
CO MPOSITIONS CONTAINING A HOLLOW GLUCAN PARTICLE OR A
CELL WALL PARTICLE ENCAPSULATING A TERPENE COMPONENT,
METHODS OF MAKING AND USING THEM 4 The present
invention relates to compositions 5 comprising
terpenes and hollow glucan particles or 6 cell wall
particles and. methods for preparing such 7
compositions. The compositions increase terpene 8
stability and activity and provide a suitable carrier
9 for the terpenes. The invention also relates to 10
methods of using such compositions in the medical, 11
veterinary and agricultural fields . 12 13 Terpenes
are chemical compounds that are widespread 14 in
nature, mainly in plants as constituents of 15
essential oils. Their building block is the 16
hydrocarbon isoprene (C 5Ha) n . Examples of terpenes
17 include citral, pinene, nerol, b-ionone, geraniol,
18 carvacrol, eugenol, carvone, terpeniol, anethole,
19 camphor, menthol, limonene, nerolidol, farnesol, 20
phytol, carotene (vitamin Ai), squ.alene,
thymol,tocotrienol, perillyl alcohol, borneol,
myrcene, simene, carene, terpenene, and linalool.
Terpenes are classified as Generally Recognized as
Safe (GRAS) and have been used for many years in the
flavouring and aroma industries . The LD50 in rats of
citral is approximately 5 g/kg, which is a further
indication of the relative safety of these compounds .
Furthermore, terpenes have a relatively short life
span of approximately 28 days once exposed to oxygen
(e.g. air) . Terpenes will decompose to CO2 and water.
This decomposition or break down of terpenes
demonstrates the safety and environmental friendliness
of the compositions and methods of the invention.
Terpenes have been found to inhibit the growth of
cancerous cells, decrease tumour size, decrease
cholesterol levels, and have a biocidal effect on
micro-organisms in vitro. Owawunmi, (Letters in
Applied Microbiology, 1993, 9(3): 105-108), showed
that growth media with more than 0.01% citral reduced
the concentration of E . coll, and at 0.08% there was
a bactericidal effect. U.S. Patent No. 5,673,468
describes a terpene formulation, based on pine oil, 



used as a disinfectant or antiseptic cleaner. U.S.
Patent No. 5,849,956 teaches that a terpene found in
rice has antifungal activity. U.S. Patent No.
5,939,050 describes an oral hygiene antimicrobial
product with a combination of 2 or 3 terpenes that
showed a synergistic effect. Several U.S. Patents
(U.S. Patent Nos. 5,547,677, 5,549,901, 5,618,840,5,
629 , 021 , 5, 662 , 957 , 5, 700 , 679 , 5, 730, 989
) teach that certain types of oil-in-water emulsions
have antimicrobial, adjuvant, and delivery properties.
Terpenes have been found to be effective and nontoxic
dietary anti-tumor agents, which act through a variety
of mechanisms of action (Crowell et al . Crit. Rev.
Oncog., 1994, 5(1): 1-22; Crowell et al . Adv. Exp.
Med. Biol., 1996, 401: 131-136). The terpenes
geraniol, tocotrienol, perillyl alcohol, bionone, and
d-limonene, suppress hepatic HMG-CoA reductase
activity, a rate limiting step in cholesterol
synthesis, and modestly lower cholesterol levels in
animals (Elson et al, J . Nutr., 1994, 124: 607-614) .
D-limonene and geraniol reduced mammary tumors
(Elegbede et al . Carcinogenesis, 1984, 5(5): 661-664;
Elegbede et al., J . Natl. Cancer Inst., 1986, 76(2):
323-325; Karlson et al . Anticancer Drugs, 1996, 7(4):
422-429) and suppressed the growth of transplanted
tumors (Yu et al ., J . Agri . Food Chem., 1995, 43:
2144-2147). Terpenes have also been found to inhibit
the in vitro growth of bacteria and fungi (Chaumont et
al .), Ann. Pharm. Fr., 1992, 50(3): 156-166; Moleyar
et al ., Int. J . Food Microbiol, 1992, 16(4):
337-342; and Pattnaik et al . Microbios, 1997,
89(358): 39-46) and some internal and external
parasites (Hooser et al ., J . Am. Vet. Med. Assoc,
1986, 189(8): 905-908). Geraniol was found to inhibit
growth of Candida albicans and Saccharomyces
cerevisiae strains by enhancing the rate of potassium
leakage and disrupting membrane fluidity (Bard et al
., Lipids,1998, 23(6): 534-538). B-ionone has
antifungal activity which was determined by inhibition
of spore germination, and growth inhibition in agar
(Mikhlin et al., A . Prikl. Biokhim. Mikrobiol, 1983,
19: 795- 803; Salt et al ., Adam. Physiol. Molec.
Plant Path, 



1986, 28: 287-297). Teprenone (geranylgeranylacetone)
has an antibacterial effect on H . pylori (Ishii, Int.
J . Med. Microbiol. Virol. Parasitol. Infect. Dis .,
1993, 280(1-2): 239-243). Rosanol, a commercial
product with 1% rose oil, has been shown to inhibit
the growth of several bacteria {Pseudomonas ,
Staphylococus, E . coli, and H . pylori). Geraniol is
the active component (75%) of rose oil. Rose oil and
geraniol at a concentration of 2 mg/L inhibited the
growth of H . pylori in vitro. Some extracts from
herbal medicines have been shown to have an inhibitory
effect in H . pylori, the most effective being
decursinol angelate, decursin, magnolol, berberine,
cinnamic acid, decursinol, and gallic acid (Bae et al
., Biol. Pharm. Bull., 1998, 21(9) 990-992). Extracts
from cashew apple, anacardic acid, and (E) -2-hexenal
have shown bactericidal effect against H . pylori.
Diterpenes, i.e., trichorabdal A (from R .
Trichocarpa) , have shown a very strong antibacterial
effect against H . pylori (Kadota et al ., Zentralbl .
Bakteriol, 1997, 287(1): 63-67). Solutions of 11
different terpenes were effective in inhibiting the
growth of pathogenic bacteria in in vitro tests;
levels ranging between 100 ppm and 1000ppm were
effective. The terpenes were diluted in water with 1%
polysorbate 20 (Kim et al ., J . Agric. Food Chem.,
1995, 43: 2839-2845). There may be different modes of
action of terpenes against microorganisms; they could
(1) interfere with the phospholipid bilayer of the
cell membrane, (2) impair a variety of enzyme systems
(HMG-reductase) , and (3) destroy or inactivate
genetic material. It is believed that due to the modes
of action of terpenes being so basic, e.g., blocking
of cholesterol, that infective agents will not be able
to build a resistance to terpenes. There are, however,
a number of drawbacks to the use of terpenes. These
include: - Terpenes are liquids which can make them
difficult to handle and unsuitable for certain
purposes. - Terpenes are not very miscible with water,
and it 



generally requires the use of detergents, surfactants
or other emulsifiers to prepare aqueous emulsions. A
stable solution can, however, be obtained by mixing
the terpenes under high shear. - Dry powder terpene
formulations generally only contain a low percentage
w/w of terpenes. - Terpenes are prone to oxidation in
aqueous emulsion systems, which make long term storage
a problem. There are limitations to the current
techniques of spray coating, extrusion, coacervation,
molecularencapsulation, and spray drying/cooling to
provide ingredient delivery systems. Baker's yeast
cell walls are derived from baker's yeast cells and
are composed of the insoluble biopolymers b-1,
3-glucan, b-1, 6-glucan, mannan and chitin. They are
typically 2-4 micron in diameter microspheres with a
shell wall that is only 0.2-0.3 micron thick
surrounding an open cavity. This material has
considerable liquid holding capacity, typically
absorbing 5-25 times its weight in liquid. The shell
is sufficiently porous that payloads up to 150,000
Daltons in size can pass through the outer shell and
be absorbed into the hollow cavity of the spherical
particle. Baker's yeast cell walls have several unique
properties, including heat stability (e.g. to 121 0C),
shear stability, pH stability (e.g. pH 2-12) , and at
high concentrations they do not build significant
viscosity. In addition to its physical properties this
composition contains natural and healthy dietary
fibres that deliver cardiovascular and
immunopotentiation health benefits . Yeast cell walls
are prepared from yeast cells by the extraction and
purification of the insoluble particulate fraction
from the soluble components of the yeast cell. The
fungal cell walls can be produced from the insoluble
byproduct of yeast extract manufacture. Further, the
yeast cells can be treated with an aqueous hydroxide
solution, without disrupting the yeast cell walls,
which digests theprotein and intracellular portion of
the cell, 



leaving the yeast cell wall component devoid of
significant protein contamination, and having
substantially the unaltered cell wall structure of b
(l-6) and b (l-3) linked glucans . A more detailed
description of whole glucan particles and the process
of preparing them is described by Jamas et al . in
U.S. Pat. No. 4,810,646 and in co-pending patent
applications U.S. Ser. No. 166,929, U.S. Ser. No.
297,752 and U.S. Ser. No. 297,982. US Patent No.
6,242,594, assigned to Novogen Research Pty Ltd.,
describes a method of preparing yeast glucan particles
by alkali extraction, acid extraction and then
extraction with an organic solvent and finally drying.
US 5,401,727, assigned to AS Biotech- Mackzymal,
discloses the methods of obtaining yeast glucan
particles and methods of using them to promote
resistance in aquatic animals and as an adjuvant for
vaccinations. US 5,607,677, assigned to Alpha-Beta
Technology Inc., discloses the use of hollow whole
glucan particles as a delivery package and adjuvant
for the delivery of a variety of pharmaceutical
agents. The teachings of the abovementioned patents
and applications are incorporated herein by reference.
Other types of yeast and fungi cells have cell walls
that do not contain glucan. The cell walls of such
yeast and fungi can be isolated by similar techniques
to those mentioned above to obtain cell wall
particles.Additionally, the cells of many plants,
algae, bacteria and other micro-organisms also
comprise a cell wall. The structure and composition of
the cell wall varies between micro-organism, but in
general it is a robust and relatively inert structure.
It is possible to obtain cell wall particles derived
from such cells through conventional techniques, such
as those mentioned above in relation to yeast. We have
now found that terpenes can be taken up and stably
encapsulated within hollow glucan particles or cell
wall particles. Encapsulation of terpenes into such
particles can be achieved by incubation of the
particles with the terpene. 



According to the present invention there is provided a
composition comprising a hollow glucan particle or a
cell wall particle encapsulating a terpene component .
The term "hollow glucan particle" as used herein
includes any hollow particle comprising glucan as a
structural component. Thus, in particular, the term
includes yeast cell walls (in purified or crude forms)
or hollow whole glucan particles. The term "cell wall
particle" refers to a particle comprising the wall of
a cell (in a purified or crude form) , wherein glucan
is not a structural component. Suitable particles
include the cell walls of plant, algal, fungal or
bacterial cells. Cell wall particles generally retain
the shape of the cell from which they are derived, and
thus, like a hollowglucan particle, provide a hollow
central cavity suitable for encapsulating the terpene
component. For the present invention it is necessary
that the hollow glucan particle or cell wall particle
is able to stably encapsulate the terpene component.
In general this means the hollow glucan particle or
cell wall particle must be able to maintain its
structure during incubation with the terpene component
(generally the terpene component is at a relatively
high concentration) , and that terpene component must
be able to migrate into the particle. Hollow glucan
particles and cell wall particles are generally formed
from relatively inert materials and are porous, and
thus it can be assumed that, in general, hollow glucan
particles and cell wall particles will be able to
encapsulate a terpene component. Compositions
according to the present invention are effective
against various infective agents including bacteria,
viruses, mycoplasmas, fungi and/or nematodes. The
compositions according to the present invention can
provide the following advantages: - maximise terpene
payload; - minimise unencapsulated payload; - control
payload stability; - control payload release kinetics;



- creation of a solid form of a liquid terpene to
increase the mass and uniformity; - simplify handling
and application of terpenes; and- mask the smell and
taste of the terpene. Particularly suitable hollow
glucan particles or cell wall particles are fungal
cell walls, preferably yeast cell walls. Yeast cell
walls are preparations of yeast cells that retain the
three-dimensional structure of the yeast cell from
which they are derived. Thus they have a hollow
structure which allows the terpene component to be
encapsulated within the yeast cell walls. The yeast
walls may suitably be derived from Baker's yeast cells
(available from Sigma Chemical Corp., St. Louis, MO) .
Yeast cell wall particles with desirable properties
can also be obtained from Biorigin (Sao Paolo, Brazil)
under the trade name Nutricell MOS 55. These particles
are a spray dried extract of S . cerevisiae.
Alternative particles are those known by the trade
names SAF-Mannan (SAF Agri, Minneapolis, MN) and
Nutrex (Sensient Technologies, Milwaukee, WI). These
are hollow glucan particles that are the insoluble
waste stream from the yeast extract manufacturing
process. During the production of yeast extracts the
soluble components of partially autolyzed yeast cells
are removed and the insoluble residue is a suitable
material for terpene loading. These hollow glucan
particles comprise approximately 25-35% beta
1,3-glucan w/w. A key attribute of these materials are
that they contain more than 10% lipid w/w and are very
effective at absorbing terpenes . In addition,as a
waste stream product they are a relatively cheap
source of hollow glucan particles . Alternative hollow
glucan particles which have higher purity are those
produced by Mutricepts (Nutricepts Inc., Burnsville,
MN) and ASA .Biotech. These particles have been alkali
extracted, which removes additional intracellular
components as well as removes the outer mannoprotein
layer of the cell wall yielding a particle o f 50-65%
iglucan w/w. Higher purity hollow glucan particles are
the WGP particles from Biopolymer Engineering. These 



particles are acid extracted removing additional yeast
components yielding a product 75-85% glucan w/w. Very
high purity hollow glucan particles are Adjuvax(tm)
from Alpha-beta Technology, Inc. (Worcester, MA) and
microparticulate glucan from Novogen (Stamford, CT) .
These particles are organic solvent extracted which
removes residual lipids and so!: the particles
comprise more than 90% glucan w/w. In some embodiments
a high purlity glucan particle or cell wall particle
may b e required, for example where strict control
over possible oontaminants is required. In these
instances .the higher purity particles would b e
preferred aver other less pure products. For other
embodiments, the less pure particles would b e
preferred fior economic reasons;those particles have
also been..- found to b e more effective a t absorbing
terpenes . Preferably the hollow glucan particle or
cell wall particle has a slight lipid content, such as
1 or 2% w/w lipid. A slight lipid content can increase
the ability of the particle to encapsulate the terpene
component. Preferably the lipid content o f the hollow
glucan particle or cell wall particle is 5% w/w or
greater, more preferably 10% w/w or greater.
Optionally the terpene component o f the present
invention can b e associated with a surfactant. The
surfactant can b e non-ionic, cationic, or anionic.
Examples o f suitable surfactants include sodium
lauryl sulphate, polysorbate 20, polysorbate 80,
polysorbate 40, polysorbate 6(H polyglyceryl ester,
polyglyceryl monooleate, decagiyceryl monocaprylate,
propylene glycol dicaprilate, triglycerol
monostearate, polyoxyethylenesorbitan, monooleate,
Tween(r), Span(r) 20, Span(r) 40, Span(r) 60, Span(r)
80, Brig 3 0 or mixtures thereof. The surfactant acts
to hold the terpene component in an emulsion and also
assists encapsulation o f the terpene component into
the hollow glucan particle or ce ll wall particle. The
terpene component o f the present invention can
comprise a single terpene or a :i mixture o f
terpenes. Mixtures o f terpenes can result in
synergistic 



effects.The term "terpene" as used herein refers not
only to terpenes of formula (C 5H8)n , but also
encompasses terpene derivatives, such as terpene
aldehydes or terpene polymers . Natural and synthetic
terpenes are included, for example mono terpenes,
sesquiterpenes, diterpenes, triterpenes, and
tetraterpenes . In addition, reference to a single
name of a compound will encompass the various isomers
of that compound. For example, the term citral
includes the cis-isomer citral-a (or geranial) and the
trans-isomer. citral-b (or neral) . It should be noted
that terpenes are also known by the names of the
extract or essential oil which contain them, e.g.
lemongrass oil (contains citral) . The terpenes which
are exempted from US regulations and which are listed
in EPA regulation 40 C .F .R . Part 152 (incorporated
herein by reference in its entirety) are suitable for
use in this invention. Particularly suitable terpenes
for use in the present invention include those
selected from the group consisting of citral, pinene,
nerol, b-ionone, geraniol, carvacrol, eugenol, carvone
(for example Lcarvone), terpeniol, anethole, camphor,
menthol, thymol, limonene, nerol idol, farnesol,
phytol, carotene (vitamin A1), squalene, thymol,
tocotrienol, perillyl alcohol, borneol, myrcene,
simene, carene, terpenene, linalool and mixtures
thereof.Preferably the terpenes used in the present
invention have the general structure C10H16 as this
sub-group is generally more effective against
infective agents. More preferably the terpene
component comprises a terpene selected from the group
consisting of geraniol, thymol, citral, carvone (for
example Lcarvone), eugenol and b-ionone. The terpene
component can suitably comprise thymol, as this
terpene has been shown to be particularly effective in
treating or preventing fungal plant infections .
Another particularly suitable terpene is citral which
has demonstrated particular efficacy against a number
of micro-organisms . A combination of geraniol, thymol
and eugenol has 



demonstrated particular efficacy in combating plant
infections, and is thus a particularly suitable
terpene component. Other terpene formulations which
have shown high efficacy in treating plant infections
include (percentages are w/w) : - 100% thymol; - 50%
geraniol and 50% thymol; - 50% eugenol and 50% thymol;
- 33% geraniol, 33% eugenol and 33% thymol; - 33%
eugenol, 33% thymol and 33% citral; - 25% geraniol,
25% eugenol, 25% thymol and25% citra - 20% geraniol,
20% eugenol, 20% citral, 20% thymol and 20% L-carvone.
Accordingly a terpene component comprising any of the
above formulations is particularly suitable for use in
the present invention. In one embodiment the terpene
component includes one or more terpenes which contain
oxygen. Citral, for example citral 95, is an
oxygenated C i0H i6 terpene, C i0H i6O CAS No.
5392-40-5 (3 ,7-dimethyl-2 ,6-octadien- 1-al) . A
stable suspension of citral can be formed up to about
2500 ppm. Citral can be made into a solution at up to
about 500 ppm. A stable suspension of hollow glucan
particles incorporating citral of 25 ppt citral can be
made. The composition of the invention can comprise 1
to 99% by volume terpenes, 0 to 99% by volume
surfactant and 1 to 99% hollow glucan particles or
cell wall particles. More specifically the composition
can comprise about 10% to about 67% w/w terpenes,
about 0.1-10% surfactant and about 40-90% hollow
glucan particles or cell wall particles. Suitably a
composition of the present invention comprises from
about 500 to about 10,000 ppm hollow glucan particles
or cell wall particles, where the particles contain
from about 1 to about 67% terpene component.
Preferably the composition comprises from about 1000
to about 2000 ppm hollow glucan particlesor cell wall
particles, where the particles contain from about 10
to about 50% terpene component. Specific compositions
can include e.g., for bacteria 



and fungi, hollow glucan particles or cell wall
particles encapsulating terpenes in water or standard
0.9% saline with up to 67% L-carvone, up to 67%
eugenol, up to 67% citral, up to 67% thymol and L -
carvone, up to 67% geraniol, or up to 67% citral and
L-carvone and eugenol, and 1% Tween(r) 80; for mold,
hollow glucan particles or cell wall particles
encapsulating terpenes in water or standard 0.9%
saline with up to 67% citral and 1% Tween(r) 80; or
for mycoplasma, hollow glucan particles or cell wall
particles encapsulating terpenes in water or standard
0.9% saline with up to 67% citral, up to 67% Lcarvone
and eugenol, up to 67% eugenol, up to 67 % geraniol,
or up to 67% geraniol, thymol, and 1% Tween(r) 80.
Concentrations of hollow glucan particles or cell wall
particles encapsulating terpenes of 1 , 5 , 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 110, 125, 130, 140,
150, 160, 175, 190, 200, 225, 250, 275, 300, 325, 350,
375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625,
650, 675, 700, 725, 750, 775, 800, 825, 850, 875, 900,
925, 950, 975, 1000, 1100, 1250, 1375, 1425, 1500,
1600, 1750, or 2000 ppm can b e used as effective
concentrations in the compositions and methods of the
current invention. Even higher concentrations (up to
25 ppt, i.e. parts perthousand) can be made and may be
useful in the current invention. The composition of
the present invention can comprise between about 1 ppm
and about 25 ppt (25000 ppm) of the terpene component,
preferably 100 to 2000 ppm of the terpene component,
for example, 250, 500, 1000, 2000 ppm thereof. The
terpenes, surfactants, and other components of the
invention may be readily purchased or synthesised
using techniques generally known to synthetic chemists
. It is highly preferred that terpenes used in the
present invention, for safety and regulatory reasons,
are at least food grade terpenes (as defined by the
United States FDA or equivalent national regulatory
body outside the USA) . 



Optionally the composition can comprise other
foodgrade active compounds in addition to the terpene
component, for example other antimicrobial agents,
enzymes, or the like. Optionally the composition can
comprise a further active agents in addition to the
terpene component, for example an antimicrobial agent,
an anti- fungal agent, an insecticidal agent, an
anti-inflammatory agent, an anaesthetic or the like.
Suitable agents include:- Anti-fungal: Cell wall
hydrolyases (assuming they do not degrade the hollow
glucan particle or cell wall particle), cell wall
synthesis inhibitors, standard antifungals . -
Anti-bacterial: Antiseptics, cell wall hydrolases,
synthesis inhibitors, antibiotics. - Insecticidal :
Natural insecticides, chitinase. The composition can
comprise an antioxidant to reduce oxidation of the
terpene. An example of such an anti-oxidant might be
rosemary oil, vitamin C or vitamin E . The composition
of the present invention can be in the form of a dry
powder. The composition can be provided in combination
with an agriculturally, food or pharmaceutically
acceptable carrier or excipient in a liquid, solid or
gel-like form. For solid compositions, suitable
carriers include pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharin,
talc, cellulose, glucose, sucrose, magnesium
carbonate, and the like. Suitably the formulation is
in tablet or pellet form. As suitable carrier could
also be a human or animal food material. Additionally,
conventional agricultural carriers could also be used.
A pellet, tablet or other solid form of the
composition can preferably also contain a dispersal
agent which promotes dispersal of the compositionwhen
placed into a liquid, e.g. water. Suitable dispersal
agents include xanthan gum, maltodextrin, alginates,
or the like. Liquid compositions can, for example, be
prepared by dispersing the composition in water,
saline, aqueous 



dextrose, glycerol, ethanol, or the like, to form a
solution or suspension. If desired, these compositions
can contain minor amounts of non-toxic auxiliary
substances such as wetting or emulsifying agents, pH
buffering agents (for example, sodium acetate,
sorbitan monolaurate, triethanolamine sodium acetate
or triethanolamine oleate) . The methods of preparing
such liquid compositions are known, or will be
apparent, to those skilled in this art; for example
see Remington: The Science and Practice of Pharmacy;
Lippincott, Williams S- Wilkins; (December 15, 2000) -
which is incorporated herein by reference. Again a
liquid composition could be prepared by dispersing the
composition in a liquid human or animal food or drink
material. Additionally a suitable liquid agricultural
excipient could be used. For oral administration
tablets and granules are generally preferred. Tablets
may contain binders and lubricants. Fine powders or
granules may contain diluting, dispersing and/or
surface active agents and can be presented in water or
in a syrup. Capsules or sachets can conveniently
contain the composition in a dry state. Non-aqueous
solutions or suspensions of the composition are also
suitable and may containsuspending agents. Where
desirable or necessary, flavouring, preserving,
suspending, thickening, or emulsifying agents can be
included. Of course, it would be suitable to use a
food or drink material as an oral delivery method.
Parental administration is generally characterised by
injection. For injectables it will be appreciated
that, in general, all materials used in the
composition and any excipient used must be of
pharmaceutical grade. Injectables can be prepared in
conventional forms, either as liquid solutions,
emulsions or suspensions, solid forms suitable for
dissolution, suspension in liquid prior to injection,
or as emulsions. An alternative approach for parental
administration involves use of a slow release or
sustained release system, such that a constant level
of dosage is maintained. See, for 



example, U.S. Patent No. 3,710,795, which is
incorporated by reference herein. Preparations for
parenteral can also contain buffers, diluents and
other suitable additives. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol,
vegetable oils (such as olive oil) , and injectable
organic esters (such as ethyl oleate) . Aqueous
carriers include water, alcoholic /aqueous solutions,
emulsions, or suspensions, including saline and
buffered media. Other parenteral vehicles include
sodium chloride solution, Ringer's dextrose, dextrose
and sodium chloride, lactated Ringer's, or fixed oils.
Vehicles for intravenous use include fluid and
nutrient replenishers, electrolyte replenishers
(suchas those based on Ringer's dextrose) and the
like. Preservatives and other additives can also be
present such as, for example, antimicrobials,
anti-oxidants, chelating agents, inert gases, and the
like. For topical administration liquids, suspension,
lotions, creams, gels, ointments, drops,
suppositories, sprays and powders may be used.
Conventional pharmaceutical carriers, aqueous, powder
or oily bases, thickeners, and the like can be used as
necessary or desirable. The present invention further
provides a method of preparing a hollow glucan
particle or cell wall particle encapsulating a terpene
component, said method comprising the steps of; a )
providing a terpene component; b ) providing a hollow
glucan particle or cell wall particle; c ) incubating
the terpene component with the glucan particle or cell
wall particle under suitable conditions for terpene
encapsulation; and d ) recovering the hollow glucan
particle or cell wall particle encapsulating the
terpene component . Optionally the above method can
further comprise the step of drying the particles
encapsulating the terpene component. Drying may be
achieved in a number of ways and mention may be made
of freezedrying, fluidised bed drying, drum drying or
spray 



drying, all of which are well known processes. In step
a ) of the above method, the terpene component is
suitably provided as a suspension in an aqueous
solvent, and optionally in the presence of a
surfactant. Suitably the solvent is water. A suitable
surfactant is Tween-80 (polyoxyethylenesorbitan
monooleate) , and preferably the surfactant is present
at a concentration of about 0.1 to 10 % by volume of
the total reaction mixture, more preferably about 1%.
Alternatively the terpene component may be provided as
a true solution in a solvent, e.g. water. A true
solution of terpene in water can be obtained by mixing
the terpene in water at high shear until a true
solution is obtained. Publication No WO 03/020024
provides further details of forming true solutions of
terpenes in water. In step b ) of the above method,
the hollow glucan particle or cell wall particle is
suitably provided as a suspension in water or other
suitable liquid. Suitably the suspension comprises
approximately 1 to 1000 mg particles per ml,
preferably 200 to 400 mg/ml . Alternatively the
particles may be provided as a dry powder and added to
the terpene-surfactant suspension. Alternatively the
particles are provided in sufficient liquid to
minimally hydrate the particles, but not in
significant excess. The term "hydrodynamic volume"
(HV) is used to describe thevolume of liquid required
to minimally hydrate the particles . Thus suitably the
particles are provided with a volume ranging from the
HV and a volume of 1.5 times the HV (1.5HV) . This
makes the subsequent drying step more efficient. Also,
where a low volume of liquid is used (ie. around HV to
1.5HV), it is also possible to extrude the finished
product into pellet or noodle form, which is
convenient for fluidised bed drying. It has been found
that the terpene component can become encapsulated by
the hollow glucan particle or cell wall particle at
room temperature. The rate of encapsulation is,
however, increased at 370C but the temperature should
be kept below the boiling point or 



denaturing temperature of any component of the
composition. Suitable conditions for step c ) of the
above method are therefore atmospheric pressure at a
temperature of 20 to 37C. Optimisation of the
conditions for a particular encapsulation reaction
will be a matter of routine experimentation. The
present invention further provides a method of killing
a microorganism, said method comprising the step of; a
) contacting said microorganism with a composition
comprising a hollow glucan particle or cell wall
particle encapsulating a terpene component. Suitable
compositions are those defined in more detail
above.The present invention further provides a method
of preventing or treating an infection in a patient,
said method comprising the step of; a ) administering
to said patient in a therapeutically effective dose, a
composition comprising a hollow glucan particle or
cell wall particle encapsulating a terpene component.
Suitable compositions are those defined in more detail
above. The infection of the patient may be caused by
any infectious agent. Examples of these infectious
agents include, but are not restricted to
Staphylococcus aureus, Aspergillius fumigatus,
Mycoplasma iowae, Penicillium sp., and Mycoplasma
pneumoniae. For internal administration the
composition may be administered orally, vaginally,
rectally, by inhalation, or by parenteral routes, e.g.
by intradermal, subcutaneous, intramuscular,
intraperitoneal, intrarectal, intraarterial,
intralymphatic, intravenous, intrathecal and
intratracheal routes. Suitable formulations of the
composition for these routes are discussed above. For
external treatment, the composition may be applied
topically, for example as a cream or ointment or as a
dry powder for treatment of a wound.The amount of
terpene administered in the above method should
clearly be sufficient to achieve the desired result,
i.e. prevention and/or treatment of 



the infection, but should not be at a level which will
induce serious toxic effects in the patient. The
amount of composition administered will, of course, be
dependent on the manner of administration, on the
patient being treated, i.e. their weight, their age,
condition, sex and extent of the disease in the
subject and on the judgement of the prescribing
physician. The dose, schedule of doses, and route of
administration can be varied. One of skill in the art
would readily be able to determine an anti-infective
amount for a given application based on the general
knowledge in the art and the procedures in the
Examples given below. It should be noted that the term
"patient" as used herein refers to any individual,
either human or animal, to which the treatment is
applied. Thus, the patient can be a domesticated
animal (e.g., cat, dog, etc.), livestock (e.g.,
cattle, horse, pig, sheep, goat, etc.), laboratory
animal (e.g., mouse, rabbit, rat, guinea pig, etc.),
birds and fish: Suitably the subject is a mammal and
especially a primate, for example a human . In a
further embodiment the present invention provides a
method of treating or preventing infection of a plant,
said method comprising the step of; a ) administering
in a therapeutically effective dose a composition
comprising a hollow glucan particleor cell wall
particle encapsulating a terpene component to the
plant or to soil in proximity to the plant. Suitable
compositions are those defined in more detail above.
Terpenes have been shown to eliminate a number of
plant pathogens (see WO 03/020024) and, as described
in co-pending application US 60/538,627 also
effectively kill nematodes which are significant plant
parasites. Terpenes alone in suspension or solution,
however, are somewhat unstable and degrade rapidly in
the soil environment, thus losing efficacy.
Incorporation of a terpene component in a hollow
glucan particle or cell wall particle can reduce the 



rate of terpene release and degradation, thus
increasing the duration of action of the terpene in
the soil. Suitably the infection of a plant which is
to be treated or prevented in the above method is
infection by nematodes. Other plant infections that
may be treated or prevented include fungal plant
infections, especially those affecting the surface of
a plant. Such infections include downy mildew, powdery
mildew or botrytis bunch rot; these infections
particularly affect grape vines.In one embodiment ,
the plant infection may be caused by one or more of
the following: Aspergillius fumigatus, Sclerotinta
homeocarpa, Rhizoctonia solani, Colletotrichum
graminicola or Penicillium sp. An advantage of a
terpene based treatment of plants is that it can be
applied shortly before harvest. Many conventional
treatments require an extended period before re-entry
to the treated area (generally 3 weeks) . This means
that an outbreak of a plant disease shortly before
harvest cannot be treated with conventional treatments
as it would then not be possible to harvest the crop
at the desired time. The compositions of the present
invention can suitably be applied at any time up until
harvest, for example 21 days prior to harvest, 14 days
prior to harvest, 7 days prior to harvest, or even 3
days or less before harvest. Encapsulated terpenes
have shown particular efficacy in treating downy
mildew, powdery mildew and botrytis bunch rot in
grapes, and thus the present invention provides a
method of treating or preventing these diseases.
Prevention of plant infections can be achieved by
treating plants which the encapsulated terpenes
regularly as a prophylactic measure.Suitably the
composition of the present invention is applied by
spraying. This is particularly suitable for treating a
plant disease which affects the surface of a plant.
For spraying, a preparation comprising 2 g/1 of the
composition in water may be 



used. Concentrations of from 2 to 4 g/1 are
particularly effective, and concentrations of greater
than 4 g/1 can be used as required. Obviously it is
important that the concentration of the composition
used is sufficient to kill or inhibit the disease
causing agent, but not so high as to harm the plant
being treated. When spraying plants a rate of 500 L/Ha
or greater is suitable to cover the plants .
Preferably a rate of 900 L/Ha or greater, more
preferably 1200 L/Ha or greater is used to ensure good
coverage. Where grape vines are. being treated, a rate
of 1200 L/Ha has proven suitably effective. The
composition of the present invention may alternatively
be applied via irrigation. This is particularly
suitable for treating nematodes or other soil borne
pathogens or parasites. In a further embodiment the
present invention also provides a composition
comprising a hollow glucan particle or cell wall
particle encapsulating a terpene component for use in
the prevention or treatment of an infection in a
patient or a plant. Suitable compositions are those
defined in more detail above.In a further embodiment
the present invention provides the use of a
composition comprising a hollow glucan particle or
cell wall particle encapsulating a terpene component
in the manufacture of a medicament for the treatment
of infection caused by a microorganism. Suitable
compositions are those defined in more detail above.
The present invention will now by further described
with reference to the following, non-limiting,
examples and figures in which: Fig. 1 represents a
light micrograph of empty yeast cell walls; Fig. 2
represents a light micrograph of yeast cell walls
encapsulating L-carvone; Fig. 3 represents a light
micrograph of yeast cell walls encapsulating citral;
Fig. 4 represents a light micrograph of terpene
emulsion; 



Fig. 5 represents a light micrograph of yeast cell
walls in hydrodynamic volume (HV) water; Fig. 6
represents a light micrograph of yeast cell walls
encapsulating terpene in 5 times hydrodynamic volume
(HV) of water; Fig. 7 represents a light micrograph of
yeast cell walls encapsulating terpene in HV of water;
Fig. 8 represents a light micrograph of yeast cell
walls encapsulating terpene in HV plus 5% of water;
Fig. 9 represents a light micrograph of yeast cell
walls encapsulating terpene in HV plus 10% of water;
Fig. 10 represents a light micrograph of yeast cell
walls encapsulating terpene in HV plus 20% of water;
Fig. 11 represents a light micrograph of yeast cell
walls encapsulating terpene in HV plus 30% of water;
Fig. 12 represents a light micrograph of yeast cell
walls encapsulating terpene in HV plus 40% of water.
Fig. 13 represents a light micrograph showing the
dispersal of dried hollow glucan particles
encapsulating a terpene component and no xanthan gum.
Fig. 14 represents a light micrograph as in Fig. 13
where 0.07 g of 1% xanthan gum is included. Fig. 15
represents a light micrograph as in Fig. 13 where 0.14
g of 1% xanthan gum is included. Fig. 16 represents a
light micrograph as in Fig. 13 where 0.28 g of 1%
xanthan gum is included. Fig. 17 represents a light
micrograph as in Fig. 13 where 0.55 g of 1% xanthan
gum is included. Fig. 18 represents a light micrograph
as in Fig. 13 where 1.1 g of 1% xanthan gum is
included. Fig. 19 represents a light micrograph as in
Fig. 13 where 2.2 g of 1% xanthan gum is included.
Fig. 20 represents a light micrograph as in Fig. 13
where 4.4 g of 1% xanthan gum is included. Fig. 21
shows a schematic representation of treatment areas on
sites 18 and 20. Fig. 22 shows a schematic
representation of treatment areas on sites 18 and 20.
Fig. 23 shows a schematic representation of the
treatment areas on site 7 . Fig. 24 shows a graph
showing comparison of encapsulated vs.
non-encapsulated terpene 



formulations.The following examples are provided to
further enable those of ordinary skill in the art to
make or perform the present invention. They are purely
exemplary and are not intended to limit the scope of
the invention. Unless indicated otherwise, parts are
parts by volume or parts by weight, as indicated,
temperature is in degrees Celsius (0C ) or is at
ambient temperature, and pressure is at or near
atmospheric. There are numerous variations and
combinations of the compositions and conditions for
making or using them, e.g., component concentrations,
desired solvents, solvent mixtures, temperatures,
pressures, and other ranges and conditions that can b
e used to optimise the results obtained from the
described compositions and methods. Only reasonable
and routine experimentation will b e required to
optimise these. Example 1 - Demonstration of Terpene
Loading into Baker's Yeast Particles and Purified
Yeast Gluean Particles The following protocol was
performed to demonstrate that terpenes would load into
yeast cell walls and other hollow glucan particles.
Emulsions of citral and L-carvone were prepared by
mixing 150 ml of the terpene with 100 ml of 10% Tween
80 in water and 250 ml of water. Baker's yeast
particles (YP) or Levacan(tm) yeast glucan particles
(YGP) , available from Savory SystemsInternational,
Inc., Branchburg, NJ, were mixed with water to form a
250 mg/ml suspension. 500 ml of the YP or YGP
suspension and 250 ml of the terpene emulsion were
mixed together and incubated overnight under constant
agitation. 500 ml YP or YGP suspension and 500 ml of
water were used as a control . The particles were then
washed with water until free from external emulsion.
The particle preparations were then frozen and
lyophilised until dry. The particles were then
rehydrated and examined under light microscope. The
results are shown in Figs. 1 to 4 . Fig. 1 shows
spherical structures with a dark area at their centre,
these are empty hollow glucan 



particles . Figs . 2 and 3 shows spherical structures
with a swollen appearance with a light coloured
interior, these are particles with terpene
encapsulated in the central cavity - citral in Fig. 2
and L-carvone in Fig. 3 . In Figs. 2 and 3 small blobs
of free terpene can also be seen, e.g. at the top of
Fig. 2 , just left of centre. Fig. 4 shows the terpene
emulsion as small blebs of terpene suspended in
water.Example 2 - Determination of maximal citral and
Lcarvone loading levels in Baker's Yeast Cell Wall
Particles (YP) The following protocol was performed to
determine the maximal amounts of terpenes that would
load into YP. - L-carvone and citral emulsions were
prepared by sonicating 4.5 g of the terpene with 0.3
ml water. - 10% Tween-80 solution was prepared by
sonicating 4.5 g Tween-80 in 40.5 mis water. - YP
suspension was prepared by mixing YP with water to
form 20 mg/ml suspension. - Encapsulation reactions
were set up as described in Table 1 . Citral or
L-carvone-water emulsion was mixed with YP and Tween
80 surfactant overnight at room temperature. Samples
were centrifuged at 14,000 x g for 10 minutes and the
appearance of free terpene floating on the aqueous
layer was scored. The results are shown in the right
hand column labelled free terpene of Table 1 . The
expression "free terpene" refers to the visible
presence of terpene in the centrifuged reaction
mixture. The absence of free terpene indicates
complete absorption of the terpene by the particles.
The highest volume of terpene absorbed by the
particles, as evidenced by the absence of free
terpene, was recorded as the maximal volume of
absorbed terpene emulsion.Table 1 As can be seen from
the results, YP is capable of absorbing and
encapsulating at least 16.5 ml of Lcarvone terpene
emulsion or at least 5 ml of citral emulsion per 10 mg
of YP. Example 3 - Demonstration of improved terpene
loading 



with surfactant and determination of optimal Tween-
80: Terpene ratio The following protocol was performed
to demonstrate that the presence of surfactant
improves terpene loading and to determine the minimum
level of Tween80 surfactant required for the YP
terpene loading reaction. - L-carvone and citral
emulsions were prepared by sonicating 4.5 g of the
terpene with 0.3 ml water. - 10% Tween-80 solution was
prepared by sonicating 4.5 g Tween-80 in 40.5 ml
water. - Baker's YP suspension was prepared by mixing
YP with water to form 250 mg/ml suspension. Loading
reactions were set up as shown in Table 2 below.
Citral or L-carvone-water emulsion was mixed with YP
with 0 - 10% v/v Tween 80 surfactant overnight at room
temperature. Samples were centrifuged at 14,000 x g
for 10 minutes and the appearance of free terpene
floating on the aqueous layer was scored. The results
are shown in the right hand column labelled free
terpene of Table 2 . The expression "free terpene"
refers to the visible presence of terpene in the
centrifuged reaction mixture. The absence of free
terpene indicates complete absorption and
encapsulation of the terpene by the YP. The highest
volume of terpene absorbed by the YP, as evidenced by
the absence of free terpene, was recorded as the
maximal volume of absorbed terpene emulsion.Table 2Sl
= slight As can be seen from the results a Tween-80
concentration of 1% (i.e. 100 ml of 10 % Tween-80 in
1000 ml of reaction mixture) is sufficient to allow
complete uptake of the terpene in the above reaction.
A 2% Tween-80 causes no improvement in results,
whereas with a 0.33% concentration free terpene was
observed. This indicates that: a ) Terpenes are
absorbed into YP particles in the absence of a
surfactant, but the presence of surfactant
significantly increases terpene absorption. b ) A
Tween-80 concentration of around 1% is optimum 



for YP loading as it ensures proper loading whilst
maximising the terpene payload of the YP particles .
Example 4 - Determination of maximal terpene loading
and encapsulation at high Baker's Yeast Cell Wall
Particles (YP) levels The following protocol was
performed to determine the maximal amounts of terpenes
that would load into YP at high YP levels. - L-carvone
and citral emulsions were prepared by sonicating 4.5 g
of the terpene with 3 ml 1% Tween . - 5% Tween-80
solution was prepared by sonicating 0.5 g Tween-80 in
9.5 ml water.YP suspension was prepared by mixing YP
with water to form 250 mg/ml suspension. -
Encapsulation reactions were set up as shown in Table
3 . Citral or L-carvone-water emulsion was mixed with
YP and Tween 80 surfactant overnight at room
temperature. Samples were centrifuged at 14,000 x g
for 10 minutes and the appearance of free terpene
floating on the aqueous layer was scored. The results
are shown in the right hand column labelled free
terpene of Table 3 . The expression "free terpene"
refers to the visible presence of terpene in the
centrifuged reaction mixture. The absence of free
terpene indicates complete absorption of the terpene
by the YP. The highest volume of terpene absorbed by
the YP, as evidenced by the absence of free terpene,
was recorded as the maximal volume of absorbed terpene
emulsion.Table 3 As can be seen from the results in
Table 3 , YP is capable of absorbing and encapsulating
terpenes at high YP concentration. YP absorbed and
encapsulated at least 112.5 ml of L-carvone terpene
emulsion or at least 75 ml of citral emulsion per 125
mg of YP. This demonstrates that the terpene
encapsulation reaction is independent of YP
concentration within the ranges tested.Example 5 -
Screen commercially available particles for terpene
absorption 



The following protocol was performed to analyse the
loading properties of different types of particles.
The particles studied were Baker's Yeast Cell Wall
Particles (Sigma Chemical Corp., St. Louis, MO),
Nutrex(tm) Walls (Sensient Technologies, Milwaukee,
WI), SAF-Mannan(tm) (SAF Agri, Minneapolis, MN),
Nutricept Walls(tm) (Nutricepts Inc., Burnsville, MN),
Levacan(tm) (Savory Systems International, Inc.,
Branchburg, NJ) and WGP(tm) (Alpha-beta Technology,
Inc. Worcester, MA). L-carvone and citral emulsions
were prepared by sonicating 7 g terpene + 3 ml 3.3%
Tween-80. Table 4 below compares the purity with the
number of yeast particles per mg and the packed solids
weight /volume ratio.Table 4 From Table 4 it can be
concluded that the number of particles per mg is
inversely proportional to purity. Thus the number of
particles per mg of WGP is almost 10- fold higher than
Baker's YP. The YP suspensions were prepared as
follows: Baker's yeast cell wall particle suspension
(YP) was prepared by mixing 250 mg YP / ml 1% Tween
80. Nutrex suspension was prepared by mixing 163 mg
Nutrex YGP / ml 1% Tween 80. SAF Mannan suspension was
prepared by mixing 234 mg Biospringer YGP / ml 1%
Tween 80. Nutricepts suspension was prepared by mixing
99 mg Nutricepts YGP / ml 1% Tween 80. Levacan
suspension was prepared by mixing 217 mg Lev YGP / ml
1% Tween 80. WGP suspension was prepared by mixing 121
mg WGP YGP / ml 1% Tween 80.The packed volume of the
above particles is identical which means that equal
numbers of particles were assayed. Loading reactions
were set up as shown in Table 5 and left to incubate
overnight. Samples were centrifuged at 14,000 x g for
10 minutes and the appearance of free terpene floating
on the aqueous layer and the color of the encapsulated
terpenes in the pellet was scored. The results are
shown in the two right hand columns of Table 5 . The
highest volume of terpene 



absorbed by particles as evidenced by the absence of
free terpene was recorded as the volume of absorbed
terpene emulsion.Table 5 W = white; Y = yellow; si =
slight; int = intermediate From the results the
following conclusions were reached: - Purified
particles with a low lipid content were less effective
at absorbing terpenes . - Less pure particles were
more effective at absorbing terpenes . - Yellow
degradation product of citral was not formed when
encapsulated in SAF-Mannan(tm). - Based on qualitative
loading at the single terpene level tested, SAF
Mannan(tm) appears to be best, Nutrex(tm) second and
Baker's third.Example 6 - Kinetics of terpene loading
into various types of particles and different
incubation temperatures . The following protocol was
adopted to compare the loading kinetics of various
types of yeast particles . L-carvone and citral
emulsions were prepared by sonicating 7 g terpene with
3 ml 3.3% Tween-80. 1% Tween-80 solution was prepared
by sonicating 1 ml 10% Tween-80 in 10 ml water. -
Baker's YP was prepared by mixing 5 g of bakers YP in
20 ml 1% Tween-80. - Nutrex(tm) YGP suspension was
prepared by mixing 2 g Nutrex(tm) YGP in 20 ml 1%
Tween-80. - SAF Mannan(tm) suspension was prepared by
mixing 2 g SAF Mannan(tm) in 20 ml 1% Tween-80.
Loading reactions were set up as shown in Table 6 .
The reactions were incubated for 1 , 3 , 6 , 9 and 24
hours at room temperature or 37 0C . After incubation
samples were centrifuged at 14,000 x g for 10 minutes
and the appearance of free terpene floating on the
aqueous layer was scored. The results are shown in the
two right hand columns of Table 6 . The highest volume
of terpene absorbed by the particles as evidenced by
the absence of free terpene was recorded as the volume
of absorbed terpene emulsion. Colour of the
encapsulated pellet was scored at 24 hours.1 Table 6 



2 4- 3 White, W ; Yellow, Y ; Very Yellow, VY; Room
Temperature, Rt 4From the results shown in Table 6 and
other observations the following conclusions can be
made:  Terpene loading reaction takes between 1 and 3
hours .  Terpene loading occurs faster at 37 0C than
at room temperature.  SAF Mannan(tm) appears to be
preferable particles for two reasons : - Faster and
more complete uptake of both terpenes . - Citral
remains stable when loaded as evidenced by the absence
of yellow colour, characteristic of citral
degradation, after 24 hours at 37 0C . Example 7 -
Screen a range of single terpenes and terpene
combinations for particle loading The following
protocol was adopted to compare the loading efficiency
of Baker's YP versus SAF Mannan(tm). Terpene emulsions
were prepared as follows: - L-carvone - 4.5 g
L-carvone in 1.5 ml 3.3% Tween- 80. - Citral - 4.5 g
citral in 1.5 ml 3.3% Tween-80. - Thymol /L-carvone
mixture (T/L)- 2.25 g thymol and 2.25 g L-carvone in
1.5 ml 3.3% Tween-80. - Eugenol - 4.5 g eugenol in 1.5
ml 3.3% Tween-80. - Geraniol - 4.5 g geraniol in 1.5
ml 3.3% Tween-80.Citral/L-carvone/Eugenol mixture
(C/L/E) - 1.5 g citral, 1.5 g L-carvone, 1.5 g eugenol
in in 1.5 m l 3.3% Tween-80. Emulsions composed of
terpene : water : surfactant ratio of 0.75:0.3:0.05
were used for these experiments . Increasing volumes
of terpene emulsion were mixed with 250 mg/ml Baker's
YP or 250 mg/ml SAF Mannan(tm) overnight at room
temperature as shown in Tables 7 and 8 . Samples were
centrifuged at 14,000 x g for 10 minutes and the
appearance of free terpene floating on the aqueous
layer was scored. The highest volume of terpene
emulsion absorbed by Baker's YP or SAF 



Mannan(tm) as evidenced by the absence of free terpene
was recorded as the volume of absorbed terpene
emulsion. Colour of encapsulated terpenes in the
pellet was recorded. The results in Tables 7 and 8
show that all single and terpene combinations were
efficiently loaded into both Baker's YP or SAF Mannan
particles. Table 7 - Evaluation of Baker's YP Loading
of Different Terpenes and Terpene Mixtures.NOVEL
FUNGAL PROTEINS AND NUCLEIC ACIDS ENCODING SAME FIELD
OF THE INVENTION The present invention relates to
novel polypeptides, and the nucleic acids encoding
them, having unique catalytic properties. More
particularly, the invention relates to nucleic acids
encoding novel leucine aminopeptidase (LAP) and other
amino- and carboxypeptidases polypeptides, which will
be herein collectively referred to as EXOX, as well as
vectors, host cells, antibodies, and recombinant
methods for producing these nucleic acids and
polypeptides. These genes have been identified in two
different fungal species, Trichophyton rubrum and
Aspergillus fumigatus. BACKGROUND OF THE INVENTION
Bacteria, yeast and filamentous fungi, as well as
specialized cells of plants, invertebrates and
vertebrates express membrane proteins useful for the
uptake of amino acids, dipeptides and tripeptides.
Lubkowitz et al, Microbiology 143:387-396 (1997);
Hauser et al., Mo\. Membr. Biol. 18(l):105-112 (2001);
Stacey et al, Trends Plant Sci. 7(6):257-263 (2002);
Rubio-Aliaga & Daniel, Trends Pharmacol. Sci.
23(9):434-440 (2002). Transporters that also accept
larger oligopeptides (4-5 amino acid residues) are
known in yeast, filamentous fungi and plants. Protein
digestion into amino acids has been investigated in
microorganisms used in food fermentation industry.
Bacteria of the genus Lactobacillus (O'Cuinn et al,
Biochem. Soc. Trans. 27(4):730-734 (1999)) and fungi
of the genus Aspergillus (Doumas et al, Appl. Environ.
Microbiol. 64:4809-4815 (1998)) secrete endoproteases
and exoproteases, which cooperate very efficiently in
protein digestion. Aminopeptidase activity, which may
also play a role in the development of fungus during
infection, has been detected in the mycelium and
culture supernatant of a species of fungi (De
Bersaques & Dockx, Arch. BeIg. Dermatol. Syphiligr.
29:135-140 (1973); Danew & Friedrich, Mykosen
23:502-51 (1980)), however, no aminopeptidase or
carboxypeptidase has been isolated and characterized
from dermatophytes to date.SUMMARY OF THE INVENTION
The invention is based in part upon the discovery of
isolated polypeptides containing the mature form of an
amino acid sequence selected from SEQ ID NOs: 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, and 35. The invention
also provides isolated polypeptides containing an
amino acid sequence selected from SEQ ID NOs. 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, and 35, as well as
isolated polypeptides that are at least 90% identical
to polypeptides having these sequences, wherein the
polypeptide optionally has aminopeptidase or
carboxypeptidase activity. For example, the
polypeptide may be a leucine aminopeptidase such as
ruLAP2. 



Also provided are isolated polypeptides having one or
more conservative amino acid substitutions. Such
polypeptides may possess aminopeptidase activity. The
invention also encompasses polypeptides that are
naturally occurring allelic variants of the sequence
selected from the group consisting of SEQ ID NOs: 3,
6, 9, 12, 15, 18, 21, 24, 27, 30, 33, and 35. These
allelic variants include amino acid sequences that are
the translations of nucleic acid sequences differing
by one or more nucleotides from nucleic acid sequences
selected from the group consisting of SEQ ED NOs:3, 6,
9, 12, 15, 18, 21, 24, 27, 30, 33, and 35. The variant
polypeptide where any amino acid changed in the chosen
sequence is changed to provide a conservative
substitution. The invention also involves a method of
removing particular amino acids from peptides, for
instance tags from recombinant proteins, wherein the
active polypeptide removing amino acid is a
polypeptide having an amino acid sequence at least 90%
identical to a polypeptide having the amino acid
sequence selected from the group consisting of SEQ ID
NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, and 35,
or a biologically active fragment thereof. Any of the
polypeptides of the invention may be naturally
occurring. Further, any of these polypeptides can be
in a composition including a carrier, and the
composition can be in a kit including one or more
containers. Also provided are dermatophytes containing
the polypeptides of the invention. For example,
suitable dermatophytes include Epidermophyton
floccosum, Microsporum audouinii, Microsporum
ferrugineum, Trichophyton concentricum, Trichophyton
kanei, Trichophyton megninii, Trichophyton
mentagrophytes, Trichophyton raubitschekii,
Trichophyton rubrum, Trichophyton schoenleinii,
Trichophyton soudanense, Trichophyton tonsurans,
Trichophyton violaceum, Trichophyton yaoundei,
Microsporum canis,Microsporum equinum, Microsporum
nanum, Microsporum persicolor, Trichophyton equinum,
Trichophyton simii, Trichophyton verrucosum,
Microsporum gypseum, Trichophyton ajelloi, and
Trichophyton terrestre. The invention also provides
microbial culture supernatants containing the
polypeptides of the invention. The invention also
relates to the use of therapeutics in the manufacture
of a medicament for treating a syndrome associated
with a human disease, where the therapeutic includes
the polypeptides of the invention and the disease is
selected from a pathology associated with these
polypeptides. The invention also relates to methods of
degrading a polypeptide substrate. Such methods
include contacting the polypeptide substrate with one
or more of the polypeptides, which have been isolated.
For example, the polypeptide substrate can be a
full-length protein. Further, the one or more isolated
polypeptides can be used to sequentially digest the
polypeptide substrate. The polypeptide substrate can
be selected from denatured casein, gliadin, gluten,
bovine serum albumin or fragments thereof. For
example, the isolated polypeptide can be an
aminopeptidase, which can be a leucine aminopeptidase
such as ruLAP2. The invention further relates to
methods for identifying a potential therapeutic agent 



for use in treatment of fungal infections, wherein the
fungal infection is related to aberrant expression or
aberrant physiological interactions of the
polypeptides of the invention. Such methods include
providing a cell expressing the polypeptide and having
a property or function ascribable to the polypeptide,
contacting the cell with a composition comprising a
candidate substance, and determining whether the
substance alters the property or function ascribable
to the polypeptide. If no alteration is observed in
the presence of the substance when the cell is
contacted with a composition in the absence of the
substance, the substance is identified as a potential
therapeutic agent. For example, the property or
function ascribable to the polypeptide can be
aminopeptidase or carboxypeptidase activity. The
invention further relates to methods of treating a
pathological state in a mammal by administering a
polypeptide to the mammal in an amount that is
sufficient to alleviate the pathological state.
Typically, the polypeptide has an amino acid sequence
at least 90% identical to a polypeptide containing the
amino acid sequence selected from SEQ ID NOs: 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, and 35, or a
biologically active fragment thereof. The pathological
state to be treated include a fungal infection, celiac
disease, digestive tractmalabsorption, sprue, an
allergic reaction and an enzyme deficiency. For
example, the allergic reaction can be a reaction to
gluten. The invention additionally relates to methods
of treating a pathological state in a mammal by
administering a protease inhibitor to the mammal in an
amount that is sufficient to alleviate the
pathological state. The protease inhibitor includes an
amino acid sequence at least 90% identical to a
polypeptide having the amino acid sequence selected
from SEQ ID NOs:3, 6, 9, 12, 15, 18, 21, 24, 27, 30,
33, and 35, or a biologically active fragment thereof.
For example, the pathological state can be a fungal
infection. The invention further relates to isolated
polypeptides having an amino acid sequence selected
from SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30,
33, and 35. These polypeptides can be produced by
culturing a cell under conditions that lead to
expression of the polypeptide some embodiments, the
cell includes a vector containing an isolated nucleic
acid molecule having a nucleic acid sequence selected
from the group consisting of SEQ ID NOs: 2, 5, 8, ,
14, 17, 20, 23, 26, 29, 32, and 34. Optionally, the
cell may be a fungal cell, a bacterial cell, an insect
cell (with or without a baculovirus), a plant cell and
a mammalian cell. The invention also provides isolated
nucleic acid molecules containing a nucleic acid
sequence selected from SEQ ID NOs: 2, 5, 8, , 14, 17,
20, 23, 26, 29, 32, and 34. For example, such nucleic
acid molecules can be naturally occurring. The
invention also relates to nucleic acid molecules that
differ by a single nucleotide from a nucleic acid
sequence selected from SEQ ID NOs: 2, 5, 8, , 14, 17,
20, 23, 26, 29, 32, and 34 as well as to isolated
nucleic acid molecules encoding the mature form of a
polypeptide having an amino acid sequence selected
from the group consisting of SEQ ID NOs: 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, and 35. Further, the
nucleic acid molecules can be ones that hybridizes
under stringent conditions to the nucleotide sequence
selected from the group consisting of SEQ ID NOs: 2,
5, 8, , 14, 17, 20, 23, 26, 29, 32, and 34 or a
complement of that nucleotide sequence. In some
embodiments, the nucleic acid molecules 



can be included in a vector, that further includes a
promoter operably linked to said nucleic acid
molecule. Also provided are cells that include the
vector. The invention also provides methods of
producing polypeptides of the invention. The methods
include culturing a cell under conditions that lead to
expression of the polypeptide and the cell includes a
vector having an isolated nucleic acid molecule
containing a nucleic acid sequence selected from SEQ
ID NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, and 34.
Insome instances, the cell is selected from a fungal
cell, a bacterial cell, an insect cell, a plant cell
or mammalian cell. The invention also relates to
methods for producing a protein by culturing a
dermatophyte containing the polypeptide under
conditions sufficient for the production of the
protein and isolating the protein from the
dermatophyte culture. For example, the protein can be
a secreted protein. Likewise, the protein can also be
an aminopeptidase or a carboxypeptidase. Specifically,
the aminopeptidase can be a leucine aminopeptidase,
such as ruLAP2. Additionally, the dermatophyte can be
selected from Epidermophyton floccosum, Microsporum
audouinii, Microsporum ferrugineum, Trichophyton
concentricum, Trichophyton kanei, Trichophyton
megninii, Trichophyton mentagrophytes, Trichophyton
raubitschekii, Trichophyton rubrum, Trichophyton
schoenleinii, Trichophyton soudanense, Trichophyton
tonsurans, Trichophyton violaceum, Trichophyton
yaoundei, Microsporum canis, Microsporum equinum,
Microsporum nanum, Microsporum persicolor,
Trichophyton equinum, Trichophyton mentagrophytes,
Trichophyton simii, Trichophyton verrucosum,
Microsporum gypseum, Trichophyton ajelloi, and
Trichophyton terrestre. The produced proteins can be
applied to polypeptide substrates. In some instances,
the produced protein can degrade the polypeptide or
can sequentially digests a full-length polypeptide
substance. Optionally, the polypeptide substrate
length can be from 2 to 200 amino acids. In some
instances, the produced protein adds one or more amino
acids to the polypeptide substrate. In other
instances, the produced protein removes one or more
amino acids from the polypeptide substrate to form a
modified polypeptide substrate, and the produced
protein subsequently adds one or more amino acids to
the modified polypeptide substrate, thereby forming a
polypeptide product comprising a different amino acid
sequence than the polypeptide substrate. The invention
also provides methods for treating mycoses in a
patient suffering therefrom. Such methods include
administering an effective amount of an inhibitor with
the activity of an EXOX protein selected from SEQ ID
NOS:3, , , 12, 15, 18, 21, 24, 27, 30, 33, and 35. For
example, the EXOX protein can include SEQ ID NO: 2.
The invention further provides methods of degrading a
polypeptide substrate. These methods include
contacting the polypeptide substrate with one or more
of the isolated polypeptides of the invention.
Optionally, the polypeptide substrate is a full-length
protein, and the one or more isolated polypeptides can
be polypeptides that sequentially digest
thepolypeptide substrate. The polypeptide substrate
can be selected from denatured casein, gliadin,
gluten, bovine serum albumin or fragments thereof.
Further, in some instances, the isolated polypeptide
is an aminopeptidase. The aminopeptidase can be a
leucine aminopeptidase, such as ruLAP2. 



Additionally, the method optionally contacting the
polypeptide substrate with one or more proteases. In
some instances, the proteases are selected from
trypsin, pronase, chymotrypsin, and proteinaseK. The
invention further provides methods of removing amino
acids from the amino terminus of a protein. The
methods include contacting the protein with one or
more of the isolated polypeptides of the invention. In
some instances, the amino terminus of a protein
includes a His tag. In other instances the amino
terminus of a protein includes an Xaa-Pro tag.
Optionally, Xaa is an amino acid including at least
two vicinal nucleophilic groups, with examples
including serine, threonineor cysteine. The invention
further provides isolated polypeptides of the
invention that can have reverse proteolytic activity.
The invention further provides methods of adding one
or more amino acids to a polypeptide substrate. The
method includes contacting the polypeptide substrate
with one or more of the isolated polypeptides of the
invention. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the
art to which this invention belongs. Although methods
and materials similar or equivalent to those described
herein can be used in the practice of the present
invention, suitable methods and materials are
described below. All publications, patent
applications, patents, and other references mentioned
herein are incorporated by reference in their
entirety. In the case of conflict, the present
specification, including definitions, will control. In
addition, the materials, methods, and examples are
illustrative only and are not intended to be
limiting.BRIEF DESCRIPTIONOF THE DRAWINGS FIG.
photograph of a Western blot of T. rubrum supernatant
preparation probed with anti-A oryzae Alp (Panel A,
left) and Mep antisera (Panel C, right). Panel B shows
a 10% SDS-PAGE gel stained with Coomassie blue h lane
1, the proteins of 0.25 ml of T. rubrum culture
supernatant were precipitated with TCA before loading
on the SDS-PAGE gel. 0.2 g of purified recombinant A.
oryzae ALP and MEP were loaded on lane 2 and lane 3,
respectively. The molecular mass of protein standards
are shown in the left margin. FIG. 2 is a photograph
of a SDS-PAGE gel illustrating a protein profile of
recombinant ruLAP2 (1, 2), fuLAP2 (3, 4), ruLAPl (5,
6) and fuLAPl (7, 8) produced in P. pastoris. 1 g of
each purified recombinant LAP was loaded on a 10%
SDS-PAGE gel. Lanes 2, 4, 6 and 8 show the proteins
deglycosylated by N-glycosidase F treatment. The gel
was stained with Coomassie brilliant blue R-250. FIG.
3 is a photograph of a Western blot of T. rubrum
culture supernatant and recombinant LAPs used as
controls probed with anti-ruLAP2 (lanes 1-4) and
anti-ruLAPl antisera (lanes 5-8). In lane 1, 2, 5 and
6 the proteins of 0.25 ml of T. rubrum culture
supernatant was precipitated with TCA before loading
on the SDS-PAGE gel. 0.1 g of purified recombinant
ruLAP2 (lanes 3, 4) and ruLAPl (lanes 7, 8) was loaded
as a control. N-glycosidase F was used for
deglycosylation of proteins. The molecular mass of
protein standards are shown in the left margin. FIG. 4
is a graph of the enzymatic activity of T. rubrum AMPP
(aminopeptidase P) at various 



pH values. It appears that AMPP has activity over a
broad range of pH values, from pH 6 to 11. FIG. 5 is a
graph of the enzymatic activity of T. rubrum AMPP at
various temperatures. The enzyme exhibits activity at
temperatures ranging from 25 to 60 C with an optimal
temperature of 50C. FIG. 6 is a graph showing the
digestion of gliadin 14mer with ruLAPl over 4h at 37C
with an E/S ratio (w:w) of 1/50.FIG. 7 is a graph
showing the digestion of gliadin 14mer with DPPIV
alone and with a DPPIV/ruLAP2 cocktail. FIG. 8 is a
graph showing the digestion of gliadin 33mer with
ruDPPIV over 4h at 37C with an E/S ratio (w:w) of
1/50. FIG. 9 is a graph showing the digestion of
gliadin 33mer with a DPPIV/ruLAP2 cocktail. FIGS. A
and B are mass spectrumof Gly-Ser-proNPY (A) before
and (B) after digestion with ruLAP2. FIGS. and 1 B are
mass spectra of Ala-proNPY (A) before and (B) after
digestion with ruLAP2. FIGS. 12A and 12B are mass
spectra of TG47 (A) before and (B) after digestion
with ruLAP2. FIGS. 1 and 13B are mass spectra of
desMet-G-CSF (A) before and (B) after digestion with
DPPIV. FIG. 14 is an alignment of deduced amino acid
sequences of aminopeptidases of the M28E subfamily.
FIG. 15 is an alignment of deduced amino acid
sequences of aminopeptidases of the M28A subfamily.
DETAILED DESCRIPTION OF THE INVENTION As used herein,
the term protease is synonymous with peptidase,
proteolytic enzyme and peptide hydrolase. The
proteases include all enzymes that catalyse the
cleavage of the peptide bonds (CO-NH) of proteins,
digesting these proteins into peptides or free amino
acids. Exopeptidases act near the ends of polypeptide
chains at the amino (N) or carboxy (C)terminus. Those
acting at a free N terminus liberate a single amino
acid residue and are termed aminopeptidases. A large
variety of highly specific proteases are involved in a
number of different biological and physiological
processes. Thus, these represent targets of choice for
new drug applications as well as for controlled
peptidic and/or proteic degradations. Dermatophytes
are human and animal pathogenic fungi, which cause
cutaneous infections. Vanbreuseghem et a , GUIDE
PRATIQUEDE MYCOLOGIE MEDICALEET VETERINAIRE. (1978);
Kwong-Chong & Bennet, MEDICAL MYCOLOGY (1992);
Weitzman & Summerbell, Clin. Microbiol. Rev. 8:240-259
(1995). Examples of dermatophytes include, but are
note limited to, T. ajelloi, A. uncinatum, K. ajelloi,
T. asteroides, T. mentagrophytes, T. concentricum, T.
cruris, E. floccosum, T. dankalienese, G.
dankaliensis, T. equinum, T. equinum var.
autotrophicum, T. equinum var. equinum, T. erinacei,
T.fischeri, T.flavescens, T. floccosum, E. floccosum,
T. gloriae, T. gourvilii, T. granulare, T. granulosum,
T. gypseum, T. inguinale, T. interdigitale, T.
intertriginis, T. kanei, T. krajdenii, T. longfusum,
T. 



megninii, A. quinckanum, A. benhamiae, A.
vanbreuseghemii, T. pedis, T. proliferans, T.
quickaneum, T. radiolatum, T. mentrophytes var.
erinacei, T. mentagrophytes var. interdigitale, T.
mentagrophytes var. mentagrophytes, T. mentagrophytes
var. nodulare, T. mentagrophytes var. quinnckeanum, T.
niveum, T. nodulare, T. persicolor, M. persicolor, T.
phaseolforme, T. proliferans, T. purpureum, T.
quinckeanum, T. radiolatum, T. raubitschekii, T.
rubrum, S. ruber, T. schoenleinii, T. simii, A. simii,
T. soudanense, T. sulphureum, T. tonsurans, A.
insingulare, A. lenticularum, A. quadrifidum, T.
tonsurans, T. sulphureum, T. terrestre, T. tonsurans
var. sulphureum, T. tonsurans var tonsurans subvar.
perforans, T. vanbreuseghemii, T. verrucosum, T.
violaceum, T. yaoundei, E. floccosum, M. audouinii, M.
ferrugineum, T. kanei, T. megninii, T.
mentragrophytes, T. raubitschekii, T. schoenleinii, T.
Soudanese, T. violaceum, M. canis,M. equinum, M.
nanum, M. persicolor, T. verrucosum, and M. gypseum.
Among the pathogenic species isolated in hospitals and
private practices in Europe, Trichophyton rubrum, T.
mentagrophytes and Microsporum canis are most commonly
observed. Monod et al, Dermatology, 205:201-203
(2002). In fact, dermatophytes can grow exclusively in
the stratum corneum, nails or hair, and digest
components of the cornii  ed cell envelope. To date,
all investigated dermatophytes produce proteolytic
activity in vitro and many investigators report the
isolation and characterization of one or two secreted
endoproteases from an individual species. For a
review, see Monod et al, Int. J. Med. Microbiol.
292:405-419 (2002). In particular, M. canis was shown
to possesstwo gene families encoding endoproteases of
the S8 (subtilisins) and M36 (fungalysins) family as
classified in the MEROPS proteolytic enzyme database
(at http://merops.sanger.ac.uk/). Brouta et al,
Infect. Immun. 70:5676-5683 (2002); Descamps et al, J
Invest. Dermatol. 70:830-835 (2002). One member of
each isolated M. canis gene family encoded one of the
two previously characterized endoproteases from
culture supernatants. Mignon et al, Med. Mycol.
36:395-404 (1998); Brouta et al, Med. Mycol.
39:269-275 (2001). Both enzymes were shown to be
keratinolytic and produced during infection in cats.
Mignon et al, Med. Mycol. 36:395-404 (1998); Brouta et
al, Med. Mycol. 39:269-275 (2001). This proteolytic
activity enables dermatophytes to grow exclusively in
the stratum corneum, nails or hair, and to use
digested components of the cornified cell envelope,
i.e., single amino acids or short peptides, as
nutrients for in vivo growing. Two new leucine
aminopeptidases (LAP) from the dermatophyte T. rubrum,
ruLAPl and ruLAP2 are described herein. T. rubrum is a
species of the genus Trichophyton, which includes,
e.g., T. ajelloi, T. asteroides, T. mentagrophytes, T.
concentricum, T. cruris, T. dankalienese, T. equinum,
T. equinum var. autotrophicum, T. equinum var.
equinum, T. erinacei, T.fischeri, T.b avescens, T.
floccosum, T. gloriae, T. gourvilii, T. granulare, T.
granulosum, T. gypseum, T. inguinale, T. inter
digitale,T. intertriginis, T. kanei, T. krajdenii, T.
longfusum, T. megninii, T. pedis, T. proliferans, T.
quickaneum, T. radiolatum, T. mentrophytes var.
erinacei, T. mentagrophytes var. interdigitale, T.
mentagrophytes var. mentagrophytes, T. mentagrophytes
var. nodulare, T. mentagrophytes var. quinnckeanum, T.
niveum, T. nodulare, T. persicolor, T. phaseolforme,
T. proliferans, T. purpureum, T. quinckeanum, T.
radiolatum, T. raubitschekii, T. schoenleinii, T.
simii, T. soudanense, T. sulphureum, T. tonsurans, T.
sulphureum, T. terrestre, T. tonsurans var.
sulphureum, T. 



tonsurans var tonsurans subvar. perforans, T.
vanbreuseghemii, T. verrucosum, T. violaceum, T.
yaoundei, T. kanei, T. raubitschekii, T. Soudanese.
The properties of both LAPs were compared to those of
the secreted enzymes encoded by the orthologue genes
of the opportunistic fungus Aspergillus fumigatus,
fuLAPl and fuLAP2, and the commercially available
microsomal LAP from porcine kidney (pkLAP) (MEROPS>M1
family). All of these enzymes exhibit a leucine
aminopeptidase activity. Also, the A. fumigatus
aminopepeptidases fuLAPl and fuLAP2 display about 70%
amino acid identity with the A. oryzae orthologues
reported in United States Patent NOs. 6,127,161 and
5,994,113, which are incorporated herein by reference.
Furthermore, ruLAP2 appears to be unique because (i)
ruLAPl and ruLAP2 display about 50% amino acid
identity with the A. fumigatusorthologues fuLAPl and
fuLAP2 and with the A. oryzae orthologues reported in
United State patents # 6,127,161 and 5,994,113; (ii) a
cocktail of ruLAP2 and a trypsin-like endoprotease
originating from the P. pastoris expression system
sequentially digests a full length polypeptide chain
such as denatured casein; (iii) a cocktail of ruLAP2
and ruDPPFV (another exoprotease of T. rubruni)
degrades a fragment of gliadin known to be resistant
to protease action, thereby providing evidence that
ruLAP2 alone or in combination with ruDPPFV could be
used for the treatment of celiac disease or any
disease of the digestive tract such as malabsorption;
(iv) ruLAP2 in combination with other proteases
(cocktails) is useful in the food industry, such as
degrading substrates for bitterness, theves
degradation, treatment of meat, soap industry,
degrading prions, degrading viruses, and degrading
toxic or contaminant proteins; (v) and, since ruLAP2
and/or other proteases secreted by the the fungi is
necessary for dermatophytes to grow on the comified
substrate of the nail, inhibitors of ruLAP2 and/or
other proteases secreted by the fungi would be a new
method of treatment for mycoses. This invention
provides novel fungal nucleic acids and proteins,
which have leucine aminopeptidase activity. LAPs play
a role in diverse functions including, but not limited
to blood clotting, controlled cell death, tissue
differentiation, tumor invasion, and in the infection
cycle of a number of pathogenic microorganisms and
viruses making these enzymes a valuable target and a
powerful tool for new pharmaceuticals. Besides having
a function in physiology, aminopepetidases also have
commercial applications, mainly in the detergent and
food industries. Microorganisms, such as fungi, are an
excellent source of these enzymes due to their broad
biochemical diversity and their susceptibility to
genetic manipulation. Microorganisms degrade proteins
and utilize the degradation products as nutrients for
their growth.Thus, the novel LAPs identified herein
are useful in a multitude of industrial applications
including but not limited to hydrolysis of proteins in
the food industry, degradation of by-products (e.g.,
feathers); degradation of prions; degradation of
proteins for proteomics; hydrolysis of polypeptides
for amino acid analysis; wound cleaning (e.g.,
attacking the dead tissue); prothesis cleaning and/or
preparation; fabric softeners; soaps; cleaning or
disinfection of sceptic tanks or any container (such
as vats of retention, bottles, etc.) containing
proteins that should be removed or sterilized; and
cleaning of surgical instruments. This invention
provides novel enzymes and enzyme cocktails, i.e. a
mixture of more than one enzyme that digest insoluble
protein structures, such as the comified cell envelope



into short peptides and free amino acids. In fact, in
addition to endoproteases of the S8 andM36 family, T.
rubrum secretes two LAPs each with different substrate
activity. RuLAPl and ruLAP2 each belong to the same
family of LAPs (MEROPS>M28). The properties of both
LAPs were compared to those of the secreted enzymes
encoded by the orthologue genes of the opportunistic
fungus A. fumigatus, fuLAPl and fuLAP2, and the
commercially available microsomal LAP from porcine
kidney (pkLAP) (MEROPS>M1 family). All of these
enzymes exhibit leucine aminopeptidase activity.
Furthermore, ruLAP2 has an original primary structure
and is unique in that it is able, in the presence of
ruDPPIV, to sequentially digest a polypeptide chain,
such as a fragment of gliadin known to be resistant to
other proteases. Partially purified ruLAP2 is also
able, in the presence of a trypsin-like endoprotease
originating from the P. pastoris expression system, to
sequentially digest a fulllength polypeptide chain,
such as denatured casein. The invention is based, in
part, upon the isolation of novel nucleic acid
sequences that encode novel polypeptides. The novel
nucleic acids and their encoded polypeptides are
referred to individually as ruLAPl, ruLAP2, fuLAPl and
fuLAP2. The nucleic acids, and their encoded
polypeptides, are collectively designated herein as
"EXOX". The novel EXOX nucleic acids of the invention
include the nucleic acids whose sequences are provided
in Tables IA, IB, 2A, 2B, 3A, 3B, 4A, 4B, 5A, 5B, 6A,
6B, 7A, 7B, 8A, 8B, 9A, 9B, 1OA, 1OB, IA, 1 IB, and
12A, or a fragment, derivative, analog or homolog
thereof. The novel EXOX proteins of the invention
include the protein fragments whose sequences are
provided in Tables 1C, 2C, 3C, 4C, 5C, 6C, 7C, 8C, 9C,
1OC, 1C, and 12B. The individual EXOX nucleic acids
and proteins are described below. Also, within the
scope of this invention is a method of using protease
inhibitors in the treatment or prevention of a fungal
infection and/or opportunistic infection due to fungi,
yeast cells and/or bacteria. Using a reverse genetic
approach, two aminopeptidases secreted by T. rubrum
have been characterized in comparison with orthologues
from A. fumigatus and the microsomal aminopeptidase
pkLAP from porcine kidney. The four fungal enzymes
identified herein (ruLAPl, fuLAPl, ruLAP2 and fuLAP2)
as well as pkLAP share a common preference for Leu-AMC
as a substrate, and function as leucine
aminopeptidases. In addition, the aminopeptidase
pkLAP, which acts also with an extremely high
efficiency towards AIa- AMC, is also called alanine
aminopeptidase (MER0PS>M 1.001). The EXOX nucleic
acids of the invention, encoding EXOX proteins,
include the nucleic acids whose sequences are provided
herein or fragments thereof. The invention
alsoincludes mutant or variant nucleic acids any of
whose bases may be changed from the corresponding base
shown herein, while still encoding a protein that
maintains its EXOX-like activities and physiological
functions, or a fragment of such a nucleic acid. The
invention further includes nucleic acids whose
sequences are complementary to those described herein,
including nucleic acid fragments that are
complementary to any of the nucleic acids just
described. The invention additionally includes nucleic
acids or nucleic acid fragments, or complements
thereto, whose structures include chemical
modifications. Such modifications include, by way of
nonlimiting example, modified bases and nucleic acids
whose sugar phosphate backbones are modified or
derivatized. These modifications are carried out at
least 



in part to enhance the chemical stability of the
modified nucleic acid, such that they may be used, for
example, as antisense binding nucleic acids in
therapeutic applications in a subject. The EXOX
proteins of the invention include the EXO proteins
whose sequences are provided herein. The invention
also includes mutant or variant proteins any of whose
residues may be changed from the corresponding residue
shown herein, while still encoding a protein that
maintains its EXO-like activities and physiological
functions, or a functional fragment thereof. The
invention further encompasses antibodies and antibody
fragments, such as or (F b)2, that bind
immunospecifically to any of the proteins of the
invention. EXOX nucleic acids and proteins are useful
in potential therapeutic applications such as the
treatment of fungal infections. The EXOX nucleic
acids, proteins and inhibitors also have other
functions that include but are not limited to: (i)
biotechnology reagent for improved protein production,
e.g., tag removal, production of rare amino acids;
(ii) drug development for certain disease indications,
e.g., celiac disease (gluten intolerance); (iii) drug
development for dermatological conditions, e.g.,
anti-mycosis agents, wart treatment, wound healing;
(iv) cosmetology, e.g., with peeling tools,
depilation, dermabrasion and dermaplaning; (v) food
industry, e.g., production of nutrition supplements,
sweetners, generating hypoallergenic foods by
predigestion; (vi) disinfecting agent, e.g.,
decontaminating protein-based contaminants such as
prions or viruses (by digesting coat protein),
cleaning surgery instruments or preparing items for
surgery such as prosthesis or medical devices; (vii)
sanitizing or recycling certain wastes, e.g.,
feathers, bones, hair and fur; (viii) cleaning agent,
e.g., shampoo or liquid detergent. Inhibitors of the
EXOs, specifically of ruLAP2, may also be used as
fungal antimycotic agents to treat mycoses. The LAPs
themselves may also be used to treat diseases of the
digestive tract, such as malabsorption or celiac
disease, which is caused by wheat gluten.Gluten is the
characteristic term for the protein mixture of
glutelins and gliadins (prolamines) found in cereals.
Due to its inherent physicochemical properties such as
acting as a binding and extending agent, gluten is
commonly used as an additive in food. Detection of
gluten is important in the quality control and
selection of food for individuals with diseases
related to or caused by gluten intolerance including,
gluten intolerance enteropathy, celiac disease, sprue
and related allergic reactions, where a diet free from
the gluten contained in wheat, rye barley, and in some
cases oat is necessary. Exoprotease Nucleic Acids and
Polypeptides T. rubrum aminopeptidase activity
demonstrated here and previous studies on subtilisins
and metalloproteases secreted byM. canis show that
dermatophytes secrete a battery of proteases similar
to those of the Aspergillus species in a medium
containing protein as sole carbon and nitrogen source.
Moreover, two genes, ruDPPIV and ruDPPV: EMBL AF082514
for ruDPPV, coding for dipeptidyl-aminopeptidases
highly similar to DPPIV and DPPV from both A.
fumigatus andA. oryzae (Beauvais et al , J. Biol.
Chem. 272:6238-6244 (1997); Beauvais et al., Infec.
Immun. 65:3042-3047 (1997); Doumas et al., Appl.
Environ. Microbiol. 64:4809-4815 (1998); Doumas et
al., J. Food Mycol. 2:271-279 (1999)) were isolated
from genomic and cDNA libraries of T. rubrum. The
intron-exon structures of the T. rubrum genes encoding
these proteases are similar to the homologous genes
isolated from A. 



fumigatus and A. oryzae. These results are not
surprising since the teleomorphs ofAspergillus species
and the teleomorphs of dermatophyte species are
closely related, as they belong to the same taxonomic
group of Ascomycetes producing prototunicate asci in
cleistothecia (class Eurotiomycetes). In contrast to
the genes encoding subtilisins and fungalysins, ruLAPl
and ruLAP2 are not members of large gene families in
the T. rubrum genome. RuLAPl displays about 50% amino
acid identity with u and/or LAPl (See Tables 19A and
20. These three enzymes structurally belong to the
same subfamily M28E as Aeromonas and Vibrio leucyl
aminopeptidases (MEROPS>M28.002). In addition, ruLAP2
displays about 50% amino acid identity with fuLAP2
and/or LAP2 (See Tables 19B and 21). These three
enzymes structurally belong to the same subfamily M28A
as the vacuolar protease Y of S. cerevisiae
(MEROPS>M28.001) and the Streptomyces griseus secreted
aminopeptidase (MEROPS>M28.00X). In addition, the
members of the M28A and M28E subfamilies share low
similarities. However, the amino acids of the two Zn
binding sites in these aminopeptidases are conserved
and were identified in the fungal LAPs
characterizedherein (See Tables 20 and 21). In S.
griseus and Aeromonas proteolytica secreted
aminopeptidases, the two amino acid residues His and
Asp bind a first Zn ion and two additional residues
His and GIu bind a second Zn ion, while a second Asp
residue bridges the two Zn ions. Greenblatt et al, J.
MoI. Biol. 265:620-636 (1997); Hasselgren et al.,J.
Biol. Inorg. Chem. 6: 20- 7 (200 ). Substitution of by
different divalent ions in S. griseus secreted
aminopeptidase is affected by and has variable
effects. Ben-Meir et al, Eur. J. Biochem 212:107-112
(1993); Lin et al, J. Biol. Inorg. Chem. 2:744-749
(1997); Hasselgren et al.J. Biol. Inorg. Chem.
6:120-127 (2001). The aminopeptidases of this
invention were found to be sensitive to different
ions. Like the S. griseus aminopeptidase, ruLAP2 and
fuLAP2 are highly activated by Co . RuLAP2 and fuLAP2
possess substantially different proteolytic activities
despite a high percentage of sequence identity. In
particular, ruLAP2 is able to efficiently hydrolyze
Asp- and Glu-7-amine-4-methylcoumarin (AMC), and
ruLAP2 is the sole LAP identified so far that is able,
first in the presence of ruDPPIV, to digest a peptide
of gliadin known to be resistant to digestion by
gastric and pancreatic proteases, or second, in the
form of a partially purified extract that contains a
trypsin-like endoprotease originating from the P.
pastoris expression system, to digest a full length
polypeptide chain such as denatured casein. The
ability of a LAP to degrade a long polypeptide is not
predictable solely on the basis of its capacity to
cleave aminoacyl-AMC residues. Particular properties
of dermatophyte enzymes have been observed with
endoproteases secreted byM. canis. The 31.5 kDa M.
canis subtilisin and the 43.5 kDa M. canis
metalloprotease are both able to digest keratine azure
in contrast to homologous secreted proteases from A.
fumigatus and A. oryzae. As dermatophytes evolved from
their natural habitat in soil, they have developed a
strategy of infection using particular proteases to
degrade the keratinized tissues. The unique properties
of ruLAP2 could reflect highly specialized organisms
parasiting the stratum corneum and the nails. In
addition to the LAPs disclosed herein, a series of
novel proteases have also been isolated from the
pathogenic fungi T. rubrum and are disclosed below.
Like the LAPs these 



proteases are all characterised as exoproteases. They
include: two carboxypeptidases, a
prolylaminopeptidase, an amino peptidase P, a
prolidase, and a dipeptidylpeptidase IV. Two
additional novel proteases have been also
characterized: a leucine aminopeptidase (caLAPl) from
Microsporum canis and meLAPl, a Trichophyton
mentagrophytes leucine aminopeptidase.ruLAP2 ruLAP2 is
a T. rubrum leucine aminopeptidase. A ruLAP2 nucleic
acid of 1757 nucleotides (SEQ ID NO:1) is shown in
Table IA. Table IA. ruLAP2 genomic nucleotide sequence
(SEQ ID NO: 1).
ATGAAGTCGCAACTGTTGAGCCTGGCTGTGGCCGTCACAACCATCTCCCAGGGC
GTTGTTGGTCAAGAG
CCCTTCGGATGGCCTTTCAAGCCTATGGTCACTCAGGTGAGTTGCTCTCAACAG
ATCGATCGATCGATC
TACCTTTGTCCCTGTCACATCAAACTCCAGCAGAGCCAAAGAAACAGACACAAT
GTTCCTGGGGAATTC
TTATGGGCTAATGTAAATGTATAGGATGACCTGCAAAACAAGATAAAGCTCAAG
GATATCATGGCAGGC
GTCGAGAAGCTGCAAAGCTTTTCTGATGCTCATCCTGAAAAGAACCGAGTGTTT
GGTGGTAATGGCCAC
AAGGACACTGTAGAGTGGATCTACAATGAGATCAAGGCCACTGGCTACTACGAT
GTGAAGAAGCAGGAG
CAAGTACACCTGTGGTCTCATGCCGAGGCTGCTCTCAATGCCAATGGCAAGGAC
CTCAAGGCCAGCGCC
ATGTCCTACAGCCCTCCTGCCAGCAAGATCATGGCTGAGCTTGTTGTTGCCAAG
AACAATGGCTGCAAT
GCTGTATGTGCCATACACTTTCTATACGTCACATTCTCTCTAGAATGAAGAGCA
CGGGAGAACTAACTT
TATGTATACAGACTGATTACCCAGCGAACACTCAGGGCAAGATCGTCCTCGTTG
AGCGTGGTGTCTGCA
GCTTCGGCGAGAAGTCTGCTCAGGCTGGTGATGCAAAGGCTGCTGGTGCCATTG
TCTACAACAACGTCC
CCGGATCCCTTGCTGGCACTCTTGGTGGCCTTGACAAGCGCCATGTCCCAACCG
CTGGTCTTTCCCAGG
AGGATGGAAAGAACCTTGCTACCCTCGTTGCTTCTGGTAAGATTGATGTCACCA
TGAACGTTATCAGTC
TGTTTGAGAACCGAACCACGTAAGTAGCTCAACGGCTGATCCAGCATCAATTGT
CTCGAGTATATACTA
AATCGATACCTCATAGCTGGAACGTCATTGCTGAGACCAAGGGAGGAGACCACA
ACAACGTTATCATGC
TCGGTGCTCACTCCGACTCCGTCGATGCCGGCCCTGGTATTAACGACAACGGCT
CGGGCTCCATTGGTA
TCATGACCGTTGCCAAAGCCCTCACCAACTTCAAGCTCAACAACGCCGTCCGCT
TTGCCTGGTGGACCG
CTGAGGAATTCGGTCTCCTTGGAAGCACCTTCTACGTCAACAGCCTCGATGACC
GTGAGCTGCACAAGG
TCAAGTTGTACCTCAACTTCGACATGATCGGCTCTCCCAACTTCGCCAACCAGA
TCTACGACGGTGACG
GTTCGGCCTACAACATGACCGGCCCCGCTGGCTCTGCTGAAATCGAGTACCTGT
TCGAGAAGTTCTTTG
ACGACCAGGGTATCCCACACCAGCCCACTGCCTTCACTGGCCGATCCGACTACT
CTGCTTTCATCAAGC
GCAACGTGCCCGCTGGCGGCCTCTTCACTGGAGCCGAGGTTGTCAAGACCCCCG
AGCAAGTCAAGTTGT
TCGGTGGTGAGGCTGGCGTTGCCTATGACAAGAACTACCATCGCAAGGGCGACA
CCGTTGCCAACATCA
ACAAGGGAGCTATCTTCCTTAACACTCGAGCCATCGCCTACGCTATCGCCGAGT
ATGCCCGATCCCTCA
AGGGATTCCCAACCCGCCCAAAGACCGGCAAGCGTGACGTCAACCCCCAGTATT
CTAAGATGCCTGGTG GTGGCTGCGGACACCACACTGTCTTCATGTAA A
disclosed ruLAP2 open reading frame ("ORP") of 1488
nucleotides begins with an ATG start codon at position
1 (underlined in Table IB). Table IB. ruLAP2
nucleotide sequence (SEQ ID NO: 2).
ATGAAGTCGCAACTGTTGAGCCTGGCTGTGGCCGTCACAACCATCTCCCAGGGC
GTTGTTGGTCAAGAG
CCCTTCGGATGGCCTTTCAAGCCTATGGTCACTCAGGATGACCTGCAAAACAAG
ATAAAGCTCAAGGAT
ATCATGGCAGGCGTCGAGAAGCTGCAAAGCTTTTCTGATGCTCATCCTGAAAAG
AACCGAGTGTTTGGT
GGTAATGGCCACAAGGACACTGTAGAGTGGATCTACAATGAGATCAAGGCCACT
GGCTACTACGATGTG 



AAGAAGCAGGAGCAAGTACACCTGTGGTCTCATGCCGAGGCTGCTCTCAATGCC
AATGGCAAGGACCTC
AAGGCCAGCGCCATGTCCTACAGCCCTCCTGCCAGCAAGATCATGGCTGAGCTT
GTTGTTGCCAAGAAC
AATGGCTGCAATGCTACTGATTACCCAGCGAACACTCAGGGCAAGATCGTCCTC
GTTGAGCGTGGTGTC
TGCAGCTTCGGCGAGAAGTCTGCTCAGGCTGGTGATGCAAAGGCTGCTGGTGCC
ATTGTCTACAACAAC
GTCCCCGGATCCCTTGCTGGCACTCTTGGTGGCCTTGACAAGCGCCATGTCCCA
ACCGCTGGTCTTTCC
CAGGAGGATGGAAAGAACCTTGCTACCCTCGTTGCTTCTGGTAAGATTGATGTC
ACCATGAACGTTATC
AGTCTGTTTGAGAACCGAACCACCTGGAACGTCATTGCTGAGACCAAGGGAGGA
GACCACAACAACGTT
ATCATGCTCGGTGCTCACTCCGACTCCGTCGATGCCGGCCCTGGTATTAACGAC
AACGGCTCGGGCTCCATTGGTATCATGACCGTTGCCAAAGCCCTCACCAACTTC
AAGCTCAACAACGCCGTCCGCTTTGCCTGG
TGGACCGCTGAGGAATTCGGTCTCCTTGGAAGCACCTTCTACGTCAACAGCCTC
GATGACCGTGAGCTG
CACAAGGTCAAGTTGTACCTCAACTTCGACATGATCGGCTCTCCCAACTTCGCC
AACCAGATCTACGAC
GGTGACGGTTCGGCCTACAACATGACCGGCCCCGCTGGCTCTGCTGAAATCGAG
TACCTGTTCGAGAAG
TTCTTTGACGACCAGGGTATCCCACACCAGCCCACTGCCTTCACTGGCCGATCC
GACTACTCTGCTTTC
ATCAAGCGCAACGTGCCCGCTGGCGGCCTCTTCACTGGAGCCGAGGTTGTCAAG
ACCCCCGAGCAAGTC
AAGTTGTTCGGTGGTGAGGCTGGCGTTGCCTATGACAAGAACTACCATCGCAAG
GGCGACACCGTTGCC
AACATCAACAAGGGAGCTATCTTCCTTAACACTCGAGCCATCGCCTACGCTATC
GCCGAGTATGCCCGA
TCCCTCAAGGGATTCCCAACCCGCCCAAAGACCGGCAAGCGTGACGTCAACCCC
CAGTATTCTAAGATG
CCTGGTGGTGGCTGCGGACACCACACTGTCTTCATGTAA A disclosed
ruLAP2 nucleic acid (SEQ ID NO: 2) encodes a protein
having 495 amino acid residues (SEQ ID NO: 3), which
is presented in Table 1C using the one-letter amino
acid code. Table 1C. Encoded ruLAP2 protein sequence
(SEQ ID NO: 3).
MKSQLLSLAVAVTTISQGWGQEPFGWPFKPMVTQDDLQNKIKLKDIMAGVEKLQ
SFSDAHPEKNRVFG
GNGHKDTVEWIYNEIKATGYYDVKKQEQVHLWSHAEAALNANGKDLKASAMSYS
PPASKIMAELWAKN
NGCNATDYPANTQGKIVLVERGVCSFGEKSAQAGDAKAAGAIVYNNVPGSLAGT
LGGLDKRHVPTAGLS
QEDGKNLATLVASGKIDVTMNVISLFENRTTWNVIAETKGGDHNNVIMLGAHSD
SVDAGPGINDNGSGS
IGIMTVAKALTNFKLNNAVRFAWWTAEEFGLLGSTFYVNSLDDRELHKVKLYLN
FDMIGSPNFANQIYD
GDGSAYNMTGPAGSAEIEYLFEKFFDDQGIPHQPTAFTGRSDYSAFIKRNVPAG
GLFTGAEWKTPEQV
KLFGGEAGVAYDKNYHRKGDTVANINKGAIFLNTRAIAYAIAEYARSLKGFPTR
PKTGKRDVNPQYSKM PGGGCGHHTVFM The disclosed ruLAP2 has
homology to the amino acid sequences shown in the
BLAST data listed in Table ID, IE, and IF. The
following program options were used: tblastn -
compares the protein "Sequence " against the
nucleotide "Sequence 2" which has been translated in
all six reading frames blastx - compares the
nucleotide "Sequence 1" against the protein "Sequence
2" blastp - for protein - protein comparisons In all
BLAST alignments herein, the "E-value" or "Expect"
value is a numeric indication of the probability that
the aligned sequences could have achieved their
similarity to the BLAST query sequence by chance
alone, within the database that was searched. The
Expect value (E) is a parameter that describes the
number of hits one can "expect" to see just by chance
when searching a database of a particular size. It
decreases exponentially with the 



Score (S) that is assigned to a match between two
sequences. Essentially, the E value describes the
random background noise that exists for matches
between sequences.Table ID. TBLASTN results for ruLAP2
Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi469363 S ccharomyces
32421 170/477 239/437 8e-65 cerevisiae (35%) (55%)
aminopeptidase Y gene gil5839805 Mycobacterium 18857
152/424 225/424 5e-57 tuberculosas (35%) (53%)
CDC15551, section 33 of 280 of the complete genome
gi9949032 Pseudomonas 12547 129/317 180/317 le-5S
aeruginosa PAOl, (40%) (56%) section of 281 of 529 of
the complete genome Table IE. BLASTX results for
ruLAP2 Gene Protein/Organism Length Identity Positives
Expect Index/Identifier (aa) (%) (%) gi28918599
Hypothetical 508 219/467 287/467 e-112 protein/ (46%)
(61%) Neurospora crassa gi584764 APE YEAST; 537
170/477 239/437 le-65 Aminopeptidase (35%) (55%)
precursor/ Saccharomyces cerevisiae gi23017467
Hypothetical 514 151/460 237/460 5e-61 protein/ (32%)
(51%) Thermobifida fusca gil5839805 Hydrolase/ 493
152/424 225/424 6e-58 Mycoba eri m (35%) (53%)
tuberculosis CDC15551 Table IF. BLASTP results for
ruLAP2 Gene Protein/ Length Identity Positives Expec
Index/Identifier Organism (aa) (%) (%) tGi28918599
Hypothetical 508 219/467 287/467 e-105 protein/ (46%)
(61%) Neurospora 



crassa Gi584764 APE3 YEAST; 537 169/477 237/477 2e-64
Aminopeptidase (35%) (49%) precursor/ Saccharomyces
cerevisiae GU5839805 Hydrolase/ 493 152/424 225/424
5e-57 Mycoba eri urn (35%) (53%) tubercul osi CDC15551
Gi23017467 Hypothetical 514 150/460 237/460 le-56
protein/ (32%) (51%) Th ermobi a fusca.ruLAPl ruLAPl
is a T. rubrum leucine aminopeptidase. A ruLAPl
nucleic acid of 1256 nucleotides is shown in Table 2A
(SEQ ID NO: 4). Table 2A. ruLAPl genomic nucleotide
sequence (SEQ ID NO: 4).
ATGAAGCTCCTCTCTGTTCTTGCGCTGAGCGCTACCGCTACCTCCGTCCTCGGA
GCTAGCATTCCTGTT
GATGCCCGGGCCGAGAAGTTCCTCATCGAACTTGCCCCTGGTGAGACTCGCTGG
GTTACCGAGGAGGAG
AAGTGGGAGCTTAAGCGGGTATGTACCACTATCCTACGCAAAAGTTGTATTTTC
ACTAGATAATATTGG
TTATTAACACCCATTCTAGAAGGGTCAAGACTTCTTTGACATCACTGACGAGGA
GGTTGGATTCACTGC
TGCTGTTGCACAGCCAGCCATTGCCTACCCAACCTCCATCCGCCATGCTAATGC
TGTTAACGCCATGAT
TGCTACCCTCTCCAAGGAGAACATGCAGCGCGATCTGACCAAGCTCAGCTCGTT
CCAAACCGCTTACTA
TAAGGTTGACTTTGGCAAGCAGTCTGCCACCTGGCTCCAGGAGCAAGTCCAGGC
TGCCATCAATACCGC
TGGTGCCAATCGCTACGGAGCCAAGGTCGCCAGCTTCCGACACAACTTCGCTCA
GCACAGCATCATTGC
CACTATTCCCGGCCGCTCCCCTGAAGTCGTTGTCGTCGGTGCTCACCAAGACAG
CATCAACCAACGCAG
CCCCATGACCGGCCGCGCTCCAGGTGCCGATGACAACGGCAGTGGCTCCGTCAC
CATCCTTGAGGCCCT
CCGTGGTGTTCTCCGGGACCAGACCATCCTCCAGGGCAAGGCTGCCAACACCAT
TGAGTTCCACTGGTA
CGCCGGTGAGGAAGCTGGTCTTCTGGGCTCCCAGGCCATCTTCGCCAACTACAA
ACAGACCGGCAAGAA
GGTCAAGGGCATGCTCAACCAGGACATGACCGGTTACATCAAGGGAATGGTCGA
CAAGGGTCTCAAGGT
GTCCTTCGGTATCATCACCGACAACGTCAACGCTAACTTGACCAAGTTCGTCCG
CATGGTCATCACCAA
GGTAAGCTTCAACTCTTGATAAATATATTTTTCATCGATGAAATGATGTCCTAA
TAATGCTTAAGTACT
GCTCAATCCCAACCATCGACACCCGCTGCGGCTATGCTTGCTCTGACCACGCCT
CTGCCAACCGCAATG
GCTACCCATCTGCCATGGTTGCCGAGTCTCCCATCGATCTCCTCGACCCTCACC
TCCACACTGACTCTG
ACAACATTAGCTACCTCGACTTCGACCACATGATCGAGCACGCTAAGCTCATTG
TCGGCTTCGTCACTG AGCTCGCTAAGTAA A disclosed ruLAPl open
reading frame ("ORF") of 122 nucleotides begins with
an ATG codon (underlined in Table 2B) at position .
Table 2B. ruLAPl nucleotide sequence (SEQ ID NO: 5).
ATGAAGCTCCTCTCTGTTCTTGCGCTGAGCGCTACCGCTACCTCCGTCCTCGGA
GCTAGCATTCCTGTT
GATGCCCGGGCCGAGAAGTTCCTCATCGAACTTGCCCCTGGTGAGACTCGCTGG
GTTACCGAGGAGGAG 



AAGTGGGAGCTTAAGCGGAAGGGTCAAGACTTCTTTGACATCACTGACGAGGAG
GTTGGATTCACTGCT
GCTGTTGCACAGCCAGCCATTGCCTACCCAACCTCCATCCGCCATGCTAATGCT
GTTAACGCCATGATT
GCTACCCTCTCCAAGGAGAACATGCAGCGCGATCTGACCAAGCTCAGCTCGTTC
CAAACCGCTTACTAT
AAGGTTGACTTTGGCAAGCAGTCTGCCACCTGGCTCCAGGAGCAAGTCCAGGCT
GCCATCAATACCGCT
GGTGCCAATCGCTACGGAGCCAAGGTCGCCAGCTTCCGACACAACTTCGCTCAG
CACAGCATCATTGCC
ACTATTCCCGGCCGCTCCCCTGAAGTCGTTGTCGTCGGTGCTCACCAAGACAGC
ATCAACCAACGCAGC
CCCATGACCGGCCGCGCTCCAGGTGCCGATGACAACGGCAGTGGCTCCGTCACC
ATCCTTGAGGCCCTC
CGTGGTGTTCTCCGGGACCAGACCATCCTCCAGGGCAAGGCTGCCAACACCATT
GAGTTCCACTGGTAC
GCCGGTGAGGAAGCTGGTCTTCTGGGCTCCCAGGCCATCTTCGCCAACTACAAA
CAGACCGGCAAGAAG
GTCAAGGGCATGCTCAACCAGGACATGACCGGTTACATCAAGGGAATGGTCGAC
AAGGGTCTCAAGGTG
TCCTTCGGTATCATCACCGACAACGTCAACGCTAACTTGACCAAGTTCGTCCGC
ATGGTCATCACCAAG
TACTGCTCAATCCCAACCATCGACACCCGCTGCGGCTATGCTTGCTCTGACCAC
GCCTCTGCCAACCGC
AATGGCTACCCATCTGCCATGGTTGCCGAGTCTCCCATCGATCTCCTCGACCCT
CACCTCCACACTGAC
TCTGACAACATTAGCTACCTCGACTTCGACCACATGATCGAGCACGCTAAGCTC
ATTGTCGGCTTCGTC ACTGAGCTCGCTAAGTAA A disclosed ruLAPl
nucleic acid (SEQ ID NO: 5) encodes a protein having
377 amino acid residues (SEQ ID NO: 6), which is
presented in Table 2 using the one-letter amino acid
code.Table 2C. Encoded ruLAPl protein sequence (SEQ ID
NO: 6).
MKLLSVLALSATATSVLGASIPVDARAEKFLIELAPGETRWVTEEEKWELKRKG
QDFFDITDEEVGFTA
AVAQPAIAYPTSIRHANAVNAMIATLSKENMQRDLTKLSSFQTAYYKVDFGKQS
ATWLQEQVQAAINTA
GANRYGAKVASFRHNFAQHSIIATIPGRSPEVVWGAHQDSINQRSPMTGRAPGA
DDNGSGSVTILEAL
RGVLRDQTILQGKAANTIEFHWYAGEEAGLLGSQAIFANYKQTGKKVKGMLNQD
MTGYIKGMVDKGLKV
SFGIITDNVNANLTKFVRMVITKYCSIPTIDTRCGYACSDHASANRNGYPSAMV
AESPIDLLDPHLHTD SDNISYLDFDHMIEHAKLIVGFVTELAK The
disclosed ruLAPl has homology to the amino acid
sequences shown in the blast data listed in Table 2D,
2E, and 2F. This data was analyzed by the program
pairwise blast. Table 2D: TBLASTN results for ruLAPl
Gene Index/ Protein/Organism Length Identity (%)
Positives (%) Expect Identifier (aa) >gil762234
Polyketide 9894 131/247 (53%) 171/247(69%) le-95
synthase PKSL2/ 40/75 (52%) 57/76 (75%) Aspergillus
20/24 (83%) 22/24 (91%) parasiticus >gi23393798
Leucine 2547 77/159 (48%) 97/159 (61%) 4e-64
aminopeptidase 63/148 (42%) 89/148 (60%)
(Lapl)/Aspergillus 14/30(46%) 23/30 (76%) sojae
>gi927685 Saccharomyc 78500 137/350 (39%) 201/350
(57%) 3e-62 cerevisiae chromosome IV Iambda3 641 and 



cosmid 9831, and 9410 >gi7413486 Agaricus partial 1089
130/346 (37%) 189/346 (54%) 2e-55 mRNA for
aminopeptidaseTable 2E: BLASTX results for ruLAPl Gene
Index/ Protein/Organism Length Identity (%) Positives
(%) Expect Identifier (aa) >gi23393799 Leucine 377
126/248 (50%) 162/248 (65%) 5e-87 aminopeptidase/
37/78 (47%) 55/78 (70%) Aspergillus sojae 13/24 (54%)
20/24 (83%) >gi28918132 Hypothetical 402 115/247 (46%)
153/247 (61%) 8e-86 protein/ 43/77 (55%) 58/77 (75%)
Neurospora crassa 18/24 (75%) 23/24 (95%) >gi6320623
Hypothetical ORF; 374 96/254 (37%) 143/254 (56%) 7e-55
ydr4 cp/Saccharom 36/77 (46%) 49/77 (63%) yces
cerevisiae >gi28916832 Hypothetical 409 96/226 (42%)
135/226 (59%) 4e-54 protein/ 31/66 (46%) 41/66 (62%)
Neurospora crassa Table 2F. BLASTP resuflotrsruLAPl
Gene Protein/ Organism Length Identity Positives Expec
Index/Identifi (aa) (%) (%) t e r >gi23393799 Leucine
377 175/348 234/348 4e-99 aminopeptidase/ (50%) (67%)
Aspergillus sojae >gi28918132 Hypothetical 402 175/345
230/345 2e-97 protein/ Neurospora (50%) (66%) crassa
>gi6320623 Hypothetical ORF; 374 140/351 201/351 7e-65
ydr4l5cp/Saccharomyc (39%) (57%) es cerevisiae
>gi28916832 Hypothetical 409 129/296 178/296 3e-58
protein/ Neurospora (43%) (60%) crassa fuLAP2 fuLAP2
is an A. fumiga tus leucine aminopeptidase.A fuLAP2
nucleic acid of 1557 nucleotides is shown in Table 3A
(SEQ ID NO: 7).Table 3A. fuLAP2 genomic nucleotide
sequence (SEQ ID NO: 7).
ATGAAGCTGCTCTACCTCACATCGTTTGCCTCTCTGGCCGTGGCCAATGGCCCA
GGATGGGACTGGAAG
CCCCGAGTTCATCCGGTTAGTGTTCCTCTCGCCGGGTTTGTCTGCTGTATGCTA
ACAGCATCCTGTCTA 



TTACAGAAAGTCCTGCCCCAAATGATCCATTTGTGGGATCTTCTGCAGGGCGCT
CAACAGCTGGAAGAC
TTCGCCTATGCCTACCCCGAGCGCAACCGCGTCTTTGGTGGACGGGCCCACGAG
GACACCGTCAACTAC
CTCTACCGTGAGTTGAAGAAAACCGGCTACTACGACGTTTACAAGCAGCCCCAG
GTTCACCAGTGGACC
CGAGCCGACCAGGCTCTCACCGTCGACGGCCAGTCCTATGACGCCACAACCATG
ACTTACAGCCCCAGC
GTAAACGCCACGGCGCCGCTGGCAGTGGTGAACAACCTGGGCTGCGTCGAGGCT
GACTATCCCGCCGAT
CTGACGGGCAAGATTGCTCTGATCTCGCGGGGCGAGTGCACCTTTGCGACCAAA
TCCGTCTTGAGCGCC
AAGGCCGGGGCGGCGGCGGCACTCGTGTACAACAATATCGAGGGTTCGATGGCG
GGAACTCTGGGCGGC
GCGACCAGCGAGCTGGGTGCCTACGCTCCCATCGCCGGCATCAGCCTCGCGGAC
GGACAGGCGCTGATC
CAGATGATCCAGGCGGGCACGGTGACAGCCAACCTGTGGATCGACAGCCAGGTC
GAGAACCGTACCACC
TACAACGTGATCGCGCAGACCAAGGGCGGCGACCCCAACAACGTCGTCGCGCTG
GGTGGCCACACGGAC
TCGGTCGAGGCCGGGCCCGGCATCAACGACGACGGCTCCGGCATCATCAGCAAC
CTCGTCGTCGCCAAG
GCGCTGACCCGCTTCTCGGTCAAGAACGCGGTGCGCTTCTGCTTCTGGACGGCG
GAGGAGTTCGGCCTG
CTGGGCAGCAACTACTACGTCAACAGCCTCAATGCCACCGAGCAGGCCAAGATC
CGCCTGTATCTCAAC
TTCGACATGATCGCCTCCCCCAACTACGCCCTGATGATCTATGACGGCGACGGC
TCGGCCTTCAACCTG
ACGGGGCCGGCCGGCTCGGCGCAGATCGAGCGGCTCTTCGAGGACTACTACACG
TCGATCCGCAAGCCG
TTCGTGCCGACCGAGTTCAACGGCCGCTCCGACTACCAGGCCTTTATTCTCAAC
GGCATCCCCGCGGGA
GGCCTCTTCACCGGCGCGGAGGCGATCAAGACCGAGGAACAGGCCCAATTGTTT
GGCGGCCAGGCCGGC
GTGGCTCTGGACGCCAACTACCACGCCAAGGGTGACAACATGACTAATCTCAAC
CGCGAGGCTTTCCTG
ATCAATTCCAGGGCGACGGCCTTTGCCGTGGCGACGTACGCCAACAGCCTTGAC
TCGATCCCCCCACGC
AACATGACCACCGTGGTCAAGCGGTCGCAGCTGGAGCAAGCCATGAAGAGGACC
CCGCACACGCACACC
GGCGGAACAGGATGCTACAAGGACCGGGTTGAGCAGTAG A disclosed
fuLAP2 open reading frame ("ORF") of 1497 nucleotides
begins with an ATG codon (underlined in Table 3B) at
position . Table 3B. fuLAP2 nucleotide sequence (SEQ
ID NO: 8).
ATGAAGCTGCTCTACCTCACATCGTTTGCCTCTCTGGCCGTGGCCAATGGCCCA
GGATGGGACTGGAAG
CCCCGAGTTCATCCGAAAGTCCTGCCCCAAATGATCCATTTGTGGGATCTTCTG
CAGGGCGCTCAACAG
CTGGAAGACTTCGCCTATGCCTACCCCGAGCGCAACCGCGTCTTTGGTGGACGG
GCCCACGAGGACACC
GTCAACTACCTCTACCGTGAGTTGAAGAAAACCGGCTACTACGACGTTTACAAG
CAGCCCCAGGTTCAC
CAGTGGACCCGAGCCGACCAGGCTCTCACCGTCGACGGCCAGTCCTATGACGCC
ACAACCATGACTTAC
AGCCCCAGCGTAAACGCCACGGCGCCGCTGGCAGTGGTGAACAACCTGGGCTGC
GTCGAGGCTGACTAT
CCCGCCGATCTGACGGGCAAGATTGCTCTGATCTCGCGGGGCGAGTGCACCTTT
GCGACCAAATCCGTC
TTGAGCGCCAAGGCCGGGGCGGCGGCGGCACTCGTGTACAACAATATCGAGGGT
TCGATGGCGGGAACT
CTGGGCGGCGCGACCAGCGAGCTGGGTGCCTACGCTCCCATCGCCGGCATCAGC
CTCGCGGACGGACAG
GCGCTGATCCAGATGATCCAGGCGGGCACGGTGACAGCCAACCTGTGGATCGAC
AGCCAGGTCGAGAAC
CGTACCACCTACAACGTGATCGCGCAGACCAAGGGCGGCGACCCCAACAACGTC
GTCGCGCTGGGTGGC
CACACGGACTCGGTCGAGGCCGGGCCCGGCATCAACGACGACGGCTCCGGCATC
ATCAGCAACCTCGTC
GTCGCCAAGGCGCTGACCCGCTTCTCGGTCAAGAACGCGGTGCGCTTCTGCTTC
TGGACGGCGGAGGAG
TTCGGCCTGCTGGGCAGCAACTACTACGTCAACAGCCTCAATGCCACCGAGCAG
GCCAAGATCCGCCTG
TATCTCAACTTCGACATGATCGCCTCCCCCAACTACGCCCTGATGATCTATGAC
GGCGACGGCTCGGCC
TTCAACCTGACGGGGCCGGCCGGCTCGGCGCAGATCGAGCGGCTCTTCGAGGAC
TACTACACGTCGATC
CGCAAGCCGTTCGTGCCGACCGAGTTCAACGGCCGCTCCGACTACCAGGCCTTT
ATTCTCAACGGCATC 



CCCGCGGGAGGCCTCTTCACCGGCGCGGAGGCGATCAAGACCGAGGAACAGGCC
CAATTGTTTGGCGGC
CAGGCCGGCGTGGCTCTGGACGCCAACTACCACGCCAAGGGTGACAACATGACT
AATCTCAACCGCGAG
GCTTTCCTGATCAATTCCAGGGCGACGGCCTTTGCCGTGGCGACGTACGCCAAC
AGCCTTGACTCGATC
CCCCCACGCAACATGACCACCGTGGTCAAGCGGTCGCAGCTGGAGCAAGCCATG
AAGAGGACCCCGCAC
ACGCACACCGGCGGAACAGGATGCTACAAGGACCGGGTTGAGCAGTAGA
disclosed fuLAP2 nucleic acid (SEQ ID NO: 8) encodes a
protein having 498 amino acid residues (SEQ ID NO: 9),
which is presented in Table 3C using the one-letter
amino acid code. Table 3C. Encoded fuLAP2 protein
sequence (SEQ ID NO: 9).
MKLLYLTSFASLAVANGPGWDWKPRVHPKVLPQMIHLWDLLQGAQQLEDFAYAY
PERNRVFGGRAHEDT
VNYLYRELKKTGYYDVYKQPQVHQWTRADQALTVDGQSYDATTMTYSPSVNATA
PLAVVNNLGCVEADY
PADLTGKIALISRGECTFATKSVLSAKAGAAAALVYNNIEGSMAGTLGGATSEL
GAYAPIAGISLADGQ
ALIQMIQAGTVTANLWIDSQVENRTTYNVIAQTKGGDPNNWALGGHTDSVEAGP
GINDDGSGIISNLV
VAKALTRFSVKNAVRFCFWTAEEFGLLGSNYYVNSLNATEQAKIRLYLNFDMIA
SPNYALMIYDGDGSA
FNLTGPAGSAQIERLFEDYYTSIRKPFVPTEFNGRSDYQAFILNGIPAGGLFTG
AEAIKTEEQAQLFGG
QAGVALDANYHAKGDNMTNLNREAFLINSRATAFAVATYANSLDSIPPRNMTTW
KRSQLEQAMKRTPH THTGGTGCYKDRVEQ The disclosed fuLAP2
has homology to the amino acid sequences shown in the
BLAST data listed in Table 3D, 3E, and 3F. This data
was analyzed by the program PAIRWISE BLAST. Table 3D:
TBLASTN results for fuLAP2 Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) >gi469463 Saccharomyces 2272 184/464 243/464
7e-69 cerevisiae/ (39%) (52%) aminopeptidase Y gene
>gi9949032 Pseudomonas 12547 165/445 231/445 9e-67
aeruginosa PAOl, (37%) (51%) section of 281 of 529 of
the complete genome >gi23017467 Mycoba erium 18857
166/426 218/426 2e-62 tuberculosis (38%) (51%)
CDC15551, section 33 of 280 of complete genomeTable
3E: BLASTX results for fuLAP2 Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) >gi28918599 Hypothetical 508 250/479 314/479
e-131 protein/ (52%) (65%) Neurospora crassa 



>gi23017467 Hypothetical 514 173/465 251/465 4e-74
protein/ (37%) (53%) Thermobifida fusca >gi584764 APE
YEAST; 537 184/464 243/464 8e-70 Aminopeptidase (39%)
(52%) precursor/ Saccharomyces cerevisiae >gil5598135
Probable 536 165/445 231/445 le-67 aminopeptidase/
(37%) (51%) Pseudomonas aeruginosa PAOl >gil5839805
Hydrolase/ 493 166/426 218/426 3e-63 Mycoba eriurn
(38%) (51%) tuberculosis CDC15551 Table3F.BLASTP
resultfsorfuLAP2 Gene Protein/ Length Identity
Positives Expec Index/Identifier Organism (aa) (%) (%)
t >gi28918599 Hypothetical 508 250/469 314/479 e-128
protein/ (52%) (65%) Neurospora crassa >gi23017467
Hypothetical 514 173/465 251/465 3e-71 protein/ (37%)
(53%) Thermobifida fusca >gi584764 APE3 YEAST; 537
183/464 243/464 6e-70 Aminopeptidase (39%) (52%)
precursor/ S ccharomyces cerevisiae >gil5598135
Probable 536 164/445 230/445 3e-65 aminopeptidase/
(36%) (51%) Pseudomonas aeruginosa PAOlfuLAPl fuLAPl
is an A.fumigatus leucine aminopeptidase. A fuLAPl
nucleic acid of 1298 nucleotides is shown in Table 4A
(SEQ ID NO: 10). Table 4A. fuLAPl genomic nucleotide
sequence (SEQ ID NO: 10).
ATGAAAGTTCTTACAGCTATTGCGCTGAGCGCAATAGCTTTCACAGGGGCTGTA
GCTGCAGTGATTACT
CAGGAAGCATTCTTAAACAACCCCCGCATCCATCATGACCAGGAGAAGTACTTG
ATCGAACTGGCCCCT 



TATCGAACACGATGGGTGACTGAAGAGGAGAAATGGGCATTGAAATTGGTACCA
TACTTCCCCAAAATT
TGGGTCTCCAAGTCCACGGGCGACTAACTGCACGATTGCTTGAAGGACGGCGTG
AATTTTATCGATATC
ACAGAAGAGCACAACACCGGATTTTACCCGACTCTCCACAGCGCCAGCTATGTG
AAATATCCACCGAAG
ATGCAGTATGCAGAAGAAGTGGCTGCTCTTAACAAGAATTTATCGAAAGAAAAC
ATGAAGGCCAACCTG
GAACGATTCACATCATTTCATACTCGCTATTACAAATCTCAGACGGGAATCCGA
TCGGCAACGTGGCTG
TTCGACCAAGTTCAGAGAGTTGTCTCTGAGTCTGGAGCCGCTGAGTATGGTGCA
ACTGTTGAGCGATTC
TCTCATCCATGGGGTCAGTTCAGCATTATTGCCCGAATACCCGGCCGAACGAAC
AAGACTGTGGTGCTG
GGCGCCCATCAGGACAGCATCAATTTGTTTCTCCCGTCAATCTTGGCTGCTCCC
GGTGCTGATGACGAT
GGAAGTGGAACTGTCACCATTCTTGAAGCGTTGCGCGGTCTGCTGCAGTCAGAC
GCCATTGCCAAGGGT
AATGCATCCAATACTGTCGAGTTCCACTGGTACTCTGCAGAAGAAGGCGGAATG
CTGGGCTCCCAGGCA
ATATTTTCCAATTACAAGCGGAATAGGCGGGAAATCAAAGCCATGCTCCAGCAA
GACATGACTGGCTAC
GTCCAGGGAGCTTTGAACGCCGGTGTTGAGGAAGCCATAGGAATTATGGTCGAT
TATGTCGACCAGGGC
CTCACACAGTTTCTCAAGGACGTTGTTACAGCGGTAAGCCTCAGTTGTCCCCCA
CGAAAAGCTGTTTAG
TCGACAAATGAAATTGACGGCTGCATTAGTACTGCTCTGTGGGTTACCTGGAGA
CGAAGTGCGGATATG
CCTGCTCCGACCACACCTCGGCCAGTAAATATGGTTATCCCGCGGCTATGGCGA
CAGAAGCAGAGATGG
AAAATACCAATAAGAAGATACATACTACCGACGACAAGATCAAGTATTTGAGCT
TCGATCATATGTTGG
AGCATGCCAAGTTGAGTCTTGGCTTCGCTTTCGAATTGGCATTTGCGCCGTTTT
AA A disclosed fuLAPl open reading frame ("ORF") of
167 nucleotides begins with an ATG codon at position 1
(underlined in Table 4B). Table 4B. fuLAPl nucleotide
sequence (SEQ ID NO: 11).
ATGAAAGTTCTTACAGCTATTGCGCTGAGCGCAATAGCTTTCACAGGGGCTGTA
GCTGCAGTGATTACT
CAGGAAGCATTCTTAAACAACCCCCGCATCCATCATGACCAGGAGAAGTACTTG
ATCGAACTGGCCCCT
TATCGAACACGATGGGTGACTGAAGAGGAGAAATGGGCATTGAAATTGGACGGC
GTGAATTTTATCGAT
ATCACAGAAGAGCACAACACCGGATTTTACCCGACTCTCCACAGCGCCAGCTAT
GTGAAATATCCACCG
AAGATGCAGTATGCAGAAGAAGTGGCTGCTCTTAACAAGAATTTATCGAAAGAA
AACATGAAGGCCAAC
CTGGAACGATTCACATCATTTCATACTCGCTATTACAAATCTCAGACGGGAATC
CGATCGGCAACGTGG
CTGTTCGACCAAGTTCAGAGAGTTGTCTCTGAGTCTGGAGCCGCTGAGTATGGT
GCAACTGTTGAGCGA
TTCTCTCATCCATGGGGTCAGTTCAGCATTATTGCCCGAATACCCGGCCGAACG
AACAAGACTGTGGTG
CTGGGCGCCCATCAGGACAGCATCAATTTGTTTCTCCCGTCAATCTTGGCTGCT
CCCGGTGCTGATGAC
GATGGAAGTGGAACTGTCACCATTCTTGAAGCGTTGCGCGGTCTGCTGCAGTCA
GACGCCATTGCCAAG
GGTAATGCATCCAATACTGTCGAGTTCCACTGGTACTCTGCAGAAGAAGGCGGA
ATGCTGGGCTCCCAG
GCAATATTTTCCAATTACAAGCGGAATAGGCGGGAAATCAAAGCCATGCTCCAG
CAAGACATGACTGGC
TACGTCCAGGGAGCTTTGAACGCCGGTGTTGAGGAAGCCATAGGAATTATGGTC
GATTATGTCGACCAG
GGCCTCACACAGTTTCTCAAGGACGTTGTTACAGCGTACTGCTCTGTGGGTTAC
CTGGAGACGAAGTGC
GGATATGCCTGCTCCGACCACACCTCGGCCAGTAAATATGGTTATCCCGCGGCT
ATGGCGACAGAAGCA
GAGATGGAAAATACCAATAAGAAGATACATACTACCGACGACAAGATCAAGTAT
TTGAGCTTCGATCAT
ATGTTGGAGCATGCCAAGTTGAGTCTTGGCTTCGCTTTCGAATTGGCATTTGCG
CCGTTTTAA A disclosed fuLAPl nucleic acid (SEQ ID NO:
11) encodes a protein having 388 amino acid residues
(SEQ ID NO: 12), which is presented in Table 4 using
the one-letter amino acid code.Table 4C. Encoded
fuLAPl protein sequence (SEQ ID NO: 12).
MKVLTAIALSAIAFTGAVAAVITQEAFLNNPRIHHDQEKYLIELAPYRTRWVTE
EEKWALKLDGVNFID 



ITEEHNTGFYPTLHSASYVKYPPKMQYAEEVAALNKNLSKENMKANLERFTSFH
TRYYKSQTGIRSATW
LFDQVQRWSESGAAEYGATVERFSHPWGQFSIIARIPGRTNKTWLGAHQDSINL
FLPSILAAPGADD
DGSGTVTILEALRGLLQSDAIAKGNASNTVEFHWYSAEEGGMLGSQAIFSNYKR
NRREIKAMLQQDMTG
YVQGALNAGVEEAIGIMVDYVDQGLTQFLKDVVTAYCSVGYLETKCGYACSDHT
SASKYGYPAAMATEA
EMENTNKKIHTTDDKIKYLSFDHMLEHAKLSLGFAFELAFAPF The
disclosed fuLAPl has homology to the amino acid
sequences shown in the BLAST data listed in Table 4D,
4E, and 4F. This data was analyzed by the program
PAIRWISE BLAST. Table 4D: TBLASTN results for fuLAPl
Gene Protein/Organism Length Identity Positives Expect
Index/Identi ier (aa) (%) (%) >gil762234 Polyketide
synthase 9894 208/249 226/249 e-169 PKSL2/ Aspergillus
(80%) (90%) parasiticus 61/84 67/84 (72%) (79%) 46/62
55/62 (74%) (88%) >gi23393798 Leucine 2547 66/110
82/110 7e-82 aminopeptidase (60%) (74%) (LAPl)
/Aspergillus 68/152 92/152 sojae (44%) (60%) 37/75
52/75 (49%) (69%) 15/30 21/30 (50%) (70%) >gi927685
Saccharomyces 78500 152/341 207/341 le-71 cerevisiae
(44%) (60%) chromosome IV Iambda3 641 and cosmid 9831,
and 9410 >gi5832144 Botrytis cinerea 780 89/134
106/134 7e-58 strain T4 cDNA (66%) (79%) library under
27/53 33/53 condition of (50%) (62%) nitrogen
deprivationTable 4E: BLASTX results for fuLAPl Gene
Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) >gi28918132 Hypothetical
402 208/352 255/352 e-116 protein/ (59%) (72%) 



Neurospora crassa >gi23393799 Leucine 377 183/355
241/355 3e-97 aminopeptidase/ (51%) (67%) Aspergillus
sojae >gi6320623 Hypothetical ORF; 374 152/341 207/341
2e-72 Ydr415cp/ (44%) (60%) Saccharomyces cerevisiae
>gil8250467 Aminopeptidase/ 384 139/352 186/352 le-58
Agaricus bisporus (39%) (52%) Table4F.BLASTP results
forfuLAPl Gene Protein/ Length Identity Positives
Expec Index/Identifier Organism (aa) (%) (%) t
>gi28918132 Hypothetical 402 208/352 255/352 e-116
protein/ (59%) (72%) Neurospora crassa >gi23393799
Leucine 377 183/355 241/355 6e-98 ami nopep tidase
(51%) (67%) (LAPl) /Aspergill us sojae >gi6320623
Hypothetical ORF 374 152/341 207/341 3e-73 Ydr415cp/
(44%) (60%) Saccharomyces cerevisiae >gil8250467
Aminopeptidase/ 384 140/352 190/352 7e-59 Agaricus
(39%) (53%) bisporusruCBPSl ruCBPSl is a T. rubrum
carboxypeptidase. Genomic DNA sequence of a ruCBPSl
nucleic acid of 2106 nucleotides (SEQ ID NO: 13) is
shown in Table . Table 5A. ruCBPSl genomic nucleotide
sequence (SEQ ID NO: 13).
ATGGTGTCATTCTGCGGAGTGGCAGCCTGCCTGCTGACAGTTGCTGGCCATCTT
GCGCAGGCTCAGTTC
CCACCAAAACCGGAGGGAGTCACTGTCCTGGAGTCGAAATTCGGCAGCGGTGCT
CGCATCACTTATAAG
GAGGTCCGTTAGCTGCATAGAAAGTCCACGTGAAGACGCTGTAGCTAACAATCC
ACTAGCCTGGCCTCT
GTGAGACGACAGAGGGCGTCAAGTCGTACGCCGGATATGTCCATCTGCCTCCAG
GCACGCTCAGGGACT
TCGGTGTCGAGCAGGACTACCCTATCAACACCTTTTTTTGGTTCTTTGAGGCAA
GAAAGGACCCTGAAA
ATGCCCCTCTCGGCATCTGGATGAACGGTGGCCCGGGTAGCTCGTCGATGTTTG
GAATGATGACTGAGA
ACGGGCCTTGCTTCGTCAATGCAGACTCCAATTCTACTCGCCTGAACCCTCATT
CTTGGAACAATGAAG
GTATGCCATCAGCTTCTGATGGAAAACTAAATATTGCTAACATTGTACTTTCTG
TGACTAGTCAATATG
CTGTATATAGACCAGCCAGTGCAGGTCGGTCTGTCCTACGACACTTTGGCCAAC
TTCACCAGGAATCTA
GTCACGGATGAGATCACGAAACTGAAACCCGGAGAACCTATTCCGGAACAGAAT
GCCACTTTCCTGGTA 



GGTACATATGCAAGCCGCAATATGAACACCACTGCACACGGAACTAGGCATGCT
GCCATGGCTCTCTGG
CACTTCGCCCAAGTCTGGTTCCAAGAGTTCCCAGGATATCACCCTAGGAACAAC
AAGATCAGCATTGCT
ACCGAATCCTACGGCGGCCGTTATGGCCCGGCCTTTACTGCCTTCTTTGAAGAG
CAGAACCAGAAGATC
AAGAACGGCACATGGAAGGGACACGAGGGAACTATGCACGTGCTGCATCTCGAC
ACCCTCATGATCGTC
AACGGATGCATCGACCGTCTTGTCCAATGGCCGGCATATCCGCAAATGGCGTAC
AACAACACATATAGC
ATCGAGGCAGTCAACGCCAGCATTCATGCAGGAATGCTGGATGCCCTCTACCGC
GACGGTGGCTGTCGA
GACAAGATTAACCACTGCCGCTCCCTCTCTTCTGTGTTCGATCCTGAGAATCTC
GGCATCAACTCAACC
GTCAATGATGTCTGCAAGGATGCCGAGACATTCTGCTCCAATGATGTTCGCGAT
CCCTACCTCAAGTTC
TCTGGCCGCAACTACTATGACATCGGACAGCTTGACCCCAGCCCATTCCCAGCA
CCATTTTACATGGCC
TGGCTAAATCAGCCGCATGTGCAGGCAGCACTGGGTGTGCCACTTAACTGGACA
CAGTCAAACGATGTT
GTGTCTACCGCATTCCGTGCAATTGGTGACTACCCTCGGCCAGGGTGGCTGGAG
AACCTGGCTTATTTG
CTGGAGAATGGCATCAAGGTTTCGCTTGTTTACGGTGATCGGGACTACGCATGC
AACTGGTTCGGTGGT
GAGCTCTCAAGTCTGGGAATCAACTACACTGACACCCACGAATTCCATAATGCC
GGCTATGCAGGTATC
CAGATCAATAGCAGCTACATCGGTGGACAGGTGAGGCAGTACGGCAACCTCTCC
TTCGCCCGCGTCTAC
GAGGCCGGCCATGAGGTGCCATCGTACCAACCCGAGACTGCACTGCAGATATTC
CACCGTTCCCTGTTC
AACAAGGATATCGCTACTGGAACCAAGGACACGTCATCGCGCATGGACGGAGGC
AAGTTTTACGGCACC
TCGGGCCCTGCGGACTCGTTTGGTTTCAAGAACAAACCTCCACCGCAGCACGTC
CACTTCTGTCATATC
TTAGACACCAGCACCTGCACCAAGGAGCAGATCCAGTCAGTTGAGAACGGCACT
GCCGCCGTACGCAGC
TGGATCATTGTCGACTCCAACTCGACCTCTCTGTTCCCCGAGGTAGTTGGCTCA
GGGGAACCCACGCCA
ACCCCTATGCCTGGAGGGGCTACTACACTATCTGCTCACGGGTTCTTGTATGGC
GTGACATTATGGGCT GTTATTGTTGTAGCTGTTATAGAGCTGGCAATGTAA A
ruCBPSl nucleic acid of 1989 (SEQ ID NO: 14) is shown
in Table 5B. A disclosed ruCBPSl open reading frame
("ORP") begins with an ATG start codon at position 1
(underlined in Table 5B).Table 5B. ruCBPSl nucleotide
sequence (SEQ ID NO: 14).
ATGGTGTCATTCTGCGGAGTGGCAGCCTGCCTGCTGACAGTTGCTGGCCATCTT
GCGCAGGCTCAGTTC
CCACCAAAACCGGAGGGAGTCACTGTCCTGGAGTCGAAATTCGGCAGCGGTGCT
CGCATCACTTATAAG
GAGCCTGGCCTCTGTGAGACGACAGAGGGCGTCAAGTCGTACGCCGGATATGTC
CATCTGCCTCCAGGC
ACGCTCAGGGACTTCGGTGTCGAGCAGGACTACCCTATCAACACCTTTTTTTGG
TTCTTTGAGGCAAGA
AAGGACCCTGAAAATGCCCCTCTCGGCATCTGGATGAACGGTGGCCCGGGTAGC
TCGTCGATGTTTGGA
ATGATGACTGAGAACGGGCCTTGCTTCGTCAATGCAGACTCCAATTCTACTCGC
CTGAACCCTCATTCT
TGGAACAATGAAGTCAATATGCTGTATATAGACCAGCCAGTGCAGGTCGGTCTG
TCCTACGACACTTTG
GCCAACTTCACCAGGAATCTAGTCACGGATGAGATCACGAAACTGAAACCCGGA
GAACCTATTCCGGAA
CAGAATGCCACTTTCCTGGTAGGTACATATGCAAGCCGCAATATGAACACCACT
GCACACGGAACTAGG
CATGCTGCCATGGCTCTCTGGCACTTCGCCCAAGTCTGGTTCCAAGAGTTCCCA
GGATATCACCCTAGG
AACAACAAGATCAGCATTGCTACCGAATCCTACGGCGGCCGTTATGGCCCGGCC
TTTACTGCCTTCTTT
GAAGAGCAGAACCAGAAGATCAAGAACGGCACATGGAAGGGACACGAGGGAACT
ATGCACGTGCTGCAT
CTCGACACCCTCATGATCGTCAACGGATGCATCGACCGTCTTGTCCAATGGCCG
GCATATCCGCAAATG
GCGTACAACAACACATATAGCATCGAGGCAGTCAACGCCAGCATTCATGCAGGA
ATGCTGGATGCCCTC
TACCGCGACGGTGGCTGTCGAGACAAGATTAACCACTGCCGCTCCCTCTCTTCT
GTGTTCGATCCTGAG
AATCTCGGCATCAACTCAACCGTCAATGATGTCTGCAAGGATGCCGAGACATTC
TGCTCCAATGATGTT
CGCGATCCCTACCTCAAGTTCTCTGGCCGCAACTACTATGACATCGGACAGCTT
GACCCCAGCCCATTC 



CCAGCACCATTTTACATGGCCTGGCTAAATCAGCCGCATGTGCAGGCAGCACTG
GGTGTGCCACTTAAC
TGGACACAGTCAAACGATGTTGTGTCTACCGCATTCCGTGCAATTGGTGACTAC
CCTCGGCCAGGGTGG
CTGGAGAACCTGGCTTATTTGCTGGAGAATGGCATCAAGGTTTCGCTTGTTTAC
GGTGATCGGGACTAC
GCATGCAACTGGTTCGGTGGTGAGCTCTCAAGTCTGGGAATCAACTACACTGAC
ACCCACGAATTCCAT
AATGCCGGCTATGCAGGTATCCAGATCAATAGCAGCTACATCGGTGGACAGGTG
AGGCAGTACGGCAAC
CTCTCCTTCGCCCGCGTCTACGAGGCCGGCCATGAGGTGCCATCGTACCAACCC
GAGACTGCACTGCAG
ATATTCCACCGTTCCCTGTTCAACAAGGATATCGCTACTGGAACCAAGGACACG
TCATCGCGCATGGAC
GGAGGCAAGTTTTACGGCACCTCGGGCCCTGCGGACTCGTTTGGTTTCAAGAAC
AAACCTCCACCGCAG
CACGTCCACTTCTGTCATATCTTAGACACCAGCACCTGCACCAAGGAGCAGATC
CAGTCAGTTGAGAAC
GGCACTGCCGCCGTACGCAGCTGGATCATTGTCGACTCCAACTCGACCTCTCTG
TTCCCCGAGGTAGTT
GGCTCAGGGGAACCCACGCCAACCCCTATGCCTGGAGGGGCTACTACACTATCT
GCTCACGGGTTCTTG
TATGGCGTGACATTATGGGCTGTTATTGTTGTAGCTGTTATAGAGCTGGCAATG
TAA A disclosed ruCBPSl nucleic acid (SEQ ID NO: 14)
encodes a protein having 662 amino acid residues (SEQ
ID NO: 15), which is presented in Table 5C using the
one-letter amino acid code. Table 5C. Encoded ruCBPSl
protein sequence (SEQ ID NO: 15).
MVSFCGVAACLLTVAGHLAQAQFPPKPEGVTVLESKFGSGARITYKEPGLCETT
EGVKSYAGYVHLPPG
TLRDFGVEQDYPINTFFWFFEARKDPENAPLGIWMNGGPGSSSMFGMMTENGPC
FVNADSNSTRLNPHS
WNNEVNMLYIDQPVQVGLSYDTLANFTRNLVTDEITKLKPGEPIPEQNATFLVG
TYASRNMNTTAHGTR
HAAMALWHFAQVWFQEFPGYHPRNNKISIATESYGGRYGPAFTAFFEEQNQKIK
NGTWKGHEGTMHVLH
LDTLMIVNGCIDRLVQWPAYPQMAYNNTYSIEAVNASIHAGMLDALYRDGGCRD
KINHCRSLSSVFDPE
NLGINSTVNDVCKDAETFCSNDVRDPYLKFSGRNYYDIGQLDPSPFPAPFYMAW
LNQPHVQAALGVPLN
WTQSNDWSTAFRAIGDYPRPGWLENLAYLLENGIKVSLVYGDRDYACNWFGGEL
SSLGINYTDTHEFH
NAGYAGIQINSSYIGGQVRQYGNLSFARVYEAGHEVPSYQPETALQIFHRSLFN
KDIATGTKDTSSRMD
GGKFYGTSGPADSFGFKNKPPPQHVHFCHILDTSTCTKEQIQSVENGTAAVRSW
IIVDSNSTSLFPEW
GSGEPTPTPMPGGATTLSAHGFLYGVTLWAVIWAVIELAMThe disclosed
ruCBPSl has homology to the amino acid sequences shown
in the BLAST data listed in Table 5D, 5E and 5F. This
data was analyzed by the program PAIRWISE BLAST. Table
5D: TBLASTN results for ruCBPSl Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) gi|32410708 Neurospora crassa 1947 222/632
321/632 le-90 strain OR74A (35%) (50%) g i|3046860
Schi zosaccharomyces 4308 137/481 204/481 6e-41 pornbe
cpyl gene for (28%) (42%) carboxypeptidase Y g i 18152
93 8 Pichia angusta 2214 141/520 228/520 4e-40
carboxypeptidase (27%) (43%) (CPY) gene gi|4028157
Pichia angusta 2509 140/520 226/520 7e-40
carboxypeptidase Y (26%) (43%) 



precursor (CPY) gene gi|l70828 Candida albicans 1985
131/482 205/482 3e-36 carboxypeptidase Y (27%) (42%)
precursor (CPYl) gene Table5E: BLASTX
resultfsorruCBPSl Gene Protein/Organism Length
Identity Positives Expect Index/Identifier (aa) (%)
(%) g i 15004616 carboxypeptidase S l 555 209/535
294/535 le-98 / Aspergillus (39%) (54%) oryzae
gi|435818 carboxypeptidase 423 159/498 234/498 6e-64
Sl, CPD-Sl / (31%) (46%) Penicillium anthinellum g
995456 prepro- 460 147/506 219/506 8e-48
carboxypeptidase Z (29%) (43%) / Absidia zychae
gi|3046861 carboxypeptidase Y 1002 137/481 204/481
7e-42 / (28%) (42%) Schi zosaccharomyces pombe g
18152939 carboxypeptidase Y 537 141/520 228/520 4e-41
/ Pichia angusta (27%) (43%) gi|4028158
carboxypeptidase Y 541 140/520 226/520 7e-41
precursor; vacuolar (26%) (43%) carboxypeptidase /
Pichia angusta gi|7597001 carboxypeptidase Y 542
131/482 206/482 2e-37 precursor / Candida (27%) (42%)
albicansTable 5F: BLASTP results for ruCBPSl Gene
Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi 15004616
carboxypeptidase Sl 555 210/537 296/537 2e-95 /
Aspergi s (39%) (55%) oryzae gi|435818
carboxypeptidase 423 159/498 234/498 2e-60 Sl, CPD-Sl
/ (31%) (46%) Penicillium janthinellum 



g 995456 prepro- 460 146/500 217/500 6e-47
carboxypeptidase Z (29%) (43%) / Absidia zychae g
19115337 carboxypeptidase y 1002 136/481 204/481 7e-41
/ (28%) (42%) Schizosaccharomyces pombe ruCBPSr
ruCBPS1' is a T. rubrum carboxypeptidase. Genomic DNA
sequence of a ruCBPS ' nucleic acid of 2030
nucleotides (SEQ ID NO: 16) is shown in Table 6A.Table
6A. ruCBPSl' genomic nucleotide sequence (SEQ ID NO:
16).
ATGCGCTTTGCTGCTAGCATTGCCGTGGCCCTGCCAGTCATTCACGCGGCGAGT
GCTCAAGGCTTCCCT
CCACCCGTTAAGGGCGTCACCGTGGTCAAATCCAAGTTCGACGAAAACGTAAAG
ATCACATACAAGGAG
GTATGTGTTTACATCATTTTCACATCCAGATCTTATATCCTTACAATAAATCTG
GCTAACTCACTGGAT
AGAATGACATATGTGAAACCACTCAAGGAGTTAGATCATTCACCGGTCATGTCC
ACCTTCCTCCAGACA
ACGATGACTTTGGTGTCTACCGGAACTACTCCATCAACACATTCTTCTGGTTCT
TTGAAGCTCGTGAAG
ACCCTAAGAATGCTCCTCTCTCCATCTGGCTGAACGGTGGTCCGGGATCGTCAT
CCATGATTGGACTCT
TCCAGGAAAACGGTCCATGCTGGGTCAATGAAGACTCTAAATCTACCACCAACA
ATTCATTTTCATGGA
ACAATAAAGTAAATATGCTCTACATTGATCAGCCAAACCAAGTCGGTTTCAGTT
ATGACGTACCTACCA
ACATCACTTACTCTACCATCAATGATACAATATCTGTTGCGGACTTCTCTAACG
GTGTCCCTGCGCAAA
ATCTTTCTACGTTGGTTGGAACCGGCAGCAGCCAGAACCCTTGGGCAACTGCCA
ATAACACTGTGAACG
CTGCTCGTTCTATCTGGCACTTTGCACAAGTGTGGTTCCAGGAATTCCCTGAAC
ACAAGCCTAACAATA
ACAAGATCAGTATTTGGACAGAGTCCTATGGAGGAAGATATGGTCCCTCATTCG
CCTCTTACTTCCAGG
AACAGAACGAAAAGATCAAAAACCATACCATTACTGAAGAAGGAGAGATGCATA
TTCTGAACCTCGACA
CCCTCGGTATCATCAACGGCTGCATCGATCTTATGTTCCAAGCAGAAAGTTATG
CTGAATTCCCATACA
ACAACACCTATGGCATCAAAGCTTATACCAAGGAGAAGCGTGACGCTATATTAC
ACGACATCCACCGTC
CTGACGGCTGCTTCGACAAGGTTACCAAGTGCCGTGAGGCCGCGAAAGAAGGAG
ACCCTCACTTCTACA
GCAACAATGCAACCGTCAACACAATCTGTGCGGATGCTAACTCTGCCTGCGACA
AATATCTAATGGATC
CTTTCCAAGAGACCAATCTTGGTTACTATGATATTGCTCATCCTCTTCAGGATC
CCTTCCCCCCACCAT
TCTATAAGGGCTTCCTCAGCCAATCCAGCGTTCTATCTGACATGGGATCGCCAG
TCAACTTCTCCCAAT
ACGCCCAAGCTGTGGGAAAATCATTCCATGGAGTTGGCGACTACGCTCGCCCTG
ATGTGCGCGGCTTCA
CCGGTGACATTGCTTATCTTCTCGAGAGCGGAGTCAAGGTTGCTCTCGTCTATG
GTGACAGAGACTACA
TCTGCAATTGGTTCGGTGGTGAGCAGGTCAGTCTTGGCTTGAACTACACTGGCA
CCCAAGACTTCCACA
GGGCAAAATATGCCGATGTCAAGGTCAACTCTTCATACGTCGGAGGCGTAGTGC
GTCAACATGGAAACT
TCTCTTTCACCAGAGTTTTCGAGGCCGGTCATGAAGTCCCTGGTTACCAACCCG
AGACTGCCCTCAAGA
TCTTTGAGCGCATCATGTTCAACAAGGATATTTCTACCGGTGAGATCGACATTG
CTCAGAAACCAGACT
ACGGTACCACTGGAACTGAGTCTACGTTCCATATCAAAAACGATATCCCTCCTT
CGCCTGAGCCGACCT
GCTACCTCCTCAGTGCTGACGGAACCTGTACCCCGGAGCAGCTTAATGCTATTA
AGGATGGAACTGCAG
TTGTTGAGAACTACATTATTAAGAGCCCTGCTGCGTCGAAGGGGAACCCTCCAC
CAACCACGACCTCAT
CTCCCACAGCAGCCCCTACCGCTGGAAGTGCCATGCTAAAGGCTCCTGTGGCAA
TGCTAGCAATATCAG CTCTCACTGTCCTTGCTTTCTTCTTGTAG A
ruCBPSl' nucleic acid of 1959 (SEQ ID NO: 17) is shown
in Table 6B. A 



disclosed ruCBPS ' open reading frame ("ORF") begins
with an ATG start codon at position 1 (underlined in
Table 6B).Table 6B. ruCBPSl' nucleotide sequence (SEQ
ID NO: 17). ATG
CGCTTTGCTGCTAGCATTGCCGTGGCCCTGCCAGTCATTCACGCGGCGAGTGCT
CAAGGCTTCCCT
CCACCCGTTAAGGGCGTCACCGTGGTCAAATCCAAGTTCGACGAAAACGTAAAG
ATCACATACAAGGAG
AATGACATATGTGAAACCACTCAAGGAGTTAGATCATTCACCGGTCATGTCCAC
CTTCCTCCAGACAAC
GATGACTTTGGTGTCTACCGGAACTACTCCATCAACACATTCTTCTGGTTCTTT
GAAGCTCGTGAAGAC
CCTAAGAATGCTCCTCTCTCCATCTGGCTGAACGGTGGTCCGGGATCGTCATCC
ATGATTGGACTCTTC
CAGGAAAACGGTCCATGCTGGGTCAATGAAGACTCTAAATCTACCACCAACAAT
TCATTTTCATGGAAC
AATAAAGTAAATATGCTCTACATTGATCAGCCAAACCAAGTCGGTTTCAGTTAT
GACGTACCTACCAAC
ATCACTTACTCTACCATCAATGATACAATATCTGTTGCGGACTTCTCTAACGGT
GTCCCTGCGCAAAAT
CTTTCTACGTTGGTTGGAACCGGCAGCAGCCAGAACCCTTGGGCAACTGCCAAT
AACACTGTGAACGCT
GCTCGTTCTATCTGGCACTTTGCACAAGTGTGGTTCCAGGAATTCCCTGAACAC
AAGCCTAACAATAAC
AAGATCAGTATTTGGACAGAGTCCTATGGAGGAAGATATGGTCCCTCATTCGCC
TCTTACTTCCAGGAA
CAGAACGAAAAGATCAAAAACCATACCATTACTGAAGAAGGAGAGATGCATATT
CTGAACCTCGACACC
CTCGGTATCATCAACGGCTGCATCGATCTTATGTTCCAAGCAGAAAGTTATGCT
GAATTCCCATACAAC
AACACCTATGGCATCAAAGCTTATACCAAGGAGAAGCGTGACGCTATATTACAC
GACATCCACCGTCCT
GACGGCTGCTTCGACAAGGTTACCAAGTGCCGTGAGGCCGCGAAAGAAGGAGAC
CCTCACTTCTACAGC
AACAATGCAACCGTCAACACAATCTGTGCGGATGCTAACTCTGCCTGCGACAAA
TATCTAATGGATCCT
TTCCAAGAGACCAATCTTGGTTACTATGATATTGCTCATCCTCTTCAGGATCCC
TTCCCCCCACCATTC
TATAAGGGCTTCCTCAGCCAATCCAGCGTTCTATCTGACATGGGATCGCCAGTC
AACTTCTCCCAATAC
GCCCAAGCTGTGGGAAAATCATTCCATGGAGTTGGCGACTACGCTCGCCCTGAT
GTGCGCGGCTTCACC
GGTGACATTGCTTATCTTCTCGAGAGCGGAGTCAAGGTTGCTCTCGTCTATGGT
GACAGAGACTACATC
TGCAATTGGTTCGGTGGTGAGCAGGTCAGTCTTGGCTTGAACTACACTGGCACC
CAAGACTTCCACAGG
GCAAAATATGCCGATGTCAAGGTCAACTCTTCATACGTCGGAGGCGTAGTGCGT
CAACATGGAAACTTC
TCTTTCACCAGAGTTTTCGAGGCCGGTCATGAAGTCCCTGGTTACCAACCCGAG
ACTGCCCTCAAGATC
TTTGAGCGCATCATGTTCAACAAGGATATTTCTACCGGTGAGATCGACATTGCT
CAGAAACCAGACTAC
GGTACCACTGGAACTGAGTCTACGTTCCATATCAAAAACGATATCCCTCCTTCG
CCTGAGCCGACCTGC
TACCTCCTCAGTGCTGACGGAACCTGTACCCCGGAGCAGCTTAATGCTATTAAG
GATGGAACTGCAGTT
GTTGAGAACTACATTATTAAGAGCCCTGCTGCGTCGAAGGGGAACCCTCCACCA
ACCACGACCTCATCT
CCCACAGCAGCCCCTACCGCTGGAAGTGCCATGCTAAAGGCTCCTGTGGCAATG
CTAGCAATATCAGCT CTCACTGTCCTTGCTTTCTTCTTGTAG A
disclosed ruCBPSl' nucleic acid (SEQ ID NO: 17)
encodes a protein having 652 amino acid residues (SEQ
ID NO: 18), which is presented in Table 6 using the
one-letter amino acid code. Table 6C. Encoded ruCBPSl'
protein sequence (SEQ ID NO: 18).
MRFAASIAVALPVIHAASAQGFPPPVKGVTWKSKFDENVKITYKENDICETTQG
VRSFTGHVHLPPDN
DDFGVYRNYSINTFFWFFEAREDPKNAPLSIWLNGGPGSSSMIGLFQENGPCWV
NEDSKSTTNNSFSWN
NKVNMLYIDQPNQVGFSYDVPTNITYSTINDTISVADFSNGVPAQNLSTLVGTG
SSQNPWATANNTVNA
ARSIWHFAQVWFQEFPEHKPNNNKISIWTESYGGRYGPSFASYFQEQNEKIKNH
TITEEGEMHILNLDT
LGIINGCIDLMFQAESYAEFPYNNTYGIKAYTKEKRDAILHDIHRPDGCFDKVT
KCREAAKEGDPHFYS
NNATVNTICADANSACDKYLMDPFQETNLGYYDIAHPLQDPFPPPFYKGFLSQS
SVLSDMGSPVNFSQY 



AQAVGKSFHGVGDYARPDVRGFTGDIAYLLESGVKVALVYGDRDYICNWFGGEQ
VSLGLNYTGTQDFHR
AKYADVKVNSSYVGGVVRQHGNFSFTRVFEAGHEVPGYQPETALKIFERIMFNK
DISTGEIDIAQKPDY
GTTGTESTFHIKNDIPPSPEPTCYLLSADGTCTPEQLNAIKDGTAWENYIIKSP
AASKGNPPPTTTSS PTAAPTAGSAMLKAPVAMLAISALTVLAFFLThe
disclosed ruCBPSl' has homology to the amino acid
sequences shown in the BLAST data listed in Table 6D,
6E and 6F. This data was analyzed by the program
PAIRWISE BLAST. Table 6D: TBLASTN results for ruCBPSl'
Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi|32410708 Neurospora
crassa 1947 246/632 337/632 e-104 strain OR74A (38%)
(53%) gi|3046860 Schizosaccharomyces 4308 137/480
215/480 le-45 pombe cpyl gene for (28%) (44%)
carboxypeptidase Y gi|l8152938 Pichia angusta 2214
139/508 227/508 2e-42 carboxypeptidase Y (27%) (44%)
(CPY) gene Table 6E: BLASTX resulftosrruCBPSl' Gene
Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi 15004616
carboxypeptidase Sl 555 221/567 310/567 e-102 /
Aspergillus (38%) (54%) oryzae gi|435818
carboxypeptidase 423 174/499 258/499 4e-77 Sl, CPD-Sl
/ (34%) (51%) Penicillium janthinellum g 995456
prepro- 460 155/491 243/491 2e-58 carboxypeptidase Z
(31%) (49%) / Absidia zychae gi|l9115337
carboxypeptidase y 1002 137/480 215/480 le-46 / (28%)
(44%) Schi zosaccharomyces pombe gi|4028158
carboxypeptidase Y 541 139/508 226/508 2e-43
precursor; vacuolar (27%) (44%) carboxypeptidase /
Pichia angustaTable 6F: BLASTP results for ruCBPSl'
Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi|l5004616
carboxypeptidase Sl 555 222/567 310/567 7e-98 



/ Aspergillus (39%) (54%) oryzae gi|435818
carboxypeptidase 423 174/499 259/499 le-71 Sl, CPD-Sl
/ (34%) (51%) Penicillium janthinellum g 995456
prepro- 460 156/491 244/491 2e-57 carboxypeptidase Z
(31%) (49%) / Absidia zychae gi|l9115337
carboxypeptidase y 1002 137/480 215/480 4e-44 / (28%)
(44%) Schizosaccharomyces pombe ruPAP ruPAP is a T.
rubrum prolylaminopeptidase. Genomic DNA sequence of a
ruPAP nucleic acid of 1795 nucleotides (SEQ ID NO: 19)
is shown in Table 7A. Table 7A. ruPAP genomic
nucleotide sequence (SEQ ID NO: 19).
ATGCAAGCAGCAAAATTGTTGAGCCGGTACTGGCAAAATGTACCTGGTTAGTGC
AGCTAATCTTGAGTC
ACATCATGCATAGTTAACCGAGTATCACAACACAATCTACTATTGCGTTTTTGC
TAATGGCTACCATAG
GAAGACTGAGGGTATCTGAGCTCCTTTTCGATGTCCCTTTAGACTACTCAAACC
CGTCTTCCACTTCGC
TCCGGTTGTTCGCCAGGAGTGTGCAGCGGCGAATTCCAGGGTCCTCTCTCGATG
ATAAAGACAGACAGC
TACCCTNGGATTGTTTTCCTGCAGGGTGGACCAGGAGGAGCTTGCCCACAACCT
CAGGAGGTAGGCTGG
GTTGGGCCATTGCTGGATCGAGGATTCCAGGTGAGTCTCCAGAATCGGGATGAG
TAACTGTAGAACACC
TTGTTGAATTTCTTGATTAGATCCTTCTCCTTGACCAGCGAGGAACAGGGCTTT
CAACCCCTATAACCG
CTGCGACGCTTGCTCTTCAGGGAAACGCAGTAAAGCAAGCCGAATATCTTAGGC
TATTCCGTGCCGATA
ATATCGTGCGAGACTGTGAAGCAGTGCGTAAACTATTGACTGCTTATTACCCTC
CAGATAAGCAGAAAT
GGAGCGTCCTTGGCCAGAGTTTTGGAGGATTCTGTGCCGTCACGTATGTTTCTA
AGTAGTGAGTAACTA
CTCCTTCAAATCCACCTGCTATAGATTGTCGTGCAAATCTAACCTTCATCATCT
AGTCCTGAGGGACTT
AAAGAAGTCTTCACAACTGGTGGATTACCCCCTCTTGTGTCAAAGCCTGATCCT
GTGTACGAGAGGACC
TACGGTAAGTTGGGATAGATTGGGCTATTTTTAGTTTAATATACAGCTGACATC
TACAGACAAGGTCCA
GTCCCGGAATAAAGTGTACTATTCCACTTTCCCCGAAGACGAAGATCGAGTGCG
GATTATACTCAAGCA
TCTCCAAACCCACGATGTTAAGCTCCCCGATGGCTCACCGTTAACTCCGGAACG
CTTTCTCCAGCTAGG
AATTCATTTTGGAATGAAAGGTACGCCATACTTCGCAGGTGACTTCTCGTAACC
AATGACTAACATATG
CATATAGGGGGCATCGGCTTAGTTCATAGTATGATACCATCAATAACTTACATT
ATACTTATTCACTGA
CTAACAATGTCGAAATATCAGGCATAATTTTGAAGTGCATTAATGAACTGGAAT
ACTTTGGCTTCCTCA
CACGACCTACTTTATCTCTGATTGAGAACGACACGAGTGCAGACAACGGCATTC
TATATGCCATAATGC
ATGAATCTATCTACTGCCAAGGGTAAAACGTCTCTCCTGATCGAGTCAATATCA
GAATCTAACGTGATA
CCGTAGGGAGGCCTCAAACTGGGCTGCCGAAAGACTACTACCAAAGTTCTCTGG
CTTCCGAGGCGCTCA
TAATCCTGATGGCATCTACTTCACTGGGGAGATGGTATACAAACACTGGTTTGA
GTCGTCCACAGAACT
CGGCCAGCTCAAAGAGGTAGCCGATATTCTTGCTTCCTACAATGACTGGCCGCA
GTTGTATGATAAGGA
ACAGCTCGCGCGCAACGAGGTGCCAGTGTATTCCGCTACATATGTCGAGGATAT
GTACGTGCACTTCAG 



CTACGCCAACGAAACAGCTGCCACTATTCACAATTGCAAACAGTTCATCACCAA
CACGATGTACCACAA
CGGACTGCGTTCAGATTCCGCTGAACTTATTGCGCAGCTGTTTGCTCTTCGTGA
TGATACGATTGACTA GA ruPAP nucleic acid of 1326 (SEQ ID
NO: 20) is shown in Table 7B. A disclosed ruPAP open
reading frame ("ORF") begins with an ATG start codon
at position 1 (underlined in Table 7B). Table 7B.
ruPAP nucleotide sequence (SEQ ID NO: 20).
ATGCAAGCAGCAAAATTGTTGAGCCGGTACTGGCAAAATGTACCTGGAAGACTG
AGGGTATCTGAGCTC
CTTTTCGATGTCCCTTTAGACTACTCAAACCCGTCTTCCACTTCGCTCCGGTTG
TTCGCCAGGAGTGTG
CAGCGGCGAATTCCAGGGTCCTCTCTCGATGATAAAGACAGACAGCTACCCTGG
ATTGTTTTCCTGCAG
GGTGGACCAGGAGGAGCTTGCCCACAACCTCAGGAGGTAGGCTGGGTTGGGCCA
TTGCTGGATCGAGGA
TTCCAGATCCTTCTCCTTGACCAGCGAGGAACAGGGCTTTCAACCCCTATAACC
GCTGCGACGCTTGCT
CTTCAGGGAAACGCAGTAAAGCAAGCCGAATATCTTAGGCTATTCCGTGCCGAT
AATATCGTGCGAGAC
TGTGAAGCAGTGCGTAAACTATTGACTGCTTATTACCCTCCAGATAAGCAGAAA
TGGAGCGTCCTTGGC
CAGAGTTTTGGAGGATTCTGTGCCGTCACGTATGTTTCTAATCCTGAGGGACTT
AAAGAAGTCTTCACA
ACTGGTGGATTACCCCCTCTTGTGTCAAAGCCTGATCCTGTGTACGAGAGGACC
TACGACAAGGTCCAG
TCCCGGAATAAAGTGTACTATTCCACTTTCCCCGAAGACGAAGATCGAGTGCGG
ATTATACTCAAGCAT
CTCCAAACCCACGATGTTAAGCTCCCCGATGGCTCACCGTTAACTCCGGAACGC
TTTCTCCAGCTAGGA
ATTCATTTTGGAATGAAAGGCATAATTTTGAAGTGCATTAATGAACTGGAATAC
TTTGGCTTCCTCACA
CGACCTACTTTATCTCTGATTGAGAACGACACGAGTGCAGACAACGGCATTCTA
TATGCCATAATGCAT
GAATCTATCTACTGCCAAGGGGAGGCCTCAAACTGGGCTGCCGAAAGACTACTA
CCAAAGTTCTCTGGC
TTCCGAGGCGCTCATAATCCTGATGGCATCTACTTCACTGGGGAGATGGTATAC
AAACACTGGTTTGAG
TCGTCCACAGAACTCGGCCAGCTCAAAGAGGTAGCCGATATTCTTGCTTCCTAC
AATGACTGGCCGCAG
TTGTATGATAAGGAACAGCTCGCGCGCAACGAGGTGCCAGTGTATTCCGCTACA
TATGTCGAGGATATG
TACGTGCACTTCAGCTACGCCAACGAAACAGCTGCCACTATTCACAATTGCAAA
CAGTTCATCACCAAC
ACGATGTACCACAACGGACTGCGTTCAGATTCCGCTGAACTTATTGCGCAGCTG
TTTGCTCTTCGTGAT GATACGATTGACTAG A disclosed ruPAP
nucleic acid (SEQ ID NO: 20) encodes a protein having
441 amino acid residues (SEQ ID NO: 21), which is
presented in Table 7C using the one-letter amino acid
code. Table 7C. Encoded ruPAP protein sequence (SEQ ID
NO: 21).
MQAAKLLSRYWQNVPGRLRVSELLFDVPLDYSNPSSTSLRLFARSVQRRIPGSS
LDDKDRQLPWIVFLQ
GGPGGACPQPQEVGWVGPLLDRGFQILLLDQRGTGLSTPITAATLALQGNAVKQ
AEYLRLFRADNIVRD
CEAVRKLLTAYYPPDKQKWSVLGQSFGGFCAVTYVSNPEGLKEVFTTGGLPPLV
SKPDPVYERTYDKVQ
SRNKVYYSTFPEDEDRVRIILKHLQTHDVKLPDGSPLTPERFLQLGIHFGMKGI
ILKCINELEYFGFLT
RPTLSLIENDTSADNGILYAIMHESIYCQGEASNWAAERLLPKFSGFRGAHNPD
GIYFTGEMVYKHWFE
SSTELGQLKEVADILASYNDWPQLYDKEQLARNEVPVYSATYVEDMYVHFSYAN
ETAATIHNCKQFITN TMYHNGLRSDSAELIAQLFALRDDTID The
disclosed ruPAP has homology to the amino acid
sequences shown in the BLAST data listed in Table 7D,
7E and 7F. This data was analyzed by the program
PAIRWISE BLAST.Table 7D: TBLASTN results for ruPAP
Gene Protein/Organism Length Identity Positives Expect



Index/Identifier (aa) (%) (%) gi|l4329656 Aspergillus
niger 3752 151/307 190/307 e-118 papA gene for (49%)
(61%) prolyl aminopeptidase A gi 32414442 Neurospora
crassa 1449 212/477 285/477 e-100 strain OR74A (44%)
(59%) gi|604877 Aeromonas sobria 1740 175/420 239/420
4e-77 gene for prolyl (41%) (56%) aminopeptidase Table
7E: BLASTX results for ruPAP Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) gi|l8307408 prolyl 442 266/442 334/442 e-152
aminopeptidase A / (60%) (75%) Aspergillus niger
gi|l4456054 putative prolyl 365 211/366 263/366 e-114
aminopeptidase / (57%) (71%) Aspergillus nidulans
gi|22507295 prolyl 300 181/301 226/301 4e-99
aminopeptidase / (60%) (75%) Talaromyces emerssnii
gi|l236731 prolyl 425 175/420 239/420 4e-78
aminopeptidase / (41%) (56%) Aeromonas sobriaTable 7F:
BLASTP resuflotrsruPAP Gene Protein/Organism Length
Identity Positives Expect Index/Identifier (aa) (%)
(%) gi|l8307408 prolyl 442 267/443 336/443 e-157
aminopeptidase A / (60%) (75%) Aspergillus niger g
14456054 putative prolyl 365 211/366 263/366 e-116
aminopeptidase / (57%) (71%) Aspergillus nidulans
gi|22507295 prolyl 300 181/301 226/301 e-102
aminopeptidase / (60%) (75%) Talaromyces emersonii
gi|l236731 prolyl 425 175/420 239/420 2e-78 



aminopeptidase / (41%) (56%) Aeromonas sobria ruAMPP
ruAMPP is a T. rubrum aminopeptidase P. Genomic DNA
sequence of a ruAMPP nucleic acid of 2418 nucleotides
(SEQ K) NO: 22) is shown in Table 8A.Table 8A. ruAMPP
genomic nucleotide sequence (SEQ ID NO: 22).
ATGCCGCCACCACCGGTTGACACGACCCAGCGTCTCGCAAAGCTGCGAGAGCTG
ATGGCTCAGAACAAG
GTCGATGTATATAGTATGCAATTCAGATACACCATTAAAGCTCCCTTGATAATA
ACAGTCGTATACTCA
TTCTTCTTTCTTCTACTCCTCGCCTTAAAGTTGTGCCTTCGGAAGACAGCCATC
AGTCGGAGTACATTG
CTCCATGTGATGGGCGTCGAGGTTAGACCTGTCCCTCCATAAAAGAATACCTAC
CCGTAATACCAGCCG
GCAGACGCTCATACGTATCACTGCAGCTTTCATATCCAGCTTCACTGGCTCGGC
AGGATGTGCCATCGT
CTCTATGAGTAAAGCTGCTCTGTCTACAGACGGCAGATACTTCAGCCAAGCTGC
AAAACAGCTCGATGC
CAACTGGATCCTGTTGAAGCGAGGTGTCGAGGGTGTCCCAACCTGGGAAGAATG
GTATATCTGCCCCTG
GTATCGACTTTTCCGGTATAATGGTTGACAGGCTGGATATAGGACCGCTGAGCA
GGCCGAGACACGGCA
AGGTTGTGGGTGTTGACCCGTCACTTATTACGGCAGGTGAGAATCTACAGTATG
CGTCTCTTACAAGTG
TCATCGTGACTAACTGTATGTTATAGCGGATGCACGAAAGCTTTCTCAGACGTT
GAAGACCACCGGAGG
CTCCTTGGTTGGAATTGATCAGAACCTGATTGATGCCGTCTGGGGAGATGAACG
TCCTGCACGGCCTGC
CAACCAAATTACGGTACAGCCTGTTGAGCGCGCGGGAAAGTCATTCGAGGAGAA
AGTGGAAGACCTGCG
AAAGGAATTGACTGCGAAGAAGAGGTCTGCTATGGTTATTTGTATGACGCTAGA
TCTATTTTTGATCAA
ACATATACTAACAAACGCAATATAGCCACCTTGGATGAGATTGCATGGCTCTTC
AACCTCCGTGGAAGC
GAGTAAGTTTCTATATAAATGGTATCTTTCACTTTATACAAAAAGCCATGCTGA
CTGGTGTAGTATTCC
ATATAACCCCGTCTTTTTCTCGTACGCAATTGTGACGCCCTCAGTTGCGGAACT
CTATGTCGATGAGAG
CAAGCTGTCTCCAGAAGCCAGAAAACATCTCGAAGGCAAGGTCGTTCTCAAGCC
ATACGAGTCCATCTT
CCAAGCTTCCAAAGTCCTCGCCGAATCAAAGGCATCGGCTAGCAGCGGTTCCTC
TGGGAAGTTCTTGTT
GTCTAACAAGGCTTCGTGGTCTTTGAGCCTCGCCCTCGGTGGGGAACAGAACGT
CGTTGAGGTTCGAAG
TCCCATCACTGACGCCAAAGCCATCAAGAACGAAGTTGAACTGGAAGGATTCAG
AAAATGCCATATCCG
AGACGGTGCAGCTCTGATCGAGTACTTCGCCTGGCTTGAAAATGCATTGATCAA
AGAAGGTGCCAAGCT
AGACGAAGTAGATGGAGCCGACAAACTCTTCGAGATCCGCAAGAAATATGACCT
CTTCGTCGGCAACTC
CTTCGACACCATCTCTTCTACCGGTGCTAACGGTGCTACCATTCATTACAAACC
CGAGAAGTCAACTTG
CGCTATCATTGACCCGAAGGCTATGTACCTGTGTGACTCTGGTGGCCAATACCT
TGATGGTACTACTGA
GGGACATATCAGCATTGACAATGCCATTTTCCCCAAAGGAACCACCGGATACGC
CATTGACTCGTTTGC
TCGACAGCATTTGTGGAAGGAGGGTCTGGATTACCTCCACGGCACCGGTCATGG
TGTTGGCTCATTTTT
GGTACGGGGTTTCCTTTTTCTTTTTTTTTTCTTTTTTTATTTTTATTATTACTT
CTCTTAGGCTAACAC
ATTCTCTCTAAGAACGTCCATGAGGGACCTATGGGCATAGGAAGCCGTGCTCAG
TACGCTGAAGTTCCT
CTCTCTGCCAGCAATGTTCTTTCCAACGGTAGGATTTCTGCATCTCATCTTTCT
TGAATCCTACTAATT
GCGTATTCTAGTTTTTTCATACTGACGGCCTCTTTAGACCTCGTAATCTGCAAG
GAGGTCCAGACTGCA
CACAAATTCGGCGACAAGCCCTTCCTCGGATTTGAGTCCATCACCCTGGTACCT
TTCTGCCAAAAACTC
CTTGATGCTTCTCTCTTGACCGAAGCTGAGAGAAAGTGGGTGAATGATTACCAT
GCGAAAGTCTGGGAG
AAGACCAGTCCCTTCTTTGAGAAGGACGAGTTAACAACCGCCTGGCTAAAGCGC
GAGACACAACCTATT TAA A ruAMPP nucleic acid of 1878 (SEQ
ID NO: 23) is shown in Table 8B. A disclosed ruAMPP
open reading frame ("ORF") begins with an ATG start
codon at position 1 



(underlined in Table 8B).Table 8B. ruAMPP nucleotide
sequence (SEQ ID NO: 23).
ATGCCGCCACCACCGGTTGACACGACCCAGCGTCTCGCAAAGCTGCGAGAGCTG
ATGGCTCAGAACAAG
GTCGATGTATATATTGTGCCTTCGGAAGACAGCCATCAGTCGGAGTACATTGCT
CCATGTGATGGGCGT
CGAGCTTTCATATCCAGCTTCACTGGCTCGGCAGGATGTGCCATCGTCTCTATG
AGTAAAGCTGCTCTG
TCTACAGACGGCAGATACTTCAGCCAAGCTGCAAAACAGCTCGATGCCAACTGG
ATCCTGTTGAAGCGA
GGTGTCGAGGGTGTCCCAACCTGGGAAGAATGGACCGCTGAGCAGGCCGAGACA
CGGCAAGGTTGTGGG
TCGGATGCACGAAAGCTTTCTCAGACGTTGAAGACCACCGGAGGCTCCTTGGTT
GGAATTGATCAGAAC
CTGATTGATGCCGTCTGGGGAGATGAACGTCCTGCACGGCCTGCCAACCAAATT
ACGGTACAGCCTGTT
GAGCGCGCGGGAAAGTCATTCGAGGAGAAAGTGGAAGACCTGCGAAAGGAATTG
ACTGCGAAGAAGAGG
TCTGCTATGGTTATTTCGAGTAAGTTTCTATATAAATGGTATCTTTCACTTTAT
ACAAAAAGCCATGCT
GACTGGTGTAGTATTCCATATAACCCCGTCTTTTTCTCGTACGCAATTGTGACG
CCCTCAGTTGCGGAA
CTCTATGTCGATGAGAGCAAGCTGTCTCCAGAAGCCAGAAAACATCTCGAAGGC
AAGGTCGTTCTCAAG
CCATACGAGTCCATCTTCCAAGCTTCCAAAGTCCTCGCCGAATCAAAGGCATCG
GCTAGCAGCGGTTCC
TCTGGGAAGTTCTTGTTGTCTAACAAGGCTTCGTGGTCTTTGAGCCTCGCCCTC
GGTGGGGAACAGAAC
GTCGTTGAGGTTCGAAGTCCCATCACTGACGCCAAAGCCATCAAGAACGAAGTT
GAACTGGAAGGATTC
AGAAAATGCCATATCCGAGACGGTGCAGCTCTGATCGAGTACTTCGCCTGGCTT
GAAAATGCATTGATC
AAAGAAGGTGCCAAGCTAGACGAAGTAGATGGAGCCGACAAACTCTTCGAGATC
CGCAAGAAATATGAC
CTCTTCGTCGGCAACTCCTTCGACACCATCTCTTCTACCGGTGCTAACGGTGCT
ACCATTCATTACAAA
CCCGAGAAGTCAACTTGCGCTATCATTGACCCGAAGGCTATGTACCTGTGTGAC
TCTGGTGGCCAATAC
CTTGATGGTACTACTGATACTACCCGAACTCTCCACTTTGGAGAGCCCACGGAG
TTCCAGAAGAAGGCT
TATGCACTTGTTCTAAAGGGACATATCAGCATTGACAATGCCATTTTCCCCAAA
GGAACCACCGGATAC
GCCATTGACTCGTTTGCTCGACAGCATTTGTGGAAGGAGGGTCTGGATTACCTC
CACGGCACCGGTCAT
GGTGTTGGCTCATTTTTGAACGTCCATGAGGGACCTATGGGCATAGGAAGCCGT
GCTCAGTACGCTGAA
GTTCCTCTCTCTGCCAGCAATAGCCTGGATATTATGAAGACGGCAACTTCGGCA
TTCGTCTCGAGAGTA
AGTTCAATGACTGCGTATTCTAGTTTTTTCATACTGACGGCCTCTTTAGACCTC
GTAATCTGCAAGGAG
GTCCAGACTGCACACAAATTCGGCGACAAGCCCTTCCTCGGATTTGAGTCCATC
ACCCTGGTACCTTTC
TGCCAAAAACTCCTTGATGCTTCTCTCTTGACCGAAGCTGAGAGAAAGTGGGTG
AATGATTACCATGCG
AAAGTCTGGGAGAAGACCAGTCCCTTCTTTGAGAAGGACGAGTTAACAACCGCC
TGGCTAAAGCGCGAG ACACAACCTATTTAA A disclosed ruAMPP
nucleic acid (SEQ ID NO: 23) encodes a protein having
625 amino acid residues (SEQ ID NO: 24), which is
presented in Table 8 using the one-letter amino acid
code. Table 8C. Encoded ruAMPP protein sequence (SEQ
ID NO: 24).
MPPPPVDTTQRLAKLRELMAQNKVDVYIVPSEDSHQSEYIAPCDGRRAFISSFT
GSAGCAIVSMSKAAL
STDGRYFSQAAKQLDANWILLKRGVEGVPTWEEWTAEQAETRQGCGSDARKLSQ
TLKTTGGSLVGIDQN
LIDAVWGDERPARPANQITVQPVERAGKSFEEKVEDLRKELTAKKRSAMVISSK
FLYKWYLSLYTKSHA
DWCSIPYNPVFFSYAIVTPSVAELYVDESKLSPEARKHLEGKWLKPYESIFQAS
KVLAESKASASSGS
SGKFLLSNKASWSLSLALGGEQNWEVRSPITDAKAIKNEVELEGFRKCHIRDGA
ALIEYFAWLENALI
KEGAKLDEVDGADKLFEIRKKYDLFVGNSFDTISSTGANGATIHYKPEKSTCAI
IDPKAMYLCDSGGQY
LDGTTDTTRTLHFGEPTEFQKKAYALVLKGHISIDNAIFPKGTTGYAIDSFARQ
HLWKEGLDYLHGTGH
GVGSFLNVHEGPMGIGSRAQYAEVPLSASNSLDIMKTATSAFVSRVSSMTAYSS
FFILTASLDLVICKE 



VQTAHKFGDKPFLGFESITLVPFCQKLLDASLLTEAERKWVNDYHAKVWEKTSP
FFEKDELTTAWLKRE TQPI The disclosed ruAMPP has homology
to the amino acid sequences shown in the BLAST data
listed in Table 8D, 8E and 8F. This data was analyzed
by the program PAIRWISE BLAST.Table 8D: TBLASTN
results for ruAMPP Gene Protein/Organi Length Identity
Positives Expect Index/Identifier (aa) (%) (%) gi
32403169 Neurospora crassa 1845 339/630 433/630 0.0
strain 0R74A (53%) (68%) gi|20453016 Drosophila 12647
268/638 369/638 e-127 melanogaster (42%) (57%)
aminopeptidase P gene gi 17571207 Drosophila 12001
268/638 369/638 e-127 melanogaster (42%) (57%) (ApepP)
on chromosome 2 gi|4583560 Drosophila 2358 268/638
369/638 e-127 melanogaster (42%) (57%) Daminopep-p
gene Table 8E: BLASTX results for ruAMPP Gene
Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi|25529603 -Pro 613
268/638 369/638 e-127 aminopeptidase , (42%) (57%)
cytosolic form / Drosophila melanogaster gi|4107172
aminopeptidase P / 613 258/638 369/638 e-124
Drosophila (40%) (57%) melanogaster gi|l5384991
Xaa-Pro 654 268/674 365/674 e-120 aminopeptidase 2 /
(39%) (54%) Lycopersicon esculentum gi|8489879
cytosolic 623 254/646 358/646 e-119 aminopeptidase P /
(39%) (55%) Homo sapiens gi|2584787 Aminopeptidase P-
623 254/646 357/646 e-119 e / Homo (39%) (55%)
sapiensTable 8F: BLASTP results for ruAMPP 



Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi|30923284 Probable
peptidase 598 291/629 384/629 e-156 C22G7.01C (46%)
(61%) gi|25529603 -Pro 613 268/638 369/638 e-124
aminopeptidase, (42%) (57%) cytosolic form / Dros
phila melanogaster gi|l5384991 Xaa-Pro 654 268/674
365/674 e-123 aminopeptidase 2 / (39%) (54%) Lycopersi
con esculentum gi|8489879 cytosolic 623 254/646
358/646 e-122 aminopeptidase P / (39%) (55%) Homo
sapiens gi|2584787 Aminopeptidase P- 623 254/646
357/646 e-122 like / Homo (39%) (55%) sapiens
gi|4107172 aminopeptidase P / 613 258/638 369/638
e-121 Drosophila (40%) (57%) melanogaster g 18777778
cytoplasmic 623 253/645 353/645 e-120 aminopeptidase P
/ (39%) (54%) Rattus norvegicus gi|l8875372 cytosolic
623 250/645 354/645 e-118 aminopeptidase P / (38%)
(54%) Mus musculus gi 15384989 Xaa-Pro 655 264/674
361/674 e-117 aminopeptidase 1 / (39%) (53%) L coper
icon esculentum ruPLD ruPLD is a T. rubrum prolidase.
Genomic DNA sequence of a ruPLD nucleic acid of  2344
nucleotides (SEQ ID NO: 25) is shown in Table 9A.Table
9A. ruPLD genomic nucleotide sequence (SEQID NO: 25).
ATCAACCTCACCTCTTCACCGTCTCACGCCCTTCGTCCCGTCCAACTCTTCATT
TCGCCCTCTCTATGA
TAACCAACAAACATCCGCTGTTATGTAATCGAACCCGCCGTTAGCCATCCCTAG
CCCCGCGTTTTCTCC
CAGCATCAATACGACCGAAATGAAGACAGACGGGGAAGACGAGGCAAAACAATA
ACACATCAACAATTT
AACCCGTTGCCGTCTTCTACCCATCTTGTCTACGCATCGTCCAACCTTTTCTTG
CCCTATATCAGCCGA
ACTCGGCCATCATGGATATCCACGTCGACAAATACCCGGCTAAGAGTCACGCCA
GGCGCGTCGCCGAGA
AGCTCAAGGCCGCGGGGCACGGCTCTACCGGCATCATCTTCGTCGAAGGCCAAA
AGGAGCATATTATCG 



ATGATAGCGACGAGCCGTTTCACTTCCGGTGAGCCGTGGGAATACACTCGACTG
GGCGGAATAAGCTAA
CAAAAGGGTGTGATAGTCAACGCCGAAACTTCCTCTATCTGTCCGGCTGTCTTG
AGGCCGAGTGCTCCG
TTGCATACAACATCGAGAAAGATGAGCTTACATTGTTCATTCCACCAGTCGACC
CAGCCTCGGTTATGT
GGTCCGGCCTCCCTCTTGAGCCCGCCGAAGCCTTGAAGCAGTTCGATGTTGATG
CCGTGCTCCTCACAA
CTGAGATAAACAACTATCTCGCGAAGTGTGGGGGCGAGAAGGTCTTCACCATTG
CAGACAGAGTTTGCC
CGGAGGTCTCCTTCTCATCCTTCAAGCACAACGACACCGATGCCCTGAAGCTTG
CCATCGAGTCCTGCC
GTATAGTGAAAGACGAGTATGAAATTGGTCTTCTCCGACGTGCTAATGAGGTCT
CCAGCCAAGCTCATA
TTGAAGTGATGAAAGCCGCAACCAAGTCAAAGAACGAGAGAGAGCTCTATGCTA
CTCTCAACTATGTCT
GCATGTCTAATGGCTGCTCCGACCAGTCTTACCATCCAATTCTTGCATGTGGCC
CCAATGCTGCCACTC
TCCACTACACCAAGAACAACGGTGACCTAACTAACCCGGCTACCGGGATTAAGG
ACCAGCTCGTACTTA
TCGACGCTGGATGCCAGTACAAGGCGTACTGTGCAGATATCACTCGTGCATTCC
CCTTGTCCGGCAAAT
TCACCACGGAGGGCCGCCAGATCTATGATATTGCCTTGGAGATGCAGAAAGTCG
CGTTTGGCATGATCA
AACCTAATGTTTTGTTCGACGACATGCATGCTGCGGTCCACCGGGTTGCGATCA
AGGGGCTGCTCAAGA
TTGGCATTCTCACTGGCTCTGAGGATGAGATTTTCGATAAGGGAATCAGCACTG
CCTTTTTCCCACATG
GTCTAGGCCACCATCTCGGCATGGACACTCACGATGTTGGAGGAAACCCTAACC
CGGCTGACCCGAATC
GCATGTTTAAATACTTGCGTCTGCGAGGCACTGTTCCAGAGGGATCCGTCATTA
CAATTGAGCCCGGTG
TAAGTGTTGAATCGAGTAGTTGCTCCGCCGAATGTTTCACATACATTTACTAAC
CCTTGCTCTAGGTCT
ACTTCTGCCGTTACATCATTGAGCCATTCCTTACTAACCCCGAGACCAGCAAGT
ACATCAACTCCGAAG
TTCTAGACAAGTACTGGGCTGTTGGAGGTGTACGTATCGAGGACAACGTCGTCG
TCCGCGCCAATGGCT
TTGAGAACCTGACCACGGTGCCAAAGGAGCCCGAGGAGGTCGAACGCATTGTCC
AGGAGGGTGCTAAAT
AATTATGTTTTTATTCAGTACACCGAGTGGTCGGACACACGCAGGAGCATGTAC
ATATTTATGATCTAC
CCAGTTGATTTGCTACCAAAAAAGAACCGACCACAGCCCTATTTATTGATATTA
CATAGTAGGAATAAA
GGCCACTTTGCCCACCGCGAATAATAACAATAAGAAAAGCAACTACTCGTACAA
CCAGCCTAGAAAGCT
CTAGACCTCTTTCTCGCTGGGCCCTTGAATGCCGGGCTACTGGTGTTATCACGC
TCCCTGGCCCTCTTC
TCCTTCATGTCCAACACCCGATTAAGCAAATCGAAACTGAACTGGGGATGCTCA
AGACACAATGCCTTG
AACTGCTCTTCAGCATCATGACGCAGCACATCACTCATCTTAGCCCAGAAGCGA
GCAACCGGTCCTCTG
ATAGCAGTGTCTTCCGGCGTGGTATGGCTGTACACGTATCTCGCATACTCGATC
TCACCCGTAGCACTA
CTCTCGATGCTACCAATCTTGTTCTGAGCAAGCAGTTTGAGTTTTTCGTTTCCG
AGCTTTTCGGCCA A ruPLD nucleic acid of 1401 (SEQ ID NO:
26) is shown in Table 9B. A disclosed partial ruPLD
open reading frame ("ORF") sequence was obtained as
judged by the absence of an ATG start codon at
position 1.Table 9B. ruPLD nucleotide sequence (SEQ ID
NO: 26).
CCGAACTCGGCCATCATGGATATCCACGTCGACAAATACCCGGCTAAGAGTCAC
GCCAGGCGCGTCGCC
GAGAAGCTCAAGGCCGCGGGGCACGGCTCTACCGGCATCATCTTCGTCGAAGGC
CAAAAGGAGCATATT
ATCGATGATAGCGACGAGCCGTTTCACTTCCGTCAACGCCGAAACTTCCTCTAT
CTGTCCGGCTGTCTT
GAGGCCGAGTGCTCCGTTGCATACAACATCGAGAAAGATGAGCTTACATTGTTC
ATTCCACCAGTCGAC
CCAGCCTCGGTTATGTGGTCCGGCCTCCCTCTTGAGCCCGCCGAAGCCTTGAAG
CAGTTCGATGTTGAT
GCCGTGCTCCTCACAACTGAGATAAACAACTATCTCGCGAAGTGTGGGGGCGAG
AAGGTCTTCACCATT
GCAGACAGAGTTTGCCCGGAGGTCTCCTTCTCATCCTTCAAGCACAACGACACC
GATGCCCTGAAGCTT
GCCATCGAGTCCTGCCGTATAGTGAAAGACGAGTATGAAATTGGTCTTCTCCGA
CGTGCTAATGAGGTC
TCCAGCCAAGCTCATATTGAAGTGATGAAAGCCGCAACCAAGTCAAAGAACGAG
AGAGAGCTCTATGCT
ACTCTCAACTATGTCTGCATGTCTAATGGCTGCTCCGACCAGTCTTACCATCCA
ATTCTTGCATGTGGC 



CCCAATGCTGCCACTCTCCACTACACCAAGAACAACGGTGACCTAACTAACCCG
GCTACCGGGATTAAG
GACCAGCTCGTACTTATCGACGCTGGATGCCAGTACAAGGCGTACTGTGCAGAT
ATCACTCGTGCATTC
CCCTTGTCCGGCAAATTCACCACGGAGGGCCGCCAGATCTATGATATTGCCTTG
GAGATGCAGAAAGTC
GCGTTTGGCATGATCAAACCTAATGTTTTGTTCGACGACATGCATGCTGCGGTC
CACCGGGTTGCGATC
AAGGGGCTGCTCAAGATTGGCATTCTCACTGGCTCTGAGGATGAGATTTTCGAT
AAGGGAATCAGCACT
GCCTTTTTCCCACATGGTCTAGGCCACCATCTCGGCATGGACACTCACGATGTT
GGAGGAAACCCTAAC
CCGGCTGACCCGAATCGCATGTTTAAATACTTGCGTCTGCGAGGCACTGTTCCA
GAGGGATCCGTCATT
ACAATTGAGCCCGGTGTCTACTTCTGCCGTTACATCATTGAGCCATTCCTTACT
AACCCCGAGACCAGC
AAGTACATCAACTCCGAAGTTCTAGACAAGTACTGGGCTGTTGGAGGTGTACGT
ATCGAGGACAACGTC
GTCGTCCGCGCCAATGGCTTTGAGAACCTGACCACGGTGCCAAAGGAGCCCGAG
GAGGTCGAACGCATT GTCCAGGAGGGTGCTAAATAA A disclosed
partial ruPLD nucleic acid (SEQ ID NO: 26) encodes a
protein with a partial sequence having 466 amino acid
residues (SEQ ID NO: 27), which is presented in Table
9 using the one-letter amino acid code. Table 9C.
Encoded ruPLD protein sequence (SEQ ID NO: 27).
PNSAIMDIHVDKYPAKSHARRVAEKLKAAGHGSTGIIFVEGQKEHIIDDSDEPF
HFRQRRNFLYLSGCL
EAECSVAYNIEKDELTLFIPPVDPASVMWSGLPLEPAEALKQFDVDAVLLTTEI
NNYLAKCGGEKVFTI
ADRVCPEVSFSSFKHNDTDALKLAIESCRIVKDEYEIGLLRRANEVSSQAHIEV
MKAATKSKNERELYA TLNYVCMSNGCSDQSYHP
LACGPNAATLHYTKNNGDLTNPATGIKDQL IDAGCQYKAYCAD TRAF
PLSGKFTTEGRQIYDIALEMQKVAFGMIKPNVLFDDMHAAVHRVAIKGLLKIGI
LTGSEDEIFDKGIST
AFFPHGLGHHLGMDTHDVGGNPNPADPNRMFKYLRLRGTVPEGSVITIEPGVYF
CRYIIEPFLTNPETS
KYINSEVLDKYWAVGGVRIEDNWVRANGFENLTTVPKEPEEVERIVQEGAK
The disclosed partial ruPLD has homology to the amino
acid sequences shown in the BLAST data listed in Table
9D, 9E and 9F. This data was analyzed by the program
PAIRWISE BLAST.Table 9D: TBLASTN results for ruPLD
Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi|l4272360 Aspergillus
2632 199/348 249/348 e-143 nidula s pepP gene (57%)
(71%) for prolidase, exons 1-3 g 32420910 Neurospora
crassa 2562 235/457 324/457 e-136 strain OR74A (51%)
(70%) gi 3114965 Suberi tes 1688 157/464 235/464 4e-66
domuncula mRNA for (33%) (50%) prolidase, form 1
gi|22531161 Arabidopsis 1672 160/477 242/477 2e-64
thaliana X-Pro (33%) (50%) dipeptidase-like protein
Table 9E: BLASTX results for ruPLD 



Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi 14272361 prolidase /
496 267/463 336/463 e-153 Emericella (57%) (72%)
nidulans g 3114966 prolidase / 501 157/464 235/464
le-66 Suberi tes (33%) (50%) domuncula g 22531162
X-Pro dipeptidase- 486 160/477 242/477 6e-65 like
protein / (33%) (50%) Arabidopsis thaliana gi|30582223
peptidase D / Homo 493 152/452 231/452 2e-63 sapiens
(33%) (51%) gi|20271451 peptidase D / Homo 493 152/452
230/452 3e-63 sapiens (33%) (50%)Table 9F: BLASTP
results for ruPLD Gene Protein/Organism Length
Identity Positives Expect Index/Identifier (aa) (%)
(%) gi 14272361 prolidase / 496 267/463 336/463 e-158
Emericella (57%) (72%) nidulans gi|3114966 prolidase /
501 158/466 235/466 6e-67 Suberi tes (33%) (50%)
domuncula gi|22531162 X-Pro dipeptidase- 486 159/477
241/477 6e-64 like protein / (33%) (50%) Arabi dopsi
thaliana gi|30584879 Homo sapiens 494 152/452 231/452
2e-63 peptidase D (33%) (51%) gi 15929143 peptidase D
/ Homo 493 152/452 231/452 2e-63 sapiens (33%) (51%)
gi|20271451 peptidase D / Homo 493 152/452 230/452
4e-63 sapiens (33%) (50%) caLAP2 caLAP2 is a
Microsporum canis leucine aminopeptidase. A caLAP2
nucleic acid of 1730 nucleotides.(SEQ ID NO: 28) is
shown in Table OA.Table 1OA. caLAP2 genomic nucleotide
sequence (SEQ ID NO: 28).
ATGAAGACACAGTTGTTGAGTCTGGGAGTTGCCCTCACGGCCATCTCTCAGGGC
GTTATTGCTGAGGAT
GCCTTGAACTGGCCATTCAAGCCGTTGGTTAATGCTGTGAGTATATACACAAGA
TCGATCGATCGTCCT
CTTGTCCCTGTCACTTATCGCTCTACAGTAAGCAAAAATACTGGAGAATCATGT
GCTGATGTAAATGTA
TAGGATGACCTGCAAAACAAGATTAAGCTCAAGGATCTTATGGCTGGCGTACAG
AAACTCCAAGACTTC 



GCCTACGCTCACCCTGAGAAGAATCGAGTATTCGGTGGTGCTGGCCACAAGGAT
ACCGTCGACTGGATC
TACAATGAGCTCAAGGCTACCGGCTACTACGATGTGAAGATGCAGCCACAAGTC
CACCTGTGGTCTCAT
GCTGAGGCAGCTGTCAATGCCAATGGCAAGGATCTCACTGCCAGTGCCATGTCC
TACAGCCCTCCAGCC
GACAAGATCACTGCCGAGCTTGTCCTGGCCAAGAACATGGGATGCAATGCTGTA
TGTGCGCCCCTTTTC
CATTCTATATATCGACTGGTCGCTTGGAAATTCAGAAGAGCTGACAATTGCAAA
CAGACTGATTACCCA
GAGGGTACCAAGGGCAAGATTGTCCTCATCGAGCGTGGTGTCTGCAGCTTTGGC
GAGAAGTCCGCTCAG
GCTGGCGATGCAAAGGCTATTGGTGCCATCGTCTACAACAACGTCCCTGGAAGC
TTGGCCGGCACCCTG
GGTGGCCTTGACAACCGCCATGCTCCAACTGCTGGAATCTCTCAGGCTGATGGA
AAGAACCTCGCTAGC
CTTGTCGCCTCTGGCAAGGTTACCGTCACCATGAACGTTATCAGCAAGTTTGAG
AACAGGACTACGTGA
GTATTGTTCCATACTTTGGTCAACAATGATATATACACGTACTAACACTGCTCT
ATAGCTGGAACGTCA
TTGCCGAGACCAAGGGAGGAGACCACAACAACGTCATCATGCTCGGTTCTCACT
CTGACTCTGTCGACG
CCGGCCCTGGTATCAACGACAACGGCTCCGGTACCATTGGTATCATGACCGTTG
CCAAAGCCCTCACCA
ACTTCAAGGTCAACAACGCCGTCCGCTTCGGCTGGTGGACCGCCGAGGAGTTCG
GCCTTCTCGGCAGCA
CTTTCTACGTCGACAGCCTTGACGACCGTGAACTGCACAAGGTCAAGCTGTACC
TCAACTTCGACATGA
TTGGCTCCCCCAACTTCGCCAACCAGATCTACGACGGAGACGGCTCCGCCTACA
ACATGACTGGCCCCG
CCGGATCTGCTGAAATCGAGTACCTGTTCGAGAAGTTCTTCGATGACCAGGGAA
TCCCACACCAGCCCA
CCGCCTTCACCGGCCGCTCCGACTACTCTGCCTTCATCAAGCGCAACGTCCCTG
CCGGAGGTCTGTTTA
CTGGTGCTGAGGTCGTCAAGACCGCCGAGCAGGCTAAGCTATTTGGCGGCGAGG
CTGGCGTTGCTTATG
ACAAGAACTACCACGGCAAGGGCGACACTGTAGACAACATCAACAAGGGTGCTA
TCTACCTCAACACTC
GAGGAATCGCGTATGCCACTGCTCAGTATGCTAGTTCGCTGCGCGGATTCCCAA
CCCGCCCAAAGACGG
GTAAGCGTGACGTGAGCCCCCGTGGCCAGTCTATGCCTGGTGGTGGATGCGGAC
ACCACAGCGTCTTCA TGTAA A disclosed caLAP2 open reading
frame ("ORF") of 1488 nucleotides begins with an ATG
start codon at position 1 (underlined in Table
10B).Table 1OB. caLAP2 nucleotide sequence (SEQ ID NO:
29).
ATGAAGACACAGTTGTTGAGTCTGGGAGTTGCCCTCACGGCCATCTCTCAGGGC
GTTATTGCTGAGGAT
GCCTTGAACTGGCCATTCAAGCCGTTGGTTAATGCTGATGACCTGCAAAACAAG
ATTAAGCTCAAGGAT
CTTATGGCTGGCGTACAGAAACTCCAAGACTTCGCCTACGCTCACCCTGAGAAG
AATCGAGTATTCGGT
GGTGCTGGCCACAAGGATACCGTCGACTGGATCTACAATGAGCTCAAGGCTACC
GGCTACTACGATGTG
AAGATGCAGCCACAAGTCCACCTGTGGTCTCATGCTGAGGCAGCTGTCAATGCC
AATGGCAAGGATCTC
ACTGCCAGTGCCATGTCCTACAGCCCTCCAGCCGACAAGATCACTGCCGAGCTT
GTCCTGGCCAAGAAC
ATGGGATGCAATGCTACTGATTACCCAGAGGGTACCAAGGGCAAGATTGTCCTC
ATCGAGCGTGGTGTC
TGCAGCTTTGGCGAGAAGTCCGCTCAGGCTGGCGATGCAAAGGCTATTGGTGCC
ATCGTCTACAACAAC
GTCCCTGGAAGCTTGGCCGGCACCCTGGGTGGCCTTGACAACCGCCATGCTCCA
ACTGCTGGAATCTCT
CAGGCTGATGGAAAGAACCTCGCTAGCCTTGTCGCCTCTGGCAAGGTTACCGTC
ACCATGAACGTTATC
AGCAAGTTTGAGAACAGGACTACCTGGAACGTCATTGCCGAGACCAAGGGAGGA
GACCACAACAACGTC
ATCATGCTCGGTTCTCACTCTGACTCTGTCGACGCCGGCCCTGGTATCAACGAC
AACGGCTCCGGTACC
ATTGGTATCATGACCGTTGCCAAAGCCCTCACCAACTTCAAGGTCAACAACGCC
GTCCGCTTCGGCTGG
TGGACCGCCGAGGAGTTCGGCCTTCTCGGCAGCACTTTCTACGTCGACAGCCTT
GACGACCGTGAACTG
CACAAGGTCAAGCTGTACCTCAACTTCGACATGATTGGCTCCCCCAACTTCGCC
AACCAGATCTACGAC
GGAGACGGCTCCGCCTACAACATGACTGGCCCCGCCGGATCTGCTGAAATCGAG
TACCTGTTCGAGAAG
TTCTTCGATGACCAGGGAATCCCACACCAGCCCACCGCCTTCACCGGCCGCTCC
GACTACTCTGCCTTC 



ATCAAGCGCAACGTCCCTGCCGGAGGTCTGTTTACTGGTGCTGAGGTCGTCAAG
ACCGCCGAGCAGGCT
AAGCTATTTGGCGGCGAGGCTGGCGTTGCTTATGACAAGAACTACCACGGCAAG
GGCGACACTGTAGAC
AACATCAACAAGGGTGCTATCTACCTCAACACTCGAGGAATCGCGTATGCCACT
GCTCAGTATGCTAGT
TCGCTGCGCGGATTCCCAACCCGCCCAAAGACGGGTAAGCGTGACGTGAGCCCC
CGTGGCCAGTCTATG
CCTGGTGGTGGATGCGGACACCACAGCGTCTTCATGTAA A disclosed
caLAP2 nucleic acid (SEQ ID NO: 29) encodes a protein
having 495 amino acid residues (SEQ ID NO: 30), which
is presented in Table 1OC using the one-letter amino
acid code. Table IOC. Encoded caLAP2 protein sequence
(SEQ ID NO: 30).
MKTQLLSLGVALTAISQGVIAEDALNWPFKPLVNADDLQNKIKLKDLMAGVQKL
QDFAYAHPEKNRVFG
GAGHKDTVDWIYNELKATGYYDVKMQPQVHLWSHAEAAVNANGKDLTASAMSYS
PPADKITAELVLAKN
MGCNATDYPEGTKGKIVLIERGVCSFGEKSAQAGDAKAIGAIVYNNVPGSLAGT
LGGLDNRHAPTAGIS
QADGKNLASLVASGKVTVTMNVISKFENRTTWNVIAETKGGDHNNVIMLGSHSD
SVDAGPGINDNGSGT
IGIMTVAKALTNFKVNNAVRFGWWTAEEFGLLGSTFYVDSLDDRELHKVKLYLN
FDMIGSPNFANQIYD
GDGSAYNMTGPAGSAEIEYLFEKFFDDQGIPHQPTAFTGRSDYSAFIKRNVPAG
GLFTGAEWKTAEQA
KLFGGEAGVAYDKNYHGKGDTVDNINKGAIYLNTRGIAYATAQYASSLRGFPTR
PKTGKRDVSPRGQSM PGGGCGHHSVFM The disclosed caLAP2 has
homology to the amino acid sequences shown in the
BLAST data listed in Table 10D, 1OE and 10F. This data
was analyzed by the program PAIRWISE BLAST.Table 1OD:
TBLASTN results for caLAP2 Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) gi|600025 Saccharomyces 32421 182/477 254/477
8e-77 cerevisiae (s288c) (38%) (53%) RIFl, DPB3, YmL27
and SNF5 genes gi|469463 S ccharomyces 2272 182/477
254/477 8e-77 cerevisiae (38%) (53%) aminopeptidase Y
gene gi 16033407 Bacillus 2054 132/474 215/474 3e-27
cheniformi (27%) (45%) leucine aminopeptidase
precursor, gene Table 10E: BLASTX results for caLAP2
Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi 1077010
aminopeptidase Y 537 182/477 254/477 9e-78 precursor,
(38%) (53%) vacuolar / 



Saccharomyces cerevisiae gi|6319763 Aminopeptidase 563
182/477 254/477 9e-78 yscIII; Ape3p / (38%) (53%)
Saccharomyces cerevisiae gi|31791596 probable 500
188/485 269/485 3e-77 lipoprotein (38%) (55%)
aminopeptidase LPQL / Mycoba cterium bovis gi|l5839805
hydrolase / 493 187/481 268/481 6e-77 Mycobacterium
(38%) (55%) tuberculosisTable 1OF: BLASTP results for
caLAP2 Gene Protein/Organism Length Identity Positives
Expect Index/Identifier (aa) (%) (%) gi|6319763
aminopeptidase 563 182/477 254/477 5e-78 yscIII; Ape3p
/ (38%) (53%) S ccharomyces cerevisiae gi 1077010
aminopeptidase Y 537 182/477 254/477 8e-78 precursor,
(38%) (53%) vacuolar / Saccharomyces cerevisiae gi
15839805 hydrolase / 493 187/481 268/481 le-71 Mycoba
eriurn (38%) (55%) tuberculosis gi|31617182 probable
500 188/485 269/485 2e-71 lipoprotein (38%) (55%)
aminopeptidase LPQL / Mycobacterium bovis gi 15598135
probable 536 166/445 242/445 2e-65 aminopeptidase /
(37%) (54%) Pseudomonas aeruginosa meLAP2 meLAP2 is a
Trichophyton mentagrophytes leucine aminopeptidase. A
meLAP2 



nucleic acid of 1775 nucleotides (SEQ ID NO: 31) is
shown in Table IA.Table HA. meLAP2 genomic nucleotide
sequence (SEQ ID NO: 31).
ATGAAGTCGCAACTGTTGAGCCTAGCCGTGGCCGTCACCACCATTTCCCAGGGC
GTTGTTGGTCAAGAG
CCCTTTGGATGGCCCTTCAAGCCTATGGTCACTCAGGTGAGTTGCTGTCAACAG
ATCGATCGATCGATC
TACCTTCGTCCCTGTCACCTATAACTCCACAGCAGGACCAAGAAAACACAAGTT
TTCCGGGGAATTCTT
ATGTGCTGATGTAAATGTATAGGATGACCTGCAAAACAAGATTAAGCTCAAGGA
TATCATGGCAGGTGT
CGAGAAGCTGCAAAGCTTTTCTGATGCTCATCCTGAAAAGAACCGAGTGTTCGG
TGGTAATGGCCACAA
GGACACTGTCGAGTGGATCTACAATGAGCTCAAGGCCACCGGCTACTACAATGT
GAAGAAGCAGGAGCA
GGTACACCTGTGGTCTCACGCTGAGGCCGCTCTCAGTGCCAATGGCAAGGACCT
CAAGGCCAGCGCCAT
GTCGTACAGCCCTCCTGCCAACAAGATCATGGCCGAGCTTGTCGTTGCCAAGAA
CAATGGCTGCAATGC
TGTAAGTGCCATACACTTCCTATACATCACATTCACTTTAGAATGAAGAGCGCG
GGAGAACTGATTTTT
CAGCGTGGTGTCTGCAGCTTCGGCGAGAAGTCTTCTCAGGCTGGTGATGCGAAG
GCTATTGGTGCCGTT
GTCTACAACAACGTCCCCGGATCCCTTGCTGGCACTCTTGGTGGCCTTGACAAG
CGCCATGTCCCAACC
GCTGGTCTTTCCCAGGAGGATGGAAAGAATCTTGCTAGCCTCGTTGCTTCTGGC
AAGGTTGATGTCACC
ATGAACGTTGTCAGTCTGTTTGAGAACCGAACCACGTAAGTAACTCAACGTCAT
ATCCAGCATTAATCT
TCAGGAGTATATATACTAATTCGGTATCTCACAGCTGGAACGTCATTGCTGAGA
CCAAGGGAGGAGACC
ACAACAATGTTGTCATGCTTGGTGCTCACTCCGACTCCGTCGATGCCGGCCCCG
GTATCAACGACAACG
GCTCCGGCTCCATTGGTATCATGACCGTTGCCAAAGCCCTTACTAACTTCAAGC
TCAACAACGCCGTTC
GCTTTGCCTGGTGGACCGCTGAGGAATTCGGTCTCCTTGGAAGCACCTTCTACG
TCGACAGCCTTGATG
ACCGTGAGCTGCACAAGGTCAAGCTGTACCTCAACTTCGACATGATCGGCTCTC
CCAACTTCGCCAACC
AGATCTACGACGGTGACGGTTCGGCCTACAACATGACTGGTCCCGCTGGCTCTG
CTGAAATCGAGTACC
TGTTCGAGAAGTTCTTTGACGACCAGGGTCTCCCACACCAGCCCACTGCCTTCA
CCGGCCGATCCGACT
ACTCTGCATTCATCAAGCGCAACGTCCCCGCTGGAGGTCTTTTCACTGGTGCCG
AGGTTGTCAAGACCC
CCGAGCAAGTTAAGCTGTTCGGTGGTGAGGCTGGCGTTGCCTATGACAAGAACT
ACCATGGCAAGGGTG
ACACCGTTGCCAACATCAACAAGGGAGCTATCTTCCTTAACACTCGAGCAATCG
CCTACTCTGTGGCCG
AGTATGCTCGATCCCTCAAGGGCTTCCCAACCCGCCCAAAGACCGGCAAGCGTG
CCGTCAACCCTCAGT
ATGCTAAGATGCCTGGTGGTGGTTGCGGACACCACACTGTCTTCATGTAA A
disclosed meLAP2 open reading frame ("ORP") of 1488
nucleotides begins with an ATG start codon at position
1 (underlined in Table 1 IB).Table HB. meLAP2
nucleotide sequence (SEQ ID NO: 32).
ATGAAGTCGCAACTGTTGAGCCTAGCCGTGGCCGTCACCACCATTTCCCAGGGC
GTTGTTGGTCAAGAG
CCCTTTGGATGGCCCTTCAAGCCTATGGTCACTCAGGATGACCTGCAAAACAAG
ATTAAGCTCAAGGAT
ATCATGGCAGGTGTCGAGAAGCTGCAAAGCTTTTCTGATGCTCATCCTGAAAAG
AACCGAGTGTTCGGT
GGTAATGGCCACAAGGACACTGTCGAGTGGATCTACAATGAGCTCAAGGCCACC
GGCTACTACAATGTG
AAGAAGCAGGAGCAGGTACACCTGTGGTCTCACGCTGAGGCCGCTCTCAGTGCC
AATGGCAAGGACCTC
AAGGCCAGCGCCATGTCGTACAGCCCTCCTGCCAACAAGATCATGGCCGAGCTT
GTCGTTGCCAAGAAC
AATGGCTGCAATGCTACCGATTACCCAGAGAACACTCAGGGAAAGATAGTCCTC
ATTCAGCGTGGTGTC
TGCAGCTTCGGCGAGAAGTCTTCTCAGGCTGGTGATGCGAAGGCTATTGGTGCC
GTTGTCTACAACAAC
GTCCCCGGATCCCTTGCTGGCACTCTTGGTGGCCTTGACAAGCGCCATGTCCCA
ACCGCTGGTCTTTCC
CAGGAGGATGGAAAGAATCTTGCTAGCCTCGTTGCTTCTGGCAAGGTTGATGTC
ACCATGAACGTTGTC
AGTCTGTTTGAGAACCGAACCACCTGGAACGTCATTGCTGAGACCAAGGGAGGA
GACCACAACAATGTT
GTCATGCTTGGTGCTCACTCCGACTCCGTCGATGCCGGCCCCGGTATCAACGAC
AACGGCTCCGGCTCC
ATTGGTATCATGACCGTTGCCAAAGCCCTTACTAACTTCAAGCTCAACAACGCC
GTTCGCTTTGCCTGG 



TGGACCGCTGAGGAATTCGGTCTCCTTGGAAGCACCTTCTACGTCGACAGCCTT
GATGACCGTGAGCTG
CACAAGGTCAAGCTGTACCTCAACTTCGACATGATCGGCTCTCCCAACTTCGCC
AACCAGATCTACGAC
GGTGACGGTTCGGCCTACAACATGACTGGTCCCGCTGGCTCTGCTGAAATCGAG
TACCTGTTCGAGAAG
TTCTTTGACGACCAGGGTCTCCCACACCAGCCCACTGCCTTCACCGGCCGATCC
GACTACTCTGCATTC
ATCAAGCGCAACGTCCCCGCTGGAGGTCTTTTCACTGGTGCCGAGGTTGTCAAG
ACCCCCGAGCAAGTT
AAGCTGTTCGGTGGTGAGGCTGGCGTTGCCTATGACAAGAACTACCATGGCAAG
GGTGACACCGTTGCC
AACATCAACAAGGGAGCTATCTTCCTTAACACTCGAGCAATCGCCTACTCTGTG
GCCGAGTATGCTCGA
TCCCTCAAGGGCTTCCCAACCCGCCCAAAGACCGGCAAGCGTGCCGTCAACCCT
CAGTATGCTAAGATG
CCTGGTGGTGGTTGCGGACACCACACTGTCTTCATGTAA A disclosed
meLAP2 nucleic acid (SEQ ID NO: 32) encodes a protein
having 495 amino acid residues (SEQ E) NO: 33), which
is presented in Table C using the one-letter amino
acid code. Table HC. Encoded meLAP2 protein sequence
(SEQ ID NO: 33).
MKSQLLSLAVAVTTISQGWGQEPFGWPFKPMVTQDDLQNKIKLKDIMAGVEKLQ
SFSDAHPEKNRVFG
GNGHKDTVEWIYNELKATGYYNVKKQEQVHLWSHAEAALSANGKDLKASAMSYS
PPANKIMAELWAKN
NGCNATDYPENTQGKIVLIQRGVCSFGEKSSQAGDAKAIGAVVYNNVPGSLAGT
LGGLDKRHVPTAGLS
QEDGKNLASLVASGKVDVTMNWSLFENRTTWNVIAETKGGDHNNVVMLGAHSDS
VDAGPGINDNGSGS
IGIMTVAKALTNFKLNNAVRFAWWTAEEFGLLGSTFYVDSLDDRELHKVKLYLN
FDMIGSPNFANQIYD
GDGSAYNMTGPAGSAEIEYLFEKFFDDQGLPHQPTAFTGRSDYSAFIKRNVPAG
GLFTGAEWKTPEQV
KLFGGEAGVAYDKNYHGKGDTVANINKGAIFLNTRAIAYSVAEYARSLKGFPTR
PKTGKRAVNPQYAKM PGGGCGHHTVFM The disclosed meLAP2 has
homology to the amino acid sequences shown in the
BLAST data listed in Table 1ID, 1 E and 1IF. This data
was analyzed by the program PAIRWISE BLAST.Table HD:
TBLASTN results for meLAP2 Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) g 600025 Saccharomyces 32421 180/479 251/479
2e-70 cerevisiae (s288c) (37%) (52%) RIFl, DPB3, YmL27
and SNF5 genes gi|469463 Saccharomyces 2272 180/479
251/479 2e-70 cerevisiae (37%) (52%) aminopeptidase Y
gene Table HE: BLASTX results for meLAP2 Gene
Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) g 1077010 aminopeptidase
Y 537 180/479 251/479 8e-71 precursor, (37%) (52%)
vacuolar / Saccharomyces 



cerevisiae g 6319763 aminopeptidase 563 180/479
251/479 8e-71 yscIII; Ape3p / (37%) (52%)
Saccharomyces cerevisiae gi|l5839805 hydrolase / 493
159/440 236/440 le-63 Mycoba eriurn (36%) (53%)
tuberculosis gi 31791596 probable 500 159/440 236/440
le-63 lipoprotein (36%) (53%) aminopeptidase LPQL /
Mycobacterium bovis g 15598135 probable 536 158/445
237/445 le-62 aminopeptidase / (35%) (53%) Pseudomonas
aeruginosa gi 1045225 N-acetylpuromycin 485 154/477
218/477 4e-48 N-acetylhydrolase (32%) (45%) /
Streptomyces anulatus gi|29831415 putative 315 95/244
131/244 2e-37 aminopeptidase / (38%) (53%) Strep
tomyces avermitilisTable HF: BLASTP results for meLAP2
Gene Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi 6319763
aminopeptidase 563 179/479 248/479 9e-71 yscIII; Ape3p
/ (37%) (51%) Saccharomyces cerevisiae gi|l077010
aminopeptidase Y 537 179/479 248/479 9e-71 precursor,
(37%) (51%) vacuolar / Saccharomyces cerevisiae
gi|31617182 probable 500 159/440 236/440 2e-62
lipoprotein (36%) (53%) aminopeptidase LPQL / 



Mycobacteriurn bovis gi 15839805 hydrolase / 493
159/440 236/440 2e-62 Mycobacteri urn (36%) (53%)
tuberculosis ruDPPIV ruDPPIV is a T. rubrum
dipeptidylpeptidase IV. A ruDPPIV nucleic acid of 2326
nucleotides (SEQ ID NO: 34) is shown in Table . A
disclosed ruDPPIV open reading frame ("ORF") begins
with an ATG start codon at position 1 (underlined in
Table 12A).Table . ruDPPIV nucleotide sequence (SEQID
NO: 34).
ATGAAGCTCCTCTCGCTACTTATGCTGGCGGGCATCGCCCAAGCCATCGTTCCT
CCTCGTGAGCCCCGT
TCACCAACTGGTGGCGGCAACAAGCTGTTGACCTACAAGGAGTGTGTCCCTAGA
GCTACTATCTCTCCA
AGGTCGACGTCCCTTGCCTGGATTAACAGTGAAGAAGATGGCCGGTACATCTCC
CAGTCCGACGATGGA
GCATTGATCCTCCAGAACATCGTCACGAACACCAACAAGACTCTCGTGGCCGCA
GACAAGGTACCCAAG
GGTTACTATGACTACTGGTTCAAGCCAGACCTTTCTGCTGTCTTATGGGCAACC
AATTACACCAAGCAG
TACCGTCACTCTTACTTTGCCAACTACTTCATTCTAGACATCAAAAAGGGATCG
TTGACCCCTCTAGCC
CAGGACCAGGCTGGTGACATCCAGTATGCTCAATGGAGCCCCATGAACAACTCT
ATCGCCTATGTCCGT
GRAAACGACCTGTATATCTGGAACAATGGCAAGACCAAGCGTATTACCGAAAAT
GGCGGCCCGGATATC
TTCAATGGTGTCCCTGACTGGGTATACGAGGAAGAAATCTTCGGGGACCGGTTC
GCTCTTTGGTTCTCA
CCTGACGGTGAATACCTTGCGTACCTCCGCTTTAACGAGACTGGAGTCCCGACC
TACACTATTCCGTAC
TACAAGAACAAGCAAAAGATTGCCCCTGCCTACCCAAGGGAGCTGGAGATCCGT
TACCCTAAAGTCTCT
GCGAAGAACCCAACCGTGCAGTTCCACCTGTTAAACATTGCTTCATCCCAGGAG
ACAACTATCCCAGTT
ACTGCGTTCCCGGAAAACGATCTTGTGATCGGTGAGGTTGCTTGGCTCAGCAGT
GGCCATGATAGTGTA
GCATATCGTGCTTTCAACCGTGTCCAGGATAGAGAAAAGATTGTCAGCGTCAAG
GTTGAGTCCAAGGAA
TCCAAGGTTATTCGCGAAAGAGATGGCACCGACGGCTGGATCGACAACCTTCTC
TCATGTCATATATCG
GAAACGTTAACGGCAAGGAGTACTACGTCGATATATCTGATGCTTCTGGCTGGG
CACATATCTACCTCT
ACCCGGTTGATGGAGGAAAGGAGATTGCACTAACAAAGGGAGAATGGGAAGTCG
TTGCCATTCTCAAGG
TTGACACGAAGAAGAAGCTGATCTACTTCACCTCTACCAAATATCACAGCACCA
CTCGACACGTCTACT
CTGTCTCGTATGACACAAAGGTCATGACCCCTCTCGTCAACGATAAGGAGGCTG
CGTACTACACTGCAT
CCTTCTCGGCCAAGGGTGGTTACTATATCTTGTCCTACCAAGGTCCAAATGTTC
CATACCAAGAACTTT
ACTCCACCAAGGACAGTAAGAAGCCTCTCAAGACAATCACTAGCAATGATGCAT
TGCTCGAGAAGCTGA
AGGAGTACAAGCTCCCCAAGGTTAGCTTCTTTGAGATCAAGCTTCCATCTGGTG
AAACCCTTAATGTTA
AGCAACGCCTACCACCTAACTTCAACCCACACAAGAAGTACCCCGTCCTCTTCA
CTCCGTATGGTGGCC
CTGGTGCCCAAGAGGTAAGCCAGGCATGGAATTCATTGGACTTCAAGTCCTACA
TTACATCTGACCCTG
AGCTTGAATACGTTACCTGGACTGTTGACAACCGTGGAACCGGCTACAAGGGCC
GCAAGTTCCGCAGCG
CCGTAGCTAAGCGTCTCGGTTTCCTCGAAGCCCAGGACCAGGTCTTTGCTGCTA
AGGAGGTGCTGAAAA
ACCGTTGGGCTGATAAGGACCATATTGGAATCTGGGGCTGNAGCTATGGCGGCT
TCCTGACCGCTAAGA
CCCTCGAGACCGACAGTGGTGTATTCACTTTTGGTATCAGTACTGCTCCTGTCT
CTGATTTCAGACTCT
ACGACAGCATGTACACTGAGCGTTACATGAAGACCGTTGAACTAAACGCTGACG
GCTACAGTGAGACCG
CCGTGCACAAGGTTGATGGCTTTAAGAACCTCAAAGGTCATTACTCATCCAGCA
TGGAACCGGTGACGA
CAACGTCCACTTCCAAAACGCCGCTGTCCTTTCCAACACCCTGATGAACGGCGG
TGTAACTGCAGACAA
GTTGACTACTCAGTGGTTTACTGACTCGGACCACGGCATCAGATACGATATGGA
CTCCACTTACCAGTA 



CAAGCAGCTTTCTAAGATGGTCTACGACCAGAAGCAACGAAGGCCAGAAAGCCC
ACCAATGCACCAATG
GAGCAAGAGAGTTTTGGCTGCCCTGTTTGGTGAGAGGGCAGAGGAATGA A
disclosed ruDPPIV nucleic acid (SEQ ID NO: 34) encodes
a protein having 775 amino acid residues (SEQ ID NO:
35), which is presented in Table 12B using the
one-letter amino acid code.Table 12B. Encoded ruDPPIV
protein sequence (SEQ ID NO: 35).
MKLLSLLMLAGIAQAIVPPREPRSPTGGGNKLLTYKECVPRATISPRSTSLAWI
NSEEDGRYISQSDDG
ALILQNIVTNTNKTLVAADKVPKGYYDYWFKPDLSAVLWATNYTKQYRHSYFAN
YFILDIKKGSLTPLA
QDQAGDIQYAQWSPMNNSIAYVRXNDLYIWNNGKTKRITENGGPDIFNGVPDWV
YEEEIFGDRFALWFS
PDGEYLAYLRFNETGVPTYTIPYYKNKQKIAPAYPRELEIRYPKVSAKNPTVQF
HLLNIASSQETTIPV
TAFPENDLVIGEVAWLSSGHDSVAYRAFNRVQDREKIVSVKVESKESKVIRERD
GTDGWIDNLLSMSYI
GNVNGKEYYVDISDASGWAHIYLYPVDGGKEIALTKGEWEWAILKVDTKKKLIY
FTSTKYHSTTRHVY
SVSYDTKVMTPLVNDKEAAYYTASFSAKGGYYILSYQGPNVPYQELYSTKDSKK
PLKTITSNDALLEKL
KEYKLPKVSFFEIKLPSGETLNVKQRLPPNFNPHKKYPVLFTPYGGPGAQEVSQ
AWNSLDFKSYITSDP
ELEYVTWTVDNRGTGYKGRKFRSAVAKRLGFLEAQDQVFAAKEVLKNRWADKDH
IGIWGXSYGGFLTAK
TLETDSGVFTFGISTAPVSDFRLYDSMYTERYMKTVELNADGYSETAVHKVDGF
KNLKGHYLIQHGTGD
DNVHFQNAAVLSNTLMNGGVTADKLTTQWFTDSDHGIRYDMDSTYQYKQLSKMV
YDQKQRRPESPPMHQ WSKRVLAALFGERAEE The disclosed ruDPPIV
has homology to the amino acid sequences shown in the
BLAST data listed in Table 1OC, 1OD and 1OE. This data
was analyzed by the program PAIRWISE BLAST. Table 12C:
TBLASTN results for ruDPPIV Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) gi|2351699 Aspergillus 2352 469/761 585/761
0.0 fumigatus (61%) (76%) dipeptidyl - peptidase IV
(Dpp4) gene gi|2924304 Aspergillus oryzae 4771 448/769
568/769 0.0 DppIV gene (58%) (73%) gi|32422540
Neurospora crassa 2688 256/720 374/720 e-114 strain
OR74A (35%) (51%) gi|l4330262 Aspergillus niger 3989
224/637 333/637 e-lll dapB gene for (35%) (52%)
dipeptidyl aminopeptidase type IV, exons 1-3
gi|l621278 Xenopus laevis 3337 244/752 375/752 e-100
mRNA for (32%) (49%) dipeptidyl - peptidase IV 



gi|6978772 Rattus norvegicus 4835 246/742 373/742
8e-98 Dipeptidyl (33%) (50%) peptidase 4 (Dpp4)Table
12D: BLASTX results for ruDPPIV Gene Protein/Organism
Length Identity Positives Expect Index/Identifier (aa)
(%) (%) gi|2351700 dipeptidyl - 765 218/341 270/341
0.0 peptidase IV / (63%) (79%) Aspergillus fumigatus g
2924305 prolyl dipeptidyl 771 213/344 270/344 0.0
peptidase / (61%) (78%) Aspergillus oryzae gi 1621279
dipeptidyl - 748 118/349 186/349 8e-93 peptidase IV /
(33%) (53%) Xenopus laevis gi|535388 dipeptidyl 766
125/375 191/375 3e-90 peptidase IV / (33%) (50%) Homo
sapiens Table 12E: BLASTP results for ruDPPIV Gene
Protein/Organism Length Identity Positives Expect
Index/Identifier (aa) (%) (%) gi|2351700 dipeptidyl -
765 468/761 585/761 0.0 peptidase IV / (61%) (76%)
Aspergillus fumigatus gi|2924305 prolyl dipeptidyl 771
448/769 568/769 0.0 peptidase / (58%) (73%)
Aspergillus oryzae gi|l4330263 dipeptidyl 901 261/733
387/733 e-114 aminopeptidase type (35%) (52%) IV /
Aspergillus niger gi 19114882 dipeptidyl 793 258/742
396/742 e-106 aminopeptidase / (34%) (53%)
Schizosaccharomyces pombe gi|3660 dipeptidyl 841
254/750 370/750 2e-95 aminopeptidase B / (33%) (49%)
Saccharomyces cerevisiae One aspect of the invention
pertains to isolated nucleic acid molecules that
encode 



EXOX polypeptides or biologically active portions
thereof. Also included in the invention are nucleic
acid fragments sufficient for use as hybridization
probes to identify EXOX-encoding nucleic acids (e.g.,
EXOX mRNAs) and fragments for use as PCR primers for
the amplification and/or mutation of EXOX nucleic acid
molecules. As used herein, the term "nucleic acid
molecule" is intended to include DNA molecules (e.g.,
cDNA or genomic DNA), RNA molecules (e.g., mRNA),
analogs of the DNA or RNA generated usingnucleotide
analogs, and derivatives, fragments and homologs
thereof. The nucleic acid molecule may be
single-stranded or double-stranded. An EXOX nucleic
acid can encode a mature EXOX polypeptide. As used
herein, a "mature" form of a polypeptide or protein
disclosed in the present invention is the product of a
naturally occurring polypeptide or precursor form or
proprotein. The naturally occurring polypeptide,
precursor or proprotein includes, by way of
nonlimiting example, the full-length gene product,
encoded by the corresponding gene. Alternatively, it
may be defined as the polypeptide, precursor or
proprotein encoded by an ORF described herein. The
product "mature" form arises, again by way of
nonlimiting example, as a result of one or more
naturally occurring processing steps as they may take
place within the cell, or host cell, in which the gene
product arises. Examples of such processing steps
leading to a "mature" form of a polypeptide or protein
include the cleavage of the N-terminal methionine
residue encoded by the initiation codon of an ORF, or
the proteolytic cleavage of a signal peptide or leader
sequence. Thus a mature form arising from a precursor
polypeptide or protein that has residues 1 to N, where
residue 1 is the N-terminal methionine, would have
residues 2 through N remaining after removal of the
N-terminal methionine. Alternatively, a mature form
arising from a precursor polypeptide or protein having
residues 1 to N, in which an N-terminal signal
sequence from residue 1 to residue M is cleaved, would
have the residues from residue M+l to residue N
remaining. Further as used herein, a "mature" form of
a polypeptide or protein may arise from a step of
post-translational modification other than a
proteolytic cleavage event. Such additional processes
include, by way of non-limiting example, glycosylation
(N-, O- andW types), myristoylation, phosphorylation,
sulfation, N-terminus cyclisation, or Cterminus
amidation. In general, a mature polypeptide or protein
may result from the operation of only one of these
processes, or a combination of any of them. The term
"probes", as utilized herein, refers to nucleic acid
sequences of variable length, preferably between at
least about 10 nucleotides (nt), 100 nt, or as many as
approximately, e.g., 6,000 nt, depending upon the
specific use. Probes are used in the detection of
identical, similar, or complementary nucleic acid
sequences. Longer length probes are generally obtained
from a natural or recombinant source, are highly
specific, and much slower to hybridize than
shorter-length oligomer probes. Probes may be single-
or double-stranded and designed to have specificity in
PCR, membrane-based hybridization technologies, or
ELISA-like technologies.The term "isolated" nucleic
acid molecule, as utilized herein, is one, which is
separated from other nucleic acid molecules, which are
present in the natural source of the nucleic acid.
Preferably, an "isolated" nucleic acid is free of
sequences, which naturally flank the nucleic acid
(e.g., sequences located at the 5'- and 3'-termini of
the nucleic acid) in the genomic DNA of the organism
from which the nucleic acid is derived. For example,
in 



various embodiments, the isolated EXOX nucleic acid
molecules can contain less than about 5 kb, 4 kb, 3
kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide
sequences which naturally flank the nucleic acid
molecule in genomic DNA of the cell/tissue/species
from which the nucleic acid is derived. Moreover, an
"isolated" nucleic acid molecule, such as a cDNA
molecule, can be substantially free of other cellular
material or culture medium when produced by
recombinant techniques, or of chemical precursors or
other chemicals when chemically synthesized.
Particularly, it means that the nucleic acid or
protein is at least about 50% pure, more preferably at
least about 85% pure, and most preferably at least
about 99% pure. As used herein, the term "recombinant"
when used with reference to a cell indicates that the
cell replicates a heterologous nucleic acid, or
expresses a peptide or protein encoded by a
heterologous nucleic acid. Recombinant cells can
contain genes that are not found within the native
(non-recombinant) form of the cell. Recombinant cells
can also contain genes found in the native form of the
cell wherein the genes are modified and re-introduced
into the cell by artificial means. The term also
encompasses cells that contain a nucleic acid
endogenous to the cell that has been modified without
removing the nucleic acid from the cell; such
modifications include those obtained by gene
replacement, site-specific mutation, and related
techniques. One skilled in the art will recognize that
these cells can be used for unicellular or
multicellular transgenic organisms, for example
transgenic fungi producing EXOX. A nucleic acid
molecule of the invention, e.g., a nucleic acid
molecule having the nucleotide sequence of SEQ ID NOs:
2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, or 34 or a
complement of this aforementioned nucleotide sequence,
can be isolated using standard molecular biology
techniques and the sequence information provided
herein. Using all or a portion of the nucleic acid
sequence of SEQ E ) NOs: 2, 5, 8, 11, 14, 17, 20, 23,
26, 29, 32, or 34 as a hybridization probe, EXOX
molecules can be isolated using standard hybridization
and cloning techniques (e.g., as described in Sambrook
et al., (eds.), MOLECULAR CLONING: A
LABORATORYMANUAL2nd Ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor,NY, 1989; and Ausubel et al,
(eds.), CURRENT PROTOCOLSIN MOLECULAR BIOLOGY,John
Wiley & Sons, New York, NY, 1993.) A nucleic acid of
the invention can be amplified using cDNA, mRNA or
alternatively, genomic DNA, as a template and
appropriate oligonucleotide primers according to
standard PCR amplification techniques. The nucleic
acid so amplified can be cloned into an appropriate
vector and characterized by DNA sequence analysis.
Furthermore, oligonucleotides corresponding to EXOX
nucleotide sequences can be prepared by standard
synthetic techniques, e.g., using an automated DNA
synthesizer. As used herein, the term
"oligonucleotide" refers to a series of linked
nucleotide residues, which oligonucleotide has a
sufficient number of nucleotide bases to be used in a
PCR reaction. A short oligonucleotide sequence may be
based on, or designed from, a genomic or cDNA sequence
and is used to amplify, confirm, or reveal the
presence of an identical, similar or complementary DNA
or RNA in a particular cell or tissue.
Oligonucleotides comprise portions of a nucleic acid
sequence having about 10 nt, 50 nt, or 100 nt in
length, preferably about nt to 30 nt in length. In one
embodiment of the 



invention, an oligonucleotide comprising a nucleic
acid molecule less than 100 nt in length would further
comprise at least 6 contiguous nucleotides of SEQ ED
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34, or
a complement thereof. Oligonucleotides may be
chemically synthesized and may also be used as probes.
another embodiment, an isolated nucleic acid molecule
of the invention comprises a nucleic acid molecule
that is a complement of the nucleotide sequence shown
in SEQ ID NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32,
or 34, or a portion of this nucleotide sequence {e.g.,
a fragment that can be used as a probe or primer or a
fragment encoding a biologicallyactive portion of a
EXOX polypeptide). A nucleic acid molecule that is
complementary to the nucleotide sequence shown in SEQ
ID NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34
is one that is sufficiently complementary to the
nucleotide sequence shown in SEQ ID NOs: 2, 5, 8, ,
14, 17, 20, 23, 26, 29, 32, or 34 that it can hydrogen
bond with little or no mismatches to the nucleotide
sequence shown in SEQ ED NOs:2, 5, 8, , 14, 17, 20,
23, 26, 29, 32, or 34, thereby forming a stable
duplex. As used herein, the term "complementary"
refers to Watson-Crick or Hoogsteen base pairing
between nucleotide units of a nucleic acid molecule.
The term "binding" means the physical or chemical
interaction between two polypeptides or compounds or
associated polypeptides or compounds or combinations
thereof. Binding includes ionic, non-ionic, vander
Waals, hydrophobic interactions, and the like. A
physical interaction can be either direct or indirect.
Indirect interactions may be through or due to the
effects of another polypeptide or compound. Direct
binding refers to interactions that do not take place
through, or due to, the effect of another polypeptide
or compound, but instead are without other substantial
chemical intermediates. Fragments provided herein are
defined as sequences of at least 6 (contiguous)
nucleic acids or at least 4 (contiguous) amino acids,
a length sufficient to allow for specific
hybridization in the case of nucleic acids or for
specific recognition of an epitope in the case of
amino acids, respectively, and are at most some
portion less than a full length sequence. Fragments
may be derived from any contiguous portion of a
nucleic acid or amino acid sequence of choice.
Derivatives are nucleic acid sequences or amino acid
sequences formed from the native compounds either
directly or by modification or partial substitution.
Analogs are nucleic acid sequences or amino acid
sequences that have a structure similar to, but not
identical to, the native compound but differ from it
with respect to certain components or side chains.
Analogs may be synthetic or from a different
evolutionary origin and may have a similar or opposite
metabolic activity compared to wild type. Homologs or
orthologs are nucleic acid sequences or amino acid
sequences of a particular gene that are derived from
different species. Derivatives and analogs may be full
length or other than full length, if the derivative or
analog contains a modified nucleic acid or amino acid,
as described below. Derivatives or analogs of the
nucleic acids or proteins of the invention include,
but are not limited to, molecules comprising regions
that are substantially homologous to the nucleic acids
or proteins of the invention, in various embodiments,
by at least about 70%, 80%, or 95% identity (with a
preferred identity of 80-95%) over a nucleic acid or
amino acid sequence of 



identical size or when compared to an aligned sequence
in which the alignment is done by a computer homology
program known in the art, or whose encoding nucleic
acid is capable of hybridizing to the complement of a
sequence encoding the aforementioned proteins under
stringent, moderately stringent, or low stringent
conditions. See, e.g., Ausubel et al., CURRENT
PROTOCOLSIN MOLECULAR BIOLOGY,John Wile&y Sons, New
York,NY,1993, and below. A "homologous nucleic acid
sequence" or "homologous amino acid sequence," or
variations thereof, refer to sequences characterized
by a homology at the nucleotide level or amino acid
level as discussed above. Homologous nucleotide
sequences encode thosesequences coding for iso formsof
EXOX polypeptides. Iso forms can be expressed in the
same organism as a result of, for example, alternative
splicing of RNA. Alternatively, isoforms can be
encoded by different genes. In the invention,
homologous nucleotide sequences can include nucleotide
sequences encoding an EXOX polypeptide of species
other than fungi. Homologous nucleotide sequences also
include, but are not limited to, naturally occurring
allelic variations and mutations of the nucleotide
sequences set forth herein. Homologous nucleic acid
sequences include those nucleic acid sequences that
encode conservative amino acid substitutions (see
below) in SEQ ) NOs: 2, 5, 8, , 14, 17, 20, 23, 26,
29, 32, or 34, as well as a polypeptide possessing
EXOX biological activity. Various biological
activities of the EXOX proteins are described below. A
EXOX polypeptide is encoded by the open reading frame
("ORP") of an EXOX nucleic acid. A stretch of nucleic
acids comprising an ORF is uninterrupted by a stop
codon. An ORF that represents the coding sequence for
a full protein begins with an ATG "start" codon and
terminates with one of the three "stop" codons,
namely, TAA, TAG, or TGA. For the purposes of this
invention, an ORF may be any part of a coding
sequence, with or without a start codon, a stop codon,
or both. For an ORF to be considered as a good
candidate for coding for a bonafide cellular protein,
a minimum size requirement is often set, e.g., a
stretch of DNA that would encode a protein of 50 amino
acids or more. The nucleotide sequences determined
from the cloning of the fungal EXOX genes allows for
the generation of probes and primers designed for use
in identifying and/or cloning EXOX homologues in other
species, as well as EXOX homologues from other fungi.
The probe/primer typically comprises a substantially
purified oligonucleotide. The oligonucleotide
typically comprises a region of nucleotide sequence
that hybridizes under stringent conditions to at least
about 12, 25, 50, 100, 150, 200, 250, 300, 350 or 400
consecutive sense strand nucleotide sequence of SEQ ID
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34; or
an anti-sense strand nucleotide sequence of SEQ ID
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34; or
of a naturally occurring mutant of SEQ ID NOs: 2, 5,
8, , 14, 17, 20, 23, 26, 29, 32, or 34. "A polypeptide
having a biologically-active portion of an EXOX
polypeptide" refers to polypeptides exhibiting
activity similar, but not necessarily identical to, an
activity of a polypeptide of the invention, including
mature forms, as measured in a particular biological
assay, with or without dose dependency. A nucleic acid
fragment encoding a "biologicallyactive portion of
EXOX" can be prepared by isolating a portion SEQ ID
NOs: 2, 5, 8, , 14,17, 20, 23, 26, 29, 32, or 34 that
encodes a polypeptide having a EXOX biological
activity 



(the biological activities of the EXOX proteins are
described below), expressing the encoded portion of
EXOX protein (e.g., by recombinant expression in
vitro) and assessing the activity of the encoded
portion of EXOX. EXOX Nucleic Acid and Polypeptide
Variants The invention further encompasses nucleic
acid molecules that differ from the nucleotide
sequences shown in SEQ ID NOs: 2, 5, 8, , 14, 17, 20,
23, 26, 29, 32, or 34 due to degeneracy of the genetic
code and thus encode the same EXOX proteins that are
encoded by the nucleotide sequences shown in SEQ K)
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34. In
another embodiment, an isolated nucleic acid molecule
of the invention has a nucleotide sequence encoding a
protein having an amino acid sequence shown in SEQ ID
NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, or 35.
In addition to the fungal EXOX nucleotide sequences
shown in SEQ ID NOs: 2, 5, 8, , 14, 17, 20, 23, 26,
29, 32, and 34, it will be appreciated by those
skilled in the art that DNA sequence polymorphisms
that lead to changes in the amino acid sequences of
the EXOX polypeptides may exist within a population of
various species. Such genetic polymorphisms in the
EXOX genes may exist among individual fungal species
within a population due to natural allelic variation.
As used herein, the terms "gene" and "recombinant
gene" refer to nucleic acid molecules comprising an
open reading frame (ORF) encoding an EXOX protein,
preferably a fungal EXOX protein. Such natural allelic
variations can typically result in 1-5% variance in
the nucleotide sequence of the EXOX genes. Any and all
such nucleotide variations and resulting amino acid
polymorphisms in the EXOX polypeptides, which are the
result of natural allelic variation and that do not
alter the functional activity of the EXOX
polypeptides, are intended to be within the scope of
the invention. Moreover, nucleic acid molecules
encoding EXOX proteins from other species, and, thus,
that have a nucleotide sequence that differs from the
fungal sequence SEQ ID NOs: 2, 5, 8, , 14, 17, 20, 23,
26, 29, 32, or 34 are intended to be within the scope
of the invention. Nucleic acid molecules corresponding
to natural allelic variants and homologues of the EXOX
cDNAs of the invention can be isolated based on their
homology to the fungal EXOX nucleic acids disclosed
herein using the fungal cDNAs, or a portion thereof,
as a hybridization probe according to standard
hybridization techniques under stringent hybridization
conditions.Accordingly, in another embodiment, an
isolated nucleic acid molecule of the invention is at
least 6 nucleotides in length and hybridizes under
stringent conditions to the nucleic acid molecule
comprising the nucleotide sequence of SEQ ID NOs: 2,
5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34. In another
embodiment, the nucleic acid is at least 10, 25, 50,
100, 250, 500, 750, 1000, 1500, or 2000 or more
nucleotides in length. In yet another embodiment, an
isolated nucleic acid molecule of the invention
hybridizes to the coding region. As used herein, the
term "hybridizes under stringent conditions" is
intended to describe conditions for hybridization and
washing under which nucleotide sequences at least 60%
homologous to each other typically remain hybridized
to each other. Homologs or other related sequences
(e.g., orthologs, paralogs) can be obtained by 



low, moderate or high stringency hybridization with
all or a portion of the particular fungal sequence as
a probe using methods well known in the art for
nucleic acid hybridization and cloning. As used
herein, the phrase "stringent hybridization
conditions" refers to conditions under which a probe,
primer or oligonucleotide will hybridize to its target
sequence, but to no other sequences. Stringent
conditions are sequence-dependent and will be
different in different circumstances. Longer sequences
hybridize specifically at higher temperatures than
shorter sequences. Generally, stringent conditions are
selected to be about 5 C lower than the thermal
melting point (T ) for the specific sequence at a
defined ionic strength and pH. The T is the
temperature (under defined ionic strength, pH and
nucleic acid concentration) at which 50% of the probes
complementary to the target sequence hybridize to the
target sequence at equilibrium. Since the target
sequences are generally present at excess, at T , 50%
of the probes are occupied at equilibrium. Typically,
stringent conditions will be those in which the salt
concentration is less than about 1.0M sodium ion,
typically about 0.01 to 1.0M sodium ion (or other
salts) at pH 7.0 to 8.3 and the temperature is at
least about 30 for short probes, primers or
oligonucleotides (e.g., nt to 50 nt) and at least
about 60 C for longer probes, primers and
oligonucleotides. Stringent conditions may also be
achieved with the addition of destabilizing agents,
such as formamide. Stringent conditions are known to
those skilled in the art and can be found in Ausubel
et ah, (eds.), CURRENT PROTOCOLSIN MOLECULAR
BIOLOGY,John Wile&y SonNs, . . (1989), 6.3.1-6.3.6.
Preferably, the conditions are such that sequences at
least about 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 99%
homologous to each other typically remainhybridized to
each other. A non-limiting example of stringent
hybridization conditions are hybridization in a high
salt buffer comprising 6X SSC, 50 mM Tris-HCl (pH
7.5), 1mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA,
and 500 mg/ml denatured salmon sperm DNA at 65C,
followed by one or more washes in 0.2X SSC, 0.01% BSA
at 50 C. An isolated nucleic acid molecule of the
invention that hybridizes under stringent conditions
to the sequences of SEQ ID NOs: 2, 5, 8, , 14, 17, 20,
23, 26, 29, 32, or 34 corresponds to a
naturally-occurring nucleic acid molecule. As used
herein, a "naturally-occurring" nucleic acid molecule
refers to an RNA or DNA molecule having a nucleotide
sequence that occurs in nature (e.g., encodes a
natural protein). In a second embodiment, a nucleic
acid sequence that is hybridizable to the nucleic acid
molecule comprising the nucleotide sequence of SEQ ID
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34 or
fragments, analogs or derivatives thereof, under
conditions of moderate stringency is provided. A
non-limiting example of moderate stringency
hybridization conditions are hybridization in 6X SSC,
5X Denhardt's solution, 0.5% SDS and 100 mg/ml
denatured salmon sperm DNA at 55 C, followed by one or
more washes in X SSC, 0.1% SDS at 37C. Other
conditions of moderate stringency that may be used are
well-known within the art. See, e.g., Ausubel et al.
(eds.), 1993, CURRENT PROTOCOLSIN MOLECULAR
BIOLOGY,John Wiley & Sons, NY, and Kriegler, 1990;
GENE TRANSFER AND EXPRESSIONA, LABORATORYMANUAL,
Stockton Press, NY. h a third embodiment, a nucleic
acid that is hybridizable to the nucleic acid molecule



comprising the nucleotide sequences of SEQ ID NOs: 2,
5, 8, 11, 14, 17, 20, 23, 26, 29, 32, or 34 or
fragments, analogs or derivatives thereof, under
conditions of low stringency, is provided. A
non-limiting example of low stringency hybridization
conditions are hybridization in 35% formamide, 5X SSC,
50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02%
Ficoll, 0.2% BSA, 100 mg/ml denatured salmon sperm
DNA, 10% (w/v) dextran sulfate at 4O C, followed by
one or more washes in 2X SSC, 25 mM Tris-HCl (pH 7.4),
5 mM EDTA, and 0.1% SDS at 5O C. Other conditions of
low stringency that may be used are well known in the
art {e.g., as employed for cross-species
hybridizations). See, e.g., Ausubel et al. (eds.),
1993, CURRENT PROTOCOLSIN MOLECULAR BIOLOGY,John
Wiley& Sons, NY, and Kriegler, 990, GENE TRANSFER AND
EXPRESSIONA, LABORATORYMANUAL, Stockton Press, NY;
Shilo & Weinberg, Proc Natl Acad Sci USA 78:6789-6792
(1981).Conservative Mutations In addition to
naturally-occurring allelic variants of EXOX sequences
that may exist in the population, the skilled artisan
will further appreciate that changes can be introduced
by mutation into the nucleotide sequences of SEQ ID
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or 34
thereby leading to changes in the amino acid sequences
of the encoded EXOX proteins, without altering the
functional ability of said EXOX proteins. For example,
nucleotide substitutions leading to amino acid
substitutions at "non-essential" amino acid residues
can be made in the sequence of SEQ ID NOs: 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, or 35. A
"non-essential" amino acid residue is a residue that
can be altered from the wild-type sequences of the
EXOX proteins without altering their biological
activity, whereas an "essential" amino acid residue is
required for such biological activity. As used herein,
the term "biological activity" or "functional
activity" refers to the natural or normal function of
the EXO proteins, for example the ability to degrade
other proteins. Amino acid residues that are conserved
among the EXOX proteins of the invention are predicted
to be particularly non-amenable to alteration. Amino
acids for which conservative substitutions can be made
are well known within the art. One of skill in the art
will recognize that each codon in a nucleic acid
(except AUG, which is ordinarily the only codon for
methionine) can be modified to yield a functionally
identical molecule by standard techniques.
Furthermore, individual substitutions, deletions or
additions which alter, add or delete a single amino
acid or a small percentage of amino acids (typically
less than 5%, more typically less than 1%) in an
encoded sequence are "conservative mutations" where
the alterations result in the substitution of an amino
acid with a chemically similar amino acid. Another
aspect of the invention pertains to nucleic acid
molecules encoding EXOX proteins that contain changes
in amino acid residues that are not essential for
activity. Such EXOX proteins differ in amino acid
sequence from SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, or 35 yet retain biological activity. In
one embodiment, the isolated nucleic acid molecule
comprises a nucleotide sequence encoding a protein,
wherein the protein comprises an amino acid sequence
at least about 45% homologous to the amino acid
sequences of SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, or 35. Preferably, the protein encoded by
the nucleic acid molecule is at least about 60%
homologous to SEQ ID NOs: SEQ ID NOS: 3, 6, 9, 12, 15,
18, 21, 24, 27, 30, 33, or 35; more preferably at
least about 70% homologous to 



SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33,
or 35; still more preferably at least about 80%
homologous to SEQ ID NOS: SEQ ID NOs: 3, 6, 9, 12, 15,
18, 21, 24, 27, 30, 33, or 35;even more preferably at
least about 90% homologous to SEQ ID NOs: 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, or 35; and most preferably
at least about 95% homologous to SEQ E) NOs: 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, or 35. An isolated
nucleic acid molecule encoding an EXOX protein
homologous to the protein of SEQ ID NOs: 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, or 35 can be created by
introducing one or more nucleotide substitutions,
additions or deletions into the nucleotide sequence of
SEQ ID NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, or
34 such that one or more amino acid substitutions,
additions or deletions are introduced into the encoded
protein. Mutations can be introduced into SEQ ID NOs:
3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, or 35 by
standard techniques, such as site-directed
mutagenesis, PCR-mediated mutagenesis and DNA
shuffling. Preferably, conservative amino acid
substitutions are made at one or more predicted,
non-essential amino acid residues. Single base
substitutions are among the most common changes to
human DNA. These base changes can occur in the coding
or the non-coding regions of the DNA. If they occur in
the coding region, they can be conservative or
non-conservative substitutions. A "conservative amino
acid substitution" is a new amino acid that has
similar properties and is one in which the amino acid
residue is replaced with an amino acid residue having
a similar side chain. Non-conservative substitutions
refer to a new amino acid, which has different
properties. Families of amino acid residues having
similar side chains have been defined within the art.
These families include amino acids with basic side
chains (e.g., lysine, arginine, histidine), acidic
side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine,
asparagine, glutamine, serine, threonine, tyrosine,
cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, hydroxyproline,
phenylalanine, methionine, tryptophan), beta-branched
side chains (e.g., threonine, valine, isoleucine) and
aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). Thus, for a conservative
substitution, a predicted non-essential amino acid
residue in the EXOX protein is replaced with another
amino acid residue from the same side chain family.
Alternatively, in another embodiment, mutations can be
introduced randomly along all or part of an EXOX
coding sequence, such as by saturation mutagenesis,
and the resultant mutants can be screened for EXOX
biological activity to identify mutants that retain
activity. Following mutagenesis of SEQ ID NOs: 2, 5,
8, , 14, 17, 20, 23, 26, 29, 32, or 34, the encoded
protein can be expressed by any recombinant technology
known in the art and the activity of the protein can
be determined.The relatedness of amino acid families
may also be determined based on side chain
interactions. Substituted amino acids may be fully
conserved "strong" residues or fully conserved "weak"
residues. The "strong" group of conserved amino acid
residues may be any one of the following groups: STA,
NEQK, NHQK, NDEQ, QHRK, MILV, MILF, HY, FYW, wherein
the single letter amino acid codes are grouped by
those amino acids that may be substituted for each
other. Likewise, the "weak" group of conserved
residues may be any one of the following: CSA, ATV,
SAG, STNK, STPA, SGND, SNDEQK, NDEQHK, NEQHRK, HFY,
wherein the letters within each group represent the
single letter amino acid code. 



In one embodiment, a mutant EXOX protein can be
assayed for (/) the ability to form protein:protein
interactions with other EXOX proteins, other
cell-surface proteins, or biologically-active portions
thereof, (ii) complex formation between a mutant EXOX
protein and a EXOX ligand; or (Hi) the abilityof a
mutant EXOX protein to bind to an intracellular target
protein or biologically-active portion thereof; (e.g.
avidin proteins). In yet another embodiment, a mutant
EXOX protein can be assayed for the ability to
regulate a specific biological function (e.g.,
proteolytic activity). EXOX Polypeptides A polypeptide
according to the invention includes a polypeptide
including the amino acid sequence of EXOX polypeptides
whose sequences are provided in SEQ ID NOs: 3, 6, 9,
12, 15, 18, 21, 24, 27, 30, 33, and 35. The invention
also includes a mutant or variant protein any of whose
residues may be changed from the corresponding
residues shown in SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21,
24, 27, 30, 33, or 35 while still encoding a protein
that maintains its EXOX activities and physiological
functions, or a functional fragment thereof. In
general, an EXOX variant that preserves EXOX-like
function includes any variant in which residues at a
particular position in the sequence have been
substituted by other amino acids, and further include
the possibility of inserting an additional residue or
residues between two residues of the parent protein as
well as the possibility of deleting one or more
residues from the parent sequence. Any amino acid
substitution, insertion, or deletion is encompassed by
the invention. In favorable circumstances, the
substitution is a conservative substitution as defined
above. One aspect of the invention pertains to
isolated EXOX proteins, and biologically active
portions thereof, or derivatives, fragments, analogs
or homologs thereof. Biologicallyactive portions refer
to regions of the EXOX proteins, which are necessary
for normal function, for example, aminopeptidase
activity. Also provided are polypeptide fragments
suitable for use as immunogens to raise anti-EXOX
antibodies. In one embodiment, native EXOX proteins
can be isolated from cells, tissue sources or culture
supernatants by an appropriate purification scheme
using appropriate protein purification techniques. In
another embodiment, EXOX proteins are produced by
recombinant DNA techniques. Alternative to recombinant
expression, an EXOX protein or polypeptide can be
synthesized chemically using standard peptide
synthesis techniques. An "isolated" or "purified"
polypeptide or protein or biologically-active portion
thereof is substantially free of cellular material or
other contaminating proteins from the cell or tissue
source from which the EXOX protein is derived, or
substantially free from chemical precursors or other
chemicals when chemically synthesized. The language
"substantially free of cellular material" includes
preparations of EXOX proteins in which the protein is
separated from cellular components of the cells from
which it is isolated or recombinantly-produced. In one
embodiment, the language "substantially free of
cellular material" includes preparations of EXOX
proteins having less than about 30% (by dry weight) of
non-EXOX proteins (also referred to herein as a
"contaminating protein"), more preferably less than
about 20% of non-EXOX proteins, still more preferably
less than about 10% of non-EXOX proteins, and most
preferably less than about 5% of non-EXOX proteins.
When the EXOX protein or 



biologically-active portion thereof is
recombinantly-produced, it is also preferably
substantially free of any constituent of the culture
medium, e.g., culture medium components may represent
less than about 20%, more preferably less than about
10%, and most preferably less than about 5% of the
EXOX protein preparation. The language "substantially
free of chemical precursors or other chemicals"
includes preparations of EXOX proteins in which the
protein is separated from chemical precursors or other
chemicals that are involved in the synthesis of the
protein. In one embodiment, the language
"substantially free of chemical precursors or other
chemicals" includes preparations of EXOX proteins
having less than about 30% (by dry weight) of chemical
precursors or non-EXOX chemicals, more preferably less
than about 20% chemical precursors or non-EXOX
chemicals, still more preferably less than about 10%
chemical precursors or non-EXOX chemicals, and most
preferably less than about 5% chemical precursors or
non-EXOX chemicals. Furthermore, "substantially free
of chemical precursors or otherchemicals" would
include oxidation byproducts. One of skill in the art
would know how to prevent oxidation, for example, by
keeping chemicals in an oxygen free environment.
Biologically-active portions of EXOX proteins include
peptides comprising amino acid sequences sufficiently
homologous to or derived from the amino acid sequences
of the EXOX proteins (e.g., the amino acid sequence
shown in SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27,
30, 33, or 35) that include fewer amino acids than the
full-length EXOX proteins, and exhibit at least one
activity of an EXOX protein. Typically, biologically
active portions comprise a domain or motif with at
least one activity of the EXOX protein. A biologically
active portion of an EXOX protein can be a polypeptide
that is, for example, 10, 25, 50, 100 or more amino
acid residues in length. Moreover, other biologically
active portions, in which other regions of the protein
are deleted, can be prepared by recombinant techniques
and evaluated for one or more of the functional
activities of a native EXOX protein. In an embodiment,
the EXOX protein has an amino acid sequence shown in
SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33,
or 35. In other embodiments, the EXOX protein is
substantially homologous to SEQ ID NOs: 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, or 35, and retains the
functional activity of the protein of SEQ ID NOs: 3,
6, 9, 12, 15, 18, 21, 24, 27, 30, 33, or 35, yet
differs in amino acid sequence due to natural allelic
variation or mutagenesis, as described in detail,
below. Accordingly, in another embodiment, the EXOX
protein is a protein that comprises an amino acid
sequence at least about 90% homologous to the amino
acid sequence SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, or 35, and retains the functional activity
of the EXOX proteins of SEQ ID NOs: 3, 6, 9, 12, 15,
18, 21, 24, 27, 30, 33, or 35. As used herein, the
term "biological activity" or "functional activity"
refers to the natural or normal function of the EXO
proteins, for example the ability to degrade other
proteins. Determining Homology Between Two or More
Sequences To determine the percent of similarity or
homology of two amino acid sequences or of two nucleic
acid sequences, the sequences are aligned for optimal
comparison purposes (e.g., gaps can be introduced in
the sequence of a first amino acid or nucleic acid
sequence for 



optimal alignment with a second amino acid or nucleic
acid sequence). The amino acid residues or nucleotides
at corresponding amino acid positions or nucleotide
positions are then compared. When a position in the
first sequence is occupied by the same amino acid
residueor nucleotide as the corresponding position in
the second sequence, then the molecules are homologous
at that position (i.e., as used herein amino acid or
nucleic acid "homology" is equivalent to amino acid or
nucleic acid "identity"). The nucleic acid sequence
homology may be determined as the degree of identity
between two sequences. The homology may be determined
using computer programs known in the art, such as GAP
software provided in the GCG program package. See
Needleman & Wunsch, . MoI. Biol. 48:443-453 1970.
Using GCG GAP software with the following settings for
nucleic acid sequence comparison: GAP creation penalty
of 5.0 and GAP extension penalty of 0.3, the coding
region of the analogous nucleic acid sequences
referred to above exhibits a degree of identity
preferably of at least 70%, 75%, 80%, 85%, 90%, 95%,
98%, or 99%, with the CDS (encoding) part of the DNA
sequence shown in SEQ ID NOs: 2, 5, 8, , 14, 17, 20,
23, 26, 29, 32, and 34. The term "sequence identity"
refers to the degree to which two polynucleotide or
polypeptide sequences are identical on a
residue-by-residue basis over a particular region of
comparison. The term "percentage of sequence identity"
is calculated by comparing two optimally aligned
sequences over that region of comparison, determining
the number of positions at which the identical nucleic
acid base (e.g., A , T, C, G, U, or I, in the case of
nucleic acids) occurs in both sequences to yield the
number of matched positions, dividing the number of
matched positions by the total number of positions in
the region of comparison (e.g., the window size), and
multiplying the result by 100 to yield the percentage
of sequence identity. The term "substantial identity"
as used herein denotes a characteristic of a
polynucleotide sequence, wherein the polynucleotide
comprises a sequence that has at least 80 percent
sequence identity, preferably at least 85 percent
identity and often 90 to 95 percent sequence identity,
more usually at least 99 percent sequence identity as
compared to a reference sequence over a comparison
region. Chimeric and Fusion Proteins The invention
also provides EXOX chimeric or fusion proteins. As
used herein, a EXOX "chimeric protein" or "fusion
protein" comprises a EXOX polypeptide
operativelylinked to a non-EXOX polypeptide. An "EXOX
polypeptide" refers to a polypeptide having an amino
acid sequence corresponding to an EXOX protein (SEQ ID
NOs: 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, or 35),
whereas a "non-EXOX polypeptide" refers to a
polypeptide having an amino acid sequence
corresponding to a protein that is not substantially
homologous to theEXOX protein, e.g., a protein that is
different from the EXOX protein and that is derived
from the same or a different organism. Within an EXOX
fusion protein the EXOX polypeptide can correspond to
all or a portion of an EXOX protein. In one
embodiment, a EXOX fusion protein comprises at least
one biologically active portion of a EXOX protein. In
another embodiment, an EXOX fusion protein comprises
at least two biologically active portions of an EXOX
protein. In yet another embodiment, an EXOX fusion
protein comprises at least three biologically active
portions of an EXOX protein. Within the fusion
protein, the term "operatively-linked" is intended to
indicate that the EXOX polypeptide and the 



non-EXOX polypeptide are fused in- frame with one
another. The non-EXOX polypeptide can be fused to the
N-terminus and/or C-terminus of the EXOX polypeptide.
In one embodiment, the fusion protein is a GST-EXOX
fusion protein in which the EXOX sequences are fused
to the C-terminus of the GST (glutathione
S-transferase) sequences. Such fusion proteins can
facilitate the purification of recombinant EXOX
polypeptides. In another embodiment, the fusion
protein is an EXOX protein containing a heterologous
signal sequence at its N-terminus. In certain host
cells {e.g., mammalian host cells), expression and/or
secretion of EXOX can be increased through use of a
heterologous signal sequence. In yet another
embodiment, the fusion protein is an
EXOX-immunoglobulin fusion protein in which the EXOX
sequences are fused to sequences derived from a member
of the immunoglobulin protein family. The
EXOX-immunoglobulin fusion proteins of the invention
can be incorporated into pharmaceutical compositions
and administered to a subject to inhibit an
interaction between a EXOX ligand and a EXOX protein
on the surface of a cell, to thereby suppress
EXOX-mediated signal transduction in vivo. The
EXOX-immunoglobulin fusion proteins can be used to
affect the bioavailability of an EXOX cognate ligand.
Inhibition of the EXOX ligand/EXOX interaction may be
useful therapeutically for both the treatment of
proliferative and differentiative disorders, as well
as modulating {e.g. promoting or inhibiting) cell
survival. Moreover, the EXOX-immunoglobulin fusion
proteins of the invention can be used as immunogens to
produce anti-EXOX antibodies in a subject, to purify
EXOX ligands, and in screening assays to identify
molecules that inhibit the interaction of EXOX with an
EXOX ligand. A EXOX chimeric or fusion protein of the
invention can be produced by standard recombinant DNA
techniques. For example, DNA fragments coding for the
differentpolypeptide sequences are ligated together
in-frame in accordance with conventional techniques,
e.g., by employing blunt-ended or stagger-ended
termini for ligation, restriction enzyme digestion to
provide for appropriate termini, filling-in of
cohesive ends as appropriate, alkaline phosphatase
treatment to avoid undesirable joining, and enzymatic
ligation. In another embodiment, the fusion gene can
be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out
using anchor primers that give rise to complementary
overhangs between two consecutive gene fragments that
can subsequently be annealed and reamplif ed to
generate a chimeric gene sequence (See, e.g., Ausubel
et al. (eds.) CURRENT PROTOCOLSIN MOLECULAR
BIOLOGY,John Wiley& Sons, 1992). Moreover, many
expression vectors are commercially available that
already encode a fusion moiety (e.g., a GST
polypeptide). A EXOX-encoding nucleic acid can be
cloned into such an expression vector such that the
fusion moiety is linked in-frame to the EXOX protein.
EXOX Agonists and Antagonists The invention also
pertains to variants of the EXOX proteins that
function as either EXOX agonists (e.g., mimetics) or
as EXOX antagonists. Variants of the EXOX protein can
be generated by mutagenesis (e.g., discrete point
mutation or truncation of the EXOX 



protein). An agonist of the EXOX protein can retain
substantially the same, or a subset of, the biological
activities of the naturally occurring form of the EXOX
protein. An antagonist of the EXOX protein can inhibit
one or more of the activities of the naturally
occurring form of the EXOX protein by, for example,
competitively binding to a downstream or upstream
member of a cellular signaling cascade, which includes
the EXOX protein. Thus, specific biological effects
can be elicited by treatment with a variant of limited
function. In one embodiment, treatment of a subject
with a variant having a subset of the biological
activities of the naturally occurring form of the
protein has fewer side effects in a subject relative
to treatment with the naturally occurring form of the
EXOX proteins. Variants of the EXOX proteins that
function as either EXOX agonists (e.g., mimetics) or
as EXOX antagonists can be identified by screening
combinatorial libraries of mutants (e.g., truncation
mutants) of the EXOX proteins for EXOX protein agonist
or antagonist activity. In one embodiment, a
variegated library of EXOX variants is generated by
combinatorial mutagenesis at the nucleic acid level
and is encoded by a variegated gene library. A
variegated library of EXOX variants can be produced
by, for example,enzymatically ligating a mixture of
synthetic oligonucleotides into gene sequences such
that a degenerate set of potential EXOX sequences is
expressible as individual polypeptides, or
alternatively, as a set of larger fusion proteins
(e.g., for phage display) containing the set of EXOX
sequences therein. There are a variety of methods,
which can be used to produce libraries of potential
EXOX variants from a degenerate oligonucleotide
sequence. Chemical synthesis of a degenerate gene
sequence can be performed in an automatic DNA
synthesizer, and the synthetic gene then ligated into
an appropriate expression vector. Use of a degenerate
set of genes allows for the provision, in one mixture,
of all of the sequences encoding the desired set of
potential EXOX sequences. Methods for synthesizing
degenerate oligonucleotides are well-known within the
art. See, e.g., Narang, Tetrahedron 39:3 (1983);
Itakura et al, Annu. Rev. Biochem. 53:323 (1984);
Itakura et al, Science 198:1056 (1984); Deeet al,
Nucl. Acids Res. :477 (1983). Polypeptide Libraries In
addition, libraries of fragments of the EXOX protein
coding sequences can be used to generate a variegated
population of EXOX fragments for screening and
subsequent selection of variants of an EXOX protein.
In one embodiment, a library of coding sequence
fragments can be generated by treating a double
stranded PCR fragment of an EXOX coding sequence with
a nuclease under conditions wherein nicking occurs
only about once per molecule, denaturing the double
stranded DNA, renaturing the DNA to form
double-stranded DNA that can include sense/antisense
pairs from different nicked products, removing single
stranded portions from reformed duplexes by treatment
with nuclease, and ligating the resulting fragment
library into an expression vector. By this method,
expression libraries can be derived which encode
N-terminal and internal fragments of various sizes of
the EXOX proteins. Various techniques are known in the
art for screening gene products of combinatorial
libraries made by point mutations or truncation, and
for screening cDNA libraries for gene products having
a selected property. Such techniques are adaptable for
rapid screening of the 



gene libraries generated by the combinatorial
mutagenesis of EXOX proteins. The most widely used
techniques, which are amenable to high throughput
analysis, for screening large gene libraries typically
include cloning the gene library into replicable
expression vectors, transforming appropriate cells
with the resulting library of vectors, and expressing
the combinatorial genes under conditions in which
detection of a desired activity facilitatesisolation
of the vector encoding the gene whose product was
detected. Recursive ensemble mutagenesis (REM), a new
technique that enhances the frequency of functional
mutants in the libraries, can be used in combination
with the screening assays to identify EXOX variants.
See, e.g., Arkin & Yourvan, Proc. Natl. Acad. ScL USA
89:7811-7815 (1992); Delgrave et al, Protein
Engineering 6:327-331 (1993). Libraries can also be
generated by DNA shuffling. DNA shuffling uses related
genes from different species or genes that are related
in their function, fragments them and reassembles them
through recombination. It can then be determined if
the recombined genes comprise usable or potentially
interesting products. Any recombined gene found to be
useful are again fragmented and reassembled to form
new recombinant genes. As the various fragments of
different species and genes are annealed and extended,
diversity is created in the library. The process can
be performed until a protein of interest is found. The
important factors in creating recombined genes with
DNA shuffling include the temperature at which
annealing occurs, the similarity of the genes and the
size of the DNA fragments. Stemmer et al, Nature
370:389-391 (1994); Stemmer, Proc. Natl. Acad. USA
91:10747-10751 (1994); U.S. Pat. No. 5,603,793; U.S.
Pat. No. 5,830,721; and U.S. Pat. No. 5,811,238, which
are incorporated herein by reference, describe e.g.,
in vitro protein shuffling methods, e.g., by repeated
cycles of mutagenesis, shuffling and selection as well
as a variety of methods of generating libraries of
displayed peptides and antibodies as well as a variety
of DNA reassembly techniques following DNA
fragmentation, and their application to mutagenesis in
vitro and in vivo. Moreover, various applications of
DNA shuffling technology are also known in the art. In
addition to the publications noted above, see U.S.
Pat. No. 5,837,458, which provides for the evolution
of new metabolic pathways and the enhancement of
bio-processing through recursive shuffling techniques,
and Crameri et al., Nature Medicine 2(l):100-103
(1996), which describes antibody shuffling for
antibody phage libraries. See also, WO95/22625,
WO97/20078, WO96/33207, WO97/33957, WO98/27230,
WO97/35966, WO98/31837, WO98/13487, WO98/13485 and
WO989/42832. Expression Vectors Another aspect of the
invention pertains to vectors, preferably expression
vectors, containing a nucleic acid encoding an EXOX
protein, or derivatives, fragments, analogs or
homologs thereof. As used herein, the term "vector"
refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been
linked. One type of vector is a"plasmid", which refers
to a circular double stranded DNA loop into which
additional DNA segments can be ligated. Another type
of vector is a viral vector, wherein additional DNA
segments can be ligated into the viral genome. Certain
vectors are capable of autonomous replication in a
host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of
replication and episomal mammalian vectors). Other
vectors (e.g., non-episomal mammalian vectors) are
integrated into the genome of a host cell upon 



introduction into the host cell, and thereby are
replicated along with the host genome. Moreover,
certain vectors are capable of directing the
expression of genes to which they are operatively
linked. Such vectors are referred to herein as
"expression vectors". In general, expression vectors
of used in recombinant DNA techniques are often in the
form of plasmids. In the present specification,
"plasmid" and "vector" can be used interchangeably as
the plasmid is the most commonly used form of vector.
However, the invention is intended to include such
other forms of expression vectors, such as viral
vectors (e.g., replication defective retroviruses,
adenoviruses and adeno-associated viruses), which
serve equivalent functions. The production of a
functional protein is intimately related to the
cellular machinery of the organism producing the
protein. E. coli has typically been the "factory" of
choice for the expression of many proteins because its
genome has been fully mapped and the organism is easy
to handle; grows rapidly; requires an inexpensive,
easy-to-prepare medium for growth; and secretes
protein into the medium which facilitates recovery of
the protein. However, E. coli is a prokaryote and
lacks intracellular organelles, such as the
endoplasmic reticulum and the golgi apparatus that are
present in eukaryotes, which contain enzymes which
modify the proteins being produced. Many eukaryotic
proteins can be produced in E. coli but these may be
produced in a nonfunctional, unfinished form, since
glycosylation or post-translational modifications do
not occur. Therefore, researchers have recently turned
to eukaryotic yeast, mammalian and plant expression
systems for protein production. For example, the
methanoltrophic yeast P. pastoris has become a
powerful host for the heterologous expression of
proteins during the last few years and has been
established as an alternative eukaryotic host for the
expression of human proteins with high-throughput
technologies. As another example, plants are being
utilized as expression hosts for large-scale
heterologous expression of proteins and offer
potential advantages of cost-effectiveness,
scalability and safety over traditional expression
systems. There are currently a variety ofplant
heterologous expression systems including transient
expression, plant cell-suspension cultures,
recombinant plant viruses and chloroplast transgenic
systems. While proteins expressed in plants have some
variations from mammalian proteins (e.g.,
glycosylation), there is currently no evidence that
these differences result in adverse reactions in human
patients. See, e.g., Julian et al., Nat. Rev. Gen.
4:794-805 (2003). Another suitable heterologous
expression system uses insect cells, often in
combination with baculovirus expression vectors.
Baculovirus vectors available for expressing proteins
in cultured insect cells, e.g., SF9 cells include the
pAc series (Smith et al, MoI. Cell. Biol. 3: 2156-2165
(1983)) and the pVL series (Lucklow & Summers,
Virology 170: 31-39 (1989)). Host cells of the
invention can also be used to produce non-human
transgenic animals in which exogenous sequences have
been introduced into their genome. The transgenic
animal is a non-human animal, preferably a mammal,
more preferably a rodent such as a rat or mouse, in
which one or more of the cells of the animal includes
a transgene. Other examples of transgenic animals
include, e.g., non-human primates, sheep, dogs, cows,
goats, 



chickens, amphibians. Methods for generating
transgenic animals via embryo manipulation and
micro-injection, particularly animals such as mice,
have become conventional in the art and are described,
for example, in U.S. Patent Nos. 4,736,866; 4,870,009;
and 4,873,191; and Hogan, 1986. In: MANIPULATINGTHE
MOUSE EMBRYO,Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. Similar methods are used for
production of other transgenic animals. Pichia
pastoris Expression System One such eukaryotic yeast
is the methanoltrophic Pichia pastoris. P.pastoris has
been developed to be an outstanding host for the
production of foreign proteins since its alcohol
oxidase promoter was isolated and cloned: The P.
pastoris transformation was first reported in 1985.
The P. pastoris heterologous protein expression system
was developed by Phillips Petroleum, see, e.g., U.S.
Patent NOs. 4,855,231, 4,857,467, 4,879,231 and
4,929,555, each of which is incorporated herein by
reference. This system is currently marketed by
Invitrogen. Compared to other eukaryotic expression
systems, Pichia offers many advantages, because it
does not have the endotoxin problem associated with
bacteria nor the viral contamination problem of
proteins produced in animal cell cultures.
Furthermore, P. pastoris can utilize methanol as a
carbon source in the absence of glucose. The P.
pastorisexpression system uses the methanol-induced
alcohol oxidase (AOXl) promoter, which controls the
gene that codes for the expression of alcohol oxidase,
the enzyme that catalyzes the first step in the
metabolism of methanol. This promoter has been
characterized and incorporated into a series of P.
pastoris expression vectors. Since the proteins
produced in P. pastoris are typically folded correctly
and secreted into the medium, the fermentation of
genetically engineered P. pastoris provides an
excellent alternative to E. coli expression systems.
Furthermore, P. pastoris has the ability to
spontaneously glycosylate expressed proteins, which
also is an advantage over E. coli. A number of
proteins have been produced using this system,
including tetanus toxin fragment, Bordatella pertussis
pertactin, human serum albumin and lysozyme. Tag
Removal with EXOX Proteins Several systems have been
developed to allow for rapid and efficient
purification of recombinant proteins expressed in
bacteria. Most of these rely on the expression of the
protein as a fusion protein with a
glutathione-S-transferase (GST) domain, a calmodulin
binding peptide (CBP) or a His-tag. For example, the
expression of polypeptides in frame with glutathione
S-transferase (GST) allows for purification of the
fusion proteins from crude bacterial extracts under
nondenaturing conditions by affinity chromatography on
glutathione agarose. Furthermore, this vector
expression system generally incorporates a specific
protease cleavage site to facilitate proteolysis of
the bacterial fusion proteins, which is, depending on
the vector used, a thrombin, enterokinase or Factor Xa
protease cleavage site. Thrombin specifically cleaves
target proteins containing the recognition sequence
Leu-Val-Pro- ArgjGly-Ser (SEQ ID NO: 44). The
enterokinase cleavage site is Asp-Asp-Asp-Asp-LysJ.
(SEQ ID NO: 45). Like enterokinase, Factor Xa cleaves
at the C-terminal side of its recognition sequence
Ile-Glu-Gly-Argj (SEQ ID NO: 46), and can therefore be
used for 



removing all vector-encoded sequences from
appropriately designed constructs. All of these
enzymes are now commercially available in a high
purity to avoid secondary cleavage arising from
contaminating proteases. These enzymes are provided
either in a kit often including all the tools for the
enzyme capture, or biotinylated to facilitate removal
of the enzyme from cleavage reaction medium. More
recently Qiagen also developed the TAGZyme system for
an efficient removal of N-terminal His tags from
proteins which involves exopeptidases that cleave
dipeptides sequentially from the N-terminus up to a
"stop point" amino acid motif,which is either
jLys-Xaa-, jArg-Xaa-, J.Xaa-Xaa-Pro-Xaa-,
jXaa-Pro-Xaa-Xaa- or JGIn- Xaa-. Although it is not
always necessary to remove the short His affinity tag
(whatever the number of His residues) from a
recombinant protein after purification, there are some
applications, such as structural analysis by X-ray
crystallography or NMR, where removal of the tag is
desirable. The same thing is also true for the
residual residues Gly-Ser of the thrombin cleavage
site or any supplementary residual N-terminal amino
acid that could be still present and which could be
related to the expression system used. A more recent
approach to affinity purification involves utilizing a
condensation reaction between a carbonyl group and a
molecule with two vicinal nucleophilic groups.
Examples of amino acids with two vicinal nucleophilic
groups includes, e.g., serine, threonine and cysteine.
Purifying a protein or peptide involves forming a
reversible covalent bond formed by between, e.g., an
N-terminal cysteine, threonine or serine residue, and
an appropriate resin. See Villain et al, Chem. & Biol.
8:673-679 (2001). Addition of a pair of residues,
e.g., Thr-Pro, Cys-Pro or Ser-Pro, to the N-terminus
of a recombinant protein, or of a protein (peptide)
obtained by chemical synthesis, permits two-step
purification: (1) purification by covalent capture;
and (2) removal of the di-peptide tag. This method
permits efficient recovery of recombinant protein in
its mature form, without the di-peptide flag sequence.
Reverse Proteolytic Activity of EXOX Proteins Another
aspect of the invention pertains to methods of adding
one or more amino acids to amino acids, peptides,
oligopeptides, polypeptides or any composition with an
accessible secondary amine, by using the reverse
proteolytic activity of one or more EXOX proteins. As
used herein, the term "reverse proteolytic activity"
refers to enzymatic activity that catalyzes the
addition of one or more amino acids to an amino acid,
a peptide, an oligopeptide, a polypeptide or any
composition with an accessible secondary amine. One of
ordinary skill in the art will recognize that, under
suitable thermodynamic conditions, proteolytic enzymes
can have reverse proteolytic activity. An example of a
proteolytic enzyme with reverse proteolytic activity
is trypsin, which is a pancreatic serine protease with
substrate specificity based upon positively charged
lysine and arginine side chains. Trypsin is widely
used in the manufacture of human insulin from porcine
insulin, which is similar to the human form except the
last amino acid residue in theB-chain is alanine
rather than threonine. Reacting porcine insulin with a
threonine ester in the presence of trypsin yields a
human insulin threonine ester by removing the terminal
alanine and adding the threonine ester. Subsequent
treatment of the human insulin threonine ester with
trifluoroacetic acid hydrolyzes the ester to yield
human insulin. 



In some embodiments, the EXOX proteins are used to
catalyze reverse proteolytic reactions. In some
instances, the EXOX proteins are incubated with a
polypeptide and one or more amino acids under
conditions permitting the addition of the one or more
amino acids to the polypeptide. There are multiple
utilities for using the EXOX proteins of the present
invention as reverse proteolytic enzymes. For example,
the reverse proteolytic activity of the EXOX proteins
can be used in the synthesis of a polypeptide chain.
The EXOX proteins can also be used as a coupling agent
to add one or more amino acids to another amino acid,
a polypeptide, or any composition with an accessible
secondary amine. Pharmaceutical Compositions The EXOX
nucleic acid molecules, EXOX proteins, and anti-EXOX
antibodies (also referred to herein as "active
compounds") of the invention, and derivatives,
fragments, analogs and homologs thereof, can be
incorporated into pharmaceutical compositions suitable
for administration. Such compositions typically
comprise the nucleic acid molecule, protein, or
antibody and a pharmaceutically acceptable carrier. As
used herein, "pharmaceutically acceptable carrier" is
intended to include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like,
compatible with pharmaceutical administration.
Suitable carriers are described in the most recent
edition of Remington's Pharmaceutical Sciences, a
standard reference text in the field, which is
incorporated herein by reference. Preferred examples
of such carriers or diluents include, but are not
limited to, water, saline, Ringer's solutions,
dextrose solution, and 5% human serum albumin.
Liposomes and non-aqueous vehicles such as fixed oils
may also be used. The use of such media and agents for
pharmaceutically active substances is well known in
the art. Except insofar as any conventional media or
agent is incompatible with the active compound, use
thereof in the compositions is contemplated.
Supplementary active compounds can also be
incorporated into the compositions. Encapsulation
technologies are also widely applied in many
industries. Examples include pharmaceuticals for
controlled release of drugs; pigments in foods and
beverages;antioxidants in foods; and controlled
release of insect pheromones in agriculture. Capsules,
microcapsules and microspheres are small spherical
particles, which contain an active ingredient within
the particle matrix or attached to the particle
surface. For example, encapsulation in biodegradable
alginate microparticles has been shown.
Bioencapsulation technologies are intended to
encapsulate cells, enzymes, and biologically active
materials. A pharmaceutical composition of the
invention is formulated to be compatible with its
intended route of administration. Examples of routes
of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral (e.g.,
inhalation), transdermal (e.g., topical),
transmucosal, and rectal administration. Solutions or
suspensions used for parenteral, intradermal, or
subcutaneous application can include the following
components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene
glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as
benzyl alcohol or methyl parabens; antioxidants such
as ascorbic acid or sodium bisulfite; chelating agents
such as ethylenediaminetetraacetic acid (EDTA);
buffers such as acetates, citrates or phosphates, 



and agents for the adjustment of tonicity such as
sodium chloride or dextrose. The pH can be adjusted
with acids or bases, such as hydrochloric acid or
sodium hydroxide. The parenteral preparation can be
enclosed in ampoules, disposable syringes or multiple
dose vials made of glass or plastic. Pharmaceutical
compositions suitable for injectable use include
sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or
dispersion. For intravenous administration, suitable
carriers include physiological saline, bacteriostatic
water, Cremophor EL(tm)(BASF, Parsippany, NJ.) or
phosphate buffered saline (PBS). In all cases, the
composition must be sterile and should be fluid to the
extent that easy syringeability exists. It must be
stable under the conditions of manufacture and storage
and must be preserved against contamination by
microorganisms, such as bacteria, fungi or viruses.
The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be
maintained, for example, by the use of a coating such
as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use
of surfactants. Prevention of the action of
microorganisms can be achieved by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents,for example,
sugars, polyalcohols such as mannitol, sorbitol, or
sodium chloride in the composition. Prolonged
absorption of the injectable compositions can be
brought about by including in the composition an agent
that delays absorption, for example, aluminum
monostearate and gelatin. Sterile injectable solutions
can be prepared by incorporating the active compound
{e.g., an EXOX protein or anti-EXOX antibody) in the
required amount in an appropriate solvent with one or
a combination of ingredients enumerated above, as
required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating
the active compound into a sterile vehicle that
contains a basic dispersion medium and the required
other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile
injectable solutions, methods of preparation are
vacuum drying and freeze-drying that yields a powder
of the active ingredient plus any additional desired
ingredient from a previously sterile-filtered solution
thereof. A crude preparation of cell culture medium
from T. rubrum or transgenic fungi producing EXOX, or
EXOX purified from T. rubrum or transgenic fungi
producing EXOX can be administered orally since the
proteases are secreted. Oral compositions generally
include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into
tablets. For the purpose of oral therapeutic
administration, the active compound can be
incorporated with excipients and used in the form of
tablets, troches, or capsules. Oral compositions can
also be prepared using a fluid carrier for use as a
mouthwash, wherein the compound in the fluid carrier
is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of
the composition. The tablets, pills, capsules, troches
and 



the like can contain any of the following ingredients,
or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin;
an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnesium stearate
or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint,
methyl salicylate, or orange flavoring. For
administration by inhalation, the compounds are
delivered in the form of an aerosol spray from
pressured container or dispenser, which contains a
suitable propellant, e.g., a gas such as carbon
dioxide, or a nebulizer.Systemic administration can
also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known
in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic
acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the
active compounds are formulated into ointments,
salves, gels, or creams as generally known in the art.
The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository
bases such as cocoa butter and other glycerides) or
retention enemas for rectal delivery. In one
embodiment, the active compounds are prepared with
carriers that will protect the compound against rapid
elimination from the body, such as a controlled
release formulation, including implants and
microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene
vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be
apparent to those skilled in the art. The materials
can also be obtained commercially from, for example,
Alza Corporation and Nova Pharmaceuticals, Inc.
Liposomal suspensions (including liposomes targeted to
infected cells with monoclonal antibodies to viral
antigens) can also be used as pharmaceutically
acceptable carriers. These can be prepared according
to methods known to those skilled in the art, for
example, as described in U.S. Patent No. 4,522,81 . It
is especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease
of administration and uniformity of dosage. Dosage
unit form as used herein refers to physically discrete
units suited as unitary dosages for the subject to be
treated; each unit contains a predetermined quantity
of active compound calculated to produce the desired
therapeutic effect in association with the required
pharmaceutical carrier. The specification for the
dosage unit forms of the invention are dictated by and
directly dependent on the unique characteristics of
the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in
the art of compounding such an active compound for the
treatment of individuals. The nucleic acid molecules
of the invention can be inserted into vectors and used
as gene therapy vectors. Gene therapy vectors can be
delivered to a subject by, for example, intravenous
injection, local administration (see, e.g., U.S.
Patent No. 5,328,470) or bystereotactic injection.
See, e.g., Chen, et al, Proc. Natl. Acad. Sci. USA
91:3054-3057 (1994). 



The pharmaceutical preparation of the gene therapy
vector can include the gene therapy vector in an
acceptable diluent, or can comprise a slow release
matrix in which the gene delivery vehicle is imbedded.
Alternatively, where the complete gene delivery vector
can be produced intact from recombinant cells, e.g.,
retroviral vectors, the pharmaceutical preparation can
include one or more cells that produce the gene
delivery system. The pharmaceutical compositions can
be included in a container, pack, or dispenser
together with instructions for administration.
Examples Example : Methods and Materials Strains and
plasmids A clinical isolate, T. rubrum CHUV 862-00,
was used in this study. E. coli LE392 was used for the
propagation of the bacteriophage lEMBL3 (Promega,
Wallisellen, Switzerland). All plasmid-subcloning
experiments were performed in E. coli DH5a using
plasmid rMTL2I. Chambers et al, Gene 68:139-149
(1988). P. pastoris GSI 5 and the expression vector
pKJ113 (Borg-von Zepelin et al., MoI. Microbiol.
28:543-554 (1998)) were used to express recombinant
peptidases. It is known in the art that P. pastoris
can be utilized to express a multitude of recombinant
proteins. T. rubrum growth media T. rubrum was grown
on Sabouraud agar and liquid medium (Bio~Rad, Munchen,
Germany) or, to promote production of proteolytic
activity, in liquid medium containing 0.2% soy protein
(Supro 1711, Protein Technologies International,
St.Louis, MO) as a sole nitrogen and carbon source. No
salt was added in this medium. Those skilled in the
art will recognize it is also possible to utilize
growth media in which salt is added to the medium. A
volume of 100ml of liquid medium was inoculated with a
plug of freshly growing mycelium in 800 ml.-tissue
culture flasks. The cultures were incubated days at 3O
C without shaking. Genomic and cDNA libraries A T.
rubrum genomic DNA library was prepared using DNA
isolated from freshlygrowing mycelium. (Yelton et al,
Proc. Natl. Acad. Sci. USA. 81:1470-1474 (1984). The
DNA was partially digested with Sau3A and DNA
fragments ranging from 12 to 20 b were isolated from
low-melting-point agarose (Roche Diagnostics,
Rotkreuz, Switzerland) with agarase (Roche
Diagnostics). These DNA fragments were inserted into
bacteriophage XEMBL3 using an appropriate cloning
system (Promega). A T. rubrum cDNA library was
prepared in a pSPORT plasmid (Invitrogen Life
Technologies; Rockville, Maryland, USA) using the
microquantity mRNA system and 500 mg of total RNA. The
RNA was prepared from 10-day-old cultures in soy
protein liquid medium (10x100 ml). The mycelium was
ground under liquid nitrogen to a fine powder using a
mortar and pestle, and the total RNA was isolated
using an RNeasy total RNA purification kit for plant
and fungi (Qiagen, Basel, Switzerland). An A.
fumigatus cDNA library was previously constructed with
the CHUVI 92-88 strain grown 40 h at 30 C in liquid
medium containing 0.2% collagen as a sole nitrogen and
carbon source (Monod et al, 1991). Total RNA was
extracted as described (Applegate and 



Monod) and the mRNA was purified using oligo(dT)
cellulose (Sigma, Buchs, Switzerland) according to
standard protocols (Sambrook et al, 1989). A library
was prepared with this mRNA using lambda phage gtll
(Promega) and the protocols of the manufacturer. Table
13 shows T. rubrum and A. fumigatus genes encoding
aminopeptidases. Genomic DNA cDNA: ORF aa number
Introns Gene (bp. from the length (bp.) encoded from
(bp of the genomic DNA ATG to the from the the ATG
from the ATG codon) STOP codon) ATG codon codon ruLAP2
1757 1488 495 3 introns (bp 106-231; 556-632; 917-982)
4 exons coding for 35, 108, 95, 257 aa fuLAP2 1557
1497 498 1 introns (bp 85-144) 2 exons coding for 28,
470 aa ruLAPl 1256 1122 373 2 introns (bp 157-226;
968-1031) 3 exons coding for 52, 247, 74 aa fuLAPl
1298 1167 388 2 introns (bp 187-252; 1000-1064) 3
exons coding for 62, 249, 77 aa LAP gene cloning
Recombinant plaques (104) of the genomic library were
immobilized on GeneScreen nylon membranes (NEN Life
science products, Boston, MA). The filters were
hybridizedwith P-labelled probe using low-stringency
conditions. Monod et ah, MoI. Microbiol. 13:357-368
(1994). All positive plaques were purified and the
associated bacteriophage DNAs were isolated as
described by Grossberger. Grossberger, Nucleic Acid
Res. 15:6737 (1987). Hybridizing fragments from EMB 3
bacteriophages were subcloned into pMTL2I following
standard procedures. Nucleotide sequencing was
performed by Microsynth (Balgach, Switzerland).
Isolation of cDNA by standard PCR T. rubrum and
A.fumigatus cDNAs were obtained by PCR using DNA
prepared from 106 clones of the cDNA libraries. PCR
was performed according to standard conditions using
homologous primers derived from DNA sequences of the
different peptidase genes (Table 13). Two hundred ng
of DNA, m of each sense and antisense oligonucleotides
at a concentration of 42 mM and 8 ml of
deoxynucleotide mix (containing 10 mM of each dNTP)
were dissolved in 100 ml PCR buffer (10 mM Tris-HCI pH
8.3, 50 mM KCI and 1.5mM MgCb). To each reaction 2.5
units of AmpliTAQ DNA polymerase (Perkin Elmer,
Zurich, Switzerland) were added. The reaction mixtures
was incubated 5 mm at 94C, subjected to 25 cycles of
0.5 mm at 94 C, 0.5 mm at 55C and 0.5 mm at 72C and
finally incubated 10 mm at 72C. Production of
recombinant LAPs Expression plasmids were constructed
by cloning cDNA PCR products in the multiple cloning
site of the E. coli - P. pastoris shuttle vector
pKJ113. The PCR products were purified using a PCR
purification kit (Roche Diagnostics) and digested by
restriction enzymes for which a site was previously
designed at the 5' extremity of the primers (Table
14). P. pastoris GSI 5 (lnvitrogen) was transformed by
electroporation with 10 pg of plasmid DNA 



linearized by EcoRl or Smah Transformants selected on
histidine-deficient medium ( sorbitol, 1% (w/v)
dextrose, 1.34% (w/v) yeast nitrogen base (YNB)
without amino acids, 4 x 10 % (w/v) biotin, 5 x 10 %
amino acids {e.g. 5 x 10 % (w/v) of each Lglutamic
acid, Lmethionine, L-lysine, L-leucine, L-isoleucine),
2% (w/v) agarose) were screened for insertion of the
construct at the AOXl site on minimal methanol plates
( .34% (w/v) YNB without amino acids, 4 x 10 5 % (w\v)
biotin, 0.5% (v/v) methanol, 2% (w/v) agarose). The
transformants unable to grow on media containing only
methanol as a carbon source were assumed to contain
the construct at the correct yeast genomic location by
integration eventsin the AOXI locus displacing the
AOXl coding region. These transformants were grown to
near saturation (OD 20 at 600 nm) at 30 C in 10 ml of
glycerol-based yeast media (0.1 M potassium phosphate
buffer at pH 6.0, containing 1% (w/v) yeast extract,
2% (w/v) peptone, 1.34% (w/v) YNB without amino acids,
1% (vlv) glycerol and (w/v) biotin). Cells were
harvested and resuspended in 2 ml of the same medium
with 0.5% (v/v) methanol instead of glycerol and
incubated for 2 days. After 2 days of incubation, the
supernatant was harvested and tested for protein
production on SDS-PAGE gels. Recombinant peptidase
enzymes were produced in large quantities from 400 ml
cell culture supernatant. Table 14 describes materials
used for the expression of the different LAPs in P.
pastoris.Table 14 Gene Oligonucleotide primers
Orientation Encoded amino acid sequence* PCR product
(with Vector cloning sites) ruLAP2 GT TG/T CGA CTT GTT
GGT CAA GAG CCC TTC sense (R)(L)VGQEPFGW (SEQ ID NO:
63) ruLAP2 (58-1485 ) pKJ113 GGA TGG (SEQ ID NO: 47)
CT TGC/ GGC CGC TTA CAT GAA GAC AGT GTG antisense
GHHTVFMSTOP (SEQID NO: 64) SaR-Notl Xhol-Not\ GTG TCC
(SEQ ID NO: 48) fuLAP2* GT TGT CGA GGC CCA GGA TGG GAC
TGG AAG sense (R)GPGWDWK (SEQ ID NO: 65) fuLAP2a
(49-460) pKJ 3 (SEQ ID NO: 49) CGC AAA GG/T GCA CTC
GCC CCG CGA (SEQ ID antisense SRGECTFA (SEQ ID NO: 66)
XhoI-ApaLl Xhol-Bar NO: 50) TCG CGG GGC GAG/ TGC ACC
TTT GCG (SEQ ID sense SRGECTFA (SEQ ID NO: 67) fuLAP2b
(461-1494) NO: 51) CTT A/GA TCT CTA CTG CTC AAC CCG
GTC CTT antisense KDRVEQSTOP(SEQID NO: 68) ApaLl-Bgl
(SEQ ID NO: 52) ruLAPJ GT TC/T CGA GGC ATT CCT GTT GAT
GCC CGG sense (R)(G)IPVDARA (SEQ ID NO: 69) ruLAPl
(61-1119) pKJ113 GCC G (SEQ ID NO: 53) CTT A/GA TCT
TTA CTT AGC AAG CTC AGT GAC antisense VGFVTELAKSTOP
(SEQ ID NO: 70) Xhol- BgKl Xhol-BamRl GAA GCC GAC (SEQ
ID NO: 54) fuLAPl GT TC CGA GGG GCT GTA GCT GCA GTG
ATT sense (R)GAVAAVI (SEQ ID NO: 71) fuLAPl (46-1164)
pKJ113 (SEQ ID NO: 55) CTT A/GA TCT TTA AAA CGG CGC
AAA TGC CAA antisense LAFAPFSTOP(SEQID NO: 72) Xhol-
BgHl Xhol- Bar (SEQ ID NO: 56) ruDPPI^ CT TC/T CGA GTC
GTT CCT CCT CGT GAG CCC CG sense (R)(V)VPPREPR (SEQ ID
NO: 73) ruDPPIVa (49-1266) pKJlll (SEQ ID NO: 57) 



G TTC CAT GGT/ CAT GAC CTT TGT GTC ATA CGA antisense
VSYDTKVM (SEQ ID NO: 74) Xho\-Real Xhl-Bani GAC AG
(SEQ ID NO: 58) GT TCC ATG GT/C ATG ACC CCT CTC GTC
AAC sense VMTPLVNDK (SEQ ID NO: 75) ruDPPIVb
(1267-2325) GAT AAG G (SEQ ID NO: 59) CTT G/GA TCC TCA
TTC CTC TGC CCT CTC ACC antisense GERAEESTOP (SEQID
NO: 76) Real- Barn l (SEQ ID NO: 60) ruDPPV CCG G/AA
TTC TTT ACC CCA GAG GAC TTC (SEQ sense (E)(F)FTPEDF
(SEQ ID NO: 77) ruDPPV (58-2178) pPICZctA ID NO: 61)
GAG T/CT AGA CTA GTA GTC GAA GTA AGA GTG antisense
HSYFDYSTOP(SEQ ID NO: 78) EcoKl-Xbal EcoW-Xbal (SEQ ID
NO: 62) O* In parentheses are shown amino acids
encoded by the restriction site sequences and added to
the N-terminal extremity of recombinant enzymes. The
numbersin parentheses represent nucleotide positions
on LAP and DPP cDNAs. FuLAP2 and ruDPPIV PCR fragments
inserted end to end into E. coli-P. pastoris shuttle
vectors.Purification of recombinant LAPs The secreted
proteins from 400 ml of P.pastons culture supernatant
were concentrated by ultrafiltration using an Amicon
cell and an Ultracel Amicon YM30 membrane (30 kDa
cut-off) (Millipore, Volketswil, Switzerland). The
concentrate was washed with 50 M Tris-HCl, pH 7.5 and
applied to a Mono Q-Sepharose (Amersham Pharmacia, D
bendorf, Switzerland) column equilibrated with the
same buffer. After washing the column with 50 mM
Tris-HCl, pH 7.5, elution was performed with a linear
gradient of 0-0.5 M NaCl at a flow-rate of 1 ml/min.
The different fractions eluted from the Mono
Q-Sepharose column were screened for enzymatic
activity using Leucine-7-amino-4-methylcoumarin
(Leu-AMC) as a substrate and LAP-containing fractions
were pooled. After concentration in an Amicon
ultrafiltration cell with an Ultracel Amicon YM30
membrane and washing with 2OmM Tris-HCl, pH 6.0, the
LAP extract was loaded on a size exclusion Superose 6
FPLC column (Amersham Pharmacia) and elution was
performed at a flowrate of 0.2 ml/min using 2OmM
Tris-HCl, pH 6.0 as eluant. The eluted active
fractions were pooled The LAP enzyme was concentrated
to a final volume of 0.4-1.0 ml in a Centricon
concentrator witt a 30 kDa cut-off (Millipore) at 4C
prior to further functional characterization. In an
alternative purification scheme, each step of
purification was performed at 4C. The secreted
proteins from 400 ml of P.pastoris culture supernatant
were concentrated by ultrafiltratior using an Amicon
cell and an Ultracel Amicon YM30 membrane (30 kDa
cut-off) (Millipore, Volketswil, Switzerland). The
concentrate was washed with 100ml of 20 mM sodium
acetate, pH 6.0 and applied to a Mono Q-Sepharose
(Amersham Pharmacia, D bendorf, Switzerland) column
equilibrated with the same buffer. After washing the
column with 20 mM Tris-HCl pH 6.0 buffer, the enzyme
was eluted with a linear gradient of 0-0.2 M NaCl at a
flow-rate of 1 ml/min over 142 min. The different
fractions eluted from the Mono Q-Sepharose column were
screened for enzymatic activity using
Leucme-7-amino-4-methylcoumarin (Leu-AMC) as a
substrate (see below) and LAP-containing fractions
were pooled. After concentration in an Amicon
ultrafiltration cell with an Ultracel Amicon YM30
membrane and washing with PBS, the LAP extract was
loaded on a size exclusion Superdex 200 FPLC column
(Amersham Pharmacia) using 20 mM sodium acetate pH 6.0
buffer and elution was performed at a flow-rate of 0.2
ml/min. The eluted active fractions were pooled. The
LAP enzyme was subjected to further characterization
after 



concentration to a final volume of 0.4-1.0 ml in a
Centricon concentrator with a 30 kDa cut-off
(Millipore) at 4C. A fraction containing ruLAP2
activity elutes from MonoQ at 30-40 min (approx. 50 mM
NaCl) and at 65-70 min with superdex 200 = Peak 3.
However, a large amount of LAP2 activitywas not
retained and eluted in the flow-through at 1M NaCl.
Therefore, after desalting this fractioi with 20 M
sodium acetate, the sample was applied on the same
MonoQ column with a wider gradient between 0 and 1M
NaCl over 142 min at 0.5 ml/min. A first peak of
activity eluates at 7 min corresponding to 70-140 mM
NaCl and a second peak elutes at 150-250 mM NaCl (with
more activity content). The fraction at 70-140 mM NaCl
elutes at 78-80 min on Superdex and was therefore
pooled with peak 3 obtained above. The fraction at
150-250 mM NaCl gives two active fractions eluting
respectively at 44-49 min (Peak 1) and 50-63 min (Peak
2) on Superdex . Protein extract analysis Protein
extracts were analyzed by SDS-PAGE with a separation
gel of 12% polyacrylamidf Gels were stained with
Coomassie brilliant blue R-250 (Bio-Rad).
N-glycosidase F digestion was performed as previously
described. Doumas et al, Appl. Environ. Microbiol.
64:4809-4815 (1998] Western blots The membranes were
first stained with Red-Ponceau and the major protein
bands were marked with a needle. Immunoblots were
performed using rabbit antisera and alkaline
phosphatase conjugated goat anti-rabbit IgG (Bio-Rad)
or peroxidase-conjugated goat anti-rabbit IgG
(Amersham Pharmacia) as secondary labeled antibodies.
Rabbit antisera to ruLAPl, ruLAP2, A. oryzae secreted
alkaline protease (ALP) and A. oryzae secreted neutral
protease (NPI) of the fungalysin family (Doumas et al,
J. Food Mycol. 2:271-279 (1999)) were made by
Eurogentec (Liege, Belgium) using purified recombinant
enzyme. Aminopeptidase activity assay Aminopeptidase
activity was determined using different fluorogenic
aminoacyl-4- methylcoumaryl-7-amide derivatives of
peptides and the internally quenched fluorogenic
substrate Lys(Abz)-Pro-Pro-pNA for specific
determination of aminopeptidase P activity. Stockel et
al, Ad\ Exp. Med. Biol. 421:31-35 (1997). All
substrates were from Bachem (Bubendorf, Switzerland).
Substrate stock solutions were prepared at 0.1 M
according to the recommendations of the manufacturer
and stored at -2O C. The reaction mixture contained a
concentration of 5 mM substrate and enzyme preparation
(between 56 and 2,662 ng per assay depending on the
cleavage activity of each enzyme for the substrates)
in 25 m of 50 mM Tris-HCl buffer adjusted at the
optimal pH for each LAP (between 7 and 8). After
incubation at 37C for 60 min, the reaction was
terminated by adding 5 ml of glacial acetic acid and
the reaction mixture was diluted with 3.5 ml ofwater.
The released 7-amino-4-methylcoumarin (AMC) was
measured using a spectrofluorophotometer (Perkin Elmer
LS-5 fluorometer, Zurich, Switzerland) at an
excitation wavelength of 370 n and an emission
wavelength of 460 ran. A standard curve made with
synthetic AMC was used to assess the released AMC. The
released diprolyl-p-nitroanilide was measured at an
excitation wavelength of 310 nm and an emission
wavelength of 410 nm. The LA activities were expressed
in nmoles of released AMC or pNA/min/ mg protein.
Table details the hydrolytic activity of different
LAPs toward various aminoacyl-MCA comparison (%) to
Leu-MCA used as a standard. Table 15 



Substrate ruLAP2 fuLAP2 ruLAPl fuLAPl pkLAP Leu-AMC
100.0 100.0 100.0 100.0 100.0 He- AMC 6.4 1.8 7.4 13.2
6.3 VaI-AMC 4.8 0.8 4.9 27.6 4.0 AIa-AMC 33.3 11.7 5.2
4.7 584.7 GIy-AMC 3.3 2.2 5.1 0.8 74.8 Ser- AMC 26.1
10.3 5.9 10.3 24.6 Thr-AMC 0.9 0.1 1.7 5.1 4.4 Cys-AMC
14.9 2.1 18.5 5.0 35.5 Met-AMC 119.7 89.5 41.3 116.9
46.1 Asn-AMC 114.6 73.5 6.8 29.4 33.9 GIn-AMC 49.9
37.0 2.3 44.9 50.7 Asp-AMC 3.8 0.3 0.0 0.8 0.9 GIu-AMC
3.7 1.1 0.0 0.0 4.7 Lys-AMC 4.6 2.3 9.1 7.7 70.1
Arg-AMC 1.9 2.3 12.3 53.9 174.8 His-AMC 0.6 1.9 0.1
0.8 17.6 Phe-AMC 17.1 8.9 4.6 163.7 184.4 Pro-AMC 21.4
7.4 1.4 12.0 7.9 Hyp-AMC 14.2 13.3 0.3 3.9 1.7
Gly-Pro-AMC 7.2 74.1 0.0 5.4 16.7 Pyr-AMC 0.0 0.0 0.0
0.0 0.0 Lys(Abz)Pro-PropNA 0.0 0.0 0.0 0.0 0.0 Effect
of various chemical reagents on LAPs Inhibitors and
metallic cations were pre-incubated with the enzymes
for min at 37C. Then, Leu-AMC at a 5 M final
concentration was added. After further incubation for
60 min, enzyme activity was measured as described
above. The inhibitors and their concentrations tested
< purified LAPs were: 500 mM amastatin (Bachem), 40 mM
benzamidine (Sigma), 500 mM bestatin (Bachem), 5 mM/1
mM EDTA (Sigma). 100 mM E-64
(L-trans-epoxysuccinyl-leu-4- guanidinobutylamide)
(Bachem), 100 mM leupeptin (Sigma), 5 mM/1 mM
ortho-phenanthroline (Sigma), 500 mM
p-chloromercuribenzoic acid (Sigma), 100 mM pepstatin
A (Sigma), 40 mM PMSF (Sigma), 20 mM TLCK (Roche
Diagnostics), and 20 mM TPCK (Roche Diagnostics).
CaCMgCl , MnCl , CoCl , ZnCl ., NiCl , CuCl were
tested at concentrations of 0.5 M and 1 mM. Table
details the hydrolytic activity of different EXOXs in
the presence of various protease inhibitors using
Leu-MCA as a substrate for LAP. The activity is given
as a percentage of the activity of control enzymatic
reaction without inhibitor. Table 16 Inhibitor ruLAP2
fuLAP2 ruLAPl fuLAPl pkLAP EDTA 5 mM 5 50 0 16 99 EDTA
1mM 7 77 7 19 68 orthophenanthroline 5 mM 0 0 0 0 0
orthophenanthroline 1mM 0 0 0 0 0 



Bestatin 500 mM 55 88 0 11 24 Amastatin 500 mM 0 0 0
17 0 p-chloromercuribenzoic acid 500 mM 21 96 32 90 59
E 64 100 mM 34 71 103 190 93 Leupeptin 100 mM 113 61
233 149 86 Pepstatin 100 mM 45 73 160 14 64 PMSF 40 mM
79 84 78 156 58 Benzamidine 40 mM 89 91 85 77 75 TLCK
20 mM 96 120 68 80 113 TPCK 20 mM 79 87 68 95 108
Table 17 details the hydrolytic activity of different
EXOs in the presence of various cations using Leu-MCA
as a substrate for LAP. The activity is given as the
percentage of the activity of control enzymatic
reaction without any cation.Table 17 ruLAP2 fuLAP2
ruLAPl fuLAPl pkLAP CaCl 0.5 M 126.6 110.0 151.7 54.9
177.4 CaCl 1mM 141.9 165.4 175.6 43.3 161.8 MgCl 0.5
mM 121.2 97.6 129.9 68.5 130.1 MgCl 1 mM 110.2 108.0
132.6 72.6 146.1 MnCl 0.5 mM 77.5 84.3 120.7 25.9
157.6 MnCl mM 86.8 140.2 105.2 28.4 165.8 CoCl 0.5 mM
591.2 378.0 210.2 104.3 876.1 CoCl 1 mM 789.7 662.7
202.1 96.5 899.8 ZnCl 0.5 mM 77.9 51.4 43.0 60.7 437.6
ZnCl mM 88.9 119.5 68.9 53.2 297.9 NiCl 0.5 mM 130.5
98.4 74.8 51.7 1187.7 NiCl mM 147.9 149.3 58.1 37.2
1158.7 CuCl 0.5 mM 50.9 68.9 40.1 25.8 1422.0 CuCl mM
34.7 73.6 13.7 17.0 1092.4 Optimal pH of activity of
EXOXs The optimal pH for enzymatic activities was
determined using the Ellis and Morrison buffei system.
Ellis & Morrison, Methods Enzymol. 87:405-426 (1982).
The buffer contained three components with different
pKa values while the ionic strength of buffer remained
constant throughout the entire pH range examined. The
pH of the buffer was adjusted from 6 to in halfpH unit
increments with M HCl or M NaOH. The assay conditions
for activity on Leu- AMC substrates was the same as
above except that the Tris/HCl buffer was replaced by
the Ellis and Morrison buffer (composition) at the pH
values indicated. Table details characteristics of
native and recombinant T. rubrum and A. fumigatus
secreted aminopeptidases.Table 18 Gene Gene Number
Preprotein Signal Mature Molecular mass of Molecular
mass of Molecular mass of Number of Calculated Yield
of GenBank length f (aa) (aa) domain the polypeptide
the native/ recombinant putative recombinant accession
(nt) introns (aa) chain of the recombinant enzyme
after glycosylation (mature protein number 



mature enzyme enzyme (kDa) deglycosylation sites
domain)* (mg/ml) (kDa) (kDa) ruLAPl 1256 2 373 19 354
38,804 31-33/38-40 38-40 3 6.39 (6.23) 40 AY496930
fuLAPl 1298 2 388 17 371 41,465 NI/ 40 40 3 5.67
(5.67) 80 AY436356 ruLAP2 1757 3 495 18 477 51,487 58/
58-65 52 4 7.32 (6.94) 40 AY496929 fuLAP2 1557 1 498
15 383 52,270 NI/ 75-100 52 6 5.57 (5.46) 100 AY436357
ruDPPIV 2326 0 775 15 760 86,610 90/ 90 84 4 (8.05) 10
AY497021 NI : means not determined The value in
brackets corresponds to full-length polypeptide
without prosequenceTemperature optima of activity of
EXOXs The optimal temperature conditions were
determined by measuring the enzymatic activity their
pH optima after incubating each of the LAPs with
Leu-AMC (5 mM) at 20, 30, 40, 50, 60, 70 and 8O C for
10, 30 and 60 min. Proteolytic assays The proteolytic
activity was measured using resorufin-labeled casein
in phosphate buffer (20 mM; pH 7.4). The reaction
mixture contained 0.02% substrate in a total volume of
0.5 ml. Afte incubation at 37C, the undigested
substrate was precipitated by trichloroacetic add (4%
final concentration) and separated from the
supernatant by centrifugation. The absorbance at 574 n
of the supernatant was measured after alkalinization
by adding 500 m Tris buffer (500 mM; pH 9.4). For
practical purposes, one unit (U) of proteolytic
activity was defined as that producing an absorbance
of 0.001 per min. Example 2; T. rubrum secreted
proteolytic activity T. rubrum was grown at 3O C in a
medium containing 0.2% soy protein as a sole carbon a
nitrogen source. After 14 days of growth, a
concomitant clarification of the culture medium was
noted and a substantial proteolytic activity (400 U ml
1) detected using resorufin-labeled casein as
substrate. This proteolytic activity was 15% and 85%
inhibited by PMSF and ortho-phenanthroline
respectively, attesting that serine and
metalloproteases were secreted by T. rubrum. Western
blot analysis of culture supernatant revealed that T.
rubrum, like M. canis, secreted endoproteases of the
subtilisin family (MEROPS>S8) and of the fungalysin
family (MEROPS>M36) similar to the alkaline protease
ALP and the neutral metalloprotease NPI secreted by A.
oryzae (See Figure 1). In addition, a high activity on
substrates such as Leu-AMC and Leu-pNA was detected in
the T. rubrum culture supernatant. Example 3: T.
rubrum secreted aminopeptidase activity The nucleotide
sequences ofMicrosporum canis endoprotease genes
showed 50-70% similarity to homologous genes encoding
the subtilisins and the fungalysins secreted by A.
oryzae and A.fumigatus. In addition, the M. canis and
Aspergillus genes showed colinear intron-exon
structures. Therefore, DNA sequences available for A.
oryzae and Sacharomyces cerevisiae genes coding for
aminopeptidases were used to design probes for
screening a T. rubrum genomic DNAlibrary.
Characterization of the T. rubrum secreted
aminopeptidases in comparison to those secret* by the
opportunist A. fumigatus was performed using
recombinant proteins. Example 4: Cloning of genes
encoding T. rubrum andA. fumigatus aminopeptidases
Tables 19A and 19B detail a pairwise comparison of
various LAPs. Table 19A 



% Similarity or Identity M28E ruLAPl fuLAPl orLAPl
Vibrio LAP Enzyme ruLAPl 72 72 41 fuLAPl 50 70 39
orLAPl 48 49 42 Vibrio LAP 22 21 23 Table 19B
%Similarity or Identity M28A ruLAP2 fuLAP2 orLAP2 S.
cer. aaY Enzyme ruLAP2 69 71 53 fuLAP2 51 85 52 orLAP2
49 72 53 S. cer. aaY 32 33 34 The percent of
similarity (top right-hand comer) and percent of
identity (bottom left-hand corner values were obtained
with the program Gap implemented in the GCG package of
the Genetics Computer Group, University of Wisconsin,
Madison . Figure 14 is an alignment of deduced amino
acid sequences of aminopeptidases of the M28E
subfamily. Putative signal sequence processing sites
are underlined. A putative KR processing site in
ruLAPl is indicated by a solid triangle. The amino
acids of the two Zn4 binding sites in S. griseus
aminopeptidase and conserved in the other LAPs are
indicated by an open arrow The alignment was performed
with the Pileup algorithm implemented in the GCG
package of the University of Wisconsin and reformatted
with Boxshade 3.2. AbispLAPl is for LAP o Agaricus
bisporus. Figure 15 is an alignment of deduced amino
acid sequences of aminopeptidases of the M subfamily.
Putative signal sequence processing sites are
underlined. Two amino acid residues, His and Asp,
conserved in the fungal LAPs and binding a first Zn
ion in S. griseusaminopeptidase are indicated by open
triangles. Two additional residues His and GIu binding
a second Zn ion are indicated by solid diamonds, while
the Asp residue bridging the two Zn ions is indicated
by an open arrow. The * represent methionine residues
found only in ruLAP2. The alignment was performed with
the Pileup algorithm implemented in the GCG package of
the University of Wisconsin and reformatted with
Boxshade .2. The amino acid sequences GPGINDDGSG (SEQ
ID NO: 36) and DM(QZM)ASPN (SEQK NO: 37) were found in
aA. oryzae secreted 52 kDa aminopeptidase (U.S. patent
6,127,161) and the S. cerevisiae aminopeptidase.
Nishizawa et al., J. Biol. Chem. 269:13651-13655
(1994). From these data, two consensus
oligonucleotides (GGXATXAAYGAYGA YGGXTCXGG (SEQ ED NO:
38) and TTXGGXGAXGCXATCATRTC (SEQ ID NO: 39) were used
as sense and antisense, respectively, to amplify DNA
from T. rubrum. A 220bp PCR product was obtained and
sequenced. The deduced amino acid sequence showed high
similarity to the amino acid sequence of the A. oryzae
and the S. cerevisiae aminopeptidases. This 220bp PCR
fragment was used as a probe for screening a l phage
EMBL3 T. rubrum genomic DNA library and a nucleotide
sequence coding foi 



a putative aminopeptidase (ruLAP2) was found. A
nucleotide sequence coding for a similar secreted
aminopeptidase (fuLAP2) was found in the A. fumigatus
genome sequence (at website address www.TIGR.com). A
1200 bp fragment containing the nucleotide sequence of
the gene encoding an A. oryzae kDa aminopeptidase
(U.S. patent 5,994,113) was obtained by PCR ofA.
oryzae genomic DNA using the oligonucleotides
GCATTCCTGUGATGCCCGGGCCG (sense) (SEQ ID NO: 40) and
TTACTTAGCAAGCTCAGTGACGAAGCCGAC (antisense) (SEQ ID NO:
41). This fragment was used as a probe for a second
screening of the T. rubrum genomic DNA library. A
nucleotide sequence (EMBL) similar to those coding for
the A. oryzae 30 kDa aminopeptidase and to another
putative secreted aminopeptidase from the A. fumigatus
genome sequence (at website address www.TlGR.com) was
found in l phage EMBL3 DNA of the T. rubrum genomic
library. These T. rubrum and A. fumigatus putative
aminopeptidases were called ruLAPl and fuLAPl,
respectively. The identified nucleotide sequencesof
ruLAPl, ruLAP2, fuLAPl and fuLAP2 each contain a 17-20
amino acid signal sequence. The intron-exon structure
of the T. rubrum and A. fumigatus genes was determined
by sequencing a PCR product using '-sense and
'-antisense primers based on isolated genomic DNA {See
Table 14) and total DNA from a pool of 108 clones of
the T. rubrum orA. fumigatus cDNA libraries as a
target. The first of the three introns in ruLAP2 was
in position similar to that of the unique intron o
fuLAP2 (See Table 13). The genes ruLAPl andfuLAPl have
similar colinear structures with two introns and three
exons.Example 5: Production of recombinant T. rubrum
andA. fumisatus aminopeptidases The T. rubrum and A.
fumigatus cDNAs obtained by RT-PCR were cloned in
pKJIB (Borgvon Zepelin et al, 1998) and expressed in
P. pastoris. Depending on the peptidase produced,
about 10-80 mg of active enzyme on Leu-AMC was
obtained (See Table 18). Under identical culture
conditions wild type P. pastoris did not secrete any
leucine aminopeptidase activity into the culture
medium. SDS-PAGE analysis of recombinant ruLAP2,
fuLAPl and fuLAP2 secreted by P. pastoris
transformants showed a smearing band (Figure 2). Upon
treatment with N-glycosidase F, only a major band with
a faster migration appeared on the gels attesting
that, in contrast to ruLAPl, these three LAPs were
glycoproteins (Figure 2). The apparent molecular mass
of each deglycosylated recombinant LAP was close to
that of the calculated molecular mass of the
polypeptide chain deduced from the nucleotide sequence
of the genes encoding the protease. The deduced
primary structures (amino acid sequences) of each
recombinant enzyme are provided in Table 18. Example
6: Detection of ruLAPl and ruLAP2 in T. rubrum culture
supernatant Using anti-ruLAPl antiserum, an
accumulation of a LAPl product with an electrophoretic
mobility higher than that of recombinant ruLAPl was
detected in the T. rubrum culture supernatant (See
Figure 3). Using anti-ruLAP2 antiserum, Western blot
analysis of a T. rubrum culture supernatant revealed
that T. rubrum secreted glycosylated LAP2 with the
same electrophoretic mobility as that of the
recombinant enzyme from P. pastoris (See Figure 3).
Example 7: Properties of recombinant LAPs The
aminopeptidases ruLAPl, ruLAP2, fuLAPl, fuLAP2, as
well as the microsomal porcine kidney aminopeptidase
(pkLAP) each efficiently hydrolyzed Leu-AMC. This
substrate was 



used to determine the optimum temperature and pH of
activity, and to further characterize the enzymes by
measuring the effect of (i) various known peptidase
inhibitors (See Table 16) and (ii) different divalent
ions (See Table 17). Each LAP was capable of cleaving
Leu-AMC at 2O C and had a temperature optimum ranging
from 40 to 50 C. The optimum pH was between 7.0 and
8.5 (See Table 18).A 10 min pre-treatment at 8OC
totally and irreversibly inactivated the enzymes. The
aminopeptidases tested were strongly or totally
inhibited by amastatin (See Table 16) at a
concentration of 500 mM. RuLAPl, fuLAPl and pkLAP were
also inhibited by bestatin, but thisinhibitor had only
partial inhibitory effect on both ruLAP2 and fuLAP2.
Of the chelating agents tested, ortho-phenantroline
totally inhibited the five enzymes at concentrations
of 1 and 5 mM. FuLAPl, ruLAP2 and ruLAPl were more
sensitive to EDTA than the other LAPs. E64 and
pchloromercuribenzoate (cysteine protease inhibitors)
blunted the activity of ruLAP2 indicating the presence
of critical thiol residues for activity on the amino
acid sequence of this enzyme. Leupeptin
(serine/cysteine protease inhibitor), PMSF (serine
protease inhibitor), benzamidine, TLCK and TPCK had no
clear inhibitory effects on all the LAPs tested.
Surprisingly, fuLAPl and ruLAPl exhibited some
sensitivity to 0.1 mM pepstatin (aspartic acid
protease inhibitor). With the exception of fuLAPl,
which exhibits a general sensitivity to divalent ions,
Co ions increased the activity of the LAPs from 200%
to 900% at a concentration up to ImM. The four fungal
LAPs showed variable sensitivities to divalent
cations. For instance, fuLAP2 was activated by Mn and
Ca , while fuLAPl was inhibited by the same ions. The
microsomal pkLAP, highly activated by Zn, Ni and Cu
differs from the four fungal LAPs of the M28 family.
The hydrolytic activity of the enzymes toward
different aminoacyl-AMC was compared to Leu-AMC used
as a reference (See Table 15). Following the
aminopeptidase tested, various preferences for the
different aminoacyl residue were detected. For
example, the aminopeptidase pkLAP differs from the
four fungal LAPs by an extremely high efficiency
towards AIa-AMC and Arg-AMC. ruLAPl was clearly the
most selective for Leu-AMC. However, some other
preferential cleavage activities were observed with
ruLAP2, fuLAPl and fuLAP2. For instance Ser- and Pro-
AMC were more efficiently cleaved by ruLAP2, whereas
fuLAPl appreciated Arg-, VaI-, and Phe- AMC. Only
ruLAP2 efficiently cleaved Asp- and GIu-AMC. None of
these enzymes exhibited an aminopeptidase P activity
since they were not able to cleave
Lys(Abz)-Pro-Pro-pNA. Example 8: Application of ruLAP2
together with ruDPPIV in the digestion of gliadin
peptides Celiac disease (CD) is a digestive disease
that damages the small intestine and interferes with
absorption of nutrients from food. People who have
celiac disease cannot tolerate a protein called
gluten, which is found in wheat, rye and barley. When
people with celiac disease eat foods containing
gluten, their immune system responds by damaging the
small intestine. The disease has a prevalence of :200
in most of the world's population groups and the only
treatment for celiac disease is to maintain a
life-long, strictly gluten- free diet. For most
people, following this diet will stop symptoms, heal
existing intestinal damage, and prevent further
damage. The principal toxic components of wheat gluten
are a family of Pro-and Gin-rich proteins called
gliadins, which are resistant to degradation in the
gastrointestinal tract and contain several
Tcellstimulatory epitopes. There is some controversy
about the epitopes that effectively induce an
immunological activation of HLA-DQ2 positive
gut-derived and peripheral T cells (Vader et al.,
Gastroenterology 122:1729-1737 (2002)) because
different in vitro systems have been used for these
studies. The capacity of gliadin peptides to induce
toxicity in an organ culture model of CD 



does not correspond to that of stimulating T-cells and
vice versa. McAdam & Sollid, Gut 47: 743- 745 (2000).
Moreover, the binding of many gluten epitopes to
HLA-DQ2 and HLA-DQ8 but not all is enhanced by
deamidation of certain glutamine residues into
glutamic acids through the action of the small
intestinal enzyme tissue transglutaminase, which
potentiates their ability to stimulate Tcells. Molberg
et al., Nat. Med. 4:713-717 (1998). However,
deamidation is not an absolute requirement for T-cell
activation. Arentz-Hansen et al., Gastroenterology
123:803-809 (2002). Other strategies for treating or
preventing CD, with the ultimate hope being an
alternative for the "gluten free" diet, have been
suggested over the last years, including inhibition of
Tcellactivation by compounds that block peptide
binding to HLA-DQ2, inhibitors of tissue
transglutaminase that prevent gluten deamidation
(Sollid, Nat. Rev. Immunol. 2:647-655 (2002)) and
peroral peptidase supplementation. This latter
approach is considered to aid complete digestion of
immunostimulatory peptides by involvement of bacterial
prolyl endopeptidases which have broad tolerance for
proline containing peptides. Shan et al, Science
297:2275-2279 (2002); Hausch et al, Am. J. Physiol.
Gastrointest Liver Physiol. 283:G996-G1003 (2002). A
relatively large fragment of gliadin that is resistant
to digestive enzymes degradation was identified.
Furthermore, this peptide was shown to be a potent
stimulator of different HLA-DQ2-restricted T cell
clones derived from intestinal biopsies of CD patients
stimulated with gluten, each of these clones
recognizing a different epitope of the 33mer. The
prolyl endopeptidase, which has a preference for
Pro-Xaa-Pro motif, is able to cleave the 33mer gliadin
peptide and the synergistic effect of brush border
aminopeptidase rapidly decreases the T-cell
stimulatory potential of the peptide. Though there are
stable homologs to this 33mer in barley and rye, these
gluten peptide motifs that are described as resistant
to gastrointestinal degradation were used in our case
as model substrates for different LAPs, either alone
or in combination with ruDPPIV: PQPQLPYPQPQLPY (SEQ ID
NO: 42)(14mer) corresponding to fragment 82-95 of /b
gliadin AIV (P04724) or
LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF (SEQ ID NO: 43)
(33mer) corresponding to fragment 57-89 of gliadin MMl
(P 18573).A N-terminal acetylated form of the 33mer
(Ac-33mer) was also synthesized as control for the
digestion experiments with exopeptidases to preclude
any endoproteolytic cleavage by a contaminant enzyme.
The enzymes that have been evaluated include: ruLAPl
(aminopeptidase I of Trichophyton rubrum), ruLAP2
(aminopeptidase II of Trichophyton rubrum), orLAP2
(aminopeptidase II of Aspergillus orizae), fuLAP2
(aminopeptidase II ofAspergillus fumigatus), MicpKLAP
(microsomal leucine aminopeptidase from porcine
kidney, Sigma), CytpKLAP (cytosolic leucine
aminopeptidase from porcine kidney, Sigma), and
ruDPPIV. Synthesis of the peptides : Solid-phase
synthesis was performed on a custom-modified 430A
peptide synthesizer from Applied Biosystems, using in
situ
neutralization/2-(lH-benzotriazol-l-yl)-l,1,1,3,3-
tetramethyluronium hexa fluoro-phosphate (HBTU)
activation protocols for stepwise Boc chemistry chain
elongation on a standard -O-CH2-phenylacetamidomethyl
resin. Schnolzer et al., Int. J. Peptide Protein Res.
40:180-193 (1992). At the end of the synthesis, the
peptides were deprotected and cleaved from the resin
by 



treatment with anhydrous HF for lhr at 0 C with 5%
p-cresol as a scavenger. After cleavage, the peptides
were precipitated with ice-cold diethylether,
dissolved in aqueous acetonitrile and lyophilized. The
peptides were purified by RP-HPLC with a column from
Waters by using linear gradients of buffer B (90%
acetonitile/1 % H O/0. % trifluoroacetic acid) in
buffer A (H2 /0.1% trifluoroacetic acid) and UV
detection at 214nm. Samples were analyzed by
electrospray mass spectrometry with a Platform II
instrument (Micromass, Manchester, England).
Conditions of degradation reaction: Incubation was
carried out at 37C in 5OmM Tris-HCl, pH7.2
supplemented withlmM CoC^with a substrate
concentration of lmg/mL and an E/S ratio of :20. The
reaction was stopped by acidification with CH3COOH and
the medium analysed by RP-HPLC on a C column using a
2%/min CH CN gradient in 0.1% TFA. All peaks were
characterized by ESI-MS. Digestion of the 14mer: As
shown in Figure 6, the 14mer is not digested with
ruLAP2 within 4h. There is no change in the HPLC
profile when compared with the control h fact,
digestion results only in the cleavage of the
N-terminal Proline. On the other hand, supplementation
with ruDPPIV results in a completebreakdown in amino
acids and dipeptides, while ruDPPIV alone is not able
to hydrolyse the peptide (Figure 7). Digestion of the
33mer: Digestion of the 33mer with ruLAP2 alone
results in partial degradation (less than 50%) of the
peptide within 4h (data not shown). This peptide is
not a substrate for ruDPPIV (Figure 8). However, when
both enzymes are mixed, the 33mer is totally digested
(Figure 9) into amino acids and dipeptides some of
which could be identified by ESI-MS (Y, L, F, P, PY,
and PF). The same HPLC pattern is obtained when
ruDPPIV is mixed with ruLAP2 or fuLAP2. However, with
ruLAPl some higher molecular weight compounds are
still present, but represent less than 10% of the
initial substrate. On the other hand, incubation with
microsomal porcine kidney aminopeptidase results only
in a partial deletion of N-terminal Leu and C-terminal
Phe (due to a carboxypeptidasic contaminant) and
addition of DPPIV does not modify the profile.
Cytosolic porcine kidney aminopeptidase is totally
inactive towards the 33mer. The stability of the
Ac-gliadin 33mer in the digestion experiments with
either LAP or DPPIV alone, or mixed together, confirms
that a free amino group is required for the complete
breakdown of the gliadin 33mer by these exopeptidases.
Digestion with other enzymes: Digestion with Pronase
(E/S=l/25) over 2Ohis only partial (less than 40%) and
the addition of ruLAP2 (both enzymes at an E/S rartio
(w:w) of :50) does not improve the hydrolysis. On the
other hand, addition of DPPIV under the same
conditions results in a complete breakdown of the
peptide due to the complementary action of an
aminopeptidase and dipeptidylpeptidase. Chymotrypsin
alone or supplemented with ruLAP or DPPIV is not able
to breakdown the peptide. Example 9: Application of
ruLAP2 in the processing of expressed recombinant
proteins fused with another protein or with a
N-terminal Tag LAP2 was evaluated in the cleavage of
the Gly-Ser from the N-terminus of proNPY and of a
supplementary Ala from the N-terminus of the same
peptide. In order to widen the applicability 



of LAP2 either alone or in conjunction with another
exopeptidase in the processing of larger recombinant
proteins, a G-CSF recombinant protein (Cys 7->Ser,Ly
'23'34-40 - >Arg) with an Nterminal sequence
Met-Thr-Pro, was successively incubated with ruLAP2
and ruDPPIV to remove sequentially Met and Thr-Pro
dipeptide from the 175 residue protein. Digestion of
Gly-Ser-proNPY with ruLAP2: The peptide was incubated
overnight at 37C and lmg/ml in a 5OmM Tris.HCl, ImM
C0CI2 buffer with ruLAP2 at an E/S ratio of 1:20 and
1:100 (w:w). The digested material was isolated by
RP-HPLC and characterized by ESI-MS. As shown in
Figure 10, incubation with ruLAP2 results in the
cleavage of the two N-terminal residues Gly-Ser with a
theoretical loss of 144.1 amu (found 144.2). The same
result is obtained at an 1:100 E/S ratio. Digestion
halts when the enzyme reaches a Xaa-Pro-motif, which
in case of proNPY is Tyr-Pro. Digestion of Ala-proNPY
with ruLAP2: Conditions of incubation were the same as
for Gly-Ser-proNPY. Figure 1 B shows that the
N-terminal alanine was almost totally removed
(molecular mass loss of 71 amu) from proNPY.
Successive cleavage of Met and Thr-Pro from the
N-terminus of G-CSF: The mutant analogue of G-CSF
known as TG47 used in these experiments is methionyl-
[C17S, Kl 6,23,34,40R] G-CSF with a theoretical mass
of 18,894.90 for the refolded protein. Digestion with
ruLAP2: Stock solution of G-CSF (1.9mg/ml in PBS
containing 0.1% Sarcosyl) was diluted 4 times in 5OmM
Tris-HCl at pH7.2 supplemented with ImM C0CI2, and
incubated with ruLAP2 (E/S=l/20 and 1:100, w:w) for
15h at 37C . The solution was diluted with 30% (v:v)
acetonitrile, acidified with acetic acid and the
protein isolated by RP-HPLC for MS characterization.
As shown in Figure 12A and B, the overnight incubation
results in the complete cleavage of the N-terminal
methionine with a theoretical mass loss of 131.2 amu.
With an E/S ratio (w:w) of 1:100, traces of uncleaved
material are still present after an overnight
incubation. This experiment was repeated at a 2mg
scale in order to isolate the truncated material on a
semi-preparative RP-HPLC column, by carrying out the
digestion with a E/S ratio of :25 (w:w) at 37 C over
15h. The isolated material (0.8mg) was characterized
by ESI-MS (Figure 12B, desMet- G-CSF, calculated
molecular mass at 18,763.7 amu; measured molecular
mass at 18,762.5). Digestion of desMet-G-CSF with
DPPIV: The freeze-dried material was suspended at a
lmg/ml concentration in 5OmM Tris-HCl, pH 7.5
containing 0. % Sarcosyl and incubated overnight at
37C with DPPIV at an E/S ratio of 1/20(w:w). The
protein was isolated by RP-HPLC as before and
characterized by ESI-MS (Figures 13A and B). DPPIV
digestion (Figure 13B) results in the cleavage of the
N-terminal dipeptide Thr-Pro (calculated molecular
mass of 18,564.8 uma; measured molecular mass at
18,563). Traces of undigested material are still
present in the reaction medium. Thus, a sequential
application of LAP2 and DPPIV results in the efficient
removal of an Nterminal sequence from a recombinant
protein. Digestion with ruLAP2 is halted when the
enzyme reaches a "stop point" amino acid motif, such
as Xaa-Pro-Xaa, or the Xaa-Pro motif, which may be
specifically introduced as a LAP2 "stop point", is
subsequently cleaved with DPPIV. However, initial
cleavage of the N-terminal residues is highly
dependent on the sequence since the Met(His) tag was
not removed from Met(His)6 -proNPY by incubating with
LAP and 



DPPGV. OTHER EMBODIMENTS Although particular
embodiments have been disclosed herein in detail, this
has been done by way of example for purposes of
illustration only, and is not intended to be limiting
with respect to the scope of the appended claims,
which follow h particular, it is contemplated by the
inventors that various substitutions, alterations, and
modifications may be made to the invention without
departing from the spirit and scope of the invention
as defined by the claims. The choice of nucleic acid
starting material, clone of interest, or library type
is believed to be a matter of routine for a person of
ordinary skill in the art with knowledge of the
embodiments described herein. Other aspects,
advantages, and modifications are considered to be
within the scope of the following claims.What is
claimed is: 1. An isolated polypeptide comprising the
mature form of an amino acid sequence selected from
the group consisting of SEQ E) NOs: 3, 6, 9, 12, 15,
18, 21, 24, 27, 30, 33, and 35. 2. An isolated
polypeptide comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 3, 6, 9, 12,
15, 18, 21, 24, 27, 30, 33, and 35. 3. An isolated
polypeptide comprising an amino acid sequence which is
at least 90% identical to an amino acid sequence
selected from the group consisting of SEQ ID NOs: 3,
6, 9, 12, 15, 18, 21, 24, 27, 30, 33, and 35. 4. The
isolated polypeptide of claim 3, wherein the isolated
polypeptide is a naturally occurring allelic variant
of an amino acid sequence selected from the group
consisting of SEQ ED NOs: 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, and 35. 5. The isolated polypeptide of
claim 3, wherein the isolated polypeptide has
aminopeptidase or carboxypeptidase activity. 6. The
polypeptide of claim 5, wherein the polypeptide is a
leucine aminopeptidase. 7. The polypeptide of claim 6,
wherein the polypeptide is ruLAP2. 8. An isolated
polypeptide, wherein the polypeptide comprises an
amino acid sequence comprising one or more
conservative substitutions in the amino acid sequence
selected from the group consisting of SEQ ID NOs: 3,
6, 9, 12, 15, 18, 21, 24, 27, 30, 33, and 35. 9. The
polypeptide of claim 8, wherein the polypeptide has
aminopeptidase activity. 10. The polypeptide of claim
1, wherein said polypeptide is naturally occurring.
11. A composition comprising the polypeptide of claim
1 and a carrier. 12. A kit comprising, in one or more
containers, the composition of claim .13. A
dermatophyte comprising the polypeptide of claim . 14.
The dermatophyte of claim 13, wherein the dermatophyte
is selected from the group consisting ofEpidermophyton
floccosum, Microsporum audouinii, Mcrosporum
ferrugineum, Trichophyton concentricum, Trichophyton
kanei, Trichophyton megninii, Trichophyton
mentagrophytes, Trichophyton raubitschekii,
Trichophyton rubrum, Trichophyton schoenleinii,
Trichophyton soudanense, Trichophyton tonsurans,
Trichophyton violaceum, Trichophyton yaoundei,
Microsporum canis, Microsporum equinum, Microsporum
nanum, Microsporum persicolor, Trichophyton equinum,
Trichophyton simii, Trichophyton verrucosum,
Microsporum gypseum, Trichophyton ajelloi, and
Trichophyton terrestre. 15. A microbial culture
supernatant comprising the polypeptide of claim . 



16. The use of a therapeutic in the manufacture of a
medicament for treating a syndrome associated with a
human disease, the disease selected from a pathology
associated with the polypeptide of claim 1, wherein
the therapeutic comprises the polypeptide of claim 1.
17. A method for identifying a potential therapeutic
agent for use in treatment of a fungal infection
wherein the fungal infection is related to aberrant
expression or aberrant physiological interactions of
the polypeptide of claim 1, the method comprising: (a)
providing a cell expressing the polypeptide of claim 1
and having a property or function ascribable to the
polypeptide; (b) contacting the cell with a
composition comprising a candidate substance; and (c)
determining whether the substance alters the property
or function ascribable to the polypeptide; whereby, if
an alteration observed in the presence of the
substance is not observed when the cell is contacted
with a composition in the absence of the substance,
the substance is identified as a potential therapeutic
agent. . The method of claim , wherein the property or
function is aminopeptidase or carboxypeptidase
activity.19. A method of treating a pathological state
in a mammal, the method comprising administering to
the mammal a polypeptide in an amount that is
sufficient to alleviate the pathological state,
wherein the polypeptide is a polypeptide having an
amino acid sequence at least 90% identical to a
polypeptide comprising the amino acid sequence
selected from the group consisting of SEQ ID NOs: 3,
6, 9, 12, 15, 18, 21, 24, 27, 30, 33, and 35, or a
biologically active fragment thereof. 20. The method
of claim 19, wherein the pathological state is
selected from the group consisting of a fungal
infection, celiac disease, digestive tract
malabsorption, sprue, an allergic reaction and an
enzyme deficiency. 21. The method of claim 20, wherein
the allergic reaction is a reaction to gluten. 22. A
method of treating a pathological state in a mammal,
the method comprising administering to the mammal a
protease inhibitor in an amount that is sufficient to
alleviate the pathological state, wherein the protease
inhibitor is a polypeptide having an amino acid
sequence at least 90% identical to a polypeptide
having the amino acid sequence selected from the group
consisting of SEQ ID NOs:3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, and 35, or a biologically active fragment
thereof. 23. The method of claim 22, wherein the
pathological state is a fungal infection. 24. An
isolated nucleic acid molecule comprising a nucleic
acid sequence selected from the group consisting of
SEQ ID NOs: 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32,
and 34. 25. The nucleic acid molecule of claim 24,
wherein the nucleic acid molecule is naturally
occurring. 26. A nucleic acid molecule, wherein the
nucleic acid molecule differs by a single nucleotide
from a nucleic acid sequence selected from the group
consisting of SEQ ID NOs: 2, 5, 8, , 14, 17, 20, 23,
26, 29, 32, and 34.27. An isolated nucleic acid
molecule encoding the mature form of a polypeptide
having an amino acid sequence selected from the group
consisting of SEQ ID NOs: 3, 6, 9, 12, 15, 18, 21, 24,
27, 30, 33, and 35. 



28. The nucleic acid molecule of claim 24, wherein
said nucleic acid molecule hybridizes under stringent
conditions to the nucleotide sequence selected from
the group consisting of SEQ ID NOs: 2, 5, 8, , 14, 17,
20, 23, 26, 29, 32, and 34 or a complement of said
nucleotide sequence. 29. A vector comprising the
nucleic acid molecule of claim 24. 30. The vector of
claim 29, further comprising a promoter operably
linked to said nucleic acid molecule. 31. A cell
comprising the vector of claim 29. 32. A method of
producing the polypeptide of claim , the method
comprising culturing a cell under conditions that lead
to expression of the polypeptide, wherein said cell
comprises a vector comprising an isolated nucleic acid
molecule comprising a nucleic acid sequence selected
from the group consisting of of SEQ ID NOs: 2, 5, 8, ,
14, 17, 20, 23, 26, 29, 32, and 34. 33. The method of
claim 32, wherein the cell is selected from the group
consisting of a fungal cell, a bacterial cell, an
insect cell, a plant cell, and a mammalian cell. 34. A
method of producing the polypeptide of claim 2, the
method comprising culturing a cell under conditions
that lead to expression of the polypeptide, wherein
said cell comprises a vector comprising an isolated
nucleic acid molecule comprising a nucleic acid
sequence selected from the group consisting of SEQ ID
NOs: 2, 5, 8, , 14, 17, 20, 23, 26, 29, 32, and 34.
35. The method of claim 34 wherein the cell is
selected from the group consisting of a fungal cell, a
bacterial cell, an insect cell, a plant cell, and a
mammalian cell. 36. A method for producing a protein
comprising: (a) culturing the dermatophyte of claim 13
under conditions sufficient for the production of the
protein; and(b) isolating the protein from the
dermatophyte culture. 37. The method of claim 36,
wherein the protein is a secreted protein. 38. The
method of claim 36, wherein the protein is an
aminopeptidase or a carboxypeptidase. 39. The method
of claim 38, wherein the aminopeptidase is a leucine
aminopeptidase. 40. The method of claim 39, wherein
the LAP is ruLAP2. 41. The method of claim 36, wherein
the dermatophyte is selected from the group consisting
of Epidermophyton floccosum, Microsporum audouinii,
Microsporum ferrugineum, Trichophyton concentricum,
Trichophyton kanei, Trichophyton megninii,
Trichophyton mentagrophytes, Trichophyton
raubitschekii. Trichophyton rubrum. Trichophyton
schoenleinii, Trichophyton soudanense, Trichophyton
tonsurans, Trichophyton violaceum, Trichophyton
yaoundei, Microsporum canis, Microsporum equinum,
Microsporum nanum, Microsporum persicolor,
Trichophyton equinum, Trichophyton simii, Trichophyton
verrucosum, Microsporum gypseum, Trichophyton ajelloi,
and Trichophyton terrestre. 42. The method of claim 36
further comprising applying the produced protein to a
polypeptide substrate. 43. The method of claim 42,
wherein the produced protein degrades the polypeptide
substrate. 44. The method of claim 42, wherein the
polypeptide substrate length is from 2 to 200 amino
acids. 45. The method of claim 42, wherein the
produced protein sequentially digests a full-length
polypeptide substrate. 



46. A method for treating mycoses in a patient
suffering therefrom, the method comprising
administering an effective amount of an inhibitor with
the activity of an EXOX protein selected from the
group consisting of SEQ ID NOS:3, 6, 9, 12, 15, 18,
21, 24, 27, 30, 33, and 35. Ill47. The method of claim
46, wherein the EXOX protein comprises SEQ ED NO:2.
48. A method of degrading a polypeptide substrate, the
method comprising contacting the polypeptide substrate
with one or more of the isolated polypeptides of claim
1. 49. The method of claim 48, wherein the polypeptide
substrate is a full-length protein. 50. The method of
claim 48, wherein the one or more isolated
polypeptides sequentially digests the polypeptide
substrate. . The method of claim 48, wherein the
polypeptide substrate is selected from the group
consisting of denatured casein, gliadin, gluten,
bovine serum albumin or fragments thereof. 52. The
method of claim 48, wherein the isolated polypeptide
is an aminopeptidase. 53. The method of claim 52,
wherein the aminopeptidase is a leucine
aminopeptidase. 54. The method of claim 53, wherein
the leucine aminopeptidase is ruLAP2. 55. The method
of claim 48, further comprising contacting the
polypeptide substrate with one or more proteases. 56.
The method of claim 55, wherein said one or more
protease is selected from the group consisting of
trypsin, pronase, chymotrypsin, and proteinaseK. 57. A
method of removing amino acids from the amino terminus
of a protein, comprising contacting the protein with
one or more of the isolated polypeptides of claim 3.
58. The method of claim 57, wherein said amino
terminus of a protein comprises a His tag. 59. The
method of claim 57, wherein said amino terminus of a
protein comprises an Xaa- Pro tag.60. The method of
claim 59, wherein Xaa is an amino acid comprising at
least two vicinal nucleophilic groups. 61. The method
of claim 60, wherein the amino acid is serine,
threonine or cysteine. 62. The isolated polypeptide of
claim 3, wherein the isolated polypeptide has reverse
proteolytic activity. 63. The method of claim 42,
wherein the produced protein adds one or more amino
acids to the polypeptide substrate. 64. The method of
claim 42, wherein the produced protein removes one or
more amino acids from the polypeptide substrate to
form a modified polypeptide substrate and wherein the
produced protein subsequently adds one or more amino
acids to the modified polypeptide substrate, thereby
forming a polypeptide product comprising a different
amino acid sequence than the polypeptide substrate.
65. A method of adding one or more amino acids to a
polypeptide substrate, the method comprising
contacting the polypeptide substrate with one or more
of the isolated polypeptides of claim 3. 66. The
method of claim 48 further comprising the step of
incubating the polypeptide substrate with one or more
of the isolated polypeptides for a time under
conditions sufficient to allow the subsequent addition
of one or more amino acids. 


