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Order-Disorder Transition of a Triple Helical Polysaccharide

Schizophyllan in Aqueous Solution

Kazuto Yoshiba, Akio Teramoto, Yuji Miyazaki, and Takahiro Sato

(Received Sep. 3, 2010; Accepted Oct. 18, 2010)

A triple helical polysaccharide, schizophyllan, undergoes an order-disorder transition which

is concerned with the side chain glucose residues and water molecules in aqueous solution.

The order-disorder transition exhibits a strong molecular weight dependence, indicating a

highly cooperative conformational change of side-chain glucose residues, and it was treated in

terms of a linear cooperative theory originally proposed for the helix-coil transition of polypeptides.

From concentration dependences of the transition temperature and the transition enthalpy, we

divided the solvated water around the triple helix into four layers from of loosely structured

water to of strongly bound water. The order-disorder transition of the schizophyllan triple

helix is also reflected on characteristic temperature dependences of the dielectric dispersion and

the cholesteric pitch of aqueous solutions of schizophyllan. The dielectric dispersion data

demonstrated increase of free water and decrease of structured water at the transition from the

order state to the disorder state. Abrupt change of the cholesteric pitch with temperature

corresponds to the change of the side chain conformation and solvated water structure during

the order-disorder transition.

Keywords: schizophyllan, linear cooperative transition, hydrated structure, lyotropic cholesteric

liquid crystal

1. EC®IC

HARB L ORRE ST 0% IKICHER L, KT L
CHEEALTWE, NS OESTO5TILEEO L
REFNENE - REFBLCIE, K& OMELER, KR
KREREDIE D> TWD ™Y 2070, K - Kk
Y- LKL OB O F 2 s L, HREY
MEEHIT 2L BN H B LEZ LTV 5,

KIRGHED—DTdH BV 745~ (Schizophyllan) 3,
KBBEDOIRFEICBWCZH L EAME LR L, S5
7V T — ZFREEATIRGT T & DKFREE A L TR g
R L CTWa, ELERE L DI, ZELHEAMGEITR
F L&D S, MRS IREIRE D & R IR &

bo CORRZEMBISE, B RRESTERGT L
DB OKFAEET L BHFREE TR O —F & L CTRZBL
FROWHRTHE, LLHBNLRIRTF FONY v o
A — 3 A VLR L L 7B — R IR LR e
MR ENT VDD, KGT-LOKEREGEML
HEE ORGSR TH Y, ~N) v 7 A—TL VB LD
b, KDFOREADPEETHLEELOND, ZDYVT
1 7 OB — RIS Of5EIL, TN F CTliE
01X M) —=ZJuATb T & 7z, BEEREIR, B
FINELEDITZ BN 2FETH LD, AfaTlE, Zov
7147 OB -EREFERICER L, ZhETiddibh
THEARENEDERT — & % HRE L L FRTH S
BONEBEEOFEN S, RVIREHATRED Sh:

© 2010 The Japan Society of Calorimetry and Thermal Analysis.

Netsu Sokutei 37 (5) 2010

— O



]

37-5-04-Yoshiba 10.12.14 11:37 AM

=199

—¢—

EESFASHEDL VT 4 T Y O TORT — PP

B)FENOFEENTZES AR ) OGS IS
AR PRI 5o

YT AT UL, FOBRKIEBIZL D AKRBRTI VAT
Vo 2R ETBE T B, IALATY vy bR AMEEL, B
WHTOEFTEOX IV EMEERI Lo TEL, ¥V
T4 Ty =EHEAR Y OMEHOEREE B & OIS
BIAVATY v 7y FICREZ G2 T0bHLEEZLND,
F72, KIFFERPKREL, KDPEELEEHZHLE TN
T4 T Y O BT R AR5 BT, SEEN
MWETHRRTETHLEEZONDL, AROKBETIE,
T4 T O R L FERENB LI LA

CH,0H
0.
OH
" 7
CHZOH OH CHp CH,0H
0 0, o 0, 0 0,
HO HO HO
OH OH OH
n
Fig.1 Chemical structure of repeating unit of
schizophyllan.
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Fig.2 Excess heat capacities for D,O solutions of three
schizophyllan samples'» (polymer weight fraction
w~0.08) [0 N=43; A, N=94;, O, N =
154. Dashed curves, baselines; solid curves,
theoretical curves calculated with AH,*= 4.6
kJ mol ™', 7:*= 292.3 K and o"? = 0.0135.
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Table 1 Thermodynamic parameters for order-disorder
transition of schizophyllan in different
solvents.!415:22)

Solvent XDMSO 7./ K AH* o'
/ kJ mol —!

H.O 0 280.2 3.70 0.012
DO 0 292.3 4.60 0.0135

D0 + 0.04982 303.3 5.00 0.01
DMSO 0.09886 311.9 5.45 0.01

1500 T T T T T T
Ordered Partially Ordered Disordered
state state state

Fig.3 Schematic diagram of order-disorder transition
of schizophyllan in aqueous solution. Hatched
and un-hatched portions represent side chains
in the ordered and disordered states, respectively.
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BECHL, SIUSFLT, BT 222y b 2SRk Fig.4 SolvenF isotope effec.t of order-disorder trhansmon
" B of schizophyllan with N = 154; (@) in H:0,
BCHZLEDAGEIn(0'2s) LEL, o2 B (O) in D;0, and (@) in H0-D:0 equimolar
PERF LR, MmO = v MIEREEIRAEIZH 5 SR mixture (polymer weight fraction w ~ 0.08).!»
DL, 1 ROESTHOSTEE Zy 13 Solid curves are theoretical values calculated
from eq.7.
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Fig.5 Transition heat capacities of H,O solutions of
schizophyllan (N = 95) in four concentration
regions. Region I: O, w = 0.3045; @, w = 0.4349.
Region II: A, w = 0.5454; A, w = 0.6433. Region
III: [0, w = 0.7040. Region IV: W, w = 0.7690.
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Fig.6  Cross-sectional view of schizophyllan triple helix
in water. Circles represent boundaries of four
water layers with approximate diameters: helix
core-bound water (1.47 nm), bound water-
structured water (2.06 nm), structured water-
loosely structured water (2.33 nm), and loosely
structured water-free water (2.80 nm).
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Fig.7 Temperature dependence of dielectric relaxation
curves of D,O solution of schizophyllan with
N = 95 (w = 0.428 ); upper panel, real part;
lower panel, imaginary part; circles, 273 K;
triangles, 288 K; squares, 303 K.
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Fig.8 Temperature dependence of dielectric relaxation
strengths for the D,O solution of schizophyllan
with N = 95 (w = 0.428 ); circles, free water;
triangles, structured water + bound water; squares,
side chain + bound water; solid curves, eyeguides.
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Fig.9 Helical arrangement of rodlike molecules in a
cholesteric liquid crystal.
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Fig.10 Temperature dependences of the cholesteric pitch
P for D,0 solutions of schizophyllan with N =
122 at different concentrations. Solid curves,
theoretical values calculated by a cholesteric
liquid crystal theory with chiral interaction
parameters suitably chosen. The data points and
curves are shifted vertically by values in
parentheses for viewing clearly.
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