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immediate early genes (Batterson and Roizman, 1983; Campbell et al., 1984;
Bzik and Preston 1986; Pellett et al., 1985). This partial localization of VP16 is
not novel as other proteins such as the human ubiquitin activating enzyme E1
also appears to distribute between both nuclear and cytoplasmic subpopulations
(Handley-Gearhart et al., 1994). How in fact VP16 localizes to the nucleus at all
is a mystery however, considering the fact that throughout its entire sequence
the are no evident nuclear localization signals.

Evidence presented here may now implicate VP16 as a shuttle protein
that serves to translocate vhs into the nucleus in order to downregulate its
activity or package it into the tegument of new virions. The region responsible
for VP16 localization then is of added importance as it may not only serve to
facilitate the transactivation of immediate early genes but also may conceivably
downregulate vhs and/or facilitate its packaging into new virions.

To date, three different nuclear localization signals have been
classified. The classical NLS of the SV40 large-T antigen relies on a KKKRK
polybasic region to localize it to the nucleus (Kalderon et al., 1984), while in
contrast, the unclassified NLS such as that found in the M9 region of the
heterogeneous ribonucleoprotein (hnRNP) consists of 38 amino acids with three
basic amino acids interspersed among the entire sequence (Sionmi and
Dreyfuss, 1995). The third NLS consists of two basic regions separated by
approximately 10 amino acids. These ‘bipartite’ localization sequences have

been found in the Retinoblastoma gene product (KRPAATKKAGQAKKKK) and



67

o — EGFP Nuglear Texas Rgd Nuclear Intensity pf Nuclear
Localization Localization Localization

EGVP74 Yes Yes ++
EGVP1s2 Yes Yes #
EGVP2s0 No No N/A
EGVP299 No No N/A
EGVPs33s No No N/A
EGVP3ss Yes® Yes® +@
EGVPz69 Yes Yes 4
EGVP379 Yes Yes +
EGVPa11 Yes Yes ++
EGVPag0 Yes Yes +

Table 4.2 Amino acids spanning residues 335 to 355 are necessary for the
nuclear localization of VP16.
The above table presents summarized data from figure 10 and data not shown
(column a). In all cases, nuclear translocation of the EGVP constructs were far
from absolute. Therefore, the intensities shown above do not reflect a complete
translocation of the VP16 fragments into the nucleus but rather the relative ability
of each construct to localize to the nucleus.




1 MDLLVDELFADMDADGASPPPPRPAGGPK---------------- NTP-AAPPLYATGRLSQAQLMPSPP
1 MDLLVDDLFADRD--GVSPPPPRPAGGPK---------------- NTP-AAPPLYATGRLSQAQLMPSPP
1 BESGRI~—-—-~—= KTAGRALASQCGGAAAATMDPYDAIEAFDDSLLGSPLAAGPLYDGP--SPARFALPPP
1 MAANIA-MFADIEDYDDTRSCEYGYGTCELMDVDGVVASFDEGMLS---ASESIYSSP--AQKRLALPPP
1 MSGRI------- KTAGRALASQCGGAAAATMDPYDAIEAFDDSLLGSPLAAGPLYDGP--SPARFALPPP

54 MPVPPAALFNRLLDDLGFSAGPALCTMLDTWNEDLFSALPTNADLYRECKFLSTLPSDVVEWGDAYVPER
52 MPVPPAALFNRLLDDLGFSAGPALCTMLDTWNEDLFSGFPTNADMYRECKFLSTLPSDVIDWGDAHVPER
62 RPAPLAALLERMQAELGFPDGPALLRAMERWNEDLFSCLPTNADLYADAALLSADADAVV--GAMYLAVP
65 KATSPTALYQRLQAELGFPEGQAMLFAMEKWNEDMFSAIPVHVDLYTEIALLSTSVNEVVKAGLDSLPIP
62 RPAPLAALLERMQAELGFPDGPALLRAMERWNEDLFSCLPTNADLYADAALLSADADAVV--GAMYLAVP

124 AQ----IDIRAHGDVAFPTLPATRDGLGLYYEALSRFFHAELRAREESYRTVLANFCSALYRYLRASVRQ
122 SP----IDIRAHGDVAFPTLPATRDELPSYYEAMAQFFRGELRAREESYRTVLANFCSALYRYLRASVRQ
130 GD-AERLDLNAHANQPLPAPPASEEGLPEYVAGVQAHFLAELRAREERYAGLFLGYCRALLQHLRATAAR
135 TNYIPEVDLNAHGSEPFPEVPALEDELETYVISAQRFYLSELRAREEHYSRLLRGYCVALLHYLYGSAKR
130 GD-AERLDLNAHANQPLPAPPASEEGLPEYVAGVQAHFLAELRAREERYAGLFLGYCRALLQHLRATAAR

190 LHRQAHMRGRDRDLGEMLRATIADRYYRETARLARVLFLHLYLFLTREILWAAYAEQMMRPDLFDCLCCD
190 LHRQAMMRGRNRDLREMLRTTIADRYYRETARLARVLFLHLYLFLSREILWAAYAEQMMRPDLFDGLCCD
199 G-RGA---AGAGAQADRLRQLVAARYYREASRLARLAFAHMYVATAREVSWRLHSQQSQAQGVFVSLYYA
205 QLRGA---GSDSALMHKFKQVVRDRYYRETANLARLLYLHLYISVTREVSWRLHASQVVNQGIFVSLHYT
199 G-RGA---AGAGAQADRLRQLVAARYYREASRLARLAFAHMYVATAREVSWRLHSQQSQAQGVFVSLYYA

260 LESWRQLAGLFQPFMFVNGALTVRGVPIEARRLRELNHIREHLNLPLVRSAATEEPGAPLTTPPTLHGNQ
260 LESWRQLACLFQPLMFINGSLTVRGVPVEARRLRELNHIREHLNLPLVRSAAAEEPGAPLTTPPVLQGNQ
265 WPQRRQFTCLFHPVLFNHGVVALEDGFLDAAELRRLNYRRRELGLPLVRAGLVEVEVGPLVEEPPFSGSL
272 WPQRRKFECLFHPVLFNHGVVILENDPLEFNDLQRINYRRRELGLPLIRAGLIEEENLPLESEPTFSGKL
265 WPQRRQFTCLFHPVLFNHGVVALEDGFLDAAELRRLNYRRRELGLPLVRAGLVEVEVGPLVEEPPFSGSL

PcOPPCcPP. . .0cHpco

330 ARASGYFMVLIRAKLDSYSSFTT------ SPSEAVMREHAYS-RARTKNNYGSTIEGLLDLPDDD----A
330 ARSSGYFMLLIRAKLDSYSSVAT------ SEGESVMREHAYS-RGRTRNNYGSTIEGLLDLPDDDD---A
335 PRALGFLNYQVRAKMGAPAEAGGGWRRSGSTRTRGRAARSTTGRLQ-RPCCGPRRRAKCCRATPRQRLRA
342 PRTIGFLTHQIRTKMEAYSNA------ HPSTPLFPLAEHSYSKRIDGRLSYGTTAEAMMDPPSPSAVLPG

335 PRALGFLNYQVRAKMGAPAEAGGGWRRSGSTRTRGRAARSTTGRLQ-RPCCGPRRRAKCCRATPRQRLRA

389 PEEAGLAAPRLSFLPAGH-TRRLSTAPP-TDVSLGDELHLDGEDVAMAHADALDDFDLDMLGDGDSPGPG
390 PAEAGLVAPRMSFLSAGQRPRRLSTTAPITDVSLGDELRLDGEEVDMTPADALDDFDLEMLGDVESPSPG

405 RGEPRHTSGSGAF - SQGRRPGRVCR- -~~~ - LGWACKARSGPARGGPGPSPVRSGLGLSRARGSPGPGPA
421 DPVPPLTVGI--=-========= === === = mmm - m e e e e e = RQTAETLALPSNLTL-------==--~
405 RGEPRHTSGSGAF-SQGRRPGRVCR------ LGWACKARSGPARGGPGPSPVRSGLGLSRARGSPGPGPA

457 FTPHDSAPYG---ALDMADFE--FEQMFTDALGIDEYGG.
460 MT-HDPVSYG---ALDVDDFE--FEQMFTDAMGIDDFGG.
467 CGGPSRARGGRRRASPANPFGGTYDALLGDRLN-QLLDF .
446 — == QSMETDVLD--YSSISGDELN-QMFDI.
467 CGGPSRARGGRRRASPANPFGGTYDALLGDRLN-QLLDF .

Figure 11. Sequence alignment of proteins homologous to VP16.

68

HSV-1
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Homologous transactivators from HSV 1 and 2, BHV (bovine herpes virus), EHV-1
(equine herpes virus) and VZV (varicella-zoster virus) were aligned based on their
primary sequences. Shaded (light grey) amino acids denote residues 80% or more
conserved between the five proteins. Within the putative nuclear localization domain
(residues 330-344 - shaded in yellow) are hydrophobic (¢) and conserved (c) amino

acids.
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nucleoplasmin (KRPAAIKKAGQAKKKK) (Zakenhaus et al., 1993; Dingwall et al.,
1982).

Studies presented here suggest that the region of VP16 responsible
for nuclear localization falls between residues 335 and 355 (Figure 9 and table
4.2). At first glance this region does not appear to have any classical NLS but in
reviewing the sequence alignment of HSV 1 and 2, BHV, EHV-1 and VZV,
(Figure 11) this stretch of amino acids presents two highly conserved basic ends
with 9 mainly hydrophobic residues interspersed between them
(RASGYFMVLIRAK). This stretch is not entirely unlike the bipartite NLS seen in
other proteins, as many also contain a stretch of hydrophobic amino acids in
between flanking basic ends.

Studies have shown that nuclear localization signals behave
independently and as such can localize cytoplasmic proteins such as pyruvate
kinase to the nucleus when the expressed as a NLS fusion (Kalderon et al.,
1984). Whether the 15 amino acid sequence presented here is necessary and
sufficient for the translocation of VP16 to the nucleus, and furthermore whether it
is capable of re-locating an unrelated cytoplasmic protein to the nucleus still
remains to be seen. Further studies will hopefully delineate the actual sequence
necessary for the characteristic nuclear localization of VP16, and whether or not
it functions as an NLS.

Since VP16 has been shown to play an important role in the viral

lifecycle and production of new virions, and furthermore appears to mediate its
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functions from within the nucleus, a single alteration in the protein inhibiting its
nuclear localization could be potentially lethal to the virus. VP16 and vhs as
possible targets for antiviral therapies then may indeed present points of

weakness in the formidable resilience of HSV infections.



5. BIBLIOGRAPHY

Ace, C.l., Dalrymple, M.A., Ramsay, F.H., Preston, V.G. and C.M. Preston,
1988. Mutational Analysis of the Herpes Simplex Virus Type 1 Trans Inducing
Factor vmw65. J. Gen. Virol. 69: 2595-2605.

Ace, C.I., McKee, T.A., Ryan, J.M., Cameron, J.M. and C.M. Preston. 1989.
Construction and Characterization of a Herpes Simplex Virus Type 1 Mutant
Unable to Transinduce Immediate-Early Gene Expression. J. Virol. 63: 2260-
2269.

Bataille, D. and A. Epstein. 1995. Herpes Simplex Virus Type 1 Replication and
Recombination. Biochimie 77: 787-795.

Batterson, W. and B. Roizman. 1983. Characterization of the Herpes Simplex
Virion-associated Factor Responsible for the Induction of o Genes. J. Virol. 46:
371-377.

Berger, S.L., Cress, W.D., Cress, A., Triezenberg, S.J. and L. Guarente. 1990.
Selective Inhibition of Activated but not Basal Transcription by the Acidic
Activation Domain of VP16: Evidence for Transcriptional Adaptors. Cell 61:
1199-1208.

Berthomme, H., Jacquemont, B. and A. Epstein. 1993 The Pseudorabies Virus
Host Shutoff Homolog Gene: Nucleotide Sequence and Comparison with
Alphaherpesvirus Protein Counterparts. Virol. 193: 1028-1032.

Bzik, D.J. and C.M. Preston. 1986. Analysis of Sequences which Regulate the
Transcription of Herpes Simplex Virus Immediate Early Gene 3: DNA Sequenced
Required for Enhancer Like Activity and Response to Trans-activation by a Virion
Polypeptide. Nucleic. Acid. Res. 14: 929-943.

Campadelli-Fiume, G., Farabegoli, F., Di Gaeta, S., and B. Roizman. 1991.

Origin of Unenveloped Capsids in the Cytoplasm of Cells Infected with Herpes
Simplex Virus 1. J. Virol. 65:1589-1595.

71



72

Campbell, M.E.M, Palfreyman, J.M. and C.M. Preston. 1984. Identification of
Herpes Simplex Virus DNA Sequences Which Encode a Trans-acting
Polypeptide Responsible for Stimulation of Immediate Early Transcription. J.
Mol. Biol. 180: 1-19.

Chee, M. and B. Barrell. 1990. Herpesviruses: A Study of Parts. TIG 6: 86-91.

Cousens, D.J., Greaves, R., Gooding, C.R. and P. O’'Hare. 1989. The C-
Terminal 79 Amino Acids of the Herpes Simplex Virus Regulatory Protein,
Vmwe65, Efficiently Activates Transcription in Yeast and Mammalian Cells in
Chimeric DNA-Binding Proteins. EMBO J. 8: 2337-2342.

Dargan, D.J. and H. Subak-Sharpe. 1997. The Effect of Herpes Simplex Virus
Type 1 L-Particles on Virus Entry, Replication, and the Infectivity of Naked
Herpesvirus DNA. Virol. 239: 378-388.

de Bruyn Kops, A. and D.M. Knipe. 1988. Formation of DNA Replication
Structures in Herpes Virus-Infected Cells Requires a Viral DNA Binding Protein.
Cell 55: 857-868.

Dingwall, C., Sharnick, S.V. and R.A. Laskey. 1982. A polypeptide domain that
Specifies Migration of Nucleoplasmin into the Nucleus. Cell 30: 449-458.

Elliott, G., Mouzakitis, G. and P. O’Hare. 1995. VP16 Interacts Via its Activation
Domain with VP22, A Tegument Protein of Herpes Simplex Virus, and is
Relocated to a Novel Macromolecular Assembly in Co-Expressing Cells. J. Virol.
69: 7932-7941.

Everett., RD. 1987. The Regulation of Transcription of Viral and Cellular Genes
by Herpesvirus Immediate-Early Gene Products. Anticancer Res. 7: 589-604.

Fenwick, M.L. and B. Roizman. 1977. Regulation of Herpesvirus
Macromolecular Synthesis VI. Synthesis and Modification of Viral Polypeptides
in Enucleated Cells. J. Virol. 22: 720-725.

Fenwick, M.L. and M.J. Walker. 1978. Suppression of The Synthesis of Cellular
Macromolecules by Herpes Simplex Virus. J. Gen. Virol. 41: 37-51.

Fenwick, M.L. and R.D. Everett. 1990. Inactivation of the Shutoff Gene (UL41)
of Herpes Simplex Virus Types 1 and 2. J. Gen. Virol. 71: 2961-2967.

Friedman, A.D., Triezenberg, S.J. and S. McKnight. 1988. Expression of
Truncated Viral Trans-Activator Selectively Impedes Lytic Infection by its
Cognate Virus. Nature 335: 452-454.



73

Fenwick, M.L. and S.A. Owen. 1988. On the Control of Intermediate Early (o)
mRNA Survival in Cells Infected with Herpes Simplex Virus J. Gen. Virol. 69:
2869-2877.

Gerster, T., and R.G. Roeder. 1988. A Herpesvirus Trans-Activating Protein
Interacts with Transcription Factor OTF-1 and Other Cellular Proteins. Proc.
Natl. Acad. Sci., USA. 85: 6347-6351.

Graham, F.L. and A.J. van Der Eb. 1973. Transformation of Rat Cells By DNA
of Human Adenovirus 5. Virology 54: 536-539.

Greaves, R.F. and P. O'Hare. 1989. Separation of Requirements for Protein-
DNA Complex Assembly from Those for Functional Activity in the Herpes
Simplex Virus Regulatory Protein Vmwe65. J. Virol. 63: 1641-1650.

Hagmann, M., Georgiev, O. and W. Schaffner. 1997. The VP16 Paradox:
Herpes Simplex Virus VP16 Contains a Long Range Activation Domain but
within the Natural Multi-Protein Complex Activates only from Promoter Proximal
Positions. J. Virol. 71: 5252-5962.

Handley-Gearhart, P.M., Stephen, A.G., Trausch-Azar, J.S., Ciechanover, A. and
A.L. Schwartz. 1994. Human Ubiquitin-activating Enzyme, E1. J. Biol. Chem.
269: 33171-33178.

Hardy, W.R. and R.M. Sandri-Goldin. 1994. Herpes Simplex Virus Inhibits Host
Cell Splicing, and Regulatory Protein ICP27 is Required for This Effect. J. Virol.
68: 7790-7799.

Holmes, D.S. and M. Quigley. 1981. A Rapid Boiling Method for the Preparation
of Bacterial Plasmids. Anal. Biochem. 114: 193-197.

Horikoshi, M., Karey, M.F., Kakidani, H. and R.G. Roeder. 1988. Mechanism of
Action of a Yeast Activator: Direct Effect of GAL4 Derivatives on Mammalian
TFIID Promoter Interactions. Cell 54: 665-669.

Jayachandra, S, Baghian, A and K.G. Kousoulas. 1997. Herpes Simplex Virus
Type 1 Glycoprotein K is not Essential for Infectious Virus Production in Actively
Replicating Cells but is Required for Efficient Envelopment and Translocation of
Infectious Virions from the Cytoplasm to the Extracellular Space. J. Virol. 71:
5012-5024.

Jiang, Y., Triezenberg, S.J. and J.D. Gralla. 1993. Defective Transcriptional
Activation by Diverse VP16 Mutants Associated with a Common Inability to Form
Open Promoter Complexes. J. Biol. Chem. 269: 5505-5508.



74

Jones, F.E.. Ph.D. Thesis, 1995

Jones, F.E., Smibert, C.A. and J.R. Smiley. 1995. Mutational Analysis of the
Herpes Simplex Virus Virion Host Shutoff Protein: Evidence that vhs Functions in
the Absence of Other Viral Proteins. J. Virol. 69: 4863-4871.

Katan, M., Haigh, A., Verrijzer, C.P., Vandervliet, P.C. and P. O’'Hare. 1990.
Characterization of a Cellular Factor with Interacts Functionally with OCT-1 in the
Assembly of a Multi-Component Transcription Complex. Nuc. Acids. Res. 18:
6871-6880.

Kalderon, D., Richardson, W.D., Markham, A.F. and A.E. Smith. 1984.
Sequence Requirements for Nuclear Location of Simian Virus 40 Large-T
Antigen. Nature 311: 33-38.

Kalderon, D., Roberts, B.L., Richardson, W.D. and A.E. Smith. 1984. A Short
Amino Acid Sequence Able to Specify Nuclear Localization. Cell 39: 499-509.

Kristie, T.M. and B. Roizman. 1984. Separation of Sequences Defining Basal
Expression from those Conferring o Gene Recognition within the Regulatory
Domains of Herpes Simplex Virus 1 o« Genes. Proc. Natl. Acad. Sci., USA. 81:
4065-4069.

Kristie, T.M., Lebowitz, J.H. and P.A. Sharp. 1989. The Octomer-Binding
Proteins form Multi-Protein-DNA Complexes with the HSV «-TIF Regulatory
Protein. EMBO J. 8: 4229-4238.

Kwong, A.D. and N. Frenkel. 1987. Herpes Simplex Virus-Infected Cells
Contain a Function(s) that Destabilizes Both Host and Viral mMRNAs. Proc. Natl.
Acad. Sci., USA. 84: 1926-1930.

Kwong, A.D., Kruper, J.A. and N. Frenkel. 1988. Herpes Simplex Virus Virion
Host Shutoff Function. J. Virol. 62: 912-921.

Laemmli, U.K. 1970. Cleavage of Structural Proteins During the Assembly of
the Head of Bacteriophage T4. Nature 227: 680-685.

Lai, J. and W. Herr. 1997. Interdigitated Residues within a Small Region of
VP16 Interact with OCT-1, HCF and DNA. Mol. Cell. Biol. 17: 3937-3946.

Lam, Q., Smibert, C.A., Koop, K., Lavery, C, Capone, J.P., Weinheimer, S. and
J.R. Smiley. 1996. Herpes Simplex Virus VP16 Rescues Viral mRNA from
Destruction by the Virion Host Shutoff Function. EMBO J. 15: 2575-2581.



75

Leopardi, R., Ward, P.L., Ogle, W.O. and B. Roizman. 1997. Association of
Herpes Simplex Virus Regulatory Protein ICP22 With Transcriptional Complexes
Containing EAP, ICP4, RNA Polymerase Il and Viral DNA Requires Post-
Translational Modification by the UL13 Protein Kinase. J. Virol. 71: 1133-11309.

Lin, Y. and M.R. Greene. 1991. Mechanism of Activation of an Acidic
Transcriptional Activator in vitro. Cell 64: 971-981.

Lukonis, C. and S.K. Weller. 1996. Characterization of Nuclear Structures in
Cells Infected with Herpes Simplex Virus Type 1 in the Absence of Viral DNA
Replication. J. Virol. 70: 1751-1758.

Mackem, S. and B. Roizman. 1982. Structural Features of The Herpes Simplex
Virus o Gene 4, 0 and 27 Promoter-Regulatory Sequence which Confer o
Regulation on Chimeric Thymidine Kinase Genes. J. Virol. 44: 939-949.

McGeoch, D.J., Dalrymple, A., Davison, A.J., Dolan, A., Frame, M.C., McNab,
D., Perry, L.J., Scott, J.E. and P. Taylor. 1988. The Complete DNA Sequence
of the Long Unique Region in the Genome of Herpes Simplex Virus Type 1. J.
Gen. Virol. 69: 1531-1574.

McKnight, J.L.C., Kristie, T.M. and B. Roizman. 1987. Binding of the Virion
Protein Mediating o Gene Induction in Herpes Simplex Virus 1 — Infected Cells to
its cis Site Requires Cellular Proteins. Proc. Natl. Acad. Sci., USA. 84: 8061-
7065.

McLean, C., Buckmaster, A., Hancock, D., Buchan, A., Fuller, A. and A Minson.
1982. Monoclonal Antibodies to Three Non-Glycosylated Antigens of Herpes
Simplex Virus 2. J. Gen. Virol. 63: 297-305.

McLauchlan, J., Addison, C., Craigie, M.C. and F.J. Rixon. 1992. Noninfectious
L-Particles supply functions which can facilitate infection by HSV-1. Virol. 190:
682-688.

Nakai, H., Maxwell, I.H. and L.I. Pizer. 1982. Herpesvirus Infection Alters the
Steady-State Levels of Cellular Polyadenylated mRNA in Polyoma Virus-
Transformed BHK Cells. J. Virol. 42: 1131-1134.

Ng, T.l.,, Chang, Y.E. and B. Roizman. 1997. Infected Cell Protein 22 of Herpes
Simplex Virus 1 Regulates the Expression of Virion Host Shutoff Gene UL41.
Virology 234: 226-234.

Nii, S., Morgan, C. and H.M. Rose. 1968. Electron Microscopy of Herpes
Simplex Virus Il. Sequence of Development. J. Virol. 2:517-536.



76

Nishioka, Y. and S. Silverstein. 1977. Degradation of Cellular mRNA During
Infection by Herpes Simplex Virus. Proc. Natl. Acad. Sci., USA. 74: 2370-2374.

Ogle, W.0., Ng, T.l., Carter, KL. and B. Roizman. 1997. The UL13 Protein
Kinase and the Infected Cell Type are Determinants of Post-Translational
Modification of ICPO. Virology 235: 406-413.

Ormo, M., Cubitt, A.B., Kallio, K., Gross, L.A., Tsien, R.Y. and S.J. Remington.
1996. Crystal Structure of The Aequoria victoria Green Fluorescent Protein.
Science 273: 1392-1395.

Oroskar, A.A. and G.S. Read. 1987. A Mutant of Herpes Simplex Virus Type 1
Exhibits Increased Stability of Imnmediate Early (alpha) mRNAs. J. Virol. 61: 604-
606.

Oroskar, AA. and G.S. Read. 1989. Control of mMRNA Stability by the Virion
Host Shutoff Function of Herpes Simplex Virus. J. Virol. 63: 1897-1906.

Overton, H., McMillan, D., Hope, L. and P. Wong-Kai-In. 1994. Production of
Host Shutoff-Defective Mutants of Herpes Simplex Virus Type 1 By Inactivation
of The UL13 Gene. Virology 202:97-106.

Payne, J.M., Laybourn, P.J. and M.E. Dahmus. 1989. The Transition of RNA
Polymerase Il From Initiation to Elongation is Associated with Phosphorylation of
the Carboxyl-Terminal Domain of Subunit lla. J. Biol. Chem. 264: 19621-19629.

Pellett, P.E., McKnight, J.L.C., Jenkins, F.J. and B. Roizman. 1985. Nucleotide
Sequence and Predicted Amino Acid Sequence of a Protein Encoded in a Small
Herpes Virus DNA Fragment Capable of Trans-inducing a genes. Proc. Natl.
Acad. Sci. USA 82: 5870-5874.

Phelan, A., Dunlop, J. and J.B. Clements. 1996. Herpes Simplex Virus Type 1
Protein IE63 Affects The Nuclear Export of Virus Intron-Containing Transcripts.
J. Virol. 70: 5255-5265.

Poon, A. and B. Roizman. 1995. The Phenotype in vivo and in Infected Cells of
Herpes Simplex Virus 1 a Trans Inducing Factor (VP16) Carrying Temperature
Sensitive Mutation Introduced by Substitutions of Cysteines. J. Virol. 69: 7658-
7667.

Popova, B., Bilan P, Xiao, P., Faught. M. and J.P. Capone. 1995.
Transcriptional Activation by DNA — Binding Derivatives of HSV-1 VP16 that lack
the Carboxyl-Terminal Acidic Activation Domain. Virology 209: 19-28.



77

Preston, C.M., Frame, M.C. and M.E.M. Campbell. 1988. A Complex Formed
Between Cell Components and an HSV Structural Polypeptide Binds to a Viral
Immediate Early Gene Regulatory DNA Sequence. Cell 52: 425-434.

Read, G.S. and N. Frenkel. 1983. Herpes Simplex Virus Mutant Defective in
The Virion Associated Shutoff of Host Polypeptide Synthesis and Exhibiting
Abnormal Synthesis of o (Immediate Early) Viral Polypeptides. J. Virol. 46: 498-
512.

Read, G.S., Karr, V.M. and K. Knight. 1993. Isolation of a Herpes Simplex Virus
Type 1 Mutant with a Deletion in the Virion Host Shutoff Gene and Identification
of Multiple Forms of the vhs (UL41) Polypeptide. J. Virol. 61: 7149-7160.

Rixon, F.J., Addison, C. and J. McLauchlan. 1992. Assembly of Enveloped
Tegument Structures (L Particles) can occur Independently of Virion Maturation
in Herpes Simplex Virus Type 1 — Infected Cells. J. Gen. Virol. 73: 277-284.

Roberts, S.G.E. and M.R. Greene. 1994. Activator-Induced Conformational
Change in General Transcription Factor TFIIB. Nature 371: 717-720.

Roizman, B., and AE. Sears. 1990. Herpes Simplex Virus and Their
Replication. In “Virology”. 2™ Ed. (ed. B.N. Fields) pp. 1795-1841. Raven
Press, New York.

Roizman, B., and A.E. Sears. 1993. Herpes Simplex Viruses and Their
Replication In “The Human Herpesviruses”. (ed. B. Roizman) pp. 11-68. Raven
Press, New York.

Sacks, W.R., Greene, C.C., Aschman, D.P. and P. Schaffer. 1985. Herpes
Simplex Virus Type 1 ICP27 is an Essential Regulatory Protein. J. Virol. 55:
796-805.

Sadowski, I., Ma, J., Triezenberg, S. and M. Ptashne. 1988. GAL4-VP16 is an
Unusually Potent Transcriptional Activator. Nature 335: 563-564.

Sambrook, J., Fritsdch, E.F. and T. Maniatis. 1989. In “Molecular Cloning” A
Laboratory Manual”. 2™ Ed. Cold Spring Harbor Press, New York.

Schek, N. and S.L. Bachenheimer. 1985. Degradation of Cellular mRNAs
Induced by a Virion-Associated Factor During Herpes Simplex Virus Infection of
Vero Cells. J. Virol. 55: 601-610.

Schmelter, J., Knez, J., Smiley, J.R. and J.P. Capone. 1996. Identification and
Characterization of a Small Modular Domain in the Herpes Simplex Virus Host
Shutoff Protein Sufficient for Interaction with VP16. J. Virol. 70:2124-2131.



78

Shaw, P., Knez, J. and J.P. Capone. 1995, Amino Acid Substitutions in the
Herpes Simplex Virus Transactivator VP16 Uncouple Direct Protein-Protein
Interaction and DNA Binding from Complex Assembly and Transactivation. J.
Biol. Chem. 270: 29030-29037.

Shi, Y. and J.O. Thomas. 1992. The Transport of Proteins into the Nucleus
requires the 70-kilodalton Heat Shock Protein or its Cytosolic Cognate. Mol.
Cell. Biol. 12: 2186-2192.

Silver, P.A. 1991. How Proteins Enter The Nucleus. Cell 64: 489-497.

Siomi, H. and G. Dreyfuss. 1995. A Nuclear Localization Domain in the hnRNP
A1 Protein. J. Cell. Biol. 129: 551-560.

Smibert, C.A. and J.R. Smiley. 1990. Differential Regulation of Endogenous
and Transduced B-Globin Genes During Infection of Erythroid Cells with a
Herpes Simplex Virus Type 1 Recombinant. J. Virol. 64 3882-3894.

Smibert, C.A., Johnson, D.C. and J.R. Smiley. 1992. Identification and
Characterization of the Virion Induced Shutoff Product of Herpes Simplex Virus
Gene UL41. J. Gen Virol. 73: 467-470.

Smibert, C.A., Popova, B., Xiao, P., Capone, J.P. and J.R. Smiley. 1994.
Herpes Simplex Virus VP16 Forms a Complex with the Virion Host Shutoff
Protein vhs. J. Virol. 68: 2339-2346.

Spear, P.G. 1985. Glycoproteins Specified by Herpes Simplex Viruses. In “The
Herpesviruses” (ed. B. Roizman).Vol 3, pp. 315-356. Plenum Press, New York.

Steiner, I. And P.G. Kennedy. 1993. Molecular Biology of Herpes Simplex Virus
Type 1 Latency in the Nervous System. Molecular Neurobiology 7: 137-159.

Stringer, K.F., Ingles, C.J. and J. Greenblatt. 1990. Direct and Selective
Binding of an Acidic Transcriptional Activation Domain to the TATA-Box Factor
TFIID. Nature 345: 783-786.

Strom, T. and N. Frenkel. 1987. Effects of Herpes Simplex Virus on mRNA
Stability. J. Virol. 61: 2198-2207.

Sydiskis, R.J. and B. Roizman. 1966. Polysomes and Protein Synthesis in Cells
Infected with a DNA Virus. Science. 153: 76-78.



79

Triezenberg, S.J., Kingsbury, R.C. and S.L. McKnight. 1988. Functional
Dissection of VP16, The Transactivator of Herpes Simplex Virus Immediate
Early Gene Expression. Genes Dev. 2: 718-729.

Uesugi, M., Nyanguile, O., Lu, H., Levine, A.J. and G.L. Verdine. 1997. Induced
a Helix in the VP16 Activation Domain upon Binding to a Human TAF. Science
277: 1310-1313.

Walker, S., Hayes, S. and P. O’'Hare. 1994. Site Specific Conformational
Alteration of the OCT-1 POU-Domain DNA Complex as the Basis for Differential
Recognition by Vmw65 (VP16). Cell 79: 841-852.

Ward, P.L. and B. Roizman. 1994. Herpes Simplex Genes: the Blueprint of a
Successful human Pathogen. TIG 10: 267-274.

Ward, P.L., Ogle, W.0. and B. Roizman. 1996. Assemblons: Nuclear
Structures Defined by Aggregation of Immature Capsids and Some Tegument
Proteins of Herpes Simplex Virus 1. J. Virol. 70: 4623-4631.

Weinheimer, S.P., Boyd, B.A., Durham, S.K.,, Resnick, J.L. and D.R. O’Boyle.
1992. Deletion of the VP16 Open Reading Frame of Herpes Simplex Virus Type
1. J. Virol. 66: 258-269.

Wu, T.J., Monokian, G., Mark, D.F. and C.R. Wobbe. 1994. Transcriptional
Activation by Herpes Simplex Virus Type 1 VP16 in vitro Inhibition by
Oligopeptides. Mol. Cell. Bio. 14: 3484-3493.

Xiao, P. and J.P. Capone. 1990. A Cellular Factor Binds to the Herpes Simplex
Virus Type 1 Transactivator Vmw65 and is Required Vmw65-Dependant Protein-
DNA Complex Assembly with OCT-1. Mol. Cell. Biol. 10: 4974-4977.

Yakulov, K., Blau, J., Purton, T., Roberts, S. and D.L. Bentley. 1994.
Transcriptional Elongation by RNA Polymerase |l is Stimulated by
Transactivators. Cell 77: 749-759.

Zakenhaus, E., Bremner, R., Phillips, R.A. and B.L. Gallif. 1993. A Bipartite
Nuclear Localization Signal in the Retinoblastoma Gene Product and Its
Importance for Biological Activity. Mol. Cell. Biol. 13: 4588-4599.

Zelus, B.D., Stewart, R.S. and J. Ross. 1996. The Virion Host Shutoff Protein of
Herpes Simplex Virus Type 1. Messenger Ribonucleolytic Activity in vitro. J.
Virol. 70: 2411-2419.



80

Zhang Y. and J.L. McKnight. 1993. Herpes Simplex Virus Type 1 UL46 and
UL47 Deletion Mutants Lack VP11 and VP12 or VP13 and VP14, Respectively,
and Inhibit Altered Viral Thymidine Kinase Expression. J. Virol. 67:1482-1492.

Zhang, Y.F. and E. Wagner. 1987. The kinetics of synthesis of individual type
one transcripts. Virus Genes. 1: 61-74.

Zhu, Q. and R.J. Courtney. 1994. Chemical Cross-Linking of Virion Envelope
and Tegument Proteins of Herpes Simplex Virus Type 1. Virology 204: 590-599.



	page001
	page002
	page003
	page004
	page005
	page006
	page007
	page008
	page009
	page010
	page011
	page012
	page013
	page014
	page015
	page016
	page017
	page018
	page019
	page020
	page021
	page022
	page023
	page024
	page025
	page026
	page027
	page028
	page029
	page030
	page031
	page032
	page033
	page034
	page035
	page036
	page037
	page038
	page039
	page040
	page041
	page042
	page043
	page044
	page045
	page046
	page047
	page048
	page049
	page050
	page051
	page052
	page053
	page054
	page055
	page056
	page057
	page058
	page059
	page060
	page061
	page062
	page063
	page064
	page065
	page066
	page067
	page068
	page069
	page070
	page071
	page072
	page073
	page074
	page075
	page076
	page077
	page078
	page079
	page080
	page081
	page082
	page083



