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SUMMARY 

A quantitative gas-liquid chromatographic method has been developed for the 
analysis of carbohydrates. The method involves the conversion of free or covalently 
bound monosaccharides into their O-methyl glycosides and the analysis of the glyco- 
sides as their trifluoroacetate derivatives. The procedure has been tested on standard 
monosaccharides, glycolipids and glycoproteins. The results show that: at1 commonly 
occurring pentoses, hexoses, hexosamines, N-acetylhexosamines and sialic acids are 
accurately determined .by the use of mesoinositol as the internal standard. 

INTRODUCTION I. 
,.. . 

The analysis of mixtures of simple monosaccharides by calorimetric methods 
has traditionally been difficult because of the lack of specificity of colour development, 
and because of the different extinction coefficients of different sugar chromophores. 
The accurate analysis of ,monosaccharide mixtures required a time-consuming prelim- 
inary separation of the components by using paper, column’or thin-layer chromato- 
graphy. More recently, most of these difficulties have been overcome by the simulta- 
neous, separation and estimation of monosaccharide mixtures in one’ ‘step by gas- 
liquid. chromatography’ (GLC) of the acetate’ or trimethylsilyl derivatives ‘of the 
monosaccharidesl-3. ” 

The application of these methods to the analysis of the monosaccharides in 
! oligosaccharide chains requires preliminary enzymatic or chemical cleavage; While the 

specificity of the.glycosidases makes, them extremely useful in the determination of 
.,, ,, ‘: : :: < 
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carbohydrate sequences, the most common techniques involve acid hydrolysis (for 
reviews, see refs, 4 and 5). However, the stabilities of the various glycoside bonds 
differ, and under the conditions required for tlie complete hydrolysis of glycoside 
bonds, extensive destruction of certain sugars may take place. The complete analysis 
of oligosaccharide chains normally requires four different hydrolyses, followed by 
time-consuming procedures to eliminate acid and separate the sugars. The difficulties 
involved in controlling all the steps in these procedures, and in correlating several 
different hydrolyses, are obvious. An analogous technique0 is based on hydrolysis 
catalyzed by an ion-exchange resin in the acid form, but this technique suffers from 
the same inherent difficulties as the classical acid-catalyzed hydrolysis. 

Cleavage of glycoside bonds can also be catalyzed by protons in anhydrous 
methanol (for a review, see ref. 7), liberating the O-methyl glycosides. Methanolysis 
has been used to study glycolipids7-l1 and glycoproteinsr2. It does not produce 
extensive degradation under the conditions necessary for complete hydrolysis, 
although secondary reactions with galactose and deacetylation of N-acetyl derivatives 
have been reported 7Js~r3. As all the components can be liberated in one step in the 
presence of an internal standard, the method is very accurate, particularly if coupled 
with the G’LC analysis of the sugars. 

This paper describes a new technique for the separation of sugars by GLC of the 
trifluoroacetate derivatives of the O-methyl glycosides. All common pentoses, 
hexoses, hexosamines (both acetylated and non-acetylated) and hexuronic and sialic 
acids can be determined by using an internal standard. The method has been tested 
on glycolipids, glycopeptides and glycoproteins of known compositions. 

MAI’ERIALS 

Standard carbohydrates were obtained from Sigma Chemical Co. (St. Louis, 
MO., U.S.A.), except mesoinositol, which was bought from I?. Hoffman-La-Roche et 
Cie (Paris, Prance). Ovalbumin (Grade V) was obtained from Sigma Chemical Co. 
Gangliosides (GM, and GDla) and ovine submaxillary mucin (OSM) were generously 
supplied by Dr. G. TETTAMANTI (Istituto di Chimica Biologica, Universita di 
Milano; Italy). Cerebrosides were obtained -from Drs. L. SARLIBVE and L. PREYSZ 
(Centre de Neurochimie du CNRS, Strasbourg, France). Ovalbumin glycopeptides 
were prepared, as described by BRECKENRIDGE et a1.14. 

: ,Trifluoroacetic anhydride was purchased :from Fluka AG (Buchs, Switzerland) 
and sodium dodecyl sulphate (SDS) from Pisher ,Scientific Co; (Pair ‘Lawn, New 
Jersey;.U.S.A-.). All. th o er chemicals were, of, Uvasol grade and were purchased; from 
Merck$,AG- (Darmstadt, G.P;R.). t ‘. 

Methanol ,was refluxed .in, an all-glass apparatus with magnesium turningstfor 
2 h, and then distilled to yield anhydrous methanol. ‘I : 

,, .,, ‘( ‘,“. ,, :, ,’ ‘. .i, 

Ch~onuztogra~hic matekals avtd ,ajq5aratw “, 

,’ ; 

,’ ( 

i : I. ,Liquid and stationary phases were purchased from,Applied Science Laboratories 
Inc., (State College, Pa., U.S.A.) and Varian Aerograph Co, (Quartier Courtaboeuf, 
91;ois;ay, Prance);,’ 1, ., ,. ,. / ,,,, ; ,, ,, ., ‘, ,’ ; I’, :. / ; ;., : ,; 

All analyses were carried, out’ with i Varian-A&graph gas’ chrc&atograph, 
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Model 2100, equipped with a temperature programmer, a four-column oven, four 
flame-ionization detectors and two differential electrometers. The chromatographic 

’ tracings were monitored on two dual pen ,Varian Aerograph recorders, Model 20. 

METHODS 

Metlannolysis 

The solution of glycoprotein, glycopeptide, glycolipid or standard carbohydrate 
(x-500 ,ug of carbohydrate) was placed in a 2-ml conical Pirex reaction tube which 
was stoppered with a PTFE-lined screw-cap (Sovirel, gz-L&allois-Perret, France), 
Mesoinositol (40 ,ug) was added and the sample was lyophilised and placed overnight 
in a desiccator over P,O,. The residue was taken up.in 250-500 ,~l of 0.5 M methanolic 
HCl (prepared by dissolving gase’ous HCl, which had been dried with H,SO,, in 
anhydrous methanol). The tube was stoppered, &ikerWigorously and left to stand at 
80” for 20 11. The methanolic WC1 was removed under a stream of nitrogen at 50”. As 
soon as the sample was dry, the residue was trifluoroacetylated. 

The dried sample, containing I-ZOO ,ug of free carbohydrate or O;-m$hyl 
glycoside was dissolved in a mixture of dichloromethane (IOO ~1) and trifluoroacetic 
anhydride (IOO ,ul). The tube was quickly stoppered and placed for 5 min at 150~ in a 
sand-bath, which was kept in a fume-&ood behind a protective shield. After 5 min, 
the tube was cooled to room temperature and then pljced again in the satid-bath for 
5 min. After cooling, the sample was ready for injection into the gas-liquid chromato- 
graph. 

Conditiom for gas-liqzcid chromatograjVay 
Columns of 5% (w/w) OV-210 on Varaport 30 were used for the analysis of the 

trifluoroacetate derivatives of sugars and O-methyl glycosides. Varaport 30 (9.5 g) 
was placed in a round-bottomed vacuum flask and covered with, tiethylene chloride. 
The liquid phase (0.5 g) was dissolved ,in methylene chloride and qlttintitatively 
transferred to the flask. The solvent was then slowly evapdrited at room temperature, 
using a rotary evaporator, until the residue was only slightly damp. Final traces of 

TABLE I 

CONDITIONS FOR GAS--LIS)UID CMROMATOGRAPRY 

Condition Va.lUC 
--_~-.---I- 

Column tcmpcraturc : 
Initial 40° 
Final . IijOO 

Tomporaturc’ pro&ramming rate 
Ddtcctdr cell tcmwraturc 

1 “/min 
2c;o” 

’ Injector tcmpor&uro 225” ” 
:, Gas flow.. ratcs.:~ 

Wycliogcn : ~ 30 ml/tiin 
Air 300 ml/miri 
Nitrogen carrier gas 7.5’ml/min 

Samp$ volumo I-1opl , / 
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solvent were removed under vacuum by heating the flask at Go’. Clean, dry, U-shaped, 
:. Pyrex columns (2 rn X: z mm,I,D.) were packed by gently tapping, Plugs of silanized’ 
; glass-%+001 $ere placed at both ends of the columrrto hold the packing in position, The 

columns ,tiere :conditioned overnight at 240’ ‘with a carrier gas (nitrogen) flow-r&e of 
40ml/min.‘: * ” 

: , The ‘operating conditions of the GLC are given _in Table I. 

JU+LTS : ,’ 
‘. 

Chr&natogq%c ,resohtion of vnixt,zcres of, trifluoroacetates of standard sztgars 
. Most simple monosaccharides were readily resolved by GLC of their trifluoro- 

acetate derivatives,’ as shown in Fig. 1. The retention temperature of each sugar is 
,given:in,,Table II,, The different isomers of the monosaccharides were identified by their 
relative ,proportions ‘at equilibrium in water and by comparison with literature values 
for,, the trimethylsilyl derivativesr”. 

‘. : ‘, 

The,(minj ” 

-’ 

. ..‘. 
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DISTRIUUTION OF MONOShCCIlARIDl%S ANALYZED AS TRIPLUO- 

Monosaccicavide JSOWWY Rekrnliow tevrtpcvahtve Pevcentagc distr:ibutio’w 
of isomer (“C) of isomerb 

litlamrlosc 

Arnbinosc 

r.~ucosc 

M:~nnosc 

Glucose 

Mrtnnosarninc 

Glucosamiiic 

Galactosnminc 

Mann itol 
Galnctitol 
Sorbitsl 
I nositol 

102 

107 
II2 

“07 
II0 

1 IS.5 
IO.5 
108 
I I AI_ 

118 

104 
IL1 

‘I7 
12G . 
JZS 

13-z . 

124 

130 

I23 
r26 

143 
.I&fG 

121 

I.@ 

14.2 

148 
150 
I rS.5 
122.5 
120 

114 

38.8 
5G.o 

,;.;r 
50.5 ’ * 

2:: 
39.2 
78.2 
21.8 

47.5 
40.2 

12.3 
67.5 
X4.3 
18.2 
GS.4 
31.6 . 
38.2 
61.8 

69.2 
30.8 
70. I 
29.9 
67.5 
14.3 
18.2 

100 

100 

100 

100 

.e . 

n Configurntion of isomers not clcflncd. 
b Bawd on the pcrccntage arca of the pcalcs on the chromatogmm. 

by taking into account the relative proportions of the isomers at equilibrium in water. 
Glucose could be identified and determined by difference. This problem was overcome 
when, the trifluoroacetate derivatives of O-methyl glycosides’ were analyzed as 
described later. It shduld also be noted that hexoses, could be resolved from the cor- 
responding sugar alcohols after direct trifluoroslcetylation (Table II). 

Chvon~atogra$‘Gc resolactio?a of the trijEzcoracetate derivatives of O-methyl glycosa’des 
Superior resolution of the monosaccharides could be obtained by GLC of the 

trifluoroacetate derivatives of the O-methyl glycosides: O-Methyl glycosides of the 
monosaccharides were formed under conditions identicjl with those ;used for the 

” methanolysis of oligosaccharide chains, and subsequently trifluoro&etylated. The 
t resolution of the derivatives is shown, in Fig. 2. The retention tizmperatitres and 

percentage distributions ‘of the isomers are given in Table III. :.a 

The separation in a single analysis was excellent for most naturally ~occurring 
pentoses, hexoses, hexosamines, N-aizetylhexosamines; sialic acids (NAglycolyl- and 

J; Ckvomatogv;, 69 (ig7’2) 291-304 
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Fig. 2. GLC resolution of the trifluoroncctate dcrivativcs of standard 0-methyl glycosiclcs. GLC 
conditions as clcfined in Tsblc I. NANA = N-rzcctylncuraminic acid; NGNA = N-glycolyl- 
neurnminic acid ; NTFANA = N-trifluoroacctylncu&tminic acid. 

N-acetylncuraminic acids) and glucuronic acid. The few instances of overlapping 
were not important as they involved sugars that usually do not occur in the same 
oligosaccharide chains. The present separation was considerably better than the 
reported separations of O-methyl glycosides as their trimethylsilyl derivatives7@J3 
and superior to the separation of the trifluoroacetate derivatives of the simple sugars. 
However, galacturonic acid was riot completely separated from mesoinositol, To 
determine galacturonic acid, mannitol could be used as the internal standard. It 
should be noted that 0-methylhexosamines were separated from the corresponding 
N-acetylhexosaminyl derivatives. 

Detevwtinatio?a of the relative molar res$onse 
All molar responses were determined relative to mesoinositol, which was eluted 

between the -pentoses ,and the hexoses and served as an excellent internal standard 
(see,, however, Table III). An equimolar mixture (250 nmole) of mesoinositol and of 
each carbohydrate, or its O-methyl glycoside, was treated with trifluoroacetic anhy- 
dride, directly or)after methanolysis. Aliquots of 5 ,~l were injected into the gas chro- 
matograph. The area of each peak was determined by planimetry and the areas of the 
vaiious .peaks .representing all the isomers of a monosaccharide were. summed. The 
ratio between. the area corresponding to the monosaccharide and mesoinositol was 
-defined as the relative molar response (RMR), The results (the means of ten experi- 
ments) are given, in Table IV. 

:The RMR of .e+ch sugar generally corresponded extremely well witli the values 
expected:on$he basisiof the number of carbon atoms. However,:under all conditions, 
the RMRs fqr tee N-acetylhexosamines and non-acetylated hexosamines were lower 
than.expectcd:“. * .., ‘3, . . . . .. 

: ‘, ;A; similar. phenomenon has already been described for the trimethylsilyl deriva- 

J, Clwomalogv., 69’ (x972) :zgI-3&+ 
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TABLE III 
RETENTION TEMPERATURE AND MASS DISTRIBUTION OF O-METHYL GLYCOSIDES ANALYZED AS 
TRIPLUOROACRTATE DERIVATIVES 

Parent Retention tempevature 
monosacckaridelt of isomerb (“CT) 

Pcvcentage distvibution 
of isomerc 

Rhamnosc 

Arabinosc 

Fucoso 

Ribosc 

Xylosc 

Mesoinositol 
Mannitol 
Galactitol 
Sorbitol 
Galactosc 

Mannose 

Glucose 

Mannosaminc 

Glucosaminc 

Galactosaminc 

N-Acctyl@ucosaminc 

N-Acctylgalactosamine 

N-Acctylncuraminic acid 

Glucuronic acid 

Galacturonic acid 

100.5 
105.0 
104.0 
106.0 
103.0 
103.2 
107.0 
105.0 
1060 
I IO,5 
102,o 
1060 
114.0 
118.5 
122.5 
120.0 
119.0 
120.0 

125.5 
121.5 
127.0 
123~0 

124.5 
140.0 
14.3~5 
Y40.0 
137.5 
143.5 
J4505 
150~0 

147.0 
162.0 
148.5 

151.5 
155.0 
170.0 
172.0 

133.0 
137.5 
115.0 
119.0 

91.5 
S.5 

75.5 
24.5 
59 I 
28.4 
12.5 
13.3 
20.9 
65.8 
5790 
43.0 

100.0 
100.0 
100.0 
100.0 

3-1.0 
52.5 - 
16.5 

4 92*.0 
. * 

8.0 
61.5 

38.5 
(52.0 ., 

3s.o 
76.0 
24.0 

7S*.s 
13.0 

8.5 
62.5 
3795 
78.0 
12.3 

9.7 
25.0 

75-o 
84.7 
1593 
86.3 
13.7 

ib Parent monosaccharide converted to O-methyl glycosidc by methanolysis. 
TV Configuration ofisomcrs not defined. 
C Rascd on the perccntagc arca of the peaks 011 tlrc chromatogram. 

tivcs of N-acetylhexosamines and O-methyl glycosides of N-acetylhexosaminesf3J6J7, 
It is possible that the nitrogen plays some role in the depression of the detector 
response. The detector response was linear between 0.1 and IO ,ug of injected sugar. 

Af$h’cation~ to gangdiosides 
The gan@osides (GM, ancl,GDl, from rat brain) were, separately s?bjected to 

methanolysis for various times between I and 24 h in the presexice’ of mesoinositol as 

J. Clwomatogr., 69 (1972) 291-304 
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RELATIVE MOLAR RESPONSE OP THE '~RIFLUOROACRTA'rE DERIVATIVRS 01' MONOSACCI-IARII3IIS AND 

0-METHYLGLYCOSIDES 

Pnvenl ntonosaccllavide Relative molar response of trifluoroacctates~~ 

Monosacciravides 0-Methyl glycosidcs 

Time of nlr!llla~lolysis 
I 11 20 11 

Rhamnosc 630 
Arabinosc 750 
J?ucose 830 

Ribose 75“ 
Xylosc 750 
Mesoinositol JO00 
Mannitol 1000 
Galactitol 1000 
Sorbitol 1000 
Galactose 890 
Mannosc 905 
Glucose 910 
Mannosarnine 795 
Glucosamine 8310 

Galactosaminc 785 
N-Acctylglucosaminc 780 
N-Acctylgalactosaminc 790 
N-Acetylncuraminic acid II 

Glucuronic acid II 

Galacturonic acid t> 

660 

770 
8 I 0 

760 
750 

1000 
1000 
1000 
1000 
920 
945 
9.50 
835 
825 
830 
8 I 0 
805 

1200 

1100 

1100 

665 
765 
810 

765 
7.50 

1000 
1000 
1000 
I000 
932 
950 

:Y$ 
c 30 9 

837 
805 
815 

1130 
1100 

1100 

0 Results arc the avcraffc of TO clctcrminntions. The error was less than 20/,,. 

b Not clctcrminccl. 

/,F. _.. - -.-I.- _-. “... _- 4._*_ 

/’ 
f / 

f/- - 

____ w.---- 

a-’ 

!’ ,/= I* 
_*..** .I 

-C-d 

/ ,/‘&_.A- 
_ c -.- 

.-c- 

.M 

5 10 15 20 Time ch) 

Pig. 3. Kinetics of the libqation of carbohyclratcs from gangliosidcs by mcthanolysis. Carbohy- 
clrntos were analyzed by GLC of the trifluoroacctnte derivatives of O-methyl glycosicles in the 
prcsonco,of mogoi?os\t?l as internal standard. A, Gangliosiclc GM1 from rat brain. 13, Gangliosicle 
~DJ,, from rat brain. 0, NANA; X , galactosc; 0, N-acctylgnlnctosaminc; A, glucose. Values 
nre‘ek~resscd in ‘moles of sugar/mole of gnngliosiclc. 

J., Ciwomaio~u,, 6g (1972) ‘29x-304 
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the internal standard. The liberation of monosaccharides was followed by G’I,C 
analysis of the trifluoroacetate derivatives of the products, as shown in Fig. 3, 

The results obtained after methanolysis for 20 h showed that the number of 
moles of galactose, N-acetylgalactosamine and N-acetylneuraminic acid were in 
excellent agreement with the theoretical values for each ganglioside. This indicated 
that methanolysis for 20 11 liberated these carbohydrates completely- and that the 
RMRs determined on standard sugars were entirely reliable. 

Sialic acid was liberated very rapidly and there was no significant degradation 
after liberation, even after methanolysis for 24 11. However, the liberation of glucose 
from GM, and in GD1, was considerably less than the theoretical values (44ojo and 48%) 
respectively). This confirms the observation of SWEELEY AND VANCE’ on the stability 
of the bond between sphingosine and glucose to methanolysis. The incomplete cleav- 
age of this bond was shown by the presence on the chromatograph of a peak that had 
the same retention time as glucosylsphingosine (Fig. 4). The identity of this com- 
pound was confirmed by the isolation of glucosylsphingosine according to CARTER AND 
FUJIN0ls and gas chromatographic analysis of the trifluoroacetate derivatives before 
and after methanolysis. The products of methanolysis contained the trifluoroacetate 
derivatives of glucose, sphingosine and glucosylsphingosine. The trifluoroacetate 
derivative of glucosylsphingosine was eluted more rapidly than ‘that of sphingosine 
owing to the greater number of groups available for trifluoroacetylation. When the 
same experiment was carried out on galactosylsphingosine, there was complete libera- 
tion of galactose and sphingosine. 

When gangliosides were subjected to the standard conditions of methanolysis, 
trifluoroacetylation and gas-liquid chromatography, some peaks occurred on the 
chromatogram (Fig. 4), which were identified as being due to fatty acid methyl 
esters, This confirmed the observations of other workers7Jl that the amide bond be- 
tween sphingosine and fatty acids is broken during methanolysis. As the retention 

Fig. 4. GLC after triflkroncetylntion of the mcthanolysis. residue from gangliosidc GM, from rat 
brain. Conclitions of chromatography dcscribecl in the text. G.S. = glucosphingosine (paycho- 
sine). I’.. . 

J. C?rrotna.togr., 69 (1972) 29x-304 
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TABLE V 

RETENTION TEMPERATURE AND RELATIVE MOLAR RESPONSE OF BATTY ACID METHYL ESTERS 

Fatty acida Rete4ztion temperature (“C) RMRh 

c14:o 116.0 
Cx6:o 132.0 
C16:x 130-S 
C18:o =44*o 
C18:1 142.0 
c2o:o 157.5 
c22:o 168.0 
C24 :o ISO. 

810 

900 

895 
990 
990 

1150 
1300 
1420 

01 Fatty acids identified by total number of carbon atoms and double bonds. 
b Relative molar response to mesoinositol taken as 1000. r 

temperatures of the fatty acid methyl esters were different from those of the trifluoro- 
acetates of the O-methyl glycosides, sugars and fatty acids could be determined in a 
single chromatographic run. Retention temperatures and RMRs are given in Table V. 
From the kinetics of liberation of these fatty acid methyl esters during methanolysis 
(Fig. s), it can be seen that they are completely liberated after methanolysis for 20 h. 
The @recision of measurement of the fatty acids was about 5%, as the peaks of the 
fatty acid methyl esters showed some tailing on the polar column. Sphingosine also 
gave volatile trifluoroacetate derivatives, which were eluted at higher temperatures 
(200-220’). Work is now in progress to determine precisely the retention temperatures 
and the RMRs of the major sphingosines. This method of analysis should provide 
many advantages in the analysis of glycolipids, as it is possible, in one analysis, to 
identify and determine all the components of gangliosides and cerebrosides. 

The analysis of ganghosides can be accomplished in a much shorter time by 
using a temperature programme of 4”/min and a carrier gas flow-rate of 35 ml/min. 
Galactose and glucose are still resolved under these conditions. 

Moles fatty acids/ mde GM1 

s 15 20 25 Time(h) 

Fig. 5; ~Kinetics of liberation of fatty-acid methyl esters by mcthsnolysis of gangliosido GM, 
frommat’brain, Analysis by GLC in the presence of carbohydrates and mosoinositol as internal 
standard. 0, C1l:O; A, Cls:l; O---O, Cto:0 + C,,:,: O... 0, total. 

J; ‘Chvomatoau., 6g’(xg72) 291--3o4. 
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Aj5~5lication to glyco@oteins and glyco~efitides 
The method has been tested on two well defined glycoproteins. The carbohydrate 

composition of ovine submaxillary mucin (OSM), ovalbumin and ovalbumin glyco- 
peptides, prepared as described elsewherel*, are presented in Table VI. In all instances, 
the content of monosaccharides was vefy close to the theoretical value for the glyco- 
protein@@. Most differences were probably due to the well known phenomenon of 
microheterogeneity of the carbohydrate chains12. 

.’ 

TABLE VI 

CARBOHYDRATE COMPOSITION OF GLYCOPROTEINS AND GLYCOPEPTIDES 

OSM” 

Fucose 

Mann&c 
Gslzlxtosc 
Glucose 
N-Acctyl glucosnminc 
N-Acctyl galnctosaminc 
N-Acctyl ncuraminic 

a.&! 

0.40 0.40 - - - - 

0.72 0.1s 5.10 5,o 5.10 5.10 . 
0.95 0.30 - - - - 

‘I’racc - - - - - 

- - 3985 3.0 4*P 3.55 
14.70 15.0 - - - - 

26.00 25.40 - - - - 

8 Values arc cxprcssccl as a, pcrcentagc of dried ovine submaxillary mucin (OS&I). 
b Values arc cxprcssccl in molc/molc of protein or glycopcpticlc. 
c Accorcling to GRAHAM AND GOTTSCHALK*~. 
(1 According to JOHANSEN el al.QO. 
0 Braction I glycopcpticlcs have a slightly hi&her molecular weight than fraction II filyco- 

pcpticlcs, as they arc clutecl first cluring Scphnclcx G-50 &cl filtration. 

It should be noted that the analysis of the sugars of glycoprotdins bj: the 
present techniques does not require the precipitation of the protein after the methan- 
olysis. The chromatograms showed no extraneous peaks when glycoproteins that had 
been dialyzed and delipidized were used. Interference by free amino acids or small 
peptides is not serious, provided that such compounds are present at concentrations 
of less than IoO/~ of those of the sugars. In the methanolysis; no free amino acids or 
peptides are liberated from the proteins, as the peptide bonds are not cleaved., 

,The’ kinetics of liberation of the monosaccharides from ovalbumin and the 
ovalbumin glycopeptidez (Fig. 6) show considerable differences. The initial release of 
mannose and, in particular, N-acetylglucosamine are slower in the glycoprotein than 
in the glycopeptide, but after prolonged methanolysis the analyses of sugais were 
identicR1 for both the glycoproteins and glycopeptides. This observation could indicate 
the occ lrrence of steric hindrance of the methanolysis by the protein. However, it is 
also possible that the glycoprotein is initially insoluble in the reaction mixture, as 

’ vigorouq agitation is necessary to obtain a homogeneous suspension. 
, .With the glycopeptides, two additional peaks were observed. They corresponded 

to the trifluoroacetate derivatives of the dimethyl ester of aspartat&(retention tem- 
perature 95”; RMR to mesoinositolo,40) and of the methyl ester of asparagine (reten- 
tion temperature Ios” ; RMR to mesoinositolo.40). These two peaks could be derived 
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Mdas/nmb protdn 

Time [h) 

Fig. 6. Kinetics of liberation of carbohydrate from ovalbumin aud ovslbumin glycopcptides by 
mothanolysis. Proclucts were analyzccl by GLC of the trifluoroacctatc clcrivatives of the O- 
methyl glycosidca in the presence of mcsoinositol as internal standard. A, glycopeptidcs of oval- 
bumin; B, ovalbumin. 0, mannosc; 0, N-acctylglucosaminc. 

from the asparaginc linked to N-acetylglucosamine. The presence of these two compo- 
nents was verified by dansylation of the glycopeptides. After methanolysis, dansyl- 
aspartic acid and dansylasparagine were identified by using techniques that we have 
described previously21. 

DISCUSSION 

The results indicate that the trifluoroacetate derivatives are preferable for 
GLC analysis to the acetyl or 4rimethylsilyl derivatives that have been used in other 
investigations 4--OJ2. The trifluoroacetates are more volatile, allowing the use of a more 
polar stationary phase without the risk of adsorption of material on the column. Tri- 
fluoroacetic anhydride blocks simultaneously the hydroxyl and free amino groups, 
whereas the classical trimethylsilylation blocks only the hydroxyl groups. However, 
the blocking of the free amino groups requires a relatively high temperature (3 h at 
Ioo” or 5 min at 150”). 

It should also be noted: that the trifluoroacetate derivatives are more‘ easily 
injected .into the chromatograph, ,as. no precipitate is formed. It is also possible to 
store these’derivatives in. the reaction tube for a long period .of time, We obtained the 
same results when using a sample that was analyzed immediately or one month after 
triflu,oroacetylation, .However, it is. imperative to maintain the derivatives in a 
completely anhydrous environment and in the presence of ,trifluoroacetic,anhydride. 

; ’ The, conditions that we used for ,the methanolysis .were chosen on the’basis of 
the .thqrough studies of SWEELEY AND VANCE ‘. There were no extensive differences 
between the’RMI+ (Table IV) of the trifluoroacetate derivatives of sugars ,that :had 
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been subjected to methanolysis for I 11 or zo,h, and similar sugars that had been 
directly trifluoroacetylated. This indicated that methanolysis did not cause significant 
destruction of the sugars. In particular, methanolysis of either the simple monosac- 
charides or the gangliosides did not cause significant destruction of acidic sugars, 
Contrary to claims made by other investigators ‘J2J3, the present conditions did not 

.cause significant (less than 2%) deacylation of the O-methyl derivatives of the N- 
acetylhexosamines (or N-acetylneuraminic acid), as there was almost no peak of the 
O-methyl derivatives of free hexosamines (or neuraminic’ acid) present. 

Satisfactory results for the methanolysis of the simple sugars and glycolipids 
were obtained only when experiments were carried out in an absolutely anhydrous 
medium. If the step of drying under I.?&, after lyopliilization was omitted, a partial 
deacylation of the O-methyl derivatives. of the N-acetylhexosamines and N-acetyl- 
neuraminic acid was observed. It was also necessary to prepare and conserve the 0.5 iV 
HCl in methanol in absolutely anhydrous conditions. The presence of trace amounts 
of moisture probably explains the deacetylation observed by previous workcrs7J2J3 
for the silyl derivatives of the O-methyl sugars.. ’ ’ 

In contrast to the simple sugars and gangliosides, in analyses of the glycopro- 
teins and glycopeptides partial deacetylation of the hexosamines occurred even though 
the conditions for the methanolysis were the same as those used for the gangliosides. 
Two explanations could be’advanced to account for this observation. The first con- 
cerns a. possible lability of the N-acetyl group of the hexosamine, which is linked with 
the amino acid. The other interpretation is ,that it is more difficult to completely 
eliminate all moisture from a glycoprotein sample. 

A point of interest is the utility of this method for the .analysis of the carbo- 
hydrate components of membrane glycoproteins that have been solubilized by deter- 
gents, in particular sodium dodecyl sulphate (SDS). When pure SDS was subjected to 
methanolysis and trifluoracetylation, four major peaks were obtained on the gas 
chromatogram in the proportions 3.1:72.5 :17.4:7.0. Their retention temperatures 
were qo”, g7.5”, 111.5~ and 125.5”, respectively. The last peak was eluted at the same 
temperature as one peak of galactose and its tailing interfered also with the last peak 
of mannose. However, the SDS could readily be eliminated by a differential extrac- 
tion, After the methanolysis, when SDS is present in the form of methyl esters and the 
sugars are present in the form of O-methyl glycosides, extraction with hexane (3 x I 
volumes) removed the SDS, but left the sugars and the internal standard in the 
methanolic phase. In this way, the sugars of ovalbumin were analyzed,in the presence 
of large amounts of SDS. 

The triAuoroacetate derivatives of the monosaccharides are extremely volatile, 
as they are eluted in the solvent front pn a 2-m column of 3% SE-30 at go”. It there- 
fore appears that oligosaccharides, and the products of partial methanolysis of glyco- 
proteins and glycopeptides, might be resolved by GLC of their trifluoroacetate deriva- 
tives. Further experiments are in progress to test these possibilities. 
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