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— RS L TOREHRAMOEN O NERINE, 2O ETR-3-ER
OF 2 7F U I -CoALINADEE (RBEE6~12D(R)-3-t ROF 7 2 )1-CoA)
DRI > o, FBRTIHERBRERT (PphaClB I WabH) DA
BRIk T, Zfifss (F)IVa—R) 5RSB3-EROFLTH U EETE
pR5r & T BPCHALESEROESRE KBREICBW TS LR ERT.



#£1. HTFEELIBEBEICLANAATR)ITAFIVOERE

BEETF ERRAES P(3HA) BEE P(3HA) #RE (mol %)

(g/L) (wt% of CDW) 3HB 3HHx 3HO
mtphaC1,
PhbAB 44+04 526+56 100 0 0
mtphaC1, '
phbAB 41+0.1 16.4+0.7 100 0 0
wtfabH
mtphaCT,
phbAB 39+12 36.8+6.9 99.8+016 0.1+0.03 0.1+0.03
mtfabH

3HB:3-t ROF 74 8, 3HHx3-t RO+ AFH B, 3HO3-E RO 745 8

4. 1. 4 METHIRIEMICEIDZRNUEROFITNG R (PRA)
R DOE{E

MAEMFEEBEIZL D PHA AEOHERIL, BRFHBIABMIZE > THRDK
HEINTERE, UL, BBEERICKDEETIIEOHEERDREFEDOIARD
HIBICBRANH B EFZEZEND., €I T MEMMNSHBEEL = PHA £0RR
BIETEEMICEATHIET, XEHRICK>THEE PHA 2RETH I LM
BTSN T4, HMIT acetoacetyl-CoA reductase (PhaB) & PHA synthase (PhaC)
#1— RTHBETEHATSE poly(3-hydroxybutyrate) [PGHB)MWEHE I 15
ZERTTIIHEINTWAEN., FEHENEEZDLPBRVONHETH > 2. A
AT, B L 2 TR L > TIRB I N~ BIENRRERBREZHAWT,
RHINIC BUT 2 PHA EEDOF(LERE L=,

Pseudomonas sp. 61-3 H3# D PHA synthase ii{=x T & Ralstonia eutropha Hi3&D
B-ketothiolase, acetoacetyl-CoA reductase HE{xTIZERMEKRIELT JHIVES %
AL 35S cauliflower mosaic virus promoter \ZE&E L /=, Z DB TR ETT
WM TH D 2 01 X F XF(Arabidopsis thaliana)lZBA LTz, 607 A
B PHA 8% GCMS ZHWNWTHHT L &R, B4R O PHA synthase 15 1
EHAL B ZHTIIRK 001 wi%® PGHB)IERIN/-0ITHL. &iE
HERBRBETEEAL S A K TIIEKX 0.18 wi% D PGHB)SEH S 1,
REBREAIZEID PGHB)DEMEB L ARITHMEE L EAVTEZ L L.,



3HB A DE /v —R 3B ST Arabidopsis DIEERMAERITIZRFBEAT 6
UEDHHEDE ) v—#RIELLIZW I & oo o . BHE, YRk
NTHHEDE/ N— (IR NDODOIBHRORREZR IR >TNS, ZO/KR
WD, RKBEZAWTRBKIN-GEERELRBEE (PHA synthase) A%, #
ERBONRD R 5HEYMEAN TS, PHA 2E&EHEIT 28NN H S 2 E0H
S5n&ERollEMmS. RKIBEZRHYROEBEICEID, ISIENLER
FHBZ EY ORI/ INS,

— ) e e
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4. 2 BREFRMEOGHER) =X TNAMAEMEET 0 X DF%E

KEME (Ralstonia eutropha) 72 & DRFERI7: PHA & pGHE 2 P08 BERE . f il
FRFERE LTABIED L WREAGEREDH -V HRKRKTRO% B2 AR ~—% &
BT 5, BRI PHA X, (R)-3-E Fuxs 7% VEN LR 5 HRER Y < —[P(3HB)]
THY FOEREH S FEIZ10~1007 g/mol BETH D, L L. BAER R eutropha
MNERT 5 PGHB)IEFE AN &, B TR E W HEO - DERM &S T8
ML TV, BIEFHE X M R eutropha PHB 4 (pJRDEE32d13)it., fli#)iH %
FEE LT 3HB &£ (R)3-E Re® i ~F4 B (3HHx) bR 5EHELNK
P(3HB-co-3HHx)Z &RT % (K1), ZDEHEAEPHA IFHMEEZALTEY ., 74
NVAIZMILT 52 ENTELEMERMEITH S,

—7F . PHA RER T 5 SN B ¥ 2 KBS (Escherichia coli) 1., 7=
—ANOLEEVHSTET 300 T2Bx5#85 78 PCHB)2AKTAZ ENTED
(H1), ZOBmZFEPGHB)H., SMEMSBHESCT A VAN LT E08TES
SR B TH D,

AT N—TFTiE, PGHB-co-3HHx)EEAG R L O E 7 & PGHB)D 2 >O&EtE
BB Y v —OWFEMAPFEFEOMBEEZ BIEL THREZ{To7, £ LT, ZNUOHEET
—Z B EIZTATHA I NA X B =G 2TV 45,000 b OFFERNRAE
FERRELEBEIIBEICISE 2 AEBIONWTHELE, 22Tk, ZOREIZOWN
Tk 9 2,

| BREFERIKREES | H,
CH
xmm — (W 028 A /Q\QA /JA
' 3HB 3HHXx
Ralstonia eutropha P(3HB-co-3HHX)
| BEFHERA KIS |
» ch,H ?
JNa—x —» & G
O CH, /x
#E5F8P(3HB)
Escherichia coli M, = 30058
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(1) ##x R eutropha \Z X. 5 P(3HB-co-3HHx)/EFE

587 & BB X L= MR Aeromonas caviae FA440 BRI, FEY-<CAERABE %2 IR RTR &
LT PGBHB-co-3HHX)Z & T D, LM LN 5, A caviae FA440 BRI EFETZ RV
< —BITR KT 30 wt%iRE TH Y . PGHB-co-3HHX) DR 2 A EIE 2 B3 T 57~
DIZIZEERKOBEREPLETH -7,

AEFFT 0 =7 N ORIFIZH T2 5B EREFEHEE (CREST) (28T, PHA
EHE KRB TH D R eutropha PHB 4 15 ¥ & LT, A. caviae FA440 FkH 3k D PHA &
AR BIETF (phaCa) ZAIAATZHE X BR[R. eutropha PHB™ 4 (pJRDEE32d13)]%
FRELE, ZOMBIKE, 77 A2 X5 OEERERIZBNT, KEMSLAY —
TAAN, N—LF A N7 EORED 5 80 wt% % 8 2 5 & & % T P(3HB-co-3HHx)
PEE L, £/, TO3HHx 5FRITH 5 mol% TH Y, PGHB)HRER Y w—L Y ¢
FEMER DY, ERAMRES FOEEE L TWAHZ L 2R LT,

AR T =/ TR, 2O 2K R eutropha PHB ™4 (pJRDEE32d13) % £ > T
LYV RERR S —NVTOEERREIT o7, 2T TiHE "M FVT774—L LT, 10
| BREBEZHAV, MLV REFEFERCTHIREMEBEM LN LAEDE L REKX
2R D DD OHIEEGEOREFT 21T o7, £T. P ORTHRENHEHEHEIZS
RDEBEEFNT, FOFR. RIMOREN 20 g/l BEE TIIHREHEMIIGEX DM
B REEIIER I N hols, £ T, REMOHIERE X 20gI LLTIZTHZ L
2 L7, KRIZ, PGHB-co-3HHX)D ERE #RESI 2 7= DITHIR T HHEKERIZ OV TR
L7, BERFEEZIZY VRZHIR L THERETO, EHOOEBRHIRAEL TV D
DONEBRBATFEE, VBEHIRICENTHWR Y ~—FFR L HENEEZBDZ LB T
/-, 22T, VURHIBIC L o TR Y ~—FEERES DI Z LI LT,

FEBIZ, KEMBES 20 g/l LT &2 X )ITREBEREZTRM L, 1o, H5H% 48 BF
ML) ARDHIRE 725 LI L THEEERET o7, TORRER 2127RF, 5
# 06 FFfH T, 128 g/l DHIFEREBENB LN, ZDIHLRY v —1T 71 wtnZEREINT
Wiz, G IE.3HB 2395 mol% Th ¥ (3HHx 3 5 mol% T & - 72, P(3HB-co-3HHx)
DAEFEMITAN 1.0 gl-h 3B 610 KEH2 6 O3 BN ERIZEE T 0.74 g-PHA/g- K&
MThote, FINa—AREOEBRZIKFRL LT PHA OEREITI &, EDOXIR
FHIXEIX 03—~04 gPHA/g-BETH B Z L0 b, 2MEE< BORFEEINERE S
ElZ2 %,

BFAERID R. eutropha H16 & DB ERZ T o7ckER (R 1), [FEROAEREDI G



SN, BUEFHIRZ 21T -7 2 LI2 L DHALEEF L OF PHA &F 0 FiEEn bh
ot Fio, PHA OVHINFROSHREIZ S RERERIT R 2T

10 [ ZEFERE & ff > 7= B IR BV T PGHB-co-3HHX) 2 RN AEET D Z &
AR TH 1= Z &b, FENRBBEA~DA =NV T7 v 7HARETH D EEZ LN
Do, Flo, VWM ZRFBIRETDZ LT, IEROHVOLNTVDIREEID b 2 £ <
BOHFEEINR TR Y ~—%24AETHZ LN TE, £ET X NOHIBIZEFES T2 L
VRIS,
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F1 AR R eutropha &AM X BRIZ X 2 A PERAE D LS

Run Dry cells PHA Composition (mol%) Molecular weight Yield
No Strain weight content o (g-PHA/g-oil)
&/ (wt%) 3HB  3HHx By MJM,
(x10°)

1 H16 126 76 100 0 330 3.8 0.76

2 Hl6 118 72 100 0 400 32 0.72

3 PHB-4/pJRDEE32d13 138 74 95 5 430 25 0.72

4 PHB-4/pJRDEE32d13 128 71 95 5 450 28 - 0.74

(2) M KIBAEIZ L 2 8E 5% & PGHB)DARE

ZHET PGHB)E, BE< THEWV & W D ¥t EORTE THME(LIZE#ETH 72, L
L, BE&ES & PGHB)Z FHWTEMEZIT O Z & T, EMERBHES T 1 L LDME
BTxBEOIChot, 2T, BEL FE PGHB)EALOEZOOX—F 7 /a
— &%, B HHEBRZ KBEIZ L 28ES & PGHB)DRERIEEELZ LT D
T EEBMIE LTEREIT -,

AREBR TSI OBENKIBE E. coli XL1-Blue 25 EE & L THW=, BRI
IxFAU vF (MR) EBH#ZHv, ZJLa—2XZ2RI\PL LTHRML TfTo72, 1€
k05T ETIE PGHB)D/AEITHEERN T TH - 72 72 DICHE DI A D )
»Y . KEOEKELZBDZ LI TERN-7, £ TAELRTIE, HERBA TS
23X NEFIH L., EEE5E S PGHB)YEAEKE B 2 (2§l L 7= 5152 & D PGHB)ARE
EFRA, TOFETIX, EEEERETIER2 5 PGHB)OERE Mz, HAKHHE
NHDABEIZELE L X ICHFERZHRML T PHA EBREC 2RI &,
PGHB) 2 B &R THIET TR v—DARREITOEDZ HLDOTH B,

pTrcphaCAB,,

(7.6 kb)
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CONEIEEAEBT 502, FHEAND L - TRAKBENAIRE e TEE—F —
EAT L@ =TT XX FpTre99A zFIH L7, 2D e 7 & — 7 —ilidfl FiZ R
eutropha i D PHA & kBERBIc T#E (phaCABr.) EIHAL CTHEEREB 77 A I K
EME LT (M3), £/, B2 UEKREETH 77 A3 N pIRD215 (2% frc 7
Q¥ —4# —& phaCABr. B FREEFHAL, 2 E—HORVFERE T 7 23 FEHK
gL (123), |

INHDOTTAI NEF LML E coli XL1-Blue ZEK L. &4 & PGHB)
DAEFEFEERE 10 | REBHEZHNTTo W4BLWVK5E), ZAa—205INs
B, BEEIE O pH ZHIFEFEIE & U7- pH-stat JRIZEESWTiT o 72, B398 24 FFfE £ C
TEARIHE BEMIZITOE ., Z0%BEAITH S IPTG ZHI1 L T PGHB)D A& K
EITOE, TORR, Gabt—ROTIAI FEEo-Ba., FE SARFH T 167 g/l
DOEBREKRER L 68 wt%® PGHB) Y B b, —F, (Kb —HDO 7T 2 I RN&fl
ST B E R T201 g/l DMBREKE & 80 wt% D PGHB)# &5 Z L3 T& -, 12,
B SN/ PGHB)DEREEH & M,) 1EEHLLDTIAI FEHWHEETYH
300 FEB25BED FRETHoT-, LENR-T, BES FEPGHB)IZEW T, K
AE—BDOTITAI FHWEEREWEENRZROND Z N ol

pJRDTrcphaCABg, pTrecphaCABg,
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@ M, (X109
O M, (X109

lad
[ RV
T L

M M,

L5t

7
60
50 1
40 F

30 F

[N] (X 10, mol/1)

20

10 |

I

0
0 6 12 18 24 30 36 42 48 54 0 6 12 18 24 30 36 42 48 54

Time (h) Time (h)
5 MBEZKBENIZEIT S PGHB)Y Y FEB L O U <= —#HEIN]DOEL

Ko —75 A FEHT5KBHE E. coli XL1-Blue (pJRDtrcphaCACR.) % 4 [B]HE#%
L. ZOBBMIZOVTHESI Lz (F2), ZOFR. FHT 190 g/l ORBRHEKE,
77 wt%® PGHB)WAPET & 7=, ZHHOREEIZEIT S POHB)DAFEMIZFEHIT 26
gl-h Thot-, HFEEH-T-LEIA, MyBP48x10°DEVHFEEZHALTEY,
FOEGFWEIZIS ThH-o7-(X6),4EIFRFE L= HiEI LY O F¥T037 g¢-P(3HB)/g-
T a— 2D EEHVE TEE D & PCGHB)R* EETAZ ENTE, ZHRETH
B D AEPE R r— /L TORFEEHEN 028 g-PGHB)/g-7/ /L a—RX LI TN
TEND, HEREL D RIBIZE O FREHUEZER T 5 2 L ITR L,

w——s  pJRDTrephaCABg,
pTrephaCABg,

—

T T s
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2 |5 & PGHBYLEEOHIR AR

Dry cells P(3HB) Molecular weight Yield -
. . Productivity
No. Plasmid weight content . [g-P(3HB)/g- h
@D (Wi%) M, (% 10%) MM, glucose)] (g/l'h)
1-1 pJRDTrcphaCABg, 196 78 4.8 1.5 0.40 28
1-2 pJRDTrcphaCABg, 185 76 4.7 L5 0.36 26
1-3 pJRDTrephaCABy, 175 74 5.0 1.5 0.34 22
1-4 pJRDTrephaCABg, 201 80 4.7 1.6 0.38 28
1-average pJRDTrcphaCABy, 190+11 77%3 4.8+0.1 1.5 0.37%£0.03 2.6+03
2 pTrcphaCABg, 167 68 4.6 1.7 0.30 2.1

(3) PHA AFE D BB 22T
NAFZRATBARRRERTHAZ b, "M A ANLAEEINT PHA

WER®RIZ ZEBERFR EAKRIZESMENT- L LTHLRETO BILRERELY

VLR S 2060 < REBEREMEOB D M E BEZ2 2 Z LR TE 5, TiE,

[COREREIZEZDAMMBDROOD] E0 Iz LT, ZhE TR ER R
BRI FE DWW FFER e SN TIEW o7, PHA W2 8 b, ZOAETECHER
TETIHERRCA AR EOABRBHIA R T 22X F—2 LB L35, TDORED,
HPERFIZRA SN D TR NF—%2EBETH L PHAIZAMER—RIZLEART 7 A
F ol LD HLREBAMPIKEVOTIIRVHEVIER LD A,

s PR 2 B2 0 LIOEE ORI X - T PHA OMMERAEE DM
DAJREIZ R o T, WAMOMAMERWE I NETOEE AR H R ET5
RoE AR E RV T o 23S T HRICET A ENTE D, FIT,
I ARAEEORERN e & LT, kil L7 P(3HB-co-3HHx) & #2 /& %) 1- & P(3HB)
OWAEMEFET 2 AZ]Y EiF ATV A 7 LTEARA L FOFEIZH EDERE
BT 2 AREI >N TEME 2 {T -7,

(3. 1) A4 T7HAINTERAL FOFELEE

UL, 47 A0 TEAA L b (LCA) IZOWTHHAT S, & AN,
SPE, AL UV AN BBEOTA 7 A 7 MIEBNT, BEILEZ 2B TE
BNZREHT 5 — 2D FEN LCA TH B, LCAIL, Ao P =587, A3 b



ST AT N—T A RO 3 ERNPLRS TV D,

AL R_R M= TR, "EOT A4 7 A 7 VORICE T 2WEB LT/ F
—Ofti A JREHRI, ®iE, L, ks, A, BRI, VYA 7 r BEYLE
OEREBETERBMICHAAE LENT S, RWT, A7 N BREEAR) STk, 1
AR b U o= 2D L TR O 2B 31T SRR A ERILT 5, 1 >
TN—T A b BEEEAMIGE) oHriE ATBFEE TOO TR LR ZBE L.
ZORGOBREAMEZHIBT 512X, COBEME O X 5 IHETRENEFHRFTD
LOTHD, LCADENZBWIE, ZORBEANUEEEIIH D,

AlNE, KREF O BLIREN G AL A< A EFET PHA ORMER 285 T
OEOTRIZEL T, BAxAF—B e BMLIkERZREAMEE L LZ
A X MU= & 7o (F3), o, TNETI/Naz—R R EORZRE S
L7 PHA OAPEESRET SN TE A, REmEFEREE LTHWEBE, BEICE
ZDEBREEIND DM ONTH O L7z,

£3 A MY =T ORE

eoli[E i KL O LR ED SPHAO KRB 2B 5% T
BRIEAMEE BAT T —5, P TR IR E B

SR /15,000 b > (fTA3 2 FEBEREIT1HR)

SR K Fa—R (A= AL —F)
A FE P(3HB-co-3HHx)* EA K =97 - EP(3HB)

(3. 2) PHADOAPET & X
SEDA X b Y =538 T, Bl U7 2 FXEO & MERE PHA %45 5,000 b >
APET BTt AEME L TTo7, PHAAEDOF M 7 n v A &K TR L, #
AWM KD PHA ABPE LIEOZIZ, REVEMER (R7T T AmBET RY U L) IZX5HH
KRRy DOVERR, KBRS R U U A2 L% PHA BERIOER, kil Z#r 5725

—_— 22”.



BRITEREZBRCPHABR Z2E 5, Z O TRRIZEBIT S PHA ORIUEIL 95%F~E -8
L7,

M'M‘J?TI] Heal Sterizatian Alt Firation
-»—1_1(U
Blendng A
sofn

‘__7\ ,—mJ:m.nmn co ’mw ‘ w shing .__J J%ijﬁig:'

AI Fitralion

s1
Gas Compression orage suri tanl Blending Slondng

Sw y Drying

s a REEMHRINE & s By
IR WEMEETIE S T 1 TR AL I prib

K7 A2y bhU—S5WE{T>7- PHA OAFES L ONERI TR

(3. 3) PHAAE T utv 2D X0 U =054
(3. 3. 1) ikt

REMEEDA X N =D EITIDIC. T AY WEHEE (USDA) PREE
TXRNF¥F—4 (DOE) DAKRMEESEIZ, A LTEIZEVRAT R LF—& &P
TRMERFEEFHE L (K8), BEBEMTIE. P77 7 —ORELFIEE. B
W RFREOEE, WAFZLU—27OEHIZBEBL T, 7 AU DOKBEENEAL
O DOMDEIEE HNTEEE T, 72, RELLIIREMERTI—L (K
FH) O2O00%EYNRELNDZEND, BE - MIBEEIIRAINIZZRLF—
S B LR ERITAEEYOEERIEEIZ L TES Lz, FOFKBR, 1kg DRKEH
EAETDODIERASNDE T RN X T 48 M] ThHY ., SEHEIN 2 “BLIRERIX
252 kg EEHIEANT, P CELIRERERDAOMEIZARD E VD T Eik, HiHEn D
TEERFELID BRIFVOEESNDIEDHINEZNZ L EEKRT 5,

FfRIZ, Zva—R (23— RAE—F) OBRAT LI —E L BLRFEHES
HELZ, TO/ER. 1kgD /N a—ZAEEOEOOEAT FLXF—EIT7.5MI T,
PEH —BR LR FEEIZ-09T kg TH o T,

REMH 7V a—AbBEMMEIE1kgH720803 FATIRERICTH D, L,
REMAEEDORAT N X —ELHH _BLRFEIT IV a—ADHE XV PEIC
LR, RE~DOREREZETLHE, RKEMOFHFEEELTHELTNSE LR D,



KEZ—L 426 kg

AT WA > (R - 78.9%)
XE 540 X2 :1.00kg
CO,EE " . RAR) o N X2 (R 18 5%) R
-2.84 ﬁ*ﬁgﬂé 14 :—}bﬁgiﬁ 1
kg/kg- XM =
= I4ILF—4.8 MIkg-KEH# £

Y
cozf#ﬁj; -2.52 kg/kg -KEH#

IfIF— CO®4& IRILE— Co, %4
2.9 MU/kg-X 0.19 kglkg-X 28 1.8 MJikg-X 0.12 kghkg-X Z
’:: 3—23—/L 0378 kg (IR : 25.9%)
— —-‘ —
Tha—2Q—2R3—F) % E AL 0.063 kg (NS - 4.3%)
kEOIL 146 kg JAa2—2Z:1.00 kg
CO,EE (EAR) =z (IR :685%)
R ==L s
-1.47 =y BRERE > ™ »
kg/kg-¥ ILa3—R& B
g " . IHLE—T.5 Mikg-¥La—R R
Cozgtﬁjg 0.97 kglkg -5 )La—2X I
IHLF— co, IHILF— Co,
2.5 MUlkg-¥ La—2R 0.15 kg/kg-7 wa—=z 4.9 MJIlkg-Y La—2R 0.35 kg/kg-7 La—=R

M8 JFEAFEDA X U =45

(3. 3. 2) PHA OARE L KR

MAMIZ XD PHA OAFETR T, AR T 6 DORMTHNEIT-o T2, KEM
ZIREHZAWZ 56 T, EERE, PHA G E. WEPENENRLRD 45D —
A% Ebt(&—xl~®c:ﬂ%wﬁm\ﬁ&wiﬁﬁﬁ%ﬁﬁéﬂfw5?—5
WCEDSWTHRELE, Zha—XEFEE LESEICE, BEOWEI L —FIZL -

THRESIN-RLEVAEEEOT —F52B2BIZ LGS (5F—X5) L. TAVHOE
Y ML K TUUTONEEBOAET —F 2 5Z 12 L5G (F—2R6) D2O%
HBEL-, I THETANEE, RKOMEAEF I va—2 2R E LSS O RE
INEOENTHD, KEMP»OOXFEENIEIX 0708 g-PHA/g-KEMTHH, 7L
a—Z2DGE LB L TR 2 FIZEEV,

AT DRI IS L, EElRE 128850 CTHEE 330 AiEERT 5L, £
NENDOFRMT 128— 188 MDKEEMNFRIRETH 5, T DL D IEERFAF THERM 5,000 b
D PHA AFERERT 5 720I121%, 300—750 m’ OREMEHERATILEND D,
FEREOESGRIIENTIT) ZE2BE LT, Fror ¥ — - EERINGA BHFEEMH

(NEDO) 72 EDRMT—2 #FIHLTA X2 b =i 21{T>7-, PHA APE TR



CENTE AEERES (TE=7) RREMOKRERKORE, TEMKLES. o
HAOHM, £ LT, MEMRBIZ L > THH D ZMLRFEZ BB L TEHEL
Tzo o, BRIBIZBON T, LFER (FTUARBET B Y U A IREHEREM S
FU U L) ORLGE, BHRAKARK., WHAKDEREZEE L TAHE L7,

#£4 PHAZEJE (EFE 5,000 b o) (235 B EEEEMEORE L HEE/LED 2 |

T= mn smm HRSH BHRE  PHAGAE  RE FMEE g =Ab
A (h) @&D (E&%) (€:49) E%% () (Skg)
1 KM PGHB-co-3HHx) 50 100 80 0.70 128 750 477
2 KaM P(3HB-co-3HHx) 50 150 80 0.70 128 500 3.92
3 NGR | P(3HB-co-3HHXx) 50 100 85 0.80 128 700 4.27
4 R | P(3HB-co-3HHXx) 50 150 85 0.80 128 460 3.73
5 Fha—2x PGHB) 30 200 75 0.37 188 300 3.88
6 T a— =z P(3HB) 48 190 79 0.30 132 400 4.24

AR M) =S OFERERSIIRT LI, RKEMEREELEFr—209 b,
3OT, FNa—2AxFEE LESE LV DRVWEBAZRALF—EZR LD, 2T,
REMAEEICBEASNSTFILE—BN /L a—ZAFELHE L T KEM»
5O PHAAENENENZ ENERE LTETOLND, 77, BRI > TITZEME
REHFHEZAOEICHH T D Z L bARRBTIERWZ EBbhoTe, ZThHDZ &
26 LCA 2 _— R Z LT HRIZBWT, Zva—X L) H KREMOFH A PHA AEED
FEE LTHELTWD LERTE B,

#$5 PHADAETRIZBITAA X2 b —SHTOREE

B PHA%EE TR TR et

ez LERE o ey co, =R co, EX co, =3
keke) gk ¥ (ke F- keke) ¥ (eke) ¥
(MJ/kg) (MJ/kg) (MJ/kg) (MJ/kg)

1 1.50 -3.84 731 3.74 35.58 0.92 19.24 0.82 62.13

2 1.50 -3.84 731 3.11 24.82 0.92 19.25 0.19 51.38

3 132 -3.27 6.23 3.10 31.99 0.65 16.27 0.48 54.49

4 132 -3.27 6.23 2.58 23.01 0.65 16.25 -0.04 45.49

S 2.84 -2.77 21.44 2.25 14.75 1.00 22.98 0.48 59.17

6 3.51 -3.35 25.94 3.72 21.77 1.02 20.66 1.39 68.37




(3. 3. 3) PHA LB O R

PHA APEIZRB T D r—22 L 6 &, I—my"TI2F v AEHRH S (APME)
MHARINTWDLAMR—ZDOFHEAES MEAO A o~ R —p4T L ik L 7=

(3 9), INABIETIX 1 kg DELEH 720 77—87 MI D= /L X~ A X5 23, PHA
APETIZS0—68MI TH Y, PHA AFED FN 1 -3 FIREBA TR LT =720, =
I CHHET &L, PHA AEIREN T BAOFRFHEETH Y, FUREIROLE
23— XTI BAEDETHLENVIRATHD, TOEH, EHKIZL > T
IRNF—FENETRRDL I EZEETANENH DL, TNEEELIZELTYH,
PHAAE7 R ERFETRXNF—R T CATHHEFRD,

100 U z4—kzbvvzrrx— W IoexzRiE—

9 | 87
% 8 80 ., [ 79

o~ I

=t

A
Iz

2l

[ke/ kgl

LDPE HDPE PP PS PET PHA PHA
r—22 r—2X6

X9 PHA CRABIEEAEORAT RLF—& &P B LIk B O L,
LDPE : &R =F L HDPE: MEBERI =F L PP: R Tnt L,
PS: RURFLv, PET: RUZFLLFLT7HL—h



BATIAF—ORARE R THDL L, FHBETEIRFESNERE LTHWLR D
TA—FRRAMy 7 ZXNF—THDH0, PHA AETITE TR T ERAZRILF—TH
%, HEESE I, MABIBOAE R EAO N T o AT X AF—0EBARITV A
VW, LL, I 7 et 23R WVEREZNT TRR S, BTSN S -A T
ETHD, PIZER) AL T 4 o OBE, BHEATIIEAROARE o 203 F b
NTWD, HIGRAEHE— Ao PHA A£E 7 nt 2 (81 MI) 758 A ~DOBFT
T2-3FO7T AT AF—REBIN TS, F _MHROT7aX L EELY
BOSHNH Y, ZIUHFCEAINI 7ot 2R F—HETFL TN EHFFT
X5, RIZ, ZELRFEVFHELR R L, RHBIETIX 1kg DR H 2D 1.7-3.1kg
D LR FEINPEH S DA, PHA EFETIE-0.04—139kg &3 L < 720y, PHA 4
IZBWTZO XS REWHEIZZAD1E, RAFOZELRFIZHERT DRz BT
WBEDTHAH,

IO DHEREE) D, PHA AFE TR A IRAT R X—B EHEH TR R E
NEIZIABIEOAFE n X LY 07 RERBFHOTI TR LERTE D,

(4) ®BHE

PHA O X 5 724 53tk % Il 2 7o A @ TEMIT. 3k, &7 7 XA F v 7 4
PEED 10~20%% £ 5 & PRI TS, BMACLENT 4 L LARBBL D2 ED
FURASHEET Y Yo 7 AL E L WRFIZRA ST EAS S, —HT, BED
PHA 212 TV ABEMIZ. =X b, [LARBIOMHE, EDO3 L Fbh TV 5,
AR TIE. REMA 5 D PGHB-co-3HHX) G B L OV Vv a—Zx b OBE ST
2 PGHB)EFIZ DWW TR 21TV 10/ ARBERE 2 AWV TR RAPEFIEZHE T
HZEIZERBILTE, FL T, ZNHDAET —FIZH &SV T, 45,000 b D PHA
BAETHTHTaE RN TA Ry R =D &7V N FTIFTAF v 7D
AFET ot 2, AMR—ZAOPABIE L B L TERLTWA Z EMFEIETE T, ¥
2. HEH TEMELIR B EITE LKL, N A 2R LTHWA Z & OFBALHER
REN, FEHIBE L TR, REMIEZ L a—2 X0 ff BN RN & < | ErEEmIC
BASNDZRXNF =PRI L0 PHAAFEDORBE LTELTWD Z &2
o Tz,

AFET OB ZADYR L &S FMEOUEE. MIEMRORREIZ LY | BHIE, PHA 232
Z BB RITRB IR SN TN 25521 RO EEZ2RE TH 5 Fikic vTRE 28



BRAMSOEBIZMIT C.PHA DAERFT LWV E D FREEL L TRELLERBTLZ L
PHARF L7200,



4.3 @R TFNKDBEZRORSE SKEICET A

4.3. 1 KRBENA AR v — 5 REEE

R b ROF2T¥ B (PHB) DMEEERE DS & e
KABERE S TFHEIOMED BT, —BREICR 1 IRT 7O A TETT 5. £T,

MAEDIEINCB D TR BEBERED WL, TOBERMIMERAICEREL, XEOED

FHENMKDET D EICE->TEDTRIEEY (FHEE. BRIV T7 I /ERE) 24

KT 5. DT, SRERMEIMEMERNICRDAZNHE, SEIERRFERERT,

SHEEGRHE N AT R) OERICAVWSENZD, HEIVEIRNF—EED=DIZH

WHENIFRMEH F ToBLRFICERENEZDT S,

=72

® oog

kAR

e® RUIRFIL
® kO EESE

R - E

REMEY)

B 1 KARBEE S FHE O EY 7 #

ABE TN — T TR, KRBERD FHEZIKD BT 2MENBEROEREEZ ST
LARNTRATAZIEZENEL T, B TFIRBEROBESREICETIMREZHEL
TZk. BEXTIC, 30 kL ED PHB 2#MAESN S 19 BEL Lo PHB 7 #BE R
GEFRI/O-—Z2T8N, HEBRO—RBENRALSHZEINTNS., YHAETIE, 4
O PHB @M AW (Pseudomonas stutzeri. Comamonas testosteroni.
Marinobactersp.) M &) REBERRETZRE LBF 21T o7k, TO/E. Wiho PHB
7 REESR O AMUETEMEERGL (270~400 7 X V BRREL) . EEBFEWM (35~55 7V I /R
B) BIUOMBRERMLZERT S > h—@E (50~100 7 X /EEERE) © 3 DO
IREENSMREINTNS Z EMHEMER- (K 2), £L T, PHB HEEBERIZLS
BHERY AT IVOSRBRING, BEOEBERANOBREL, THICHAERX 1>
WEBDIZATFIVEE DK RD 2 BRETEITT2EZBZA 5N TNWAS,

99—

%8




Type A
Pseudomonas stutzeri
(Ohura, Kasuya & Dol, 1998)

Type B
Comamonas acildovorans
(Kasuya et al., 1897)

Comamonas teststeroni
(Kasuya et al., 1997)

125 294 417 476489538

GLSSG

120

120

318 417 469

338 436 488

. Catalytic domain[:] Linker region . Binding domaln. Lipase box
(Gly-Xaa-Ser-Xaa-Gly)

Properties of PHA Depolymerase

Catalytic
domain Linker

(CD) region
Binding

domain

(BD)

CD : 270-400 aa
Linker : 50-100 aa
BD : 35-55 aa
{L(BD)=3-4 nm)

X 2 PHBZMRE # D — R isiE

LLRs, ZhooHFBRRIERRAREORISTH SO0 ITFERICHENRS D, ¢
RS RIGENCAVWSNTELERRDES UV ETIE, REHBELSMEN - UT LY A
ATOEHPEE TS 52 EOMERB D, FERFEEROERITVRET, EHREICH
THRRARBEFEAE/RBSN TR 7=, FHFETIN—T T BERTBRIGDEHFB
ELTKBRIRF< A 7ONT X AEQCM ZRWBR AT LERAEL. £EEFHE
NBEMFAFMIC L > TREBERS TEZEEEHE L.

PHB 7B RIC L D EIHER ) TA FIVOBRIBICEN T, EEERNBEER

FiCE-oTHEML, Fhickk < ko
TREALTEZZEICEBL, 275 A
- —TOERBEIZVTNIALT
BEFTZ% QCM ZH W T, PHB 7 fEEE
ROWERE - K REEERENL
(B 3).

PHB 7 EBFROREBEZ BT 5/
¥. Ralstonia pickettii T1 B3k PHB %

2.5

20
1.5 F
10 F
05

AF (kHz)

0.0
-0.5

3 BROMEIGIZHES REOEBAL

-2 0 2 4 6 8
time (h)

-2.5

1 -2.0
4 -15
1 -1.0
4 -05

0.0
0.5

Aw (ug)



BEEROEMEPLOE) V2T S ICBRL TIKSBESEZR LERRKERZHRH

Wiz,

ChERIV(R-3-EROoF>TFL—F}]
(PBHB) 74 WA ERIGEHIEEZ A, BER
EAEEIZ QCM OREBZEMEL L. Z0%
—EIZz-72(® 4. ZORSKOBRIZ. B
FWMBFEIL LD T4 NVLAOEREMEKBLT
BO, ZORBK S 7T FNEPOCBEREETE
BEHICRETASZENTER. K 4 TrLE
& 51C PHB MEBEZORE 1B THEL . &
DTEEICELTBD, ZOZ & 5 HUA
IZRENEEICET S END I ETORE
E—FLTW3, ZOR, £RERICIEIZE(EL
NEDHSNT, BREIEVWREBEZERLT
Wa ZEMNRBEI NI,

Aw (ng)

-10 0 10 20 30 40 50 60

time (min)

X 4 R. pickettii T1H£PHB/ fREBE R L R

AEDP(BHB) 7 4 )L ANDWEE TH
Blxn=RBEAAE 74 IV LEER
(Aw) DFEFRFZE AL

REBBECERNSEH L FEHEREROBRBEKEFEZK S5 IR L, FHEE R
BERREICHEFILTHEML, 25 ug / mL U ETRML T—E &/2> 7=, taMPEERIL 182

t44ng /cm? T, BEREAT 4 VAREIZE

IRESLBpTETREL. €0 LITIIEE
RIWEFLZNWEEAONS, INET PHB
DEEEREOEERAEL Langmuir & L TH
DERONTEEA, B 5 OBRBEFRAICTIE
Langmuir OXZBEHATH LI TE RN
o 51T, MEBEVEHICEL LR BRER
EZREBERTANBRA T, BREBEOMBEE
BEHENT, BREOBRFEARAIFENTH -
7z. LEDOHEEMNS, PHB HEEEOREER
HANOREBRZIZIE Langmuir B TH 2 S
i C = Do

g

8

-
3

—

—a

—y
o
=1

Adsorbed amount (ng / cm®)

o
(=]
T

=]

00 1.0 2.0 30 40 50
[enzyme] (pg/mi)

K 5 PHB% B £ Z R{KDP(3HB)
T 4 IV HT 5 E R DR
FHREKREN

3512, PHB 2 BEROMBE R A1 2 ORBZEHSHITT 720, BRI N N4

BEORIT—T4NLA (RUQ@-ERoF> o4+ EPECHP)., AUGB-E FoF



>4 %5 VB)PEBHO). AU AFL > (PS)ix
5NCRY ZF L U (PE) ©D2WT, PHB %
MERORERINZRHANZE6). ZhsD7
LIV LADEEERISTIZ, PHB #BEEED 7 4

WANORFDOHRERMITHR N, K »
~ 30 -

SBOETIIRHEE izl >k, ZOZ &R 3 &

40 | Sl
DEBROEE KA MR A || PBHO)
- L S0t \(Pi2HP)
VLULTHELTWAZ 2 RBLTWS, & &

= - M

BRIEWZ &2, A RAAL IZEHER)
ZFNWETFTIIEL PS v ERMEND 0.

-70

iy

PS

V-

time /min

202 4 6 8101214161820

HKMEHBEERSEIETIES 25 E RAK 6 FFERUT—7 1 ILAIZHT B5PHBS)
RS L5 12 BT D IR B O #R s 21k

1O DHBRIIFEL TS EEDNS, £
oo PE NOBERRFNRD NN -T2 &
M5, ZOBKEHEERRBHES KA1 &
RUT RIS THWV TS LRI S,
Linl, BEREEEERERIIEHERY
IATIDEINRPSKDDBRKENWT ENG,
A RAS 2B, TAFIVERICEWETE
ERHoTWHEEXS5N5, £z PCHP)ICH
RT PEHO) L DBEFERNZT NI M5,
COIATFIEERBIMUEDIFEEEICE

V max (NG / cm?/ s)

100

4 80

1 60

1 40

420

4.0

10 20 30
[enzyme] (pg / mL)

0.0

Coverage (%)

DEHEINSEEDN S,

¥4 % PHB HfEBEE Z M\ /z PBHB) 7 «¢
WADHRBEETIZ, RISFBEENS 7 4
IWAEBDORDICE DR HIRGEFOBMBEB N, T4IALABNELR2IIHTBINSET 6
B Lich e > TERMICORRIGZ B TE . ETOBRREICB\T, 2REE
BRIGOETEEDICELE. RBOHIEBNTIE. 70 VAEREBLTRIZONT
PBEENEIL 72, T, PBICEBRO T T4 VAREME A D, REMAEM
LicizdThHorEEZLNS. L L, EEBDERN 10~20%ZB A 5 &0 EEEITH
HPLTWok, T, BEHBESIITVTVIESBINKICHBEIN, HBEEDEN
R DEIEIEA TV O THLLHEBIEN S,

a9

B 7 P(BHB) 7 1 L L DEE 4 R i s
ETAINVAEROREBRICLS
WEROBERBEKREN



HMEREIIBRBEICOKREL., ThETORSEAKIZ10ug/ ml THRAERD,
ZHUEOBETIRAO LMD, REBERICL D27 N LAREDHEREFHET D &,
1.0 ug / mL TR 7 4 IV ARADH 1/3 DERIZE > TEDLDNTNHH0OD, BEDH
BUITERICENWTWTHME R A1 S BEXRAEESICHEITE S, 2N LOBE T,
T OMOBENEEL 2> THE R A 1 > OBANKE#IREZ ENDN 5,

RIC.BERSBRICOBP T, BMEBREBEHER TATRA & 25 HMEEEIIREDE
TLTANLRERICHEENZK 8 ). COZ &t 74 IV AIZ -BWE L - ERER
2. BIRDOBENBZ> THHRET S22, PERGEMETEEVNWHIZLE2E
BRLTW5S, §72bb, RICRREZBRERIGOHE LRI, PHB 3 EEBEROBRENR,
M EARRETHALHIEEZRLT NS,

S ERBEOBETANRADE. B J— 25
BEEIEL<HOL RoBO7 L n 20 g 120
-7 8 (b)), L7zA->T, T L 7= §J5' -¢5§
DB, ERBRCOANSbOI T 107 1105
Yo TESHBLEEEABNS. &5 05} 105 "
. OF NN EDOBERTANEZ 2 0.0 10.0
BT HMREEIIRO TS D &< P I Py

T4 LAEREICHEI N, U EDRE 2 0 2 4 6 8

time (h)
ROWEIR? EREAE TS B, H T, RGP THERABRE. ()i
.y . EAR D 5 2 (b)BE R L RIKIBIR
CHERAS Z2FEDORRBE LIRS TANEZ R OREHK(AF) &

IZANE DS THEET 2 2 & WMo 7, 7 4 )V LERBWDRERZAL

UEDEDIZ. QCM #EIZ &0 PHB DEEER OBRERIG MK BRI ZR URHE T
TEEMNICEREICHE TE S DIk, EBEOREIL. PBHB) 74 1L ADH
FRHE R YR T 5 EE/LARE TH DA, I Langmuir BOMD TEMDEHNRESE
WEWBOARHEMEE L TEHBE N,

PHB NMEBRIIBEE THERKABEMHONA AR TATINREICESKRET S Z &M
HoNTnd, €I T, PHB nHMEBEROLEREICETIFMINEZELSLOHIC, F
JA - F =8 OEMNEREEZETSE FRNBEMEQFM) Z W T, PHB 7 fFE:
FORUAET N LE~NORBEEBHEL (M 9). 7HEBREL TETIBETHS
Ralstonia pickettii T1 HIkDO D EBER, BLOEMERE TWSE L 72 Pseudomonas

a3



stutzeri YM1006 HEDHDZEHL 37‘@

.......................

X9 PLAR 17003 L 7= PHBMEREE DAFM A A — Kikkawa et al., 2003

A; R. pickettii T1HH XPHB B, &, B; 7 L — LADHL KK
C; P. stutzeriti kPHB7 ##B¢%. D; 7 L — LCOHL KK
Z DR IE LD R. pickettii ¥ PHB 73 EBERE D K& X3, & 2 2.820.5 nm. g 233

nm CTH2 I ENTM-7z, £-, BESTFORBEICES 0.910.3 nm OBEENBRE SN
7o . BRLE®D P stutzeri 13k PHB 7 #FEE#EIZ, & & 3.020.4 nm, 18 233 nm O
R+ THD. AEICIE 1.120.3 nm OBRENR SN, RIZ. o REL R REEEE S
BEDHEBEERAEZRARSZD, BEEZE 40%LT5 /) —)L THEL UREREFZEREL T
AFM B8 %1752 (K 10). ZOHE. WITNOBREREL ZHEICHER 25-30 nm,
B 1.6-4.0 nm O EANR SN~ - T, ZNSOHMBEBRIBEHABORKRESL
THD, NRUHBEORBEIZZEERERMEZN L TEXAZZ <AL DB EMEEER
LTWBZEMHSNER ST,

100

<

Height (nm)
S=NRWwhtn
| %
]

Distance (nm)

Kikkawa et al., 2003

X 10 PHB fREE W &R, 1Y / —I)Likid L ZPLABEDAFM 1 A —
A; R. pickettii T1H fPHB/ i@ %, B, 7L —~LADG®EI 707 v 1)



4. 3.2 KEBENAAR) v REER
R T AT F B FREER OB & HERE
BE, KBHESRES T RO N Y2kl BAKIVERE DKL RS FTHAS
NTW3, KBHERESFOEIE, AHELRATERZ RO THARINTELLD
ESRMUEICE DI ENERIN TS, 612, ZhH5OKBHEERE S TIIKFRBEERE
REDFERRZD, SREBEORERSVU A VIIVBEEICRETH S0, BARERICE
T3 EeMBEEINTVS, ZCTHRERZOERNS, KBERER&ES FORENEHE
ELTENBEZRTL2KEESS FORBENEENTVS, 0 REZE T 5KEMES
DFEHE L TERAESRSN TSR ) — o
TANTF VBEPAAIR, L-7 ANT F & /‘;g‘;'H
DRELERTERINDLOEMBIMEEH \'&m
LTH0, HREBICETRMBARENES \
NTWLARV, YHRETIE. tPAA SEHE

MEBRREFPSHEBEET S Z LICHRTH J 4
® il \
TR L. Sphingomonas sp. KI-1 (JCM = 4 e :
X108 1108 1x100  1x10°
10459) & Pedobacter sp. KP-2 (JCM 10638) Molecular weight

DHENRZZ 2 BED tPAA HB#Ew%E X 11 Sphingomonas sp. KT-1H XPAA
hydrolase-11Z & AtPAA%; FRZ L
FNANCEHEEL TW S,

3C NMR spectra (-NHCO-) Structure of tPAA

Before incubation BB O 9 N
NH Na
ap ‘ ¢0Na l ‘E‘:\jH
O X (@] Yy
a B

gl N a:p=3:7
After incubation l —¢N

,gu'lrkh. IKL ‘_¢

——— (hydrolyolqjo

174 173 172 m
3 (ppm)
NMR spectra of tPAA treated with PAA hydrolase-1

[ 12 KT-1H13#PAA hydrolase-11Z L AtPAAD 4} i S %



Sphingomonas sp. KT-1 Q@ EBIEIS tPAA ZHBERICETHR TSI ENSE, KH
EOREEES NS PAA SEBEORHZTV., TOMEZRNZ. TORKR, 2 B
O PAA 5HREER O B BUC BRI U 7. PAA 2R (PAA hydrolase-1)135 F &A% 30
kDa THUO. PAA 241 I —(CAAIZETHMEIT s LzHohiclie (K 11, £
7=, AERIIEFFZHVWEHENS, ) ToF7—ETHAI ENRBENT, 'H
BE BC-NMR % fl7z PAA MEERVMOBITN S, 0 HEEFE(PAA hydrolase-1)
i tPAA 5 FHROERD B-TANTF  BIZy MEDORTF FHEGZUBL TS Z
EEHLEMILE (H12),

PAA hydrolase-1 O —XK#EEZHLNCT 220, BEBETOVO—Z 2T %175
e ZO—Z2IZ13. EMICHNEEFOAZEIETE S LA PCRIn vitro 70—=
TEER WL, TORE, AEBEFREETIL969bp 25720, Edman FBICK > TRE
SNABREONKmEBLLETS, ABRIL 35 7/ BEENSRE T FHILR
TFREFELTWAZ ENRBEINZ, 2. FEERIL 279 7T /BERENSRZY >
INOBTHEINS D TEIZ 30,812 THD, SDS-PAGE IZBI1T 50 FEK 30kDa &R
=L Tz, SHICEHEEY 2 /VBEEPICIE Gly-His-Ser-Ala-Gly 5725 1) /%
—ERY I ABRFEEINTWEZENA N -72(E 13). £Z T, UN—ERY I AIZEE
N5 Ser % Ala ICHMIRRMICER S B AL RBRGITOAZEHL, EHEPLOREE
fiolk. TOHER. SIT6A BRKBEOAIBEHESICERT 200D, tPAA 3REEZH L
TN ERR Mo, TOTENS, ABEROEMEFORIUN—ERY 7 XICEEX

PAA hydrolase-1
1 141 279

Sphingomonas sp. KT-1 *
4 SAG

PHB depolymerases

1 119 399 475 SIBSS5 608
Alcaligenes faecalis AE122
(265 %, 257 a.a.)
GLSSG
1 117 275 3l 393
Paucimonas lemolgnei PhaZ2
(25.8 %, 244 a.a)

M catalytic domain|_| Linker region [l Binding domain [l Lipase box
(Gly-Xaa-Ser-Xaa-Gly)

Hiraishi et al, 2003

14 13 KT-1H #%PAA hydrolase-15 & UPHBMREBESED K A 1 2 M
_36_



N3 176 BED Ser THHZ ENHALMER >, 512, PAA hydrolase-1 OH#EEY
2 EBESIOHEERRET > /R, HEKHZRTOOEL TR ROFI TS VB
(PHB)/MEEE RN A S5z, PHB 5 fEBERIZ. PHB #FICEEND BMOLATIIERZE
KBRS H2BRTH D, tPAAFD -7 I REEDESHMEIE - PHB OEEEENE
L TNnWBZEE2EETSH(K 14) &, PAA hydrolase-1 & PHB 7MEEESEIL R — D%
My NIENSRE LU EHRIEN S,

COOH  Q COOH 9
— NH—CH—CHZ—C:NH—éH—CHZ—C——

(a) p-p diad sequence in poly(aspartic acid) (tPAA)

s o CH, 0

CH
[ I é
——CH—CH;—C;—O —CH—CHy-C—

—0

(b) diad sequence in poly(3-hydroxybutyric acid) (PHB)

Hiraishi et al., 2003

(14 B-B 7 A/)N5F D EEESI & PHBD 73 T8 &

PAA hydrolase-1 &, tPAA FIZEENS B-87 I FEAZERAICEFE L. OAA
WETHELT=. —7. Sphingomonas sp. KT-1 BROMBEBFIKIZ. tPAA 2E /37—
THLTANGFUBICETHELZ, NS5O ENS, FREEHRIZIE OAA 27 AN
SEUBICETHRIIBRERNEEL TVBHIENRRINSE, 2T FEKRDOAIAEM
BN 58 2 DEEFRE(PAA hydrolase-2) DIER ZT0, ZDOMHEZEHANI,

PAA hydrolase-2 O —XEEICBETHHR 2/ 5-0I2, BRELTOI/O—22 7
o7z, TO/EFE. PAA hydrolase-2 13425 7 JBREREN S5 5 N7 BT, 21
TI)BEERENSCRBITFIRTFREFL TS Z ENRRBRINZZ, £/2, PAA
hydrolase-2 OH#EE XN 25 FRIZ 42,684 TH -7, PAA hydrolase-2 OHEET I/
BECHI DM R 21T o 7= fE R, Caulobacter crescentus CB15 # & U Pseudomonas
sp. RS-16 HIRD BB T F ¥ -V EBWHAMEF T2 I ENaho 7z,

KIZ. tPAA 43 fRICH TS PAA hydrolase-2 DR E|ZHSNIZT B0, PAA
hydrolase~2 iZ & % a -poly(L-aspartic acid). tPAA BLNN OAA ZHEE & L=
ZfFo72(K 15), T D#EFE. PAA hydrolase-2 1Z a -poly(L-aspartic acid) & & 5 12 77 &
THHDD, tPAA ZIZEAESFEL Moz, Z3Ud, tPAA FIZEEND ML Fa 5
—RKi#At PAA hydrolase-2 ICXK 53R EHEFEL TLH20EEXSNS. £z, PAA

—37—



hydrolase-1 {2 k% tPAA DBEMNTH S OAA ZHEELLTHWEEIZ A, PAA
hydrolase-2 12 OAA ZHB L7 ANSF O BEERT A LD 2T, TNHDT &

M5, OAA DETIE tPAA SEICEDHFIC ‘“’*::':::::::”’

4% U7=kK¥i% PAA hydrolase-2 #5383 L. i . ,mm / )

ASMBL TN EASRIE N, KIT, PAA A o

hydrolase-2 OREERBEBEMAT L7290 MPMM -y

a -B X U B -oligo(L-aspartic acid) ® 7 # K g
BEF . WFNOA) I7 RS EE 5595}'”“"’"77 \
AWEBEIZBWTSH, PAA hydrolase-2 13 \___’__{;,//
INSOEBERENSHMLUEE 16), a- ‘@8;?“%& e
B LB -oligo(L-aspartic acid) D H & % L # /N. Baiore Bcibation
LickZA, C RKimnAHMNELBEEZEL TY ’J\\\ Alls. cahation
52 &5, PAA hydrolase-2 lZ a BB - 5 A —
oligo(L-aspartic acid)® C EKimZgEa& L T Ix10? tﬂgsiewlarwe::gﬁ e

- _ Hiraishi et aZ, 2003
f A TN A i =
KAMELT> TS 2 EATRBRE N, UED [4 15 Sphingomonas sp. KT-111 #:PAA

B/, 5, Sphingomonassp. KT-1 12815 hydrolase-2iZ & %4> &1k
tPAA DBEEAZERLZ(K 17). £7. tPAA FEARNICERDAENZHE. PAA
hydrolase-1 I & D FEHAPD B-FANFF By bENIKIEEIN. 4 BEIEZ

a-tetra(L-aspartic acid) p-tetra(L-aspartic acid)

Hg«tE IILEE nIE—;L[cm

COOH COOH COOoM

(30°C, pH 8.0) po |
n 0h '\ — on

1mer y 1h | 1h

| — 7h —3h

12 h —i15h

100 200 500 1000 100 200 500 1000
Molecular weight Molecular weight
Hiraishi et al, 2003
X 16 Sphingomonas sp. KT-1H ¥PAA hydrolase-2iZ& 54 ) I7 A7 F
B o) i




EDF)dv—ER5, KRWT, PAA hydrolase-2 I2L 0 A1) I7—8 C KEEMLHE/
T—ICETHBINS LR TVT=.

PAA hydrolase-1 oligotaspartic acid PAA hydrolase-2 aspartic acid

tPAA 5
{(Mw 20,000) (Mw 200-1,000) > (Mw 133)

Hydrolysis by
PAA hydrolase-1

¥ o Ly

Hydrolysis by ;
PAA hydrolase-2 lE“dO type hydrolysis

COOH COOH COOH H COOH COOH COOH COOH

B “ Exo-type hydrolysis ¢ B «

H"’N\]:OOOH Aspartic acid
COooH Hiralshi ef af, 2004

[4 17 Sphingomonas sp. KT-1iZ B} HtPAALE /) SEES HY
& 51T, Sphingomonas sp. KT-1 & B2 % kL% R T Pedobacter sp. KP-2 /n

5 PAA DEBREZRBEHEL,. TOMEZRANE. TOER. a0 EERIIS TE 30kDa
DY INIETH Iz, £/ tPAA 73E¥EF % NMR 12 X D #R7= & Z A, Sphinogmonas
sp. KT-1 H3 PAA hydrolase-1 EEHRICB-T ANTF UVBI1=v FEIZHRMICHE
T A8#E(PAA hydrolase-1)TH - 1z, KiZ, FERO—-KEEGICET2982857129

MRBETOID-=>TE - tumuL-LTTmn&vmnwcz&g&mg:nwn@tmgﬁ&Y
Forirs ABERET | MRPOKATARAL GL AVLVLAMTGGABGSPYTAGAA ASKGKAAAL [EDLK F

13 918bp DRY XV LFAFR 51 QDYKPL%@ vamgcr KAMLK NVLLVVE
61 TGW--- TETTR ATDa R DAWT PYRKE GOYTVL

THY, 306 73 ) EBREEN

orem s ceo SR BEIR- 260
LTWwhk. £z, & PAA & — - X .
wani 17 an B S BEGE S
NI v - otk v i =

LTBD, RABAY N IVED

BFRIE 30,274 EREEN e SBvd eI

7z. TIT, Pedobacter sp. 14 18 Pedobacter sp. KP-23 & UXSphingomonas sp.
KP-2 Hi3k PAA hydrolase-1 KT-1H13PAA hydrolase-10 7 3 ./ fc5)



DHFET 2 ) BEF OHEERE
Z{T->7=#%. Sphinogmonas sp.
KT-1 H13k PAA hydrolase-1 &3
BICEWHREZE TS Z &80
mo7z(K 18), ABEROFTED Y
—BTFN I ETIRECS, F
BSNLEEREN - HIICEE
LTWwi(® 19, ZOLdK2, B
REBERITBIT 5 PAA ESBRRG
Tld. PAA hydrolase-1 @ &SI
EBRBBT7ANTF UBERREN
ICRRMT 2ERNLENICESL
TWBZ EAHRIEZNS,

4 19 Pedobacter sp. KP-2H#:PAA hydrolase-1
DOFREOQAS—ETI Y



4. 4 NRAFKRI T ZTIVEHEL LT 4V A OEREL & REERRAT

ARUVR-3-t FrX7FL— k] PGHB)IE, KFEME. EREETEWH. KoM
B 72 & 100 DL EOFBAEMIC X o T, D b G S 1D BRI D RERA
BRI ZRATFNVTHD, ZORYTAT)IVE, 3-E Faxo 7 X U BEVbILS E
TEHEE /)~ — RNEBRIC OB A S SRR Y v —Ch 0 TH W )7 8
DOBREPIEET 2MAEWIZ L 0 KR ZELIRE I E TREMME I 5 BRERMA
DEGFET T AF I Th D,

LL22d b, POHB)Z W 7 RAEB RA(Tg=4 0L LOEIRTRELESE G, 747
FEEREICAFIET 2 HERE O TH#M . ST EENC L > THEREICIRY AERD LD
TIRERIEDE LD, T O REERIBIZE VRO FEIZIIESINBE, 7T
7 WRFEA L, REFRNZHET B, H2I1E, FIR T 3EEKE L7 PGHB) 7 4 /L ADRE
HEMREE, BEMOB IO FEIE, FRFN 14MPa, 11%. 0.48GPa TH v | LA
B FICHABRIZE D, 00, IR E CIEFE AN S BT D MolsER
Jx 27 EORBEBAKMEREIZE OV ELS LM THEOM EARK G TE 7223, B
fED L ZAMEERFEIZE EFE>TWVD,

AR TIE. PGHB)R L O DILEARDEIRE T 4 /LA F L OMRMED (ERE T %
B39 2 L dtic, KBS & AW 787 s miric E B L,

4.4.1. BRET7 4 VAOER, BtEL L O E
4.4.1.1. Bi=cFHB 2z KBEIZ L 5 POHB)O#E&E >+ &1L

—IZ, BEDORY = RATI)IVEREANAEPET D PGHB)O BBV 551 8IiEH 60 1
BEICHE SN, TORFERITES TR EOW I Pt LEOMBESRN SHBED L Z A%E
FEIZIEE > T2,

Wtk zm LS ¥ L5 HIED—D2E LT, MaFRIENRHD, £Z T, PGHB DYWL
BETLHDIC, BRRIZFEELRWES S T8O PGHB) %, PGHB)AHKE TH 5
Ralstonia eutropha H16 H¥® PHB A AR T (phbCAB) % A U 7= 4# 2 KiGHE
Escherichia coli XL1-Blue (pSYL105) b EM T 52 L # A E Lz, KERE LTS
Jva— R % HV, Luria-Bertani 554, 2 BREISGERICBWT, BREEEE. BHHE



B, IRFEIRBE., ERIBE, BMo pH 72 Sk x R E R Lo, £ORE.
BnFHEx KG#E % H O 72 PGHB)DOFEEEG I\ T, 55D pH 230 FRIZKE
REBRBEZ2 D ENbol, AR TH L PGHB)DMER 5 FBEIZE KT 14
X 10% (pH6.0) & | FERIZRVBD TH FEOBWRY v — 2 A£G IED 2 LIZAT
L7z, F/o, EREEOpH Z a2y ba— A 352 LICE0 e RN FRZHET AL
SRR ) T AF LB BT B ENTET, |

4.4.1.2. BIEfIC L B EMEEL & HEE

—MRIZT 4 L AOWMEIL, BMIRTW - < VM L7k, FiR&ERET D2 LI28Y
MB35, K YBEMFSRIE LT 4 L 2R TIES FEB—ES MRS L., 1E
EMEIME T2 2 &6 TIREESRIEDAE U BEORBFLCEZ MG TE | IFmE
DHEELAEDETCHIFTE 3,

INFETHAKRDEGHK L PGHB)TIX 0 FEDIK X L BfEantED 72 DIE LB X
N#gThHo7, LirL, BELSFEPCHBMNOLFER LT 4 L DZENTIE, 740
LZEY BT, ALV 15°C KWV 160°C fHED A A L 32z 1 #fTR L5l
E RiT5, MEEMECLVESICHHRMER CIEMT L2 LN TE 2, EHEEOY
M RIETOREZHET L2 & 2 A, EMEROBMI AV REERE IR L7, EfH

T 30 500 300
O 25t &
B ool = 400} 1290 o
3 151 @ <
3 ) 1200 <
© 10} £ 300} S
£ B o
0 05F § -1503
§ ol gzm# c
N 2 1100 £
& 2
~ 100 | G
150 @
0 : 0

6 8 10
Drawn ratio( A)
1 P@BHB)Z 4 /L AOBGEM - BLUBESME (B 100°C, H : 1607C) & ¥tk



ERA 104512 L, 100°C T 2 BEMBVLEEfE L7 & Z A B 7)Y 36MPa 2> 5 277TMPa
~EAEBIZEEmLE (KD, RUZFLoRtAar-6, 6 72 EOfREMMERDFIX
BELAT 5 &7 4 7V VRICES LI F#EHO L Oy & & 206 BEE G AR
ARBELETATREROINRTOESICEVERIND LV IANTHEEERD Z &
MEH LTV D, PGHB)DBEM 7 ¢ L A G [RRRD L o AN THEEZNEIZA LT
BLEZLND, |

— R EE CEVLBR 21TV REdR b B X720, BREERE T T 5 & B R
5 TVWA, LA L, PGHBIZIW T, 160°C LY 100°CTEGLIR U 7= 5 3Rl B 7 i
o EiZx L THIRI TH -7 (K1), FDORREZMAT 272012, /M XHRET
LEREEREEEZRIE L=, DAXBEITIZEY 7 4 L AHDT A T EEORE %
RIELZEZ A, 100CTiE 120m ThoREALA, 160°C TiL 18nm (ZHK L TV
L Enbirot (82), PGHBNE, fdbiE D LR ICHVWREHB LTI A TE
BERTDZENMONTND, Ko T, EHBIIET 4 L AZEBWTH, TATE
MESLEIRE VR L CWD EEX b, B&E0F& PGHB)Z V., BEM -
BULE A 9 = LT K0 BREESREE 27TMPa, FEEMON 84%., Y 73 2.2GPa AT
BEREE - BSR4 L AOIERICEKTh L (3 1),

(A) non-annealed (B) annealed at100"' C  (C) annealed at160° C

f

Drawing
direction

\

B2 BGEH T L AOBIBRIEE OBV LAHESIND VU DTS

BRVEWNZ L2, BUEMORDT L AT, 100%3T < HEMONTE > TV 3
ZERbhol, 2T, 74V LNOFEEMHOBERR., BLUHEHHEOT FHEOR
[ 2§ 7o DI ZERPEIEE A R A To, ZOFRER. 10 (FBEM T 1 L 2% BRTHE
(2L EITHE R Uit B A i U7z B PSR - BMABR T ¢ L AT, RIETRAD
388MPa, RN 25%., Yo 73 2.94GPa & BRI ZMENR M E L7 (1),



BV - VLR T ¢ 1 I & B PEIES - BB T 1 L LD X BRABHER 2 fLi 5 &
TR ZEBBEMIIE ST, 2 HLEAMEE (affE) 25T D7 A FHEMD
FHRIICFET D7) — RO FHPGI ST IND Z LICh Y FEY 7T IHE

(BHEE) DR INIZ LB bhoTc, ZOF@EY 7 7 HEEDIRD BN 72 ki
MEOHME LT LIzEEZ NS (H3),

Drawing
direction
_ e}
- o form g g g
lamellar [ é g g (21 helix) BB B
region 2 g 28| o~
amorphoust%i,\f( ggég :> i gg gé
region g% g 3\)\) ? % § p-form
% i é % (planar zigzag)
l%%é : %%g
X3 CEMEEMC KD FEEY VT SO EEE
#F 1 PGHB)BJLA, mitfh, "B~ 4 v oMt
. Tensile Elongation to Young's
Draw ratio
Sample Drawing method % strength break modulus
(MPa) (%) (GPa)
Conventional - - 14 9 09
PGHB)
(Mw=60>x10")  cold-drawing 10 195 100 2.0
- 36 14 1.3
cold-drawing 10 237 112 1.5
Ultra-high-molecul t
ar-weight P(3HB) colfgr;iifng 15 (10X 1.5) 287 53 1.8
(Mw=330x<10%
hot-drawing 10 277 84 23
tWOSIEP 1510 1.5) 388 25 2.9

hot-drawing™"
* Ten times drawing was applied in ice water, and then further 1.5 times drawing was performed at room temperature.
** Ten times drawing was applied in a silicone oil bath at 165°C, and then further 1.5 times drawing was performed at room

temperature.



TBRPREAER - BMLER T ¢ L A OWPEIE, RICESBERY =27 L TH Y BIER D
EREOEATHWIR I ABRONHABE S FTHLEBERY AT NVORY =F L
YT L7 L— MPED)DOWE L RRRENZNLU LETHY | 8BRS &b, BUEM,
T B A BLEE D PGHB) D BRI HER AR R FR TH L Z L 2Rl L TV
%,

4.4.1.3. BEMIC L AERE L EE

BRI FHE OB AL R L X, MEZHRIELICIHEEICAARFRTSH
Do Lol BUEMDITZ 5 PBHB)D/ FEIZITHIRLH Y . REAENHL SN T
WD EAKRD AT D PGHBITIZFR &R HIE T E 220,

T ZTHLIT, mFEIZIKFL
VR AR E LT, WIiE AR
FFE L7z (K 4A), PGHB)ZEE
Mg L7-%, BEHIZ Tg 4C) U
TIZBREIGEI L CIRBE DT 4 L
LEaER4 3, ZOEBET 4V
L% Teg fIATWEMRTZZ LI
EV. B FECEGET D Z LKL
BRI T 4 L A RERIT B T &
(AP Lo, MBIz VT, 7
5 LA _E D FE 5 R A B TR EE D 1Al
HZi3ETho7, i, &

ERERTOMEM T, T @4 POHRRIEM 7 4 L5 (A —HIRE
B D7 VELTEY . sy B HEER T L LD XBREHER. (C)
FHOWBYBAELTEY, HoF# S A IER 2 £ L2

DEFHN D EL VNV TWNRNWT &

WCERT D, FERET AL HER L 10 FICE THEME L-EE R T 4 LA
3 BB 2T LI VIR ERE L, mWMEE R T L D IZR o7, 10 5T
7 4 L AORMEEMBESEICIBNT, EHAFMEEELFMICZT AT OER ) EER
Bshle, ZOT7 47V NETATRERIZE>TERINZR Y b T — 7 fEN,
AIEHIZ & AIERECHIEM O 2 LS ERTHE EEZ LD,



Z OMIEMEIR, —EE 720 T <, SR mIc b TE 2 (M 4B), EHD
BRIZARSERTABREIZ 5 DM RN < Z &b BRRE A U 5 BEMIZ 5
o SE MR SE VA RIKRE D & A BN E b - FEgR IR BIC W TH %%®Mﬁ%%?
FETHY, SEEEST FHEHIIERICERRFETHLLI LEZOLND,

F 7z, BUEM & RIERIC, BIEEHIZBW TS BRI BEERE 2 E X ¥ 50l
EBIZER Tl oo, 10 EIZBER L7 4 L h%, BIRT 1.5 510 “BRIEm L7
%, BULE e U7- B BER IR - VAT ¢ L AORKIESREE L, 287TMPa 1ZF T
EUL RD, X#EHF LD, ZEEMEM - FULET 4 LV HICPRWTHEmY 7
JHEE ORI SR I LT,

KRB BN TE D2 BRI, ZERFEEM T OBL RIS EIE T 4 b b
X, FRICBWT6 » ARAE L THORESIENEZ 59, LA 2NV L2
RLTe, T7bb, BEMEITMEM L BULBR A 5 L 7o RlmfsdaiE 7 « v ok, =
BCTORMZEMEICGEN, POHB)IX&TREE - @FMEE - M A% i 2 2Eh
T RES T FHBHIR D 185 Z L A FEIFES LT,

4.4.1.4. BEMIZ LS PGHB)EAE T 4 L L OB TR

WMAEMIFRA 2EBEOREREZ 5 25 2 L1210 ARk L7z PGHBIZ R UA 5 fifk
EHTORIGRY) = A7 e2E " limr e LTEALE PGHREESKEAGHK S
HHZEnHRD, PGHBEEEGHEKIZ, FINDOHAIZLY | MAZ 5L
LN THUOOH2HEORBNAETH Y, i E THREBMNIZAEGR I TEE,
ZOFER. BAETIZ 100 MEZ BT EGENFEL TS, PGHBEEAE L LT
BOMEDEANATONTWED, (RA-3-8 Fr¥ L L — MHWEE Ko &
LERIVIR-3-E FaxFs T7FL—F-co(R3-t Fax i NL L — k]
(PBHB-co-3HV)TH 5, L L7en5b, HV OBAIZL Y@ sld 25CRER TS
A, HV 2=y 23 HB =y MZIAVADEGEREETEC L0, BT dGE
EnT, ERICEES o7z,

Bofl, YR E THAREZE L RWE o2 EALZRV(R-3- Faf o7
FL— b-co(R-3-t FaFi~FH% / xz— M (PBHB-co-3HHND A A K X, @lha
2 PGHBNZ LA T0CHR LS | FERICHUOH D LA2en /a7 4V ARERTEH 2 b
Mmool LirL. 2O PHB-co-3HH) D BEEESR B I TR L 2R < L Wiz L TR



ELRRHhE R LI EE CHHEEREZMRIE 20D RERMETH -7,

F 2 TAMFR TR LGt ikl L O T BB EME O AR HAET 57201
PBHB-co-3HH) D i 3a E b 2 R A7, T OFER. WHEERE 140+20MPa, fl# O
116+10%, V> 272 1.48+0.15GPa MIRL T LR R T 4 NV L EH/5 2 LIZkB LT,
TRob, AR THE L - FEIXPCHREEAKIZOEATE BLL 7 4 L0
Mea M ESEs FRELTHBCAMTHLE BN Mo, SRAVE
PBHB-co-3HH)D 73 FEIIAI 100 TIRETH 5 Z &0 6 BEm FEMIZERI T,
RIS LR M EHI 2 B2 b5,

4.4.2. PBHB)ERIE - SHMERBHEOER L Wtk L O S

ZIUE T PRHBNE. R LEE AW Z & L kR bIZ o |IR TORRL LD
7o, WHECIIREETH > 70, BANTHHEILIZEKDI L7 DX, Gordeyev & Th 505,
WEESRE 190MPa SR D FOZUTIZIZEEN LD TH o7, BIT. Schmack 5
i¥. 2000-3500m/min TEE# K ZAT o714, 4.0-6.9 fFIZHEMT D L2k | HEE
58PE 330MPa, V7% 7.7GPa, fHIEMON 3T%ORMEMMELSF T D, o, LR
HH. 28m/min THIAREIToT7-
%, 110CT 6 fFIaEh, =HiZ
100MPa D& /1% /T 72 IKBE T
BULBE AT 2 LT L, A
58 E 310MPa. ¥ o 7' 3R 3.8GPa,
TSR TN 60%0D /) 58 B Mk ME 2 15
TW5A, LrL2ans, mars
Th—Trb, HTOREBLE
i PGHB)Z 7 = = — /L b D
HEfLDORRDIBITH Y | BA e
5, FERIL 7= PGHB)E AW To
BB REHEILITIZE - T L,
DO PEHE D D f5% E5Kmmmméﬁﬁm%\@ﬁm4ﬁ
FEMRME DO ERUE . FAFMMEA R B, (C) X BRkHER
72 & O ERBEREM B~ DRI I




K722 B EEBEARF T & VS L THE D PGHB) S @8 ke 2 1ERI3 2 v K
X hFThoT,

A1), #5458 PBHB) % HV>, Al L 72 /3 FE AR i 2k ME o B0 LIS+ 2 2
L2 XD R8I PSHB) & ¥ BB A ERI3 5 Z LIZB LTz (X 5),
b FERIFH PGHB)Z KK HIZHMBIENC RN T 5 2 &1 & U IR ERHE & (F R
Lo KK CEERT 52 LIC X0, BRESESME G5, SVT, Ok
B IR CHEIZHE M 5 2 L2 L 0 BB T X s SEC A FEM B BHE T &
%, SRS ESYE S BIET2 2 L2 LY | FREEARER 1.3GPa, RO 35%.
Y o 7 #18.1GPa DA RS L OVERE G & AT 2 SR EBHEOERUZHER THI
BT L (F2),

IR - B RAHE D XARHER I Z BT, 2 [\ EAMEE (o) 12z T
Vs 7Y UEE (BHEE) oY ANfERE I (K5), koK eIz, B
WEORPFINRL 272 Z LN BEMIZ K AREREOEMIT B HEEIZERAT S
EEZLND,

£ 2 POHBHE, EMRMEBHE. TLAS 5 FHkHE O Wtk Leae

Tensile Elongation Young's
strength to break modulus
(MPa) (%) (GPa)
P(3HB) Gordeyev ef al. 190 54 5.6
Schemack et al. 330 37 7.7
Biodegradable Yamane et al. 310 60 3.8
polymers Iwata ef al. 1320 35 18.1
Poly(lactic acid) 520-570 25-35 4-6
Poly(glycolic acid) 890 30 8.0
Poly(ethylene) 400-800 8-35 3-8
Common Poly(propylene) 400-700 25-60 3-10
polymers ﬁ;ﬂg;iiﬁ:fgf 530-640 2535 11-13
Poly(vinyl alcohol) 400-1000 12-26 7-10




4. 4.3, KRB =& 0 FRIZEEORIH

EOTMEIOHEZ BRI U TH/ A—#—Tar ba—$ 3123, 055580
LB, MKREETRIBRE, X ER S OBNEEL2 T OBBRTILEND D,
L LN G, @O FIEmIraE Ny, BUc Lo CTRBICRMT 5. RIGEE
ﬁmﬁw:kﬁgme\:hif@%ﬁ%v&wfmxﬁ@ﬁ%%fw@%%%%%
452 LIIARAETH -7,

BOEICE, HRARSORELZGT2E MHROBEHTH D SPring-8 M IEEHF
REATCAFAET Do ZHVETHEIRE A OMRIL, & 230 BREERNT. S 0E
fEMT 2 CFDORBIIRONTE 2, 2T, O FRFENRENEBREZE O
FERRBEIZHEF LTI RholmZ LIZ X B,

AHFFETIE, SRERIILRITEDORE 2 & DBt k% AW FiRi&E o FR %
MESEORINAZ RE L LT,

Monochrometor Slit (10 pm) Monochromatic Focus

& rﬂ/l X-ray Beam 03 I'l'm)

'__féé >~ 0SA -

Sample

d
.

¥y YR

-

47 m from source point

K6 T7L—pxY—rTFL— bRV~ A 7 —ETORR

K7 ~A7mnvr—LnpifERE> Y T oL BATXU ERE—LTF 1



4.4.3.1. =4 7 v E— LB X D SsREESHED 45 SR PTkE & o g T

BABBE XA 7 — B RETHBLAIXUE— LT L 2 HNWT, kDF
ECHER IR ZPOHB) SR D~ A 7 o B — AR 21T 7, 2N E TORRE
LAV TOXBREPT TR, E—A8%300 7 il LMGRTE 202, BERK
+2 7 v OBEHEO NS ORI R Th > 7, Sl xRz T L—FY
— 7 L— MEEZRW, E—AERZ0.5I 7 0l NEEE, 237 v B THIE
L7z (M6, X7),

KI8T, KK TR, =il T BREIEM L7=%. 50°C TELEE L 7= P(3HB) & i
D~ A 7 0 ¥ — LEITOFREREZ RS, BHEOIMITIX, 2RI AMEE (ot
&) #ATHRTRROEROATHRINTVDZ ENGhotz, —J, MiEP.L
T, FCVEmS 7Y /G (BHEE) 2R3 2R anfREmi Bzl
ZOFRERIT BHEOSMUTIX o S EZ AT HREMOATHER I, WBTIX, offid
EBBEDREIO-BNFELTNDZ E2RELTNA,

0 1 2 3 4
t 124 it
5 6 7 3 9
ﬁ“ \*“ \éti x!! ‘&!#
10 11 12 13 14
¢: 40 pm ¥ ti 3 2 & [ 4 ' 13
step: 2 jun . .
15 16 17 18 19

L2 ¥ % £¥ % beo

8 PEHBHED~ A 27 o ¥ — Arlr



—RIZ, BHETIENR LV REH O FHOEBEITIINTWVEEEZ LN TV,
LirL, SEIORERIIZINE TCOFBELCEOBR L2 -7, THIZIE, 220
MWEZBND, ZHET, E—A%1I 700k TGRS, IAROHRHMEIZ I SIE
R L7 ERBIN 2N & TRbh Tk THE b BHE O MM E 2 BRI ZEE
LB L, ) —DiF, RyF 7245 _BRBEMTHDLIO, H 6D
U FEAE LTV 72 o HEERT O SR AN EIE S B #EE & 72 BB, Hon 0 B nd
DEITRSE CHFEICPND2DIIR L, KREBHTIIAH—IZrn2 2 Lizkbzn L
Bz bbb,

4.4.3.2. B EIREEC L DS O BRIT

T A L D DEMRRBHE DK R IBE R £ BRI T D 4y I E R X U A
EEREOMIIL, & FHEtO &R TR S BENOLERA R 2B ERE
Thod, AFETIE, EHHEROZDBERE LT O o DREMEZIT 72, KX
 RAUBEEER Ny FATEMATE 5 L 5 1FR L 7258 B AIE & AL fE 2[R 12T
A D HEMEE L 220em/NAETTAEBREETHD (K9,

9 BLASXUWNIZE Y b7 v 7 E&N-HEBEMEE L NARTERS



10iZ, 10fF#AEM L /=P(3HB) 7
AV BD T EREIEMREI BT DL A
N X BRRE S EIRE OF R A K
82O PSR ONTS: L Y2 e b e
B RAN I, 2RI S HAME (a
WHiE) ZHETORGRBFROREGRED A
THERR S, NABGELIZRNT G
THFBREMIZOHRBIFTH R Sz,

300
Btk S FHE £ T, KA E
B AT A S £ OE R E. ?3 ! \
BT I 3313 5 B B 0 25 (ki e 7o o a sy :

20 48 60 20 100

7o LrL. BRIRELIEIZ, otEiE Strain (%)
mkoEIYT A (110,02072 ) 88X X1 0 PGHB)Z 4 /L AIEEED LA - /)
Wb L. 5 PR OESA o1z T

) OEMREEER L, BiC, B

FAEm Y J U EE (B ERET AR ANTRER BB, MR
BT, ERARIOBEKBI O FEASZ = NHEB L, 25 ORSEIRIE LY .
IR LIRS 2 I Y Y IS, BB LT A FRERE O TH K D
LTSI ERGhote, BIZ, ZEREEMIZHED, TN THIED SV OES)
DT H 2 ERmnoT,

[

4.4.4. Bz

Ll b, ARBFETrE, BUEMECHIEMEZRVWS Z L2k, ZnE Tl THRY
& STz PGHB)D 7 o )L A0 O WME 2 LABIIELL Bz @saEk 32 = L I2RD)
L7z,

ABOMEL LTI £3 POGHBOEINERAESEDHILNZET 55, PGHB)
DIEHEIZINZ, S TH D2 &N, ZNFETPOHBNE R L7~ BB D —>
ThH D, KRBT 5, BUEMERLHEMIEIZ KV PGHB) 7 1 /L A OHHE D W23
KREHEINZZ £, POHB)DOE 2 2 MEMNEH S IUE, 5B DL K5
IS D, & 512, POGHB)DAEARKIZEIT B 7y TRl fHHAE 2 B & 2 sk,



LV atkfe7e POHB)M G S s Elbn s, E/m lw o iy F8& T IINE 205
T POHBMLEA KOS S FElblc L AWMdoE L B A R 5,

PBHB)YO W72 D8Pk | & LT BIERIZ L > T 2[5t ARSE & FF - 20V il s
TN TREE OB G 72 BB ITFHEO RIS I N D, 2O OICiE. @B
BET5EEZLNDMONE D SIS DR A& KBS ORI OV T, 3
M F LA THRAT S Z EREETH D,



4. 5 NAFRUVIZAFNORRERMBEROHAR

(1) DTHRHBHICEIBANAIARVIATFNTI4NVLORESRR &EE5
R EE ORI w ORET

A(EROFSTNACEZEZLDETENS AR TZATFI)INOESBRRISE.
RUZZAFUMBIORMICRY TAFIIKDBEENRET D Z LIk > TERT
T5, LEN>T, RUIZATIMBRRANDORY T A7 )VINKS HREEEOREK
BEIRO=ILTBIEICKD, MEORREEZFETEZH DEEZLI SN S,
ZZT. RUZZATFIIKSBEERIT. R IATFTIVMEHCRERNIORET S &
NW|EINTWD, ¥z, B FOS FHARIMEERRICETT 5 Z EAH SN
TW5, FITHAHETIZ. NMTARYIZAFINOS FHEREZIEIELERLE
TEBRTHIEICED, MEEBROFHEEREL, R I XATFINIK>BREEE DK
E BRI ERIET S Z & 2B,

FT. NAARVIZAFINO—DOTHBHRUARBICEHL., 7 FHERITERE
ZEALZRVAEBRBIZA ML, SIFILEHRETINI-INEDORIBICEST
WH7IINIFREREL., COBEHT7NIF L REZ2ERHEBAELT. L-57F
ROBBREAZfT>/7=. FVI—NELT n-RFH/ —=NABLRMYITFL Y
I=NEANDEZEIZED, BAEBIREKHBEREZRUABRO D THEERRIC
ALK, BEEOHE, 2 TFEMKTOISKAOHEMT. HBHEZIEEO VD
ERMEEDZEITRIILE (1), NMR ICX 2L, 8o/~ RUAED
ANKRCBRRIC, RFA/—LAHZ2VWE NI IFL ) aA-NNIATFIES
LTHEAINTNBZEZHERLE, KINBREAZEALLZTVABOMBEBESD
FOEEEEL, KnBfizal TOWARWRUABEEITEAEENED SNEn

-7z,

# 1 Molecular Weights and Thermal Properties of End-Capped PLLA Samples.

Sample MSEOC MM MM T e TR(C)  AHLT

Jg)

PLLA-D4K 7,800 1.26 4,000 48 160 58
PLLA-D6K 11,000 1.21 5,500 47 162 60
PLLA-DI11K 25,000 1.19 11,000 51 169 51
PLLA-DI19K 39,000 1.18 19,000 54 178 60
PLLA-MEEESK 8,000 1.29 5,400 43 150 45
PLLA-5K 9400 1.76 5,300 45 164 65

“ Number-average molecular weight determined by SEC. ° Polydispersity. ¢ Number-
average molecular weight determined from '"H NMR spectra. ? Glass-transition temperature.

¢ Melting temperature. fEntha]py of fusion.
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B 1 Advancing contact angles (6a) with water on the surface of PLLA thin films.
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B4 2 Time-courses of frequency changes (AF) and weight loss during enzymatic degradation
of end-capped PLLA thin films crystallized at 140°C by proteinase K.
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B 3 Enzymatic degradation rate of PLLA and end-capped PLLA thin films crystallized at
140°C.
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4 TGA curves of thermal degradation of P(3HB) samples with different Ca content at
heating rate of 10 °C/min.
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BX] 7 Isothermal crystallization of PLLA thin film at 165 °C,
which images were taken at 7 5. 15, 22 5, 30, 50, and 120 min.



TOPLLA &b Z 707 - Y KICKVEBESRIT-HEREZXNEITRT,
HRETEHO 7 ) — Iz EREEN S RSB ERIZEL . BT TERIMICHR S N
TWVBIERBANEETL TS B FMMEAONE. TOZENCBRSBRIN T
EAHOHAMCEIMICKREKETILEEXS.

z

g

n
=

Height (nm)
Helght (nm)

o

o

T T T T
0 5 10 15 s 10
Distance (m) Distance (xm)

X| 8 AFM images of PLLA thin film, crystallized at 160 °C for 20
min, before (A) and after enzymatic degradation for 15 min (B) and 30
min (C, D). The (D) is enlarged image from the rectangular area in (C).
The cross-section profile data correspond to the lines in (A) and (B).
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X 9 Time-sequential AFM images of P[(R)-3HB-co-10mol%-6HH] crystalline thin
film before (A) and during enzymatic degradation by PHB depolymerase at 20 °C (B-F).
Enzymatic degradation heterogeneously occurred as indicated by arrows.

[X] 10 Time-sequential AFM images of oriented
thin film of ultrahigh molecular weight P[(R)-
3HB] before (a) and during enzymatic
BB degradation by PHB depolymerase at 25 °C.
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X 11 Morphological changes of P(3HB) 12 Morphological changes of PLLA
single crystals at elevated temperatures: (a) single crystal at elevated temperatures: (a)
25 °C, (b) 100 °C,(c) 122 °C, 127 °C, 132 °C, 25°C,(b) 126 °C,(c) 139 °C, 145 °C, 158 °C,
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B 13 Temperature dependency of friction
force between PLLA surface and AFM
cantilever  during scanning. The
measurements were performed in vacuum
and in water.

2) XY ZZATFNREITHT 37 REER O REGFERHT

ERRERS THHOBESRIL. SBBROMBRINOEELEZNIID TS
SFHOMKIBEVSERFATOSMRIETH S. FHETIE. BROREH



HMNSESBREEFHBPTELENIBRICEE, PBEBEOREHREBEZEATL L
ZHIELTWS, ZOHIZ. ARM Bh U FULN—ICEMHL, ThZEBWTEEM
BERBEORENZD T LANTHET 2ERFEOEBEZRA A, ZZTid. R
pickettii T1 H3ED PHB #RBEROEHTERERMZ 7 > F L N\— LICB CHSRILES
TFEEZNTLEEE 2 FEeRa L. 6 O His BEZEBTRE R OAIRICHE
ATBHLIRBERI Y —%2REL, BoNERIY—E2HAVWTKBENTHMNSY >
NOEEFRBIHERE, RiZ. BAY R V7EOBEKER EANOBEZELOREZIT-
o %9, EFINERELTVYICIIN—ZHAN, TOEMCLEREL =,
ZhD=EKBEZABICETSECHBRLES TEZSRB LICHERL, Z0#
Ni(IDZMA THERE B, TOREERBERMEZMA . SERERN A RIS
HEIC L VEGEER LICEMSY DRV BREEESN TSI L2HRL .
HoFUN—RAKFROFETEEARER U ZEELEEL. €EDHFUN
—ZBW, U BREHKEDICT PLLA FREELOMT7+—Ah—JHEZT-
= (®14), ZOHFE. h>
FLN—%mnE B Emic 0.4
BB LI EEZTRTHER
EFEnBgohk. —FH, B
REEMHL TRV T
LIN—ZRWEREE, BE
ERIEFRES -
oo TDT &L, PHB 7R
BEOELFWAETAA PLLA
REICEBELEZEZ2ER -0.6 ' :
T2, PlEED, HEEEE 0 50 100 150 200
EEEMEEREOMOR Distianee - nm

hz LRI T o
i'@' z i ; W L E?f L3 14 Force-distance curve recorded for the interaction
: AL Bris between PLLA surface and functionalized AFM tip with
ABo substrate binding domain of PHB depolymerase.

0.2 |

0

-0.2 |

Force / nN

-0.4




5. #f

G0 F it 44 il

(1) Al

FOR LFRF & B

MrEREE (LREEB)
O ALERIZXDRY AT NVERRRREROLH

@

il (==Y

. R L¥EXRS

iﬁi%k%

53K 53 R SR OREIE & BERE

B A Fe T

BL T

At

AT CR T i L 7=,

BIERMBOEHEER Y = 2 F NISEMATE T 1t 2 DHF

2R3 D A4

NAFRY AT NABHER LT ¢ L LD EREAL & HEGEARAT

B A AR T AT D5 REVERIEE AT O B 7

PLSFAMSERT. BUOR LERYF
(2) An—%F
IR Se R B E EESR NE — &
K 4 i % B 43 5 HF5EIE H BNeEHA
TREEVE | FR LERT [RGB LR #ds HRBFEBLIULE 2001 & 3 A ~2005 % 3 A
BACFR RN &0 T LFHRE LIRS
PRSI | R LERY [RGB LR F B IaFvAES R D@ F 1|2001 £ 3 A ~2005 % 3 A
2
L R ERTERFRFHIFRBEENMNIEE |5 ) o2amviZE W £ E ORE| 2001 4 7 A ~2002 49 A
2
7. Gan |HHETEXRFHRFHIFREEEMRMER & )27V RLH#EHE O #2EH|2001 £ 12 A ~2003 &3 A
BALFRF R 2003 % 4 4 ~2004 % 3 A
Pri. FR TR RS R FRINRBEEMAMICE 5 Vo270 DR E Y 42002 F 4 A ~2005 F 3 A
Kahar FEEOBER
HIMER|ERTERY ﬂ#&’fﬁﬁiﬂi@%ﬁﬁﬁ%ﬁ FzamvdiEdab & e (2002 € 10 A ~2003 £ 3 A
BALFH T |52y FAL 2B SR 2 5 BB 25 2003 & 4 J ~2005 4 3 A
J. Agus |HRITERT | KFRELHE t‘xméémwﬁﬁ%Imm$4ﬂ~m%$3ﬂ
2
FEBB RR TERT | KTl LRE F)zarvd &k & B 2004 & 4 A ~2005 %3 A
REETG RR TERF KT LRE EEYER Sy F OBSREREE | 2004 £E 4 A ~2005 % 3 A
K. J. Kim |HRRE TR |\ RFhE LRe BRSOy T O MERR (2003 & 10 A ~2005 & 3 A
HEEBR TR TERFEMER LFHER R B Va7 [E A O HIlE 2001 &£ 4 H ~2005 4 3 A




FILE | RO LR | Em B TR B F R )IATVOIEE & 2001 4£ 4 H ~2003 4£ 3 A
= B EA B E T @ 5 T E R E R 3T ERREAE O ERL L B | 2001 423 A ~2005 4 3 A
WRE AT
P e B | B LA T 0y T F S =M B EMERET VA D VERL L A3 12001 453 A ~2005 4E 3 A
AT
AL | BLF R E S L F R ER RS B AT VS & D REERRAT 2002 £E 4 A ~2005 43 A
& WS ‘
T E— B F AT m S L F R RE SR E |F JoasvE s MR 2001 45 3 A ~2005 4£ 3 A
H OB & o LI REM R R B IAVES DRI F 2001 %€ 3 A ~2005 4 3 A
%
RS B ERF AT & 0 U AR R =M R B R JzasvAEA R OEAL ST (2001 3 A ~2005 4 3 A
=
SRR T | BALEIR RN | 0 L FAF R R £ (T R VIATN D REIERRAT & HEHE| 2002 4E 4 A ~2005 4 3 A
WrE B Ziiil
J W, BCAH AT B RN IR M E EFIN AR | SR EMEOIER L #E 2003 44 4 ~2005 4 3 A
Park BT
B O — (B L FR AT & o T PR BRI A (5 ) 2x7 v B B 3R D HE{K 43| 2001 4F 3 A ~2002 4 3 A
BTE R F R B R +TF 2002 % 4 A ~2004 3 A
EHRERY | REFER LR R 2004 4 4 A ~2005 4 3 A
LA | B AR AT R R RO IR MR RN g (F v O Em SR 2001 #F 4 B ~200Z £ 3 A
AR R{EICFEM RN &0 U F R ERFII R |§ ) A7V ES R DS T 2001 4£ 3 A ~2001 4 12 A
EWF
FHBA R | BUL E R & o T E IR R BRI R B |8 ) v i O BE R /3 2001 £E 4 A ~2001 ££ 12 A
SR BYCEIR ST & 0 AL ERF R =R B |57 ) a7 vAE S R D /LSy 12001 4 4 A ~2004 4E 3 A
¥
ZRFNGL BRI B o L E A RS R BB TE B |6 ) a7 v (E (A 1 O BEAT 2001 ££ 4 A ~2003 4£9 A
T B FHRRT Sy F e F R E R R R & T B R ORIE L (2001 424 A~2004 1 A
HEHE
AR BLE AT | @ o T PR BRI R B (& ) 1270 & plEE R D8 2003 4E 4 A ~2005 4 3 A
B » Hts
Chris. |BEYLSEBRAT @S TLFHREHIHEE K o270 E S RO 5 72004 4 4 A ~2005 4 3 A
Nomura I
VR T4 | e ot Ko7 HEFHhEE EREMHED (BRI O |2001 £E 4 B ~2002 43 A
B
B X B RERF ARHEHFEATEERD IR MED 4y FRRETAR | 2001 4F 4 A ~20054E 3 A
AR F5 46F | FUER T o< ik | XA 2020 R B 8% IR SR D ERLEE AT D | 2001 £ 7 B ~2005 £ 3 A
KF RE %
e — | HERY T5HRBhF BN T OREER OIS L |2002 4 4 A ~2004 £ 8 A
e




M 2z F 72 TEE)

(1) V=0 avw7 « VRS T LS

@

@

¥R 1443 H 1 B (&) (10:00-19:30), 3 1 MIEBOWRAREY —2 v a v 7,
BCEEFIRR. 22NE 70 &

FRE 1543 H 11 B (k) (10:00-19:30), #F 2 BIEBNHFRREY —27 g v 7,
BULFEHIICT. 2N 50 4

TR% 15 45 11 A 12 H (K)—14 H(£). First IUPAC International Conference on
Bio-based Polymers (ICBP2003) . BRfLF#MFZEPF (NEEZEFK 47, R A X —F £ 91, EHHN
ZINE 140 & S-S NE 80 44)

FRL16 4 3 A 11 H (k) (10:00-19:30), % 3 BIAMFILERY - v g v 7,
PALFENIIEAT. 20E 50 4

PR ITHE3 H 1A (LK) (10:00-17:30) . 45 4 BRI RET -2 v 3 v 7,
BRI IERT. 2N 60 £



(2) B LIRE%

K4 (FrE. %) HHEOEN A5 HAERAR

A. Steinbuechel (KF-A ) % 1 [A] Bio-based Polymers 2003411 A

(University of Muenster, ##%) EfRETHEE. 3LV BULERZERT |11 H 11 A
HHE R D ETR 15 A

A. C. Albertsson (Ax—F ) % 1 [A] Bio-based Polymers 2003411 A

(Royal Institute of Technology, ERESETHE, BLO P ERFZEET |11 B 11 A
BIz) | BIRAR DR 15 A

E. Chiellini (A # U—) %5 1 [A] Bio—based Polymers 2003411 A

(University of Pisa, #%) ERSHTHER, 8LV HAL AT |11 H 11 A
R D= 158

R. Narayan (USA) % 1 [F] Bio—-based Polymers 2003411 H

(Michigan State University, #i#%) | Elf2& THEHE., LU B FERFERT |11 B 11 A
BRI D ET5R 15

G.-Q. Chen (H[H) % 1 [ Bio-based Polymers 2003411 A

(Tsinghua University, #i%) EESETHER, 8L BHALEFZEAT |11 B 11 A
WFZER R DEToE 15 H

F. Srienc (USA) % 1 [@] Bio-based Polymers 2003F11 A

(University of Minnesota, #{%) |[HESHETEH. LU B{LERFRRT |11 H 11 A
LR R DR 15 H

D. L. Kaplan (USA) % 1 [8] Bio-based Polymers 2003711 B

(Tufts University, ##%) FERSATER., BLU EBALEHRAST 11 B 11 A
TR DA 15 H

F. Rypacek (F=x =) % 1 [A] Bio-based Polymers 2003711 H

(Institute of Macromolecular | EIff =& THERE. BLU BEfLEMFSERT (11 B 11 A
Chemistry, #i%, #i&) SRR R D B3R 15 H

P. Guerin (7> RA) % 1 [A] Bio-based Polymers 2003411 B

(University of Paris, ##%) ER=# THEE. 3LV PL#HIsERT |11 87 11 A
WIERR DT 15 A

M. Scandola (A # VU —) % 1 [6] Bio—based Polymers 2003411 A

(University of Bologna, #¥%) ERESETHE, LT BAERFGERT |11 811 A
IR D3 15 A

S. S. Im (B&E) % 1 [@] Bio-based Polymers 2003411 B

(Hanyang University, #0%) EREATHE. BXO HYLERZERT |118A 11 A
TR R DT 15 A

S. Y. Lee (#EEH) % 18] Bio-based Polymers 20034211 7

(KAIST, %) EREZ#&THE. BLO HYEHZER |11 11 A
WFFERR D o 15 H

Prof. M. Vert (75 . X) % 1 [ Bio—based Polymers 2003411 A

(University of Montpellier, #%) | HESHE THE. LV HALERrZERT |11 B 11 A
WFFERR D8 15 H

J. V. Seppala (7 427 K) %5 1 [a] Bio-based Polymers 2003411 H

(Helsinki University of [EFR&& T, 3LV B ERFgesT | 1187 11 A
Technology, e R R D ETaE 15 B




S. H. Kim (85F)

% 1 [@ Bio-based Polymers

2003411 A

(KIST, #d%, ER) ERRSETHEE, BLU HZWEAT |11 BT 11 A
TR R D &R 15 A
R. H. Marchessault (774 % 1 [A] Bio—based Polymers 2003411 H
(McGill University, %) ERESECHER. BLW FAEMZERT (11 B 11 A
R R DR 15 A
S. Penczek (IR—F 1K) % 1 [ Bio-based Polymers 4 2003411 A
(Polish Academy of Sciences, ##%) | EESBECHERE. B4V BE{EMZERT |11 B 11 H
PR R DE TR 15 H
C. Wu (F[E) % 1 [A] Bio-based Polymers 20034211 A
(The Chinese University of Hong | EFRSE CTHEE. BLW HivEM7eAr |11 B 11 H
Kong, #%) MFCRE R D F R 15 A
D. Wititsuwannakul (%) # 1 [0 Bio-based Polymers 2003411 A
(Mahidol Univeristy, #{%) Ep2#CEE, BLU BEeFM%EaT |11 B 11 A
SRR R D ETiR 15 A
J. L. Willet (USA) %5 1 [a] Bio—based Polymers 2003411 A
(USDA, ZER) ER2#E CHEE, BLU HEvEFEMFAT 11 A 11 A
R R DR 15 f
R.-J. Mueller (KA ) % 1 [A] Bio-based Polymers 200311 B
(GBF, =[) EBRE2ETHEE, BLU BLFEHRET |11B 11 A
R R D5 15
B. Hazer ( ksl =) # 1 [[] Bio—based Polymers 200311 8
(Zonguldak Karaelmas University, | ESE THERE. LWV FLEAGERR | 1L BT 1L A
2 g SR 15 A
Y. H Kim (GRE) % 1[0 Bio-based Polymers 2003411 8
(KIST, ##%, #h&) EESBETHE. BLO HLEHFERT |11 B 11 A
WFZERLR DFETH 15
M. Potter (KA /) & 1 [A] Bio-based Polymers 2003411 A
(University of Muenster, #f%t8) | EERESHETHE, LW I~ _ 11B 11 A
R B a2 AL FEMFEAT 18
A
M. Obst (KA ) % 1 [A] Bio~based Polymers 2003411 A
(University of Muenster, #f%ER) | HERKHKRTHE. BXV He#MFAT |11 B 11 A
WFZERR DR 18 A
T. Lutke-Eversloh (KA1 /) % 1 [@ Bio-based Polymers 2003411 B
(University of Muenster, #f7EE) | EHBRESBTHE. LDV EbEMAT |11 B 11 A
RFZERL R D Ffak 18 A
M. Patel (X #) % 1 [A] Bio—based Polymers 2003211 A
(Utrecht University, Bh##%) EERESETHE, BLU EALEMZERT |11 B 11 A
SRR R D ET3% 18 A




7. 44ER (2001-2004) OFEFHRST (HEH 112 #)

1. ATHERICEARY = ZXTFILVERREBEEONE

(1) K. Matsumoto, H. Matsusaki, S. Taguchi, M. Seki and Y. Doi:
Cloning and Characterization of the Pseudomonas sp. 61-3 phaG Gene Involved in

Polyhydroxyalkanoate Biosynthesis; Biomacromolecules, 2 142-147 (2001)

(2) S. Taguchi, A. Maehara, K. Takase, M. Nakahara, H. Nakamura and Y. Doi:
Analysis of Mutational Effects of a Polyhydroxybutyrate (PHB) Polymerase on Bacterial PHB

Accumulation Using an in vivo Assay System; FEMS Microbiol. Lett., 198 65-71 (2001)

(3) Y. Suzuki, S. Taguchi, T. Saito, K. Toshima, S. Matsumura and Y. Doi:

Involvement of Catalytic Amino Acid Residues in Enzyme-Catalyzed Polymerizaiton for the Synthesis

of Polyesters; Biomacromolecules, 2 541-544 (2001)

(4) A. Machara, Y. Doi, T. Nishivama, Y. Takagi, S. Ueda, H. Nakano and T. Yamane:
PhaR, a Protein of Unknown Function Conserved Among Short-Chain-Length Polyhydroxyalkanoic
Acids Producing Bacteria, is a DNA-Binding Protein and Represses Paracoccus denitrificans phaP

Expression in vitro; FEMS Microbiol. Lett., 200 9-15 (2001)

(5) K. Matsumoto, S. Nakae, K. Taguchi, H. Matsusaki, M. Seki and Y. Doi:
Biosynthesis of P oly(3-hydroxybutyrate-co-3-hydroxyalkanoates) Copolymer from Sugars by
Recombinant Ralstonia eutropha Harboring the phaClp; and the phaG p; Genes of Pseudomonas sp.

61-3; Biomacromolecules, 2 934-939 (2001)
(6) K. Sudesh, K. Taguchi and Y. Doi:

Effect of Increased PHA Synthase Activity on Polvhydroxyalkanoates Biosynthesis in Synechocystis sp.

PCC6803; Int. J. Biol. Macromol., 30 97-104 (2002)



(7) T. Kichise, S. Taguchi and Y. Doi:
Enhanced Accumulation and Changed Monomer Composition in Polyhydroxvalkanoate (PHA)

Copolyester by In Vitro Evolution of Aeromonas caviae PHA Synthase; Appl. Environ. Microbiol., 68

2411-2419 (2002)

(8) A. Machara, S. Taguchi, T. Nishiyama, T. Yamane and Y. Doi:
A Repressor Protein, PhaR, Regulates Polyhydroxyalkanoate(PHA) Synthesis via Its Direct Interaction
with PHA; J. Bacteriol., 184 3992-4002 (2002)

(9) S. Taguchi, H. Nakamura, T. Hiraishi, I. Yamato and Y. Doi:
In Vitro Evolution of a Polyhvdroxybutyrate Synthase by Intragenic Suppression-Type Mutagenesis;J.

Biochem., 131 801-806 (2002)

(10) K. Matsumoto, H. Matsusaki, K. Taguchi, M. Seki and Y. Doi:
Isolation and Characterization of Polyhydroxvalkanoates Inclusions and Their Associated Proteins in

Pseudomonas sp. 61-3; Biomacromolecules, 3 787-792 (2002)

(11) S. Taguchi, H. Matsusaki, K. Matsumoto, K. Takase, K. Taguchi and Y. Doi:

Biosynthesis of Biodegradable Polvesters from Renewable Carbon Sources by Recombinant Bacteria;

Polym. Int., 51 899-906 (2002)

(12) Y. Suzuki, M. Kurano, Y. Arai, H. Nakashita, Y. Doi , R. Usami, K. Horikoshi and I. Yamaguchi:
Enzyme Inhibitors to Increase Poly-3-hydroxybutyrate Production by Transgenic Tobacco; Biosci.

Biotechnol. Biochem., 66 2537-2542 (2002)

(13) K. Takase, S. Taguchi and Y. Doi:
Enhanced Synthesis of Poly(3-hydroxybutyrate) in Recombinant Escherichia coli by Means of
Error-Prone PCR Mutagenesis, Saturation Mutagenesis, and /n Vifro Recombination of the Type II

Polyhydroxyalkanoate Synthase Gene; J. Biochem. 133, 139-145 (2003)



(14) S. Taguchi, H. Nakamura, T. Kichise, T. Tsuge I. Yamato and Y. Doi:
Production of Polyhydroxyalkanoate (PHA) from Renewable Carbon Sources in Recombinant

Ralstonia eutropha Using Mutants of Original PHA Synthase; Biochem. Eng. J., 16 107-113 (2003)

(15) C. Nomura, K. Taguchi, S. Taguchi and Y. Doi:
Coexpression  of Genetically Engineered 3-Ketoacyl-ACP  Synthase I  (fabH) and
Polyhydroxyalkanoate Synthase (phaC) Genes Leads to Short-Chain-Length-Medium-Chain-Length
Polyhyvdroxyalkanoate Copolyvmer Production from Glucose in Escherichia coli IM 109; Appl. Environ.

Microbiol., 70 999-1007 (2004)

(16) K. Takase, K. Matsumoto, S. Taguchi and Y. Doi:
Alteration of Substrate Chain-Length Specificity of Type II Svnthase for Polyhydroxyalkanoate

Biosynthesis by in Vitro Evolution; in Vivo and in Vitro Enzyme Assays; Biomacromolecules, 5

480-485 (2004)

(17) S. Taguchi and Y.Doi:
Evolution of Polyhydroxyalkanoate (PHA) Production System by “Enzyme Evolution”: Successful

Case Studies of Directed Evolution; Macromol. Biosci. 4 145-156 (2004)

(18) C. Nomura, T. Tanaka, Z. Gan, K. Kuwabara, H. Abe, K. Takase, K. Taguchi and Y. Doi;
Effective Enhancement of Short-Chain-Length-Medium-Chain-Length  Polyhydroxyalkanoate
Copolymer Production by Coexpression of Genetically Engineered 3-Ketoacyl-Acyl-Carrier-Protein
Synthase III (fabH) and Polyhydroxyalkanoate Synthesis Genes; Biomacromolecules, 5 1457-1464
(2004)

2. RIERMEOSMERRY AT VHMAEMAEE T 7 XD

(19) T. Hisano, T. Fukui, T. Iwata and Y. Dot:
Crystallization and Preliminary X-ray Analysis of (R)-Specific Enoyl-CoA Hydratase from Aeromonas

caviae Involved in Polyhydroxyalkanoate Biosyntheses; Acta Cryst., D57 145-147 (2001)



(20) H. Mitomo, W.-C. Hsieh, K. Nishiwaki, K. Kasuya and Y. Doi:
Poly(3-hydroxybutyrate-co-4-hydroxybutyrate) Produced by Comamonas acidovorans; Polymer, 42

3455-3461 (2001)

(21) T. Fukui, T. Kichise, T. Iwata and Y.Doi:

Characterization of 13 kDa Granule-Associated Protein in Aeromonas caviae and Biosynthesis of
Polyhydroxyalkanoates with Altered Molar Composition by Recombinant Bacteria; Biomacromolecules,

2 148-153 (2001)

(22) H. Nakashita, Y. Arai, T. Shikanai, Y. Doi and I. Yamaguchi:

Introduction of Bacterial Metabolism into Higher Plants by Polycistronic Transgene Expression; Biosci.

Biotechnol. Biochem., 65 1688-1691 (2001)

(23) Y. Arai, H. Nakashita, Y. Suzuki, Y. Kobavashi, T. Shimizu, M. Yasuda, Y. Doi and I. Yamaguchi:
Synthesis of a Novel Class of Polvhydroxvalkanoates in Arabidopsis Peroxisomes, and Their Use in

Monitoring Short-Chain-Length Intermediates of -Oxidation; Plant Cell Physiol., 43 555-562 (2002)

(24) T. Fukui, H. Abe and Y.Doi
Engineering of Ralstonia eutropha for Production of Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)

rom Fructose and Solid-State Properties of the Copolymer; Biomacromolecules, 3 618-624 (2002)

(25) K. Sudesh, Z. Gan, K. Matsumoto and Y. Doi:

Direct Observation of Polyhydroxyalkanoate Chains bv Atomic Force Microscopy:

Ultramicroscopy, 91 157-164(2002)
(26) T. Hisano, T. Tsuge, T. Fukui, T. Iwata, K. Miki and Y. Doi:

Crystal Structure of the (R)-Specific Enoyl-CoA Hydratase from Aeromonas caviae Involved in

Polyhydroxyalkanoate Biosynthesis; J. Biol. Chem., 278 617-624 (2003)



(27) T. Tsuge, K. Taguchi, S. Yaguchi, and Y. Doi:
Molecular Characterization and Properties of (R)-Specific Enoyl-CoA Hydratases from Pseudomonas

aeruginosa: Metabolic Tools for Synthesis of Polyhydroxyalkanoates vis Fatty Acid f-Oxidation; Int. J.

Biol. Macromol., 31 195-205 (2003)

(28) M. Akiyama, T. Tsuge, and Y. Doi:
Environmental Life Cvcle Comparison of Polvhydroxyalkanoates Produced from Renewable Carbon

Resources by Bacterial Fermentation; Polym. Degrad. Stab., 80 183-194 (2003)

(29) Y. Suzuki, S. Taguchi, T. Hisano, K. Toshima, S. Matsumura and Y. Doi:
Correlation between Structure of the Lactones and Substrate Specificity in Enzyme-Catalvzed

Polymerization for the Synthesis of Polyesters; Biomacromolecules, 4 537-543 (2003)

(30) L. Feng, T. Watanabe, Y. He, Y. Wang, T. Kichise, T. Fukuchi, G-Q. Chen, Y. Doi and Y. Inoue:
Phase  Behavior and  Thermal  Properties for  Binary  Blends of  Bactenal
Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)s with  Narrow-Cmonomer-Unit  Compositional

Distribution; Macromol. Biosci., 3 310-319 (2003)

(31)S.J. Park, J. P. Park, S. Y. Lee and Y. Doi:
Enrichment of Specific Monomer in Medium-Chain-Length Poly(3-hydroxvalkanoates) by

Amplification of fadD and fadE Genes in Recombinant Escherichia coli; Enzyme and Microbial

Technology 33 62-70 (2003)

(32) T. Tsuge, T. Hisano, S. Taguchi and Y. Doi:

Alteration of Chain Length Substrate Specificity of Aeromohas caviae R-Enantiomer-Specific
Enoyl-Coenzyme A Hydratase through Site-Directed Mutagenesis; Appl. Environ. Microbiol., 69

4830-4836 (2003)

_74_,



(33) T. Tsuge, M. Akiyama and Y. Doi:
Life Cycle Inventory Analysis of Bio-based Polyester Production by Genetically Engineered Bacteria

from Renewable Carbon Sources: “Ecomaterials and Ecoprocesses” Ed. By M. Mostaghaci, Met. Soc.,

281-293 (2003)

(34) Y. Suzuki, M. Kurano, Y. Esumi, I. Yamaguchi and Y. Doi:
Biosynthesis of 5-alkylresorcinol in Rice: Incorporation of a Putative Fatty Acid Unit in the

5-Alkylresorcinol Carbon Chain; Bioorganic Chemistry, 31 437-452 (2003)

(35) P. Kahar, T. Tsuge, K. Tguchi and Y. Doi:
High Yield Production of Polyhydroxyalkanoates from Soybean Oil by Ralstonia eutropha and Its

Recombinant Strain; Polym. Degrad. Stab., 83 79-86 (2004)

(36) K. Sudesh, A. Machara. Z. Gan, T. Iwata and Y. Doi:
Direct Observation of Polyhydroxyalkanoate Granule-Associated-Proteins on Native Granules and on
Poly(3-hydroxybutyrate) Single Crystals by Atomic Force Microscopy; Polym. Degrad. Stab., 83
281-287 (2004)

(37) T. Tsuge, S. Imazu, K. Takase, S. Taguchi and Y. Doi:
An Extra Large Insertion in the Polyhydroxvalkanoate Synthase from Delftia acidovorans DS-17: Its

Deletion Effects and Relation to Cellular Proteolysis; FEMS Microbiol. Lett., 231 77-83 (2004)

(38) T. Tsuge, Y. Saito. Y. Kikkawa. T. Hiraishi and Y. Doi:
Biosynthesis and Compositional Regulation of Poly[(3-hydroxybutyrate)-co-(3-hydroxyhexanoate)] in

Recombinant Ralstonia eutropha Expressing Mutated Polyhydroxyalkanoate Synthase Genes;

Macromol. Biosci. 4 238-242 (2004)

(39) T. Tsuge, Y. Kikkawa and Y. Doi:
Microbial Synthesis and Enzymatic Degradation of Renewable
Poly[(R)-3-hydroxybutyrate-co-(R)-3-hydroxyhexanoate]; Science and Technology of Advanced
Materials, 5 449-453 (2004)



(40) T. Tsuge, Y. Saito, M. Narike, K. Muneta, Y. Normi, Y. Kikkawa, T. Hiraishi and Y. Doi:
Mutation Effects of a Conserved Alanine (Ala510) in Type I Polyhydroxyalkanoate Synthase
from Ralstonia eutropha on Polyester Biosynthesis-; Macromol. Biosci. 4 963-970 (2004)

3. W FIKG FREESR D&E LSRRI DA%

(41) K. Yamashita, Y. Aoyagi, H. Abe and Y. Doi:
Analysis of Adsorption Function of Polyhydroxybutyrate Depolymerase from Alcaligenes faecalis T1

by Using a Quarts Crystal Microbalance; Biomacromolecules, 2 25-28 (2001)

(42) Y. He, X. Shuai, A. Cao, K. Kasuya, Y. Doi and Y. Inoue:
Enzymatic Biodegradation of Synthetic Atactic Poly(R,S-3-hydroxybutyrate) Enhanced by an
Amorphous Nonbiodegradable Polymer; Polym. Degrad. Stab., 73  193-199 (2001)

(43) Y. He, X. Shuai, K. Kasuya, Y. Doi and Y. Inoue:
Enzymatic Degradation of Atactic Poly(R,S-3-hydroxybutyrate) Induced by Amorphous Polymers and

the Enzymatic Degradation Temperature Window of an Amorphous Polymer System;

Biomacromolecules, 2 1045-1051 (2001)

(44) K. Tabata, M. Kajivama, T. Hiraishi, H. Abe, 1. Yamato and Y. Doi:
Purification and Characterization of Poly (aspartic acid) Hydrolase from Sphingomonas sp. KT-1,;
Biomacromolecules, 2 1155-1160 (2001)

(45) Y. Aoyagi, K. Yamashita and Y. Doi:
Thermal Degradation of Poly[(R)-3-hydroxybutyrate], Poly[e-caprolactone], and Poly[(S)-lactide];
Polym. Degrad. Stab., 76 53-59 (2002)

(46) Y. Wang, Y. Inagwa, T. Saito, K. Kasuya, Y. Doi and Y. Inoue:
Enzymatic Hydrolysis of Bacterial Poly(3-hydroxybutyrate-co-3-hydroxypropionate)s by
Poly(3-hydroxyalkanoate) Depolymerase from Acidovorax Sp. TP4; Biomacromolecules, 3 828-834
(2002)



(47) Y. Wang, Y. Inagawa, Y. Osanai, K. Kasuya, T. Saito, S. Matsumura, Y. Doi and Y. Inoue:
Enzymatic  Hydrolysis of  Chemosynthesized  Atactic = Poly(3-hydroxybutyrate) by
Poly(3-hydroxyalkanoate) Depolymerase from Acidovorax Sp. TP4 and Ralstonia pickettii T1;

Biomacromolecules, 3 894-898 (2002)

(48) N. Yoshie, Y. Oike, K. Kasuya, Y. Doi and Y. Inoue:
Change of Surface Structure of Poly(3-hydroxybutyrate) Film upon Enzymatic Hydrolysis by PHB

Depolymerase; Biomacromolecules, 3 1320-1326 (2002)

(49) T. Hiraishi, M. Kajiyama, K. Tabata, I. Yamato and Y. Doi:
Genetic Analysis and Characterization of Poly(aspartic acid) Hydrolase-1 from Sphingomonas sp.

KT-1; Biomacromolecules, 4 80-86 (2003)

(50) T. Hiraishi, M. Kajiyama, K. Tabata, H. Abe, I. Yamato and Y. Doi;
Biochemical and Molecular Characterization of Poly(aspartic acid) Hydrolase-2 from Sphingomonas

sp. KT-1; Biomacromolecules, 4 1285-1292 (2003)

(51) K. Kasuya, T. Taknano, Y. Tezuka, W.-C. Hsieh, H. Mitomo and Y. Doi:
Cloning, Expression and Characterization of a Poly(3-hydroxybutyrate) Depolymerase from

Marinobacter sp. NK-1; Biological Macromolecules, 33 221-226 (2003)

(52) K. Yamashita, T. Funato, Y. Suzuki, S. Teramachi and Y. Doi:
Characteristic Interactions between Poly(hydroxybutyrate) Depolymerase and
Poly[(R)]-3-hydroxybutyrate] Films Studied by a Quartz Crystal Microbalance; Macromol. Biosci. 3
694-702 (2003)

(53) T. Hiraishi, M. Kajiyama, 1. Yamato and Y. Doi:

Enzymatic Hydrolysis of a— and B-Oligo(L-aspartic acid)s by Poly(aspartic acid) Hydrolases-1 and 2
from Sphingomonas sp. KT-1; Macromol. Biosci. 4 330-339 (2004)



(54) Y. Kikkawa, M. Fujita, T. Hiraishi, M. Yoshimoto and Y. Doi:
Direct Observation of Poly(3-hydroxybutyrate) Depolymerase Adsorbed on Polyester Thin Film by

Atomic Force Microscopy; Biomacromolecules, 5 1642-1646 (2004)

4. NAFFRY AT VRS JOVT 4 v LD EBEREAL & BT

(55) T. Iwata and Y. Doi:
Alkaline Hydrolysis of Solution-Grown Poly(L-lactic acid) Single Crystals; #k#EFx3E, 57 172-177

(2001)

(56) Y. Furuhashi, T. Iwata and Y. Doi:
Enzymatic  Degradation and Adsorption on  Solution-Grown Lamellar Crystals of

Poly(B-propiolactone) with an Extracellular PHB Depolymerase; ##f=558, 57 184-190 (2001)

(57) T. Fujiwara, M. Miyamoto, Y. Kimura, T. [wata and Y. Doi:
Self-Organization of Diblock and Triblock Copolymers of Poly(L-lactide) and Poly(oxyethylene) into
Nanostructured Bands and Their Network System. Proposition of a Doubly Twisted Chain

Conformation of Poly(L-lactide); Macromolecules, 3¢  4043-4050 (2001)

(58) W-K. Lee, T. Iwata, F. Su, Y. Furuhashi and Y. Doi:
Visualization of the Recrystallization of Solution-Grown Poly[(R)-3-hydroxybutyrate] Lamellar

Crystals; Macromol. Rapid Commun., 22 629-632 (2001)
(59) T. Murase, T. Iwata and Y. Doi:
Direct Observation of Enzymatic Degradation Behavior of Poly[(R)-3-hydroxybutyrate] Lamellar

Single Crystals by Atomic Force Microscopy; Macromolecules, 34 5848-5853 (2001)

(60) F. Su, T. Iwata, K. Sudesh and Y. Doi:
Electron and X-ray Diffraction Study on Poly(4-hydroxybutyrate); Polymer, 42 8915-8918 (2001)



(61) Y. Furuhashi, P. Sikorski, E. Atkins, T. Iwata and Y. Doi:
Structure and Morphology of the Aliphatic Polyester Poly(d-valerolactone) in Solution-Grown,

Chain-Folded Lamellar Crystals; J. Polym. Sci., Polym. Phys. 39 2622-2634 (2001)

(62) T. Iwata, Y. Doi, K. Isono and Y. Yoshida:
Morphology and Enzymatic Degradation of Solution-Grown Single Crystals of Poly(ethylene

succinate); Macromolecules, 34 7343-7348 (2001)

(63) Y. Furuhashi, T. Iwata and Y. Doi:
Morphology of Solution-Grown Poly(B-propiolactone) Single Crystals; J. Mater. Sci., 36 4307-4313
(2001)

(64) T. Murase, T. Iwata and Y. Doi
Atomic Force Microscopy Investigation of Poly[(R)-3-hydroxybutyrate] Lamellar Single Crystals:
Relationship between Molecular Weight and Enzymatic Degradation Behavior, Macromol. Biosci., 1

275-281 (2001)

(65) T. Murase, Y. Suzuki, Y. Doi and T. Iwata:
Nonhydrolytic Fragmentation of a Poly[(R)-3-hydroxybutyrate] Single Crystal Revealed by Use of a
Mutant of Polyhydroxybutyrate Depolymerase; Biomacromolecules, 3 312-317 (2002)

(66) T. Iwata, M. Shiromo and Y. Doi:
Surface Structures of Poly[(R)-3-hydroxybutyrate] and Its Copolymer Single Crystals Before and
After Enzymatic Degradation with an Extracellular PHB Depolymerase; Macromol. Chem. Phys.,

203 1309-1316 (2002)

(67) T. Iwata and Y. Dot
Morphology and Enzymatic Degradation of Poly(e-caprolactone) Single Crystals: Does a Polymer
Single Crystal Consist of Micro-crystals?; Polym. Int., 51 852-858 (2002)



(68) Y. Aoyagi, Y. Doi and T. Iwata:
Mechanical Properties and Highly Ordered Structure of Ultra-High—-Molecular-Weight
Poly[(R)-3-hydroxybutyrate] Films: Effects of Annealing and Two-Step Drawing; Polym. Degrad.
Stab., 79 209-216 (2003)

(69) T. Iwata, K. Tsunoda, Y. Aoyagi, S. Kusaka , N. Yonezawa and Y. Doi:
Mechanical Properties of Uniaxially Cold-Drawn Films of Poly([R]-3-hydroxybutyrate); Polym.
Degrad. Stab., 79 217-224 (2003)

(70) M. Enoki, Y. Doi and T. Iwata:

Oxidative Degradation of cis- and trans- 1,4-Polyisoprenes and Vulcanized Natural Rubber

with Enzyme-Mediator Systems; Biomacromolecules, 4 314-320 (2003)

(71) F. Su, T. Iwata, F. Tanaka and Y. Doi:
Crystal Structure and Enzymatic Degradation of Poly(4-hydroxybutyrate);
Macromolecules, 36 6401-6409 (2003)

(72) Y. Furuhashi, T. Iwata, Y. Kimura and Y. Doi:
Structural Characterization and Enzymatic Degradation of a-, B-, and y-Crystalline Forms for

Poly(B-propiolactone); Macromol. Biosci., 3 462-470 (2003)

(73) M. Enoki, Y. Doi and T. Iwata:
Oxidative Degradation of frans-1,4-Polyisoprene Cast Films and Single Crystals by

Enzyme-Mediator Systems; Macromol. Biosci. 3 668-674 (2003)

(74) J. Fischer, Y. Aoyagi, M. Enoki, Y. Doi and T. Iwata:
Mechanical Properties and Enzymatic Degradation of
Poly(JR]-3-hydroxybutyrate-co-|R]-3-hydroxyhexanoate) Uniaxially Cold-Drawn Films; Polym.
Degrad. Stab., 83 453-460 (2004)



(75) T. Iwata, S. Kobayashi, K. Tabata, N. Ynezawa and Y. Doi:
Crystal Structure, Thermal Behavior and Enzymatic Degradation of Poly(tetramethylene adipate)

Solution-Grown Chain-Folded Lamellar Crystals; Macromol. Biosci. 4 296-307 (2004)

(76) M. Enoki, S. Kaita, Y. Wakatsuki, Y. Doi and T. Iwata:
Oxidative  Degradation of «cis- and trans- 14-Polybutadienes by  Horseradist

Peroxidase/1-Hydroxybenzotriazole, Polym. Degrad. Stab., 84 321-326 (2004)

(77) T. Iwata, Y. Aoyagi, M. Fujita, H Yamane, Y. Doi, Y. Suzuki, A. Takeuchi and K. Uesugi:
Processing of a Strong Biodegradable Poly[(R)-3-hydroxybutyrate] Fiber and a New Fiber Structure
Revealed by Micro-Beam X-Ray Diffraction with Synchrotron Radiation; Macromol. Rapid

Commun., 25 1100-1104 (2004)

(78) J. Park, Y. Doi and T. Iwata:
Uniaxial Drawing and Mechanical Properties of Poly[(R)-3-hydroxybutyrate]/Poly(L-lactic acid)
Blends; Biomacromolecules, S 1557-1566 (2004)

(79) E. Kim, H. Uyama, Y. Doi, C.-S. Ha and T. Iwata:
Crystal Structure and Morphology of Poly(11-undecalactone) Solution-Grown Single Crystals;

Macromolecules, 37 7258-7264 (2004)

(80) F. Tanaka, Y. Doi and T. Iwata:
The Deformation of the Chain Molecules and Crystallites in Poly([R]-3-hydroxybutyrate) and
Poly(4-hydroxybutyrate) under Tensile Stress; Polymer Degradation and Stability, 85 893-901

(2004)

(81) T. Tanaka, Y. Aoyagi, Y. Doi and T. Iwata:
Processing of Strong Fibers of Microbial Biodegradable Aliphatic Polyesters -Drawing and
Annealing Conditions of Polyhydroxyalkanotes Fibers-; SEN’I GAKKAISHI, 60 309-315
(2004)



5. A FRY AT VOS5 EEVERIEE T OB 5

(82) Y. Kikkawa, Y. Inoue, H. Abe, T. Iwata and Y. Doi:
In Situ Observation of Lamellar Growth in Thin Films for Poly[(R)-3-hydroxybutyric
acid-co-6-hydroxyhexanoic acid] at a High Crystallization Temperature of 110°C by Atomic Force

Microscopy; Polymer, 42 2707-2710 (2001)

(83) Z. Gan, H. Abe and Y. Doi:
Crystallization, Melting and Enzymatic Degradation of Biodegradable Poly(butylene succinate-co-14

mol% ethylene succinate) Copolyester; Biomacromolecules, 2 313-321 (2001)

(84) Z. Gan, H. Abe, H. Kurokawa and Y. Doi:
Solid-State Microstructures, Thermal Properties, and Crystallization of Biodegradable Poly(butylene

succinate) (PBS) and Its Copolyesters; Biomacromolecules, 2 605-613 (2001)

(85) Y. Kikkawa, H. Abe, T. Iwata, Y. Inoue and Y. Doi:
In Situ Observation of Crystal Growth for Poly[(S)-lactide] by Temperature-Controlled Atomic

Force Microscopy; Biomacromolecules, 2 940-945 (2001)

(86) H. Abe, Y. Kikkawa, Y. Inoue and Y. Doi:
Morphological and Kinetic Analyses of Regime Transition for Poly[(S)-lactide] Crystal Growth;

Biomacromolecules, 2 1007-1014 (2001)
(87) H. Abe and Y Doi:

Crystalline Morphology and Thermal Properties for Random Copolymers of (R)-3-Hydroxybutyric
Acid with Different Hydroxyalkanoic Groups; Macromol.Symp., 174 43-50 (2001)



(88) H. Abe and Y. Doi:
Side-Chain Effect of Second Monomer Units on Crystalline Morphology, Thermal Properties, and

Enzymatic Degradability for Random Copolyesters of (R)-3-Hydroxybutyric Acid with

(R)-3-Hydroxyalkanoic Acids; Biomacromolecules, 3 133-138 (2002)

(89)Y. Kikkawa, H. Abe, T. Iwata, Y. Inoue and Y. Doi:
Crystallization, Stability, and Enzymatic Degradation of Poly(L-lactide) Thin Film;

Biomacromolecules, 3 350-356 (2002)

(90)K. Kuwabara, Z. Gan, T. Nakamura, H. Abe and Y. Do:
Crystalline/Amorphous Phase Structure and Molecular Mobility of Biodegradable Poly(butylene

adipate-co-butylene terephthalate) and Related Polyesters; Biomacromolecules, 3 390-396 (2002)

(91)Y. Kikkawa, H. Abe. T. Iwata, Y. Inoue and Y. Doi:
Crystal Morphologies and Enzymatic Degradation of Melt-Crystallized Thin Films of Random
Copolyesters of (R)-3-hydroxybutyric Acid with (R)-3-hvdroxyalkanoic Acids; Polym. Degrad. Stab,
76 467-478 (2002)

(92) K.Sudesh, Z. Gan, A. Maehara and Y. Doi:
Surface Structure, Morphology and Stability of Polyhydrxyalkanoate Inclusions Characterised by

Atomic Force Microscopy; Polym. Degrad. Stab., 77 77-85 (2002)

(93) K. Kuwabara, Z. Gan, T. Nakamura, H. Abe and Y. Doi:
Molecular Mobility and Phase Structure of Biodegradable Poly(butylene succinate) and Poly(butylene

succinate-co-butylene adipate); Biomacromolecules, 3 1095-1100 (2002)

(94) L. Feng, T. Watanabe, Y. Wang, T. Kichise, T. Fukuchi, G. Chen, Y. Doi and Y. Inoue:
Studies on Comonomer Compositional Distribution of Bacterial
Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate)s and Thermal Characteristics of Their Factions;

Biomacromolecules, 3 1071-1077 (2002)



(95) Y. H. Na, Y. He, X. Shuai, Y. Kikkawa, Y. Doi and Y. Inoue:
Compatibilization Effect of Poly(e—caprolactone)-b-poly(ethylene glycol) Block Copolymers and
Phase Morphology Analysis in Immiscible Poly(lactide)/Poly(e—caprolactone) Blends;

Biomacromolecules, 3 1179-1186 (2002)

(96) Z. Gan, H. Abe and Y. Doi:
Temperature-Induced Polymorphic Crystals of Poly(butylene adipate); Macromol. Chem. Phys., 203

2369-2374 (2002)

(97) Y. Kikkawa, T. Murase, H. Abe, T. Iwata, Y. Inoue and Y. Doi:
Real-Time Enzymatic Degradation Study of Poly[(R)-3-hydroxybutyric acid] Coplymer Thin Film

by Atomic Force Microscopy in Buffer Solution; Macromol. Biosci., 2 189-194 (2002)

(98) M. Fujita, T. Iwata and Y. Doi:
In situ Observation of Heterogeneous Melting of Poly[(R)-3-hydroxybutyrate] Single Crystals by

Temperature-controlled Atomic Force Microscopy; Polym. Degrad. Stab., 81 131-139 (2003)

(99) Y. Kikkawa, H. Abe, M. Fujita, T. Iwata, Y. Inoue and Y. Doi:

Crystal Growth in Poly(L-lactide) Thin Film Revealed by in situ Atomic Force Microscopy;

Macromol. Chem. Phys. 204 1822-1831 (2003)

(100) M. Fujita and Y. Doi:
Annealing and Melting Behavior of Poly (L-lactic acid) Single Crystals as Revealed by In Situ

Atomic Force Microscopy; Biomacromolecules, 4 1301-1307 (2003)

(101) Z. Gan, K. Kuwabara, H. Abe and Y. Doi:
The Solid-State Structure, Thermal and Crystalline Properties of Bacterial Copolyesters of
(R)-3-Hydroxybutyric Acid with (R)-3-Hydroxvhexanoic Acid; “Biodegradable Polymers and
Plastics™ Ed. By E. Chielline and R . Solaro 167-182 (2003)



(102) Z. Gan, K. Kuwabara, M. Yamamoto, H. Abe and Y. Doi:
Solid-State  Structures and Thermal Properties of Aliphatic-Aromatic Poly(butylene

adipate-co-butylene terephthalate) Copolyesters; Polym. Degrad. Stab., 83 289-300 (2004)

(103) Z. Gan, K. Kuwabara, H. Abe, T. Iwata and Y. Doi:
Metastability and Transformation of Polymorphic Crystals in Biodegradable Poly(butylene

adipate); Biomacromolecules, S 371-378 (2004)

(104) Y. Kobori, T. Iwata. Y. Doi and H. Abe:
Synthesis. Solid-State Structure, and Surface Properties of End-Capped Poly(L-lactide);

Biomacromolecules, 5 530-536 (2004)

(105) K. Kuwabara, Z. Gan, T. Nakamura, H. Abe and Y. Doi:
Molecular Mobility and Crystaline Phase Structure of Biodegradable Poly[(R)-3-hydroxybutylic
acid-co-(R)-3-hydroxyhexanoic acid]; Polym. Degrad. Stab., 84 135-141 (2004)

(106)Y. Kikkawa , T. Hirota, K. Numata, T. Tsuge, H. Abe, T. Iwata and Y. Doi:
In-Situ Atomic Force Microscopy Observation of Enzymatic Degradation in Poly(hydroxyalkanoic

acid) Thin Films: Normal and Constrained Conditions; Macromol. Biosci. 4 276-285 (2004)

(107) K. Kuwabara, Z. Gan, T. Nakamura, H. Abe and Y. Doi:
Temperature Dependence of the Molecular Motion in the Crystalline Region of Biodegradable
Poly(butylene adipate), Poly(ethylene succinate), and Poly(butylene succinate); Polym. Degrad.

Stab., 84 105-114 (2004)
(108) Y. Kikkawa, M Fujita, H. Abe and Y. Doi:

Effect of Water on the Surface Molecular Mobility of Poly(lactide) Thin Films: An Atomic Force
Microscopy Study; Biomacromolecules, 5 1187-1193 (2004)



(109) H. Abe, N. Takahashi, K. Kim, M. Mochizuki and Y. Doi:

Effects of Residual Zinc Compounds and Chain-End Structure on Thermal Degaradation of

Poly(g-caprolactone); Biomacromolecules, 5 1480-1488 (2004)

(110) H. Abe, N. Takahashi, K. Kim, M. Mochizuki and Y. Doi:

Thermal Degradation Processes of End-Capped Poly(L-lactide)s in the Presence and Absence of

Residual Zinc Catalyst; Biomacromolecules, 5 1606-1614 (2004)

(111) H. Abe and Y. Dot:

Novel Biodegradable Copolymers with a Periodic Sequence Structure Derived from Succinate

Butan-1,4-diol, and Butan-1,4-diamine; Macromolecular Rapid Communications, 25 1303-1308

(2004)

(112) M. Fujita, Y. Takikawa, S. Teramachi, Y. Aoyagi, T. Hiraishi and Y. Doi:
Morphology and Enzymatic Degradation of Oriented Thin Film of Ultrahigh Molecular Weight

Poly[(R)-3-hydroxybutyrate]; Biomacromolecules, 5 1787-1791 (2004)

8. faX

HRRE RO EARATE (CREST) 7'mr = 7 R D 5 4] L MRAEAFE (SORST) 7' &= 7 R D 4 FRDF
SEMITOID | WMEMORY = A7 VAERRLZFIEL T, BAEMRRLEVER FEOfYm)
INOESIERY) T AT N EERTAEEL, ZILOALARY A7 L& Bt EHE T 5720
DI D T & Tz, BEERAFUOE S FWEEE L X T LR 5 2 &M, Ffinlaels
HEEFLOEDFEECEET 2 LTEEREBNIRRETHLLEL MO TRELOTFAEY
& DRSEOHIEE DERIEETH LV IREROMM LT > TE 7z,

LN FEMFEERNTRFEEOHRVIC L o T, EHEREMEL & 722 5 5 FHEE DA SRRER
VT 27N EEIER - B TR T D8R L Z 23y TENH D WITER T ERNFIEEZ BT
P LA 2 2 &I L7z, CREST @ 5 &FEfliL, /A AR Y = X7 L DAERBEEERERT
DR & BEEMNT. S/AEPEMAEMO S FERICET 2867 LA E LD, B FHEBAMAE
W RO T G NA AR Y T RFVEAERET 2 IEHE - AR 4 sz L7z, SORST O 4 4EfH]
T, AEGABEREE O & BREDMBE 4~ BER DO EATEMECE B R B4 (4 5 Ja e



WirER L, S OREIT, 80EDES & 1o/ A B Y T RTFIUFRICEBVTE 3 H{CHF%
OFHT & L TEEMICS VM E TS,

o, BEMEBIRBEEZHO LE»POEESFERY) T AT APEGRTEL I L E2ER
L. DWW THESFER Y T X7 VORMYAFRHCWIEMERZBRT 22 810k T B8O THE
SMEDENHERY) T XA TF VA ERICEZ A Z L2 R L, 512, NAARY = XTLHH
BT 1 v DROWEHEDBE SR 3 AR e & R T DBAMEE AR 2 I T2 D 81537 5 FiEEHE L,
FERDEDNRA T = XL ER LI LT, TNHOMRE L SIZ, NA ARV 2T AHEIOE S
FEMERI BT 2 R R L7,

BHE, "AARY T 2T NVOEGHR, BT, BERORIEMNT & Beed M. &/EEMEH O
HHE, PRAVEE T 1 XD, @M EHE, SR EHE, AR A 1 = X L ORERIZEET
DENENDERBEM DI 2D TOLMRECHE N —T1ET AV IERE, 3—o v
N BERZHOICEELS S, HLUOAEYLFEEOH LAY Bfs L TUERRFRIZSHNED b T
Wh, LLens, @O rRELSTAMFELORSHOMEEOKEREICL > T —EOMSR
ZE— 7 N—7THAEL TV H01E, EHR THRRTEKRY - B{LEPFFERT SORST 71— 7" 51
—Thd, HRAREDOHREIL, A AT FRF v 7 FROEBRPENFEEL 2> T 5,

EEK 16 4 6 IR S N BIRMAIE R HEE T MM EE (B HERR, 211 <—) &
BWC, TZOMFEITNV—TOERNPOER LT, EETHERUNAORE 2B CHNRIEE T
WIREL TWA ] IMBIZB LRI EN T2 F R E & L T CREST iFFE(REE 4 A DARIMRE ST
DI, EDRPO—ANE L THERESE (HIERE. N A TS5ZXF 0 7) HPBHIA TV,

At . HERBRSE & T A PR ATRER AR OBMIEZ B L T, AL E S FREL DR
ST O REE DOKREREIC L > T, TSN AT ITRF OV AEESV AT OB 2FEHR L,
HEZBILAOHROL 2 LT, [ZOWEITNV—TOREP LR LT, Flr-REETTEIREL
T3 SN LB A LIEVWEEZ TS,





