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OMS Letters 

Dear Sir, 

Linkage Position Determination of Lithium-catiunized 
Disaccharides by Surface-induced Dissociation Tandem Mass 
Spectrometry 

Surface-induced dissociation (SID) has proved to  be an effec- 
tive means of ion activation for both small polyatomics'--6 
and r n a c r o r n ~ l e c u l e s ~ ~ ' ~  and serves as an alternative to  gas- 
phase collision-induced dissociation (CID). When a projectile 
ion collides with a surface, several different processes can 
occur.14 SID involves the partial conversion of the kinetic 
energy of the projectile into ion internal energy, inducing frag- 
mentation of the projectile ion. Surface-induced dissociation is 
known to deposit high average internal energies, the distribu- 
tion of which is narrow; the average energy transfer can be 
easily controlled by varying the kinetic energy of the precur- 
sor ion.' 5.16  

We illustrate here the use of SID as a possible ion activa- 
tion technique for the determination of the linkage position of 
hexose sugar units in disaccharides. Linkage position determi- 
nation in nligosaccharides has been studied extensively using 
different ionization techniques including chemical ionization 
(CI),I7 laser desorption ionization' 7 ~ 1 9  and fast atom bom- 
bardment (FAB)." ~ 2 7  Earlier results for FAB ionization com- 
bined with CID tandem mass spectrometry (MS/MS) of 
lithiated disaccharides showed that different patterns of frag- 
ment ions are obtained depending on the position of the gly- 
cosidic linkage of the disaccharides.21-~2h A similar trend has 
been observed for fragment ions obtained by FAB negative 
ion CID-MS." Leary rt a1.2s performed detailed studies on 
lithium-cationized disaccharides to determine linkage posi- 
tions and semi-empirical calculations to define the role of 
lithium in fragmentation of the disaccharides. 

We report here the SID spectra of four isomers of man- 
nosylmannose and compare them with fragmentation patterns 
observed in the CID spectra of disaccharides. The instrument 
used was a tandem quadrupole mass spectrometer constructed 
with Extrel 4000 u quadrupoles. The instrument design and 
set-up have been described elsewhere.'* The precursor ion, 
selected by the first quadrupole, collides with the surface and 
the fragment ions are analyzed by the second quadrupole. The 
surface used in t.his investigation was prepared by self 
assembly of 2-(perfluoroocty1)ethanethiol on plasma-cleaned 
vapor-deposited gold.4 

The disaccharides studied were four isomers of mannosyl- 
a(l -+ Y)-mannose, where Y is the linkage position, C,H, ,05-  
a( 1 -+ Y)-C,H ,O, . The four disaccharide isomers of  
mannosyLr(1 -+ Y)-mannose (where Y = 2, 3, 4, 6) were pro- 
vided by Dr Eric Jacobson, Department of Internal Medicine, 
MCV, Virginia Commonwealth University, and have been 
characterized by NMR spectroscopy.29 A stock solution was 
prepared by dissolving 0.5 mg of the disaccharide in 100 pl of 
water. The sample was prepared by adding 1-3 pl of this stock 
solution and 0.5-1 p1 of 0.05 M Lice, to 3 p1 of 3: 1 
dithiothreitolkiithioerythritol (DTT-DTE) matrix. Approx- 
imately 15-45 nmol of disaccharide were used for each 
analysis. The lithium-cationized disaccharide ions were pro- 
duced by liquid secondary ionization, by bombarding the 
probe tip with a 6 keV Cs' ion beam (cesium ion gun from 
Antek, Palo Alto, CA, USA). 

Figure l(a)-(d) show the high-mass region of the SID 
spectra of the four isomers of mannosyl-a( 1 -+ Y)-mannose, 
obtained on the 2-(perfluorooctyl)ethanethiolate surface at 30 
eV laboratory collision energy. Although the spectra of all the 
four isomers look very similar at m/z < 150, there are signifi- 

cant differences in the SID spectra above m/z 150. All of the 
main fragment ion peaks observed are listed in Table 1. Table 
1 clearly shows that the four different linkage positions lead to 
four distinct fragmentation patterns. All the isomers gave two 
predominant fragment ion peaks at m/z 169 and 187 which 
result from the cleavage of the glycosidic linkage and reten- 
tion of Li' by each of the hexose sugar units. Each of the 
isomers analyzed gives a certain unique combination of ions 
at  m/z 229, 259, 289 and 331 in addition to the strong peaks at 
m/z 169 and 187. The dependence of the fragmentation pat- 
terns obtained for the four isomers on collision energy was 
also investigated for the 2-(perfluorooctyl)ethanethiolate self- 
assembled monolayer surface, a surface known to deposit 
higher internal energy into projectiles. No new fragmentation 
peaks were observed, but the breakdown curves for the four 
isomers show that at collision energies beyond 45--50 eV, the 
fragment ions at m/z  229, 259, 289 and 331 further fragment to 
low-mass ions and are not present in the spectra for linkage 
position determination of disaccharides. 

The characteristic fragment ion peaks observed by SID 
above m/z  150 are similar to those observed in low-energy 
CID-MS/MS experiments on other hexose disaccharides by 
Leary et dZ5 The coordination of lithium to the disaccharide 
is presumed to help in ring fragmentation, thereby leading to 
two, three and four carbon losses which gives rise to the 
unique fragments necessary in linkage position determination. 
Semi-empirical  calculation^^^ show that it is plausible that 
lithium cation coordinates with the maximum number of 
oxygens permitting certain fragmentation pathways, yielding a 
unique set of fragment ions for different linkage positions. 

Comparing our results [Fig. l(a) -(d)] with those obtained 
by CID for disaccharides with different linkage positions, the 
linkage positions for the mannosylmannose isomers could be 
assigned.25 There are difrerences, however, in SID L'S. CID 
fragment ion abundances and also, in the case of the 1 -+ 3 
linkage isomer, the combination of fragment ion peaks which 
help assign the linkage position. The SID spectra of the 
disaccharide with a 1 -+ 3 linkage contain peaks at mjz 331, 
187 and 169 as expected, but not the m/z 259 peak which was 
reported in the C I D  spectrum. This could be due to the higher 
internal energy deposited by SID, which is manifested as 
enhanced fragmentation of the fragment ion at m/z 259. This 
means the fragment ion at  m/z 259 has enough energy to frag- 
ment further and might lose C,H,02 to yield an ion at m/z 
187, which is the base peak in the 30 eV SID spectrum [Fig. 
l(b)] for the 1 -+ 3 isomer. In general, the relative abundances 
of fragment ions with respect to the parent ion are also differ- 
ent in SID and C I D  spectra. The parent ion is the most 
intense peak in low-energy CID, unlike in SID, where m/z  187 
is the most intense peak. Comparison of the relative ratios of 
the peaks at m/z 229, 259 and 289 to that at m/z 187 in SID 
and C I D  spectra support the conclusion that SID deposits 

Table 1. Fragment ions observed in 38 eV SID spectra for dif- 
ferent isomers of mannosyla( 1 -+ Y)-mannose" 

Product tons (m/z)  

Isomer 169 187 229 259 289 331 

Mannosyl-a(l -+2)-mannose x x x 

Mannosyl-a(l + 3)-mannose x x X 

Mannosyl-a(1 -+ 4)-mannose x x x  

Mannosyl-a(l +6)-mannose x x x x x 

a All spectra were obtained on a 2- (perfluoroocty1)ethanethiolate 
monolayer surface. Y denotes the linkage position ( Y  = 2, 3, 4,6). 
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Figure 1. Surface-induced dissociation spectra of (a) mannosyl-z(l --* 2)-mannose, (b) mannosyl-a(1 --* 3)-mannose, (c) mannosyl- 
a(l + 4)-mannose and (d) mannosyl-a(1 -+6)-mannose at a collision energy of 30 eV on a 2-(perfluorooctyl)ethanethiol monolayer 
surface on gold. 

higher internal energies into the precursor ions, as would be 
expected. 
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