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ABSTRACT

In this paper, we describe an improved 2D selective-TOCSY-COSY experiment for

the unambiguous assignment of an individual sugar component in oligosaccharides.

We used a DQFCOSY with a pulsed-field gradient instead of a conventional COSY in

this improved experiment. The network of proton signals for a selected sugar in an

oligosaccharide is observed as the diagonal peaks in the 2D spectrum by use of the

first TOCSY period, and the correlation signals between J-coupled neighboring

protons are clearly observed as the cross peak, including the signals observed close to

the diagonal peaks by the second DQFCOSY development. Even when the signals do

not appear in a well-separated form of a 1D spectrum, unambiguous sequential

assignment of the proton signals of individual sugar components in an oligosaccharide

is achieved by this method.
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INTRODUCTION

It is essential to use NMR for the structural analysis of organic compounds in

solution. However, the 1H NMR signals of oligosaccharides are observed in a terribly

narrow chemical shift range, except for those from the anomeric protons (H-1), making

it difficult to assign those proton signals. In order to overcome this problem, some

TOCSY-COSY-type experiments[1 – 3] have been applied to oligosaccharides, and a

powerful technique of 2D selective-TOCSY-COSY has been published in review

ariticles[4 – 6] on oligosaccharides. This technique generates a 2D COSY spectrum in

combination with the 1D selective-TOCSY spectrum of the desired sugar residue in an

oligosaccharide with subsequent development of the second dimension by the COSY

pulse sequence. However, the published experiments employ magnitude-calculated

COSY with gradient enhancement,[4] which does not give sharp signals, and phase-

sensitive COSY without the gradient technique,[5] from which one obtains largely

dispersed diagonal peaks. These phenomena make it difficult to assign the proton

signals, because some of the cross peaks in a sugar residue are often observed near the

diagonal peaks and are hidden by large diagonal peaks on the COSY spectrum. In order

to solve this problem in general, DQFCOSY techniques have been developed.[7,8] A

DQFCOSY experiment, which can focus on the correlation signal between J-coupled

neighboring protons and can purge the spectrum from unwanted coherence, is a well-

known technique to improve a COSY spectrum. In addition, this technique can reduce

the intensity of such large diagonal signals and make it possible for assignment of

correlation signals observed close to the diagonal peaks. Here we describe a 2D

selective-TOCSY-DQFCOSY experiment (Figure 1) in order to improve the 2D

selective-TOCSY-COSY experiments.[4,5] This experiment contains a concatenated

DQFCOSY-block with a pulsed-field gradient to the selective-TOCSY sequence,

instead of a conventional COSY-block. In this case, all 1H signals of any selected sugar

Figure 1. Pulse scheme for the selective-TOCSY-DQFCOSY experiment. Narrow and filled wide

rectangular pulses denote 90- and 180-degree flip angles, respectively. A shaded wide rectangular

pulse denotes a 180-degree flip angle with shaped pulse. The shape of the 180-degree selective

pulse was RE-BURP[9] and the duration was 80 ms. The duration of the repetition time and the

isotropic mixing time were set to 2.6 s. and 210 ms, respectively. Quadrature detection was

accomplished by incrementing phases of F1 and MLEV-17 via the States-TPPI[10] method. The

following phase cycling was applied unless x indicates otherwise: F 1 = x, �x; F 2 = 2x, 2y,

2(�x), 2(�y); F 3 = 8x, 8(-x), 8y, 8(�y); receiver = x, �x, �x, x. The sinusoidal gradient pulse

length was 1 ms and the ratio was 7.5:–11.5:–23 G/cm for G1:G2:G3.
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component are observed as the diagonal peaks in the 2D spectrum by the selective-

TOCSY period, and the correlation signals between J-coupled neighboring protons are

observed as the cross peaks by DQFCOSY development.

RESULTS AND DISCUSSION

In order to establish the selective-TOCSY-DQFCOSY experiment, we used a

simple disaccharide, lactose. Lactose exits as an anomeric equilibrium mixture, so the
1H NMR spectrum shows three sugar residues, b-D-galactopyranoside, b-D-gluco-

pyranose and a-D-glucopyranose, with its three anomeric signals around 4–5 ppm

(Figure 2). As shown in Figure 3A, by measuring the 2D selective-TOCSY-DQFCOSY

spectrum in which the anomeric proton of the a-D-glucopyranose unit was selectively

excited, the diagonal peaks for a-glucose stand out in bold relief on the 2D spectrum,

and the cross peaks evolved by DQFCOSY are shown as neighboring proton signals

in the a-D-glucose skeleton. Proton signals from H-1 to H-6 in a-D-glucose were

sequentially assigned by connecting the diagonal peak to the cross peak on the

spectrum. The assignment of the signals for b-D-glucopyranose and b-D-galactopyrano-

side units were also obtained by the same method as shown in Figure 3B and Figure

3C, respectively. In addition, in order to improve the intensity of both diagonal peaks

and cross peaks corresponding to the signals from H-1 to H-6 in a-D-glucose, the

isotropic mixing time in the 1D selective-TOCSY experiment was optimized (Figure 4).

Figure 2. 1D 1H spectrum of anomeric region for lactose in D2O. Three anomeric proton signals

were observed a-D-glucopyranose (A), b-D-glucopyranose (B) and b-D-galactopyranoside (C).
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As shown in Figure 4J, the duration of the isotropic mixing time, 210 ms, was the most

suitable for the 1D selective-TOCSY experiment. The same duration was therefore used

for this 2D selective-TOCSY-DQFCOSY experiment. As shown in Figure 3, the

network of proton signals of a selected sugar unit in the oligosaccharide is observed as

the diagonal peaks in the 2D spectrum by use of the first TOCSY period, and the

correlation signals between J-coupled neighboring protons are clearly observed as the

cross peak, including the signals observed close to the diagonal peaks by the second

DQFCOSY development. Even though H-3, H-5, H-6A and H-6B of a-D-glucose are

Figure 3. Expanded plots from H-2 to H-6 region in the 2D selective-TOCSY-DQFCOSY spectra

of lactose. An anomeric proton signal of a-D-glucopyranose was selectively excited (A). b-D-

glucopyranose (B) and b-D-galactopyranoside (C) were selectively excited, respectively. Each of

the 1D selective-TOCSY spectra is shown on the 2D spectrum. Normal 1D 1H spectra are shown on

top of the 2D spectra.
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observed in a very narrow region near the diagonal peaks (Figure 3A), unambiguous

sequential assignment for proton signals of individual sugar component in the

oligosaccharide could be achieved by this method.

In general, D-galactose, N-acetylgalactosamine and L-fucose show a very small

coupling constant between H-4 and H-5. Therefore, the magnetization transfer from H-

4 to H-5 in the above sugars is not efficient in this 2D selective-TOCSY-DQFCOSY

method. In Figure 3C, H-5 in b-D-galactopyranoside unit was barely observed as the

intensity was not enough. In this case, the 2D-TOCSY-NOESY-TOCSY method, which

is an analogue of the 2D-HSQC-TOCSY-NOESY-TOCSY technique,[11] would be a

potential technique to observe resonances from H-4 to H-6.

CONCLUSION

An unambiguous sequential assignment of the proton signals of the a and b-D-

glucopyranose units in lactose dissolved in D2O was achieved by a newly established

2D selective-TOCSY-DQFCOSY experiment. We believe that this experiment can be

applicable to a larger oligosaccharide as well.

Figure 4. Expanded plots from H-2 to H-6 in 1D selective-TOCSY spectra which selectively

excited the anomeric proton signal of a-D-glucopyranose in lactose. The TOCSY isotropic mixing

time was changed as follows: 50 ms (A), 75 ms (B), 100 ms (C), 150 ms (D), 160 ms (E), 170 ms

(F), 180 ms (G), 190 ms (H), 200 ms (I), 210 ms (J), 220 ms (K), 230 ms (L), 240 ms (M) and 250

ms (N).
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EXPERIMENTAL

All measurements for lactose (63.7 mmol mL�1) in D2O were acquired on a

Bruker Avance-400 (1H frequency: 400.13 MHz) spectrometer equipped with an

inverse 5-mm TBI (1H/13C/broadband) probe fitted with a Z-gradient coil. The

temperature was set to 298 K. The pulse scheme of the 2D selective-TOCSY-

DQFCOSY is shown in Figure 1. The data were recorded with a spectral width of 1603

Hz in both dimensions, with 16 scans per FID of 2k data points. Number of t1
increment was 1k data points. The data were zero-filled to 2k and 2k in both

dimensions prior to Fourier transform. A sine-bell window function was applied in

both dimensions.
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