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Description

TECHNICAL FIELD

[0001] The invention relates to an antigen and method
for production thereof, in particular to a reconstituted an-
tigen particle comprising at least one hydrophobic or par-
tially hydrophobic antigen molecule from a virus, a bac-
terium, fungus, protozoan, parasite, a human neoplastic
cell or an animal neoplastic, tumour or cancer cell, or an
integral membrane or peripheral membrane protein from
a eukaryotic cell, suitable for producing an antigenic com-
position or a vaccine for protecting against membrane
enveloped viruses or bacteria, and is in particular suitable
for producing an HIV vaccine such as Human Immuno-
deficiency Virus Type 1 (HIV-1) vaccine, but is also useful
for producing vaccines or tools for producing vaccines
for other membrane enveloped viruses or bacteria.

TECHNICAL BACKGROUND

[0002] The HIV-1/AIDS pandemic is the foremost in-
fectious disease causing death and morbidity worldwide.
The pandemic, which affects primarily young adults be-
tween 15 and 40 years of age, is a socio-economic as
well as a burning health issue. In the countries of sub-
Saharan Africa worst affected by the pandemic, the loss
of young adults has impacted upon the economic output
from these countries.
[0003] An effective approach to curbing the future im-
pact of this viral disease is through the development and
delivery worldwide of a safe, effective and affordable vac-
cine that prevents infection and transmission of the virus.
[0004] Also alternative medical treatments to a vaccine
exist today. Efficient HIV-1 drugs exist today, but a down-
side is the immense costs associated with treatment
making it less available for underprivileged third world
countries and an economic burden for wealthier coun-
tries. Another downside of current treatments is the de-
velopment of drug resistance. Consequently the drugs
are only life prolongers and not an absolute cure. The
best strategy to prevent an HIV-1 pandemic, resulting in
AIDS patients, would most likely be an effective vaccine.
This has been a highly prioritized research field for over
30 years but there is still no working vaccine in sight.
[0005] Typically, since a natural defense mechanism
of humans and animals against viral diseases is based
on a production of protective antibodies, a primary func-
tion of many vaccines against such diseases has been
to elicit protective antibodies against infectious agents or
parts thereof.
[0006] Since the discovery of HIV-1 in 1984, efforts to
develop a prophylactic vaccine against HIV-1/AIDS in-
fection have been intense and it is now clear that this is
an unprecedented vaccine challenge. Due to the extreme
genetic variability of HIV-1, a successful vaccine would
need to elicit high-titer neutralizing antibodies not only
against one or a few virus strains but against the enor-

mous breadth of genetic diversity that exists among cir-
culating viral variants, so-called broadly neutralizing an-
tibodies (bnAbs). This is only possible if conserved and
exposed viral determinants are targeted by the immune
response. A further challenge with HIV-1 is that the en-
velope glycoprotein (Env) spikes are unstable complexes
and vaccine candidates where stable spikes that pre-
serve, or sufficiently well mimic, the native conformation
of the full-length functional HIV-1 spike were so far not
developed. This is likely to be a major reason for the
failure of most HIV vaccine candidates developed so far.
[0007] Although the vaccine field waits for a break-
through a lot of information has recently been gained
about broadly neutralizing antibodies (bnAb). BnAb are
antibodies that have been found in some HIV-1 infected
persons and they are of high interest because they bind
to and prevent most viral strains to enter target cells.
These results have shown it possible for an individual’s
immune system to evolve a working antibody response
towards HIV-1. But, still no vaccine approach has been
able to generate bnAb that targets the HIV-1 virus in hu-
mans.

DESCRIPTION OF THE INVENTION

[0008] It has been realized that the targets for HIV-1
neutralizing antibodies are the exterior envelope glyco-
protein, gp120, and the trans membrane glycoprotein,
gp41 that are derived from proteolytic cleavage of the
gp160 precursor protein in the Golgi apparatus of virus-
producing cells. Trimers of non-covalently associated
gp120 and gp41 form the functional spike complexes,
which mediate viral entry into host target cells. Host se-
lection pressures have made most circulating HIV-1 iso-
lates extremely resistant to neutralizing Abs and thus only
very few conserved epitopes are exposed on the func-
tional virus spike.
[0009] These conserved targets have been subject to
intense interest as templates for HIV-1 immunogenic de-
sign and include the highly conserved CD4 binding site
(CD4bs) on gp120, the membrane-proximal region of
gp41, a cluster of glycans on the gp120 outer domain
and an epitope proximal to the base of the variable region
1 and 2 that appears to be trimer-specific. These antibody
specificities were all defined by serum mapping studies
of HIV-1 infected individuals possessing bnAb activity
and the corresponding monoclonal antibodies (MAbs)
were isolated and confirmed to mediate extremely potent
and broad HIV-1 neutralization. These studies provide
hope for the development of a vaccine against HIV-1 as
if such Abs were induced by Env immunization they would
provide a first line of defence against HIV-1 exposure
and blunt the acute viremia resulting in a lower viral load
"set-point". This would lead to an improved clinical prog-
nosis for the affected individual and a reduction in trans-
mission rate within the human population, two consider-
able achievements for a vaccine.
[0010] Many current vaccines against microbial path-
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ogens comprise live attenuated or non-virulent strains of
the causative microorganisms. Many vaccines comprise
killed or otherwise inactivated microorganisms. Other
vaccines utilize purified components of pathogen lysates,
such as surface carbohydrates or recombinant patho-
gen-derived proteins. Vaccines that utilize live attenuat-
ed or inactivated pathogens typically yield a vigorous im-
mune response, but their use has limitations. For exam-
ple, live vaccine strains can sometimes cause infectious
pathologies, especially when administered to immune-
compromised recipients. Moreover, many pathogens,
particularly viruses, undergo continuous rapid mutations
in their genome, which allow them to escape immune
responses to antigenically distinct vaccine strains.
[0011] Given the difficulty of vaccine development,
many vaccines are in extremely short supply. For exam-
ple, as of October 2007, there are influenza, varicella,
and hepatitis A vaccine shortages in the United States.
In some instances, vaccine shortages occur because not
enough manufacturers devote their facilities to vaccine
production to keep up with demand. In some cases, vac-
cine shortages are attributed to low potency of the vac-
cine, which means a large amount of vaccine product
must be administered to each individual in order to
achieve a prophylactic effect. For example, some vac-
cines cannot be administered as an intact organism
(even if attenuated or killed) because they cause infec-
tious pathologies. Instead, such vaccines usually com-
prise purified pathogen components, which typically lead
to a much less potent immune response.

SUMMARY OF THE INVENTION

[0012] Thus, there is a need in the art for systems and
methods for producing highly immunogenic, effective
vaccines. There is also a need for improved vaccine com-
positions that can potently induce long-lasting immune
responses. For the treatment and prevention of infectious
diseases, there is a need for improved vaccine compo-
sitions that are highly immunogenic but do not cause dis-
ease.
[0013] This problem is solved by a method for produc-
ing an antigen comprising at least one hydrophobic or
partially hydrophobic antigen molecule from a virus, a
bacterium, fungus, protozoan, parasite, a human neo-
plastic cell or an animal neoplastic, tumour or cancer cell
or an integral membrane or peripheral membrane protein
from a eukaryotic cell, the method comprising the steps of

- providing a virus, or cell comprising an antigen mol-
ecule,

- wherein, when a cell is provided, purifying the cell
comprising the antigen molecule,

- solubilizing the antigen molecule in a solubilizing
agent that preserves intact an antigen molecule upon
solubilization,

- reconstituting the antigen molecule in the presence
of a lipid-binding polypeptide that provides a lipid

membrane mimicking environment, wherein the sol-
ubilized antigen self-assembles into stable lipid bind-
ing polypeptide-antigen particles, and

wherein the lipid-binding polypeptide that provides a lipid
membrane mimicking environment is a saposin-like pro-
tein (SAPLIP) or a truncated form thereof,
wherein

- the SAPLIP is selected from (Homo sapiens, Equus
caballus, Bos taurus, Mus musculus, Oryctolagus
cuniculus, Rattus norvegicus or Xenopus laevis) sa-
posin A, saposin B, saposin C or saposin D, and
wherein

- the truncated form thereof is amphipathic, forms at
least one alpha helix, and is capable of self-assem-
bling together with solubilized antigens into lipid-
binding polypeptide/antigen particles when em-
ployed in the preparation method that is specified
above.

[0014] Surprisingly, it has been found that a lipid-bind-
ing polypeptide (protein) in form of a saposin-like protein
makes it possible to reconstitute a solubilized antigen
from a virus, a bacterium, fungus, protozoan, parasite, a
human neoplastic cell or an animal neoplastic, tumour or
cancer cell or an integral membrane or peripheral mem-
brane protein from a eukaryotic cell. In particular the sa-
posin-like protein acts as a lipid membrane mimicking
environment that allows to produce stable antigen mol-
ecules such as membrane proteins, or membrane protein
particles, having preserved structure and functionality,
also at elevated temperatures of about 37 °C by means
of the method according to the present invention.
[0015] The lipid-binding polypeptide is a protein of the
saposin family, namely at least one of saposins A to D.
Further a mixture of two or more of these particles can
be used for the purposes of the invention. Particles com-
posed of or obtained from the lipid-binding polypeptide
and at least one hydrophobic or partially hydrophobic an-
tigen molecule subsequently are referred to as lipid bind-
ing polypeptide/antigen particles.
[0016] Unexpectedly, it was found that in the presence
of a lipid-binding polypeptide in form of a saposin-like
protein a solubilized antigen self-assembles into stable
lipid binding polypeptide/antigen particles without the
need of a laborious upstream liposome preparation step.
[0017] The lipid-binding polypeptides used in the in-
vention are capable of incorporating or harboring a vari-
ety of hydrophobic compounds such as lipids and mem-
brane proteins at a physiological pH, giving rise to nano-
scale complexes that are soluble and stable in an aque-
ous environment.
[0018] The lipid binding polypeptide is a saposin-like
protein (SAPLIP) or a truncated form thereof. Due to the
high degree of structural und functional conservation
among SAPLIPs, the features and advantages of certain
embodiments of the invention with saposin A as lipid bind-

3 4 



EP 3 043 814 B1

5

5

10

15

20

25

30

35

40

45

50

55

ing polypeptide are expected to also apply to other em-
bodiments using other SAPLIPs or truncated forms there-
of as lipid binding polypeptide of the invention.
[0019] The SAPLIP is saposin A, B, C or D, in particular
a saposin selected from (Homo sapiens, Equus caballus,
Bos taurus, Mus musculus, Oryctolagus cuniculus, Rat-
tus norvegicus or Xenopus laevis) saposin A, saposin B,
saposin C or saposin D. In one embodiment, the SAPLIP
is (Homo sapiens, Equus caballus, Bos taurus, Mus mus-
culus, Oryctolagus cuniculus, Rattus norvegicus or
Xenopus laevis) saposin A, saposin B or saposin D.
[0020] Saposin C is special among the saposins in that
it is capable of inducing membrane fusion, a feature
which is not exhibited by the other saposins. The mem-
brane fusion activity may not always be desirable. Ac-
cording to a particular embodiment of the invention the
lipid binding polypeptide is a saposin-like protein (SAP-
LIP) or truncated form thereof, provided that the SAPLIP
is not saposin C or provided that the SAPLIP is not sa-
posin C or truncated form thereof.
[0021] In one embodiment, the SAPLIP is of human
origin (i.e. a Homo sapiens SAPLIP).
[0022] In a preferred embodiment, the SAPLIP is sa-
posin A, preferably (Homo sapiens, Equus caballus, Bos
taurus, Mus musculus, Oryctolagus cuniculus, Rattus
norvegicus or Xenopus laevis) saposin A, and particularly
preferred human saposin A, the amino acid sequence of
which is given as SEQ ID NO. 1. Saposin A is a known
protein. Its expression, purification and crystallization as
LDAO-detergent complex is for example, described in
PNAS, Vol. 109, No.8 (2012) 2908-2912 (Popovic et al.).
[0023] When a truncated form of saposin A is used as
lipid-binding polypeptide used according to the invention,
said truncated form should be amphipathic, form at least
one alpha helix, and be capable of self-assembling to-
gether with solubilized antigens into lipid-binding
polypeptide/antigen particles when employed in the
preparation process according to the invention which is
described in detail below. As used herein, the term "am-
phipathic" refers to polypeptides or molecules having
both hydrophilic and hydrophobic regions.
[0024] The lipid binding polypeptide according to the
invention may also include one or more non-natural ami-
no acids; amino acid analogs, or a peptidomimetic struc-
ture, in which the peptide bond is replaced by a structure
more resistant to metabolic degradation. Hence, the
product of the process of the invention and the product
of the invention may be a particle that consists essentially
of the lipid-binding polypeptide and a reconstituted anti-
gen. The lipid-binding polypeptide particles/antigen par-
ticles are robust over concentrating using standard cen-
trifugal filter units, freezing and thawing. Moreover, prac-
tical experiments revealed that these particles display a
certain degree of thermostability. In addition, it is possible
to freeze-dry, store and re-hydrate the particles without
any major quality deterioration observable.
[0025] By means of reconstituting the antigen mole-
cules in the lipid-binding polypeptide, the antigen mole-

cules are solubilized into clusters of lipid binding polypep-
tide particles without adding any additional lipids.
[0026] Such particles can be used in immunogenic
compositions, for example, as vaccine components. An-
tigen proteins of interest include, without limitation,
gp160, wherein gp 160 corresponds to gp120/gp41, of
Human Immunodeficiency Virus, envelope glycoproteins
of Herpes simplex virus or measles virus, the "spike" pro-
tein of the SARS virus, hemaglutinin ligand of influenza
virus or parainfluenza virus. Exemplary bacterial anti-
gens, or antigen molecules, include, but are not limited
to, cell surface proteins such as the M6 protein or M pro-
teins of Streptococcus pyogenes, fimbrillin ofPorphryo-
monas gingivalis, InIB or ActA of Listeria monocy-
togenes, YadA of Yersinia enterocolitica, IcsA of Shigella
flexneri, invasin of Yersinia pseudotuberculosis, prod-
ucts of the acf gene of Vibrio cholerae, capsular material
comprising the poly-D-glutamate polypeptide of Bacillus
anthracis, fibrinogen/fibrin binding protein of Staphyloco-
ccus aureus, V and/or W antigens of Yersinia pestis (es-
pecially from a vaccine strain such as EV76) or from Yers-
inia enterocolytica or Yersinia pseudotuberculosis, and
flagellin or porin of Campylobacter jejeuni. Similarly, O
antigens of Salmonella typhi, Salmonella choleraesuis,
and Salmonella enteritidis can be combined with lipid-
binding polypeptides to form lipid-binding polypep-
tides/antigen particles, using the proteins and methods
described herein.
[0027] One aspect of the invention is the provision of
vaccines. A vaccine according to the invention typically
contains an antigen. In one embodiment of the invention,
the antigen is physically ’bound’ to the lipid-binding
polypeptide by covalent or non-covalent means. Non-
covalently bound includes, for example, ionic bonding,
hydrophobic bonding, physical entrapment, and the like,
all described in greater detail below. Such nano-carriers
which themselves carry an antigen are included in the
category referred to below as vaccine nano-carriers. In
another embodiment, the nano-carrier has bound to it an
immunostimulatory agent for enhancing, suppressing, di-
recting, or redirecting an immune response, preferably
to an antigen. In this case, the antigen may be mixed with
the preparation of agent bound nano-carrier to which the
immunostimulatory agent is bound form the vaccine. The
antigen, of course may also be bound to a nano-carrier,
including as discussed below, the same nano-carrier to
which the immunostimulatory agent is bound.
[0028] According to another aspect, the present inven-
tion further provides immunogenic compositions com-
prising lipid binding polypeptide/antigen particles with at
least one hydrophobic or partially hydrophobic antigen
molecule being incorporated in the particles, preferably
together with a pharmaceutically acceptable carrier. Op-
tionally an adjuvant and/or an immune stimulant, such
as a chemokine, can be incorporated into the composi-
tion. The particles allow the stabilization and solubilisa-
tion of a hydrophobic antigen, with the maintenance of
the native conformation of the antigen, and with the pres-
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entation of hydrophilic regions of the antigen exposed to
the aqueous environment, according to our best under-
standing leading to an improved immune response in the
human or animal to which the immunogenic composition
has been administered.
[0029] Antigens which are hydrophobic or partially hy-
drophobic can be formulated into immunogenic compo-
sitions for administration to a human or animal in which
an immune response, either cellular or humoral, are de-
sired. The incorporation of the antigen into the lipid-bind-
ing polypeptide/antigen particles with the method accord-
ing to the invention allows the preparation of stable aque-
ous preparations which do not have a tendency to ag-
gregate. Incorporation does not mean that the antigen is
fully surrounded by the lipid-binding polypeptide. At least
one antigenic determinant of the antigen is presented to
the aqueous phase, with the more hydrophobic portions
of the antigen being buried within the hydrophobic central
region of the lipid binding polypeptide/antigen particle.
The antigen incorporated within the particles can be a
protein, such as a cell membrane protein or another an-
tigen such as a viral envelope protein, or it can be a li-
popolysaccharide or a lipooligosaccharide.
[0030] The antigen can be derived from a particle or
cell, such as a virus, for instance an enveloped virus, a
bacterium including, but not limited to, a bacterium, fun-
gus, protozoan, parasite, or it can be derived from a par-
ticular type of tumour or cancer. The antigen-containing
particle composition can be administered in prophylactic
or therapeutic treatment regimens to generate an im-
mune response, and administration of these particles can
be carried out in combination with other vaccine prepa-
rations for priming and/or boosting.
[0031] Cancers (neoplastic conditions) from which
cells can be obtained for use as an antigen source in the
methods of the present invention include carcinomas,
sarcomas, leukemias and cancers derived from cells of
the nervous system. These include, but are not limited
to bone cancers (osteosarcoma), brain cancers, pancre-
atic cancers, lung cancers such as small and large cell
adenocarcinomas, rhabdosarcoma, mesiothelioma, sq-
uamous cell carcinoma, basal cell carcinoma, malignant
melanoma, other skin cancers, bronchoalveolar carcino-
ma, colon cancers, other gastrointestinal cancers, renal
cancers, liver cancers, breast cancers, cancers of the
uterus, ovaries or cervix, prostate cancers, lymphomas,
myelomas, bladder cancers, cancers of the reticuloen-
dothelial system (RES) such as B or T cell lymphomas,
melanoma, and soft tissue cancers.
[0032] The terms "neoplastic cell", "tumour cell", or
"cancer cell", used either in the singular or plural form,
refer to cells that have undergone a malignant transfor-
mation that makes them harmful to the host organism.
Primary cancer cells (that is, cells obtained from near the
site of malignant transformation) can be readily distin-
guished from non-cancerous cells by well-established
techniques, particularly histological examination. The
definition of a cancer cell, as used herein, includes not

only a primary cancer cell, but also any cell derived from
a cancer cell ancestor. This includes metastasized can-
cer cells, and in vitro cultures and cell lines derived from
cancer cells. When referring to a type of cancer that nor-
mally manifests as a solid tumour, a "clinically detectable"
tumour is one that is detectable on the basis of tumour
mass; e.g., by such procedures as CAT scan, magnetic
resonance imaging (MRI), X-ray, ultrasound, or palpa-
tion. Biochemical or immunologic findings alone may be
insufficient to meet this definition.
[0033] Pathogens to which multiple antigen immuno-
logical responses are advantageous include viral, bac-
terial, fungal and protozoan pathogens. Viruses to which
immunity is desirable include, but are not limited to, he-
morrhagic fever viruses (such as Ebola virus), immune
deficiency viruses (such as feline or human immunode-
ficiency viruses), herpes viruses, coronaviruses, adeno-
viruses, poxviruses, picornaviruses, orthomyxoviruses,
paramyxoviruses, rubella, toga viruses, flaviviruses, bun-
yaviruses, reoviruses, oncogenic viruses such as retro-
viruses, pathogenic alphaviruses (such as Chikungunya
virus), rhinoviruses, hepatitis viruses (e.g.Group B, C),
influenza viruses, among others. Bacterial pathogens to
which immune responses are helpful include, without lim-
itation, staphylococci, streptococci, pneumococci, sal-
monellae, escherichiae, yersiniae, enterococci, clostrid-
ia, corynebacteria, hemophilus, neisseriae, bacteroides,
francisella, legionella, pasteurellae, brucellae, mycobac-
teriae, bordetella, spirochetes, actinomycetes, chlamy-
diae, mycoplasmas, rickettsias, and others. Pathogenic
fungi of interest include but are not limited to Candida,
cryptococci, blastomyces, histoplasma, coccidioides,
phycomycetes, trichodermas, aspergilli, pneumocystis,
and others. Protozoans to which immunity is useful in-
clude, without limitation, toxoplasma, plasmodia, schis-
tosomes, amoebae, giardia, babesia, leishmania, and
others. Other parasites include the roundworms, hook-
worms and tapeworms, filiaria and others.
[0034] A further aspect of the invention is the admin-
istration of the antigen-containing immunogenic particle
compositions of the invention to a human or animal (e.g.
horse, pig, cow, goat, rabbit, mouse, hamster) to gener-
ate immune responses, such as production of antibody
specific to the antigen or a cellular response such that
cells or tissues sharing the antigen are the subject of a
cellular or cytotoxic immune response. Sera or cells col-
lected from such humans or animals are useful in pro-
viding polyclonal sera or cells for the production of hybri-
domas that generate monoclonal sera, such antibody
preparations being useful in research, diagnostic, and
therapeutic applications.
[0035] While the generation of an immune response
includes at least some level of protective immunity di-
rected to the tumour cell (or neoplastic condition), path-
ogen or parasite, the clinical outcome in the patient suf-
fering from such a neoplastic condition or infection with
a parasite or a pathogen can be improved by also treating
the patient with a suitable chemotherapeutic agent, as
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known to the art. Where the pathogen is viral, an anti-
viral compound such as acyclovir can be administered
concomitantly with the lipid binding polypeptide/antigen
particle vaccination in patients with herpes virus infection,
or HAART (highly active anti-retroviral therapy) in indi-
viduals infected with HIV. Where the pathogen is a bac-
terial pathogen, an antibiotic to which that bacterium is
susceptible is desirably administered and where the
pathogen is a fungus, a suitable antifungal antibiotic is
desirably administered.
[0036] Similarly, chemical agents for the control and/or
eradication of parasitic infections are known and are ad-
vantageously administered to the human or animal pa-
tients using dosages and schedules well known to the
art. Where the patient is suffering from a neoplastic con-
dition, for example, a cancer, the administration of the
immunogenic composition comprising the lipid binding
polypeptide/antigen particles carrying one or more mul-
tiplicity of cancer-associated antigens in the patient to
which it has been administered is desirably accompanied
by administration of antineoplastic agent(s), including,
but not limited to, such chemotherapeutic agents as dau-
norubicin, taxol, thioureas, cancer-specific antibodies
linked with therapeutic radionuclides, with the proviso
that the agent(s) do not ablate the ability of the patient
to generate an immune response to the administered lipid
binding polypeptide/antigen particles and the antigens
whose expression they direct in the patient. Nucleic acids
for modulating gene expression or for directing expres-
sion of a functional protein can be incorporated within
the particles, especially where the nucleic acid molecules
form complexes with cationic lipids, many of which are
commercially available.
[0037] The virus or cell comprising the antigen mole-
cule can be provided for instance as a virus, or virus-like
particle. The solubilizing agent for solubilizing a structure
comprising the antigen molecule can be a solvent such
as HEGA-10, HEGA-11, MEGA-10, Cymal-5, or any oth-
er known solubilizing agent that has been proven to pre-
serve an intact antigen molecule such as a membrane
protein upon solubilisation.
[0038] In addition to the hydrophobic membrane com-
ponent, that serves as antigen, further lipid components
can be used for the preparation of the lipid-binding
polypeptide/antigen particles. They can be selected from
naturally occurring lipids, synthetic lipids, modified lipids,
fats, waxes, sterols, fat-soluble vitamins, monoglycer-
ides, diglycerides, triglycerides, phospholipids, fatty ac-
ids, glycerolipids, glycerophospholipids, sphingolipids,
saccharolipids, polyketides, sterol lipids and prenol lipids
or combinations thereof.
[0039] Pharmaceutical formulations, such as vaccines
or other immunogenic compositions, of the present in-
vention comprise an immunogenic amount of the anti-
gen-bearing particles in combination with a pharmaceu-
tically acceptable carrier. An "immunogenic amount" is
an amount of the antigen-bearing particles which is suf-
ficient to evoke an immune response in the subject to

which the pharmaceutical formulation is administered.
Depending on the setting for administration (i.e., disease
treatment or prevention), the dose (and repetition of ad-
ministration) can be chosen to be therapeutically effec-
tive or prophylactically effective.
[0040] Exemplary pharmaceutically acceptable carri-
ers include, but are not limited to, sterile pyrogen-free
water and sterile pyrogen-free physiological saline solu-
tion. Subjects which may be administered immunogenic
amounts of the antigen-carrying particles of the invention
include, but are not limited to, human and animal (e.g.,
dog, cat, horse, pig, cow, goat, rabbit, donkey, mouse,
hamster, monkey) subjects. Immunologically active com-
pounds such as cytokines and/or BCG can also be added
to increase the immune response to the administered
immunogenic preparation.
[0041] Immunogenic compositions comprising the lipid
binding polypeptide/antigen particles which incorporate
antigens of interest produced using the methods of the
invention may be formulated by any of the means known
in the art. Such compositions, especially vaccines, are
typically prepared as injectables, either as liquid solutions
or suspensions. Solid forms suitable for solution in, or
suspension in, liquid prior to injection may also be pre-
pared. The active immunogenic ingredients are advan-
tageously mixed with excipients or carriers that are phar-
maceutically acceptable and compatible with the active
ingredient. Suitable excipients include but are not limited
to sterile water, saline, dextrose, glycerol, ethanol, or the
like and combinations thereof.
[0042] In addition, if desired, the immunogenic com-
positions, including vaccines, may contain minor
amounts of auxiliary substances such as wetting or emul-
sifying agents, pH buffering agents, and/or adjuvants
which enhance the effectiveness of the vaccine. Exam-
ples of adjuvants which may be effective include but are
not limited to aluminium hydroxide; N-acetyl-muramyl-L-
threonyl-D-isoglutamine (thr-MDP); N-acetyl-nor-mu-
ramyl-L-alanyl-D-isoglutamine (CGP 11637, referred to
as nor-MDP); N-acetylmuramyl-L-alanyl-D-isoglutami-
nyl-L-alanine-2-(1’-2’-dipalmitoyl-sn-glycero-
3hydroxyphosphoryloxy)-ethylamine (CGP 19835A, re-
ferred to as MTP-PE); and RIBI, which contains three
components extracted from bacteria, monophosphoryl
lipid A, trehalose dimycolate and cell wall skeleton
(MPL+TDM+CWS) in a 2% squalene/Tween 80 emul-
sion. The effectiveness of an adjuvant may be deter-
mined by measuring the amount of antibodies directed
against the immunogenic component of the nanoscale
particles after administration. Such additional formula-
tions and modes of administration as known in the art
may also be used.
[0043] The immunogenic (or otherwise biologically ac-
tive) antigen-containing particle compositions can be ad-
ministered in a manner compatible with the dosage for-
mulation, and in such amount as will be prophylactically
and/or therapeutically effective. Precise amounts of the
active ingredient required to be administered may de-
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pend on the judgment of the physician, veterinarian or
other health practitioner and may be peculiar to each
individual, but such a determination is within the skill of
such a practitioner.
[0044] The vaccine or other immunogenic composition
may be given in a single dose or multiple dose schedules.
A multiple dose schedule is one in which a primary course
of vaccination may include 1 to 10 or more separate dos-
es, followed by other doses administered at subsequent
time intervals as required to maintain and or reinforce
the immune response, e.g., at weekly, monthly or 1 to 4
months for a second dose, and if needed, a subsequent
dose(s) after several months or years. Hydrophobic or
partially hydrophobic antigens can be incorporated into
the particles as described for other molecules, such as
membrane proteins or small molecules. Where the anti-
gen is in nature associated with or is within a membrane,
either a solubilized pure or partially pure preparation or
a solubilized membrane or membrane fragment prepa-
ration can be used as the source of the input antigen in
the particle assembly mixture.
[0045] According to an embodiment of the invention,
the antigen molecule is reconstituted in a lipid-binding
polypeptide that comprises an amphipathic α-helical
peptide having a hydrophobic or neutral face and a hy-
drophilic face.
[0046] According to an embodiment of the invention
an antigen molecule comprising an integral membrane
protein is solubilized and reconstituted.
[0047] Herein this disclosure, the term "integral protein
particle" includes any of an integral membrane protein,
integral membrane protein complex, a peripheral mem-
brane protein and peripheral membrane protein complex
without any limitation.
[0048] According to an embodiment of the invention,
the reconstituted integral membrane protein particle is
an HIV spike protein.
[0049] In this way, a dynamical and flexible HIV spike
protein can be correctly presented to an individual’s im-
mune system during vaccination, which has not been pre-
sented until now according to our best knowledge despite
the extensive research efforts being made under a long
period of time.
[0050] The uncomplicated method according to the in-
vention is suitable for industrial large scale production of
reconstituted membrane proteins suitable for vaccine
production or tools for vaccine production, in particular
for vaccine production of vaccines against viral fusion
proteins of type 1, type 2, type 3, such as HIV vaccines,
in particular HIV-1 vaccines. But, the method according
to the invention is also suitable for other membrane en-
veloped viruses than viral fusion proteins including other
integral membrane proteins, than the above HIV spike
protein, such as other integral membrane protein com-
plexes from bacteria.
[0051] The method according to the invention is also
applied to integral membrane proteins from eukaryote
cells or other peripheral membrane proteins.

[0052] Herein, the term "peripheral membrane protein"
is referred to protein or protein complexes that are only
temporarily associated to lipid membranes. Typically, pe-
ripheral membrane proteins exist in viruses, bacteria and
eukaryotes.
[0053] According to an embodiment of the invention,
there is provided an immunogenic composition compris-
ing lipid-binding polypeptide/antigen particles compris-
ing at least one hydrophobic or partially hydrophobic an-
tigen molecule from a virus, a bacterium, fungus, proto-
zoan, parasite, a human neoplastic cell or an animal ne-
oplastic, tumour or cancer cell or an integral membrane
or peripheral membrane protein from a eukaryotic cell,
wherein said immunogenic composition optionally further
comprises a known immunological adjuvant.
[0054] According to the invention there is provided a
reconstituted antigen particle comprising at least one hy-
drophobic or partially hydrophobic antigen molecule from
a virus, a bacterium, fungus, protozoan, parasite, a hu-
man neoplastic cell or an animal neoplastic, tumour or
cancer cell,
or an integral membrane or peripheral membrane protein
from a eukaryotic cell, reconstituted in a lipid membrane
mimicking environment selected from a lipid binding
polypeptide such that the antigen molecule(s) is/are as-
sembled therein, wherein the lipid-binding polypeptide is
a saposin-like protein (SAPLIP) or a truncated form there-
of, wherein

- the SAPLIP is selected from (Homo sapiens, Equus
caballus, Bos taurus, Mus musculus, Oryctolagus
cuniculus, Rattus norvegicus or Xenopus laevis) sa-
posin A, saposin B, saposin C or saposin D, and
wherein

- the truncated form thereof is amphipathic, forms at
least one alpha helix, and is capable of self-assem-
bling together with solubilized antigens into lipid-
binding polypeptide/antigen particles when em-
ployed in the preparation method that is specified
above.

[0055] The lipid-binding polypeptide is a saposin-like
protein. The saposin-like protein is selected from one or
more of Saposin A, B, C and D. Particularly preferred is
saposin A.
[0056] According to yet another aspect of the invention
there is provided a use of an antigen, such as a recon-
stituted membrane protein as a tool for vaccine produc-
tion, for instance a tool to find and characterize proper
HIV immune response, i.e. use them as diagnostic tools
to measure the proper antibody response in HIV infected
patients or follow the same response for vaccinated ex-
perimental animals or vaccinated patients.
[0057] According to another aspect of the invention,
there is provided a prophylactic or therapeutic use of an
immunogenic composition, comprising the lipid binding
polypeptide/antigen particle described herein.
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BRIEF DESCRIPTION OF DRAWING FIGURES

[0058] To further explain the invention, embodiments
and examples thereof the invention will now be described
in greater detail with reference to the drawings.

Fig. 1 is a schematic illustration of a retrovirus such
as a HIV-1 virus;

Fig. 2 is a schematic illustration of a method for re-
constituting a membrane protein according to
an embodiment of the invention, in particular
for reconstituting spike protein particles for Sal-
ipro (Saposin A)-spike protein particle produc-
tion;

Fig. 3 schematically illustrates the solubilisation of ra-
dioactively labelled HIV-1 VLP with high CMC
detergents.

Fig. 4 shows the optimisation of the amount of Sa-
posin A needed for efficient Salipro-HIV-spike
nanoparticle formation.

Fig. 5 shows BN-PAGE and silver stain analyses of
Saposin A-POT1 and purified Saposin A-HIV-
spike particles.;

Fig. 6 illustrates stability, preserved structure and
functionality of HIV-1 spike in Saposin A nan-
oparticles;

Fig. 7 illustrates negative stain EM analysis of purified
Saposin A-HIV-spike particles.

[0059] Fig. 1 is a schematic illustration of a retrovirus
particle. The virion is a spherical particle surrounded by
a phospholipid bilayer which harbours the viral spike pro-
teins. A HIV-1 virus particle typically comprises a viral
lipid membrane enveloping a matrix layer, which enve-
lopes viral RNA, Capsid, Integrase and Reverse Tran-
scriptase. The lipid membrane is integrated with HIV
spike proteins being anchored at multiple positions. The
HIV spike protein can be considered to be an integrated
membrane protein. In HIV virus particles, the proteins
expressed in the viral lipid membrane are called "Enve-
lope glycoproteins" (Env). Env contains two subunits that
are non-covalent connected, referred to as gp120-gp41.
The HIV spike protein is an oligomer, being a trimer of a
gp120/gp41 subunit pair of a docketing glycopro-
tein/trans-membrane glycoprotein complex, anchored in
the viral lipid membrane 2 and needed for the virus to
enter target cells (not illustrated). Thus, the trimers of
gp120/gp41-sub-unitpairs can be considered to form the
spike proteins (Adapted from Retroviruses, Cold Spring
Harbour Press, J.M. Coffin, S.H. Hughes and H.E. Var-
mous, 1995).
[0060] It has been realized that isolated bnAb targets
the spike proteins and consequently a working vaccine
should contain this protein complex. Further it has been
realized that a complete functional spike protein as it ap-
pears in the virus membrane would constitute an ideal
antigen, since the spike proteins are the only proteins on
intact HIV-1 particles. Thus, an immune response against

the spike proteins is important to stop virus particles to
enter host cells. This differs from and is an advantage to
other vaccine strategies which use HIV proteins, but will
not prevent virus particles to spread. A problem is that
spike proteins are unstable complexes and it’s not known
until how to preserve a functional spike protein, which is
considered to be essential for being able to produce a
functional vaccine against HIV. It has been realized that
even HIV (virus) particles may contain incomplete as-
sembled or disassembles spike proteins.
[0061] Fig. 2 is a schematic illustration of a method for
reconstituting a membrane protein according to an em-
bodiment of the present invention, in particular for recon-
stituting spike protein particles for saposin-spike protein
particle production.
[0062] Fig. 2 (a) shows a schematic illustration of the
HIV-1 spike protein in the viral membrane. The HIV-1
Envelope glycoprotein, i.e. the spike, consists of two sub-
units, the peripheral gp120 subunit (brown) and the trans-
membrane gp41 subunit (grey), forming a hetrotrimer.
The binding site for the CD4 receptor and epitopes for
the antibodies PG16 and 17b are shown (dark brown).
Note that the 17b epitope is hidden in the native spike
structure, but becomes exposed after CD4 receptor bind-
ing.
[0063] Fig. 2 (b) shows a schematic illustration of the
saposin-HIV-spike reconstitution. Purified VLPs contain-
ing HIV-1 spikes were mixed with saposin A and solubi-
lized with HEGA-10 followed by detergent removal using
a desalt spin column. The removal of the detergent allows
the formation of saposin-HIV-spikes.
[0064] Fig. 2 (c) illustrates the reconstitution of the HIV-
1 spike protein into saposin/antigen nanoparticles. BN-
PAGE analysis resolves the radioactively labelled trimer-
ic HIV-1 spike protein (gp3) after VLP solubilisation using
HEGA-10 (lane 1). A fraction of dissociated glycoprotein
(gp) monomers were also observed. If HEGA-10 is re-
moved, using a desalt column, the HIV-1 spike proteins
aggregate and cannot be resolved by BN-PAGE (lane
2). Importantly, when saposin A was present during HE-
GA-10 removal the trimeric spike protein was resolved
by the BN-PAGE, suggesting reconstitution of the HIV
spike into saposin/antigen nanoparticles (lane 3). Shown
is a phosphor image of the gel.
[0065] In Fig. 2 (d) the purification of saposin-HIV-spike
complexes is shown. Unlabelled VLPs from 14 transfect-
ed cell culture flasks (150 cm2) were used for reconsti-
tuting saposin-HIV-spike particles as described. The par-
ticles were affinity purified by Galanthis Nivalis chroma-
tograpy. Shown are non-reducing SDS-PAGE analyses
of the purified VLP preparation (lane1), the crude recon-
stituted saposin/antigen particle preparation (lane 2) and
the lectin purified saposin/antigen preparation (lane 3).
The migration of the disulfide linked gp120-gp41 com-
plex, the capsid (CA) and the matrix (MA) proteins of the
virus as well as the saposin A are indicated. The gel was
stained for protein using Sypro Ruby.
[0066] Fig. 2 (e) illustrates that the HIV-1 spike is sta-
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ble, has a native fold and preserves its function in sa-
posin-HIV-spike nanoparticles. Radioactively labelled
and lectin purified saposin-HIV-spike particles were in-
cubated at 37 °C for 16 h followed by 2 h incubation at
37 °C with (lanes 3-6) or without (lane 2) 10 mg/ml of the
HIV-1 spike ligands, PG16 Ab (150KDa) (lane 3), sCD4
(50 KDa) (lane 4), sCD4 and 17b Fab (50KDa) together
(lane 5) or 17b Fab alone (lane 6), and analyzed by BN-
PAGE. A control sample was kept on ice without ligands
(lane 1). Binding of the ligands were followed by the shift
in band migration of the saposin-HIV-spike nanoparticle
complexes. Note that only one PG16 Ab can bind to the
trimeric spike protein due to steric reason. 17b Fab and
sCD4 bind stochiometrically, adding about 150 KDa each
in molecular weight to the complex, but the latter complex
moves slower in the gel. Shown is a phosphor image of
the gel.
[0067] Fig. 3 schematically illustrates the solubilisation
of radioactively labelled HIV-1 VLP with high CMC de-
tergents. HIV-1 VLPs were solubilised in 1x HNC buffer
containing 25 mM Anameg-7 (CMC 19.5 mM) (lane 2),
9 mM HEGA-10 (CMC 7 mM) (lane 3), 14 mM C-HEGA-
11 (CMC 11.5 mM) (lane 4), 9 mM MEGA-10 (CMC 6-7
mM) (lane 5), 12 mM n18 Octyl-beta-D-Thiomaltopyran-
oside (OT) (CMC 9 mM) (lane 6), or 10 mM Tetraethylene
Glycol Monooctyl Ether (C8E4) (CMC 10 mM) (lane 7),
for 10 min on ice (a) or for 30 min at 37°C (b) and analysed
by BN-PAGE. VLP solubilised in TX100 (TX) on ice was
analyzed as control (lane 1). Migration of spikes and gp
monomers are indicated. Note the dissociation of spikes
into monomers by the 37°C incubation.
[0068] Fig. 4 shows the optimisation of the amount of
saposin A needed for efficient saposin-HIV-spike nano-
particle formation. Radioactively labelled VLPs were
mixed with saposin A (230-0.77 mg/ml) followed by 10
min solubilisation on ice using 9 mM HEGA-10 in 1xHNC
buffer. HEGA-10 was then removed and the amount of
reconstituted saposin-HIV-spike particles was monitored
by BN-PAGE. About 100 mg/ml saposin A was found to
be optimal.
[0069] The saposin/antigen particles used in the inven-
tion are a nanoparticle system of a saposin-like com-
pound, which can oligomerize at proper conditions form-
ing a cluster of nanoparticles, instead of micelles, where
an inside of the nanoparticles (of the cluster) provides a
lipid membrane mimicking environment.
[0070] Fig. 6 illustrates that the HIV-1 spike is stable,
has a native fold and preserves its function in saposin/an-
tigen nanoparticles for at least 90h at 37 °C. Radioactively
labelled and lectin purified saposin-HIV-spike particles
were incubated at 37 °C for 90 h followed by 2 h incuba-
tion at 37 °C with (lanes 3-6) or without (lane 2) 10 mg/ml
of the HIV-1 spike ligands, PG16 Ab (150KDa) (lane 3),
sCD4 (50 KDa) (lane 4), sCD4 and 17b Fab (50KDa)
together (lane 5) or 17b Fab alone (lane 6), and analyzed
by BN-PAGE. A control sample was kept on ice without
ligands (lane 1). Binding of the ligands were followed by
the shift in band migration of the saposin-HIV-spike na-

noparticle complexes, similar as figure Xd. Note the pres-
ervation of the HIV-1 spike structure in the saposin-HIV-
spike particles after this extreme incubation.
[0071] In Fig. 7 a negative stain EM analysis of purified
saposin-HIV-spike particles is provided. Shown is a raw
EM image (left panel), and some selected particles (right
panel). These are of similar size as earlier published HIV-
1 spike structures.
[0072] The product of the process of the invention is
present in a solution. It can be lyophilized or deep
freezed.
[0073] The following examples further describe the in-
vention.

Example 1

[0074] Specifically, HIV-1 virus like particles (VLP) is
produced by calcium phosphate-mediated DNA trans-
fection of 293T cells. VLP released into the cell culture
media are then purified by ultracentrifugation (Beckman
SW55 rotor, 28,000 rpm for 17h) in a 20-60% sucrose
density step gradient. To generate saposin-spikes, the
VLPs must first be solubilized by a traditional detergent
and then exchanged to saposin A. This is possible to do
by molecular sieving if the detergent has a high critical
micelle concentration (CMC), i.e. in the mM range. Fur-
thermore, the detergent must be mild enough to preserve
the native trimeric structure of the spike during solubili-
zation. In these experiments we use the detergent HE-
GA-10, with CMC at 7mM. Accordingly, purified VLPs
are lysed for 10 min on ice with 9 mM HEGA-10 in the
presence of 90 mg/ml saposin A. Then HEGA-10 is re-
moved from the sample using a Zeba desalting spin col-
umn, 7 kDa cut off (Thermo Fisher Scientific) according
to the instructions in the User Manual. The column only
removes the HEGA-10 detergent and not the saposin,
which replaces the detergent in the spike detergent com-
plexes. The saposin-spikes product elutes from the col-
umn in the void volume. If saposin A was omitted from
the experiment, the HIV-1 spikes aggregated and could
not be resolved in BN-PAGE. Figure 2 illustrates the
method that was developed for fast and efficient saposin-
spike production.
[0075] The particles obtained by the method of the in-
vention according to various embodiments are robust
over concentrating using standard centrifugal filter units,
freezing and thawing. Also, practical experiments re-
vealed that the particles of the invention display a certain
degree of thermo stability. In addition, it is probably pos-
sible to freeze-dry, store and re-hydrate the particles of
the invention without any major quality deterioration ob-
servable. Experiments have proved that HIV-spike pro-
tein particles are stable over a period of time of over 90
hours at 37 °C with preserved structure and functionality,
which proves long-term stability (Fig. 6). It has also been
proved that known neutralising HIV-1 antibodies bind
strongly to these spike protein particles and that even
more importantly, that no neutralizing antibodies bind to
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the spike protein particles. This is exactly what is required
for being able to produce an efficient HIV-1 vaccine.
Thus, the spike protein particles are suitable for this ap-
plication. They may also be suitable as development
tools for vaccines.
[0076] Embodiments of the present invention are con-
cerned with vaccines protective against HIV, in particular
HIV-1 and with novel reconstituted membrane protein
particles and a method for producing the same for use
in such vaccines, vaccine compositions or tools for pro-
ducing or assisting when producing the same, for in-
stance kits for quick reconstitution of membrane envel-
oped proteins at the same time providing protein stability
as well as conserved structure and functionality, but is
also applicable to other viruses such as flue, Ebola and
SARS The invention is suitable for large-scale produc-
tion.

Example 2 - Purification of saposin A

[0077] Purified saposin A was prepared as follows. Sa-
posin A protein expression was carried out using a vector
with the coding region for human saposin A (SEQ ID NO:
1) inserted into a pNIC-Bsa4 plasmid and transformed
and expressed in E. coli Rosetta gami-2 (DE3) (Novagen)
strains. Cells were grown at 37 °C in TB medium supple-
mented with Tetracycline, Chloramphenicol and Kan-
amycin and induced with 0.7 mM IPTG. Three hours after
induction, the cells were collected by centrifugation at
12.000 x g for 15 min. The supernatant was discarded,
the cell pellet was resuspended using lysis buffer (20 mM
Hepes pH 7.5, 150 mM NaCl, 20 mM Imidazol) and dis-
rupted by sonication. Lysates were subjected to centrif-
ugation at 26.000 x g for 30 min, the supernatant heated
to 85 °C for 10 min, followed by an additional centrifuga-
tion step at 26.000 x g for 30 min. Preparative IMAC pu-
rification was performed by batch-adsorption of the su-
pernatant by end-over-end rotation with Ni Sepharose™
6 Fast Flow medium for 60 min. After binding of saposin
A to the IMAC resin, the chromatography medium was
packed in a 10-mm-(i.d.) open gravity flow column and
unbound proteins were removed by washing with 15 bed
volumes of lysis buffer. The resin was washed with 15
bed volumes of wash buffer WB2 (20 mM Hepes pH 7.5,
150 mM NaCl, 40 mM Imidazol). Saposin A was eluted
by addition of five bed volumes of elution buffer EB (20
mM Hepes pH 7.5, 150 mM NaCl, 400 mM Imidazol).
The eluate was dialyzed overnight against gel filtration
buffer GF pH 7.5 (20 mM Hepes pH 7.5,150 mM NaCl)
supplemented with recombinant TEV protease. TEV pro-
tease containing an un-cleavable His-tag was removed
from the eluate by passing it over 2 ml IMAC resin.
Cleaved target proteins were concentrated to a volume
of 5 ml using centrifugal filter units and loaded onto a
HiLoad Superdex™ 200 16/60 GL column using an AK-
TAexplorer™ 10 chromatography system (both GE
Healthcare). Peak fractions were pooled and concentrat-
ed to 1.2 mg/ml protein. The protein sample was flash

frozen in liquid nitrogen and stored at -80 C.

Claims

1. A method for producing an antigen comprising at
least one hydrophobic or partially hydrophobic anti-
gen molecule from a virus, a bacterium, fungus, pro-
tozoan, parasite, a human neoplastic cell or an ani-
mal neoplastic, tumour or cancer cell or an integral
membrane or peripheral membrane protein from a
eukaryotic cell, the method comprising the steps of

- providing a virus, or cell comprising an antigen
molecule,
- wherein, when a cell is provided, purifying the
cell comprising the antigen molecule,
- solubilizing the antigen molecule in a solubiliz-
ing agent that preserves intact an antigen mol-
ecule upon solubilization,
- reconstituting the antigen molecule in the pres-
ence of a lipid-binding polypeptide that provides
a lipid membrane mimicking environment,
wherein the solubilized antigen self-assembles
into stable lipid binding polypeptide-antigen par-
ticles, and

wherein the lipid-binding polypeptide that provides
a lipid membrane mimicking environment is a sa-
posin-like protein (SAPLIP) or a truncated form
thereof,
wherein

- the SAPLIP is selected from (Homo sapiens,
Equus caballus, Bos taurus, Mus musculus,
Oryctolagus cuniculus, Rattus norvegicus or
Xenopus laevis) saposin A, saposin B, saposin
C or saposin D, and wherein
- the truncated form thereof is amphipathic,
forms at least one alpha helix, and is capable of
self-assembling together with solubilized anti-
gens into lipid-binding polypeptide/antigen par-
ticles when employed in the preparation method
that is specified above.

2. The method according to claim 1, wherein the anti-
gen molecule is an integral membrane protein, an
integral membrane protein complex, a peripheral
membrane protein or a peripheral membrane protein
complex.

3. The method according to claim 2, wherein the inte-
gral membrane particle is a viral spike protein, such
as a trimeric envelope glycoprotein spike of HIV-1.

4. The method according to any one of the claims 1 to
3, wherein the antigen molecule is reconstituted in
a saposin-like protein without adding any additional
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lipids.

5. The method according to any one of the claims 1 to
4, wherein the antigen molecule is solubilized in a
solubilizing agent selected from one or more of HE-
GA-10, C-HEGA-11 or MEGA-10.

6. A reconstituted antigen particle comprising at least
one hydrophobic or partially hydrophobic antigen
molecule from a virus, a bacterium, fungus, protozo-
an, parasite, a human neoplastic cell or an animal
neoplastic, tumour or cancer cell, or an integral mem-
brane or peripheral membrane protein from a eu-
karyotic cell, reconstituted in a lipid membrane mim-
icking environment selected from a lipid binding
polypeptide such that the antigen molecule(s) is/are
assembled therein, wherein the lipid-binding
polypeptide is a saposin-like protein (SAPLIP) or
atruncated form thereof, wherein the SAPLIP and
the truncated form thereof are defined as in claim 1
above.

7. The reconstituted antigen particle according to claim
6, wherein the lipid membrane mimicking environ-
ment is a saposin-like protein and wherein the anti-
gen molecules are HIV-1 spike proteins.

8. An immunogenic composition comprising the recon-
stituted antigen particle of anyone of claims 6 or 7.

9. Use of the immunogenic composition of claim 8 for
vaccine production.

10. The immunogenic composition of claim 8 for use in
prophylactic or therapeutic vaccination.

Patentansprüche

1. Verfahren zur Herstellung eines Antigens, umfas-
send mindestens ein hydrophobes oder teilweise hy-
drophobes Antigenmolekül aus einem Virus, einem
Bakterium, einem Pilz, einem Protozoen, einem Pa-
rasiten, einer menschlichen neoplastischen Zelle
oder einer tierischen neoplastischen Zelle, einer Tu-
mor- oder Krebszelle oder einem integralen Memb-
ran- oder peripheren Membranprotein aus einer eu-
karyotischen Zelle, wobei das Verfahren die folgen-
den Schritte umfasst

- Bereitstellung eines Virus oder einer Zelle, die
ein Antigenmolekül enthält,
- wobei, wenn eine Zelle bereitgestellt wird, die
Zelle, die das Antigenmolekül umfasst, gereinigt
wird,
- Lösen des Antigenmoleküls in einem Lösungs-
vermittler, der das Antigenmolekül bei der So-
lubilisierung intakt erhält,

- Rekonstituieren des Antigenmoleküls in Ge-
genwart eines lipidbindenden Polypeptids, das
eine Lipidmembran-imitierende Umgebung be-
reitstellt, wobei sich das solubilisierte Antigen
selbst zu stabilen lipidbindenden Polypeptid-
Antigen-Partikeln zusammensetzt, und

wobei das lipidbindende Polypeptid, das eine die Li-
pidmembran nachahmende Umgebung bereitstellt,
ein saposinähnliches Protein (SAPLIP) oder eine
verkürzte Form davon ist,
wobei

- das SAPLIP ausgewählt ist aus (Homo sapi-
ens, Equus caballus, Bos taurus, Mus muscu-
lus, Oryctolagus cuniculus, Rattus norvegicus
oder Xenopus laevis) Saposin A, Saposin B, Sa-
posin C oder Saposin D, und wobei - ihre ver-
kürzte Form amphipathisch ist, mindestens eine
Alpha-Helix bildet und in der Lage ist, sich zu-
sammen mit löslich gemachten Antigenen zu li-
pidbindenden Polypeptid-/Antigenpartikeln
selbst zusammenzusetzen, wenn sie in dem
oben angegebenen Herstellungsverfahren ver-
wendet wird.

2. Verfahren nach Anspruch 1, wobei das Antigenmo-
lekül ein integrales Membranprotein, ein integraler
Membranproteinkomplex, ein peripheres Membran-
protein oder ein peripherer Membranproteinkomplex
ist.

3. Verfahren nach Anspruch 2, wobei das integrale
Membranteilchen ein virales Spike-Protein ist, wie
z.B. das trimere Hüllglykoprotein-Spike von HIV-1.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Antigenmolekül in einem Saposin-ähnlichen
Protein ohne Zugabe zusätzlicher Lipide rekonstitu-
iert wird.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das Antigenmolekül in einem Lösungsvermittler,
ausgewählt aus einem oder mehreren von HEGA-
10, C-HEGA-11 oder MEGA-10, solubilisiert wird.

6. Rekonstituiertes Antigenpartikel, umfassend min-
destens ein hydrophobes oder teilweise hydropho-
bes Antigenmolekül aus einem Virus, einem Bakte-
rium, einem Pilz, einem Protozoon, einem Parasiten,
einer menschlichen neoplastischen Zelle oder einer
tierischen neoplastischen Zelle, einer Tumor- oder
Krebszelle oder einem integralen Membran- oder
peripheren Membranprotein aus einer eukaryoti-
schen Zelle, rekonstituiert in einer Lipidmembran-
imitierenden Umgebung, ausgewählt aus einem li-
pidbindenden Polypeptid, so dass das/die Antigen-
molekül(e) darin zusammengesetzt wird/werden,
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wobei das lipidbindende Polypeptid ein saposinähn-
liches Protein (SAPLIP) oder eine verkürzte Form
davon ist, wobei das SAPLIP und die verkürzte Form
davon wie in Anspruch 1 oben definiert sind.

7. Rekonstituiertes Antigenpartikel nach Anspruch 6,
wobei die die Lipidmembran nachahmende Umge-
bung ein Saposin-ähnliches Protein ist und wobei
die Antigenmoleküle HIV-1-Spike-Proteine sind.

8. Immunogene Zusammensetzung, umfassend das
rekonstituierte Antigenteilchen nach einem der An-
sprüche 6 oder 7.

9. Verwendung der immunogenen Zusammensetzung
nach Anspruch 8 zur Impfstoffherstellung.

10. Die immunogene Zusammensetzung nach An-
spruch 8 zur Verwendung bei prophylaktischen oder
therapeutischen Impfungen.

Revendications

1. Procédé pour produire un antigène comprenant au
moins une molécule d’antigène hydrophobe ou par-
tiellement hydrophobe provenant d’un virus, d’une
bactérie, d’un champignon, d’un protozoaire, d’un
parasite, d’une cellule néoplasique humaine ou
d’une cellule néoplasique, tumorale ou cancéreuse
animale ou une protéine membranaire intégrale ou
membranaire périphérique provenant d’une cellule
eucaryote, le procédé comprenant les étapes :

- fournir un virus, ou une cellule comprenant une
molécule d’antigène,
- où, lorsqu’une cellule est fournie, purifier la cel-
lule comprenant la molécule d’antigène,
- solubiliser la molécule d’antigène dans un
agent solubilisant qui garde intacte une molécu-
le d’antigène lors de la solubilisation,
- reconstituer la molécule d’antigène en présen-
ce d’un polypeptide liant les lipides qui offre un
environnement imitant une membrane lipidique,
où l’antigène solubilisé s’auto-assemble en don-
nant des particules stables de (polypeptide liant
les lipides)-antigène, et

où le polypeptide liant les lipides qui offre un envi-
ronnement imitant une membrane lipidique est une
protéine de type saposine (SAPLIP) ou une forme
tronquée de celle-ci,
où

- la SAPLIP est sélectionnée parmi la saposine
A, la saposine B, la saposine C ou la saposine
D de (Homo sapiens, Equus caballus, Bos tau-
rus, Mus musculus, Oryctolagus cuniculus, Rat-

tus norvegicus ou Xenopus laevis), et où
- la forme tronquée de celle-ci est amphipathi-
que, forme au moins une hélice alpha, et est
capable de s’auto-assembler avec des antigè-
nes solubilisés en donnant des particules de
(polypeptide liant les lipides)-antigène lorsqu’el-
le est employée dans le procédé de préparation
qui est défini ci-dessus.

2. Procédé selon la revendication 1, dans lequel la mo-
lécule d’antigène est une protéine membranaire in-
tégrale, un complexe protéique membranaire inté-
gral, une protéine membranaire périphérique ou un
complexe protéique membranaire périphérique.

3. Procédé selon la revendication 2, dans lequel la par-
ticule membranaire intégrale est une protéine spike
virale, telle qu’une glycoprotéine spike trimérique de
l’enveloppe du VIH-1.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel la molécule d’antigène est recons-
tituée dans une protéine de type saposine sans ajout
d’aucun lipide supplémentaire.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel la molécule d’antigène est solu-
bilisée dans un agent solubilisant sélectionné parmi
un ou plusieurs de HEGA-10, C-HEGA-11 ou ME-
GA-10.

6. Particule d’antigène reconstitué comprenant au
moins une molécule d’antigène hydrophobe ou par-
tiellement hydrophobe provenant d’un virus, d’une
bactérie, d’un champignon, d’un protozoaire, d’un
parasite, d’une cellule néoplasique humaine ou
d’une cellule néoplasique, tumorale ou cancéreuse
animale ou une protéine membranaire intégrale ou
membranaire périphérique provenant d’une cellule
eucaryote, reconstituée dans un environnement imi-
tant une membrane lipidique sélectionné parmi un
polypeptide liant les lipides de sorte que la ou les
molécule(s) d’antigène est/sont assemblée(s) dans
celui-ci, où le polypeptide liant les lipides est une
protéine de type saposine (SAPLIP) ou une forme
tronquée de celle-ci, où la SAPLIP et la forme tron-
quée de celle-ci sont définies comme dans la reven-
dication 1 ci-dessus.

7. Particule d’antigène reconstitué selon la revendica-
tion 6, où l’environnement imitant une membrane li-
pidique est une protéine de type saposine et où les
molécules d’antigène sont des protéines spike du
VIH-1.

8. Composition immunogénique comprenant la parti-
cule d’antigène reconstitué selon l’une quelconque
des revendications 6 ou 7.
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9. Utilisation de la composition immunogénique selon
la revendication 8 pour la production de vaccin.

10. Composition immunogénique selon la revendication
8 pour l’utilisation dans la vaccination prophylactique
ou thérapeutique.
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