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3.6. RTA-K152E fails to induce KSHV virion production

We have previously shown that RTA-K152E fails to activate 
KSHV lytic genes through direct DNA binding (Zhang et al., 
2005). In this report, data in Figure 3 and Figure 4 suggested 
that RTA-K152E would not activate genes mediated by RTA–
RBP-Jκ-complex through an indirect DNA-binding mecha-
nism. Because RTA activates viral promoters through both 
direct and indirect DNA-binding mechanism, it is thus nec-
essary to directly test if the mutant fails to induce a complete 
KSHV lytic replication. KSHV virion production is the final 
step of the lytic replication and we thus measured the produc-
tion of the virions in response to RTA expression. The expres-
sion plasmid of wtRTA or RTA-K152E mutant was transfected 
into 293-Bac36 cells (Zhou et al., 2002). The expression lev-
els of RTAs were similar in cell lysates (Figure 5B). The me-
dia were collected 5 days later and virus particles in the media 
were concentrated and digested by DNase. Semi-quantita-
tive PCR was subsequently used to detect the DNase-resis-
tant KSHV genomic DNA packaged in virions. The condition 
of the PCR was established empirically for a linear amplifica-
tion of template DNA. As expected, wtRTA induced the ac-
cumulation of DNase-resistant KSHV genomic DNA (Fig-
ure 5A). In contrast, DNase-resistant genomic DNA was not 
detected following transfection of 293-Bac36 cells with the 
RTA-K152E mutant. Thus, RTA-K152E mutant was unable to 
induce KSHV virion production. 

4. Discussion

Numerous studies have indicated that RTA activates target 
promoters by directly binding to DNA and by indirectly bind-
ing via interaction with various cellular factors (Dourmishev 
et al., 2003;  West and Wood, 2003). RBP-Jκ plays an essen-

tial role in RTA-mediated KSHV lytic replication. In this re-
port, we have addressed whether the RTA-RBP-Jκ interaction 
is sufficient for the lytic replication of KSHV.

Notch signaling is well conserved in evolution. Many vi-
ruses usurp this signaling pathway for their own benefits 
(Hayward, 2004). However, none of them, including KSHV, 
can be completely replaced by cellular Notch signaling 
(Chang et al., 2005). RTA must have its own specific prop-
erties to usurp Notch signaling pathway. RTA-K152E has a 
mutated DNA-binding domain and has a defect in its direct 
DNA-binding activity as determined by EMSA with the puri-
fied protein. Like wtRTA, RTA-K152E interacted with RBP-
Jκ physically and the mutant–RBP-Jκ complex was able to 
bind to DNA (Figure 1 and Figure 2). However unlike the 
wtRTA, the physical interaction between the RTA mutant and 
RBP-Jκ failed to activate the RBP-Jκ protein. The mutant 
further inhibited the function of a constitutively active Notch 
mutant (Figure 4). Moreover, as an extension to our previ-
ous publication, the RTA-K152E failed to induce KSHV vi-
rion accumulation (Figure 5). Thus, two apparently contra-
dicting properties of RTA-K152E have clearly emerged from 
our data: (1) RTA-K152E failed to activate the RBP-Jκ pro-
tein; but (2) the mutant had similar capabilities to interact 
with RBP-Jκ and furthermore to bind to DNA indirectly via 
the interaction. The two properties collectively suggest that 
the interaction between RTA and RBP-Jκ and their subse-
quent DNA binding by the complex were not sufficient for 
the initiation of lytic replication of KSHV.

It remains unclear how the mutation in the DNA-binding 
domain of RTA had such a profound effect on RTA functions. 
Because of the known defect in this mutant, our results might 
suggest that direct DNA-binding activity of RTA might be re-
quired to convert the RBP-Jκ protein from a repressor into an 
activator. Since RTA interacts with many cellular factors (Car-
roll et al., 2006; Gwack et al., 2001; Gwack et al., 2002; Li-
ang et al., 2002; Liang and Ganem, 2003; Liao et al., 2003;  
Wang et al., 2001), it is possible that the K152E mutation af-
fects the binding of an unknown cellular factor. It is also pos-
sible that the mutation at the DNA-binding domain (K152E) 
has changed RTA conformation from a transcriptional activa-
tor into a repressor. Based on the structure and function analy-
sis of RTA (Dourmishev et al., 2003;  West and Wood, 2003), 
the activation domain is located at the C-terminal region of the 
RTA. Thus, it is hard to imagine that a single point mutation at 
the N-terminus would affect the C-terminal activation domain.

In summary, this report examined the physical interaction 
between RTA and RBP-Jκ with respect to the activation of the 
RBP-Jκ protein and the activation of KSHV lytic replication. 
Our data demonstrated that the physical interaction between 
KSHV RTA and RBP-Jκ and their subsequent DNA binding 
by the complex were not sufficient to activate RBP-Jκ and to 
induce KSHV lytic replication. Other factor(s), whether it is 
the intrinsic property of RTA or its interaction with other co-
factors, are predicted to be required for the activation of RBP-
Jκ protein by RTA. These findings have provided a new in-
sight into the structure and functions of RTA. 

Figure 5. RTA-K152E fails to induce KSHV virion production. (A) RTA-
K152E fails to induce DNase-resistant KSHV genomic DNA packaged into 
virions. The media from pcDNA3, RTA or RTA-K152E transfected 293-Bac36 
cells were collected and KSHV viruses were concentrated by centrifugation. 
After DNase I digestion, PCR analyses were used for detecting KSHV ge-
nomic DNA. The genomic DNA isolated from 293-Bac36 was used as posi-
tive control. (B) Expression of RTA and its mutant in transfected cells. Lysate 
from pcDNA3, RTA, or RTA-K152E transfected 293-Bac36 cells were used 
for western blot analysis with FLAG and tubulin antibodies. The identity of 
the respective proteins is denoted. 
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