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A conformation-sensitive optical method for monitoring
the random coil–helix transition of polysaccharides has been
developed by using a water-soluble polythiophene.

DNAs, polypeptides, and polysaccharides are typical bio-
polymers having the helical high-order structures and can enjoy
the helix–random coil transformations. These changes can be
conveniently monitored by ultraviolet–visible (UV–vis) absorp-
tion and circular dichroism (CD) spectroscopic methods for
DNAs and CD spectroscopy for polypeptides, but for polysac-
charides there is no effective method except optical rotatory dis-
persion (ORD), viscometry, and light scattering1 which are not
so sensitive, particularly in the low concentration region, to
the conformational transition. Therefore, it is still a challenging
subject to find new methods useful for facile monitoring of the
conformational transition of polysaccharides. Recently, we dem-
onstrated that supramolecular complex can be formed between a
water-soluble polythiophene derivative (PT-1) and certain poly-
saccharide.2 In the present work, we have focused on the use of
this water-soluble PT-1 as an optical probe for the detection of
the helicity and conformational transition of polysaccharides in-
duced by the changes in the medium conditions. Herein, we re-
port an initial proof-of-concept demonstration about this idea.

Natural polysaccharides schizophyllan (SPG) and amylose
were chosen as model glucans to access the viability of this ap-
proach in view of two facts that their higher-order conformations
are well-characterized and controllable by changing the medium
conditions3,4 and that they are important building blocks for the
construction of functional supramolecular complexes.5,6 SPG is
a �-1,3-glucan and exists as a right-handed triple helix (t-SPG)
in water but as a single random coil (s-SPG) in dimethyl sulfox-
ide (DMSO). When water is added to its DMSO solution (rena-
turation), s-SPG collapses owing to the hydrophobic interaction
and retrieves its original triple helix structure.3 Amylose is a �-
1,4-glucan with left-handed helical conformation in crystal but
exists as either a random coil or an interrupted loose helix in a
neutral aqueous solution, whereas the predominant conformation
in DMSO solution appears to be a tight helix.4 As a typical
experimental procedure, the PT-1/polysaccharide complexes
were prepared by adding s-SPG (or amylose)/DMSO solution
to PT-1/water solution, and then the obtained solutions were in-
cubated for 12 h at 60 �C. The ratio of the PT-1 and polysaccha-
ride solutions was chosen so that, after mixing, the concentra-
tions of PT-1 and polysaccharides could become 1:5� 10�4

and 6:0� 10�4 M, respectively, and the volume fraction of
water in the mixtures (Vw) was 0.95 unless specially stated.
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Figure 1 compares absorption and CD spectra between PT-1
and its mixtures with SPG and amylose at 20 �C. In the absence
of polysaccharides, the absorption maximum of 403 nm is attrib-
uted to a random-coiled conformation of the PT backbone. The
absorption maximum is red-shifted to 454 nm upon addition of
s-SPG, which is associated with an increase in the effective con-
jugation length of the PT-1, demonstrating that the interaction
between PT-1 and s-SPG will force the PT-1 backbone to adopt
a more planar conformation. However, upon the introduction of
amylose the absorption maximum is blue-shifted to 369 nm,
which is related to a decrease in the effective conjugation length
of the PT-1, indicating that the complex formation between PT-1
and amylose will force the PT-1 to adopt a more nonplanar con-
formation.

PT-1 itself is optically-inactive, so that no CD pattern was
detected, indicating that the PT-1 backbone adopts an achiral
random-coiled conformation in the mixed solvent. Interestingly,
upon addition of s-SPG or amylose, a split-type induced CD
(ICD) was detected in the �–�� transition region. Normally, op-
tically-active PTs bearing chiral �-substituents can form inter-
molecularly �-stacked chiral aggregates in poor solvents at
low temperature, accompanied by the appearance of fine vibron-
ic bands at the longer wavelength.7 In our case, upon addition of
s-SPG or amylose, no vibronic bands were detected, and the ob-
tained complexes scarcely exhibited the linear dichroism. These
results support the view that the chirality introduction in the PT-

300 400 500 600 700
0.0

0.3

0.6

0.9
(A)

A
bs

or
ba

nc
e

Wavelength / nm

300 400 500 600 700

-5

0

5

10
(B)

[θ
] /

 1
04  d

eg
 c

m
2  d

m
ol

−1

Wavelength / nm

Figure 1. Absorption (A) and CD (B) spectra of PT-1 in the
absence (dashed line) and the presence of s-SPG (solid line)
and amylose (dotted line, the CD intensities are magnified
5 times for comparison) in Vw ¼ 0:95 water–DMSO mixed
solvent. [PT-1] = 1:5� 10�4 M; [s-SPG] = 6:0� 10�4 M;
[amylose] = 6:0� 10�4 M.
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1/polysaccharide complexes is most probably caused by intra-
chain effects rather than by interchain �-stacking effects, and
a predominantly one-handed helical structure of PT-1 is induced
by interpolymer complexation with s-SPG or with amylose.
Most interestingly, the shape and sign of the ICD patterns in
the PT-1/polysaccharide complexes are characteristic of a right-
(PT-1/SPG) or left-handed helix (PT-1/amylose) of the PT
backbones,8 reflecting the stereochemistry of SPG and amylose,
respectively, which also tend to adopt a right- or left-handed
helical structure. These results indicate that the conformation-
sensitive PT-1 will be a potential optical probe for monitoring
the helicity and conformational transitions of polysaccharides.

To evaluate the capability of PT-1 as an optical probe for the
detection of the conformational transition in polysaccharides, the
composition-dependent CD spectra of PT-1 were estimated in
the presence of s-SPG or amylose (Figure 2). The conformation-
al transition of SPG dissolved in water–DMSO mixed solvents
has been studied by light scattering.3 It has been concluded that
the thermodynamically stable form of SPG in aqueous DMSO is
triple helices at Vw above 0.163 and single strand coils at Vw be-
low 0.109 at 25 �C; whereas triple helices and single random
coils coexist in the region of Vw ¼ 0:109{0:163. As shown in
Figure 2a, for the PT-1/s-SPG system, PT-1 is CD-silent at Vw

below 0.10 and becomes CD-active at Vw ¼ 0:10. In the region
of Vw ¼ 0:10 to 0.20, the ICD intensities drastically increase,
and then increase gradually with moving to the water–richer re-
gion and eventually level off at Vw above 0.8. Interestingly, the
onset composition for the supramolecular chiral complex forma-
tion is very close to the point where the single strand coil of SPG
begins to renature to the triple helix. This coincidence indicates
that the renaturation process is a key factor to induce the com-
plex formation and PT-1 can be used as an optical probe to mon-
itor the conformational transition of SPG. The results shown
here also give a hint that the hydrophobic interaction between
the PT-1 backbone and SPG is dominant for the PT-1/s-SPG
complex formation.

To show the versatile ability of PT-1 as a probe for detection
of the polysaccharide conformation, another important natural
glucan, amylose, was also investigated. Even though amylose
adopts a tight helix in DMSO, one cannot expect the significant
interaction between amylose and PT-1, which makes this system
CD-silent. It can be seen from Figure 2b, however, that in the
mixture of PT-1 and amylose, PT-1 becomes CD-active at Vw

above 0.50 and the ICD intensities increase gradually with in-
creasing water content, indicating that the hydrophobic interac-
tion is the main driving force for the complex formation.

Here, it is worthy to emphasize that the ICD intensities of

the PT-1/s-SPG complexes are much stronger than those of
the PT-1/amylose complexes over the whole range of the
water–DMSO mixtures, indicating that PT-1 has the more
regular helical (or twisted) structure in the former complexes.
In addition, the ICD intensities for both complexes are gradually
intensified with increasing water concentration. These differ-
ences can be rationalized by the following explanations: i) for
the supramolecular chiral complex formation between s-SPG
(or amylose) with guest molecules, the hydrophobic interaction
is the main driving force, ii) it is known that s-SPG tends to re-
trieve the triple helix regardless of the solvent compositions at
Vw above 0.10. The coincidence of these two effects facilitates
the formation of the PT-1/s-SPG complex featuring the highly
ordered structure. However, the situation of amylose is in con-
trast to that of SPG, because with increasing water concentra-
tion, amylose undergoes the conformational transitions from
tight helix–loose helix–random coil in water–DMSO mixtures,
which retards the complex formation, resulting in the poor
regularity of PT-1 in the amylose complex in comparison with
that in the SPG complex.

In summary, we have demonstrated that a conformation-
sensitive water-soluble polythiophene derivative (PT-1) can be
used as a probe to detect the helicity of polysaccharides. Partic-
ularly important is a new finding that PT-1 is capable of follow-
ing the conformational transition of schizophyllan in the water–
DMSO mixtures over the whole range of compositions. We be-
lieve that the present results will provide a new approach for fac-
ile monitoring of the helicity and the helix–random coil transfor-
mation of polysaccharides. In addition, the resultant chiral inter-
polymer complexes may be regarded, from a supramolecular
viewpoint, to be a new alternative for optically-active conjugat-
ed polymers.

We are grateful to JST SORST program for financial support
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Figure 2. Composition dependence of the CD relative intensity
of PT-1 in the mixtures with s-SPG (A) and amylose (B). [PT-
1] = 1:5� 10�4 M; [s-SPG] = 6:0� 10�4 M; [amylose] =
6:0� 10�4 M.
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