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ABSTRACT 

To gain further insight into the architecture of the gel network of some branched 
(1 +- 3)-/3-D-glucans, a 13C-n.m.r. study of sodium hydroxide-induced, conformational 
change was performed. The branched D-glucans examined were lentinan from Lmtitzzcs 

edodes, a lower-molecular-weight fraction thereof, and schizophyllan from Scllizo- 
pl?ylhm convmne; these (I -+ 3)-P-D-glucans have two branches for every five D- 

glucopyranosyl residues (lentinan), or one for every three or four (schizophyllan) at 
O-6. In contrast to the gel of linear (1 -+ 3)-D-D-glucan (curdlan), all of the 13C signals 
due to the &o-(1 + 3)-linked D-glucosyl residues were completely suppressed in the 
gel state. As the peak intensity and line width of the 13C-resonance peaks for the gel 
state are strongly influenced by the degree of cross-linking, such a complete loss of the 
peak areas can be explained in terms of a higher degree of cross-linking than that of 
the linear D-glucans. As demonstrated previously, the cross-links involve physical 
association of the helical segments, such as the double- or triple-stranded helices. 
These helix forms were found to be converted, at 0.2b1 sodium hydroxide, into the 
random-coil form (gel-to-sol transition), which gives rise to full peak-areas, because of 
complete breaking of the physical cross-links. Also, in contrast to the linear D-glucan, 
such helix-coil transition of the branched D-glucans proceeded in a noncooperative 
way: the peak intensity and line width gradually changed with the concentration of 
sodium hydroxide_ This behavior is best interpreted in terms of distribution of the 
various degrees of cross-linking_ Some loose cross-links are readily broken in the 
lower range of concentration of alkali (o.ogM), and others are resistant until complete 
conversion into the random coil occurs (0.2211). This result is consistent with the view 
that the primary structure of the branched (1 + 3)-/?-o-glucans is highly branched, as 
in a tree-like structure. 

~To whom enquiries should be addressed. 
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INTRODUCTION 

Recently, it has been demonstrated that PC-nucIear magnetic resonance 
(mm-r.) spectroscopy is a very powerful tool for studying the architecture of the net- 
work of various types of gels, such as those of polysaccharidesl-4 and chemically 
cross-linked gels”, 6. Apparently, in such gels, all parts of the moIecuIes do not always 
contribute to the 13C-resonance signaIs: considerable proportions of the peak areas 
are lost1-4*6, depending upon the extent of the cross-linking4p6, either by covalent 
bonds chemicalIy introduced, or by physical association of constituent polymers. 
Such an apparent loss of the peak areas could be ascribed to the regions of the cross- 
links and to segments in their vicinity, their rate of molecular tumbling being too sIow 
to give hinh-resolution 13C-signaIs. In some instances, I%-n.m.r. peaks of the back- 
bone werecompletely Iost, as with the gels of r-carageenan’ and branched (I -+ 3)-p- 
D-glucans1p3. For the latter, however, we reported that the 13C-resonance peaks char- 
acteristic of the helix form (downfield displacement of the C-l and C-3 signals by 3.0 
and 2-S p-p-m_ with respect to the random-coil conformation, at pH 7) can be clearly 
seen in the presence of low concentrations I73 of alkali. For this reason, the cross-links 
of the branched (1 + 3)-P-D-glucans might be essentially the same as those in the 
linear (I + 3)-/?-D-glucan ?, the structure of which is composed of muItipIe-stranded 
helices. The presence of single and triple helices was recently confirmed by X-ray 
diffraction studies of curdlan and lentinan in the fiber states-Il. 

Thus, such a complete loss of the peak areas in the spectra of gels of the 
branched D-gIucans might be expIained in terms of the presence of a higher degree of 
cross-Iinking compared with that of the linear D-gIucan, as the peak intensity and line 
width of the 13C-resonance signals could be strongly influenced by the degree of the 
cross-linking4.“. In order to delineate the architecture of the gel network, we have 
undertaken a 13C-n-m-r_ study of sodium hydroxide-induced, helix-coil transition of 
the branched D-glucans, because stepwise addition of sodium hydroxide is a very 
effective means of successively breaking the physical cross-links. There exist various 
degrees of cross-linking in the branched D-ghlCaIlS: some loosely held cross-li_nks are 
broken in the presence of low concentrations (<0.09,&Q of alkali, and others are 
resistant until complete conversion into the random coil occurs. This observation is 
consistent with the view that the backbone is highly branched, as in a tree-like struc- 
ture. 

EXPERIMENTAL 

Materials. - Materials used were branched (1 -+ 3)-j?-D-glucans isolated from 
fun-i. Lentinan”l13 (from Lentims edodes), having a backbone consisting of P-D- z 
(1 -+ 3)-linked D-glucosyl residues containing branch points (two for every five 
D-glucosyl residues) at O-6 for p-~-(1 +- 6)-linked (8%) and /3-D-(1 + 3)-linked D- 
glucosyl residues, was provided by Dr. G. Chihara of this Lnstitute. Low-molecular- 
weight D-glucan from lentinan (fraction IV) was prepared with formic acid as de- 
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scribed13. SchizophylIan14 (from Schizophylhtm comnzune), which has a p-~-(1 -+ 3)- 
Iinked backbone carrying at O-6 a singIe D-glucosyI group, was a gift of IX. S. Kiku- 

moto of Taito Co., Ltd. These sampIes did not give aqueous solutions (100 mg/mL) at 
neutral pH, but formed soft geIs. In contrast to curdIan I3 140 [a bacterial, Iinear 
(I -+ 3)-P-D-glucan], no elasticity was gained, even if these branched D-ghICaUS were 
heated at temperatures up to 70” and cooIed to room temperature. 

1 sC-N_n2_r. spectroscopy. - 13C-N.m.r. spectra were recorded with a JEOL 
PFT-lOO/EC-100 spectrometer operating at 25.03 MHz. The 90” pulse, requiring 20 
,US, was used to accumulate the free-Induction decays, with a repetition time of 0.6 s. A 
delay time (250 ,US) was introduced between the end of the 90” pulse and the acquisi- 

tion of the first data-point. All spectra were recorded by using 4K data points and a 
spectra1 width of 4 kHz. 13C-ChemicaI shifts are expressed in p-p-m_ downfield from 
externai tetramethylsilane. The line width was taken as full width at half-height in an 
expanded spectrum, with an estimated error of &IO to -&20%. The ‘spin-lattice 
relaxation-times were obtained by usin g the pulse sequence of lSO”-t-90”, with an 
estimated error of & 10%. Nuclear Overhauser enhancements (nOe values; maximum 
value, 3) were measured by the gated-decouplin, * method (& 15’/Q. To monitor the 
conformational transition, cont. sodium hydroxide solution was added stepwise to 

samples contained in IO-mm (o.d.) sample-tubes. 
Interaction with Congo Red. - The complex-formation of the branched D- 

glucans (1 mg/mL) with Congo Red (3&t&l) was evaluated from the shift in the visible 

absorption maximum of Congo Red induced by the presence of D-glucans in O-lb1 
sodium hydroxide at 20”. 

RESULTS AND DISCUSSION 

A. Corlformatiotlal change of lentinall adits low-molecrrlar-weigh fractiotl 

Lentitzan. - The 13C-n-m-r. peaks of the D-D-(I - 3)-linked D-glucosyl residues 
of lentinan in the neutral, gel state were completely suppressed (see Fig. 1 A), due to the 
immobilization of the molecular chain, mainly as a result of the presence of physical 
cross-Iinks3. The less-intense signals in Fig. 1A were ascribed to the D-D-( 1 -k 6)- 
linked D-ghCoSy1 residues (8%; full peak-areas bein, = observed3), present as a minor 
component located in a more fIexible position. The 13C-signals of the major, P-D- 
(1 + 3)-glucosidic linkages, however, were revealed on stepwise addition of sodium 
hydroxide solution to the gel sample (see Figs. IB-1F). In Fig. 2 are plotted the 

13C-peak positions both of the p-~-(1 -+ 3)- and p-o-(1 -+ 6)-linked D-glucosyl 
residues against the concentration of sodium hydroxide, as the IT-shifts of the 
former (C-I and C-3) are very sensitive to sodium hydroxide-induced, conformational 
change”. Most of the peaks arisin, a from both the D-D-( 1 -+ 3)- and the /I-D-( 1 -+ 6)- 
linked D-glucosyl residues, except for C-3 and C-6 of the /jr-D-( 1 + 3)-glucosidic link- 
ages, might overlie each other, in view of the 13C-chemical shifts of each component3. 

Fortunately, however, the C-I signal of the /3-o-(1 - 3)-linked D-glucosyl residues 

(peak a) can be readily distinguished from that of the p-D-(1 -+ 6)-linked D-glucosyl 
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OXIM 
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Fig_ 1. ~sC-N.m.r. spectra of Ientinan in the gel state, and the changes with concentration of sodium 
hydroxide. [A, Neutral (82,ooO accumulations); B, 0.06~ NaOH (48,500 accumulations); C, o.O%l 
NaOH (103,500 accumulations); D, 0.13~ NaOH (78,CMlO accumukitions); E, 0.19M NaOH 65,ooO 
accumulations); and F, 0.38~ NaOH (77,ooO accumulations).] 
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Fig. 2. Changes in the 13C-chemical shifts of Ientinan and Fraction IV VS. the concentration of sodium 
hydroxide (the peak marked C-6’ being ascribed to C-6 of the branch points). [p-~-(1 + 3)-Glucosyl 
residues, -_O--: lentinan; -_O--: narrow component of lentinan at 0.13~ NaOH (peak d of Fig. 1D); 
- x -: fraction IV. p-~-(1 + 6)-Glucosyl residues, . . . l ...: lentinan; _.. x . . . . fraction IV.] 

residues (peak b), by utilizing larger differences in the line widths in the gel states 
(0.06hi to 0.19&l NaOH) (see Fig. 1). It is also emphasized that the 13C-signals of 
/3-o-(1 --+ 6)-linked D-glucosyl residues are buried under the rather intense signals of 
the p-~-(1 --+ 3)-linked D-glucosyl residues for the spectra recorded at concentrations 
of sodium hydroxide higher than 0.13~, as may be seen from the discontinuity in the 
plot of the 13C-peaks (see Fig. 2), because of low abundance (8%) of the former. 

The 13C-chemical shifts found for C-l and C-3 of the p-o-(1 +- 3)-linked D- 
glucosyl residue are in good agreement with those of the linear (1 + 3)-P-D-glucan 
(curdlan), both at the lower (0.03-0.13~) and higher (0.19 and 0.38~) concentrations” 
of alkali. Therefore, it was concluded that the conformation of the p-~-(1 --f 3)-linked 
D-glucosyl residues of lentinan is the helix in the lower (including neutral state), and 

the random-coil form in the higher, concentration of alkali. Thus, between 0.13 
and 0.19~ NaOH, the displacements of the 13C-peak positions of C-l and C-3 may be 
ascribed to sodium hydroxide-induced, helix-coil transition (gel-sol transition also, 
macroscopically). Interestingly, such a transition is complete at almost the same con- 
centration (0.2~) of sodium hydroxide for both the linear” and the branched D- 
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glucans. At an intermediate stage of the helix-coil transition (0.13M; see Fig. lD), 
however, an asymmetrical peak-profile appears for C-3, which can be resolved into 
two components, the broad (peak c) and the narrow (peak d). The former and latter 
peaks are &adily assigned to the helical and random-coil forms, respectively, in view 
of the position of the particular peak. This observation indicates that there exists 
some proportion of lentinan that is readily convertible into the random-coil form at 
lower alkaline concentrations, in contrast to the case of the linear &glucan. 

In parallel with this observation, the line width of the C-3 signal of the P-D- 
(1 --f 3)-linked D-glucosyl residues decreases gradually with the concentration of 
sodium hydroxide, as a result of a broad, helix-coil transition (see Fig. 3). Interesting- 
ly, this behavior is very simiIar to the change of the absorption maximum of Congo 
Red complexed with lentinan, as is shown in Fig. 4. Furthermore, it is likely that the 
peak-intensities of the p-~-(1 -+ 3)-linked D-gIucosy1 residues aIso graduaIIy increase 
with the concentration of sodium hydroxide*_ This situation may be more clearly seen 
in a plot of the relative peak-intensities of C-l and C-3 (with respect to those observed 
at 0.38hf NaOHj against the concentration of sodium hydroxide (see Fig. 5). Again, 
the change of the relative peak-intensities agrees very well, qualitatively, with that of 
the line width (see Fig 3) and of the absorption maximum of Congo Red (see Fig. 4)_ 
The changes of these three characteristics of the conformational transition for the 
branched (1 -+ 3)-D-o-glucan are in distinct contrast to those of the linear (1 -+ 3)-p-~- 

glucan: for the latter, ali of these parameters exhibit”Il” abrupt changes at 0.22~1 

t 
0 0.1 02 03 

COnC. of NaOH (~1 

Fig. 3. A plot of the 13C-n.m.r. line-widths (C-3) of lentinan and fraction IV vs. the concentration of 
sodium hydroxide. [O : Lentinan, 0: narrow component of lentinan (peak d), 0: fraction IV.] 

*An attempt was made to take into account a difference in the nOe values between the helix (1 .l) and 
the random-coil (1.5) conformations. These values are taken from the experimental value obtained 
for solution in dimethyl sulfoxide (random-coil) (see Table I) and from the value for the linear(1 + 3)- 
&D-glucan (helix form)z. 
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Fig. 4. A plot of the absorption maximum of Congo Red complexed with lentinan VS. the concen- 
tration of sodium hydroxide. [O : In the presence of lentinan; 0: in the absence of lentinan.] 

Cone- of NaOH (M) 

Fig. 5. A plot of the relative peak-intensities of C-l and C-3 of b-D-(1 + 3)-linked D-glucosyl residues 
for lentinan and schizophyllan with respect to those at 0.3Sht NaOH (lentinan) and 0.19hr NaOH 
(schizophyllan) vs. the concentration of sodium hydroxide_ (Lentinan, A : C-l ; 0 : C-3; and C!? : 
reference. Schizophyllan A: C-l ; 0: C-3; and Q : reference.) 

NaOH; presumably, this is due to a difference in the molecular architecture of the gel 
network between the linear and branched D-glucans, as will be discussed in more detail 
later. 

Previously, we had shown that the shift of the absorption maximum of Congo 
Red attached to (1 -+ 3)-/?-D-&CaUs is characteristic of the presence of the single- 

helix conformation”*4. This view is also supported by the results of Ogawa and 
Hatanol” that, on the basis of circular dichroism measurements, show that the single- 
helix part of the D-glucan chain produces the complex with Congo Red. Thus, the 
gradual change in the shift of the absorption maximum of Congo Red with the con- 
centration of sodium hydroxide, in contrast to the behavior of the linear (1 -+ 3)-P-D- 

glucans, may be satisfactorily explained by the view that the relative proportions of the 
helix and the random-coil conformations change with the concentration of sodium 
hydroxide between 0.1 and 0.2~. Bearing in mind that the difference of the chemical 
shift (A) between the helix and the random-coil conformations is 1.1 p-p-m. (see Fig. 
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2), the time needed for the interconversipn, if it occurs, between the helix and the 
random-coil forms should be much less than 60 s, using the formula17 k < (442)d. 

Fraction IV_ -We also examined the sodium hydroxide-induced change in the 
13C-n.m.r. spectrum of lower-molecular-weight lentinan, namely, fraction IV, mol. 
wt_ 16,200 (see Fig. 6). As with the original Ientinan, no 13C-signals due to j?-D- 

(1 + 3)-linked o-glucosyl residues could be seen for the neutral, gel state (except for a 
low-intensity C-6 signal)3. Fig. 6A shows the 13C-signals of the B-D-(1 -z- 3)-linked 
o-glucosyl residues, which appear in the presence of lower concentrations (0.06~) of 
alkah. It appears that the line widths of the C-l and C-3 signals of the single-helix 
form are much smaller than those of the original Ientinan (approximately half the 
width of those of the latter). As described previously*, the line width for the helical, 
p-~-(1 +3)-linked, o-glucosyl residues varies with the number average degree of 
polymerization of the primary molecules, suggesting that the line width is mainly 

Fraction IV 

NoOH 

110 100 so 30 70 50 

p.p.m. 

Fig. 6. 13C-N.m.r. spectra of fraction IV in the presence of sodium hydroxide. [A, 0.06~ NaOH 
(85,000 accumuIations); B, 0.19M NaOH (18,000 accumulations); and C, 0.31~ NaOH (15,500 
accumuIations).] 
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determined by the degree of cross-linking6, by formation of doubie- or triple-helical 

junction-zones2**. It may be expected that the branched structure is more favorable 
for the formation of the physically cross-linked structure, in view of the classical 

theory of gelation 18y1g. Accordingly, the line width for fraction IV results in a value 
larger than that expected from the molecular-weight-dependence of the linear D- 
glucans*. In agreement with expectations, the final helix-coil transition was found to 

occur at the same alkaline concentration (0.19M NaOH) as for the original lentinan 

p-p-m. 

Fig. 7. 13C-N.m.r. spectra of schizophyllan in the gel states and their changes with the concentration 
of sodium hydroxide. [A, Neutral (64,000 accumulations); B, 0.06~ NaOH (125,199 accumulations); 
C, 0.13~ NaOH (26,500 accumulations); and D, 0.19M NaOH (82.503 accumulations).] 
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(see Fig. 6). In Figs. 2 and 3, the chemical shifts (closed circle) and line width (X) of 
fraction IV are indicated_ 

B. Conformational cJzange of scJrizopJlyJJan 

Schizophyllan is also a branched (I + 3)-j?-D-glucan ; 

D- 

glucosyl residues of schizophyllan may be seen on stepwise addition of sodium 
hydroxide, as illustrated in Fig. 7. Examination of the 13C chemical-shifts of C-l and 

C-3 also reveals that the backbone, /?-o-(1 -+ 3)-linked D-glucosyl residues adopt the 

single-helix conformation at the lower concentrations of sodium hydroxide (to. 13M). 

It is also found that the changes induced by sodium hydroxide in the line width, peak 
intensity, and chemical-shift position observed in the spectrum of schizophyllan are 

very similar to those for Ientinan and fraction IV. In addition, the relative peak-inten- 

sities of schizophyllan, with respect to those at 0.19~ NaOH, increase gradually with 
the concentration of sodium hydroxide, in parallel with those of lentinan (see Fig. 5). 

This result strongly supports the conclusion that organization of the gel net- 
work is very similar among the branched (1 -+ 3)-/?-D-ghCaUS studied herein. It is also 
emphasized here that the asymmetrical nature of the C-3 peak-profiles, due to the 

presence of both the helix and the random-coil forms (0.13~ NaOH), also appears in 
the present instance, as an intermediate of the conformational change from the helix 
to the random-coil form. 

C. Gel networks, aml dynamic aspects of bramJzed( 1 ---i 3)-/I-D-glrrcans 

There are some obvious differences between the physicochemical properties of 
the linear and branched (1 -z- 3)-/3-D-glucans**_ In particular, branched D-&cans 
form soft gels without heating, whereas the linear glucan is capable of forming a firm, 
elastic, resilient gel “O, Z1 after heating at a temperature above 55”. Furthermore, tur- 
bidity develops in the elastic gel of the linear D-glucan either when the gels are prepar- 
ed at higher temperatures90p”l (high-set gel, > SOO), or when the gels are prepared at a 
lower temperature (60”, low-set gel) and kept for a long timea. In contrast, no elasticity 
was gained in the gels of the branched D-glucans. This distinction may be a reflection 

**Because 13C-resonance peaks of b-~-(1 + 6)-linked D-glucosyl residues of lentinan are fully ob- 
served in the neutral gel-state, there appears to be no specific role for this linkage in gel formation. 
Thus, the gelation phenomenon may be discussed solely in terms of the association of j3-D-(1 -+ 3)- 
linked D-glucosyl residues_ 
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of a difference in the molecular organization of the gel networks. Nevertheless, it 
should be emphasized that, both for the linear and the branched D-glucans, the con- 
formation of the molecular chain (other than the cross-links) is a single helix, and the 
cross-links for the gelation are composed of the multiple-stranded helix. 

From chemical analysis, the primary structure of lentinan and schizophyllan 
was elucidated as that of (1 + 3)-P-D-glucans having two branches for every five D- 

glucosyl residues (lentinan)ls or one for every three or four residues (schi.zophyllan)14. 
From chemical analysis alone, however, it cannot be definitely determined whether 
type (A) (tree-like) or (B) (linear) depicted in Fig. 8 represents, at least, a plausible 
model of the primary structure for lentinan and schizophyllan. It is conceivable that 

a structure of type (A) would be more readily capable of forming a physically cross- 
linked structure (by multiple-stranding), because it is highly branched, than one of 
type (B), or a Iinear D-glucan such as curdlan. 

However, in type (A), many of the cross-links may be loosely formed, in view of 
possible steric hindrance due to the presence of branching for the formation of the 
multiple-stranded helices, although the number of cross-links may be increased con- 
siderably- The present 13C-n.m.r.-spectral results are consistent with this view: no 
13C-n.m.r. signal of the single-helix portion of the branched o-glucans in the neutral 
gel-state could be observed; this is obviously due to the increased number of cross- 
Iinks in the gels of the branched D-glucans compared with those of the linear D- 

glucans. The loosely formed cross-links (very short, double- or triple-stranded helices) 
may be readily attacked by sodium hydroxide, resulting in diminution of the cross- 
links to cause a broader conformational change (helix-coil transition) at lower con- 

centrations (0.1-0.2~) of sodium hydroxide. Firmly held cross-links resembling those 
in the linear D-glucans may be broken at 0.2hi sodium hydroxide, the same concentra- 
tion as for the linear D-glucan. 

Fig. 8. Schematic representation of the primary structure of branched (: + 3)-j?-D-glucans (G = 
j-D-f&COpyranOSyI group or residue; A = tree-like; B = linear>. 
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As already mentioned, for the linear D-glucan (curdlan)4*20, a turbidity of the 
gels develops together with syneresis of the gels; this phenomenon was interpreted in 
terms of further aggregation of the multiple-stranded helices to form long microfibrils 
observable by electron microscopyZO* 21_ For the gels of highly branched, (1 + 3)-p-~- 
glucans, as in the type (A) structure in Fig. 8, such an aggregation may be unfavorable, 
because of steric hindrance. Therefore, the absence of the syneresis phenomenon in the 
gels of the branched D-glucans also can be nicely accounted for on the basis of a type 
(A) structure_ 

The spin-lattice relaxation-times (T, values), nuclear Overhauser enhancements 
(nOe values), and line widths for lentinan are summarized in Table I. From these 

TABLE I 
SPIN-LATTICE RELAXATION-TIMES (NT, VALUES IN ITIS), dk VALUES, AND LINE WIDTHS (HZ) OF 

LENTINAN 

ihOI?l 
j-D-(1 + 6)-Linkages $-D-(1 + .3)-Linkages 
Neatral gel-state= in Me,SO solation Alkaline - 

(0.38 M NaOH) 

Tl nOe Litte Tl nOe Line T1 
width width 

C-l 64 1.3 2s 81 1.5 20 79 
c-2 70 1.1 50 81 1.6 20 73 
c-3 70 1.5 50 65 1.4 44 58 
c-4 46 1.4 55 64 1.5 22 57 
c-s 70 1.5 55 93 1.2 2s 76 
C-6 92 1.4 55 86 1.5 20 115 

=A11 13C-signals of the p-~-(1 + 3)-linked backbone disappear in the neutral gel-state (line width 
> 1.000 kHz). 

relaxation parameters, it may be possible to estimate the correlation times in order to 
describe the tumbling motion of the constituent p-0-(1 +- 3)- and /?-o-(1 -+ 6)-D- 
glucosyl residues. Intrinsically, the segmental motion of the backbone and side chains 
in the gel state may be highly heterogeneous, because of a possible distribution of 
segments in different physical environments_ Therefore, it may be more appropriate to 
adopt the model of the log - zZ distribution of the correlation times’“, as an isotropic 
reorientation_ Although the segmental motion of the P-D-( 1 -+ 3)-glucosidic residues 
cannot be obtained, because of the lack of relaxation parameters in Table I, it may be 
possible to infer the values from the proportion of the p-o-(1 + 6)-linked o-glucosyl 
residues as a limit of the fast motion. On the basis of the truncated, log -x” distribu- 
tion’3 (at l.OOOps), which was successful in the prediction of relaxation parameters for 
the elastic gel of the linear (1 -+ 3)-/I-D-glucans?, it was found that the average correla- 
tion-time (?) 7 ns (width parameterp = 14) satisfactorily reproduces the relaxation 
times observed, as shown in Table II. Previously, we had shown” that the average 
correlation-time for the p-(1 -+ 3)-p-glucosidic residues of resilient gel is 40 ns, with 
p = 8. Thus, a correlation time of 7 ns may be reasonable as a proportion of the more 
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TABLE Ii 

CALCULATIONOFTHECORRELATlON TIhlES OFMOLECULARTUMBLINGMOTIONINTHEGELANDINSOLUTION 
OFLENTINAN 

Neutral gel UI-(I + 6)] in Me&O [8-(I +- 3)] 

T1 ItOe Lke widh T, nOe 

Obs. 
Calc. 
p = 14 
s= 7 

64 
62 

1.4 
1.6 

48 
48 

78 1.4 27 
74 1.9 29 
p = 10 
s= 2 

flexible site. It is also likely that the correlation time of the p-~-(1 --f 3)-linked D- 

glucosyl residues of the single-helix portion is not far from 40 ns, as the line width is 

strongly influenced by p, which is a function of the degree of cross-linking. The re- 
laxation parameters, and also the correlation times of the backbone, p-o-(1 -+ 3)- 
linked D-glucosyl residues (random-coil conformation) in dimethyl sulfoxide are very 

similar to those of curdlan” (see Tables I-and II). 
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