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ABSTRACT: Lentinan, β-(1→ 3)-D-glucan with (1→ 6) branching, was isolated from Lentinus edodes. Weight-
average molecular weight Mw, radius of gyration < s2 >1/2

z and intrinsic viscosity [η] of Lentinan in 0.2 M NaCl aqueous
solution, dimethylsulfoxide (DMSO) and water/DMSO mixtures were measured by light scattering (LS), size exclu-
sion chromatography (SEC) combined with LS, and viscometry. The results indicated that the glucan exists mainly as
triple-helical chains in 0.2 M NaCl aqueous solution and water/DMSO mixtures with over 20 wt% water content, and
as single-flexible chain in DMSO. The data from SEC-LS, viscosity and 13C NMR measurements proved strongly that
the helix-coil conformation transition occurred in a narrow range from 80 to 85 wt% DMSO aqueous solution, accom-
panying with obvious changes of Mw, < s2 >1/2

z , [η] as well as signals of C6 and C6s. The transition of Lentinan in
water/DMSO mixture was irreversible. The difference in 13C NMR spectra for the triple-helical and coil conformations
was the disappearance of the signals of C3 in β-(1→ 3)- linked backbone and the enhancement in relative intensities
of glucose substituted C6s in the helix state, as well as the appearance of an asymmetric and broad peak of C6 in the
intermediate of the conformation change. This suggests that the immobilization of the backbone by binding with intra-
and intermolecular hydrogen bonds resulted in the loss of the signals of its carbon atoms in the triple helix state. An
overcoating cylinder model composed of the β-(1→ 3)- linked backbone as helix core and the side chains as rotatable
overcoat was proposed to illustrate the triple-helical conformation and its transition in the solution.
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Chihara et al. have reported that the β-(1→ 3)-D-
glucan, Lentinan, obtained from Lentinus edodes has
a strong antitumour activity against sarcoma 180 im-
planted subcutaneous in mice.1 Thereby, the impor-
tance of the polysaccharides has provided a major im-
petus for increasing attention. Particularly mushroom
polysaccharides have been used as functional food, and
are developed in the field of new drugs.2 The structural
analysis may offer the most fundamental knowledge to
understand the functions of polysaccharide, but the di-
versity and irregularity of polysaccharide chain make
the structural analysis a formidable task.3 Although a
monosaccharide unit is common to many polysaccha-
rides, its linkage mode varies and characteristic func-
tions properties will appear accordingly. It is worth not-
ing that polysaccharides in aqueous solution exhibit dif-
ferent chain conformation such as single helix,4 triple
helix,5 random coil,6 and aggregate,7 even if their back-
bone all are β-(1→ 3)-D-glucan. However, conforma-
tion and its transition from an ordered state to a disor-
dered for β-(1→ 3)-D-glucan in solution have not been
fully investigated.

Helix conformations of β-(1→ 3)-D-glucan with two
(1→ 6)-glucosyl side groups for every five residues iso-

lated from Lentinus edodes have been reported, based
on analysis from the results of X-Ray diffraction8 and
13C NMR.9–12 However, it has long been suspected to
be a triple helix of the β-D-glucan in aqueous solu-
tion without strong evidence. In our recent work,13 ex-
perimental results from light scattering have indicated
that the predominant species of the β-D-glucan in 0.5 M
NaCl aqueous solution exist as triple-helical chains
with high rigidity, and in dimethylsulfoxide (DMSO)
as single-flexible chains. The single or multiple he-
lices of biopolymers in aqueous solution aggregate eas-
ily to form gel. The gelation and the helical state may
be induced by lowering the temperature, by changing
the solvent, or by adding salt.14 The gel-forming abil-
ity of polysaccharide is of considerable importance in
view of their biological functions.15 Moreover, helix-
coil transitions are important in biology, as they ap-
pear in proteins and DNA.16 In this work, the confor-
mation transition for the β-(1→ 3)-D-glucan (Lentinan)
from Lentinus edodes in water/DMSO mixture solution
was investigated by laser light scattering, size exclu-
sion chromatography, viscometry and 13C NMR. The
changes of weight-average molecular weight Mw, ra-
dius of gyration < s2 >1/2

z , intrinsic viscosity [η] and
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signals of 13C NMR for Lentinan in an intermediate of
the helix-coil transition were examined and discussed
in water/DMSO mixtures by changing DMSO content.

EXPERIMENTAL

Preparation of Sample and Solutions
Lentinan coded as L-FV-IA was isolated from fruit-

ing bodies of Lentinus edodes cultivated in Suixian of
Hubei in China by extraction with 5% NaOH/0.05%
NaBH4 two times, and precipitation with 36% acetic
acid to remove α-(1→ 3)-D-glucan, according to pre-
viously reported method.13 The supernatant was sub-
jected to the Sevag method to remove proteins, and
treated with 30% H2O2 to decolorize. Aqueous solu-
tion of the Lentinan was dialyzed against distilled wa-
ter for 4 days, and concentrated by rotary evaporator at
reduced pressure below 45◦C, and finally lyophilized to
obtain colorless flakes.

DMSO was distilled, and treated with a molecular
sieve to further dehydrate. By changing the weight
fraction of DMSO in the mixture (wDMSO), a series
of mixed aqueous solutions with different wDMSO were
obtained. The Lentinan L-FV-IA was dissolved, re-
spectively, in 0.2 M NaCl aqueous solution, DMSO and
the water/DMSO mixtures to prepare the polymer solu-
tion. In addition to clarify the conformation transition
process, the glucan was dissolved in pure DMSO firstly,
and then diluted with water to obtain the polysaccharide
aqueous solution with different wDMSO.

Relatively concentrated stock solution was carefully
prepared by completely dissolving the proper amount
of the L-FV-IA in solvent for over 24 h with stirring.
A series of polymer concentrations were obtained by
successive dilution of the clarified stock solution. Fi-
nally, each solution was filtered with sand filter for vis-
cosity measurement. For light scattering and size ex-
clusion chromatography measurements, the solutions
were filtered with sand filter, and then with 0.45 µm fil-
ter (CA, PuradiscTM 13 mm Syringe Filters, Whatman,
England) for 0.2 M NaCl and 0.45 µm filter (PTFE,
PuradiscTM 13 mm Syringe Filters, Whatman, Eng-
land) for DMSO and water/DMSO mixtures.

Light Scattering
Scattering light intensity was measured by multi-

angle laser light scattering instrument (MALLS)
equipped with a He–Ne laser (λ = 632.8 nm) (DAWN R©

DSP, Wyatt Technology Co., USA) in the angles of 42◦,
49◦, 63◦, 71◦, 81◦, 90◦, 99◦, 109◦, 118◦, and 127◦ at
25◦C. Refractive indexes of 0.2 M NaCl aqueous solu-
tion and DMSO were determined by an Abbe refrac-
tometer respectively. Measurements of the specific re-

fractive index increments (dn/dc) were performed us-
ing an Optilab refractometer (Wyatt Tech. Co., USA) at
632.8 nm and 25◦C. Astra software was utilized for data
acquisition and analysis. The determination of weight-
average molecular weight Mw and radius of gyration
< s2 >1/2

z was based on Zimm fit method.

SEC-LS Measurement
Size exclusion chromatography (SEC) combined

light scattering (SEC-LS) is convenient for determi-
nation of true molecular weight and its distribution.
SEC-LS measurement of the samples was performed
on the multi-angle laser photometer mentioned above
with a pump P100 (Thermo Separation Products, San
Jose, USA) equipped with TSK-GEL column (7.8 mm
× 300 mm) and differential refractive index detector
(RI-150) at 25◦C. The fluent was 0.2 M NaCl aque-
ous solution for a G6000PWXL and a G4000PWXL
columns as well as DMSO and water/DMSO mixture
solution for G4000-H8 column, respectively, at a flow
rate of 1.0 mL min−1. Astra software was utilized for
data acquisition and analysis.

Viscosity Measurement
Viscosity of the samples in 0.2 M NaCl aqueous so-

lution, DMSO and the water/DMSO mixture was mea-
sured at 25± 0.1◦C using a low-shear four-bulb capil-
lary viscometer. Kinetic energy correction was always
negligible. Huggins and Kraemer plots were used to get
intrinsic viscosity [η]. From the dependence of intrinsic
viscosity on shear rate γ̇ , zero shear-rate viscosity [η]
was determined.

Nuclear Magnetic Resonance Spectroscopy
13C NMR spectra of the glucan were recorded

with AVANCE DRX-400 spectrometer (Bruker Co.,
Germany–Switzerland) at 25◦C with TMS as the in-
ternal standard. The sample was dissolved in mixture
solution of D2O with 30 wt%, 80 wt%, and 85 wt%
DMSO-d6, named as wDMSO of 0.3, 0.8, and 0.85,
as well as in pure DMSO-d6, respectively, to prepare
10 mg mL−1 polymer solution.

RESULTS AND DISCUSSION

NMR is an effective technique, which records tran-
sitions between the energy levels of magnetic nuclei in
an external magnetic field, and can be used to study
on the molecular interactions, conformation and helix-
coil transitions of polymers in solution. Figure 1 shows
13C NMR spectra for Lentinan (L-FV-IA) in the wa-
ter/DMSO mixtures with different wDMSO. The chemi-
cal shifts for the L-FV-IA in solution state are summa-
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Table I. Comparison of 13C NMR Chemical Shifts for the Polysaccharides in Solution State

Sample Solvent
Chemical shift (ppm)

Source
C1,C1′ C2 C3 C3′ C4 C5 C6 C6s

β-(1→ 3)-D-glucan DMSO-d6 103.0 72.8 86.2 68.4 76.3 60.9 — ref 15
C. Albicans glucan D2O 104.2 74.5 Noa 76.9 70.8 76.2 62.3 70.1 ref 15
Lentinan fraction D2O 104.2 74.4 Noa 76.9 70.4 76.1 61.9 70.9 ref 9
Lentinan 0.5 M NaOD/D2O 103.3 73.5 86.8 68.5 76.3 60.5 70.2 ref 22
Glucan L-FV-IA D2O/DMSO-d6 (70:30) 104.1 74.5 Noa 77.1 70.2 76.3 62.2 71.0 This work
Glucan L-FV-IA D2O/DMSO-d6 (20:80) 103.7 73.9 Noa 76.7 69.1 75.9 61.6 70.3 This work
Glucan L-FV-IA D2O/DMSO-d6 (15:85) 103.7 73.9 Sb 76.7 69.0 75.9 61.4 70.3 This work
Glucan L-FV-IA DMSO-d6 103.1 72.9 86.3 76.8 68.5 76.2 61.0 70.1 This work
a“No” means the peak could not be observed. b“S” means the peak was small.

（D） 

（C） 

（B） 

（A） 

Figure 1. 13C NMR spectra for glucan L-FV-IA in wa-
ter/DMSO mixtures with different wDMSO of 0.3 (A), 0.8 (B), 0.85
(C), and in DMSO (D).

rized in Table I. The data for β-(1→ 3)-linked backbone
D-glucosyl units, triple-helical C. Albicans glucan com-
posed of β-(1→ 3)-D-linked backbone with branching
points in position 6 of glucosyl units,15 and Lentinan
fraction IV9 were also listed in the table. Clearly, in
spite of different nature of the side chains, the chem-
ical shifts of the carbon atoms in main chain of the
β-(1→ 3)-D-glucan with and without side groups in
DMSO-d6 are quite similar. The signals at 103.1, 86.3,
and 61.0 for the L-FV-IA in DMSO-d6 were assigned
to C1, C3, and C6 of β-(1→ 3)-D-linked backbone, and
the multiplicity and broad signal of C3 can be ascribed
to the presence in the glucans of linear β-(1→ 3)-
D, branched β-D-(1→ 6) and terminal β-D-glucosyl
residues, corresponding with branched β-(1→ 3)-D-
glucan structure.17 The chemical shifts of the L-FV-IA
in DMSO-d6 were very similar to those of the glucan
L-FV-I from Lentinus edodes in Fangxian of China in
0.5 M NaOD/D2O.18 This implies that intra- and inter-
molecular hydrogen bonds, which maintained triple he-

lix structure, were broken in 0.5 M NaOH aqueous so-
lution, and the conversion from triple helix to random
coil occurred. The disordered conformation of the L-
FV-IA in DMSO is also similar to schizophyllan and
Lentinan in 0.38 M NaOH aqueous solution.10, 19 The
13C NMR results indicated that the L-FV-IA sample ex-
ists as a random coil form in DMSO.

However, obvious difference, which resulted from
conformation transition of the L-FV-IA in D2O/DMSO
mixture, was observed. The C3 signal at 86.3 ppm for
the L-FV-IA in the backbone significantly decreased
with an increase of water content, and disappeared in
D2O/DMSO (70:30). Noted that the relative intensi-
ties of C3′ signal of the side chain at 76.7–77.1 ppm in
D2O/DMSO mixture increased with an increase of wa-
ter content. The information from C3 and C6 signals
is in agreement with that of triple-helical C. Albicans15

and Schzophyllan in 0.06 M NaOD/D2O.10 Moreover,
with an increase of water content the relative intensi-
ties of C6 signal at 61 ppm significantly decreased and
shifted to downfield by 1.2 ppm. The cause of reducing
C6 and C3 signals can be interpreted in terms of the re-
striction of the backbone chain due to intra- and inter-
molecular hydrogen bonds. This implies that the L-FV-
IA in water/DMSO mixture with wDMSO of 0.3 exists
as a triple helix.

Interestingly, the C6 peak-profiles in D2O/DMSO
mixtures with wDMSO of 0.85 and 0.80 exhibited an
asymmetrical and broad nature, suggesting the coex-
istence of triple helix and single flexible chains in an
intermediate of the conformation change. The signal
at 70.1–71.0 ppm for the L-FV-IA was assigned to
glucose substituted C6s.17, 20 The relative intensity of
C6ssignal significantly increased with an increase of
water content, and the area ratio of C6s to C6 changed
from 0.64 in DMSO to 2.10 in D2O/DMSO (70:30),
suggesting a conformation change. Usually, the area
ratio should be a constant in homogenous system. In
addition, the signals of C1, C2, and C4 shifted to down-
field with increasing the water content. The loss of the
peak areas and downfield displacement of the carbon
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Table II. Experimental results from SEC-LS, LS and viscometry for the L-FV-IA in water/DMSO mixtures at 25◦C

Solvent system Mw × 10−5 < s2 >1/2
z /nm [η]/cm3 g−1

Mw (0.2 M NaCl)
Mw (DMSO)

0.2 M NaCl aqueous solution 7.79 8.80a 75.6 92.2a 508 3.03 3.16a

Water/DMSO (70:30) — — 687
Water/DMSO (20:80) — — 544
Water/DMSO (18:82) 6.28 50.0 406
Water/DMSO (15:85) — — 173
DMSO 2.57 2.78a 30.7 43.3a 63
aThe data from Zimm plot of LS.

atom signals in the backbone can be explained in terms
of restricted mobility, intermolecular interaction and
ordered-disordered conformation.21 These results sug-
gest that the immobilization of the main chain by bind-
ing with intra- and inter-molecular hydrogen bonds re-
sulted in loss of the signals of β-(1→ 3)-D-linked back-
bone and in relative enhancement of the signals of the
side chain as well as glucose substituted carbon atom in
the triple helix state.

The results of [η], Mw and < s2 >1/2
z for the L-FV-IA

in 0.2 M NaCl aqueous solution, water/DMSO mixture
with different wDMSO and DMSO are summarized in
Table II. The ratio of Mw for the L-FV-IA in 0.2 M NaCl
aqueous solution to DMSO was approximately 3, and
the data of [η], Mw and < s2 >1/2

z in the aqueous solu-
tion agree basically with the theoretical curves for triple
helix13 calculated from Yamakawa–Yoshizaki theory
for a wormlike cylinder22 for q = 100 nm and from
the Benoit–Doty expression for KP wormlike chain23

for q = 120 (nm), respectively. It was confirmed that
the L-FV-IA as triple-stranded helix in the 0.2 M NaCl
aqueous solution and as single-stranded flexible chains
in DMSO. SEC chromatograms for the sample L-FV-
IA in 0.2 M NaCl aqueous solution, water/DMSO mix-
ture with wDMSO of 0.82 and DMSO, detected by both
LS and differential refractometer are shown in Figures
2–4, respectively. “Detector: 11” and “Detector: AUX
1” represent an arbitrary unit of scattering intensity at
90◦ and a relative concentration, respectively. Noted
that the SEC chromatogram in Figure 2 contained one
peak, suggesting that the L-FV-IA in the aqueous solu-
tion exists as triple-helical chains without the obvious
fragments of single chains with lower molecular weight
as shown in L-FV-I.13 It was indicated that the sample
with triple helix was prepared successfully here.

For SEC chromatogram in Figure 3, it seems that the
column may be not a good condition to work for the L-
FV-IA in water/DMSO because of the dead volume for
high molecular weight. However, the molecular weight
was detected by light scattering, an absolute method,
rather than the calibration curve, so that the data of Mw

and < s2 >1/2
z were not obviously affected, but the SEC

peak became narrow. As shown in Figures 3 and 4, the

（A） 

（B） 

Figure 2. SEC chromatograms of the L-FV-IA in 0.2 M NaCl
aqueous solution at 25◦C using G6000PWXL and a G4000PWXL
columns detected by LS (A) and differential refractometer (B).

SEC chromatogram of the L-FV-IA in DMSO exhib-
ited one peak, but that in water/DMSO mixture with
wDMSO of 0.82 appeared a main peak of triple-helical
molecules and a shoulder corresponding to dissociated
chains. This indicated that with an increase of DMSO
content, a sharp transition from triple helix to random
coil occurred in the mixture solution, and the triple he-
lix and flexible chain coexist in the intermediate of the
conformation trantion. The SEC-LS results supported
strongly the deduction of triple helix-coil conformation
transition by 13C NMR.

The wDMSO dependence of [η] for the L-FV-IA in the
water/DMSO mixtures is shown in Figure 5. As shown
in Table II, the [η] values in water/DMSO mixtures
with wDMSO between 0.1 and 0.8 were much larger
than that in DMSO, and close to that in 0.2 M NaCl
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（A） 

（B） 

Figure 3. SEC chromatograms of the L-FV-IA in water/DMSO
mixture with wDMSO of 0.82 at 25◦C using G4000-H8 column de-
tected by LS (A) and differential refractometer (B).

aqueous solution. When DMSO concentration in the
mixture increased from 0.80 to 0.85 of wDMSO, the [η]
sharply decreased, accompanying a conformation tran-
sition from triple helix to single flexible chains. It is
worth noting that in the narrow range of wDMSO from
0.85 to 0.90 the [η] decreased slightly to be near the
values in pure DMSO, similar to the conformation tran-
sition of schizophyllan, β-(1→ 3)-D-glucan with one β-
(1→ 6)-D-glucan side chain for every three main-chain
residues, in same condition, where triple helix disso-
ciates abruptly to single chain at wDMSO ∼ 0.87.24 The
sharp decrease of [η] suggests that the triple helix of the
L-FV-IA dissociated directly to single chains. How-
ever, the [η] decreased by a factor 2 on passing from
the mixture solution (wDMSO = 0.85) to DMSO. This
implies that some helical chains were not fully disso-
ciated to random coil in water/DMSO with wDMSO of
0.85.

The open triangles in Figure 5 refer to the [η] val-
ues obtained from the L-FV-IA dissolved in DMSO
and then diluted to water/DMSO mixture with desired
wDMSO by adding water. These experimental points
were significantly lower than those from dissolved di-
rectly in water/DMSO mixture. When DMSO concen-
tration in the mixture decreased from 1 to 0.7 of wDMSO,
the [η] values hardly changed, indicating that the shape
and size of the single-flexible chains remained the same

（A） 

（B） 

Figure 4. SEC chromatograms of the L-FV-IA in DMSO at
25◦C using G4000-H8 column detected by LS (A) and differential
refractometer (B).

Figure 5. wDMSO dependence of [η] for the glucan L-FV-IA in
water/DMSO mixtures at 25◦C. Filled circle, value in 0.2 M NaCl
aqueous solution; Open triangles, values obtained from the sam-
ple dissolved in DMSO then diluted to water/DMSO mixtures with
desired wDMSO.

as in pure DMSO. When wDMSO was higher than 0.6,
the [η] increased slowly, suggesting that the aggrega-
tion or unwinding of the partial chains occurred with an
increase of water content. This indicated that the helix-
coil transition of the L-FV-IA in the water/DMSO mix-
tures was irreversible. In addition, the L-FV-IA con-
centration used was in the range from 2.0 × 10−4 to
5.0 × 10−3 (g cm−3), and the equilibrium of the helix-
coil transition is well known to depend not directly on
the polymer concentration.25

The results from the SEC-LS and viscosity measure-
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Figure 6. Schematic diagram of overcoating-cylinder model
describing the chain conformations for glucan L-FV-IA in water
and DMSO.

ments confirmed strongly the helix-coil transition of
the L-FV-IA in the water/DMSO mixtures with wDMSO

from 0.80 to 0.85. On the basis of the informations ob-
tained from 13C NMR, SEC-LS and viscosity, a molec-
ular model of the wormlike cylinder describing the
triple helix conformation and its transition is shown
in Figure 6. The cylinder was composed of three
single-stranded helix, and assembled into an overcoat-
ing cylinder structure of the backbone as helix core and
the side chain as rotatable overcoat. In the helix state,
the relatively high intensities of the carbon atoms of the
branched glucosyl residues may be attributable to the
motion of side chains, and a possible internal rotation
of the hydroxymethyl groups can be responsible for the
relatively sensitive natural-abundance of the C6 signals.

CONCLUSIONS

The predominant species of β-(1→ 3)-D-glucan with
(1→ 6) branching (L-FV-IA) from Lentinus edodes ex-
ists as triple-helical chains in 0.2 M NaCl aqueous solu-
tion and water/DMSO mixtures, in which water content
was higher than 20 wt%, and as single-flexible chains
in DMSO. The results from SEC-LS, viscosity and 13C
NMR measurements indicated that the helix-coil con-
formation transition occurred sharply in the range from
80 to 85 wt% DMSO aqueous solution, and was irre-
versible. The helix and coil chains coexist in the nar-
row range of water/DMSO mixture with wDMSO from
0.80 to 0.85, showing that obvious changes of Mw,
< s2 >1/2

z , [η] as well as signals of C6 and C6s. The ob-
vious difference in 13C NMR spectra for the triple-helix
and coil conformations was that the signal at 86.3 ppm
of C3 in β-(1→ 3)-linked backbone almost completely

disappeared in the helical state; the C6 signal at 61.0–
62.2 ppm exhibited an asymmetrical and broad nature
in the intermediate of the conformation change; the area
ratio of C6s to C6 increased with the conformation tran-
sition from single-flexible chains to triple helix. The
immobilization of the β-glucan backbone by binding
with intra- and intermolecular hydrogen bonds resulted
in the loss of the signals of its carbon atoms and down-
field displacement in the triple helix state.
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