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Complexsation of Cg Fullerene with Choresteryl Group-bearing Pullulan in Aqueous Medium
D.T.Lai®, M.A_Neuman®®, M_Matsumoto®"", J.Sunamoto”

UNiihama National College of Technologyl ““Institute of Organic Chemistry, University of Mainz(
SO0 nstitute for Chemical Research, Kyoto University

Chem. Lett., 64-65 (2000)

Water-soluble complex between C, fullerene and cholesteryl group-bearing pullulan (CHP) was
prepared. Cq fullerene was dissolved in pyridine (100 v V) in advance and then mixed with an agueous
CHP suspension (0.1 mg mI**). The particle size of the formed complexes varied from 60 nm to 150 nm
by the concentration of aqueous pyridine in final solution. The complex could retain its integrity
for a long period of time without destruction upon heating or freezing.

Utility of Liposomes Coated with Polysaccharide-bearing 1-Aminolactose as targeting
chemotherapy for AH66 Hepatoma Cells.
M.Yamamoto” ,K.lIchinose”, N.Ishii®", T.Khoji"", K.Akiyoshi®"", N.Moriguchi®“", J.Sunamoto”""",
T.Kanematsu”
“Department of Surgery 11, "“Health Research center, Nagasaki University School of Medicinel
HOUDepartment of Synthetic Chemistry & Biological Chemistry, Graduate School of Engineering, Kyoto
UniversityO """ Niihama National College of Technology
Onchology Reports, 7, 107-111 (2000)

The cell recognition element is very important for drug delivery systems. We synthesized cholesteryl
pullulan (CHP) bearing l-aminolactose (1-AL) and introduced a saccharide, cholesteryl pullulan
bearing 1- aminolactose (1-ALO CHP), to an outer layer of the conventional liposome as a cell
recognition element. Lectin recognized the B -galactose by aggregation of 1-AL[] CHP coated liposome
(1-ALO CHP liposome). The uptake of this liposome to AH66 rat hematoma cells was greater than in
liposomes without 1-aminolactose in vitro. Furthermore, 1-ALO CHP liposomal adramycin showed a stronger
antitumor effect in comparison with other types of liposomal adriamycin in vitro. When in vitro
tumor-targeting efficacy was investigated in AH66 tumor transplanted mice using °H-liposome, the
tumor serum radioactivity ratio in mice injected with 1-AL CHOP liposome was higher than that of
mice injected with other liposomes. These observations suggest that 1-AL[] CHP liposome is considered
to be a good carrier of anticancer drugs for the active targeting of tumor cells.

Controlled Association of Amphiphilic Polymers in Water : Thermosensitive Nanoparticles formed
by Self-assembly of Hydrophobically-Modified Pullulans and Poly(N -isopropylamides)
K.Akiyoshi“, E.-C.Kang”, S.Kuroda®, J.Sunamoto”", T.Principi®®", and F.M.Winnik®cC
UDepartment of Synthetic Chemistry & Biological Chemistry, Graduate School of Engineering,
Kyoto Universityll ""Niihama National College of Technologyld ““"Department of Chemistry, McMaster
University
Macromol.,33, 3244-3249 (2000)

Thermoresponsive hydrogel nanoparticles were prepared by self-assembly of two different



hydrophobically modified polymers, namely a cholesterol-bearing pullulan (CHP) and an copolymer of
N-isopropylacrylamide (NIPAM) and N-[4-(1-pyrenyl)-butyl]-N -n-octadecylacrylamide] (PNIPAM-C,sPy).
The interactions between CHP and PNIPAM-C,4Py were investigated by fluorescence spectroscopy, dynamic
light scattering, and size exclusion chromatography. After ultrasonication of a mixture of CHP and
PNIPAM-C,sPy (5:1 by weight) at 25 O, monodisperse nanoparticles (Dh 0O 45 nm) were obtained,
consisting of self-assembly of the two polymers associated via their hydrophobic moieties. Evidence
from fluorescence and dynamic light scattering demonstrated that, above 32 O, the lower critical
solution temperature (LCST) of PNIPAM-C, 4Py, the colloidal mixed nanoparticles increase in diameter
(from 47 to 160 nm), but no macroscopic aggregation could be detected. This phenomenon was
thermoreversible: upon cooling the particles recovered their original diameter.

Selective Uptake by Cancer Cells of Liposomes Coated with Polysaccharides Bearing
1-Aminolactose

S.Matsukawa" , M.Yamamoto"” , K.Ichinose”, N.Ohata”", N.Ishii"", T.Kohji""", K.Akiyoshi""""
J.Sunamoto”PPP8 | T_Kanematsu”

U Department of Surgery 11, FFDepartment of Clinical Pharmacy, ©""Health Research center,
Nagasaki University School of Medicinell ““Niihama National College of Technologyd "Department
of Synthetic Chemistry & Biological Chemistry, Graduate School of Engineering, Kyoto University
Anticanver Res., 20, 2339-2344 (2000)

We investigated the selective uptake of liposomes chemically modified by
polysaccharides-cholesterol derivatives with 1-aminolactose (lactose) in two human hepatoma cell
lines (HuH7 and Alexander), a human colon cancer cell line (FCC) and a human lung cancer cell line
(KNS). The uptakes of the labeled liposomes alone (conventional liposomes), those with cholesterol
pullulan (CHP) and with lactose (lactose CHP) were compared in four cancer cells and normal rat
hepatocytes after 3 hours of incubation. The radioactivities of the lactose CHP were 4.4, 4, 3.4
and 4.4 times greater than those of CHP in HuH7, Alexander, FCC and KNS cells, respectively, after
3 hours of incubation. All the above difference were statistically significant (pd 0.01). No
statistically significant difference were seen in the case of hepatocytes. Thus, cancer cells have
a common affinity with lactose CHP liposomes, however, these mechanisms appear to have no connection
with the galactose-specific asialoglycoprotein receptors of hepatocytes.

Synthesis and Function of Sialic Acid-Conjugated Cholesterols as Ganglioside Analogs: Their

Reconstitution to Liposomes and Interaction with Rat Lymphocytes.

Eiichi Kato"”, Atushi Taguchi®, Shi-ichi Sakashita”, Kazunari Akiyoshi”, and Junzo Sunamoto“"
UDepartment of Synthetic Chemistry & Biological Chemistry, Graduate School of Engineering,
Kyoto Universityld “CNiihama National College of Technology

Proc. Japan Acad., 76 (B), 63-67 (2000).

Sialic acid-conjugated cholesterols (SC) with different spacer lengths were synthesized as
ganglioside analogs. The interaction of SC (12 mol )-containing liposomes with rat lymphocyte cells
was investigated by monitoring increases in the intracellular calcium signal under a confocal
Tluorescence microscopy. Cells were stimulated strongly in the presence of SC-containing liposomes,
while free SC not reconstituted to liposomes did not significantly stimulate the cells. The
reconstitution of sialolipids to liposomes play a crucial role in the stimulation of cells. The
efficiency of SC-containing liposomes was comparable to that of the naturally occurring gangliosides,



GT1b-containing liposomes.

HCl GAS SENSING PROPERTIES OF TPPH2 DISPERSE IN VARIOUS COPOLYMERS.

Katsuhiko NAKAGAWA"® , Koji KUMON® , Chikara TSUTSUMIZE , Kenzo TABUCHIZ® , Takahiro KITAGAWA"® , and
Yoshihiko SADAOKA"" .

HCApplied Chemistry and Biotechnology, Niihama National College of Technology, ""Department of
Materials Science and Engineering, Faculty of Engineering, Ehime University
Sensors and Actuators B, Vol. 65, ppl138-140, (2000).

Composite Tilms of tetraphenylporphyrin embedded in various of polymer matrix were prepared and
their optical response to HCI gas was examined. The absorbance of the Soret and Q-bands for free-base
tetraphenylporphyrin is reversibly sensitive to ppm levels of HCl. The lower Tg of polymer matrix
than the sensing temperature is effective to enhance the sensitivity of the Soret- and Q-band region.

OPTOCHEMICAL HCI GAS DETECTION USING ALKOXY SUBSTITUTED TETRAPHENYLPORPHYRIN-POLYMER COMPOSITE
FILMS. EFFECTS OF ALKOXY-CHAIN LENGTH ON SENSING CHARACTERISTICS.

Katsuhiko NAKAGAWA" , Yoshihiko SADAOKA"T, Heru SUPRIYATNO"", Akiko KUBO"®, Chikara TSUTSUMI®®,
and Kenzo TABUCHI"".

HCOApplied Chemistry and Biotechnology, Niihama National College of Technology ““Department of
Materials Science and Engineering, Faculty of Engineering, Ehime University
Sensors and Actuators B, Vol. 76, pp,42-46 (2001).

Composite films of 5,10,15,20-tetra (4"-alkoxyphenyl) porphyrin (TP(OR)PH,) embedded in various
of polymer matrices were prepared and their optical responses to HCI gas were examined. The
absorbance of the Soret and Q-bands for free-base TP(OR)PH, is reversibly sensitive to sub-ppm levels
of HCI. The lower Tg of polymer matrix than the sensing temperature is effective to the response
and recovery behaviors. A high sensitivity to sub-ppm levels of HCI was achieved using the
TP(0C,Hy)PH,-BuMA composite films.
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Biosimulation with Liposomes and Lipid Monolayers.
J.Sunamoto”
UNiihama National College of Technology
"Physical Chemistry of Biological Interfaces” ed. By A. Baszkin and W. Norde, Marcel Dekker, Inc.,
New York, Chapter 10, 307-357 (2000).

Biosimulation, or mimicking of nature, refers to the simulation of the structure and function of
any component of living systems composed of small molecules such as amino acids, lipids, nucleotides,
saccharides, coenzymes, or hormones; biomacromolecules such as peptides, proteins. enzymes, DNAs,
RNAs, or polysaccharides; and even tissues, organs or cells. Biosimulation involves astute use of
the chemistry and physicochemistry of supramolecular assemblies of lipids, proteins, or
polysaccharides. Although the primary purpose of biosimulation is, of course, to understand detailed
mechanisms of living systems at the molecular level, the information and knowledge obtained through
these basic investigation are beneficial in developing new biomaterials and biosystems designed for
biotechnology and medicine.
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Specific Partition of Surface-Modified Liposomes in PEO and Polysaccharide Aqueous Two-Phase
System
J.Sunamoto”

UNiihama National College of Technology
13th International Symposium on Surfactants in Solution (S1S-2000) 2000. 6

(1) Hydrophobized polysaccharides such as cholesterol-bearing pullulan (CHP), dextran (CHD) and
mannan (CHM) effectively coat the liposomal surface, To understand carbohydrate-carbohydrate
interaction in water, partition of the hydrophobized polysaccharide-coated liposomes in an aqueous
two-phase system (PEO (top)d pullulan (bottom) or PEO (top)Od dextran (bottom)) was investigated.
Conventional liposomes without polysaccharide coat mostly locate at the interface between the two
polymer phases. The polysaccharide-coated liposomes were partly partitioned to the bottom
polysaccharide rich phase. This specific partition depended on the structure of the hydrophobized
polysaccharide on the liposomal surface. Affinity between the polysaccharide on the liposomal surface
and that in the bulk bottom phase controls the efficiency of partition. (2) Partition of ganglioside
(GM3, GDla, GD1b or GTilb)-reconstituted liposomes was also investigated using the same strongly
affected by the composition of the buffer employed. As decreasing the concentration of sodium
phosphate, the partition of the negatively charged liposome largely increased in the bottom



dextran-rich phase. This partition to the dextran-rich phase depended also on the chemical structure
of the saccharide moiety on the liposomal surface. The affinity of ganglioside being on the liposomal
surface to dextran was the following sequence; GT1lb O GDla O GD1b O GM3. Thee partition of the
liposomes to the top PEO-rich phase was negligibly small.
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Effective Reconstitution of Cell Membrane Proteins into Artificial Cell Liposome
J.Sunamoto”
UNiihama National College of Technology

R&D Meeting of Japan Marine Science & Technology Center 2000. 8

In cell membranes, various proteins associate with the membranous lipids and play an important
role in intercellular communication, cell-cell adhesion, signal transduction, mass transport across
the cell membrane and so forth. Nevertheless, the study of membrane receptor proteins is much behind
compared with that of soluble proteins. The perfect extraction of membrane proteins from intact cells
and the subsequent reconstitution to a simpler artificial system without any denaturation and
deactivation both are basic requirements in the investigation of membrane proteins. From this point
of view, liposome seems to be a useful vehicle for the membrane proteins to be reconstituted, because
the structural characteristics of liposomal membrane are similar to those of cytoplasm membrane.

Partition of Oligosaccharides in an Aqueous Two-Phase System
J.Sunamoto”

UNiihama National College of Technology
International Symposium on Physical Basis of Adsorption, Okayama, Japan 2000.11

The partitions of linear oligosaccharides and cyclodextrins were investigated in three kinds of
aqueous two-phase systems (PEOO dextran, PEOO pullulan and PEOLC] mannan) to obtain information about
the effects of chemical structure of oligosaccharides on the partition of oligosaccharides and the
oligosaccharide-polysaccharide interaction in water.

Cell Growth Activity of Synthesized Polyamionic Polymers
J.Sunamoto®, Tomohiro Sawa®F, M.Ottenbrite®"C

YNiihama National College of Technologyd ""Kyoto Universityd ""5Virginia Commonwealth
University
Poly Millennial 2000, Hawaii, USA 2000. 12

A synthetic polyanionic polymer, poly(maleic acid-alt-7,12-dioxaspiro[5.6]dodec-9-ene)(MA-CDA),
was found to enhance the growth of L929 and STO fibroblasts. After three days, at the optimum polymer
concentration, the cell numbers increased 3.7-fold for STO cells and 1.9-fold for the L929 cells
compared with the cells cultured in a comparable condition without MA-CDA. The cell growth promotion
by MA-CDA required no other external growth factor present in a medium. In addition MA-CDA did not



induce the autocrine secretion of growth factors. These results indicate that MA-CDA has a direct
growth promotion effect on these fibroblasts. This growth factor-like activity of MA-CDA is novel
and unique among known synthetic polymers. Another polymer structurally related to MA-CDA,
poly(maleic acid-alt-styrene), also showed the growth promotion activity similar to that of MA-CDA.

Polymers Secreted from Marine Microorganisms
N.Hayase”, N.Yamamori“"“, J.Sunamoto”“"

UDepartment of Applied Chemistry and Biotechnology, Niihama National College of Technologyl
“UMarine Technology Institute, Nippon Paint Co., Ltd.0 ““"Advanced Research and Technology Center,
Niihama National College of Technology
Poly Millennial 2000, Hawaii, USA 2000. 12

Macrofouling by marine organisms such as tunicates and barnacles is a serious problem for the
shipping industry where foulers, attached to ship hulls, cause an increase in the fuel consumption.
To prevent macrofouling, various coatings have been developed. However, the traditional antifouling
coatings based on organic tin compounds and broadly toxic biocides have caused serious environmental
pollution. Therefore, new methods for non-toxic control of marine biofouling have been of considerable
interest.

Marine Technology Institute of Nippon Paint Co., Ltd. recently found the fouling-free natural film,
Biojelly ®, that was produced by marine microorganism. This is a new method for macrofouling control
which is required to be non-toxic and reproducible by marine microorganism.

In order to investigate the formation of Biojelly ®, we isolated several marine microorganisms on
nutrient agar containing 2.40 NaCl from Biojelly ®. Isolated microorganisms were cultivated at 30 [
in natural seawater or artificial seawater medium containing 0.100 yeast extract and 0.50 glucose.
One of them, strain SHY1-1 produced polymeric film in the medium at 30 O for 1 week in both shaking
and static cultivation. The production of the film was improved by increasing the concentration of
yeast extract and glucose. Immobilized strain SHY1-1 in nutrient agar plate also secreted the
polmeric film on the agar surface in artificial seawater medium. The culture broth of strain SHY1-1
was very viscous, and white compounds were precipitated by adding 3 volumes of ethanol to the
supernatant. These results indicate that strain SHY1-1 secreted a sort of polysaccharide to the
culture supernatant. Strain SHY1-1 was allocated to the genus Alteromonas due to the morphological
and physiological properties.

The relationship between the film and secreted polysaccharide is under investigation. We will also
discuss the structure and biocidal function of these polymers.

A simple, small sized lock-in light detection system using a gated avalanche photodiode
Tsuyoshi Miyata”" [0 Tetsuo lwata”“[ Tsutomu Araki“"

YONiihama National College of Technologyll "“Faculty of Engineering, University of Tokushimall
“UGraduate School of Engineering Science, Osaka University

Optics Japan 2000 in KITAMI, 8aE21, p217-218, (2000)

By taking advantage to superiority in gain of the gate-biased avalanche photodiode (APD) over the
conventional dc-biased APD, we have constructed a simple, small sized, lock-in light detection system.
The APD is operated at a frequency of 2 f ( O 20 kHz) and then its output signal is fed into a compact,
phase-sensitive detector IC which works at f ( O 10 kHz). The system is effective for detecting weak
light signal superimposed on a strong background light level.



OPTOCHEMICAL HCI GAS DETECTION USING ALKOXY SUBSTITUTED TETRAPHENYLPORPHYRIN-POLYMER COMPOSITE
FILMS. EFFECTS OF ALKOXY-CHAIN LENGTH ON SENSING CHARACTERISTICS.

Katsuhiko NAKAGAWA“C , Yoshihiko SADAOKA"Y, Heru SUPRIYATNO"® ,Akiko KUBO“", Chikara TSUTSUMIZ®,
and Kenzo TABUCHI""

HCApplied Chemistry and Biotechnology, Niihama National College of Technology ““Department of
Materials Science and Engineering, Faculty of Engineering, Ehime University
0000o0oooooon (oooo0ooo) oo 12070 30

Composite films of 5,10,15,20-tetra(4"-alkoxyphenyl)porphyrin(TP(OR)PH,)embedded in various of
polymer matrices were prepared and their optical responses to HCI gas were examined. The absorbance
of the Soret and Q-bands for free-base TP(OR)PH, is reversibly sensitive to sub-ppm levels of HCI.
The lower Tg of polymer matrix than the sensing temperature is effective to the response and recovery
behaviors. A high sensitivity to sub-ppm levels of HCl was achieved using the TP(OC,Hy)PH,-BuMA
composite films.

Keywords: gas sensor; optochemical sensor; UV-Vis spectrum; porphyrin; hydrogen chloride;
environmental monitoring

OPTOCHEMICAL HCI GAS DETECTION USING mono-SUBSTITUTED TETRAPHENYLPORPHIN-POLYMER COMPOSITE
FILMS
Heru SUPRIYATNO® P, Katsuhiko NAKAGAWAPP , and Yoshihiko SADAOKAFP

SCApplied Chemistry and Biotechnology, Niihama National College of Technology, ""Department of
Materials Science and Engineering, Faculty of Engineering, Ehime University
0000o0oooooon (oooo0ooo) oo 12070 30

Hydroxy(] alkoxy substituted tetraphenylporphin were synthesized and their Soret- and Q- bands

changes with HCI gas in ppm levels were examined. The both band was influenced by HCI gas concentration
and their changes in a sub-ppm levels HCI were decreased with an increase in the alkoxy chain length.
The changes of the absorbance of the Soret- and Q(0-0)-bands were enhanced by replacing ethylcellulose
with poly-hexylmethacrylate as a matrix while the recovery times prolonged. The introductions of
electron donating substituents to para-phenyl positions of the porphin ring result in the basicity
of pyrrole nitrogens.
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