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A new  ganglioside  containing  an  inner  ester linkage 
was extracted  from  adult  brain  specimens,  obtained  at 
the  time of surgery  on 51-70-year-old subjects,  puri- 
fied, and  analyzed.  It  contains  glucose,  galactose, N- 
acetylgalactosamine,  an  N-acetylneuraminic  acid  in 
the  molar  ratio  1:2:1:2,  but,  on  ion-exchange  chroma- 
tography,  behaves as a  monosialoganglioside. 

Structural  analyses  showed its basic  neutral glyco- 
sphingolipid  core  to  be ganglio-N-tetraose ceramide, 
carrying  a  disialosyl  residue on  the 3-position of  inter- 
nal  galactose. Sialidase degradation  and  chemical  anal- 
ysis of  the  products  obtained after alkaline treatments 
suggested  one sialic acid  residue to be  involved  in  an 
ester linkage. 

Fast  atom  bombardment-mass  spectrometry indb 
cated  the  presence of an  inner ester linkage between 
the  carboxyl  group  of  the external sialic acid  residue 
and  a  hydroxyl  group of the  internal  one. 

On these bases, the  new  ganglioside  can  be  assumed 
to  be  a GDlb in  lactonic  form.  This  ganglioside is present 
only  in  trace  amounts  in  the  brain  of infants, but its 
content  increases with age, reaching  a  value of 3.5% 
of total sialic acid  in 51-70-year-old subjects. 

Gangliosides are sialic acid-containing glycosphingolipids 
that reside in  the plasma membranes of vertebrate cells (1); 
their oligosaccharide chains, protruding from the cell surface, 
are assumed to be directly involved in membrane recognition 
phenomena and  in  the process of intercellular communication 
(2). The sialic acid residue(s) of gangliosides may play a 
fundamental role in  these events. In fact, the sialic acid 
carboxyl groups are dissociated at physiological pHs, leading 
to  the presence of negative charges on the membrane surface. 
The number of negative charges provided by gangliosides may 
vary either due to a change in number of sialic acids/ganglio- 
side molecule or to  the formation of inner  ester linkages 
involving the carboxyl group, with the maintenance of the 
sialic acid residues. 

The possible esterification of the carboxyl group of a sialic 
acid with one of the hydroxyl groups present  in the ganglioside 
molecule, with the concomitant  formation of a ganglioside 
lactone, was proposed by Kuhn  and Muldner in 1964 (3) and 
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investigated in  the following  years. Wiegandt (4) reported 
that gangliosides containing  a sialic acid residue in a2+8 
linkage with a second sialic acid could  be expected to form 
lactone structures. Afterwards, Evans  and McCluer (5) pos- 
tulated the presence of an inner  ester of GM,l  ganglioside in 
extracts from bovine adrenal glands. The same authors ob- 
served that some of the sialic acid residues present  in mouse 
and  rat brain gangliosides  were labile in alkaline media and 
reducible with sodium borohydride (6). This led to  the hy- 
pothesis of a natural occurrence of ganglioside derivatives, in 
which the sialic acid carboxyl group was  involved in  the 
formation of inner (lactones) or external esters. However, 
there  are  still no reports  in the literature providing a definite 
proof of the existence of ganglioside lactones in uiuo. 

In  this paper we produce definite evidence of the presence, 
in  nature, of a ganglioside in lactonic form; this ganglioside, 
provisionally coded GDlb-L, is  a derivative of  GDlb and  has been 
isolated and purified from specimens of adult  human  brain. 

EXPERIMENTAL PROCEDURES~ 

RESULTS AND DISCUSSION 

The two-dimensional TLC analysis of gangliosides from 
adult  human cerebral cortex is reported in Fig. 1; the relative 
diagrammatic representation together with the codes recently 
introduced (7) are also given. The methodology  allows the 
recognition of alkali-labile gangliosides which, after  interme- 

’ The abbreviations used are: GMZ, NeuAca2+3Gal~l4Glcpl-+ 
1’Cer; GM~,  GalNAc~14(NeuAca2-+3)Gal~l+4Glc~l+l’Cer; 
G M ~ ,  Gal~1+3GalNAc~l4(NeuAca2+3)Gal~l+4Glc~l~l’Cer; 
Fuc-GM’; Fuca1+2Gal~l-+3GalNAc/31+4(NeuAca2+3)Gal~l+ 
4Glcfll+l’Cer; GalNAc-GM1; GalNAc/3l4Gal~l+3GalNAcP1-, 
4 ( N e u A c a 2 4 ) G a l ~ 1 4 G l c p l ~ l ’ C e r ;  GDS; NeuAca24NeuAca2- 
3Gal/314Glc/3l+l’Cer; GD1,; NeuAca2+3Galpl+3GalNAcpl+ 
4(NeuAca2~3)Gal~l+4Glc~l-+l’Cer; GDIb; Galpl+3GalNAc- 
~14(NeuAca24NeuAca23)Gal~l4Glc~l-+l’Cer; Fuc-GD~~; 
Fucal+2Galpl+3GalNAc~1+4(NeuAca2+8NeuAca2-+3)Gal/31+ 
4Glcpl+l’Cer; GTlb; NeuAca2~3Gal~l-+3GalNAc~l+4(NeuAca- 
24NeuAca24)Gal~l+4Glc~1+l’Cer; GQI~,  NeuAca24Neu- 
Aca2+3Galpl+3GalNAc~l+4(NeuAca2+8NeuAca2+3)Gal~l+ 
4Glcpl-l‘Cer; Cer, ceramide; HPTLC, high performance thin-layer 
chromatography; TLC,  thin-layer chromatography; GLC, gas-liquid 
chromatography; GC-MS, gas chromatography-mass spectrometry; 
FAB-MS; fast  atom bombardment-mass spectrometry. 

Portions of this paper (including “Experimental Procedures,” 
Tables I-IV, and Figs.  1-6) are presented in  miniprint at  the  end of 
this paper. Miniprint  is easily read with the aid of a standard 
magnifying glass. Full size photocopies are available from the  Journal 
of Biological Chemistry, 9650  Rockville Pike, Bethesda, MD  20814. 
Request Document No.  85M-4185, cite the authors, and include a 
check or money order for $3.60 per set of photocopies. Full size 
photocopies are also included in  the microfilm edition of the Journal 
that is available from Waverly Press. 
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diate ammonia treatment, originate spots lying far from the 
diagonal where the alkali-stable gangliosides are located. 
Among the major components one spot, coded F1, originates 
after ammonia treatment from an alkali-labile ganglioside, 
coded  GDlb.L. During the first chromatographic run GDlb.L 
migrates in  the region between GMl and GDls and, therefore, 
can be easily confused with other gangliosides (like GD~,  Fuc- 
GM1 or GalNAc-GMl) migrating in that area, when analyzed 
by conventional mono-dimensional TLC. The TLC RF of F1, 
originated from GDlb.L, does not correspond to any of putative 
parent gangliosides present in human  brain, it being slightly 
lower than  that of  GD1,. Moreover, a second spot, coded I1 
(present in low amounts)  and showing the same R F  of standard 
GDlb in  the second run,  can be detected on the vertical 
corresponding to GD1b.L after ammonia treatment. An identi- 
cal chromatographic behavior was observed when lactone 
(8), prepared semisynthetically, was submitted to  the same 
two-dimensional TLC analysis. In  that case, the first  spot 
formed by ammoniolysis (and possibly corresponding to F1) 
was proven to be the amide derivative of GDlb (GDlb-amide), 
while the second one (which might correspond to 11) was the 
parent GDlb originated by hydrolysis. On the basis of these 
behavioral similarities, we posed the working hypothesis that 
GD1b.L might be GDlb ganglioside in lactonic form occurring 
naturally  in  animal  brain. 

Following this hypothesis we began collecting evidence of 
the  natural occurrence of this compound and  then determined 
its chemical structure.  Human  brain ganglioside quantifica- 
tion was achieved by densitometric  scanning of the two- 
dimensional TLC plates  after  ammonia  treatment. Since in 
these conditions GDlb.L is mainly (>go%)  transformed  into 
the F1 spot, GDlb.L content values were obtained from F1 ones. 
GDlaL content was found to be strictly  correlated with the age 
of the subject (see Table I)  and increased from 0.16% in  the 
O-10-year group to 3.48% in  the 51-70-year  group. The dif- 
ferences in  the age groups were statistically significant. When 
analyzed in parallel, GDlb ganglioside increased from 7.85% in 
the O-lO-year group to 20.29% in  the ll-30-year group, re- 
maining nearly constant  thereafter.  These data  are in good 
agreement with previous literature  reports (9-11). As shown 
in  Table 11 the presence of GDlb.L (detected  as F1) has already 
been reported in ganglioside mixtures  extracted  both from 
mammalian and  avian  brains (8, 38), where it ranged from 
0.5 to 1.9% of total lipid-bound sialic acid. It should be noted 
that in all the investigated species, including human, no linear 
relationship between the  content of GD1b.L and  that of GDlb 
was present. In fact,  in  all the analyzed mixtures the ratio 
between GDlb-L and GDlb is quite variable (Tables 1 and 11). 
All this makes unlikely the hypothesis of any  artifactual  and 
spontaneous  transformation (possibly lactonization) of GDlb  

into GDlb.L; this process should originate constant GDlb.L/GDIb 
ratios, not depending on the GDlb content  in  the tissue. 

The possible artifactual  formation of  GDlb.L throughout the 
procedure used for extraction  and purification of gangliosides 
was checked. To this purpose specimens of human cerebral 
cortex were submitted  in parallel to ganglioside extraction 
and purification by tetrahydrofuran/phosphate buffer or chlo- 
roform/methanol (12) as  extracting solvent systems. F1 was 
present in  the mixtures  obtained by both procedures, thus 
suggesting the absence of the tetrahydrofuran/phosphate 
buffer extraction  in  originating GD1b.L as  a  non-natural gan- 
glioside derivative. 

Moreover, samples of pure GDlb, a mixture of standard 
gangliosides, and  an alkali-treated sample (0.1 M NaOH in 
methanol, room temperature, overnight) of human  brain gan- 
glioside mixture were kept  in tetrahydrofuran/phosphate 

buffer solution at room temperature for 24 h  and  then sub- 
mitted to two-dimensional TLC analysis. In all cases neither 
F1 nor other alkali-labile gangliosides were shown to be 
present. 

All this indicates that GD1b.L is  not artifactually originated 
but  constitutes an authentic product of brain metabolism. To 
date, it cannot be stated if such a compound is formed via 
specific enzymatic action or by the establishment of chemi- 
cally favorable physiological conditions. Since GDlb.L content 
is higher in old rather  than in young subjects, it was isolated 
from a pool of human  brain ganglioside mixtures (8.2 mg, as 
lipid-bound sialic acid) from subjects aged 51-70 years. Fig. 2 
shows the relative fractionation by silica gel column chroma- 
tography. After purification, 200  pg  of  GDIb.L (as sialic acid) 
corresponding to a yield of 70%  were obtained. The purity of 
the compound, assessed as described under “Experimental 
Procedures,” was higher than 96%. Compositional analyses 
revealed that GDlb.L contained glucose, galactose, N-acetyl- 
galactosamine, N-acetylneuraminic acid, long chain base, and 
fatty acid in a molar ratio (referred to glucose) of 
1.002.050.92:1.87:1.11:0.98 (theoretical, 1:2:1:2:1:1) (see Ta- 
ble 111). Partial acid hydrolysis, permethylation, and chro- 
mium trioxide analyses indicated for GDlb.L a  structure with 
the neutral glycolipid core Gal~1-+3GalNAc~l+4Gal~1+ 
4Glc/3l+l’Cer, in which the hydroxyl group at position 3 of 
the  inner galactose unit is linked to a NeuAca2+8NeuAca2+ 
disialosyl residue. This  structure corresponds to  that of  GDIb 
ganglioside. Therefore, the  structural difference between GDlb 
and GDlb.L has been cancelled by both the acidic conditions 
required for sugar and lipid analyses and  the alkaline condi- 
tions used for permethylation analysis. In addition, when 
GDlb.L  was treated with NaOH, it changed its chromatographic 
behavior and migrated exactly as GDlb ganglioside (Fig. 3); no 
difference was found in  the chemical composition between 

was submitted to ammonia treatment,  a compound with a 
TLC RF intermediate between GD1b-L and GD~, was formed 
(Fig. 3). The lipid and  neutral saccharide composition of 
GDlb.L/NH3 was the same as  that of  GDlb (see Table 111) while 
one of the two sialic acid residues had a chemical structure 
different from that of N-acetylneuraminic acid. In fact, when 
released by mild acid methanolysis and derivatized as Me3Si, 
it displayed a GLC retention  time (1.75) different from that 
corresponding to standard N-acetylneuraminic acid (stated  as 
1.00). The mass spectrometry spectrum of this  particular sialic 
acid derivative is reported in Fig. 4. The spectrum, which 
shows a molecular ion M+ minus CH3 at m/z 595, and  a series 
of ions as  those at m/z 327,  405, and 283 differing 15 units 
from those obtained from the  standard derivative of sialic 
acid (13) can be correlated to  the amide derivative of N- 
acetylneuraminic acid, as proposed in  the same figure. The 
only possibility for the formation of an amide derivative after 
ammonia treatment of  GD1b., is the involvement of a sialic 
acid carboxyl group in an ester linkage. In fact, in  the presence 
of ammonia, this linkage undergoes a process of ammoniolysis 
with the concurrent formation of the amide derivative. Of 
course, these  results  are  consistent with the presence of either 
an inner or an external ester. 

The behavior of GDlb.L on DEAE-Sepharose column chro- 
matography was the following. GDlb.L was retained by the 
column in  the course of the methanol-washing step, as ex- 
pected for all gangliosides, and was eluted with 4 mM sodium 
acetate, the molarity being used to elute monosialoganglio- 
sides from the resin. Conversely, GDlb as well as other disialo- 
gangliosides processed in parallel were eluted from the column 
using 50 mM sodium acetate (Fig. 5). This means that, in spite 

GDlb.L/NaOH and (see Table 111). Instead, when GD1b.L 
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of the presence of two sialic acid residues in the molecule, 
GD1b.L behaves as  a monosialoganglioside indicating that only 
one sialic acid carboxyl group is actually available for inter- 
acting with the resin. 

Upon sialidase treatment, GDlb.L was resistant to  the en- 
zyme action, in contrast with GDlb  and G D l b . L / N a O H  which 
were completely converted to G M ~  under the same conditions. 
It is worth remembering that a  prerequisite for sialidase action 
is the presence of a free carboxyl group on  the sialic acid 
residue (14). Therefore, the resistance of GDlb.L to sialidase, 
as opposed to  the susceptibility of GDlb ,  suggests that  the 
chemical difference within the two substances concerns the 
external sialic acid residue. 

The results  hitherto reported unequivocally postulate the 
presence in the GD1b.L molecule of an esterification of the 
sialic acid carboxyl group. The direct proof that G D ~ ~ . L  con- 
tains  an ester linkage and  that  the ester linkage involves an 
intramolecular alcoholic function was provided by fast  atom 
bombardment-mass spectrometry analysis. The fast atom 
bombardment-mass spectrometry  spectrum of GD1b.L is re- 
ported  in Fig.  6, together with the scheme indicating the major 
pathways of fragmentation. The most significant ions were 
the pseudomolecular ions "1, corresponding to  the molecular 
species that contain C18 and C20 sphingosine, observed at 
m/z 1817 and 1845, 18 units below those of GDlb  measured 
under identical conditions (15) and  the ions at m/z 581 and 
537, deriving from the disialosyl residue minus 18 (HzO) and 
to 581 minus COz, respectively. The loss of 18 units, corre- 
sponding to a molecule of water, in the GDlt..L molecule with 
respect to GDlb ,  indicates that  the ester linkage involves one 
of the ganglioside hydroxyl groups. Moreover, the presence of 
ions corresponding to a sialosyl residue still lacking 18 units 
indicating that  the lacton  ring resides in  the same disialosyl 
residue. As in the spectrum there  are hardly any significant 
peaks at 308 and 290 m/z, corresponding to sialic acid, we can 
postulate that  the ester linkage involves the carboxyl group 
of the external sialic acid and one of the hydroxyl groups of 
the  internal sialic acid residue. By the use of molecular models 
it could be hypothesized that  the hydroxyl groups in positions 
7 or 9  are involved.  On the basis of all  the provided evidence 
it can be suggested that G D ~ ~ . L  is a GDlb carrying an inner 
ester linkage between the carboxyl group of the external sialic 
acid residue and  a hydroxyl group of the  internal sialic acid 
residue. 

The composition of human  brain gangliosides has been 
extensively studied; however, to  the best of our knowledge, 
the present  study is the  first  to report the presence, in  human 
brain, of a ganglioside in lactonic form. In  a search for 
plausible explanations for such an omission the following 
considerations can be made. The inner  ester of GD1b.L is rather 
unstable under alkaline conditions; therefore, in  both  prepar- 
ative and  analytical  steps, conservative methodologies must 
be used so as  to avoid exposure to alkaline conditions. More- 
over, the  TLC detection of GDlt,.L, as well as of similar com- 
pounds, requires the use of proper solvent systems t o  avoid 
co-migrations with the major  gangliosides. The 17 most rele- 
vant  reports (9-11,  16-29) since 1968 on human  brain gan- 
glioside composition, together with the conditions employed 
for ganglioside extraction  and analysis, are reported in  Table 
IV. In nine of these (11, 17, 18, 20,  22,  24, 26,28, 29) alkaline 
(NaOH  and KOH) methanolysis or hydrolysis was used to 
get rid of contaminant phospholipids in  the course of the 
ganglioside purification; under  these conditions GDlb.L is com- 
pletely converted into GDlb. In other  reports (16, 19, 23, 27), 
the analysis of the ganglioside mixture was performed on TLC 
by the use of an ammonia-containing solvent system. This 

system converts the esterified carboxyl group partly  into an 
amide and  partly  into  a free carboxyl group, the ratio between 
the two derivatives depending on the ammonia molarity. GDlb-  

amide migrates on TLC similarly to GDl,, thus becoming 
indistinguishable. Vanier et al. (9) did not employ alkaline 
conditions; however, they missed the detection of GDlb.L be- 
cause of the use of a TLC solvent system (propanol/water), 
in which GDlb-L co-migrates with Ghll. Finally, Fredman et al. 
(25) did not find GDlb.L in their investigation on the brain of 
an infant (3 months) because of the very low GD1b.L content 
at this age (Table I). According to  the present survey, only 
Iwamori and Nagai (21) and Svennerholm and  Fredman (10) 
could  have detected the presence of lactonized ganglioside 
derivatives as  the experimental conditions and  the  starting 
tissues were optimal for this purpose. In  both papers the 
possible presence of ganglioside lactones was mentioned; how- 
ever, the  authors did not focus their  attention on the  natural 
occurrence of these compounds or their  artifactual formation. 

In conclusion, the present  report provides conclusive evi- 
dence of the  natural occurrence, in human brain, of a GDlb  

ganglioside carrying an inner  ester linkage. This ganglioside 
is also present  in the brain of other  animal species, and  it is 
most likely that other ganglioside lactones occur in human  as 
well as  in  other  vertebrate  brain tissue. 

The biological significance of lactonized gangliosides is 
open to inspection. Of course the possibility of reducing the 
number of negative charges without changing the number of 
sialic acid residues exposed on the cell surface may be specif- 
ically important  in some membrane recognition phenomena 
and intercellular events. It has been postulated, for instance, 
that  there is involvement of the sialic acid negative charge 
with the binding of Ca2+ ions and  the process of neurotrans- 
mitters release at nerve terminals (30, 31). In  this regard it 
would  be important to ascertain the existence of any enzy- 
matically assisted process of both formation and hydrolysis 
of the lactone ring as  a mechanism for  prompt  and reversible 
control of the negative charges provided by  gangliosides on 
the cell surface. 
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NATURliL OCCURRENCE OF GANGLIOSIDE LACTONES: ISOLATION AND CHARACTERIZATION 
OF GOlb INNER ESTER FROM ADULT HUMAN BRAIN 

L.Rzboni. S.Sonnino, D.Acquotii, *.Malasci.  R.Ghidoni,  H.Egge, S.lilngrino and G.Tettamant2 

EXPERIMENTAL PROCEDURES 

Slllca eel for column chromatography IKieseigel 100, 0.063-0.2 mm, 70-230 mesh1 and Sllrca 
gel precaated thin layer plates IHPTLC, Kieselgel 60. 250 pm thick, 10x10 cml were from 
Merck GmbH. Oarmstadt. West Germany. OLAE-Sepharose CL-63 was from Pharmacia, Flne 
Chemicals, Uppsala. Sweden. Vibrra chalerae sialldase lacetylneurarnlnyl  glyCOhyrlrOlaSe, EC 
3.2.1.181 from Behringwerke. Marburg. Weat Germany. N-acetylneuramlnlc acld  INeuAcI was 

from slema Chemrcal Co., St. Louis. MO, USA. Reagents for GLC were rroin C. Erba,  lano no, 
Italy. VSW fllters. 0.025 pm pore size were from Mllllpore, Bedford. Ma. U S A .  Standard 
gangliasldes, CM3. GM2. GM1. GD3, Fuc-GM1. GDla. GDlb. Fuc-GDlb. GTlb and GQ1b wele 
extracted according to Tettamanti et al. 1921. purified and chemicdly characterized as 
described by Ghldonl et al. 133). GN3 was extracted from human spleen, GM2 fcon a 
Tay-Sachs b r a n .  the others from p i g  brain. Semzsynthetlc GOLD lactone was prepared 
accordlng to Sonnino et a l .  181. 

Human brain materia1 
Samples of cerebral Cortex weighing 0.3-1.0 g were obtained at the time of surgery from 44 

patients aged from 3 months io 70 yr. and operated on f o r  different rntracranlal 
pathologies. The tlssue materrals employed were those whlch had to be removed for that 
particular operstlan. In each case, a small s~eclmen wan taken from the area located "ea? 

hlsfoloelcal abnormelltles. 
the pathologically lnvolvrd Tissue and ascertained to be free of elther rnacroscopical or 

Isolation and puriflCaClon of GDlb-L 
EXtraCtlon and Puriflcatlon of the crude ganglioside mlxtUPe from each sample of human 
cerebral cortex was attained as described by Teiiamanti e t  a l .  132). The gangl>oslde 
distrlbotion was assessed in each indlvldual sample by two  dlrnens~onal TLC wlfh  
intermediate ammonla treatment (see  be low) .  Afterwards, in order to isolate and  purify the 
GDlb-L gangliaelde. the ganglioside mrxtures extracted from the cerebral cortex of I2 
patients aging 51-70 YP. Yere pooled: a total of 8.2 mg of llpid bound siallc acld Was 

obtained from 10 g Of fresh tlSSUe. The isolation was achreved by column chromatography on 
a Sllica Gel 100 column 154.0 Cm x 0.8 cml equilibrated and eluted with the solvent system 
chlaroform/methan.lfwater. 60:35:2, by "01 at 18-20DC and ai a flow pate of 4 0  mllh. The 
total volume for a Complete elutlDn WLS about 1000 m l ,  2 rnl fTaCT-ions belng automat~cally 
collected. The eluflon pattern *.a3 monitored by TLC as Specified below. The fraCfrans 
contalnlng GDlb-L were collected. evaporated under N flow at 4°C. and re-chroasrographed 
unde? the above  Conditmns.  The homogeneous sete:ial. thus obtamed, was stored in 
chloroiorm/methanol, 1.1.  by "01, at -20°C. The purlty of the isolated ganglioside was 
assessed by chemical analyses [see below). 

Chemical compositmn a n d  Structural analyses 
The fallowing carnposltianal and structural analyses were performed: el- deterrninatlon a f  
the Carbohydrate and llpid Composition; bl- partial acld hydralysls followed by TLC 
recognitLon of the rormed neutral glycosphingolip%ds: c i -  permethyiatlon analysls for the 
determinatlon of sugar llnkage poaltion: dJ- anoneric analysis. The erperinenlal deLallS 
of the above analytical merhodl have been given ~n p'evious papers 132.34.35J. 

ALkallne treatments 
GDlb-L was submitted to alkaline treatment accordlng to the follorlng procedures: aJ-  
ammonia vapors. exhaustively drled th rough soda llme. were bubbled lnto a GDlb-L solutlan 

the reaction, the solution was dried under a stream of nitrogen and the reactlon product5 
I10 pgf0.l m l  in dehydrated chloroformfmethanal. 1:l by v o l l  for an hour. At the end of 

were assayed by TLC and GLC-MS analyses [see belawl. The product obtained after ammonia 

pgl0.l m l )  and kept overnight at room te:w?atu?e. A t  the end of the reaction the solution 
treatment of GOlb-L was coded 001b-LINH ; bl- GDlb-L was dissolved in 0.5 M NaOH I10 

was dialyzed on VSW? fllters ( 3 6 )  for 1 h agalnst 200 ml of dlstllled v a t e ~  and  the 
reaction products were then analyzed by TLC [ s e e  below). The product Obtained after NaOH 
treatment of GDlb-L was coded GD1b-LfNaOH. 

GDlb-L 130pg) we5 povred on a DEiiE-Srpharose CL-63 column 13 crn x 0.3 cm. sedlmented gel1 
Ion exchanee chromatography 

1111 and  the elutlon Was carrled out With methanal (10 ml), followed by 4 mM I10 ml) and 

and the elutlon profile was checked by TLC [see be lowl .  
50 mM  110 m l l  6odIum acetate I n  methinol. One m l  fractions were autarnailcally collected 

Sialldase treatment 
Sialidase treatment was performed as follows. th? ~ncubatian m ~ x t u r e  159 pl f inal  volume1 
containing 5 pg of GDlb. CDlb-L or GOlb-LINaOH. 2 in" of enzyme. 10- M CaCl , 0.05 M 
sodlum acetate burrer. pH 1.5. was maintained at 37OC for varying tlrnes (up t21 h). k t  
the end of the incubation the mlxture vas dialyzed lagainst 200 "01. of dlSCiiled water, 
4'C. far 3 h l  through VSWP fllters and the reactlo" products analyzed by TLC Isre belavl. 
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Gas  chromatawaphy - mass spectrometry IGC-MSI 
GC-MS analysis of the Me Si derluatlres of the slallc acids released by mlld acid 
methanolySls 1371 from GDlb?L, were performed on a Yarian Mat 112 5 IYarian. Brernen. West 
Germany) gas chromatograph-mass spectrometer coupled vlth a POP 11/34 data system. The 
operating condltlons were as follows: the GLC column was 200 cm x 0.2 cm, packed with OV1 
on 100-200 mesh Gas Chrom P (Supelco, Bellefonte, Pa, USA); temperature: 230'Ci helium 
flow rate: 20 mllmin;  transfer line. separator and ion source temperature: 270DC; fllament 
Current: 60yAi elcclron energy: 70 eV: accelerating voltage: 3.5 KV; resalut~on: 1000. 

Fast atom bombardment-mass spectrometry IFAB-MSI 
FAB-MS was performed on a ZAB HF reversed geometry mass spectrometer lY.6. Analytxcal. 
Manchester, U K ) .  The sample 15pgl disSalved in I p l  of netbanol/glacial acetic acld.  1:l 
by "01 Was applied to a rnatrlx of l-rnel'capto-Z,I-propanedlol. ihe sample WLE lonlled by 
bombardment vlfh xenon atoms havlng a kinetlc energy equivalent to 9 KeY.  Spectra were 
recorded routinely On UY Sensltlve paper ~n a mass controlled down field scan or 200 s 
duratron and evaluated by Counting the spectral lines. 

Thrn lnyyer chromatonraphy and densitomefrlc Quantification of ganelLos'des 
aliluman braln ganglioside inlxfure was analyzed for its ganglioside composition by  the two 
dimensional TLC system. vlth xnfennediate ammonia treatment, previously reported 

gangliosrdes. 
19,14,151. Thls system i s  capable of ~ecognlring the presence of alkall labile 

bl The monitorlng of the chromstographlc purificatlon of GDlb-L. the assessment of GDlb-L 
homogeneity, and the products formed by the dlfierent treatments of GDlb-L were fallowed 
by monodimensional TLC on HPTLC plates using the solvent system of 
Chlarororm/merhanal/O.~ aqueouj CaCl , 50:42:11 by val (20°C. run time 40 minl .  

Gangliosides were detected on the pla:e by spraying it with a p-dimethyla.lnobenZaldehyde 
reagent followed by heatlng at 120°C for IO min and quantified by denslfometry according 
to Chigorno e t  al. 1391, w i t h  the improvement that the beam width and consequently the 
scan shift were reduced LO 0.2 mm, thus Droulding better resolution. 

Colorimetric methods 
Ganglioside bound sialic acid was defermlnsd by the resorcinol-HCi method I401 as nodlfied 
by Miettinen and Takki-Luukkainen 1411. 

TABLE I .  Content of GDlb-L and GDlb ~n cerebral c~rfex of humans Of different ages 

PI1 Rabbit Rat Mouse Pieeon 

GOlb-La 0.5 1.9 0.7 0.5 1.1 

GDlba 10.5 8.8 12.3 7.5 4.6 

GDlb-LIGDlb 0.048 0.220 0.056 0.067 0.239 

a Ganglioside content 15 expressed as I of total ilpld-bound s~Sllc a c ~ d .  
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