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METHODS TO DETECT A FUNGAL CELL

CROSS REFERENCE TO RELATED APPLICATION

0001} This application claims the benelit of UXN, Provisional Application No,
617644283 filed May §, 2012, the disclosure of which is incorporated herein by refevence in its

entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESFARCH

002 This work was supported by g prant from the National hustitutes of Health

{AIOGY397). The LS. Government has certain rights in this invention,

FIELD OF THE INVENTION
{30031 The present myvention relates o fargeting agents and methods of using the

targeting agents to detect a fungal cell in a subject

BACKGROUND OF THE INVENTION

{30041 Invasive fungal infections (IF1) are a growing threat to human health due 1o both
tnmunoeompromising diseases and chronie infections. In most situations where T diagnosis s

considerad, the clinical presentation 1s offen pon-specific and can be caused by a wide range of
mfectious orgamsms, underlyving iness, or complications of treatment. Suceesstul IR diagnosis
is further complicated due to uncerainties and controversies in disease definition and in selecting
standardized methods for establishing the diagnosis. Fungal cell wall components such as
glocans and galactomannans, which are actively shed during growth and development, are the
basis for biomarker-based commercial antigen assays for rapid diagnostic testing, but their value
1s limited by the potential for false-positive and false-negative results due to an assortment of
factors. Imaging 18 an important part of the diagnosis of diseases, such as inpvasive aspergiliosis
{IA ). Charactenistic inages from conventional X-rays and more advanced computed tomography
{CT) can be used to identity disease lesions in neutropenic patients and help manage 1AL

However, diagaostic bnaging 18 inherently non-specific and is dependent on other chnical signs
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and symptoms, There Is a need for a broad-spectrum fungal-specific targeting molecule with a
label to selectively detect invasive fungal mfections 1 g subject,

SUMMARY OF THE INVENTHON

0005 The present vention relates to fargeting agents and methods of asing the
targeting agents to detect a fungal cell in a subject. The present wvention fulfills the need for

methods of detecting fungus in g patient using a broad-spectrum fungal-specific targeting

molecnle,
j0006] in one aspect, the present invention provides a method to detect a fungus m a

subject comprising administering {o sald subject a targeting agent wheremn said {argeting agent
comprises an antifungal drug covalently bound to o detectable label, and detocting said targeting
agent. The detectable label may be a Huorescent fabel, a radioactive isotope, or 8 contvast agent.

-~ 3
5 -~
d

The Huorescent label may be boron-dipyrromethene (BODIPY), 7-hydroxy-9H-(1,3-dichloro-

9. 9-dimethviacridin-2-one}{DDAQ)Y,  T-amino-9H-~(1,3-dichlore-9 9-dimethylacridin-2-one}(7-
amineDDAOY, or a derivative thergofl The antifungal drug may be a polyene, an azole and an
echinocandin, The antifungal drug may be natamyein, nimocidin, filipin, nystatin, amphotericin
B, candicin, miconarole, ketoconazole, clotrimarole, econarole, bifonarole, butoconazole,
fenticonazole, isoconarole, oxiconazole, sertaconazele, sulconazole, toconazole, fhuconazole,
traconazole, 1savuconarole, ravuconazole, posaconazole, voriconazole, terconazole, abafungin,
terbinafine, amoroliine, naftifine, butenatine, anidulafungin, caspofungin, and micafungin, The
targeting agent may be caspotungin-7aminoDDAO,

1067} The subject may also be administered a pretreatment antifungal drug prior to the
administration of said {argeting agent, wherein said pretreatment antifungal drug and said the

antifungal drug of said targeting agent are the same antifungal drug, e.g. caspofungin,

{H008] The subject may also be administered a pretregtment antifungal drug prior to the
administration of said fargeting agent, whereim said prefreatment antifungal drug and the

antifungal drug in said targeting agent are not the same antifungal drug and wherein said
protreatment antifungal drug does not bind to the same target as the antifungal drog in said
targeting agent, .g. the pretreatiuent antifungal drug s posaconazole, and the antifungal drog in
said targeting agent is caspofungin,

{3009 The fargeting agent may be detected using an imaging device, wclading withowt

limitation an x-ray imaging device, an infrared imaging device, fuorescent imaging device,
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muclesr magnetic resonance maging device, magnetic resopsnce spectroscopy device, and a
positron emission lomography device.  The fongus that may be defected ncludes without
limitation, Candida albicans, Candida glabrata, Candida parapsilosis, Candida krusel, Aspergiilus
fumigatus, Aspergiflus miger, Aspergiflus flavas, Cryptococcus neoformans, Scedosporium
aptospermunm, Zygomyeeies, Histoplasma capsulatam, Coccidivides immitis, Paracocadioides
brassiliensis and Blastomyces dermatitidis.

{010 fu a second aspect, the present mvention provides a targeling agent comprising an
antifungal agent conjugated directly to a detectable label.  The detectsble label may be a
flnorescent label, and the antifongal agent may be cagpofungin or posacozole. The detectable
label may be boren-dipyrromethene, 7-hydroxy-9H-(1 3-dichlore-9 9-dimethylacridin-2-one), 7-
amino~PH-{ 1 3-dichloro-9.9-dimethylacridin-2-0ne) or a denvative thereofl

{0011} {n a third aspect, the present invention provides a kit for detecting a fungus n a

biological sample or a subject comprising the targeting agent as desertbed, and instructions for

use.

BRIEF DESCRIPTION OF THE DRAWINGS
{012} Fig. 1 illustrates the chemical sirocture for a derivative of caspolungin (USE)
covalently attached 1 boron-dipyrromethene (BODIPY) and amine attachiment sttes are cireled.
0013 Fig. 2 depicts the synthesis and light emussion properties of T-hydroxy-9H-(1,3-

dichloro-9,9-dimethylacridin-2-one) (DRAO), 7-aminoDDAD and its dertvatives.
{0144 Fig. 3 depicts caspofangin (CSF) covalently bound to T-aminoDDAQ and

posaconazole (POS) covalently bound to 7T-aminoDDAQO.

jou15] Fig. 4 depicts the synthetic steps to covalently attach 7~-amineDDAQ to POS.
j0ir16] Fig. 5 depicts the synthetic steps {o covalently attach BODIPY to POS (POS-
BOD).

{0171 Fig. 6 depicts the chemical structure of posaconazole (POS), the attachment sile

for g label and POS covalently attached to BODIPY (POS-BOD).

BETATILED DESCRIPTION OF THE INVENTION
{0181 The fnvention relates to targeting agents and the use of targeling agents to detect
fungus in a subject.

Tareeting Agent and Methods of Use
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{0019 In one embodiment, the present invention provides a fargeting agent comprising
an antifungal drug covalently bound 1o a detectable label.  The antifungal agent may be a
polyene, an azole, or an echinocandin,  Examples of a polyene include hamycin, natamycin,
rimocidin, filipin, nystatin, amphotericin B, and candicin,  Examples of an arole include
miconazole, keiloconarole, cloivimazole, econareole, hifonarole, butoconazele, featiconarzole.
isoconazole, oxiconazole, sertaconazole, sulcanarole, tioconarole, huconazole, itraconazols,
savoconarole, ravuconazole, posaconazole, voriconazole, and ferconazele.  Examples of an
echinocandin include amdulafungin, caspofungin, and micafungin. In a further embodiment the
anfifungal drug spectiically binds 1o an anbifungal target and not to g target that 18 biologically
produced in 8 mammal, The fungal target may be a carbohydrate, a peptide, a lipid or a
combination thereof that ¢ of fungal and not marmmalian ovigin, e.g. beta {1.3) ghican synthase.
In a preferred embodiment the targeting agent comprises caspofungin, possconazole or a
derivative thereof as known in the art.

o620 The detectable label may be a fluorescent label, a radicactive isolope, or a
contrast agent.  In certain cmbodiments an antifungal drug is labeled with a radioactive isotope
stich as asi&timam, MC‘-EH‘h(ML : iz‘chrmnimn, ;“f’c}.1i¢_1ri_s‘1f:1 Feohalt, “cobal £, mpp&rﬁ‘?, mf?;u, galiiumﬁ?,
hydrogen, iodine | iodine | todine | indivm | on, phosphorus, rhendum , rhenium | selenium,

38 TR et (28 RTTI 71 RN , ‘ .
“sulphur, technicium™ ™ and yitriam b [, techmiciom ' and indhwn’. Methods are known in

the art 1o Incorporate and covalently attach a selected radioactive isolope (o an antifungal agent,

oot " n.i

{80211 As used herein, terms "fluorophore,” "tloorescent motety,” "fluorescent label”
"Huorescent dye”™ and "Hoorescent labeling moiety™ are used herein interchangeably. They rvefer
o g molecule that, i solntion and upon excitabon with light of appropriate wavelength, omits
Light back. Numerous Hoorescent fabels of a wide variely of structures and characteristics are
suitable for use in the practice of this mvention. Similarly, methods and magerials are known for
fluorescently labeling a molecule of inferest (see, for example. R P, Haugland, "Molecular
Probes: Handbook of Fluorescent Probes and Research Chemicals 1992-19947, Ssupith Bd., a
1994, Molecolar Probes, Inc.). In choosing a floorescent label, 1 15 ofien desirable that the
fluorescent label absorby Hght and emits fluorescence with high efficiency {Le. high melar
absorption coeflicient and fluorescence quantum vield, respectively) and is photostable (e, it
does not andergo significant degradation upon hght excitation within the tiog npecessary 1o

perform the analysis). Farthermore in choosing a label i is preferred that the fluorescent label 15
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{1 is small, eg. (PW = 294% (2) has a long-wavelength emission: (3) has fair brightness; (4) 15

pH-independent; (5) emission maxinmwm up to about 680 mm, where the body tissnes are the most
trapsparert.  In a preforred embodiment of the present invention, the {luorescent label is 7-
hydroxy-9H-(1,3-dichlore-9,9-dimethylacndin-2-one) (DDAQ), 7-amino-9H~(13-dichlore-9,9-
dunethylacridin-2-oneX7-aminel3DAQOY, or a derivative thercofl DDRAD dervatives may be
used for covalent labeling of the hiomeolecule of mierest, such as a targeting agent.  DDAQO
dervivatives contain an amine or antino group at position 7 instead of a hydroxy! group. In a
prefemed embodiment the hydroxyl group s replaced with the following formula NH-(CH2IX-
NHY, wherein X=1-10 and Y= H, €, an alkyl, CS, {(CH2)X may also be replaced with another

spacer or polymer such as polyethylone glycol or other polymers that have the same propertios

o

g

and fength. A DDAO fluorvophore that coutains an amino group at position 7 1§ herem referred to
as 7-aminoDDAO. The syothetic intermediate 7-(4-aminobutylanmuinoDDAQ can be casily
converted 10 other reactive forms {e.g thiol-, or click-reactive), which are uselul fuor
bioconjugation, methods are known in the art. DDAG derivatives that are 1.4 - 2.3 fold brighter
then original DDAO. In a further embodiment the fluorescent label s boren-dipvrromethene
{BODIPY) or a dertvative thereof,

j0022] in certain embodiments, the antifungal drug is labeled with a contrast agent such
as g paramagnetic metal on which is used for Magnetic Resonance Imaging (MRI). Examples of
such paramagnetic metal tons inchude, but are not limited to, gadolintum IH {(Gd3+), chromum
PEE (Ce3+), dysprostum HE (Dy34), won 1H (Fed+), manganese I (Mu2+), and vtterhiom 1

{YB3+), Gadolintum s an FDAapproved contrast agent for MRI, and is known to provide great

contrast between normal and abnormal tissues in different areas of the body.
0023 The antifungal drug is covalently bound fo the detectable label by methods known

in the art and such that the resulting fargeting sperd maintams the specificity and sensitivity for
the target of the antifungal agent.

{0241 In a fwther embodiment, largeting agents of the present invention may be
formulated as @ pharmaceutical composition, and may be administered o a mammalian host,
such as a hwman patient, in a variety of forms adapted 1o the chosen route of administration, l.e.,
orally or parenterally, by intravenous, intramuscular, topical, subcutancous, or other routes. Thus,
the pharmacentical composition of the invention may be systemically administered, e.g., orally,

in combination with a pharmaceutically acceptable vehicle soch as an inert dibuent. They may be
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mcorporated divectly with the foed of the patient's diet. For oral therapeutic administration, the
compostiions of the invention may be used in the form of ehxirs, syrups, snd the hke. Any
material used In preparing any unit dosage form should be pharmacentically acceptable and

substantially non-toxic in the amounts employed. To administer the pharmaceutical compaosition

to a subject, i 1s preforable to formulate the molecules i g composition comprising one of more

pharmaceutically acceptable carriers.
{00251 "Pharmaceutically acceptable carriers” ioclade any and all chinteally usehdd

solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and abserption
delaying agents and the ke, However, other solvents may also be employed. Under ordinary
conditions of storage and use, these preparations may coudaln & preservative to prevent the
gerowth of microorgamsns, and other formuldation ingredients as is known 1 the art

{10261 The present mvention further provides a method to defect a fungus 1n 8 subject by
administering to a subject a targeting agent wherein the targeting agent comprises an antifungal
drug covalently bound to a detectable label, and followed by detecting the targeting agent with
an imaging device., The torm “fungus” refors to fungal cells and related fungal structures that the
targeting agent binds 1o ¢.g. glucan synthase, The targeting agent of the present invention can be
administered to a subject by any of a number of means known in the art.

{00271 A “subject” refers to @ human snd a non-buman animal. Examples of 8 non-
human animal mclude all vertebrates, e.g., mammals, such as non-human primates (particularly
higher primates), dog, rodent {e.g., mouse or rat), pulnea pig, cat, and non-mamimals, such as
birds, amphibians, replides, ete. In a preferred embodiment, the subject i a human,  In another
erbodiment, the subjoct is an oxperimental snimal or animal sutlable as a disease model
Typically, the terms "subject” and "patient” are used interchangeably herein in reference o a
human subject.

{028} The targeting agent of the invention may be administered in a vanely of forms
adapted to the chosen route of admunistration, Le., orally or parenterally, by intravenous,
intramuscular, topical, subcutaneous, or other routes, and then . Selutions may be prepared, for
example, in water and/or with a pharmaceutically acceptable carrier,

{30291 In another cmbodiment, the present invention provides & method with an
additional step wherein a pretreaiment antifungal drug 18 administered to a subject prior to the

adnunistration of the targeting agent.  In a preferred embodiment, the pretreatiment antifungal
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drug amnd the antifungal deug of the targeting agent are the same antifungal drog. In a preferred
embodiment, the pretreatment antifungal drug s caspofungin and the antifungal drug of the
targeting agent is also caspofungin, In a further embodiment, the prefreatment antifungal drug
and the antifungal drog of the targeting agent are not the same antifungal drog and the
pretrestment anttfungal drug doos not bind to the same target as the antifungal drug of the
targeting agent. For ilustration purposes, the pretreatment antifungal drug may be posaconazole
and the antifongal drug of the targeting agent may be caspofungin, and can be selected by one
with ordinary skill in the art.

0301 In certain embodiments, the imaging device to detect the targeling agent is a
magnetic imaging device, an x-ray umaging device, an infrared imaging device, & fluorescent
imaging device, nuclear magnetic resonance imaging device, magnelic resonance spectroscopy
device, and a postiron emission tomography device. One with ordimary skill in the art will adapt
the proper modality to detect the targeting agent as described.

o031} The present invention provides a broad spectrum targeting agent to detect a
variety of fungi. The type of fungus that may be detected mcludes but is not limited o Candida
albicans, Canidida glabrata, Candida parapsifosis, dspergillus fumigans, Aspergillus niger,
Aspergiflus flavus, Cryptococcus  peoformany,  Scedosporium apiospesmyn,  Zygomyesies,
Histoplasma capswlanum, Coceidioldes immitis, Pouracoceidiioides brassiliensis or Blastomyoees
dermeniticlis.. Furthermore, one with ordinary skill in the art can determine the type of tissue,

organ, or body {luid of a subject to detect, e.g. lungs, Kidneys, sputurmy, BAL, blood, seram or

urie,
0032} In another embodiment, the present invention provides a kit for detecting a fungus

in a biological sample or a subject comprising a targeting agent as previously deseribed and
mnstructions for use. “Biclogical sample™ as used herein means a sample of biclogical tissue or
fluid. Such samples include, but gre not linuted to, tssue solated from ammals. Biological
samples may also include sections of tissnes such as biopsy and autopsy sanmples, frozen sections
taken for histologic purposes, blood, plasma, senam, sputum, salivy, stool, tears, mucas, hair, and
skin. Biological samples alse include explants and primary andior transformed cell cultures
derived from patient tssues. A bological sample may be provided by removing a sample of cells
from an animal, but can alse be accomplished by using previously solated cells {e.g., isolated by

another person, at another time, andior for another purpose),
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EXAMPLES
{80334 The invention now being generally described, # will be more readily understood
by reference o the following examples, which are included merely for purposes of illostation of
certam aspects and emwbodiments of the present vention, mnd are not mtended o hmit the

mvention,

METHODS AND MATERIALS
0341 Synthesis of BODIPY -labeled drugs. A derivative of CSF using BODIPY (BOD),

an analog that resembles fluorescein but is smaller and more hydrophobic, was produced to test
the CSF-BOD with vavious fangal pathogens. BODIPY -sucenmidate was incubated with pure
CSE in the presence of triethylamme as proton acceptor in DMFE. The orade product was purified
by TLC silica gel chromatography and characterized using mass spectroscopy, Huorescence and
LIV speetroscopy. The moditied agent retained #s specificily and sensitivity lo the fungal target.
To test these properties, the antifungsl activity of the meodified and sn-modificd root campound
was cvalnated and found to be effectively unaltered by the presence of iabel (T albicans
MiCunlabeled = 0,06 pg/ml v. MiClabeled = 0.12 pg/mi) confirming that if retained s inherent
potency. BODIPY coupled to posaconazole (POS) was formed by modifying a single hydroxyl
group of posaconazole with sucemic anhydride (Fig. 6).

{035 Incubation of the acylation product with d-nittophenal in the presence of DCC
vielded a new compound consistent with the formation of an activated ester (Fig. 3, compouand
). Incubation of this compound with ethylenediamine resulted in a characternistic absorption at
403 nm of anivophenclate anion, which was indicative for acylation of the diamine by
posaconazeie activated ester. Incubation of the ester with aminobutane derivative of BODIPY
fluorophore (Fig. §, compound 1T} vielded tluorescent posaconazole ~BODIPY adduct 1V, with
light absorption spectram.

0036} Cell fabeling. To ilfustrate the potential of CSF-BOD and POS-BOD for visualizing
fungal cells, the reagent was used o probe for the prisence of Candida and Aspergiitog species in g
vartety of matrices including solid and liquid growth media. The chinical A, fumigatus wild type strain
R21 and Candida albicans ATCC stramy 20028 were ased for all the experiments. Por Aspergiltas, one
drop of veast extract peptone dextrose (YPD) agar was placed in the upper right cornsr of cach well of a

[5-well mudtitest shide followed by the addition of 10 ul of saline containing 105 conidia of R2Y. The

8
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slide was placed in a stevile petrt dish with disollad water to provide a moist environment and incebated
iy & 37°C incebator for 10-16 hours to facilifate gernination and growth of hvphal elements. A 10 ul
atiguot of CSE-BOD {170 ny/mi) vr POS-BOD {150 ng/mi)was added 1o each well and incubated for 6 b
at 37°C, followed by washing 3 times with sterile water and drying by vacuum, For Candida, an overnight
cutiwre of C. albicans was grown, washed by centrifugation and resuspended in dH2Q. The yeast cells

s

were added to RPMI and tncubated st 200 rpm for 1h at 37°C 1o form germ tubes before being washed
angd resuspended o a 1 oml solution of CSF-BOD {1280 ngfmill or POS-BOD {1530ng/ml The oells with
drug were incubated again at 200 rpm for 1h at 3750, washed and resuspended i 50 mi of dHO, A 1S
well shide was prepaved using a poly-L-lysine o tightly adbere cells o the walls. A 10 ul. aliquot of
Candida cells was placed on cach well and ncubated for 10 minutes, aapirated off, and | gl Slow Fade
Antifade reagent was added to prolong the fluoresvent {ife and moisture lovel of the cells on the cach shide.
Each stide was observed under 100x magnification with the total internal reflecting objective fens {TIREF)
of & Nikon Eclipse 903 fluorescent oucroscope. The 15 wells of the slides were examined individually
asing Volooity 31 Image Analysis Software (PeckinBlmer). Individual cells, hyphal clements and clusters
of vells were vissalized, analveed, and caplired i height feld lighting and repeated ender a Green

Fluorescent Pristetn (GFP} hight sefting.

RESULTS

{60371 fncubation of C. albicans at the MIC {120 ng/miy for T b at 37°C resudted w
generahzed fluorescence in the mother cell membrane with slightly move defined punciate
fluorescence along the germ tnbe axis toward the growing fip, consistent with the pulative
ntracelinlar vesicke trafficking of glucan synthase frony clustered golgt vesicle complexes, Under
6 hand 3770 conditions, AL fumigatus showed bright fluorescence in the spore but more diffuse
labeling of the surface of the hyphal elements toward the growing apex consistent with a
membrane location for glucan synthase,

{00381 Labeling was highly temperature sensitive with maximal labeling over the 6 h

pertod observed at 37°C, Caspofungin and BODIPY alone fatled to produce any labeling. The

level of binding was greatly reduced in 8 well-characterized fisl1-S648F mutant, which has
reduced sensitivity of glucan synthase to echinocandins consistent with the probe binding 1o its
intended target.

{039 Representative Graom-negative and Gram-posiiive bacteria: Pseudomonas acruginesa,

Klebsiella preumoniae, Sreplovoccas ponownoniag, Sevratia wmarcescens, Staphylocoecus aureus and
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Escherichia colf were grown and labeled under the same conditions. No fluorescence was observed in any
cells.
00401 Under the same {shehing conditions as Caspofungin, POS-BOD with both
Candida and Aspergillus showed generalized fluorescence labeling of mother cell and elongating
hyphal elaments. Pretreatment with unlabeled posaconazole or voriconazole greatly diminushed
or eliminated the fluorescence signal, while pretreatment with caspofungin had little effect on
labeling of cells by POS-BOD.
041 Pretreatment of cells (C. albicans 1 h and A funsigatus 2 h) at one dilution below
the MIC with four different axoles, voriconazole {(Phizer), draconarole (Janssen), posaconarzole
{Merck) and Hoconazole (Plizer), followed by CSF-BOD Iabeling described above had no effect
on labeling. All samples showed the same fluorescence intensity with and withowt pretreatment
consistent with azoles binding to a separate intracellular target. However, cells prefreated with
the echinocanding, amdulafungin and micafimgin, prior to standard tabeling with the CSF-BOD

probe eliminated the labeling. Pretreatiment with caspofungin intensified the fluorescence

H042] The Synthesis of DDAQ Quorescent derivatives,
{43 DDAO-NH-(CHM-NHZ (Fip.2) 10 mg DDAO (T-hydroxy-9H (13-dichloro-

9 9-dimethyl acridin-Z-one)} (33 yumol) was dissolved fn 100 1l IM dlaminobutane diacetate in
80 %% agueons DMRO, TLO analysis in acetonitnie-water (14:1) developing system detecied
intense~-blue colored product migrating lower (R = 0.45) than the original prodoct (R = .9),
Adter 10 h incubativn wt 93 oC the reaction mixture was supplemented with 2 mi of water and
extracted with ethylacetate (3 x 5 mi). The pH of the water laver was adjnsted to 11-11.5 by 10
M KOH followed by extraction with ethylacetate (2 x § ml}. The organic laver was collected and
evaporsted to dryness under reduced pressure affording 4 mg of compound L UV Jmax = & =

M-tem-1), Ao (o= M-Tom-1) MS DDAONHSCH)NH2 (+1) 3780887 (found) 378,288

{calculated).
044} Caspofangin ~ DDAO devivative (Fig. 3). Caspolungin (2.6 mg, 2 pmol) was

dissolved in the solution of 230 gl of 5 mM DDAQNHA{CH2M-NCS in DMF and 0.5 ud of
TEA was added followed by incubation at 607.C for 90 min. TLC in acetonitrile-water (5

developing svstem detected a blug-colored reaction product with RE= (.65, RIS for &:as;mﬁmgm
and DDAO-NH-(CH2M-NCS were 048 and 1.0 respectively. The produet was purnified by

preparative TLC in acctonitrile ~ water (7:1) developing svstem, elnted by 30 % agueous

10
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methanol and the solution evaporated under reduced pressure to final concentraion 0.33 mM.
UV amax = {8 = M~Tome- 1), Amin= (& = M-lem~ 1) DDAQNR2S(CHM-NCS-Caspofungin(HHD)
1515.7242 (found) 1515673 {calculated).

j0045] The svnthesis of Posaconarole- DDAQ derivative (Fig. 4). Two milligrams of

compound HE (Fig. 43 were dissolved in 6.1 mi of 20 mM solution of compound 1. The mixiure
was supplemented with 2 mil of ricthyvlamine and left for 20 min at room temperature, TLC
analysis 1n ethylacetate — ethanol (8:1) developing mixture revealed complete conversion of
compound T to reaction product. The maixture was diluted by 2 mi of water, the residue collected
by centrifugation, dissobved in DME and subjecied to preparative TLO in the same system. Yield
.5 pmeol,

{1046} To derivatize core DDAO compound Hamilton reaction previeusly discovered
with simpler phenol-, or naphtol-derivatives was used (Malmberg, K., W., Hanulion, C., 5., L
Axr. Chem Soo. &0, 2415, (19481 Willenz, 1 LCham Soc. 1953, 2049), The reaction includes
acid-catalyzed attack of amipo-compounds on mesomerie keto-form of the womatic hydroxy-
derivatives, The reaction product with §d-diaminobutane was obtained with high vield and
purificd by extraction. The resulting DDA amino-derivative was converted to corresponding
isothiveyanate (ITC) by treatment with thiocarbonyldiimidazole followed by incubation with
iriflucrogeetic acid (Fig. 2). Obtained &-aminoDDAQ derfvative was used to label antifongal
drugs posaconazole and caspofungin (Fig. 3). Caspofungin was derivatized by the ITC in single-
step reaction as one of the drugs two abiphatic amino groups. To mitroduce DDAQ fluorescent
label in posaconazole molecule the drug was first acylated at hydroxy! gronp by succinie
aahydiide in DMSO in the presence of nacleophilic catalyst, Nomethylimdazole (Fig. 4), The
resulting product was converted o an activaied ester by incubation with 4-nitrophenele and DCC,
This synthetic intermediate was introduced in reaction with 1 4-diaminobutyl-DDAQ compound
to yvield the final product, which was purtfied vsing preparative TLC

{0471 Lieht absorption and flucrescent spectra of T-aminoDBAQ, caspofunuin-DRALY

and posaconarole-DDAQO dertvatives, Modification of DDAQ resulted in detectable blue shifl

of the lght absorption maximum (6353 nm and 673 nm correspondingly). The molar extinetion of
T-aminoDDAD (55 000 M-Tom-1} was determined by the attachment of refevence chromophores
with known meolar absorptivity. Light absorption spectra of the labeled caspofungin and

posaconazole derivatives were close to superposition of those for the 7-(4-aminobutylamine-

11
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PDAQO and the corresponding drugs. Fluorescenve spectra (Fig. 6B) of 7-(4-amincbutyDamino-
DEAQ exiubited blue shift compared {o jonized form of DDAO (Fig. 6A). Thus, excitation and
emission maxima for DDAQ were 653 nm and 660 nm correspondingly, while for 7-{4-
smmebuiyDamino-DRAQ they shifted to 671 nm and 679 nm correspondingly. Increasing
content of the organic solvent (MeOH) resulied 1o enhancement of the hight emission and
characteristic change in excitation. Thus substitution 50 % methanol for water did not affect the
shape of the excitation spectram for T-aminolIDAP, but increased the light emission ca. 2.5 fold.
Placing the compeound in 100 % MeOH resulted in dramatic change of the excitation spectrum

.

profife shifting the waximum from 670 nm to 620 nm, while only shightly shifling emission
maxinum from 680 to 67¢ nm. Notably, the light cmission intensity dropped 1.7 fold.
Rewarkably, the shape of the exclation specirum curve for iomized form of DDAQ was the same
in 3 % and 100 % methanol. Also, in contrast fo T-aminoDDAO 1.3 fold increase in the
emission was observed in 100 % methanol comparing to 50 % methanol.

j0U48] In vive_use of caspolungin-DRAQ dertvative for imaging of fungal mfections,

Mice were infected via intravenous inoculation with 5%10° CFU of wild type Candida albicans
and an infection that ccours most prominently in the Kidneys, After 4R hours post mfection, a
fixed concentration of 0.1 2ug/ml of CSF-DDAO is added via tail vein injection at 0, 2, 4 and &8
hours {o assess the optimsl tme for visualization of the wfection. At cach time point, the mice
were imaged n a pon-invasive whole-body animal inaging system to detect {fluorescence energy.
Animals mfected with Candida albicans show proliferation of the fungal infection i the kidnevs
after 48 hours. The addition of CSF probe resulted in progressive labeling of cells in the target
organs over tme, as deternined by whole body tmaging, Maxiomn fabelng oceurred at 8 hours,
CSE-DDAQ did not accumulate in the kidneys in the absenece of infection.

{1049] All publications, cited in this disclosure are ncorporated by reference in their
euntireties. The citation of any references herein 15 not an admission that such references are prioy
art 1o the present myvention,

0050 The embodiments within the specification provide an lustration of embodiments
of the invention and should not be construed to Hmit the scope of the invention. The skilled
artisan resdily recognizes that many other embodimenis are encompassed by the nvention.

Those skilled w the art will recognize, or be able to ascertam using no more than routine
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experimentation, many equivalents o the specific embodiments of the invention described herein,

Such equivalents are intended to be encompassed by the following embodiments.

i3
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CLAIMS
What is clatmed is:
I. A method o detect a fungus in 8 subject comprising administering to said subject

a tarpeting agent wherem said targeting agent comprises an antifungsl drag covalently bound to a

detectable label, and detecting said fargeting agent.

2. The method of claim 1. wherein saxd detectable label is selected from the group

consisting of a fluorescent label, a radioactive isetope, and a contrast agent.

3. The method of claim 2 wherein said detectable label is a fluorescent fabel.
4, The method of clann 3 wherein said fhuorescent label 18 bororedipyrromethene

{(BODRIPY), 7-hvdraxy-8H-{1,3-dichlore-9.8-dimethyvlacendin-2-one}{ DDAQ), T-amino-9H-(1,3-

dichlore~9.9-dimethy lacridin-2-one)}{ T-aminoDDAD), or a derivative thereol,

5. The method of claim 1, wherein said antifungal drug is selected from the group

consisting of a polyene, an azole and an echinocandin.

6. The method of claim 3, wherein said antifangal drug s selected from the group
consisting of natamycin, rimocidin, {ihipin, nystatin, amphoteriem B, candicin, miconazole,
ketoconazole, clotrimazole, econazole, bifonazole, buwtoconazele, fenticonarzole. isoconazole,
pxiconazole, sertaconazole, salconazole, Hioconarole, Tuconazole, itraconarole, isavuconazole,
avuconazole, posaconazole, voriconazole, terconszole, abalungin, lerbimatine, amorolfine,

naftifine, butenafine, antdulafongin, caspofungin, and micafungin

7. The method of claim 1, wherein said targeting ap

gent is  caspofungin-
TaminoDDAO.

14
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& The methed of claum 1, wherein said subject is administered 8 pretreatment
antifungal drag prior to the administration of said targeting agent, wherein said pretreatment

anttfungal drug and said the antifingal drug of said targeting agent are the same antifungal drag.

9, The mothod of claim &, wherein said antifungal drog is caspofimgin.

HY  The method of clamn I, wherenn said subject is administered a pretreatment
antifungal drug prior to the adminstration of said targeting sgent, wherein said pretreatment
antifungal drug and the antifungal drug o said targeting agent are nof the same antifungal drug
and wherein said pretreatment antifungal drog dees not bind © the same target as the antifungal

drog 1 satd targeting agent.

1. The methed of claim 10, wherein said pretreatment antifungal drug 18

posaconazote, and the antifungal drag mosad targeting agent is caspofimgin.

12, The method of claim 1 wheremn the targeting agent is detected using an imaging

device.

13, The method of claim 12 wheremn said maging device 18 selected from the group
consisting of an x-ray imaging device, an intrared imaging device, Huorescent imaging device,
nuclear magnetic resonance imaging device, magnetic resonance spectroscopy device, and a

positron enission fomography device,

t4.  The method of claim 1, wherein satd fungus is selected from the group consisting
of Candida albicans, Candida glabrata, Candida parapsilosis, Candida krused, Aspergiiios
fumigatus, Aspergithus niger, Aspergidlus flavay, Cryptococcus neoformans, Scedosporium
aptospermum, Zygomycetes, Histoplasma capsulatom, Cocerdiotdes immitis, Paracoccidiioides

brassiliensis and Blastomyces dermatitidis.

1S, A targeling agent comprising an antifungal agent conpugated directly 1o a

detectable label,

15
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16, The targetimg agent of Claim 13 wherein the detectable label 1s a floorescent {abel.

17, The targeting agent of clatm 15, wherein said antifungal agent is caspofingin or

posacozole,

18, The {argeting agent of clam 15, wherein said detectable label s boron-

dipyrromethene,  7-hydroxy-9H-(1,3-dichloro-9 9-dimethylacridin-2-one),  7-amino-9H-(1 3-

dichloro-9.9-dimethylacridin-2-one} or a derivative thereof.
19, The targeting agent of claim 15, wherein said antifungal agent s caspotungm and

said tabel is 7~amino-9H-(1 3-dichlore-9 9-dimethylaeridin-2-one).

20 The tergeting agent of claim 15, wherein satd antifimgal agent 13 posacozole and

—t

said kabel s T-ammo-9H-(1,3-dichlore-9, 9-dimethylacridin-2-onc).

21 A kit for detecting a fungus in a biological sample or a subject comprising the

fargeting agent of claim 14, and instructions for nse,
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The synthesis and light emission properties of
7-aminoDDAOQ fluorophore and its cross-linkable

derivatives
ol
HO S o2 w2 Absorption 848 nm
| B gge =40 000
NNE N N Emission 8680 nm
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Cross-linkable derivative of T-aminoDDAQ
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Derivatization of pasacmamt& with 7-aminoDDAQO
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