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Abstract of Thesis

Amphiphilic polysaccharides are more suitable for biomedical applications, e.g., drug delivery systems for
novel nanoparticle therapeutics, than synthetic polymers, structural studies of their self-assemblies reported so
far are still limited. Akiyoshi et al. investigated the self-assembly of cholesterol-bearing pullulan in water by
static and dynamic light scattering, fluorescence probe method as well as small-angle neutron scattering, and
concluded that the self-assembly is a (aggregating) hydrogel nanoparticle, in which pullulan chains are
cross-linked non-covalently by associating cholesteryl moieties. However, the inner structure of the hydrogel
nanoparticle could not be revealed only by light scattering and fluorescence.

While amphiphilic vinyl copolymers can be synthesized by random and alternating copolymerizations of
hydrophilic and hydrophobic monomers, amphiphilic polysaccharides must be synthesized by the polymer
reaction with reagents bearing a hydrophobic group.

In this thesis, I have chosen the hydrophobically modified pullulan of which chemical structure is
illustrated in Chart I-3 to study the micellar structure of the amphiphilic polysaccharide in aqueous solution.
This octenyl succinic anhydride (OSA)-modified pullulan (PUL-OSA) has substituents bearing both octenyl
hydrophobe and hydrophilic carboxy group, so that its primary chemical structure is characterized by the single
degree of substitution DS as well as the degree of polymerization (number of glucose residues) n of the pullulan
chain. The OSA substitution reaction was performed under the mild alkaline conditions at room temperature,
using the method of Eenschooten et al. where the pullulan chain little degraded during the substitution reaction.

I prepared PUL-OSA samples by reacting six narrow distribution pullulan samples with # ranging from




142—-4540 with OSA. Thus, PUL-OSA samples used in this study possess narrow distributions in #.

Prior to the investigation of the micellar structure of PUL-OSA in aqueous solution, the local and global
chain conformation of pullulan (PUL) with DS = 0 in aqueous solution was studied by small-angle X-ray
scattering (SAXS) in Chapter II. It was found that SAXS results could be fitted by the wormlike chain model
perturbed by the excluded volume effect, and the pullulan chain took a local conformation being different from
the amylose chain.
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Chart I-3. Chemical structure of pullulan modified by octenyl succinic anhydride (PUL-OSA).

In Chapter III, the micellar structure of the PUL-OSA with relatively high DS and six PUL-OSA samples
with different n in aqueous solution was studied by SAXS and fluorescence probe methods. Both SAXS and
fluorescence data were analyzed consistently by using the flower necklace model originally proposed for
amphiphilic vinyl copolymers (cf. Section I-3). Parameters charactering the flower necklace of PUL-OSA were
compared with those of amphiphilic vinyl copolymers. It was found that the chemical structure of the
amphiphilic copolymer backbone chain strongly affected the micellar structure formed in aqueous solution.

In Chapter IV, the micellar structural analysis was extended to PUL-OSA samples with lower DS to
investigate the transformation from the flexible wormlike chain conformation to the flower necklace by
increasing DS from zero. Both SAXS profile and fluorescence from solubilized pyrene changed smoothly with
DS, and they were consistently analyzed in terms of the loose flower necklace model, interpolating the flexible
wormlike chain conformation and the full flower necklace.

Chapter V summarized the results and conclusions obtained in this thesis.
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ZHEL, FOERBEMEE ESMIEIC LY | BRx RAEREEMEE LTRSS TWD, RIChITE, il Al
ERAMBICEPRICEREIEDLHMOT VR EEMEE L TBKEZHEARFAT 2 2 83 s TV 5,
FRLFEEMELE LTRMAT 25 2T, BALZHEOKBFERT TO I B ST, EAMICHEERERTH D
N, BEICEDIETTEOIBAMEICET ATV, RN i+ EEMEOBRREOL Tz > T
%

AL TIX, BEAKIESHE L TA 7 T = any BRERKWICE VKSR 7T (PUL-OSA) ZEO,
EHE L EAE DR DB OKBRP TOIBAMEE /A X BEELE (SAXS) & B L2 %R L 72 861
EICE VST, AT E, KICELK BT 5 D-Z v 3 — 2 ERbE & T 5 28T, BAENM OB OE
ERBIBRATARTHY, A7 7=V EEPBKIEL L THESA 7 T2 a s Bk L9557 0 ) KEKRF O
BMREMETT, VT EFHOUMZE Z S TICERRCEZEITSE D Z LN TE, PUL-OSA 1T X L EN
ZElICH LR BTHh B,

TP, EMHBE (Fra—2BEMNYE 0 o@EBEEE) 0.9 Ll EOREERE PUL-OSA REHI % L T SAXS & #3¢
BIE%2AT -7, b7z SAXS BUEL B EOE & HCEL M BE IS R0 e BN 2/ L, KIS C PUL-OSA O A7 7
SOVBOKENERE L TEHAEa T ZBR L TWDLZ ERHBI L, £, IS EZE LU O®HBE AT L
WEBWT, E3E—7 LEF1IE—7 OBELPKEERPTORIET HHOMED BT oL K&, ULV KEIR
FCHAMEI 7 BHFEEL TV ERRBENE, 612, ERTHONL SAXS ALK L B L oHtEHMm
Hifg 235, PUL-OSA BKBEIRTF CTERO 7 7T —F vy J LAEBR L TNLI L FREDT7TIT—Ry 7 LR
BN, CNETIERESNTODIE A FEHL LRI EROMBEELALBESGEDOT 77— v 7 L A&
LTSRS TV Z EBRRENT,

WIZ, PUL-OSA OB % 0.9 LLFIC FF78BHIx LT, 1LY SAXS & A[FE LY L v b O ®IEWE 217
W, IV =Ry I VARL T HE L AL NSDEBE IR, BREOHDICHEN. 7V -y 7L
ADWREN T D I BV OEBREBITHY . 70X LaA VR DEBEBZH O L, i,
BT Z 0.5 UL FICHA S8 5 &, PUL-OSA KIFIRICAIEIL SN LU BB TH D KFIZ b aMmTH L 51
RHZEBLRM LT,

LbEd X Hic, RGSUEmplltt s v F A EEAKRTH D PUL-OSA BAKBEKT TR T H 779 —F v 7 L
AR %, SAXS & EIMEBRIC LV FEMICTRA, BUKILZHED T 2 k1 BE S BB 5 0 72 30 O LB Fn WL & 5 2
Too TOMXONEFEIHHNOFMBICEET, L (YY) OFMmXE L THIMEHD LD LRBD D,




