(GPGQVQLQ). Protein expression in M15pRep4 bacteria was induced with
0.5mM IPTG.

Expression vectors. The complete ORF E8 of EHV-2 (viral DNA was a gift
from A. J. Davison), ORF 159L of MCV (the plasmid was a gift from G. Darai)
and ORF 71 of HVS were amplified by PCR and inserted in frame with an N-
terminal Flag epitope into the EcoRI site of a vector derived from pCR-3
(Invitrogen). The Flag-E8-FLIP construct was subcloned into the pSRapuro
vector (a gift from R. Sekaly) and then used to create stable puromycin-resistant
transfectants of Jurkat and Raji cells. An expression vector for the Myc-tagged
cytoplasmic domain of the murine CD95 receptor was generated by insertion
of a PCR fragment corresponding to amino acids 166306 in frame with an N-
terminal Myc epitope into a pCR-3 derived vector. The expression vector for
human TRAMP and FADD in pCR-3 has been previously described’. Human
full-length CD95 was subcloned as a HindIIl/Xbal fragment into pCR-3 and
used for transfection of 293T cells.

Cell transfection. Stable puromycin-resistant transfectants of Jurkat and Raji
cells were generated by electroporation of 8 X 10° cells in 800 .l HeBS, mixed
with 20 wg SRapuro plasmid with or without Flag-E8 insert, at 250V and
960 WE 48 h after transfection, cells were seeded at 10,000 cells per well in flat
bottom 96-well plates under selection with 5pgml™' puromycin (Sigma).
293T cells were seeded at 1-2 X 10° cells per 10-cm plate or 3-6 X 10° cells per
5-cm plate and transfected the next day by the calcium phosphate precipitation
method. The precipitate was left on cells for 8 h, and cells were collected 26—
30h after transfection.

Cell lysis and co-immunoprecipitation. Cell lysis and co-immunoprecipita-
tion of the various tagged proteins were carried out as described’. Jurkat and
Raji clones or 293T cells were checked for protein expression by anti-tag
western blot analysis of postnuclear cell lysates of equivalent protein content.
Metabolic labelling of Raji cells with **S, anti-CD95 immunoprecipitations and
2D-gel electrophoresis were performed as previously described'®. Analysis of
DISC-associated FLICE activity was assessed as before'”.

Apoptosis assays. The analysis of apoptosis induced by CD95L was carried
out as follows: puromycin-resistant Jurkat clones (~3 X 10° cells per 500 1)
were incubated for 3h at 37°C with 50 pl supernatant from neuro-2a cells
transfected with a murine CD95L expression vector or with control super-
natant from cells transfected with mock vector”. The susceptibility of Raji
clones to anti-CD95-induced apoptosis was analysed by incubation of cells
(5% 10° cellsml™') with varying concentrations of anti-Apo-1mAb' in
medium for 16h at 37°C. Apoptosis was measured by quantifying DNA
fragmentation as previously described®. Apoptosis of transiently transfected
293T cells was monitored by the cell-death detection ELISA (Boehringer
Mannheim), which detects the presence of soluble histone—DNA complexes.
The survival of E8-transfected and control Jurkat clones to TRAIL-induced cell
death was tested by incubating cells at 50,000 cells per well in 100 pl with the
indicated concentrations of recombinant TRAIL and 1 pgml ™' anti-Flag mAb
for 20h. Proliferating cells were subsequently quantified with the Celltiter
96 AQ proliferation assay (Promega) following the manufacturer’s instructions.
Herpesvirus saimiri cultures and transcript analysis. The in vitro culture of
virus and northern blot analysis of transcripts were carried out as described”.
The effect of HVS infection on CD95-mediated cell death of owl monkey
kidney (OMK) cells was assayed by seeding the cells at 10* cells per well in 96-
well flat-bottomed plates. Two days later, half of the wells were infected at a
multiplicity of infection of ~1. Recombinant sCD95L (0.3 pgml™ ')’ was
added together with enhancer (Alexis, San Diego) at different times after
infection. Material was collected 20 h later and analysed for the presence of
histone-DNA complexes as described.

Received 21 February; accepted 10 March 1997.

1. Shen, Y. & Shenk, T. E. Viruses and apoptosis. Curr. Biol. 5, 105-111 (1995).

2. Smith, C. A., Farrah, T. & Goodwin, R. G. The TNF receptor superfamily of cellular and viral
proteins—activation, costimulation, and death. Cell 76, 959-962 (1994).

3. Nagata, S. Apoptosis by death factor. Cell 88, 355-365 (1997).

4. Senkevich, T. G. et al. Genome sequence of a human tumorigenic poxvirus: prediction of specific host
response-evasion genes. Science 273, 813-816 (1996).

5. Boldin, M. P. et al. A novel protein that interacts with the death domain of Fas/APO1 contains a
sequence motif related to the death domain. J. Biol. Chem. 270, 7795-7798 (1995).

6. Chinnaiyan, A. M., O’Rourke, K., Tewari, M. & Dixit,, V. M. FADD, a novel death domain-containing
protein, interacts with the death domain of Fas and initiates apoptosis. Cell 81, 505-512 (1995).

NATURE|VOL 38613 APRIL 1997

letters to nature

7. Muzio, M. et al. FLICE, a novel FADD-homologous ICE/CED-3-like protease, is recruited to the
CD95 (Fas/APO-1) death-inducing signaling complex. Cell 85, 817-827 (1996).

8. Boldin, M. P., Goncharov, T. M., Goltsev, Y. V. & Wallach, D. Involvement of MACH, a novel MORT 1/
FADD-interacting protease, in Fas/APO-1- and TNF receptor-induced cell death. Cell 85, 803-815
(1996).

9. Bodmer, J. L. et al. TRAMP, a novel apoptosis-mediating receptor with sequence homology to tumor
necrosis factor receptor 1 and Fas(Apo-1/CD95). Immunity 6, 79—88 (1997).

10. Marsters, S. A. et al. Apo-3, a new member of the tumor necrosis factor receptor family, contains a
death domain and activates apoptosis and NF-k-B. Curr. Biol. 6, 1669-1676 (1996).

11. Kitson, J. et al. A death-domain-containing receptor that mediates apoptosis. Nature 384, 372-375
(1996).

12. Yu, G. L. et al. Signal transduction by DR3, a death domain-containing receptor related to TNFR-1
and CD95. Science 274, 990-992 (1996).

13. Chang, Y. et al. ldentification of herpesvirus-like DNA sequences in AIDS-associated Kaposi’s
sarcoma. Science 266, 1865—1869 (1994).

14. Tschopp, J. & Hofmann, K. Cytotoxic T cells: more weapons for new targets? Trends Microbiol. 4, 91—
94 (1996).

15. Henkart, P. A. ICE family proteases: mediators of all apoptotic cell death? Immunity 4, 195-201
(1996).

16. Kischkel, E. C. et al. Cytotoxicity-dependent Apo-1 (Fas/CD95)-associated proteins form a death-
inducing signaling complex (DISC) with the receptor. EMBO J. 14, 5579-5588 (1995).

17. Medema, J. et al. FLICE is activated by association with the CD95 death-inducing signaling complex.
EMBO J. (in the press).

18. Chinnaiyan, A. M. et al. FADD/MORTT is a common mediator of CD95 (Fas/APO-1) and tumor
necrosis factor receptor-induced apoptosis. J. Biol. Chem. 271, 4961-4965 (1996).

19. Bucher, P, Karplus, K., Moeri, N. & Hofmann, K. A flexible search technique based on generalized
profiles. Comp. Chem. 20, 3—24 (1996).

20. Fernandes-Alnemri, T. et al. In vitro activation of CPP32 and Mch3 by Mch4, a novel human apoptotic
cysteine protease containing two FADD-like domains. Proc. Natl Acad. Sci. USA 93, 7464-7469
(1996).

21. Wiley, S. R. et al. Identification and characterization of a new member of the TNF family that induces

apoptosis. Iinmunity 3, 673-682 (1995).

. Fickenscher, H., Biesinger, B., Knappe, A., Wittmann, S. & Fleckenstein, B. Regulation of the

herpesvirus saimiri oncogene stpC, similar to that of T-cell activation genes, in growth-transformed

human T lymphocytes. J. Virol. 70, 6012-6019 (1996).

Yang, E. & Korsmeyer, S. J. Molecular thanatopsis: a discourse on the BCL2 family and cell death. Blood

88, 386—401 (1996).

24. Huang, D. C.S., Cory, S. & Strasser, A. Bcl-2, Bcl-xL and adenovirus protein E1B19kD are functionally
equivalent in their ability to inhibit cell death. Oncogene 14, 405-414 (1997).

25. Hahne, M. et al. Melanoma cells express Fas(Apo-1/CD95) ligand: Implications for tumor immune
escape. Science 274, 1363-1366 (1996).

26. Strand, S. et al. Lymphocyte apoptosis induced by CD95 (Apo-1/Fas) ligand-expressing tumor cells—

A mechanism of immune evasion? Nature Med. 2, 13611366 (1996).

Rensing-Ehl, A. et al. Local Fas/APO-1 (CD95) ligand-mediated tumor cell killing in vivo. Eur. J.

Immunol. 25, 2253-2258 (1995).

Nicoletti, I., Migliorati, G., Pagliacci, M. C., Grignani, F. & Riccardi, C. A rapid and simple method for

measuring thymocyte apoptosis by propidium iodide staining and flow cytometry. J. Immunol. Meth.

139, 271-279 (1991).

29. Russo, J. J. et al. Nucleotide sequence of the Kaposi sarcoma-associated herpesvirus (HHV8). Proc.
Natl Acad. Sci. USA 93, 14862-14867 (1996).

30. Bertin, J. et al. Death effector domain-containing herpesvirus and poxvirus proteins inhibit Fas- and
TNFR1-induced apoptosis. Proc. Natl Acad. Sci. USA 94, 1172-1176 (1997).

2

o

2

had

2

N

2

o

Acknowledgements. This work was supported by grants from the Swiss National Science Foundation (to
].T.), the European Molecular Biology Organization (to M.T.), the Deutsche Forschungsgemeinschaft (to
M.E.P.), the Bundesministerium fiir Forschung and Technologie, the Tumor Center Heidelberg/
Mannheim. H.F. is supported by the Bayerische Forschungsstiftung, F.N. by the Mildred Scheel Stiftung
and E.M. by the Deutsche Forschungsgemeinschaft. We thank B. Fleckenstein for discussion, M. Irmler
for suggesting the term FLIP, and S. Belli for critically reviewing the manuscript.

Correspondence and requests for materials should be addressed to J.T. (e-mail: jurg.tschopp@ib.unil.ch.)

erratum

Ras signalling linked to the
cell-cycle machinery by
the retinoblastoma protein
Daniel S. Peeper, Todd M. Upton,

Mohamed H. Ladha, Elizabeth Neuman, Juan Zalvide,
René Bernards, James A. DeCaprio & Mark E. Ewen

right-hand panel of Fig. 5b of this letter was incorrect. The cell type
involved is not Rb** 3T3, but Rb ™/~ 3T3, as indicated in the text
and the figure legend.
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