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 We have found a series of myelin glycolipids that are 
derivatives of galactosylceramide (GalCer) with higher 
TLC-Rf, and we have designated them as fast migrating 
cerebrosides (FMC) ( 1 ). The simplest two compounds of 
this series (FMC-1 and FMC-2) are GalCer derivatives with 
3- O- acetylation of the sphingosyl moiety that differ by in-
corporation of nonhydroxy and 2-hydroxy fatty- N -acyla-
tion, respectively ( 1 ). The next two (FMC-3 and FMC-4) 
are analogs of FMC-1 and FMC-2 with additional  O- acetyla-
tion at the galactose C6 hydroxyl ( 2 ). Previously, we have 
examined these cerebroside (galactosylceramide) deriva-
tives in rat, bovine, and human brain and found them 
present in all three species, varying in species from 15–
35% of tissue galactosylceramide content ( 1 ) although 
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 Individual components of the FMC mixture were purifi ed us-
ing silicic acid column (62.5 cm × 0.5 cm) chromatography. 
Briefl y, the FMC mixture was applied to the column in 
chloroform:hexane (3:2; v/v), and the column was eluted with 
chloroform:hexane:glacial acetic acid (60:40:0.26; v/v/v) as ini-
tial solvent, and then the concentration of glacial acetic acid was 
increased (linear gradient) to proportions of 40:60:0.30 (v/v/v). 
Approximately 1–2 ml was collected in each tube in a fraction 
collector, and 10  � l from each fraction was applied to a TLC-
plate (20 × 20 cm, E. Merck, Darmstadt, Germany). The bands 
were resolved using chloroform:hexane:methanol:glacial acetic 
acid (75:20:1.5:1.0; v/v/v/v) and visualized with DPA spray ( 12 ). 
Pure fractions were pooled, dried down, and dissolved in a de-
fi ned volume of solvent. The purity of each pooled fraction was 
assessed by TLC using two different solvent systems, chloroform:
hexane:methanol:glacial acetic acid (75:18:1.2:0.6; v/v/v/v) and 
chloroform:hexane:methanol (75:18:1.2; v/v/v), followed by vi-
sualization of bands by DPA spray. We obtained three homoge-
neous FMC subfractions and designated them as FMC-5, FMC-6, 
and FMC-7, respectively, according to their TLC-Rf migration, 
the FMC-5 being the slowest migrating band. Each homogeneous 
FMC fraction was stored at 4°C until use. The structure of each 
purifi ed FMC was determined by mass spectrometry as described 
below. 

 Non-polar FMCs were tentatively characterized (by TLC) in 
vertebrate CNS and PNS myelin of rat, bovine, and human ( 1 ). 
FMC-5 through FMC-7 are more hydrophobic than galactosyl-
ceramide. The specifi c polyclonal antibody prepared against the 
mixture of FMC-5/-6/-7 stained myelin and primary oligoden-
drocytes in culture ( 11 ). The initial structural elucidation by 
GC-MS (Hewlett Packard, Agilent Technologies) and NMR 
guided the preparation of large amounts of FMC-5 and FMC-7 
by  O -acetylation of GalCer purifi ed from bovine brain, and its 
structure was chemically characterized. Briefl y, GalCer (15 mg) 
was dissolved in a mixture of pyridine:acetic anhydride (3:2, 
v/v) and stirred for 18 h in a closed-cap tube ( 13 ). The reaction 
mixture was concentrated using a fl ash evaporator by repeated 
addition of toluene. Further resolution of the acetyl-GalCer was 
achieved by TLC, developed with chloroform:hexane:methanol
:glacial acetic acid (75:18:1.2:1.2; v/v/v/v), and individual bands 
were visualized by DPA spray. This revealed three bands (two 
major and one minor), and as was subsequently confi rmed, 
FMC-7 had the highest Rf value, and FMC-5 the lowest. The 
structure of each FMC was confi rmed by GC-MS, each contain-
ing 2,3,4,6-tetra- O -acetyl Gal as the only carbohydrate moiety. 
The individual components of FMCs from the mixture were fur-
ther purifi ed using column chromatography as described 
above. 

 Positive ion-mode electrospray ionization 
mass spectrometry 

 Electrospray ionization mass spectrometry (ESI-MS) was per-
formed in the positive ion-mode on lithium-adducted samples 
dissolved in pure methanol as described previously ( 2 ), except 
for use of an linear ion-trap (LTQ) module of a ThermoFisher 
LTQ-Orbitrap XL (Bremen, Germany), so that fragmentation by 
collision-induced dissociation (CID) was achieved through multi-
stage ion-trap MS n  rather than tandem MS/CID-MS. In addition, 
sample introduction by direct infusion was carried out at low nl/
min fl ow rates using an Advion BioSystems TriVersa NanoMate 
ESI chip interface. The NanoMate spray voltage was kept at 1.5 
kV; spray current was generally in the range 50–150 nA. For CID-
MS n  analysis, the following parameters were generally employed: 
precursor isolation width,  m/z  1.0; normalized collision energy, 
35 V; activation Q, 0.250; activation time, 30 ms. 

only FMC components from rat brain have been com-
pletely characterized with respect to molecular structure 
( 1, 2 ). 

 In the current study, the structural characterization was 
extended, and chemical acetylation of galactosylceramide 
from bovine brain was also employed. We report the puri-
fi cation and characterization of the most hydrophobic of 
the 3- O- acetyl-sphingosine-GalCer series that are the most 
complex and include FMC-5, FMC-6, and FMC-7. We fo-
cused on the structural characterization of FMC-7 that was 
characterized and found to be identical in the brain tissue 
of two species, rat and bovine. The penta- and hexa-acetyl-
cerebrosides resemble acyl- and/or acetyl-carbohydrates of 
lipopolysaccharide (LPS) and/or glycolipids (GL) found 
in many bacteria ( 3–10 ) and are candidate lipid antigen 
mimics targeted by immune responses initially directed at 
bacterial acyl- or acetyl-conjugated glycosides and subse-
quently inducing autoimmune infl ammation in CNS. 

 To explore this, we prepared polyclonal antibody of pu-
rifi ed FMC-7   that reacts with the tetra-acetyl-galactose moi-
ety shared by FMC-5/-6/-7, similar to that previously 
reported ( 11 ), which turned out to be a mixture of FMC-
5/-6/-7 that resolved into the individual components 
FMC-5, FMC-6, and FMC-7. Reactivities to glycoconjugates 
(GL and LPS) were examined, and the anti–FMC-7 
antibody reacted best with IgG in CSF from patients with 
encephalitis, meningitis, and subacute sclerosing panen-
cephalitis (SSPE). Low affi nity reactivity with surface lipo-
glycans from  Mycoplasma fermentans  (with a purifi ed 
glycoglycerophospholipid MfGL-II) was observed in some 
MS patients. We also observed binding of MS CSF to LPS 
from  Escherichia coli  J5 though not to LPS of other bacterial 
species. A detailed analysis was made of 38 CSF samples: 29 
MS and 9 from other neurological diseases (OND), includ-
ing infl ammatory OND (I-OND) and noninfl ammatory 
OND (NI-OND) controls. The purifi ed lipid antigens ex-
amined by enzyme-linked immunosorbent assay (ELISA) 
included MfGL-II from  M. fermentans ,  E. coli  J5 LPS, FMC-
7, cerebroside (GalCer), and sulfatide (3- O- sulfo-GalCer). 

 METHODS 

 Purifi cation and preparation of brain FMC 
 Previously, we had purifi ed fi ve fractions of FMCs from devel-

oping rat brain; four of those purifi ed components have been 
characterized. The FMC-1 and FMC-2 fractions were determined 
to be 3- O -acetyl-sphingosine-GalCer components ( 1 ), whereas 
the FMC-3 and FMC-4 fractions were determined to be 6- O -acetyl 
Gal derivatives of FMC-1 and FMC-2, respectively ( 2 ). The carbohy-
drate content of “FMC-5” had been characterized as 2,3,4,6-tetra-
 O- acetyl Gal by GC-MS after methylation procedure under neutral 
conditions (data not shown). No partially meth ylated derivative 
was identifi ed, indicating that all four hydroxyls of Gal were sub-
stituted. The initial NMR spectroscopy suggested that “FMC-5” 
was composed of three different components, representing 
penta-/hexa- O -acetyl analogs of FMC-1 and FMC-2 ( 1 ). Further 
purifi cation was carried out to facilitate precise structural charac-
terization. We now report the separation and purifi cation of the 
“FMC-5” mixture into three individual components. 
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Aldrich, St. Louis, MO) according to the manufacturer’s instruc-
tions. The reaction was terminated by adding 3N H 2 SO 4 , and the 
absorbance was read at 492 nm in ELISA plate reader (Bio-Rad) 
after 15 min. Initial studies using CSF serially diluted 1/10 to 1/100 
from three patients showed that all samples had specifi c absor-
bance readings of less than 0.10 unit at a 1/10 dilution. Therefore, 
a 1/10 dilution was used for testing all CSF samples. 

 TLC–immuno-overlay 
 Glycolipids [FMC-1, FMC-7, GalCer, MfGL-II, LPS from  Escher-

ichia coli  J5, elementary body preparation (EB) of  Chlamydia 
pneumoniae ] were separated on TLC plates (Silica gel 60; 5 × 
10 cm; E. Merck, Darmstadt, Germany), and developed in 
n-propanol:methanol:water (50:30:20; v/v/v) for overlay with 
anti-FMC-7 and in n-propanol:methanol:water (60:20:15; v/v/v) 
for overlay with the anti-FMC-5/-6/-7 (mixture), respectively. 
Glycolipids were detected by DPA spray ( 12 ). The binding of an-
tibodies on TLC was determined by a variation of the method 
described by Magnani et al. ( 21 ). Briefl y, after development, the 
TLC plate was dipped in n-hexane containing 0.25% polyisobu-
tylmethylacrylate for 30 s, and dried for 30 min. The plates were 
then overlaid with 1% BSA in PBS for 30 min at 37°C, and with 
human CSF (1:10 dilution in 1% BSA in PBS) overnight at 4°C, 
and washed with PBS, overlaid with horseradish peroxidase- 
(HRP-) conjugated sheep anti-human IgG for 2-4 h at 37°C, and 
bands developed with diaminobenzidine (DAB) substrate. 

 Human specimens 
 CSF specimens from patients with clinically defi nite MS and 

OND were obtained from the Human Brain and Spinal Fluid Re-
source Center (Veterans Affairs West Los Angeles Healthcare 
Center, Los Angeles, CA). CSF samples were from 29 MS (19 
male, 10 female) and 9 OND (7 male, 2 female) controls. In the 
group of 29 MS patients, 3 were classifi ed as primary progressive 
MS (PPMS); 10 as secondary progressive MS (SPMS); and 16 as 
relapsing-remitting MS (RRMS), including both subtypes (5 in 
relapse, 11 in remission). The nine samples from OND were 
divided into infl ammatory (I-OND) and noninfl ammatory 
(NI-OND) and served as controls. The group of fi ve infl amma-
tory OND had the following diagnoses: meningitis ( 3 ), meningo-
encephalitis ( 1 ), and subacute sclerosing panencephalitis (SSPE) 
( 1 ). The group of 4 patients with NI-OND had diagnoses of 
neuropathy ( 3 ) and cerebellar degeneration ( 1 ). Preservation 
of anonymity, confi dentiality, and masking of samples was 
maintained. 

 The clinical specimens were gently thawed, centrifuged (12,000 
 g , 30 min), separated in aliquots to sterile Eppendorf tubes, and 
stored at  � 80°C until use. The analyses were carried out as a 
masked study to protect patient privacy, prevent subject identifi ca-
tion, and eliminate technical bias. The study was conducted with 
Institutional Review Board approval, and informed consent was ob-
tained at UCLA from the human subjects or their representatives. 

 Statistical analysis 
 Rank transformation was applied to rank the data from small-

est to largest, with the smallest observation having rank 1. Aver-
age ranks were assigned in case of ties. The overall effect of each 
antigen was tested using ANOVA on ranked data and Tukey mul-
tiple comparison to compare individual groups. The median for 
each subject was compared using ANOVA; if  P  < 0.05, each pair 
of groups was compared using Tukey’s test. Fisher’s exact test was 
used to compare the percentages of subjects with a specifi c absor-
bance > 0.10 units (an arbitrary cut-off level). Comparison of 
pairs of groups was made with Fisher’s analysis only if the  P  < 0.05 
for 5 × 2 contingency table values. 

 1- and 2-D nuclear magnetic resonance spectroscopy 
 The sample of FMC-7 ( � 200  � g) was dissolved in 0.5 ml 

of DMSO- d  6  for NMR analysis. 1-D  1 H NMR; 2-D gradient cor-
relation spectroscopy ( 1 H- 1 H-gCOSY) and total correlation 
spectroscopy ( 1 H- 1 H-TOCSY); and  1 H-detected,  13 C-decoupled, 
phase-sensitive, gradient-selected  13 C- 1 H heteronuclear single 
quantum correlation (gsHSQC) spectra were acquired at 800 
MHz in pure DMSO- d  6  at 300°  (27°C). Inverse SQ editing in the 
gsHSQC program rendered single bond  13 C- 1 H correlations of 
methylene (CH 2 ) groups into a negative phase ( 14 ). Proton 
chemical shifts are referenced to internal TMS (0.000), and  13 C 
chemical shifts to the centerline of the solvent DMSO signal (set 
at 40.12 ppm). Spectra were acquired on a Bruker Avance 800 
spectrometer equipped with a TXI cryoprobe, located at the 
Danish Instrument Center for NMR Spectroscopy of Biological 
Macromolecules, using standard acquisition software available in 
the Bruker Topspin software package. 

 Preparation of specifi c polyclonal rabbit 
anti-FMC-7 antibody 

 Polyclonal antibody against FMC-7 was prepared in New Zea-
land white female rabbits ( 15, 16 ). Two rabbits were selected for 
antibody preparation. Antigen for injections was prepared by 
chemical acetylation of GalCer (see above). Briefl y, 1 mg of the 
FMC-7 was mixed with 1 ml (2 mg) of keyhole limpet hemocya-
nin (KLH) adjuvant in PBS, and 1 ml of complete Freund’s adju-
vant (CFA) was added and emulsifi ed. One ml of the emulsion 
was injected subcutaneously into the back of a rabbit (4 sites; 0.25 
ml/site) followed by a booster immunization [in incomplete Fre-
und’s adjuvant (IFA)] after 2 weeks. When the desired titer was 
obtained, serum was collected by cardiac puncture, and antibody 
titers were determined ( 17, 18 ). The IgG fraction was purifi ed 
from the collected rabbit serum using a protein A column (Bio-
Rad, Hercules, CA), and FMC-specifi c IgG was prepared using a 
substrate affi nity column. The specifi city of the antibody was 
tested as described previously ( 11 ): there was no reactivity with 
FMC-1 through FMC-4, and there was cross-reactivity with FMC-5 
and FMC-6 that is consistent with binding to the tetra-acetyl- 
galactose moiety common to the FMC-5/-6/-7 trio. 

 All procedures involving animals were conducted in confor-
mity with Public Health Service Policy on Humane Care and Use 
of Laboratory Animals and the Guide for Care and Use of Labo-
ratory Animals. Furthermore, these procedures were performed 
with compliance with the guidelines issued by the Committee on 
Animal Use for Research and Education at the Medical College 
of Georgia. 

 ELISA 
 Human specimens were screened against endogenous (FMC-7, 

GalCer, sulfatide) and exogenous microbial ( M. fermentans ,  E. coli  
J5) glycolipid antigens. Phospholipid-glycoglycerophosphocholine 
MfGL-II derived from  M. fermentans  was kindly provided by Dr. U. 
Zähringer ( 19 ), Borstel, Germany, and LPS was extracted and pu-
rifi ed from  E. coli  J5 as described previously ( 20 ). The structures of 
the compounds used in this study are in   Fig. 1   .  Both endogenous 
and exogenous antigens were coated onto 96-well microtiter plates 
at a concentration of 500 ng/well in absolute ethanol; nonspecifi c 
reactions were blocked by addition of 1% BSA in PBS for 30 min at 
37°C. Samples were incubated with CSF diluted 1:10 in blocking 
buffer overnight at 4°C. After thorough washing with PBS, horse-
radish peroxidase (HRP)–conjugated sheep anti-human IgG 
(Amersham-Biosciences, Pittsburgh, PA) diluted in ELISA buffer 
(1:2000) was incubated for 2 h at 37°C. Plates were again washed 
thoroughly to remove the unbound antibody, and the color was 
developed using  o -phenylenediamine dihydrochloride (Sigma- 
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  Fig.   1.  Primary structure of different glycolipids examined in this study. A: Diagram represents endogenous antigens, such as GalCer 
(R1 = H, R2 = H, R3 � R6 = H) ( 1 ); FMC-7 (R1 = OAc, R2 � R6 = Ac) (structure described here); and sulfatide (R1-R4 = H, R5 = HSO -  4 , 
R6 = H) ( 33 ). R1 and R2 represent hydroxy and nonhydroxy fatty acyl groups, respectively. B:  Mycoplasma fermentans  glycolipid MfGL-II 
( 19 ). C: LPS from  Escherichia coli  J5 ( 34 ). Abbreviations: FMC, fast migrating cerebroside; GalCer, galactosylceramide; GlcNAc, N-acetyl-
glucosamine; Hep, L-glycero-D-manno-heptopyranose; Kdo, 3-deoxy-D-manno-octulopyranosonic acid; LPS, lipopolisaccharide.   
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tionalization at C-2 of the ceramide fatty- N- acyl moiety 
(e.g.,  m/z  944, 972, 1000, 1026, and 1028 representing 
“Type 2” lipoforms with nonhydroxy fatty acids [18:0, 20:0, 
22:0, 24:1, and 24:0, respectively, designated “FMC-5”]; 
and  m/z  1016 and 1044 representing “Type 1” lipoforms 
with 2-hydroxy fatty acids [h22:0 and h24:0, respectively, 
designated “FMC-6”]). It was considered likely that the 
molecular adducts at  m/z  1058 and 1086 represent analo-
gous h22:0 and h24:0 Type 1 lipoforms with  O- acetylated 
2-hydroxy fatty acids (designated “FMC-7”), but as the MS/
MS spectra for these components were more complex and 
diffi cult to interpret, confi rmation of this essential detail 
was deferred until more extensive analysis could be 
performed. 

 Interestingly, the components apparently missing in the 
profi le of  Fig. 3B  are those representing lipoforms with 
nonacetylated 2-hydroxy fatty- N- acylation. This is entirely 
consistent with the artifi cial nature of the preparation. Un-
der the conditions of the in vitro per- O- acetylation per-
formed, one would not expect to observe signifi cant 
products with only the 2-hydroxy group of the Type 1 Gal-
Cer components left underivatized because this is a fea-
ture found only in the natural material. This assessment 
was confi rmed by subsequent analysis of subfractions iso-
lated from the chemically acetylated material by column 
chromatography (  Fig. 4  ). A detailed mass spectrometric 
investigation of FMC-7 was carried out chiefl y because it 
was of particular immunological interest as it had been 
less well characterized than FMC-5 and FMC-6 ( 2 ). For this 
reason, the MS n  multistage fragmentation analysis (see 
supplementary data) focused mainly on characterizing 
molecular components of the chemically synthesized 
FMC-7 fraction and included only cursory examination of 
the other fractions. Note that subsequent MS n  fragmenta-
tion analysis of the corresponding molecular components 
of the FMC-7 fraction purifi ed from rat brain ( Fig. 3C ) 
produced essentially identical spectra at every stage. 

 As shown in  Fig. 4 , the three subfractions isolated from 
per- O- acetylated bovine brain GalCer, via differences in 
their chromatographic behavior, yielded very different 
molecular ion profi les upon  + ESI-LTQ-MS 1  analysis. Multi-
stage MS n  fragmentation analysis of individual species ob-
served in the MS 1  profi les (see supplementary data) yielded 
results consistent with the following conclusions: (i) the 
major species at  m/z  944 in panel A is a d18:1/18:0 FMC-5 
lipoform; (ii) the major species at  m/z  1002 in panel B cor-
responds to a d18:0/h18:0 lipoform of FMC-7 (i.e., with an 
 O- acetylated fatty- N- acyl 2-hydroxy group), while those at 
 m/z  1026 and 1028 correspond to d18:1/24:1 and 
d18:1/24:0 lipoforms of FMC-5, respectively; (iii) all of the 
signifi cant species observed in panel C correspond to 
FMC-7 lipoforms; and (iv) FMC-6 lipoforms are virtually 
absent from all three profi les. 

 The MS n  results clearly confi rmed the nature of the 
FMC-7 components, regardless of origin. Thus, essentially 
identical spectra were produced at every stage from the 
corresponding molecular precursors in the profi le of the 
mixture of FMC-5/-6/-7 from rat brain (not shown), as 
well as in the profi le of FMC-7 purifi ed from rat brain (not 

 RESULTS 

 Isolation and purifi cation of penta- and 
hexa-acetyl-cerebrosides of brain 

 The compounds FMC-5, FMC-6, and FMC-7 purifi ed 
from rat brain were resolved and appeared homogeneous 
in two solvent systems (  Fig. 2   ) . In addition we prepared 
chemically synthesized FMC-7 by acetylation of crude Gal-
Cer from bovine brain (see “Methods”). 

 Mass spectrometric analysis of FMC-5, FMC-6, and FMC-7 
 Penta- and hexa-acetyl-cerebrosides of brain were ob-

tained and purifi ed as described above. In   Fig. 3  ,  + ESI-
LTQ-MS 1  molecular ion profi les (as [M + Li] +  adducts) of 
three FMC fractions are compared. The fi rst was prepared 
from rat brain (Fig. 3A, previously designated FMC-5/-6/-
7) ( 2 ); the second was prepared by chemical acetylation of 
crude GalCer from bovine brain (Fig. 3B); and the third 
consisted of purifi ed FMC-7 from rat brain (Fig. 3C). The 
fi rst two profi les clearly differ:   a number of molecular 
components present in Fig. 3A are of much lower abun-
dance or missing from Fig. 3B (e.g., adducts at nominal, 
monoisotopic  m/z  972, 1000, 1016, 1044, 1058). The pro-
fi le in Fig. 3A is essentially identical to that previously ac-
quired for the rat brain FMC-5/-6/-7 fraction on a different 
instrument ( + ESI-Q/oa-TOF-MS) ( 20 ). It was proposed 
and essentially confi rmed that at least three classes of FMC 
were present in this fraction, all characterized by acetyla-
tion of O-3 of the (d18:1) sphingoid moiety and complete 
 O- acetylation of the Gal residue, while differing in func-

  Fig.   2.  Thin layer chromatogram of the purifi ed fast migrating 
cerebrosides FMC-5, FMC-6, and FMC-7. Plates (5 × 20 cm) were 
resolved in A: chloroform:hexane:methanol 75:18:1.2 (v/v/v); B: c
hloroform:hexane:methanol:glacial acetic acid 75:18:1.2:0.6 (v/v/
v/v) and the bands were visualized with DPA-aniline spray. Lane 1 
is FMC-7; lane 2, FMC-6; lane 3, FMC-5; and lane 4, a mixture of 
FMC-5, -6, and -7. Abbreviations: DPA, diphenylamine-aniline; 
FMC, fast migrating cerebroside.   
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Poly-acetyl-GalCer structures and immunoreactivity 1399

the 2-D gCOSY, TOCSY, and gsHSQC spectra are shown in 
supplementary  Figs. III, IV, and V , respectively.) Spectra 
were further interpreted by comparison with data acquired 
previously under similar conditions from standard GalCer 
preparations from bovine brain having either 2-hydroxy- 
or nonhydroxy-fatty- N -acylation (GalCer types I and II, re-
spectively) ( 1 ). Chemical shift assignments for FMC-7 are 
summarized in   Table 1  . The  1 H NMR spectrum of FMC-7 
(  Fig. 5   and  Table 1 )  clearly exhibits all connectivity and 
coupling features expected for a  � -galactopyranosylceramide 
having 2-hydroxy-fatty- N -acylation ( 1, 22 ) (both the Dasgupta 
and Dabrowski studies specifi ed spectral acquisition at 
somewhat higher temperatures), but with a number of ma-
jor differences consistent with modifi cation by per- O -acety-
lation: (i) a 7-proton, six-carbon spin system with a set of 

shown, but discussed in the supplementary data). Interest-
ingly, lipoforms with odd-numbered fatty acids were ob-
served at carbon numbers above C24 (e.g., precursors at 
 m/z  > 1086 were observed in profi les of both purifi ed 
FMC-7 fractions shown in  Figs. 3C and 4C ). 

 One- and two-dimensional  1 H- and  13 C-NMR spectroscopy 
of FMC-7 purifi ed from rat brain 

 For chemical shift and connectivity assignment of all 
proton and carbon resonances in FMC-7, high resolution 
1-D  1 H; 2-D  1 H- 1 H gradient correlation spectroscopy 
(gCOSY) and total correlation spectroscopy (TOCSY); 
and  1 H-detected,  13 C- 1 H gradient-selected heteronuclear 
single quantum correlation (gsHSQC) NMR spectra were 
acquired at 800 MHz in pure DMSO- d  6 . (Key sections of 

  Fig.   3.   + ESI-LTQ-MS 1  (ThermoFisher LTQ) molecular adduct profi les acquired for [M + Li] +  adducts of A: rat brain FMC-5, -6, -7; B: 
chemically acetylated mixed GalCer fraction from bovine brain; and C: chromatographically purifi ed rat brain FMC-7. Abbreviations: ESI-
LTQ-MS, electrospray ionization-linear ion trap-mass spectrometry; FMC, fast migrating cerebroside; GalCer, galactosylceramide.   
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presence of six 3-proton singlets in the CH 3 -(-C = O)O- 
region between 2.10 and 1.90 ppm (correlating with six 
 13 C-resonances between 20.5 and 21.5 ppm), the precise 
number required for complete  O -acetylation of a type I 
GalCer; and (v) signifi cant shift changes for essentially ev-
ery  1 H and  13 C resonance near an acetylatable hydroxyl 
function in type 1 GalCer. 

 Some of the shift changes are predictable, based on 
general principles and a comparison with the spectra of 
FMC-1 and FMC-2, which correspond to type II and type 
I GalCer, respectively, having 3- O -acetylation of sphing-
4-enine O-3 ( 1 ). These include the downfi eld shift of 
Sph C-3 (a predictable  � -effect relative to C-3 of unmod-

consecutive  3  J  i,j  proton couplings whose relative magni-
tudes (large, large, small, small) defi ne a  � -galactopyranosyl 
ring ( 23 ); (ii) spin systems consistent with sphing-4-enine 
and 2-hydroxy-fatty- N -acyl chains of ceramide, including a 
downfi eld HN- resonance with 3-bond  J -coupling to sph-
ing-4-enine H-2, and very downfi eld shifted fatty- N -acyl H-2 
and C-2 (4.854 and 73.56 ppm, versus 2.024 and 35.85 
ppm, respectively, in type II GalCer (but these are also fur-
ther downfi eld than observed in type I GalCer, as elabo-
rated below) consistent with 2-hydroxylation of the fatty 
acid; (iii) the total absence of the exchangeable  1 H reso-
nances expected from HO- of a hexose residue, or from 
sphing-4-enine and 2-hydroxy-fatty- N -acyl chains; (iv) the 

  Fig.   4.   + ESI-LTQ-MS 1  (ThermoFisher LTQ) [M + Li] +  adduct profi les acquired for three fractions (Fr.) isolated by silicic acid chromatog-
raphy from the same chemically acetylated bovine brain GalCer that yielded the profi le in  Figure 3B . A: Fr. 225-246 (FMC-5); B: Fr. 168-186; 
and C: Fr. 56-86 (FMC-7). Abbreviations: ESI-LTQ-MS, electrospray ionization-linear ion trap-mass spectrometry; FMC, fast migrating cere-
broside; GalCer, galactosylceramide.   
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 Cross-reactivity of anti–FMC-7 antibody with MfGL-II 
mycoplasma glycolipid and  E. coli  J5 LPS 

 Antibody to FMC-7, the most hydrophobic compound 
of the series, was successfully raised in rabbits and charac-
terized immunochemically. It bound to FMC-5, FMC-6, 
and FMC-7 examined individually but not to FMC-1, FMC-
2, FMC-3, FMC-4 or other glycolipids, including ganglio-
sides, phospholids, and sterols (not shown). Presumably 
the reactivity is to the tetra-acetyl-galactosyl moiety that is 
an epitope common to these three FMCs. Immuno-overlay 
staining indicated that the anti–FMC-7 antibody binds to 
purifi ed mycoplasma glycolipid MfGL-II (  Fig. 6A  ), indicating 
cross-reactivity between myelin and microbial glycolipids 
and suggesting that there are conformational resemblances 
between these lipids underlying the observed cross-reactivity. 
These results echoed those obtained with our fi rst anti-
FMC prepared against a mixture of FMC-5/-6/-7 ( 11 ) that 
reacted with the penta- and hexa-acetyl-GalCers and MfGL-II, 
but not with FMC-1, GalCer, or  Chlamydia pneumoniae  EBs 
( Fig. 6C  ) . We also screened anti–FMC-7 antibody reactivity 
with LPS from another microbe ( E. coli , J5 strain) and 
found cross-reactivity ( Fig. 6A ), although no binding was 
observed upon examining a dozen other purifi ed LPS 
samples from several strains of  Escherichia coli ,  Chlamydia 
pneumoniae ,  Campylobacter jejuni  and  Helicobacter pylori  (re-
sults not shown). 

 Because the other  E. coli  LPSs did not react and  E. coli  J5 
is a rough mutant “aberrant” strain, we think that the reac-
tivity observed is not natural but artifactual; particularly as 
reactivity was not observed with LPSs from other microbes. 
We interpret that the reactivity with J5 implicates the GL 
lipid moiety and probably involves the fatty acid. 

 Reactivity of immunoglobulins in MS CSF with FMC-7, 
mycoplasma MfGL-II glycolipid, and  E. coli  J5 LPS 

 Cross-reactivity has been observed by immuno-TLC 
on plates bearing  i ) purifi ed FMC-7;  ii ) purifi ed MfGL-II 
glycolipid of  M. fermentans ; and  iii ) LPS from  E. coli  J5, 
when MS CSF as the primary antibody was used ( Fig. 6B ). 
These results confi rmed our initial observation of immu-
noreactivity of MS CSF IgG with the FMC-5/-6/-7 mixture 
as well as MfGL-II ( Fig. 6D ). The observation is intrigu-
ing, but specifi city has not yet been rigorously estab-
lished because of the limited amount of purifi ed MfGL-II 
available. 

 Screening MS CSF specimens by ELISA and 
statistical analysis 

 ELISA was used to quantify CSF IgG antibodies against 
endogenous myelin glycolipid antigens (FMC-7, GalCer, 
sulfatide), and exogenous complex glycolipid antigens 
(MfGL-II and  E. coli  J5 LPS). The extent of reactivity is 
shown in   Fig. 7   .  Differences in reactivity of immunoglobu-
lins in MS CSF to the glycolipids were observed in some 
patients. Analysis of the available patient samples was sta-
tistically signifi cant for I-OND compared with NI-OND. 
The range of reactivities observed with some of the MS 
samples binding to FMC-7, GalCer, sulfatide, MfGL-II, and 
LPS  E. coli  J5 suggests that the reactivity is relevant to 

ifi ed GalCer), the upfi eld shift of Sph C-2 (a predictable 
 � -effect), and the major changes induced in Sph C-4 
and C-5, which in unmodifi ed GalCer are fairly close in 
chemical shift ( � 131–132 ppm), but move far apart 
upon 3- O -acetylation (to  � 125–126 and  � 135–136 ppm, 
respectively). As mentioned above, the fatty- N -acyl C-3 
of FMC-7 exhibits a signifi cant downfi eld shift ( �  �  = 
 � 2.1 ppm) compared with that in type I GalCer, and 
Fa H-3 relatively more so ( �  �  > 1 ppm on the  1 H scale). 
With respect to the Hex residue, all  1 H resonances are 
downfi eld relative to those in unmodifi ed GalCer as ex-
pected, but interestingly, all of the ring  13 C resonances 
shift upfi eld, with only C-6 experiencing a predictable 
downfi eld  � -effect shift. The relative shielding  � -effects 
outweighing positive  � -effects among the ring carbons; 
however, the magnitudes of some of the shifts seem 
anomalously high for  � -effects alone, such as the ap-
pearance of Gal H-1 at 100.07, rather than  � 104–105 
ppm as observed in unmodifi ed type I or II GalCer (and 
both FMC-1 and FMC-2), which may refl ect a longer 
range shielding effect from the  O -Ac at Hex 6-OH or 
at the Fa 2-OH group, or possibly a slight crowding-
induced ring deformation. In any case, all of the data 
are consistent with the proposed structure of FMC-7, a 
completely acetylated type I GalCer. 

 TABLE 1. Chemical shift assignments for FMC-7   

 1 H (ppm)  J  (Hz)  13 C (ppm)

Hex - 
  1 4.665  3  J  1,2  = 8.0 100.07
  2 4.910  3  J  2,3  = 10.5 68.91
  3 5.143  3  J  3,4  = 3.6 70.66
  4 5.244  3  J  4,5  < 1.5 67.70
  5 4.181  3  J  5,6a  =  3  J  5,6b  = 6.5 70.28
  6a,b 4.01–4.05  a   3  J  6a,6b  NFO 61.57
Sph - 
  1a,b 3.495, 3.653  3  J  1a,1b  = –10.5 67.87
  2 4.135  3  J  1a,2  = 5.8;  3  J  1b,2  = 6.8 50.51
  HN 7.722  3  J  HN,2  = 7.7 —
  3 5.159  3  J  2,3  = 6.3 73.36
  4 5.411  3  J  3,4  =7.5 124.76
  5 5.671  3  J  4,5  = 15.4 136.09
  6 1.987  3  J  5,6  = 6.7 32.06
  7 1.321 — ND
  Bulk CH 2 1.230 — 29.40
  Terminal 

  CH 3 
0.851 — 14.45

Fa-
  2 4.854 — 73.56
  3 1.628 — 31.81
   cis -vinyl 5.317 — 130.12
   cis -allyl 1.973 — 27.06
  Bulk CH 2 1.230 — 29.40
  Terminal 

  CH 3 
0.851 — 14.45

Ac - 2.103, 2.059, 
1.989, 1.987, 
1.950, 1.905

20.50–21.50

 1 H and  13 C chemical shifts (ppm) of hexose, sphingosine, fatty 
acyl, and acetyl protons of FMC-7 in 100% DMSO- d  6  at 27°C. Chemical 
shift standard, TMS (0.000 ppm). Abbreviations: Ac, acetyl; Fa, fatty 
acyl; FMC, fast migrating cerebroside; Hex, hexose; ND, not determined. 
NFO, nonfi rst-order coupled; Sph, sphingosine
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pared with the infl ammatory controls (I-OND) who were 
affl icted by fl orid CNS infl ammatory diseases; meningitis, 
meningo-encephalitis, and SSPE. 

 ANOVA and Tukey’s multiple comparison were used to 
compare individual groups. For median responses of the 
six subject groups compared by ANOVA,  P  < 0.05 was con-
sidered signifi cant. Pairs of subject groups were compared 
using Tukey’s test, and there were signifi cant overall group 
effects for FMC-7, GalCer, sulfatide, LPS from  E. coli  J5, 
and MfGL-II, consistent with the notion that glycolipids 
are relevant antigens for the recognized increased intrath-
ecal immunoglobulin reactivity in MS. For FMC-7, a sig-
nifi cantly higher level was found for PPMS compared with 
the SPMS group ( P  < 0.05) and for the RRMS-in-remission 
group compared with SPMS ( P  < 0.05). These differences 
may refl ect different autoantibody signatures for MS diag-
nostic subsets as recently proposed by Quintana et al. ( 24 ). 
They found, for example, in examining serum antibodies 
in MS that RRMS patients (but not SPMS or PPMS pa-
tients) had marked reactivity with heat shock proteins, a 
greater infl ammatory response than observed for subtypes 

pathogenesis in some of the MS patients, an interpretation 
consistent with the recognized heterogeneity of both pa-
thology and clinical features of MS. It is apparent in  Fig. 7  
that in comparison to the noninfl ammatory or NI-OND 
group (the best surrogate for normal) anti-GL (FMC-7, 
GalCer, sulfatide) titers are increased in some MS patients. 
We note that the MS CSF samples examined by immuno-
TLC ( Fig. 6 ) were from two patients with earlier disease 
(RRMS-in-remission subtype) and had reactivity greater 
than the mean (i.e., OD   for FMC-7 was 0.1045; for GalCer, 
0.1475; for sulfatide, 0.214; for MfGL-II, 0.2225; for  E. coli  
LPS, 0.278) by ELISA assay ( Fig. 7 ). The noteworthy 
changes are (i) for individual patients, especially in the 
I-OND group, increased binding to one GL antigen was 
associated with increased binding to others; (ii) the great-
est reactivity was for microbial lipid antigens in the I-OND 
samples from patients with acute, dramatic bacterial, or 
viral infl ammatory brain diseases; whereas (iii) MS samples 
displayed lower affi nity and reactivity with endogenous GL 
antigens. The latter is consistent with the less acute and 
less severe CNS infl ammation observed in MS CNS com-

  Fig.   5.  One-dimensional proton NMR spectrum of FMC-7 in pure DMSO- d  6  at 27°C. A: Downfi eld region (5.8–3.4 ppm). B: Upfi eld re-
gion (2.8–0.4 ppm). “Sph” and “Fa” refer to protons of the sphingosine and fatty- N -acyl chains, respectively; “ cis ” refers to vinyl and allyl 
protons of unsaturated fatty- N -acyl groups; “H” refers to protons of the ring and exocyclic hydroxymethyl groups of the hexose residue; 
“imp” refers to a signal from a uncharacterized but commonly occurring impurity; “DMSO” refers to the residual proton signal from the 
deuterated solvent which characteristically appears at 2.50 ppm. Abbreviations: FMC, fast migrating cerebroside; GalCer, galactosylcer-
amide; NMR, nuclear magnetic resonance spectroscopy.   
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was found in meningitis (three patients), subacute scleros-
ing panenecephalitis (SSPE), and meningo-encephalitis 
( 1 ) in the I-OND group versus NI-OND control ( P  < 
0.05)—all in keeping with the highly infl ammatory nature 
of the I-OND samples. 

 The percentage of individuals in each group with a spe-
cifi c absorbance greater than 0.10 OD was determined 
and compared by Fisher’s exact test. The  P  values indi-
cated a trend to group difference for FMC-7 ( P  = 0.0185) 
and LPS from  E. coli  J5 ( P  = 0.0546). There was no signifi -
cant group difference for MfGL-II ( P  = 0.1655), GalCer 
( P  = 0.2429), or sulfatide ( P  = 0.4026). For FMC-7, there were 
signifi cant differences between PPMS and SPMS (66.67% 
versus 0%,  P  = 0.0385) and between RRMS-in-remission 
and SPMS (63.64% versus 0%,  P  = 0.0039). For LPS from 
 E. coli  J5, the percentage of subjects with an increased re-
sponse in the I-OND control was signifi cantly higher than 
in NI-OND (100% versus 25%,  P  = 0.0476). Moreover 
I-OND showed a signifi cant difference compared with 
RRMS-in-remission (100% versus 36.36%,  P  = 0.0337) and 

associated by temporal linkage to a point in the clinical 
course or other MS feature with degenerative characteris-
tics. The SPMS median in our study was signifi cantly de-
creased compared with the I-OND control ( P  < 0.05), 
another difference in keeping with a “degenerative” patho-
genesis of SPMS contrasting with the infl ammatory nature 
of I-OND. For GalCer, there were no signifi cant differ-
ences between the MS subtypes; however, the median of 
the I-OND patients was signifi cantly higher than that of 
the NI-OND controls ( P  < 0.05). For sulfatide, there were 
signifi cant differences between the PPMS group and the 
NI-OND control ( P  < 0.05), and between the I-OND group 
and NI-OND control ( P  < 0.05). Again, the differences are 
consistent with an infl ammatory pathology in the I-OND 
and PPMS subgroups. Screening against exogenous mi-
crobial antigens (MfGL-II and  E. coli  J5 LPS) revealed that 
antibodies’ reactivity with these antigens was signifi cantly 
less for SPMS compared with I-OND ( P  < 0.05), and for 
RRMS-in-remission compared with I-OND ( P  < 0.05). Ele-
vated anti–MfGL-II and anti-LPS from  E. coli  J5 reactivity 

  Fig.   6.  Immuno-TLC of A: anti-FMC-7 antibody with LPS from  E. coli  J5 strain (lane 1), glycoglycerolipid 
MfGL-II from  Mycoplasma fermentans  (lane 2), and FMC-7 (lane 3); B: MS CSF IgG with: LPS from  E. coli  J5 
strain (lane 1), glycoglycerolipid MfGL-II from  Mycoplasma fermentans  (lane 2), and FMC-7 (lane 3); C: anti-
FMC-5/-6/-7 antibody with: EBs  Chlamydia pneumoniae  (lane 1), MfGL-II (lane 2), mixture FMC-5/-6/-7 
(lane 3), and GalCer (lane 4); D: MS CSF IgG with FMC-5/-6/-7 mixture (lane 1), FMC-1 (lane 2), EBs  Chla-
mydia pneumoniae  (lane 3), and MfGL-II (lane 4). The bands were resolved on the plate using for 6A and 
6B →  n-propanol:methanol:water (50:30:20; v/v/v) and for 6C and 6D →  n-propanol:methanol:water 
(60:20:15; v/v/v), respectively, and then visualized with DAB staining. Abbreviations: CSF, cerebrospinal 
fl uid; FMC, fast migrating cerebroside; GalCer, galactosylceramide; LPS, lipopolisaccharide; MS, multiple 
sclerosis.   
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( 2 ), the low-polarity components initially found in a sin-
gle TLC band designated as FMC-5 (now called “FMC-5” 
or a mixture) were resolved by modifi cation of two differ-
ent solvent systems into three components: FMC-5, FMC-
6, and FMC-7 ( Fig. 2 ). FMC-5 and FMC-6 were reliably 
determined to be 3- O- acetyl-sphingosine-2,3,4,6-tetra- O-
 acetyl-GalCer with nonhydroxy and 2-hydroxy-fatty  N- acyl 
ceramide types, respectively. FMC-7 was proposed to con-
sist of derivatives of FMC-6 having an additional  O- acety-
lation on the 2-hydroxyl of the fatty- N- acyl group. In the 
current work, the nature of the FMC-7 poly-acetylated 
components has been confi rmed by multistage MS n  show-
ing that both chemically and naturally acetylated species 
of the same molecular mass gave identical spectra at ev-
ery stage of analysis. In addition, we have confi rmed the 
structure of FMC-7 from rat brain by NMR ( Fig. 5,  sup-
plementary Figs. III, IV, V, and supplementary Table I  ). 

with SPMS (100% versus 20%,  P  = 0.007). Antibodies from 
MS CSF samples with elevated activity by ELISA also 
reacted on immuno-TLC, though the staining was weak 
( Fig. 6B, D ). 

 DISCUSSION 

 Altogether, we have now characterized seven novel 
acetyl derivatives of GalCer (designated as FMCs) in ver-
tebrate brain (see  Fig. 1  for structures). They comprise a 
novel series that all have a unique 3- O- acetylation on the 
sphingosine long chain-base. Analysis of the chemical 
composition and primary structures of these compounds 
has been completed. Four structures of this series (FMC-
1, FMC-2, FMC-3, and FMC-4) were previously character-
ized ( 1, 2 ), and in our previous analysis of rat brain FMCs 

  Fig.   7.  XY scatter graphs of reactivity of antigens A: FMC-7, B: GalCer, C: sulfatide, D: MfGL-II, and E: LPS 
from  E. coli  J5 in MS patients. RRMS in relapse (n = 5); RRMS in remission (n = 11); SPMS (n = 10); PPMS 
(n = 3); controls NI-OND (n = 4); I-OND (n = 5). The patients with CNS disease (I-OND) had the following 
diagnoses: meningitis ( 3 ), meningo-encephalitis ( 1 ), and subacute sclerosing panencephalitis (SSPE) ( 1 ). 
The group of patients with noninfl ammatory or NI-OND encompasses neuropathy ( 3 ) and cerebellar degen-
eration ( 1 ). Horizontal bars indicate median values. Abbreviations: CNS, central nervous system; FMC, fast 
migrating cerebroside; GalCer, galactosylceramide; LPS, lipopolisaccharide; MS, multiple sclerosis; OND, 
other neurological diseases; PPMS, primary progressive MS; RRMS, relapsing remitting MS; SPMS, second-
ary progressive MS.   
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fl ammatory diseases and MS), we studied CSF by compar ing 
I-ONDs that comprised acute meningitis, meningo- -
encephalitis and SSPE, NI-ONDs, and MS, including the 
main clinical subtypes. Analysis of the CSF samples exam-
ined yielded several differences by group comparison. 
Reactivities were greatest for the I-OND samples where 
there was an evident trend of binding to multiple lipid 
antigens in individual samples, and greater reactivity with 
GL antigens from  M. fermentans  and  E. coli  as well as myelin 
GL antigens. The changes were not suffi cient to establish 
unequivocally a signifi cant role for the acetylated cerebro-
sides as cross-reacting antigens in MS, but suggestions of 
potentially important immune alterations were noted: (i) 
several MS CSF samples reacted with FMCs to a greater 
extent than to noninfl ammatory disease (NI-OND) con-
trols, and (ii) reactivity was greater in primary progressive 
MS (PPMS). Thus, continuation of anti-GL screening in 
MS CSF (and in serum and CNS tissue) to obtain suffi cient 
numbers to achieve the power to discern the relation of 
infections to the mechanisms of MS-immune disturbance 
is warranted. Another indication of immune dysregulation 
involving myelin glycolipids in MS is our observation of 
hyporesponsiveness (anergy) of peripheral blood lympho-
cytes to FMC-7 (O’Keeffe, Hogan, unpublished observa-
tion) as well as to  � GalCer ( 27 ). 

 Molecular mimicry is a hypothesis linking infection with 
autoimmune disease that might provide insight into the 
role of infection in the mechanism and generation of auto-
immune–damaging infl ammatory attack in MS. That mo-
lecular mimicry may be implicated in MS pathogenesis has 
been buttressed by identifi cation of sequence homologies 
between myelin protein genes and viral and bacterial nu-
cleic acids ( 28, 29 ). Such homologies suggest an infectious 
trigger/immune response transition, which is supported 
by the relatively frequent occurrence of molecular mimic 
examples ( 28–31 ). The immuno-TLC indication of FMC 
and MfGL-II cross-reactivity (i.e., of myelin acetyl-cerebro-
sides and microbial lipids) suggests that lipid conforma-
tions could play a similar role in triggering auto-immune 
reactions in MS. Clinical and immunological aspects of 
this are considered further in the supplementary data. 

 Mycoplasma infection may induce demyelination in the 
central nervous system during the course of MS. Mycoplas-
mas, in particular  M. pneumoniae,  have been implicated as 
plausible candidates to trigger CNS infl ammation by the 
occurrence of mycoplasma-associated neurological condi-
tions. Mycoplasmas can cause both acute and postinfectious 
neurological disease, which further justifi es exploring an 
association of mycoplasma with MS (see the supplementary 
data for additional clinical analysis, description, and refer-
ences). Although detection of mycoplasma DNA in serum 
and CSF of MS and other diseases using sensitive nucleic-
acid–based diagnostic techniques is diffi cult and has not 
been possible thus far ( 32 ), CNS infection has not yet been 
completely excluded. The cross-reactivity of myelin and my-
coplasma lipid antigens raises the possibility of indirect or 
immune-mediated CNS involvement in MS, including 
endogenous cerebrosides of the 3- O- acetyl-sphingosine- 
GalCer series whose structure has now been characterized. 

 FMCs are myelin constituents, enriched in the CNS and 
peripheral nervous system (PNS), and concentrated in spi-
nal cord and white matter that are largely composed of 
myelinated nerve fi bers ( 1 ). Their developmental appear-
ance in brain parallels that of GalCer, and their enrich-
ment in purifi ed myelin of both CNS and PNS indicate 
that these glycosphingolipids play a role in myelin struc-
ture, and undoubtedly have biological relevance. They 
might, for example, regulate the fi nal phases of myelin 
compaction to achieve the metabolic stability that enables 
it to function as an insulator for nerve fi ber impulse con-
duction. Because of their greater hydrophobicity than the 
other myelin glycosphingolipids (cerebroside, sulfatide 
and GM 4 , and GM 1  ganglioside), they may play key roles 
during critical stages of myelinogenesis. By reducing the 
polarization of the saccharide domain on the glycolipid, 
the masking of hydroxyls by acetylation is noteworthy, for 
it not only mitigates the amphipathic glycolipid nature but 
also presents an extensive molecular surface differing 
chemically from other CNS glycolipids and predicting dif-
ferent antigenicity. Their precise location and role in my-
elin remains to be determined, and the pathways of FMC 
biosynthesis, degradation, and specifi c deacetylation have 
not yet been established ( 1 ). 

 In the fi rst assessment of the myelin acetyl-cerebrosides, 
we made specifi c rabbit polyclonal antibody against the 
acetyl-cerebrosides of highest Rf ( 11 ), the most hydropho-
bic derivatives (mixture of FMC-5/-6/-7), and observed 
binding ( Fig. 6C ) to the purifi ed glycoglycerophospho-
choline-containing lipid MfGL-II ( 19 ) from  M. fermentans . 
This cross-reactivity was confi rmed ( Fig. 6A ) with purifi ed 
and structurally characterized FMC-7 and may be relevant 
to an immune triggering of myelin-targeted infl ammatory 
demyelination by the mycoplasma glycolipid. We note, 
however, that to this point it has not been possible to ex-
amine fully affi nity and inhibition because purifi ed MfGL-
II is not currently available. No cross-reactivity was observed 
with FMC-1 through FMC-4, other phospholipids and 
sphingolipids, preparations of chlamydia elementary bod-
ies, or 12 purifi ed LPS samples, though we did fi nd a posi-
tive reaction with LPS purifi ed from the  E. coli  J5 rough 
mutant “aberrant” strain, a binding believed to refl ect 
binding to a surface-exposed acyl group on J5. An alterna-
tive approach examined cross-reactivity to lipid antigens 
employing the enigmatic-as-to-function antibodies found 
in CSF of  � 95% of patients with MS. By immuno-TLC 
overlay, FMC-7, the MfGL-II, and  E. coli  J5 LPS reacted 
with IgG of MS cerebrospinal fl uid (used as primary anti-
body) ( Fig. 6B ). These glycolipid antigens, FMC-7, 
MfGL-II, and LPS from  E. coli  J5 strain, bind to immuno-
globulins, largely IgG1 and a minor proportion of IgM. 
They were fi rst reported by Tourtellotte and colleagues 
( 25, 26 ) to be synthesized intrathecally in CNS. The im-
munological signifi cance of these reactivities remains un-
clear and is discussed in greater detail in the with respect 
to relation of MS to infection and possible mechanisms 
(see supplementary data). 

 Seeking a biologically relevant correlation of glycolipids 
of known structure with clinical status (including in-
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 This report completes the characterization of a series of 
myelin glycolipids that are human immuno-reactive anti-
gens. Our initial studies suggest that myelin  O- acetyl-cere-
brosides, infection, and neurological disease may be 
linked.  
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