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(57) ABSTRACT 
The invention provides proteins from Neisseria meningitidis 
(strains A & B), including amino acid sequences, the cor 
responding nucleotide sequences, expression data, and sero 
logical data. The proteins are useful antigens for vaccines, 
irnrnunogenic compositions, and/or diagnostics. 
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MENINGOCOCCAL ANTIGENS 

[0001] This application is a continuation-in-part of inter 
national patent application PCT/IB99/00103, ?led Jan. 14, 
1999, from Which priority is claimed under 35 USC § 119. 

[0002] This invention relates to antigens from the bacte 
rium Neisseria meningitidis. 

BACKGROUND 

[0003] Neisseria meningitidis is a non-motile, gram nega 
tive diplococcus human pathogen. It colonises the pharynx, 
causing meningitis and, occasionally, septicaemia in the 
absence of meningitis. It is closely related to N. gonor 
rhoeae, although one feature that clearly differentiates men 
ingococcus from gonococcus is the presence of a polysac 
charide capsule that is present in all pathogenic 
meningococci. 

[0004] N. meningitidis causes both endemic and epidemic 
disease. In the United States the attack rate is 0.6-1 per 
100,000 persons per year, and it can be much greater during 
outbreaks (see Lieberman el al. (1996) Safety and Immu 
nogenicity of a Serogroups A/C Neisseria meningitidis Oli 
gosaccharide-Protein Conjugate Vaccine in Young Children. 
JAIVIA 275(19):1499-1503; Schuchat et al (1997) Bacterial 
Meningitis in the United States in 1995. N Engl J Med 
337(14):970-976). In developing countries, endemic disease 
rates are much higher and during epidemics incidence rates 
can reach 500 cases per 100,000 persons per year. Mortality 
is extremely high, at 10-20% in the United States, and much 
higher in developing countries. FolloWing the introduction 
of the conjugate vaccine against Haemophilas in?aenzae, N. 
meningitidis is the major cause of bacterial meningitis at all 
ages in the United States (Schuchat et al (1997) supra). 

[0005] Based on the organism’s capsular polysaccharide, 
12 serogroups of N. meningitidis have been identi?ed. 
Group A is the pathogen most often implicated in epidemic 
disease in sub-Saharan Africa. Serogroups B and C are 
responsible for the vast majority of cases in the United States 
and in most developed countries. Serogroups W135 and Y 
are responsible for the rest of the cases in the United States 
and developed countries. The meningococcal vaccine cur 
rently in use is a tetravalent polysaccharide vaccine com 
posed of serogroups A, C, Y and W135. Although efficacious 
in adolescents and adults, it induces a poor immune response 
and short duration of protection, and cannot be used in 
infants [eg. Morbidity and Mortality Weekly report, Vol. 46, 
No. RR-5 (1997)]. This is because polysaccharides are T-cell 
independent antigens that induce a Weak immune response 
that cannot be boosted by repeated immuniZation. FolloWing 
the success of the vaccination against H. in?aenzae, conju 
gate vaccines against serogroups A and C have been devel 
oped and are at the ?nal stage of clinical testing (Zollinger 
W D “NeW and Improved Vaccines Against Meningococcal 
Disease” in: New Generation Vaccines, supra, pp. 469-488; 
Lieberman et al (1996) supra; Costantino et al (1992) 
Development and phase I clinical testing of a conjugate 
vaccine against meningococcus A and C. Vaccine 10:691 
698). 
[0006] Meningococcus B remains a problem, hoWever. 
This serotype currently is responsible for approximately 
50% of total meningitis in the United States, Europe, and 
South America. The polysaccharide approach cannot be 
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used because the menB capsular polysaccharide is a polymer 
of ot(2-8)-linked N-acetyl neuraminic acid that is also 
present in mammalian tissue. This results in tolerance to the 
antigen; indeed, if an immune response Were elicited, it 
Would be anti-self, and therefore undesirable. In order to 
avoid induction of autoimmunity and to induce a protective 
immune response, the capsular polysaccharide has, for 
instance, been chemically modi?ed substituting the N-acetyl 
groups With N-propionyl groups, leaving the speci?c anti 
genicity unaltered (Romero & Outschoorn (1994) Current 
status of Meningococcal group B vaccine candidates: cap 
sular or non-capsular?Clin Microbiol Rev 7(4):559-575). 

[0007] Alternative approaches to menB vaccines have 
used complex mixtures of outer membrane proteins (OMPs), 
containing either the OMPs alone, or OMPs enriched in 
porins, or deleted of the class 4 OMPs that are believed to 
induce antibodies that block bactericidal activity. This 
approach produces vaccines that are not Well characteriZed. 
They are able to protect against the homologous strain, but 
are not effective at large Where there are many antigenic 
variants of the outer membrane proteins. To overcome the 
antigenic variability, multivalent vaccines containing up to 
nine different porins have been constructed (eg. Poolman J 
T (1992) Development of a meningococcal vaccine. Infect. 
Agents Dis. 4: 13-28). Additional proteins to be used in outer 
membrane vaccines have been the opa and opc proteins, but 
none of these approaches have been able to overcome the 
antigenic variability (eg. Ala’Aldeen & Borriello (1996) The 
meningococcal transferrin-binding proteins 1 and 2 are both 
surface exposed and generate bactericidal antibodies 
capable of killing homologous and heterologous strains. 
Vaccine 14(1):49-53). 
[0008] A certain amount of sequence data is available for 
meningococcal and gonococcal genes and proteins (eg. 
EP-A-0467714, WO96/29412), but this is by no means 
complete. The provision of further sequences could provide 
an opportunity to identify secreted or surface-exposed pro 
teins that are presumed targets for the immune system and 
Which are not antigenically variable. For instance, some of 
the identi?ed proteins could be components of efficacious 
vaccines against meningococcus B, some could be compo 
nents of vaccines against all meningococcal serotypes, and 
others could be components of vaccines against all patho 
genic Neisseriae. 
[0009] The Invention 
[0010] The invention provides proteins comprising the N. 
meningitidis amino acid sequences disclosed in the 
examples. 
[0011] It also provides proteins comprising sequences 
homologous (ie. having sequence identity) to the N. men 
ingitia'is amino acid sequences disclosed in the examples. 
Depending on the particular sequence, the degree of 
sequence identity is preferably greater than 50% (eg. 60%, 
70%, 80%, 90%, 95%, 99% or more). These homologous 
proteins include mutants and allelic variants of the 
sequences disclosed in the examples. Typically, 50% iden 
tity or more betWeen tWo proteins is considered to be an 
indication of functional equivalence. Identity betWeen the 
proteins is preferably determined by the Smith-Waterman 
homology search algorithm as implemented in the 
MPSRCH program (Oxford Molecular), using an af?ne gap 
search With parameters gap open penalty=12 and gap exten 
sion penalty=1. 
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[0012] The invention further provides proteins comprising 
fragments of the N. meningitidis amino acid sequences 
disclosed in the examples. The fragments should comprise at 
least n consecutive amino acids from the sequences and, 
depending on the particular sequence, n is 7 or more (eg. 8, 
10, 12, 14, 16, 18, 20 or more). Preferably the fragments 
comprise an epitope from the sequence. 

[0013] The proteins of the invention can, of course, be 
prepared by various means (eg. recombinant expression, 
puri?cation from cell culture, chemical synthesis etc.) and in 
various forms (eg. native, fusions etc.). They are preferably 
prepared in substantially pure form (ie. substantially free 
from other N. meningitidis or host cell proteins). 

[0014] According to a further aspect, the invention pro 
vides antibodies Which bind to these proteins. These may be 
polyclonal or monoclonal and may be produced by any 
suitable means. 

[0015] According to a further aspect, the invention pro 
vides nucleic acid comprising the N. meningitidis nucleotide 
sequences disclosed in the examples. In addition, the inven 
tion provides nucleic acid comprising sequences homolo 
gous (ie. having sequence identity) to the N. meningitidis 
nucleotide sequences disclosed in the examples. 

[0016] Furthermore, the invention provides nucleic acid 
Which can hybridise to the N. meningitidis nucleic acid 
disclosed in the examples, preferably under “high strin 
gency” conditions (eg. 65° C. in a 0.1><SSC, 0.5% SDS 
solution). 
[0017] Nucleic acid comprising fragments of these 
sequences are also provided. These should comprise at least 
n consecutive nucleotides from the N meningitidis 
sequences and, depending on the particular sequence, n is 10 
or more (eg 12, 14, 15, 18, 20, 25, 30, 35, 40 or more). 

[0018] According to a further aspect, the invention pro 
vides nucleic acid encoding the proteins and protein frag 
ments of the invention. 

[0019] It should also be appreciated that the invention 
provides nucleic acid comprising sequences complementary 
to those described above (eg. for antisense or probing 
purposes). 
[0020] Nucleic acid according to the invention can, of 
course, be prepared in many Ways (eg. by chemical synthe 
sis, from genomic or cDNA libraries, from the organism 
itself etc.) and can take various forms (eg. single stranded, 
double stranded, vectors, probes etc.). 

[0021] In addition, the term “nucleic acid” includes DNA 
and RNA, and also their analogues, such as those containing 
modi?ed backbones, and also peptide nucleic acids (PNA) 
etc. 

[0022] According to a further aspect, the invention pro 
vides vectors comprising nucleotide sequences of the inven 
tion (eg. expression vectors) and host cells transformed With 
such vectors. 

[0023] According to a further aspect, the invention pro 
vides compositions comprising protein, antibody, and/or 
nucleic acid according to the invention. These compositions 
may be suitable as vaccines, for instance, or as diagnostic 
reagents, or as immunogenic compositions. 
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[0024] The invention also provides nucleic acid, protein, 
or antibody according to the invention for use as medica 
ments (eg. as vaccines) or as diagnostic reagents. It also 
provides the use of nucleic acid, protein, or antibody accord 
ing to the invention in the manufacture of: a medicament 
for treating or preventing infection due to Neisserial bacte 
ria; (ii) a diagnostic reagent for detecting the presence of 
Neisserial bacteria or of antibodies raised against Neisserial 
bacteria; and/or (iii) a reagent Which can raise antibodies 
against Neisserial bacteria Said Neisserial bacteria may be 
any species or strain (such as N. gonorrhoeae) but are 
preferably N. meningitidis, especially strain A, strain B or 
strain C. 

[0025] The invention also provides a method of treating a 
patient, comprising administering to the patient a therapeu 
tically effective amount of nucleic acid, protein, and/or 
antibody according to the invention. 

[0026] According to further aspects, the invention pro 
vides various processes. 

[0027] Aprocess for producing proteins of the invention is 
provided, comprising the step of culturing a host cell accord 
ing to the invention under conditions Which induce protein 
expression. 

[0028] A process for producing protein or nucleic acid of 
the invention is provided, Wherein the protein or nucleic acid 
is synthesised in part or in Whole using chemical means. 

[0029] A process for detecting polynucleotides of the 
invention is provided, comprising the steps of: (a) contacting 
a nucleic probe according to the invention With a biological 
sample under hybridiZing conditions to form duplexes; and 
(b) detecting said duplexes. 

[0030] Aprocess for detecting proteins of the invention is 
provided, comprising the steps of: (a) contacting an antibody 
according to the invention With a biological sample under 
conditions suitable for the formation of an antibody-antigen 
complexes; and (b) detecting said complexes. 

[0031] Unlike the sequences disclosed in PCT/IB98/ 
01665, the sequences disclosed in the present application are 
believed not to have any signi?cant homologs in N. gonor 
rhoeae. Accordingly, the sequences of the present invention 
also ?nd use in the preparation of reagents for distinguishing 
betWeen N. meningitidis and N. gonorrhoeae. 

[0032] A summary of standard techniques and procedures 
Which may be employed in order to perform the invention 
(eg. to utilise the disclosed sequences for vaccination or 
diagnostic purposes) folloWs. This summary is not a limi 
tation on the invention but, rather, gives examples that may 
be used, but are not required. 

[0033] General 

[0034] The practice of the present invention Will employ, 
unless otherWise indicated, conventional techniques of 
molecular biology, microbiology, recombinant DNA, and 
immunology, Which are Within the skill of the art. Such 
techniques are explained fully in the literature eg. Sambrook 
Molecular Cloning; A Laboratory Manual, Second Edition 
(1989); DNA Cloning, Volumes I and ii (D. N Glover ed. 
1985); Oligonucleotide Synthesis (M. J. Gait ed, 1984); 
Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins 
eds. 1984); Transcription and Translation (B. D. Hames & 
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S. J. Higgins eds. 1984);Animal Cell Culture (R. I. Freshney 
ed. 1986); Immobilized Cells and Enzymes (IRL Press, 
1986); B. Perbal, A Practical Guide to Molecular Cloning 
(1984); the Methods in Enzymology series (Academic Press, 
Inc.), especially volumes 154 & 155; Gene Transfer Vectors 
for Mammalian Cells (J. H. Miller and M. P. Calos eds. 
1987, Cold Spring Harbor Laboratory); Mayer and Walker, 
eds. (1987), Immunochemical Methods in Cell and Molecu 
lar Biology (Academic Press, London); Scopes, (1987) 
Protein Puri?cation: Principles and Practice, Second Edi 
tion (Springer-Verlag, NY), and Handbook of Experimental 
Immunology, Volumes I-I V (D. M. Weir and C. C. Blackwell 
eds 1986). 

[0035] Standard abbreviations for nucleotides and amino 
acids are used in this speci?cation. 

[0036] All publications, patents, and patent applications 
cited herein are incorporated in full by reference. In par 
ticular, the contents of UK patent applications 98007602, 
98190150 and 98221435 are incorporated herein. 

[0037] De?nitions 

[0038] A composition containing X is “substantially free 
of” Y When at least 85% by Weight of the total X+Y in the 
composition is X. Preferably, X comprises at least about 
90% by Weight of the total of X+Y in the composition, more 
preferably at least about 95% or even 99% by Weight. 

[0039] The term “comprising” means “including” as Well 
as “consisting” eg. a composition “comprising” X may 
consist exclusively of X or may include something addi 
tional to X, such as X+Y. 

[0040] A “conserved”Neisseria amino acid fragment or 
protein is one that is present in a particular Neisserial protein 
in at least X % of Neisseria. The value of X may be 50% or 
more, eg., 66%, 75%, 80%, 90%, 95% or even 100% (i.e. 
the amino acid is found in the protein in question in all 
Neisseria). In order to determine Whether an animo acid is 
“conserved” in a particular Neisserial protein, it is necessary 
to compare that amino acid residue in the sequences of the 
protein in question from a plurality of different Neisseria (a 
reference population). The reference population may include 
a number of different Neisseria species or may include a 
single species. The reference population may include a 
number of different serogroups of a particular species or a 
single serogroup. A preferred reference population consists 
of the 5 most common Neisseria. 

[0041] The term “heterologous” refers to tWo biological 
components that are not found together in nature. The 
components may be host cells, genes, or regulatory regions, 
such as promoters. Although the heterologous components 
are not found together in nature, they can function together, 
as When a promoter heterologous to a gene is operably 
linked to the gene. Another example is Where a Neisserial 
sequence is heterologous to a mouse host cell. A further 
examples Would be tWo epitopes from the same or different 
proteins Which have been assembled in a single protein in an 
arrangement not found in nature. 

[0042] An “origin of replication” is a polynucleotide 
sequence that initiates and regulates replication of poly 
nucleotides, such as an expression vector. The origin of 
replication behaves as an autonomous unit of polynucleotide 
replication Within a cell, capable of replication under its oWn 
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control. An origin of replication may be needed for a vector 
to replicate in a particular host cell. With certain origins of 
replication, an expression vector can be reproduced at a high 
copy number in the presence of the appropriate proteins 
Within the cell. Examples of origins are the autonomously 
replicating sequences, Which are effective in yeast; and the 
viral T-antigen, effective in COS-7 cells. 

[0043] A “mutant” sequence is de?ned as DNA, RNA or 
amino acid sequence differing from but having sequence 
identity With the native or disclosed sequence. Depending on 
the particular sequence, the degree of sequence identity 
betWeen the native or disclosed sequence and the mutant 
sequence is preferably greater than 50% (eg. 60%, 70%, 
80%, 90%, 95%, 99% or more, calculated using the Smith 
Waterman algorithm as described above). As used herein, an 
“allelic variant” of a nucleic acid molecule, or region, for 
Which nucleic acid sequence is provided herein is a nucleic 
acid molecule, or region, that occurs essentially at the same 
locus in the genome of another or second isolate, and that, 
due to natural variation caused by, for example, mutation or 
recombination, has a similar but not identical nucleic acid 
sequence. A coding region allelic variant typically encodes 
a protein having similar activity to that of the protein 
encoded by the gene to Which it is being compared. An 
allelic variant can also comprise an alteration in the 5‘ or 3‘ 
untranslated regions of the gene, such as in regulatory 
control regions (eg. see US. Pat. No. 5,753,235). 

[0044] Expression Systems 
[0045] The Neisserial nucleotide sequences can be 
expressed in a variety of different expression systems; for 
example those used With mammalian cells, baculoviruses, 
plants, bacteria, and yeast. 

[0046] 
[0047] Mammalian expression systems are knoWn in the 
art. Amammalian promoter is any DNA sequence capable of 
binding mammalian RNA polymerase and initiating the 
doWnstream (3‘) transcription of a coding sequence (eg. 
structural gene) into mRNA. A promoter Will have a tran 
scription initiating region, Which is usually placed proximal 
to the 5‘ end of the coding sequence, and a TATA box, 
usually located 25-30 base pairs (bp) upstream of the 
transcription initiation site. The TATA box is thought to 
direct RNA polymerase II to begin RNA synthesis at the 
correct site. A mammalian promoter Will also contain an 
upstream promoter element, usually located Within 100 to 
200 bp upstream of the TATA box. An upstream promoter 
element determines the rate at Which transcription is initi 
ated and can act in either orientation [Sambrook et al. (1989) 
“Expression of Cloned Genes in Mammalian Cells.” In 
Molecular Cloning: A Laboratory Manual, 2nd ed.] 

i. Mammalian Systems 

[0048] Mammalian viral genes are often highly expressed 
and have a broad host range; therefore sequences encoding 
mammalian viral genes provide particularly useful promoter 
sequences. Examples include the SV40 early promoter, 
mouse mammary tumor virus LTR promoter, adenovirus 
major late promoter (Ad MLP), and herpes simplex virus 
promoter. In addition, sequences derived from non-viral 
genes, such as the murine metallotheionein gene, also pro 
vide useful promoter sequences. Expression may be either 
constitutive or regulated (inducible), depending on the pro 
moter can be induced With glucocorticoid in hormone 
responsive cells. 
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[0049] The presence of an enhancer element (enhancer), 
combined With the promoter elements described above, Will 
usually increase expression levels. An enhancer is a regu 
latory DNA sequence that can stimulate transcription up to 
1000-fold When linked to homologous or heterologous pro 
moters, With synthesis beginning at the normal RNA start 
site. Enhancers are also active When they are placed 
upstream or doWnstream from the transcription initiation 
site, in either normal or ?ipped orientation, or at a distance 
of more than 1000 nucleotides from the promoter [Maniatis 
et al. (1987) Science 236: 1237; Alberts et al. (1989) Molecu 
lar Biology of the Cell, 2nd ed.]. Enhancer elements derived 
from viruses may be particularly useful, because they usu 
ally have a broader host range. Examples include the SV40 
early gene enhancer [Dijkema et al (1985) EMBO J. 4:761] 
and the enhancer/promoters derived from the long terminal 
repeat (LTR) of the Rous Sarcoma Virus [Gorman et al. 
(1982b) Proc. Natl. Acad. Sci. 79:6777] and from human 
cytomegalovirus [Boshart et al. (1985) Cell 41:521]. Addi 
tionally, some enhancers are regulatable and become active 
only in the presence of an inducer, such as a hormone or 
metal ion [Sassone-Corsi and Borelli (1986) Trends Genet. 
2:215; Maniatis et al. (1987) Science 236:1237]. 

[0050] A DNA molecule may be expressed intracellularly 
in mammalian cells. A promoter sequence may be directly 
linked With the DNA molecule, in Which case the ?rst amino 
acid at the N-terminus of the recombinant protein Will 
alWays be a methionine, Which is encoded by the AT G start 
codon. If desired, the N-terminus may be cleaved from the 
protein by in vitro incubation With cyanogen bromide. 

[0051] Alternatively, foreign proteins can also be secreted 
from the cell into the groWth media by creating chimeric 
DNA molecules that encode a fusion protein comprised of a 
leader sequence fragment that provides for secretion of the 
foreign protein in mammalian cells. Preferably, there are 
processing sites encoded betWeen the leader fragment and 
the foreign gene that can be cleaved either in vivo or in vitro. 
The leader sequence fragment usually encodes a signal 
peptide comprised of hydrophobic amino acids Which direct 
the secretion of the protein from the cell. The adenovirus 
triparite leader is an example of a leader sequence that 
provides for secretion of a foreign protein in mammalian 
cells. 

[0052] Usually, transcription termination and polyadeny 
lation sequences recogniZed by mammalian cells are regu 
latory regions located 3‘ to the translation stop codon and 
thus, together With the promoter elements, ?ank the coding 
sequence. The 3‘ terminus of the mature mRNA is formed by 
site-speci?c post-transcriptional cleavage and polyadenyla 
tion [Birnstiel et al. (1985) Cell 41:349; Proudfoot and 
WhitelaW (1988) “Termination and 3‘ end processing of 
eukaryotic RNA. In Transcription and splicing (ed. B. D. 
Hames and D. M. Glover); Proudfoot (1989) Trends Bio 
chem. Sci. 14:105]. These sequences direct the transcription 
of an mRNA Which can be translated into the polypeptide 
encoded by the DNA. Examples of transcription terminater/ 
polyadenylation signals include those derived from SV40 
[Sambrook et al (1989) “Expression of cloned genes in 
cultured mammalian cells.” In Molecular Cloning: A Labo 
ratory Manual]. 

[00533] Usually, the above described components, com 
prising a promoter, polyadenylation signal, and transcription 
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termination sequence are put together into expression con 
structs. Enhancers; introns With functional splice donor and 
acceptor sites, and leader sequences may also be included in 
an expression construct, if desired. Expression constructs are 
often maintained in a replicon, such as an extrachromosomal 
element (eg. plasmids) capable of stable maintenance in a 
host, such as mammalian cells or bacteria. Mammalian 
replication systems include those derived from animal 
viruses, Which require trans-acting factors to replicate. For 
example, plasmids containing the replication systems of 
papovaviruses, such as SV40 [GluZman (1981) Cell 23:175] 
or polyomavirus, replicate to extremely high copy number in 
the presence of the appropriate viral T antigen. Additional 
examples of mammalian replicons include those derived 
from bovine papillomavirus and Epstein-Barr virus. Addi 
tionally, the replicon may have tWo replicaton systems, thus 
alloWing it to be maintained, for example, in mammalian 
cells for expression and in a prokaryotic host for cloning and 
ampli?cation. Examples of such mammalian-bacteria 
shuttle vectors include pMT2 [Kaufman et al. (1989) Mol. 
Cell. Biol. 9:946] and pHEBO [ShimiZu et al. (1986) Mol. 
Cell. Biol. 6:1074]. 

[0054] The transformation procedure used depends upon 
the host to be transformed. Methods for introduction of 
heterologous polynucleotides into mammalian cells are 
knoWn in the art and include dextran-mediated transfection, 
calcium phosphate precipitation, polybrene mediated trans 
fection, protoplast fusion, electroporation, encapsulation of 
the polynucleotide(s) in liposomes, and direct microinjec 
tion of the DNA into nuclei. 

[0055] Mammalian cell lines available as hosts for expres 
sion are knoWn in the art and include many immortaliZed 
cell lines available from the American Type Culture Collec 
tion (ATCC), including but not limited to, Chinese hamster 
ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) 
cells, monkey kidney cells (COS), human hepatocellular 
carcinoma cells (eg. Hep G2), and a number of other cell 
lines. 

[0056] ii. Baculovirus Systems 

[0057] The polynucleotide encoding the protein can also 
be inserted into a suitable insect expression vector, and is 
operably linked to the control elements Within that vector. 
Vector construction employs techniques Which are knoWn in 
the art. Generally, the components of the expression system 
include a transfer vector, usually a bacterial plasmid, Which 
contains both a fragment of the baculovirus genome, and a 
convenient restriction site for insertion of the heterologous 
gene or genes to be expressed; a Wild type baculovirus With 
a sequence homologous to the baculovirus-speci?c fragment 
in the transfer vector (this alloWs for the homologous 
recombination of the heterologous gene in to the baculovirus 
genome); and appropriate insect host cells and groWth 
media. 

[0058] After inserting the DNA sequence encoding the 
protein into the transfer vector, the vector and the Wild type 
viral genome are transfected into an insect host cell Where 
the vector and viral genome are alloWed to recombine. The 
packaged recombinant-virus is expressed and recombinant 
plaques are identi?ed and puri?ed. Materials and methods 
for baculovirus/insect cell expression systems are commer 
cially available in kit form from, inter alia, Invitrogen, San 
Diego Calif. (“MaxBac” kit). These techniques are generally 










































































































































































































































































































































































































































































































































































































