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ABSTRACT. Two major acidic glycolipid components (Pband Pb2) have been extracted from the
mycopathogerParacoccidioides brasiliensjsa thermally dimorphic fungus endemic to rural areas of
South and Central America. Sera of all patients exhibiting paracoccidioidomycosis were found to be
reactive with Pht, but not with Pb2; no reactivity was observed with sera of healthy patients or those
with histoplasmosis [Toledo, M. S., Suzuki, S., Straus, A. H., and Takahashi, H. K. (19®8®d. Vet.
Mycol. 33 247-251]. We report here the complete structure elucidation of Botirasiliensigglycolipids

using monosaccharide, fatty acid, sphingosine, and inositol component analysis by GE8-M&d 3P

NMR spectroscopy; ESI-MS and -MS/CID-MS, linkage analysis, and exoglycosidase digestion. The
compounds were found to be glycosylinositol phosphorylceramides (GIPCs) with the following
structures: P2, Manpal—3Marpal—2Insl-P-1Cer; and Pb- Manpal—3[Galff1—6]Manpal—2Ins1-
P-1Cer. The serologically nonreactive Pbappears to be a biosynthetic intermediate between
mannosylinositol phosphorylceramide (MIPC), which is widely distributed among fungi, and the antigenic
Pb-1. Pb-lis a novel glycosphingolipid, similar to a triglycosyl IPC (N@ reported fronHistoplasma
capsulatunBarr, K., Laine, R.A, and Lester, R. L. (1988jochemistry 235589-5596], but differing

in the anomeric configuration of the terminal @at6 residue, which is immunodominant. The significance

of these structures as serological and taxonomic markers, as well as their potential utility as targets for
immunodiagnostic agents, is discussed.

Although glycosphingolipids appear to be ubiquitous of glycosphingolipids found in plants, yeasts, filamentous
components of eukaryotic cells, they vary widely in both fungi, and protozoans, but so far not in animal cells, which
glycan and ceramide structure, depending on phylum, spe-apparently lack the capacity to synthesize IFL (Among
cies, tissue, stage of differentiation and development, andyeasts and filamentous fungi, extract&tBPCs have been
pathology 8). In humans, even individuals may be char- identified in Saccharomyces cersiae Cryptococcus neo-
acterized by distinctive glycosphingolipid distribution pat- formans Candida spp. @lbicans and utilis), Aspergillus
terns expressed on various tissues. Phylogenetically relatedchiger, andHistoplasma capsulaturtfor review, see refd,
organisms may synthesize similar glycan or ceramide 7; see also ref8, 9). Only nonglycosylated IPCs have been
structures distinct from those found in other classes of extracted from the phytopathogermtytophthoraspp. €ap-
organism; on the other hand, some structures, such as simplsici andparasiticg (10—12), while only IPC and (IR)C were
glucosyl- and galactosylceramides (cerebrosides), are widelyfound in Neurospora crass413). Aside from the well-
distributed among various phyla, including mammals, in-
vertebrates, and fungB{5); in some cases these may also ' Abbreviations: FAME, fatty acid methyl ester; GIPC, glycosyli-

it fai ; ; ; nositol phosphorylceramide; IPC, inositol phosphorylceramide; MIPC,
exhibit fairly common fatty acid or sphingosine components, mannosylinositol phosphorylceramide; PMAA, partially methylated

while in others, one or both of these components may be ggitol acetate; TMS, trimethylsilyl; HPLC, high-performance liquid
quite unusual [e.g., the 9-methyl-4,8,10-sphingatriene re- chromatography; HPTLC, high-performance thin-layer chromatography;
ported for cerebrosides of the sea sBphidiaster ophidi- ~ GC, gas chromatography; MS, mass spectrometry; El, electron impact
amus(6)] ionization; ESI, electrospray ionization; FAB, fast atom bombardment;
: ) . . CID, collision induced decomposition; MSD, mass selective detector;

Compounds based on glycosylatiomayoinositol-(1-O- NMR, nuclear magnetic resonance; PD, preparatory delay; PS, phase
phosphoryl-1)ceramide (InsPCer or IP@rm a special class sensitive; DQF, double quantum filtered; TPPI, time proportional phase
increments; COSY, (scalar) correlation spectroscopy; RECSY, relayed
correlation spectroscopy; TOCSY, total correlation spectroscopy;

T This work was supported by the National Institutes of Health NOESY, nuclear Overhauser effect (dipolar correlation) spectroscopy;
Resource Center for Biomedical Complex Carbohydrates (NIH #5 P41 HSQC, heteronuclear single quantum correlation.
RR05351; S.B.L.); and by FAPESP, CNPq, and PRONEX (Brazil; 2We will use the terms “extractable” or “free” to distinguish the
M.S.T., AH.S., and H.K.T.). GIPC structures discussed herein from the GIPC lipid anchors found
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characterized GIPC antigenslaf capsulatun(14, 15), very
few structures of free GIPC are known in detail; for example,
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300ug) were heated in a tightly sealed Teflon-lined screw-
capped test tube with 10 N NbH,O (1—2 mL) for 18 h at

to date only compositional analysis data have been publishedl50 °C. After cooling, the solution was evaporated to

for the GIPCs ofA. niger (16, 17). A complex composite
structure was reported for GIPCs froAgaricus bisporus
(4), but the experimental evidence for it has not yet been
published. Although the broadly distributedmannosyl-
myainositol-phosphorylceramide (MIPC) was initially char-
acterized over thirty years agag 19), and a claim for the
structure Man1—2Ins1-P-1Cer madef), to our knowledge

no data unequivocally establishing the precise linkage
position of the Man residue on the Ins ring have been
published.

In this paper we describe the structure elucidation of two
GIPCs extracted frorfParacoccidioides brasiliensig my-
copathogen endemic to rural areas of South and Central
America @0, 21). Like H. capsulatumP. brasiliensisis a
thermally dimorphic fungus, growing in yeast form at 37
°C, and in mycelium form at 23C (22, 23). Infection by
P. brasiliensidgs prevalent among farm workers, commonly
affecting the lungs, lymphoid, and mucocutaneous tissues;
in severe cases a deep mycosis may involve bone or spinal
cord R4—27). One of the GIPCs frorR. brasiliensiscalled
Band 1 (referred to herein as Rh-was found to be reactive
with the sera of all patients exhibiting paracoccidioidomy-
cosis (PCM), but not with sera of healthy donors or patients
with histoplasmosis38). The second GIPC, called Band 2
(referred to herein as P2); was not reactive with PCM sera.

It has been proposed8 29) that an immunodominant
f-galactofuranose is present as a nonreducing terminal
residue in the glycan of Pb- Other structural features,
including the nature of the lipid moiety, have not been well
characterized. We now report the complete structure elu-
cidation ofP. brasiliensigglycosphingolipids PHd-and Pb2

with respect to both their glycan and ceramide moieties; in
particular, all glycosyl linkages have now been determined
unambiguously, including that of thg-galactofuranose
residue. The addition of Marl—2 to mycinositol as a key
step in the glycosylation of IPC has also been confirmed for
this fungus. This information suggests a number of common
features of fungal GIPC biosynthesis, some of which might
represent potential targets for diagnosis and therapy of fungal
disease.

MATERIALS AND METHODS

Glycosylinositol Phospholipids Glycolipids were ex-
tracted from mycelium and yeast forms Bf brasiliensis
and purified by DEAE-Sephadex chromatography, HPLC,
and HPTLC as described previousB8(-30). Two major
glycolipids, Pb1 and Pb2, were isolated from the acidic
fractions eluted from DEAE-Sephadex by 0.2 M sodium
acetate in MeOH. Compound Fh-having the lowerR
value on HPTLC analysis, was the major acidic glycolipid
found in the yeast form, making up about-985% of the
acidic fraction; compound PB-could be isolated in signifi-
cant quantities only from the mycelium form, where it
comprised about 4045% of the acidic fraction28).

Release of Glycosylinositols by Ammonolysisnmonoly-
sis of P. brasiliensisglycolipids was performed essentially
as described by Barr and Lestdd), with some variation
in the workup procedure. Briefly, aliquots of lipid (180

dryness under Nstream at 40C; this was repeated after
addition of a few drops of 2-propanol. The residue was taken
up in 1 mL HO, and after thorough sonication lipophilic
components were removed by passage of this solution
through a small C18-silica solid-phase extraction cartridge,
washing with 2x 1 mL H,O. The combined aqueous
solution containing free glycosylinositol and an equivalent
amount of phosphate was lyophilized and used without
further purification; the small amount of salt present did not
appear to interfere significantly in subsequent analytical
procedures. The glycosylinositols are referred to asl Gl-
and 2). The lipophilic components were eluted from the
C18-silica cartridge with MeOH (3 mL) and CHEMeOH
(1:1 viv; 2 mL), and evaporated to dryness undegstieam

at 40°C.

IH and 3P Nuclear Magnetic Resonance Spectroscopy
IH NMR spectroscopy was performed at 500 or 600 MHz
with Bruker AM-500 (University of Washington), AMX-
500, or DRX-600 (University of Georgia/Complex Carbo-
hydrate Research Center) spectrometei® NMR spec-
troscopy was performed at 202.4 MHz on the AMX-500
spectrometer.'H-detected®'P-'H heteronuclear correlation
spectra were acquired on the AMX-500 spectrometer using
a 1-D version of the experiment described by Bax et3l). (

For NMR experiments, samples of natiVe brasiliensis
glycolipids Pbi and 2 (1-1.5 mg) were deuterium ex-
changed by repeated addition and evaporation of GOOk-

OD 1:1, and dissolved in 0.5 mL DMS@YD,0 98:2 32).

All experiments in this solvent were carried out at 308 K.
Samples of free glycosylinositols released by ammonolysis
(GI-1 and 2) were deuterium exchanged by repeated
lyophilization from DO, and dissolved in 0.5 mL of JO.

All experiments in RO were carried out at 29&. In all
proton NMR experiments, suppression of the residual HOD
resonance was accomplished by a presaturation pulse during
the preparatory delay period (RD2.0 s). For 1-D spectra,
the sweep width was 10 ppm, collected over 16K data points.

Pure absorption PSCOSY with double quantum filtering
(DQF) @33, 34), TOCSY 35 using the MLEV-17 pulse
scheme described by Bax and Daa§)((120, 180, and 240
ms mixing times), and homonuclear PEOESY spectra
(300 ms mixing time) were all recorded using the method
of time proportional phase increments (TPRY,(38), with
parameters for acquisition and processing essentially as
described previously 39). One-step relayed coherence
transfer (RECSY or RELAY)40) spectra were acquired and
transformed as describe89), but with a mixing time of
100 ms, optimal fofJ,y + 33, , = 10 Hz (1), a compromise
value for the expected combined couplings. A total of 512
t; experiments were collected, with a sweep width of 6000
Hz collected over 4K data points tg an increment tad, of
0.166 ms gave &max = 85 ms.

Monosaccharide, Fatty Acid, Inositol, and Linkage Analy-
sis Methanolysis (1.0 ma1 N HCI in anhydrous MeOH at
80 °C for 16—-22 h), reN-acetylation (20QuL MeOH, 40
uL pyridine, 40 uL acetic anhydride for 30 min at room
temperature), and pé&-trimethylsilylation of the resultant
monosaccharide methyl glycosides [2@0 Tri-Sil (Pierce,
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Rockford, IL) at 80°C for 30 min] were performed on ca.

Levery et al.

detectable if it retains a cation, as is the case in positive ion

50 ug samples of dry GIPC essentially as described by mode ESI-MS.

Merkle and Poppe4Q2), except that fatty acid methyl esters

a-Mannosidase Treatment of the Glycosylinositol Released

(FAMEs) were extracted from the cooled methanolysate by from Glycolipid Pb2 by Ammonolysigo an aliquot of GI2

partitioning with an equal volume of hexanexBprior to
drying under N at 40°C. The combined hexane extracts
were also dried carefully under,Nat 40 °C, and pero-
trimethylsilylated with Tri-Sil using an identical protocol
[after cooling the reactants to room temperature, the Tri-Sil
reagent was removed by careful drying underail40°C,
and the residue extracted withhexane (2x 100uL)] for

(ca. 35ug) in 70uL H,O was added an equal volume of 0.1
M sodium acetate buffer (pH adjusted to 4.5 with HAc),
followed by 60uL Jack Beam-mannosidase (Boehringer-
Mannheim, 5 mg/mL suspension). The reaction mixture was
sealed and agitated gentlyrf®h at 37°C. A second portion

of a-mannosidase (50L) was added, and incubation was
continued for 16 h more. The reaction mixture was then

GC-MS analysis. Sphingosines were released using condi-transferred to a larger vessel, washing witk 2 mL HO,
tions described by Gaver and Sweeley (1965), washed withand lyophilized. The mixture was then lyophilized twice

hexane and driedN-acetylated with pyridine and acetic
anhydride in methanol, and p&-trimethylsilylated for GC-
MS analysis with Tri-Sil as described above. Lengthy
protocols 43, 44) for isolating sphingosines from the
methanolysate prior to derivatization were omitted, since all
of the perO-trimethylsilylated monosaccharide derivatives

more from 1.4 mL RO, and dissolved in 0.5 mL JO for
NMR spectroscopy. As controls, small amounts of pure
mannose andhyainositol (ca. 0.1-0.3 mg) were treated in
identical fashion except that the incubation period was
omitted. Following acquisition of 1-BH NMR spectra, the
three samples were recovered, lyophilized, and redissolved

eluted well before those of the sphingosines, and did notin H,0 (1 mL).

interfere in their detection. Inositols were released and g4ch sample was then treated as follows for GC-MS
peracetylated for GC-MS analysis as described by Barr andanaiysis of sugars as peracetylated alditol and inositol

Lester (4).

All GC-MS analyses were performed on a Hewlett-
Packard 5890 GC/5970 MSD using splitless injection.
Analysis of inositol pei©-acetates was performed on a 50

derivatives. Reduction was carried out by addition of 1.0
mL NaBH, solution (10 mg/mL in 0.01 N NaOH); after
thorough vortexing, the solutions were allowed to stand
overnight at £°C. After addition of a few drops of HAc to

m Quadrex methylsilicone bonded phase fused silica capillary gesiroy the remaining borohydride, the reaction mixture was

column, temperature programmed from 170 to 32t 3/

evaporated to dryness under $ream at 40C, with addition

min. All other component analyses were performed on a ¢ EtOH to azeotrope the . The residue was then freed

30 m DB-5 bonded phase fused silica capillary column,
temperature programmed from 160 to Z@at 2/min and
from 200 to 260°C at 10/min (for perO-TMS methyl
glycosides); or from 140 to 328C at £/min (for FAMEs
and N-acetyl, perO-TMS sphingosines). All derivatives

of borate by 5 addition of 5% HAc in MeOH (1 mL) and
evaporation to dryness under; dtream at 40°C. The
remaining residue was dried in vacuo over NaOH and per-
O-acetylated by heating with acetic anhydride (1 mL) in a
sealed tube fo2 h at 100°C. After cooling and evaporating

were identified by retention times and mass spectra comparequst to the point of dryness under, Ntream, with addition

with authentic standards and published data.
Permethylation, hydrolysis, reduction, and acetylation to

produce PMAAs were performed as described by Levery

and Hakomori 45). PMAAs were analyzed on the DB-5

of toluene to azeotrope the acetic anhydride, the (per-
acetylated sugars were recovered for GC-MS by partitioning
the residue between CH{And HO (1 mL each), washing
the CHC} layer several times with additional,B. The

column and the GC-MS system described above, temperaturesHcy, Jayer was then carefully evaporated to dryness and

programmed from 160 to 261C at 2/min, with derivatives
identified by retention times and characteristic EI mass
spectra46, 47) compared with those of authentic standards.
Positive lon Electrospray Mass SpectrometrgSI-MS
experiments were performed on a PE-Sciex API-IIl spec-

trometer with lonSpray source. Samples were dissolved in

methanol containing 1 mM ammonium acetate, and intro-
duced by direct infusion. For single quadrupole scanning,
the mass range ofVz 100-1600 was scanned at an orifice
potential of 180 V. For tandem MS-CID-MS experiments,
argon was introduced into the collision cell at a C&B50—
400, precursor ions were selected invghile an appropriate
mass range was scanned in. QThe potential difference
across the collision cell was s&80 V. Fragment nhomen-
clature is according to Costello and Va#8|. However, it
should be noted that the structure of the sodiatddagments
are not identical to those ofiagments produced by high-
energy FAB-MS/CID-MS processes. The designatiphd®
been assignedtB) to oxonium ions formerly referred to as
A-type (49); in ESI-MS/CID-MS of sodium adducts, the

the sugar acetates taken up in fresh CHfekr GC-MS
analysis.

RESULTS

Monosaccharide, Sphingosine, Fatty Acid, and Inositol
Component Analysis of Purified Glycolipid Fractions Bb-
and Pb2. Following methanolysis of glycolipid fractions
Pb-1 and Pb2, GC-MS analysis of monosaccharides as their
TMS methyl glycosides showed Fbto consist of mannose
and galactose in a ratio of 2.00:1.17, while Pyielded only
mannose as a significant component. Small amounts of
glucose were detected in both glycolipid fractions, along with
a small amount of galactose in glycolipid fracti@n but
subsequent NMR and MS analysis confirmed that these were
not derived from the major components of each fractieae(
infra).

When the methanolysates wereNeacetylated prior to
trimethylsilylation, no peaks corresponding to hexosamine
derivatives were observed; however, a small very late eluting

analogous fragment is essentially the other product of Y-type peak (40.9 min) was detected in each chromatogram; the El

cleavage48), formerly calleds-cleavage49), which is only

mass spectrum of this component was similar in appearance
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to that of N-acetyl-1,3,4-triO-trimethylsilyl-(t18:0)-4-hy-
droxysphinganine=t phytosphingosine) published previously
(50), except that we observed additional peaks corresponding
to M**, [M—15]", and [M—15—-90]" (m/z575, 560, and 470,
respectively), confirming the molecular mass of the deriva-
tive. The GC retention time and El mass spectrum were
identical to those of authentld-acetyl-1,3,4-triO-trimeth-
ylsilyl-(t18:0)-4-hydroxysphinganine analyzed under the
same conditions, and distinct from those of bbHacetyl-
di-O-trimethylsilyl-(d18:1)-sphing-4-enine ardtacetyl-di-
O-trimethylsilyl-(d18:0)-sphinganine. When the modified
methanolysis reagent of Gaver and Sweel&y) (vas used,
the yield of this derivative increased approximately 5-fold,
to about half of the total response of ge+trimethylsilyl
mannose derivatives.

When GC-MS analysis of the hexane extracts following
methanolysis was performed, only small amounts of 16:0
and 18:0 fatty acids were detected as their methyl esters.
After O-trimethylsilylation of the extracts, abundant peaks
for the trimethylsilyl derivatives of 2-hydroxy-fatty acid
methyl esters were observed. Both glycolipidsPénd 2
had h24:0 fatty acid as the major component, with smaller
amounts of h18:0, h20:0, h22:0, h23:0, and h25:0 also
detected.

Following strong acid hydrolysis and peracetylation, an
additional component was detected from both glycolipids by
GC-MS, identical in GC retention time and El mass spectrum
to an authentic standard of he€aacetylmycinositol. The
retention time of this derivative was distinct from those of
epi andscyllo-inositols analyzed under the same conditions.

In summary, glycolipid P& was found to consist of
mannose and galactose in a ratio of 2:1, along wiyo
inositol and a ceramide consisting primarily of t18:0
phytosphingosine and h24.0 fatty acid. The presence of one
or more phosphate moieties was assumed on the basis o
positive staining with Dittmer-Lester reager0f. Gly-
colipid Pb2 appeared to be similar in all respects, except
that it lacked the galactose residue.

1- and 2-D'H NMR Spectroscopy of Glycolipid Pb- In
Figure 1A is reproduced a downfield expansion {2581
ppm) of the 1-D*H NMR spectrum of glycolipid P2 in
DMSO-ds/2% D,O. As expected for a glycosphingolipid
having a fully saturated ceramide moiety, virtually no
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Ficure 1: Downfield expansion of 1-D proton NMR spectra of P.
brasiliensis glycolipids PR- (Panel A) and PH- (Panel B) in
DMSO-d¢/D,0 98:2 at 308 K. Arabic numerals refer to ring protons
of residues designated by Roman numerals or capital letters in the
corresponding structure drawn at the top of Table 1. R refers to
proton of the sphingosine backbone only. lagnyoinositol.

[ax/eq and eg/ax], while the remainifig; were large [ax/
ax]). Of the two direct coupling partners of H-2, at 3.220
and 3.730 ppm, the latter appeared to exhibit an additional
splitting besides those to its nearest neighbors (Figure 2A);
this was taken as evidence of coupling t#R nucleus, and
that proton tentatively assigned as H-Inofainositol. The
proton resonance assignments for the monosaccharide and
fyainositol (Ins) ring spin systems are summarized in Table
1.

An additional spin system, beginning with a pair of proton
resonances at 3.642 and 4.028 ppm and terminating in the
bulk acyl CH signal, was assigned to the phytosphingosine
chain of the ceramide moiety (column R, Table 1).

In a 2-D proton dipolar correlation spectrum (NOESY;
available as Supporting Information) acquired with a mixing
time of 300 ms, two strong correlations were observed

resonances for either cis or trans-vinyl protons were detectedfrom the H-1 resonating at 5.061 ppm; these corresponded

(5.3-5.6 ppm; not shown). Characteristic resonances for
long-chain acyl bulk Ckland terminal CH protons were
observed at 1.23 and 0.85 ppm, respectively (not shown).

to an intraresidue dipolar correlation with H-2, as expected
for either ana- or -Manp residue; and arinterresidue
dipolar coupling of comparable intensity with H-2 of the

Two anomeric resonances were observed at 5.061 and 4.896nycinositol residue, taken as compelling evidence for a

ppm, both havingJ; » on the order of their apparent line
widths (= 2 Hz); the resolution was judged insufficient for
unambiguous determination of the anomeric configuration
of Man residues.

Use of 2-D proton scalar correlation experiments, including
PS-DQFCOSY (Figure 2A) and TOCSY (available as

Manpl—2Ins linkage. From the other H-1, resonating at
4.896 ppm, an intraresidue correlation was again observed
with the vicinal H-2; in addition, a strong interglycosidic
correlation was observed with Mpar-3, as well as weak
ones with I-2 and I-4, which were taken together as evidence
for a Marmpl—3Man linkage. The dipolar correlation data

Supporting Information), facilitated nearly complete unam- are summarized in Table 2.

biguous assignment of sugar ring and exocyclic proton 1-D 3P NMR Spectroscopy of Glycolipid Pb-1n a 1-D
resonances starting from the two anomeric signals. Ap- proton-decouple@P NMR spectrum of glycolipid PB-(not
proximate ring protoriJ;; coupling constants were consistent shown), a single resonance was observed 4.33 ppm downfield
with manngyranosyl spin systems. In addition, a cyclic six- from an external BPQ, standard. A 1-D3'P-filtered 'H
membered spin system was clearly delineated, with a set ofNMR spectrum (available as Supporting Information) showed
3Ji; coupling constants consistent witlyoinositol, having three proton correlations for this phosphorus nucleus; one
a lone equatorial ring proton, H-2) » and3J, 3 were small with the resonance assigned as Ins-1 (3.730 ppm), and with
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A Table 1: Chemical Shifts (ppm) for Ceramide, Inositol, and
3.00 Monosaccharide Ring Protons Bf brasiliensisGlycosphingolipid
Antigens in DMSOd¢/D,0 98:2 at 308 K
residue
3.20 m II I inositol R
‘ Galffl———— 6
Manpgl——2Insl« P —1Ceramide
3.40 proton Manpoll—3
" H-1 4.896 5.061 3.730 3.642,4.028
Relb/la 3.60 H-2 3.728 3.910 3.970 3.839
? : H-3 3.580 3.647 3.220 3.459
From L1-1 F H-4 3.446 3.609 3.370 3.347
580 H-5 3.580 3.905 2.950
o Reb2ige : H-6 3.610  3.558 3.492
FromI-l ; H-6' 3.518 3.492
' A 4.00 H-1 4.825 4.886 4.995 3.730 3.661, 4.039
- H-2 3.827 3.733 3.932 3.986 3.833
) o H-3 3.794 3.587 3.638 3.220 3.456
) ﬁ H-4 3.494 3.448 3.595 3.362 3.354
P 4.20 H-5 3.396 3.587  4.050 2.950
P : H-6 3.427 3.617 3.771 3.493
4.20 4.00 3.80 3.80 3,40 ) 3.20 3.00 "M H-6' 3.369 3.524 3.452
a Tentative assignments in italics. Numberingro§oinositol ring
protons differs from that in re29.
B L 3.00
Table 2: Summary of Dipolar Correlations Observed from H-1 of
Hex Residues in NOESY Spectra Bf brasiliensis
P30 Glycosphingolipid Antigens Pb-2 and PB-1
dipolar correlation
) antigen origin strong medium weak
Pb-2 1-1— 1-3 I-2
-2 I-4
L 3.60 I-1— Ins-2
R-1b/1a G2 Z o -2
Bomil 3 L 1 Pb4 -1 — -6 6"
From III-II—S/Gﬁ Fo 280 -2
Re10/2 [Fs -3
From I-1 1-1— I-3 -2 11-3/1-4
1 oo -2 I-4
3 P I-1— Ins-2 I-3
@ s -2 -4
®
e N aKey interresidue correlations indicated by boldface italics.
. T T T T T T T PPM
e e e e al e e could be measured more easily under these conditions, and

Ficure 2: Downfield regions of 2-D PS-DQF-COSY spectra of their values, 1.46 and 1.84 Hz, respectively, were both clearly
P. brasiliensisglycolipids Pb2 (Panel A) and Pl (Panel B) in within the limits observed for the-configuration of man-
DMSO-de/D-0 98:2 at 308 K. nosyl residues. Typical values for the chemical shift and
the pair of resonances assigned as R-1a afd of the 3J;, of B-Manp are around 4.+74.8 ppm and 0.9 Hz,
ceramide moiety (3.642 and 4.028 ppm, respectively). The respectively. A 2-D correlation experiment (Figure 3B)
correlations confirmed those assignments, and enabled aallowed assignment of the corresponding Math-2 reso-
preliminary proposal for the structure of glycolipid Rp-  nances (4.076 and 4.240 ppm, respectively); from these the
Manpl—3Marpl—2Ins(1:0-Phosphoryt-1)Cer, complete  values ofJ; ; could be confirmed antl, ; coupling constants
except for the anomeric configurations of the Maasidues. also measured. The appearance of the H-2 resonances
1- and 2-DH NMR Spectroscopy of Glycosylinositol corresponded to those descibed by Vliegenthart et5d). (
Released from Glycolipid PB-by Ammonolysis.NMR as characteristic for-Manp residues. Finally, comparison
spectroscopy was performed on the glycosylinositol releasedwith several database entries for structures containing a
from glycolipid Pb2 (GI-2) with the expectation that high-  nonreducing terminal Mg 1—3Marpal—2Marp fragment
resolution spectra in D, free from the influence of the  showed typical chemical shift values of 5.143 and 4.060 ppm
phosphate group, would allow correlation with the extensive for H-1 and H-2, respectively, of the terminal resid&&)(
database now available for oligomannose structures, and thugomparable with the 5.150 and 4.076 ppm pair observed for
provide a clear indication of the anomeric configurations of GI-2. Values given for H-1 and H-2 of the internal residue
the two Map residues in this compound. In the 1-D of the trimannose fragment were 5.038 and 4.224 ppm,
spectrum (Figure 3A), two anomeric resonances were respectively $2); compared with the chemical shifts 5.127
observed at 5.150 and 5.127 ppm, well in the region expectedand 4.240 ppm observed for the same protons in the second
for a-Manp residues. Furthermoré]; » coupling constants ~ Manp residue of GI2, the values for H-2 appeared to be
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T
3.5

4.5 4.0
Ficure 3: Downfield expansions of 1- and 2-D proton NMR
spectra ofP. brasiliensisglycosylinositol GI2 in D,O at 298 K.
Panel A, 1-D proton spectrum; Inset, expansion of anomeric proton
region. Panel B, section of 2-D TOCSY spectrum showing H-1/

H-2 scalar correlations.

Table 3: Chemical Shifts (ppm) and Coupling Constants (Hz), in
D,0 at 298 K, for Selected Monosaccharide Ring ProtonB.of
brasiliensisGlycosylinositols (X= Ins) Compared with Data for the
Terminal Disaccharide Fragment of a Glycan Released from a
Secreted Glycoprotein @&. cereisiae [X = a-Man (52)]

residue
a1 i 1
Gaffl——— 6
Manpal——2X
proton Manpol—>3
H-1 5.143 5.038 X= a-Man
H-2 4.060 4.224
H-1 5.150 5.127 X=Ins
312 (1.46) (1.84)
H-2 4.076 4.240
333 (3.30) (3.30)
H-1 5.041 5.151 5.091 X Ins
302 (1.99) (1.49) (1.74)

close, while those for H-1 exhibited a wider variance.
However, this is not unexpected in view of the difference in
the aglycone between the two structures.
summarized in Table 3, clearly support the structure oRGI-
as Mampal—3Marpol—2ins (Scheme 1, R= H).

1- and 2-D'H NMR Spectroscopy of Glycolipid Pb- In
Figure 1B is reproduced a downfield expansion {58l
ppm) of the 1-D'H NMR spectrum of glycolipid PH4-in
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Ficure 4: Downfield regions of 1-D proton NMR spectrum (Panel
A), along with 2-D TOCSY (Panel B) and NOESY (Panel C)
spectra of Pt in DMSO-d6/D20 98:2 at 308 K.

systems (Figure 2B; Figure 4A,B). The proton chemical shift
assignments are summarized in Table 1. Approximate ring
proton 3J;; coupling constants were consistent with two
manngyranosyl spin systems, again having unspecified
anomeric configurations, arising from the H-1 signals at
4.995 and 4.886 ppm; andjagalactduranosyl spin system
arising from the H-1 at 4.825 ppm. In the latter case, the
smallJ; , would appear to rule out-Galf, since the smaller
H-1/H-2 dihedral angle would be expected to yield a larger
coupling constant®]; , for methyl a-galactofuranoside has
been measured at 4.0 Hz; for mettffgalactofuranoside,

These data,2.0 Hz 63, 54)].

A 2-D NOESY experiment on glycolipid Pb{Figure 4C,
Table 2) again allowed the linkage structure to be deduced.
As before, a strong interglycosidic correlation was observed
from H-1 of one of the Map spin systems (I-1; 4.995 ppm)
to H-2 of themyecinositol residue, accompanied by a strong

DMSO-ds/2% D,O. In this case, three anomeric resonances intraresidue dipolar coupling to the vicinal H-2 and weaker

were observed at 4.995, 4.886, and 4.825 ppm, all With
on the order of their apparent line widthsZ Hz). As with
glycolipid Pb2, 2-D proton scalar correlation experiments
on glycolipid Pb4 enabled nearly complete unambiguous

couplings to H-3, H-4, and H-5. In light of the evidence
presented for the structure of glycolipid Rbas well as
additional data obtained for glycolipid Pb{vide suprg,
we interpret the weak H-1/H-5 dipolar correlation as a

assignment of the sugar ring and exocyclic proton resonancegransferred NOE, arising through rapid spin diffusion via H-2/

starting from the three anomeric signals, as well as identi-

fication of similar myainositol and phytosphingosine spin

H-3/H-4, rather than implying an axiap{anomeric) con-
figuration for H-1. This may be due to an increase in the
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606,750

Scheme 1: Structure of Pb{R = Cer-P-) and G2 ®
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correlation time for this residue, relative to that in glycolipid : 680 706
Pb-2, as a consequence of the additional sugar linked to it. | sp9 773
As with glycolipid Pb2, an intense interglycosidic cor- S 144z | 1470
relation was observed between H-1 of the second fMan L o 4
residue (ll-1; 4.886 ppm) and H-3 of the first, accompanied - ulhl.mL i) ' ) MM {L

by a strong intraresidue correlation with the vicinal II-2 and R P
weaker correlations with I-2 and I-4/11-3. Assuming, as Will  Fgyge 5: Positive ion mode ESI-CID-MS of glycolipids Fb-
be shown further, that these residues are configured as theyPanel A) and Pl- (Panel B).
are in glycolipid Pb2, the partial structure Maal—3-
Manpal—2Ins can be proposed. Finally, from the third shifted upfield; Gdilll-1 resonating furthest upfield), these
anomeric signal, assigned as H-1 @Galf (Ill-1; 4.825 were assigned as Mpnll-1, Manp |-1, and Gal IlI-1,
ppm), intraresidue dipolar correlations were observed to respectively. As was the case for @lboth the chemical
I11-2 and I111-3, accompanied by a strong correlation with shifts and the3J;, coupling constants (Table 3) in this
I-6 and a weak one with I‘6consistent with a Gg#1—6 medium clearly support the-configurations for both of the
linkage to the internal Man residue. The complete structure Manp residues in Glt.
for the glycan of glycolipid Pit can therefore be proposed Electrospray lonization Mass SpectrometnA number
as Galgl—6(Marpal—3)Marpal—2Ins (Scheme 2, R of techniques were employed to ensure a high confidence
H). level for the proposed structures. Analysis of the native
1-D 3P NMR Spectroscopy of Glycolipid Bb-1n a 1-D purified glycolipids by ESI-MS provided independent con-
proton decoupled'P NMR spectrum of glycolipid Pli; a firmation of a humber of structural features, including the
single resonance was observed 3.87 ppm downfield from anglycan size and sequence, the position of the phosphate
external HPQ, standard. A 1-D3'P-filtered 'H NMR group, and the ceramide profile. In the positive ion mode,
spectrum (available as Supporting Information) again showedsingly charged pseudomolecular ions-f¥+2NaJ" of both
three proton correlations for this phosphorus nucleus; oneglycosylinositol phospholipids were readily observed (Figure
with the resonance assigned as Ins-1 (3.730 ppm); and with5A, B) at m/z ratios differing by 162 u, corresponding to
the pair of resonances assigned as R-la atb of the the mass of a single hexose residue. Detection of singly
ceramide moiety (3.661 and 4.039 ppm, respectively). The charged species was found to be optimal at high orifice-to-
correlations confirmed those assignments, as well as theskimmer potentials (180 V was used for all experiments

complete structure of glycolipid Ph-Gafs1—6(Marpo.1—3)- described). Under these conditions, a number of useful
Manpol—2Ins(10-Phosphoryt-1)Cer (Scheme 2, R= fragment ions were also detected in high abundance between
Cer). m/z 500-800. However, the presence of other ions not

1-D 'H NMR Spectroscopy of Glycosylinositol Released clearly assignable, along with increasingly abundant back-
from Glycolipid Pb1 by AmmonolysisA 1-D proton NMR ground noise belowvz 500, prompted the use of ESI-MS/
spectrum (not shown), taken in,O, of the glycosylinositol MS studies for more detailed structural interpretations.
released from glycolipid Pk-(GI-1) exhibited three ano- In each case, product ion spectra were recorded while
meric proton resonances, at 5.151, 5.091, and 5.041 ppmselecting the major pseudomolecular ion (Figure 6A,B), as
By analogy with the spectrum of &G and taking into well as fragments corresponding to the phosphorylated
account the chemical shift differences observed for the H-1 glycans, [GPOsNa]* and [BsPOsNa]* (Figure 7A,B for
resonances on going from glycolipid RPle glycolipid Pb4 Pb-1; spectra for PI2 included in Supporting Information).
in DMSO-ds (Manp II-1 relatively unchanged; Manl-1 Interpretations of the resultant product ions, with respect to
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FiGUrRe 6: Product ion spectra from ESI-CID-MS/CID-MS experi-
ments on glycolipids PB-(Panel A) and PH- (Panel B). Selected
precursors: Panel An/z 1294 (major pseudomolecular ion of

glycolipid Pb2; Panel Bm/z 1456 (major pseudomolecular ion of .
glycolipid Pb4. Fragments are interpreted according to Schemes e - - “@ e ™ o« " 0

3 and 4 and Table 4. FIGURE 7: Product ion spectra from ESI-CID-MS/CID-MS experi-

) . ments on glycolipid PH- Selected precursors: Panel #z 791
known low-energy CID behavior of glycoconjugates, are (C;PO3Na); Panel Bm/iz773 (B;PO:Na). Fragments are interpreted
summarized in Schemes 3 and 4 and Table 4. Of particularaccording to Scheme 4 and Table 4.
relevance is the extremely low abundance of fragments at
Mz 467 and 449 in the spectra of glycolipid R{Figures to hydrolyze intact Pi2with o-mannosidases under a variety
6B, 7A,B). A much higher abundance of these ions would of conditions were unsuccessful. However, independent,
be expected if the glycan chain were linear, whereas in the unambiguous confirmation of the anomeric linkages of the
case of the branched structure shown, they would have totwo Marp residues was obtained bymannosidase treatment
arise from GPO;Na and BPO:;Na precursors by double of the free glycosylinositol GB. Following extensive
cleavage of both nonreducing terminal residues, (&nd digestion, the products were analyzed by two methods chosen
Y 25), @ process which has been known to be disfavored for to minimize losses from sample transfer and other workup
nonderivatized glycoconjugatesd). An analogous process steps. The entire digest, including buffer and enzyme, was
arising from ions G and B should also be disfavored, but lyophilized once, then lyophilized twice more from®, and
ions of Mz 365 and 347 are still observed, although in low finally dissolved in this solvent for acquisition of a 1-D
abundance. The presence of these ions can be explained bproton NMR spectrum. To control for the possible effects
an alternative fragmentation pathway involving single cleav- of high salt content on the spectrum of the enzyme digest, it
age of either one of the terminal residues from thea@d was compared with spectra of standards of pure mannose
B, trisaccharide precursor ions. An analogous alternative and mycinositol treated in an identical manner. The
pathway tom/z 467 and 449 is not available for the spectrum of the enzyme digest clearly exhibited resonances
phosphorylated glycan precursorsPR©;Na and BPO;Na. virtually identical to those found in the spectra of both free

With respect to the lipid moiety, the difference in mass mannose and fremycinositol (Figure 8). No resonances
between the predominant pseudomolecular ion and thewere observed for G& nor for any intermediate mannosyl-
phosphoglycan fragment (665 u) is in each case consistentsubstitutedmyainositol, indicating complete digestion of
with a ceramide made up of (t18:0)-4-hydroxy-sphinganine both Marp residues of GR. Following this, the digest was
and h24:0 fatty acid. recovered, reduced with sodium borohydride, and treated for

o-Mannosidase Treatment of the Glycosylinositol Released GC-MS analysis of the products as their fi@&acetate
from Glycolipid Pb2 by Ammonolysis.Repeated attempts derivatives. Again, only the hexa-acetates of mannitol and
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Scheme 3: Fragmentation of Rhinder ESI-CID-MS and Table 4: Product lons Formed in Low-Energy CID Spectr&of

ESI-CID-MS/CID-MS Condition$ brasiliensisGlycosylinositol Phosphorylceramides Pb-2 and Pb-1
C,PO;Na (Figures 6 and 7, and Supporting Information)
HO B3PO3N3 mz
C ion Pb2 Pb-1
: 0 [M-Naf]* 1294 1456
Il [Y POsNarNa']+ 808 808
0 EI’ o--Cer ZoPOs;NarNa']* 790 790
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YO CsPOsNarNat] 629 791
Z,PO,Na B ONarNa']" s s
3 ‘Na
BZNa*%Jr 509 671
B,!Y,PO;Na Y J/CPONarNat]+ 467
Y 24 orﬁ/CspQNa;l\JlraJ’]*' --- 629
+ Y o/BsPOsNa-Nat] 449
M+Na =1294 Y 20 or f/BaPOsNa-Na*]+ . 611
a Fragment nomenclature is after Domon and Costétlp s applied YaCyNal™ 365
to glycosylinositol phosphorylceramides in Singh et 8D)( Y 20.0rp/Ca"Na'] 527
CxNat]* 365 527
Scheme 4: Fragmentation of Pb-1 under ESI-CID-MS and Yz/Bz';\‘aﬂ* . 347 "
ESI-CID-MS/CID-MS Conditions. \ésyNogﬂBg-Na ] iy 55% :
Yy Y 20 0rplCoNa'] ™ 365
OH O C3PO3N3 Y 20 orp/B2Na]* --- 347
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myaoinositol were detected, in a 2:1 ratio. These results
confirm the a-configuration of both Map residues of
glycolipid Pb2 and, by extension, of glycolipid Pb-

Linkage Analysis by GC-MSThe linkage structure of the . ‘
terminal trisaccharide of the glycolipid Pbwas confirmed o “ e e
unambiguously by the detection of derivatives for terminal B
Gaff and Marmp residues (2,3,5,6-teti@-Me-Gal and 2,3,4,6-
tetraO-Me-Man, respectively), along with one for a branch-
ing —3[—6]Manp residue (2,4-d-Me-Man). In glycolipid
Pb-2, the absence of the terminal Ged¢sidue was indicated
by deletion of the terminal GRhnd—3[—6]Manp deriva-
tives from the GC-MS pattern, with the concomitant ap-
pearance of a derivative fer3Marp (2,4,6-tri-O-Me-Man),
while that for terminal Map was retained. These data
support the proposed linkage of the Gatsidue to the

6-position, and the Manto the 3-position, of the branching
Manp of glycolipid Pb-.

Taken together, the data support the following complete
structures for Pd-and Pb2: Pb-2, Marpol—3Marpol—2- e 552 o
Ins1-P-1Cer, and Pb- Marpal—>il3[Ga|fﬁ1—>(_3]Marpal—>2? Ficure 8: Downfield expansion of 1-D proton NMR spectrum of
Ins1-P-1Cer where the predominant Cer in each consists ofp. brasiliensisglycosyliositol GI2 following treatment with Jack
t18:0 phytosphingosine and h24:0 fatty acid. These struc- Beano-mannosidase, compared with spectra of identically treated
tures are analogous to those of two GIPCs isolated #om  Myoinositol and mannose. Panel A, 4.8.2 ppm region, comparing

. . . spectrum of product (Middle) with those afycinositol (Upper)
capsulatum(19): Hc-V, Marpal—3Marpal—2 or 6Ins1- and mannose (Lower); Panel B, 5:8.5 ppm region, comparing

P-1Cer, and Ho/l, Manpal—3[Galfal—6]Manpol—2 or spectrum of product (Upper) with that of mannose (Lower). All
6Ins1-P-1Cer for which the same Cer structure was found three spectra were acquired in@®at 298 K.

e

T
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to be predominant. It seems likely that the internal linkage
in the H. capsulatumantigens is Mapal—2Ins, and that
Pb-2 is identical to HcV, while Pb4 differs from HcVI
only in the anomeric configuration of the terminal galacto-
furanose residue.

DISCUSSION

Although approximately 12 million patients, mostly farm-
workers, are infected by the mycopathodenbrasiliensis
the precise etiology of paracoccidioidomycosis (PCM) is still
unclear 66, 57). It is assumed that patients are infected by
exposure to the mycelium form, which grows well at-18
24 °C, present in soilg6, 58). Only the yeast form, which
grows at 35-37 °C, is detected in patients exhibiting PCM
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With respect to understanding the structure and biosyn-
thesis of free GIPCs iR. brasiliensisas well as their status
in relationship to other fungi, considerable care was exercised
to establish as unambiguously as possible the anomeric
configuration and location of all glycosyl linkages. This was
particularly true in the case of the Mah—2Ins linkage,
which may prove to be fairly general among fungi, although
this impression has until now been based for the most part
on secondary reference$, (/). The Marm1—2Ins linkage
is shared in common with the acylated phospingsinositol
mannosides (PIMs)/6—78) which anchor the characteristic
lipomannans (LM) and lipoarabinomannans (LAMSs) of
mycobacteria 19—81) (recently reviewed, reB2). PIM
anchors, however, are based on a phosphorylated diacylg-

(59). Although considerable progress has been made in thelycerol (DAG), rather than ceramide, lipid moiety. There

diagnosis and treatment of PCMQ—62), persistent prob-
lems exist with respect to antigenic instabili§3f, cross-
reactivity and false negative serological resubd)( and
various other types of misdiagnosi85-68). In view of
the increasing possibility for importation of PCM to non-
endemic area$sg), as well as the increasing global risk for

is a further interesting divergence between PIMs and the
complex fungal GIPCs characterized so far: the lorg{
[Mano—2]Mana1—), chains comprising the mannan core
of mycobacterial LAMs are attached to the PIM anchor via
a Marml—6Man—6Ins sequence, while the Man residue
linked o—2 to myainositol remains unsubstituted. In any

mycopathogen infection among immunocompromised pa- case, since this linkage is not part of the mammalian

tients 69—71), the need for improved methods for diagnosis

repertoire, as far as is known, the as yet unidentified

and treatment of PCM and other fungal diseases is clear. Atransferase(s) responsible for it may provide a useful target
survey of cell surface membrane components, initiated to for interference in fungal growth, reproduction, or infectivity,

identify novel targets for immunodiagnosis and therapy for

provided it is found to be essential for one or more of these

mycopathogens, led to the structural studies described in thisfunctions.

paper.
In addition to glucosylceramides found in the neutral
fractions of P. brasiliensis glycolipids (72), two major
glycosylphosphoryl lipids were isolated from the acidic
fractions retained by DEAE-SephadeX8( 29). The sera
of all patients with PCM were found to react strongly with

Compared with the relatively simple phosphosphingolipid
structures found ir8. cereisiag, C. albicans andC. utilis
[IPC, MIPC, IPMIPC 0, 18, 19, 83—85)], the presence in
filamentous fungi, such a&. niger(4), H. capsulatun{15),
and P. brasiliensis of more complex GIPCs suggests the
possibility in these species of unique recognition functions

one of the acidic components, which was detected in both based on glycan structure, possibly related to the existence

the yeast and mycelium forms Bf brasiliensis(28). This
component, Pd; comprised 9695% of the acidic gly-
colipids extracted from the yeast form; a second acidic,
serologically unreactive glycolipid, PB- was a minor

of mycelial forms, or, in the case of the latter two, of thermal
dimorphism. Distinct from the use of specific GIPC
structures covalently bound to proteins as membrane anchors
(1), it has been suggested that free IPCs may be required in

component in the yeast form, but was found in amounts S. cereisiae as cofactors for proper activation of certain

comparable to PB-in the mycelium form. Initial charac-

membrane-bound enzymeR6]; or they may serve “chap-

terization established that the basis for the serological erone™like functions facilitating vesicular transport of

reactivity was a galactofuranose residue present oh. IFior
example, after mild, selective oxidation of this residue with
sodium periodate and reduction with sodium borohydride,
the reactivity with PCM sera was abolish&®). Following
acid hydrolysis, the product of the oxidation and reduction
was detectable as arabino28)( Of particular interest was
the fact that sera from patients with histoplasmosis (HP)
failed to react with Pl (28). The basis for this serological

proteins 87); an interesting further possibility is that the
glycans of free GIPCs might take part in noncovalent
stabilizing interactions with protein and/or polysaccharide
components of the inner cell wall. Such interactions
might require the longer “reach” of IPMIPC, or the more
elaborate glycan structures found on complex GIPCs, since
it is doubtful that the single Maw1—2 residue of MIPC
extends very far from the membrane surface.

distinction is suggested by a comparison of the complete Current knowledge of fungal GIPC structure includes a

glycan structure of Pi-with that described for H&I (15),
which (assuming the presence of a Mdnr>2Ins linkage in
the latter) differs only in the anomeric configuration of the

mere handful of species, and most of these fall into two
classes within the phylum Ascomycot&accharomycesnd
Candidaare Hemiascomycetes, whitspergillus Paracoc-

galactofuranose residue. After these serological findings, acidioides and Histoplasma(Ajellomyce} all expressing
monoclonal antibody, MEST-1, raised and screened againstcomplex free GIPCs, are Euascomycetes; moreover, the

Pb-1, was shown to recognize specifically termiba-

former are both of the order Saccharomycetales, while the

lactofuranose residues found in certain mycopathogens andatter are all in the same subclass, Plectomycelésrassa

trypanosomatids7@3, 74) [for a review of the occurrence of

from which IPC and (IR)C have been isolated, but which

p-galactofuranose in glycoconjugates of trypanosomatids, seeappears not to express complex GIPCs, is also in the class

de Lederkremer and Colli7§)]. These results all support
the potential utility of free GIPCs as cell surface markers
and as elicitors of host immune response.

of Euascomycetes, but in a different subclass, Pyrenomycetes.
This rudimentary analysis suggests that complex GIPCs
might be significant taxonomic markers. Considering their
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potential significance as targets for diagnosis and treatment 5.
of fungal disease, the value of further study of GIPC
structure, synthesis, and function over a wider spectrum of
mycopathogens seems clearly evident. 7
With respect to the techniques used in this study, we are
aware of only one previous NMR characterization of an intact 8.
(G)IPC [isolated fromTritrichomonas foetug88)]; in this
case the'H chemical shift data were given for a ceramide
composed of (d18:1) sphing-4-enine and non-hydroxylated 1
fatty acids, and there is little correlation with those we have
now observed for theP. brasiliensis GIPCs containing
phytosphingosine and 2-hydroxylated fatty acids. We failed 11.
at first to recognize the presence of ceramide on the basis
of the NMR data alone, partly due to overlap of the residual 12
HOD resonance with crucial correlation peaks connecting 43
the bulk alkyl/acyl ceramide protons with those near the
phosphoglycan; and partly due to the lack of prior data on 14.
the chemical shifts to be expected for this type of ceramide
when phosphorylated at C-1. The identities of the lipid 1°
moieties in Pkt and Pb2 were initially deduced instead from
the ESI-MS data along with the fatty acid and sphingosine 1
component analyses; in general, also, detailed characteriza-
tion of the chain lengths of the sphingosine and fatty acyl 18.
moieties is facilitated by the use of MS and GC-MS
techniques, rather than NMR spectroscopy. Previously, both 19.
negative and positive ion mode FAB-MS and FAB-MS/CID-
MS have been used in the analysis of underivatized free
fungal (G)IPCs 10—12, 48, 88, 89). Negative ion mode
ESI-MS was used in the characterization of (G)IPCs from 22.
S. cereisiag, but only pseudomolecular ion species were
observed ([M-H]~ for IPC and MIPC, [M-2H} for IP- gj
MIPC) (90). Our results indicate that positive ion mode ESI- '
MS and ESI-MS/CID-MS are also useful for analysis of this
class of compounds. It is hoped that both the NMR and 25.
MS data presented in this study will facilitate recognition  26.
of GIPCs, including those with highly hydroxylated phos-

phorylceramides, isolated from other organisms. o7
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