1 HERPAR Fi'S B VACCI'NE This invention relates to reconbi nant DNA rffi¥tdfes
whi ch code for pol ypeptides having specificity towards a 5 hepatitis B
viral*antigen. Mre particularly this invention relates to-a vaccine
conposition for stimulating the production of antibodies in humans to a
variant hepatitis B virus. 10 The cloning of the genonmes of hepatitis B
virions of different serotypes is well known in the art (Mller et al)
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More particularly this invention relates to a wvaccine
composition for stimulating the production of antibodies
in humans to a variant hepatitis B virus.
10 '
The cloning of the genomes of hepatitis'B virions of
different serotypes is well known in the art (Miller
et al). Dane particles which are hepatitis B virions and
are isolatable from infected patients have a diameter of
15 approximately 42nm. BEach consists of an envelope
comprising the hepatitis B surface antigen (HBsAg), a
capsid (HBcAg), an endogenous polymerase and a DNA
genome. A third polypeptide, ‘e’ antigen (HBeAg) is made
by the hepatitis B virus and found in solubilized form in
20 serum.

Infection with'hepatitis B virus (HBV) is a serious,
widespread problem but vaccines for use in mass
immunisation are now widely available. Vaccines

25 commercially available against HBV comprise hepatitis B
virus surface antigen (HBsAg) either in native or
recombinant form. The authentic (or wild type) hepatitis

B virus surface antigen can be recovered from plasma of
infected individuals as a particle of about 22nm

30 comprising of _two proteins known as P24 and- its
- glycosylated derivative GP28, both of which are encoded

by a 226 amino acid coding sequence on the HBV genome

known as the S protein coding sequence or HBV S-~-gene
(Tiocllais et al., (1985)). The complete amino acid



B viruswsurface antigen can be recovered from plasma of infected

I ndi vidual s as a particle of about 22nm 30 conprising of two
prot®ins known as P24 and its glycosylated derivative GP28, both of
whi ch ‘are encoded by a 226 ami no aci d codi ng sequence on the HBV genone
known as the S protein coding sequence or HBV S-gene (Tiollais et al.,

(1985)). The conplete amno acid 2 sequence as well as the nucleotide
sequence encodi ng, HBsAg is given in Valenzuédla et al., Nature 280 815
(11979). The nunbering systemused by Tiollais et al. to define nucleotide
and am no acid positions is used._5 herein._ Insertion of HBV S-gene

codi ng sequences IRANNEHeABoMEd 3F FORSIUFIRRAIGS BRTESBFRs &GP EGor s
to enabl e expresHESRPT iEBsfvrdd $n CRibamsudeEaf @t VALC) nWatire 280 815

production has bge descy,i bed Har f or et al i .. el,op. Bial. -
Standard 54 125 (EJQ%L’S%),' Va %z"ﬂ’é?%/fré‘tn%ls.y,s HED &y %&%)etaﬁgﬂtﬂ er
et al., J. Med. \defiine 2mikA2dtliHES) andExpméasi oacid Ricditaiqrast did S usesl

been described b)i_éGre et al., Biotechnology 5 479 (1987), 15 (see
al so Europgan Pat St blication No. 0226846) as has

Insertion of HBV S-gene coding sequences under the
control of yeast promoters on expression vectors to
enable expression of HBsAg in S. cerevisiae for vaccine

10 production has been described by Harford et al. in
Develop. Biol. Standard 54 125 (1983), Valenzuela et al.,
Nature 298 347 (1982) and Bitter et al., J. Med. Virol.
25 123 (1988). Expression in Pichia pastoris has been
described by Gregg et al., .Biotechnology 5 479 (1987),

15 (see also Europeari Patent Publication No. 0226846) as has
expression in Hansenula polymorpha (European Publication
No. 0299108).

Vaccines have also been prepared from hybrid immunogenic

20 particles comprising HBsAg protein as described in

European Patent Publication No. 0278940. Such

immunogenic particles can contain, for example, all or

parts of the HBsAg précursor protein encoded by the

coding sequence which immediately precedes the HBV-S gene

25  on the HBV genome, referred to herein as the Pre-S coding

sequence. The Pre-S coding sequence normally codes for

163 amino acids (in the case of the ay HBV sub type) and

comprises a Pre-S1 coding sequence and a Pre-S2 coding

sequence. The latter codes for 55 amino acids and

- 30 immediately precedes the S protein coding sequence
(European Publication No. EP-A-0278940).

The surface antigen (the S antigen) open reading frame of
HBV-DNA is divided into three regions, pre-Sl, pre S-2



expressi on i n Hansenul a pol ynorpha (European Publication No. 0299108).

Vacci nes have al so been prepared from hybrid i nmunogeni c 20 particles
conprising HBsAg protein as described in European Patent Publication
No. 0278940. Such i mmunogeni ¢ particles can contain, for exanple,
all or parts of the HBsAg precursor protein encoded by the codi ng sequence
whi ch i mredi ately precedes the HBV-S gene 25 on the HBV genone,
referred to herein as the Pre-S codi ng sequehce. The Pre-S codi ng sequence
normal Iy codes for 163 amino acids (in the case of the ay HBV sub type) and
conprises a Pre-S1 codi ng sequence .and a Pre-S2 codi ng sequence. The

| atter codes for a8 &ni ngtaéﬁmd%ﬂdﬂ@(ﬁe envekARk Mrsitping ofcHBY tenmeds
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into three regi ofSSAGre CORS1SES 9Fp226 gming acife apdoydsenrrdedehVerBfe

proteins of HBV (egene (Tdodeaid ¢ g@1and (18Be) ;pPrebelass etThe.Rj(2v87)
protein, HBsAg, consists:of 2%6 amgﬁ C|gs and i s_encoded bé/_ the S tgeme
(Tiollais 8t al. ?“%19‘891‘); % 8tt hr s | Chrggggpyelope proteins contain
HBsAg antigenic sites and are easily detected by

conventional immunoassays for HBsAg. These immunoassays

are extensively used for diagnosing HBV infection and

screening blood donors world-wide. The HBsAg reactivity

10  is dependent on the structural conformation of the
hydrophilic region from amino acids 124-147 which is

defined as the ’‘a’ determinant ~(Ashton-Rickardt et al.

and Brown et al.). This is common to all HBV subtypes

and antibody to it confers protection against reinfection

15 with any of the subtypes.

HBV-DNA sequences hybridising under highly stringent
conditions with an HBV probe have been shown in the
liver, serum and blood mononuclear cells of subjects
20 negative for serum HBsAg (Brechot et al. (1985) and Thier
et al). Recent results from different laboratories using
dot blot hybridisation or Polymerase Chain Reaction (PCR)
confirm the presence of HBV DNA sequences in serum from
HBsAg negative subjects. The development of PCR
25 techniques has permitted the detection of very low levels
of HBV repiication in many patients and has allowed
sequencing of many isolates which have identified genetic
variation in some isolates of the virus (Carman et al.,
(1990) ; Brechot et al., (1991); Blum et al.). In Taiwan

30 and Sardinia, where HBV is highly endemic, 1.7% and 0.3%
' of HBsAg negative healthy blood donors had HBV DNA in
their sera detectable by dot blot hybridisation (Lai
et al., (1989) and Sun et al.) In mainland China, a
molecular epidemioclogical investigation using PCR in



5 <and Lau et al.). All three envel ope proteins contain HBsSAg antigenic
sites and are easily detected by conventional immnoassays for HBsAg. These
I munoassays are extensively used for diagnosing HBV infection and
screeni ng bl ood donors worl d-w de.. The HBsAg reactivity 10 . i s dependent
on the structural conformation of the hydrophilic region fromam no
~acids 124-147 which is defined as the 'a' determ nant (Ashton-Ri ckardt et
al. and Brown et al.) . This is common to atl HBV subt ypes and anti body to
it confers protection against reinfection 15 with any of the subtypes
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- I'n Taiwan 30 dinia, whéere HBV i s hi 0 0
©  However, all presently known Ia t:L ereur.]gesugty%)e; A)c%rr]l ac:}.nsA)

the ’‘a’ determinant consisting of amino acids 124 to 147
10 of HBsAg. Antibodies to the ’‘a’ determinant confers

protection against all subtypes. It has been shown by

in vitro mutagenesis that the cysteine at position 147

and the proline at position 142 are important for the

exhibition of full antigenicity of the ‘a’ determinant
15 (Ashton-Rickardt et al.).

Additionally, Howard Thomas and William Carman, detailed
in WO 91/14703 a variant of an HBsAg fragment in a
vaccinated child born to an HBV infected mother.

20 Sequencing revealed a point mutation from guanosine to
adenosine at nucleotide position 587 resulting in an
amino acid change from glycine to arginine at position
145 in the ’‘a’ determinant of HBsAg (see also Carman
et al., (1990)). Similar HBV mutants have been reported

25 to replicate in the host under humoral immune pressure,
either actively (vaccine) or passively (hyperimmune
globulin) induced (Okamoto et al., (1992) and McMahon
et al.) However, the persistent presence of both HBsAg
and anti-HBs (vaccine induced) detected by conventional

30 immunoassays, in the serum of some of these patients,
suggests that the mutation does not result in complete
loss of antigenicity (Carman et al., (1990), Okamoto
et al., (1992) and McMahon et al.).



of HBsAg negative heal thy bl ood donors had HBV DNA in their sera detectable
by dot bl ot hybridisation (Lai et al., (1989) and Sun et al.) In mainland
Chisa, a nol ecul ar epidem ol ogical investigation using PCR in 4 '
anti-HB-positive individuals indicated the existence of HBV carriers with
undet ect abl e HBsAg, which accounts for 3% of the Chinese general popul ation
(Luo et al.) 5 Antigeni c subtypes of HBV are defined serologically and
have been shown to be caused by a single ba3e changes in the region of the
genonme encodi ng ‘HBsAg (Ckanoto et al. However, all presently known

. )
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showed that amino acids 9 to 22 of the pre-S2 region were
deleted whereas amino acids at position 3 and 8 of the
pre-S2, and 126, 131 and 133 of the first loop of the ’a’
determinant of HBs were substituted (Moriyama et al.).
10 Analysis of the deduced amino acid sequence from another
isolate revealed substitutions at positions 3, 53 and 210
of the major HBs protein, all of which are outside the
common ’‘a’ determinant and cannot really explain the
absence of HBsAg in serum (Liang et al.).
15
During the last decade, several putative variants or -
mutants of hepatitis B virus have been described. For
instance, McMahon et al. have described a substitution of
arginine for glycine in a putative monoclonal antibody
20 binding domain of HBsAg (as deduced by DNA sequence
analysis) in a liver transplant patient treated with
anti-HBsAg monoclonal antibody (Cold Spring Harbor
Symposium on the Molecular Biology of Hepatitis B
Viruses, September, 1989).
25 '
In an investigation by Carman et al. and the subject of
patent application WO 94/26904, a mutant hepatitis B
virus having a modified ’‘a’ determinant wherein two
specific amino acids, asparagine and threonine, were
30 inserted at position 122 of the HBsAg sequence. Further,
a mutation at position 145, substituting glycine for the
wild type arginine was also detailed in the aminoc acid
sequence listing.



20 sSequenci ng reveal ed a point. nutation from guanosi ne to adenosi ne at
nucl eotide position 587 resulting in an am no acid change fromglycine to
argisnine at position 145 in the "a' determ nant of HBsAg (see al so Carman
et al., (1990)). Simlar HBV nutants have been reported 25 to replicate
i n the host under hunoral immune pressure, either actively (vaccine) or
passi vely (hyperi mmune gl obulin) induced (Ckanoto et al., (1992) and
McMahon et al.) However, the persistent presence of both HBsAg and anti-HBs
(vacci ne induced) detected by conventional 30 | mrmunoassays, in the -
serum of sone of these patients, suggests that the mutati on does not result
in conpl ete | oss I8 aALRNI FeRYTY CaFRbhdEenpnd afydhr wezeofernrd with
(1992) and McMahedretldltihg hepht08ibhe fildfiddlantider)i dadiehedngali¥aEw
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and 133 of the fHBsRAg owdthf mbeotdbnal antibodies revealed that the
circulating antigen did not carry the ’‘a’ determinant or
that this determinant was masked. It was concluded that
emergence of a variant of hepatitis B virus had been
10 detected, possibly due to epidemiological pressure
associated with immunisation in an endemic area of
infection. The variant was, however, not characterised
further.

15 From the work of Zanetti et al. it is clear that a great
disadvantage with presently available hepatitis B
vaccines is that they may, at least in a host with a
predisposing immunogenetic make-up, cause the appearance
of an ‘escape mutant’, i.e. a replicating infectious

20 virus that has mutated away from neutralising immunity.
Such a variant virus obviously has the capacity to cause
disease and may be assumed to be transmissible. The
variant wvirus may therefore give rise to a serious
immunisation problem since it 1is not effectively

25 neutralised by antibodies produced by vaccines based on
normal HBsAg. Other mutations have been described in-
HBV, but their significance in terms of altered
antigenicity is unclear (Moriyama et al. and Lai et al.,
(19%90)).

30 |
In China, a highly endemic area for HBV infection, recent
studies, utilising PCR, suggest that 30-40% of HBsAg
negative patients with either cryptogenic cirrhoéis,
chronic active hepatitis (CAH) or chronic persistent



deterrmt nant of HBs were substituted (Mdiriyama et al.) . 10 Anal ysi s of
t he deduced am no acid sequence from another isolate reveal ed substitutions
at positions 3, 53 and 210 of the najor HBs protein, all of which are
outside the common 'a' determ nant and cannot really explain the absence of
HBsAg in serum (Liang et al.). 15 During the |ast decade, several putative
variants or nmutants of hepatitis B virus have been described.. For

i nstance, McMahon et al. have described a Substitution of arginine for
glycine in a putative nonocl onal anti body 20 bi ndi ng dormai n of HBsAg
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The isolates from our Chinese patients (i.e. patients
without any detectable HBsAg) are insertion mutants where
10 additional amino acids are inserted between codons 122
and 124, immediately before the ‘a‘’ determinant. This
sequence variation has not previously been described in
any known HBV subtype and was not seen in 30 HBsAg
positive Chinese patients from the same region. It is
15 interesting to note that the region in which the
insertion occurred is an important epitope area of HBsAg.
The inserted sequence is found immediately downstream of
codon 122 which determines the subtype determinant (d)
and immediately upstream of the ‘a’ determinant. All
20 nucleotide and amino acid sequences before and after
codon position 122 are as detailed in wild type HBV
(Figures 6 and 7). Without wishing to be bound by
theory, we believe this mutation results in a
conformational change affecting epitopes of the ‘a‘’
25 determinant and of the ‘4’ subtype. One 1likely
possibility is that the insertion of the amino acids
changeé the epitopes by affecting the spatial
organisation of the two loops of the ’‘a’ determinant.
Another possibility' is that the first loop of the ‘a’
30 determinant, defined by monoclonal antibodies (Waters
et al.), may include more upstream amino acids (than
previously thought). We propose that these amino acids
are being formed by a disulphide bridge upstream of 122
rather than 124 as previously suggested (Waters et al.



6 In another report, children and adults were found with circul ating
hepatitis B surface antigen, indicating viral replication, despite the
presence of specific antibody (anti-HBs) after immunisation with one of two
i censed 5 hepatitis B vaccines (Zanetti et al.). Analysis of the
HBsAg wi th nonocl onal antibodies revealed that the circulating antigen did
not carry the 'a' determinant or that this determinant was masked. It was
concl uded that energence of a variant of hepatitis B virus had been 10
detected, = possibly due to epideniological pressure associated with

I mmuni sation in an endem c area of infection. The variant was, however, not
characteri sed funkhemshﬂéh Rickawit t 8t &drk - ofIhﬁuﬁm$e¥§e®1amlﬂol§Céﬁ§ar
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In this invention, we describe a new variant or ’‘escape

mutant’ of HBV isolated from Chinese patients whose serum
was positive for HBV-DNA by dot blot hybridisation but
HBsAg negative by commercial polyclonal antibody based
10 immunoassays. Additionally, the present invention
overcomes, or at least mitigates, the disadvantages
‘associated with known HBV vaccines as these vaccines are
ineffective for these newly discovered mutants.

15  The present invention provides characterisation of newly
ascertained mutants of HBV that have at least two amino
acid insertions immediately downstream of position 122 at
the HBV envelope region. The present invention provides
methods for determining the presence of the mutant HBV in

20 a test sample, and reagents useful in these methods. All
aspects of this invention provide a modification of the
ra’ determinant in which there is an - insertion of at
least two amino acids downstream of position 122 of the
HBsAg sequence, which corresponds to at least a six

25 nucleotide insertion downstream of nucleotide 519 of the
HBsAg genome.

The nucleic acid sequence derived from mutant HBV, or a
portion thereof are useful as probes to determine the
30 presence of mutant HBV in test samples. The sequence
also makes available polypeptide sequences of mutant HBV
antigen(s) encoded within the genome(s, of such mutant
HBV and permits the production of polypeptides which are
useful as standards or reagent sin diagnostic tests



vari ant* virus may therefore give rise to a serious imunisation problem
since it is not effectively 25 neutral i sed by anti bodi es produced by
vacci nes based on nornmal HBsAg. O her mutations have been described in
HBV, but their significance in ternms of altered antigenicity is unclear
(Moriyama et al. and Lai et al., (1990)). 30 In China, a highly endemc
area for HBV infection, recent studies, utilising PCR, suggest that 30-40%
of HBsAg negative patients with either cryptbgenic cirrhosis, chronic

active hepatitis (CAH) or chronic persistent 7 hepatitis (CPH), have
replicating HBV-DNA in serumor liver tissue (Zhang et al_). These studLes
show, that a varPBA/O8F BBV S9MBPRenRs: nefcny %gén%%pulalm ccipditct @t sed

by  undetectabl polybBsAgl iahtiledlies SdirecSedpragahgby, asuchepitope

put v mitant Dagsacien JAh VARE' LasTpahe 08, TRARRNLAD | Sty dpE

HBsAg) are insertubefiulut fors dbegmodfic temirh tiaenaWweddi n@sacthisrapeutic

| nserted bgtmeenaggggg§ %%% screening of antiviral agents, and for the
isolation of the mutant HBV from which these nucleic acid
sequences are derived.

It is to be understood that this mutant HBsAg may also
10 include Pre-S sequences if so desired.

The variant HBsAg protein or fragment thereof according
to the invention is hereinafter abbreviated "mHBsAg".

15 It will be appreciated that these mHBsAg mutants are not
in a ’‘naturally occurring’ form but are synthetic or a
highly purified material, free of blood products.

Preferably these mutants as described in the invention

20 correspond to full length HBsAg and are identical to wild

' type HBsAg except for the insertion of at least two amino
acid residues downstream of position 122.

Preferably the HBsAg mutants are in a highly purified

25 form, for example in a state of purity greater than 75%,
more preferably greater than 90%, and most preferably 95-
100% pure.

In a further aspect of the_present invention there is

30 provided a vaccine composition comprising an
immunoprotective amount of these HBsAg "escape mutants"
combined with a suitable carrier. '



and 1245 imedi ately before the "a' determinant. This sequence variation
has not previously been described in any known HBV subtype and was not seen
in 30 HBsAg positive Chinese patients fromthe same region. It is 15
interesting to note that the region in which the insertion occurred
IS an inportant epitope area of HBsAg. The inserted sequence is found

i mredi atel y downstream of codon 122 which determ nes the subtype
determinant (d) and i medi ately upstream of #the 'a' determ nant. Al 20
nucl eoti de and am no acid sequences before and after codon position 122 are
as detailed in wild type HBV (Figures, 6 and, 7). Wthout wi shing to_be

bound by theory, OtReY RdReSkE ofhFhe ipyention 3%e dassribed fereinbelow.

conformati onal change affecting epitopes of the "a' 25 determ nant and
e_.likel
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In particular, the vaccine of the invention has the
advantage in that it may be used to protect against, and
10 prevent the emergence or transmission of, a variant HBV
which is defined herein as having a modified HBV envelope
region in the HBsAg amino acid sequence wherein there are
at least two amino acids inserted downstream of position
_ 122.
15
Accordingly there is also provided a method for
protecting a human against disease symptoms associated
with infection with said wvariant HBV, which method
comprises administering to the human a safe and effective

20 amount of the vaccine according to the invention.

In another aspect the present invention provides mHBsAg
for use in therapy, especially prophylaxis..

25 The invention also provides the use of mHBsAg in the
manufacture of a vaccine composition for protecting a
human against disease symptoms associated with said
variant HBV infection.

30 When used to immunise humans against an existing variant
HBV virus it will be appreciated that the mHBsAg sequence
| in the vaccine will normally match, or be antigenically
equiﬁalent to, the mHBsAg sequence in the wvariant HBV

virus.



8 and Ashton-Ri ckardt et al.). The inserted am no acids would increase the
span of the loop from1l4 to 16 or 17 amno acids therefore altering the
conformation of this |oop, preventing binding of neutralising antibody. 5
In this invention, we describe a new variant or 'escape nutant' of HBV

I sol ated from Chi nese patients whose serumwas positive for HBV-DNA by dot
bl ot hybridisation but HBsSAg negative by conmmercial polyclonal antibody
based 10 | Mmunoassays. Additional lyll the present invention
overcones, or at least mtigates, the disadvantages associ ated wi th known
HBV vacci nes as these vaccines are jneffective for _these,newy discaovered
mut ants. 15 Predezaddant qhﬁuﬂﬂm¥ﬂ9[N%ﬂ%@esr%ﬁhﬁ%%?erF%ﬁ??gﬂdofaﬁéﬁFy
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position 122 of 123ein normal HBsAg.

Theoretically, any mutation which changes the hydro-
philicity of the envelope proteins can result in altering

10 antigenicity and the appearance of variant HBV. ' The
hydrophilicity of the wild type and that of the mutant in
this region are quite different. A reduction in

hydrophilicity described here is often correlated with a
loss of antigenicity. The increased hydrophobicity of
15 the mutant in the first loop may also result in an
altered protein of the major protein in the lipid of the
envelope thereby having a profound effect on the

conformation.

20 In a preferred embodiment of the invention, the residues
after position 122 of normal HBsAg may reduce the
hydrophilicity of the ’‘a’ determinant.

In another preferred embodiment of the invention the

25 mHBsAg is identical to normal (wild type) HBsAg'S-protein
except for the insertion of at least two amino acid
residues downstream of position 122.

In a particularly preferred embodiment of the invention
30 the modification downstream of .position 122, is an
insertion of arginine and then alanine, respectively.
Also preferably, an insertion downstream of position 122
of arginine, glycine and alanine in that order may be

inserted.



HBsAg sequence, which corresponds to at |east a six 25 nucl eoti de
insertion downstream of nucleotide 519 of the HBsAg genome. The nucleic
aci d sequence derived fromnutant HBV, or a portion thereof are useful as
probes to determne the 30 presence of nmutant HBV in test sanples. The
sequence al so nmakes avail abl e pol ypepti de sequences of mutant HBV
antigen(s) encoded within the genone(s) of such nutant HBV and permts the
production of polypeptides which are usef ul2as standards or reagent sin

di agnostic tests 9 and/or as conponents of vaccines Monocl onal
and polyclonal antibodies directed against an tgpe contained within
t hese pol ypept i Bref@urat Leatares Qlfeeé§8f pPect ‘Eﬁ- dOVENtdgrs axe @8 |

as therapeutic For edeNithed Wspudtoehutafs anitaidial. agents, and for the
i solation of the nmutant HBV from which these nucleic acid sequences are

derived. It is to be understood that this mutant HBsAg may al so 10
include Pre-S segienigvention WeElradw bee dilnustratdss Agy ptheeifoldowing

[ragment {her eof, AGRACL N9 Gld'® o Rgd:On ek eler Bnather 2RRbakhal il
drawings, in which:

FIGURE 1 illustrates serial serum aminotransferase
(ALT) levels from Patient No. 1. Normal levels are

10 below 40 ip/L. Serum HBV markers were measured at
various prints in time. In August 1992 HBV DNA was
found by PCR yet HBsAg and the other HBV markers
were undetected. |

15 FIGURE 2 illustrates serial serum ALT levels from
Patient No. 2 as well as serum hepatitis B virus
markers. Abbreviations indicate: w, wild type; m,
‘mutant.

20 FIGURE 3 is a diagrammatic representation of the
surface gene open reading frame, position of the PCR
and sequencing primers, and the overlapping
polymerase' open reading frame (P ORF). Shaded
circles represent initiation and stop codons,

25 whereas the shaded box indicates the insertion hot
spot in relation to the ‘a’ determinant (positions
522-593). The nucleotide numbering is from a
hypothetical EcoRI site as in published HBV DNA
sequences, because the present isolates did not

30 possess.an EcoRI site.

FIGURE 4 is an autoradiograph showing the nucleotide
insertion in Isoclates 1 and 2 (left and right)
compared with the wild type (centre) following



15 *It will be appreciated that these nHBsAg nutants are not in a
"natural lly occurring’ formbut are synthetic or a highly purified material,
free of blood products. Preferably these nutants as described in the

i nvention 20 correspond to full length HBsAg and are identical to wld
type HBsAg except for the insertion of at |least two am no acid residues
downstream of position 122. Preferably the HBsAg mutants are in a highly
purified 25 form for exanple in a statl®@ of purity greater than 75%
nore preferably greater than 90% and nost preferably 95- 100% pure. In a
further aspect of the_present invention there is 30 provi ded a

vaccine  conpositi ofiirenpeesuggcing, PEmRGhr BreeekE - ano e oATERYSe

HBsAg "escape mutant indiudidatheNddint Y tideartdd . er. 10 O her
aspects of the invention are described hereinbel ow. The nmHBsAg and vacci ne

of the invention may be used to overcone the problens perceived by the
energence of an 5 FIGIRR B lwstratess delie nedcbeseidaband aminbi akidhe

area imredi ately upstreamof 'a' _determ nant, (th nvel ope reqi o of, . t;he
Viral 1Befy has undertSRETIREN 1PEatPayates 1 and 8COrREL N Jind
type (adw). The inserted sequences are underlined.

FIGURE 6 illustrates the complete nucleotide
sequence of mHBsAg Isolate 1. The top sequence
10 represents that of the surface gene and ‘a’
determinant the mutant HBsAg isolate whereas the
bottom sequence represents the wild type sequence.
(---) represent points of amino acid insertion.

15 FIGURE 7 illustrates the complete nucleotide
sequence of mHBsAg Isolate 2. The top sequence
represents that of the surface gene and ‘a’
determinant the mutant HBsAg isolate whereas the
bottom sequence represents the wild type sequence.

20 : (---) represent points of amino acid insertion. '

Table 1 depicts the synthetic oligonucleotide primers
used for the Polymerase Chain and sequencing reactions.

25 Table 2 illustrates positive/negative binding ratios of
serum HBsAg from Patient Nos. 1 and 2 to monoclonal
antibodies with adw wild type used as a control.

Table 3 sets out the nucleotide and amino acid sequence

30 homologies of mutant S genes compared with previous
published wild type sequence (adw) and a Chinese isolate
from the same region as the wild type.



I n part®icular, the vaccine of the invention has the advantage in that it
may be used to protect against, and 10 prevent the energence or

transm ssion of, a variant HBV which is defined herein as having a nodified
HBV envel ope region in the HBsAg am no acid sequence wherein there are at

| east two ami no acids inserted downstream of position 122. 15 Accordingly
there is also provided a nethod for protecting a human agai nst di sease
synptons associated with infection with sail# variant HBV, which method

conprises adm nistering to the human a safe and effective 20 anount of
t he vaccine accqording .to the invention. In afot er $Zfect t he present
i nvention provi d&&Y I arSeMPHet ARTHERY Y oS PRRE a1 P axpreass

The invention alah tlieovsdgsehde carattetriBDsédd by rhmsnefiubasetsre dh &he

vacci ne conpositjion for.pro in h n i pst _di y '

associated\Mtr1%§ﬁ%iéé9$5n%gﬁéw'gﬁ%e%#?%ﬁtfgg i3 agﬁ§§§§§S§ gg%ﬁﬁ%uﬁ?@e

humans agai nst af efouti agenaneant MABYsvianen iis wséémimglyppaed hatesdpolrdt

t he nHBsA sequqﬁﬁg [ NQCCly | naral E@Qm or, ti aeal |y

equi val en%to, the m—ﬂ?sé\%etsle%genlgg }Mré“{%eq'véaa?la?nétgﬁ vw%ﬂie%g #Bac
negative HBV carriers.

In a further aspect of the invention there is provided a
process for preparing the mHBsAg and the vaccine
10 composition obtained therefrom.

Preferably the mHBsAg is obtained synthetically, either
by peptide synthesis or more preferably by recombinant
DNA techniques.

15 |
Methods  for the construction, manipulation and
verification of recombinant DNA molecules and sequences
are well known in the art. To modify the HBV S protein
of HBsAg and obtain the mHBsAgs of the invention it is

20 desirable to insert the codons CGG and GCA, or any other
triplet codon combination which encodes arginine and
alanine, respectively, downstream of position 122.
Alternatively, _codons CAC, GGG or GCG, or any other
triplet codon combination encceding arginine, glycine and

25 alanine, respectively, may be inserted between nucleotide
positions 122 and 124.

Several methods are available to effect the appropriate
change of sequence. One suitable method is complete

30 de novo synthesis, by phosphite or phorphoramidite
chemistry, of the desired coding sequence using viral or
yeast codon frequencies.



Preferably the amno acid residues inserted after positi.on 122 in the
mMHBsAg of the invention is such that it may be derived by an insertion of
six or nore nucleotides. The inserted nucl eotides encoding the extra 5
am no acids may affect any of the 3 nucl eotides of codon 123 in norna
HBsAg. Theoretically, any nutation which changes the hydro- philicity of
the envel ope proteins can result in altering antigenicity and the
appear ance of variant HBV. The hydrophiliéPty of the wild type and that

of the mutant in this region are quite different. A reduction in
hydrophilicity descr bed here often carrelated with a |oss of
antigenicity. P@héﬁ%lﬂéﬂﬂébmﬁﬂ E;E? several GRURANISE (AR

first |oop may absaommaub&aunbaglaLtemmuéxamyxﬁ @fobuthegaaeosyﬁtnésié is

Conf or hut i on.  20988CHRE HCHRVHSH SR ARRERCIOr TR 1,1y obl 53, and

resi dues after pmefErencé%Zthbrnannal HBsAg may reduce the hydrophilicity
of the "a' cdeterm nant. |In another preferred enbodi nent of the invention

t he 25 mMHBsAg is identical to normal. (wld type) HBsAg S%grotein except
for the inserti oA stcend mgthodwsafibnolapedon a single strand vector an

appropriate restriction fragment from a vector which
already comprises the HBV genome and thereafter effect
site specific in vitro mutagenesis as described by
10 Botstein and Shortle, Science 229 1193 (1982). A culture
of E. coli K12 strain C600 containing the recombinant
plasmid pRIT10601 comprising an HBV genome of ay subtype
cloned on pBR322 was deposited in accordance with the
Budapest Treaty in the American Type Culture Collection
15 on 2 June 1982 under Accession Number ATCC 39132. The
sequence coding for the S-gene specifying the 226 amino
acid HBsAg protein or longer sequences coding for Pre S
polypeptides can be excised from such clones by standard
recombinant DNA techniques.
20
One appropriate restriction fragment is the 575 bp Xbal-
Accl fragment from within the S-géne coding region of
PRIT10601. Vector systems useful for in vitro mutagenesis
are commercially available. The mutated gene fragment so
25 obtained is reinserted into the S-gene.

A third method is to effect the desired mutational change
using polymerase chain reaction (PCR) technology as
described by Ho et al., Gene 77 51 (1989).

30 . '
In each case the mHBsAg coding sequence may be expressed
under the control of a suitable promoter in any suitable
host.



resi duéds downstream of position 122. In a particularly preferred enbodi nent
of the invention 30 the nodification downstream of position 122, is
an fnsertion of arginine and then al anine, respectively. Al so preferably,

an insertion downstream of position 122 of arginine, glycine and alanine in

that order may be inserted. 12 Preferred features of each aspect of the
I nvention are as for each other aspect, nmutatis nutandis. The invention
will now be illustrated by the foll owi ng 56 exanpl es. The exanpl es

refer to the acconpanying drawings, in which: FIGURE 1 illustrates
serial serum aninotransferase (ALT) |levels from Patient No. 1. Norng]

level s are 10 EXpressigp| ¥RCEOTE| SPRPFLSingethe WP ReqUaRCe SIE red
at various prinhEBsAgtafe. ndve AL IEokaPd HRYLtRNA uepeboust the RGRR @it
HBsAg and the ofher HBV narﬁfr wer e Q%ﬂfteqied.tﬁgt . Fl GURE 2
illustrates sert@V8erdhr AL qé;ﬁﬂgfﬁq e KitRo the g2l FREEIRIM,
hepatitis B virusctariefermApbteanathensaspectadf: the inventipe, m
5 .
In a preferred aspect S. cerevisiae, Pichia pastoris or
Hansenula polymorpha may be used as the host and
expression is under the control of a yeast promoter, such
as the yeast TDH3 promoter (glyceraldehyde- 3-phosphate
10 dehydrogenase gene, see Valenzuela et al., 1982; Bitter
et al., 1988) or PHO5 (Miyanohara et al., 1983), MOX,
FMDH (see EP-A-0299108) and AOX (see EP-A-0226846).

The transformed host can be cultured or fermented by
15 conventional means and the mHBsAg extracted and purified.

Purification of HBsAg from yeast cells is well known in

the art and can be done according to any of U.S. Patent

Nos. 4,649,192; '4,683,294; 4,694,074 or 4,738,926.

Purification of the mHBsAg of the invention is carried
20 out in an analogous manner.

Vaccines <containing the mHBsSAg are prepéred - by
conventional techniques and will  contain an
immunoprotective amount of the mHBsAg preferably in
25 buffered physioclogical saline and admixed or adsorbed
with any of the wvarious known adjuvants including
aluminium hydroxide and aluminium phosphate. By
"immunoprotective" is meant that enough of the mHBsAg is
administered to elicit a sufficient protective antibody
30 or cell mediated immune response to confer protection
against the infectious agent without serious side
effects. The amount of mHBsAg to be administered will
depend on whether the wvaccine is adjuvanted and will
generally comprise between 1 to 1000 mcg of protein.



nut ant® 20

FIGURE 3 is a diagranmatic representation of the

surface gene open reading frane, position of the PCR and sequencing

primers,

and

the overlapping pol ynerase open reading frame (P ORF)

Shaded circles represent initiation and stop codons, 25 wher eas
t he shaded box indicates the insertion hot spot in relation to the "a
determ nant (positions 522-593). The nucleotide nunbering is from a
hypot heti cal EcoRl site as in published HBYZ DNA sequences, because the
present isolates did not 30 possess an EcoRl site. FIGURE 4 is
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ngoﬁﬁg;}??rggmg?‘gg@g?ﬁ‘yt hg WY d (g)pe MCEenPreFety | ofi ngsed 12r gi mrge

sequenci ng of PerRefevabiysS to Bk mug protieddi.carThet Anopnt Nndfnunlser tdHN.

solates 1 and oCerpSroiontE A T Tk (Hhvye FRESrRiPh. 4 SR

underlined. FI Cif®e6 Handsst shudiesheinvodning obsesvritden of antibody

5

10

15

20

25

30

titres and other responses in subjects.

an

of
are

The mHBsAg may also be mixed with other HBsAg such as.

normal HBsAg or homogenous or composite HBsAg particles
containing all or part or parts of the PreSl or PreS2
polypeptides for vaccine formulation. It may also be
mixed with hybrid HBsAg particles carrying epitopes from
proteins from other organisms and with other immunogens

‘to form bivalent or multivalent wvaccines. Vaccine

preparation is generally described in "Vaccines", edited
by Voller et al., University Park Press, Baltimore, MD,
U.S.A., 1978.

The mHBsAg is useful for inclusion as an immunological
reagent in detection kits for variant HBV virus infection
and the like. It can also be used to raise polyclonal
and monoclonal antibodies by known methods, some of which
monoclonal antibodies may be specific for the variant
antigen and not recognise normal HBsAg.

In another embodiment of the invention polypeptides which
react immunologically with serum containing mutant HBV.
antibodies and composites thereof, and the antibodies
raised against the mutant HBV specific epitopes in these
polypeptides are useful in immunoassays to detect the
presence of mutant HBV antibodies; or the presence of the
virus and/or viral antigens in biological test samples.
The design of these immunoassays is subject to variation,
and a variety of these are known in the art; a variety of
these have been described herein. The immunoassay may



sequence of nHBsAg |solate 1. The top sequence 10 represents
that of the surface gene and 'a' determ nant the nmutant HBsAg isol ate
whereas the bottom sequence represents the wild type sequence. (---)
represent points of amno acid insertion. 15 ' FIGURE 7
illustrates the conplete nucleotide sequence of mMHBsAg |sol ate 2. The
top sequence represents that of the surface gene and 'a' determ nant the
mut ant HBsAg i sol ate whereas the bottom seq#énce represents the wild type
sequence. 20 (---) represent points of am no acid insertion.
Tabl e 1 depicts the_synthetic oligonucleotide primers used for the |

Pol yner ase Chai nYkid i88q088cVitgale30FAgRT, SYCh asTgppelypPePridergerived
posi tive/ negati verdmndiaigy r adlicife -WPorRliHindBs AMuddritm REV enhudbsic 1 a88d?2
to nonocl onal antibodies with adw w.|d type usgd as control, Table 3 sets
out | the. nuch eot i GEBRICEN 1R A5G oLt FEPSHLES Thsiisioy HLds SadpEnces

gcg:ﬁnes corrpalr ed delripleﬁviﬂtmnpuhéi Mt IﬁiB\t yllmclseﬂdemﬂd( abjuentes in
i nese isplate om_t S r egi S e_Ww t 4 V. mut.at i
are nore cgmmnl &h?&nfi%%g{r t?%u?g?ga?%?\s mW'tagxt H genc;me q'BromnuWﬁléﬁns

the nucleic acid sequences in these clones is derived.

Or, the immunoassay may use a combination of viral
antigens derived from these sources. It may use, for
example, a monoclonal antibody directed against the same
10 viral antigen, or polyclonal antibodies directed against
different viral antigens. Assays can include but are not
limited to those based on competition, direct reaction or
sandwich-type assays. Assays may use solid phases or may
be performed by immunoprecipitation or any other methods
15 which do not utilise solid phases. Examples of assays
which utilise labels as the signal generating compound
and those labels are described herein. Signals also may
be amplified by using biotin and avidin, enzyme labels or
biotin anti-biotin systems, such as that described in
20 pending U.S. patent application Serial Nos. 608,849;
070,647; 418,981; and 687,785. Recombinant polypeptides
which include epitopes from immunodominant regions of
mutant HBV may be useful for the detection of viral
antibodies in biological test samples of infected

25 individuals. It also is contemplated that antibodies may
be wuseful in discriminating acute from non-acute
infections. Kitg suitable for immunodiagnosis and

containing the appropriate reagents are constructed by
packaging the appropriate materials, including the

30 polypeptides of the invention containing mutant HBV
epitopes or antibodiegs directed against mutant HBV
epitopes in suitable containers, along with the remaining
reagents and materials required for the conduct of the
assay, as well as suitable assay instructions.



of the sequence characterised by runs of bases. In the case under study the
Insertion is associated with a run of four adenines. This area is
seenmngly a "hot spot" 5 for insertion in sonme isolates from
Chi nese HBsSAG negative HBV carriers. In a further aspect of the invention
there is provided a process for preparing the mHBsAg and the vaccine 10
conposition obtained therefrom Preferably the nHBsAg i s obtained
synthetically, either by peptide synthesi&%or nore preferably by
reconb:nant DNA techniques 15 Met hods for 't he construction,
mani pul ati on vesrification of reconpinant e nces
are well known lffgl ]I[ Y 1 $Fh e Iﬂe‘a’c Dlrg(%terq?lne oi?’ﬁtig%glaﬁ %(%bt ain
t he nHBsAgs of i&@rmx/ﬂiﬁdm Kit ifo2Ghe qusmlcemwldwt dettectdddns
CGG and GCA, or C e I giNi Ne
of B .vgﬁ%é%%p‘iﬁ A, Cim Bl %‘Mﬂl e G %rﬁﬂ gigni ne

and al ani ne, respe position 2. Alternativ
codons CAC, GGpartizaganmnempradisdng an’glbt)déeﬂoﬁp]e]sﬂﬁ%ﬁ’mléﬁ@é@ﬂng

arginine. gl yCidie ik &hised £ AU it jsely, may be inserted between
nucl eoti de p03|t|ons 122 and 124. Severa thods are available to effect
t he appropriate change of sequence. One suitable nethod is conplete

a) mHBsAg as herein defined; and
b) means adapted to detect the antigen-antibody"
reaction. '
10
In a further aspect the invention provides an antibody
preparation comprising anti-mHBsAg antibodies for use in
the diagnosis, prevention or treatment of hepatitis B
infection in humans. There is also provided a method of
15 treating humans with an effective amount of such anti-
mHBsAg antibody to prevent or treat hepatitis B
infection.

The invention will now be illuétrated by the following
20 example.

EXAMPLE

Patient No. 1 was a 58 year old male, with a 6 year

25 history of non-A, non-B chronic hepatitis. In August
1992, HBV-DNA was found by PCR in the absence of HBsAg
and other HBV markers (Fig. 1). At this stage, the.
patient had cirrhosis.

30 Patient No. 2 was a 23 year old woman from the south of
China, who on routine testing in March 1993 had a
slightly elevated serum aminotransferase (ALT) level and
was positive for HBsAg and HBeAg, but negative for both
immunoglobulin (Ig)M and IgG anti-HBs. On follow-up in



30 - *de novo synthesis, by phosphite or phorphoram dite chem stry,
of the desired coding sequence using viral -or yeast codon frequencies.

Synt hesis of DNA'is available from several conpanies on a commerci al basis.
An exanpl e of such gene synthesis is described by Hayden and Mandecki, DNA
7: 571 (1988) and references therein. -5 A second nethod is to clone on a
single strand vector an appropriate restrigtion fragnment froma vector

~ which already conprises the HBV genone andf hereafter effect site specific
in vitro nutagenesis as described by 10 Botstein and Shortle, Science

229 1193 (1982)J%1n§\agg: Ell.?ggoifsﬂé St i dtde th%ab@ R0 DRAN RIIAGel Nehd

reconbi nant pl as conprising an \V genone of ay subtype cloned
on pBR322 was deéadsinosy 3¥scaBEiale e PRSI ivie apedatyyeafer fRshg.

Anerican Type QggégéeaﬁglgﬁggLﬁgsl5Fig. on 2 June 1982 under Accession
Nunmber ATCC 39132. The sequence coding for the S-gene speci.fying,the 226

- amno acid HBsAg protein or |onger sequences coding for Pre S polypeptides
can be exgi sed B6ER pHEhefit 8NRerEy nehatdeed forc tipatd i sDIA wisaiwni (HEH).

and HCV-RNA. Thirty HBsAg positive Chinese patients with
chronic liver disease or hepatocellular carcinoma were
studied from the same region. '

10 Serological Investigation : :
HBsAg, HBeAg, total anti-HBc, IgM anti-HBs and anti-HBs
were tested by commercially available enzyme immunoassays
(Abbott Laboratories, North Chicago, Illinois, U.S.A.).
HBsAg and anti-HBs results were confirmed in the United

15 Kingdom. '

Monoclonal Antibody Binding
‘A panel of anti-HBs monoclonal antibodies known to bind
to the ‘a’ determinant, were used to define more
20 specifically changes in the ‘a’ determinant epitopes.
Polystyrene  beads (Northumbria Biologicals, -
Northumberland, UK) were coated with arntibodies RFHBs-1,
RFHBs-2 and RFHBs-7, and then incubated with.the serum
samples = diluted 1:2 in 50% newborn-calf serum in
25 phosphate-buffered saline, pH 7.2. Bound 'HBsAg was
detected with 125I-anti-HBs from an ‘AusRIA II’ kit
(Abbott Diagnostics), RFHBs-1 and RFHBs-2 bind to a
cyclical peptide containing the sequénce amino acids 124-
137 and RFHBs-7 to a cyclical peptide from amino-acids
30 139-147 of HBsAg. |

Hepatitis Markers

HBsAg, HBeAg, total anti-HBC, IgM anti-HBc, and anti-HBs

were tested by enzyme immunoassay (Abbott Laboratoriés,
35 North Chicago, IL).



20 One appropriate restriction fragnent is the 575 bp Xbal- Accl fragnent
fromwithin the S-gene codi ng region of pRIT10601. Vector systens useful
for in vitro nutagenesis are comercially avail able. The nutated gene
fragment so 25 obtained is reinserted into the S-gene. A third nethod
Is to effect the desired nutational change using polynerase chain reaction
(PCR) technol ogy as described by Ho et al ]SGene 77 51 (1989). 30 In each
case the mHBsAg codi ng sequence may be expr2e sed under the control of a
‘suitable pronoter in any suitable host. 16 Expression vectors conprising

t he DNA sequencenggcggbggﬂmég Lopovel and forma further aspect of the

present |1 nvention sts trans orned with the said expr essi on vectors

formyet anot herEBYpERR ¥pst Betemres: ioh. dot | hlat phybridégatipacusdng a
cerevisiae, PichhddpPRséLtison Bf R HIR daeliTREPRa WBY18e HﬁeQIQ? tahgg host

and expression is,under the control of a yeast pronoter, such
Virol 9 273-280 (1982).
5
Extraction of HBV-DNA, PCR and Direct Sequenéing
50ul of serum were digested in the presence of 0.5% -
sodium dodecyl sulphate, 25mM sodium acetate, 2.5mM EDTA,
lmg/ml proteinase k (Boehringer Mannheim, Lewes, UK) in
10 a volume of 200ul for 2 hours at 68°C, two phenol-
chloroform extractions were followed by two chloroform
extractions and HBV-DNA was precipitated with ethanol.
After washing twice with 70% ethanol, the DNA pellets
were resuspenaed in 10ul of water.
15 .
Five pL of the extracted HBV-DNA was used as template for
PCR amplification. One set of primers {(adw subtype),
PO5’ (5’ -TGCGGGTCACCATAT, position 2818-2833), and POL3
(5’ -AAGGATCCAGTTGGC, position 1409-1395) (Table 2) were
20 used to get a 1800bp fragment which included the pre-Si,
pre-S2 and S génes (Figure 3). Another set of primers,
M3 (5'-CTGGGAGGAGTTGGGGGAGGAGATT, position 1781-1755) and
3C (5’-CTAACATTGAGATTCCCGAGA, poéition 2460-2439) were
used to amplify the Pre-C and C regions. The same serum
25 sample was analysed independently in China and ‘Britain
" using different sets of primers. -

Direct sequ_encing of the PCR products was carried out

with the ‘fmol’ Sequencing Kit (Promega Co, Southampton,

30 England). Sequencing primers (Table 1) were end-labelled
. with 25uCi of 32p-adenosine triphosphase (Amersham
International, Amersham, UK) in a volume of 10uL using 10

units of polynucleotide kinase (Boehringer Mannheim) for

10 minutes at 37°C. 1.5puL of the reaction mix was



as the yeast TDH3 pronoter (glyceral dehyde- 3-phosphate 10

dehydr ogenase gene, see Val enzuela et al., 1982; Bitter et al., 1988) or
PHG5 (M yanohara et al., 1983), MOX, FMDH (see EP-A-0299108) and AOX (see
EP- A-0226846). The transfornmed host can be cultured or fernented by 15
conventional neans and the nHBsSAg extracted and purified. Purification of
HBsAg fromyeast cells is well known in t art and can be done according
to any of U S. Patent Nos. 4,649,192; 4,683 294; 4,694,074 or 4,738, 926.
Purification of the mHBsAg of the invention is carried 20 out in an

anal ogous mannegs ré’ﬁfﬁa”%%e‘ao”ifé" @é\}\ﬁe}ﬂk‘ix@"&?@gcéﬁngrepa"s%gl.byof PCR

conventi onal tec ues ontaln an | munopr otectl ve
anount of the rPERINCHWERS Axecinitated wisly par equphysobimgiehi4 awli/Me and

adni xed or adsogdiethni tzibét%)(:é)f ah@e yawdmlé@ow agdbgyABbanbC! sk nd o
al um nium hydroxide an al um ni um at e,

"innunoprotectHWEP“F%Sn%%nf°?ﬁa?e@HSE§Eu6P tE@lﬁﬁ5§ﬂngéCé@ﬁ?ﬁﬁ@ﬁ@ﬁéﬂ”%o
elicit asufficient 1o omeshites, anind0dhed) washed GRId BRfea! afhitimme

AR Rt T AT R EE ge“%pvr“d;%"#&lzﬁf

whet her the vadNAewas adddedntterl &he V\réécgiamrajdﬁfamnpn.the et weaid-1 to

1000 ntg of prc&é%éﬁled primer, and 5 units of Tag enzyme (Promega Co).
Dideoxynucleotide termination sequencing was performed

'10 according to the manufacturer’s instructions. Cycle

sequencing was performed for 30 rounds. Denaturation,
annealing and exténsion steps were for 30 seconds, 30
seconds and 1 minute, respectively.

15 Cloning and Sequencing of S Gene
Direct sequencing results showed that the first serum
from patient two (February 1993) had evidence of a
mixture of wild-type and mutant viruses. PCR products
from this serum sample and subsequent ones from patient

20  No. 2 were cloned into the pUC19 vector to confirm direct
sequencing results. Nucleotide sequences of amplified
HBV-DNA were determined with the sequenase DNA sequencing
kit (Version 2.0, USB, Cambridge, England).

25 Hydrophobicity Plot
Amino acids 122 to 137 and 122 to 139 or 140 (including
inserted amino acids) of the ’‘a’ determinant of HBsAg
from the wild type and variant viral isoclates,
respectively, were analysed with the Prbsis software
30 (Pharmacia, St. Albans, England).

Dot Blot Hybridisation
HBV-DNA was - detectable in serum from Patient No. 1
following amplification by PCR on two separate occasions.



17 Preferably 1 to 200 ncg protein is used or, nore preferably 5 to 40 ntg
protein. The anount and nunber of doses to be adm ni stered can be

determ ned in standard dose range studies involving observation of antibody
5 titres and ot her responses in subjects. The nHBsAg nay al so be m xed
wi th other HBsAg such as normal HBsAg or honobgenous or conposite HBsAg
particles containing all or part or parts §{ the PreSl or PreS2 10

pol ypepti des for vaccine formulation. It may al so be mixed with hybrid
HBsAg particles carrying epitopes fromproteins fromother organisms and

with other i mrmm:iwgem:::tetsn%I f o¥gm Ba\;al enia\v,/orwéaﬂ Tde\t@c%'&}[bl‘éacﬁyneée% B\}%ﬁm ne
preparation is e esCr,| ne edi y Vol | er
et al., Uni versﬁ¥§ ?—‘fg Pregst nijaﬁ%br S‘Sﬁ@ “% $ep 1983 nABs AP i s

useful for inclug/s0 3l aofi — ogl Gilreheagry 1no dagecdif OHBW-DNAS ail's

vari ant HBV vir i i can alsp be d.,to
rai se pol ycl ona mﬁaﬁéﬁ%% g@ gﬁ‘zge&?“lﬁ% n’g?ﬁo%l%t”%% }ﬁ-‘%l ch
nonocl onad anti bbrlsespata.}erhue sspsertﬁmc domt atimedy aabout 4n6i gen 18id wintal

Lﬁf?%QLf? Joor Moo+ EPETes Peor mr! " REGAYShad WAULEM1 L id ad PR Bl
not the second sample. In January 1994, HBV-DNA was

detectable only by PCR, and HBsAg was still undetectable.

10 Monoclonal Antibody Binding Studies |
Binding studies in Patient No. 1 and No. 2 and an HBsAg
positive patient used as a control (adw), showed that the
HBsAg in the serum bound to all three monoclonal
antibodies in Patient 2 and could be detected by the
15 polyclonal anti-HBs from the AusRIA II kit (Table 2).

Sequencing of the Pre 8-S Gene and Pre C/C Region
The S genes consist of 687 bp in Isolate 1, 690 in
Isolate 2, respectively, and 681 bp in the wild types.
20 The S nucleotide and amino acid sequences of the mutants
were compared with a published sequence of the same
subtype (adw), and also with a wild type strain from an
HBeAg-positive carrier from the same region (as shown in
Table 3).
25
'Sequencing results revealed an insertion in the S gene -
(Figure 4). Inserted sequences encode two additional
amino acids (Arg-Ala) between codons 122 and 123 in
Isolate 1, and three additional amino acids (Arg-Gly-Ala)
30 between codons 123 and 124 in Isolate 2 (Fig. 5). These
insertions occur immediately before the "a’ determinant
of HBsAg. Such insertions héve not been described in
published sequerices of known HBV subtypes and were absent
from consensus sequences obtained from 30 Chinese HBsAg
35 positive patients from the same region of China.



react 4 nmunol ogically with serum containi ng nutant HBV anti bodi es and
conposi tes thereof, and the antibodi es raised agai nst the nmutant HBV
specific epitopes in these polypeptides are useful in imunoassays to
detect the 30 presence of nutant HBV anti bodies, or the presence of the
virus and/or viral antigens in biological test sanples. The design of these
I munoassays i s subject to variation, and variety of these are known in
the art; a variety of these have been described herein. The inmunoassay nay
utilise one viral antigen, such as a pol ypeptide derived from any

cl one- cont ai ni ng; Pdbant sEBMeAUEhE Craghirseawepse, veri 108 thy colpRshie

nucl ei ¢ acid sequences ,derived fromthe nutant HBV nucleic acld sequentes
in5 these EFGHEERCLBE-f B theinnesiEngsy thenbiest, 88TWR EakeReLFRR| e c

aci d sequences patibaseNd.0S § hadPldr eth-pfhase ettt IBHI0AS SA¥sFPYbeGE
conbi nati on _of vhral ag;uﬁﬁ derived frg %hese sgyrces. St n3¥ use, for
exanpl e, a monoBPEXSr ntThodFHi Yttt 52 ¥DE. WPeTgRs AJL1 15 ficpes
antigen, Br pol febanathensekotdesantd r ehiied ageiuwst sdinplesernvenrér af the
antigens. Assay i.ncl ut e:N lLomted-to t e b sigyo
conpetition, di ?g%?gplle:éct it&%ﬁl'sg'r %rgén vxﬂ'% Et?/%]éuﬁsgsé%'. %%gg'%r/’ &eh%%l id
phases or may evidence of a mixture of wild-type and mutant viruses,

indicating gradual emergence of the mutant, which in

subsequent sera became the predominant species.

10 There were no previously described amino acid deletions
‘or substitutions in the pre-S1, pre-S2 genes.

Hydrophobic Plot -

This was done according to the method of Kyte and
15 Doolittle, giving a mean hydrophobicity index of -0.48

for amino acids 122-137 of the wild type ‘a’ determinant

-0 for amino acids 122-139 in isolate 1 and -0.89 for

amino acids 122-140 in isolate 2. Thus, the mutant ‘a‘’

determinants were more hydrophobic than the same region
20 from the wild-type virus.



be perfornmed by i mmunopreci pitation or any other nethods 15 whi ch do
not utilise solid phases. Exanples of assays which utilise |abels as the
si ghal generating conpound and those | abels are described herein. Signals
al so may be anplified by using biotin and avidin, enzyne |abels or biotin
anti-biotin systens, such as that described in 20 pending U S. patent
application Serial Nos. 608,849;. 070,647;_,418,981; and 687, 785. '
Reconbi nant - pol ypepti des which include epi%%pes from i munodom nant regions
of mutant HBV nmay be useful for the detection of viral antibodies in

bi ol ogi cal tEStR??ﬁRFﬁﬁzﬁf i nfected 25 individuals. It also is
contenpl ated that anti bodi es may be useful in discrimnating acute from
non-acute i nfections. Kits suitable for inmunodiagnosis and

containing the RRREGALRIERAFEROBR! A1A] CrCofal! UFE RO PY29abaa|{9adfe
appropriate materials, |nc?u I ng.the 30 polypegtldes 0 the
i nvention contBiWRngtndiant J- HEdzadi €8pt836r4Aant19BU) es directed agai nst

mut ant HBY epi t peSteinSyh8abhere08t abBebfice2 2901 ¥b4 h(idg2y emai ni ng
reagents and naterlﬁls required_for the condugt of the assay, as well as
suitabl e assay PREFROEtPEnL., Nyghngl. J. Med. 312 270-276" (1985)
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Accordirgly in a preferred aspect of the invention there is provided a kit
for the diagnostic in vitro detection of anti-nmHBsSAg anti bodies in a

bi ol egi cal medium and in particular neutralising antibodies follow ng
vacci nation, 5 characterised in that it conprises: a) nHBsAg as
herei n defined; and b) nmeans adapted to detect the antigen-antibody
reaction. 10 In a further aspect the |nvent|gn provi des an anti body
preparation conprising anti-mHBsAg anti bodi 88 for use in the di agnosi s,
prevention or treatnent of hepatitis B infection in humans. There is also

provided a net hog; tr gatlng h ;an ef ve anount of
such anti - nHBsAg ant %ﬁ/ lb gﬁéven or reatEhe gelélsgg)lnfectlon The

invention will né¥atexs letuil.at et I$LIirhe Bayidsdini ﬁ@ 2643 -2547ar(3i982) EXAMPLE

Patient No. 1 Wagyied1ah \widlarol,d Slled inkirc @ 93l a3 (1088)Story of
non- A, non-B chronic hepatltls I n August 1992, HBV-DNA was found by PCR

in the absence of2anEiAd £fd adt-helanse thaPREES 1(1I3ing°1’?mberAt1918ﬁ| s stage,
the patieng had ohangPws 2130 Hepatdllcept 1MO533-waa gi1d3syear ol d woman

fromthe south of

PATENTS
European Patent No. 0226846 .
European Patent No. 0278940

10 European Patent No. 0299108
PCT Application No. 91/14703
PCT Application No. 94/26904
U.S. Patent 4,649,192
U.S. Patent 4,683,294

15 U.S. Patent 4,694,074
U.S. Patent 4,738,926



Chi na,s who on routine testing in March 1993 had a slightly el evated serum
am notransferase (ALT) level and was positive for HBsAg and HBeAg, but
negative for both i munoglobulin (Ig)Mand 1gG anti-HBs. On followup in
20 January 1994, she continued to be HBV-DNA positive and was now al so
anti-HB positive but negative for HBsAg, HBeAg and anti-HBs (Fig. 2) 5
Both patients were negative for hepatitis §§V|rus (HCV) and HCV-RNA. Thirty
HBsAg positive Chinese patients with chronic |liver disease or
“hepatocel | ul ar carcinoma were studied fromthe sane region. 10

Serol ogi cal Investigation HBsAg, HBeAg,qqﬁqygewni-HBc, | gM anti - HBs and
anti-HBs were tested by commercially avartTablre enzyne i nmunoassays (Abbott
Laboratories, North Chicago, Illinois, US. A ). HBSAg and anti-HBs results

were confirmed {n the tophedeis p su&aaeoamw@eacwlemnwmxﬁimmg A

panel of anti-HBS nono nal antibodi es knq to the 'a'__.
det er ni nant, wePECESER QbsEj]e’FYﬁlé:%la&tiﬁenlc%ﬁe@Ef I?V%Féﬁwf&t’i%I{’he

‘a' detergn nantcgpii&PEFised in that said protein (mHBsAg) comprises an
antigenically modified envelope region in which there are
at least two amino acids inserted after codon position
122" of the HBsAg sequence.

10 2. A mHBsAg as claimed in claim 1 in which the amino
acid residues inserted after position 122 are such as to
reduce the hydrophilicity of the envelope region of HBV.

3. A mHBsAg as claimed in claim 1 or claim 2 in which
15 the codons inserted after position 122 of normal HBsAg
encode arginine and alanine, in that order. '

4. A mHBsAg as claimed in claim 1 or claim 2 in which
the codons inserted after position 122 of normal HBsAg
20 encode arginine, glycine and alanine, in that order.

5. A mHBsAg as claimed in any one of claims 1 to 4

which is identical to normal HBsAg S-protein except for

the insertion of at least two amino acid residues after
25 . position 122. '

6. A mHBsAg as claimed in any one of claims 1 to 5 in
which the insertion after position 122 is arginine and
alanine, in that order. |

30
7. A mHBsAg as claimed in any one of claims 1 to 5 in .
which the insertion after position 122 is - arginine,

glycine and alanine, in that order.

* [ L M s *



Pol ystyrene beads (Northunmbria - Biologicals, Northunberland, UK)
were coated wth antibodi es RFHBs-1, RFHBs-2 and RFHBs-7, and then

i ncubated with the serumsanples diluted 1:2 in 50% newborn-calf
serum in 25 phosphat e-buffered saline, pH 7.2. Bound HBsAg was
detected with [err]l-anti-HBs froman 'AusRIA Il' kit (Abbott Diagnostics),
RFHBs-1 and RFHBs-2 bind to a cycli cal pep%%de contai ni ng the sequence

am no acids 124- 137 and RFHBs-7 to a cyclFCal peptide from am no-aci.ds 30
139- 147 of HBsAg. Hepatitis Markers HBsAg, HBeAg, total anti-HBC, |gM

anti-HBc, and anpti-HRs ; | ; t :
Laboratories, 35 %Noriﬁﬁ%ﬁgégggj igi? §¥ Doé gﬁgﬁ¥¥§éggg$s% i on*™
HBV- DNA was det #@&isd phedoHBIAG ingdude Frei-&n seaugsgcesnodi fication of a
met hod detailed in Weller et al J. Med. Virol 9 273-280 (1982). 5
Extraction of HBV-DNA, PCR and Direct, Sequencing 50ul of serum were

di gested in the9pres@nd@ﬂ8¥¥b.5§6°1almed in any one of claims 1 to 8

5 which is greater than 75% pure.

10. An expression vector comprising a DNA sequence
encoding a mHBsAg according to any one of claims 1 to 8.

10 11. A host transformed with the vector of claim 10.

12. A vaccine composition comprising an effective amount
of a mHBsAg as claimed in claim 9, admixed with a
suitable carrier or adjuvant.
15 _
13. A process for preparing a mHBsAg as claimed in any
one of claims 1 to 9, which process comprises the steps
of culturing a host according to claim 11 in an
appropriate culture medium, and purifying the mHBsAg
20 produced to the reqﬁired degree of purity.

14. The use of a mHBsAg according to any one of claims
1 to 9 in the manufacture of a vaccine for protecting a
human against disease associated with HBV.'

25
15. A kit for diagnostic in vitro detection of anti- -
mHBsAg antibodies in a biological medium, characterised
in that the kit comprises:

30 (a) mHBsAg according to any one of claims 1 to 8; and
(b) means adapted to detect the antigen-antibody
reaction. '
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sodi um dodecyl sul phate, 25nmM sodi um acetate, 2.5nM EDTA, 1ng/m proteinase
k (Boehringer Mannheim  Lewes, UK) in 10 - a volune of 200[err]l for 2
hours -at 68[err]C, two phenol - chloroformextractions were followed by two
chl orof orm extracti ons and HBV-DNA was precipitated with ethanol. After
washing twice with 70% et hanol, the DNA pellets were resuspended in 10ul of
water. 15 Five [err]L of the extracted HBV-BMA was used as tenplate for PCR
anplification. One set of priners (adw subtype), PO5

(5" - TGCGGGTCACCATAT, position 2818-2833), and POL3 (5' - AAGGATCCAGITGGEC,

position 1409-139%), (habl earlivEdy 2PreparHEsen! O dfiprEishidPbpaht dB88NEs
whi ch included the pre-Sl, pre-S2 an , genes (Fi gure 3) .. Anot.her set o
priners, M3 (5 a@m)ﬁfﬁm (E@é&%’ﬁg 1BsrRY oRne78F faﬁ)msar?d 1o
(5' - CTAACATTGAGAEBZCGE#¢A inposhée | ddada681i84 3 Prevarr iictedot o targdtinfent hef
Pre-C and C regigns. . The sang rumz25. anpl e was anal ysed

i ndependently i n%ﬂ%&tﬁd%ﬁﬁcﬁ;eﬁ ﬁ'& &Iuﬁ?g@ént sets of priners. Direct
sequenci ngsof the PCR products was carried out with the 'fnol' Sequencing
Kit (Promega Co, Southanpton, 30 Engl and). Sequencing prinmers (Table
1) -were end-labelled with 25[err]C of [err] P-adenosine triphosphase

(Anersham I nternational, Arersham UK) in a volunme of 10[err]L using 10
units of polynucl eoti de ki nase (Boehringer Mannheim for '

* 4 L L] s *



10 mnuies at 37[err]C. 1.5[err]L of the reaction mx was 22 directly

used i n sequencing reactions. 90[err]L of PCR product were precipitated
wi t h.an equal volume of 4 nol/L sodium acetate and 2 vol unes of - i sopropanol
for 10 mnutes at roomtenperature, pelleted by centrifugation 5 for 10

m nutes, and then washed two tinmes with 70% et hanol . Af ﬁqsr$ ilﬁ TN
20[err]L of water, 9.5ul of DNA was added tggthe reaction buf Wg Q '
end- | abelled primer, and 5 units of Taq enzyne (PronmegalCq) PLACED

Di deoxynucl eotide term nation sequencing was performed. 10 according to
the manufacturer's instructions. Cycl emsmgum ng was perfarmed for 30
rounds. Denaturation, annealing ang 1 ere for 30 seconds,
30 seconds and 1 m nute, respectlv — : and Sequencing of S
Gene Direct sequencing results showed that the f| rst serumfrompatient two
(February 1993) ha | ce. o Mg " uses.
PCR products fro% S’hlefs/ seruo% sgao a{fagﬁz;én&d su%é%eﬂé%%gsa@%%pé?l&g%ﬁ'ﬁzgg
No. 2 were5cl onecinamnthghpmﬁ géspbaying cthe ianhigierndstitaegdichepagitis

results. Nucl egf Ldeygeaupraes RhefgPhi {4 &fisclosed, in which the mutant

protein or fragment thereof (mHBsAg) comprises a modified

'a’ determinant in which at least two amino acids are
inserted downstream of position 122 of the wild type

10 HBsAg sequence. A vaccine comprising the mHBsAg is
provided, as is a kit for diagnostic in vitro detection
of anti-mHBsAg antibodies and an ant:.body preparation
comprising anti-mHBsAg antibodies.

-
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HBV- DMA were determ ned with the sequenase DNA sequencing kit (Version 2.0,
USB, Canbridge, England). 25 Hydr ophobicity Plot Am no acids 122 to 137
and 122 to 139 or 140 (including inserted am no acids) of the 'a'

determ nant of HBsAg from the wld type and variant viral isolates,
respectively, were analysed with the Prosis software 30 - (Pharmacia, St.
Al bans, England). Dot Bl ot Hybri di sat g9h7HBV- DNA was detectable in serum
fromPatient No. 1 followi ng anplification by PCR on two separate _

occasi ons. 23 In Patient No. 2, this was detectable by dot bl ot

hybri di sation in March 1993 and Sep 93, at 10 [err]g/50 [err]L of
serum Gven that 1.0 err]g of HBV i§ equivalent to 2.3 x 10[err]
HBV genones, it was estihﬁsA that 5 = this patient's serum contai ned
about 4.6 x 10[err] Vié@{. ticles per nmL. HBsAg was detectable in the _
first but not the seco 's'a I In January 1994, HBV-DNA was detectabl e
only by PCR, and HBsAgaan Ci ﬁIT undefectabl®. 10 ~ Monocl onal Anti body
Bi ndi ng Studies Bi ndi ng|BtPNAes+in Patient Ne. 1 amrd No. 2 and an HBsAg

200 o =
2 =
- § T
ALT 100 - l
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|
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TIME
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sAg + = - -
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posi tisve patient used as a control (adw), showed that the HBsAg in the
serum bound to all three nonoclonal antibodies in Patient 2 and coul d be
detiected by the 15 pol yclonal anti-HBs fromthe AusRIA Il kit (Table
2). Sequencing of the Pre S-S Gene and Pre C/ C Region The S genes consi st
of 687 bp in Isolate 1, 690 in Isolate 2, respectively, and 681 bp in the
wild types. 20 The S nucl eotide and_am no acid sequences of the nutants
were conpared with a published sequéhﬁé]of t he sane subtype (adw), and al so
with a wild type strain froman HBeAg-positive carrier fromthe sane region
(as shown in Table 3). 25 Sequencing results revealed an insertion in the S

gene (Figure 4). Inserted sequences encode two additional am no acids
(Arg-Ala) between codons 122 and 123 in Isolate 1, and three additional
amno acids (Arg-dy-Ala) 30 bet ween codons 123 and 124 in Isolate 2

(Fig. 5). These insertions occur imediately before the 'a'" determ nant of
HBsAg. Such insertions have not been described in published sequences of
known HBV subtypes and were absent from consensus sequences obtained from
30 Chi nese HBsAg 35 positive patients fromthe sane regi on of China.

FIG. 3
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24 Diréct sequencing results were verified by cloning sequencing. O 10
‘clones fromthe first serumtaken fromPatient No. 2, 8 had an in-phase

i nsertion as descri bed above, 2 of themwere wild type, whereas all 15
clones 5 fromthe second and third serum sanples were of the variant.
Thus, the first serumfrom Patient No. 2 had evidence of a m xture of

w |l d-type and nmutant viruses, indicatin radual energence of the nutant,
whi ch in subsequent sera becane the preg(}giﬁant species. 10 There were
no previously described am no acid deletions or substitutions in the
pre-Sl, pre-S2 genes. Hydrophobic Plot This was done according to the

- met hod of Kyte and 15 Doolittle, giving a nean hydrophobicity index of
-0.48 for amno acids 122-137 of the wild type 'a' determinant -.-0 for am no
acids 122-139 in isolate 1 and -0.89 for amno acids 122-140 in isolate 2.
Thus, the nutant 'a' determ nants were nore hydrophobic than the sane
regi on 20 fromthe wild-type virus. 25
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Eur opean Pate rﬁTmGA@PQQ‘EGQAPCHGGMﬂdmAQCBbTG@ﬂdM&&CRGECépGGTMTm n
No. 94/26904 U. slﬁﬂatent 41899, 192 180 190 200 210
90 100 110 120
TTGTTGACAAAAATCCTCACAATACCACAGAGTCTAGACTCGTGGTGGACTTCTCTCAAT

TTGTTGACAAAAATCCTCACAATACCACAGAGTCTAGACTCGTGGTGGACTTCTCTCAAT
220 230 240 250 260 270

130 140 150 160 -170 180

TTTCTAGGGGGAACACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCAAATCTCCAGTCAC

.
® 95 8 0000000 © 5 &8 000 e 0.

TTTCTAGGGGGAACACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCAAATCTCCAGTCAC
280 290 300 310 320 330

190 200 210 220 230 . 240

TCACCAACCTGTTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTT

o9 000 e o e e s o s [ - EEEEEE E EE EE E N I I I N N NI S S RGP Sy
" 50 00000 e 000 s 0000 A N T TR T T ERE RS

=~  TCACCAACTTGTTGTCCTCCGATTTGTCCTGGTTATCGCTCGATGTGTCTGCGGCGTTTT
340 350 360 370 380 390

250 260 270 280 290 300

ATCATCTTCCTCTGCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTAT

ATCATCTTCCTCTGCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTAT
400 410 420 430 440 450

310 320 330 340 350 360

CAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCATCAACAACCAGCACCGGACCA

CAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCATCAACCACCAGCACCGGACCA
460 470 480 490 500 510

370 380 390 400 410 420

TGCAAACGGGCAACCTGCACAACTCCTGCTCAAGGAACCTCTATGTTTCCCTCATGTTGC

TGCAAA--‘---ACCTGCACGACTCCTGCTCAAGGAACCTCTATGTTTCCCTCATGTTGC
‘520 530 540 550 560

430 440 450 460 470 480

TGTACAAAACCTACGGACGGAAACTGCACCTGTATTCCCATCCCATCATCTTGGCGTTTC

TGTACAAAACCTACGGACGGAAACTGCACCTGTATTCCCATCCCATCATCTTGGGCTTTC
570 580 590 600 610 620

490 500 510 520 530 540
GCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCA

.l..c..oo-.-..--c.oc-o.o.c.oooo-.oo. ccccccc I RS S EE R SRR
® e ¢ 0000 s 0 e e 0. - . I R EEEE R E R R R R R R E R E R R R R R R R R 1] ¢ o0 000

GCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCA
630 640 650 660 670 680

550 560 570 580 590 600
TTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTCTGGCTTTCAGTTATATGGATGATG

I AR EEEEXEL ¢ o0 000 0 e ® 4 90 0000000000000t PesS [ A EEX]
oo-oo.-c.n.oonc.-oooou-.l-lcooo-!-o..oaoooc--.-.oocooooo-ooo

TTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTCTGGCTTTCAGTTATATGGATGATG
690 700 710 720 730 740

610 620 630 640 650 660
TGGTTTTGGGGGCCAAGTCTGATCAACATCTTGAGTCCCTTTATGCCGCTGTTACCAATT

TGGTTTTGGGGGCCAAGTCTGTACAACATCTTGAGTCCCTTTATGCCGCTGTTACCAATT

750 760 770 780 790 : 800 :
. 670 680

TTCTTTTGTCTTTGGGTATACATTTAA

TTCTTTTGTCTTTGGGTATACATTTAA
810 820 830
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27 CLAIMS 1. A hepatitis B surface antigen protein wherein said protein

di spl ays the antigenicity of HBV surface antigen, 5 characterised in
that said protein (nmHBsAg) conprises an antlgenlcally nodi fi ed envel ope
region in which there are at |east t no acids inserted after codon
position 122 of the HBsAg sequence. A nmHBsAg as clained in
claim1 in which the am no acid resi fted after position 122 are

. such as to reduce the ydroph|I|C|ty %; envelo e region of HBV. 3, Ah
mHBsSAg as cl a Ié dq; %g éﬁ%%%% Egerte
after p05|t|o%a§§aé£% fﬁﬂﬁﬁ%.. G&#@%é%é? & .4l b%@g .EEEFéé %%&%T#

order. 4.  AxitBAdHA@ErCHATER GAeTeémaAﬂeﬁw@&%@é&f@tﬁéé@é&h@éﬁé' ons
inserted after positipgp 122 of agor nal go€ncode gyl nine, gpycine

and alanine, in that moder. 5.80 A nHBsAp as cl apped i n- anyygone of ghains 1
to 4 which isTTGETEA@R%AAATQmmCAHAAfiﬁaprEApmumscmctcumnnTdGNCTTCTCTCAAT

® e 0000 :
I A A R R

TTGTTGACAAAAATCCTCACAATACCACAGAGTCTAGACTCGTGGTGGACTTCTCTCAAT
70 80 90 100 110 120

‘130 140 150 160 170 180
TTTCTAGGGGGAACACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCAAATCTCCAGTCAC

LBt R R R E R E E R N I I I N I N Y B SR N N SR S R ® e 9 8000000
.l....'.....l.'.......l.....l.....Illl.'.O.....I........-...

TTTCTAGGGGGAACACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCAAATCTCCAGTCAC
130 140 150 160 170 180
1so0 200 210 220 230 .240
TCACCAACCTGTTGTCCTCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTT

TCACCAACTTGTTGTCCTCCGATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTT
120 200 210 220 - 230 240
250 260 270 - 280 290 300
ATCATCTTCCTCTGCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTAT

.ooon.--n.oonooooo-o.--n.c.o.-.coooooo-o-o.o.o.o...-..o..o-n
® S 0 55 PSS E O OO OSSP COIP OSSO OSSISESESESEES ® ¢ 00 000 et 0 eSSt PO s e e PE

ATCATCTTCCTCTGCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTAT
250 260 -270 280 - 290 300
310 320 330 340 350 360
CAAGGTATGTITGCCCGTTTGTCCTCTAATTCCAGGATCATCAACAACCAGCACCGGACCA

.o [ I R EEEEEER]
.o 408 s e 0 s ess0ssssssersssssasascsecsntesnasss ® 6 o906 0600008 002

CAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCATCAACCACCAGCACCGGACCA

310 320 330 340 350 360

370 380 390 400 410 420

TGCAAAACACGGGGCGCCTGCACAACTCCTGCTCAAGGAACCTCTATGTTTCCCTCATGT

TGCAAAA—------4-CCTGCACGACTCCTGCTCAAGGAACCTCTATGTTTCCCTCATGT
_ 370 380 390 400 ' 410

430 440 450 460 470 480

TGCTGTACAAAACCTACGGACGGAAACTGCACCTGTATTCCCATCCCATCATCTTGGGCT

TGCTGTACAAAACCTACGGACGGAAACTGCACCTGTATTCCCATCCCATCATCTTGGGCT
420 430 440 450 460 470

490 500 510 520 530 540
TTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTG
TTCGCAAAATACCTATGGGAGTGGGCCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTG
480 490 500 - 510 520 530

550 560 . 570 580 590 600

CCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTCTGGCTTTCAGTTATATGGATG

CCATTTGTTCAGTGGTTCGTAGGGCTTTCCCCCACTGTCTGGCTTTCAGTTATATGGATG
540 550 560 570 580 590

610 620 630 640 650 660

ATGTGGTTTTGGGGGCCAAGTCTGTACAACATCTTGAGTCCCTTTATGCCGCTGTTACCA

ATGTGGTTTTGGGGGCCAAGTCTGTACAACATCTTGAGTCCCTTTATGCCGCTGTTACCA
600 610 620 630 640 650
670 680 690
ATTTTCTTTTGT -TTTGGGTATACATTTAA

o-oc.co'.o-o.nn.onooknncooc.o
-------- ® 6 v e s e e e e n . e s 090 e

ATTTTCTTTTGTCTTTGGGTATACATTTAA
660 670 680



the ingertion of at |east two am no acid
122. b.
insertion after position 122 is arginine
A mHBsAg as clainmed in any one of clains
after position 122 is arginine,
8. A nmHBsAg as cl ai ned |n any one
i nclude Pre-S sequences. 9. A nmHBs
8 5. which is greater than 75% pur e.
a DNA sequence encodi ng a nmHBsAg

11.

A mHBsAg as clained in any one.

gl yci ne and al ani ne,

e
A host transford with the \?ABE}EI ai

resi dues after 25 posi tion

of clains 1 to 5 in which the

and alanine, in that order. 30 7.
1 to5in which the insertion

I n that order. 28

ains 1 to 7 in which the nHBsAg
claimed in any one of clainms 1 to

10. An expression vector conprising
ny one of clains 1 to 8. 10
A vaccine

n110 12

COI’TpOSI tion cemp

9, adnmixed with a SLHEGNMBNcarrl er or adj uvaﬁEﬂUEHEESlB

preparing a nHBsAg as clainmed in any

3 o p—-Cl ai m
A pr «NH&E&TIBEor
POSITION

Pre-S1  POS' ANTISENSE
Pre-S2  POLS ANTISENSE
POLL SENSE
BCS3 SENSE
POL] SENSE
POL3 SENSE

5' TGCGGGTCACCATAT

5 -CAATCGGCAGTCAGG

5: -AGGCATAGCAGCAGG

5 -GGCACTAG TAAACTGAGCCA
5 -GCAAAGTTCCCCAACTTC
5! -AAGGATCCAGTTGGC

(2618-2833)
(3125-3139)
(428-414)
(687-660)!
(912-895)
(1409-1395)

TCARMAN et al., 1990

TABLE 2

DATE RFHBs]  RFWBs?  RFHBS7  AusRIA
PATIENT 1 FEBRUARY 1993 q - - -
PATIENT 2 SEPTEMBSR 1993 Y 2 2 .
CONTROL 19 176 3 %
1 NEGATIVE
WILD TYPE adw CHINESE adw
nt %o a2 nt%e aa’e
ISOLATE 1 %o 92 9.7 %0.8
* ISOLATE 2 93.6 90,8

L83 0 e




i/

g

one.of clains 1 to 9, which process -conpri.ses the stéps of cul turi Mged Ffost
according to claim*11 in an appropriat.e cul ture nedium and purifying the
MHBsAg 20 produced to the required degree of purity. 14." The use of a
mHBsAg according to any one of clains 1 to 9 in the manufacture of a
vacci ne for protecting a hunman agai nst di-sease associated with HBV. 25 15.
A kit for diagnostic in vitro detection ofggnti- nHBsAg antibodies in a

bi ol ogi cal nmedi um’ characterised in that the kit conprises: 30 (a)
nHBsAg according to any one of clains 1 to 8; and (b) neans. adapted to
detect the antigen-antibody reaction.ABSTRRCE6. An anti body preparation

conprising anti bodi es agai nst ”HBiﬁﬂgﬂﬂﬁﬁﬂﬁiégﬁgéﬁiﬁgny one of clains 1 to
9 for use in the diagnosis, preve f hepatitis B
infection in humans. o
. A variant or so-called "escape mutant" HBéAg_protein or
5 “fragment thereof displaying the antigenicity of hepatitis
B virus surface antigen is disclosed, in which the mutant
protein or fragment thereof (mHBsAg) comprises a modified
‘a’ determinant in which at least two amino acids are
inserted downstream of 'position 122 of the wild type
10 HBsAg sequence. A vaccine comprising the mHBsAg is
provided, as is a kit for diagnostic in vitro detection
of anti-mHBsAg antibodies and an antibody preparation
comprising anti-mHBsAg antibodies. ' -
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