
EP 0 261 925 B1 Description The present invention relates to a gene for an
A-type inclusion body (ATI) of poxvirus. More specifically, it relates to a
structural gene coding for a major protein of an A-type inclusion body and
a promoter 5  necessary for the expression of the structural gene. Vaccines
currently used include attenuated vaccines using attenuated living viruses
or bacteria and inactivated vaccines using inactivated viruses or bacteria.
The attenuated vaccines have advantages in that they induce not only a
humoral immune response but also a cell-mediated immune response, which
responses are relatively high and can be produced at a low 10   cost.
However, sometimes side effects although occur even though these vaccines
are attenuated. Moreover, there are various pathogens which have not been
attenuated, and therefore, the attenuated vaccines are not universal for
all kinds of pathogens. On the other hand, although inactivated vaccines
are relatively safe, they are disadvantageous in that they have a lower
effectiveness. 15  In contrast with these conventional vaccines, new types
of vaccines involving gene recombination technology are now under
development. According to one of these techniques, an antigen gene of a
pathogen is introduced to a plasmid, which is then used to transform
bacterium such as Escherichia coki or yeast. The resulting transformant is
then cultured to produce a large amount of an antigen protein, which is
then recovered and purified to produce a vaccine. In this technique, once a
small amount of antigen gene is 20 obtained, it becomes easy to produce a
large amount of vaccine which is not pathogenic. However, some problems
relating to purifying the antigen protein, the selecting of an adjuvant
used for the antigen protein, and the like, are as yet unsolved. In another
technique involving gene recombination technology, an antigen gene derived
from a pathogen is introduced into an nonessential region of a vaccinia
virus gene to construct a recombinant vaccinia virus containing the
exogeneous gene, and the recombinant virus is used as a live 25 vaccine.
These vaccines essentially fall into the category of conventional live
vaccines, and therefore, possess the advantages of the conventional live
vaccine. Moreover, according to this technique, the use of an attenuated
vaccinia virus as a vector provides safe vaccines with a low toxicity. In
addition, this technique is universal in that a vaccine against any kind of
pathogen can be produced. This advantage is not found in conventional
vaccines. 30    According to a typical procedure of this technique, a gene
coding an antigen protein of interest (antigen gene) is separated from a
pathogen in question, and the antigen gene is cloned in a conventional E.
coli plasmid. On the other hand, a nonessential region of gene of vaccinia
virus or related virus is separated, and the nonessential region is
introduced to an appropriate plasmid such as E. coil plasmid. The above-
mentioned antigen gene is then inserted into the nonessential region of the
plasmid to construct a 35 recombinant plasmid, and next, the nonessential
gene region of the virus origin interrupted with the antigen gene is
recombined with a corresponding region of a gene of the vaccinia virus as a
vector, to construct a recombinant vaccinia virus having a gene containing
the target antigen gene. If the recombinant virus injected to a host such
as a human or other animal can express the exogeneous antigen gene in an
amount sufficient to generate an immune response in the host, the
recombinant virus can be used as an attenuated 40 vaccine. Note, since the
attenuation of a virus and the generation of an immune response are
mutually exclusive phenomena, serious efforts are being made to develop a
strong virus promoter which can sufficiently express an exogeneous gene in
an attenuated virus. Accordingly, the present invention provides a gene
which is nonessential for a proliferation of poxvirus 46 and homologous
with a corresponding gene of a vaccinia virus, and therefore, can be used
for the construction of a recombinant vaccinia virus, and an expression
control region for said gene. More particularly, the present invention
provides a gene fragment coding for a major protein of A-type inclusion
body in poxvirus and a DNA fragment comprising an expression control region
related to the above-mentioned gene. so A DNA sequence in accordance with
the present invention is one coding for a major protein of an A type
inclusion body in poxvirus and/or coding for an expression control region
related to a gene coding for a major protein of an A-type inclusion body in
poxvirus and shown in Figure 3, or a sequence homologous to a sequence as
aforesaid and/or equivalent thereto having regard to the degeneracy of the
genetic code 



and/or differing from a sequence as aforesaid by the replacement and/or
addition and/or deletion of one or 55 more codons, but in each case
functionally coding for a protein or an expression control sequence as
aforesaid. 3    EP 0 261 925 B1 The present invention further provides a
plasmid comprising a DNA sequence as described above coding for a major
protein of A-type inclusion body in poxvirus, and an expression control
region for the coding region. The invention further includes the use of a
DNA sequence coding for a major protein of an A-type 5  inclusion body in
poxvirus and/or coding for an expression control region related to a gEne
coding for a major protein of an A-type inclusion body in poxvirus and
shown in Figure 3 in the production of a vaccine. The present invention
also provides a method for the production of the above-mentioned DNA or
plasmid, comprising the steps of: a) preparing a viral DNA from poxvirus;
10    b) constructing a genomic DNA library from the viral DNA; c)
selecting a vector containing said DNA sequence from the genomic library by
transfecting said genomic DNA library into animal cells that have been
infected with a vaccinia virus prior to the transfection; and d) detecting
the transfected cells reactive with an antibody produced to A-type
inclusion bodies. 75    In the drawings:- Figure 1 is a photograph of
electrophoresis showing a result of Western blotting wherein expression
products of vaccinia virus-infected animal cells (CV-1 cell line)
transfected with a plasmid are detected using an anti-A-type inclusion body
antibody; wherein lane 1 represents products of vaccinia WR- infected
cells, lane 2 represents vaccinia WR and cowpox CPRO6-coinfected cells,
lane 3 represents 20    products of cowpox-infected cells, lane 4
represents products of pUC 18-transfected cells, lane 5 represents products
of p0804-transfected cells, lane 6 represents products of pB6-transfected
cells, lane 7 represents products of pB20-transfected cells, lane 8
represents products of PB23-transfected cells, lane 9 represents products
of pC3-transfected cells, and lane 10 represents products of
pC6-transfected cells; 25    Fig. 2 represents restriction enzyme cleavage
maps of a Sall 22 Kb fragment in a plasmid p0804, a[err] fragment in a
plasmid pB6, a B20 fragment in a plasmid pB20, a B23 fragment in a plasmid
pB23, a C3 fragment in a plasmid pC3, and a C6 fragment in a plasmid pC6,
all selected or derived from a genomic DNA library of cowpox virus; Figs
3-1 to 3-10 represent a nucleotide sequence of a gene region encompassing a
structural gene for a 30    major protein of A-type inclusion body and a
promoter region; Fig. 4 represents a result of Southern blotting for cowpox
virus DNA and vaccinia virus DNA using a cloned A-type inclusion body gene
as a probe, wherein lane 1 represents a result of cowpox virus DNA cleaved
with Sall, lane 2 represents a result of cowpox virus DNA cleaved with
Hindlil, lane 3 represents a result of vaccinia virus DNA cleaved with
Sall, and lane 4 represents a result of vaccinia virus DNA 35  cleaved with
HindIII: Fig. 5 represents the position of a A-type inclusion body gene in
cowpox virus DNA; and, Fig. 6 represents the position of a Sall fragment
containing an A-type inclusion body-related gene in vaccinia virus DNA. As
described above, to construct recombinant vaccinia viruses for vaccines, it
is necessary to obtain a 40  nonessential region of a viral gene into which
an exogeneous antigen gene can be inserted, and a s trong viral promoter.
The present inventors found that a gene region coding for a major protein
of A-type inclusion body in. poxvirus satisfies the requirement for the
above-mentioned nonessential gene region, and a promoter for expression of
the gene region coding for the protein of A-type inclusion body satisfies
the requirement for the above-mentioned promoter. 45 



Origin of gene A gene region coding for the protein of A-type inclusion
body and an expression control region for expression of said coding region
can be obtained from a poxvirus gene. Within the present invention, 50
poxvirus includes all individual viruses belonging to the family Poxvirus,
and is preferably cowpox virus belonging to the genus Orthopoxvirus. The
A-type inclusion body gene is expressed in cells infected by the virus
after maturation of the virus, and the gene expression- product forms large
inclusion bodies in the cytoplasm of the infected cells, and amounts to 4%
of the total protein in the cell. This means that the promoter present
upstream of this gene is very strong, and therefore, the promoter is
adequate as a 55  promoter of the present invention for expression of an
exogeneous antigen gene. 4    EP 0 261 925 B1 On the other hand, among
poxviruses, those which do not form A-type inclusion bodies are present.
This means that the A-type inclusion body gene is not essential for a
proliferation of the virus, and therefore, the A-type inclusion body gene
is most promising as a region into which an exogeneous antigen gene can be
inserted. 5 Cloning of gene Next, a procedure for cloning the present gene
is described in detail; taking cowpox virus as an example. 10 (1)
Purification of cowpox virus 5 x [err] of Vero cells (cells derived from
renal cells of African green monkey) were infected with cowpox virus CPRO6
at an m.o.i. of 0.2, and the virus was recovered two days after the
infection when the 15  cytotoxicity became remarkable. The virus was then
purified by sucrose density-gradient centrifugation to obtain about 3 mg of
the virus. (2) Purification of cowpox virus DNA 20     Three mg of the
purified virus was digested with 1mg/mI of proteinase K at 37 C overnight
in the presence of 0.5% sodium dodecyl sulfate (SDS) and 1 mM of
ethylenediaminetetraacetic acid sodium salt (EDTA). The digest was
extracted three times with phenol/chloroform and three times with ethyl
ether to eliminate proteins. To the extracted digest was added 1/10 volume
of 3 M sodium acetate and two volumes of isopropanol, and the mixture was
stirred with a glass rod to recover flocculated DNA on the rod. The 25
recovered DNA was dissolved in a TE buffer (10 mM Tris-HCI, pH 8.0, 1 mM
EDTA) and 180 ug of DNA was obtained. (3) Construction of genomic DNA
library from cowpox virus 30     Ten ug of the cowpox virus DNA prepared as
above was cleaved with a restriction endonuclease Hindill or Sall in a
buffer containing 10 mM Tris-HCI (pH 7.5), 60 mM [err] and 7 mM [err], or a
buffer containing 10 mM Tris-HCI (pH 7.5), 150 mM NaCI, and 7 mM [err] ,
respectively, at [err] for 120 minutes. The HindIII-cleaved DNA was mixed
with a plasmid pUC18 which had been cleaved with HindIII; and the
SaII-cleaved DNA was mixed with a plasmid pUC13 which had been cleaved with
SaIIl, and each of 35 the mixtures was subjected to ligation in a buffer
containing 66 mM Tris-HCI (pH 7.5), 5 mM [err] , 5 mM dithiothreitol and 1
mM ATP usisng a T4 DNA ligase at 16 C for 16 hours. The ligation mixture
was used to transform E. coli JM103 or E. coli JM109 to prepare genomic DNA
libraries of the cowpox virus. Each recombinant plasmid contained a genomic
DNA fragment of about 1 Kb to 25 Kb. 40 (4) Identification of DNA
containing A-type inclusion body gene The plasmids containing a cowpox
virus DNA fragment were transfected to CV-1 cells which had b een infected
with vaccinia virus, and expression of the A-type inclusion body gene in
the transfected cells was confirmed by Western blotting to identify DNA
containing an A-type inclusion body gene. 45     Namely, 3 x [err] of CV-1
cells (cells from monkey kidney) were infected with a vaccinia virus WR
strain at an m.o.i. of 50 and allowed to stand for one hour. A plasmid
containing the cowpox virus DNA was extracted from 2 ml of E. coli culture
by an alkaline extraction method, and 10 ug of the plasmid DNA was 



transfected to cells previously infected with the vaccinia virus. After
standing for 30 minutes at room temperature, 3 ml of a medium containing 5%
fetal calf serum was added to the culture, which was then 50 incubated at
[err]for 5 hours, and after an exchange of the medium incubated at [err]
overnight. After sonication of the cell suspension, the sonicate was
subjected to SDS-polyacrylamide gel electrophoresis, and the gel was
subjected to Western blotting. That is, proteins on the gel were
electrophoretically transferred to a nitrocellulose filter. The
nitrocellulose filter was treated with a buffer containing 10 mM Tris- HCI
(pH 7.5), 0.15 M NaCI and 5% bovine serum albumin, and reacted with an
anti-A-type inclusion body 55  antibody in a buffer containing 10 mM
Tris-HCI (pH 7.5) and 0.15 M NaCI at[err] for one hour. Next, the filter
was reacted with an anti-rabbit IgG antiserum conjugated with peroxidase at
[err] in the same buffer as described above, and finally, treated with a 10
mM Tris-HCI (pH 7.5) buffer containing 0.01% hydrogen peroxide, 0.5 mg/ml
4-chloronaphthol and 0.15 M NaCI to develop an A-type inclusion body gene 5
EP 0 261 925 B1 expression product. As a result, a Sall fragment of 22 Kb
was found to contain the A-type inclusion body gene. This fragment was
designated as 0804, and the plasmid containing this rtagment was designated
as p0804. The plasmid pO804 was digested with Sall, and the resulting Sall
fragment was cleaved with a 6  restriction endonuclease Kpnl, Sphl, Pstl or
Sacl. Each fragment thus obtained was ligated with a plasmid pUC 18 or
plasmid pUC 19, which had been cleaved with a corresponding restriction
endonuclease to obtain recombinant plasmids pB6, pB20, pB23, pC3, pC6, etc.
These plasmids were then tested for the presence of an A-type inclusion
body gene therein, and it was confirmed that a Kpnl-Sphl fragment of 9.1 Kb
in the plasmid pB23, and a Sacl-Sall fragment of 8.9 Kb in to the plasmid
pC3 included an entire gene for a major protein of A-type inclusion body;
and a Sacl-Sall fragment of 6.2 Kb in the plasmid pC6 included a part of a
gene for a major protein of A-type inclusion body. The above-mentioned
result is summarized in Fig. 1. Figure 1 shows the result of Western
blotting of SDS-polyacrylamide gel electrophoresis of cell suspensions
prepared by transfecting the plasmlds p0804, i5 pB6, pB2O, pB23, pC3 or pC6
to cells previously infected with vaccinia virus. Lanes 5, 6, 7, 8, 9 and
10 represent results for the plasmids pO804, pB6, pB20, pB23, pC3, and pC6,
respectively. Lanes 1, 2 and 3 represent results obtained according to the
same procedure as described above except that cells infected with the
vaccinia virus WR strain, cells coinfected with the vaccinia virus WR
strain and cowpox virus CPRO6 strain, and cells infected with cowpox virus
were used, respectively, in place of the recombinant 20 plasmid-transfected
cells. Lane 4 is a result obtained from cells transfected with a plasmid
pUC13 not containing a gene fragment of the virus. Upper bands
corresponding to 160,000 Daltons of lanes 2, 3, 5, 8 and 9 represent an
A-type inclusion body protein of cowpox virus, and lane 10 shows a band
corresponding to 110OOO Daltons of an A-type inclusion body protein. This
means that the plasmid pC6 contains a part of an A-type inclusion body
gene, and therefore, cannot produce a protein of 160,000 Daltons. The lower
26 bands corresponding to 94,000 Daltons in lanes 1, 2, and 4 to 10
represent an A-type inclusi on body related-gene product of a vaccinia
virus detected by the anti-A-type inclusion body antibody. Figure 2
represents restriction enzyme cleavage maps of the Sall 22 Kb fragment
(0804) in the plasmid pO804, an A-type inclusion body gene-containing
fragment B23 in the plasmid pB23, and A-type inclusion -   body
gene-containing fragment C3 in the plasmid pC3, and an A-type inclusion
body gene-containing 30 fragment C6 in the plasmid pC6. Figure 2 also
represents positions of gene fragments inserted in the plasmids pB6 and
pB20, which could not express the A-type inclusion body. Escherichia coli
JM109-123, containing the plasmid pB23, was deposited with the Fermentation
Research Institute Agency of Industrial Science and Technology (FRI), 1-1-3
Yatabe-cho Higashi, Tsukuba- gun, Ibarakiken, Japan as FERM P-8971, on
September 19, 1986, and transferred to the international 3.6 deposition
under the Budapest Treaty on the Intemational Recognition of the Deposit of
Microorganisms for the Purpose of Patent Procedure as FERM BP-1459 on
September 1, 1987. Determination of nucleotide sequence of A-type inclusion
body gene 



..:40..  The nucleotide sequence of an A-type inclusion body gene of cowpox
virus was determined using the plasmids pB20, pB23, and pC6. The procedure
for this determination is exemplified with reference to plasmid pB20. Five
Lg of DNA of the plasmid pB20 were digested with 5 units each of Sphl and
BamHl, and the digest was extracted with phenol/chloroform to obtain a DNA
fragment. Although the BamHl end can be -4  attacked by exonuclease Ill,
the Sphl end can not be attacked by exonuclease ll. Therefore, digestion of
the Sphl-BamHl fragment with exonuclease IIl provides various DNA fragments
having different lengths. The DNA was digested with 24 units of exonuclease
l1l. During the digestion, a 1/10 volume of reaction mixtures was removed
at one minute intervals, and the removed reaction mixture was extracted
with phenol/chloroform to obtain exonuclease III-digested DNA fragments.
The DNA fragments were then treated 50 with 0.1 units of Si nuclease for 30
minutes, and the reaction mixture was extracted with phenol/chloroform to
obtain DNA. To the reaction solution (60 al) were added 1.5 ual of 0.2 M
magnesium chloride, 2 1l each of four kinds of 5 mM deoxyribonucleotides,
and one unit of a Klenow fragment, and after 30 minutes at room
temperature, ligation was carried out by adding 350 units of T4 DNA ligase.
Next, 1/50 volume of the reaction mixture was used to transform E. coli
JM109, and a plasmid DNA was extracted from the resulting .55 colonies by
the alkaline extraction method. The extracted DNA was then subjected to
sequencing by the dideoxy method of Sanger et al. 6    EP 0 261 925 1
Figures 3-1 to 3-10 represent a nucleotide sequence of a DNA fragment
containing an A-type inclusion body structural gene and a promoter region
therefor. The promoter is contaihed in a nucleotide sequence from the
positions-576 to -1, and a nucleotide sequence from positions 1 to 3852
forms an open reading frame coding for a protein comprising 1284 amino
acids which are shown by lower lines in Fig. 3-1 to 3-9. 5  The size of
this reading frame conforms to the molecular weight of the A-type inclusion
body protein, i.e., 160,000 Daltons, measured by SDS-polyacrylamide gel
electrophoresis. Moreover, the 5'-terminal nucleotide sequence in the open
reading frame is analogous with those of other late promoters of vaccinia
virus; which confirms that A-type inclusion bodies are formed during
infection, and thus that the cloned gene of the present invention is
actually a gene for the A-type inclusion body protein. to.    The invention
includes not merely any specific sequence shown in Figure 3, but also,
having regard to the ability of the skilled man to vary sequences and
retain functionability and also the nature of the genetic code, a sequence
homologous to a sequence as afo resaid and/or equivalent thereto having
regard to the degeneracy of the genetic code and/or differing from a
sequence as aforesaid by the replacement and/or addition and/or deletion of
one or more codons, but in each case functionally coding for a protein or.
an 15 expression control sequence as aforesaid. Note, the amino acid
composition of the major protein of A-type inclusion body is estimated from
the determined nucleotide sequence, as follows. 20 25 .30 36 40 46 50 55 7
EP 0 261 925 Bi Identification of A-type inclusion body-related gene in
vaccinia virus genome 



As shown in Fig. 1, vaccinia virus provides a protein of 94,000 Daltons
which is reactive with an anti-A- type inclusion body antibody. Therefore,
it can be reasonably considered that the vaccinia virus DNA 6  contains an
A-type inclusion body-related gene, and if so, such a region may be a
nonessential region and have a strong promoter. To confirm the
above-estimation, the present inventors tested DNA extracted from vaccinia
virion and cowpox virion by Southern blotting. More specifically, a DNA
fragment of about 1 Kb at the right side of the '.   Pstl site in the
A-type inclusion body gene shown in Fig. 2 was separated and labeled with
a-32PdCPT using 1o an Amersham nick-translation kit, and a labeled DNA
fragment with a specific activity of about 5 x 106 cpm/Lag was prepared and
used as a probe. On the other hand, DNAs were extracted from vaccinia
virion and cowpox virion. The DNAs were then cleaved with Hindlul or Sall,
separated by 0.6% agarose gel electrophoresis, and the separated DNA
fragments were electrophoretically transferred to a nylon membrane
(Zetaprobe). The DNA fragments on 15 the nylon membrane were allowed to
hybridize with the above-mentioned probe under the condition of a 50%
formamide, 5 x SSC, 0.1% SDS, 5 x Denhardt's solution, 250 ag/ml salmon
sperm DNA, and 25 mM sodium phosphate (pH 6.5) and incubation overnight at
420C. The results are shown in Fig. 4. In Fig. 4, lane 1 represents the
result of a cowpox virus DNA cleaved with Sall, lane 2 represents the
result of a cowpox virus DNA cleaved with Hindlil, lane 3 represents the
K..,Xo result of a vaccinia virus DNA cleaved with Sall, and lane 4
represents the result of a vaccinia virus DNA cleaved with HindlIl. As seen
from Fig. 4, the cleavage of a cowpox virus DNA with Sall provided a DNA
fragment of about 22 Kb reactive with the probe, which corresponds to a
molecular weight of the DNA fragment 0804 in the plasmid p0804; the
cleavage of the cowpox virus DNA with Hindlil provided a DNA fragment of
about 45 to 25 50 Kb reactive with the probe; the cleavage of the vaccinia
virus DNA with Sall provided a DNA fragment of about 25 to 30 Kb reactive
with the probe; and the cleavage of the vaccinia virus DNA with HindlIl
provided a 45 to 50 Kb DNA fragment reactive with the probe. These results
suggest that the vaccinia virus contains a gene corresponding to the A-type
inclusion .:body gene of cowpox virus. Moreover, since the DNA fragments
derived from vaccinia virus reacted with 9o the probe were derived from the
A-type inclusion body gene of cowpox virus in the condition of a high
stringency, this suggests the possibility of a homologous recombination of
the cowpox A-type inclusion :-body gene with the vaccinia virus A-type
inclusion body-related gene, and therefore, the possibility of a transfer
of an exogeneous gene incorporated in the cowpox virus A-type inclusion
body gene to the vaccinia * virus DNA. Accordingly, the A-type inclusion
body gene of cowpox virus origin of the present invention is 95 promising
as an intermediate vector for an insertion of an exogeneous antigen gene
into vaccinia virus, to construct the recombinant vaccinia virus as a live
vaccine. Localization of A-type inclusion body-related gene in cowpox virus
genome and vaccinia virus genome 40     Taking into consideration the
above-mentioned resul t of Southern blottling and the report in J. Gen.
Virol. 45, 51-63, 1979; and Nucl. Acids Res. 12, 4835-4848, 1984, the
localization of an A-type inclusion body gene in the cowpox virus genome
and its related gene in vaccinia virus genome are shown in Figs. 5 and 6,
respectively. 45  Preparation of anti-A-type inclusion body antiserum An
anti-A-type inclusion body antiserum used for the detection of gene
expression products in the previous experiments was prepared as follows: 6o
(1) Isolation of purified A-type inclusion bodies as an antigen To obtain
sufficient A-type inclusion bodies in a highly purified state, a new
procedure was devised. Vero cells (2 x 108), which had been infected with
CPRO6 for 24 hrs at a multiplicity of 5 plaque forming unit (PFU) per cell,
were scraped off the walls of Roux bottles, and pelleted by low speed
centrifugation. 55. The cells were washed twice with a 50 ml TNC buffer (10
mM Tris-HCI, pH 7.2, 0.15 M NaCI, and 1 mM CaCI2), and suspended in 10 ml
of 10 mM Tris-HCI, pH 7.2 and 1 mM CaC12. The cells were allowed to swell
for 10 min at 0 C, lysed by 10 - 15 strokes of a Dounce homogenizer, and
tonicity then immediately restored by the addition of 1/4 volume of 0.75 M
Tris-HCI, pH 7.2. The lysate was centrifuged at 200 xg for 8   



EP 0 261 925 B1 30 sec to sediment nuclei, the supernatant sonicated 4
times for 30 sec and centrifuged at 800 xg for 10 min. It was necessary to
use tubes made of polyallomer or polypropylene fdr centrifugation, in order
to. prevent loss of the A-type inclusion bodies due to adsorption to the
centrifuge tube walls. The pellet containing the A-type inclusion bodies
was suspended in a 25 ml TD buffer (0.15 M Tris-HCI, pH 7.2 and 5  0.1%
sodium deoxycholate) with the aid of 15 sacs sonication, and was incubated
for 30 min at 0 C G. The material was then centrifuged at 800 xg for 10
min, resuspended by brief sonication in 25 ml of 0.15 M Tris- HCI, pH 7.2
and 0.1% Triton X-100, and recentrifuged. The pellet obtained was
resuspended in a 2 ml TD buffer, and layered onto a discontinuous sucrose
gradient composed of 10 ml of 60% (w/v), 70%, and 85% sucrose in 10 mM
Tris-HCI, pH 7.2. When this was centrifuged for 60 min at 75,000 xg, the
A-type inclusion io  bodies floated at the interphase between 70% and 85%
sucrose. This concentrated A-type inclusion body fraction was collected
from a hole at the bottom of the tubes, and after 8-fold dilution with a TD
buffer, was centrifuged at 2,000 xg for 20 min. In some experiments the
sucrose density gradient centrifugation was omitted. 15 (2) Preparation of
anti-A-type inclusion body antiserum To raise antiserum against the major
A-type inclusion body polypeptide, purified A-type inclusion bodies were
dissolved in a dissociation buffer and electrophoresed on preparative
sodiumdodecyl sul- "&   fatepolyacrylamide gels (PAGE). The 160-kDa band
was excised and pulverized by a Teflon homogenizer, 20 and gel pieces
containing approximately 500 1g of the A-type inclusion body polypeptide
were injected 3 times with Freund's complete adjuvant at 2 weeks intervals
into a rabbit. The rabbit was bled one week after the final injection. The
obtained blood was then processed according to a conventional procedure to
prepare the target antiserum. According to the present invention, a gene
coding for a major protein of A-type inclusion body in 2s  poxvirus and an
expression control region, especially a promoter related to the gene, are
provided. When the gene is transfected to animal cells which have been
infected with vaccinia virus, expression of the A- type inclusion body gene
is confirmed. The gene region coding for a major protein of A-type
inclusion body is nonessential for the proliferation of virus, and
moreover, the A-type inclusion body gene of cowpox virus is extremely
homologous with the 30 A-type inclusion body-related gene of the vaccinia
virus. Therefore, the A-type inclusion body gene of cowpox vi rus is useful
as an intermediate vector for transfer of an exogeneous antigen gene into
vaccinia virus, to construct a recombinant vaccinia virus as a live
vaccine. Moreover, since a promoter of the A-type inclusion body gene is
strong, the promoter is useful for expression of an exogeneous antigen gene
in a recombinant vaccinia virus. 35 Claims *~-  1. A DNA sequence coding
for a major protein of an A-type inclusion body in poxvirus and/or coding
for an expression control region related to a gene coding for a major
protein of an A-type inclusion body in 40     poxvirus and shown in Figure
3, or a sequence homologous to a sequence as aforesaid and/or equivalent
thereto having regard to the degeneracy of the genetic code and/or
differing from a sequence as aforesaid by the replacement and/or addition
and/or deletion of one or more codons, but in each case functionally coding
for a protein or an expression control sequence as aforesaid. 45 2. A DNA
sequence as claimed in claim 1 wherein the poxvirus is cowpox virus and the
sequence is as shown in Figure 3. 3. A plasmid incorporating a DNA sequence
coding for a major protein of an A-type inclusion body in poxvirus and
coding for an expression control region related to a gene coding for a
major protein of an 50     A-type inclusion body in poxvirus and shown in
Figure 3 or a sequence homologous to a sequence as aforesaid and/or
equivalent thereto having regard to the degeneracy of the genetic code
and/or differing from a sequence as aforesaid by the replacement and/or
addition and/or deletion of one or more codons, but in each case
functionally coding for a protein and expression control sequence as
aforesaid. 55 4. A process for the production of a DNA sequence coding for
a major protein of A-type inclusion body in 



poxvirus and as defined in claim 1 comprising the steps of:- a) preparing a
viral DNA from poxvirus;    EP 0 261 925 BI 30 sec to sediment nuclei, the
supernatant sonicated 4 times for 30 sec and centrifuged at 800 xg for 10
min. It was necessary to use tubes Made of polyallomer or polypropylohe for
centrifugation, in order to prevent loss of the A-type inclusion bodies due
to adsorption to the centrifuge tube walls. The pellet containing the
A-type inclusion bodies was suspended in a 25 ml TD buffer (0.15 M
Tris-HCI, pH 7.2 and 5  0.1% sodium deoxycholate) with the aid of 15 secs
sonication, and was incubated for 30 min at 0 C. The material was then
centrifuged at 800 xg for 10 min, resuspended by brief sonication in 25 ml
of 0.15 M Tris- HCI, pH 7.2 and 0.1% Triton X-100, and recentrifuged. The
pellet obtained was resuspended in a 2 ml TD buffer, and layered onto a
discontinuous sucrose gradient composed of 10 ml of 60% (wNv), 70%, and 85%
sucrose in 10 mM Tris-HCI, pH 7.2. When this was centrifuged for 60 min at
75,000 xg, the A-type inclusion 10 bodies floated at the interphase between
70% and 85% sucrose. This concentrated A-type inclusion body fraction was
collected from a hole at the bottom of the tubes, and after 8-fold dilution
with a TD buffer, was centrifuged at 2,000 xg for 20 min. In some
experiments the sucrose density gradient centrifugation was omitted. 15
(2) Preparation of anti-A-type inclusion body antiserum To raise antiserum
against the major A-type inclusion body polypeptide, purified A-type
inclusion bodies were dissolved in a dissociation buffer and
electrophoresed on preparative sodiumdodecyl sul- fatepolyacrylamide gels
(PAGE). The 160-kDa band was excised and pulverized by a Teflon
homogenizer, 20 and gel pieces containing approximately 500 gg of the
A-type inclusion body polypeptide were injected 3 times with Freund's
complete adjuvant at 2 weeks intervals into a rabbit. The rabbit was bled
one week after the final injection. The obtained blood was then processed
according to a conventional procedure to prepare the target antiserum.
According to the present invention, a gene coding for a major protein of
A-type inclusion body in 25 poxvirus and an expression control region,
especially a promoter related to the gene, are provided. When the gene is
transfected to animal cells which have been infected with vaccinia virus,
expression of the A- type inclusion body gene is confirmed. The gene region
coding for a major protein of A-type inclusion body is nonessential for the
proliferation of virus, and moreover, the A-type inclusion body gene of
cowpox virus is extremely homologous with the .30. A-type inclusion
body-related gene of the vaccinia virus. Therefore, the A-type inclusion
body gene of cowpox vi rus is useful as an intermediate vector for transfer
of an exogeneous antigen gene Into vaccinia virus, to construct a
recombinant vaccinia virus as a live vaccine. Moreover, since a promoter of
the A-type inclusion body gene is strong, the promoter is useful for
expression of an exogeneous antigen gene in a recombinant vaccinia virus. :
35 Claims 1. A DNA sequence coding for a major protein of an A-type
inclusion body in poxvirus and/or coding for an expression control region
related to a gene coding for a major protein of an A-type inclusion body in
40     poxvirus and shown in Figure 3, or a sequence homologous to a
sequence as aforesaid and/or equivalent thereto having regard to the
degeneracy of the genetic code and/or differing from a sequence as
aforesaid by the replacement and/or addition and/or deletion of one or more
codons, but in each case functionally coding for a protein or an expression
control sequence as aforesaid. 4s 2. A DNA sequence as claimed in claim 1
wherein the poxvirus is cowpox virus and the sequence is as shown in Figure
3. 3  A plasmid incorporating a DNA sequence coding for a major protein of
an A-type inclusion body in poxvirus and coding for an expression control
region related to a gene coding for a major protein of an 50     A-type
inclusion body in poxvirus and shown in Figure 3 or a sequence homologous
to a sequence as aforesaid and/or equivalent thereto having regard to the
degeneracy of the genetic code and/or differing from a sequence as
aforesaid by the replacement and/or addition and/or deletion of one or more



codons, but in each case functionally coding for a protein and expression
control sequence as aforesaid. 4. A process for the production of a DNA
sequence coding for a major protein of A-type inclusion body in poxvirus
and as defined in claim 1 comprising the steps of:- a) preparing a viral
DNA from poxvirus; 9                      I 1!1111 1iI1    N 111   11 11
!1L    EP 0 261 925 Bi b) constructing a genomic DNA library from the viral
DNA; c) selecting a vector containirg said DNA sequence from the genofitic
library by transfecting said genomic DNA library into animal cells that
have been infected with a vaccinia virus prior to the transfection; and 5
d) detecting the transfected cells reactive with an antibody produced to
A-type inclusion bodies. 5. A process as claimed in claim 4 wherein the
poxvirus is cowpox virus and the DNA sequence is as shown in Figure 3. 1o
6. The use of a DNA sequence coding for a major protein of an A-type
inclusion body in poxvirus and/or coding for an expression control region
related to a gene coding for a major protein of an A-type inclusion body in
poxvirus and shown in Figure 3 in the production of a vaccine.
Revendlcations i5 1. Une codification de sequence d'ADN pour une proteine
essentielle de corps d'incluslon du type A dans le virus de la verole etlou
codification pour une zone de contr8le de l'expression apparent6e a une
codification de gene pour une proteine essentielle de corps d'lnclusion du
type A dans le virus de la verole et illustree a la Figure 3 ou une
sdquence homologue a une sequence precitde et/ou equivalente 20     a
celle-ci eu 6gard a la d6g6n6ration du code genstique et/ou differant d'une
sequence precit6e par le remplacement et/ou l'addition etlou la suppression
d'un ou plusieurs codons, mais, dans chaque cas, codiflant
fonctionnellement une protdine ou une s6quence de contr8le de l'expresslon
precitee. 2. Une sequence d'ADN suivant la revendication 1, dans laquelle
le virus de la verole est le virus de la 25     variole des vaches et la
sequence est tolle qu'illustree & la Figure 3. 3. Un plasmide incorporant
une codification de sequence d'ADN pour une proteine essentielle de corps
d'inclusion du type A dans le virus de la verole et codification pour une
zone de contr8le de I'expression apparentee a une codification de gene pour
une prot6ine essentielle de corps d'inclusion so     du type A dans le
virus de la verole et Illustree a la Figure 3 ou une sequence homologue &
une sequence precitee et/ou 6quivalente a celle-ci eu sgard a la
d~g6neration du code genetique etlou diff6rant d'une sequence precitee par
le remplacement et/ou l'addition et/ou la suppression d'un ou plusieurs
codons, mais, dans chaque cas, codifiant fonctionnellement une prot4lhe et
une sequence de contr8ie de l'expression pr6cit6e. 35 4. Un proced4 pour la
production d'une codification de sequence d'ADN pour une proteine
essentielle de corps d'inclusion du type A dans le virus de la verole et
telle quo definie   l la revendication 1, K>        comprenant les 6tapes
consistant a: a) prdparer un ADN viral & partir d'un virus de la verole, 40
b) construire une librairie d'ADN genomique & partir de l'ADN viral, c)
selectionner un vecteur contenant ladite s6quence d'ADN parmi la librairie
genomique en transfectant ladite librairie d'ADN genomique dans des
cellules animales qui ont ete infectees par un virus de la vaccine avant la
transfection, et d) detecter les cellules transfectees reagissant & un
anticorps produit sur des corps d'inclusion du 45       type A. 5  Un
procede suivant la revendication 4, dans lequel le virus de la verole est
le virus de la variole des vaches et la s6quence est telle qu'illustree a
la Figure 3. 50 6. L'utilisation d'une codification de sequence d'ADN pour
une proteine essentielle de corps d'inclusion 



du type A dans le virus de la verole et/ou codification pour une zone de
contr8le de l'expression apparentee a une codification de gbne pour une
proteine essentielle de corps d'inclusion du type A dans le virus de la
verole et illustree l la Figure 3 dans la production d'un vaccin. 55 1
C * C   L  M   S*    EP 0 261 925 Bi PatentansprUche 1. Eine DNA-Sequenz,
welche futr ein Hauptprotein eines Einschlulk6rpers vom A-Typ in einem
Pockenvi- rus kodiert und/oder fUr einen Expressionskontrollbereich
kodiert, der ein Gen betrifft, welches fOr ein 5      Hauptprotein eines
Einschluflkorpers vom A-Typ in einem Pockenvirus kodiert und in Fig. 3
gezeigt ist, oder eine Sequenz, die homolog zu der genannten Sequenz
und/oder equivalent dazu ist unter Bertcksichtigung der Degeneration des
genetischen Codes und/oder sich von der genannten Sequenz unterscheidend
durch Ersatz und/oder Addition und/oder Deletion eines oder mehrerer
Codons, aber in jedem Fall funktional fUr ein Protein oder eine
Expressionskontrollsequenz wie genannt, kodierend. 10 2. Eine DNA-Sequenz
nach Anspruch 1, worin das Pockenvirus ein Kuhpockenvirus ist und die
Sequenz die in Fig. 3 gezeigte ist. . Ein Plasmid, eine DNA-Sequenz
inkorporierend, welche fUr ein Hauptprotein eines EinschluBkbrpers is
vom Typ A in elnem Pockenvirus kodiert und fUr elne
Expressionskontrollregion kodiert, die ein Gen betrifft, welches fUr ein
Hauptprotein eines EinschluBkorpers vom A-Typs in Pockenvirus kodiert und
in Fig. 3 gezeigt ist oder eine Sequenz, die homolog zu der genannten
Sequenz und/oder equivalent dazu ist unter Bezugnahme auf die Degeneration
des genetischen Codes undloder sich von der genannten Sequenz unterscheidet
durch Ersetzen undloder Addition und/oder Deletion sines oder mehrerer 20
Codons, aber in jedem Falle funktional fUr ein Protein und eine
Expressionskontrollsequenz wie genannt kodierend. 4. Ein Verfahren zur
Herstellung einer DNA-Sequenz, die fUr ein Hauptprotein eines
Einschlubkdrpers vom A-Typ in Pockenvirus kodiert und In Anspruch 1
definiert ist, die folgenden Schritte umfassend: 26       a) Herstellen
einer viralen DNA aus Pockenvirus; b) Konstruieren einer DNA-Genbank aus
der viralen DNA c) Auswahlen eines Vektors, der die DNA-Sequenz aus der
Genbank enthalt durch Transfizieren der DNA-Genbank in tierische Zellen,
die vor der Transfektion mit einem Vacciniavirus infiziert wurden; d)
Bestimmen der transfizierten Zellen, welche mit einem Antik6rper, der gegen
EinschluBkorper 30       vom A-Typ hergestelit wurde, reagieren. 5. Ein
Verfahren nach Anspruch 4, wobel das Pockenvirus ein Kuhpockenvirus und die
DNA-Sequenz die in Fig. 3 gezeigte ist. 36  6. Die Verwendung einer
DNA-Sequenz, welche far ein Hauptprotein sines EinschluBkorpers vom A-Typ
in einem Pockenvirus kodiert undloder ftr aei  Expressionkontrollregion
kodiert, die ein Gen betrifft, welches far ein Hauptprotein eines
Einschlu3korpers vom A-Typ im Pockenvirus kodiert und welches in A,;
Fig. 3 gezeigt ist, zur Herstellung eines Impfstoffes. 40 46 60 56 _   __
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