Volarme 32, nunber 2

FEES LETTERS

Fune 1973

CARBOHYDRATE COMPOSITION AND SEQUUENCE AMALYSIS OF CELL.
SURFACE COMPONENTS BY MASS SPECTROMETRY. CHARACTERIZATION
‘OF THE MAJOR MONOSIALOGANGLIOSIDE OF BRAIN

Karl-Anders KARLSZON
Deporiment of Medical Siochenistey, University of Goreborg, Fork, 8403 33 Gotebore 33, Sweden

Received 21 March 1973

1. Inieodnection

Glyecosphingolipids include the miner bleod group
substances of esythrocytes {1] and the classical
Forsmann glyeolipid haptene {2]. In recent time evi-
dence has been obizined thai these snbstances may be
connected with differences in the dynamic behaviour
of normal and twmour cells {Tor a critical review, see
131). The possibility that oligogiycosyleeramides {and
slysoproteins) are involved in commnnication be-
tween ¢¢ells has been developed in several laboratoriss
{e.g. [4,5]). The vezy high speeificity [5] and prob-
able surface location §6] of glycosyliransferases, and
a much more pronounced sirucinral vardability of car-
bohydrate {e.g. branching) compared to peptide are
additional evidence that celi surface nformaiion may
be coded primarily in carbokydrate structure.

Surface glycolipids of low concentration are ofien
strongly antigenic and therefore possible to study
wiith very sensitive immunological inett ods. However,
Yor structural characterization en the sime scale no
method has vet been presented. Mass tpeciromeiry is
a first candidate. but so far specific enrbohydrate in-
formation has been lacking in specira of lipids with
more than one carbohydrate {assuming a demand for
type and ratin of carbohydratez). Althongh fragments
with the complete glycose were obtained for acety-
lated triglycosylceramides, pyrolysis occurred for
higher oligoglycosyleeramides {7] . However, concern-
ing the lipophilic part (fatty acids and long-chain
bases) a detailed interpretation of straciure was pos-
sible, nsing acetates or trimethylsilyl ethers [7--9].
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The present paper iusirates a newly developed
methoed, applied on the major rmoncsialoganglioside
of braiz. In other communications the analysis of oth-
e1 lipids wil be considered, 1ike the Forsmann glyco-
lipid hapiene, a twimour ganglioside and human kid-
ney ghrcolipids. Methyl polysthers were vsed for the
analysis, because of i) lowest possibie mass of the lip-
i derivative {increasing the range of analysis), i) sta-
bility 2 further handiing of the lipid like partial hy-
drolysis of glycosidic boads, and i) as these derive-
tives z-¢ vsed for binding position analysis after deg-
madatior, by gas chromategraphy and mass spectrome-
try [10]. In a second step the methyl polyethers were
reduced at the amides {of the lipophilic part and of
the amino sugars) 1o i) increase the volatility, 2) sta-
bilize the molecular ions by removal of oxyzens. and
3 improve subseguent analysis of aming sugars s fier
degradation {stabilization of N-substiivents and =2
glycosidic bonds close to the aitrogens, 1o pe pub-
lished).

2. Experimental

The mator menosialoganglisside of bovine brain
wzs methylated according to Bakomori [11]. The
proguct was purified by stlicie acid chromatography
giving a single distinct somponent on thindayer
ch:omatography. Recuction was performed with
TiATH, in fisthylether for 3 hr a7 rooen temp. The
prodect was purified from reagents on silicic ackd and
w:shomogeneous on thinlayer chromatography. Sitvla-
ticn was done in hexamethyldisilazane—
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Fig. 1. Mass specirum of methylated, roduced and trimeihylsilyfaled monosialoganiglioside of brain,
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irimethylchlorosilane—pysidine 2:1: 10 {by vol) for 3
hr at room temp. [7]. Suitable amounts {10—30 ug
lipid) were transferred to 2 pyrey cuvette containing
a plug of glasswool. The reagents were removed by
evaporation in a stream of hot gir and in the prepump
chamber of the vaciunm lock. The apparatus was MS
902 (AEI Lid., Manchester, England) and the condi-
tions of analysis as follows: clestron energy 22.5 eV,
filament current 300 nA, aceeleration voltage 4.2 kV,
ion sonrce temparature 290°, szmple evaporation
temperature 320°.

3. Resulis and discussion

The mass specimum recorded is shown in fig. 1. The
1wo spectra recorded on the methylated derivaiive pe-
fore reduction and the methylated and reduced deriv-
ative before silylation will be discussed elsewhere. The
structure of the lipid has been worked out easlier [12]
The Yipophilic part {ceramide) was r_pr&dbﬁninanﬂy
stearic acid and equal amounts of sphingosine and itz
20 carbon homologse, The chemical formulze used
(figs. 2 and 3) are of the higher homologue. Part of
the interpretation was based on analysis of synthetic
monoglycosylceramides and on high resolution analy-
sis (1o be published).

Although of low intensity, molecular ions (M— 1)
were readily discernible at mje 1854 (1826 for the
lower homologue). A relatively abundant fragmer: at
mfe 1574 contained the fatty acid plus the ecomplete
carbohydrate chain {fig. 2). A corresponding frag-
ment at m/e 1165 was due to the loss of sialic acid
(fig. 3). Specific sialic acid pesks were intense, at m/e
406 and 374 (406 minns methanol). An N-glycolyl
dexrivative should have given other peaks. This to-
gether with peaks at m/e 1249, 1045, 464, 450, 219
and 187 (compare fig. 1 and 2), aud 844, 720 and
530 (compare fig. 1 and 3} not only gave information
on the ratio and typz of sugars {three hexoses, one
N-acetylated hexosamine, and one N-acetylated nenr-
aminic acid) but also on their sequence. The last staie-
ment was based on the following. The tenminal disac-
charide was evident at pzfe 219 and 187 (hexose) and
450 and 466 (aminc suzar and hexose). Positive evi-
dence for the sialic apid binding to the second hexose

_was present at mye 720 and 530, and also at /e 844

and 640. A binding to the first hexose should have

 given @ strong peak at /e 516 (530 minus 14).
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Fragmenis at m/e 576 and 546 contained the cer- comple’e molecule. The carbobydrate quality and
amide {The lower homologue at m/e 548 and 518), quantity were obiaimed as wall as corbohy drate se-
and the relatively intense peaks at myfe 206{576— quence. The stereochemistry or posibens of binding
281 +1) and 310{296 +14) were evidence for stearic were not possible to inlerpreie at the present stage.
acitl. The base peak at myfe 128 was 2 nlirogen-con- SBimilar infermation was cbizined for the Forsmann
taining fragment of the amino sogars {C;H,,NO). glycalipid haptens {clso a pentaglycosyleeramide).

1t is thriefore concluded that the spectrum pre- Lipids with more than five carbohydrates are under
sented gave conclusive information concerning the investigation. It is assumed that a combined pyrolysis
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and eleciron impact will be of value for still more
complex derivatives [13].

This snethod in combination with the analysis of
partially methylated alditol agetates after degradation
1107, should be a powerful Lool when adapted to mi-
no! surface components of wells,
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