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Abstract

Five-coordinate NN-glycoside complexes, consisting of a single trideniétglycoside ligand and a bidentad@p ligand
coordinated to a central Ni(ll) ion, were synthesized for a series of diastereomeric monosaccharides. Following excitation o
the precursor ions in a quadrupole ion trap, reproducibly distinct product ion spectra were obtained for each diastereomer
complex. Neutral losses resulted from cross-ring cleavages of the monosaccharide ring and/or losses of adaip bgaante.

Isotopic labeling studies confirmed which particular carbon centers were lost from the precursor ion as a result of the cross-rin
cleavages. Synthesis of the Ni-glycoside complex was achieved using as little agu@lof monosaccharide. Production of

the representative five-coordinate precursor ion was obtained over a wide range of metal-ligand:monosaccharide molar rati
and product ion spectra remained reproducible over this range. (Int J Mass Spectrom 193 (1999) 153-160) © 1999 Elsevi
Science B.V.
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1. Introduction unusual for carbohydrates differing by merely a single
. monomer unit [5] or functional group [7,11] to show
The multitude of role.s.played by carbohydrates vastly different activities in their biological functions.
and carbohydrate-containing molecules (e.g. glyco- Thus the need becomes evident to possess methodol-

proltelns) in biological systemsl IS bec;)n;lndg INCTEAS- hgies capable of characterizing the structure of these
ingly apparent [1]. For example, carbohydrates can ;- uant hiomolecules.

SEIve as pathogens. of infectious .bacteria.[2—4],_ PE™ " There are several structural features present in
form integral fungt|ons n _certam protein-folding carbohydrates, which allows for a unique determina-
events [5’6,] and mflg.mmatlon .r.esponses [7.8], or tion of the primary sequence of these biopolymers.
allow for.h|ghly specific recognition between cells The structural features include the number and iden-
[9,10]. It _|s often founq that the carbohydrgtes asso- tity of diastereomeric monosaccharides, linkage posi-
c!atgd _W'th these vgr_|ous roles posse.ssf little or no tion and configuration, and the location of substituents
similarity of composition. Conversely, it is also not and branch points [1]. In this work, previous studies
[12-17] are expanded upon, whereby the use of

* Corresponding author. E-mail: leary@socrates.berkeley.edu transition metal complexes of carbohydrates in con-
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junction with tandem mass spectrometry are used to Table 1

characterize a specific structural feature of carbohy- "9 substituent configuration of D-aldohexoses
drates; the identity of the diastereomeric monosaccha-
ride units. Data presented herein show that analysis
can be performed with much lower sample quantities
(micrograms) than has been previously achieved, and
that the metal:monosaccharide molar ratio is less
crucial to the production of the five-coordinate com-
plex. This was not the case with the previously
synthesized three-, four-, and six-coordinate com-

plexes. More importantly, this work described herein Monosaccharide C-2-OH C-4-OH

presents the fundamental differences in the product D-glucose equatorial equatorial

ion spectra observed between these five-coordinateP-mannose axial equatorial
. . . D-galactose equatorial axial

species and the three-, four- and six-coordinate com- p ;7 ose axial axial

plexes previously analyzed [17].

2. Experimental Metal/N—glycoside complexekabeled and unla-

beled metalN-glycoside complexes were synthesized
using a microscaled adaptation of the procedure
previously published by Yano and co-workers [19—
22]. Although previous microscaling procedures in-
volved measuring solid reagents [12-15,17], the low
sample sizes utilized in this study necessitated prepar-
ing stock reagent solutions from which aliquots were
taken, to assure accurate delivery of the desired
reagent quantities. Unless noted otherwise, the fol-
lowing procedure was used to prepare all reaction
solutions. Briefly, separate 47.5 mM stock solutions
of the four monosaccharides listed in Table 1 were
prepared in 90% MeOH. (10% water was utilized due
to the lower solubility of some monosaccharides in
pure methanol.) An additional set of 4.75 mM stock
solutions was prepared for the four diastereomeric
monosaccharides. A 95.0 mM methanolic stock solu-
tion of Ni (dap); - 2Cl was also prepared.

Reaction mixtures possessing monosaccharide:Ni
(dap; + 2CI molar ratio of 1:1 were prepared by
2.2. Synthesis mixing 25.0 uL of the 47.5 mM monosaccharide

stock solution, 12.5.L of the Ni (dap); - 2Cl stock

Ni (dap); - 2CI [18]: Three molar equivalents of 1,3  solution and 12.5uL of MeOH. The additional metha-
diaminopropanedap) were added slowly to a methan- nol was added to achieve a total reaction volume of 50
olic solution of NiCl, - 6H,0. Solids precipitated soon  uL. A final monosaccharide concentration of 23.5 mM
after stirring. The solid was purified by recrystallization (23.5 nmolfsL) was utilized. Such reaction conditions
from an isopropanol/methanol mixture. therefore utilized 214.g of monosaccharide.

2.1. Instrumentation

All experiments were carried out on a Finnigan
LCQ quadrupole ion trap mass spectrometer (Finni-
gan MAT, San Jose, CA) equipped with an electros-
pray ionization source. The pressure inside the vac-
uum chamber was 1.8 10 2 Torr or less during all
acquisitions. Samples were infused into the instru-
ment at 3uL/min. lonization was performed at 4.5
kV. All spectra were acquired at a capillary temper-
ature of 150 °C and all ion guide voltages were tuned
S0 as to maximize the relevant precursor ion current.
Precursor ions were isolated over a mass range of 1.7
Da prior to excitation. A rf voltage of 0.6 Yy ) was
applied to endcaps of the ion trap for 15 ms during the
excitation period. Such excitation conditions were
chosen to maximize the differences in the relative
product ion intensities between the diastereomeric
precursor ions.
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Reaction mixtures possessing monosaccharide:Ni
(dap; - 2CI molar ratio of 1:10 were prepared by
mixing 25.0 uL of the 4.75 mM monosaccharide
stock solution, 12.5.L of the Ni (dap); - 2Cl stock
solution and 12.5uL of MeOH. A final monosaccha-
ride concentration of 2.35 mM (2.35 nmal) was
utilized. Therefore, such reaction conditions utilized
21.4 ug of monosaccharide.

Samples were refluxed at70 °C for 20 min unless
otherwise noted. All reaction mixtures were used imme-
diately after heating to avoid any sample degradation.
No purification was performed prior to analysis.

2.3. Electrospray ionization mass spectrometry
(ESI-MS) analysis

Solutions for ESI-MS were prepared by diluting
the reaction mixture 100-fold in 9:1 MeOH{B.
Final concentrations of all solutions were235 uM
(235 pmolfL) Ni unless otherwise noted.

2.4. Chemicals and materials

D-Glucose (A.C.S. reagent grade), D-mannose
(99%) and 1,3-diaminopropane (99%) were obtained
from Aldrich Chemical Co. (Milwaukee, WI). D-
Galactose (99%), D-talose, high-performance liquid
chromatography (HPLC) grade water and HPLC
grade methanol were obtained from Sigma Chemical
Co. (St. Louis, MO). D-glucose-8, (98% 2H.),
D-glucose-43C  (99% *°C) and D-glucose-33C
(99% *3C) were obtained from Omicron Biochemical
Co. (South Bend, IN). Nickel dichloride hexahydrate
was purchased from Fisher Chemical Co. (Fairborn,
NJ). All materials were used as received without
further purification.

3. Results and discussion

Fig. 1 shows a representative low-resolution mass
spectrum of a reaction solution prepared with only
214 ug of D-mannose. Similar mass spectra were
obtained from all other monosaccharide reaction mix-
tures. These reaction solutions contained at least two

155

367

Relative abundance

250

300 350 400

m/z

500 550

Fig. 1. Low-resolution mass spectrum of Niap)s - 2Cl/D-
mannose reaction mixture (1:1 Ni/monosaccharide molar ratio, 214
wg monosaccharide). Total ion curreat7.66 X 10° (arbitrary
units).

times less carbohydrate than previously reported for
the conventional synthesis of related mek&glyco-
side complexes [14]. A prominent series of singly
charged ionsr/z 293, 367, and 529) resulted from
the deprotonation of various Ni(ll) complexes. These
deprotonated ions have been previously assigned to
three-coordinate _{j1 five-coordinate (P and six-
coordinated (Bcomplexes, respectively [15]. At the
present time, specific structural details concerning the
N-glycoside ligand are not available. TNeglycoside
ligand can be assumed to act as a tridentate ligand,
coordinating to the metal center in a T-shaped fashion
as has been previously observed from the x-ray crystal
structure of _3[19-22] and predicted for dusing
density functional theory calculations [15]. Acon-
figuration about the anomeric carbon center can also
be assumed sindg-glycoside complexes possessing
« configurations have not been observed [19-23].
Additionally, an intense ion atn/z 237, assigned to
the protonated, metal-freé\-glycoside ligand, is
present. Other ions such as thosen&241, 407, 461,
and 489 are attributed to other N#p-containing
species that lack monosaccharides.
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Fig. 2. Product ion spectra (Mof m/z367 [Ni (dap)(dapgmonosaccharide)-H]precursor ions generated using 21¢ of monosaccharide:
(A) D-glucose complex; (B) D-mannose complex; (C) D-galactose complex; and (D) D-talose complex.

Fig. 2 shows the product ion spectra of the four product ion spectra in Fig. 2 are similar to those

diastereomerien/z367 precursor ions ([Nidap) (dap/ obtained from other related five-coordinate, two-li-
monosaccharide)-H) obtained under identical cen  gandN-glycoside systems [17].
ditions. Am/z293 product ion (neutral loss of 74 Da) Isotopic labeling studies were performed using a

was attributed to the loss of a neutdalpligand from variety of labeled D-glucose complexes in order to
the precursor ion. The/z277 (neutral loss of 90 Da) identify the carbon centers lost from the precursor ion
andm/z247 (neutral loss of 120 Da) product ions are following the dissociation of then/z 367 ion. ?H,-
assigned to losses of ;8,05 and GHgO,, respee labeled or singly**C-labeled D-glucose was used in
tively, resulting from cross-ring cleavages in the the synthesis in place of unlabeled D-glucose. lons at
monosaccharide ring. Such cross-ring cleavages arem/z368 and 369 were observed in the low-resolution
commonly observed as dissociation pathways for mass spectra of the reaction mixtures containing the
monosaccharides [24—27] and have been observed™3C and?H.-labeled D-glucose, respectively, indicat

previously from metalN-glycoside complexes [14— ing the incorporation of the labeled monosaccharides
17]. Them/z203 product ion (neutral loss of 164 Da) into the Ni-N-glycoside complexes. Product ion spec-
results from the combined loss of a neutitapligand tra were obtained following collision induced disso-

and a GHgO5 cross-ring cleavage fragment. The ciation (CID) of the labeled precursor ions, with the
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Table 2
Summary of product ion spectra of isotopically labeled precursor ions
Three-carbon neutral dap + three-carbon Four-carbon neutral
loss neutral loss loss
D-glucose (unlabeled) L0, C3HgO3 C,HgO,
D-glucose-62H, C,H,H,0, C,%H,H,0, C,?H,H.0,
D-glucose-4+3C BCCH04 BCC,H0, 3CC;H0,
D-glucose-3tC C,HOs C,HOs 13CC,H0,

results being summarized in Table 2. Both C-4 and be capable of stereochemical differentiation of
C-6, but not C-3, were present inl@;O; losses. The  monosaccharides, the methodology depends upon the
third carbon center that is lost can be assigned to C-5. reliable measurement of relative ion intensities. Ex-
Neutral losses possessing C-6 and C-4, but not C-5, amples of the variability of relative ion intensities
would require a considerable rearrangement in the ion gbtained from M$ experiments on an LCQ quadru
structure during the dissociation. Such extensive re- pole jon trap are not available. Thus efforts were
arrangements are likely to make the generation of mage to demonstrate whether the differences in the
product ions unfavorable. The isotopic labeling stud- (g|ative ion intensities were reproducible and large
ies also demonstrate that C-3, C-4, and C-6 are absentgg,gh 1o reliably differentiate the monosaccharide
from the precursor ion following loss of BgO;. complexes. In this study, ten product ion spectra
Using similar reasoning as above,'lt can be concluded generated from two signal-averaged scans were ob-
that the fourth carbqn center IO_St IS CS i tained for each of the four diastereomerndz 367
As was shown in an earlier publication [17], . . .
precursor ions. The results are summarized in Table 3.

five-coordinate, two-ligand systems often do not dis- - . . .
. . 9 Y o The standard deviations associated with the relative
play dissociation pathways that are characteristic of a .

single stereochemical feature (i.e. the presence or lon intensities are always less than 2% of the most
absence of product ions cannot be used to identify intense product ion for a given product ion spectrum.
stereochemical features of the precursor ions). How- (The standard deV|at|or.1$ did not decrease signifi
ever, as can be seen from Fig. 2, the product ion cantly when the product ion spectra were generated by
spectra are unique for each of the four diastereomeric Signal-averaging ten scans instead of two scans.) Such
precursor ions based on ion intensities. It may then be & variation is smaller than the differences in relative
possible to utilize them/z 367 precursor ions to product ion intensities for all complexes. It is con-
differentiate the four diastereomeric monosaccharides cluded that the product ion spectra of thez 367
in Table 1. precursor ions are sufficiently reproducible such that a
Although the product ion spectra in Fig. 2 demon- diastereomeric monosaccharide complex is unlikely
strate that then/z 367 precursor ion may potentially to be incorrectly identified for another, unlike other

Table 3
Summary of relative ion intensities and standard deviations of product ionsnfri@i867 precursor ions; ion intensities are expressed
relative to base product ion intensity

m/z203 m/z247 m/z277 m/z293
D-glucose 1.60 (0.13) 100 8.97 (0.30) 10.63 (0.17)
D-mannose 12.96 (0.88) 39.21 (0.93) 38.48 (1.67) 100
D-galactose 4.58 (0.07) 100 15.94 (0.30) 33.44 (0.20)
D-talose 30.27 (0.42) 100 64.03 (1.38) 75.75 (1.29)

2Parentheses represent the standard deviation.
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Table 4

Molar ratios of monosaccharide to metal or amine ligand in variousNNjlycoside complexes
Monosaccharide/metal Monosaccharidelap
molar ratio molar ratio

m/z293 11 1:1

[Ni (dapmonosaccharide)—Fi]

m/z367 11 1:2

[Ni (dap(dapmonosaccharide)-H]

m/z529 2:1 11

[Ni (dapmonosaccharide)}H]*

previously investigated five-coordinate mefsigly-
coside complexes [17].

Use of a complex such as [Nil§p)(dap'monosac-
charide)-HT in the assay of monosaccharides may
provide benefits that are absent from that of NH—
glycoside complexes. The ability to synthesize an
N-glycoside complex over a wide range of monosac-
charide quantities is an attractive characteristic of any
analysis. The three commonly observed NHglyco-
side complexes possess different ratios of metal,

The reverse of this situation (increasing the
monosaccharide/Nidaps - 2Cl molar ratio above
1:1) was thought to be troublesome for the formation
of the m/z 367 precursor ion because one might
predict that in the presence of excess monosaccharide,
complexes such as tme/z293 and 529 ions would be
formed preferentially. Although this prediction is
evidenced in Fig. 3(B), where the reaction mixture
was generated using a monosaccharidedslp); - 2CI
molar ratio of 3:1 via the previously published pro-

monosaccharide and amine components as shown incedure [15], the intensity of then/z 367 ion is still

Table 4. It is expected that as the molar ratio of the
monosaccharides added to the reaction mixture de-
creases with respect to that of the metal amine
reactant [Ni @ap); - 2Cl], complexes will be prefer-
entially formed possessing lower molar ratios of
monosaccharides compared to other components of
the complex. Of these complexes, théz367 precur-

sor ion possesses both the lowest monosaccharide/

metal and monosaccharide/amine molar ratios. Thus
as the quantity of monosaccharides decreases, it is
reasonable to expect that the monosaccharides will be
preferentially partitioned in the form of the/z 367
complex. Fig. 3(A) displays a representative low-
resolution mass spectrum of a reaction mixture syn-
thesized using a 1:10 molar ratio of monosaccha-
ride/Ni (dap); - 2Cl reactants. (This reaction mixture
was prepared in an identical manner to that described
in Sec. 2 with the exception that a 4.75 mM monosac-
charide stock solution was substituted for the original
47.5 mM monosaccharide stock solution.) It is appar-
ent when comparing Figs. 1 and 3(A) that baitiz

293 and 529 ions are absent when lower molar ratios
of a monosaccharide are used (i.e. lower than 1:1).

1005 24
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Fig. 3. Low-resolution mass spectrum of Niap)s - 2Cl/D-
mannose reaction mixture: (A) 10:1 Ni/D-mannose molar ratio.
Total ion current= 7.35 X 10° (arbitrary units); (B) 1:3 Ni/D-man-
nose molar ratio. Total ion current 4.64 X 1C° (arbitrary units).



G. Smith, J.A. Leary/International Journal of Mass Spectrometry 193 (1999) 153-160

93
100 247 100 4 5 2 ,
A ]
90 90
%0 80
o
g 70 5 70
S 607
60 2
E < 247
e 509
g 50 2
2 E 277
5 40 367 2 403
4
30 30
201
20 335
10 277 293 sis 109 l203 ]
P s M— ll - 0 PRARRRR na R P
o0 e e 5 e 200 240 280 320 360
100 247 100 4 3
C D
90 90
30 80
g 7 8 70 247
fa :
2 H 60 271
2 50 g 507 293
3 4 367 3 %
30 293 30 4
20 20
277 203 335
10 335 10
203 i l
0 et 0 Hrr—rrr ettt
200 240 280 320 360 200 240 280 320 360
mz m/z

Fig. 4. Product ion spectra (MBof m/z367 [Ni (dap)(dapmonosaccharide)—H]precursor ions generated using 24 of monosaccharide:
(A) D-glucose complex; (B) D-mannose complex; (C) D-galactose complex; and (D) D-talose complex.

more than sufficiently strong to perform M®xper difference is the appearance of an additional product
iments. Therefore, a useful yield of tha/z 367 ion atm/z335 (neutral loss of 32 Da). The additional
precursor ion is generated over a greater range of product ion is observed with increasing relative inten-
reactant quantities than that which is observed for sity as the monosaccharide/Nigp); - 2CI molar ratio
other Ni-N-glycoside complexes in this reaction mix- decreases. It is postulated that th&335 product ion
ture. This behavior is very advantageous in the analysis results from the dissociation of a low intensity back-
of samples from biological sources where the amount of ground ion that is isobaric with the/z 367 Ni-N-
extracted monosaccharides could vary greatly. glycoside complex. Indeed, the low-resolution mass
Product ion spectra of the/z367 complexes were  spectrum of a 235 pmqglL (9:1 MeOH/H,0O) solu
also obtained from reaction mixtures possessing 1:10 tion of only Ni (dap); - 2ClI did reveal a low intensity
monosaccharide/Nd@p); - 2Cl molar ratios to ensure  ion atm/z367. Product ion spectra of the suspected
that useful product ion spectra could be obtained from isobaric interference obtained under identical excita-
precursor ions with such low intensities. The features tion conditions as those used in Figs. 2 and 4 revealed
of the product ion spectra of the/z 367 precursor  the formation of a single product ion ab/z 335.
ions using 1:10 molar ratios (Fig. 4) were very similar Fortunately, although both the isobariw/z 367 ion
to those observed when using 1:1 molar ratios (Fig. and itsm/z 335 product ion are a nuisance, neither
2). It should be noted that all product ion spectra in significantly affect the results of this assay because no
Fig. 4 were obtained from reaction mixtures contain- interfering contributions are made to the intensities of
ing only 21 ug of monosaccharide. One noticeable the importanim/z293, 277, 247, or 203 product ions.



160 G. Smith, J.A. Leary/International Journal of Mass Spectrometry 193 (1999) 153-160

4. Conclusions Acknowledgement

The authors acknowledge NIH grant no. GM47356

In this work, five-coordinate NiN-glycoside com- for their financial support.

plexes were synthesized for a series of biologically
relevant diastereomeric monosaccharides. These com-
plexes consisted of a single tridentdteglycoside References

ligand and a bidentatdap ligand coordinated to a [1] Carbohydrate Chemistry, J.F. Kennedy (Ed.), Oxford Univer-
central Ni(ll) ion. Following excitation of these pre- sity Press, New York, 1990.

cursor ions in a quadrupole ion trap, reproducibly [2] N_..]. Phil]ips, M.A. Apicella, J.M. Griffiss, B.W. Gibson,
Biochemistry 31 (1992) 4515.

distinct product ion spectra were obtained for each of (3 ¢ karisson, P. Jansson, G. Widmaim, U.B.S. Sorensen
the diastereomeric complexes. Neutral losses resulted Carbohydr. Res. 304 (1997) 165.

from cross-ring cleavages in the monosaccharide ring, [ V-V- Vaishnav, B.E. Bacon, M. O'Neill, R. Cherniak, Carbo-
hydr. Res. 306 (1998) 315.

loss of a bidentatdapligand or a combination of the (57 A" Helenius, Mol. Biol. Cell 5 (1994) 253.
two. Isotopic labeling studies confirmed which carbon  [6] D.N. Hebert, B. Foellmer, A. Helenius, EMBO J. 15 (1996)

centers were lost from the precursor ion as a result of 2961.
[7] Y. Imia, L.A. Lasky, S.D. Rosen, Nature 361 (1993) 555.

the cross-ring cleavages. Postulation of a source of the [8] S. Hemmerich, C.R. Bertozzi, H. Leffler, S.D. Rosen, Bio-
stereochemical differentiation achieved when utiliz- chemistry 33 (1994) 4820.

ing the five-coordinate complexes is difficult at this ~ [°] Tﬂés"ai”k’ B.J.J. Lugtenberg, Plant Mol. Biol. 26 (1994)

time and is beyond the scope of this work. How- [10] M. Schultze, E. Kondorosi, P. Ratet, M. Buire, A. Kondorosi,
ever, it is likely that the axial or equatorial orien- Int. Rev. Cytol. 156 (1995) 1.

; ; ; 11] W.J. Sanders, T.R. Katsumoto, C.R. Bertozzi, S.D. Rosen
tation of the C-2 and C-4 mon hari titu- [ C ) ' ’ '
ation © eC-2andC onosaccharide substitu L.L. Keissling, Biochemistry 35 (1996) 14862.

ents affect somewhat the dissociation mechanisms12] . smith, J.A. Leary, J. Am. Chem. Soc. 118 (1996) 3293.
of the m/z 367 precursor ions. Significant stereo- [13] G. Smith, S.F. Pedersen, J.A. Leary, J. Org. Chem. 62 (1997)

: : o : 2152.
chemical effects upon the dissociation of Ni(IN— [14] S.P. Gaucher, J.A. Leary, Anal. Chem. 70 (1998) 3009.

glycoside complexes have been observed previ- [15] G. Smith, J.A. Leary, J. Am. Chem. Soc. 120 (1998) 13046.
ously [12,13,15]. [16] H. Desaire, J.A. Leary, Anal. Chem. 71 (1999) 1997.
. . [17] G. Smith, A. Kaffashan, J.A. Leary, Int. J. Mass Spectrom.
The formation qf them/z 367_precursor ion was 182/183 (1999) 299,
shown to be practical over a wide range of reactant [18] D.A. House, N.F. Curtis, J. Am. Chem. Soc. 86 (1964) 223.

ratios [3:1 down to 1:10 monosaccharide/Nag); - [19] H. Shioi, S. Yano, K. Toriumi, T. Ito, S. Yoshikawa, J. Chem.
. . Soc., Chem. Commun. 5 (1983) 201.

2Cl molar ratio]. Alsq, as little as ZﬂLg of monosac? [20] S. Yano, Coord. Chem. Rev. 92 (1988) 113.

charide was used in the synthesis of the Wi— [21] S. Yano, Y. Sakai, K. Toriumi, T. Ito, H. Ito, S. Yoshikawa,

glycoside complex. Although other analytical tech- Inorg. Chem. 24 (1985) 498.

. . . . . [22] S. Yano, M. Kato, H. Shioi, T. Takahashi, T. Tsubomura, K.
nigues are available, which are capable of identifying Toriumi. T. Ito. M. Hidai. S. Yoshikawa. J. Chem. Soc

smaller amounts of diastereomeric monosaccharides  Dalton Trans. (1993) 1699.

. - . . . 1999) 4012.
previously utilized in the production and MS analysis [24] G.E. Hofmeister, Z. Zhou, J.A. Leary, J. Am. Chem. Soc. 113

of diastereomeric metadll-glycoside complexes [12— (1991) 5964.

17]. At the lowest sample levels, additional product [25] A. Staempfli, Z. Zhou, J.A. Leary, J. Org. Chem. 57 (1992) 3590.
. . . . [26] R.L. Cerny, K.B. Tomer, M.L. Gross, Org. Mass. Spectrom.
ions were observed, resulting from the dissociation of 21 (1986) 655.

low intensity isobaric ions atn/z 367. Such artifact [27] A.R. Dongre V.H. Wysocki, Org. Mass Spectrom. 29 (1994)
product ions did not interfere with the measurement of 28] (7:005 hvdrate Analveis: A Practical A b ME. Chanl

. . .. . arbohydrate Analysis; ractical Approach, M.F. Chaplin,
the prOdUCt ion intensities of then/z 367 Ni-N- J.F. Kennedy (Eds.), 2nd ed., Oxford University Press, New

glycoside complexes. York, 1994.



