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130 CHEMICAL SHIFTS OF SOLID (1-4)-o-D-GLUCANS BY CROSS POLARIZATION/MAGIC
ANGLE SPINNING (CP/MAS) NMR SPECTROSCOPY. CONFORMATION-DEPENDENT ]3C CHEMICAL
SHIFT AS A REFERENCE IN DETERMINING CONFORMATION IN AQUEOUS SOLUTION

Hazime SAITO” and Ryoko TABETA
Biophysics Division, National Cancer Center Research Institute, Tsukiji 5-chome,
Chuo-ku, Tokyo 104

130 chemical shifts of linear and cyclic amyloses in solid state were measured by

cross polarization/magic angle spinning (CP/MAS) NMR spectroscopy. It is found
that rapid conformational isomerism occurs in aqueous solution for amylose and its
linear oligomer with lifetime <1O'3s with reference to the conformation-dependent
]3C chemical shifts obtained in solid state.

3C chemical shifts of backbone-carbons are very sensi-

Previously, we have demonstrated that 1
1) po]ynuc]eotidesz) and poly-

tive to conformational changes of biopolymers such as polypeptides,
saccharides.3’4) Such a sensitivity, however, is in many instances obscured by the presence of
rapid time-averaging of chemical shifts from different conformers caused by conformational isomerism,
if 1ifetime of a certain fixed conformer is short compared with NMR time scale. Thus, it is es-
sential to have a knowledge whether 13c chemical shifts under consideration are time-averaged or not
for the application of ]3C NMR spectroscopy to the conformational problems. In principle, this can
be done by observing conformation-dependent ]3C chemical shift as a reference if an appropriate
compound with known fixed conformation is avai]ab]e.1'4) Such a procedure, however, cannot always
be achieved for many cases, especially for oligo- and polysaccharides to be studied in this paper.

An alternative but more general approach is to compare the ]3C chemical shifts in solution with

those in solid states) when conformation of the latter is known by X ray diffraction or other.

Here we demonstrate the latter approach to reveal the conformation-dependent ]3C chemical shift
of (1+4)-0-D-glucans (amyloses) as a reference in probing conformation in aqueous solution. Typi-
cally, amylose in anhydrous crystalline form is known to adopt left-handed six-fold helix (V form).ﬁ)
Conformation-behavior in aqueous solution, however, is a matter of dispute: tight he]ica1,7) extend-
ed helicala) and random-coiled structuresg) have been presented. In addition, it was previously
pointed out]O) that substantial upfield displacements of the ]3C chemical shifts (of C-1 and C-4
signals) in neutral aqueous solution of amylose with respect to those of cycloamyloses could be
ascribed to the presence of the conformational isomerism in the former.

Amyloses with DP's 25 and 100 are products of Hayashibara Biochemicals (EX-1 and 111, respec-
tively). Cycloamyloses and maltotriose were purchased from Seikagaku Kogyo, Tokyo. Mostly, pow-
der samples as received were used for the CP/MAS experiment]] "V" amylose was prepared by a pro-
cedure of crystallization with n-butyl alcohol followed by drying at 40° for 24 h, 12 Amyloses in
aqueous solution (20 mg/ml1) were prepared by dissolving the powder samples to D20 at pH 13 followed
by neutralization to pH 7. 75.46 MHz ]30 CP/MAS and ordinary high resolution NMR spectra were
recorded by a Bruker CXP-300 spectrometer with and without a CP/MAS accessary, respectively.
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Fiqure 1. 75.46 MHz ]3C CP/MAS NMR spectra of Figure 2. 75.46 MHz ]3C CP/MAS NMR spectra of
amylose and its oligomer in solid state. A."V" amy- cycloamyloses in solid state. A. Cyclohexaamy-
lose(DP 100), B.Amylose powder(DP 100), C.Amylose lose, B. Cycloheptaamylose, and C. Cyclooctaamylose.
(DP 25), and D.Maltotriose. Peaks designated by + Spectral condition for Figs.1 and 2 is the same

are from the rotor. as that of ref. 5.

13

80 20 PPM

It appears from Figure 1 that the '“C signals of C-1, C-4 and C-6 of amylose and its oligomer
are well resolved but the C-2, C-3 and C-5 signals are overlapped because of increased linewidths
compared with those in aqueous solution (Table 1). Nevertheless, the extent of peak separation is
excellent for the present purpose, because 13C signals from carbon at the glucosidic linkages (C-1
and C-4) are mainly sensitive to conformational changes. For the high molecular weight amylose
(DP 100), there appears very little change of the ]3C chemical shifts between amylose powder (as
received) and "V" amylose, except for the substantial narrowing in the linewidths in the latter.
Thus, the improved crystallinity in the present "V" amylose sample seems significantly to contribute
5) ]3C chemical shift is sensitive
to the intramolecular contribution such as conformation of molecular chains rather than that of

to the narrowing of the linewidths. As pointed out previously,

packing of molecules to the crystalline portion. For this reason, major conformer in the amylose
powder is not strongly deviated from that of the "V" amylose as viewed from the similarity of the
chemical shift positions, although a significant dispersion of the chemical shifts due to the super-
position of conformers slightly deviated from the "V" amylose structure is mainly responsible for
the increased linewidths in fhe amylose powder.

Another interesting feature is that the C-1 ]30 chemical shift of the lower molecular weight
amylose (DP 25) is shifted upfield by amount of 3 ppm as compared with that of the high molecular
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Table 1. Comparison of ]3C chemical shifts of (]+4)-a-D-g1ucans'in solid state with those in
aqueous solution (pH 7)(ppm from TMS;+ 0.5 ppm for solid samples)t**

Linear glucans Cyclic glucans
AmyTose(DP 100) Amylose(DP 25) Maltotriose Cyclohexa- Cyclohepta- Cycloocta-
amylose amylose amylose
solid soln. solid soln. solid soln. solid soln. solid soln. solid soln.
C-1 102.6 100.3 99.5 100.3 102.9 99.8 101.5 102.5 102.8 102.5 101.2 102.4
104.2 103.2
C-4 82.4 77.9 82.9%r 77.9 82.8 77.0 81.2 81.9 82.0 81.8 82.2 81.2
~78 * 85.2
c-3 74.2 74.2 73.4 74.0 73.8 73.6
c-2 73.2 72.4 72.1  72.4 73.7 72.9 72.5 72.7 72.5 72.7 72.9 73.0
C-5 72.0 72.0 71.8 72.4 72.5 72.5
C-6 62.4 61.4 61.8 61.4 59.5 60.5 60.5 61.2 58;8 61.0 58{6 61.0
e 63.4 64.4 62.3

t Assignment of peaks based on refs. 11 and 13. ++ Peak-intensity decreased to~50%.

* Displaced peak at the shoulder of C-2,3,5 signal. ** The s]]ght difference of the 3c chemical
shifts observed in aqueous solution with those from ref. 11 is due to the magetic susceptibility
effect in the iron magnet system.

weight amylose (Table 1). In addition, the peak intensity of the C-4 signal in this case is

substantially decreased {~50%) compared with that of the high molecular weight amylose. It is

Tikely that the suppressed peak-intensity of the C-4 signal is caused by the upfield displacement

(~5 ppm) resulting in superposition upon the intense C-2,3,5 signals as manifested from the en-

hanced shoulder peak and consistent w1th the concomitant upfield displacement of the C-1 signal

mentioned above. Interestingly, the C chemical shifts of the C-1 and C-4 (superimposed on the
shoulder of the C-2,3,5 signals) of Tow molecular weight amylose in solid state are very close to
those obtained in aqueous solution (pH 7, see Table 1).  In contrast, maltotriose is found to give
rise to the 13 C chemical shifts of the C-1 and C-4 similar to those of the high molecular weight
amylose in solid state. Again, the ]3C chemical shifts in aqueous solution are substantially
deviated from those observed in solid state. These findings strongly suggest that the ]30 chemi-
cal shifts of maltotriose in aqueous solution and low molecular weight amylose both in solid and
solution states are time-averaged by rapid conformational isomerism, resulting in the conforma-
tional behavior Tike random-coil. The presence of the conformational isomerism in solid state of

Tow molecular weight glucan is consistent with our previous finding on (1+3)-B-D-glucans.5) On the

contrary, the ]3C chemical shifts of high and Tow molecular weight amyloses are identical in

aqueous solution (Table 1).  Therefore, the substantial differences of the ]3C chemical shifts

(C-1 and C-4) of the high molecular weight amylose between solid and solution states should be

ascribed to the rapid conformational isomerism in aqueous solution. Nevertheless, it was shown

on the basis of circular dichroism spectra that amylose and its oligomers adopt similar helical
conformer in aqueous solution to that of the V form. Obviously, such a discrepancy arises from
differences in time- sca]e of observation between NMR and optical methods. On the basis of the
conformation- dependent C chemical shifts and well-known formula of chemical exchange process,15)

the lifetime of the helical conformer in aqueous solution is estimated as shorter than 10~ 3

Figure 2 shows 130 NMR spectra of a series of solid cycloamyloses. As expected from the
similarity of the conformational ang1esl6) with those of the V amylose, the ]3C chemical shifts of
the C-1 and C-4 of cyclohexaamylose are very similar to those of the high molecular weight amylose
in solid state. Unexpectedly, however, those ]3C signals of cyclohepta- and cyclooctaamylose are

14)
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splitted into at least two sets of signals. We found that in aqueous solution these compounds
gave only six resolved signals and no substantial difference of the chemical shifts was observed
between solution and solid states, in contrast to the case of the linear (14)-u-D-glucans as
mentioned above. Accordingly, such a splitting of peaks should be ascribed to the presence of at
Teast two kinds of different conformers in solid state. This may be explained in terms of the
presence of distorted glucosidic linkages due to less symmetrical nature of "empty" cycloamyloses,
as pointed out by Saenger and coworkers for cyc]ohexaamy]ose.]7)

Interestingly, another class of conformation-dependent ]3C chemical shift is also seen as
obvious splittings of the C-6 signals caused by several different orientations of the hydroxymethyl
groups with respect to the C(5)-0(5) and C(5)-€(4) bonds in maltotriose, "V" amylose and cycloamy-
loses (Figs. 1 and 2). As expected, the magnitude of the maximum displacement of the ]3C shifts
is almost the same as that of the carbons at the glucosidic linkages. More detailed account of
these conformation-dependent ]3C chemical shifts will be described elsewhere together with the
effect of formation of inclusion complex.

In conclusion, the ]30 chemical shifts of amylose and its oligomer in aqueous solution are
modulated by rapid conformational isomerism around the glucosidic Tinkage with reference to the
conformation-dependent ]3C chemical shifts obtained from the solid-state ]3C NMR measurements.
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