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(57) ABSTRACT

Vaccines and methods of inoculation for conferring immu-
nity to Cryptococcus infection are disclosed. Strains of
Cryptococcus fungi, including Cryptococcus neoformans
and Cryptococcus gattii, can be administered to a human or
animal subject via inhalation. Cryprococcus fungi that can
be used to confer immunity can comprise one or more
mutations in genes that contribute to chitosan production,
such as genes encoding a chitin deacetylase (cda), a chitin
synthase (chs) and/or a regulator of chitin synthase (csr).
Inhalation administration of heat-killed Cryptococcus har-
boring deletions in cdal, cda2 and cda3 genes can confer
immunity. In a murine model system, inhalation adminis-
tration of Cryptococcus neoformans harboring deletions in
cdal, cda2 and cda3 genes conferred immunity against
subsequent exposure to wild type Cryptococcus neoformans
in 100% of test animals. Inhalation administration of heat-
killed Cryprococcus grown under conditions leading to
reduced chitosan production can also confer immunity.
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1
VACCINATION AGAINST CRYPTOCOCCUS

PRIORITY

This application claims the benefit of U.S. Provisional
Application No. 61/933,964, filed on May 15, 2014, which
is hereby incorporated by reference in its entirety.

STATEMENT OF GOVERNMENT SUPPORT

This it was made with government support under
Al072195 awarded by the National Institutes of Health. The
government has certain rights in the invention.

REFERENCE TO A SEQUENCE LISTING

The Sequence Listing, which is a part of the present
disclosure, includes a text file comprising primer nucleotide
and/or amino acid sequences of the present invention. The
subject matter of the Sequence Listing is incorporated herein
by reference in its entirety. The information recorded in
computer readable form is identical to the written sequence
listing.

Introduction

Cryptococcus fungi, such as Cryptococcus neoformans
and Cryptococcus gattii are pathogenic fungi that are found
world-wide. Cryptococcus neoformans causes meningoen-
cephalitis, particularly in immunocompromised individuals.
It is invariably fatal unless treated, and the current antifun-
gals are inadequate to effectively cure this disease, due to
inherent toxicities or the inability to kill the fungus and
prevent relapse. Recent studies have indicated that there are
over 1,000,000 new cases of cryptococcosis in the world
each year, which results in over 600,000 deaths. Cryptococ-
cus neoformans is known to appear as an opportunistic
infection in AIDS patients.

The fungus Cryptococcus gattii also infects humans, and
can cause pulmonary diseases such as pulmonary crypto-
coccosis, basal meningitis, and cerebral cryptococcomas.
Cryptococcus gattii has also been associated with infections
of skin, soft tissue, lymph node, bone, and joints. Crypto-
coccus gattii is also known to infect non-human mammals,
such as dogs, cats, camelids, horses, sheep, goats, cows,
koalas and dolphins (Lockhart, S. R., et al., PLOS ONE 8:
issue 9 74737, 2013).

Banks, 1. R, et al., Eukaryotic Cell 4: 1902-1912, 2005
discloses that a chitin synthase (CHS3) and its regulator
protein (CSR2) are critical for chitosan production and
growth in Cryptococcus neoformans. These authors show
that deletions chs3A and csr2A are defective in chitosan
production. Although this reference suggests that chitin
synthesis could serve as an antifungal target, it does not
teach nor suggest the use of the disclosed strains for vaccines
against Cryptococcus infection.

Baker, L. G., et al., Eukaryotic Cell 6: 855-867, 2007
discloses that chitosan, a deacetylated form of chitin, is
necessary for cell wall integrity in Cryptococcus neofor-
mans. These workers demonstrated that three deacetylases,
Cdal, Cda2 and Cda3 can account for all chitosan produced
during vegetative growth of Cryptococcus neoformans in
culture. Several deletions of chitin deacetylases genes,
including cdalA, cda2A, cda3A, cdalAcda2A, cdalAcda3A,
cda2Acda3A and cdalAcda2Acda3A were described. How-
ever, none of these strains are described as conferring
immunity against Cryptococcus neoformans infection.

Baker, L. G., et al., Eukaryotic Cell 10: 1264-1268, 2011
discloses that Cryptococcus neoformans strains deleted for
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chitin deacetylases genes exhibit less virulence in mice.
These authors show in a model system that intranasal
inoculation of mice with wild type Cryprococcus neofor-
mans reduced survival to 0% by 19 days, whereas intranasal
inoculation with Cryptococcus neoformans having one or
more genetic deletions in chitin deacetylase(s) did not lead
to loss of survival over a 60 day period. However, the
reference did not describe any vaccine against Cryptococcus
infection or methods of conferring immunity against Cryp-
tococcus infection.

There is no effective vaccine against Cryptococcus neo-
formans or Cryptococcus gattii (Datta, K., and Pirofski, L.,
FEMS Yeast Res. 6: 525-536, 2006). Compositions and
methods for preventing Cryptococcus neoformans and
Cryptococcus gattii infection are needed.

SUMMARY

The inventors have developed vaccines effective in
humans and animals against infection by Cryptococcus
fungi, including Cryprococcus neoformans and Cryptococ-
cus gattii. The inventors have also developed novel methods
of administration of vaccine formulations.

In some embodiments, the present teachings include a
vaccine against a Cryptococcus fungus such as C. neofor-
mans or C. garttii which can be effective for protecting
humans and various non-human animals against a Crypto-
coccus infection such as Cryptococcus neoformans infection
and/or Cryptococcus gattii infection. In various aspects, a
method of the present teachings can comprise administering
to the lungs of a subject a Cryptococcus fungus deficient for
chitosan. In some configurations, the Cryprococcus fungus
can be a wild type Cryprococcus fungus deficient for chi-
tosan that can comprise, consist of, or consist essentially of
no more than 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%
of the chitosan level compared to a wild type Cryptococcus
grown on yeast extract peptone dextrose (YPD). In some
configurations, the Cryprococcus fungus deficient for chito-
san can be a Cryptococcus fungus grown in yeast nitrogen
base (YNB) medium. In some configurations, the medium
can be buffered to pH 7.0 with a buffering agent such as,
without limitation 3-(N-morpholino)propanesulfonic acid
(MOPS).

In some configurations, the Cryprococcus fungus deficient
for chitosan can be a Cryptococcus neoformans fungus
deficient for chitosan or a Cryprococcus gattii fungus defi-
cient for chitosan. In some configurations, the Cryptococcus
fungus deficient for chitosan can be a viable Cryprococcus
fungus deficient for chitosan or an inactivated Cryptococcus
fungus deficient for chitosan. In some configurations, the
Cryptococcus fungus deficient for chitosan can be a Cryp-
tococcus fungus deleted for at least one, at least two, at least
three chitin deacetylase genes such as, without limitation,
cdalA, cda2A and cda3A or a combination thereof. In
various configurations, the Cryprococcus fungus deficient
for chitosan can be a Cryprococcus fungus deleted for at
least a chitin synthase (chs) gene such as, without limitation,
chs3A. In some configurations, the Cryptococcus fungus
deficient for chitosan can be a Cryprococcus fungus deleted
for at least one chitin synthase regulator (csr) gene, such as,
without limitation csr2A. In some configurations, the Cryp-
tococcus fungus deficient for chitosan production can com-
prise, consist of, or consist essentially of a deletion or an
inactivating mutation in at least one, at least two, at least
three, or at least 4 gene(s) selected from the group consisting
of cdal, cda2, cda3, chs3 and csr2 or a combination thereof.
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In some configuration, the administering by inhalation to the
lungs can comprise nasal inhalation, oral inhalation, or a
combination thereof. In some configurations, the nasal inha-
lation can be selected from the group consisting of inhaling
a nose drop formulation and inhaling a nasal spray formu-
lation.

In some embodiments, a vaccine of the present teachings
can include a Cryptococcus neoformans strain deficient for
chitosan production. In some embodiments, the Cryptococ-
cus neoformans deficient for chitosan production can be
inactivated. In some embodiments, the Cryprococcus neo-
formans deficient for chitosan production can be viable. In
some embodiments, a vaccine of the present teachings can
include a Cryptococcus neoformans strain blocked for chi-
tosan production. In various aspects, a vaccine of the present
teachings can include a Cryprococcus neoformans strain
deficient for chitosan.

In various configurations, a Cryptococcus strain of the
present teachings can comprise less than 20% of wild-type
level of chitosan, less than 15% of wild-type level of
chitosan, less than 10% of wild-type level of chitosan, less
than 5% of wild-type level of chitosan, less than 1% of
wild-type level of chitosan, or less than 0.1% of level of
chitosan compared to its wild-type parent strain. In various
configurations, a Cryptococcus strain of the present teach-
ings can comprise no chitosan.

In various configurations, a Cryptococcus neoformans
strain deficient for chitosan production can have one or more
genetic mutations in gene(s) encoding chitin deacetylase
(cda). In some aspects, the one or more genetic mutations
can reduce or eliminate the ability of the fungus to produce
chitosan. In some aspects, a genetic mutation can be a
deletion. In various configurations, a Cryptococcus neofor-
mans strain deficient for chitosan production can have one or
more genetic lesions of one or more cda genes. A genetic
lesion of the present teachings can include a deletion muta-
tion, a point mutation, an insertion mutation, and/or a
frameshift mutation of any cda gene, such as, for example
and without limitation, a cdal gene, a cda2 gene, and/or a
cda3 gene, or any combination thereof. In various configu-
rations, a genetic mutation can reduce or eliminate expres-
sion of a functional cda gene product. In some configura-
tions, a genetic deletion can reduce or eliminate expression
of a cda gene. In various configurations, a Cryptococcus
neoformans strain of the present teachings can have dele-
tions and/or inactivating mutations in the cdal gene, the
cda2 gene, the cda 3 gene, a combination of mutations in the
cdal and cda2 genes, the cdal and cda3 genes, the cda2 and
cda3 genes, or the cdal, cda2 and cda3 genes.

In various configurations, a Cryptococcus strain deficient
for chitosan production that can be used in a vaccine can be
a viable Cryptococcus strain deficient for chitosan produc-
tion, or an inactivated Cryprococcus strain deficient for
chitosan production. In some configurations, an inactivated
Cryptococcus strain deficient for chitosan production can
comprise heat-killed or heat-attenuated Cryptococcus defi-
cient for chitosan production. In some configurations, an
inactivated Cryprococcus strain deficient for chitosan pro-
duction can comprise Cryptococcus deficient for chitosan
production that had been killed by exposure to electromag-
netic radiation such as ultraviolet light, gamma ray radiation,
or x-ray radiation, by exposure to nuclear radiation such as
exposure to an alpha particle emitting source or a beta
particle emitting source, by exposure to a toxic chemical, or
by photodynamic inactivation (Rodrigues, G. B., et al,

4

Photochemistry and Photobiology 88:440-447,2012; Fuchs,
B. B., et al., Antimicrobial Agents and Chemotherapy
51:2929-2936, 2007).

In various configurations, a Cryptococcus neoformans
strain deficient for chitosan production that can be used in a
vaccine can be a viable Cryprococcus neoformans strain
deficient for chitosan production, or an inactivated Crypto-
coccus neoformans strain deficient for chitosan production.
In some configurations, an inactivated Cryptococcus neo-
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prise heat-killed or heat-attenuated Cryptococcus neofor-
mans deficient for chitosan production. In some
configurations, an inactivated Cryptococcus neoformans
deficient for chitosan production can comprise Cryptococ-
cus neoformans deficient for chitosan production that had
been killed by exposure to electromagnetic radiation such as
ultraviolet light, gamma ray radiation, or x-ray radiation, by
exposure to nuclear radiation such as exposure to an alpha
particle emitting source or a beta particle emitting source, by
exposure to a toxic chemical, or by photodynamic inactiva-
tion (Rodrigues, G. B., et al., Photochemistry and Photobi-
ology 88:440-447, 2012; Fuchs, B. B, et al., Antimicrobial
Agents and Chemotherapy 51: 2929-2936, 2007).

In various configurations, a Cryptococcus gattii strain
deficient for chitosan production that can be used in a
vaccine can be a viable Cryprococcus gattii strain deficient
for chitosan production, or an inactivated Cryptococcus
gattii strain deficient for chitosan production. In some con-
figurations, an inactivated Cryptococcus gattii strain defi-
cient for chitosan production can comprise heat-killed or
heat-attenuated Cryptococcus gattii deficient for chitosan
production. In some configurations, an inactivated Crypto-
coccus gattii deficient for chitosan production can comprise
Cryptococcus garttii deficient for chitosan production that
had been killed by exposure to electromagnetic radiation
such as ultraviolet light, gamma ray radiation, or X-ray
radiation, by exposure to nuclear radiation such as exposure
to an alpha particle emitting source or a beta particle
emitting source, by exposure to a toxic chemical, or by
photodynamic inactivation (Rodrigues, G. B., et al., Photo-
chemistry and Photobiology 88: 440-447, 2012; Fuchs, B.
B., et al., Antimicrobial Agents and Chemotherapy 51:2929-
2936, 2007).

In various embodiments, methods are disclosed of con-
ferring immunity against Cryprococcus infection. In various
configurations, these methods include pulmonary adminis-
tration of an immune response-inducing amount of a Cryp-
tococcus strain deficient for chitosan production. In various
configurations, these methods include nasal administration
of'a Cryprococcus strain deficient for chitosan production. In
various configurations, a Cryptococcus strain deficient for
chitosan production can be administered to the lungs of a
subject by inhalation of the Cryptococcus via the nose,
mouth or a combination thereof. In various configurations,
administration of a Cryptococcus strain deficient for chito-
san production for inhalation can be accomplished using
pharmaceutically acceptable means, such as, without limi-
tation, nose drops or nasal spray. In some configurations, a
Cryptococcus strain deficient for chitosan production which
can be used for inhalation administration can be a live strain
of Cryptococcus deficient for chitosan production. In some
configurations, a Cryptococcus strain deficient for chitosan
production which can be used for inhalation administration
can be an inactivated strain of Cryptococcus deficient for
chitosan production.

In various embodiments, the inventors disclose methods
of conferring immunity against Cryprococcus neoformans
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infection. In various configurations, these methods include
pulmonary administration of an immune response-inducing
amount of a Cryptrococcus neoformans strain deficient for
chitosan production. In various configurations, these meth-
ods include pulmonary administration, which can be via
nasal inhalation and/or oral inhalation, of a Cryptococcus
neoformans strain deficient for chitosan production. In vari-
ous configurations, a Cryptococcus neoformans strain defi-
cient for chitosan production can be administered to the
lungs of a subject via inhalation of the Cryptococcus neo-
formans via the nose and/or mouth. In various configura-
tions, administration of a Cryptococcus neoformans strain
deficient for chitosan production for inhalation can be
accomplished using pharmaceutically acceptable composi-
tions, such as, without limitation, nose drops or nasal spray.
In some configurations, a Cryptococcus neoformans strain
deficient for chitosan production which can be used for
inhalation administration can be a live strain of Cryptococ-
cus neoformans deficient for chitosan production. In some
configurations, a Cryptococcus strain deficient for chitosan
production which can be used for inhalation administration
can be an inactivated strain of Cryptococcus neoformans
deficient for chitosan production.

In various embodiments, methods are disclosed of con-
ferring immunity against Cryptococcus gattii infection. In
various configurations, these methods can include pulmo-
nary administration of an immune response-inducing
amount of a Cryptococcus gattii strain deficient for chitosan
production. In various configurations, these methods include
nasal administration of a Cryptococcus gattii strain deficient
for chitosan production. In various configurations, a Cryp-
tococcus gattii strain deficient for chitosan production can
be administered to the lungs of a subject via inhalation of the
Cryptococcus gattii via the nose or mouth. In various
configurations, administration of a Cryptococcus gattii
strain deficient for chitosan production for inhalation can be
accomplished using pharmaceutically acceptable means,
such as, without limitation, nose drops or nasal spray. In
various configurations, administration of a Cryptococcus
gattii strain deficient for chitosan production for inhalation
can be accomplished using pharmaceutically acceptable
means, such as, without limitation, nose drops or nasal
spray. In some configurations, a Cryptococcus gattii strain
deficient for chitosan production which can be used for
inhalation administration can be a live strain of Cryptococ-
cus gattii deficient for chitosan production. In some con-
figurations, a Cryptococcus strain deficient for chitosan
production which can be used for inhalation administration
can be an inactivated strain of Cryptococcus gattii deficient
for chitosan production.

In various embodiments, the inventors disclose methods
of conferring immunity against Cryprococcus gattii infec-
tion. In various configurations, these methods include pul-
monary administration of an immune response-inducing
amount of a Cryptrococcus neoformans strain deficient for
chitosan production. In various configurations, these meth-
ods include nasal administration of a Cryptococcus neofor-
mans strain deficient for chitosan production. In various
configurations, a Cryptococcus neoformans strain deficient
for chitosan production can be administered to the lungs of
a subject via inhalation of the Cryprococcus neoformans via
the nose or mouth. In various configurations, administration
of a Cryprococcus neoformans strain deficient for chitosan
production for inhalation can be accomplished using phar-
maceutically acceptable means, such as, without limitation,
nose drops or nasal spray.
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In various embodiments, a subject that can be vaccinated
against a Cryptococcus such as Cryptococcus neoformans or
Cryptococcus gattii can be a human. In various embodi-
ments, a subject that can be vaccinated against Cryptococcus
neoformans or Cryptococcus gattii can be a non-human
mammal, such as, without limitation, a dog, a cat, a camelid
such as an alpaca or a llama, a rodent such as a laboratory
mouse, or a farm animal such as an equine, a bovine, a
caprine or an ovine.

In some embodiments, the present teachings include a
vaccine against Cryptococcus gattii which can be effective
for protecting humans and various non-human animals
against Cryptococcus gattii infection. In various aspects, a
vaccine of the present teachings can include a Cryptococcus
gattii strain deficient for chitosan production. In some
embodiments, the Cryprococcus gattii deficient for chitosan
production can be inactivated. In some embodiments, the
Cryptococcus gattii deficient for chitosan production can be
viable. In some embodiments, a vaccine of the present
teachings can include a Cryptococcus gattii strain blocked
for chitosan production. In various aspects, a vaccine of the
present teachings can include a Cryptococcus gattii strain
deficient for chitosan.

In some embodiments, the present teachings include a
vaccine against Cryptococcus gattii which can be effective
for protecting humans and various non-human animals
against Cryptococcus gattii infection. In various aspects, a
vaccine of the present teachings can include a Cryptococcus
neoformans strain deficient for chitosan production. In some
embodiments, the Cryprococcus neoformans deficient for
chitosan production can be inactivated. In some embodi-
ments, the Cryptococcus neoformans deficient for chitosan
production can be viable. In some embodiments, a vaccine
of the present teachings can include a Cryptococcus neo-
formans strain blocked for chitosan production. In various
aspects, a vaccine of the present teachings can include a
Cryptococcus neoformans strain deficient for chitosan. In
various embodiments, a Cryprococcus neoformans strain
deficient for chitosan production can confer immunity to a
mammal.

In various configurations, a Cryptococcus gattii strain
deficient for chitosan production can have one or more
genetic mutations in genes encoding chitin deacetylase
(cda). In some aspects, the one or more genetic mutations
can reduce or eliminate the ability of the fungus to produce
chitosan. In some aspects, a genetic mutation can be a
deletion. In various configurations, a Cryptococcus gattii
strain deficient for chitosan production can have one or more
genetic lesions of one or more cda genes. A genetic lesion of
the present teachings can include a deletion, a point muta-
tion, an insertion mutation, and/or a frameshift mutation of
any cda gene, such as, for example and without limitation,
a cdal gene, a cda2 gene, and/or a cda3 gene, or any
combination thereof. In various configurations, a genetic
mutation can reduce or eliminate expression of a functional
cda gene product. In some configurations, a genetic deletion
can reduce or eliminate expression of a cda gene. In various
configurations, a Cryptococcus gattii strain of the present
teachings can have deletions and/or inactivating mutations
in the cdal gene, the cda2 gene, the cda3 gene, a combina-
tion of mutations in the cdal and cda2 genes, the cdal and
cda3 genes, the cda2 and cda3 genes, or the cdal, cda2 and
cda3 genes.

In various configurations, a Cryptococcus gattii strain
deficient for chitosan production that can be used in a
vaccine can be a viable Cryprococcus gattii strain deficient
for chitosan production, or an inactivated Cryptococcus
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gattii strain deficient for chitosan production. In some con-
figurations, an inactivated Cryptococcus gattii strain defi-
cient for chitosan production can comprise heat-killed or
heat-attenuated Cryptococcus gattii deficient for chitosan
production. In some embodiments, a vaccine of the present
teachings can include a Cryptococcus gattii strain blocked
for chitosan production.

In various embodiments, the inventors disclose methods
of conferring immunity against Cryprococcus gattii infec-
tion. In various configurations, these methods include pul-
monary administration of an immune response-inducing
amount of a Cryptococcus gattii strain deficient for chitosan
production. In various configurations, these methods include
nasal administration of a Cryptococcus gattii strain deficient
for chitosan production. In various configurations, a Cryp-
tococcus gattii strain deficient for chitosan production can
be administered to the lungs of a subject via inhalation of the
Cryptococcus gattii via the nose or mouth. In various
configurations, administration of a Cryptococcus gattii
strain deficient for chitosan production for inhalation can be
accomplished using pharmaceutically acceptable means,
such as, without limitation, nose drops or nasal spray.

In various embodiments, a subject that can be vaccinated
against Cryptococcus gattii can be a human. In various
embodiments, a subject that can be vaccinated against
Cryptococcus gattii can be a non-human mammal, such as,
without limitation, a dog, a cat, a camelid such as an alpaca
or a llama, a rodent such as a laboratory mouse, or a farm
animal such as an equine, a bovine, a caprine or an ovine.

In some embodiments, the present teachings include a
vaccine against a Cryptococcus fungus such as C. neofor-
mans or C. garttii which can be effective for protecting
humans and various non-human animals against a Crypto-
coccus infection such as Cryptococcus neoformans and/or
Cryptococcus gattii infection. In various aspects, the present
teachings can include methods of inducing immunity against
a Cryptococcus fungus. In various configurations, these
methods comprise administering to a subject by inhalation
an immunity-inducing amount of a composition comprising
a Cryptococcus fungus deficient for chitosan. The Crypto-
coccus fungus can be a wild type Cryptococcus fungus
deficient for chitosan. The Cryprococcus fungus deficient for
chitosan can comprise, consist of, or consist essentially of no
more than 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%
of the chitosan level compared to a wild type Cryptrococcus
grown on yeast extract peptone dextrose (YPD). The Cryp-
tococcus fungus deficient for chitosan can be a Cryptococ-
cus fungus grown in yeast nitrogen base (YNB) medium.
The yeast nitrogen base (YNB) medium can be buffered to
pH 7.0. In some configurations, the yeast nitrogen base
(YNB) medium can be buffered to pH 7.0 with a buffering
agent such as, without limitation 3-(N-morpholino)propane-
sulfonic acid (MOPS). In some aspects, the Cryptococcus
fungus deficient for chitosan can be a Cryptococcus neofor-
mans fungus deficient for chitosan. In some aspects, the
Cryptococcus fungus deficient for chitosan can be a Cryp-
tococcus gattii fungus deficient for chitosan. In some
aspects, the Cryprococcus fungus deficient for chitosan can
be a viable Cryprococcus fungus deficient for chitosan. In
some aspects, the Cryptococcus fungus deficient for chito-
san can be an inactivated Cryptococcus fungus deficient for
chitosan. In some aspects, the Cryptococcus fungus deficient
for chitosan can be a Cryprococcus fungus deleted for at
least one chitin deacetylase gene. In some aspects, the at
least one chitin deacetylase gene can be selected from the
group consisting of cdalA, cda2A and cda3A. In various
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aspects, the Cryprococcus fungus deficient for chitosan can
be a Cryptococcus fungus deleted for at least two chitin
deacetylase genes. In some aspects, the at least two chitin
deacetylase gene deletions can be selected from the group
consisting of cdalAcda2A, cdalAcda3A and cda2Acda3A. In
some aspects, the Cryptococcus fungus deficient for chito-
san can be a Cryptococcus fungus deleted for at least three
chitin deacetylase genes. In some aspects, the Cryptococcus
fungus deficient for chitosan can be a Cryptococcus fungus
cdalAcda2Acda3A. The Cryptococcus fungus deficient for
chitosan can be a Cryptococcus fungus deleted for at least a
chitin synthase (chs) gene. In some aspects, the Cryptococ-
cus fungus deficient for chitosan can be a Cryprococcus
fungus chs3A. In some aspects, the Cryprococcus fungus
deficient for chitosan can be a Cryprococcus fungus deleted
for al least one chitin synthase regulator (csr) gene. In some
aspects, the Cryprococcus fungus deficient for chitosan
production can be a Cryprococcus fungus csr2A. In various
aspects, the Cryprococcus fungus deficient for chitosan
production can comprise, consist of, or consist essentially of
a deletion or an inactivating mutation in at least one gene
selected from the group consisting of cdal, cda2, cda3, chs3
and csr2. The administering by inhalation can comprise
nasal inhalation. In some aspects, administration by nasal
inhalation can be selected from the group consisting of
inhaling a nose drop formulation and inhaling a nasal spray
formulation.

In various embodiments, a vaccine against Cryptococcus
neoformans infection can comprise an inactivated Crypto-
coccus neoformans strain deficient for chitosan production.
In some aspects, the Cryprococcus neoformans strain defi-
cient for chitosan production can be an inactivated Crypto-
coccus neoformans strain deleted for at least one chitin
deacetylase (cda) gene. In some aspects, the at least one
chitin deacetylase (cda) gene deletion can be selected from
the group consisting of cdalA, cda2A and cda3A. In some
aspects, the Cryptococcus neoformans strain deficient for
chitosan production can be an inactivated Cryptococcus
neoformans strain deleted for at least two chitin deacetylase
(cda) genes. In some aspects, the at least two chitin deacety-
lase (cda) gene deletions can be selected from the group
consisting of cdalAcda2A, cdalAcda3A and cda2Acda3A. In
some aspects, the Cryptococcus neoformans strain deficient
for chitosan production can be an inactivated Cryptococcus
neoformans strain deleted for at least three chitin deacety-
lase (cda) genes. In some aspects, the Cryptococcus neofor-
mans strain deficient for chitosan production can be an
inactivated Cryptococcus neoformans strain
cdalAcda2Acda3A. In some aspects, the Cryptococcus neo-
formans strain deficient for chitosan production can be an
inactivated Cryptococcus neoformans strain deleted for at
least a chitin synthase (chs) gene, such as, without limita-
tion, CHS3. In some aspects, the Cryptococcus neoformans
strain deficient for chitosan production can be an inactivated
Cryptococcus neoformans strain chs3A. In some aspects, the
Cryptococcus neoformans strain deficient for chitosan pro-
duction can be an inactivated Cryptococcus neoformans
strain deleted for at least a chitin synthase regulator (csr)
gene such as, without limitation, CSR2. In some aspects, the
Cryptococcus neoformans strain deficient for chitosan pro-
duction can be an inactivated Cryptococcus neoformans
strain csr2A. In some aspects, the Cryptococcus neoformans
strain deficient for chitosan production can comprise a
deletion or an inactivating mutation in one or more genes
selected from the group consisting of cdal, cda2, cda3, chs3
and csr2. In some aspects, the inactivated Cryptococcus
neoformans strain deficient for chitosan production can be a
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heat-killed Cryptococcus neoformans strain deficient for
chitosan production. In some aspects, the inactivated Cryp-
tococcus neoformans strain deficient for chitosan production
can be a UV radiation-killed Cryptococcus neoformans
strain deficient for chitosan production. In some aspects, the
inactivated Cryptococcus neoformans strain deficient for
chitosan production can be a Cryptococcus neoformans
strain deficient for chitosan production inactivated by
alpha-, beta-, or gamma-ray radiation. In some aspects, the
inactivated Cryptococcus neoformans strain deficient for
chitosan production can be a Cryptococcus neoformans
strain deficient for chitosan production inactivated by pho-
todynamic inactivation (Rodrigues, C. B., et al., Photochem-
istry and Photobiology 88:440-447 (2012), Fuchs, B. B., et
al., Antimicrobial Agents and Chemotherapy 51: 2929-2936
(2007)). In some aspects, the vaccine against Cryptococcus
neoformans infection can further comprise a pharmaceuti-
cally acceptable vehicle for inhalation administration. In
some aspects, the pharmaceutically acceptable vehicle can
comprise a buffer. In some aspects, the pharmaceutically
acceptable vehicle can be a phosphate-buffered saline.

In various embodiments, a vaccine against Cryptococcus
neoformans can comprise a viable Cryptococcus neofor-
mans strain deficient for chitosan production and a pharma-
ceutically acceptable vehicle for inhalation administration.
In some aspects, the Cryprococcus neoformans strain defi-
cient for chitosan production can be a viable Cryptococcus
neoformans strain deleted for at least one chitin deacetylase
(cda) gene. In some aspects, the at least one chitin deacety-
lase (cda) gene deletion can be selected from the group
consisting of cdalA, cda2A and cda3A. In some aspects, the
Cryptococcus neoformans strain deficient for chitosan pro-
duction can be a viable Cryptococcus neoformans strain
deleted for at least two chitin deacetylase (cda) genes. In
some aspects, the at least two chitin deacetylase (cda) gene
deletions can be selected from the group consisting of
cdalAcda2A, cdalAcda3A and cda2Acda3A. In some
aspects, the Cryptococcus neoformans strain deficient for
chitosan production can be a viable Cryptococcus neofor-
mans strain deleted for at least three chitin deacetylase (cda)
genes. In some aspects, the Cryptococcus neoformans strain
deficient for chitosan production can be a viable Cryptococ-
cus neoformans strain cdalAcda2Acda3A. In some aspects,
the Cryptococcus neoformans strain deficient for chitosan
production can be a viable Cryptococcus neoformans strain
deleted for at least one chitin synthase such as, without
limitation, CHS3. In some aspects, the Cryprococcus neo-
formans strain deficient for chitosan production can be a
viable Cryptococcus neoformans strain chs3A. In some
aspects, the Cryptococcus neoformans strain deficient for
chitosan production can be a viable Cryptococcus neofor-
mans strain deleted for at least a chitin synthase regulator
(CSR2). In some aspects, the Cryptococcus neoformans
strain deficient for chitosan production can comprise a
viable Cryptococcus neoformans strain csr2A. In some
aspects, the pharmaceutically acceptable vehicle can com-
prise a buffer. In some aspects, the pharmaceutically accept-
able vehicle can comprise phosphate-buffered saline.

In various embodiments, a pharmaceutically acceptable
composition for a vaccine against Cryprococcus neoformans
infection of the present teachings can comprise the inacti-
vated Cryptrococcus neoformans strain deficient for chitosan
production in a nose drop formulation. In some aspects, a
pharmaceutically acceptable composition for a vaccine
against Cryptococcus neoformans infection of the present
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teachings can comprise an inactivated Cryptococcus neo-
formans strain deficient for chitosan production in a nasal
spray formulation.

In various embodiments, methods of inducing immunity
against Cryptococcus neoformans, can comprise adminis-
tering to a subject by inhalation an immunity-inducing
amount of a composition of the present teachings. In some
aspects, the administering by inhalation can comprise nasal
inhalation.

In various embodiments, a vaccine against Cryptococcus
neoformans infection can comprise a viable Cryptococcus
neoformans strain deficient for chitosan production. In some
aspects, the Cryptococcus neoformans strain deficient for
chitosan production can be a viable Cryptococcus neofor-
mans strain deleted for at least one chitin deacetylase (cda)
gene. In some aspects, the at least one chitin deacetylase
(cda) gene deletion can be selected from the group consist-
ing of cdalA, cda2A and cda3A. In some aspects, the
Cryptococcus neoformans strain deficient for chitosan pro-
duction can be a viable Cryptococcus neoformans strain
deleted for at least two chitin deacetylase (cda) genes. In
some aspects, the at least two chitin deacetylase (cda) gene
deletions can be selected from the group consisting of
cdalAcda2A, cdalAcda3A and cda2Acda3<—. In some
aspects, the Cryptococcus neoformans strain deficient for
chitosan production can be a viable Cryptococcus neofor-
mans strain deleted for at least three chitin deacetylase (cda)
genes. In some aspects, the Cryptococcus neoformans strain
deficient for chitosan production can be a viable Cryptococ-
cus neoformans strain cdalAcda2Acda3A. In some aspects,
the Cryptococcus neoformans strain deficient for chitosan
production can be a viable Cryptococcus neoformans strain
chs3A. In some aspects, the Cryprococcus neoformans strain
deficient for chitosan production can be a viable Cryptococ-
cus neoformans strain csr2A. In some aspects, the Crypto-
coccus neoformans strain deficient for chitosan production
can be a viable Cryptococcus neoformans strain chs3A
csr2A. In some aspects, the Cryptococcus neoformans strain
deficient for chitosan production can be a viable Cryptococ-
cus neoformans strain cdalA chs3A csr2A. A vaccine against
Cryptococcus neoformans infection of the present teachings
can further comprise a pharmaceutically acceptable vehicle
for inhalation administration. In some aspects, the pharma-
ceutically acceptable vehicle can comprise a buffer. In some
aspects, the pharmaceutically acceptable vehicle can com-
prise phosphate-buffered saline.

In various embodiments, a vaccine against Cryptococcus
neoformans can comprise a viable Cryptococcus neofor-
mans strain deficient for chitosan production and a pharma-
ceutically acceptable vehicle tor inhalation administration.
In some aspects, the Cryprococcus neoformans strain defi-
cient for chitosan production can be a viable Cryprococcus
neoformans strain deleted for at least one chitin deacetylase
(cda) gene. In some aspects, the at least one chitin deacety-
lase (cda) gene deletion can be selected from the group
consisting of cdalA, cda2A and cda3A. In some aspects, the
Cryptococcus neoformans strain deficient for chitosan pro-
duction can be a viable Cryptococcus neoformans strain
deleted for at least two chitin deacetylase (cda) genes. In
some aspects, the at least two chitin deacetylase (cda) gene
deletions can be selected from the group consisting of
cdalAcda2A, cdalAcda3A and cda2Acda3A. In some
aspects, the Cryptococcus neoformans strain deficient for
chitosan production can be a viable Cryptococcus neofor-
mans strain deleted for at least three chitin deacetylase (cda)
genes. In some aspects, the Cryptococcus neoformans strain
deficient for chitosan production can be a viable Cryptococ-
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cus neoformans strain cdalAcda2Acda3A. In some aspects,
the Cryptococcus neoformans strain deficient for chitosan
production can be a viable Cryptococcus neoformans strain
chs3A. In some aspects, the Cryprococcus neoformans strain
deficient for chitosan production can be a viable Cryptococ-
cus neoformans strain car2A. In some aspects, the Crypto-
coccus neoformans strain deficient for chitosan production
can be a viable Cryptococcus neoformans strain cdal cda2
cda3 chs3 csr2. In some aspects, the pharmaceutically
acceptable vehicle can comprise a buffer. In some aspects,
the pharmaceutically acceptable vehicle can be a phosphate-
buffered saline.

In various embodiments, a pharmaceutically acceptable
composition for a vaccine against Cryprococcus neoformans
infection can comprise the viable Cryptococcus neoformans
strain deficient for chitosan production of the present teach-
ings in a nose drop formulation. In some aspects, the
pharmaceutically acceptable composition for a vaccine
against Cryptococcus neoformans infection can comprise
the viable Cryptococcus neoformans strain deficient for
chitosan production of the present teachings in a nasal spray
formulation.

In various embodiments, methods of inducing immunity
against Cryptococcus neoformans can comprise administer-
ing to a subject by inhalation an immunity-inducing amount
of' a composition comprising a viable Cryptococcus neofor-
mans strain deficient for chitosan production of the present
teachings. In some aspects, the administering by inhalation
can comprise nasal inhalation.

In various embodiments, the present teachings include a
vaccine against Cryptococcus gattii infection, comprising an
inactivated Cryptococcus gattii strain deficient for chitosan
production. In various configurations, the Cryptococcus
gattii strain deficient for chitosan production can be an
inactivated Cryptococcus gattii strain deleted for at least one
chitin deacetylase (cda) gene. In various aspects, at least one
chitin deacetylase (cda) gene deletion can be selected from
the group consisting of cdalA, cda2A and cda3A. In some
aspects, a Cryptococcus gattii strain deficient for chitosan
production can be an inactivated Cryptococcus gattii strain
deleted for at least two chitin deacetylase (cda) genes. In
some aspects, the at least two chitin deacetylase (cda) gene
deletions can be selected from the group consisting of
cdalAcda2A, cdalAcda3A and cda2Acda3A. In some
aspects, the Cryptococcus gattii strain deficient for chitosan
production can be an inactivated Cryptococcus gattii strain
deleted for at least three chitin deacetylase (cda) genes. In
some aspects, the Cryptococcus gattii strain deficient for
chitosan production can be an inactivated Cryptococcus
gattii strain cdal Acda2Acda3A. In some aspects, the inacti-
vated Cryptococcus gattii strain deficient for chitosan pro-
duction can be a heat-killed Cryprococcus gattii strain
deficient for chitosan production. In some configurations, a
vaccine against Cryptococcus gattii infection of the present
teachings can further comprise a pharmaceutically accept-
able vehicle for inhalation administration. In some aspects,
the pharmaceutically acceptable vehicle can comprise a
buffer. In some aspects, the pharmaceutically acceptable
vehicle can be a phosphate-buffered saline.

In various embodiments, a vaccine against Cryptococcus
gattii can comprise a viable Cryptococcus gattii strain
deficient for chitosan production and a pharmaceutically
acceptable vehicle for inhalation administration. In some
aspects, the Cryptococcus gattii strain deficient for chitosan
production can be a viable Cryprococcus gattii strain deleted
for at least one chitin deacetylase (cda) gene. In some
aspects, the at least one chitin deacetylase (cda) gene dele-

10

15

20

25

30

35

40

45

50

55

60

12

tion can be selected from the group consisting of cdalA,
cda2A and cda3A. In some aspects, the Cryptococcus gattii
strain deficient for chitosan production can be a viable
Cryptococcus gattii strain deleted for at least two chitin
deacetylase (cda) genes. In some aspects, the at least two
chitin deacetylase (cda) gene deletions can be selected from
the group consisting of cdalAcda2A, cdalAcda3A and
cda2Acda3A. In some aspects, the Cryptococcus gattii strain
deficient for chitosan production can be a viable Cryptococ-
cus gattii strain deleted for at least three chitin deacetylase
(cda) genes. In some aspects, the Cryptococcus gattii strain
deficient for chitosan production can be a viable Cryptococ-
cus gattii strain cdalAcda2Acda3A. In some aspects, the
pharmaceutically acceptable vehicle can comprise a buffer.
In some aspects, the pharmaceutically acceptable vehicle
can be a phosphate-buffered saline.

In various embodiments, a pharmaceutically acceptable
composition for a vaccine against Cryptococcus gattii infec-
tion can comprise the inactivated Cryptococcus gattii strain
deficient for chitosan production of the present teachings in
a nose drop formulation. In various embodiments, the phar-
maceutically acceptable composition for a vaccine against
Cryptococcus gattii infection can comprise the inactivated
Cryptococcus gattii strain deficient for chitosan production
of the present teachings in a nasal spray formulation.

In various embodiments, methods of inducing immunity
against Cryptococcus gatti can comprise administering to a
subject by inhalation an immunity-inducing amount of a
composition comprised by an inactivated Cryprococcus gat-
tii strain deficient for chitosan production of the present
teachings. In some aspects, the administering by inhalation
can comprises nasal inhalation.

In various embodiments, a vaccine against Cryptococcus
gattii infection can comprise a viable Cryptococcus gattii
strain deficient for chitosan production. In some aspects, the
Cryptococcus gattii strain deficient for chitosan production
can be a viable Cryptococcus gattii strain deleted for at least
one chitin deacetylase (cda) gene. In some aspects, the at
least one chitin deacetylase (cda) gene deletion can be
selected from the group consisting of cdalA, cda2A and
cda3A. In some aspects, the Cryprococcus gattii strain
deficient for chitosan production can be a viable Cryptococ-
cus gattii strain deleted for at least two chitin deacetylase
(cda) genes. In some aspects, the at least two chitin deacety-
lase (cda) gene deletions can be selected from the group
consisting of cdalAcda2A, cdalAcda3A and cda2Acda3A. In
some aspects, the Cryprococcus gattii strain deficient for
chitosan production can be a viable Cryprococcus gattii
strain deleted for at least three chitin deacetylase (cda)
genes. In some aspects, the Cryptococcus gattii strain defi-
cient for chitosan production can be a viable Cryprococcus
gattii strain cdalAcda2Acda3A. In some aspects, the viable
Cryptococcus gattii strain deficient for chitosan production
can be a heat-killed Cryprococcus gattii strain deficient for
chitosan production. In some aspects, a vaccine against
Cryptococcus gattii infection of the present teachings can
further comprise a pharmaceutically acceptable vehicle for
inhalation administration. In some aspects, the pharmaceu-
tically acceptable vehicle can comprise a buffer. In some
aspects, the pharmaceutically acceptable vehicle can be a
phosphate-buffered saline.

In various embodiments, a vaccine against Cryptococcus
gattii can comprise a viable Cryptococcus gattii strain
deficient for chitosan production and a pharmaceutically
acceptable vehicle for inhalation administration. In some
aspects, the Cryptococcus gattii strain deficient for chitosan
production can be a viable Cryptococcus gattii strain deleted
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for at least one chitin deacetylase (cda) gene. In some
aspects, the at least one chitin deacetylase (cda) gene dele-
tion can be selected from the group consisting of cdalA,
cda2A and cda3A. In some aspects, the Cryptococcus gattii
strain deficient for chitosan production is a viable Crypto-
coccus gattii strain deleted for at least two chitin deacetylase
(cda) genes. In some aspects, the at least two chitin deacety-
lase (cda) gene deletions can be selected from the group
consisting of cdalAcda2A, cdalAcda3A and cda2Acda3A. In
some aspects, the Cryptococcus gattii strain deficient for
chitosan production can be a viable Cryprococcus gattii
strain deleted for at least three chitin deacetylase (cda)
genes. In some aspects, the Cryptococcus gattii strain defi-
cient for chitosan production can be a viable Cryptococcus
gattii strain cdalAcda2Acda3A. In some aspects, the phar-
maceutically acceptable vehicle can comprise a buffer. In
some aspects, the pharmaceutically acceptable vehicle can
comprise phosphate-buffered saline. In some aspects, the
pharmaceutically acceptable composition for a vaccine
against Cryptococcus gattii infection can comprise the
viable Cryptococcus gattii strain deficient for chitosan pro-
duction of the present teachings in a nose drop formulation.
In some aspects, a pharmaceutically acceptable composition
for a vaccine against Cryptococcus gattii infection can
comprise the viable Cryptococcus gattii strain deficient for
chitosan production of the present teachings in a nasal spray
formulation. In some aspects, a method of inducing immu-
nity against Cryptococcus gattii can comprise administering
to a subject by inhalation an immunity-inducing amount of
a composition comprised by a viable Cryprococcus gattii
strain deficient for chitosan production. In some aspects, the
administering by inhalation can comprise nasal inhalation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-B illustrate that mice exposed to Cryptococcus
neoformans cdalAcda2Acda3A survive wild type Crypto-
coccus neoformans infection.

FIG. 2A-B illustrates that mice exposed to heat-killed
Cryptococcus neoformans cdalAcda2Acda3A survive wild
type Cryptococcus neoformans infection.

FIG. 3 illustrates an experimental protocol for testing
Cryptococcus neoformans cdalA as a vaccine.

FIG. 4 illustrates a survival curve of a cdalA pilot
experiment described in FIG. 3.

FIG. 5 illustrates a survival curve of vaccinated mice
immunized with C. neoformans cdalA challenged with
R265 (C. gattii).

FIG. 6 illustrates a survival curve of vaccinated mice
immunized with C. neoformans cdalA challenged with
WM226 (C. gattii).

FIG. 7 illustrates that 129 mice immunized with Crypto-
coccus neoformans cdalAcda2Acda3A survive when chal-
lenged with C. neoformans.

FIG. 8 illustrates that A/J] mice immunized with Crypto-
coccus neoformans cdalAcda2Acda3A survive when chal-
lenged with C. neoformans.

FIG. 9 illustrates that 129 mice immunized with Crypto-
coccus neoformans cdalAcda2Acda3A survive when chal-
lenged with C. neoformans.

FIG. 10 illustrates fungal burden for surviving mice of
different strains after the conclusion of survival experiments.

FIG. 11 illustrates that CBA/] mice immunized with
heat-killed wild type cells grown in YNB pH 7.0 medium
buffered to pH 7.0 survive when challenged with C. neo-
formans.
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FIG. 12 illustrates chitosan levels present in mouse lungs
when inoculated with wild type or cdalA C. neoformans.

FIG. 13 illustrates chitosan levels present in wild type C.
neoformans cells when grown on YPD medium or YNB
medium buffered to pH 7.0.

DETAILED DESCRIPTION

The present inventors have developed vaccines and
administration protocols against infection by Cryptococcus
fungi, including Cryprococcus neoformans and Cryptococ-
cus gattii. In various embodiments, a vaccine of the present
teachings can provide significant protection against expo-
sure to a virulent Cryptococcus strain, such as a wild type
Cryptococcus neoformans or Cryptococcus gattii, up to
100% protection.

As used herein, an “inactivated” Cryptococcus refers to a
Cryptococcus fungus that has been disabled or killed such
that it is unable to reproduce upon infection of a host
organism, or grow in a standard nutrient medium. Inactiva-
tion of a Cryptococcus, including Cryptococcus deficient for
chitosan production, can be accomplished by any method
known to skilled artisans. In various configurations, an
inactivated Cryptococcus fungus of the present teachings
can comprise heat-killed or heat-attenuated Cryptococcus,
such as but not limited to heat-killed C. neoformans cdalA,
C. neoformans cda2AC. neoformans cda3A, C. neoformans
chs3A, C. neoformans csr2A or any combination thereof,
such as, without limitation C. neoformans
cdalAcda2Acda3A. In various configurations, an inactivated
Cryptococcus fungus of the present teachings can comprise
heat-killed or heat-attenuated Cryptococcus, such as but not
limited to heat-killed C. gattii cdalA, C. gattii cda2A C.
gattii cda3A, C. gattii chs3A, C. gattii csr2A or any combi-
nation thereof, such as, without limitation C. gattii
cdalAcda2Acda3A. In some configurations, an inactivated
Cryptococcus strain deficient for chitosan production can
comprise Cryptococcus that is deficient for chitosan produc-
tion and has been killed by exposure to heat, to electromag-
netic radiation such as ultraviolet light, gamma ray radiation,
or x-ray radiation, by exposure to nuclear radiation such as
exposure to an alpha particle emitting source or a beta
particle emitting source, by exposure to toxic levels of one
or more chemicals, by photodynamic inactivation (Rodri-
gues, G. B., et al., Photochemistry and Photobiology 88:440-
447, 2012; Fuchs, B. B., et al., Antimicrobial Agents and
Chemotherapy 51: 2929-2936, 2007), or any combination
thereof. In some configurations, effectiveness of an inacti-
vating treatment can be tested by plating treated samples on
nutrient plates under standard conditions; a treatment can be
considered inactivating if no colony forming units develop.

Methods and compositions described herein utilize labo-
ratory techniques well known to skilled artisans, and can be
found in laboratory manuals such as Sambrook, J., et al.,
Molecular Cloning: A Laboratory Manual, 3rd ed. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
2001; Spector, D. L. et al., Cells: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
1998; Nagy, A., Manipulating the Mouse Embryo: A Labo-
ratory Manual (Third Edition), Cold Spring Harbor, N.Y.,
2003 and Harlow, E., Using Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1999. Methods of administration of pharma-
ceuticals and dosage regimes, can be determined according
to standard principles of pharmacology well known skilled
artisans, using methods provided by standard reference texts
such as Remington: the Science and Practice of Pharmacy
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(Alfonso R. Gennaro ed. 19th ed. 1995); Hardman, J. G., et
al.,, Goodman & Gilman’s The Pharmacological Basis of
Therapeutics, Ninth Edition, McGraw-Hill, 1996; and
Rowe, R. C., et al., Handbook of Pharmaceutical Excipients,
Fourth Edition, Pharmaceutical Press, 2003. As used in the
present description and any appended claims, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context indicates otherwise.

In various embodiments, a Cryptococcus fungus, includ-
ing without limitation Cryptococcus neoformans or Cryp-
tococcus gattii comprising mutations in at least one, at least
two, or at least three chitin deacetylase (cda)genes and/or
chitin synthase genes and/or chitin synthase regulator genes
can be obtained and grown by established procedures (See,
e.g., Baker, L. G., et al., Fukaryotic Cell 6: 855-867, 2007
and Baker, L. G., et al., Eukaryotic Cell 10: 1264-1268,
2011). A mutation can interfere with, inactivate, or eliminate
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a gene or its encoded protein product. In various embodi-
ments, a Cryptococcus fungus, including without limitation
either Cryptococcus neoformans or Cryptococcus gattii of
the present teachings deficient for chitosan can be obtained
and grown by established procedures.

In wvarious embodiments, Cryptococcus neoformans
strains of the present teachings can comprise the following
DNA sequences.

C. neoformans CDA1 (CNAG_05799):

Wild type gene: Bolded regions are predicted introns. The
sequences between the double-underlined sequences are
deleted in the deletion strain.
GGCCCTCTACTCTACCTTCG (SEQ ID No:l) and
GCCGCCTCTAACACTTCTTCC (SEQ ID No:2) are the
primer sequences used for deletion. The residues in bold and
italicized typeface are the sites used for creating active site
mutants. In some configurations, selectable markers (not
indicated) can be inserted in place of the deleted portions.

(SEQ ID No.: 3)

GCCGAACAGCGCAGGTCAGGGAGAGCATTTCTAGCGTGCCTTGGTAGATCGTTATCGCGATT
TACTTTCCAGGCCCTGGGCGCTTCCAGCCATCAGCCAAAGGATAAAAGCGCGTGCCCTCTTC
TTTTCATCATTAACTTTTATCCTCCTCAGCACCCACGCTCTGTGATTCCATCTCTTCCTCCT
CGCATTCAAGCAGCCTCTTCATTTCTTTCCTCCGTCCCGGTGAGTGCGACGCCCGCCGCTGC
CATTCCCACACGATGACTTGAGACGCGTCTTCCCGCTATAGCCGACGCCCCTTTTCGTTTTC
TTGGCGTTTTGTCACATTGCCACATTGAGCAGCACAGCTTACTTGTCAGCAGCAAAAATCCA
ACTTCAAACAGCTCTTCAGCATCAACTCTATCACTCTTTCATCTCTTGTCAACTTCTCTTCC
TTCTCGCTCCAAAAGCGGAATTTCGCC ATGTTTACATTCGCTGCCTTCTCTGCTCTTCTAAT
TTCCCTCGCTGGTGTGGTGGCGCAGACTACAGGCACATCGGTTGACAGTAGCATCTTAACTA
AGACTGCTGACTCTACCGGTCCCTCTGGTTTCTCCATTCCGTGAGTACTCTCGACTTTTCCG
TCAACCTCCAGTCTCGCCACAGGCCATAGCGAACAATGAGCCAAGCGCCCACGCGAACCGTG
CCCATCATTATCCTCCCACTAATTCCTTTAACCAAACGTAGCTTTTAGAGGCCAAATGCTGA
CAAGTGCGTTTTTAGTGCTTTGAGCGAGCTCACGTCTGGTGCCCCCACTGACTCTACTGTGG

CCCTCTACTCTACCTTCGCGGCCGGTGCCACACCTACCGTTTCTGGTGCCCCTGTCCTCCCT

ACCAGTGCCCTCACCATCGCCGATTATCCAGCTTTAGATGTCACCCCTCCTACCAACTCCTC

TTTGGTTAAGGACTGGATGGCCAAGGTGAGTTGTGTTTGAGTCCGAARAGGCACCAGAAGAG

CTAACAGTTGGATTAGATCGACTTGTCCAAGGTGCCCAGTTATAATGTGACAACGGGCGATT

GTTCTACTGACGCGGCTGCTATCAGCGACGGTCGATGCTGGTGGACTTGTGGTGGTTGCACT

CGGGAAACCGACATTGTCGAGTGTCCTGACAAGAATGTTTGGGGTCTCTCTTAC GATGATGG

TCTTCGTTGTCGGCTCTCGTGTCCTTTCTCGACCCGAGATGCTCCAAACCGAATACATGTCT

GGACACCAGATCTCTATCCACACTTGGTCTCACCCCGCACTTACTACTCTTACCAACGAGGA

AATTGTTGCCGAGCTTGGTTGGACAATGAAGGTCATCAAGGACACCCTTGGCGTCACCCCAA

ACACTTTC CGACCCCCTTATGGTGACATTGATGACCGTGTTCGAGCTATTGCTGCTCAGATG

GGCTTGACCCCTGTTATCTGGACTTCTTACACTGATGGCTCAACCACTGTTAACTTTGACAC

TGTAGGCTTATCTTGACTTTCGCAATAATCTTACTAACGAAATGACAGAAC GACTGGCACAT

CAGTGGTGGTACCGCCACCGGCGCTTCTTCTTATGAGACCTTTGAGAAGATTCTCACCGAAT

ACGCCCCAAAGTTGGACACTGGTTTCATCACTCTTGAGCACGACAGTAAGTCTTGTCTATCC

GTCTTGCAATAATAATCCTGACGTATACCTTTACAGTCTACCAGCAGAGTGTTGACCTTGCT

GTTGGTTACATTTTGCCCCAAGTTCTCGCCAACGGTACCTATCAGCTCAAATCCATCATCAA
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CTGTTTGGGCAAGGACAGTAAGTTGCCTCCGCTAATCAGAAAAGGTTGTGGGCTAAGATGAT

ACACAGCCTCCGAAGCATACATTGAGACTTCATCCAACCAGACTACTACTCAGATCACTGCA
GCCACCGGCTCCCAGTCTACCTTCTTCCAGCCCATTGTTGGCACTGCTACCGGTGCTGAAGT
CTCTGCACCTTCTGAGGCCACTGGCAGCACTGCCGCTGGCTCTGCTGCCTCCACCACTAGTG

GTTCTGGCGCCAGCGCTTCTACAGGCGCCGCCTCTAACACTTCTTCCAGCGGGTCTGGTCGA

TCAGCCACCATGGGTGGTGCCCTCATTGCTCTTGCCGCTGTTGCGGT TGGTATGGTATATGT
CGCC TAAGTATTTCAAGGCTTTCAATGTAACGATGGATGGGGATGGGTGGTGGGGGGGGAGG
GAAGTGTGTCTAATGGGGCTATACTTGGGCTATACTTTGCCTCAAATCCATCAAGTATTAAT
AGCTGAACCATCTTTCGTTGAACCGTCTTTCATTGTGAACCATTTGTCTTTTTGATCTTTCA
AAGTTTGATCCATTATGAATATCATGGACATTTTGAACGTTTTGAACATCCATGTACTTTTC
ATTCGATCGATCTGAACGTGTTGTTGTGCATACCTCGCGAACAAGCTTTCAATGGATGGCTT

CAC

Mutant A is a triple point mutant that can be D166, R254
and D 294-catalytically inactive mutant:

The sequence of the mutant gene can comprise the
mutated residues:

GCCGAACAGCGCAGGTCAGGGAGAGCATTTCTAGCGTGCCTTGGTAGATCéi?gTégngf; Y
TACTTTCCAGGCCCTGGGCGCTTCCAGCCATCAGCCAAAGGATAAAAGCGCGTGCCCTCTTC
TTTTCATCATTAACTTTTATCCTCCTCAGCACCCACGCTCTGTGATTCCATCTCTTCCTCCT
CGCATTCAAGCAGCCTCTTCATTTCTTTCCTCCGTCCCGGTGAGT GCGACGCCCGCCGCTGC
CATTCCCACACGATGACTTGAGACGCGTCTTCCCGCTATAGCCGACGCCCCTTTTCGTTTTC
TTGGCGTTTTGTCACATTGCCACATTGAGCAGCACAGCTTACTTGTCAGCAGCAAAAATCCA
ACTTCAAACAGCTCTTCAGCATCAACTCTATCACTCTTTCATCTCTTGTCAACTTCTCTTCC
TTCTCGCTCCAAAAGCGGAATTTCGCC ATGTTTACATTCGCTGCCTTCTCTGCTCTTCTAAT
TTCCCTCGCTGGTGTGGTGGCGCAGACTACAGGCACATCGGTTGACAGTAGCATCTTAACTA
AGACTGCTGACTCTACCGGTCCCTCTGGTTTCTCCATTCCGTGAGTACTCTCGACTTTTCCG
TCAACCTCCAGTCTCGCCACAGGCCATAGCGAACAATGAGCCAAGCGCCCACGCGAACCGTG
CCCATCATTATCCTCCCACTAATTCCTTTAACCAAACGTAGCTTTTAGAGGCCAAATGCTGA
CAAGTGCGTTTTTAGTGCTTTGAGCGAGCTCACGTCTGGTGCCCCCACTGACTCTACTGTGG

CCCTCTACTCTACCTTCGCGGCCGGTGCCACACCTACCGTTTCTGGTGCCCCTGTCCTCCCT

ACCAGTGCCCTCACCATCGCCGATTATCCAGCTTTAGATGTCACCCCTCCTACCAACTCCTC

TTTGGTTAAGGACTGGATGGCCAAGGTGAGTTGTGTTTGAGTCCGAARAGGCACCAGAAGAG

CTAACAGTTGGATTAGATCGACTTGTCCAAGGTGCCCAGTTATAATGTGACAACGGGCGATT

GTTCTACTGACGCGGCTGCTATCAGCGACGGTCGATGCTGGTGGACTTGTGGTGGTTGCACT

CGGGAAACCGACATTGTCGAGTGTCCTGACAAGAATGTTTGGGGTCTCTCTTAC AACGATGG

GCCTTCTCCCTTCACCCCTCTCCTAATTGATTACCT TCAGGAGAAGAACATCAAGACCACCT

TCTTCGTTGTCGGCTCTCGTGTCCTTTCTCGACCCGAGATGCTCCAAACCGAATACATGTCT

GGACACCAGATCTCTATCCACACTTGGTCTCACCCCGCACTTACTACTCTTACCAACGAGGA

AATTGTTGCCGAGCTTGGTTGGACAATGAAGGTCATCAAGGACACCCTTGGCGTCACCCCAA

ACACTTTC GCTCCCCCTTATGGTGACATTGATGACCGTGTTCGAGCTATTGCTGCTCAGATG
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GGCTTGACCCCTGTTATCTGGACTTCTTACAC TGATGGCTCAACCACTGTTAACTTTGACAC

TGTAGGCTTATCTTGACTTTCGCAATAATCTTACTAACGAAATGACAGAAC AACTGGCACAT
CAGTGGTGGTACCGCCACCGGCGCTTCTTCTTATGAGACCTTTGAGAAGATTCTCACCGAAT
ACGCCCCAAAGTTGGACACTGGTTTCATCACTCTTGAGCACGACAGTAAGTCTTGTCTATCC
GTCTTGCAATAATAATCCTGACGTATACCTTTACAGTCTACCAGCAGAGTGTTGACCTTGCT
GTTGGTTACATTTTGCCCCAAGTTCTCGCCAACGGTACCTATCAGCTCAAATCCATCATCAA
CTGTTTGGGCAAGGACAGTAAGTTGCCTCCGCTAATCAGAAAAGGTTGTGGGCTAAGATGAT
ACACAGCCTCCGAAGCATACATTGAGACTTCATCCAACCAGACTACTACTCAGATCACTGCA
GCCACCGGCTCCCAGTCTACCTTCTTCCAGCCCATTGTTGGCACTGCTACCGGTGCTGAAGT
CTCTGCACCTTCTGAGGCCACTGGCAGCACTGCCGCTGGCTCTGCTGCCTCCACCACTAGTG

GTTCTGGCGCCAGCGCTTCTACAGGCGCCGCCTCTAACACTTCTTCCAGCGGGTCTGGTCGA

TCAGCCACCATGGGTGGTGCCCTCATTGCTCTTGCCGCTGTTGCGGT TGGTATGGTATATGT
CGCC TAAGTATTTCAAGGCTTTCAATGTAACGATGGATGGGGATGGGTGGTGGGGGGGGAGG
GAAGTGTGTCTAATGGGGCTATACTTGGGCTATACTTTGCCTCAAATCCATCAAGTATTAAT
AGCTGAACCATCTTTCGTTGAACCGTCTTTCATTGTGAACCATTTGTCTTTTTGATCTTTCA
AAGTTTGATCCATTATGAATATCATGGACATTTTGAACGTTTTGAACATCCATGTACTTTTC
ATTCGATCGATCTGAACGTGTTGTTGTGCATACCTCGCGAACAAGCTTTCAATGGATGGCTT
CAC

Mutant B is a mutant in which the potential Zinc binding
site viz: D167, H216 and H220 are mutated.

(SEQ ID No. :
GGAACAATAACAAAGCACAACGCGACAARAGC CGAACAGCGCAGGTCAGGGAGAGCATTTCT

AGCGTGCCTTGGTAGATCGTTATCGCGATTTACTTTCCAGGCCCTGGGCGCTTCCAGCCATC
AGCCAAAGGATAAAAGCGCGTGCCCTCTTCTTTTCATCATTAACTTTTATCCTCCTCAGCAC
CCACGCTCTGTGATTCCATCTCTTCCTCCTCGCATTCAAGCAGCCTCTTCATTTCTTTCCTC
CGTCCCGGTGAGTGCGACGCCCGCCGCTGCCATTCCCACACGATGACTTGAGACGCGTCTTC
CCGCTATAGCCGACGCCCCTTTTCGTTTTCTTGGCGTTTTGTCACATTGCCACATTGAGCAG
CACAGCTTACTTGTCAGCAGCAAAAATCCAACTTCAAACAGCTCTTCAGCATCAACTCTATC
ACTCTTTCATCTCTTGTCAACTTCTCTTCCTTCTCGCTCCAAAAGCGGAATTTCGCC ATGTT
TACATTCGCTGCCTTCTCTGCTCTTCTAATTTCCCTCGCTGGTGTGGTGGCGCAGACTACAG
GCACATCGGTTGACAGTAGCATCTTAACTAAGACTGCTGACTCTACCGGTCCCTCTGGTTTC
TCCATTCCGTGAGTACTCTCGACTTTTCCGTCAACCTCCAGTCTCGCCACAGGCCATAGCGA
ACAATGAGCCAAGCGCCCACGCGAACCGTGCCCATCATTATCCTCCCACTAATTCCTTTAAC
CAAACGTAGCTTTTAGAGGCCAAATGCTGACAAGTGCGTTTTTAGTGCTTTGAGCGAGCTCA
CGTCTGGTGCCCCCACTGACTCTACTGTGGCCCTCTACTCTACCTTCGCGGCCGGTGCCACA
CCTACCGTTTCTGGTGCCCCTGTCCTCCCTACCAGTGCCCTCACCATCGCCGATTATCCAGC
TTTAGATGTCACCCCTCCTACCAACTCCTCTTTGGT TAAGGACTGGATGGCCAAGGTGAGTT
GTGTTTGAGTCCGAAAAGGCACCAGAAGAGCTAACAGTTGGATTAGATCGACTTGTCCAAGG
TGCCCAGTTATAATGTGACAACGGGCGATTGTTCTACTGACGCGGCTGCTATCAGCGACGGT

CGATGCTGGTGGACTTGTGGTGGTTGCACT CGGGAAACCGACATTGTCGAGTGTCCTGACAA

20
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GAATGTTTGGGGTCTCTCTTACGAT AACGGGCCTTCTCCCTTCACCCCTCTCCTAATTGATT

ACCTTCAGGAGAAGAACATCAAGACCACCTTCTTCGTTGTCGGCTCTCGTGTCCTTTCTCGA
CCCGAGATGCTCCAAACCGAATACATGTCTGGACACCAGATCTCTATC GCCACTTGGTCT &GC
CCCCGCACTTACTACTCTTACCAACGAGGAAATTGTTGCCGAGCTTGGTTGGACAATGAAGG
TCATCAAGGACACCCTTGGCGTCACCCCAAACACTTTCGCTCCCCCTTATGGTGACATTGAT
GACCGTGTTCGAGCTATTGCTGCTCAGATGGGCTTGACCCCTGTTATCTGGACTTCTTACAC
TGATGGCTCAACCACTGTTAACTTTGACACTGTAGGCTTATCTTGACTTTCGCAATAATCTT
ACTAACGAAATGACAGAACAACTGGCACATCAGTGGTGGTACCGCCACCGGCGCTTCTTCTT
ATGAGACCTTTGAGAAGATTCTCACCGAATACGCCCCAAAGTTGGACACTGGTTTCATCACT
CTTGAGCACGACAGTAAGTCTTGTCTATCCGTCTTGCAATAATAATCCTGACGTATACCTTT
ACAGTCTACCAGCAGAGTGTTGACCTTGCTGTTGGTTACATTTTGCCCCAAGTTCTCGCCAA
CGGTACCTATCAGCTCAAATCCATCATCAACTGTTTGGGCAAGGACAGTAAGTTGCCTCCGC
TAATCAGAAAAGGTTGTGGGCTAAGATGATACACAGCCTCCGAAGCATACATTGAGACTTCA
TCCAACCAGACTACTACTCAGATCACTGCAGCCACCGGCTCCCAGTCTACCTTCTTCCAGCC
CATTGTTGGCACTGCTACCGGTGCTGAAGTCTCTGCACCTTCTGAGGCCACTGGCAGCACTG
CCGCTGGCTCTGCTGCCTCCACCACTAGTGGTTCTGGCGCCAGCGCTTCTACAGGCGCCGCC
TCTAACACTTCTTCCAGCGGGTCTGGTCGATCAGCCACCATGGGTGGTGCCCTCATTGCTCT
TGCCGCTGTTGCGGTTGGTATGGTATATGTCGCC TAAGTATTTCAAGGCTTTCAATGTAACG
ATGGATGGGGATGGGTGGTGGGGGGEGGAGGCGAAGTGTGTCTAATGGGGCTATACTTGGGCTA
TACTTTGCCTCAAATCCATCAAGTATTAATAGCTGAACCATCTTTCGTTGAACCGTCTTTCA
TTGTGAACCATTTGTCTTTTTGATCTTTCAAAGTTTGATCCATTATGAATATCATGGACATT
TTGAACGTTTTGAACATCCATGTACTTTTCATTCGATCGATCTGAACGTGTTGTTGTGCATA

CCTCGCGAACAAGCTTTCAATGGATGGCTTCACAGATC.

CDA2: CNAG_01230: chitin deacetylase 2: The
sequences between the underlined sequences are deleted in
the deletion strain.

SEQ ID No.: 6
GAAAATCACAGCACAGCAACATAACAAACCGCAAAACAAAAGGTAGAAGTAAAAATAéCAiATAGC )
GCAGAATAACCGACATCGCCCTCATAAAACGAAGGCTCAAAGCTCGGCTGCTGATTCTCATTTCTCTC
ATCTCCATTCTTCTTTCTCATCGTATTACCTTTTCCGCTCTTTATCTCCAAGAACAATAATAATCTTTTCG
CCTCTTAATCACACAGGCGAA ATGATCCCTTCCACCGCCGCCGCCCTCCTCACCCTCACAGCTGGTGC

CGCCTTCGCCCATACCGGATGTGGTGGCCACGAGATTGGTCGGCGAAATGTTGGCGGTCCCATGTT

GTATCGTCGAGCTGTCACCGATGAAGCTAGTGCTGCTGTCAGTACAGGTAGGTTAATACAATACAAT

ACAATCGTATTCTATGACAATGACTGACCATAACGACCACGTAGACATCAACACCGAGTGTACAGCC

TACAGTTATGCCCCTGTGACCGAGTTGATATCCTCTTTCCCGACTATTTGGCAGACTGCTTCCATCCCC

TCCAATGACACAGAAGCCCAACAACTTTTTGGGAAAATTAACTCCACTCTTAATACCAAGATTCCAAA

TGATGTACCCCACGGAACCCCCACGGGTGATTGGACCGGTGTGAACTACTCTAACAGTGACCCGGA

CTGTTGGTGGACTCATAACAAGTGCACGACTCCTTCCAACGACACTGGTTTGCAAGCCGATATCTCC

ATCGCACCCGAGCCAATGACATGGGGTTTGGGTTTTGACGATGGACCTAACTGTAGTCACAACGCTT

TGTATGATCTTCTTTTGGAGAACAACCAGAAGGCTACCATGTACGTGATCATCTCTCTTTATTCATGTC

CAAACTTATGTATGTAAAAGGTTTTTCATTGGATCCAATGTCTTGGACTGGCCTCTCCAGGCTATGAG
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GGCTCACGACGAAGGTCATGARATATGTGTTCACACCTGGTCTCATCAATACATGACCGCCCTCAGT

AACGAGGTCGTCTTTGCCGAATTGTACTACACCCAGAAAGCCATCAAGGCTGTTCTCGGAGTTACTC
CCCAGTGCTGGTATGTTGGCACTTTGGTGGAATCGTGTGAGACTATAGCTAATGATGACACAGGCG
ACCTCCGTACGGTGATGTCGACAACAGAGTTCGTATGATTGCCGAGGGACTCAACCTGACTACCATC
ATCTGGTCAGACGACACCGATGACTGGGCGGCTGGAACCAACGGCGTCACTGAGCAAGACGTCACA
AATAACTACCAGTCAGTGATCGACAAGGCTGGTAACGGTACATACACTACTCACGGCCCCGTTGTTC
TTAACCACGAGCTCAGTAAGTCTCTCCCAACGACTAAACCGATGTTTGCTCACGATGTCCTCTTCAGC
CAACTACACCATGTCTGTCTTCATGACTATGTTCCCCAAGATCAAATCAGCTTTCAACTACATTGTCCC
CATTTGCACTGCATACAACATCACCCAACCATATGCCGAAAGTAATATCACTTGTCCCAACTTTGARAA
CTTACATCTCTGGTGTCACAAACATCAGCAGCTCTACCACTCAGAAAGATGGAAGCAGCTCAACAAL
CACTGCTTCTGGTTCCGGCGCCGCTGGTAGTGCCAGTGCCACTAGCAGCAGCGACGACTCAAGCAG

CTCTGGTGGCTCAAGCGGCTCTAGTGGCTCAAACAACGCTAGCAGTGGTGCTTTGGGCATGTTCGAC

AGTTTGTCAGGAGTGGGTCTTAT TTTGGGGGGTGTAGTTGCTGGTGTGATGCTGCTG TAATGTGAT
GTGCTTTAGCACGAAAAAAATGGACAGTATATCAAACGTCACATGACGTACTATGTATCCAAACGGA
GGTTCGGGTGAGACACCCGTCAATCTAATTCIGTTAAGGGCATTTGATGATTGTCAGTTCTACGTAG
TGCCGAAACGAAGATTGAGTTTCTGTTATCTAACAGACGAAAAGGAACGCTGATATGCACTGCCATT

TATCTGAGATCCAATG

C. neoformans var. grubii H99 (CNA3): CNAG_01239— 30
chitin deacetylase: CDA3

The sequences of the primers are underlined. The
sequence between the underlined primer sequences are
deleted. In CDA3 deleted strains around 3049 bp of chro-
mosomal sequence has been deleted out of which 1528 bp
actually belong to CDA3 genomic region.

(SEQ ID No.: 7)
GGCATGTCGTGATTAATTATTTGACATTTTGTTCTATTCGTTTCAGATCCAGTAATAGTTTTTTTCTCTT

TATCTTTGTTGTGTGAGTTGAAATGAAGTGGGGGGCGTCGACTTGGGTGTAATTCTTCATCGCCTGC

TGAACAGGTTGCACTGTTGGCAAGGAGAGCAGTTGGTGTGGAT TGGATAGGACTTTTTCCTTGGTCT

ATACGACAATCAATAGCCCGAAGATAGTAGATCAGATGATATGATATATGCTGATTATCTTCATTGG

GCTAGCACAGCACAGCGTTAGCAGACGGTAGCAGTCATGCTTTTCTCACCTCAGTCCATCGGAGATT

GAAGATCGGAGATCCTGTGTGCTACATGCATGAGCTGT TGTAAGGGACAAATTGCAGAACACTGCA

ATGAACTAACTATTAACTAGGAGCTTGAAAGT CAGGAGATCAATGATCAGGAAGAAAAATCATCGG

AATTCCCATGCTATTTGTGTACATATAATAAGATGCACATTTGTTCTGAGCGATAATTTTGCTTTTTAT

ATCTATCCATTTAGGCTAATACCAGTACTACGTACTTCGCATTTCACAGTTCACAGAGTAGTACATAC

GTACAGATAACACAGCATCACAAACCCAGATACCACCACAGACTGCATCACAGTAGCAACATGGAGT

CTGAGCTTTGGGAGTTGAT TGAGAGACTTGTTGAATTGCCTGTGAAGAGCCGTATAATTGACTGTCT

GAAATTATACTGTCTTTAATGGGGACTGGAGACTCATCAAATAAAACTTGACTCGCATGTTGAGGAC

CATTGATGCCGTGAGCATGTGTTTATTATGGATATGGACGGATACTATGGCTAAGTAAGAATCTGAT

GTTCCTGTTATTGCCTCTTTCATCATCATACAGTTCGGCGAACCTTGTGCAAAGATAGCCCTGAGATA

AGTGTACGACGGAAACATGTCCCTGAGCGACGGGTATGAAATATTCAGGGTCTTCACAAGTCGCAA

TCCGCAATCCGGCATTTTTCACCATTTGCCGTATCCGGCCTCGGCTCCGTACGTATTCCCACCAAGAA

TCTAACACAACACCAACAAACACCTATAAACTTCACTGCTTCTTCCCCTCCCCTTCTTCATCAGCGCTG
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CCCCTCCATCCTCTACCTCCCCTACTGCCTATACCACGATCCTCTTCCCTCACACATAACCTCCTCCTC

TCTCTTTCTCCCCTATCTTTTCTTCGGTACGTCTGTTTACTCACCCATCAAGCGGTTTATTGTTGTGTA

CCTATGATCCTTCCCAATTCGATCAAATCAGTTGGTGTCTAACTTCGCACGCAGTCTTTCTGTACAAG

AAGTTGCTCTCCCTTCTGTCTTTCGGCATAACGTCAGCCTCTTGCCCACCCCCACACAACCACATGTA

AGCACATCCTCTAAGCACATCCTCTCCTTTCGTCTACAAACGGAGAAACTATTACGTATACAACAGG

ACAAGGGCTGACTTTAACCTATTCAATCAGAACGGCCCGTTAGA ATGTACGGTCATTTATCTCTCTC

CGCACTTTCCTTGTTTGCAGTGGTGGCCGCTGCTCCATTCCGGGAGTCATGGCTTCAGCCTAGAGATT

CCCCCGTCTCACAGCTGTTCAGACGAAAaGCTCCCGATCCCAACTCCAATGGTCAGTACCATCTTCTA

CTATCTCTCAATAAGTAGGACGAGATTTCACTCATATTCCTTTATAGATTACATGAGTTACTATCCAG

GCCCTGGGTCCACTCCGAACGTCAGCACCATTCCCCAAGCTTGGTTGGATAAACTTGCCACAGTGAA

CTTGCCAAATGTTCCAGTAGCTACACCTGATGGTGGTCGTCCTACTTACCCTAATAATGAGGACGAT

GGTGACTCGACAATTTGTTCTTTCACCGATCAATGCCGCGTAGAGGACGATCTGTACTCTCCCCCGG

GTGAGAAGATCTGGGCCGTGAGTGTTATATACTTCTCCATTCATTGTCATCTAGAGATGTGATTAAC

GCGGGTATACAGCTTTCCTTCGACGATGGACCCACAGACGTCAGTCCTGCTCTCTACGACTATCTGG

CTCAGAACAACATATCGTCCTCTGCGACTCATTTCATGATCGGCGGTAATGTTATTACTTCGTATGTC

TCGACCTGCAGCATGTCCCTGCAGGTGTTGTAATATTGACTTTGTGAAATGTAACAGCCCACAGTC

AGTTCTCGTTGCCGTTAAGGCTGGAGGTCACCTTGCCGTCCACACTTGGTCCCATCCTTATAGTGAGT

ATTTGTTAAATTAAAGCACGATTAGTTTTTAAGTCATTTCTTGCAGTGACAACTCTTACCAACGAGC

AAGTCGTTGGAGAGCTCGGCTGGACCATGCAGGCCCTTAGCGATCTCAATGGTGGCCGAATTCCCA

TGTACTGGCGCCCTCCGTATGGAGATGTTGACAACCGTGTCCGAGCTATTGCGAAGGAAGTATTTGG

CTTGGTGACTGTCCTTTGGGATTCGGGTGAGCATCTTGCTTCATGCTGTGGATAAATTGCTAATGGA

TCATAGACACCAATGATTGGGCTATTACCGACGAGCCAGGCCAGTACTCTGTTGCAAGCGTTGAGG

CTTACTTCGACACTTTGGTCACTGGCAATCGAACCCAAGGTCTTTTGCTCTTAGAACATGAGCTGGAT

AACAACACTGTTGAAGTCTTCGAAACGGAGTACCCCAAGGCAGTGGGTAATGGATGGACTGT CAAG

AATGTGGCCGATGCTTTTAACATGGAATGGTACCTGAACTCTGGCAAGGGCAACAACGACGTTGTCA

CAACTATGTCTGTTGCCGGTACCCTGACCACGGCCACGCCAACTAATACTTCTACCTATGTCGCTTCC

TCAACTGCAGCCTCCAGTGCTTCAGTCACGGACTCAGCCGGTGTGTCGATTGCCTCTGCTGCGAGCT

CCGAAGCGTCTTCTTCGTGGGCCATTGCCAACAGGCCTTCTCACTTCGTCATCGCCATCGCGTGCGGC

CTTGCCCTTGCTGCTATAATGGTC TGATAGATGCCATGTGCACTTTTTTGTCGGTCTTTTTAGATCATG

GACTCTCATTCGCATTATATAGGAATCATGGACATATAATTCATTTTTATTGCCATAGACAGTCAAGG

ATTGTTAGATTGTAGCAGTACATTGTTTTTTTTCTTTTTTTGTGAATAATGGACAATTTATTTAGTAGTT

GTTTAATTAATCGTCATCAACATTCATTAGCTTTTTCATTTAATAGCACAACAAGGCCGGCAACCARAA

ATGAGTAGAACATGTATACTGTCTTCACAACA

EXAMPLES

The present teachings including descriptions provided in
the Examples that are not intended to limit the scope of any
claim or aspect. Unless specifically presented in the past
tense, an example can be a prophetic or an actual example.
The following non-limiting examples are provided to further
illustrate the present teachings. Those of skill in the art, in
light of the present disclosure, will appreciate that many
changes can be made in the specific embodiments that are
disclosed and still obtain a like or similar result without
departing from the spirit and scope of the present teachings.
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Example 1

This example illustrates that exposure of mice to a com-
position of the present teachings confers immunity to Cryp-
tococcus infection in a model system.

In these experiments, illustrated in FIG. 1A, a group of 5
mice were inoculated through nasal inhalation with 107
Cryptococcus neoformans cdalAcda2Acda3A. These mice
were challenged with 10° wild type (strain KN99) at day 38
post inoculation. At 70 days post inoculation, 100% of these
mice were alive. In contrast, 100% of a control group of 4
mice that had not been inoculated with Cryptococcus neo-
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formans cdalAcda2Acda3A were dead within 15 days after
being challenged with 10° wild type Cryptococcus neofor-
mans (strain KN99). These data demonstrate the effective-
ness of inhalation exposure to Cryptococcus neoformans
cdalAcda2Acda3A for conferring immunity to Cryptococcus
neoformans infection.

In a second experiment, ten CBA/J mice were vaccinated
with 107 of a live preparation of cdalA2A3A cells. After 40
days post vaccination, the vaccinated mice and a group of
ten naTve CBA/J mice were challenged with 100,000 of C.
neoformans cells. FIG. 1B shows that 100% of the vacci-
nated mice survived to 80 days post infection, while 100%
of the naive mice were dead by 20 days post infection.

Example 2

This example illustrates preparation and use of heat-killed
Cryptococcus deficient for chitosan production for confer-
ring immunity against Cryptococcus infection.

In these experiments, a suspension of Cryptococcus neo-
formans cdalAcda2Acda3A in phosphate-buffered saline
(PBS) is heated to 80° C. for 30 minutes. Test platings on
nutrient medium are used to confirm the loss of viability of
these Cryptococcus neoformans cdalAcda2Acda3A. Test
mice are exposed to these heat-killed fungi as in Example 1.
These animals can survive a challenge infection with wild
type Cryptococcus neoformans. Such experiments can show
that heat-killed Cryprococcus deficient for chitosan produc-
tion can be effective for conferring immunity, with efficacy
similar to that obtained using live Cryptococcus neoformans
cdalAcda2Acda3A.

Example 3

This example illustrates that inactivated Cryptococcus
neoformans deficient for chitosan production is effective as
a vaccine against C. neoformans infection in a mouse model
system.

In these experiments, C. neoformans fungi (strain KN99),
and C. neoformans cdalAcda2Acda3A subjected to heat-
killing. For each strain, heating was applied until samples
formed no colonies on standard nutrient plates. 5 mice were
inoculated by nasal administration with 10° heat-killed
KN99, and 5 mice were inoculated by nasal administration
with 107 heat-killed C. neoformans cdalAcda2Acda3A. The
inoculated mice and 10 naive control mice were challenged
with 10° wild type C. neoformans KN99 40 days after
inoculation. As shown in FIG. 2A, no naive mice or mice
treated with heat-killed KN99 survived more than 18 days
after exposure to wild type C. neoformans. In contrast, 100%
of mice inoculated with heat-killed C. neoformans
cdalAcda2Acda3A survived more than 70 days after expo-
sure to wild type C. rneoformans.

In a second experiment, ten CBA/J mice were vaccinated
with 107 of a heat-killed preparation of wild type (KN99)
cells and ten CBA/J mice were vaccinated with 107 of a
heat-killed preparation of cdalA2A3A cells. Ten phosphate
buffered saline (PBS) vaccinated mice served as control.
After 40 days post vaccination, all mice were challenged
with 100,000 of C. reoformans cells. FIG. 2B shows that
100% of mice vaccinated with heat attenuated C. neofor-
mans cdalAcda2Acda3A live to 100 days post infection. In
contrast, no mice vaccinated with PBS or heat-killed wild
type C. neoformans cells live to 20 days post infection.

These data demonstrate that heat-killed C. neoformans
cdalAcda2Acda3A can confer immunity to C. neoformans
infection.
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Example 4

This example illustrates vaccination of a human subject
against infection by Cryptococcus neoformans.

In  this example, Cryptococcus  neoformans
cdalAcda2Acda3A is grown by standard protocols. The
fungi are pelleted and resuspended in phosphate-buffered
saline 3 times. Following the final resuspension, the Cryp-
tococcus neoformans cdalAcda2Acda3A suspension is
administered to a human subject via a nasal spray. The
subject does not subsequently develop a Cryptococcus neo-
formans infection for at least one year.

Example 5

This example illustrates vaccination of an animal subject
against infection by Cryptococcus gattii.

In this example, Cryptococcus gattii cdal Acda2Acda3A is
grown by standard protocols. The fungi are pelleted and
resuspended in phosphate-buffered saline 3 times. Following
the final resuspension, the Cryprococcus  gattii
cdalAcda2Acda3A suspension is administered to a dog
subject via a nasal spray. The dog does not subsequently
develop a Cryptococcus gattii infection for at least one year.

Example 6

This example illustrate conferral of immunity to C. reo-
formans by administration of C. neoformans cdalA.

In these experiments, as illustrated in FIG. 3, 4 CBA/]
female mice (4-6 weeks of age) were subjected to an
immunization schedule using nasal administration of a live
preparation of 10° Cryptococcus neoformans cdalA. At —54
days, the mice were placed in laboratory housing. At —40
days, the mice were each vaccinated with 10° C. reoformans
cdalA. At day O (40 days post vaccination), the mice were
exposed to 10° KN99 (wild-type C. neoformans). As a
control, 10 naive mice were subjected to the same schedule
but were not vaccinated before the challenge with KN99.
Weight of the mice was monitored; animals were euthanized
when weight fell below 75% of starting weight.

The results of the challenge are shown in FIG. 4. The data
indicate that the 100% of naive mice were dead in less than
20 days after exposure to C. neoformans KN99, but that
100% of vaccinated mice remained alive more than 50 days
after exposure to C. neoformans KN99.

These data demonstrate effectiveness of nasal adminis-
tration of C. neoformans cdalA for vaccination against C.
neoformans infection.

Example 7

This example illustrates conferral of immunity to C. gattii
by administration of C. neoformans cdalAcda2Acda3A.

In these experiments, 10 CBA/J mice were vaccinated
with 107 of a heat-killed preparation of C. reoformans
cdalAcda2Acda3A by nasal administration, while an addi-
tional 5 naive mice were kept as controls. The vaccinated
mice and the naive control mice were exposed to Crypto-
coccus gattii strain R265. As illustrated in FIG. 5, all of the
naive mice were dead by 21 days after exposure to C. gattii
R265. In contrast, 100% of mice inoculated with C. neofor-
mans cdalAcda2Acda3A were alive at 21 days after expo-
sure to C. gattii R265. Survival extended to over 30 days in
the vaccinated mice.
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These data survival at least partial protection against C.
gattii infection by administration of C. neoformans deficient
for chitin deacetylase.

Example 8

This example illustrates conferral of immunity to C. gattii
by administration of C. neoformans cdalAcda2Acda3A.

In these experiments, 10 CBA/J mice were vaccinated
with 107 of a heat-killed preparation of C. neoformans
cdalAcda2Acda3A by nasal administration, while an addi-
tional 5 naive mice were kept as controls. The vaccinated
mice and the naive control mice were exposed to Crypto-
coccus gattii strain WM266 40 days post vaccination. As
illustrated in FIG. 6, all of the naive mice were dead by 21
days after exposure to C. gattii WM266. In contrast, 100%
of mice inoculated with C. neoformans cdalAcda2Acda3A
were alive at 21 days after exposure to C. gattii WM266.
Survival extended to over 30 days in the vaccinated mice.

These data demonstrate at least partial protection against
C. gattii infection by administration of C. nreoformans
deleted for chitin deacetylases genes.

Example 9

This example illustrates the induction of protective
response to C. neoformans infection in 129 mice after
vaccination with heat-killed cdalA2A3A.

In these experiments, five 129 mice were vaccinated with
107 heat-killed preparation of wild type (KN99) and five 129
mice were vaccinated with 107 heat-killed preparation of
cdalA2A3A cells by nasal administration. Phosphate buft-
ered saline (PBS) vaccinated mice served as control. After
40 days post vaccination, mice were challenged with 50,000
of C. neoformans cells. FIG. 7 illustrates the survival of 129
mice vaccinated with heat-killed cdal A2A3A. As with other
mouse strains, 100% of the mice vaccinated with
cdalA2A3A survived for 80 days post challenge, while
controls vaccinated with wild type Cryptococcus or PBS
died about 20 days after C. neoformans challenge.

Example 10

This example illustrates the induction of protective
response to C. neoformans infection in A/] mice after
vaccination with heat-killed cdalA2A3A cells by nasal
administration.

In these experiments, five A/J mice were vaccinated with
107 of a heat-killed preparation of wild type (KN99) and five
A/] mice were vaccinated with 107 of a heat-killed prepa-
ration of cdalA2A3A cells by nasal administration. Five
phosphate buffered saline (PBS) vaccinated mice served as
a control. After 40 days post vaccination, all mice were
challenged with 50,000 of C. neoformans cells. FIG. 8
illustrates that 100% of mice vaccinated with heat-killed
cdalA2A3A cells survived for 80 days after challenge with
C. neoformans cells. In contrast, controls vaccinated with
PBS or heat-killed KN99 died within 20 days of challenge
with C. neoformans cells.

Example 11

This example illustrates the induction of protective
response to C. neoformans infection in BALB/c mice after
vaccination with heat-killed cdalA2A3A.

In these experiments, five BALB/c mice were vaccinated
with 107 of a heat-killed preparation of wild type (KN99)
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and five BALB/c mice were vaccinated with 107 of a
heat-killed preparation of cdalA2A3A cells by nasal admin-
istration. Five phosphate buffered saline (PBS) vaccinated
mice served as a control. After 40 days post vaccination,
mice were challenged with 50,000 of C. neoformans cells.
FIG. 9 illustrates that 100% of mice vaccinated with
cdalA2A3A cells lived at least 40 days post challenge, with
over 60% surviving to 80 days. In contrast, 100% of mice
vaccinated with PBS or heat-killed wild type cells died
shortly after 20 days post challenge.

Example 12

This example illustrates the fungal burden in the lungs of
cdalA2A3A vaccinated mice that exhibited complete pro-
tection when challenged with Cryprococcus neoformans.

In these experiments, several strains of mice were vacci-
nated by nasal administration with a preparation of 107
heat-killed cdal A2A3A cells. After 40 days post vaccination,
the mice were challenged with 50,000 of wild type (KN99)
C. neoformans cells in experiments discussed infra. At the
conclusion of each of these experiments, surviving mice
were sacrificed. Lungs were homogenized and plated onto
fungal media to determine the CFU of C. neoformans still
present in the lungs. FIG. 10 illustrates the fungal burden for
each strain.

Example 13

This example illustrates the induction of a protective
response to C. neoformans infection in CBA/J mice after
vaccination with a heat-killed preparation of wild type cells
grown in Yeast Nitrogen Base medium (YNB) buffered to
pH 7.0.

In these experiments, five CBA/J mice were vaccinated
by nasal administration with a preparation of 107 heat-killed
of wild type cells grown in Yeast Nitrogen Base medium
buffered to pH 7.0 with 50 mM 3-(N-morpholino) propane-
sulfonic acid (MOPS) and five CBA/J mice were vaccinated
with 107 of a heat-killed preparation of cdalA2A3A cells.
Five phosphate buffered saline (PBS) vaccinated mice
served as control. After 40 days post vaccination, mice were
challenged with 50,000 of C. nreoformans cells. FIG. 11
illustrates that mice vaccinated with heat-killed wild type
cells that were grown in YNB medium pH 7.0 survive to 50
days post challenge at the same rate as cdalA2A3A vacci-
nated mice. Mice vaccinated with PBS in this experiment
did not survive to 20 days post challenge.

Example 14

This example illustrates the relative chitosan levels of
different C. rneoformans strains isolated from mouse lungs.

Wild type (KN99) and cdalA were inoculated (100,000
cells) to mouse lungs by nasal inhalation. The lungs were
excised 16 days post infection. C. reoformans cells were
isolated from the lung homogenate and used for chitosan
determination. FIG. 12 illustrates the chitosan levels present
in lungs inoculated with each strain; cdalA chitosan levels
were 50% that of KN99 wild type chitosan levels.

Wild type cells (KN99) were grown in Yeast Extract
Peptone Dextrose (YPD) or Yeast Nitrogen Base (YNB)
buffered to pH: 7.0 with 50 mM 3-(N-morpholino) propane-
sulfonic acid (MOPS). Equal number of cells were subjected
to chitosan measurements. FIG. 13 illustrates that the level
of chitosan in KN99 cells grown in YNB pH 7.0 medium is
less than 50% that of the level of KN99 cells grown in YPD
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medium, a similar reduction to that between wild type cells All references cited herein are incorporated by reference,
and cdalA cells isolated from mouse lungs. each in its entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 1

ggcectetac tctacctteg 20
<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 2

gcecgecteta acacttette ¢ 21
<210> SEQ ID NO 3

<211> LENGTH: 2544

<212> TYPE: DNA

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 3

gccgaacage gcaggtcagg gagagcattt ctagegtgec ttggtagatce gttatcgcga 60
tttactttce aggccctggg cgcttccage catcagccaa aggataaaag cgcgtgecct 120
cttcttttca tcattaactt ttatcctcect cagcacccac gctctgtgat tecatctcett 180
cctectegea ttcaagcage ctettcattt ctttecteeyg tcececeggtgag tgcgacgece 240
gecegetgeca tteccacacyg atgacttgag acgegtcette cegetatage cgacgeccct 300
tttegtttte ttggcgtttt gtcacattge cacattgagc agcacagcett acttgtcagce 360
agcaaaaatc caacttcaaa cagctcttca gcatcaactce tatcactctt tcatctettg 420
tcaacttcte ttecctteteg ctccaaaage ggaatttege catgtttaca ttcegetgect 480
tctetgetet tetaatttee ctegetggtyg tggtggegca gactacagge acatcggttg 540
acagtagcat cttaactaag actgctgact ctaccggtce ctetggttte tccattcegt 600
gagtactcte gacttttccg tcaacctcca gtctegecac aggccatage gaacaatgag 660
ccaagegece acgcgaaccg tgcccatcat tatectccca ctaattcctt taaccaaacg 720
tagcttttag aggccaaatg ctgacaagtg cgtttttagt getttgageg agctcacgte 780
tggtgecccce actgactcta ctgtggcect ctactctace ttegeggecg gtgccacace 840
taccgtttet ggtgccectg tecteccectac cagtgcccte accatcgecg attatccage 900
tttagatgtce acccctecta ccaactccte tttggttaag gactggatgg ccaaggtgag 960

ttgtgtttga gtccgaaaag gcaccagaag agctaacagt tggattagat cgacttgtcce 1020

aaggtgccca gttataatgt gacaacgggc gattgttcta ctgacgcgge tgctatcage 1080

gacggtcgat gctggtggac ttgtggtggt tgcactcggg aaaccgacat tgtcgagtgt 1140

cctgacaaga atgtttgggg tcetctcecttac gatgatgggce cttectceccett cacccectcete 1200

ctaattgatt accttcagga gaagaacatc aagaccacct tcttegttgt cggctctegt 1260

gtecectttete gacccgagat gctccaaacc gaatacatgt ctggacacca gatctctatce 1320

cacacttggt ctcacccege acttactact cttaccaacg aggaaattgt tgccgagcett 1380
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-continued
ggttggacaa tgaaggtcat caaggacacc cttggcgtca ccccaaacac ttteccgaccce 1440
ccttatggtg acattgatga ccgtgttcga gctattgcetg ctcagatggg cttgacccect 1500
gttatctgga cttcttacac tgatggctca accactgtta actttgacac tgtaggctta 1560
tcttgacttt cgcaataatc ttactaacga aatgacagaa cgactggcac atcagtggtg 1620
gtaccgccac cggcgcttcet tcttatgaga cctttgagaa gattctcacce gaatacgcecce 1680
caaagttgga cactggtttc atcactcttg agcacgacag taagtcttgt ctatccgtct 1740
tgcaataata atcctgacgt atacctttac agtctaccag cagagtgttg accttgctgt 1800
tggttacatt ttgccccaag ttctcecgccaa cggtacctat cagctcaaat ccatcatcaa 1860
ctgtttgggc aaggacagta agttgcctce gctaatcaga aaaggttgtg ggctaagatg 1920
atacacagcc tccgaagcat acattgagac ttcatccaac cagactacta ctcagatcac 1980
tgcagccacce ggctcccagt ctaccttctt ccagecccatt gttggcactg ctaccggtgce 2040
tgaagtctct gecaccttetg aggccactgg cagcactgcce gectggcectcectg ctgectecac 2100
cactagtggt tctggcgcca gegcttcectac aggcgccegece tctaacactt ctteccagegg 2160
gtctggtega tcagccacca tgggtggtge cctcattget cttgcecgetg ttgeggttgg 2220
tatggtatat gtcgcctaag tatttcaagg ctttcaatgt aacgatggat ggggatgggt 2280
ggtggggggy gagggaagtg tgtctaatgg ggctatactt gggctatact ttgcctcaaa 2340
tccatcaagt attaatagct gaaccatctt tcgttgaacc gtctttcatt gtgaaccatt 2400
tgtctttttg atctttcaaa gtttgatcca ttatgaatat catggacatt ttgaacgttt 2460
tgaacatcca tgtacttttc attcgatcga tctgaacgtg ttgttgtgca tacctcgega 2520
acaagctttc aatggatggce ttca 2544
<210> SEQ ID NO 4
<211> LENGTH: 2545
<212> TYPE: DNA
<213> ORGANISM: Cryptococcus neoformans
<400> SEQUENCE: 4
geecgaacage gcaggtcagg gagagcattt ctagegtgee ttggtagatc gttatcgega 60
tttactttee aggeccctggg cgcttecage catcagccaa aggataaaag cgcgtgecct 120
cttcttttca tcattaactt ttatcctcct cagcacccac gectctgtgat tecatctcett 180
cctectegea ttcaagcage ctettecattt ctttecteeg tececggtgag tgcgacgece 240
geegetgeca tteccacacg atgacttgag acgegtette cegctatage cgacgccect 300
tttegtttte ttggegtttt gtcacattgce cacattgagc agcacagctt acttgtcagce 360
agcaaaaatc caacttcaaa cagctcttca gecatcaacte tatcactcett tcatctettg 420
tcaacttcte ttcctteteg ctccaaaage ggaatttege catgtttaca ttcegetgect 480
tctetgetet tctaatttcee ctegetggtyg tggtggegea gactacagge acatceggttg 540
acagtagcat cttaactaag actgctgact ctaccggtece ctetggttte tccattcegt 600
gagtactcte gacttttceeg tcaacctcca gtectegecac aggccatage gaacaatgag 660
ccaagcgece acgcgaaccg tgcccatcat tatcctcceca ctaattcctt taaccaaacyg 720
tagcttttag aggccaaatg ctgacaagtg cgtttttagt getttgageg agctcacgte 780
tggtgcccee actgactcta ctgtggecct ctactctace ttegeggeceyg gtgccacace 840
taccgtttet ggtgecectg tectcectac cagtgccecte accatcgecyg attatccage 900
tttagatgtce acccctecta ccaactecte tttggttaag gactggatgyg ccaaggtgag 960
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-continued
ttgtgtttga gtccgaaaag gcaccagaag agctaacagt tggattagat cgacttgtcc 1020
aaggtgccca gttataatgt gacaacgggc gattgttcecta ctgacgcggce tgctatcagce 1080
gacggtcgat gctggtggac ttgtggtggt tgcactcggg aaaccgacat tgtcgagtgt 1140
cctgacaaga atgtttgggg tcetctcecttac aacgatggge cttctceccctt cacccectcete 1200
ctaattgatt accttcagga gaagaacatc aagaccacct tcttegttgt cggctctegt 1260
gtcetttete gacccgagat gctccaaacce gaatacatgt ctggacacca gatctctatce 1320
cacacttggt ctcacccecge acttactact cttaccaacg aggaaattgt tgccgagcett 1380
ggttggacaa tgaaggtcat caaggacacc cttggcgtca ccccaaacac tttegctecce 1440
ccttatggtg acattgatga ccgtgttcga gctattgcetg ctcagatggg cttgacccect 1500
gttatctgga cttcttacac tgatggctca accactgtta actttgacac tgtaggctta 1560
tcttgacttt cgcaataatc ttactaacga aatgacagaa caactggcac atcagtggtg 1620
gtaccgccac cggcgcttcet tcttatgaga cctttgagaa gattctcacce gaatacgcecce 1680
caaagttgga cactggtttc atcactcttg agcacgacag taagtcttgt ctatccgtct 1740
tgcaataata atcctgacgt atacctttac agtctaccag cagagtgttg accttgctgt 1800
tggttacatt ttgccccaag ttctcecgccaa cggtacctat cagctcaaat ccatcatcaa 1860
ctgtttgggc aaggacagta agttgcctce gctaatcaga aaaggttgtg ggctaagatg 1920
atacacagcc tccgaagcat acattgagac ttcatccaac cagactacta ctcagatcac 1980
tgcagccacce ggctcccagt ctaccttctt ccagecccatt gttggcactg ctaccggtgce 2040
tgaagtctct gecaccttetg aggccactgg cagcactgcce gectggcectcectg ctgectecac 2100
cactagtggt tctggcgcca gegcttcectac aggcgccegece tctaacactt ctteccagegg 2160
gtctggtega tcagccacca tgggtggtge cctcattget cttgcecgetg ttgeggttgg 2220
tatggtatat gtcgcctaag tatttcaagg ctttcaatgt aacgatggat ggggatgggt 2280
ggtggggggy gagggaagtg tgtctaatgg ggctatactt gggctatact ttgcctcaaa 2340
tccatcaagt attaatagct gaaccatctt tcgttgaacc gtctttcatt gtgaaccatt 2400
tgtctttttg atctttcaaa gtttgatcca ttatgaatat catggacatt ttgaacgttt 2460
tgaacatcca tgtacttttc attcgatcga tctgaacgtg ttgttgtgca tacctcgega 2520
acaagctttc aatggatggc ttcac 2545
<210> SEQ ID NO 5
<211> LENGTH: 2580
<212> TYPE: DNA
<213> ORGANISM: Cryptococcus neoformans
<400> SEQUENCE: 5
ggaacaataa caaagcacaa cgcgacaaaa gccgaacagce gcaggtcagg gagagcattt 60
ctagegtgee ttggtagatc gttatcgega tttactttece aggecctggyg cgcttcecage 120
catcagccaa aggataaaag cgcgtgecct cttettttea tcattaactt ttatcctect 180
cagcacccac gctcetgtgat tccatctett cetectegea ttcaagcage ctcttcattt 240
ctttecteeg tceceggtgag tgcgacgecce gecgetgeca tteccacacyg atgacttgag 300
acgcgtette ccgctatage cgacgecect tttegtttte ttggegtttt gtcacattge 360
cacattgagc agcacagctt acttgtcage agcaaaaatc caacttcaaa cagctcttca 420
gcatcaacte tatcactctt tcatctettg tcaacttcte ttectteteg ctecaaaage 480
ggaatttcge catgtttaca ttcgctgect tectctgcetet tectaatttcece ctegetggty 540
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tggtggcgca gactacagge

ctaccggtee ctetggttte

gtctegecac aggccatage

tatcctecca ctaattcectt

cgtttttagt gectttgageg

ctactctace ttegeggecyg

cagtgcecte accategecg

tttggttaag gactggatgg

agctaacagt tggattagat

gattgttcta ctgacgcegge

tgcactcggyg aaaccgacat

gataacggge cttctcectt

aagaccacct tcttegttgt

gaatacatgt ctggacacca

cttaccaacyg aggaaattgt

cttggegtca ccccaaacac

getattgetyg ctcagatggg

accactgtta actttgacac

aatgacagaa caactggcac

cctttgagaa gattctcace

agcacgacag taagtcttgt

agtctaccag cagagtgttg

cggtacctat cagctcaaat

gctaatcaga aaaggttgtyg

ttcatccaac cagactacta

ccageccatt gttggeactg

cagcactgee getggetetg

aggcgecgece tctaacactt

cctecattget cttgeegetyg

ctttcaatgt aacgatggat

ggctatactt gggctatact

tcgttgaace gtettteatt

ttatgaatat catggacatt

tctgaacgtyg ttgttgtgea

<210> SEQ ID NO 6

<211> LENGTH: 2104
<212> TYPE: DNA

acatcggttyg

tccatteegt

gaacaatgag

taaccaaacg

agctcacgte

gtgccacace

attatccage

ccaaggtgag

cgacttgtee

tgctatcage

tgtcgagtgt

cacccctete

cggetetegt

gatctctatce

tgccgagett

tttegetece

cttgaccect

tgtaggctta

atcagtggtyg

gaatacgcce

ctatcegtet

accttgetgt

ccatcatcaa

ggctaagatg

ctcagatcac

ctaccggtge

ctgectecac

ctteccagegy

ttgcggttgg

ggggatgggt

ttgcctcaaa

gtgaaccatt

ttgaacgttt

tacctecgega

acagtagcat

gagtactcte

ccaagegecc

tagcttttag

tggtgccece

taccgtttet

tttagatgte

ttgtgtttga

aaggtgccca

gacggtcgat

cctgacaaga

ctaattgatt

gtectttete

gecacttggt

ggttggacaa

ccttatggty

gttatctgga

tcttgacttt

gtaccgccac

caaagttgga

tgcaataata

tggttacatt

ctgtttggge

atacacagcc

tgcagccace

tgaagtctct

cactagtggt

gtctggtega

tatggtatat

ggtggggggy

tccatcaagt

tgtcttttty

tgaacatcca

acaagcttte

<213> ORGANISM: Cryptococcus neoformans

<400> SEQUENCE: 6

cttaactaag actgctgact

gacttttecg tcaacctcca

acgcgaaccyg tgcccatcat

aggccaaatg ctgacaagtyg

actgactcta ctgtggeect

ggtgcecetyg tectecctac

acccctecta ccaactecte

gtcecgaaaag gcaccagaag

gttataatgt gacaacgggc

gctggtggac ttgtggtggt

atgtttgggg tctctettac

accttcagga gaagaacatc

gacccgagat gctccaaacce

ctgecceccege acttactact

tgaaggtcat caaggacacc

acattgatga ccgtgttcega

cttecttacac tgatggetca

cgcaataatc ttactaacga

cggegettet tettatgaga

cactggttte atcactcttyg

atcctgacgt atacctttac

ttgccccaag ttetegecaa

aaggacagta agttgcctce

tccgaagcat acattgagac

ggctcecagt ctaccttett

gcaccttetyg aggccactgg

tctggegeca gegettetac

tcagccacca tgggtggtge

gtcgectaag tatttcaagg

gagggaagtyg tgtctaatgg

attaatagct gaaccatctt

atctttcaaa gtttgatcca

tgtactttte attcgatcga

aatggatggce ttcacagatc

gaaaatcaca gcacagcaac ataacaaacc gcaaaacaaa aggtagaagt aaaaatagca

aatagcgcag aataaccgac atcgccctca taaaacgaag getcaaaget cggcetgetga

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

60

120
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ttctcattte tcectcatctcee

tccaagaaca ataataatct

cgeegecgee ctectecaccee

ccacgagatt ggtcggcgaa

tgaagctagt gctgetgtca

tgacaatgac tgaccataac

atgccectgt gaccgagttg

cctecaatga cacagaagec

agattccaaa tgatgtaccc

ctaacagtga cccggactgt

ctggtttgca agccgatatce

acgatggacc taactgtagt

aggctaccat gtacgtgatc

tttttcattyg gatccaatgt

ggtcatgaaa tatgtgttca

gtegtettty ccgaattgta

ccccagtget ggtatgttgg

acaggcgacce tccgtacggt

acctgactac catcatctgg

tcactgagca agacgtcaca

catacactac tcacggccee

ctaaaccgat gtttgetcac

actatgttcce ccaagatcaa

aacatcaccce aaccatatge

tctggtgtca caaacatcag

actgcttetyg gtteeggege

agcagctetyg gtggctcaag

ggcatgttceg acagtttgte

atgctgetgt aatgtgatgt

atgacgtact atgtatccaa

acatagtagc attgccataa

aattctgtta agggcatttg

tttctgttat ctaacagacyg

aatg

<210> SEQ ID NO 7

<211> LENGTH: 3341
<212> TYPE: DNA

attcttettt

tttegectet

tcacagctygyg

atgttggcgg

gtacaggtag

gaccacgtag

atatcctctt

caacaacttt

cacggaaccc

tggtggactc

tccategeac

cacaacgctt

atctctettt

cttggactgg

cacctggtet

ctacacccag

cactttggtyg

gatgtcgaca

tcagacgaca

aataactacc

gttgttctta

gatgtecctet

atcagettte

cgaaagtaat

cagctcetace

cgctggtagt

cggcetetagt

aggagtgggt

getttagcac

acggacaata

tcctgaagte

atgattgtca

aaaaggaacg

ctcatcgtat

taatcacaca

tgcecgectte

tcccatgttyg

gttaatacaa

acatcaacac

tccegactat

ttgggaaaat

ccacgggtga

ataacaagtg

ccgagecaat

tgtatgatct

attcatgtcc

cctetecagy

catcaataca

aaagccatca

gaatcgtgtyg

acagagttcg

ccgatgactg

agtcagtgat

accacgagct

tcagccaact

aactacattg

atcacttgte

actcagaaag

gecagtgeca

ggctcaaaca

cttattttgg

gaaaaaaatg

ttacaatatt

tactggtteg

gttctacgta

ctgatatgca

taccttttce gctcetttate

ggcgaaatga tcccttecac

geccataceyg gatgtggtgy

tatcgtcgag ctgtcaccga

tacaatacaa tcgtattcta

cgagtgtaca gcctacagtt

ttggcagact gcttccatce

taactccact cttaatacca

ttggaccggt gtgaactact

cacgactect tccaacgaca

gacatggggt ttgggttttg

tcttttggag aacaaccaga

aaacttatgt atgtaaaagg

ctatgaggge tcacgacgaa

tgaccgcect cagtaacgag

aggctgttet cggagttact

agactatagc taatgatgac

tatgattgcce gagggactca

ggcggetgga accaacggeg

cgacaaggct ggtaacggta

cagtaagtct ctcccaacga

acaccatgtce tgtcttcatg

tccecatttyg cactgcatac

ccaactttga aacttacatc

atggaagcag ctcaacaaac

ctagcagcag cgacgactca

acgctagcag tggtgetttyg

ggggtgtagt tgctggtgtg

gacagtatat caaacgtcac

attcttaatg catcatacaa

ggtgagacac ccgtcaatct

gtgccgaaac gaagattgag

ctgccattta tctgagatce

<213> ORGANISM: Cryptococcus neoformans grubii

<400> SEQUENCE: 7

ggcatgtcegt gattaattat ttgacatttt gttctatteg tttcagatcc agtaatagtt

tttttetett tatctttgtt gtgtgagttyg aaatgaagtg gggggegteg acttgggtgt

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2104

60

120
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aattcttcat cgcctgctga acaggttgca ctgttggcaa ggagagcagt tggtgtggat 180
tggataggac tttttecttg gtctatacga caatcaatag cccgaagata gtagatcaga 240
tgatatgata tatgctgatt atcttcattg ggctagcaca gcacagcegtt agcagacggt 300
agcagtcatg cttttctcac ctcagteccat cggagattga agatcggaga tcctgtgtge 360
tacatgcatg agctgttgta agggacaaat tgcagaacac tgcaatgaac taactattaa 420
ctaggagctt gaaagtcagg agatcaatga tcaggaagaa aaatcatcgg aattcccatg 480
ctatttgtgt acatataata agatgcacat ttgttctgag cgataatttt gctttttata 540
tctatccatt taggctaata ccagtactac gtacttcgea tttcacagtt cacagagtag 600
tacatacgta cagataacac agcatcacaa acccagatac caccacagac tgcatcacag 660
tagcaacatg gagtctgagce tttgggagtt gattgagaga cttgttgaat tgcctgtgaa 720
gagccgtata attgactgte tgaaattata ctgtctttaa tggggactgg agactcatca 780
aataaaactt gactcgcatg ttgaggacca ttgatgcegt gagcatgtgt ttattatgga 840
tatggacgga tactatggct aagtaagaat ctgatgttce tgttattgec tctttcatca 900
tcatacagtt cggcgaacct tgtgcaaaga tagccctgag ataagtgtac gacggaaaca 960
tgtcecctgag cgacgggtat gaaatattca gggtcttcac aagtcgcaat ccgcaatccg 1020
gcatttttca ccatttgccg tatccggect cggcteccgta cgtattccca ccaagaatct 1080
aacacaacac caacaaacac ctataaactt cactgcttct tecccctceccece ttettcecatca 1140
gcgetgeeee tecatcctcet cacctececct actgectata ccacgatcect cttecctceac 1200
acataacctc ctcctctete tttecteccct atcttttett cggtacgtet gtttactcac 1260
ccatcaagcg gtttattgtt gtgtacctat gatccttcecce aattcgatca aatcagttgg 1320
tgtctaactt cgcacgcagt ctttctgtac aagaagttgce tctcececcttte tgtectttegg 1380
cataacgtca gcctecttgec cacccccaca caaccacatg taagcacatc ctctaagcac 1440
atcctectect ttcegtctaca aacggagaaa ctattacgta tacaacagga caagggctga 1500
ctttaaccta ttcaatcaga acggcccgtt agaatgtacg gtcatttatc tectctecgea 1560
cttteettgt ttgcagtggt ggccgctgct ccattcecggg agtcatgget tcagectaga 1620
gattccceeg tetcacagcet gttcagacga actgctcceg atcccaactce caatggtceag 1680
taccatcttc tactatctcect caataagtag gacgagattt cactcatatt cctttataga 1740
ttacatgagt tactatccag gccctgggte cactccgaac gtcagcacca ttccccaagce 1800
ttggttggat aaacttgcca cagtgaactt gccaaatgtt ccagtagcta cacctgatgg 1860
tggtcgtect acttacccta ataatgagga cgatggtgac tcgacaattt gttctttcac 1920
cgatcaatgc cgcgtagagg acgatctgta ctcectceccececg ggtgagaaga tcetgggcegt 1980
gagtgttata tacttctcca ttcattgtca tctagagatg tgattaacgc gggtatacag 2040
ctttectteg acgatggacc cacagacgtc agtcecctgcetce tcectacgacta tetggctcag 2100
aacaacatat cgtcctctge gactcatttce atgatcggceg gtaatgttat tacttcgtat 2160
gtctcgacct gcagcatgtce cctgcaggtg ttgtaatatt gactttgtga aatgtaacag 2220
cccacagtca gttctcegttyg ccgttaagge tggaggtcac cttgccgtece acacttggtce 2280
ccatccttat agtgagtatt tgttaaatta aagcacgatt agtttttaag tcatttcttg 2340
cagtgacaac tcttaccaac gagcaagtcg ttggagagct cggctggacc atgcaggcecce 2400
ttagcgatct caatggtggc cgaattccca tgtactggeg cectceccgtat ggagatgttg 2460
acaaccgtgt ccgagctatt gcgaaggaag tatttggett ggtgactgte ctttgggatt 2520
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cgggtgagca tcttgcttca tgctgtggat aaattgctaa tggatcatag acaccaatga 2580
ttgggctatt accgacgagc caggccagta ctctgttgca agcecgttgagg cttacttcega 2640
cactttggtc actggcaatc gaacccaagg tcttttgctce ttagaacatg agctggataa 2700
caacactgtt gaagtcttcg aaacggagta ccccaaggca gtgggtaatg gatggactgt 2760
caagaatgtg gccgatgctt ttaacatgga atggtacctg aactctggca agggcaacaa 2820
cgacgttgtc acaactatgt ctgttgccgg taccctgacc acggccacgce caactaatac 2880
ttctacctat gtcgcttect caactgcage ctceccagtget tcagtcacgg actcagccgg 2940
tgtgtcgatt gecctectgetyg cgagctceccga agegtcttet tegtgggcca ttgccaacag 3000
gccttetecac ttegtcatceg ccatcgegtg cggcecttgece cttgctgeta taatggtetg 3060
atagatgcca tgtgcacttt tttgtcggte tttttagatc atggactctce attcgcatta 3120
tataggaatc atggacatat aattcatttt tattgccata gacagtcaag gattgttaga 3180
ttgtagcagt acattgtttt ttttcttttt ttgtgaataa tggacaattt atttagtagt 3240
tgtttaatta atcgtcatca acattcatta gctttttcat ttaatagcac aacaaggccg 3300
gcaaccaaaa tgagtagaac atgtatactg tcttcacaac a 3341

What is claimed is:

1. A method of inducing immunity against a Cryptococcus
fungus infection wherein the Cryptococcus is selected from
the group consisting of Cryptocoecus neoformans and Cryp-
tococcus gattii, comprising administering to a subject by
inhalation an immunity-inducing amount of a composition
comprising a Cryptococcus fungus deficient for chitosan,
wherein the Cryprococcus fungus deficient for chitosan is
selected from the group consisting of a Cryprococcus neo-
formans fungus deficient for chitosan and a Cryptococcus
gattii fungus deficient for chitosan, and wherein the Cryp-
tococcus fungus deficient for chitosan comprises no more
than 60% chitosan level compared to wild type grown on
yeast extract peptone dextrose (YPD) and wherein the
Cryptococcus fungus deficient for chitosan is a heat-inacti-
vated cdalAcda2Acda3A Cryprococcus fungus deficient for
chitosan.

2. A method of inducting immunity against a Cryptococ-
cus fungus infection in accordance with claim 1, wherein the
Cryptococcus fungus deficient for chitosan comprises no
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more than 50% chitosan level compared to wild type grown
on yeast extract peptone dextrose (YPD).

3. A method of inducing immunity against a Cryptococcus
fungus infection in accordance with claim 1, wherein the
Cryptococcus fungus deficient for chitosan is a Cryptococ-
cus neoformans fungus deficient for chitosan.

4. A method of inducing immunity against a Cryptococcus
fungus infection in accordance with claim 1, wherein the
Cryptococcus fungus deficient for chitosan is a Cryptococ-
cus gattii fungus deficient for chitosan.

5. A method of inducing immunity against a Cryptococcus
fungus infection in accordance with claim 1, wherein the
administering by inhalation comprises nasal inhalation.

6. A method of inducing immunity against a Cryptococcus
fungus infection in accordance with claim 5, wherein the
nasal inhalation is selected from the group consisting of
inhaling a nose drop formulation and inhaling a nasal spray
formulation.



