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Fig. 1 Effect of column temperature on retention time of the base peak of each saccharide

LC conditions—Column: ULTRON PS-80P/5S; mobile phase: HoO; flow rate: 0.05 mL/min.
MS conditions—source temperature: 90T ; capillary voltage: 2.5 kV; cone voltage: 20 V.
Sample concentration: 100 uM each; injection volume: 10 pL
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Fig. 2 Relative intensities of the base peak of each saccharide at the different column temperature

LC and MS conditions were the same as Fig. 1.
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Fig. 3 Mass chromatograms of 13 saccharides on negative ESI
LC conditions—Column: ULTRON PS-80C/10S and ULTRON PS-80P/5S; column temperature :

70C ; mobile phase: HyO; flow rate: 0.05 mL/min.

MS conditions—source temperature :

90C ; capillary voltage: 2.5 kV; cone voltage: 20 V. Sample concentration: 100 uM each; injec-
tion volume: 10 uL

(2007)
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Table 1 Retention time, capacity factor (k') and separation factor () of saccharides using ULTRON PS-80P/5S

Saccharide Monitoring ion (m/z) Retention time/min k' (to = 3.94) o
Raffinose [M-H] (503) 9.43 k' 1.393

Cellobiose [M-H] (3841) 9.88 k's 1.508 k's/k'y 1.082
Maltotriose [M-H] (503) 9.89 k's 1.510 k's/k's 1.002
Saccharose [M-H] (341) 9.93 k's 1.520 k's/k's 1.007
Maltose [M-H] (3841) 10.20 k's 1.589 k's/k's 1.045
Lactose [M-H] (841) 10.49 k's 1.662 k's/k's 1.046
Glucose [M-H] (179) 11.13 k' 1.825 k'7/k's 1.098
Xylose [M-H] (149) 11.77 k's 1.987 k's/k's 1.089
Galactose [M-H] (179) 12.42 k' 2.152 k'a/k's 1.083
Rhamnose [M-H] (163) 12.66 k'o 2213 k'o/k' 1.028
Arabinose [M-H] (149) 13.31 k'n 2.378 k'v1/ k"o 1.075
Mannose [M-H] (179) 13.68 k' 2.472 khe/k'n1 1.039
Fructose [M-H] (179) 14.38 k's 2.650 k's/ k' 1.072

LC conditions—Column: ULTRON PS-80P/5S; column temperature : 70C ; mobile phase: HyO; flow rate: 0.05 mL/min. MS
conditions—source temperature: 907 ; capillary voltage: 2.5 kV; cone voltage: 20 V. Sample concentration: 100 uM each ; injec-

tion volume: 10 uL.

Table 2 Retention time, capacity factor (k') and separation factor (&) of saccharides using ULTRON PS-80C/10S

Saccharide Monitoring ion (m/z) Retention time/min k (1o = 3.89) o
Raffinose [M-H] (503) 8.09 k' 1.080

Maltotriose [M-H] (503) 8.15 k' 1.095 k's/ k" 1.014
Cellobiose [M-H] (841) 8.53 k's 1.193 k's/k's 1.089
Saccharose [M-H] (841) 8.63 k's 1.219 k'4/k's 1.013
Maltose [M-H] (841) 8.70 k's 1.237 k's/k's 1.015
Lactose [M-H] (841) 8.85 k's 1.275 k's/k's 1.031
Glucose [M-H] (179) 9.88 k'z 1.540 k'7/k's 1.208
Xylose [M-H] (149) 10.45 k's 1.686 k's/k's 1.095
Galactose [M-H] (179) 10.71 k'y 1.753 k'a/R's 1.040
Rhamnose [M-H] (163) 10.89 k'1o 1.799 k'vo/k's 1.026
Mannose [M-H] (179) 10.95 k'n 1.815 k'n/k'o 1.009
Fructose [M-H] (179) 11.88 k' 2.054 khe/ k' 1.132
Arabinose [M-H] (149) 11.89 k'is 2.057 k'is/ ke 1.001

LC conditions—Column: ULTRON PS-80C/10S; column temperature: 70C ; mobile phase: HyO; flow rate: 0.05 mL/min. MS
conditions—source temperature: 90C ; capillary voltage: 2.5 kV; cone voltage: 20 V. Sample concentration: 100 UM each; injec-

tion volume: 10 puL.
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Table 3 Limits of detection of saccharides

SIM/

Saccharide pmol
Pb type” Ca type”

Raffinose 2.00 2.40
Cellobiose 1.00 1.20
Maltotriose 2.00 1.20
Saccharose 0.50 0.60
Maltose 0.80 1.00
Lactose 1.00 1.20
Glucose 0.50 0.65
Xylose 0.40 0.50
Galactose 0.50 0.50
Rhamnose 0.25 0.40
Arabinose 0.40 0.40
Mannose 0.30 0.30
Fructose 0.25 0.50

a) LC and MS conditions were the same as Table 1.
and MS conditions were the same as Table 2.

b) LC
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Preparation of a Pb-Type Ligand Exchange Column for
Liquid Chromatography/Mass Spectrometric Analysis of Saccharides
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A ligand-exchange liquid chromatography/mass spectrometric (LC/MS) analysis of mono-
and oligo-saccharides has been developed. The successful separation and detection of a mix-
ture of seven monosaccharides, four disaccharides and two trisaccharides was performed using
an improved ligand-exchange column, which was a semi-rigid styrene-divinylbenzene copolymer-
based Pb-type cation-exchange resin (ULTRON PS-80P/5S), and electrospray ionization mass
spectrometry (ESI-MS). Water was used as a mobile phase to separate the above-mentioned sac-
charides within 12 min. The ESI interface was used in a negative-ion mode for LC/MS, which
produced reasonable signals from their negative ions ([M-H] ). The effect of aqueous ammo-
nia, which was used as an additive to the eluent, was also examined. An increase of the detec-
tion sensitivities of the saccharides was observed when aqueous ammonia was used as the additive
at a concentration of 2% (v/v). The effects of the separation and ionization parameters, col-
umn temperature and cone voltage on the sensitivity and linearity were examined. Linear plots
of the peak area versus the concentration were obtained for MS detection over the range of 5~
1000 uM (7 =0.951~0.999) for each saccharide. The detection limits of the target saccha-
rides, calculated at S/N = 3, ranged from 0.25 to 2.00 pmol. The reproducibility of the reten-
tion times and the peak areas were 0.66~1.2% and 0.96 ~2.86%, respectively. Then, those
results were compared with the results by using a Ca-type ligand-exchange column, which con-
firmed the usefulness of the Pb-type ligand-exchange LC/MS analysis of mono- and oligo-saccha-
rides.

Keywords : mono- and oligo-saccharide ; electrospray ionization; liquid chromatography/mass
spectrometry (LC/MS); semimicro column; ligand exchange mode.
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