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Using 6 kinds of well purified sodium-type gellan gums (Na-gellan samples of G1~G6, M,=12x10*~
1.7x10* at 40°C), we investigated the effects of molecular weight on the initial stage of gelation, such as
coil to double-helix transition and the aggregation of double-helices, in aqueous solutions with 25 mM
NaCl by measurements of light scattering (LS), intrinsic viscosity [ 7], and circular dichroism(CD). At
40 °C, the molecular weight dependences of [ 7] were quantitatively described by the Yamakawa-
Fujii-Yoshizaki theory, suggesting that the Na-gellan in aqueous NaCl solutions behaves as a single
stranded chain. While, at 25 and 15 °C, except for G6 having the lowest M,,, the values of M,, were higher
than those obtained at 40 °C and increased with decreasing temperature. The G6 did not form
double-helix at 25 °C. The coil to helix transition and aggregation of double-helices were detected from
the temperature dependences of [ 7], and CD spectra for the Na-gellans solutions. The coil to
double-helix transition for Na-gellans of M,,=3.2x10* takes place at almost the same temperatures, and is
followed by the aggregation of double-helices with lowering temperature. The van’t Hoff’s enthalpy AH.y4
depends on molecular weight. It is concluded that the initial stage of gelation such as the coil to double-helix

transition is accelerated with increasing molecular weight.

Keywords: gellan gum, molecular weight, aqueous solution, coil-helix transition, sol-gel transition

INTRODUCTION

Gellan gum, an anionic polysaccharide produced by
Psuedomonas elodea has complex tetrasaccharide
repeating sequences of S -D-glucose, B -D-glucuronic
acid, B-D-glucose and o -L-rhamnose, and a carboxyl
" side group [1,2]. This polysaccharide is widely used in
the food industry and biomedical fields because it forms
a transparent gel which is resistant to heat and acid when

compared to other polysaccharide gels {3].
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The gelation mechanism of gellan gum solutions
has been the subject of controversy, but it is now
accepted that gellan gum undergoes a thermally-
reversible coil to double-helix transition, and that
junction zones of gellan gum gels are formed by
aggregation of double-helical gellan gum moleculesi4].
Thus, the coil to double-helix transition is a prerequisite

for gel formation. The gelation mechanisms of gellan
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gum solutions are influenced strongly by the presence of
cations and extensive studies have been recently carried
out [5,6]. However, the effects of molecular weight of
gellan gum on the gelation mechanism have not studied
yet.

In this study, using 6 samples of well-purified
sodium-type gellan gum (Na-gellan) having different
molecular weights, we investigated the effects of
molecular weight on the coil to double-helix transition
and the aggregation of double-helices in aqueous
solutions with 25 mM NaCl by light scattering (L.S) and

circular dichroism (CD) measurements, and viscometry.

EXPERIMENTAL

Materials Na-gellan samples (G1~G6) were prepared
from the deacetylated gellan gom powder (San-Eigen
FFI) by vibrational grinding using a HEIKO Sample
Mill Model T1-300 [7].

Measurements LS and CD measurements and
viscometry for Na-gellan were carried out in agueous
solutions with 25 mM NaCl. LS was measured at 40,
25, and 15 °C using Wyatt Technology DAWN DSP
Light Scattering Spectiometer. Viscometry was carried
out over the temperature range from 45 to 10°C using a
low shear Ubbelohde-type viscometer. CD measurements

were performed from 60 to 5 °C using a Jasco J-75

Spectropolarimeter (Japan).

RESULTS AND DISCUSSION
M,, values for Na-gellan samples obtained at 40 °C

by LS measurements are shown in Table 1 together with

the values of intrinigic viséocities [ #]. The molecular
weight range for 6 samples of Na-gellan were from
120x10* to 17x10°. The data obtained at 40 C were
analyzed according to the Yamakawa-Fujii-Yoshizaki
(Y-F-Y) theory for unperturbed wormlike chain [8,9].
The plots of [ 7] vs M, fit a single curve calculated
from Y-F-Y theory using the values of persistence
length ¢ = 8.5 nm, molar mass per unit contour length of
the chain M; = 360 nm™, and chain diameter ,=1.0 nm,
suggesting that at 40 °C Na-gellan in solutions with 25
mM NaCl behaves as a single stranded chain. The ratio
of M,, obtained at 25 and 40 C (M, 2*/M,,*®), and that at
15 and 40°C (M,,"*/M,,*") are also shown in Table 1. The
values of M, /M, *® were ca.2.0 for G1 and G2 and those
for G3~G5 were 1.7~13, suggesting that at 25°C
double-helix formation are occurred for G1 and G2 and
partially occurred for G3~G35. While, G6 did not form
double-helix at 25°C.

Fig.1 shows the temperature dependence of [ 7] for
the Na-gellan solutions in aqueous solutions with 25 mM
NaCl. On lowering the temperature, the [ 7] values of
Na-gellan of GI1~GS5 were almost constant at higher
temperature regions but increased rapidly in the
temperature region of 32~ca. 25°C, and below ¢a.25°C,
mcreases of the [ 7] values become a gradual. It is
noted that the slope of [ 7] vs temperature plots in the
region of 32~¢a.25°C increases with increasing M,,
While, the [ 7] value of G6 increases slightly from 45 to
10°C. The variation of { 7] can be interpreted as follows.
On lowering the temperature, the double-helix formation

take place for G1~G5 below 32°C (thecoil to

Table 1 Weight-average molecular weights and intrinsic viscosity of Na-gellan samples.

Sample  103M40 M2 Me® M) MO [ n110(em3/e1)
Gl 120 2.0 22 2180
G2 71 2.1 33 1210
G3 62 1.7 841
G4 57 15 1.8 674
G5 32 13 1.7 289
G6 17 1.0 1.3 97.6
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Fig.1 Temperature dependence of [ 7 1 for
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Fig.2 CD spectra of Na-gellans (G4 and G6)
aqueous solutions with 25 mM NaClL

double-helix transition temperature, 7)) and the
aggregation of double-helices occurs below ¢a.25°C at
least partly. In addition, the coil to double-helix
transition is accelerated with increasing molecular

weight.
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Fig.3 Temperature dependence of molar elipticity
at 201 nm for iwt% Na-gellan aqueous
solutions with 25 mM NaCl.

The temperature dependence of the CD spectra was
measured for the 6 Na-gellan aqueous solutions with 25

mM NaCl (polymer concentration ¢,=0.25, 0.5, and 1.0
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wi%). Typical éxaniples of the CD spectra are shown in
Fig.2. The CD spectra for G1~G5 are similar, but G6
shows a somewhat dissimilar shape. The peak around
201 nm in the CD spectra reflects the optically active
chemical structure of the glucuronic acid on gellan
molecules in random coil form [6,10]. Thercfore, the
variation of molar ellipticity of the peak around 201 nm
should correspond to a conformational change of gellan
molecules. The molecular ellipticity at 201 nm, [ 15,
of Na-gellan is plotted against temperature. A typical
example is shown in Fig.3. On lowering temperature,
values of [ &1y for G1~GS5 drastically decreased below
T.n (34-35°C), suggesting that the coil to double-helix
transition and aggregation of double-helices occurred.
While, values of [ & ], for G6 showed a gradual
decrease below T, (30°C) which was lower than that
for G1~G5.

The values of T, determined from temperature
dependence of | # ], are plotted against polymer
concentration together with the values of 7, obtained by
viscometry in Fig4. The values of Ty, increase slightly
with increasing polymer concentration, but the values of
T for G1~G5 obtained by CD spectra (and also by
viscometry) are almost the same. These results reveal
that the values of T4 do not depend on M, at least M,
=3.2x10* While, the values of T, for G6 which could
not be detected by viscometry are lower than those of
G1~G5. Results for G6 may be interpreted as follows:

on lowering temperature, only a small number of coils in
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Fig.4 Polymer concentration dependence of the coil-helix
transition temperature, 7, for Na-gellan aqueous
solutions with 25 mM NaCl.
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Fig5 Vant Hoff
plots of molar
ellipticity data for
Na-gellan: (G4)
aqueous  solutions
with 25 mM NaClL
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a molecular chain transformed into. helices, and
consequently, the double-helix formation could not occur
due to insufficient number of helices needed to form a
double-helix.

We analyzed the CD data using van’t Hoff plots and
calculated van’t Hoff’s enthalpy AHuy It is assumed

that the coil-helix transition is a two state equilibrium

process and equilibrium constant obeys van’t Hoff’s

relation:
dinK —AHn
da/n T R Y

where K (= 4/(1- ), 4, the helix content) is the
equilibrium constant for the transition and R the gas
constant. The value of 4(7") at different temperatures
was calculated according to Eq. 2 [11].

_ 18l — [ 81201(T)
I = T laonT) [ 9l0D) @

Here [ &1h; (T') is observed molecular ellipticity at 201
nm at a given temperature, and [ & . (7) and
[ faom(T) are the molecular ellipticity assigned to the
coil and the helix states, respectively. Assuming the
value of [ &1 (T ) =1550 (deg cm’dmol™)  and
[ 812017 ) = -400 (deg cm® dmol™) which are the values
of [ &]ae1 for G1 obtained at 40 and 25°C, respectively,
we calculate #(7") values. A typical example of van’t
Hoff plots is shown in Fig5. Below 7, van’t Hoff
plots can be divided into two parts (slope 1 and 2). The
problem arises which slope of the plot should be used for
calculation of AHy  From the results of M, and
[ 7], on lowering temperature, the coil to double-helix
transition occurs below 7y and is followed by the

aggregation of double-helices. Therefore, we thought
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Fig.6 Dependence of van’t Hoff enthalpy, AH.,
on molecular weight, M, at 40°C of Na-gellans.

that A Hy for the coil to double-helix transition should be
calculated from the [ 41,y data obtained just below 7,
The values of A H,determined from slope 1 are plotted
against M, in Fig6. Values of AHy are slightly
dependent on the polymer concentration and depend
markedly on M,*°. These results support the conclusion
that the initial stage of gelation such as coil to
double-helix transition is accelerated with increase of

molecular weight.
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