Fig. 2B). At the same time 
and most likely through the same channel, 

Figure 2. interplay between the bacterial virulence and host defense systems during nuclear import, chromatin targeting and proteasomal uncoating 
of the agrobacterium t-complex. (a) activation of infectivity and defense. (B) transfer of the t-complex and Vir effectors into the host cell. (c) nuclear 
import of the t-complex via mPK3-depenent nuclear import of ViP1. (d) chromatin targeting and proteasomal uncoating of the t-complex by ViP1 
and VBF. For details, see text.
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SCFVBF complex, its associated VirE2 is 
also degraded. That VIP1 associated with 
VirE2 at the T-complex is situated ectopi-
cally, i.e., not at his natural response ele-
ments in the plant genome,13 may further 
enhance or even trigger this degradation.
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