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The perinuclear region of HSV infected cells has been shown to 

contain a high concentration of tegument proteins (Ward et a/., 1996) and as 

such has been long suspected to direct the final enveloping of new virions 

(Mclauchlan eta/., 1992; Rixon eta/., 1992; Jayachandra eta/. , 1997). As vhs 

does not appear to localize to the nucleus on its own , it is conceivable that its 

interactions with VP16 may indeed carry it to this region so it may be efficiently 

captured by exiting capsids and go on to infect new cells. By disrupting this 

interaction then , it is possible that newly formed virions may contain fewer copies 

of vhs, which would lead to a decreased host shutoff in newly infected cells. In 

addition , the characteristic downregulation of vhs within these cells would now be 

abolished , as VP16 would be unable to bind and inactivate vhs. 

It appears as if the ability of VP16 to localize to the nucleus may play a 

key role in the packaging and conceivably down regulation of vhs. In light of this, 

identifying the region(s) responsible for this localization is of great importance 

since disrupting its function could have widespread consequences on HSV 

infectivity and viability. 

4.2. VP16 partially localizes to the nucleus via a possible bipartite 
nuclear localization signal located between residues 335 and 355 

In order for VP16 to initiate the cascade of viral protein synthesis, it 

must initially localize to the nucleus in order to transactivate its target genes. 

What is interesting is the observation that VP16 only partially localizes to the 

nucleus (Friedman et a/., 1988) but yet drastically enhances the expression of 
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immediate early genes (Batterson and Roizman , 1983; Campbell eta/., 1984; 

Bzik and Preston 1986; Pellett eta/. , 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 eta/., 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 a/., 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 
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Construct 
EGFP Nuclear Texas Red Nuclear Intensity of Nuclear 

Localization Localization Localization 

EGVP74 Yes Yes ++ 

EGVP1a2 Yes Yes + 

EGVP2so No No N/A 

EGVP299 No No N/A 

EGVP335 No No N/A 

EGVP3ss Yes Cal YesCaJ +(a) 

EGVP369 Yes Yes +++ 

EGVP379 Yes Yes + 

EGVP411 Yes Yes ++ 

EGVP49o 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. 
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1 MDLLVDELFADMDADGASPPPPRPAGGPK----------------NTP-AAPPLYATGRLSQAQLMPSPP BSV-1 
1 MDLLVDDLFADRD--GVSPPPPRPAGGPK----------------NTP-AAPPLYATGRLSQAQLMPSPP BSV-2 
1 MSGRI-------KTAGRALASQCGGAAAATMDPYDAIEAFDDSLLGSPLAAGPLYDGP--SPARFALPPP BBV 
1 MAANIA-MFADIEDYDDTRSCEYGYGTCELMDVDGVVASFDEGMLS---ASESIYSSP--AQKRLALPPP ZBV-1 
1 MSGRI-------KTAGRALASQCGGAAAATMDPYDAIEAFDDSLLGSPLAAGPLYDGP--SPARFALPPP VZV 

54 MPVPPAALFNRLLDDLGFSAGPALCTMLDTWNEDLFSALPTNADLYRECKFLSTLPSDVVEWGDAYVPER BSV-1 
52 MPVPPAALFNRLLDDLGFSAGPALCTMLDTWNEDLFSGFPTNADMYRECKF LSTLPSDVIDWGDAHVPER BSV-2 
62 RPAPLAALLERMQAELGFPDGPALLRAMERWNEDLFSCLPTNADLYADAALLSADADAVV--GAMYLAVP BBV 
65 KATSPTALYQRLQAELGFPEGQAMLFAMEKWNEDMFSAIPVHVDLYTEIALLSTSVNEVVKAGLDSLPIP ZBV-1 
62 RPAPLAALLERMQAELGFPDGPALLRAMERWNEDLFSCLPTNADLYADAALLSADADAVV--GAMYLAVP VZV 

124AQ----IDIRAHGDVAFPTLPATRDGLGLYYEALSRFFHAELRAREESYRTVLANFCSALYRYLRASVRQ BSV-1 
122 SP----IDIRAHGDVAFPTLPATRDELPSYYEAMAQFFRGELRAREESYRTVLANFCSALYRYLRASVRQ BSV-2 
130GD-AERLDLNAHANQPLPAPPASEEGLPEYVAGVQAHFLAELRAREERYAGLFLGYCRALLQHLRATAAR BBV 
135TNYIPEVDLNAHGSEPFPEVPALEDELETYVISAQRFYLSELRAREEHYSRLLRGYCVALLHYLYGSAKR ZBV-1 
130GD-AERLDLNAHANQPLPAPPASEEGLPEYVAGVQAHFLAELRAREERYAGLFLGYCRALLQHLRATAAR VZV 

190LHRQAHMRGRDRDLGEMLRATIADRYYRETARLARVLFLHLYLFLTREILWAAYAEQMMRPDLFDCLCCD BSV-1 
190LHRQAMMRGRNRDLREMLRTTIADRYYRETARLARVLFLHLYLFLSREILWAAYAEQMMRPDLFDGLCCD BSV-2 
199G-RGA---AGAGAQADRLRQLVAARYYREASRLARLAFAHMYVATAREVSWRLHSQQSQAQGVFVSLYYA BBV 
205QLRGA---GSDSALMHKFKQVVRDRYYRETANLARLLYLHLYISVTREVSWRLHASQVVNQGIFVSLHYT ZBV- 1 
199G-RGA---AGAGAQADRLRQLVAARYYREASRLARLAFAHMYVATAREVSWRLHSQQSQAQGVFVSLYYA VZV 

260LESWRQLAGLFQPFMFVNGALTVRGVPIEARRLRELNHIREHLNLPLVRSAATEEPGAPLTTPPTLHGNQ BSV- 1 
260LESWRQLACLFQPLMFINGSLTVRGVPVEARRLRELNHIREHLNLPLVRSAAAEEPGAPLTTPPVLQGNQ BSV-2 
265WPQRRQFTCLFHPVLFNHGVVALEDGFLDAAELRRLNYRRRELGLPLVRAGLVEVEVG PLVEEPPFSGSL BBV 
272WPQRRKFECLFHPVLFNHGVVILENDPLEFNDLQRINYRRRELGLPLIRAGLIEEENLPLESEPTFSGKL ZBV-1 
265WPQRRQFTCLFHPVLFNHGVVALEDGFLDAAELRRLNYRRRELGLPLVRAGLVEVEVGPLVEEPPFSGSL VZV 

q>c q>q>c q>q> ••• q>c q>c q> 
330 ARASGYFMVLIRAKLDSYSSFTT ------SPSEAVMREHAYS-RARTKNNYGSTIEGLLDLPDDD----A BSV-1 
330 ARSSGYFMLLIRAKLDSYSSVAT------SEGESVMREHAYS-RGRTRNNYGSTIEGLLDLPDDDD---A BSV-2 
335 PRALGFLNYQVRAKMGAPAEAGGGWRRSGSTRTRGRAARSTTGRLQ-RPCCGPRRRAKCCRATPRQRLRA BBV 
342 PRTIGFLTHQIRTKMEAYSNA------HPSTPLFPLAEHSYSKRIDGRLSYGTTAEAMMDPPSPSAVLPG ZBV- 1 
335 PRALGFLNYQVRAKMGAPAEAGGGWRRSGSTRTRGRAARSTTGRLQ-RPCCGPRRRAKCCRATPRQRLRA VZV 

389PEEAGLAAPRLSFLPAGH-TRRLSTAPP-TDVSLGDELHLDGEDVAMAHADALDDFDLDMLGDGDSPGPG BSV-1 
390PAEAGLVAPRMSFLSAGQRPRRLSTTAPITDVSLGDELRLDGEEVDMTPADALDDFDLEMLGDVESPSPG BSV-2 
405RGEPRHTSGSGAF-SQGRRPGRVCR------LGWACKARSGPARGGPGPSPVRSGLGLSRARGSPGPGPA BBV 
421DPVPPLTVGI---------------------------------RQTAETLALPSNLTL------------ ZBV-1 
405RGEPRHTSGSGAF-SQGRRPGRVCR------LGWACKARSGPARGGPGPSPVRSGLGLSRARGSPGPGPA VZV 

457FTPHDSAPYG---ALDMADFE--FEQMFTDALGIDEYGG. BSV- 1 
460MT-HDPVSYG---ALDVDDFE--FEQMFTDAMGIDDFGG. BSV-2 
467 CGGPSRARGGRRRASPANPFGGTYDALLGDRLN-QLLDF. BBV 
446 ------------QSMETDVLD--YSSISGDELN-QMFDI. ZBV-1 
467CGGPSRARGGRRRASPANPFGGTYDALLGDRLN-QLLDF. VZV 

Figure 11 . Sequence alignment of proteins homologous to VP16. 
Homologous transactivators from HSV 1 and 2, BHV (bovine herpes virus) , EHV-1 
(equine herpes virus) and VZV (varicella-zoster vi rus) were aligned based on their 
primary sequences. Shaded (light grey) amino acids denote residues 80% or more 
conserved between the five proteins. W ithin the putative nuclear localization domain 
(residues 330-344 - shaded in yellow) are hydrophobic (<p) and conserved (c) amino 
acids. 
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nucleoplasmin (KRPAAIKKAGQAKKKK) (Zakenhaus eta/., 1993; Dingwall eta/. , 

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 a/., 

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. 
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