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An Approach to Oligosaccharide Sequencing by Mass Spectrometry 
By GARY S. JOHNSON and W. S. RULIFFSON 

(Department of Biochemistry, Kansas State University) 
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Summary The mass spectra of some di- to penta-sacchar- method,2 indicate the possibility for oligosaccharide 
ides as their 1-phenylflavazole peracetates were measured, Sugars, because of their involatility and low 
and relationships between spectra and structures thermal stability, are unsuitable for mass spectrometric 
established. analysis. The spectra of numerous derivatives of mono- 

and di-saccharides have been reported,3 but apart from a 
few studies on trisac~harides~ and a single study on a tetra- 
saccharide,6 the mass spectra of higher oligosaccharides 
have not been measured. 

sequencing. 

PROGRESS in peptide sequencing by mass spectrometry,l 
and recent steps towards oligonucleotide analysis by this 
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Selected zons zn the mass spectra of 1-pherzylflavazole peracetates of some dzsaccharzdesa 

Linkage M.+ M.+--42 mle 419 m/e 403 mle 344b m/e 331 m/e 317 m/e 301 m/e 169 
1 + 4  0 8  0 1 6  8 5  6 4  17 0 9  14 43 
1 4 - 4  4 5  0 1 3  6 5  2 4  23 1 0  12 54 
1 + 4  1 8  0 1 0  7 9  4 4  40 0 5  14 31 
1 + 6  1 8  0 8  0 2  4 8  0 1  10 10 20 38 
1 + 6  1 4  1 5  0 4 5  0 9  11 11 19 38 
1 + 6  1 1  1 8  0 6 0  0 3  21 12 19 20 

6 

2- 

Disaccharide 
Maltose (I) 
Cellobiose (11) 
Lactose (111) 
Gentiobiose (IV) 
Isomaltose (V) 
Melibiose (VI) 

343 L O 3  

559 619 
L10 457 51 7 545 577 6 05 

36 0 
8 I .  

8 All data are for ion abundances relative to m/e 43 = 100% 

b Corrected for contribution of the 13C isotope of m/e 343 
an AEI MS 9 mass spectrometer 

In our approach an aromatic group is incorporated into 
the molecule in order (1) to stabilize the molecular ion, and 
(11) to allow sequencing by directing the fragmentation of 
the ohgosaccharide 6 The peracetates of the l-phenyl- 
flavazoles7 were suitable derivatives moreover their 
fluorescence was an advantage in small scale experiments 
(1 pmole of maltose, for example, was successfully 
derivatized and analysed) 

The mass spectra of the 1-phenvlflavazole peracetate 
denvatives of six disaccharides (Table) were measured 
first to assess the value of this derivative in providing 
molecular ions and in allowing deductions of structure 
Molecular ions were of adequate abundance the major 
fragment ions arose by glycosidic and allylic cleavages 
accompanied by further acetic acid and keten ehminations 
and 1 -+ 4 and 1 -+ 6 glycosidic linkages could be readily 
distinguished using any one of a number of ions or ion 
groups which included (1) un/e 418-420, (11) M.+ - CH,CO 

Spectra were all recorded under identical conditions at 170" using 

Ph 

1267 9 79 691 

(1x1 G t c  = p e r a c e t y t a t e d  g lucose 
I 

and M.+ - CH,CO - CH,CO,H (iii) m/e 316--318, (iv) m/e 
273-276 and (v) m/e 344t: In line with previous 
results for carbohydrates: epimeric compounds could not 
be distinguished by their mass spectra 

The 1-phenylflavazole peracetate denvatives of maltose, 
maltotriose (VII) , maltotetrose (VIII) , and maltopentose 
(IX) all gave detectable molecular ions that of the penta- 
saccharide (M = 1614) had an abundance of 0 01% 

1p9 
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FIGURE The 70ev mass specfrum of the pentasaccharzde (IX) 

Rationalization of these differences is straightforward for the most part and will be given elsewhere 
t Complete spectra of all the compounas discussed are available upon request 
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relative to the m/e 43 base peak (Figure). Identical bond 
cleavages occurred in compounds (VI1)-(IX) as shown by 
the fact that ions differing by 288 mass units were common 
to the three spectra. The major cleavage processes for the 
maltopentose derivative are indicated ; particularly signifi- 
cant is the “sequential” fragmentation of the glycosidic 
linkages, starting from either end of the molecule. The 
ions indicated, together with their daughters due to acetic 
acid and/or keten loss, constituted virtually all the major 
ions above m/e 350 in the spectrum.* 

In addition to the molecular weight of an oligosaccharide 
and the sequence of masses of its constituent monosacchar- 
ides-items which our results suggest are available from 
the mass spectra of oligosaccharides-the stereochemistry 
of the monosaccharide units and the positions of the glyco- 
sidic linkages are of interest. It is not yet possible to 
determine the stereochemistry of monosaccharides by mass 
spectrometry ;3 while there are some distinguishing features 
in the mass spectral of the peracetylated l-phenylflavazole 
derivatives of manninotriose (X) and isomaltotriose(X1) 
there is no evidence that configuration can be inferred from 
these spectra. The position of the glycosidic linkage is 
easily determined in disaccharides and a comparison of the 
spectra: of the derivatives of maltotriose (VII), mannino- 
triose (X), isomaltotriose (XI) , panose (XII), maltotetrose 

(VIII) , and isomaltotetrose (XIII) suggested that some of 
the same criteria could be used to determine the position of 
the first glycosidic linkages in higher oligosaccharides. In 
particular, the M.+ - 42/M.+ abundance ratio is high 
when the first glycosidic linkage is 1 -+ 6 [lS, 9, and 30, for 
compounds (X), (XI), and (XIII)], but only 0.4, 0.3 and 0.4 
for (VII), (VIII), and (XII), which have 1 -+ 4 linkages. 
The nature of the second and subsequent glycosidic linkages 
can be determined from the ease with which acetic acid is 
lost by the fragment ions belonging to the sequence which 
does not retain the flavazole [viz. m/e 619, 907, and 1195 in 
compound (IX)]. In  every case these ions lose acetic acid 
readily, if, and only if, the lowest numbered glycosidic 
linkage (adjacent to that cleaved in forming the ion in 
question) is 1 + 4. (Sequence ion - AcOH)/sequence ion 
ratios of 1-0-2-5 were observed for 1 + 4 linkages but the 
ratios for 1 3 6 linkages were O.OP--O.lO. 

We are modifying our procedure by using permethylation. 
Since our method is limited to oligosaccharides which can 
form l-phenylflavazoles we are testing other heteroaromatic 
groups as derivatives. 

We thank the National Aeronautics and Space Adminis- 
tration and the Kansas Agricultural Experiment Station for 
financial support. 
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Q Numbering is made from the 1-phenylflavazole peracetate end of the molecule. 
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