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CHAPTER I

INTRODUCT10N

I-1 . General Introducti-on

Polysaecharides are the nost abundant of the

constituents of living organi-sms and a najor elass of

macromoleeules essential to life .1 '2 They are either
ionie or nonionic. Nonionic (or neutral) polysaccharides

are cl-assified into homo- and hetero-groups, depending

on whether they consj-st of identieal- or different sugars.

The former is exemplifled by D-glueans, D-mannans, D-

fructans, and D-xy1ans. Among others, D-glucans are

best known and nost abundant in nature, and can be

elassified into u-l ,2-, g-1 ,2-, a-1 ,3-, g-1 ,3-, s-1 ,/+-,

B-1 ,4-, s,-1 ,6-, and B-1 ,6-types aceording to -the node

of main chain glucosidic linkage. Starch and cellulose

pertaining to our l-ife are the well-known exanples of

o-1 ,/+- and B-1 ,4-D-g1ucans, respeetively.

In the past decade, water-so1uble, rnicrobial g-1 ,3-
D-glucans have recej-ved. much attention of polysaccharide

chemists and pharmacologists, because of their

●

●

-1-



●

industrial use as eheni-ca1 agents, food additives,
drugs, and so orr. Tor exanple, schizophyllan and

lentj-nan are now under extensive investigation for their
pronise as antieaneer drugs, and Polytran sclerogluean

is bei-ng used as viscosity-enhaneing and suspendi-ng

agents, cosmeties, food additives, and an enhanced-oil

recovery ageni.3 This situation has directed the

interest of polysaccharid.e chemists toward

characterizat,ion of B-1,3-D-glucans in dilute aqueous

sol-ution. However, reported solution stud.ies are yet

limited to fragnentary hydrodynamic and spectroscopic

measurements. No attempt has been made to d.etermine

the absolute moleeular weight of B-1,3-D-g1ucan, exeept

the work of Hirano et a1.14 who rnade light scatteri-ng

and vj-scosity measurements on a serj-es of curdlan

fractions in 1 21 water-diluted cadoxen; curdlan is a

water-insoluble B-'l ,3-D-glucan with no side er,La1n.5

The nrirnary purpose of this thesis is to

characterize two industrially inportant B-1,3-D-glucans,

sehizophyllan and Polytran scleroglucan, in aqueous

solution, using standard techniques in polymer solution

studj-es such as light scattering, sedimentation

equili-brium and velocity, and viseosi-ty.

●
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I-2. Schizophyllan and Polytran Scleroglucan

Schizophyllan is elaborated extracellularl-y by the

fungus Schi-zophvflum cornmune (Suyehiro-take). It was

diseovered in a culture medi-um of the fungus by Kikumoto
6et a1.- about 15 years ago. Nowadays, its samples are

routinely produced by Taito Co. The repeating unit of

schizophyllan determined by Kikumoto et "L.7 is shown

1n Figure I-1.
Komatsu et a1.

aqueous solution of

8 were the first to find that an

schizophyllan has a host-mediated

●

●

Figure I-1. Repeating unit of schizophyllan.
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antitumor activity against tumors of mice (Sarcorna -37 ,

Sarcona-1 80, and Ehrlich carcj-noma) or Yoshida's tumor

of rats. However, they had difficulties in
administrating the solution intra-abdomi_na1ly,

intramuscularly r or intravenously, beeause of an

unusually high vi-scosity of aqueous schizophyllan.

Thus, subsequent progress in pharmacological studies

on schizophyllan was delayed.

The problen was resolved by Tabata et a1.,9 rho

found that when sonicated", the viscosity of aqueous

schizophyllan soluti-ons could be reduced remarkably,

with the ehemieal structure and antitumor activity of

the polymer remai-ning i-ntact. Although observed

viscosi-ty reductj-ons suggested chain scission of native
(i-.e., unsonieated) sehizophyllan, need. for rnolecular

weight data on both native and soni-cated samples was

apparent for direct confirnation of the suggestion.

This was the incentive to the present study,

Our molecul-ar weight datar presented in the

followi-ng chapter, indeed show that native schizophyllan

is fragmented. to lower-molecul-ar weight ehains by

soni-eation. This finding enabled us to investigate the

nolecular weight d.ependence of the solution propertles

●
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of schizophyllan by stand.ard. techniques employed 1n

studying synthetie polymers and thus to deduce its

conformatlon in dilute solution. It was found that

Polytran seleroglucan can be studied also by the sane

techni-ques.

Seleroglucan is the general name for capsular

polysaceharides produced by various species of the

genus Scferotj-um. Tts first example was found by

Johnson et ul.10 in 1963, and the species producing

the polysaceharide was identified four years later

tO be So■ erotium g■ ucanicum by Ha■ ■eckell  The

sclerogluean from this particular fungus consists of

the sane repeati-ng units as that of schizophyllan shown

in Figure I-1. It j-s only from this fact that

scleroglucans are usually considered the same kind of

polysaceharj-de as schizophyllan. However, this must be

accepted with reservation, since the repeating units

of scleroglucans from fungi other than Sclerotium

El-ucanicum are not yet known. Polytran seleroglucant

produced by Sclerotj-un rol-fsii, is one of sueh yet

unj-dentified seleroglucans, and eommercially available

under the trade nane of Polytran (Ceea S. A., France).

●
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I-3. Antitumor Aetivities of g-1 ,3-D-G]ucans

Besides schizophyLlan and lentinan, there are

several B-1 ,J-D-g1ucun"1 2-16 having host-mediated

antitumor activities agai-nst Sarcona 180, but little
i-s known about the molecular mechanism of their tumor

inhibition or even what is likely to be the pri-mary
.ofactor for antitumor aetlvi-ties. Table I-1 presents

typica3- bioassay data for B-1,l-D-glucans with or

without B-1,6-D-glucose side chains. Here, the tumor

inhibition ratio E is defined by

Table I-1. Antitumor actlvities of various B-

1,3-D-glucans against Sarcoma 180
●

Nane

SchizOphy■■an   l。 0      8/10         8

::lttl::lucan    O。 97     7/10         a

Curdlan         O.99     5/6         12

Pachyman        0        0/8         17

Lentinan        l.0     10/10        18

U― Pachyman      O.91     5/10        13

Laminalan       O.02     0/10        15

a T. Yanaki, unpub■ ished data.

ξ    r::1:き :1:n   iterature

●
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(1-1)

with wa and w" the average tumor weights of the glucan-

treated. and untreated groups of mice, respectively; and

the complete regression is defi-ned as the number of

turnor freer glucan-treated micex- relati-ve to the total
number of the glucan-treat,ed mice. As ean be seen from

the table, pu.hy^un17 and laninaranl5'16 hu.u" virtually
no antiturnor activity, suggesting that the backbone

chemical structure cannot be the prinary factor for
antitunor activities of B-1,3-D-g1ucans.

Sasaki et u]'.12'19 found curdlan and lentinan to

lose their antitumor power when the molecular weight

(estimated. by end group analysis) was lowered below

5 - 8 x 103 . Thes" autho"s19 and al-so Saito et ^r.,20
investigating the conformation of lentinan fractions in
dilute aqueous sodiurn hydroxide by visible absorption

1?and '-C-NMR, eonclud.ed that the loss of antitumor

potency of lenti-nan j-s eaused by an order-disorder

conformation ehange of the glucan accompanying the

decrease in molecular weight. This eonclusion albng

x Mouse having a tumor weight less than 0.05 g.

●
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with some other pieces of inf ormationl 5 '17 '21 '22 l-ed
A. .r 16Chihara'- to hypothesize that a certain ord.ered

structure of a gluean in aqueous solution is primarily
responsible for its antitumor activity, but the 'ordered.'

structure has remai-ned not s'oeeified.

oI-l+. Scope of This Work

Preliminary solubility tests showed that
schizophyllan and Polytran scleroglucan are soluble in
dimethyl sulfoxi-de (DUSO). To start withr we measured

viscosities of schizophyllan in this solvent and pure

water, and found that intrinsic viscosities Inl of both

native and sonicated samples in water were appreciably

higher than those of the same sample in DMSO. At that o

timer wo thought that this difference could be due to
d.ifference in molecular conformation in the two solvents,

i-.e.r &n extended rodli-ke conformation in water and a

spherical random coil in DMSO. However, we cane to

know that ,things were not quite as simple as that when

molecular weight data in the two solvents became

avaiLable. The weight-averege molecular weight of each

sample. in water was approximately three times that in
DMSO. This i-ndieated that sehizophyllan in water

‐8・
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eonsists of three chains.

Our final conclusion was that this glucan dissolves

as a rodlike triple helix in water and as a single

random coil in DMSO. The hydrodynamic characterization of

schi-zophyllan, which 1ed to this conclusion, is described

in the following chapter. Chapter III is concerned with
o the melting or di-ssociation of the schizophyllan triple

helix into three single chains in water-DMSO mj_xtures

at 25oC and, in pure water at, elevated temperature. fn
f.hnnr.ar Ti/, the antitumor activity of aqueous"u,

sehizophyllan is investigated i-n relation to Chihara's

hypothesis nentioned above.

Chapters V and VI are devoted to a study on Polytran

o selerogluean solutj-ons. The former deals with the

question whether this glucan is id.entical to

sehi-zophyllan in regard to ehemical;structure and

d.ilute-solution behavior. The latter concerns

coneentrated aqueous solutions. Actually, the study

described in Chapter VI was motivated by very recent

work of Van et al . r'3 who found from nicroscopic

observations and polarimetri-c measurements that

schizophyllan in aqueous solution forms a cholesteric
liquid crystal when the concentration i-s higher than

aLv

‐9-



●

a certain criti-ca1 va1ue. The last eharrter VII
summarizes the maln results and conclusions from the

present work.
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GHAPTER II

TRIPLE HELIX OF SCIIIZOPHYLLAN IN DILUTE AQUEOUS SOLUTION

II-1 . Introd.ueti-on

Schizoohyllan, a nonionic, extracellular g-1 r3-D-t s rrvrr! vrrr v t v  ur sv vJ

glucan prod.uced by the fungus Schizophyl-lurn 
"omrrrr"rl

is soluble in water and DMSO. This chapter presents

molecular weight, viscosity, and sedj-mentation velocity
data from which it ean be eonclud.ed that this
polysaccharide disperses as rodlike trimers having a

triple-strand.ed helical structure in water and as single

randomly coiled chains in DMSO. The piteh, diameter,

and stiffness of the triple helix are estimated., using

the hydrodynamie theories of Yanakawa et ut.2'5

II-2. Exnerimental

II-2-1. Samples

A native sehizophyllan sanple N-1 and 1 0 sonicated

sanples 3-65, S-1n5, S-1 , B, S-148, S-1/r/r, H, S-166, E,

and S-1 6lr were prepared in the following way.6

●

●
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An aqueous solution (0.2 -'0.3 % polymer) of a

crud.e schizophyllan sample (taito Co.) was filtered
through diatomj-te and treated with activated. charcoal.

To this filtrate, exeess acetone was added to precipltate
the polymer. The sarnpX-e so purified was dlssolved in
water at a coneentratj-on of 0.1 - 1.0 fo, and the solution
rnras exposed to 19.5 klF-z sound (fai;o Denki, Model TA-

5280N). The duration of ultrasonic irradiation was

varied from 5 to 120 h on the basis of the preliminary

sonication data shown in FiEure II-1. Each soni-cated

●

ｂ
■
ヽ
√
９

●

lrr<rdiction time/min

Figure II-1. Changes in Inl of schizophyllan that

occurred when aqueous solutions of concentrations

0.10 (O), 0.20 (O), and 0.40 (O) x 10-29 "*-3 r"""
sonicated at 19.5 kFz
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solution was passed through a Millipore filter (type HA)

after being deionized with i_on exchange resins (Nippon

Orugano, IRA t02 and IR 1208). Sample N-1 was prepared.

in the same way but without soni_cation. ft has been
,\reported" that sonj-cation gave rise to no detectable

changes in chemlcal structure or j-n 13c-uun ,.na infrared
spectra of native schizophyllan.

The native sample N-1 was used as it stood. Each

of the soni-cated samples 3-65, S-/n5, S-1 , B, S-14g, S-

14/r, H, 5-166, E, and S-16/u was separated into three to
six parts by fraetional precipitation with water as the

solvent and either aeetone or ethanol as the precipitant.
The lowest-molecular weight fraction from each sample

in pure water exhibited polyelectrolytic viscosity
behavj-or, and hence was discard.ed. Middle fractions
designated belorr as S-65-2, S-/n5-ln, S-1 -2 , B-/+, S-1 /oB-2,

S-11+l+-2, H-3, S-166-4, E-lr, and S-16t+-3 were chosen f or

the present study. These 10 fractj-ons ffere freeze-dried
from aqueous soluti-ons, while sample N-1 was dried in
vaeuo and crushed. into powder. Before use, each sanple

was further dried overnight j-n vacuo at room temperature.

●
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II-2-2. Mo■ ecu■ ar We■ ght Determination

a. Weight― Average Mo■ ecu■ ar Weight

Sedimentation equ■ ■ibr■ a of schizophy■ ■an samp■ es

■n water and DMSO at 25° C were studied in a Beckman

Spinco Mode■ E u■tracentrifuge equipped with an

e■ ectronic speed― contro■  systeme  A fi■ ■ed Epon 30 mm

doub■ e― sector ce■■ was used for samp■ es N-1, S-65=2,

S-45-4, S-1-2, B‐ 4, S-148-2, and S-144-2 in water, and

a Ke■―F 12 mm doub■ e― sector ce■■ for samp■ es H¨ 3, S-166_

4, E¨ 4, and S-164-3 in water and for samp■ es S… 148-2,

S… 144-2, S-166_4, and S-164-3 in DMSOe  The ■iquid

co■umn was adjusted to l。 2-2 111m, but for the highest―

mo■ ecu■ ar weight samp■ e N-1, it was reduced to O.9 mm

at the expense of the accuracy of measurement to

acce■erate the attainment of sedimentation equi■ ibrium3

eVeO With this ■ength it took about four days for the

equ■■ibr■ um to be atta■ nedo  The rotor speed was set

at 1200 ‐ 14000 rpm, depending on test samp■ e and    i

so■vente  Ray■ eigh fr■ nge patternS were photographed on

Kodak spectroscopic p■ ates and read on a Nikon

Shadowgraph Mode■  6 to the accuracy of ± 0。 5 %.

Sedimentation equi■ ibrium data were ana■ yzed by  t

the equation7
●

-17‐



●

where

-1
app

Mapp

-1
= IVI

[=(ca+eo)/z

2A2? + 6r )c f o .

= ("u - ea)/rco

(z-r )

(2-3)

(z-z)

●

6t = (xattrvu/tz)('!az/rr- 1) + o(14)

with

| = (r - ipo)("02 - "u')r?/zar Q-s)

Here, M__ and M- are the weight-average and z-averagewo
nolecular weights of the polymer, respectivelyr A, the

seeond virial coefficient of the solution, eO and c" the

equilibrium polymer mass concentrations at the bottom

and meniscus of the liquid column, respectively, c0 the

initial polymer nass eoncentration, v the partj-al
specific volume of the polymer, pg the density of the

solvent, rb and r. the radial distanees from the center

of rotatj-on to the bottorn of the cel1 and the meniseus,

respecti-veIy, ul the angular velocity of the rotor, R the

gas eonstant, and T the absolute temperature. In
evaluating AZ, the correction term 6t was estimated with
only the first term in eq 2-/, retained, but it was

(z-t)

●

●
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neglected for sample N-1 in water.

The wei-ght-average molecular weights of samples

N-1 and S-1 -2 in DMS0 at Z5oC were determined by light
scatteri-ng, using a Fica 50 automatic light-scattering
photometer (see Chapter V for the experimental details).

●

b. z-Average Molecular Weight

Values of M, of samples 3-65-2,

s-1 48-2, S-1 t+4-2, H-3 , S-166-tu, E-t+,

wat er and samples S-1 48 -Z , S-1 lnlr-z ,

in DMSO aL 25oC were estimated from

equiliblium data. The data analysis

eouati-on deri-ved in this work on the

as used in deriving eq 2-1. It reads

s-/+5-/+, s-1-2,

and S-16/+-3 in
S-166-/+, and S-161+-3

s edirnentation

was made by an
"lsame assumption'

A - (u*/uu)[t + 2A2Mw(1 + 62)d + . . .]

("o - "u)'

(2-6)

where

w 122,,
"o\"b - Ta )

. )-
Llacl6t*)---

I-Ir n
(ac/arz)"=" ]

a

- 1) + o(r4)(3NIu+./M* - zMz/r4w

G + 1)-average molecular weight.

(2‐ 7)

(2-8)
.t6c= (l'M_-M _/lZ1.-wz'

and. M ,4 is thezrl
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Experimental values of Q were plotted against A and

extrapolated graphically to infinite dilution. The

primary factor governing Q was the values of Ac/ArZ at

the meniscus and the bottom. Since these were estimated.

graphieally, the M, values determined were correct onlv

to t'1 0 fo.

c. Partial Speeifie Volume

Densities p of schizophyllan i-n water and DMSO

Z5oC were determined by a Lipkin-Davison pycnometer

●
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Figure TI-2. Densities

of schizophyllan as a

lo? c/9 cm-3

p of aqueous or DMSO solutions

function of c.
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30 ml eapacity. Figure IT-Z shows that the neasured p

in water and DMSO vary linearly with c in the

coneentration range studied. The slopes of the straight
lines yield 0.619 and 0.623 "^3g-1 for the partial
specific volumes of schi-zophyllan in water and DMSO at
n.O n25"c, respeetively.

d . Specific Refractive Ind ex Increment

Refractive indices of schizophyllan i-n water and

DMSO at 25oC were measured on a modified Sehulz-Cantow

●

0 436 nm
●546 nm

1O2 c /g cm-z

Figure II-3, Excess refractive ind.ices An plottecl
against c for schizophyllan in water ancl DMS0 at Z5dC.
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differential refractometer. The apparatus was

calibrated with aqueous potassium chloride and Kruis'
Rdata" as the reference. The measured. excess refractive

ind.i-ces An in the two solvents are plotted against c in
Figure II-3. From the indicated straight l-i-nes, the

speeific refractive index increments (an/ac) in water

at 25o C are determined to be O.l trS .^3 g-1 at /+36 nm

wavelength and O.1t+2 "^3U-t at 5/+6 Drnr

DMSO at 25oc to be O.o62tt "^3u-t at /136

"^3 r't at 5tt6 nn.

●
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and 0.061 1

II-2-3. Sed.imentation Velocity

Sedinentation velocities of 11 schizophyllan samples

in water at 25oC were measured. using a Ke1-F 30 mm

single-sector ce1l. The rotor speed was {0000 rpn for

sarnple N-1 and 48000 rpm for the rest. For any solutions

the observed schlieren patterns were single-peaked,

so that sedimentation coeffici-ents s were evaluated
q

aecording to the equati-on'

1nr =rr2ttconstantp

is the radial distance from the eenter of

(2-9)

p
●

where r
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rotation to the peak position in the

and. t, the tirne of centrifugation.

vs. t obtaj-ned were strictly linear

range of t studied, and thus s could

ae curately.

The values of s obtained for a

extrapolated to infinite dilution by
orelation'

s-1 = "o-1 tt + k"co)

sehli-eren pattern

The plots of 1n r
v̂

over the entire

be deternined

series of "0 were

use of an empirical

(2-1 0)

●

to evaluate the limiting sedimentation eoefficient 
"0

and the constant ks.

II-2-l+. Visconetry

Viseositi-es of four highest-molecul-ar weight

samples, N-1 , 3-65-2, S-/n5-l+, and S-1 -2, in r^rater at

z5oC were measured using a rotational- vi-scomet""1 0 of

the Zimm-Crothers type and four-bulb capillary

viscomet""r11 of the Ubbelohde type, sinee appreciable

shear rate effects were anticipated. on the intrinsi-e

vi-seosities tnl of these samples.

o Dependence of Inl on 'apparent' shear rate (estimated

_23_
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for pure water) ls i-llustrated in Figure II-/r, in which

the data d.etermined by conventional capillary viseometers

of the Ubbelohde type are also shown for comparisor,l.

The curves indicate that the zero shear Inl for samples

N-1 , 3-65-2, and S -/r5-/+ can be determined directly by the

Apparent shear rate./s-r

Figure II-t+. Depend.ence of tnl on apparent shear rate

for indicatecl schizophyllan sanples in water at, 25oC.

(O), Zimm-Crother rotational vj-scometer; (O), Iow-shear

four-bulb capiLlary viscometers; (O) , conventional

Ubbelohde capillary vj-scometers.

●

●

●
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rotational vj-scometer, and that for sample S-1-2

extrapolating the four-bulb viscometer data.

0n the basis of these data, the zero shear

lower-nolecular weight samples B-lo, S-1/+8-2, S-1

H-3, and 3-166-4 in water were determined by the

bulb viscometers. For the two lowest-molecular

samples E-/t and S-16/r-3 in water and all sarnples

DMS0, conventional capillary viscometers of the

Ubbelohde type were used.

by

Inl of

4l+'2,

four -

weight

in

●

II・・3。  Resu■ts

II-3-1. Molecular Weights

Figures II-5 and II-6 show plots of t.rn t vs. e-

and Q vs. 6 for schizophyllan samples j-n water and DMSO,

respectively. The values of M", A2, and M'u estimated

from the straight lines in these figures are sumnarlzed

in Table If-1. Figure II-? illustrates light-scattering
data for sample N-1 in DMSO at 25oC. The light-

a
seattering values of Mr, A2, and <S'> (ttre nean-square

radius of gyrati-on) are also given in Table II-1,'along
with the values of the moleeular weight ratios '

'2,J u



●

2

:ぴこィgc辞
0402

０
．　
］

¨

伽
ｂ̈

ち
Ｅ
ヽ
‘
α
。“〓

ち

¨

●

1O2a/g cm-3

Figure II-5. Plots of M -1 vsapp
indicated schizophyllan samples

一
Ｃ

　

　

ｎ●■

and Q vs.

water at

e for
25o c.
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Table ff-1. Besults fron sedinentation equilibriun and light scattering neasurenents on

schizophyllan samples in water and DMSO at, 25oC

Mw(in water)Mち (in Water)

Mw(in DMSO) Mz(in DMSO)
In water In DMSO

Sanple 10~ 1。
4A^a l。 4̈M M_/M 10~ 'toLt ^ 1o-Lu y_1y.- .S2r1n^2

164 4.0' 3.48N_1

S_65-2

S-45‐ 4

S-1‐ 2

B-4

S‐ 148‐ 2

S-144‐ 2

H=9

S_166_4

E-4

S_164‐ 3

570

400

248

161

100

72.4

42.9

32.0

19.6

19.9

9.6o

1.0  -――

1.4  610

1.2   ,70

1.1   230

1.5

1.5

1.4 58.5b  う。57b  ―
1400 2.75

‥
ヽ
「
‥

1。 1

0。 6

1.0

1.2

1.4

1.6

2.2

190

62

48.3

2,

16.4

12

1.8

1.4

1.5

1.2

1.2

1.3

23.3   8.4

13.5  9.8

１

　

０

４

　

２

1.8

1.5

3.11

3.18

う。2

3.1

6.67  9.6 8.0 1.2 2.94 2。 9

3.72 12.2 4。 4 1.2 2.58 2.7
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In units of cn3nol g-2.

From light scattering.
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N― |..DMSO              e= N‐ l.OMSO           l。 2c=
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o.5

sina (eze)

Figure II-7. Light-scattering envelopes for sample N-1

in DMSO at, 25oC. K, the optical constant; RU, the

reduced scattering intensity; 0, the scattering angle.

Mr(in water) /M*(in nuso) and tur(in water) /Mr(tn ol,iso).

The ratios l,tr(in water)/M"(in U,ISO) and Mr(in water)

/llu(in DMS0) in Table II-1 are close to three for al_1

samples exam-ined. The implicatlon of this finding is
that the. predominant speeies present in an aqueous

solution of sehizophyllan is a trimer, because the DMSO

data for A, and <S4> in the sane table convince us that
this polysaceharide is dispersed mol-ecu1arly in DMSO.

It ean be shown theoretieally that the weight-average

molecular weight Mw(3) and the z-average molecular
●
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weight M-(3) of the solute in a polyd.isperse solution-z
of trj-mers are equal to 3Mw(1) and 3142 1), respectively,

only wlten each trimer molecule consists of chai-ns of

equal length. Here, M*(1) and Mr(1) are the

eorresponding average molecular weights of di-ssociated

monomers. Since this theoreti-cal prediction holds,

regardless of the heterogeneity in size of the trimers

in soluti-on, we may further conclude that the

schizophyllan trimer i-n water consists of chai-ns of

approximately equal molecular weights.

II-3-2. Viseosity-Molecular Weight Relations

The measured values of inl and k t (Huggins'

constant) fo" 11 schizophyllan samples in water and

DMSO at 25oC are summarized in Table ].j-2.
Figure II-8 depicts double-logarithmic plots of

Inl vs. M in these two solvents. The two curves have. 
IAI

distinctly different slopes and intersect at ran M,, ofiw
about 1.5 x 105 , suggesting that the shape of the

schizophyllan trimer i-n water is different from that

of the single schizophyllan nol-ecule in DMSO. The slope

of the eurve for water is about 1.7 in the ranse of M t.t
r

below 5 x 1O', and grad"ually decreases with increasi-ng
●
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Table II-2. Results frorn viscosity and

on schizophyllan sanpl-es in

sedimentation ve■ oc■ ty measurements

water and DMSO at 25° c

In water In DMSO

Samp■e  10~21η 〕/cm3g~l  k:

N‐ 1

S_65_2

S-45-4

S‐ 1-2

B-4

S-148-2

S-144… 2

H-3

s_166■ 4

E-4

S_164‐ 3

120

71。 9

43.7

25.0

1504

9.62

4.78

3。 01

1.32

0.736

0.401

0.44

0.46

0.42

0。 43

0.40

0。 42

0.44

0。 42

0。 42

0.43

0。 43

15。 0

13。 0

11.2

10。 3

9。 12

8。 74

8.01

7.36

6.57

6.o9

5.25

1。 14

0。 813

0.33

0.31

1 01 3sO/s 10-2k。 /cm3g l t o-2 tnt /.^3 g'1

26.1

16。 4

7.66

4.26

2.55

2。 12

1。 29

1。 17

0。 72

0.52

0.34

4.65 0。 35

2.19 0。 34・
い
〇
‥

0.546 0。 41

0。 317 0.41
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M_- in the higher-molecular weight range. This behavior
w

implies that the schizophyllan trimer can be mod.eled as

an almost completely rigid rod below and as a
(

semiflexible rod abovg M, * 5 x 10'.

0n the other hand, the curve for DMSO solutj-ons in
Flgure II-8 is linear with a slope of 0.68. This slope

value indicates that the schizophyllan monomer in DMSO

i-s a random coil swoll-en bv excluded-volune effect.

●
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●

2x1t rd rd rd
M'ry

Figure II-8. Double logarithmic plots of Inl vs. M_-

for schizophyllan in water ancl DMS0 a+, 25oC.
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TI-3-3. Sedi-mentati-on Coefficient

Figure II-9 shows the concentration d.ependence of
-1s for schizophyllan samples in water. The plot for

the highest-molecular weight sanple N-1 is almost

linear below eO = 2 x lO-Lg "^-3, allowing the intercept
to be deternined. fairly accurately. The values of r0

S‐3664
H-3

015

013

●

●
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Figure II-9。

schizophyl■ an

8‐4

5■ ‐2

Concentration dependence of

samples in water at Z5oC.

s l for
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Figure II-10. Molecular weight d.ependence of sO for
schizophyllan in water at 25oC.

and ks evaluated from the intercepts and slopes of the

indicated straight lines are presented in the fourth

o and fifth columns of Table II-2. Thes" ,O values,

plotted agai-nst log M" in Figure II-1 0, follow a

straight line for M, 1 10o. This linear behavior

i-s another evi-dence for the rigid rod natuqe of the

schizophyllan trimer in water, si-nce it eonforms to the

theoretical predictlon3 for long straight rod.s (see eq

2-12). The upswing of the eurve for M, higher than 106

1s consistent with the finding from Inl that the rodlike
trimer exhibits flexibillty at these high molecular

weights.
o
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II-4,. Diseussion

II-tu-1. Moleeular Mod.e1 Building

The hydrodynamic data deseribed above suggest that

the molecular chains in the schizophyllan triner are

arranged i-n a regular three-dimensional structure.
o

Bluhm and Sarkol2 und, Deslandes et ^t.13 found from

x-ray stud.j-es on lentinan and curdlan, respectively'

that these B-1,3-D-glucans in the crystalline region

have essenti-a11y the sane triple helical structure as

that proposed. by Atkins et ui..14 for a B-1 ,l-D-xylan
from x-vay data. Each chain in the triple helix of

Atkins et a1. comprises six xylose rings in a pitch of

1.836 nm (0.;Oe nm per ring). We suspected that the .

schizophyllan trimer nay also have a regular strueture

similar to the triple helj-x of Atkins et aI. However,

we asked ourselves whether the bulky side chaj-ns, B-1 ,6-

D-glucose rings, may prevent three schizophyllan

molecules from forming such a strueture. To answer this

questionr wo attempted to make a model helix aceordi-ng

to Atkins et al.

Figure II-11 illustrates our molecular model for

the schizophyllan trimer. Each ehain in the tri-mer 
o
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0

Figure II-12. Cyclic triad of hydrogen bonds among

three schizophyllan chains. Hydrogen bonds are

represented by dashed lines.

winds a right-handed helix and has exactly six residues

nAr trrrn - The three helices aTe stabilizod lrrr i nt.crnhai nH"- o
hvd-r,aocn hnnd^ 1^^+.-^^- +L^ nrl ^ ^++ached to c_2ff J ua u5wll uufluD uu uwuurf urru vrl-5r vuPD q u u

carbons, as can be seen from Figure II-12; the hydrogen

bonds form cyclic triad.s at the center of the structure.
The model clearly shows that the CH20H groups and the

side chains do not impede thre" r"frizophyllan chains to

form the triple helix of Atkins et a1., but simply add

to the diameter d of the helix. The di-ameter and pitch
/ .r \(per residue) of the model triple helix of sehizophyllan

are 2.5 - 3.0 nm and 0.30 rrfl r respeetively.

●
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II二 4‐ 2。  Tr■ p■ e Helix of Schizophy■■an

Ya■akawals expressiof for lη l of a ■ong straight

cy■ inder may be wr■ tten

M2/111 = 
籍      [.n M 

… 006970 - ■n(d vL)]       (2-11)

where M is the molecular weight of the polymer' ML the

molar mass per unit cylinder length, and NO Avogadro's

constant. The values of Mwz/lnl for five lowest-

molecular weight samples in aqueous solution are plotted

against log M', in Figure II-13 according to eq 2-11.

●
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13。  P■ ot ?f Mw2/1nI Vs. 19g ttw fOr SCliZ9phyll,1

■n water at 25° C.
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The plotted points ean be fitted by a straight 1ine,

with a maximum d.evj-ation less than 2.5 fo. If analyzed

in terms of eq 2-11, the slope and intercept (at 1og M"

= 0) of the straight lin.^e yield 21OO t 100 rr-1 for Ml

and,2.6 1 0.6 nm for il. The large uncertainty in d. is
due to the fact that the theoretical expression for tnl

is not sensitive to d..

Yamakawa-Fujii-'s expressi-on3 for sn of a long
U

straight cylinder is

:: 二             [・ n M + 0.3863 _ ■n(d ML)]    (2… 12)

where l^ i-s the solvent vj-scosity. This equation o.U

combined with the linear relation between r0 and 1og M,

in Figure II-1 0 gives Ml = 22OO t 10O rlt-l and d = 2.6

t O. l, nn Thes" ML and d values are in substantial

agreement with those estimated above from the InI data.

Further, the d val-ue of 2.6 nn is quite close to that

of the model triple helix of schizophyllan.

Each repeating unit of the main chain of

schizophyllan contai-ns three B--1,1-D-glueose residues
l^\m.(see Flgure I-1 in Chapter I). Thus, the contour o
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Iength

trimer

h per main chain residue

is related. to M, by

of the schizophyllan

h = (tt o/ t) / 3tr/l) (2-13)

with MO the molar mass of the schizophyllan repeating
o unit (= 6trl g *o1-1 ). Substitution of 2150 t 150 ,m-1

for M, (which is the average of the estimates frot! nr_cn r_s tne average oI tne estr-mares lrom 
"0

and tnl ) into eq 2-13 yields 0.30 t 0.02 nm for h, whi-ch

agrees with the pitch per residue (0.30 nm) of the

model triple helix of sehizophyllan. Thus' it may be

concluded that the three sehi-zophyllan chains in a

rod.like trirner form a triple helical structure.

a Our h value may be eompared with 0,306 nn for the

right-handed triple helix of a B-1 , )-D-xylan,14 0.29 nn

(right-handed) o" 0.33 nm (teft-handed) for the triple

helix of lentinanl2 (a B-1 ,l-D-glucan), and O .29i.n nm

for curdL^n,13 all i-n the crystalline region. The

agreement a11ows us to conclude further that the triple

helical structure of schizophyllan in dilute soluti-on

is very much simllar to those of these other

polysaecharides in the crystalline state.

●
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IT-tr-3. Flexibility of the Triple Helix

The viscosity and sedimentation velocity data

presented. above suggest that the sehizophyllan triple
he11x with M-- > 1 06 ean be better represented by aw

wornlike cyli-nder than by a straight cylinder. The

hydrod.ynamic theories of Yamakawa, and co-worker13-5 for
r^rormlike cylinders express both sO and Ini as function, '
of M' d, and persi-stence fengtfr q. With M, and d fixed

.|

to 2150 nm-' and. 2.6 ntrtr respectivelyr wo sought a q
which al-lows the Yamakawa-Fuj ii lheory3 f or sO and the

Yamakawa-Yoshizaki theory5 (a rnodifi-catj-on of the

Yamakawa-Fujii theory4) fo" Inl to fit our experimental

data

The curves i-n Figure IT-1/+ show theoretical values a

of Ini (ott a logarithmic scale) and "0 
(on a linear

scale) calcul-ated for q. = 100, 2OO, 300 nn and -.
It can be seen that the q value of 200 nm leads to the

closest agreement between theory and experiment.

Similar analyses allowing Ml and d to vary within the

range of uncertainty (t 150 nn-1 for Mr and I O.{ nm

for d) yielded q for the schizophyllan itipf" helix in a

range.fron 170 to 230 nm. The q value in this range is
eomparable to or even slightly larger than 160 - 1 80 nm 

o
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Figure II-1/+. Comparison of the experimental sO and tnl

for schizophyllan with the theoretical values for
wormLike cylindersS'S "^I"ulated for q = 100, 2OO, 3OO

and - (ttre dastred lines) with M, and d fixed t,o 2150 nm

and 2.6 nm, respectively.

oor
-1
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for natj-ve coitLagen,l5 a triple-he1ieal biopolymer, and

much larger than 60 nm for double-stranded DNA,16

indicati-ng a very high stiffness of the sclni-zophyllan

triple helj-x.

Figure II-15 shows the molecular weight dependence

of the Flory-scheraga-Mandelkern paranet er17 '18 B

A of i n od hrr ●

NAr o, o'i,tl 
/3

β = (2-14)(r - ;po) t?l3too1 /3

●

Φ
ｂ
一
ｘ
Ｑ

10/1。
6

:♂

Mw

Figure TI-1 5. Flory-Scheraga-Mandelkern parameter B

(in conventional units) for schizophyllan in water

at 25oC. The solid line refers to the wormlike
n

cylinder with q = 200 nm, M, = 21 50 rlil-', and d =

2.6 nn,and the dashed line to the rigid cylinder

with the same M, and d values.
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The solid curve refers to a wormlike cyli-nder with q =

-1200 rlllr Ml = 2150 nm-', and d = 2,6 olllr and the dashed

line to a rigid cyli-nder with the same M, and d values.

The former and the experlmental values first increase

and then gradually d.ecrease with increasi-ng Mw, whereas

the dashed. curve shows a nonotonic increase. The ri-se
o

in experimental B at lower molecular weights i-s due to

an inereasing axial ratio of the rigid triple helix,
while the decline at higher nolecular weights is due to

an inereasing bending of the helix.

II-/*-lr. Conclusions

The maj or conclusions derived from the study in

this chapter are as foIlows. (i) Schizophyllan dissolves

in water as a trimer; (ii) tfre trimer is a triple helix

rnrhj-ch has a pitch per residue of O.3O t 0.02 nm and a

diameter of 2.6 1 0. /, nn; and (iii) tfr" helix has a high

rigidity specified by a persi-stence length of 200 t 3O

nm. These concl-usions were recently confirmed by

Kashir^ragi et al.,19 rho investigated schizophyllan by

light scattering and vj-seonetry in water containing

0.01 N sodium hyd.roxid e.

More recently, Takahashi et ul.20 found from an
●
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x-ray diffraetion study that the conformation of

seliizophyllan in the crystalline state is a 61 triple

helix with a pitch per resi-due of 0.3025 rrrlr which is
very close to the value from our soluti-on stud.y. Thus,

we see that when dissol-ved in water, schizophyllan

maintains its conformati-on in the crystalline state.
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GHAPTER III

DISSOCIAT10N OF THE SCHIZOPHYLLAN TRIPLE HELIX

III -1 . Introducti-on

fn the preceding chapterr wo showed that

schizophyllan dissolves as rodlike trimers having a

triple helieal structure in water at 25oC and, as single,
randomly eoiled. chai-ns in DMSO at the same temperature.

fn this chapterr wo investigate by viscosity, optical
rotatory di-spersi-on (ORl), and viscoelasticity what

occurs to senirzophyllan when its aqueous solution j-s

suecessi-vely diluted with DMSO at 25oC or heated.

III-2. Experimental

III-2-1. Samples

Three of the sonicated samples studied in Chapter

II, S-11+4-2, S-1 66-3, and S-161+-3, and newly prepared

two sonicated samples l4-2 and U-1 (see Chapter TV for
the preparation of U-1 ) were used. Thelr molecular

characteristi-cs arb summari-zed in Table III-1 .

●
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TabLe III-1. Molecular characteristics of the schizophyllan

sanples used

In water In DMSO

Samp■ e  10~21n1/6m3g‐ 1  10-4Mw  10-2 in1/Cm3g~1  10~4Mw

●

M-2

S-144-2

S_166_3

U-lb

S_164-3

4.79

4.78

1.66

0。 584

0.401

43.7

42.9

24a

13.4

9.6o

0。 820

0。 813

o。 640

0.397

0.317

13.6

13.5

9:la

4.7

3.72

●

Estimated from tni using the Inl vs. M" relations for
schizophyllan in water and DMSO (see Chaptbr II).
See Chapter IV.

III-2-2. Viscometry

a. In water-DMSO Mi-xtures

Viseositi-es of samples S-1lr/+-2, S-1 66-3 and S-161+-

3 in water-DMSO mixtures at 25oC were measured. using

conventi-onal viscometers of the Ubbelohde type. I{o

eorreetion for shear-rate effect was made. Solutions

were prepared by mixing a given sample and a water-DMSO

ni-xture of desired composition below 25oC. Densities
●
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of water-DMsO nixtures at 25oC were measured as a
function of water compositi-on.

b, In Pure Water

Samples M-2 and U-1 in pure water at temperatures

fron 20 - 1 60oC were investigated using a capillary
viscometer of the Ubbelohde type or a rolling-bal1
viscomet "".1'3 The f ormer was used f or determini-ng the

relative vj-scosity lr and the latter the viscosity
coeffic j-ent n.

A schematic diagram of the rolling-ball viscometer

is shown in Fi-Eure III-1 , The viscometer conslsts of

Figure III-1. Schematic diagram of a rolling-bal1
viscometer.

●

●
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a glass tube of 7".60 t 0.08 mrn in j-nner dj-ameter (Tokyo

Garasu Klkai Co.) and a glass ball of 0.695 t 0.003 mm

in d.iameter, both made of SK soft glass with a density

96 of 2.50 g "^-3 
(at z5oc) and a linear expansion

eoefficient 0, of 99 x 1O-7 d"g-1.

The glass tube of the rolling ball viscometer was

o sealed after it was fill-ed with a test solution;
actually , a1r.(about 0.5 cn3) was left near one end (d)

of the tube to prevent the tube fron breaking. The

viscometer was placed in an oil thermostat in such a

way that the tube (a - ") mad.e an angle.g (s"" Figure

III-1 ) of 15 - 25o. The bal-1 was all-owed to ro11 d.own

from (b) to (e) points, and its velocity V was

o determined. The Raynold number defined by Hubbard's

equationl *u, smaller than /+ for any aqueous sofutions

studied.

The viscosity eoefficient n of a gir4en test
solution was evaluated. from the "auaLion?'3

η =可 ‐
(ρ b― ρ) (3-1)

where p is the solution density and C, a constant
●

-51‐



o

clepend.ent on U and the d.iameters of the tube and the

ba1l. The viscometer was calibrated for d.ifferent rf.r

with aqueous sucrose; C was independent of tenperature

ranging from 20 to 1 5OoC and of the inner pressure

generated in the glass tube. The values of 96 at

different temperatures were calculated from 0O at 25oC

and. o, and those of p estimated from density data for '
pure water and the parti-al specific volume of

schizophyllan in water at Z5oC. The values of V ranged

fron 6.3 x 1o-4 to 1.5 em,s-1 r and were repro.d.ueible

within t J /'in the entire range of temperature studied.

No eorrecti-on for shear-rate eff ect was made.

III-2-3. 0ptical Rotatory Di-spersi-on o
ORD curves were taken for sampl-e S-1/+L-2 in water-

DMSO mixtures at 25oC, usi-ng a JASCO ORD/UV-5 recording

spectropolarimeter. Quartz cylindri-ca1 cel1s of 10 cm

path length were used. The polymer mass concentration

was fixed. at about 0.5 x 10'2 s. em-3.

III -2- l+. Viscoelasticity
Dynamic shear moduli were measured on sample M-2

in water at 25oC using an autoviseometer of the coaxi-al
●
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eyllnder type (fwamoto Seisakusyo Co. ). The diameters

of the i-nner and outer eylinders of the viscometer were

1.6 (or 2.0) and, 2.2 cil, respectively, and the length of

the i-nner cylinder was 7.1 cm. Lissajous' figures were

recorded and analyzed by Markovitz's equation.4

III-3. Results and Discussion

III-3-1. Dj-ssociation of the Triple Helix in Water-DMSO

Mixtures

Figure III-2 illustrates the composition dependence

of fn] j-n water-DMSO mi.xtures at 25oC f or three

sehi-zophyllan samples. With a decrease in water

composition, Inl stays essentially constant down to

about 15 wtfo water, decreases almost discontinuously

around 13 ll, and finally approaches the value in pure

DMSO. This vi-seosity behavior inplies that the triple
helix of schizophyllan remains stable in the region of

water conposi-ti-on about 15 wl%, but d.issocj-ates almost

completely to three single chains with the addition of

only a few percent DMSO to the mixture of 15 wL/' water.

Direet eonfirmation of this flnding about the stability
of the schizophyllan hel-ix in water-DMSO mixtures was

recently obtained by Sato et ai-.5 from light scattering
●
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Figure III-2. Composition dependence of tnl for
indicated schizophyllan samples in water-DMSO

mi-xtures at 25o c

neasurements of M and <S2>. It should be noted that
w

the critical composition is essentially independent of,

helix length

Fi-gure III-3 shous ORD curves f or sample S-14/r-2

in water-DMSO mlxtures at 25oC. The curves for pure

water and pure DMSO are distinctly different, but the

transition from one to the other with water conposition

occurs continuously. As shown in the insert of Figure

III-3, the specific rotation Iol 5g9 at 589 nm wavelength

●
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Figure IfI-3. ORD curves for sanple S-1 lrlr-2 in water-

DMSO mixtures at 25oC. L denotes the wavelength.

The insert shows the composition dependence of lo| 
5gg

for the same sample in the mixed. solvents.
o

is essentially constant (about -25 x 1 0 deg .rn2g-1 ) in
the composition range where Inl was found to ehange

di-scontinuously. This indicates no dj-reet coTrespond.ence

to exist between Inl and IoI 5gg for schizophyllan in
water-DMSO mi-xtures, 1n contrad.ietion to the usual

6nexpeetation-' ' that specific rotation of a helj-x-forming

polymer in dilute solution should direetly reflect its
●
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confornation. rnstead it exemplifies a limited. use of
opti'cal rotation data in exploring polysaccharide

conformations i-n dilute solution.

III-3-2. Assoeiation in water-DMSO Mixtures

Figure III-/+ shows the changes in (1n n")/c with 
o

time that oeeurred after DMSO sol-utj-ons of sample S-1trtn-Z

6       8
Time′ h

Figure III-i+. Increases in (lnn")/c with time after

dilution of DMS0 solutions of sample S-11+l+-2 with water

to 10 wtf DMS0. The values of c indicate the polymer

concentrations in 10 wtfi DMSO. See the text for the

implication of the two segments.

●
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with d.iffer:ent c had been 'diluted' vi-th water to 1O wt/,

DMSO. Note tha't schizophyllan'maintains the triple
helical strueture when di.ssoLved directly in a mixture

of this cornposition. The horizont,af- segments in Figure

III-I+ represent the values of (ln n")/c which were

obtained at the indicated c when sampl'e S-11+L-2 was

dissolvecl directly in a rnixture of 10 wt% OUSO. "The

curve for the lowest c 1eve1s off at a value far below

the segment for this concentration, while that for the

highest c exceeds the level of the eorresponding segment

after 7 h and appears to rise indefinitely. These data

suggest Lhat onee 'denatured' to single chaj-ns in pure

DMS0, the intact triple-hellcal trimer of schizophyllan

can no longer be restored by addition of water to the

solution.
As mentionecl in Chapter II, the schlzophyllan

triple helix is stabilized by interehain hydrogen bonds.

Thus, when the solvent is changed. from pure DMS0 to 1 0

wt/' DMSO by ad.dition of water, the hydroxyl groups of

randomly coiled schizophyllan chains should have chances

to form interchain hydrogen bonds. However, it nust be

extrenely unlikely that three non-speeific chains in
dilute solutj-on are hydrogen bonded to reform a t,riple

●
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he■ix.  It is far more ■ike■ y that two, three, 6r more

chains are randOm■ y hydrogen bonded to foFn dimers,

tr■lll er s, and higher aggregatese  As c ■s ■nCreasedぅ

there are more chances for schizophy■ ■an cha■ns to meet

one another, and hence ■arger aggregates are formed,

■eading to a v■ scoS■ ty higher than that expected for
●

a rod■ ike trip■ e he■ ix.

These cOnsiderationS are consistent ttith the

viscosity behavior observed in Figure III・ 4.  In this

COnneCtion, we remark that col■ agen heat― denatured at

high conCentratiOns dOes not restore the ■ntact trip■ e

he■ica■  structure but forms ■arge aggregates when the

aqu9ous sO■ ution is c00■ ed。
8_10  The kinetic curves

obta■ ned by Enge■ 8 in a renaturation exper■
ment on cO■ ■age°n

are s■ m■■ar tO thOse for schizophy■ ■an ■n Figure III_4。

III‐3-3. ve■ting Of the Tr■ p■ e He■ ix in Pure Water

Figure IIエ ー5 Shows the variationS of η with

temperature observed when pure water so■ utions of samp■ es

M‐ 2 and U-l were heated from 20 to about 160° c and c00■ ed

to 20° C, at a rate of O.50 ± 0.03 deg min~1.  It can be

seen that on heating, η for e■ ther samp■ e decreases

a■most ■inear■ y up t0 1309C, very Sharp■ y at abOut 135° C,.
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and again llnearly above 1/uOo0. The l-inear deereases

in n below 13OoC and above 14OoC may be described by a

Arrhenius type temperature dependence, but the sharp

deerease in n at T ru '1 35oC cannot. On t.he other hand,

●

U― ,

) 50 100 150

T /"C

Figure III-5. Temperature dependence of n for schizophyllan

sanples M-2 and U-1 in pure water. Unfilled circles,
heating; filled circles, cooling; rate of heating or

cooling, 0.50 t 0.03 deg min-1.
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on cooling, n restores followi-ng the same eurve as that

on heating down to about 13OoC, and deviates upward

progressively from it below 13OoC. Thus, schizophyllan

in water undergods an irreversible, thermal ehange at

T q, 135oc.

Similar measurenents on the same samples at
o

d.i-ff erent polymer concentrations (0.8 - 12 wL/') gave

substantially the same results as above. Hence, we can

conclude the thermal ehange i-n sehizophyllan to oecur

virtually ind.ependently of the concentration and :,

molecular weight of the polymer.

Figure III-6 shows the ehanges in (fn nr)/c at 25oC

r^rith time that occurred after an aqueous solutj-on of

sample M-2 with c = 0.106 x 1O-2g "*-3 tu" preheated at o

150oC for different periods otn (l - 10 min) and cooled

to Z5oC. The eurves for Atp S lr, m::n depend strongly on

At--, whereas those for At* > 6 min almost superinpose.p' p :
The initial (tn n")/c values (about 1 x lo2"^3g-1 ) for

the latter group sf eurves are comparable to Inl of the

same sample in DMSO at 25oC. Thi-s indicates that

sehizophyllan is dispersed in pure water at 15OoC as

single .random eoi1s.

Similar measuTements on aqueous solutions of sample O
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Figure III-6. Irr"r".res in (1nnr)/c at 25oc with time

that occurred after aqueous schizophyllan solutions
preheated at 1 50oC for peri-ods AtO of 1 - 1 0 min were

cooled to 25o C. Sarnple , N1-2i c , 0.1 06 x 1O'2 g 
"r-3 .

M-2 preheated. at 120oC showed that (ln n")/c are

virtually independent of Atp, ranging from /y.2 x 102
) 2-1to /r./, x 1O-cm-g ' . The close agreement'of these

(Ln n") / c values with Inl for the intaet triple helix

of the same sample j-n water at Z5oC (see Table III-1 )

indicates that the majority of the schi-zophyllan chains

in water maintained the triple helieal structure up to

as high a temperature as 120oC.

Now that the major eonformatlons of sehizophyllan

Time/h

●
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in water at 120 and, 15OoC have been found to be triple
helix and single random coi1, respectively, the sharp

drop in n at about l35oC in Figure III. 5 may be

interpreted as due to the melting of tripte helices to

single chains.

Figure III-? shows the time dependence of (ln n")/c
at 25oC for aqueous solutions of sample l4-2 preheated

at l5OoC for 10 rnin. The curves resemble those observed

for water-DMSO mi-xtures in Figure IIf-4 and show that

●

●

Figure III-7. Time

aqueous solutions

1 0 min.

Time,/ h

drependence. of

of sample M-2

(1n nr) /c at 25oc f or

preheated a! 150oC for
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schi-zophyllan single chaj-ns at 15OoC i-n pure water

aggregate on cooli-ng. The curve for the highest e

rises very abruptly. The solution of this c lost

almost completely its fluidity in about 30 min, and ge1

formation was suspected. Similar behavi-or was observed

for aqueous M-2 solutions after the thermal curves of

n in Figure III-5 had been determined.

Figure fII-8 illustrates the frequency dependenee

of dynami-c strage modulus Gl and dynarnic loss modulus Grr

at 25oC f or a 3.23 wt% aqueous I4-2 solution. The filled

circles represent the data obtained 5 h after a test

soluti-on was preheated at 150oC for 10 mi-n, while the

unfilled ones refer to a non-preheated solution. The

curves of Gl and Grr for the two solutions are distinctly

different. For the non-preheated solution, Grr is larger

than Gr throughout the entire frequency range studied,

and both exhibit behavior typical of a molecularly

dispersed system. On the other hand, the two moduli

for the preheated solution show behavior characteristic

of gels; Gr is larger than Gtt, and both moduli little

depend on frequency. Fron these data it may be

eoncluded that schizophyllan forms a ge1 when its

aqueous solution with a concentration higher than a
●
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eertain value is heated

room temperature.

to about 150° C and coo■ ed to

●
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Figure III-8. Frequency dependence of Gr and Gr at
25oC f or an aqueous M-2 solution of 3.23 wLf": (O)

and (O) , before and after preheating at 1 50oG for
10 min, respectively.
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CHAPTER IV

CORRELAT10N BETWEEN THE ANTITUMOR ACTIVITY OF SCHIZOPHYLLAN

AND ITS TRIPLE― HELICAL CONFORMAT工 ON IN DILUTE AQUEOUS

SOLUT10N

IV-1. fntroduction

An aqueous soluti-on of native schizophyllan has a

host-mediated antitumor activity against Sarcoma 180,1

a tumor of mice. Recently, Tabata et uL.Z showed thar

fragmentation of native schizophyllan by sonication does

not impair the antitunor poteney of the original sample,

if the molecular welghts of sonicated samples in water,

estimated. from the viscosity-molecular wei-ght relati-on

established in this work (see Figure II-8 in Chapter II),
are hi-gher than about 2.5 x 105. Tn Chapter 11, we found.

that both native and sonicated samples of schizophyllan

ranging in molecul-ar weight from 105 to 6 x 106 dissolve
j"n water as trimers having a rigid triple-helica1 strueture.

In this chapter r we are concerned with the question

whether the antj-tumor activity and triple-hel-ical
structure of schizophyllan are sti1l maintained when the

●

●
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moleeular weight is decreased. below t O5 Uy extensive

sonieation. Thus, bioass&[r sedimentation equilibrium,

viscosity, and gel-filtratj-on experlments were

performed on eight extensively sonieated samples. The

results obtained are discussed. in relati-on to Chihara's

hypothesis- nentioned in Chapter I.

IV-2. Experimental

IY-2-1. Samples

From soni-cated schizophyllan samples stored for
clinical use at, Taito Co., one with a molecular weight

(in water) of tt.5 x 105 was chosen for the present

study. Its aqueous solution (about /* % poLyner) was

exposed to 19.5 klF-z sonic irradiation (t<ai3o Denki,

Model TA-6280N) for about 500 h, wj-th pasteuri-zatj-on aL

suitable intervals of time. The jaeket of the l

sonieation vessel was kept below ZOoC ly circulating
water at 1OoC. The sonj-cated solution was passed

through an 0.3 um Millipore filter after being deionized

with ion-exchange resins (Nippon Orugano, IRA /r02 and

IR 12OB). A schizophyllan sample was recovered from

it and separated i-nto 20 parts by repeating fractional

●

●
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precipitation with water as the solvent and acetone as

the precipitant. Eight fraetions designated below as

U-1 , U-lr, U-6, U-11 , U-15, U-16, IJ-17, and U-18 were

chosen, and first freeze-dried from aqueous solutions
and then vacuum-dried overnight. Methylation analysis
anil enzymic hydrolysls with exo-B -1 ,3-D-glucanase

shor^red. that all these fraetions consi-sted of the same

r'epeating units as that shown in Figure I-1 .

IV-2-2. Assay of Antitumor Activity
Sarcoma 180 aseites (0.1 cn3; about 2 x 106

cancerous cells) was implanted subeutaneously into th.e

groins of 30 ICR-JCL mice (Ctea Japan Co.) weighing

o 20 - 25 g. After 2/o n, physiologieal saline dissolving
a given schizophyllan sample (polymer concentration

0.5 wt%) was intramuscularly injected i.nto 1O of these

mice atanoptimum do""4'5 of 10 mg schizophyllan per

kg of mouse. 31 d.ays after tumor implantation, al-l- the

mice were killecl and dissected., and E def ined by eq 1-1

and. the complete ?egressi-on were eval-uated by w^ and
lawt (see section' I-3 in Chapter I). The value ol r" rr"

2.57 g with a standard devi-ation (S.O.; of 2.08 g.

o
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T\l -2-3. Sedinentati-on Equilibriun
Sedinentation equilibrium measurements were made

on samples U-1 , IJ-/n, IJ-6, U-1 1 , IJ-15, U-16, tJ-17, and

U-18 in water and on sanples IJ-6, U-15, IJ-|'/, and U-18

in DMSO at Z5oC, using a Beckman Model E ultracentrifuge.
A Kel-F 12 mm double-sector eell was used, with liquid
eolumns of 1.2 - 2.5 mm. Data were analvzed hrr the

method. described in Cha'oter II.
The On/6e for schizophyllan in water at 25oC was

'2-1 24
0.11+5 em'g' ' f or /136 nm wavelength and 0.11n3 cm'g- ' f or

J/16 nn, independent of molecular weight, when determined

with samples U-/n, U-1 0 , V-'16, V-17, and U-1 8. These

values:,agreed with those determined in Chapter II with

higher,molecular weight samples. For 6n/ac in DMSO and

for i; in water and DMSO the values given in Seetion

ILZ-Z of ,Cha'oter 1I were used.

IV -2-l*. Ge1-Fil-tration Chromatography

Five schizophyllan samples U-1 , U-l*, U-11, U-16,

and U-18 were dissolved in 0.05 M sodium aeetate buffer

and investigated by ge1-filtrati-on chromatography with

a Sephadex G-100 eolunn 2.5 cm wide and /+5 cm long.

The polymer concentration of the loaded soluti-on was 
o
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0.15 wl%, and the flow rate 0.11 "*3rirr-1 . Each elute
a

(AO cm)) was separated. into l+0 fraclions, and their

sugar content was deterrnj-ned by the phenol-sulfuric

acid. method.6 The ge1-filtration chromatograms obtained

were assurned to be the same as those in pure water,

since vj-rtually no viscosity difference was detected
o

between pure water solutions and acetate buffer

solutlons.

IV-2-5. Visconetry

Viscosities of the sanples j-n water and DMSO at

25oC were measured using capillary viscometers of the

Ubbelohde suspended-level typ". In converting the

a measured flow times to relati-ve viscosities, eorrection

for the soluti-on densitv was made.

IV-3. Results and Discussion

IV-3-1. Antitunor Activity and Molecular Weight

Bioassay data are summarized j-n Table IV-1, along

with those from sedimentation equilibri-um measurements.

The values of e and the complete regression foi :sanples

U-1 and U-4 indicate potent antitumor activities: against
o
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Table IV-'1. Bioassay and sedimentation equilibriun data on schizophyllan sarnples

Sample w+ (ts,D. )/s 104A2 104A2Conplete
regr ession

-t.'1 0 -M

In water In DMSO Mw(in water)

Mw(in DMSO)t o-4u
w

‐
一
Ｎ
Ｉ

U-1

■-4

U_6

U‐ 11

U-15

u_16

U‐ 17

U-18

0.02 (± 0。 03)

0.01 (■ 0.02)

0。 24 (± 0.68)

0.53 (± 0.85)

2。 12 (=2.14)

2。 14 (■ 1.73)

0。 992

0.996

0.91

0。 79

0。 18

0.17

9/10

9/10

9/10

4/10

3/10

2/10

13。 4

9。 50

7.40

5.54

4008

2.51

0。 769

0.503

2.6

3.9

2.3

1.0

4。 7b

3.6b

3.08

2.5b

l.96

1.35C

O.749

0。 493

10

15

21C

27

28

2。 9

2。 6

2。 4

2.2

2.1

1.86

1。 03

1。 02β。27 (■ 2.06)_0。 27 o/ gd

ａ

　
　
・Ｄ

Ｃ

　

　

ｄ

.3-_2In units of cm-nol g -.

Evaluated from inl using the relation
| ^. | ++\lsee unaprer rJ-l.

Taken fron ref . '1 .

One mouse died of the ascites cancer

between Inl and M.'o for schizophyllan in DMSO

inplantation.

●● ●

20 days after tumor
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Sarcona 180 ascites. These values are cornparable to

those determi-ned by Tabata et ^I,2 fo" three higher-
molecular weight samples of schizophyllan, indicating
that when l,tr(in water) is above about 9 x 10/r, the

antitumor potency of aqueous schi zophylT-an is
ind.ependent of molecular weight. However, as Mr(in

o
water) d.ecreases below 6 x 1Oln, f decreases abruptly

and. even becomes negative at Mr(in water) a' J x 103.

The complete regression also diminishes sharply in the

sane molecular weight regi-on, Thusr we see that
sehi-zophyllan almost loses its antitumor activity when

sonieated. to fragments of Mr(in water) of the order of
I

1n+tv

a

IV-3-2, Molecular Species in Aqueous Solution

The ninth eolumn of Table IV-1 ind.icates that the

molecular weight ratio f [= u"(in water)/ur(in DMSO)]

is fairly close to 3 for the two highest-nolecular

weight samples U-'1 and U-{, but deereases nonotonically

with decreasing Mw(in water) and approaches unity at

M--(in water) * 104. This behavior shows that the
w

predominant species of samples U-1 and U-4 in aqueous

o soluti-on are a trimer, while those of the two lowest-
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molecular weight samples U-17 and U-1 8 are a monomer.

The get-filtrati-on chromatograms of some

schizophyllan samples are shown in Figure IV-1. The

curves for the two highest-molecular weight samples

U-1 and U-d are essentially single peaked, but that for
sample V-l+ exhibits a broad. tail in the region of large

elution counts. As the molecular weight is lowered,

this tail shows up a seeond peak, which eventually

surpasses the first peak. Thus, except for U-1, the

schi-zophyllan samples examined consisted of a't least

two species of different molecular weights, and the

fraction of the lower-molecular weight species

inereased with decreasing M, of the sample. If this is
conbined with the above finding that the predominant

species of samples U-1 and U-4 in water are a trlmer

and that of sample U-1 8 is a monomer, the first and"

second peaks in Figure IV-1 may be assigned to the

trj-mer and the monomer, respectively.

The weight fraction f of trimers i-n a given

aqueous solution may be caleulated from the relation

f = (f - 1)/2 (4-1)

●

●

●
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Figure IV-1. Gel-filtration chromatograms of

schizophyllan samples in 0.05 M aqueous sodium

acetate.
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provid.ed. that M, of the trimer species in the solution

is three times that of the mononer species. The

fraetion f may also be estimated. from the gel-filtration

chromatograms in Figure IV-1 if they can be resolved

unlquely to the chromatograms of the two species. For

example, a reasonable resolution of the curve for sample

U-1 8 gives f a value between 0.1 and 0.2. However, this
i-s much larger than 0.01 evaluated from f usi-ng eq /+-1 .

A similar di-screpancy was found for sanple V-lo, for
which the values of f from f and the chromatogram were

0.8 and 0.9, respectively. At present, no reasonable

explanation can be made for these d.i-screpanci-es. Here,

the values of f from f are considered. reliable and

used for the subsequent data analysis.

Figure I\'l-2 shows double-logarithmic plots of tnl

vs. M" for scin1zophyllan in water and DMSO aL 25oC.

Here, the srnaller circles indicate the data obtained

for higher-molecular weight samples in Chapter II' and

the dashed line represents the theoretj-ca1 values

calculated for the schizophyllan triple helix (pitch

per main chai-n residue = 0.30 nm and diameter = 2.6 rrilr

both determined in Chapter TI ) using the theory of

●

●
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Figure IV-2. Double-logarithmic plots of tnl vs. Mu

for schizophyllan in water and DMSO at 25oC. The

smaller circles indicate the data obtained for higher-

nolecular weight samples in Chapter II, and the dashed

o and dot-dash lines represent, respectively, the

calculated values for the schizophyllan triple helix
with a pitch (per residue) of 0.30 nm and a diameter

of 2.6 nm and for polymer mixtures consisting of

triple helices and single randomly coiled chaj.ns.

Yoshlzakl and Yamakawa8 fo" straight rods. This line
approximately fits the data points for the three

highest-moleeular weight samples U-1 , U-/n, and U-6 j.n

:δ

●
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water, indicating that the tri-mers of these samples i-n

water have the same rigid triple-helical strueture as

that found in Chapter II. Another significant fact is
that Inl for aqueous solutions begins to deviate upward

I
from the dashed li-ne at M" * 7 x 1Q+ and the devi-ation

is more appreeiable for lower Mr.

The intrinsic viseosity of a polymer mixture of

trirners and^ rnonomers is given by

tnt = f tnt, (t - r)intt (4… 2)

regardless of the chain length distributions in the two

speci-es. Here, Inl 3 and Inl 1 denote the intri-nsi-c

viscositi-es of the trimer and monomer, respectively. o

If it i-s assumed that the trimers and monomers of

sehizophyllan in water are, respectively, rigid triple
helices and the same random coilsx as those i-n DMSO

(see Chapter: II), then Inl of a given schizophyllan

* Since the molecular chains of our samples are very

short llor example, about /16 in main chain residues f or

u--(in DMSo) * t 04 ] , a diff erence in excluded.-volume

effect between' water and DMSO solutions may be ignored.

●

●
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sample in water may be estimated from eq 4-2 and. the

dashed and DMSO lines in Figure IV-2i for a gi-ven value

of M,.(in ouso;, tnl interpotated at 3M_-(in DMSO) fromw- - w-
the dashed line may be taken as tnl 3.

The values of Inl thus ealculated are shown by a

d.ot-d.ash line in Figure lV-2. For M-, between 7 x lOL
w

I.

and 10*, the line is quite close to the experimental

points for aqueous soluti-ons, confirming that the

schizophyllan tri-mer in this moleeul-ar weight range j_s

rigid triple-heLical, while the monomer in water is
randomly coiled as it is in DMSO.

TV-3-3. Effects of Extensive Soni-cation

The viscosity and chromatographic data presented

above have shown that our soni-cated schizophyllan in
water is a ni-xture of triple heliees and single chains

when its l,t--(in water) is lower than about 105 and that
w

the relative anount of single chalns increases with

decreasi-ng M-,(in water). It is reasonable to consider
w

that dissoeiation of triple helices occurred not at the

tirne of dissolving a given sample in water for either
viscosity or chromatographic neasurement but during

soni-cation. It is likely that extensive sonj-cation as
●
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employed in this work weakens interchain hydrogen bonds

of triple heli-ees because it generates Locarized heat and

stress. Dissoci-ation to single ehains eventually occurs

when the fragmented helices reach a molecular weight lower

than a eertain value. From our experimental data such

a critical molecular weight (in water) is estimated to
(O

be about 1Y. As t',tr(in water) is lowered further by

more extensive sonication, more single chains should

appear in the solution, as actually found by our

exoeriment.

IV-3-L. Correlation between Antitumor Activitv and

Heli-x Fraction

As ean be seen from Table T-1 in Chapter f, some o

B-1,1-D-glucans with or without g-1,6-D-glucose side

chaj-ns have host-medi-ated antitumor acti-vities agai-nst

Sareoma 180, but others do not. A subject in recent

pharmacological studj-es is concerned with a pri-rnary

factor for antitumor aetivities of glucans. Chihara 3

proposed for it a certain ordered structure of a glucan

in aqueous solution' though he did not snoairrr i.ha

' order.ed' structure (see Chapter I).

Our bioassay has shown that schizophyllan loses o
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antitumor potency when M,,(in water) is lowered to about
.^L'l 0-. This criti-cal molecular weight is comparable to

those (5 - 8 x 103) found by Sasaki et at.9 for curdlan

and lentinan. These authors and also Saito et 
"1.10

concluded from bioassay and spectroseopic results that
the loss of the anti-tumor potency of lentinan is

o
associ-ated with a certain order-disorder conformation

change of the glucan aceompanying a decrease in
moleeular weight. Our study has clearly shown that the

predominant species of schj,zophyllan in water changes

from a trj-mer of rigid triple-helical structure to a

single separated chain in the range of molecular weight
F,

from 1O) to 104. This is eonsistent with Chihara's
o proposal, and suggests that the triple helix is the

ordered structure invoked by Chihara as the primary

factor for the antitumor activity of B-1 ,)-D-gl-uean,

In Figure IV-3, the values of 6 given in Table fV-1

are plotted. agai-nst the r,reight fracLion of triple
helices evaluated from eq /v-1. It may be concluded

from the smooth curve fitting the d.ata points that the

loss of the antitumor potency of schizophyllan in water

is related to the decrease in the amount of triple

o heliees relative to that of single separated chains in
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f
Figure IV-3. Relation between tumor inhi-bition
ratio and the weight fraction f of triple
helices for schizophyllan.

the solution and that an aqueous selni-zophyllan

containing less than about 50 f, lrr:ple helices has

virtuall-y no potent antitumor activity.

●
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CHAPTER V

TRIPLE HELIX AND RANDOM COIL OF POLYTRAN SCLEROGLUCAN

IN DILUTE SOLUTION

V-1. Introduction

Polytran scleroglucan j-s a capsular B-1 r3-D-glucan

elaborated by the f ungus Scl-erotium p!;[g!!.1 Although

it is usually considered the same polysaccharide as

schizophyllan, its ehemical structure is yet undetermined.

This ehapter deals with the question whether or

not Polytran sclerogluean is chemically identlcal with

schizophyllan and whether these two polysaccharides

show the same dinensional and hydrodynamic behavi-or in
d.ilute solution. For the former, we applied the same

methods of chemical analysis as those establi-shed for
schizophyllan. For the latter, we detefmlned Mr,

)'tlt(S")''-, s0, and Inl of Polytran sanples 1n water and

DMS0. In the actual measurements on aqueous solutions,

i^re add.ed. 0.01 N sodj-um hydroxide (ivaOHl to waterr &s

Kashiwagi et ul-.Z did in their recent study on

schizophyllan. These authors showed that addition of

●
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0.01 N Na0H enhanees the solubillty of schizophyllan

i-n water without i-mpairing the triple helical structure.

V-2. Experimental

V -2-1. Sanples

A seleroglucan sample (Ceca S.A. Polytran R),

supplied by Mitsui-Bussan Co., was purified by the

method established. for schizophyllan (see Chapter fI).
A purified sample (designated below as N) dissolved in
water gave a perfectly transparent solution. Part of

sample N was sonieated by the method d.escribed. in
Chapter II to obtain fragments of different chain

lengths. The fragmented samples designated below as

H, F, D, I, S, C, 3, J, and E, and sanple N were each

divided into three to seven parts by fractional
precipitation with water as the solvent and aeetone as

the precipitant. Appropriate middle fractions,
d.esignated. below as N-2, H-1 , F-1 , D-3, I-1 , I-3, S-2,

C-2, C-3, C-5, B-3, B-tr, J-| , J-3, and E-{r w€re

seleeted, reprecipitated from aqueous soluti-ons i-nto

acetone, and fyeeze-drj-ed from aqueous solutions.

●

●
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These fractions were dried. overnight in vacuo before

use.

V-2-2. Chemlcal or Biochemical Analysis

Chenical or biochemical analysis was made on two

samples 3 an unsonicated. sample, N-2 and a soni-eated
o sample S-2.

&. Analysis of Component Sugars

Each of the two samples N-2 and S-2 (10 mg) was

hyilrolyzed with 6 W su]-furic aeid (f cn3) for t h at

120oC, anil the hydrolysate was made neutral with bariurn

carbonate. The turbict neutral solution was centrifuged,

o and the supernatant was passed. through a eolumn of

Amberlite IR-1208 and a membrane filter. After the

elute was concentrated and brought to a pH higher than

8 by the adclition of 2 N ammonium hydroxid.e, the sugars

in the elute were reduced with sod.iun borohyd.ride (50 mg)

at roon temperature. The excess borohyclride was

cieconposed by acliling acetic acid. To renove the

residual borate, methanol Q "*3) was ailded to the

reaetion mlxture and alloweil to evaporate at lrOoC under

reduced pressure. This procedure was repeated five
o
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times to ensure the comp■ ete remova■  Of bOrate.  The

r esu■ ting a■ dito■ s were acety■ ated by heating with a

1 8 1 pyridine― acetic anhydride ■lixtur e (0。 5 cm3)for

2 h at 100° C。

The products were ■nvestigated by gas chromatography

at 190° C tsing a 2-m co■ umn of 3 % ECNSS M―Gaschrom Q.
●

The resu■ts ■ndicated that the two PO■ ytran samp■ es

cons■ sted on■ y of D=g■ ucoses。

b. Methylation

The samples S-2 and N-2 were methylated by the

nethod of Hakono"i.3 Each (ZO mg) was d.issolved in
22 cm' DMSO under a nitrogen atmosphere, and the resulti_ng

solution was treated. with methylsulfinyl carbanion (0.5 o
)

emt) for le h at room temperature and then with methyl
. ?-iodide (l .S cr') f or 2 h at 25oc. The soluti-on was

2diluteit with 1 0 em' water and dialyzed against water.

The whole methylation procedure was repeated until
infrared absorption peaks characteristic of the hydroxyl

groups of D-glucans disappeared.

The ful1y methylateil glucans G mg) were hydrolyzed

with 90 /o f ormte acid (0.2, e#) for 12 h at 10OoC and

heated. with 2 M trifl-uoroaeetic acj-d (0.5 cn3) for 7 h o
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at the sane temperature. The methylated sugars were

acetylated in the same way as described above. The

produets were examined by gas chromatography.

c. Periodate Oxidation and Mild Smith Degradati-on

Each Polytran sample (SO rog) w"s oxj-dized with

0.01 M sodium metaperiodate (50 mg) at 5oC in the dark.

The consumption of periodate and the production of

formi-c acid were traeed as functions of time by the

Fleury-Lange method4 and by titration with 0.01 N NaOH,

respectively. After conpletion of the oxidation,

ethylene g1yco1 (tO en3) was add.ed and the mixture was

dialyzed against water for 2/+ h at 50C.

The oxid.i-zed glueans were red.uced. with sodium

borohyd.ride, and the resulting glucan-polyalcohols were

slowly hydrolyzed with 0.1 N sulfurie acid at roon

tempereture (mild Srnith degradation). The Smith-

degraded glucans, which should have no g-1,6-11nkage,

were water-insoluble. They were collected by

centrifugation, washed thoroughly with water, dried in

vacuo at toaoC, and. used for subsequent experiments.

●

●
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d. Hydrolysis with Exo-B-1,3-D-Glucanase

Eaeh Smith-degracled glucan (ZO ng) was dispersed

i-n 1.5.^) of a McIlvaine buffer (pH 4) at 5OoC and

hydrolyzed. wlth an enzyme exo-B -1 r3-D-glucanase prepared

from a culture of Basidiomycetes QM-805.5 The reduei-ng

power of the solution was determined as a funetion of

tirne by the Somogyi-Nelson method.5 The original

samples N-2 and S-2 were similarly hydrolyzed with exo-

B-1 ,l-D-glucanase. A11 the hyd"rolysates were

investigated by paper chronatography with Whatnan'No. 50

paper and 1-buthanol * 2-propanol * water (g : 12 '. tr)

as the d.eveloping sol-vent.

V -2-3. f nf,-rared (f n1 Spectroscopy

IR speetra of samples N-2 and S-2 were obtained at

room temperature on a Hitachi Grating fnfrared

Spectrophotometer. The test specinens were prepared

by the KBr method.T

V-2-lt. Light Scattering Photo4etry

d. Measurement

Intensities of light scattered. fron Polytran

seleroglucan ln 0.01 N aqueous NaOH and DMSO at 25oC

●

●
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were measured on a Fica 50 automatic light scattering

photometer in an angular range from 22.5 to 1500.

Vertically pol'arj-zed. ineident light of /y36 nn or J/p6 nn

wavelength was used.

b. Calibration

The Fica 50 photogoniometer was optically aligned

in such a way that the normali-zed intensity (tr,U.r/tgOrUv

x sin 0 did not deviate more than t 0.005 from unity i-n

the range of scattering angle from 22.5 to 1500 when

vertically polarized light of /+36 nn was incident to

an aqueous solution of fluorescein (concentration n, 3
n2

x 10-'g cm--'). Here, Io TT and Ion 
' 

d.enote the
- t "V I " ' " V

seatteri-ng intensities measured for vertlcally polarized

incident light with no analyzer at scattering angles e

and 90o, respeetively.

Benzene of 25o_C was used to cali-brate the

photogoniometer. The measured values of (IU.U /f nO-U 
')

-vv
x sln 0 shown in Figure V-l are constant within t 1 %

in the angular range stuili-eil, indicating the absence

of stray light as well as the success in purifying the

liquid. The instrument constant V was determined by

use of the equation

-9'l -



●

３
ｇ
【ゝ

ｃ
一ｎ
＞Ｂ

】

e/des
Figure V-1. Normalized intensities
for pure benzene at 25oC.

Ψ =

2R9o,u'

1.02

101

1

∞%

(10,uv/190,uv)sin
●

(571)
r9o,urr"o2(1 * P,r)

where Ron ,, is the 90o Rayleigh ratio of benzene for
,t"r"lj

unpolarized light anil nO, the refractive j-ndex of

benzene. The literatu"" ,ralues8 of /16.5 x 10-6"n-1 f or

/136 nn and 16.1 x 10-6"*-1 for 5/v6 nn were used for
RqO.U ; and the depolarization ratio pu of Z5oC benzene

,,"r-17
was estimatecl to be 9.41 O for /136 nn and 0./106 for 5/16

nm usi-ng the equation derived by Rubingh and Yu:9

●

sin O = T―
T―苦曇 COS20 + 1 (5-2)
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Here, Io ,, is the scatteri-ng intensity at 0 for
", "u

unpolarized 1ight. We note that our g,, values are in
good agreement with the 1i-terature d"t;.1 O 

'1 
1

Reduced. seattering intensities Re (= RO.U ) were
" I _V

caleulated from measured values of Ia TT according to
tttv

the eouation

K= (5_6)

(5… 3)

where rO d.enotes the refractive index of the solvent.

c. Data Analysis

The intensity of light scattered from a dllute

a polymer solution is expressed ay12

≒=Ⅲ +2A2Q(0)C+・ ・:
(5中 4)

RO = Ψ10,uvn。
2

with                                   i    ■

P(0)~1 = 1 + 1墜
::::11 

く
・
「>:lni(0/2). + 0 0 0. (315'

) 2. ,2Zn-n'- ( Dnl 0c ) -

●

NAλ 4
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Here, P(0) and a(0) are the j-ntranolecular and

intermolecular seatteri-ng functions, respectively, and

L the wavelength of incident light in vacuum. At

infinlte dilution eq 5-4 gi-ves

〔苦:)c=o = 下t;[1 + 竿
くS2>sin2(0/2)+ 0 ・ ・] U-t) .

At the limit of zero scattering angle, both P(0) and

a(0) approaeh unity, so that eq 5-/, gles

Kc 1 ^^^c + . . (l-g)E;=q*Zrre+"'

rr^ 1/z . ilz o

tff)' = t#) (t+ArM"c+"') 3-g)^"0 "w

In this work, the measured values of Kc/R, as a

function of c and 0 were extrapolated to zero

seatterihg angle and, infinite dilution by use of the

plots of Kc/Ru vs. sin2 (e/z) and Kc/R, vs. e,

'1 /2respeetivelyi for DMSO sol-utions the plot of (KclRr)'

vs. e was used. to cletermin" M, and A' sj-nce Kc/R, data

plotted against c 'exhibj-ted upward curvatures (see o
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Figure V¨ 7)。

d. Optical Anisotropy

The optical anisotropies of samples I-1, C-2, and

E-/+ in 0.01 N NaOH at Z5oC r/ere investigated at a fixed

seattering angle of 90o with a polarizer fixed in the
o vertical directi-on. The scattered intensity measured

with an analyzer set in the horizontal direetion did not

exceed 0.7 /' of the intensity measured with the analyzer

in the vertj-cal directi-on. Furthermore, when the light

scattering envelopes of sample E-/, for vertically

polari-zed incident light and unpol-arized incldent light

were comparedr ro difference was deteeted. Thus,

a Polytran scleroglucan in 0.01 N NaOH was concluded to

be optically isotropic.

e. 0ptical Purification
Aqueous solutions of Polytran sclerogluean

eontaining 0.01 N NaOH were mad.e optically clean by

filtration through a nembrane filter and by 4 h

centrifugation at about /, x 1OL gravities 1n a Sorvall

RC2-B centrifuge. Use was made of Millipore's SSWP

)tl 00 for samples N-2 and H-1, BSWP ltl 00 for'samples
●
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F-1 and D-3, EAWP 0/r7 00 for sample I-1 , AAWP 0lrl 00

for sample l--3, DAlilP Otl 00 for sample S-2, HAWP Otl 00

for sample C-2, PHWP Otl 00 for samples C-5 and B-3,

GSWP Otrl 00 for samples J-1 and. J -3, and VCWP O/r7 00

for sample E-l+.

DMS0 solutions of Polytran samples were allowed to

stand at 25 - 5OoC for 16 - 52 h, and complete o

dissolution was ehecked by measuring the viscosity as a
function of time. These solutions and the solvent were

centrifuged. at about 4 x 1O/n graviti-es for 2'h.

For both aqueous and DMS0 solutions, a central
portion of the supernatant of the liquid in the

centrifuge tube was sueked into a pipet and transferred

i-nto a light seattering cell. The ce1l and pipet had a

been ri-nsed with refluxing acetone vapor for 8 - 12 h.

f . Specific Refractive fndex Increment

Refractive lndices of Polytran scleroglucan in
0.01 N NaOH and DMSO at 25oC were measured by the

method. described. in Chapter II. The measured An 1n the

two sol-vents are plotted agai-nst c i-n Figure V-2. The
2'1

indicated. straight lines yield 0.1/r5 and 0.1/+2 cmtg-'

for }n/ae in 0.01 N NaOH at /136 and 5/+6 nn, respectively,
●
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and 0 .063 
"*3 u-t f or En/6c in DMSO at both /136 and 5/16

nn.

0 436 nm
● 546 nm

Q01 N NaOH

0

tozc/gcrrr3

Figure V-2. Excess refractive indices An plotted

O against c for Polytran scleroglucan in 0.01 N aqueous

NaOH and DMSO at 25oC.

V -2-5. Ultracentrifugation
Samples B-3 and E-4 in water at 25oC were

lnvestigated by sedimentation equilibrium. A Ke1-F

12 nm double-sector cell was used. The liquid eolumn

was ajusted to 1.L - 1.6 ililr and the rotor speed. was

chosen as 5200 and 7200 rpm for sanples B-3 and E-t+,

1.0

Q5

Ｃ
一

∞
〇
一

●
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respeetively. The partial specific volume of Polytran

samples in water at 25oC was determined to be 0.620

em- g

Sedimentation eoeffieients of samples C-2, C-5,

B-3, J-1 , J-3, and E-4 in 0.01 N NaOH at 25oC were

d.eternined by the peak method (see Chapter II).
●

V-2-6. Viscometry

Zero shear-rate vi-scosities of

F-1 , D-3, I-1 , I-3, and S-2 in 0.01

determined using four-bu1b capillary

For other samples in 0.01 N Na0H and

DMS0 at 25oC, conventional eapillary

the Ubbelohd.e type were used.

sanples N-2, H-1,

N NaOH a.t 25oC were
13viscometers.

all samples in
viscometers of

●

The compositi-on dependence of Inl in water-DMSO

mixtures at 25oC was determined for three samples S.2,

C-3, and B-4, and compared with that determined for

schizophyllan in Chapter II.

V-3。  Resu■ ts

V-3-1. Chemieal Structure

Figure V-3 shows the gas chromatograms of the
●
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Tlmc,/mln

Figure V-1. Gas chromatograns of the acetylated
products obtained from methylation experiments.

o (a), sample N-2; (U), sanple. S-2.

acetylated products obtained fron the methylation

experiment. Each prod.uct of samples N-2 and S-2 has

three peaks 1, 2, and 3; the peak at the shortest

retention time eorrespond.s. to the solvent chloroforn.

From the retentlon times,14 peaks 1, 2, and 3 were

id.entified as 1 r5 -di-O-acetyl -2,3, lr,6-t,etra-O-nethyl-D-

glucitol (A), 1,3,5 -tri-O-ac etyl--Z., /r';6-tri-O-methyl-D-
o
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g■ucito■  (B), and l,3,5,6_tetra-0-acetyl-2,4-di… 0-methy■ ―

D_glucito■  (0), respective■ y.  The mo■ar ratiOs of

products A, B, and C eva■ uated from the area under the

curves are l。 00 8 1。 99 8 0.98 for samp■ e N‐ 2 and l.00 8

2.00 3 1。 01 for samp■ e S-2.  These ratios ittdicate that

the repeating un■ ts of the two samp■ 9s conSISt Of three

l,3-■ inked D― g■ucose residuett and one l,6_■ inked D―

g■ucoseires■ due。

The resu■ ts from the per■ odate ox■ dation ettper■ ment,

disp■ayed in Figure v_4, show that each of the two

Figure V-{. Amount of periodate mr.u- (moles per

glucose resid.ue) consumed and that of formic acid
tHC..tt produced by periodate oxidation of polytran

samples N-2 (O) and S-2 (O).
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samples N-2 and S-2 consumes 0.5 mol of periodate per

glueose residue and prod.uees 0.25 mo1 of formic acid.
These values conflrn the finding from the methylation

experiment that one in every four glucose resi-dues is
a 1 ,6-l-inked glucopyranose.

Though not shown here, the paper chromatograms of
o the enzymatic hyd.rolysates from the Srnith-degraded.

glucans revealed that only glucose was produced by exo-

B-1,3-D-glueanase. The inplieation of this, along with

the result from the methylation or oxj-dati-on experi-ment,

is that si-nce nei-ther gentiobios" (G,,AAO) nor

i-somaltos t^ 0 ^\e (G.t-:6G) could be detected, our scleroglucan

consists of repeating units as

a
Gt
l/

^ 
nQ 61"3 1"3 1"3

and that all the 1,3-linkages must be of the B-type.

Here, G denotes a D-glueose residue and the figures

attached to G indieate the nodes of linkage.

Figur e V-5 shows the paper chronatograms of the

enzymalic hydrolysates obtained from samples N-2 and

S-2 with exo-B-1,3-D-glueanase. Here, the standard
a
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.-_---*--..---lGlc i

I_l
Figure V-5. Paper chromatograrns of the enzymatic

hydrolysates obtained from Polytran sanples N-2

and S-2 with exo-B-1,3-D-glucanase, and those of

glucose (crc) and gentiobiose (Gen) as standard o

sugars.

一曖

spots refer to glucose (Ct-c) and gentiobiose (Gen).

It ean be seen that eaeh hydrolysate consi-sts only of

gentiobiose and glucose. The molar ratio of glucose

to gentiobiose was 1.96 for sample S-2 and 2.08 for
sample N-2 when estinated by the phenol-sulfuric acid

rnethod of Dubois et a1.15 Ttris resul-t eonf,irms the

-102-
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repeating unit shown above, and moreover substanti_ates

that the 1,6-linkage in the repeating unit i-s of the

B -type .

Figure V-6 shows the IR spectrum for sanple S-2.

The absorption band appearlng at 890 "*-1 is
eharaet,eristic of the B-glucosidic linkage16 and

o consistent with the above finding that Polytran

scleroglucan i-s a B-1inked glucan. Frorn the results
of the present ehenieal analysis, we can concl-ude that
the commereially available sclerogluean and its
sonlcated prod.ucts eonsist essentially of the same

●
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4m 35@ 3(m 2500 ZOq) lSO0 1600 1400 lz00 r(po 600 b5(}

$i,bvenunber,/cm-l

Figure V-6. IR spectrum for Polytran sanple S-2.
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repeating units as those of schizophy■■an.  Very

recent■ y, Rinaudo and Vincendon 7 arr■ ved at the same

conc■ us■ on from 13c_NMR measurements.

From the chem■ ca■  structure so estab■ ished fOr our

sc■ erog■ucan, we furthё r conc■ ude that the Sm■ th―

degraded g■ ucan prepared from samp■ e N-2 or S‐ 2 is a

curd■ an_type β-1,3-D¨ g■ucan with no side chaino  We

determined its lnl in a 1 8 1 mixture of water and tris

(ethy■ ene diamine)cadomium dittydrOxide (cadoxen)tO

estimate the v■ scos■ ty… aVerage m。■eCu■aF weight Mv  n

the basis of the lnl― Mw re■ation estab■ished by Hiranё

et a..18 for ctrd■ an in this mixed so■v ent.  The M
V

va■ue obtained was about 70 % of the Mw Of the origina■

sc■ er og■ucan samp■ e N-2 or S-2 in DMSO (see Tab■ e V-1).

This percentage ■s c■ Ose to 75 % whユ ch can be exleCted

if Po■ ytran sl■ erOg■ ucan contains nO β_1,6_■ inkage in

the ma■ n cha■n,, and supports the conc■ us■ on that the

ma■ n cha■ ns of our sc■ erog■ucan samp■ es conta■nion■y

β̈ 1,3¨ D¨ g■ ucosidic ■inkages.  Tabata et a■ .19 have used

this v■ scos■ ty method to confirm that the same ■s true

for schizophy■ ■an.

●

●
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V-3-2. Molecular Weight

Figure V-7 illustrates the concentration

depend.ence of Ke/RO for samples l-3, C-5, and, J-3 in
0.01 N NaOI{ and DMSO. The values of M" and A, for all
the Polytran samples in the two solvents are summarized.

in Table V-1, along with those of M and Mr/M* in pure

water determined. by sed.j-mentation equilibrium. The

M-/M.. values for samples B-3 and E-l+ i-ndicate thatz'w

O ln O.OIN NaOH, lowor c scalo

O ln DMSO, upp€r c rcals

o_4

1O2 c /g cm-3

Figure V-7. Plots of Ke/RO vs. c for Polytran samples

in 0.01 N NaOH (the lower c scale) and DMSO (the upper

c scale) at 25oC.

●
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Table V-1. Results fron light scattering neasurements on Polytran samples in 0.01 NNaOH

and DMSO at 25oe,

In O。 01 N NaOH In DMSO l,tr(in o . ot tt Naoit )

M"(in DMSo)Sanple lo-4u, loLt"a ,szrt 1n^ 14z/I4w loLl.ra ,s2rl 1n1o-41,t,

N-2
H-1

F-1

D-3
r -1'
t-)
s-2
\t- I

c-5
B-3

J-1
J-3
E'/r

0.6
2.8
4.4

5 .lt
^^bt.1
tr.4
1n
t1
4. I

1.8
). I
12.

6.2
1 ,5c
qn

7.8
3.2e

276

26t+
h

151-
198
13t-"
152

127

92.7
na4

E.1 I

4.. I

31 .1

tt,t
1r1 )I t.t+

42 tt).4

.1 )2., +.)

51 .8

nq
1o6,0 n1

5lro

3?0
163b

239
la

129"
1t1
110

81 .1

60.0
2nA
31 .O

22.0
21 .2c
16.7
12.0
9.62
9.01c

37:2 33.1 6. lr

‥
二
〇
い
‥

1.12c

" "nCt. t>

29 .5
t) .6
22.5
1t.t

12.8
11 .0

rt ao

lr,g
l17t+.1

nn

o.)

27 .1

26. t+

23.2
tl .o
17 .8
16.3
13.8

lr.8

2.8
)o
t.6

z-6

A R,N

4. O6

6.7

| 1.O 2.5
l.o
2.7

ａ

　

　

ｂ

In units of crn3rol g-2.

In 0.05 N NaOH.

Sedinentation eouilibriun in water.
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these two samples are narrow in mol-ecular weight

disper sion.

The values of M"(in 0.01 N NaOH)/Mr(in ol',tso)

presented in the last column of Table V-1 indicate that
for M..(i-n DMSO) below 2 x 105, the predominant speciesw

of Polytran scleroglucan in 0.01 N aqueous NaOH is a

trimerr &s is the case for schizophyllan in pure water

or 0.01 N aqueous NaOH. However, for l,tr(in DMSO) above

2 x 10', the molecular wei-ght ratio increases with

inerea'sing Mr(in DMSO), indicating that the major

species of the glucan j-n 0.01 N aqueous NaOH shifts to

an aggregate higher than a trimer and the number of
chains in the aggregate j-ncreases with inereasing

M (in DMSO). This differs from what was found for
schizophyllan in Chapter II; Kashiwagi et ai-,.2 also

showed that u--(in 0.01 N NaOH)/r4--(in ouso) forw w-

schizophyllan exhibited no signifieant devi-ation from 3

throughout the entire range of Mr(in DMSO) tneated,

i. e.r 3.'l x lolr - 1.6 x 106.

V-3‐ 3。 Radius of Gyration

Figire V_8 depicts P(0)f6r Po■ ytrani samjles in

O.01 N aqueous NaOHo  The ヤaluξ s Of くsl>1/2 eva■ iated
●
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Figure V-8. Particle seattering functj_ons for
Polytran samples in 0.01 N Na0H at 25oC.

frOm the s■ opes of th9 ュndiCated dashed ■ines are

presented in Tab■ e V-1, a■ong with those ュn DMSO.

These <S2>1/2 vaiues in‐ 0.01 N aqteous NaOH and

DMSO are compared in Figure V-9 w■ th the recent data

(the so■ id ■ines)of Kashiwagi et a■ 。
2 for schizophy■

■an

■n the same so■ v entso  A■ ■ the data po■ nt, fOr Po■ytran

sc■ erog■ucan in O。 01 N aquOous NaOH fa■■ near the so■ id

●
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line for schizophyllan in the same solvent. The slope

of this li-ne equals 1.0 for Mr(in 0.01 N Na0H) below

3 x 105 and decreases gradually with increasing l,tr(in

0.01 N NaOH). Thus, the scleroglucan trimer [l',t*(in 0.01

N NaOH)

senlflexibl-e above Mr(in 0.01 N NaOH) \, 3 x 105.

However, the agreement of .S2r1 /2 ,o" both Polytran

sclerogluean and schlzophyllan in 0.01 N aqueous Na0H

Ｅ
ｃふ

ヽ^
Ｎ∽
〉

●

slope 1.O

M,"
7

Figure V-9. Conparison of <52>1/2 a^t^ for Polytran

scleroglucan in 0.01 N Na0H (O) ana DMSO.(O) with those

(the sotid lines) for schizophyllan2 in the same solvents.

The filled circles represent the data for Polytran samples

H-1 and F-1 in 0.05 N NaOH.
●
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throughout the entire range of Mr(in 0.01 N NaOH) must

be considered. accid.ental, since, as menti-oned above,

the predoninant speci-es of these glucans i-n 0.01 N

aqueous Na0H are diff erent aggregates when M"(:-n,DMSO)

is higher than about 2 x 105.

In Figure V-9, except for the two highest-molecular

weight samples , ,5211 /2 of Polytran scleroglucan i-n o

DMSO falls on the straight line of slope 0.58 which

fits the schi-zophyllan data in the same solvent. This

i-ndicates that Polytran scleroglucan disperses in DMSO

as randon coils perturbed by excluded-volume effect

as much as schj-zophyllan random coils in the same

solvent.

V-3-/+. fntrinsic Viscosity and Sedi-mentation Coefficient

Numerlcal data for tnl and kI in 0.01 N aqueous

NaOH and DMSO are sumnarized j-n Table V-2. In Figure

V-10, these tnl data are compared. with those (tfre

solid lines) for schi-zophyJ.Lanz in the same sol-vents.
E

The data points for M* below 3 x 10'in 0.01 N aqueous

NaOH ean be fitted by a straight line of slope 1.7

(tfre d.ashed line), which almost. merges with the solid

line for this solvent and is consistent with the

●
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Table V-2. Results from viscosity and

Polytran samples in 0.01 N

●

sedimentation ve■ oc■ty measurements on

NaOH and DMSO at 259C

●

In O。 01 N NaOH In DMSO

Sanple 10-21n1/C理 3g‐ l  k:
101 3sO/s t o-2t"/"r3g-1 t o-2 rnt /"^3 e-1 k'

N-2

H-1

F‐ 1

D‐ 3

1-1

1-3

S-2

C-2

C-3

C-5

B=3

B‐ 4

J-1

」-3

E-4

65.8

43。 7

25。 3a

26.1

17.Oa

14.2

10.5

6.59

4.59
2.65

2。 61

2.03

1。 34

1。 30

0.809

0。 497

0。 345

0.45

0。 45

0。 44a

O。 43

0。 44a

O.42

0。 43

0。 41

0.43

0.41

0.41

0。 42

0。 42

0。 42
0.42

0。 43

0。 44

2.43

2。 17

0.34

0。 92

1.80 0。 34

０
ニ
二
一
―

1。 39

1。 26

1。 09

0.932

0。 781

0。 770

0。 740

o。 562

0。 558

0。 462

0。 376

0。 305

0。 34

0。 36

0.34

0.37

0。 35

0。 96

0。 33

0。 38

0。 36

0.35

0。 40

0.42

7。 42 75

7.17

6.80

64

62

6。 29

5.73

5.34

53

42

34

t Ir, O.O5 N NaOH.
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0.01N NaOH

Mw

Figure V-10。  Comparison of lnl data for Po■ytran

scleroglucan in Oool N NaOH (0)and DMSO (0)with those

(the so■ id lines)ifor schizophy■ lan2 in the same so■ vents.

The Fi■■ed c■ rcles represent the data For Polytran slmpleS     ●

H-l and F-l in O.05 N NaOH.
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finding from <52> that seleroglucan trimers with t',tr(in

0.01 N NaOH) lower than 3 x 105 are rigid.-rodlj-ke.

0n the other hand, exeept for the highest-nolecular

weight sample, the DMSO data fall on the schizophyllan

1ine. of slope 0.69, giving evidence for similarity
between scleroglucan and schizophyllan random col1s ln

●
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this solvent.

Figure V-11 shows the coneentration dependence of
s ' for Polytran sanples in 0.01 N aqueous NaOH. The

values of sO and k, determined. from the indicated.

straight lines are presented in the fourth and fifth
colunns of Table V-2. Figure V-12 shows that these r0
vary linearly with 1og M',o. This linear relation is
additional evidence for the rigid rod-like shd.pe of the

seleroglucan tri-mer.

0.2 0:3

102c /g cm's

Figure V-11. Coneentration depenclenee of "-1 fo"
Po1'ytran sanples in 0.01 N NaOH at 25oC.

，
し
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Figure V-12. Plot of sO vs; 1og M" for polytran

sclerogluean in 0.01 N NaOH.

V-3-5. Viscoslty Behaviorr in Water-DMS0 Mixtures

Figure V-13 shows the conposition dependence of

Inl of samples S-2, C-3, and B-/, in water-DMsO mixtures

at Z5oC. The tnl values'in water are approxi-mately

equal to those in 0.01 N NaOH (see Table V-2). Henee,

the conformations of, Polytran seleroglucan in pure

water and 0.01 N NaOH are essentially identical (see

also the M" valu'es in pu::e water and 0.01 N NaOH given

in Table V-1). As the eomposition of DMSO increases,

Inl fo.r each sample gradually increasesr passes through

a broad maximun, and decreases very sharply at a DMSO

●
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Figure V-13. Compositlon dependence of .lnl for indicated
Polytran samples in water-DMS0 rnixtures at Z5oC,

conposition of about 87 fo. At present, we do not know

what is responsible for the appearanee of the maximun.

What is more significant is the abrupt drop of tnl

taking place at exaetly the same DMSO courposition as

that at whieh schizophyllan triple helices dissociate

almost d.i-scontinuously to single chains (see Figure

III-2 in Chapter III)

●
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V-/*. Discussi-on

V-tr-l. Data Analysis

Our dimensional and hydrodynamic data along with
those of the molecular weight ratj-o Mr(in 0.01 N NaOH)/

Mr(in DMSO) have shown that polytran scleroglucan
dissolves in 0.01 N aqueous NaoH as a rigid triner, O

provided Mr(in DMSO) is lower Lhan 1 x 105. The well-
known expresriorr2o fo" <S2> of a rigid rod is

.S2r1 /2 = 14/ (,nZ I4L) (5-10)

rf our <s2> data for Mr(in DMSO) below 1 x 105 in 0.01 N

aqueous NaOH are substituted into this equation, M, i-s o
found to be 2O5O ! 5O ,r*-1 .

Figrre V-1tr shows the plot of l,t*z / tnt vs. 1n M.,o

constructed from our data for four lowest-molecular

weight samples in 0.01 N Na0H. rf a straight line is
drawn as i-ndieated ancl the values of its slope and

intercept at 1n M, = 0 are substituted into eq Z-l1r,
M, and d are found to be Z2OO t 50 m-1 and.2.6 t 0. L nm,

respectively. Further, when compared with eq Z-12, the
■inear re■ation between sO and ■Og Mw in Figure v_12

_116_

●



●

，
ｔ
ｏ
ｏ
ヽ
［ｒ
で
ど
Σ
ざ
０
｝

●

1卜て「
――…………………

T

●

ln Mw

Figure V-11r. Plot of Urz/tnl vs. ln M" for Polytran

scleroglucan in 0.01 N NaOH.

yie■ds 2140 ± 70 nIL‐
l for ML and 2。

5 ± 0。 4 nm fOr d.

V-4‐ 2。  Tr■ p■ e He■ ica■  Structure

Since the repeating un■ t of Po■ ytran sc■ erog■ u9an

contains three main chain g■ ucose residuesl th‐ e ■ength

h per maュ n chain reSidue Of the sc■ erog■lcal'trimer

a■ ong the rod lxis iS re■ ated to ML by eo 3,13。   Thё

va■ues of h ca■ cu■ ated from our ML and tho19 9f d  l

estimated above are summar■ zed in Tab■ e■ V-3, a■ ong w■ th

the p■ tches and diameters for the schizophy■ ■an tr■ p■ e

he■ itt in water (see chapter ttI)and O。 01'N NaOH attd‐ the
●

-117‐



Table V-3. Pitches and d.iameters of the triple helices of Polytran scleroglucan and

schizophyllan

Polysaccharide Solvent Pitcha/nm or h/nm   d/nm        Method

‥
ニ
ユ
∞
Ｌ

::lζl::lucan    O・ 01 N waOH 0.32 ■ 0。 01 Iight scattering

0。 29 ± 0。 01     2.6 ± 014    ViSCOsity

O.30 ± 0。 01     2.5 ■ 0。 4    sedimentation

x_ray22

::::1:itltlon。0.30 ± 0。 02a    2。 6 ■ 0。 4

11:i:S::ItteringO。 30 ± 0。 01a    2.2 ■ 0。 6

0。 30a 2,5 - 3.0 molecular nodelb

X-ray23

crystalline state 0.304

Schizophyllan water

0。 01 N NaOH

crystalline state 0.304

" Pur residue.

" See Chapter If.
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model triple helix of selnj-zophyllan (see Chapter If).
The h values for the sclerogluean trimer estimated by

different methods agree with one another and also with
the sehizophyllan helix pitches. The d values are al-so

j-n substantial agreenent with those for schizophyllan

and its model helix. Thus, the scleroglucan trimer
should have a triple helical structure very siniJar to

that of schizophyllan. This concluslon is consi-stent

with our chemical analysis data showing that the

repeating uni-t of Polytran sclerogluean is identical
with that of schizophyllan.

Very recently, Marchessault et aL.21 '22 concluded"

from x-ray and conformational studies that Polytran

scleroglucan in the crystalline state has a triple
helical strueture with a pitch (per residue) of 0.30 rrilr.

This value can be favorably compared with the values

from our soluti-on study, and hence it may be concluded

that the triple helical conformation of Polytran

scleroglucan in the erystalline state is essentially the

same as that in dilute aqueous NaOH.

V-/r-3. Aggregates of Triple Helices

As we have nentioned, our scleroglucan samples
●
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with M-.(in DMSO) trigtrer than 2 x 105 j-n 0.01 N aqueousw-

NaOH self associate to aggregates higher than a trimer.

In the following, we present some data which convince

us that these higher eggregates are built up of two or

more trimers.
According to Kashi-wagi et ui'.12 the addition of

Na0H enhances the solubility of the schizophyllan triple

helix in water, but it causes the helix to dj-ssocj-ate

to single chains and also gradually degrade when the

Na0H eoncentration x exeeeds 0.'l N. We checked the

former on Polytran'scleroglucan by measuring the

vi-scosity of higher-molecular weight samples H-1 and

F-1 and lower-nolecular weight samples B-3 and J-1 j-n

aqueous NaOH of different x.

The results are illustrated in Fisure V-15. It can

be seen that Inl for sanples B-3 and J-1 are constant

up to x tu 0.05 N, decrease sharply at x n,0.1 N' and

fevel off at constant values above x tu 0.2 N. The

abrupt ehange i-n tnl at x tu 0.1 N may be due primarily

to the dissociation of the triple helix to si-ngle

ehains, since [n] for x above 0.2 N is comparabl-e to

Inl of the respective samples in DMSO. The eurves for

samples H-1 and F-1 comprise two distinct steps, each

●
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Figure V-15. Depend.ence of tnl on the concentration
o of NaOH for Polytran samples in aqueous NaOH at Z5oC.

The dashed line indicates the data of Bluhm et aI.22

showing a shoulder around x = 0.05

decline to the shoulder the higher

dissoci-ateil to trimers, and in the

deeline, the trimers are broken to

To eheck this inferenee, light
viscosity measurements were made on

N.. Probably, in the

aggregales aTe

subsequent sharp

single chains.

scattering and

samples H-1 and F-1
●
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in 0.05 N aqueous NaOH. The specific refractive index

increment in this solvent at either 1136 or 5116 nm

wavelength was not d.ifferent from that in O.O1 N aqueous

NaOH. The data obtai-ned are gi-ven j-n Tables V-1 and V-2

and illustrated in Figures V-9 and V-1 O. The fil-led
ci-rcles in these fi-gures lie close to the solid li_nes

for sehizophyllan in 0.01 N aqueous NaOH and also give

M, values approximately 3 times as large as those in
DMSO. This demonstrates di-ssoei-atlon of the aggregates

of samples H-1 and F-1 in 0.05 N NaOH to trimers havins

the same structure.as the sehi-zophyllan triple heli-x.

Recently, Bluhm et uil.22 investi-gated the pH

dependenee of the reduced vi-scosi-ty ttsp/" (" = /+.9 x

lo-Lg "^-3) of a Polytran sample in 8 x to-2 l,t sodium

chlqride containing NaOH (for pH > 7) or hydrochloric

acid. (fot pH < 7). Their experinental data are shown

by a dashed line in Figure V-1 5 aft,er pH has been

converted to x assuming the relation log x = pH - 1/+.

Bluhm et al. remarked. that the values of nrp/" for x

above 0.03 N are eomparable to our Inl for schizophyllan

in DMSO, and attributed a fairly sharp decrease in

n^^/e at x tu 0.015 N to the dj-ssociation of triple'sD-

helices to ranilom coils. However, their renark on n ,o/ "

●
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for x above 0.03 N is i-ncorrect, slnce sueh n"p/"
values far exeeed the highest of Inl (tr.65 * 102en3g-1 )

obtained for sehizophyllan in DMSO (see Table II-2 in
Chapter II), More reasonably, the sharp decrease in

n^-/c at x'\, 0.015 N may be explained as due to the'sD'

dessoc:-ation of higher aggregates to trimers.

V-5. Concluding Remarks

The study in this chapter has shown that the trlner
of Polytran sclerogluean in dilute aqueous NaOH or pure

water and j-ts nonomer in DMSO assume essentially the

same conformations as those of schi-zophyllan in these

solvents, and that when dissolved in water-DMSO mixtures,

the trimers of these two glucans dissociate into monomers

at the same water composi-tj-on. These findings are

compatible with the results from our chemical analysis

and Rinaud.o-Vincendon's 13c-tttl,tR measurement 
" 117 which

concluded that the two polysacchari-des have the same

chemi-cal strueture. However, these polymers j-n 0.01 N

aqueous NaOH dlffered 1n solubility when l,t"(in DMSO)
A

was higher than 2 x 10'. fn this region of Mr, triple

helices of schj-zophyllan remained intact, while those

of Polytran scleroglucan self assocj-ated. to higher

●
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aggregates. This difference is striking, but the

reason i-s not clear to us. Native schizophyllan
produced. by schizophvlfum commune in a culture medium

separates spontaneously from the myeelium and migrates

freely lnto the liquid phas..24 On the other hand,

Polytran scleroglucan produced by scleroti-um ror-fsii
adheres to the nyceliurn as a ge1-1ike aggregate and

cannot be dispersed in the liquid phase unless the

culture medium is heated and homogenized..1 Such a

d.ifference in the native states of these two glucans

may bear some rela.tion to the diff erence in their
solubility in 0.01 N NaOH.
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GHAPTER VI

CHOLESTERIC MESOPHASE ttN AQUEOUS SOLUT10NS OF POLYTRAN

SCLEROGLUCAN

VI-1. fntroduction

Recently, Van et a1.1 found that sehi-zophyllan j-n

water forms a eholesteric mesophase at a polyrner

concentration above about 10 /r. In the preceding

chapter, we showed. that Polytran scleroglucan is very

similar to schlzophyllan in regard to chemj-cal structure
and tri-ple-helical structure in pure water or dilute
aqueous sodium hydroxide. These similarities between

the two glueans suggest that aqueous seleroglucan should

form a cholesteric mesophase when the coneentration is
above a certain value.

We investigated aqueous solutions of two samples

of Polytran scleroglucan over a concentration range

from zero to about 35 % ay polarizing microscopy and

optical rotatory dispersion (ORO). The results obtained

are presented in this ehapter.

●

●
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VI-2. Experimental

Two Polytran samples wpre prepared by sonication

and fractionated by the methods described in Chapte:: II.

Two fractions, one from each sanple, were ehosen and

designated as L-2 and P-3. Their M., in water were 1.93
(

x 1t (f -e) and 1.2/+ x 10) (P-3).

Test soluti-ons were prepared by mixing weighed

anounts of a given sample and water in a 5 .^3 stoppered

flask. They were transferred into drum-shaped. eells of

1 nn thickness and, 1 cm diameter and exani-ned under a

Union Mec-3 polarizing mieroscope. The polymer

eoncentration was expressed in terms of the weight

fracti-on w or the volume fraction 0; the latter was

calculated from w with the specifie volume of Polytran

selerogluean and the density of water.

ORD measurements were made on sample L'2, usi,ng a

JASC0 ORD/UV-5 recordi-ng spectropolari-meter.

Preliminary experiments were performed on solutions

with w above 0.2, using rectangular cells of different

thicknesses d (ZO - 350 um) constructed aceordi-ng to Van

2et a1.- The results showed thatr &s in schizophyllan

liquid crystals,2 tol 
^ 

at a fixed tr was independ'ent

of d and reproducible within t 5 f' only when d was
●
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smaller than about 100 un. Thus, reetangular cells of

d q, 80 Um were used for solutions with w above 0.1 5.

For solutj-ons with w below 0.15, usual ORD ce1ls 0.5

10 cm thick uere usecl.

VI-3. Results and Diseussion
o

VI-3-1 . Microscopie Observati-on

' ^-o^Aqueous solutions of sample L-2 at 25"C looked

dark throughout the field between crossed polars when

w was lower than 0.1/r. This indicates that the solutions

in this coneentration region are isotropic. At w

slightly higher than 0.1 1+, birefringent phases with

alternate bright and dark lines appeared as spherulites '
dispersed in a continuous isotropic phase a few hours

after t:he solution had been placed in the eell.

Figure VI-1 shows a spherulite photographed for the L-2

solution with w = 0.1567 at 25oc.

When u was increased to about 0.2, thebirefringent

phases spread over the entire region of the solution

and showed various colors. Figure VI-2 shows

microscopie patterns for the birefringent sof.ution of

sarnple L-2 wi-th w = 0.2089 at 25oC near the wal1 [panel .
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Figure VI-1. Spherulite in the aqueous solution of Polytran

sample L-2 with w = 0.1567 at, 25oC. The bright regi-on on

the top l-eft-hand side shows the reflection of light from
O another large spherulite in the solution.

(")l and center fpane1 (b)] of the ce]l' It can be

seen that the bright and" d.ark lines in panel (a) run

para11e1 to the ceIl wall, while those in panel (b) run

in different directi-ons to form fingerprint patterns.

These patterns resemble those observed for the
2tr

cholesteric liquid crystals of polypeptides'-' and
I A/1

o polysac charides .' 'u' '
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-2. Microscopic patberns for
L-2 with w = 0.2089 at 25oC

the center of the cell.

re {-r'i nsont. <ol rr l,i9n

near the cell- wa1l;

●

Figure VI

nf qrmn-l a

(b), near

the bi

。 (a),

鷺 .

鶴

-432-

●



●

●

Sinilar observations made aN different tenperatures

between 20 and. 25oC for sanples L-2 and P-3 yielded

results almost independent of temperature.

For a gi-ven biphasic or entirely birefringent

soluti-on, the distance S between successive para11e1

lj-nes was constant except near the eell wa1l. Also,

S remained. invariant at least for one month

The measured values of S for the two Polytran
^-o^samples at 25"C are plotted double-logarithnically

against w in Figure VI-3. Here, the half-filled and

●

L-2

６

　

　

　

　

　

４

Ｅ
ｏ
＼

∽

寸
０

，

2
o.13 0..15 0.20 o.25

w

Figure VI-3, Double-logarithnic plots of S

samples L-2 and P-3 at 25oC. ((l), biphasic
(O) , birefringent solutions.

0.35

vs. w for
solutions;

●
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unfilled circles represent the d.ata for biphasic and

bi-refr j-ngent soluti-ons , respectively. The data points

for sample L-2 ean be fitted by a pair of straight

lines interseeting at w = 0.19L. The branch for
w Z 0.194 lnas a slope of -1 .6, which j-s fairly close to

-1 .g reported for schizophyllan. l The line for
birefringent solutions of sample P-3 has been drawn

with the same slope of -1 .6. It is interesti-ng to note

that when compared aL the same w, S for bj-refringent

solutions of the two Polytran samples are about twice

as large as those for schizophyllanS witfr comparable

molecular weights.

yI-3-2, 0ptical Rotatory Dispersi-on

Figure VI-/e displays ORD curves for solutions of

sample'L-2 with di-fferent w at 21 .5oC. The curves for
w z 0.160 are very d.i-fferent from those for w'S 0.1/u0.

The values of ,ot ,rr; and. tot 5r9 at /u36 and 589 nm read.

from these curves are plotted against w in Figure VI-5.

With inereasi-ng w, ,ot ,nr., and ,o, 5r9 become independent

of w following a sharp rise in the region of w between

0.1 /+ .and 0.1 9. Since w = 0 .1lo almost coinei-des with

the critical concentration (for sample L-2) for the

-134‐
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Figure VI-/n. ORD curves for aqueous solutions of
sample L-2 with different w at, 21.5oC.

inception of spherulites in the contj_nuous isotropi_e '

phase, the sharp increases in ,ot ,136 and tol 5g9 may be

explai-ned as due to the formation of bj-refri-ngent

phases. Furthernore, the level-off values of Iol 
^(about 200 and 100 deg g'1 

",^2 fo" tt36 and 589 nn,

respectively) are 70 - 50 tines the infinite dilution
values and comparable to those for the eholesteri-c

w=0.202 L-2

0.256   21.5° C
O.306

0.0941

0.120

●
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Figure VI-5. COncentration dependence of lα 1 436 and

lα 1589 f°r samp■ e L-2。

liquid crystal of sehj-zophyllan.2 Frorn these findi-ngs

along with the nicroscopic patterns for Polytran

scleroglucan similar to those for cholesteri-e liquid

crystals, it rnay be concluded that the birefringent

phase in aqueous scleroglucan consists of cholesteric

liquid crystals.
Figure VI-6 j-llustrates ORD d.ata for the L-2

solution of w = 0.140 at different temperatures. .

●
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It can be seen that to,l^at a fixed. l, renarkably inereases

with a deerease in temperature from 21.5 to 15oC. When

observed under a polari-zi-ng microscope' this solution

exhibited. birefringent phases at 15 and 140C, but not

at 21.5 and, 25oC. These findings suggest that aqueous

seleroglucan undergoes a thermally indueed isotropie

liquid-liquid crystal phase transltion.

200

10

20

0

-20
200 400 500

L /nm

Figure VI-6. ORD curves for the solution of sanple

L-2 with w = 0.11+0 at different temperatures.

●
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VI-3-3. Phase Diagrarn

Our microseopic observations and ORD results
ind.j-cate that the phase boundary between isotropic and

biphasic regions (ttre R point) and that between biphasic

and liquid crystalline regions (ttre B point) at room

temperature are located at w n, 0.1/. and 0.19 for sample

L-2 and w t 0.19 and 0.31 for sample P-3. Referring

to these w values, we d.etermj-n-eil temperature-

concentration phase diagrams for the two Polytran

samples by the methods ileseribed be1ow.

&. Microscopie Determinatj-on

A solution of sample L-2 w:-th w '! 0.1/r and that of

sample P-3 with w q, 0.19 were examined between crossed

polars, after bei-ng equili-brated at di-ff erent T between

11 and. 33oC. The results are lllustrated in Figure VI-?,

in which the filled cireles ref er to isotro'oic solutlons

at given T and w, and the unfilled'circ'les to biphasie

solutions. The line passing betr^reen these fill-ed
and unfilled eireles for each sample deseribes the A

point. The B point concentrations esti-mated fron the

break points of the S vs. w curves in Figure VI-3 are

also shown in Figure VI-7 by half-filled eircles.

-138・・
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Figure VI-7. Phase diagrams for samples

Circles, from microscopic. observations;

phase separation experiments.

o.35

L-2 and P-3.

triangles, fron

b. Analysis of Biphasic Mixtures

When a biphasic solution placed in a cal-i_brated
aglass tube" was spun at a rotor speed. of {000 rpm

(about 2000 gravities) for 1 - 2 h in a Hitachi 65P-7

preparative ultracentrifuge, it separated cornpletely to
isotropic and liquid crystalline phases. The volume

fraction O of the isotropic phase and the molecular

weight and weight fracti-on of the polymer in each phase

were determj-ned by the rnethod. of Itou et a1.,8 ur,der the

assumption that redistribution of polymer molecules by
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centri-fugal force was negligible.

Figure VI-8 illustrates the results for sample L-2

at Z5oC. Here, the half -filIed cj-rcl-es refer to the

biphasie nixtures before separation, and the filled and

unfilled. circles to the separated. isotroplc and

●

L-2

3o.1

o.1

o.14

24

Ar.g--'-o 1-o 1

2

”
〓
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ｂ

ｒ

●

o 1-o 1

Fi-gure VI-8. Phase separation data for sanple L-2

at, 25oC. (O), biphasic nixtures; (O) ana (O),

separated isotropic and cholesteric solutions,

respectively. Arrows A and B indicate A and B

point concentrations determined by polarizing
microscopy.
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eholesteric phases, respectively. It can be seen in
panel (a) that extrapolation of w for the biphasic

mi-xtures and. separated. phases to O = f and 0 yields
phase boundary coneentrations very close to the

microscopically deterrnined values (arrows A and. B).

In panel (f), M' in the liquid crystalline phase are

larger than those in the i-sotropi-c phase, whieh indicates

Lhat sample L-2 undergoes molecular weight fractionation
on phase separation.

The phase boundary w estimated. from similar data

for sample P-3 are shown in Figure VI-7 by triangles.

These w agree with the mieroscopieally determined

values. Exeept for the B point concentrations for
sample P-3, all the phase bound"ary coneentrations for
Polytran seleroglucan are close to the reported values

for schi-zophyllan with eomparable mol-ecular weights.S

VI-3-4. Birefri-ngence of the Cholesteric Layer

It'lhen cholesteric solutions of sanple L-2 in

reetangular cells of d ru 80 un were examined

mieroseopically between crossed polars, they looked

entirely unlforn. This inplies that, in these cells,

all the chol-esteric planes were para11e1 to the ce1l
o
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surf ace:s. Thus,' our ORD data f or w above the B point

refer to the geometrical cond.ition that the eholesterj-c

planes are aligned in the dii.rection normal to incident

1ight, and may be anaT-yzed by de Vries' theoryg for O

(tne optical ratation angle per unit length) of a

cholesteric liquid crystal satisfying this conditj-on.

The de Vries theorv i-s wri-tten

O = (7T/4λ
2)(△n)2P (6-1)

provided. that AnP << tr

pitch (= 25) and An is the cholesteric layer

bi-refringence defined by (r,, - n. ), with orr and n-, the

refraetive ind.ices of a layer in the longitudi-nal and

transverse di-rections of the dlrector r respectively.

A t,est of eq 6-1 is shown in Fi-gure VI-9 where 0

from our ORD data on sample L-2 is plotted against 
^-2.

The curve fitting the plotted pointg for each w is
-)a

linear at sma1l l-' but swings upward for l,-' above
a _) _ ?,,3.5 x 1O' em-'. trlquating the initial slope to nP(An)' t+

and using the mj-croseopically deterrnined 25 for Pr wo

evaluated In" I as a functi-on of w.

Tfre I ln I values so obtained were checked by

‐142.
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Figure VI-9. Plots of O vs. I-2 for sample L-2.
The insert shows the dependence of the layer

birefringence An on polymer volume fraction.

retardation measurenents (see ref. 2 for the experimental

method). ft was found that, though not accurate, the

values of An from retardation were positive and close

to An from O. This agreement confirms the conelusion

of Van et al.z that eq 6-1 is valid for longer'wavelength.

The insert of Figure VI-9 shows that An from O

varies almost linearly with polymer volume fraction 0.

●

●
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The ind.icated straight line yields a value of 1.0 x 1O-2

for ln"l/O which is elose to 1.tu x 1O'2 reported f or

sehizophyllan,2 buL nuch smaller than 4 x 1O-2 for
nxanthanr' a B-1 ,4-D-glucan with j-onie si_de chains.

Accord.i-ng to Van et uL.,2 An is related to the intrinsie
birefringenc" (ro - ny) of individual cylindrical
macrornolecules constj-tuting a cholesteric layer by

An=(no-ny)oe(o) (6_2)

where n^. and n '76 *ho ^ri.nci-pa1 refractive indices in--0 *--* -"Y

the longitudinal and transverse directions of the

cylindrical molecule, respectively, and 6(0) is a

parameter characterizing the degree of molecular

ordering in cholesteric solutions. Thus r our An/0

value gives to - ny of the scleroglucan triple heli-x

if 6(0) is unity in the range of 0 studied. At present,

howeverr rro inforrnation is available on, 6(O) for

eholesteric liquid crystals.
Doi10 theoretically predicted. that 6(O) for a

nematic liquid crystal monotonically increases from 0.5

to unity as 0 increases from the value at the B point

toward unity. When Doi's 6(0) was applied to.our- An

‐144・
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' .) tor Polytran sclerogluean decreasedqata, \h0 - nY

from 1.7 x 10-2 to 1.3 x 1O'2 with inereasing O. If

this is taken 1iterally, 6(0) for Polytran sclerogluean

is less dependent on O than Doi's theoretical predietion.

However, too much credit cannot be given to this

finding, because Doi's theory is concerned with nematj-c

liquid crystals and de Vries' theory can describe

experimental data only in a limited wavelength range.

Thus, it is probably safe to conclude that the intrinsi-e

birefri-ngenee of the sclerogluean triple hel-ix is about
a

1.5 x 1O-' and indistinguishable from that of Lhe

sehizophyllan triple helix.

. VI-/t. Concluding Remarks

We have found that the cholesteric liquid crystal

of aqueous Polytran seleroglucan resembles that of

aqueous schj-zophyllan in thermod.ynanic and optical

properties. This is consistent with the finding in the

preceding chapter that these two glucans are chemically

indistinguishable and have essentially the sane triple

helical structures.

However, a ili-stinct difference in S (hence in P)

between the two glucans cannot be overlooked; P for
o
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Polytran scferogluean is almost twice that for
schizophyllan when compared. at the sane w. A cholesterj-c

liquid crystal may be moilelled as a pile of thin
- 11 ..layers, ' which are successively twisted by a small-

angle 6. The two liquid crystals may dif f er in

interlayer distanee, in 6, or in both. If the interlayer
distanee is the same for the two glucans, 6 for Polytran

scleroglucan should be roughly one half that for

sehizophyllan. In any case, the two liquid crystals

must be d.ifferent in interlayer interaction. This may

be related to the difference in solubility between the

two glucans as found i-n Chapter V.

As can be seen in figure VI-t, our ORD data follow
de Vries' prediction only j-n a limited range of 

^.-2 
,

We found. that, wi-thin the wavelength range exarnined,

the ORD eurves for our cholesteric solutions can be

fitted accurately by the Drude equation, as was the case

for the liquid crystals of schizophyllan2 and poly(v-

benzyL L-glutamate).12 Further theoretieal study j-s

needed. for elarifying this characteristic ORD behavior

of polymer liquid crystals
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CHAPTER VII

SUMMARY AND CONCLUS10NS

This thesis has dealt with the solutj_on properties

of tr,ao B-1 , j-D-glueans, sehizophyllan and Polytran

sclerogluean, in water or 0.01 N aqueous NaOH and DMSO.

The main results and conclusions are sumnari-zed below.

Chapter II. Triple Helix of Schizophyllan in Dilute
Aoueous Solution

Light scattering, viscosity, and sedimentation

measurements on a series of native and sonicated samples

of schizophyllan Ied to the following results. (i) notn

weight-average and z-average molecular weights ranging

from 105 to 5 x 106 in water are about Lhree ti-nes as

large as those in DMS0. (ii) The viscosity exponent in
the Houwink-Mark-Sakurada equationl ,r, water is close

to 1.7 for l,tlr(in water) below 5 x 105, and gradually

decreases with increasi-ng Mo,, while that in DMSO is 0.68

throughout the entire range of M, stud.ied. (iii) tne●
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limiting sedimentation coefficj-ent in water varies
/

linearly with 1og M" for t'{r(in water) below 10b.

These results were combined to eonclude that
schizophyllan d.issolves as rod.like trimers in water and

as si-ngle randomly coj-led chalns in DMSO. The molecular

model constructed for the schizophyllan trimer suggested

that three chaj-ns in the triner are in a triple-stranded t

helix with a pitch (per main chain residue) of 0.30 nm

and a diameter of 2.5 - 3.0 nrn.

Analysis of Inl and rO data in terns of.Yamakawa

et a1.'s theories2 for rigid cylind.ers yielded O.30 t
0.01 nm and 2.6 t O.d nm for the contour length per

nain chai-n resj-due and d.iameter of the schizophyllan

trimer, respectively. From the agreenent of these I
values with the pitch (per resi-due) and diameter of the

model triple helix for schizophyllan, it was eoneluded

that this polysaecharide dissolves in water as a rigid
triple helix. The rigidity of this helix expressed i-n

terms of the experimentally determined persistence

length (eOO nm) was comparable to that of native

eollagen,' a triple helical- biopolymer,
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Chapter III. Di-ssociatlon of the Schizophyllan Trlple
Helix

Qalr i z nnlr.vvlLlu-r,,^y11an in water-DMS0 mixtures at 25oC and

in pure water at temperatures from 20 to t6OpC were

investigated by viscosity, optical rotatory dispersion,

and vj-seoelasti-eity. The intrinsic viscosi-ty f or a

given sample in wat,er-DMSO mixtures at 25oC alnost

discontinuously decreased to the value i-n pure DMSO,

when the r^reight fracti-on of DMSO in the mi.xture was

inereased to 87 fo. This find.ing indicates that the

schizophyllan triple helix in aqueous DMSO 'melts'
abruptly to three single chains at the critical DMSO

composi-tion of 87 fo. When a pure water solutj-on was

heated, the triple helix also melted to single chains

at about 135oC. However, the triple heli-x was not

recoverable once separated to single ehains in DMSO at
25oC or in water at temperatures above 135oC,

Chapter IV. Correlation between the Antiturnor Activity
of Schizophyllan and its Triple-He1i-eal

Conformation in Dilute Aoueous Solution

Lor,r moleeular weight samples of sehizophyllan
●
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ranging in Mr(in water) from 5 x 103 to 1.3 x 105 were

prepared by extensive sonication, and their antitumor

activities (expressed in terms of the tumor inhibition

ratio) against Sarcoma 180 ascites, fnl, and ge1-

filtration ehromatograrns in aqueous solution were

determined .

The tumor inhibition ratio was essentially unity '
I

for M" higher than 9 x 1Aa, but decreased.to zero or

even became negative for Mo, lower than 10'f .

Combj-nation of Inl and chromatographic data showed that
t

above M* * 9 x 1 04 the predominant species of

sehLzophyllan in aqueous solution is the rigid triple
l

helix, whereas below M" n,9 x 104 both triple helices

and si-ng] e ehains coexi-st in the solution and the )

fraction of the former decreases monotonically t'o zero
).

with decreasing M, to 5 x 10'. Therefore' we concluded

that the antitumor potency of schi-zophyllan in water

is related to the amount of trlple helices relative to

that of coexisting single chains.

Chapter V. Triple Helix and Random Coil of Polytran

Scleroglucan in Dilute Solution

A series of'native and sonicated samples of Polytrano
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scleroglucan were investigated by chemical analysi-s

as r^rell as by light seattering, viscosity, and

ultracentrifugation in water containing 0.01 N NaOH,

DMSO, and water-DMS0 rnixtures at 25oC.

From the chemical analysi-s, this scleroglucan was

found to be a g-1,1-D-glucan eonsisting essenti-al1y of

the same repeating uni-ts as those of schizophyllan.

Data for ,5211 /2, Inl , and so as functions of M",

combined with those for the ratio Mr(in 0.01 N NaOH)/

U-_(in DMSO), showed that Polytran scleroglucan dissolves
w

in DMS0 as single randomly coiled chains very similar

to those of schi-zophyllan in the same solvent' while

it dissolves in 0.01 N NaOH as rodlike trimers or

higher aggregates, depend"ing on whether Mr(in DMSO) is

lower or higher than 2 x 105.

From ,5211 /2, Inl , and so for samples with Mr(in

DMSO) 5 1 x 105 in 0.01 N aqueous NaOH, the contour

length per maln chain residue and the diameter of

the scleroglucan trirner rod were found to be 0'30 +

0.03 and 2.6 ! 0.5 rrrrlr respectively, which agree with

thepitchand.d.i.ameterofthesehizophy11antrip1e
helix. The tnl values of sonicated sarnples in water-

DMS0 mixtures almost discontinuously decreased at about
●
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87 UUSO at which the scI:tizophyllan triple helix

d.issociates to single chains. On the basis of these

results and structure information, it was eoncluded

that the scleroglucan trimer has essentially the same

triple helical structure as that of sehizophyllan.

Evi-denee was obtained f or hi-gher aggregates [f or It't*(in
a

DMSO )

of triple-helical trimers.

Chapter Vf. Cholesteric Mesophase in Aqueous Solutions

of Polytran Scleroglucan

Concentrated aqueous so1.utlons of two scleroglucan
Fts

samples with tr'trr(in water) of 1,93 x 10'. and 1.2/, x 1Or.
t

were studied by polarizlng microscopy and ORD at

temperatures from 11 - 35oC.

Bi-refringent phases appeared in the continuous

isotropie phase at w "t, Q.1/+ and' 0.19 for the higher and

lower nolecular weight samples, respeetively, and spread

over the entire solution at w T, 0.19 and 0.31 , al-most

independently of temperature. Microscopic patterns of

these birefringent phases resembled those reported fcr

cholesteric liquid crystals.4 The ,ot ,r.,5 at 21 .5c C

markedly increased with increasing w between 0.1/r. and '
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0.1 9 and leveled off at a value about 70 times the

infinite dilution value. From these flndings, the

birefringent phase of aqueous Polytran scleroglucan

was concluiled to be cholesterie. The intrinsic

bj-refringence of the scleroglucan triple helix in the

cholesteric solution was estimated from optical rotation

' data to be (l.s t 0.5) x io-2.

Rё f ёrOnces

1. J. M. G. Cowie, rlPolyrners: Chemistry & Physics of

Modern Materialsrfr fnternati-onal- Textbook Co.,
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MLr molar mass per unit contour length

M.r, viscosity-average molecular weight

Mr, weight-average molecular weight

Mr. z-average molecular weight

Mz+jt (z+1 ) -average molecular weight

NAt Avogadro's constant
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P: eholesteric pitch

P(e) : intramoleeular scattering function

Q: apparent value of I4*/l4u at finite polyrner

eonc entrati-on

e(g) : internolecular scattering function

R: gas constant

Ron ,, : Rayleigh ratio of benzene at 90o for
,t"r"1)

unpolarized light
Re, red.uced. scatteri-ng intensity (= *U 

,U-- )

H'H"e rUv' "0
S: d.istanee between sueeessive oaralle1 li-nes

in fingerprint patterns

<S*>: mean-square railius of gyration

T: temperature

V: veloci-ty of a rolling ball
c: polymer nass eoncentrat j-on

6t mean polymer nass concentration at

sedlmentatlon equilibrlum

"0, 
initial polymer nass concentration in a

sedimentati-on equilibrium experinent

"ut equilibrium polyner mass concentration

at the meniscus of liquid eolunn

c'^i equilibrium polymer mass concentrati-on
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at the bottom of liquid colunn 1 8

d: dianeter of a polymer chain (Chapters II

and V); thickness of a rectangular ORD

ce11 (Chapter VI) 36;129

f: weight fraetion of trimers 74

h: contour length per nai-n chaj-n residue 39

kf: Hugglns' eonstant 29

krt constant in s = so/(t * k"e) 23

n^: refractive index of solvent 93
U

n, : refractlve i-ndex of benzene 92
D

n : orincipal refractive ind,ex in the
0

longitudinal directi-on of a cyli-ndrical

moleeule l lrll

n : prineipal refractlve index in the
Y

transverse direction of a cylindrical

moleeule 1l+4.

trr, 3 refracti-ve index of a cholesteric layer

in the longitudinal direction o! director llrz

trr I refractive index of a chol-esteric layer

in the transverse direction of director 1l+2

An: excess refractive inclex (Chapters II and

V); cholesterie layer birefringence
( Chapter VI ) , 21 ;1/v2

・ 158-

●

●

●



0

3n/Dc: speci-fic refractive ind.ex increnent

q: persistence length

T : radial distanee fr:on the center ofa

rotation to the meniscus of a cell
r,3 radial d.istance fron the center of

D

rotation to the botton of a ce}1

T : radial distance fron the center of

rotation to the pesk posi-tion

sedimentation coefflcient
: limiting sedimentation coefficient
time

-: duration of preheating a solutionp

partial specific volume of polyrner

polymer weight fraetion
: average tumor weight of glucan-untreated

groups of mice

tt t average tumor weight of glucan-treated

groups of mice

x: concentration of sodium hydroxide

t: molecular weight ratio of Mr(in water) to
M"(in DMso)

optical rotation angle per unit length of

cholesteric liquid crystal
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Φ

　

Ψ

volume fraction of isotropic phase

instrument constant of light scattering
photogoniometer

o: linear expansion coefficient of glass

iol 
^ 

: specific rotation at wavelength I

B: Flory-Scherage-Mandelkern parameter

6: twisted small angle between suecessive

cholesteric thin layers

6(O): parameter characterizlrng the degree of

ordering of eylindrieal molecules

n: viscosity coefficient
Irll : intrinsie vi-scosi-ty

10, solvent viscosity

l" t relatj-ve vi-scosi-ty

nrpt specifie viscosity

0: scatteri-ng angle

tr: wavelength

Ez tumor inhibitj-on rati-o

p: polymer solution clensity

g0, solvent d.ensity

0O: density of glass

0rr, depolari zati-on ratio

0: volume fraction of polymer
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0: inclination angle of a rolli-ng-ba11

viscometer

rrl: angular veloeity of a rotor

４

　

　

８

５

　

　

１

●

●

●

-161 -



LIST OF PUBLICAT10NS

Part of this thesis has been or will be published

in the following papers.

1 . Triple lle1ix of a Sehizophyllum commune Polysacchari-de '
in Aqueous Solution, T. Norisuye, T. Yanaki, and

H. Fujita, J. Po1yn. Sei., Po1ym. Phys. Ed., !8,
5t+7 - 558 (1980) .

2. Triple Helix of Schizophyllan commune Polysaccharide

in Dilute Solutj-on. 3. Hydrodynamic Properties in
Water, T. Yanaki, T. Norisuye, and H. Fujita,
Macrornolecules , 13, 1t+62 - 1t+66 (t 9gO) . ,

3. Triple Helix of Scleroglucan in Dilute Aqueous Sodiun

Hydroxide, T. Yanaki-, T. Ko j ina, and T. Nori-suye,

Po1ym. J. , 13, 1135 - 11 43 (t 9et ) .

l*. Ultrasonic Degradatj-on of Schizophvllur,n comnune

Polysaccharide in Dil-ute Aqueous Solution, T. Yanaki-,

K. Nishii-, K. Tabata, and T. Kojima, J. Appl. Po1ym.

sei. , 4, 873 - 8?8 (tgg3).

5. Tr.iple Helix and Random Coil of Scleroglucan in Dilute

Solution, T. Yanaki and T. Norisuye, Polym . J., 15-, 
a

_162‐



●

●

6。

7.

8。

2。

389 - 396 (rge3).

Correlation between the Antj-tumor Activity of a

Polysaccharide Sehizophyllan and fts Triple-Ileli-cal
Conformatj-on in Eilute Aqueous Soluti-on, T. Yanaki,

W. Ito, K. Tabata, T. Kojina, T. Norisuye, N. Takano,

and H. Fujita, Biophys. Chem. , J3_, 337 - 3lr2 (t9S3).

Cholesteric Mesophase in Aqueous Solutions of a

Triple l{elica1 Polysaccharide Scleroglucan, T. Yanaki,

T. Norisuye, and A. Teramoto, Po1ym. J., 16, 165

173 (gA4).

Melting Behavior of a Triple Hellcal Polysaceharid.e

Schlzophyllan i-n Aqueous Soluti-on, T. Yanakj- and

K. Tabata, in preparation.

Other related papers:

0n the Struetures and Properties of Schizophyllan

and Its Ultrasonic-Degraded Polysaccharide, T. Kojirna,

T. Ikunoto, T. Yanaki, and W. Ito, Proc. Res. Soc.

Japan Sugar Refiners' Tech., L, 101+ - 111, (l9AZ).

Depolynerization of Schizophyllan by Controlled

Hydrodynanic Shear, T. Kojima, K. Tabata, T. Ikumoto,

and T. Yanaki, Agric. Biol. Chem., E, 915 - 921
●

-163-



●

3し

4。

(t9aL).

Structural Depend.ence of the Antitumor Activity of

Schizophyllan, T; Kojima, K. Tabata, T. fkumoto,

W. Ito, and T. Yanaki., Proc. Res. Soc. Japan Sugar

Ref iners' Tech . , 2., 79 - 8l+ (1994) .

Molecular Weight and Form, and Gastroi-ntestinal

Absorption of a BI-ue Food Dye Produced fron Genipin

ancl Amino Acicls, T. Touyama, T. Yanaki, H. Inoue,

and H. Sezaki, J. Food Sci., in press.

●

9

●

-16tr-


