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Abstract

The substitution pattern @-methyl amylose an@-methyl cellulose was analysed after gi@methylation (Meds), and partial hydrolysis
by subsequent ESI-MS/CID of the sodium (RJ&nd the lithium adducts (M$. Based on previous studies about the influence of regioselective
O-methylation on the fragmentation pathways of malto- and cello-oligosaccharides, we could calculate the contribution of a certain methyl
pattern to a distinct signal in the reproducible ESIAMfwughter spectrum. Signal intensities obtained from é&chethyl-O-methyl-d;
disaccharide were distributed on the corresponding methyl patterns and accumulated for all peaks of the mother mass spectrum. Data from
ESI-MS were not sufficient for disaccharides bearing methyl and deuteromethyl groups in the combination 2 and 4, 3 and 3, or 4 and 2.
Further independent information was obtained by ESEM&he lithium adducts. Monomer composition of methyl celluloses and methyl
amyloses obtained by this novel approach were in very good agreement with reference data from GLC of the partially methylated glucitol
acetates after complete hydrolysis, reduction and acetylation.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Electrospray ionisation-collision induced dissociation/mass spectrometry (ESI-CIDIM8gthyl glucans; Substitution pattern; Monomer com-
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1. Introduction 13C NMR suffers from its poor sensitivity, especially in
the case of polymer solutions. The degree of 2- ar@- 6-
The physicochemical and biological functions of polysac- substitution can be calculated from the partly shifted signals
charide derivatives are greatly affected by the number andof C-1 (C-1) and C-6 (C-6), while the partial DS of po-
pattern of their substituents. While location on certain posi- sjtion 3 is less reliable estimated. To get a more uniform
tions in the glycosyl units might be essential in molecular polymer peracylation is often performed prior to NMR anal-
recognition processes, the distribution on the structural level ysis [1]. By means of HPLC of hydrolysates, un-, mono-,
of the polymer molecules is of predominant importance for di-, and trisubstituted fractions can be separated and quanti-
solubility or chain—chain interactions. Analysis of the sub- fied[2]. HPAEC/PAD (High-pH anion exchange chromatog-
stituent distribution in the glucosyl units of starch and cellu- raphy/pulsed amporometric detection) has been applied for
lose derivatives has been performed by NMR spectroscopicanionic ethers like sulfoethyl- and carboxymethyl cellulose
methods or by chromatographic or electrophoretic separation[3], but also for the water soluble monomers from glucan
of appropriate monomer derivatives. methyl etherg4]. Calibration with isolated or synthesised
standards is required for the PAD, and unfortunately, calibra-
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the same spectrum of derivatives after reductive amination several steps. Mass spectrometry of di- and trisaccharides ob-
with aminobenzonitril¢5]. The most widely used line of ap-  tained after partial random degradation shows the substituent
proach to determine the complete monomer composition usedistribution in these diades or triades. The results are then
the high separation efficiency of gas chromatography with its compared with the data calculated for a random substitution.
well established coupling with mass spectrometry to iden-  During the last 15 years, combination of soft ionisa-
tify even minor products and components of very complex tion methods in mass spectrometry like FAB-MS, MALDI-
mixtures, e.g., from hydroxyalkyl methyl celluloses. Quan- TOF-MS or ESI-MS, with post source decay (PSD) or col-
tification without standard compounds is also favoured by the lision induced dissociation (CID) have been developed as
effective carbon response concept for flame ionisation detec-a powerful technique to analyse the sequence and linkage
tors [6]. Sample preparation usually includes several steps positions of oligosaccharides. Mainly samples from natural
as permethylation, hydrolysis and subsequent reduction orsources like glycoconjugates have been studied since these
direct reductive cleavage, and finally acetylation of hydroxy often are only available in small amounts, and therefore, re-
groups formed or liberatdd@]. Methyl ethers can also be hy-  quire a very sensitive analytical approach. Sequential loss of
drolysed directly. Cationic or anionic ethers as well as alkali sugar units of different masses allow the determination of
labile esters require special sample preparation procedureshe sugar connectivities. Since the linkage positions influ-
[8-10]. The general problems of all these procedures are theence the fragmentation behaviour, these can also be deduced
requirement of quantitative reactions on the polymer level from the ion motif§13—22] To use this technique for further
and the risk of discrimination on the monomer level due to structure analysis of glucan derivatives, we recently investi-
various polarities and volatilities in the range from unsubsti- gated regioselectivel{p-methylated maltooligosaccharides
tuted and trisubstituted residues. Therefore, an independenby means of ESI-MS/CI23]. This was the situation when
reference method would be valuable. we wondered whether it would be possible to deduce the
To analyse the substitution pattern along the polymer complete monomer composition of a methyl glucan from the
chain, starch or cellulose derivatives are usually converted mother and daughter mass spectra of the samples prepared
to mixedO-methyl-O-methyl-ds etherd7,9,11,12]in one or for oligomer analysis. That this indeed can successfully be
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Fig. 1. ESI-MS mass spectrum of oligosaccharides obtained from methyl cellulose after perdeuteromethylation and random hydrolysis (a)nstpaals fr
DP2 fraction are shown as enlarged detail and assigned withni¥e¥alue, the ratio of Me and Méds groups, and the number of isomers (b).
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Table 1
Substitution patterns dMe/OMe-d3 disaccharidesyvz values of the sodium adducts of un- to hexasubstituted fractiofpsdg}, and number of possible
isomers

Fraction m'z[M + NaJ* Number of CH groups in position Variants total Statistical probability (%) Variants of B
Total
Co 467 0 0 0 1 100 1
C1 464 1 1 0 3 50 1
0 1 3 50 3
Cy 461 2 2 0 3 20 1
1 1 9 60 3
0 2 3 20 3
Cs 458 3 3 0 1 5 1
2 1 9 45 3
1 2 9 45 3
0 3 1 5 1
Cy 455 4 3 1 3 20 3
2 2 9 60 3
1 3 3 20 1
Cs 452 5 3 2 3 50 3
2 3 3 50 1
Cs 449 6 3 3 1 100 1

done even from such complex oligosaccharide mixtures is By means of isolation and fragmentation of each of these
demonstrated in the following. complex disaccharide regioisomers in the ion trap of the
mass spectrometer, further information about their compo-
sition is obtained. An important prerequisite is the assump-
2. Results and discussion tion that the substituent pattern is symmetrical, i.e., the com-
position of monomers is represented by each glucosy! unit
Methyl amyloses and methyl celluloses were used for the disaccharide as well. This is a consequence of a ran-
these studies. All samples were permethylated with Mel- dom degradation where each glycosidic linkage is cleaved
dz and submitted to partial hydrolysis From the resulting with the same probability independent of the substitution
oligosaccharide mixture, the distribution of methyl groups pattern.
along the polymer chaifiL2] and, as will be demonstrated
in this paper, the complete monomer composition can be de-2.1. ESI-M%—interpretation of the daughter spectra
termined by additional tandem-ESI-MS experiments. Thus,
total hydrolysis, reduction, acetylation and gas chromato- Daughter mass spectra are recorded from the signals
graphic analysis can be omitted. The first idea was to de-at m/iz 452 (G), 455 (&), 458 (G), 461 (G), and 464
duce the monomer composition from the fragmentation of the (C;) representing more than one isomer. Fragments are
DP 1 fraction of the partially hydrolysed perdeuteromethy- assigned according to the nomenclature of Domon and
lated methyl glucans. However, the formation bff NaJ* Costello as illustrated ischeme Ifor a 1,4-linked gluco-
from these small molecules is comparably poor and stabil- disaccharid¢l13]. The fragmentation mechanisms have been
ity under CID conditions relatively high. Therefore we fo- elaborated in our previous studies on regioselectively methy-
cussed on the DP 2 fraction. An ESI-MS mother spectrum lated/deuteromethylated maltooligosacchari@&s.
of the mixedO-methylO-methylds disaccharides is shown Therefore, we know the position of methyl groups which
in Fig. 1L Signals frommvz 449 to 467 with a difference  are still present in a certain fragment ion and that there is
of 3 are observed, representinig § Na]" of disaccharides  no influence of the nature of the methyl group, i.e., whether
with six methyl groups (two trisubstituted glucosyl units, isotopically labelled or not, on the relative intensities of the
Cs) to those with six deuteromethyl groups (two originally fragment ions as obvious froffig. 2 Due to the symmetry
unsubstituted glucosyl unit€p) and all mixtures between  of the disaccharides, we focus on the reducing end. Valu-
(Cs ... C1) [24]. While the signals at both ends of the pat- able information is obtained fromy¥formed by cleavage of
tern represent only one isomer each, their composition be-the glucosidic linkage, its consecutive fragmentMeOH
comes increasingly complex towards its center. The num- (MeO from position 3), and the ring cleavage fragment ions
ber of regioisomers contributing to a signal of certair 0.2A,, resulting from retro-aldol cleavage of the reducing glu-
is listed inTable 1and is assigned to the signalskig. 1b. cosyl residue. These are the most abundant signals.
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Zo That methanol is selectively eliminated from position 3
. of Y1 is obvious from the loss of 35 mass units for the 2,
6-di-O-Me-3-O-Me-d3- and the 2,3,6-trD-Me-d3 stan-
dards, and the loss of only 32 masses from 2,3,81kite-
and 2,3-diO-Me-6-Me-d3 substituted disaccharidesig. 3).
Minor signals ag*A, (seeFig. 2a) are not considered since
small deviations of their intensities would cause relatively
large ones in the calculation of the monomer composition.
As mentioned in the beginning, we investigated malto-
and cello-oligosaccharides. Structures of the fragment ions
were identical, while the relative intensities were different,
but reproducible, and could be regarded in the evaluation.
Therefore, it was possible to analyse bathandp-glucans.
The principle of our strategy is explained by the fragmen-
tation of m/z 464 (CG), consisting of one originally unsub-
stituted and one mon@-methylated glucosyl residue. Three
isomers are possible for the monosubstituted units: 2, 3, and
OR 6. Table 2lists the fragment ions which are observed in
ESI-MS. First of all the intensities of all Ysignals (Vz 251
Scheme 1. Nomenclature of fragments obtained from disaccharides andandm/z 254), all Y;-R3OH signals (Vz 216 andm/z 219),
those obtained by MSfrom Y ions according t§13]. and theP?A, (m/z 387 andz 390) are summarised and the
relative intensities of these signal groups are calculated. They
are in the range of 65:13:22 for1,4-glucans (sekig. 2a),
and in the range of 29:47:24 f@-1,4-glucans. Using these
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Fig. 2. Relative intensities of the fragment ions obtained from regioselectively methylated/deuteromethylated maltoses By(&SiAd By ESI-M3of Y
ions (b).
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Table 2
Fragment ions in ESI-M&mass spectra @Me/OMe-ds 1,4-linked gluco- (@) 2\;‘5
disaccharidesm'z values corresponding to the substitution pattern of the -32
reducing part (B infable J) of originally un- (G) to hexasubstituted disac- CH,0H (
charides (@) are listed Y,- %2h; 4':19
2 3 6 MeOH 375
R R R m'z 513
[M+Na]* %2a, Y, Y1-MeOH {
Co O O O 467 390 254 219 (b) Y,
g O O O 464 387 254 219 32 248 M
o O e 387 251 216 CH,OH 455
® O O 390 251 216 Ve ozp,
© e O 387 251 219 MeOH 381
cc O O O 461 384 254 219 2th
o O e 384 251 216 |
o O O 387 251 216 o :
O @ O 384 251 219 (c) \f
® ® O 387 248 216 i &4 M
O ® @ 384 248 216 CDOH s
® O e 387 248 213 \ 2?12
=
G O O O 458 381 254 219 MeOH
O O e 381 251 216 213
® O O 384 251 216 [
o e O 381 251 219 : : =
® ®© O 384 248 216 () Yy
O @ @ 381 248 216 -35 264
® O e 384 248 213 CD,0H
o [ 4 (4 384 245 213 Y, 0zp, M
g O O @ 455 378 251 216 MeOH - 467
o O 381 251 216 2R
O o O 378 251 219
® e O 381 248 216 ~ * : *
o ® @ 378 248 216 50 100 150 200 250 300 350 400 450 m/z
: 2 : ggi 322 gig Fig. 3. ESI-M$ mass spectra of regioselectively methylated/deutero-
methylated maltosesN[+ NaJ"). Fragment ions used for quantitative eval-
G @® @® O 45 378 248 216 uation are assigned: (a) 2,3,6-@HMe; (b) 2,3-diO-Me-6-0-Me-ds; (c)
O e @ 375 248 216 2,6-di-0-Me-3-O-Me-ds; (d) 2,3,6-triO-Me-ds. By loss of MeOH with 35
® O e 378 248 213 or 32 mass units from Yorigin of methyl fromO-3 is confirmed.
[ 4 o (4 378 245 213
Cc @® @® @ 449 375 245 213

219 is only formed fronC; disaccharides originally unsub-
stituted orO-3-methylated at the reducing glucosyl unit. The
remaining intensity ofn/z219 can, therefore, be assigned to
constant proportions, the contribution of a certain methyl pat- the 3:0-methyl pattern, and the corresponding intensities of
tern to a mixed daughter ion is calculated. This is illustrated Y1 at mz 251 and®2A; at nVz 387 can be calculated and
in Fig. 4 Fig. 4a shows the relative intensities of the rele- subtracted from the total intensity of these signé&ig (4d).

R2, R3, RO: black = Me, white = Meds.

vant daughter ions as columns. As can be seefabie 2 The residual intensities of the three signals represent methy-
Y1 atm/z 254 represents an originally unsubstituted reduc- lation at O-6. Fig. 4e). The results of these evaluation steps
ing residue (Unit B inTable 9, whilem/z251 is formed from illustrated inFig. 4b—e are summarised Fig. 4f. Now, the

the disaccharides originally monosubstituted at unit B. The intensity ofm/z 464 in the mother mass spectrum can be di-
intensities of2A, (m/z387) and %-R30H (m/z219) corre- vided up on the involved methyl patterns as showfig 4h.
sponding to the signal intensity ofz 254 are calculated and  In the same way, the mirror-image signahatz 452 (Cs) can
shown as grey columns |.|_=|g 4h. O,2A2 atm/z390 is unique be divided up in trIO-methyI patterns (50%) and the three
for O-2-methylated B units, since it contains Meg-n posi- di-O-methyl patterns, 23, 26, and 36. The remaining signals
tions 3 and 6, while the original methyl group at position 2 Of the mother spectrum are much more difficult to evaluate
is lost. So, this ion gives direct information on the amount Since they comprise 182 andC,) or even 20 Cs) possi-

of 2-O-Me glucosyl units in the regioisomeric mixture of C ~ bleisomersTable J). As an example, the procedure to puzzle
and can be used to calculate the corresponding contributions?UtCs shall be presented. The trisubstituted disacchafiges
to the related ions atVz 251 andm/z 216 (se€Table 2and comprise 20 regioisomers as listedTiable 1 Those which
Fig. 4c). FromTable 2 itis also obvious that Y-R30H atn/z are built up from one originally un- and one trisubstituted
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Fig. 4. Evaluation of the monomer composition of thef@action of OMe/OMe-ds disaccharides obtained from methyl amylose. Intensities of fragment ions
in ESI-MS? mass spectrum are step by step divided to the comprising glucosyl substitution pattern. For details, see text.
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glucosyl unit are unique. Therefore, their share of the mother di-O-methyl patterns of the methyl glucans are isolated af-

ion intensity Wz [M + NaJ* = 458) is deduced from the ESI-
MS? mass spectrum. Here, four possiblei®ns atm/z 245,
248, 251, and 254 occur with a statistical probability of
1:9:9:1, additionally weight with respect to the relative ra-
tios of the un-, mono-, di-, and trisubstituted glucosyl units
(co, €1, C2, €3). Resulting intensities of Yatm/z 245 andch/z

ter MS? and further fragmented eachig. 5c—f). The much
higher predominance of \Yfragments in the daughter spec-
tra of lithium adducts compared to sodium adducts enhances
sensitivity for MS, but does not allow a complete switch to
lithium since the intensities of the other diagnostically valu-
able fragment ions in M&are too poor (compaifeig. 5b and

254 represent the portion of tri- and un-substituted glucosyl d). Again, relative intensities of the summarised relevant frag-
units ofC3. As described above, the corresponding intensities ment ions of ESI-M3 are calculated first as described above

of the related2A, and the ¥-R30H ions can be calculated

for MS2. MS® from Y atm/z 232, containing the disubsti-

and subtracted from the total intensities of these ions. Two tuted glucosyl unit gives direct information on the amount of

further patterns, 3-Me and 2,6-di©-Me, can be calculated
from the MS spectra of the sodium adducts. Frdible 2

it is obvious thatm/z 219 is only formed from disaccharides
with an originally un- (254-35) 0O-3-methylated reducing
end (251-32). Therefore, the residual intensity afRPOH
can be allocated to ®-methyl-glucose and the correspond-
ing intensities ofm/z 251 andm/z 381 can be calculated

and subtracted. In the same way, the contribution of 2,6-di-

O-methyl-glucose can be calculated from-MeOH-d3 at
m/z 213, which is only formed from disaccharides originally
tri- (245-32) or 2,6-di©-methylated (248-35) at the reducing

2,3-di-O-methyl substitution. This is deduced frdhix, at

m/z 125, containing Rand F, and the corresponding sig-
nal intensities of the other fragment ions are then calculated.
0.2A, atm/z 155 from Y; atm/z 232 is related to 3,6-dD-
methyl residues, while the residual parh@z 158 is related to

the 2,6-diO-methyl pattern. However, as already mentioned,
2,6-di-O-methyl can also be calculated from the fM®ass
spectra of the sodium adducts of figfraction. Finally, the
MS2 mass spectrum of {Yfrom Cz at m/z 235, which rep-
resents the originally monosubstituted glucosyl residues, is
evaluated. The portion of @-substitution can directly be ob-

end. The remaining methyl patterns cannot be deduced fromtained from®3A; atm/z 111 or the complementaf®X; at

the MS mass spectrum. The number of independent infor-
mations available from ESI-MSare no longer sufficient to

divide the remaining signal intensities up to these patterns.

Therefore, we extended our mass spectral analysis tb MS

2.2. ESI-M8—interpretation of the granddaughter
mass spectra

Y, ions are isolated and further fragmented. When we
isolated Y; obtained from 1 + Na]J* mother ions we recog-

m/z 131, while that ofO-2-methylated glucosyl units is rep-
resented by2A; atm/z 161 as result of only 74 units loss.
Then, the amount dD-3-methylation can be calculated from
the residual intensities of the mixed signals, but was also
available from ESI-M3 of the sodium adducts, as already
mentioned above. All portions were weighed with respect to
their quantitative representation in the mother or correspond-
ing daughter spectra, to accumulate their total contribution.
So, finally the complete monomer composition was obtained.

nised that dissociation of sodium adducts is presumably 2.3. Application and comparison with GC analysis of

more favoured than fragmentatioRig. 5a and b). There-

glucitol acetates

fore, mass spectra could not be evaluated and we changed to

the more stable lithium adducts!f+ Li] * [20,21] The con-
secutive generations of ESI-M®nhass spectra are shown in
Fig. 5a and b and c—f, respectively. Composition of the frag-
mentions was deduced from ESI-M& the regioselectively
O-methylated and the®-deuteromethylated standard com-
pounds Figs. 6a—d and 2bMethanol is preferably lost from
position 2, but not exclusively as is obvious from the addi-
tionalloss of 35 (CROH) from the 2,3-di©-Me-6-O-Me-ds-

and 2,6-diO-Me-3-O-Me-ds-derivatives Fig. 6b and c¢). M-
74177 can be assigned %8A still containing B and F,
M-104/107 contains C1-C3, since a loss of 107 is only ob-
served for the 89-Me-ds standardFfig. 6b). Therefore, these
ions atm/z 125/128/131 are assigned 2¥,. The comple-
mentary fragment ion§3A; at M-118/121/124 contain R
only. Another fragment of diagnostic value is observemat
81/84 and is assigned %4X1. It is formed from C5 and C86,
since the higher mass of 84 is detected for th®-Ble-d3
standard compounds onl¥if). 6b and d). These fragment
ions are used for evaluatio®¢heme h). Y1 fragments at

This new strategy was applied to two methyl amyloses
(MA 1, DS 0.67, and MA 2, DS 0.83) and five methyl cel-
luloses (MC 1-5, DS 1.08-1.92), which have been analysed
by GLC/FID after hydrolysis, reduction and acetylation. The
degree of substitution (DS) is defined as the number of mod-
ified OH groups/glucosy! unitFig. 7 shows the monomer
composition as determined by both methods. Deviation of
the average DS is in the range of no to 4.6%.

How reliable is this method? Of course, relative intensi-
ties of the signals are scattering slightly as is obvious from
Fig. 2 However, there is no systematic trend of discrimina-
tion with respect to the methyl pattern. In some cases, there is
more than one possibility to calculate the portion of a certain
methyl pattern in an isomeric mixture. This is illustrated for
MC 1 by MS® of Y1 with m/z 232, obtained fromm/z 445
in the mother spectrumC;). This daughter ion comprises
2,3-, 2,6-, and 3,6-dd-methyl glucoses. As can be seen in
Table 3 93X, atm/iz 125,%3A; atm/z 114, and®4X; atm/z
84 are all related to the 2,3-@-methyl pattern, only. When

m/z 235 and 232 representing the three mono- and the threetaking the intensity ofr/z 125, and calculating the corre-
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Fig. 5. ESI-M3Y of OMe/OMe-d3 disaccharides obtained from methyl amylose. ESI-M®bfNa]" (a); ESI-MS of the G fraction (b); ESI-MS of M + Li] *
(c); ESI-M& of the G fraction (d); ESI-MS of Y atmvz 232 (e); and ESI-M3of Y atm/z 235 (f).

sponding intensities afVz 114 andm/z 84, the values are a  contribution toC, in the mother mass spectrum of 2.10%,
little bit lower in the first, and a little bit higher in the second 2.30%, and 2.02%, respectively. The final result after accu-
case. That means, that slightly different results are obtainedmulation of all 2,3-di©-methyl contributions of the relevant
depending on which signal is selected for evaluation. For ex- Co—Cs signals varies between 6.73% and 7.11% for MC 1.
ample, the contribution of 2,3-dd>-methyl to Y; atm/z 232 The fragmention atvVz 125 is finally selected for further cal-

is calculated fromm/z 125 to be 7.92%, from/z 114 to be culations, since this shows the highest intensity and therefore
8.67%, and fromm/z 84 to be 7.61%, which means a final the best signal/noise ratio. The result is 6.91%. Deviation of



R. Adden, P. Mischnick / International Journal of Mass Spectrometry 242 (2005) 63—-73

04, 03X, 03p, 08y, 02p, M-
MeOH MeOH
(@) M-104
125
M-118
111 M18 - M
M-136 M-74 L 211 228
: 93 155 -32
MMSJL 197
81 L k
s I L
(b) M-107
125
M-118
114 M-18
214
M-139 M-74 232
M-148| 93 158 M-32/35 |
84 197/200
h L L '8 A lJL
&) M-104
128
M-121 M-18
111 214 M
M-136/139 M-74 232
M-151 03/96 158 M-32/35 |
81 lL 197/200 }
L ot JAJ sl L‘\
(d) M-107
131
M-124
114 M-18
M-154 M;ﬁ“z M-77 Mas 220 M
84 161 203 238
ln N l.ﬁ. L ‘ J
60 80 100 120 140 160 180 200 220 m/z

Fig. 6. ESI-MS mass spectra of regioselectively methylated/deutero-
methylated maltosesN[+ Li] *). Fragment ions used for quantitative eval-
uation are assigned: (a) 2,3,6-0HMe; (b) 2,3-diO-Me-6-O-Me-ds; (c)
2,6-di-O-Me-3-O-Me-ds; and (d) 2,3,6-tri©-Me-ds.

alternative data, based on the intensitynf 114 orm/z 84,
fromthisvalue is-0.18 (—2.6%), and +0.20 (+2.9%), respec-
tively. This is in the same order of magnitude as for reference

analysis. Relative deviation increases for minor constituents
(<1 mol%) as is observed for gas chromatrographic analysis

as well. Material of starch and cellulose derivatives is not

Table 3

Fragment ions in ESI-MBmass spectra of Yions isolated from ESI-M5
of OMe/OMe-dz 1,4-linked gluco-disaccharide®l[+ Li] *; m/zvalues corre-
sponding to mono- or disubstituted reducing glucosyl residues TBle 1
of originally two-, tri-, or tetrasubstituted ¢SC,) disaccharides are listed

R2 R3 Ré m'z
Yl O,ZAl 0'3X1 O'3A1 0,4Xl

[ J [ J O 232 158 125 114 84
O [ J ] 155 128 111 81
[ J O ] 158 128 111 81
O O o 235 158 131 111 81
[ J O O 161 128 114 84
O [ J O 158 128 114 84

R2, R®, R: black = Me, white = Meds.
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restricted and therefore optimal sample concentration can be
guaranteed. Quantitative mass spectrometric analysis of the
monomer composition without perdeuteromethylationis lim-
ited, since ion yields depend on the polarity of the partially
methylated oligosaccharides. Therefore, perdeuteromethyla-
tion is still a requirement for quantitative evaluation and ad-
ditionally prevents non-random hydrolysis.

3. Experimental
3.1. General

Allreagents were at highest purity available and purchased
from Fluka, Aldrich or Merck. Melds was purchased from
Deutero, methyl amyloses were prepared in our laboratory
and methyl celluloses were technical products or purchased
from Aldrich/Fluka.

3.2. Instrumental

Electrospray ionisation-mass spectra (ESI-MS, positive
mode) were recorded on an Esquire LC (Bruker Daltonics,
Bremen, Germany). The partially degraded samples were dis-
solved in MeOH, and introduced directly via a syringe at a
flow of 200uL/h. For analysing the lithium adducts, sam-
ples were dissolved in 1 mM LiClQin MeOH. The mass
spectra for M8 experiments consist of an average of 200
scans. Nitrogen is used as drying gas (4 L/min, 30Dpand
as nebuliser gas (10 psi). The following voltages were used:
capillary, 4500V, end plate offset;500 V; capillary exit,
120.0V; skim, 140.0V; and skim, 210.0V. The amplitude
of the resonance frequency which excites the ions for frag-
mentation in the ion trap was optimised for every ion and
was between 0.85 and 0.95V. The isolation width for'MS
experiments was vz

3.3. Sample preparation

Methyl amyloses and methyl celluloses were alkylated
with Mel-d3 according to Ciucanu and KerdR5] with
NaOH/Meldz in DMSO. Completeness of the reaction was
controlled by means of ATR-IR spectroscopy. For partial
degradation, 2 mg of the deuteromethylated samples were
stirred in a 1 mL V-vial with 2 M trifluoroacetic acid (1 mL)
at 120°C for 17 min. After cooling to room temperature,
acid was removed in a stream of nitrogen. Residues of acid
were removed by co-distillation with toluene (five times).
The residue was dissolved in 4 mL of MeOH for ESI-MS and
ESI-MS? of sodium adducts. From 1 mL of this solution, the
solvent was removed and the sample dissolved again in 1 mL
of 1mM LiClO4 in MeOH for ESI-MS of lithium adducts.
For reference, monomer composition was determined by GC
after hydrolysis, reduction and acetylation as described else-
where[12].



72 R. Adden, P. Mischnick / International Journal of Mass Spectrometry 242 (2005) 63—-73

MA 1

Mol%

6 23
Me in position

26 36

MC 1
35 -

236

Mol%

6
Me in position

MC3
32
©
=
Me in position
32
=
=

0 2 3 6 23 26 36
Me in position

Fig. 7. Monomer composition (in mol%) of methyl amyloses MA 1 and MA 2 and methyl celluloses MC 1-5. Comparison of results obtained by ESI-MS/CID

and GC of the partially methylated glucitol acetates.
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4. Conclusion [3] S. Horner, J. Puls, B. Saake, E.-A. Klohr, H. Thielking, Carbohydr.
Polym. 40 (1999) 1.

It has been demonstrated that complete monomer com- [4] 3. Heinrich, P. Mischnick, J. Chromatogr. A 749 (1997) 41.
[5] W. Lazik, Th. Heinze, G. Albrecht, P. Mischnick, J. Appl. Polym.

position of methyl amyloses and methyl celluloses can be Sci. 86 (2002) 743.
determined by ESI-MS/CID. Sample preparation is the [g] pw. Arisz, J.A. Lomax, J.J. Boon, Carbohydr. Res. 243 (1993)
same as required to determine the methyl pattern along the  99.
glucan chains, which can be calculated from the mother [7] P. Mischnick, J. Heinrich, M. Gohdes, O. Wilke, N. Rogmann,
ESI-MS mass spectra of corresponding oligosaccharides; __ Macromol. Chem. Phys. 201 (2000) 1985.
les were perdeuteromethylated and partially degraded [6] V. Goclik, P. Mischnick, Carbohydr. Res. 338 (2003) 733,
samp P . y p y deg [9] J. Heinrich, P. Mischnick, J. Polym. Sci. A: Polym. Chem. 37 (1999)
by random hydrolysis. By ESI-MSof all OMe/OMe-d3 3011.
disaccharide signals, and by additional ESI®M$those Y, [10] M. Gohdes, P. Mischnick, Carbohydr. Res. 309 (1998) 109.
fragments that represent disaccharides bearing one monoH1] P.W. Arisz, H.J.J. Kauw, J.J. Boon, Carbohydr. Res. 271 (1995) 1.
and one disubstituted glucosy! unit, sufficient information is [12] P- Mischnick, G. Kihn, Carbohydr. Res. 290 (1996) 199.

btained to divide the si lint it to distinct thvl [13] B. Domon, C.E. Costello, Glycoconj. J. 5 (1988) 397.
obtained to divide the signal Intensities up 1o diSunct Metnyl 1141« tseng, J.L. Hedrick, C.B. Lebrilla, Anal. Chem. 71 (1999)
patterns. Results are in good agreement with reference data = 3747.
obtained by hydrolysis, reduction and acetylation. Further [15] N. Viseux, E. de Hoffmann, B. Domon, Anal. Chem. 69 (1997)

studies with a wider range of methyl glucans, with lower 3193.
and higher DS and various regioselectivities will test the [16] (53§6'1°fme'5ter' Z. Zhou, J.A. Leary, J. Am. Chem. Soc. 113 (1991)
efhmency of this new method. [17] C.H. Friedl, G. Lochnit, R. Geyer, M. Karas, U. Bahr, Anal.
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