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ABSTRACT 

The potential of fast-atom-bombardment (f.a.b.) mass-spectrometry in the 

carbohydrate field was assessed with the aid of unmodified, permethylated, and per- 

acetylated oligosaccharides and glycosphingolipids. F.a.b. spectra are presented for 

(o-Gal--+&GlcNAc),+(D-Man),-+D-GlcNAc, permethylated (D-Gal+D-GlcNAc), 

-+(o-Man),-n-[2H]GlcNAcol, permethylated gangliotetraosylceramide, and reduced 

and peracetylated tetra- to hepta-saccharides from human milk. From unmodified 

oligosaccharides, pseudomolecular ions (M + Na+) were obtained as major ions 

in the high-mass range. Permethylated oligosaccharides and glycosphingolipids gave 

pseudomolecular ions (M + H+) of high intensity, together with fragment ions of 

high diagnostic importance. At ambient temperature, f.a.b. spectra could only be 

obtained for the lower homologs of per-0-acetylated oligosaccharides. Reduced and 

peracetylated penta- to hepta-saccharides from human milk gave f.a.b. spectra only 

after heating of the target. 

INTRODUCTION 

Mass spectrometry (m.s.) is one of the key techniques used in the structure 

determination of carbohydrates and glycolipids; for example, electron impact (e.i.) 

and chemical ionization (c.i.) methods are now applied routinely for the identification 

of low-molecular-weight compounds obtained by methylation analysis’. In recent 

years, m.s. procedures have found a wider application in the structure determination 

of oligosaccharides and glycolipids having much higher molecular weights’ - 5. This 

was made possible largely as a result of instrumental developments allowing high 

sensitivity at high mass6, and improvements in sample handling enabling the acquisi- 
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tion of e.1. mass spectra’.’ frcorn suitable derivatives that h:l\c molecular \veights 

in excess of 3000. E,~,m.s. of these high-mass substances dock hwrc\er. suffer from 

some very serious drawbacks. notably the loss in signal Intensity :lt high mass. which 

often results in the ahscncc of the molecular ion and high-mabs. >cquence ions. The 

method can be lmprovcd by combining e.i.m.s. data with the results of.licld-cie\orpt~on 

(f.d.) studies. The latter method has rcccntly been used with cc~nxldcrablc success 

for the molecular--\tcight dstermination of several carbohydrate\ and glycolipids’~‘. 

Field dcsorption map spcctr-omctry (f.d.m.s.) is potentsally attractrbe hccause un- 

derivatized samples can he c\amincd al the ,~g Ie\cl. IIowc’Lcr, the technical dill% 

cult& associated with f.d.m.s. have limited Its use and it ia unlihclq that the method 

\vill become more widely exploited. f-or this reason. \+‘c \ Ii’\\ the IWW devclopmcnt of 

fast-atom-bombardtnent mass-spcctron7etl.y (f.a.b.m.s.) as bcrng trt‘ considerable 

importance for carbol7!,drate_strtrcturc elucidation ‘. F.a.1~. +pectr;r XC r~~latI\~cl) 

easy to acquln-r. and early reports have shown that 1’a.b.m.~ IY capable ol‘ obtaining 

both molecular weights and lingment data from small quantitir\ of pcdnr. biological 

substances. It is Iihcly th:\t f.:l.h.m.s. will complement e.i.m.\. nerd c.i.nl.>. and repl;tce 

f.d.m.s. for many applications. In order to a\sesa f.a.b.m.5. For the sti uctural an:llysls 

of biological substsnce~, we describe herein the results obtained from rcpresentatlve 

examples of permcthylatcd. peracetylatcd. and unmoditied carbohydr:~tcs and 

glycolipids. 

~2luterkO. ~- CJangliotolraosylccramidc (7 mg). prepared from G,,, ganglioside 

by partial acid hydrolysi\“, was permethylated essentially by the method of Haho- 

mori’ O. The excess of dimethyl sulfovide \L;LS rcmovcd by passage through ;I column 

( I x 20 cm) of Sephadex LH-30 w-it11 I : 1 (v/v) acetone methanol as cluent. 

The oligosaccharldcs from the urine of a patient h:tving Gtl, gangliosidosls 

were prepared by :I comblnatlon of methods essentially a:, prc’vicjusly described’ I. 

Neutral, human-miik oligosaccharidcs were separated from the ~11ic acid-containing 

compounds by ion-exchange chromatography on DEAE-Sephade\ A-75 as prc\ iouslj 

described”. After rcductfon with sodltun borohydndc and pcr-~)-~tcct/latiol7, the 

pcracetylated oligosaccharides were separated by chrc~matcl~r-aph!; on latrobcads. 

followed by reversed-phase h.p.l.c.‘.‘. 

izr0L9,s .sp~troi~wti~~ - Fast-atom-born bard ment, mass spectrometry \vas per- 

formed with a VG Analytical ZAB 1 F. reverse-geometry. mars-cl_‘ectrometl’r lilted 

with an f’.a.b. source and an Ion-Tech atom gun. Spectra of ssample~ of molecular 

weight >3000 uerc obtained with a ZAB 1 F mahs spectromctcr fitted with a high- 

field magnet giving a mass range of 3000 m;~ss unit\ (m.u.) at x I\V. The samples 

\vere dissolved in a suitable solvent (water, methanol, and chiorofi~rm f’crr unmodified. 

acetylated, and prrmethylated samples, respectively i and the sample ( -5 pg in 

0.5 /IL) was added to a drop of glycerol on rhe &unless-steel target. The target was 

bombarded with argon or scnon atoms havung 8 krV energy. ‘I’hc spectra were oh- 
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tained with a Hall-probe, controlled-linear-mass scan of 500 s duration for a full 

scan from 3000 to 12 m.u. The spectrum of the permethylated tetradecasaccharide 

obtained from G,, gangliosidosis urine was recorded at 7-kV acceleration voltage. 

The spectra were recorded on u.v.-sensitive chart paper and calibrated manually by 

counting. All data on unmodified and permethylated samples were acquired with the 

sample and ion-source at ambient temperature. F.a.b. spectra were obtained for 

several of the sugar acetates after supplying a 2-A heating current to the target with 

the standard ZAB direct-chemical-ionisation heating unit. Under these conditions, 

the glycerol matrix evaporated rapidly, and several additions of glycerol to the dried 

sample on the target were normally required in order to obtain a complete spectrum. 

No significant thermal decomposition of the sample was observed under these condi- 

tions. 

Field-desorption, mass-spectrometry of the sugar acetates was performed with 

a Kratos MS 50 mass-spectrometer fitted with a high-field magnet6. The spectra were 

obtained on u.v.-sensitive chart paper and calibrated with a crystal time-marker by 

comparison with the e.i. spectrum of Fomblin oil. The samples were loaded by 

dipping the high-temperature-activated, carbon emitter into one drop of a solution 

of the sample placed on a strip of aluminium foil. 

Electron-impact, mass spectrometry14 of the permethylated gangliotetraosyl- 

ceramide was performed with an LKB 9000 mass spectrometer. 

RESULTS AND DISCUSSION 

Unmodijed oligosacckarides. - A series of unmodified homologous or isomeric 

oligosaccharides having the general structure 1 gave f.a.b. spectra that contained the 

(Gal-+GlcNAc),_,-, I 
Man+Man-+GlcNAc 

i 

1 
Man 

1 

2555 [M+Nal+ 

Fig. 1. Partial f.a.b. mass spectrum of the region of the molecular ion of the unmodified tetra- 
decasaccharide isolated from the C&l gangliosidosis urine. For (M + Na)+-, the nominal mass is 

given. 
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M + Nat ions. Thus, for the corresponding deca-. dodeca-, and tctradeca-s:lcchar- 

ides, pseudomolecular ions were obtained at U~/Z 1825. I! 190, and 2555. respectively. 

The region ofthe molecular ion of the tetradccasaccharide Isolated from G,,, ganglin- 

sidosis urine IS shown in Fig. 1. No fragment ions pcrtlncnt to the carbohqdrate 

sequence could be observed. 

PC7./77ff/7~,/~t~~~/ o/~~~I.~~I~~~~/~~~I.I’~/~~,v trr7ti ,~l~~~dipitls. ~~~. All of the pt’rmethylated 

samples that were examined yielded spectra containing abundant m~~leL*ular-Ions and 
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a considerable number of fragment ions. The f.a.b. mass spectrum of the reduced, 

permethylated tetradecasaccharide (Scheme 1) is shown in Fig. 2. In accordance 

with the calculated M, 3166.63 for 12C,,,2H,1H25114N61 60,1, a pseudomolecular 

ion was found at M + 1 3168, Among the fragment ions, the lactosamine residues 

I 
Hcx+O- - 

L 

219 

i 
167 

1026 822 604 4 572 

996 794 576 - 544 
-I_ - 

HexNACLO- Hex--O - 

464 

1 
228 

- 
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668 

984 

1012 

- 526 
554 
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- 

700 
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Scheme 2 Structure and e I fragmentotlon pattern 01 pcrmethylated glycoilpld 2 
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molecular-ion region, the nearest round numbers of the exact masses are indicated. 
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acetates by f.a.b.m.s. was attempted. In contrast to the successful studies of unmodi- 

fied and permethylated oligosaccharides, all but the smallest member of the family, 

namely lacto-Wtetraose (3) were difficult to study. This compound gave an excellent 

f.a.b. spectrum (Fig. 4). Abundant molecular-ions were present at IV/~ 1298 (M + H)+ 

and 1320 (M + Na)+, these were accompanied by signals at 42 and 58 m.u. lower, 

a pattern that was also observed for all sequence-ions from the nonreducing end. 

The fragmentation of the molecule is described in Scheme 3. The ions at rll/z 273, 

289, and 848 (Fig. 4) are derived from an L-fucose-containing impurity. 

331t 618c 

II I I 
Gal-tO-GlcNAc+O-Gal-tO-Glcol 

I I I 
+950 -+375 

4966 

Scheme 3. Structure of la&o-IWetraose(3) and fragmentation pattern of per-O-acetylated derivative. 

The next higher homolog, fucopentaose I (M, 1527) did not give an f.a.b. 

spectrum when examined at ambient temperature. In contrast, difucohexaose I, 

which was shown by f.d.m.s. to consist of a mixture of fully acetylated and mono- 

deacetylated derivatives (see Fig. 5), gave an excellent f.a.b. spectrum corresponding 

to the partially acetylated species (see Fig. 6) with abundant molecular-ions at m/z 

17 16 [(M - AC) + H] + . No signal arising from the fully 0-acetylated carbohydrate 

residue was obtained from the sample bombarded at ambient temperature. After 

heat had been applied to the target with the heating unit, supplied for direct c.i.m.s. 

studies, of the ZAB mass spectrometer, the successful ionization of the carbohydrate 

residue was finally achieved. The results obtained with a 2-A current supplied to the 

target are shown in Fig. 6. The protonated molecular-ion at m/z 1758 was obtained 

immediately after the sample had been heated, and subsequent scans contained the 

cationized species at nz/z 1780 (M + Na)‘. The spectrum lasted until glycerol had 

IIM-Ac)+Nd' 

[(M-Ac)+HI+ 17!8 
1716 
I I 

Fig. 5. F.d. spectrum of reduced, acetylated difucohexaose I showing the presence of a mono- 
deacetylated derivative. 
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1716 

CONSECUTIVE SCANS, 

I Z-A HEATING CURRENT 

SUPPLIED TO TARGET 

Fig. 6. F.a.b. spectrum of the molecular-ion region of reduced, peracetylated difucohexaose I 
from human milk showing the influence of target heating; m/z I716 is derived from the mono- 

deacetylated derivative. 
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Fig. 7. F.a.b. spectrum of reduced, peracetylated fucopentaose (4). 
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Fig. 8. F.a.b. spectrum of reduced, peracetylated fucosyllacto-N-hexaose (5). 

completely evaporated (30 s-l min) and could be regenerated by adding glycerol 

to the dried sample, on the target, and reapplying the heating current. 

By use of this heating procedure, excellent spectra for a variety of fully acetyl- 

ated, neutral milk sugars were obtained, and typical results are shown in Figs. 7 and 8 

for a fucopentaose [(M + H)+, m/z 15281 and fucosyl lacto-N-hexaose [(M + H)+, 

m/z 21041, respectively. The latter sample was contaminated with lacto-Wtetraose 

[(M + H)+, m/z 12981. All samples fragmented at the glycoside linkages to yield 

sequence ions from both the reducing and nonreducing ends. 

The spectra shown in Figs. 7 and 8 are in agreement with the simplified struc- 

tures 4 and 5, respectively. 

Gal-+ G1cNAc-r Gal -+ Glcol 

t 
Fuc 

4 

Gal+GlcNAc+Gal+Glcol 

t 
Gal+ GlcNAc 

t 
Fuc 

5 

In conclusion, the results described herein demonstrate that the f.a.b. technique 

is applicable to unmodified oligosaccharides and their derivatives, and to glyco- 

sphingolipids having an M, of at least 3000. In all cases, the M, data were readily 



obtained on samples weighing 1-5 pg. A limited number of fragment ions were ob- 

served in the f.a.b. spectra of unmodified oligosaccharides. and cuaminntion of 

permethylated derivatives is recommended in order to obtain fragment ions of high 

diagnostic-value. 

RFFERENCES 

I H. RAIJVALA. .I. FIYNF, T. KKUS~IJS, J. Kii~~t~Amm. ,\NIJ .J. J~RNLF~LI. .-ll/~. Cu~hoh~&. C%C/?I. 

Bmfznn., 38 (1981) 389-416. 
2 P. HAYFL4ND. H. ECXF. u. ~>ABRowStiI, S. KIIHN. 1~. ROEf.(‘I<E, 4NI) .I. 1) \RROMShl, &c~c/IcI?I/\~! 1’. 

20 (1981) 5310-5319. 
3 M. E. BREIMEK. G. C. HAYSSON, K.-A. K~KLSSON, H. I.EFFLFR, W PIIIILOTT. 4h1) B. E SGII.IL+ 

SON, FEBS fY//., 174 (198 1) ‘99m 303. 

4 P. FREDMAN, J.-E. M.\N%oN. I_. SVFNNERHOLM. B. E. SAMLI~LSSON, 1. P%x-HI K, LV. PI~ILOI I. 

K.-A. KARLSSON, ANI) G. W. KLINGH~RDT, El/r. J. Bi~~hcm.. II6 (1081) 553 Xl. 

5 M. LrNsctfrir~, J. II’ANc-,ov,I, A. L. BURI riwmr. A. Dt I 1.. .tw C‘ E, B\I.I OL,, Pm. \‘czrl. 

.~cad. sci. 1:s.A.. 78 (19X1) 1471-1475. 

8 L. S. FOKSBERG, A. DALI., D. J. WALTON, ANI) C. E. BALLOU, ./. Rio/. Clan., 257 (198Z13355-3363 

9 R. KUHN ANI) H. Ec,c;r. Chew. Bcr., 96 (1963) 3338-3.348. 
10 S. HAKOIZORI, J. Biochem. i Tohrt~), 55 (196-l) 205~-208. 
I1 G. STR~C~CER AYI) J. MoNrKl.cw.. Bidtimir,. 61 (1979) 1 199-1236. 
I2 H. VON NICOLAI, H. E. MI~I~I.~R, AW F ZII.I wiv, /jOl)/v &y/cr’t %. Ph.wo/. C%m., 359 (197X) 

393-398. 
13 H. EGCX, J. DABRO~SI(I, P. HAN~LANII, H. voN NIOXAI. U. DARRO\VXI. \NI) A. DEILI. PVOC 

Znr. .S_rmp. G/.mxmj~~/c~~~ 6th. ( I98 1) 3 1 X-3 19. 
I4 P. HANFLANP ANU H. E~;c;t.. Chem. Phys. Lipid\. 16 (1976) 101-114. 

I5 H. E~;c;t, c‘hcm. Ph.tx. LipicA. 2 I (I 97X) 349-350. 


