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ABSTRACT 

13C-N.m.r. spectra of several D-@cans, recorded at 100 MHz, have afforded 

information about structural detail not previously accessible at lower frequencies. 

Spectra of (l-+4)- and (l-3)-linked &D&cans of oats, barley, and lichenan of 
Iceland moss demonstrate the presence, in each, of three, non-equivalent, 4-0- 
substituted residues, that the ratio of these to 3-O-substituted residues averages 
2.4-2.5, and hence that the patterns of repeatin g sequences in the three polymers 

are essentially the same. A comparison of wheat amylopectin with a minor, amylo- 

pectin-like fraction of wheat starch indicates that they are strictly analogous in basic 
structure, and differ only in that the average length of branches in the minor fraction 
is 20-25 o/0 shorter. By combining the advantages of high-field operation with the use 

of dimethyl sulfoxide as solvent, a large number of distinctive resonances have been 

observed, representing end-units, branch-points, and residues adjacent to branch- 
points. Accordingly, these signals are even more prominent in the spectrum of 

glycogen, reflecting the higher incidence of branching in this polymer. At 100 MHz, 

the excellent resolution and sensitivity afforded constitute a potent basis for assessing 

the purity of polysaccharide preparations, as illustrated with wheat amylose and 
barley fi-D-@cans. 

INTRODUCTION 

Since the initial study of the ‘3C-n.m.r. spectrum of amylose by Dorman and 

Roberts’, many glucans’=3, as well as a host of other polysaccharides4.‘, have been 

examined by this technique. We now report on observations made on (1+4)- and 

(1+3)-linked /3-D-glucans, and also on amylopectin and glycogen, as a supplement to 
earlier studies of these materials by chemical and enzymic methods. 

The j3-D-glucans examined are prominent constituents of oats and barley6- ‘, 

and include “lichenan”, the main polysaccharideg of Iceland moss. Chemical stud- 

ieslo-ls have shown that the proportion of (I-4)-linkages in these moIecuIes 

exceeds that of (l-+3)-linkages by a factor of at least two. Based on the structure of 
tri- and tetra-saccharides formed from each polymer by degradation with a celiulase, 

and also a laminaranase, it was found’3-‘5 that 4-O-substituted residues occur in 
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sequences of two and, less frequently, three, whereas the 3-O-substituted residues 
occur sin&. Support for the latter arrangement in Iichenan was furnished16 by 
‘3C-n_m.r_ spectroscopy, in that the 62-S-MHz spectrum of the polysaccharide in 
dimethyl sulfoxide exhibited sharp singlets for the C-l and C-3 resonances of 3-O- 
substituted residues. A 25.2-MHz, r3C-n-m-r- spectrum of barley glucan” in deute- 
rium oxide was not sufficientiy resolved for a comparable analysis. It has been 
reported’ *, on the basis of enzymolysis data, however, that some of the 3-O-substi- 
tuted residues in barley glucan are in pairs, and sequences of three. Another possible 
structural variant among the gIucans’5 - IS a slightly higher ratio of (1+4)- to (l-+3)- 
Ii&ages in the cereal glucans than in Iichenan. These are among the items examined 
in the present study, by comparing the ‘3C-n.m.r. spectra of ail three P-D-&CanS, 

under the excellent conditions afforded at an operating frequency of 100 MHz. 
In an analogous manner, lOO-MHz spectra were used to compare the structures 

of two fractions of wheat amylopectin that, previously”, were differentiated mainly 
on the basis of biosynthetic experiments with carbon-14. This aspect of the study also 
is extended to an examination of related features in the corresponding spectra of 
glycogen. 

RESULTS AND DISCUSSION 

j3-D-Glucans. - r3C-N.m.r. spectra of oat and barley /?-D-gIUCanS and lichenan, 
in (CD3),S0 at SO”, were recorded initially at 22.6 MHz. As the three spectra were 
virtually superimposable, that (Fig- 1B) of the oat glucan is representative of the 
group. The corresponding spectrum taken at IO9 MHz exhibits a striking improve- 
ment in resolution (Fig. IC), such that 1s individual signals are observed as compared 
with 11 in Fig. 1 B. Assignments for the signals are listed in Table I, with reference to a 
polymer structure (Fig. 2)’ 3 - ’ 5 consisting of a major sequence (1) in which there are 
two consecutive (l-+4)-linkages, and a minor sequence (2) containing three, per 
(l-+3)-linkage. Most of these assignments appear to be straightforward, because of 
close analogies’ 6 with the spectra of cellulose and laminaran, although one intriguing 
uncertainty concerns the anomeric carbon peaks. As the chemical shifts for C-l in 
Iaminaran and celiulose are 6 103.2 and 102.5, respectiveIy16, the peak at S 103.4- 
103.5 (Table I) might be regarded as due to C-l of the 3-O-substituted residue (b), 
and that at S 102.5-102.6 as due to C-l of 4-O-substituted residues. In the P-D- 

gtucans, however, the anomeric carbon of b is bonded to position 4 of adjacent 
residue Q, whereas, in laminarac, a11 linkages are (143). Analogously, in contrast to 
the arrangement in cellulose, although c is a 4-O-substituted residue, it is linked to 
position 3 of its neighbor (6) Some information bearing on these matters was par- 
nished by spectra of two tetrasaccharides obtained’3-‘5 from a11 three glucans by 
enzymic hydrolysis. 

One of these, released by a cellulase, is 0-/I-D-glucopyranosyl-(i-4)-0-/3-D- 
~ucopyranosyI-(i~3)-O-~-D-glucopyranosyi-(l~4)-~-glucose’3~15, which is rep- 
resented in Fig. 2 by the four residues of segment 3. Freshly dissoIved in (CD&SO, 
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Fig. 1. WI-N.m.r. spectra in (CD&SO of A, tetrasaccharide 3 and (inset) tetrasaccharide 4 (down- 
field portion) at 22.6 MHz and 34”; B, /?-D-ghcan of oats at 22.6 MHz and 80”; and C, j3-D-glucan 
of oats at 100 MHz and 90 ‘_ 

compound 3 was preponderantly in the Sanomeric form, as shown (Fig_ IA) by the 
relative intensities of the C-l signals (6 96.8 and 92.2) of its & and a-reducing end- 
units, respectively. Not surprisingly, therefore, the spectrum of 3 is closely analogous 
to that of the parent polymer, allowing for differences in line width, and chemical- 
shift changes due to the presence in 3 of a non-reducing end-unit that, originally, 
had been a 4-O-substituted residue (d). Accordingly, the peaks at b 77.1 and 70.3 
are attributed to C-5 and C-4, respectively, of the end-unit; this corresponds to a 
downfield shift @effect) of 9.5 p.p.m. for C-4, and an upfieid shift (y-effect) for C-5 
of 0.7 p.p.m., associated with the glycosidic bond attached to C-4 of residue d. 

As the relative disposition of C-l signals is analogous to that in the glucan, the 
problem of assignment is the same. However, the C-l region of the spectrum (inset, 
Fig. IA) of the second tetrasaccharide, wlhich was produced by a laminaranase, 
shows that the anomeric carbons of all of the 4-O-substituted residues need not 
resonate at essectialljr the same frequency. That is, C-l of the 3-U-substituted residues 
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Fig. 2. Representation of a portion of fl-D-ghcan polymer: 1, corresponds to a segment consisting 
of one 3-O-substituted and two CO-substituted residues (6, c. and d, respectively); 2, corresponds 
to a segment consisting of one 3-O-substituted and three CO-substituted residues (b, c, d, and e, 
respectively); 3, corresponds to a tetrasaccharide formed from the polymer by cellulase, in which D 
is the reducing end-unit, d is the non-reduciq end-group, and b and c are internal residues; 4, 
corresponds to a tetrasaccharide formed from the polymer by Iarninaranase, in which b is the reducing 
end-unit, e is the non-reducing end-group, and c and dare internal residues. 

of this tetrasaccharide, O-/3-D-glucopyranosy1-( 1 +4)-O-/I-D-glucopyranosyl-( 1+4)- 
0-jJ-D-glucopyranosyl-( 1 -t3)-D-&cose13*’ 5 (corresponding to segment 4, Fig. 2), 
is not represected in the region downfieid of 6 100, because it is at the reducing-end_ 
Nevertheless, the peak at S 103.9 corresponds to those furthest downfield in the other 
two spectra, suggesting the possibiiity that, in all three instances, the least-shielded 
carbon is C-l of 4-O-substituted residue c, engaged in the (l-+3)-linkage. Ofcourse, 
this may require that linkage conformations remain the same. 

An analogous problem pertains” to the proton n.m.r. signals of these glucans. 
The 400-MHz, ‘H-n.m.r. spectrum of lichenan contains one doublet at 6 4.47 and 
(at least) two overlapping doublets at 6 4.37 and 4.34 (Fig. 3). Although H-l ’ of 
/I-laininaribiose resonates at lower field than H-l’ of j%cellobiose (S 4.63 v.s 4-51 in 
DKUZ1, it is not certain” as to which anomeric proton in Iichenan produces the 
signal at 6 4.47. Thus, it has not yet been feasible to use selective ‘H-decoupling to 
confirm C-l assignments in the j?-D-glucan spectra. 

As the signals in Fig. 1B for C-4 (a 79.9) and C-3 (S 87.0) engaged in the inter- 
residue linkages are xell separated, their integrals were used to estimate the ratios 
of (1+4)- to (1+3)-linkages. To ensure that the results for the three glucans were 
directly comparable, uniform experimental conditions were employed, in&ding 
repetition times that were several-fold longer than the approximate TI values (<OS 
sec.). The proportions of (1 -+&I- to (143)~linkages were found (Table II) to vary 
from 2.2 to 2.7. 

In all, 18 individual signals are observed in the lOO-MHz spectrum of oat 
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TABLE I 

13C-N.M.R.RWNAVC~SSPE~OFB-D-GLUCANS~AND TETRASACCHARIDES 3 AND 4b 

Oat glucan cnnpound 3 Compound 4 

Chemical shifr (aj at Carbon Chemical Carbon Chemical Carbon 
22.6 MHz ZOO MH. assfgnment shtyt (Sj c assignment shift (6)~ assignment 

103.5 
102.6 

87.0 

79.9 79.96, 79.73 
79.9 79.63 
76-4 7610 

75.1 74.92-74.82 
74.8 74.59-74.31 
73.4-73.1 73.45-72.97 

72.4 72.12 

68.4 6E.27 
60-S 63.74 

60.5 60.34 

103.36 
102.45 
102.33 > 

86.87 

Ic 104.2 
Ia,b,d 102.8 

96.8 
92.2 

36 87.8 

4a,c 80.8 
4d 77.1 
56 76.6 

76.3 
3a,c,d 75.1 
Sa,c,d 74.9 
2a,c,d 73.9 

73.2 

26 

46 
66 

kc,d 

72.2 
7i.5 
70.3 
68.6 
61.2 
GI.O-60.6 

Ic 
Ib,d 

la0 
la(a) 
36 

4a,C 
5d 

:: 
34.C 
Sa,c 
2c 
WA 

26 
Wcr) 
4d 
46 
66 

6a,c,d 

103.9 
103.5 
103.0 
96.6 
92.0 
88.2 
85.2 
80.7 
77-P 

76.7 76.4 
75.0 
74.6 
73.8 
73.5 
73.2 
72.2 
71.2 
70.2 
68.8 
61.8 
61.CMO.5 

lc 
ld,e 

lb(B) 
lb(a) 
36cB) 
36(a) 
k,d 
5e 
5b(@ 
3e 
3c,d 
5c,d 
2c 

2b(I?) 
2d 

26(a) 
4e 
46 
6b 
6c,d>e 

-Data listed are for the /?-D-glucan from oats, although barley glucan and Iichenan gave closely 
similar sets of data. *Chemical shifts in p-p-m. relative to tet&methylsilae_ CRecorded at 22.6 MHz. 

s 4.5 4.4 4.3 

Fig. 3. Partial, 400-MHZ, 1H-n.m.r. spectrum of lichenan in 9S:S (CD&SCLD~O at go"_ 
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TABLE IL 

RATIOS OF (l-4)- TO (l-+$LNKAGES LN /?-E-GLUCANS 

Relative areas of 13C-n.m.r. resonances 

22.6 _MHz 100 MHz 

c4/c-3 c-4/c-3 c--r103/c-Ilo”= 

Oat ghxan 2.2 2.6 2.3 
Barley ducan Z.? 2.6 2.3 
Lichenan 2.4 2.2 2_4b 

C-1 peak at b 103.4, compared with those at d N 102.4. bThe ratio of integrals ior H-l peaks at 6 4_4- 

4.3 to that at 3 4.47 (Fig. 3) was 2.6. 

glucan. However, as some obviously represent more than one carbon, the glucan 
cannot be constituted solely of sequence 1. The fact that signals in Fig. IC attributed 
(Table I) to C-2 to C-6 of 3-O-substituted residues are al1 reIativeIy sharp singets 
adds weight to the earlier evidence r3-16 that most of these residues occupy isolated 
positions within the linear polymer- 

Of particular significance is the distinct presence of thee resonances (at 6 79.9, 
79.7 and 79.6) attributable to C-4 nuciei located in glycosidic bonds. This observation 
is in accord with the reported’3*‘5*15a occurrence of three different types of 4-O-substi- 
tuted residues in sequences 1 and 2 and also, as one of these resonances is relatively 
minor, with a lower incidence of sequence 2 in the polymer. The minor signal at 
8 79.6 must be that of C-4 of the central PO-substituted residue (d) in 2; from the 
appearance of the signals at 6 102.5 and 102.3, C-l of this residue probably resonates 
at t!;e more downfield position, thereby contributing to the increased height of the 
sigcai at that position. Anaiogously, C-2 of the same residue probably augments the 
relatively strong signal at 6 73.5, while C-3 and C-5 augment the tallest signals at 
6 74.3 and 74.5. 

In the proton-coupIed, ‘3C-n.m.r. spectrum of the oat gIucan, splitting of the 
various anomeric carbon signals due to direct couphng with anomeric protons, 
although partially masked for the signals at 6 102.5 by overlap, was uniformly close 
to 160 Hz, as anticipated**” for the J3-D-&CO con+ration throughout_ 

In the IOO-MHz spectrum of barley glucan (Fig. 4), there are 18 signals that 
correspond in chemical shift and relative intensity to those described for the oat 
ghrcan. However, one also finds many minor signals, including weak resonances at 
6 96.5 and 92.0 attributable to aldoses, none of which were evident in the 22.6-MHz 
spectrum. There is no apparent relationship between this group of signals and the 
spectrum of the glucan. Presumably, they are due to carbohydrate contaminants, 
because their chemical shifts are not characteristic of such other possibilities as protein. 

The IOO-MHz, r3C-n.m.r. spectrum of Iichenan is a close counterpart of the 
spectrum of oat ghrcau, and hence is of comparabIy better quality than that ob- 
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Fig. 4. 13C-N.m.r. spectrum at 100 MHz of /?-D-glucan of barley in (CD&SO at 90”. Inset, 6 W-88 
region of the corresponding spectrum of lichenan. 

tained16 at 62.8 MHz. Seen in the inset of Fig. 4, which illustrates the spectral region 

of S SO-88 for lichenan, is the same distinctive pattern of C-4 and C-3 signals as 
observed in the spectra of the oat and barley glucans. 

Overall, therefore, these spectral data confirm the earlier evidence, obtained 

by enzymic degradation, that the three B-D-&cans are constituted basicaIIy of 
sequences of 1 and 2. The ratios of (l-4)- to (1 -t3)-linkages, estimated from integrals 

for the C-3 singlet at S 56.8 and the group of C-4 signals at 6 -79.8, are given in 
Table II. Also, as the C-l singlet at 6 103.4 was almost fully resolved from the com- 
posite C-l signal at 6 - 102.4, an additional set of ratios was estimated from this 

pair (Table II). VaIues in Table II vary from 2.3 to 2.7, for an average of 2.4-2.5 
(l-4)-Iinkages per (l-+3)-Iinkage, or an -2 : 1 ratio of sequences 1 and 2. In our 
earlier studies, the isolated yields of enzymolysis products from the three polymers, 

and also periodate-oxidation data, indicated that Iichenan ccntains a slightly lower 
proportion of (l-4)-linkages than do the cereal gluczns. In conjunction with the 

periodate resuIts13*15, it is worth noting that barley glucan was more e_Xtensively 
overoxidized” than oat gIucan, and even more so than lichenan. Hence, the evidence, 
from reducing-end C-l signals in the spectrum of barley glucan (Fig. 4), of the 

presence of short-chain components helps to account for this difference observed in 
chemical properties. In comparing the enzymic data with the n.m.r_ spectra, allowance 
must be made for the factX3*15 that 15-25 % of each glucan did not yield identifiable 
products, whereas the structural information given by the IOO-MHz spectra presented 
here sureIy represents a higher percentage of each polysaccharide. Consequently, 

we see no basis for maintaining that there are significant differences between the three, 
in terms of linkage ratios or of linkage sequences. 

Anzylopectins. - In biosynthetic studies of the formation of wheat starch’ g*23, 

separation of the amylose and amylopectin components1g was accompanied by the 
isolation of a third fraction amounting to -5 % of the starch. Although this minor 
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Fig. 5. 13C-Nm_r_ spectra at 100 MHz and 90” in (cD3)SO of A. wheat amylose; B, main fraction 
of wheat amyiopectin (‘2”); and C, minor frxtion of wheat amylopeztin (72”). 



111 

191 

“o~o~o&~~ 
HC3 rococo_ 

HO HO HA 

(Cl Ibl (PI 

Fig. 6. Representation of a portion of the amylopectin or glycogen molecule; n corresponds to the 
number of repeating sequences of residues e and f commensurate with the length of the branch. 

TABLE III 

13C-~.~~.~.~~~~~~~~ lOO-MHZSPECXZA OFAMYLOPECFINSAND GLYCOGEN 

Carbon 
assigm~ent 

Chemical shift (&)a 

Amylose Amylopectbi “B” Amylopectin “C” GIycogen 

c-1 0 
C-l (u,c,d) 
C-l 

C-4 @,c,d) 

C-4 

c-3 

c-2 

c-5 

C-4 0 
C-6 &) 
C-6 

100.43 
100.20-100.06 

99.86 99.82 
99.69-99.65 

j 79.29 
179.17-78.88 

78.77 78.71 

73_24-73.16 
73.07 73.04 

72.41-72.00 
71.93 71.89 

71.73-71.60 
71.48 71.45 

71.29 
70.13 
60.95 

60.50 60.47 
60.34 

100.44 
100x-99.90 
99.82 

79x3 
79.17-78.87 
78.72 
78.59 
73.25-73.16 
73.04 
72.41-72.01 
71.89 
71.71-71.54 
71.45 

70.14 
60.94 
60.47 
60.35 

100_54 
100.34-100.06 
99.8699.47 
98.88 
79.40 
79.28 
78.94 
78.71-78.29 
73.79 
73.24 
72.52 
72.05 

71.70 
71x-70.47 
70.27 
61.13 
60.60 

OIn p.p.m. relative to tetramethylsilane. 

fraction incorporated administered carbon-14 tracer at a notably different rate than 

the amylopectinz3, it was “amylopectin-like” in terms of its beta-amylolysis and 

periodate-oxidation characteristic?’ . -We have re-examined the strzuzture of the minor 
component (designated amylopectin “C”), by comparing its 13C-n.m.r. spectrum 
with that of the main amyIopectin material (‘TV’). 
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Isolation of the amyiose fraction entailed’ ’ _ its crystalhzation in the form of a 
complex with 1-pentanol. Although this procedure effectively separated it from 
amylopectin, as shown by iodine absorption measurementsrg, the 100-MHz, 13C- 
n.m.r. spectrum of the amylose in (CD&SO at 90” (Fig. 5A) suggests that a small 
proportion of amylopectin had been retained. Thus, the very weak signals at B 100.4, 
79.3,72.5, 70.2, and 60.9 are much more prominent in the spectrum of amylopectin B 
(Fig. 5B), and even relatively stronger in that of amylopectin C (Fig. 5C). Neverthe- 

less, the latter two spectra are dominated by six major signals attributabIe to muItipIes 
(n) of residues e and f (represented in Fig. 6) that comprise the main segments of 
branches in amyIopectin_ As e and f are structurahy anaIogous to the residues in 

amylose, the chemical shifts of these six signals coincide with those in Fig. 5A for 

amylose (Table III). 
The minor resonances just cited appear to form a distinctive group in the 

spectra in Figs. 5B and 5C. A probable origin of these signals is the reducing end- 
unit of branches (g, Fig. 6). That is, the most reasonable assignment (Table III) for 
the peak at S 70.1 is an unsubstituted C-4, which occurs only in an end-unit_ Hence, 
the other three peaks would be C-I, C-2 (or C-3), and C-6, respectively, of the same 

unit. In addition, there are two clusters of minor C-l and C-4 signals at 8 - 100 and 
- 79 in Figs_ 5B and 5C. It is apparent from expansions of these regions (Figs. 7B and 
7C) that the numbers of peaks resolved, and their chemical shifts, are the same for 
both amyiopectins. The most likely source of so many non-equivalent C-l and C-4 

peaks (Table III) is the group of residues contiguous with a branch-point (b), i.e., 
a, c, and d in Fig. 6. 

In view of the fact that each signal in the spectrum of amylopectin C has a 
close counterpart in that of amyIopectin B, the minor component of the starch appears 
to contain only structures that are typical of an amylopectin, and the basic arrange- 
ment of branching within the two polymers must be closely analogous_ Evidently, 
however, the difference between them in relative signal intensities is a reflection of 

differences in average chain-lengths. An estimate, based on the ratio of integrals for 
the C-6 signals of end-units (at 8 60.9) and those of the other residues (6 60.5), 
indicates that chains of amylopectin B are - 25 % longer than those of amylopectin C. 
That is, the latter would contain proportionately fewer multiples (n, Fig. 6) of 

residues e andf. This result is in reasonable agreement with previous measurements” 
of a IO-1 5 % difference, based on the release of maltose by belia-amylolysis, although, 
by contrast, periodate end-group analysis indicated no significant difference between 

them. 
Because of the excellent quality of the present ‘3C-n.m.r_ spectra of amylo- 

pectins B and C, and the facts that there are striking analogies between their chemical 
shift patterns and that differences are confined to the relative intensities of signals, 

we submit that fraction C is properly designated an amylopectin, characterized by 
unusually short branches. Hence, it is distinct from the main amylopectin component* 

-- 
*Indeed, amylopectin B itself exhibitslg heterogeneity on the basis of carbon-14 incorpcration rates. 
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Fig_ 7. Sections of IOO-MHz spectra in (CD&SO (90”) of A, glycogen (commercial); B, amylopectin 
B; and C, amylopectin C. The ratter two are expanded sections of Figs_ 5B and 5C, respectively. 

of wheat starch in constitution, as well as in its biosynthetic and solubility characteris- 

tics. 
Glycogen. - The average chain-length of branches in glycogen is much shorter 

than in amylopectin2”*25 -about one-half of the chain length of amylopectin B. 
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Accordingly, signals attributable to end-units (g) are found to be correspondingly 
more prominent in the spectrum of glycogen, as seen from expanded sections of the 
latter spectrum (Fig. 7A) in relation to corresponding sections of the two amylo- 

pectin spectra (Figs. ?I3 and 7Cj. For example, compared to the main C-6 signal 
(6 60.5), the intensities of the C4 signal at 6 70.1 and the C-6 signal at 6 60.9, attributed 
to end-unit g, increase in the order glycogen > amylopectin C > amylopectin B. 
Similarly, a consistent trend is found on comparing Figs. 7A, B, and C, in the 
progressively increasing importance of the groups of minor C-l and C-4 signals 
ascribed to residues CI, c, and d (Table Iii), all of which should become more populous 
with a decrease in average chain-length. Nevertheless, there appears to be a slight 
difference between glycogen and the amylopectins in the distribution of chemical 
shifts within these grcups of C-l and C-4 signals, which probably reflects variations 
in the arrangement of branching within these two classes of polymers24*25. 

Three broad resonances are apparent in the spectrum of intact giycogen shown 
in Fig. SA, i.e., at S -99,71, and 67. As the chemical shift of the latter is close to that 
expected fcr O-substitution at C-6, the signal probably comes from branch-point 6. 
A relatively low rate of segmental motion for this 4,6-di-U-substituted residue may 
account5 for the breadth of its signals: by implication, the other two broad signals 
are designated C-l and C-5 of residue 6. In accord with these considerations, the 
spectrum of amylopectin C also contains corresponding resonances although, there, 
they are relatively weaker, and are barely discernible in the spectrum of amylopectin 
B (Fig. 5). 

An additional fact concerning many of the minor peaks in these spectra is that 
they were no: observed previously5V’6 with deuterium oxide solutions of amylopectin 
and glycogen at 25 MHz. Thus, neither the C-6 signal of end-unit g, nor the C-l and 

C4 signals of Lz, c, and d were detected, even with the aid of resolution enhancementz6. 
This marked distinction between the earlier spectra and the present ones is due 
primarily to the difference in solvent used CD,0 vs (CD&SO] rather than to the 
operating frequency of the spectrometer. Indeed, several of the minor signals were 
evident in the 22.6-MHz spectra as shoulders of major peaks. 

The solvent effect on 13C-n.m.r. spectra of these polymers is amplified by a 
comparison of glycogen in D20 and in (CD,)$O (Fig. 8). Although line widths are 

narrower in the aqueous medium, far fewer individual peaks are observed than is 
commensurate with the large variety of non-equivalent types of residues in glycogen. 
The absence of a distinct resonance for C-6 of end-units, in particular, may be 
regarded as anomalous* 6 in the light of extensive studies on several classes of a-D- 

glucans. It is not apparent why this signal appears when (CD,)sSO is used, although 

the overall solvent effect is probably related to differential modes of solvation of the 
residues in main-chain se_pments cf) as compared with residues (a, c, and d) in 
the vicinity of branch-points, or with end-units (g). Therefore, because many water- 
soluble polysaccharides are also readily soluble in dimethyl sulfoxide, it may be 
beneficial to employ both solvents in 13C-n.m.r. studies of polysaccharides, especialIy 
those that are branched_ 
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Fig. 8. 13C-N.m.r. spectra at 100 MHz and 90” of gJycogen: A, in (CD&SO (corresponding to 
Fig. 7A); and B, in DzO. 

Methods of preparation have already been described for oat and barley 
gIucans’3, lichenan15, and amylopectins B and C lg. 13C-N.m.r. spectra were recorded 
with a Bruker WH-400 or WH-90 spectrometer operating at 100 MHz or 22.6 MHz, 
respectively. A spectral window of 5000-6000 Hz was used, and the cycling time was 
2 s, for a flip angle about 75 % of the 90 o pulse. Sample concentrations for the /I-D- 

glucans and the amylopectins were 90 mg.!mL of (CD,),SO at 22.6 MHz, and 45 
mg/mL at 100 MHz, whereas for glycogen the concentration was 150 mg/mL at 
either 22.6 MHz or 100 MJXz. A total of -50,ooO scans was accumulated for the 
/?-D-g&an spectra, and 10,000-20,000 scans for the spectra of the amylopectins and 
glycogen. Chemical shifts (6) are referenced to tetramethylsilane, using the (CD&SO 
signal at 6 39.6. 
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