
Carbohydrate Research, 88 (1981) 39-50 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

QUANTITATIVE ANALYSIS, BY GAS-LIQUID CHROMATOGRAPHY AND 
MASS FRAGMENTOGRAPHY, OF MONOSACCHARIDES AFTER METHA- 
NOLYSIS AND DEAMINATION 

(Received July 17th, 1980; accepted for publication. August 6th: 1980) 

ABSTRACT 

A method has been developed for the quantitative analysis, by g.1.c. and g.l.c.- 

m-s.., of monosaccharides commonly appearing in glycoconjugates. It involves 

liberation of the component sugars, N-deacetylation by methanolysis, nitrous acid 
deamination of amino sugars and sialic acid, and g.1.c. or g.l.c.-m-s. analysis as their 
trimethylsilyl ethers. The method has been tested on a crude, lipid-free, protein 

fraction obtained from rat brain. The structure of the main deamination product of 
sialic acid has been characterized. 

INTRODUCTION 

Gas-liquid chromatography (g.1.c.) has provided a sensitive, precise, and rapid 
method for quantitation and identification of monosaccharides, as well as certain 
di- and tri-saccharides, and extensive articles on this topic have been published’-‘_ 
Combined gas-liquid chromatography-mass spectrometry (g.l.c_-m-s.), which has 
increasingIy been used for structural and quantitative analysis, has proved to be a 
method of choice when picomole amounts of carbohydrate are to be quantitated3-‘, 
but no method for a single-step analysis for all of the common monosaccharides 
has been thus far available_ 

Liberation of component sugars from glycoconjugates by use of aqueous acid 
catalysis has been considered to be the main cause of loss in carbohydrate analysis’. 
Methanolysis, where the liberated monosaccharides are converted into the corre- 

sponding methyl glycosides, results in little sugar decomposition, and makes possible’ 
the analysis of sialic and uranic acids. Because, simultaneously, amino sugars and 
sialic acid lose their N-acetyl groups, an N-reacetylation step is employed’** for good 
separation of amino sugars in g.1.c.; this, however, restores their marked polarity, 

and increases their tendency towards adsorption, making quantitative analysis of 
them in small amounts difficult. 

Nitrous acid deamination of N-deacetylated Z-amino sugars is a highly selective 
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reaction for the cleavage of glycosidic linkages next to them, with the formation9 
of 2,5-anhydrohexoses. 

When used after methanolysis, this reaction completes the liberation of amino 
sugars from potential unhydrolyzed, N-deacetylated oligosaccharides having a high 
resistance to cleavage by acidic methanol_ 2,5-Anhydrohexitols are readily analyzed by 

g.l.c_, and, because of their considerably lower polarity, compared to 2-acetamido-2- 
deosyhexoses, they appear as peaks havin, m retention times shorter than those of the 
methyl glycosides of neutral hexoses”.’ ‘_ 

The object of this work was to develop a method for the quantitative analysis 

by g_l_c. and g.l.c.-ms. of mixtures of monosaccharides at the picomole level, and to 
investigate their concentrations in less-pure material of biological origin. Methods 

for methanolysis’, nitrous acid deamination’m” , and per(trimethylsilyl)ation’ were 

adapted for this purpose. 

i~~CItWi~lS_ - All monosaccharides were purchased from the Sigma Chemical 
Company. St. Louis, MO, U.S.A. Deuterated (9S0Y, D atoms), algal-sugar mixture 

was from MSD, Sharp & Dohme GmbH, Munich, GFR. tnyo-Inositol, or deuterated 
algal-sugar mixture, or both, was used as the internal standard, and was added to 
the sample tubes before the methanolysis step. 

Afethmrol_rsis. - Samples were prepared for the assay procedure by methano- 
lysis’. A dry sample was dissolved in 500 /IL of0.5&r methanolic HCI containing I _5’%, 

of HzO, and the solution was kept for IS h at S5’. For the protein samples, l_Ohl 
methanolic HCI for IS and 24 h at 85” was also used. The samples were cooled, 
made neutral with silver carbonate (200 mg), centrifuged, and the supernatant 
liquors decanted into other tubes. The precipitates were washed twice with 500 /lL 
of methanol, and the supernatant liquors were collected, and evaporated under 
nitrogen. 

Decmitwion. - Distilled water (50 i(L), 1 :2 acetic acid-water (50 /IL), and 
5.5~1 aqueous sodium nitrite solution (20 NIL) were added to the dried samples, and 
the mixture was shaken intermittently for 30 min at room temperature_ The excess 
of sodium was removed by adding a suspension (100 !cL) of Dowex-50 X2 (H+) resin 
(40”/;‘,: w/v, in distilled water), and intermittent mixing was continued for” another 
30 min. The contents of the tubes were allowed to drain through small pipet columns 
containing Dowex-50 X2 (H’) resin (-500 /tL) on glass-wool plugs. The columns 
were eluted three times with 1 : 1 (v/v) methanol-water, and the eluates were com- 
bined. and evaporated under nitrogen. 

Reductiorz, remethmol_wis, and (tritlletll~fsii~~~~~tion. - Sampies were dissolved 
in distilled water (50 ,uL), and reduced with 0.22~ sodium borohydride (50 /tL) 
for” 1 h at room temperature_ The excess of borohydride was decomposed by addi- 
tion of Slacial acetic acid (20 CCL), and the samples were evaporated under nitrogen. 
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Borate was removed by three additions, and evaporations to dryness, of acidic 

methanol [methanol (300 LIL) containin g glacial acetic acid (30 /IL)]. 

The partially hydrolyzed methyl ester groups of deaminated sialic acid were 

re-esterified by a short methanolysis step with 0.5ar methanolic HCl during I h at 

SO”, followed by neutralization as already described. Dried samples were per(tri- 

methylsilyl)ated with 1 : 2 : 10 chlorotrimethylsilane-hesamethyldisilazane-pyridine 

for 30 min at room temperature, the solutions evaporated, and the residues dissolved 

in hexane and introduced into g.l.c. and g.l.c_-m-s. columns_ 

Ana/jsis of protein sm~ples. - The crude, protein fraction from a Z-month- 

old, male, Albino Wistar rat-brain was used 3. The tissue was homogenized in 2: I 

(v/v) chloroform-methanol (20 vol.) at 4”, centrifuged for 30 min at 2O,OOOg, the 

tisstie homogenized in 1 :2 (v/v) chloroform-methanol (10 vol.), and centrifuged as 

befoke’2. The lipid-free precipitate was used for further analysis_ 

: 
i 

Gas-&@ cllromutogrrcp!l~~ crnrlgcrs-liqrri~~~l~r-on~frtogr~tpl~~~-~~~crss.~p~~~trc~i~irtr~~. - 

Mast spectra were recorded with a Varian MAT CH-7 instrument equipped with ;I 

Varik Aerograph 1700 gas chromatograph and a SpectroSystem 100s computer 

syste?n. Mass-fra_gmentographic detection was achieved with an Altema AL 5 multiple- 

ion dkector. The ionization potential was 70 eV, and the ionization current 300 !lA. 

Glasd columns (2 m x 2 mm, i-d.) filled with 2.2’:/, of SE-30 on Gas Chrom Q 

(IO&/20 mesh) (from Applied Science Laboratories, State College, PA) were LISC~ 

at an initial temperature of 120” with temperature programming at the rate of4”.min- ’ 

to a final temperature of 250”. For g-l-c., a Carlo Erba Fractovap Model 2 15 I AC 

gas ctromatograph fitted with a capillary glass column (25 m x 0.25 mm i-d.) was 

used under the same conditions. The columns, coated with OV-lOI, were purchased 

from Prolab, Helsinki, Finland. 

RESULj-S AND DISCUSSION 

I. Get&d COWSE of the amlwis (see Fig_ I> 

Methanolysis. This liberates monosaccharides from glycoconjugates, converting 

Native sugar: neutral hexose acetaniido sugar 
i 1 

ivlethanolysis: methyl glycoside N-deacetylatcd methyl 
glycoside 

1 
Nitrous acid deamination: methyl glycoside 2,Sanhydrohexosc 

Borohydride reduction: methyl glycoside 2,5-anhydrohesitol 
Mild methanolysis: methyl glycoside 2,kmhydrohexitol 

Trimethylsi!ylation, and introduction into the gas-liquid chromatograph. 
“n.d_ = not detected. 

sialic acid 
1 

Wdcacctvlared methvi 
cstcr methyl giycosidc 

1 
nonulosonic acid methyl 
ester methyl glycosidc 
n.d.” 
nonulosonic acid methyl 
ester methyl glycosidc 

Fig. 1. Flow-sheet of procedure for quantitative determination of monosaccharides by g.l.c.-m.s. 
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Fig. 2. (n) The mass spectrum and major fragments of 2,5-anhydro-o-mannirol after borodeuteride 
reduction of C-l, as its MeGi derivative. (b) The mass spectrum ofthe major product of deamination 
of siaIic acid methyl ester gIycoside [methyl (methyl 3-deOXy-D-g/~~e~u-D-gU/U~~~-nOnU~OSid)on 

as its MesSi derivative. 

hexoses and amino sugars into their methyl glycosides, and sialic acid into its methyl 
ester methyl glycoside’. Methanolic hydrochloric acid (0.5b1) for 16 h at S5” was also 
sufiicient to h’-deacetylate, completely, the standard, monosaccharide mixture, and 
this was confirmed by g.1.c. When applied to glycoconjugates of biological origin, 
&I methanolic hydrochloric acid for 15-24 h at S5” was used, to ensure complete 
liberation and N-deacetylation of the monosaccharides_ When >&I acids, or tempera- 
tures > S5” were used, there was no significant increase in the release of amino sugars, 
but increased decomposition of neutral monosaccharides and sialic acid was observed 
by g.l_c_-m-s_ These findings are in good agreement with those of Chambers et rrf_7. 

The internal standards were added to the test tubes before methanolysis, in order to 
subject them to the same conditions as were applied to the sample. 

Deconinntior~. Nitrous acid deamination of 2-amino-2-deoxyhexoses is a highly 
selective, mild reaction leading to the formation of 2,5anhydrohexoses’_ A charac- 
teristic feature of the reactioh is the cleavage of the glycosidic linkages of the amino 
sugars. When methanolysis degrades glycosidic linkages by unspecific, acid catalysis, 
deamination completes the liberation of sugars from potential N-deacetylated oligo- 
saccharides, which have high resistance to cleavage by acidic methanol_ In this way, 

all glycosidically linked, fir-deacetylated amino sugars are liberated under mild 
conditions, and, together with neuraminic acid, can readily be analyzed by g.1.c 
The N-glycosyi linkage between asparagine and 2-acetamido-2-deoxy-D-glucose is, 
however, quite stable under these conditionsr3 . The glycosidic methyl groups, formed 
on methanolysis of the amino sugars, are cIeaved off as the 2,5anhydrohexoses are 
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Fig. 3. A gas-liquid chromatogram of ~1 standard, sugar mixture. (The analysis ws performed in a 
25-m long, open, glass capillary column, coated with OV-101. AR initial temperature of 12OO’ and ;I 
final temperature of 250”, with temperature programming at aa.min-*, were used. The peaks arc 
numbered as in Table 11.) 

formed (see Fig. 2a). Nitrous acid deamination of the methyl ester methyl glycosidc 
of neuraminic acid converts it mainly into the methyl ester methyl glycoside of the 
corresponding nonulosonic acid (see Fig. I), and this can be analyzed’q by g.1.c. 
(see Fig. 3). The methyl glycosides of simple hexoses remain intact in the deamination 
step. 

Borol&ri~e reclucrio~l. This is performed in order to convert the 2,5-anhydro- 
hexoses into the correspondin g alditols. 2,5-Anhydrohexitols are sufficiently stable 
as their trimethylsilyl derivatives for reliable, gas-chromatographic analysis’“-l ‘*” 
and their retention times are shorter than that of the methyl glycoside of D-mannose 
(see Fig. 3). On the SE-30 phase, 2,5-anhydrohexoses appear as peaks under those 
of the methyl glycosides of D-mannose and D-galactose. 

The reduction is performed, in water, with sodium borohydride” (see Experi- 

mental section), as reduction in the deamination reaction-mixture, which had been 
made alkaline by sodium hydroxide’ ‘, gave wider variation in the amounts of 2,5- 
anhydrohexitols in g.1.c. analysis. Deaminated sialic acid cannot be analyzed by g.1.c. 

at this stage, due to the removal, under the alkaline conditions, of the methyl ester 

group at C-l. The reduction of substituted carboxyi groups has been reported’6*1 7, 
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and many attempts to achieve this have been made (in the presence of boric acid, 
and cation-exchange resins, and in anhydrous alcohols, as well as with alkaline-earth 

borohydride’ ’ _ m water, methanol, and oxolane), but all of them gave results un- 
satisfactory for quantitative work. The methyl group at the glycosidic carbon of 
methyl glycosides of simple hexoses and sialic acid prevents their reduction at 

this step. 
Rr-~~zetha~zol~si_~_ When the sample is subjected to a short re-methanolysis step 

after the borohydride reduction, the free carboxyl group of the nonulosonic acid is 
re-esterified. This step can be avoided if the sample is divided into two parts after 
deamination. One part is processed as aheady described for the analysis of simple 
hexoses and 2,5-anhydrohexitols, and the other is per(trimethylsilyI)ated directly 
after deamination for the analysis of deaminated sialic acid. 

Nitrous acid deamination of 2-amino-2-deoxy-D-glucose and 2-amino-2-deoxy- 
D-galactose, having equatorial amino groups, respectively produces’ 2,5-anhydro-D- 
mannose and 2,5-anhydro-D-talose as the main products. For this work, the conditions 
of deamination described by Porter” were adopted, because they gave reproducible 
results, and had been applied for quantitative work. The mass spectrum of the tri- 
methylsilyf derivative of the 2,5-anhydromannitol obtained by borodeuteride re- 
duction is shown in Fig_ 2a, with its major fragmentations, confirming the 2,5-anhydro 
structure_ The molecular ions were not detected, but, from the ions at jn/z 437 after 

borohydride reduction (43s after borodeuteride reduction; see Fig. 2a), 362 (363) 
and 272 (273), formed by the eliminations M - 15, M - 90, and M - (2 x 90), 
the molecular weight can be deduced. After elimination of C-l or C-6, elimination of 
Me,SiOH gives prominent ions at nz/z 259 (259 and 260) and 169 (169 and 170). 
In the mass spectrum of Z,?Ganhydromannitol, the ion at m/z 272 (273) has an in- 

~Q~_________ _______3___ H2C - OStMe 

i 553 
Me3SIO-C 

w- - _ _ _____I--___---- 
451 

307 MeaSi O-c 

Scheme I 
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tensity of 25 y0 of the base peak, whereas, in the case of 2.5anhydrotalitol, the inten- 

sity is only 3:!. 

Nitrous acid deamination of the methyl ester methyl glycoside of neuraminic 

acid was found to producer4 one main peak in g_l.c. (peak S in Fig. 3) accompanied 

by several small peaks. The mass spectrum of the main peak and the major fragments 

of the supposed structure are shown in Fig. 2b and Scheme 1. The molecular ions 

were not detected, but ions at m/z 597 (600 for the trideuteriomethyl ester trideuterio- 

methyl glycoside) and m/z 566 (572), formed as M - 59 and M - 90, could be used 

for determination of the molecular weight. The intensity of the ion at /?I/= 204 was 

greater than that in the mass spectrum of A’-acetylneuraminic acid”-’ ‘. as part of the 

intensity originated from the fragment of the pyranoid ring containing C-4 and C-5. 

The ions at /~z/z IS6 and 173, typical of the N-acetyl derivative, as well as those at 

/u/z 144 and 13 1, typical of N-deacetylated ncuraminic acid”‘, were absent. 

These data, supported by the results of the methylation analysis, indicated 

that the change in the size of the pyrnnoid rin g is not the main reaction-path of 

neuraminic acid methyl ester methyl glycoside under nitrous acid deamination. The 

equatorial amino group on C-5 of neuraminic acid is simply replaced by a hydroxyl 

Sroup, and, thus, the main product is methyl (methyl 3-dcoxy-o-~~l_l-ccr-o-o-~~/l~[~ro- 

nonulosid)onate, a structure also suggested by Isemura and Schmid”. This con- 

clusion is in agreement with the work of Lee and Schaffner”, who found that de- 

amination of the equatorially attached amino group of methyl 4-amino-4.6-dideosy- 

s-D-mannopyranoside produced methyl 6-deoxy-x-o-mannopyranoside as the main 

product. 

III. Gm clwonlntogt-ophy 

The analysis of standard monosaccharides by methanolysis, deamination, 

borohydride reduction, and remethanolysis is shown in Fig. 3. The relative retention 

TABLE I 

THE RETENTION TIhlESU OF ~,~-AN~~Y~~RoHEX~TOLS, AND DEA~~I~~ATED, IV-‘-DEACETYLATEO, AND X-ACE- 

TYLATED SIALIC ACIDS, RELATIVE TO i?Zy0-INOSITOL. AS THEIR TRIMETHYLSILYL DERIVATIVES 

_7__7y0 of SE-30 19; of 0 v-IO1 37: of QFI 
_____ -~.-. ____~~__._ --_ ._.__._.__ _ 

2,5_Anhydromannitol 0.430 0.492 0.163 
2,5Anhydrotalitol 0.545 0.506 0.195 
Deaminated sialic acid 2.15 2.25 2.17 
N-Deacetylated sialic acid 1.38 2.00 1.69 
N-Acetylated sialic acid 2.91 4.64 7.69 
,nyo-Inositol 1.00 1.00 1.00 

“The analysis was performed isothermally at 140” for 3,5-anhydrohexitols, and at 190” for sialic 
acids. 
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TABLE II 

RELATIVE, MOLAR-RESPOSSE FACTORS IN G.L.C. AND G.L.C.-MS. OF THE IONS AT ItI/= 204 AND 217 FOR 

~,3-.4h’HYDRO~l.4SslTOL, iZ.s-_4NHYDROTALlTOL, THE METHYL GLYCOSIDES OF L-FUCOSE, D-MAXSOSE. 

D-GALACTOSE, XSD D-GLUCOSE, XSD THE METHYL JXSTER METHYL GLYCOSIDE OF DEAhllNATED SIALIC 

ACID AFTER RE-JIETHAXOLYSIS. AS TRIMETHYLSILYL DERLVATIVES 

PCCZk 
mrmber~ 

Response facto, 

G.I.C. G.l.C.-ll1.S. 

m/z -704 m/z 217 

L-Fucose 
2,SAnhydromannitol 
2,3-l\nhydroraIitoI 

D-Mannose 
D-Galactose 
D-Glucose 

nzyo-Inositol 
Deaminated sialic acid 

0.29 1 0.728 
0.264 0.661 
0.125 O-313 
0.756 1x9 
0.400 1.000 
0.565 1.42 
1 .OOo 2.50 
0.14s 0.370 

0.359 0.253 
- 0.824 
- 0.797 
1.59 1.52 

1 .OOo 1.000 
1.31 1.29 
0.272 3.38 
0.015 0.342 

UNumbers correspond to the peaks in Figs. 3,4. and 5. 

times of deaminated aminohexitols and neuraminic acid derivatives are given in 

Table 1. 
Methanolysis of each compound sugar gives a mixture whose chromatogram 

contains multiple peaks. because of anomerization and ring isomerization. For this 
reason, close attention was paid to the ratios of peak areas of different anomers and 
isomers; these ratios remained constant if the conditions were not changed_ Therefore, 
only the areas of the largest peaks of each monosaccharide were used for calculations. 
The peaks selected for quantitation are numbered in Fig. 3 and in Table II, where the 

ratios of the peak areas to those of l?z_ro-inositol and D-galactose are given. 

The detector responses given by the major deamination products showed a 
linear dependence on the concentration of amino sugars and sialic acid. The same 

was true for simple methyl hexosides *. The molar-response values relative to the 
internal standard were calculated from line slopes, and are given in Table II. The 
coefficients of variations (standard deviation expressed as per cent of the mean 
concentration) were below IOo/0 for methyl glycosides of simple hexoses, and below 
15 oA for 2,5-anhydrohexitols, deaminated sialic acid, and nzyo-inositol. For these 
calculations, the methyl glycoside of D-galactose was used as the internal standard. 

The lower, molar-response values of 2,Sanhydrohexitols and deaminated 

sialic acid, relative to those of hexoses, are caused by the tendency of the deamination 

reaction to afford more than one productg. Under optimal conditions, the de- 
amination of methyl Zamino-2-deoxy-z-D-glucopyranoside hydrochloride, with 

subsequent reduction of the product by buffered borohydride, has been shown to 
give 2,Eanhydro-o-mannitol in 59 T? yield”. 

Monosaccharide analysis of purified glycopeptide fractions could be readily 
performed by this method. When applied to a crude, protein fraction of rat brain, 
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the presence of unknown, background peaks made the analysis difkult, especially 
when packed g.1.c. columns were used. Therefore, the use of capillary columns_ or 

g_l_c_-m-s_, for the analysis of less-pure samples was found advisnblc. 

When g.l.c.-m.s. is used, the monosaccharides are separated from each other 
by g.l.c., and then introduced into the mass spectromctcr, where rhey are broken up 
into fragments typical of the native molecule. These structure-rclatcd fragments are 
monitored by mass fragmentography (selected-ion monitoring, s.i.m.). The method 
affords a specific way of quantitation, because impurities caused by unrelated struc- 
tures are mostly avoided_ The use of homologous, internal standards labclled with 

stable isotopes is also made possible_ S.i.m. is a sensitive method making quantitation 
at the picomole level possible3,4. 

An essential benefit of the deamination reaction for g.l.c.-m.s. is the formation. 
from monosaccharides, of five- or six-membered ring-structures having muly 

similarities in mass spectrometry. Common, intense ions, For all monosaccharides, 
at III/Z 204 and 217, corresponding to ions at w/z 206 and 220 in the cast ofhexoses-r/,, 
are seen (see Table iI and Figs. 2 and 4). The ion at III/Z 204 represents. for the most 
part, the fragment containin_g C-2-C-3 and C-3-C-4 of the pyranoid ring. No dcu- 

terium labels introduced at C-l or C-G appear in this fragment. The abscncc of 
ill/= 204, and the abundance of III/= 217, arc typical of the mass spectra of Mc,Si 
derivatives of furanosideszAE, and are characteristic in the mass spectra of 2,5anhydro- 

hexitols (see Fig. ?a)_ For sialic acid, the intensities of nz/z 204 and 217 are greater 
in the mass spectrum of- the deaminated than of the IV-acetylatcd structure. because 
the former is trimethylsilylated at O-S (see Fig. 2b and Scheme I ). The fragment 
having III/Z 217 can be formed through different pathways, and has a relatively high 

TABLE III 

Itttntbcw’ 10-f 3~6 -717 220 

L-Fucose I 

2,5Anhydromannitol 2 

25Anhydrotalitol 3 
D-h4ilnnose 4 
u-Galactose 5 
D-Glucose 6 

nt_w-Inositol 7 

Deaminated sialic acid 8 

u-Cialactose-(17 Sd 

100 
1 

2 
100 
100 
100 

19 

4s 
- 

9 
1 
1 
9 

10 
5 
z 
7 

100 

19 
-H 
75 
25 
27 
27 

70 

55 
- 

~~Kumbers refer to the corresponding peaks in Figs. 4 and 5. 

- 
I 

4 
1 
I 
1 
I 

2 

23 
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Fig. 4. A mass fragmentogram of a standard, sugar mixture, with myo-inositol and deuterated, 
atgal-sugar mixture as internal standards. (The g.l.c.-m.s. conditions and peak numbers were as in 
Fig. 3 and Table Il.) 

intensity in the mass spectra of hexofuranosides, hexopyranosides”, 2,5-anhydro- 
hexitols, and deaminated sialic acid (see Fig. 2) The intensities of these fragments 
for different monosaccharides are given in Table 111. 

Besides itr_ro-inositol, heptadeuterio-labelled monosaccharides of deuterated, 
algal sugar-mixture were also used as internal standards in mass fragmentography. 
The mixture contains considerable proportions of D-mannose, D-galactose, and D- 

glucose, and was found suitable for quantitation of these monosaccharides. All of 

their mass spectra had ions of great intensity at M/Z 206 and 220 (see Table III). 
Heptadeuterio-labelled 2-acetamido-2-deoxy-D-hexoses would be useful internal 
standards in the analysis of amino sugars, but they were not available. The ions at 
UZ/Z 204, 206, 2 17, and 220 were chosen for selected ion-monitoring. 

When fragments at nzjz 204 and 217 were recorded, the fragmentograms of a 
standard, sugar mixture were very similar to gas-Iiquid chromatograms (see Fig. 1 
and 4). AI1 peaks detected in g.1.c. appear in the fragmentograms at m/z 2 17, and they 
are numbered as in Tabie II. In the fragmentogram of nz/z 204, the peaks of 23 
anhydrohexitols were missing, as well as those of the furanosides of simple hexoses. 

For calculation of the results, the molar amounts of different monosaccharides 
in the sample are first caIculated relative to D-galactose, which is known to be a 
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L 

8 

Fig. 5. A mass fragmentogram of the lipid-free. protein fraction of rat brain. (The g.l.c.-ms. condi- 
tions and peak numbers were as in Fig. 3 and Table II.) 

component of both 0- and fV-glycosylically linked glycoconjugates. The absolute 
amounts are obtained from the ratio of the D-gaIactose peak-area to that of D- 
galactose-d,. after subtraction of the peak intensities caused by the nondcuterated 
fragments (the isotope peaks of )11/z 204 and 217) under the deuterated fragments 
(W/Z 206 and 220). The precision of mass fragmentography appeared to be the same 
as that of g.l.c., which emphasizes that the main error is involved in preparing the 
samples, and not in the determinations_ 

V. Application to biological materiaf 

A dry, lipid-free, protein fraction (500 L’g) of rat brain was studied by this 
method. In gas-liquid chromatograms, an increased background made accurate 
analysis impossible, but the fragmentograms of the ions at m/z 204 and 2 I7 were 
almost free from extra peaks (see Fig. 5). The disturbing peaks in the fragmcntogram 
at /n/z 204 overlapped with those of D-glucose and sialic acid, and, in the fragmcnto- 
gram at nz/z 217, with those of L-fucose. In these instances, quantitation \vas made 
on the basis of the fragmentogram having the smallest peak, also taking into con- 
sideration the characteristic pattern of peaks. The analysis was performed on the 
SE-30 phase entirely, and no column change was needed. The sample contained 
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r_-fucose (9.4 nmol), u-mannose (17 nmol), D-galactose (9.6 nmol), D-,olucose (13 
nmoI), 2-acetamido-2-deosy+-gaiactose (2.4 nmol), 2-acetamido-2-deoxy-D-glucose 

(16 nmol), and sialic acid (8.5 nmol) per m, m of dry, lipid-free, protein residue. The 
results are in good agreement with those obtained from purified glycopeptides by 
different methods”, considering the difference in the quality of the material analyzed 
and the precision of this method. The analysis could he performed on a 5O-jlg (dry 

weight) sample of protein. The analysis of the crude, protein sample showed the 
applicability of g.i.c_-m-s. in the quantitation of monosaccharides, especially in the 
case of small. less-pure samples. 
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