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PROTEIN KINASE DEFICIENT, 
IMMUNOLOGICALLY ACTIVE CMVPP65 

MUTANT CELLULAR VACCINES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 11/206,162, ?led Aug. 18, 2005, Which is a divisional of 
application Ser. No. 10/409,063, ?ledApr. 9, 2003, now US. 
Pat. No. 7,025,969, Which is a divisional of application Ser. 
No. 09/815,330, ?led Mar. 23, 2001,noW US. Pat. No. 6,835, 
383, Which claims priority from US. provisional application 
Ser. No. 60/191,464, ?led Mar. 23, 2000. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] This invention Was made With Government support 
in the form of Grant No. USPHS 30206, from the United 
States Department of Health and Human Services, National 
Institutes of Health. The United States Government may have 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] 1. Technical Field 
[0004] The present invention relates to mutants of the tegu 
ment protein of human cytomegalovirus (CMV) knoWn as 
CMVpp65. The mutants desirably do not exhibit the protein 
kinase activity Which is associated With the native pp65 pro 
tein but retain its desirable immunologic target characteris 
tics. 
[0005] 2. Description of the Background Art 
[0006] The CMV genome is relatively large (about 235 k 
base pairs) and has the capacity to encode more than tWo 
hundred proteins. CMV is composed of a nuclear complex of 
double-stranded DNA surrounded by capsid proteins having 
structural or enZymatic functions, and an external glycopep 
tide- and glycolipid-containing membrane envelope. CMV is 
a member of the herpes virus family and has been associated 
With a number of clinical syndromes. 
[0007] Human cytomegalovirus is not only a signi?cant 
cause of morbidity in persons undergoing immunosuppres 
sive therapy, but remains the major infectious cause of con 
genital malformations and mental retardation (26, 38, 53) 
(see the appended list of References for the identi?cation of 
references cited throughout this speci?cation). Although 
improved antiviral chemotherapy is becoming available for 
management of CMV infection, the large number of congeni 
tal infections (approximately 35,000 neWboms per years in 
the US. (9)) underscores the need for an effective CMV 
vaccine (37), especially one Which can be used safely in 
healthy persons. Attenuated and recombinant live virus vac 
cine approaches have been proposed, but safe use of these 
types of vaccines in healthy populations remains to be shoWn. 
Subunit vaccines are attractive because they have the poten 
tial to boost the immune system against certain viral proteins 
Without risking viral infection or viral recombination. 
[0008] CMV infection is Widespread and persistent, and 
can become reactivated and clinically evident in the immu 
nosuppressed patient. Because human cytomegalovirus is 
relatively common, yet is associated With extremely serious 
health conditions, a considerable effort has been made to 
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study the biology of the virus With the aims of improving 
diagnosis of the disease as Well as developing preventative 
and therapeutic strategies. 
[0009] It Would be highly desirable to deliver an effective 
vaccine derived from CMV that Would impart immunity to 
persons at risk of CMV disease such as a bone marroW trans 
plant (BMT) recipient, a solid organ recipient, a heart patient, 
an AIDS patient or a Woman of child-bearing years. No such 
vaccine presently is commercially available, hoWever. 
[0010] Cell-mediated immunity (CMI) plays an essential 
role in recovery from acute CMV infection and in the control 
of persistent CMV infection. The generation of cytotoxic T 
lymphocytes (CTL) is a most important factor in limiting 
CMV disease. Several proteins encoded by CMV are knoWn 
to be recogniZed by the cellular immune system and elicit 
CTL. BorysieWicZ et al. (2) ?rst described the role of speci?c 
CMV proteins in CTL induction. The non-virion, immediate 
early proteins of CMV (CMV-IE), as Well as the envelope 
glycoprotein, CMVgB, activate CTL function, hoWever, the 
internal matrix proteins of the virus, CMVpp65 and 
CMVpp150, are more prevalent immune targets. CMVpp65 
is the immunodominant protein: 70-90% of all CMV-speci?c 
CTL recogniZe this protein. 
[0011] CMVpp65 is not essential for virus replication, 
therefore it may function to facilitate host cell changes impor 
tant to virus spread. CMVpp65 has emerged as the primary 
target of CMV-speci?c CTL. Because it is a structural virus 
protein, it is available as an immune target immediately after 
infection, in the absence of virus replication. Thus, 
CMVpp65 is a preferred target for the cellular immune sys 
tem. 

[0012] CMVpp65 is knoWn to interact With the cellular 
polo-like kinase-1 that is present at high levels during cellular 
mitosis (15). It contains redundant nuclear localiZation sig 
nals (17, 43) and becomes associated With nuclear lamina and 
condensed chromosomes during infection (8, 42). Thus, 
CMVpp65 clearly has nuclear and chromosomal tra?icking 
ability that could represent an unknoWn risk if the protein 
Were expressed in normal cells. 
[0013] CMVpp65 also has been reported to have endog 
enous serine/threonine phosphotransferase activity (2, 3, 31, 
32, 35, 41), hoWever, it lacks several of the recogniZable 
protein kinase (PK) consensus domains (21) (see FIG. 1). The 
kinase activity of CMVpp65 remains incompletely under 
stood, but certain consensus sequences conserved threonine/ 
serine/ tyrosine PK catalytic domain are found Within the 173 
amino acid carboxy-terminal region of CMVpp65 (45). Only 
three subdomains align properly With these conserved resi 
dues of the catalytic domain (21) but tWo other subdomains 
are present. These CMVpp65 motifs consist of the catalytic 
subdomain I (amino acids 422-427; EXEXXE; SEQ. ID NO: 
1), subdomain II (amino acid 436; K), and subdomain VIB 
(amino acids 543-545; RDL. See FIG. 1. The sequences not in 
precise alignment are subdomain VIII (amino acids 463-465; 
APE, upstream from subdomainVIB and subdomain XI (car 
boxyl terminal amino acid 460; R). 
[0014] PK activity plays an important role in the regulation 
of normal and transformed cell groWth (7, 11, 25) and is 
important in viral regulation of cellular functions (29) and in 
regulation of virus transcription, DNA synthesis, and virion 
assembly (18, 36, 47, 51, 52). Because Protein kinases play an 
important role in the regulation of both normal and malignant 
cell groWth (46), DNA vaccines (13, 34) that depend on the 
expression of intact CMVpp65 also could pose problems 
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associated With introduction of PK activity into normal cells. 
The growth effects of increased kinase activity in healthy 
cells could limit the use of intact CMVpp65 as a vaccine, 
especially in children and Women of child-bearing age. 
Therefore, neW CMVpp65-derived sequences Which could be 
used in DNA vaccines, yet Which lack the undesired activities 
of the native protein Would be highly useful. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a diagram illustrating the protein kinase 
(PK) domains of CMVpp65, With expression vectors. Puta 
tive PK domains (Roman numerals), peptide sequences (up 
per case letters With mutated amino acid in bold type) and 
nucleotide sequences (loWer case letters) for the targeted 
amino acids in domains II and VIII are shoWn. The expression 
plasmids, made in pQE9 vector under the control of CMV 
promoter (CMVp), are shoWn for the native CMVpp65 
(pQE9pp65n), for CMVpp65 With PK domain II mutation 
(pQE9pp65mII), for CMVpp65 With PK domain VIII muta 
tion (pQE9pp65 mVIII), for CMVpp65 With PK domains II 
and VIII mutations (pQE9pp65mII/VIII), and for CMVpp65 
With carboxy-terminal truncation (pQE9pp65 mTTH). 
[0016] FIG. 2 provides a dot-blot protein kinase assay of 
CMVpp65 and its mutants immunoprecipitated from cell 
lysates of pQE9 transformed bacteria alone (upper roW) or 
With MRC-5 cell lysates (loWer roW). CMVpp65 mTTH and 
CMVppl50 Were used as negative controls. 

[0017] FIG. 3 is a Western blot illustrating the expression of 
CMVpp65 and its mutants puri?ed from cells transfected 
With the pQE9 expression system and probed With mAb 
28-103. 

[0018] FIG. 4 shoWs a 12.5% polyacrylamide gel of the 
indicated autophosphorylated recombinant proteins sepa 
rated from phosphorylated casein. 
[0019] FIG. 5 is a membrane blot containing phosphory 
lated products, probed With antibodies speci?c to phospho 
rylated serine and threonine residues. 
[0020] FIG. 6 is a bar graph shoWing the results of a chro 
mium release assay using human T lymphocyte clone 3.3F4 
effector cells and HLA-matched or -mismatched target cells 
infected With recombinant vaccinia virus. 

[0021] FIG. 7 is a schematic illustration of CMVpp65, 
pcDNAintpp65n, pcDNAintpp65mII and pcDNAint. 
[0022] FIG. 8 presents data shoWing the percent speci?c 
51Cr release from peptide-loaded T2 cells by spleen cells 
from CMVpp65 immuniZed mice after one in vitro stimula 
tions (8A), tWo in vitro stimulations (8B) and from HLA 
mismatched target cells (8C). 
[0023] FIG. 9 shoWs the same results as FIG. 8A except 
mice Were immuniZed With a kinase-de?cient CMVpp65 
DNA vaccine. 

[0024] FIG. 10 presents chromium release assay results 
shoWing the ability of a CTL clone to lyse the indicated 
different target cell lines, each loaded With a CMV peptide. 

SUMMARY OF THE INVENTION 

[0025] Accordingly, the present invention provides a 
cytomegalovirus pp65 protein Which lacks protein kinase 
activity and Which elicits a CTL response against cells 
infected With cytomegalovirus. Preferred embodiments of 
this protein contain the K436N mutation and in particular 
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pcDNAintpp65mII. Further embodiments of the invention 
provide a DNA encoding such cytomegalovirus pp65 pro 
teins. 
[0026] The invention also provides vaccine compositions 
Which comprise the cytomegalovirus pp65 proteins described 
above and the pharrnaceutically acceptable carrier. Further 
embodiments of the invention provide a cellular vaccine com 
position Which comprises antigen presenting cells that have 
been treated in vitro so as to present epitopes of a cytomega 
lovirus pp65 protein Which lacks protein kinase activity and 
Which elicits a CTL response against cells infected With 
cytomegalovirus and a pharrnaceutically acceptable carrier. 
These DNA vaccines may further comprise an adjuvant. In 
addition, the invention provides a eukaryotic virus vector 
Which comprises the DNAs described above. 
[0027] The invention further provides a DNA vaccine com 
position Which comprises a DNA Which encodes a cytome 
galovirus pp65 protein Which lacks protein kinase activity 
and Which elicits a CTL response against cells infected With 
cytomegalovirus and a pharmaceutical acceptable carrier. 
[0028] The invention further provides a method of enhanc 
ing immunity to cytomegalovirus Which comprises adminis 
tering any of the vaccine compositions described above. 
[0029] The invention further provides a diagnostic reagent 
for detecting the presence of active versus quiescent cytome 
galovirus infections Which comprises pp65mII transfected 
target antigen presenting cells. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The present invention provides mutants of 
CMVpp65 Which exhibit substantially no protein kinase 
activity but retain the immunological activity of the native 
sequence Whereby they are capable of eliciting an antibody 
response and/or a CTL response against CMV in a suitable 
host. These mutants may differ in primary sequence from 
native CMVpp65 by one or more amino acid residues. One 
preferred embodiment comprises a mutant form of 
CMVpp65 that contains a point mutation that preserves 
native immunologically important epitopes but eliminates 
protein kinase activity. 
[0031] The invention provides methods to augment the 
immune response of a host Who is naive to CMV or to a 
patient latently infected With CMV and at risk for reactivation 
of CMV infection, Wherein T cells are removed from a donor 
individual and treated in vitro With a mutant CMVpp65 DNA 
of the present invention that has been transfected into an 
HLA-matched antigen presenting cell. The resulting CMV 
reactive CTL are infused into a recipient to provide protection 
from CMV disease. 
[0032] The above methods also can be used to confer 
immunity against a CMV infection in a previously uninfected 
individual such as, for example, a Woman of child-bearing 
years to prevent matemal-infant or maternal-fetus transmis 
sion of CMV. The methods can be used to vaccinate children 
to reduce the spread of CMV infection in, for example, day 
care centers. Vaccines may take any form knoWn in the art, 
such as protein vaccines, DNA vaccines or recombinant live 
virus vaccines containing a DNA of this invention. 
[0033] Adjuvants may form part of vaccine compositions. 
Any adjuvant knoWn in the art Which is suitable may be used. 
Examples include Freund’s adjuvant, alum or any knoWn 
adjuvant suitable for use With a protein vaccine. For in vivo 
use in humans, such adjuvants are not preferred. A DNA 
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adjuvant may be used With a protein vaccine in humans, if 
desired. Genetic adj uvants may be used to enhance the effect 
of DNA immunization, for example genes encoding GM 
CSF or IL-2. These genes may be inserted into the modi?ed 
vector to enhance CTL activity. Carriers may be used With the 
vaccine compositions, including any pharmaceutically 
acceptable carrier knoWn in the art. Exemplary carriers may 
include sterile Water, saline solutions, liposomes or solutions 
containing cyclo-dextrin. Liposomes and cyclo-dextrin may 
be used to enhance uptake of the DNA by the antigen pre 
senting cells. 
[0034] Any suitable vector may be used in DNA vaccine 
compositions according to the invention. For example, pMG 
vector (Invitrogen) has been developed With tWo different 
promoters, one of Which is the elongation factor lot/HTLV 
hybrid. This is a strong promoter suitable for use With the 
DNA vaccines of this invention. The selection of hygromycin 
(bacteria) or Zeocin (mammalian) yields stable transfectants 
in tWo Weeks. 

[0035] The peptides of the mutant protein of the present 
invention may be administered to previously infected or unin 
fected patients, or in vitro to T cells, in the form of a protein 
vaccine or a polynucleotide (DNA-based) vaccine, or as a 
component of a recombinant viral vaccine. Suitable gene 
transfer vectors, such as a plasmid or an engineered viral 
vector that contains DNA encoding the CMVpp65 protein or 
a fragment thereof under the control of appropriate expres 
sion regulatory sequences may be administered to the patient 
or to T cells in culture for later administration to the patient. 
Therefore, the present invention provides a vaccinia, canary 
pox or other eukaryotic virus vector containing a DNA 
sequence encoding the immunologically active protein. The 
vector infects an antigen presenting cell Which in turn pre 
sents antigen that Will be recognized by CTL of patients 
having a latent (inactive) CMV infection. 
[0036] A DNA vaccine permits direct and e?icient expres 
sion of the protein of interest (pp65mII), that can be trans 
fected easily in vitro or in vivo into an antigen presenting cell 
and trigger a cytotoxic T cell response. To accomplish this, a 
plasmid Which has a promoter With high expression levels 
(e. g., the CMV IE promoter as used in pcDNAintpp65mII) is 
used. Preferably, the promoter also has an intron (e.g., intron 
A of the CMV IE gene as used in pcDNAintpp65mII) Which 
stabiliZes the expression of the DNA due to the presence of 
transcriptional enhancers. Finally, the preferred DNA vac 
cines have a polyadenylation termination sequence (e.g., 
bovine groWth hormone poly A sequence as used in 
pcDNAintpp65mII). The vaccine sequence exempli?ed 
beloW (pcDNAintpp65mII) Was derived from pcDNA3.l+ 
(Invitrogen), but for a safer vaccine, the ampicillin gene is 
preferably removed because it confers resistance to penicillin 
and is replaced With the kanamycin gene. In addition, the viral 
SV40 ori and pA preferably are removed to improve safety by 
diminishing the likelihood of integration into the host 
genome. 
[0037] In regard to recombinant virus vectors, it is possible 
to use recombinant viruses that encode the CMV pp65mII 
gene to enhance the immunological response. Poxvirus 
recombinants such as recombinant vaccinia, modi?ed vac 
cinia virus Ankara (MVA), and canarypox may be used for 
this type of recombinant viral vaccine production. Attenuated 
recombinant virus vaccine strains can be produced With mul 
tiple virus epitopes and With soluble cytokine factors that 
further augment the immune response. In vivo immuniZation 
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of CMV seronegative subjects may be done With a 
DNAintpp65mII priming folloWed by a recombinant virus 
(e.g., vaccinia-pp65mII or MVApp65mII) boost to elicit spe 
ci?c CTL proliferation. The in vitro expansion of speci?c 
CTL may be done With matched-HLA stably transfected With 
pcDNAintpp65mII cell lines such as EBV-transformed B 
cells, such as LCL, and stimulators such as anti-CD3 anti 
body. 
[0038] The invention also relates to diagnostic reagents for 
detection of the presence of active versus quiescent CMV 
infections. A human cell line, A293, stably transfected With 
pcDNAintpp65mII has been established and expresses the 
pp65mII protein. These cells canbe used in a diagnostic assay 
to detect the presence of antibody to CMV in plasma and thus 
determine the CMV serology status by immuno?uorescence 
or any suitable method. The speci?c CTL response can be 
assayed ex vivo using a cytokine-based assay, such as an 
IFN-y elispot assay or FACS intracellular IFN-y assay, 
Whereby the T cells are stimulated in vitro for a period of time, 
With matched-HLA transfected/not transfected pp65mII LCL 
and the number of cytokine positive cells are determined. The 
IFN-y positive CD8+ cells are CTL that have been stimulated 
by the expression of the mutant peptide expressed in the LCL; 
the IFN-y positive CD4+ cells are the T helper CD4 cells that 
have been stimulated to induce a THl pathWay and generate 
more CTL. 

[0039] Because the native PK activity of CMVpp65 may be 
harmful if expressed in healthy cells, vaccine methods using 
CMVpp65 Which lacks this potentially harmful activity Were 
created. To reduce or eliminate the PK activity of CMVpp65, 
expression plasmids Were constructed in the pQE9 vector 
using site-speci?c mutations Within the CMVpp65 protein, 
including mutations Within the putative PK domains II and 
VIII at amino-acid locations 436 and 465. In addition, a 
complete carboxy-terminal truncation Was created in 
pQE9pp65 mTTH that represented a deletion of all the puta 
tive PK domains of CMVpp65 (aa398-552). A plasmid con 
taining CMVppl50 served as an additional negative control 
to check for background PK activity of the expression system. 
See FIG. 1 and Example 1. The plasmids containing mutated 
CMVpp65 Were compared to plasmid pQE9pp65n, contain 
ing the native CMVpp65, for kinase activity and protein 
expression. The bacterial expression system used here 
alloWed PK activity to be tested Without possible contamina 
tion of mammalian cellular kinases. Other suitable plasmids 
are Well knoWn in the art. Other suitable plasmids are con 
tinuously being developed as better expression vectors for in 
gene therapy or vaccine research. The mutant pp65 gene may 
be inserted in any of these vectors as seems ?t. Therefore, any 
suitable plasmid is contemplated for use With this invention. 

[0040] The choice of CMVpp65 sequences to mutageniZe 
Was based on available sequences that conformed to the con 
served catalytic subdomains of knoWn threonine/serine PKs 
(Hanks 1991) and yet did not overlap With knoWn CMVpp65 - 
speci?c CTL epitopes. CMVpp65 contains the conserved PK 
subdomains I, II, VIB, VIII, and XI. CTL epitopes overlap in 
domains I and in various parts of the CMVpp65 carboxy 
terminal sequence (50). Therefore, only domains II and VIII 
Were selected for modi?cation. Subdomain II contains lysine 
436 that corresponds to the invariant lysine present in several 
PKs that is knoWn to interact With ATP analogs that inhibit PK 
(27). In addition, mutating the lysine in domain II suppresses 
the PK activity of other typical protein kinases, such as the 
insulin receptor, the EGF receptor, and viral proteins, such as 
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Pl30gag'?’s of the Fujinami sarcoma virus and P37’"°S the 
transforming gene product of Moloney murine leukemia 
virus (5, 23, 24, 49). Subdomain VIII, although out of 
sequence order compared to VI b, contains the triplet Ala 
Pro-Glu that lies near the PK catalytic site and that has been 
linked to a nearby autophosphorylation site (22). Therefore, 
lysine 436 and glutamic acid 465 Were selected for mutagen 
es1s. 

[0041] The expression products of the plasmids containing 
the mutated sequences Were ?rst tested for protein kinase 
activity by dot blot using the exogenous substrate, casein. As 
shoWn in FIG. 2 (upper roW), the (native protein) CMVpp65n 
possesses intrinsic protein kinase activity, resulting in phos 
phorylation of the exogenous substrate casein. The mutant 
CMVpp65mII, containing the K436N mutation, shoWed no 
detectable kinase activity. The mutant CMVpp65 mVIII 
shoWed approximately the same ability to phosphorylate 
casein as the native sequence, although there Was a slight 
reduction in detectable phosphorylation. The combined 
mutant CMVpp65mII/V III, With both K436N and E465K 
mutations demonstrated phosphorylation levels similar to the 
single mutant CMVpp65mII. The negative controls, 
CMVpp65 mTTH and CMVpp150, shoWed the level of back 
ground casein phosphorylation in the assay. 
[0042] The CMVpp65mII mutant remained recogniZable 
by a speci?c monoclonal antibody, as shoWn in Western blot 
experiments. See FIG. 3. In addition, the CMVpp65mII pro 
tein localiZed to the nucleus of infected cells, as indicated by 
monoclonal antibody staining (data not shoWn), suggesting 
that the mutation did not signi?cantly affect the normal traf 
?cking of this protein. HoWever, because the humoral 
immune response to CMVpp65 is not considered the most 
important element in the immune response to infection to 
viruses, it Was more important to determine the effect of this 
mutation on CTL recognition and activation (cellular immu 
nity). Therefore, cells infected With vaccinia-CMVpp65mII 
Were tested for recognition as targets by a CTL clone derived 
from natural human infection. 
[0043] Cells expressing native sequence (CMVpp65n), the 
mutated sequence (CMVpp65mII), Wild type vaccinia virus 
(no sequence) or an HLA-mismatched control cells express 
ing the mutated sequence Were all tested by chromium release 
assay for lysis by a human CD8+ CTL clone speci?c for a 
CMVpp65 HLA A2 epitope. This CD8+ CTL clone, 3.3F4 
described in (10) the disclosures of Which are hereby incor 
porated by reference, Was obtained from a healthy CMV 
seropositive human volunteer Who had mounted a successful 
immune response to CMV, and is speci?cally reactive to HLA 
autologous targets expressing native CMVpp65. Cytolytic 
function against cells expressing the mutant Was similar to 
that directed toWard the native CMVpp65. 
[0044] The mutant CMVpp65 proteins therefore are dem 
onstrated to retain the immunological characteristics shoWn 
to be important in immune function in the human response to 
CMV infection, particularly cell-mediated immunity. The in 
vitro chromium release assays discussed above are Well-rec 
ogniZed in the art to successfully correspond to in vivo func 
tion of the same cells. Therefore, HLA speci?c recognition of 
cells expressing the native protein by the human T lympho 
cyte clone 3.3F4 clearly demonstrates an equivalent cell 
mediated immune response Which is predictive of in vivo 
recognition, activation and cytolysis. 
[0045] Further, data shoW CTL activation by CMVpp65 in 
a Well-accepted animal model used for prediction of human 
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vaccine responses. The HLA-A2.1 transgenic mouse model is 
accepted for use Where no animal model is available to study 
the immunologic responses to a particular human virus. See 
Vitiello et al., J. Exp. Med. 17311007, 1991. The cytotoxic 
response in HLA-A2.1 transgenic mice is shoWn to recogniZe 
the same epitopes as the ones presented in human cells in 
HCV (WentWorth et al., Int. Immunol., 1996), in?uenza (Man 
et al., Int. Immunol., 1995) or HIV (Ishioka et al., J. Immu 
nol., 1999). The data therefore clearly demonstrate the feasi 
bility of this approach for modifying the immune systems of 
human patients to protect both healthy and immunocompro 
mised persons from CMV disease. 
[0046] The folloWing examples are provided as illustra 
tions of methods of the invention and are not intended to be 
limiting in any Way. 

EXAMPLES 

Example 1 

DNA Constructions and Generation of Recombinant 
Vaccinia Virus 

[0047] The CMVpp65 gene, cloned into the BamHI and 
EcoRI restriction sites of pBluescript II KS DNA (35) Was 
used to create the constructs. CMV nucleotide coordinates 
Were used as published (4). Mutations of the CMVpp65 DNA 
Were made using a QuikchangeTM site-directed mutagenesis 
kit (Stratagene, San Diego, Calif.) using the folloWing pairs of 
mutagenic primers developed using the published PK domain 
characteristics (22, 28). 5' GCGGGCCGC 
?CGCAAATCAGCATCC 3' and 5'GGATGCT 
GATTTGCGQGCGGCCCGC 3' (nt: 1270-1296; SEQ. ID 
NOS: 2 and 3) Were used to mutate the indicated lysine into 
asparagine in the putative PK domain II (mII) of CMVpp65 
(the K436N mutation). 5' GAGTCCACCGTCGCGCCC 
MGAGGACACCGACGAG 3' and 5' CTCGTCGGT 
GTCCTCmGGGGGCGACGGTGGACTC 3' (nt:1345 
1377; SEQ ID NOS: 4 and 5) Were used to mutate the indi 
cated glutamic acid into lysine in the putative PK domainVIII 
(mVIII) (the E465K mutation). The codon for the presumed 
functional amino acid K436 or E465 of CMVpp65 is shoWn 
underlined. Another mutant plasmid Which contains both mII 
and MVIII (pp65mII/VIII) Was also generated. The mutations 
Were con?rmed by DNA sequencing. A negative control lack 
ing the putative CMVpp65 phosphokinase domain Was cre 
ated in pBluescript II KS (pp65 mTTH) by digesting the 
CMVpp65 gene With Tth111I and NSiI (N eW England 
Biolabs, Beverly, Mass.) to delete the nucleotides Which 
encode CMVpp65 (amino acids 398-552). Overhanging 
sequences Were removed With mung bean nuclease (N eW 
England Biolabs, Beverly, Mass.) and the ends re-ligated 
using T4 DNA ligase (Life Technologies, Inc., Gaithersburg, 
Md.). 
[0048] To express the proteins in a bacterial system, the 
CMVpp65 DNA Was removed from pBluescript using Sal 
I-Bam HI digestion and inserted doWnstream from the CMV 
promoter in the pQE9 vector (Qiagen, Valencia, Calif.). The 
pQE9 CMVpp65 expression plasmid Was used to transform 
E. coli strain M15, Which contains the repressor pREP4 plas 
mid, and the proteins Were expressed folloWing the manufac 
turer’s protocol (Qiagen, Valencia, Calif.). 
[0049] The mTTH modi?cation of CMVpp65 Was created 
to establish a kinase-de?cient CMVpp65 control by inserting 
the Tth111I and NSiI truncations into the pQE9 plasmid. As 
shoWn in FIG. 1, the plasmid containing the native CMVpp65 
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Was designated pQE9pp65n, the K436N subdomain ll mutant 
Was pQE9pp65mll, the E465K subdomain VIII mutant Was 
pQE9pp65 mVlll, the combined K43 6N/E465K mutant Was 
pQE9pp65mH/Vlll, and the truncation control Was 
pQE9pp65 mTTH. pQE9pp150 Was used as a negative plas 
mid control. The CMVpp65 mutant sequences Were sub 
cloned into transfer vector pSC1 1 and then transfected using 
LIPOFECTAMINE (Life Technologies, Inc., Gaithersburg, 
Md.) into CV-1 cells that had been simultaneously infected 
With Wild-type WR strain vaccinia virus using the method of 
Elroy-Stein and Moss (12). Recombinant virus Was cloned 
and correct insertion Was con?rmed by PCR and DNA 
sequencing. 
[0050] The e?iciency of protein expression in the con 
structs Was veri?ed by Western blot. The proteins Were puri 
?ed from cells transfected With the indicated pQE9 vector, 
separated using 12.5% SDS-PAGE, transferred to a nitrocel 
lulose membrane and probed With mAb 28-103 speci?c for 
the detection of the pp65 protein (see Britt et al., J. Clin. 
Microbiol. 28:1229-1235, 1990), folloWed by ABC peroxi 
dase staining using a VECTASTAIN ABC kit (Vector Labo 
ratories, lnc., Burlingame, Calif.). All the proteins of the 
constructs bearing the intact carboxy-terminus of CMVpp65 
Were detected by the mAb, including the mutant CMVpp65. 
The level of expression Was qualitatively similar in all con 
structs, suggesting that the mutations did not alter protein 
expression. In addition, mutation did not appear to signi? 
cantly affect the immune recognition of the proteins. 

Example 2 

Immunoprecipitation of Recombinant CMVpp65 

[0051] The CMVpp65 native and mutant proteins Were 
expressed in the pQE9 bacterial system according to a 
QiagenTM protocol. Cell pellets Were extracted and subjected 
to immunoprecipitation as described by Michelson et al. (32) 
With modi?cations. Brie?y, the bacterial pellets Were froZen 
and thaWed three times and incubated in lysis buffer (20 mM 
Tris/HCl pH 8.0, 300 mM NaCl, 10% glycerol, 2 mM EDTA, 
0.5% Nonidet P-40) in the presence of protease inhibitor (5 
pg/ml aprotinin and 5 pg/ml leupeptin) for 20 minutes at 4° C. 
The cell lysates Were incubated With mouse IgG to remove 
non-speci?c proteins, sonicated and then clari?ed by cen 
trifugation at 15,000><g for 5 minutes at 4° C. The CMVpp65 
protein Was immunoprecipitated With mAb28-103, speci?c 
for CMVpp65. Protein extract (200 pg) Was mixed With 10 pl 
mAb28-103 unpuri?ed ascites in 500 pl buffer A (10 mM 
Tris-HCl, pH 7.4, 150 mM NaCl, 2 mM EDTA, 1% NP-40, 
With 5 pg/ml aprotinin and 5 pg/ml leupeptin (32)) and incu 
bated at 4° C. for 90 minutes With agitation. When relevant, 
100 pg MRC-5 cell lysate in 1% SDS Was added to the 
mixture to check Whether cellular kinases co-immunoprecipi 
tated With the CMVpp65 protein. The immune complex Was 
captured With 100 pl 50% protein A-Sepharose 4 Fast How 
beads (Amersham Pharmacia Biotech, PiscataWay, N.J.) co 
incubated With the extract at 4° C. for 45 minutes and then 
Washed three times by centrifugation With buffer A. 

Example 3 

Protein Kinase Assays 

[0052] The immunoprecipitated native and mutant 
CMVpp65 proteins, still bound to the sepharose beads, Were 
tested for protein kinase (PK) activity. pQE9pplS0 Was also 
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processed in the same Way, as a negative control. Casein 
kinase II (Promega, Madison, Wis.) enZyme Was used as a 
positive control. Dot blot PK assays Were performed accord 
ing to the methods of Glover and Allis (20). Brie?y, 100 pl 
samples to be assayed Were immobiliZed on a nitrocellulose 
membrane (Hybond ECL, Amersham Pharmacia Biotech, 
PiscataWay, N.J.) by vacuum ?ltrationusing a commercial dot 
blot manifold (Minifold, Schleicher & Schuell, lnc.). 
Dephosphorylated bovine casein (Sigma Chemical Co, St 
Louis, Mich.) (100 pl 1 mg/ml) Was added to each Well as 
substrate, folloWed by incubation at room temperature for 30 
minutes With 100 pl reaction mix (25 mM Tris pH 8.5, 100 
mM NaCl, 10 mM MgCl2, 1 mM dithiothreitol, 0.1 pM 
[y-32P]ATP). At the end of the incubation, free radioactive 
ATP Was removed by Washing the membrane 10 times in PBS 
at 37° C. folloWed by incubation at 37° C. in a shaking bath 
containing 100 ml stripping solution (4 M guanidine hydro 
chloride, 1% SDS, 0.1% TWeen-20, 0.5% [3-mercaptoetha 
nol) for 30 minutes, With a ?nal Wash in distilled Water. 
Incorporation of [32P]-ATP into protein Was visualiZed by 
autoradiography. See FIG. 2. Mutant CMVpp65mll shoWed 
no kinase activity. To quantitate the amount of pho sphokinase 
activity, serial dilutions of casein kinase II (Promega, Madi 
son, Wis.) Were assayed, and a standard curve Was established 
using a Phosphorlmager 445 S1 (Molecular Dynamics, 
Sunnyvale, Calif.). The data Were plotted and ?tted to a linear 
curve from Which CMVpp65 -PK units Were derived. One unit 
Was de?ned as the amount of kinase needed to transfer 1 
picomole of phosphate per minute at 37° C. using casein as 
substrate. Any values beloW 1.0 Were considered negative. 

[0053] Because native CMVpp65 undergoes autophospho 
rylation (3), the signals detected by PK assay using 
CMVpp65 are actually the combined results of both casein 
and CMVpp65 phosphorylation. To separate the tWo activi 
ties, a protein kinase assay Was performed in solution accord 
ing to the method described by Roby et al. (41) and then 
analyZed by SDS-PAGE. lmmunoprecipitated recombinant 
proteins, including CMVpp65n, CMVpp65mll, CMVpp65 
mVHl, CMVpp65mH/VHI, CMVpp65TTH and 
CMVpp150, Were used in protein kinase reactions in solution 
and then separated by 12.5% SDS-PAGE. Typically, 50 pl 
sample and 50 pl casein substrate (1 mg/ml) Were added to 
1001 of a tWofold-concentrated reaction mix as described 
above. The reaction Was incubated at 37° C. for 30 minutes 
and terminated by adding 20 pl 100 pM EDTA, and then 
heated inboiling Water for 3 minutes, releasing the CMVpp65 
protein from the Sepharose beads, and sedimented at 
15,000><g for 1 minute. The phosphorylated proteins Were 
precipitated With 10% trichloroacetic acid, Washed in 
acetone, and resuspended in loading buffer to be analyZed by 
12. 5% SDS-PAGE. Phosphorylation of the separated proteins 
on the gel Was visualiZed by autoradiography using 
X-OMATTM AR5 ?lm (Kodak, Rochester, N.Y.). 
[0054] Since the immunoprecipitation step may copurify 
other kinases from human-derived cells as Well as the speci?c 
CMVpp65 protein (16), the bacterial lysate Was mixed With 
100 pg of MRC-5 cell lysate. The results are shoWn in FIG. 2 
(loWer roW). No increase in phosphate signal Was detected in 
any of the samples, including the negative controls. The 
CMVpp65mll remained negative, suggesting that it did not 
bind cellular kinases. To quantify the phosphokinase activi 
ties among the various mutants, With or Without the addition 
of human-derived cell lysate, serial dilutions of casein kinase 
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II Were used to standardize the activity as units per assay 

(standardization data not shown). 
[0055] The CKII positive control had 10 U PK activity, the 
CMVpp65n had 10.3 U, CMVpp65 mVIII had 7.8 U, and 
CMVpp65mII, CMVpp65mII/V III, CMVpp65 mTTH and 
CMVpp150 had no activity. When the MRC-5 cell lysate Was 
added to the reaction, CMVpp65n and CMVpp65 mVIII had 
an activity equivalent to 10.4 U and 7.0 U respectively, 
Whereas the other reactions remained negative. These results 
shoW that no detectable cellular kinases Were coimmunopre 
cipitated from the system containing human-derived cell 
lysates using the mAb 28-103 to precipitate the CMVpp65 
speci?c kinase. 
[0056] The ef?ciency of the protein expression in the con 
structs Was veri?ed by Western blot as shoWn in FIG. 3. 
Proteins expressed from the constructs bearing the intact 
carboxy-terminus of CMVpp65 are shoWn in this Western 
blot. The CMVpp65 mutations are detected by mAb 28-103. 
The level of expression appears to be similar in all constructs, 
suggesting that the mutations did not alter protein expression. 
To perform the blot, a 1 ml culture of bacterial cells contain 
ing the expressed proteins in pQE9 Were lysed in 100 [1.1 lysis 
buffer, sonicated on ice three times for 30 seconds and sedi 
mented at 15,000><g for 5 minutes. The protein concentration 
of the supematants Was measured and 100 pg protein Was 
subjected to 12.5% SDS-PAGE, transferred to a nitrocellu 
lose membrane and incubated With mAb 28-103 folloWed by 
staining With peroxidase. See FIG. 3. 
[0057] As shoWn in FIG. 4, CMVpp65 and casein Were 
phosphorylated by CMVpp65n and CMVpp65 mVIII. 
CMVpp65mII, containing the substitution at K43 6N, shoWed 
not only complete loss of phosphorylation of casein but also 
absence of autophosphorylation. The same absence of auto 
phosphorylation Was observed With CMVpp65mII/V III, as 
Well as the negative controls CMVpp65 mTTH and 
CMVpp150. 
[0058] To further characterize Which residues Were phos 
phorylated, an SDS-PAGE membrane blot containing the 
phosphorylated products Was incubated With speci?c mono 
clonal antibodies directed to the phosphorylated residues of 
serine and threonine. The PK assay Was performed according 
to the same methods of the dot blot assay described above, 
except that unlabeled ATP (30 mM) Was used in the sample 
reaction. Phosphorylation Was detected by incubating the 
membrane With speci?c anti-phosphoserine or anti-phospho 
threonine antibodies (2 ug/ml), (Sigma Chemical Co., St. 
Louis, Mo.) and revealed by immunoperoxidase staining 
using a VECTASTAIN ABC Kit (Vector Laboratories, Inc., 
Burlingame, Calif.) (40). The results (FIG. 5) shoWed that 
autophosphorylation (Without casein as substrate) and casein 
phosphorylation Were revealed using anti-phosphothreonine 
antibody only With the CMVpp65n and CMVpp65 mVIII 
reactions, but not With CMVpp65mII and CMVpp65m 
II/V III or With the negative control CMVpp65 mTTH and 
CMVpp150. No serine phosphorylation Was detected in any 
of the immunoprecipitated CMVpp65 protein (data not 
shoWn). See FIG. 5. 

Example 4 

Chromium Release Assay 

[0059] To investigate Whether the mutation of the PK 
domains in CMVpp65 interferes With epitope presentation on 
a target cell surface for recognition by CTL, chromium 
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release assays Were performed. A human CD8+ CTL clone 
3.3F4, With speci?city for CMVpp65 HLA A2 epitope (10) 
Was used as the effector in a chromium release assay using 
HLA-type (LCL-A2) matched or mismatched (LCL-A11) 
EBV-transformed B lymphocyte targets. All target cells Were 
infected With vac-pp65n, vac-pp65mII or Wild-type vaccinia 
virus (vac-Wt) overnight at MOIIS, then incubated for four 
hours With 200 uCi 51Cr (ICN Pharmaceuticals Inc., Costa 
Mesa, Calif.). The MHC-mismatched control LCL-A11 also 
Was infected With vac-pp65mII. The cells Were assayed using 
the methods of McLaughlin-Taylor et al. (30). Spontaneous 
release (Without effector) and maximum release (lysed in 2% 
SDS) of radioactivity Were determined for each target. Spe 
ci?c cytotoxicity Was expressed as (effector cpm-spontane 
ous release cpm)/ (maximum release cpm-spontaneous 
release cpm)><100. 
[0060] As shoWn in FIG. 6, clone 3.3F4 recognized cells 
presenting the CMVpp65 mlI epitope as e?iciently as cells 
expressing the CMVpp65n (native) epitope. There Was no 
signi?cant difference in cytolytic effect at any of the various 
effector-to-target (E:T) ratios. This suggests that the point 
mutation of the invariant lysine K43 6N, Which eliminates PK 
activity, does not negatively affect the HLA-restricted pre 
sentation of CMVpp65 CTL epitope. 

Example 5 

CMVpp65 DNA Immunization of Transgenic HLA 
A*0201 Mice 

[0061] Transgenic HLA A*0201 mice Were immunized 
With CMVpp65 DNA to test for CTL activity in response to 
the immunogen. The transgenic mice have been described 
previously by Benmohammed et al., Hum. Immunol. 61 :764 
778, 2000 and V1tiello et al., J. Exp. Med. 173:1007, 1991. 
The knoWn CMV epitope, NLVPMVATV (SEQ ID NO: 6; 
Peninsula Laboratories, Inc. San Carlos, Calif.; 95% pure) 
Was used in a speci?c chromium release assay to demonstrate 
the e?icacy of the DNA vaccine administered to the mice. The 
mice express human HLA antigens, therefore this mouse 
model permits the study of the immunologic response to 
human CMV as presented in the context of a normal human 
HLA molecule and to evaluate the protection a vaccine Will 
elicit in humans. The speci?c epitope of SEQ ID NO: 6 is 
knoWn to elicit human CD8+ T cell activity in HLA A*0201 
CMV-seropositive individuals. 
[0062] The CMVpp65 gene Was inserted into the pBlue 
scriptII KS+ vector and Was modi?ed as folloWs. The CMV 
intronA of the immediate-early gene (823bp) Was inserted in 
front of the pp65 gene at the Spe1/BamH1 site using PCR 
With the folloWing primers: 

Forward: 

(SEQ ID NO: 7) 
5 ‘ — GAATTCACTAGTGTAAGTACCGCC — 3 ‘ . 

EcoRl Spel 

Reverse: 

(SEQ. ID NO: 8) 
5‘ — GACTGGATCCCTGCAGAAAAGACCC — 3‘ . 

BamHl 

The intronA/CMVpp65 gene, still inpBluescript (see FIG. 7), 
Was mutagenized as described in Example 1 using the Quick 
changeTM site-directed mutagenesis kit (Strategene, San 
Diego, Calif.). The intronA/CMVpp65 mutant II gene 
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(pcDNAintpp65mII), the expression product of Which exhib 
its no phosphokinase activity, Was removed from pBluescript 
With the Spe1 and EcoRI site of the pcDNA 3.1+ vector 
(Invitrogen, San Diego, Calif). The control plasmids, includ 
ing the intronA/CMVpp65 native (pcDNAintpp65n) and the 
intron A alone (pcDNAint), Were inserted in the pcDNA3.1+ 
vector as Well. All plasmids’ DNA Were transformed in DH5a 
competent cells, groWn in terri?c broth (Gibco-BRL Life 
technologies, Grand Island, NY.) and isolated using the 
Qiagen Maxi kit (Qiagen, Valencia, Calif). 
[0063] The intronA/CMVpp65n and intronA/ 
CMVpp65mII DNA Were removed from pBluescript, 
inserted into the pSC11 vector at the SpeI and KpnI site, and 
transfected into CV1 cells as described above in Example 1. 
The CV1 cells Were simultaneously infected With WR strain 
vaccinia and the recombinant plasmid and Were plaque puri 
?ed three times to ensure clonality and purity. To titer the 
vaccinia virus in the ovaries, CV1 cells Were plated at a 
density of 1.25><105 cells per Well in a 24 Well plate. The 
ovaries Were collected, dissected free of fat tissue, Weighed 
and frozen at —80° C. until ready for processing. They Were 
homogenized With a TEFLON homo genizer on ice, sonicated 
three times for 30 seconds, resuspended in 100 pl of medium 
and diluted serially. An aliquot Was added to the CV-1 cells, 
incubated overnight and stained With crystal violet the next 
day. 
[0064] Transgenic HLA-A2.1 mice Were constructed by 
microinjection of a chimeric molecule containing the (X2 
domains of the HLA-A*0201 gene and the (X3 domain of 
murine H-2Kb into fertilized eggs from C57B1/6 mice as 
described previously (Hogan, et al., 1986. Manipulating the 
Mouse Embryo-Laboratory Manual Cold Spring Harbor 
Laboratory. Cold Spring Harbor, N.Y.; Vitiello et al., J. Exp. 
Med. 173:1007, 1991). The HLA-A*0201 expression Was 
veri?ed by FACS using mAb BB7.2, Parham et al., Hum. 
Immunol. 3:277-99, 1981; Benmohammed et al., Hum. 
Immunol. 61: 764-779, 2000, and by PCR according to a 
modi?ed protocol described by Krausa et al., Tissue Antigens 
45 :223 -23 1, 1995. The transgenic mice Were called TgA2/Kb 
for the chimeric MHC molecule. 
[0065] Six to eight Week old TgA2Kb mice Were inoculated 
intra-muscularly every 4 Weeks With 50 pg Qiagen column 
puri?ed DNA in 50 ul sterile PBS in each thigh. The mice 
Were immunized With pcDNAintpp65n, pcDNAintpp65mII 
and pcDNAint as control plasmid. The spleens Were collected 
4 Weeks after the last immunization. When applicable, the 
mice Were challenged on day 7 after the last inoculation, IP, 
With 5><106 pfu of recombinant vaccinia expressing pp65n 
and the ovaries Were collected 5 days later to titer vaccinia. 
The spleens Were collected as Well to check for the presence 
of speci?c CMVpp65 CTL. 
[0066] Blood samples Were collected prior to each injection 
during the immunization process and the sera isolated and 
frozen at —200 C. The sera Were diluted at 1/50 and 1/100 and 
incubated With MRC-5 cells previously infected With Toledo 
CMV strain for 3 days. The presence of the pp65 protein Was 
revealed With a biotinylated antimouse IgG and immunoper 
oxidase labeling (Vector Laboratories, Inc., Burlingame, 
Calif). When the sera Were positive for pp65 Ab, they Were 
subjected to an ELISA for quantitation. 

Example 6 
Detection of Speci?c CTL Activation Elicited by 

CMVpp65 DNA Vaccine 
[0067] Three days before the harvest of effector cells from 
immunized TgA2Kb mice, blasts cells Were prepared from 
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syngeneic spleen cells (1 spleen for 3 immunized mice) and 
cultured at a concentration of 1><106 cells/ml in complete 
RPMI (10% heat-inactivated FBS, 50units/ml Pen/Strep, 10 
mM Hepes, 2 mM L-glutamine, 5x10“5 M [3-mercaptoetha 
nol,) and stimulated With 25 ug/ml LPS (Sigma, St Louis, 
Mo.) and 7 ug/ml dextran sulfate (Sigma, St Louis, M0.) The 
cells Were subjected to in vitro stimulation (IVS) as folloWs. 
Stimulated blast cells (targets), resuspended at a concentra 
tion of 25><106 cells/0.2 ml serum-free RPMI With 100 [1M 
CMVpp65peptide495 (SEQ ID N016) and 3 ug/ml of [32-mi 
croglobulin, Were incubated at 370 C. for 4 hours With regular 
mixing to load the targets With peptide. The cells then Were 
irradiated at 3000 RADS using a Isomedix Model 19 Gam 
mator (Nuclear Canada, Parsippany, N1.) and plated in a 24 
Well plate (1 ><106 blasts per Well) in complete RPMI supple 
mented With 10% rat T-stim culture supplement (Becton 
Dickinson, Franklin Lakes, N.J.). Each Well also contained 
3><106 immunized spleen cells. A second IVS procedure Was 
done 7 days later using the same protocol. 

[0068] T2 cells (ATCC CRL-1992), LCL-A2 cells (human 
EBV transformed cell), EL4A2 cells (mouse H-2b cell stably 
transfected With the A2 gene) presenting the HLA-A*0201 
allele and LCL-A3 cells (control HLA cell line) Were used as 
targets. For chromium release assay (HLA-speci?c, antigen 
speci?c cytolysis assay), the target cells Were incubated With 
200 uCi5 lCr With or Without peptide (100 [1M) and [32-micro 
globulin (3 ug/ml) for 1 hour at 370 C. They Were Washed and 
mixed at a effectorztarget (E/T) ratio of 100:1 to 10:1 in a 
96-Well bottom plate With effector cells (immunized spleen 
cells). The effectors and targets Were co-incubated for 4 hours 
and an aliquot Was counted using a TopcountTM counter 
(Packard Instrument Co, DoWners Grove, Ill.). Speci?c CTL 
clones (e.g. 19M3) Were maintained in culture by Weekly 
stimulation With peptide loaded blasts in complete RPMI 
With 10% rat stim or 20 units/ml of rhIL-2. 

[0069] Four mice Were immunized With pcDNAintpp65n 
and tWo mice With pcDNAint (controls). One out of four mice 
generated speci?c CTL Which recognized and lysed peptide 
pp65495 loaded T2 cells after one in vitro stimulation (20% 
lysis), and tWo after a second in vitro stimulation (39% and 
44% lysis). The effector cells from mice immunized With 
control DNA did not lyse the target cells, shoWing that the 
assay Was speci?c. The other control HLA-mismatch LCLA3 
target cells Were not lysed by either responsive CTL cells M2 
and M4. The results shoW that construct, pcDNAintpp65n, 
Which expresses the native gene of CMVpp65, elicits CTL 
activity in the transgenic mouse model. More importantly, the 
CTL generated speci?cally recognize the minimal cytotoxic 
epitope of pp65 for the HLA A*0201, NLVPMVATV (SEQ. 
ID NO:6), presented by the human cell line T2. See FIG. 8 for 
results. 

Example 7 

Kinase De?cient CMVpp65 DNA Vaccine Elicits 
Speci?c Cellular Immunity 

[0070] The methods of Example 6 Were repeated, except 
that the mice Were vaccinated With pcDNApp65mII gene 
inserted in the same mammalian expression vector as 
pcDNApp65n. TWo out of 3 mice responded to 
pcDNApp65mII DNA immunization With almost 90% spe 
ci?c lysis of the target T2 cell loaded With the epitope of SEQ 
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ID NO:6. See FIG. 9. The mutated CMV protein therefore is 
at least equivalent to the native sequence in its ability to elicit 
a CTL response. 

Example 8 

A CTL Clone Generated from Mutant CMVpp65 
Immunization Speci?cally Recognizes Only HLA 

Compatible Targets 

[0071] A CTL clone (19M3) generated by the mutant pp65 
immunization and Weekly stimulation With SEQ ID NO:6 
loaded blasts Was groWn in culture and used to lyse the fol 
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100 pl) irradiated feeder/target cells (2.5><105 cells plus/mi 
nus peptide or transfected With pp65mII in 50 11.1 or 5><106 
c/ml). Stimulation factors (conA, peptides, pp65) are added, 
plus rat stim. Cell lines such as T2 (loaded or not loaded With 
peptides) also may be used. After 8-24 hours incubation, the 
plate is Washed With DIHZO cycle PO3M8 to remove the cells, 
then With 1><PBS plus 0.05% TWeen-20 (PBST) With cycle 
P03M8 and blotted. Biotinylated anti-IFN-y (100 [1.1/Well; 
1.25 ug/ml in PBST; Pharrningen, San Diego) Was incubated 
in the Wells overnight at 40 C. The bound antibody is detected 
With an alkaline phosphatase streptavidin according to knoWn 
methods. 

TABLE I 

Cytolytic Response to CMVpp65 DNA Immunization With a Vaccinia Challenge (recvacpp65n). 

Response after One Response after TWo 
In Vitro In Vitro Vaccinia 

E/T EX vivo Response Stimulation Stimulations Titer per 

Ratio 10 30 100 10 30 100 10 100 100 Ovary 

DNApp65mII M2 1.8 4 9.2 7.8 15.2 45.6 ND ND ND 3.4 ><104 

M4 1.5 1.6 4.4 0.2 8.3 16.7 ND ND ND 3.9 ><104 

M4(2) 1.1 0.3 3.4 3.97 1.81 13.24 22 51.2 81.7 5 

M3 -1.3 -3.7 -3.4 0.2 -2.2 -1.1 ND ND ND 9.5 ><104 

M3(2) 1.9 0.3 0.4 -3.9 3.31 0.12 1.3 8.9 24 4 ><106 

M1 -2.1 -1.3 2.9 -1.8 -0.6 1.9 ND ND ND 1.25 ><105 

DNApp65n M3 -1.4 0.2 -2.7 2.3 2.83 18.17 8.49 12.17 28.09 2.75 ><104 

M1 3.2 0 4.3 -0.7 -1.43 -2.2 -2.63 0.59 5.92 6 ><104 

M2 -3 -1.1 1.2 -1.6 0.47 -4.9 5.46 6.38 3.55 1.4 ><105 

M4 -2.2 -2.4 -2.6 0.24 -3.2 -2.6 0.59 -1.97 0.53 5 

pcDNAint C1 -0.6 -1 1.9 -2.7 -4.14 -2.35 -6.12 -2.57 -1.78 2 ><104 

C2 -1.2 -0.7 -1.7 -2.02 -0.45 -0.33 1.64 2.96 12.11 2.3 ><104 

loWing target cell lines: T2, LCLA2, EL4A2 and LCLA3 REFERENCES 
(HLA mismatch). Only the HLA A*0201 expressing cells _ 
Were lysed. See FIG. 10. These results demonstrate that the [0074] 1) Boppefna 8t a1~> 1' vlrol" 2223293'6’ 1996' 
mutant CMVpp65 protein elicits speci?c CTL activity and [0075] 2) BorysleWlCZ et a1» 1' EXP~ Med- 168:919> 1988 
performs the functions necessary for successful vaccination. [00761 3) Britt et 211-: J- VirOl-a 59185-8: 1986 
[0072] TWo CTL clones Were not able to lyse HCMV-in- [0077] 4) Chee et a1~> CTML 1543 125'69’ 1990' 
fected ?broblasts, hoWever ?broblasts infected With the [0078] 5) Chou et a1» 1' Blol- Chem» 262184241 1997 

Town@ Strain of at an Ofs Were lysed at 30% and et 211., Infect. D1S., peptide loaded T2 cells at 85% by the CTL clones. See FIG. [0080] 7) Cohen, Eur. J. Biochem., 151:439-48, 1985. 

10 and Table I. The serum from immunized mice Were tested [0081] 8) Dal Monte et al., J. Virol., 70:2086-94, 1996. 
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SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS : l2 

<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Human cytomegalovirus 
<220> FEATURE: 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa = any amino acid 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (4) . . (4) 

<223> OTHER INFORMATION: Xaa = any amino acid 

<22l> NAME/KEY: MISCiFEATURE 
<222> LOCATION: (5) . . (5) 

<223> OTHER INFORMATION: Xaa = any amino acid 

<400> SEQUENCE: l 

Glu Xaa Glu Xaa Xaa Glu 

l 5 

<2ll> LENGTH: 27 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: mutagenic primer for CMVpp65 

<400> SEQUENCE: 2 

gcgggccgca accgcaaatc agcatcc 

<2ll> LENGTH: 27 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: mutagenic primer for CMVpp65 

<400> SEQUENCE: 3 

ggatgctgat ttgcggttgc ggcccgc 

27 

27 
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SEQ ID NO 4 
LENGTH: 36 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: mutagenic primer for CMVpp65 

SEQUENCE: 4 

gagtccaccg tcgcgcccaa agaggacacc gacgag 36 

SEQ ID NO 5 
LENGTH: 36 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: mutagenic primer for CMVpp65 

SEQUENCE: 5 

ctcgtcggtg tcctctttgg gggcgacggt ggactc 36 

SEQ ID NO 6 
LENGTH: 9 

TYPE: PRT 

ORGANISM: Human cytomegalovirus 

SEQUENCE: 6 

Asn Leu Val Pro Met Val Ala Thr Val 

l 5 

SEQ ID NO 7 
LENGTH: 24 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer for CMVpp65 

SEQUENCE: '7 

gaattcacta gtgtaagtac cgcc 24 

SEQ ID NO 8 
LENGTH: 25 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: PCR primer for CMVpp65 

SEQUENCE: 8 

gactggatcc ctgcagaaaa gaccc 25 

SEQ ID NO 9 
LENGTH: '7 

TYPE: PRT 

ORGANISM: Human cytomegalovirus 

SEQUENCE: 9 

Ala Gly Arg Lys Arg Lys Ser 
5 

SEQ ID NO 10 
LENGTH: 19 

TYPE: PRT 

ORGANISM: Human cytomegalovirus 
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—cont inued 

<400> SEQUENCE: lO 

Ala Pro Glu Glu Asp Thr Asp Glu Asp Ser Asp Asn Glu Ile His Asn 
l 5 10 

Pro Ala Val 

<2 10> SEQ ID NO 11 

<2 12> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Mutated PK domain II of CMVpp65 

<4 00> SEQUENCE: ll 

Ala Gly Arg Asn Arg Lys Ser 
1 5 

<2 10> SEQ ID NO 12 
<2ll> LENGTH: 19 

<2 12> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Mutated PK domain VIII Of CMVpp65 

<4 00> SEQUENCE: l2 

Ala Pro Lys Glu Asp Thr Asp Glu Asp Ser Asp Asn Glu Ile His Asn 
l 5 10 

Pro Ala Val 

15 

1. A cellular Vaccine Which expresses a mutant cytomega 
lovirus pp65 protein that lacks protein kinase activity and that 
When administered to a mammal elicits a CTL immune 
response against cells infected With cytomegalovirus, 
Wherein said cytomegalovirus pp65 protein contains a site 
speci?c mutation at amino acid 436 or at both amino acid 436 
and amino acid 465. 

2. A cellular Vaccine of claim 1 Wherein said cytomega 
lovirus pp65 protein contains the K43 6N mutation. 

3. A cellular Vaccine composition Which comprises (1) an 
antigen presenting cell that has been treated in Vitro so as to 

present epitopes of a mutant cytomegalovirus pp65 protein 
that lacks protein kinase activity and that When administered 
to a mammal elicits a CTL immune response against cells 
infected With cytomegalovirus, Wherein said cytomegalovi 
rus pp65 protein contains a site-speci?c mutation at amino 
acid 436 or at both amino acid 436 and amino acid 465, and 
(2) a pharmaceutically acceptable carrier. 


