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Molecular Interaction between a Bcl-2 Homolog from Kaposi Sarcoma Virus and p53
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Many viruses have anti-apoptotic proteins to prevent apopto- 
tic defense mechanism of virus-infected host cells. Since 
Bcl-2 family proteins are key players in the regulation of 
apoptosis, the homologs of Bcl-2 with structural and functional 
similarity are expressed by viruses such as Kaposi sarcoma- 
associated herpes virus (KSHV), adenovirus, and Epstein- 
Barr virus (EBV). For example, Kaposi sarcoma tumor-causing 
virus KSHV contains a Bcl-2 homolog called KSHV Bcl-2 
and the protein protects virus-infected cells from apoptosis.1 
KSHV Bcl-2 has four conserved Bcl-2 homology (BH) 
domains encompassing BH1-BH4 and the presence of BH4 
domain is characteristic of the human anti-apoptotic Bcl-2 
family members (Fig. 1). Although KSHV Bcl-2 shares the 
overall fold as human Bcl-2, its specificity is different from 
that of human anti-apoptotic Bcl-2 family proteins.2 While 
how the virus mimics host proteins is of great therapeutic 
importance, the mechanism of apoptosis inhibition by KSHV 
Bcl-2 is largely unknown.

Human p53 tumor suppressor has been known to induce 
cell cycle arrest and apoptosis of damaged cells. Aside from 
its transcription-dependent apoptosis, p53 mediates the 
mechanism of transcription-independent apoptosis. In response 
to various apoptotic stimuli, cytosolic p53 moves to the 
mitochondria and binds to Bcl-2 family proteins. In particular, 
the interactions of p53 with the anti-apoptotic Bcl-2 family 
proteins such as Bcl-2 and Bcl-XL were shown to relieve the 
inhibition of pro-apoptotic Bcl-2 family proteins by them, 
leading to activation of intrinsic mitochondrial apoptosis 
pathway.3 Although it can be speculated that viral Bcl-2 
homologs mimic the function of cellular anti-apoptotic Bcl-2 
family proteins, any molecular interaction of viral Bcl-2 
homologs with p53 has not been observed to date. In this study, 
we studied the molecular interaction between KSHV Bcl-2 
and p53 TAD by NMR binding experiments.

Figs. 2A and 2B show the 1H-15N HSQC spectra for free 
state and KSHV Bcl-2-bound p53 TAD, respectively. The 
crosspeaks for free state p53 TAD at pH 7.8 were assigned 
using the previous assignment obtained at different pH.4 Upon
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binding to KSHV Bcl-2, the crosspeak corresponding to Leu26 
disappeared and the intensity of crosspeaks corresponding to 
Leu22, Trp23, Lys24, and Leu25 was greatly reduced. This 
spectral change seemed to arise from significant line broadening
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Figure 1. Comparison of domain structure and sequence between 
KSHV Bcl-2 and human Bcl-2 family proteins (A) Human Bcl-2 
family proteins are classified into three subfamilies (Bcl-2, Bax, and 
BH3-only). Bcl-2 homology (BH) domains and transmembrane 
segment (TM) are indicated. (B) Sequence alignment between 
KSHV Bcl-2 and human Bcl-2. The BH domains and TM are shown 
below the sequence.
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Figure 2. Chemical shift perturbations on p53 TAD by binding KSHV Bcl-2. (A) The 2D 15N-1H HSQC spectra for free state p53 TAD. (B) The 
overlaid HSQC spectra for free state (blue) and KSHV Bcl-2-bound p53 TAD (red). The crosspeaks of p53 TAD residues that showed 
significant reduction of intensity or chemical shift change upon binding KSHV Bcl-2 are labeled. To observe obvious chemical shift 
perturbation, binding titration was performed until the molar ratio of p53 tAd to KSHV Bcl-2 reaches 1:4.5. (C) Chemical shift perturbations 
on p53 TAD by binding KSHV Bcl-2 and binding site comparison. Chemical shift changes for 1H (top) and 15N frequency (bottom) are plotted 
against the residue number of p53 TAD. For comparison, the sites where significant NMR chemical shift perturbations occurred upon binding 
mdm2, hTAFn31 or p300 are displayed in the bottom.4,7,8 The cylinders in the bottom indicate the location of a-helices found in the structures 
of mdm2-bound and Tfb1-bound complexes.9,10

due to intermediate chemical exchange on the NMR time 
scale (Fig. 2B). This indicates that the residues 22-26 of p53 
TAD are significantly involved in the interaction with KSHV 
Bcl-2. Figure 2 shows chemical shift perturbations on p53 
TAD upon binding to KSHV Bcl-2. Except flexible N-terminal 
terminal residues 2-3, the largest chemical shift changes were 
observed at the two regions of p53 TAD encompassing the 
residues 18-26 and 44-57, indicating that they form the binding 
sites for KSHV Bcl-2. Interestingly, the KSHV Bcl-2-binding 
regions in p53 TAD are well overlapped with the sites where 
significant chemical shift perturbations occurred upon binding 
mdm2,4 p300,5 or hTAFII316 (Fig. 2C). Due to difference in 
binding affinity, the magnitude in chemical shift perturbation 
for KSHV Bcl-2 is lower that that for mdm2. However, 
exchange broadening in residues 22-26 of p53 TAD is common 
for binding to mdm2, p300 and hTAFII31. The agreement in 
the chemical shift perturbation data suggests that the binding 
of p53 TAD with KSHV-Bcl2 may occur in a manner similar 
to that with mdm2, p300, and hTAFu31. While p53 TAD is 
structurally disordered, it is likely that the well-defined 
amphipathic a-helices in the p53 TAD (Fig. 2C), formed by 
residues 18-26 and 47-55, mediate hydrophobic interaction 
with KSHV Bcl-2 as observed in the structures of mdm2- 
bound and Tfb1-bound complexes.7,8

In this report, we show the first case where the direct interac
tion between viral Bcl-2 homolog and p53 is observed. 
Considering the structural similarity with KSHV Bcl-2, the 
other viral Bcl-2 homologs such as M11L from myxoma virus 
may also be involved in the direct interaction with p53 TAD. 
For cellular Bcl-2 family proteins, in vivo interaction of Bcl-2 
and Bcl-XL with p53 was observed at the cellular level9 and 
the interactions were shown to be mediated via the DNA- 
binding domain of p53.3,10 Recently, Bcl-XL was observed to 
interact with the N-terminal domain of p53.11 Therefore, it is 
possible that KSHV Bcl-2 prevents the transcription-indepen

dent apoptosis of p53 by interfering with the direct interac
tions between p53 and cellular anti-apoptotic Bcl-2 family 
proteins. Dysregulation of the host apoptosis mechanism by 
viral Bcl-2 homolog may enhance the survival of the virus- 
infected host cells. The information on the dysregulated path
way and the binding site should contribute to the development 
of antiviral therapies.

In conclusion, we demonstrated direct interaction between 
KSHV Bcl-2 and p53 TAD using NMR binding experiments. 
Our chemical shift perturbation data determined the KSHV 
Bcl-2-binding sites on p53 TAD at the atomic level, indicating 
that the binding sites coincide with those for mdm2, p300, or 
hTAFii31. Our observation suggests that the other viral Bcl-2 
homologs may be involved in the interaction with p53 as 
cellular Bcl-2 family proteins.

Experimental Section

KSHV Bcl-2 (residues 1-146), in which C-terminal trans
membrane segment was truncated and N67D/V117A mutations 
were introduced, and p53 TAD (residues 1-73) were expressed 
and purified as previously described.2,4 The 2D 15N-1H HSQC 
spectra of 15N,13C-labeled p53 TAD were obtained in the 
absence or presence of KSHV Bcl-2. All NMR data were 
acquired at 5 oC on Bruker Avance II 900 spectrometer equip
ped with cryogenic probe. NMR samples containing 50 卩M 
15N,13C-labeled p53 TAD alone or with KSHV Bcl-2 were 
prepared in 95% H2O/5% 2H2。，20 mM TrisHCl, pH 7.8 and 
5 mM DTT. All NMR data were processed and analyzed using 
an nmrPipe/nmrDraw and SPARKY software.12,13

Acknowledgments. This study was supported by a grant 
from the National R&D Program for Cancer Control, Ministry 
for Health, Welfare and Family affairs, Republic of Korea 
(0720130) (to S.-W. C.). This study was also supported by the 



Notes

KOSEF Grants (R01-2007-000-10691-0 to J.-H. L.; R01- 
2008-000-20786-0 to S.-W. C.), the KRF Grant (KRF-2008-331- 
C00178) (to J.-H. L.), and an EB-NCRC grant (R15-2003- 
012-01001-0) funded by the Korean Government (MEST). 
This study made use of the NMR facility at KBSI, which is 
supported by Bio-MR Research Program of the Korean 
Ministry of Science and Technology (E28070).

References

1. Sarid, R.; Sato, T.; Bohenzky, R. A.; Russo, J. J. Nat. Med. 1997, 
3(3), 293-298.

2. Huang, Q.; Petros, A. M.; Virgin, H. W.; Fesik, S. W.; Olejniczak, 
E. T. Proc. Natl. Acad. Sci. USA 2002, 99(6), 3428-3433.

3. Tomita, Y; Marchenko, N.; Erster, S.; Nemajerova, A.; Dehner, 
A.; Klein, C.; Pan, H.; Kessler, H.; Pancoska, P; Moll, U. M. J. 
Biol. Chem. 2006, 281(13), 8600-8606.

4. Chi, S. W.; Lee, S. H.; Kim, D. H.; Ahn, M. J.; Kim, J. S.; Woo, 

Bull. Korean Chem. Soc. 2009, Vol. 30, No. 7 1657

J. Y; Torizawa, T.; Kainosho, M.; Han, K. H. J. Biol. Chem. 
2005, 280(46), 38795-38802.

5. Teufel, D. P; Freund, S. M.; Bycroft, M.; Fersht, A. R. Proc Natl 
AcadSci USA 2007, 104(17), 7009-7014.

6. Uesugi, M.; Verdine, G. L. Proc Natl Acad Sci USA 1999, 96 
(26), 14801-14806.

7. Kussie, P. H.; Gorina, S.; Marechal, V.; Elenbaas, B.; Moreau, J.; 
Levine, A. J.; Pavletich, N. P. Science 1996, 274(5289), 948-953.

8. Di Lello, P.; Jenkins, L. M.; Jones, T. N.; Nguyen, B. D.; Hara, 
T.; Yamaguchi, H.; Dikeakos, J. D.; Appella, E.; Legault, P.; 
Omichinski, J. G. Mol Cell 2006, 22(6), 731-740.

9. Mihara, M.; Erster, S.; Zaika, A.; Petrenko, O.; Chittenden, T.; 
Pancoska, P; Moll, U. M. Mol. Cell 2003, 11(3), 577-590.

10. Sot, B.; Freund, S. M.; Fersht, A. R. J. Biol. Chem. 2007, 282(40), 
29193-29200.

11. Xu, H.; Tai, J.; Ye, H.; Kang, C. B.; Yoon, H. S. Biochem. 
Biophys. Res. Commun. 2006, 341(4), 938-944.

12. Bang, J.; Kang, Y.-M.; Choi, B.-S.; Lee, J.-H. Bull. Korean 
Chem. Soc. 2007, 28(12), 2543-2545.

13. Lee, J.-H. Bull. Korean Chem. Soc. 2007, 28(10), 1643-1644.


