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WFFERL R DOBEZE (3530) : High tensile strength fibers and nanofibers were processed from
microbial polyesters and poly(lactic acid) produced from renewable resources as sugar and
plant oil. Mechanical properties were investigated and molecular, crystal and inner
structures were analyzed by using micro-beam X-ray diffraction and X-ray
micro-tomography techniques in SPring-8. Furthermore, bio-absorbability of nanofibers in
rat and environmental degradability of monofilament in soil and were demonstrated.

SR TERR
(BEHHAL - 1)
[ERESE LiEESE &t
200 7THE 71,800, 000 2, 340, 000 10, 140, 000
200 84 4,300, 000 1,290, 000 5,590, 000
200 9FE 2,700, 000 810, 000 3,510, 000
FHE
FE
o El 14, 800, 000 4, 440, 000 19, 240, 000

e 8 - b

RHFE O53FE - I E - BREERE L

F—U— R A AR—AGI A ERER . RREGEIE, T T 7 A N
SR, BEROE, RN R, BRELR

1. WH7ERAR YD & TIAF 7 OREFEMEERRT L0 DH
AR R O “FMUIRSRI RIS K D BRI | 17205303, BARBREE T ICFET D IEMIT &
Wi, il EOEAEROME, 77 AF v | Y REEIIKE TRRILRA SRS D LR
7 BEFRMIC K D BRELTGYUe E R TAMEINEE | ERAOFORETH T, Ll THETE
PRI D HIERERBE & EIH - = r L X — (29258 | ICEMARIA Sh TOW o EafER S T0£ <
RIEAMREE &4, HIEREREE & AN 2 AfHES | 13, AL ERSNIERY 22TV Th %,
DI TERBEEER A i 00 F DO AR L OVt AR E IO AN & BRELR OB
REfb) MR ZRIRE L 2o TV D, ZTHRET | . BTSN S BEEEEREM S 2 713,




HICHARBREP TSI Z izt EED
T, ORI I 7 & O FFAEPE FTREETR (N4 A
T A)MBAEFETE D3 F_R— RG4S T T
Tt b0, &5, BRERFRAE S O
BUEIND A FR— RGNS T & SRS Sy
O T ORMER X OREEH T 5 @0 14
B, BIF., EAEMEN SRRk b EE
WFFERRBEIC 72 D LB 2 B D, AFZERI R S 4 h
HHUMEICE D F CUBREMERA & 0113 Ok,
BEBF~OIN T, ApE T A b SRR D
HfH72 E < OEEINZTBY . 2D &2 f#
RT D72 DI IE DB FFICE TN TN D,

2. Lo HB

BAERFZEBA R DM ICED STV D
NAFR—=ZAE T, hvEravlD
TR REERK EALTFEERIZ I A
PESNAHRYAMRTH D, AU ABRIT. 74
IV E~ORIEIN T, BN CEn T
RS A AT 20, @i (170°C) A&V, %t
EEMED/ NV AR ERZE TO
RA NPT ET B0, RS ED
HAREBR BT CII o L7 & 9 Kk & 7o Rl
B LR - T D,

U FLER O i B SRl B A ) B X
HFEL LT, ATV Aar7F Ly 7 2{kn
FFonb, SEBAIEDO R D 2 FEOR
U (RY (-2 &RV O-A)) %R
BT DL FERE I 2 FE O TN
HIZEAI L, @hE2s 230CICE T REAET 5,
LM LINFET, AT LA ar by 7 Ak
DI T SN AMEHIMER SN TE D
T, BTHRERY ~—FEmMNREL, REYE
AR E 720 | AR B KiE 2 |k
WX D208 5 TR,

NYUABICR S AN, FR—RAE T &L
T, PO E DA F~ A% RBR &
L CHAEMIC L VAR I N D MEMEE
AY)ZZ2TF ) (R e Raxo7Ivh o fE
(PHA)) ZE T s, BITE, RFWMOFEE
EEZHZEICEY, REOMEEA AT DB
DONLHEFEREFTHHOET 150 L -
@ PHA 2345 S LTV A, PHA 1Z. HARERES
HFOMER D3I HEFRITL D KE R
{LIRFEIZE TREICDIESINDD, MEE~D
MTHEICZ LS, EiREHES 7 4 L L~D
WG EICE L,

FoeFEH 1T, PHA OREFETHLIRY
[(A-3-t Fuxs7FL—Fr] (P(3HB)) %
AR T-FL A4 2 KB E &2 AW CEHEETH 5y
T58 500 LA EOEE ST EL L, WIE -
TR REA BT A 2 Eic k| Tl
FEA R8TV SRICHIH T X DHRETRE 1GPa

Bl 2 D R R HE O BRI Lz,
AT, RV EHBAT Va7 Ly
7 A L kR R AIEHRETE BREEE, T RE A
TOMEMFEARY = 27 NV EFGER% L
U B2 OB THEAR O BHFE I & B &L
P IS IOV R BE e o VRS & = AL B~
ICHZBERE LTERRIEICL DT/ 7
7 ANR—OER-EITH LT, FNbDAKE
NI L OBREEH TO o fRMEIC B3 2 Za#Ey
HRAEEBDZLEZAMET S,

3. WrFED kL

AT, KX 400020 HRERR S
TW5,

(1) RVHBAT LAz Ty 7 ZABIW
AW PEE R U = R 5 )L 0D i 98 A oD (R
(2) RVHBAT VA a7 Ly 7 AB LW
WAEMPERERY AT VDT ) 77 A4 3—D
(RS

(3) BRERHER L O 7 7 4 N—0Yit
B KOS fRAT

(4) EBEREL LT ) 7 7 A =D 41K
W K OBRER /0 P o B A

4. WrIERLE

(1) /9 EEMHE D ERL & ik s X OSSR T
FECREMI IR > D BRAEIZ L 0 BIBAEFES T
DAEMFEARY) T AT ANLHT-ICEI L
T- R SRR L Y | fHETRIiC~ A o 1
RT BT HIIHERE 1GPa 249 2 iR
e 2 (ERL U 72, 2 O RS89 0 R0
FIHTHES R E L TCORAR YIS TND,
X #REHT L0 Es e X 2 FEEO
o THEE (D A Tm Y 7Y )
DEETDHZ ENDMNY, ZHETHLMNIZ
ENTWARVEEY VY I &S 269 551
BB DG (B OREEMAT 2 R
BRI TITo 72, BREIEIEL, AidnRIIRT
BhR BT EHUT a=0. 528nm, b=0. 920nm, ¢ (i
HEdh) =0. 469nm, HAZAL I 2 ROy A A
L. EFEEZEEEIT 1. 254g/cn® THH 2 ENb
Mol

51z, KRS (SPring-8) fitiak 0 X ##
NET T 7 4—DOFEEZANT, v 7 a R
T HEAE O 21T o 7=, T ORER, ~A
JaRTIIEMERE AL L, v f 71
KT OEEREZBET D & HEHRMN R
WEFERMED 250l B b 2 2 RH L,

(2) 50 EERAE OB SR Sy iRME & BREE S R IERT
i

RS SRR IEIC L 0 R L 72 2 FREEH OOy
THEEEZ AT D EME T 4 VL% WV TEE



HIRFRAAT V. oy TSRS DS BER AR
BAET ROV TR 21T - 7o, € DfER,
Wil ¥ 7Y IS D R bR A X SR
NN &R bh o T,

I HIT, RESMMEREBRE LT, SRR
MEDUEAR 3 FRVERIME 24T 572 & 2 A K9 1 #
HTREREND ZENbIr T,

(3) BEIREBHE~DORYER & Bt
VBRI L7z~ A 7 a RT7HHE R DO EIR %
RAoT-, FUEMBEOOESDTHLHLNNa~vA
T % DMSO WA MR S, Bk & 72 550 F Citk
HENER~DR BRI T, TOME, HEE
HUMMNTAHZ TP Y Tlddh D 0E YN
BETHZ ENboT,

Z DI E IR . IRAEMPEAE R Y = X

TGRSR ClMEZ PR SE D Z LI LD,

EDOBEHIEIC OWTHRF 1T -T2, Wbk
HEIZOW TR, L ERZ W T v =
<A T OWNE DR L BEET 5 2
LI VEHME L7z, T ORER, BEFEIC L%
HEN R S BIC o ., R d - < VR
SNAHZ Enbnh, BINE LR a2REl
TEDHZ ENbiroT,

(4) F 7 7743 —D/EHR

P(3HB) & 3 fESHD P (3HB) LFE LA D, =
L7 ha A= 7 (BRI ICE 0T/
TrAN—FERILT-, R ~v—REZEX
LT, F T ANR—DFE 200~
600nm T ha— T HIENTEZ, &
B, —AHRKDOF ) 77 ANRN—OEFEIND,
T 77 AN AR LTS Z
EEPH M LT,

Flo, NAAR—AES T E L TR
DEEANATHON TV DR Y EHRIZHOWTH T
)77 AN—DIERE T T2, FRlo, @EO
AV FLEE X 0 Fhsios 50 BT < @, AR U FLER
AFLAAL T Ly I ADF ) T 7 A A1
BUZRRBI LT, BUE, 7 77 A4 =% HWn
7o RN R 24T > TV D,

(5) F 7 77 A =D AKRYI M FEA

P (3HB) K N D ILE AR DAERL L 7=/
T7ANRN—<y  aT7y FOFFIZHAL,
—ERRIRRE L oy 7R, R, R
DRIER T2 ERT-, FOREE, AR
WSO B 1, IEEE AR OREEFS X ORI
Lz be—TBHZERnHREZEND
Note, BT, HAERITE DM RIAE
ISR D BT, T 7 7 A4 N—DY
INDITON, RIENBED T ERbhoT-,
AEIRSE A & AR RIS FE O HilE X A7

NI E 2 BT 2 - OEERMRAEED
ZERHFRT,

(6) F 7 774 3—1 ROWHEFEM

INETFH ) T77AN—0YMHIL. T/ 7
FAN—DERENT ) A —H—TH D=0,
WME— RO ZRET D Z Enkd, -
)77 AN—2y NERKROMEEZRIET D Z
ELNTERNoTz, AllFk I, KT
BWESEO L T L= HNT, ST/ 774
N RKOYMEZRET D Z LI LT,
vVaryygEabiZi~vA 7 a A — LVOE
EAALTEHBERE L, TO LT 774
N BRI LT, I TF L AA—DAE T
Mo ToF ) 7 7 A =D % 4 =
FTRBREITH > Z&ICXy, hrTFL—n7
F— AT =T G HRHE D g A R 2
ETDHZ LTI LT, TOREER, EE
2B o0, AT RN EHT 5
ZENbiroT,

5. E7pdEIam L
(WFFERFEE . WHFE A M O IEE 12
(=)

(MRS ) (R 14 4)

Left or right-handed lamellar twists depend on
twist axis in poly[(R)-3-hydroxyvalerate] banded
spherulite: Hai-Mu Ye, Jun Xu, Bao-Hua Guo,
and Tadahisa Iwata; Macromolecules, 42,

694-701 (2009).

In vivo tissue response and degradation behavior
of PLLA and stereocomplexed PLA nanofibers:
Daisuke Ishii, Tang Hui Ying, Atsushi Mahara,
Sunao Murakami, Tetsuji Yamaoka, Won-ki Lee,
and Tadahisa Iwata; Biomacromolecules, 10,
237-242 (2009).

7 7 2AF v 7 L LToORLE —A
Db AHEEA; A T3 64, 160-165
(2009).

SRR~ AT T AF v 7 OEEkE
iz 7= %G & A, REME 4,
18-23 (2009).

Biodegradability of poly(hydroxyalkanoate)
materials: Keiji Numata, Hideki Abe and
Tadahisa Iwata; Materials, 2, 1104-1126 (2009).

Characterization and  biocompatibility — of
biopolyester nanofibers: Daisuke Ishii, Tank Hui
Ying, Tetsuji Yamaoka and Tadahisa Iwata;
Materials 2, 1520-1546 (2009).




T REERIENC L B LSRN e RS
T AF v 7 OFEEElL: SHEA, BARREE
4%, 45, 357-364 (2009).

Scaffolds from electrospun polyhydroxyalknoate
copolymers: Fabrication, characterization,
bioabsorption and tissue response: Tang Hui Ying,
Daisuke Ishii, Atsushi Mahara, Sunao Murakami,
Tetsuji Yamaoka, Kumar Sudesh, Razip Samian,
Masahiro Fujita, Mizuo Maeda and Tadahisa
Iwata; Biomaterials, 29, 1307-1317 (2008).

Stereocomplex formation through reorganization
of poly(L-lactic acid) and poly(D-lactic acid)
crystals: Masahiro Fujita, Tomoharu Sawayanagi,
Hideki Abe, Toshihisa Tanaka, Tadahisa Iwata,
Kazuki Ito, Tetsuro Fujisawa, and Mizuo Maeda;
Macromolecules, 41, 2852-2858 (2008).

Sustainability of biobased and biodegradable
plastics: Kumar Sudesh and Tadahisa Iwata;
Clean, 36, 433-442 (2008).

Morphological study, thermal treatment and
degradation  behaviors of  solution-grown
poly(l-lactide) single crystals: Won-ki Lee and
Tadahisa  Iwata;  Ultramicroscopy, 108,
1054-1057 (2008).

Mechanical properties and enzyme degradation
for poly[(R)-3-hydroxybutyrate] fibers stretched
after isothermal crystallization near Tg: Toshihisa
Tanaka, Tomomi Yabe, Shinya Teramachi, and
Tadahisa Iwata; Polymer Degradation and
Stability, 92, 1016-1024 (2007).

Analysis of inner structure in high-strength
biodegradable fibers by X-ray microtomography
using synchrotron radiation: Toshihisa Tanaka,
Kentaro Uesugi, Akihisa Takeuchi, Yoshio
Suzuki, and Tadahisa Iwata; Polymer, 48,
6145-6151 (2007).

Fine structure and enzymatic degradation of
poly[(R)-3-hydroxybutyrate] and poly(lactide)
stereocomplex nanofibers: Daisuke Ishii, Won-ki
Lee, Ken-ichi Kasuya, and Tadahisa Iwata;
Journal of Biotechnology, 132, 318-324 (2007).

(X¥F) Gt6ff)

Chapter 8: Nanotechnology on biodegradable
polymers: Yoshihiro Kikkawa, Masahiro Fujita,
and Tadahisa Iwata; Bottom-up Nanotechnology:
Supramolecules, Self-Assemblies, and Organized
Films, Supermoleculae 11, edited by K. Ariga and
H.S. Nalwa, pp. 223-244, American Scientific
Publishers (2009).

Tadahisa Iwata and Toshihisa Tanaka: Plastics
from  Bacteria: Natural Functions and
Applications, Microbiology Monographs,
Chapter 11: Manufacturing of PHA as fibers, pp.
258-282, Ed. Guo-Qiang Chen, Springer (2009).

B2t ALFMEL T a e AR, F 14 5 %
EWpEAR ) = AT )L A EBA L FRRESLTE
TU%FA%%T?/HV~:£XN%~
MR DRI, AR RIE, /DNRECFEEE, o
—x L —HRR, pp. 142-157, 2008 4% T

NAFTT T AF w7 OEtseelt - HEFE
fir. 8 1 A 377 2F v 7 OEEYTE
EEEA; =X T 40—« T A, 63-76 (2008)

KKEH LS EDRENA T~ AT T AF v
7fw$%_;5$éﬁm i E T,

AHEA; NEBRBICS LOMEHMES, B
M%@ﬁ HLEE 93-111 (2008).

B 25 B AL RY AT LOEE, Wtk
BLOVESMRIEORIE: AH A, fEYH
KT T AF v 7 OEks kk)%%ﬁw&
i, A U A&T 7 /v P—, pp.226-234 (

(F=sek) (Bt 16 1)

(PEE R PEME]
OiRd (& o )
OBAIRIL (B0 )

(& DAh]

6. MR

(D WFgeRFEE

S FEA (IWATA TADAHISA)

WRUKSE « KB EFE MBI R IEE - #E
A%

WroeEs#s:30281661

(2) 9oy

W #— (YAMAOKA TETSUJI)
ESIEBR AR o & — « IR T - 5
ZeE‘E 501243126
(2007 D I)

(3) HHEAF IR
L



