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ABSTRACT: Amylose and dextran conjugated with fluorescein were prepared and the degree 
of fluorescence polarization of these conjugates was measured with changing solvent viscosity at 
constant temperature (25°C). The results obtained were analyzed by Perrin's equation to calculate the 
mean rotational relaxation time. The value for dextran conjugate was very small compared with 
that for amylose. This suggests that the molecular chain of dextran is more flexible than that of 
amylose. Polarizations of these conjugates gradually departed from the Perrin equation when the 
temperature was raised in a given solvent. This discrepancy can be attributed to an accelerated 
loosening of the internal structure of these polysaccharide chains. Thus it seems that amylose and 
dextran molecules below the transition temperatures have partly ordered conformations with 
restricted rotation about glycosidic linkage. 
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The fluorescence polarization method has been 
used to study rotational diffusion of macromole
cules in solution. 1 •2 Many studies on fluorescent 
conjugates of flexible polymers have been reported, 
and show that this method is useful for obtaining 
information on the segmental motion and confor
mation of these polymers.3 - 10 This paper describes 
the application of this method to polysaccharides 
exhibiting conformational transitions. 

A polysaccharide chain contains a large number 
of glycoside links which allow the glucose units to 
rotate about them with a relatively small change in 
internal energy. Thus, the molecular chain in so
lution can fluctuate among various possible confor
mations.U In this sense, a polysaccharide chain is 
flexible. However, the rotation about the glycoside 
links is more or less restricted by non-bonded 
interactions between glucose units, and the segmen
tal motion of the polymer chain may also be 
restricted to some extent. 

ization method. For this purpose we chose two 
polysaccharides, amylose and dextran. Both consist 
of the same kind of monomer units but are jointed 
with different linkages: the rt-1 ,4-glucoside linkage 
for amylose and the rt-1 ,6-glucoside linkage for 
dextran. The latter has one extra single rotatory 
bond per monomer unit compared with the former. 
Conformational energy calculations with nonbond
ed interactions suggest that dextran may be more 
flexible than amyloseY·13 We tested the validity of 
this suggestion by using the fluorescence polariza
tion method on these polysaccharides. 

One of our purposes in the present study has been 
to obtain information on the segmental motion in 
polysaccharide chains by the fluorescence polar-

Amylose is considered to undergo a thermally
induced conformational transition, i.e., a helix-coil 
transition in solution. 14 Thus we investigated the 
effects of temperature on the segmental motion of 
amylose and dextran in order to detect such confor
mational transitions. 

EXPERIMENTAL 

Materials 
The amylose used was "AVEBE amylose," pro-
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vided by Nichiden Kagaku Co., Ltd., Osaka. This 
material was purified by precipitating it several 
times with butanol from its aqueous solution. The 
viscosity-average molecular weight, Mv, was found 
to be 3.89 x 105 from viscosity measurements in 
dimethyl sulfoxide (DMSO) using eq 1 _15 

[IJJ=8.I x 10-4 Mo.91 (I) 

Dextran was purchased from Pharmacia Chemicals 
Co., Ltd. and used without further purification. The 
weight-average molecular weight was 4.66 x 105 , a 
value provided by the Pharmacia Chemical Co., 
Ltd. Fluorescein isothiocyanate was purchased 
from B.B.L., Division of Bio. Quest. ,8-Cyclodextrin 
used was that previously prepared and its purity was 
checked by TLC at this laboratory. 16 Other 
chemicals were of reagent grade unless otherwise 
specified. 

Preparation of Fluorescent Conjugates 
DMSO was used after vacuum distillation. 

Pyridine was distilled in the presence of calcium 
hydride before use. Conjugation was carried out 
according to the method of Belder.17 The carbohy
drates (500 mg) were dissolved in DMSO (5 ml) con
taining a few drops of pyridine. Fluorescein iso
thiocyanate (25 mg) was added, followed by the 
addition of dibutyltin dilaurate, and the mixture 
was heated for 2 hat 95°C. Care was taken to avoid 
moisture. The mixture was then poured in ethanol 
to precipitate the conjugate produced, filtered off 
and dried in vacuo at room temperature. It is 
considered that fluorescein isothiocyanate residues 
were bound randomly to the hydroxyl groups of the 
carbohydrates by this procedure. 

Preparation of Measured Solution 
A polysaccharide conjugate (about 8 mg) was 

dissolved in 0.5ml DMSO and was diluted to 20m! 
with distilled water. When used, this solution was 
usually diluted twenty-fold with a phosphate buffer 
solution of pH 7. Dye, carbohydrate and phos
phate concentrations in this solution in the final 
stage were about 10- 6 M, 0.002% and 0.01 M, 
respectively. The solution was used immediately 
after preparation. 

Fluorescence Lifetime Measurement 
The time decay of fluorescence intensity was 

measured using the Ortec (9200) single-photon-
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counting nanosecond fluorometer. 18 Fluorescence 
lifetimes were calculated by the curve fitting analysis 
using a computer (Kyoto University, FACOM-M 
200). 

Fluorescence Measurement and Calculation of Mean 
Rotational Relaxation Time 
Fluorescence polarization measurements were 

made on a Shimadzu spectrofluorometer (type RF-
502) equipped with a pair of polarization filters as 
the polarizer and analyzer. The excitation and 
emission wavelengths were 450 nm and 520 nm, 
respectively. The temperature of the solution in the 
cell was kept constant by a jacket thermostatically 
controlled to within an accuracy of ± 0.1 oc. The 
temperature was monitored by a calibrated thermis
tor probe immersed in the solution. 

The degree of polarization, P, was calculated 
from, 

lv-IHG 
P=---

lv+IHG 
(2) 

where lv and /H represent the intensities of vertically 
and horizontally polarized emission with vertically 
polarized incident light. G is the grating correction 
factor defined as lv/IH with the horizontally polar
ized incident light.19 By this apparatus, the polar
ization could be reproduced within an error of less 
than a few percent. The results were analyzed by an 
equation of the Perrin type,5 •20 

(3) 

where P0 is the limiting polarization observed when 
depolarization due to the Brownian motion is ab
sent, r is the fluorescence lifetime and <P) is the 
mean rotational relaxation time of kinetic unit 
carrying the emission oscillator. When <P) IS a 
linear function of T/1], eq 3 can be rewritten, 

_ _!.)(l+,BT) 
P 3 P 0 3 1J 

(4) 

where Tis the absolute temperature, IJ is the solvent 
viscosity and ,8 is a constant characteristic of a 
given polymer. Hence, the value of P0 is determined 
by the linear extrapolation of I/ P as a function of 
T/IJ to T/IJ = 0. The value of T/IJ varied by the 
addition of sucrose or by changing the temperature. 
The sucrose solutions were prepared using a 0.01 M 
phosphate buffer solution as the solvent. The vis-
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Table I. Properties of fluorescein conjugates of carbohydrates• 

Conjugate 
Molecular 

weight 
DS 

Wavelength/urn 

Absorption Emission 
maximum maximum 

491 513 Fluorescein 
F-Amylose 
F-Dextran 
F-p-Cyclodextrin 

376 
389000 
466000 

1134 

0.0083 
0.0083 
0.0040 

495 518 
494 518 
492 516 

a F-Amylose, F-Dextran, and F-fj-Cyclodextrin represent fluorescein conjugates of amylose, dextran, and P
cyclodextrin, respectively. 
DS, degree of substitution with dye is defined as the fraction of glucose residues substituted. Absorption and 
emission spectra were measured in 0.01 M phosphate buffer solution of pH 7. 

cosity of the 0.01 M phosphate buffer solution was 
taken to be that of water at the same temperature. 
The viscosities of the water and sucrose solutions 
were taken from International Critical Tables21 and 
Kagaku Binran.22 

RESULTS 

Characterization of Amylose and Dextran Con
jugates 
The absorption spectra of both amylose and 

dextran conjugates were similar to that of fluores
cein except for a red shift from 2 to 4 nm. Their 
emission spectra were also similar to that of fluores
cein except for a red shift of about 5 nm. The degree 
of substitution with dye was estimated spectropho
tometrically, using methyl N-fluoresceinylthio
carbamate as a reference. The degrees of sub
stitution for these conjugates were small enough to 
allow them to behave as unmodified amylose and 
dextran. These results are summarized in Table I. It 
is interesting to compare the depolarization charac
teristics of the amylose and dextran conjugates, 
since they are similar in molecular weight, degree of 
substitution, and absorption and emission prop
erties. 

Fluorescence Lifetimes of Amylose and Dextran 
Conjugates 
In order to analyze fluorescence polarization data 

the fluorescence lifetime, r, of the conjugated dye 
residue under the solvent conditions concerned 
should be known in advance. The necessary data 
were obtained from direct measurements with a 
nanosecond fluorometer. Figure 1 shows typical 
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Figure 1. The fluorescence decay ( · · ·) for amylose 
conjugate in 0.01 M phosphate buffer solution of pH 7 at 
25oC. The decay is fitted with the theoretical curve (-) 
containing a single exponential decay term (r=4.3). The 
sharp peak(---) represents the lamp profile. 

decay curve of fluorescent intensity for amylose 
and dextran conjugates. For either conjugate, the 
decay curve can be represented quite well by a single 
exponential function, which allows r to be de
termined accurately. The results are summarized in 
Table II. The r values for the amylose conjugate are 
slightly larger than those for the dextran conjugate. 
However, those for each conjugate under different 
conditions are the same within experimental error. 
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Table II. Fluorescence lifetimes of fluorescein 
conjugates of carbohydrates' 

Temp T 

Conjugate Solvent 
oc ns 

F-Amylose 0.01 M Phosphate 25 4.3 
0.01M Phosphate 40 4.2 
O.OIM Phosphate 53 4.2 

O.OIM Phosphate, 
25 4.2 

44.4% Sucrose 

F-Dextran O.OIM Phosphate 25 3.9 
O.OIM Phosphate 40 3.8 

O.OIM Phosphate, 
25 3.9 

44.4% Sucrose 

F-/3-Cyclo- O.OIM Phosphate 
dextrin 

25 4.0 

' Fluorescence lifetimes, r, were analyzed on the as
sumption of one component. 

Fluorescence Depolarization ofAmylose and Dextran 
Conjugates 
Fluorescence polarization measurements were 

carried out at 25oC for amylose and dextran con
jugates dissolved in an aqueous sucrose solution at 
different concentrations. Figure 2 shows Perrin 
plots constructed from the data obtained. For either 
conjugate, the plot is linear for T/1] greater than 
0.5 x 104 K poise- 1 but shows a downward curva
ture at T/1] lower than that. The downward curva
ture in a Perrin plot suggests the presence of 
multiple kinetic units of largely different relaxation 
times. The rotation of a smaller kinetic unit may 
arise from the rotation of the dye itself about the 
bond joining it to the polysaccharide chain. This 
rotation may be considered to be superimposed on 
the slower rotation arising from the polymer chain. 
For such a case, Weber and Wahl have derived the 
following equation,20 •23 •24 

(_1_ _ _ _1_)(1 (5) 
P 3 P0' 3 (p) 

where 1/P0 ' is the ordinate interecept obtained by 
extrapolating the linear part of the plot at a large 
value of T/1]. The value of r/(p) can be calculated 
by eq 5. Combining this with r, we can compute 
(p ). The values of r used for the computation are 
4.3 ns and 3.9 ns for the amylose and dextran con
jugates, respectively. The (p) thus calculated re-
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Figure 2. Plots of 1/P vs. T/17 for amylose (0) and 
dextran (1';) conjugates in 0.01 M phosphate buffer 
solution of pH 7 at 25°C. Viscosity was varied by the 
addition of sucrose. 

Table III. Comparison of I/P0 ', (p) and T, for 
amylose and dextran conjugates' 

(p) 
r,;oc 

Conjugate 1/P0 ' 
Without With 

ns 
sucrose sucrose 

F-Amylose 3.9 11 46 (±2)b 44 
F-Dextran 3.7 5.4 26 (± 2)b 25 

' (p ), rotational relaxation time measured at 25°C 
in 0.01 M phosphate buffer solution of pH 7. T,, 
transition temperature determined graphically as the 
point at which the experimental relation deviates 
from Perrin equation. 

b Results are shown by mean (±standard deviation) of 
four independent experiments. 

fleets the rotation due only to the larger kinetic unit, 
i.e., the motion of the polymer chain. The results 
obtained are given in Table III. 

The theoretical mean relaxation time for the 
whole molecule of either amylose or dextran used at 
25oC in water was estimated to be about w-s s 
from the equation given by Kirkwood and Riseman 
for randomly coiled polymer molecules in dilute 
solution.25 Since this theoretical value is much 
larger than the (p) values obtained, (p) may be 
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associated with micro-Brownian motion of a poly
mer segment. The value for the dextran conjugate 
is much smaller than that for the amylose conjugate. 
This fact indicates that the dextran chain undergoes 
rapid micro-Brownian motion compared with 
amylose. 

Effect of Temperature on the Polarization 
In polarization measurements, T/1) also varied by 

changing the temperature of the solution. If (p) 
depends only on the ratio T/1), Perrin plots for data 
obtained at various concentrations of sucrose and at 
various temperatures should show the same be
havior. Typical Perrin plots constructed by chang
ing temperature are shown in Figure 3. It is seen 
that either plot is a straight line at low values of T/1) 
but changes to a continuous upward curve at higher 
T/11 values. The transition temperature, T,, shown in 
Table III was determined graphically as the point at 
which the experimental relation deviates from lin
earity. The slopes of the straight line and P0 

obtained are greater than those for the case in which 
T/1) changes by the addition of sucrose. From the lin
ear portions of these plots, (p) for amylose and dex
tran conjugates at 25oC are calculated to be 7.2ns 

tv•c 
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Figure 3. Effect of temperature on the polarization of 
amylose (0, e) and dextran (6, .A.) conjugates. The 
temperature was increased (0, 6) and subsequently 
decreased (e, .A.). 
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and 3.0 ns by application of eq 3. Each value is sub
stantially smaller than that found when T/1) is varied 
by sucrose addition at 25°C. This indicates the 
presence of temperature-dependent rotations and 
suggests that some internal flexibility of polysac
charide chain probably increases with temperature. 
Two kinds of internal rotations should be con
sidered. One is the above-mentioned rotation of the 
dye around the covalent bond linking to the poly
mer chain. The other is thermally activated ro
tation about the glycoside linkage. It is difficult to 
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Figure 4. Effect of temperature on the polarization of 
P-cyclodextrin conjugate. 
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Figure 5. Effect of temperature on the polarization of 
amylose (0, e) and dextran (6, .A.) conjugates in 
aqueous sucrose solution. Concentration of sucrose, 
20% (w/w). The temperature increased (0, 6) and 
subsequently decreased (e, .A.). 
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estimate the contribution to P from these rotations 
separately. But it is considered that departure from 
linearity on a Perrin plot is at least attributable to 
an accelerated loosening of the internal structure of 
these polymer chains, since departure is not ob
served for the P-cyclodextrin conjugate at tem
peratures ranging from 20 to 60oC (Figure 4). P
Cyclodextrin is a cyclic rigid molecule, so that the 
conformation of this molecule probably does not 
change with temperature. 

Figure 5 shows Perrin plots for amylose and 
dextran conjugates when the temperature is 
changed in the presence of sucrose. A change 
from a straight line to an upward curve was noted 
and is shown in Figure 3. T, is unaffected by the 
presence of sucrose as shown in Table III. Ac
cordingly, it may be said that the occurrence 
of this transition depends only on the tempera
ture. The transition temperature for the amylose 
conjugate is higher than that for the dextran 
conjugate. Therefore, it may be concluded that 
the internal structure of amylose is more stable 
than that of dextran. 

DISCUSSION 

A flexible polymer chain does not possess a fixed 
conformation in solution. Due to thermal motion of 
the chain segments, the overall conformation of the 
molecule varies continuously. The extent and rate of 
such segmental motion are correlated to "dynamic 
flexibility" of the polymer chain.26 The value of the 
rotational relaxation time thus reflects the flexibility 
of the polymer. Calculations based on potential 
energies of non-bonded interaction showed that rx-
1,6-linked polysaccharide is more flexible than rx-
1,4-linked polysaccharide.12•13 In harmony with this 
theoretical prediction, the relaxation times obtained 
in this study indicate that the micro-Brownian 
motion is more intense in dextran than in amylose. 

The results shown in Figures 3 and 5 suggest that 
the amylose and dextran molecules become more 
flexible and less ordered with increasing tempera
ture above the transition temperature. The ordered 
structure of amylose is some type of "helical confor
mation," which is thought to change to a random
coil conformation when the temperature is raised. 
The departure from the Perrin equation of high 
temperature data in Figures 3 and 5 may be attrib
uted to this conformational change. However, the 
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absence of noticeable temperature dependence in 
intrinsic viscosity and optical rotation of amylose 
solutions has been reported by some workers. 27 -zg 

These results indicate that in the temperature range 
examined, the molecular chain of amylose doesn't 
undergo a conformational change analogous to the 
helix-random coil transition in polypeptides. This 
discrepancy may be explained by assuming that the 
conformation of amylose is not in a complete 
random-coil at high temperatures nor in complete 
helix at low temperatures. The conformational 
change with temperature would not be so definite 
as to prevent a detectable change from occurring 
in viscosity and optical rotatory power. On the 
other hand, the fluorescence polarization measure
ment has been shown to be very sensitive to con
formational changes in the short range of the poly
mer chain since this measurement offers charac
teristic information on the segmental motion 
about the attached dye.30•31 

We conclude that the molecular chains of amy
lose and dextran do not undergo any great confor
mational change with temperature, but their confor
mations change gradually and molecular flexibility 
increases with increasing temperature above the 
transition temperature. We also conclude that amy
lose and dextran below the transition temperature 
have ordered conformations to some extent.32 
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