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Table 1-1. General Definitions of Biodegradable Polymers by Standard Authorities

5,8-10)

Standard Authorities

Biodegradable plastics

ISO 472-1988

ASTM sub-committee
D20-96

DIN (DIN V49000)
German Institute for

Standardization

CEN (EN13432)

Japan BioPlastic
Association (JBPA)

A plastic designed to undergo a significant change in its chemical
structure under specific environmental conditions resulting in a loss of
some properties that may vary as measured by standard test methods
appropriate to the plastic and the application in a period of time that
determines its classification. The change in the chemical structure results

from the action of naturally occurring microorganisms.

A degradable plastic in which the degradation results from the action of

naturally occurring microorganisms such as bacteria and fungi.

A plastic material is called biodegradable if all its organic compounds
undergo a complete biodegradation process. Environmental conditions
and the rates of biodegradation are to be determined by standardized

methods.

Biodegradable materials break down naturally into carbon dioxide, water
and organic matter as a result of exposure to micro-organisms.The
EN13432 standard is much stricter, requiring 90% biodegradation within
90 days.

* Biodegradable plastic +Natural organic material >50wt% or 50 vol%.
+ All components are not I, and II, class specified chemical substances.
* Biodegradable materials correspond to any of the following methods.
These materials are required 60% biodegradation.
1. Degradation at acrobic water system (JIS K 6950)
2. Ultimate degradation at acrobic water system (JIS K 6951)
3. Ultimate degradation at aerobic compost system (JIS K 6953)
4. Chemical substances control law biodegradation method
(MITI-method)
* Meet the following requirements
The organic materials are accepted as food additive.
The organic materials are LD50 (oral) > 2000mg/kg
The organic materials are LC50 > 100mg/L
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Table 1-2. Typical biodegradable polymers

Chemosynthetic polymers Poly(2-hydroxypropionate)
Poly(ethylene adipate)
Poly(ethylene succinate)
Poly(butylene succinate)
Poly(butylene succinate-co-adipate)
Poly(e-caprolactone)
Poly(ester-urethane)
Poly(ether-urethane)
Poly(ester-amide)s
Aliphatic-aromatic copolyesters

Aliphatic-polycarbonates

Biopolymers

Microbial polymers Poly(3-hydroxyalkanoate)s
Proteins
Poly(amino acid)s

Animal and plant origin polymers Cellulose
Starch
Chitosan

1.1.4. J&H

MR T 2AF v 71%, SESERAEBTHHA SN TWD (Tablel-3) .
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Table 1-3. Applications of biodegradable polymers

Application Polymers

Bag

Garbage bag, Compost bag PBSu, PBSA, PCL, PBAT
Draining bag PBSu, PLA

Shopping bag PBSu, PLA, PCL, PBAT

Packaging film, sheet

Bottle, Container.

Buffer material

Mulch film

Agricultural film (insect proof sheet)
Agriculture, Forestry and Fisheries material
(nursery cabinet, artificial algae, net)

Civil engineering and construction material (pile sheet)
Writing material (clear file, binder, ruler)
Play equipment (golf tee)

Convenience goods (card, holder CD)
Food utensils (knife, folk, cup, dish)

Fiber product (jumper, towel)

Rope, tape, band (banding band)

Electrical and electronics device, Car parts

Another items (emulsion, multipurpose film)

PBSu, PBSA, PLA, PBAT

PBSu, PLA, PCL, PET copolymer
PBSu, PLA, starch, PVA

PBSu, PBSA, PLA, PCL, PBAT
PBA, PBSu, PBSA, PLA

PBSu, PBSA, PLA, PBAT

PBSu, PLA, PBAT

PBSu, PLA, PBAT, BS-LA copolymer
PBSu, PLA, BS-LA copolymer

PBSu, PLA, PVA, PBAT

PBSu, PLA, PET copolymer

PBSu, PLA, PBSA

PBSu, PBSA, PLA, PBAT

PLA

PBSu, PLA, PCL, PBAT, starch
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Figure 1-1 Chemical structures of (A) poly(3-hydroxybutyrate) (P(3HB)) , (B) poly(lactic acid) (PLA),
(C) poly(e-caprolactpone) (PCL), (D) poly(ethylene succinate) (PESu), (E) poly(butylene succinate)
(PBSu), (F) poly(butylene succinate-co-butylene adipate) (PBSA), and (G) poly(butylene
adipate-co-butylene terephthalate) (PBAT).



Tablel-4. Properties of biodegradable polyesters, polyethylene (PE), and polypropylene (PP).

Polymer Melting temperature ~ Density Tensile stress at break Elongation at break
(°C) (g/cm?) (MPa) (MPa)
P(3HB) 177 1.25 40 6
PLA 170 1.21 45 3
PCL 60 1.15 4 1000
PESu 104 1.34 40 500
PBSu 114 1.26 60 600
PBSA 96 1.23 40 800
PBAT 110-115 1.22 36 820
PE 108 0.92 10 600
PP 164 0.9 38 400

AU (eeh7mZ 27 b)) (PCL) 1E. e 7T 7 hrOBRBREAICE>TELN, 441
BEFETENSG, BT U — & UTAERE, IRTESNTWS (Figurel-1 (C) ) . PCLIZ,
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Ly RBSRR &R T s,

AU FEE (PLA)  (Figurel-1 (B) ) 1%, 19 3 24FIZT = KR 4D CarothersiZ L > THK
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(Figurel-1 (E) ) . PBSAIZ, PBSul& iz LT, Al 2 O°CREEMRTF L, Fidb b B
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Figure 1-2 Chemical structure of PLA (A), and poly(L-alanine) (B).
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Table 1-5. Examples of lonomer Applications

Polymer system Trade name Manufacture Applications
Ethylene-methacrylic acid copolymer Surlyn DuPont Modified thermoplastic
Ethylene-acrylic acid copolymer Iotek Exxon Modified thermoplastic
Butadiene-acrylic acid copolymer Hycar Goodrich High green-strength elastomer
Specialty elastomer, covalently
Chlorosulfonated polyethylene Hypalon DuPont .
cross-linked
Perfluorosulfonate ionomers Nafion DuPont Multiple membranes
Perfluorocarboxylate ionomers Flemion Asabhi Glass Chloro-alkali membrane
Telechelic polybutadiene Hycar Goodrich Specialty elastomer uses
Sulfonated Drilling mud additive, elastomer
. — Exxon )
ethylene-propylene-diene-terpolymer coating
Sulfonated polystyrene — Exxon Drilling mud additive
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Z Ot LT B R A A A s T AL — L AT T, A AT T RS — i%ﬁ/AA
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LD T A K ) v — DR R R,
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Figure 1-3. Schematic diagram of the region of restricted mobility surrounding a multiplet.

White area indicates multiplet, and shaded area indicates region of restricted mobility.

(A) o o

o Ion multiplet (high electron density)

— Region of restricted mobility (ion cluster)

(B)

O: go

Figure 1-4 Schematic representation of the morphologies of random ionomers at different ion

contents: (A) low ion content; (B) intermediate ion content; and (C) high ion content.
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Tablel-6 Counter ion

alkali metal ion and alkalineearth metal ion
monovalent ion : Li", Na", Rb", Cs”
bivalent ion : Mg2+, Ca*, Sr*', Ba**
trivalent ion : AI**

Transition metal ion

bivalent ion : Zn*", Cu2+, Mn*", Ni**, Co**
trivalent ion : Co®*, Fe**, Cr*”

Organic ammonium ion (NH;")

Transition metal-organic amine complex ion
[M-(alkylamine),]*"

M: Zn(1), Cu(II), Mn(I), Co(V) etc

Bond of dissimilar polymer chain

Anion (CI', Br, I)
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2.1. &=

TIAF v 7IE B BT, SEIERFBICHE TE L0 8 BENTFEE RS20,
BRSO S, Fox OATFICRDEROMEE 2o T D, BIfE, &R T, 4ERH
HE N A LESDT T AF v 7 BAMPATFARIC IV EESRL TS, —FHT, 77X
T v 7 DIFEAEPBIREER THOMRIN2W=DIZ, 77 AF v 7 BEFEWY) O MLBRAL A3 |
ERS R BRERE L 7o o T DY, ZD X ) et md b, —BHRIENIET 7 AF > 712
oo T, HAK, FERICEVIAEFNTW ESME T2 AF v 7N ER ST 5,

anypzFLror) a—LeDEEEERTHLRY =F L7 x— b (PESu) I,
FEME DAESRIER ) T AT NV TH D, BIEPESuE, BERA~LTF 7 4L ARITIR/ELT
—ETHA STV D,

PESulZ. AEMHREDESMBIER Y ATV THLHRY b a7 bh UEE B D
) BRBREOEWVCLY | ENEENRES B2 ZENMON TV, Ziud, PESu
ZORT DIEMTE L FONMANR, FIELTWAZENRERTHDH EEZHNTNSEY, Bl
£ ¥ TITEIESM T CPESud bt Lic 7 V7 —Y — v 2T 282 7 U 7
Bacillus sp. TTO6KRAY, 130 & Wi ST 5", Bacillus sp. TT96KRIZ, [BEAPCLIZ% L C &
WO RENE 2 L, [EARPESu K OERPBSuIZ X LT H it af/ LTz, — 5T, F
JRSME R CL PESue 0 fif 45,327 5 U 7 & L. Bacillus pumilus KT10128878 | LB S =10,
B. pumilus KT1012#k(%, BERRIBESMET (3 0C) IZBWTEKPESU” /L A% 0.0
3 mg/cm®/day D & CTorfi L 72",

VIR MBFZERIC BT A28 L 0 . 75 U 7IChl 2 CTEEE S PESud & 5 72 5 R A
D—HETHLZEPRBENT WD, £ T, AWFETIL, PESuz /0T 52 HEIZEHR L.
FARBREEH 7 GPESu i EE 2 HEEL . [FET 5, S 5T, PESuREE O #E S S PESu
OSIREES A RSRIL . OB A FANCTIND,
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2.2. PESuS fREE O BHBER L O 1

2.2.1. EBRJ7iE

2.2.1.1. A3

(1) REMIEARY =27 )L

R xzFLoHrx—h (PESw X, AARME (Bk) Xvggtiasni, RV 7Fro47
v3%— bk (PBSw) . BXOKRY 7FLoH 73— 7=k (PBSA) X, HEFI&ED 1.
AU FEE (PLA) 1. BEEEF., RY (- 70T 27 b)) 13, A B LELE, R
(3-tE Fr*> 72 8) (PGHB) 1&. Ev¥r MEnbgaitEns, #nEnomE
NYEIZUaFRNVAIEEL, A¥ ) —VBLOANFV U2 M2 THLS Y, BitE &t
W % . JEAR EIZEI L, B EASE TR F—IC 5 ETTVE L, Ny Fx—RIZL
Temny FaBERRE Sk, B Lic, KEBRTHWER Y = 27 L O % Table2-1127R
T

Table2-1. Properties of polyester samples

Polyester M, x10° M,/M, Tm (°C) T, (°C)
PESu 181 2.2 106 -9
PBSu 176 2.2 117 -32
PBSA 85 2.1 92 -44
PLA 275 2.6 176 68
PCL 64 1.7 59 -58
P(3HB) 700 2.1 178 4

(2) FULARY = 2T LD ER
HALARV =27 iE, UTOFIETER SN, £, 0.2%DRY = A7 VAT L
VIREIZ, 0.0 1% plysurf (35— T34 | 38 L OMIIQAK Z %, BB 4L (OUT PUT
5T 14 (TOMY UD-200) ) 2k TEAEKZIA L, AR TOMEATF L AT,
ZFOM%. AT A Licky . =RIChRESNT,

(3) NBMAEAR Y = AT V7 4 b A OVERL

BN U = A7 V%, 7 aak/VAZER L, 2%wv)7Z aa iRV A iReE Lic, 77
28D T7 7y by —UIZ, 2% RV T ATV - 7 ra RV ARK 2 5 mLE AL, YLy
F -y 2 METT 4 VAEER U T, I SE RIS LTtk a3 s 5 £ ¢
T ANV LEERT3WEEME L, £0%, EH LT,

RS L7 4 L E Y AR Ry A METER L7ZPESu7 4 VA% T 7R — KT
IXE7, 150°CT1IRMEATLALTEML, 8 5°CT3 AM,. MMk EDLZ &I
LR s,
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(4) 3HBX A ~—DFHHL
0.1MhV =X )—LT Iy 77— (pH7.4) 5mLiZ, PGHB)1 O Omg, BLUR
pikettiill K DP(3HB) M fif#l#3E 1 Opga Mz, 3 7°CT, 2 4BFRIR L7=, =008t (10
00O0rpm, 1 0%, 4°C) IZX > T, ROMEOPBHB)%Z[RrE L=, MIGIAIRIZButyltoyopearl
ZMMA, 4°CT, 154 L, EO0mH (1000 0mpm, 10757, 4°C) ITXk-T,
Butyltoyopearl Zfr 75 L7z, ZOE¥AZ 2[a# 0 IR L=, RONERZ RS L, fSonk
HDEIHBX A ~—& LT,

(5) AW, BLUONT Z—
FERCHEH L72EY ., 8L ONRT Z —%Table2-2, 5 L UTable2-312787, Aspergillus
clavatus NCBR 3 3 0 2 0%, #EH#ERK L L CTHW, Penicillium funiculosum IFO6 3 4 5%,
P(3HB) /3 il 56 2 AL E % ik & L CTHIW T,

(6) FDOfhDFA3E
MR DRk 2 T D E EHEMH LT,

Table 2-2  Fungal strains used.

Strain Relevant Characteristics Reference

A. clavatus NBRC33020 Type culture 12

P. funiculosum IFO6345 P(3HB) depolymerase producing fungus 13,14,15

E. coli DH5a supE44AlacU169(p80lacZAM15)hsdR17 recAl gyrA96 TOYOBO
thi-1 relA

NKCM1003 PESu-degrading fungal isolate This study

Table 2-3 Vectors used.

Vector Genetic Marker ~ Description Reference

Plasmids  pGEM-T easy Amp', lacZ T-cloning vector Promega
pUCI18 Amp', lacZ General cloning vector TaKaRa
ITS-1001 Amp', lacZ pGEM-T easy containing ITS region of strain NKCM1001  This study
ITS-1003 Amp', lacZ pGEM-T easy containing ITS region of strain NKCM1003  This study
ITS-1012 Amp', lacZ pGEM-T easy containing ITS region of strain NKCM1012  This study
ITS-003 Amp', lacZ pGEM-T easy containing ITS region of strain KTF003 This study
ITS-004 Amp', lacZ pGEM-T easy containing ITS region of strain KTF004 This study

2.2.1.2. FERTEMENIE
(1) PGHB)RBERIRIE (Bl 117
P(3HB)§7\ﬁ§%$ﬁi‘@ﬂi\ ¥ bfiP(3HB)%{*ﬁ%%§_§g& LB CE LT ISR
KL% . Table2-41Z/77,
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PHB)HL & S AEL L, /Ny 7 7 — (Table2-4) HIZHE S 7=, ZOHIZFTERED
Bk BB AT D 2 LIS K0 s 2 BItA Ui, POHB)Y I MREERIZ L Y . KICAREMED
PGHB)YRL FI3KENEA ) T~ —~E S D, BRI O BOGTAIRE EE O 2 %
6 5 0nmDKXDFEE DD HHTE LTz, ZOFEBRTIE, HEKEE 1emO/LZ2HWTHAE
fU-2 0 0 0 ¥ 7L E— L0 R EFHT X W PGHB) B 2 374 L7=, 1 Unitix, 17470
126 5 0nmDWEEZE 1 D SH L7 DI EREERE L L, 158 RIFHOIEMEIImU/mLT#
L7z,

(2) HEEWAE
0.1MV vy 77— (pH7.4) 80 OpuLiZ, % EH200uL . BLOPESu” 1 /v
L (10X10X0.15mm) #i%, 30°CT, 24KMRIE L7, 74 A& BN L
%, Thae A X ) —/V EMIIQKTHF L, BkiHzEE LT, RO 7 ¢ L L EE) b ok
D7 4 IVAEREREAE TS Z LI2K > T, PESufEEMEZ T Uiz, &M, BArmE « —
RE 720 O 7 4 LV AOBE D& (ng/em’/h) THLTZ,

Table 2-4 The composition of reaction mixture.

P(3HB) granule 400pg/ml
Tris-HCI buffer(pH7.5) 50umol/ml
CaCl, 1 pmol/m

2.2.1.3. PESu/y iR B 1 D HififE

SEIFEREEY L (G RS R RCARERT. o 7o 1 R, R
Tl BESRAAE T, R A FRBRRN . kG E E  RERR MR, (o B8
R R T, (Lo +3E KRR, BREDK - THERFE) AEYHERER & L. PESu
SRERE AR L., T 1gh | 1 OmLOME/EMMBEAIEE L, 1 0 0MiE L,
HOHMUDT NTH A7 U R 0 0pul% 845 L7-PESufLLEAESH (Table2-5) 12, Z
D BRI O L35 5 DT EREL K 7L 5 O uL &) — 128 A L7z, PESuRLibEGH#l b T,
an=—@REEIICs VT Y = w#BRR LTk %Z . PESu/REE & U CRIR Lz, #Em oM
fb% . LBE:HIA W TEFHEIC K VITo 72, FALPESu% ., 2.2.1.1. (2) 129> TIER L 7=,

Table 2-5 The composition of polyester emusified medium (pH6.0).

K,HPO, 1.0 g/l
NaNO; 2.0 g/l
MgSO,-7H,0 0.5 g/l
KCl1 0.5 g/l
FeSO,-7H,0 0.01 g/1
Plysurf 0.1 g1
Polyester 2.0 g/l
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2.2.14. JEMiB LOKHEARY = 27 V53 fifhE

HHEERR OIEN 3 X SR ) = AT VofiEae%a . 4V — 7 A A VETIIRENIGEAR Y =27 v
(PESu, PBSu, PBSA, P(3HB). PCL, X UPLA) pHkts ECo s V7 v — 2 BRAERIC
LRI L 7=,

2.2.1.5. JEREBILR

NKCM 1 0 0 3#k% . PESu” 4 /L A& Bz HARFERE L E I, Wi#R L7-, BERAAH5E L
PESu” 4 Vo %, 2.5%D 7 NVH LT ILT b RiEEIZiz L, FiET1EM&ER L7Z, MilliQ
KTCHHEH, 50, 60, 70, 80, 90, BELU100%=¥ /—/LIZJAKR, EHEh
20 MR L, ik U7z, HRBICHREIZEIEA Y7 L0 T6 00 ME# L, % ORI
L7c, TaeCHEZEZE LT, EAREFHMEE (SEM) (USM-6700FS, JEOLfH) T=
A VAR EBILZ LT (SEMBIEOSMIL, 2.2.19. (1) &) |

PESuL LA BAT LT A T A A7 AZHEZR A fH1F, 3 0°CT9 6 KfffhsaE L7z,
INENFENMEE (OM) AY 7 e L, BlEEZ1To72 (OMBIZEOSMEIL, 2219, (2)
ZH)

2.2.1.6. FEARIRE D
PESuZALEREEHIIC IR AR L. 4~ 6 0°CTIRIE L=, FILFENOEEEIZEBIT A Hikk
DOHEFEEA L 7 ) 7 — — L OIERREE I BlE LT,

2.2.1.7. BB TR

(1) %/ ADNA (gDNA) Hiit!'®

PESu/iFEENKCM 1 0 0 3KRAZLBEFHI 1 O OmLICAEEE L., 3 0°CT—RBriE L 915 L7,
SIS IO FE R Z . =008 (6 000 Xg, 1 04, 4°C) Ik VEIR L, &5
NIEER L, WEEHREASEZHNT, RUL =R DETTVELE, NUF—RIZLT
W iA%  TE/N v 7 7 — (Table2-6) 1 2 mLIZW&E L 7=, BREHEIZ 1 0% SDS 7 5 O pL, Proteinase
K50puLZ Mz, 6 0°CT4ARFMRIE LTz, WV THFERED T =/ —/b: ZJuafRibhb A
TINTHa— (2524 1,v/v) Mz, KET3O0LMEREL, ZD%, =i
7B (8 00 Orpm, 3 047, =) 2LV EEaRIX L=, F L7z EfEilz, HED1 Y
TasR )= 1/1 0fFED 5M NaCla iz, gDNAZ LS ETEINL, 7 0% =% /) —
A 1mLC, 392, gDNAZBETEE S E721%, TE/Ny 7 7 — 9mLIZ, I8 L=, i T,
Ribonuclease A (37~ #Efl) 1uLZz MMz, 3 7°CT 1 FMHE L, RNAZ SR LT-, HE>
= =)V 7 aaR)L A ET, A Y a8 — L ihERIC LV gDNAZ BN L, JE R
SHEH, TEXNY 77 —5 0 OpLIZEN LTz,

Table 2-6. The composition of TE buffer(pHS.0).
Tris-HCl 10mM
EDTA ImM
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(2) Internal Transcribed Spacer (ITS) region EC4!|f#EAT

PESu%y A E B OITSHHIk Z . PCRIEICK VB L7, EH L7277 A4 ~—I%. ITSI

(5-TCCGTAGGTGAACCTGCGG-3') . L NITS4 (5-TCCTCCGCTTATTGATATG-3') "
ThHY, ZhbEK % 2 0pmol 7z (Figure2-1) , 4 O ug/mLIZFH%E L 72 gDNAJAHR 5 uL% |
98°C, 104mMRELZE, &L, ZhiaT 7L —hre LTHW, h—vrt A7
UL, 94°C5%y. (94°C20f—55°C30f—72°C2%) X25[m, 72°C1 0%
DM THERIT LTz, BEFEITEx Taq polymerase (TaKaRafb#l) % 7= (PCRO G E, H—
<L A 7%, Table 2-78M) . 55 TZPCREM & 1.5%(wWt/v) 7 A 10— A7 )L CERIK
Lo, BRKEZROT e —2A 7 VA& 1 05l F VU L7 u~ A R-TAEREE R (EtBr)
2R LTk, WA AU ZZ-KDIW)TT W, ZD%, 310nmOUVEZE Z VIR L, A
v ROAE AR LTz,

Z OPCREEY) 1. 5puL#%Ligation Kit Ver2(TaKaRath:Hl)% T 1 7 ng/uL®pGEM-T Easy
Vector (Promegatt:f)(Z3845 L7z (Table. 2-8) , H7cICHEHE L7127 T A I R & pGEMT-ITSE3
Eangh Llc, b oo MExE W T A2 7T A I R& E.coli DHSalZ T B A L 7=,
Z ¥ % isopropyl-p-D-thiogalactopyranoside ( IPTG . 1 mM) 2 5 puL .
5-Bromo-4-chloro-3-indolyl-p-D-galactopyranoside (X-gal, 0.lmM) 3 OuL., BLOT7 U
> (100pug/mL)S0uL % B4 L 722%(wt/v)LBEERESH FICE®AA L, 3 7°CT—HuiE& L=, 7L
— M RIS Tcae=—oF s, Afiar=—%%R L, FlexiPrepKit(GE~/V A 77T
HHEYZHWTTZ A RDNAZ i L7z, 77 A X RDNADA > % — R~ F = v 7 13, il R
FEcoR 1& W TIT o7z, 77 A X RDNADHIKIZ, EcoR 1 1uL, buffer O 1pL(FermentasttHY),
BLOHIH L7 T2 F8uLx 3 7°CT2HFM#E T 52 LIk iTotz, A1 — kD
el ST 77 A X RDNAZ FFOfA L 2 KIGEHKZ . L7 U 0 BLARGHIZHER L. 37°C
TI2FFRIR & 9 5538 L7-, B53IR X Y FlexiPrep Kit(GE~V A7 72 HWTTF 7 A I R
DNAZ#H L7z, 77 XA X FDNA #RE T3 6 Gene Quant pro(Pharmacia BiotechftH)
ERAWCHE Lz, Sonira—r%, V=TT Lz, v—or v 7
YL, PCRIEICE DRl s e (22.1.10. (6) 2l , > —27 =2 7IZiE, CEQ2000

(Ryr~r - a—Lx—f) ZHnE (22.1.10. (6) &) , MBS K OFH FIPEREAT
X, 7’1227 7 AGENETYXH A WL 1 7 7 Lblastnz W T Tz, V— 7= 72k
D1 HNTZECST —Z & GeneBank L W AT L7-i5T — & ZclastalWiEIZ L W 77 A4 A b
T Uic, 74 A2 M#NTT — 21232 &, 7’1 77 LDendroMakerz F T, Ak & 4
% L7220,

ITS1

18SIDNA ITS |58SDNA | ITS 28S1IDNA

A

N\
ITS4

Figure. 2-1 Position of primers used for PCR
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Table 2-7. PCR experiment.

PCR condition Thermal cycles
Template(40ng/ul) SuL 98 °C 10min (pre heat)
""""""""""""""""""""""""""""" 94°C Smin
10xEx Taq buffer Imne
dNTP Mix 1uL !
ITS1 (20pmol) 0.2uL 94 °C 20sec
ITS4 (20pmol) 0.2uL  55°C 30sec
Ex Taq (Enzyme) 0.1uL 72 °C 2min
ddH,0O 2.5ul.  25cycles
Total 10uL .
72 °C 10min

Table. 2-8. Ligation Mixture(total 10uL)

Ligation Kit ver .2 SuL
pGEM T Easy Vector(17ng/uL) 1ulL
ddH,0 2.5uL
PCR product 1.5uL

2.2.1.8. WY T AT VT 4 )b LS53R

(1) SFEIERERBWTITIHIT D FEILHEFEE & & PESuds L UP(3HB) /3 TG5>
A

PESu/ i EL i Z LB 1 . 5 mLICHEE L, 3 0°CT—HiR L - R Lz (RikssR) . 7=
— A, INVI N—=R, T FIV—=TFAN, T4 —7 HALPESu, PGHB), 7/ =
Vg, Ak, X UBR. 3HBE ./ ~—, 3HBX A ~— Q211&ZMR) . HHWFT=F
L7 a—%0.2%a e AR (Table 2-9) . BEL OB SmLIZ, A 3 O uL
ZMMZ., 30°CT7 AMEE YB3 Lz, T0#%, R EEZ, BOOML, EERBLOH
A AN Uz, BRI, MR AR E &SI Ko THRE LTz, WIREINE D838 BigH
@, PESuis X UPGHB) G FRIE MR E 21T > 72, T X TOEBRIL, & 3FE{T-o7,

(2) RV AT IVT 4 )V L fRAES
PESu/MfEL i % . LBREML 1. 5 mLIZHEE L, 3 0°CTBRiRL » M3k Lz (W) . A
T AT )T 4V (PESu, PBSu, P(3HB), PCL, 3L OPLA) (1 0X10XO0.15mm)
% B Lo FEARER L (Table 2-9) 3mLICKF LT, AEE#RIR 3 OuLa MZ 72, 2k, 30°CT5,
10, 15, »2WE20HM, K& DHE L, BEITE U T, BAKMICO. 2%0OP
(BHB) 7 7 ==a— V&R LT, &% 7 4V A0, 2218, (1) E[RERICAE LT,
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Table 2-9 The composition of medium (pH6.0).

K,HPO, 1.0 g/l
NaNO; 2.0 g/l
MgSO,-7H,0 0.5 g/l
KCl 0.5 g/l
FeSO,-7H,0 0.01 g/l

2219 VAT T A

NKCM 1 0 0 3#k% ., PESu® 5 W EPGHB)Z & A T2 EEARE  H (Table2-9) . & 2 VN ELBEGH
(A ZAHF 3 0°CT7 AfMIER L7, w008 (1000 O0rpm, 2 043/, 4°C) 2L~
THEEREZRE L8R BEE ., BRI X > TRM L7-, Z OWEiEENREY (BLE1
000f%) Z2Y¥AETTLHAY L TNELTHWZ, Z7 AR AT L (Tvy Y b T7/b
~ TR 2T, FEAERIKEI 21T o7 (k) (2000V, 2.5mA, 3.5W)
PN (200V, 2.5mA, 3.5W) - Apk#E) (2000V, 2.5mA, 3.5W) ),
RN~ ——E LT, T~y YL 7 7L~ 7 #dpl Callbration Kit (trypsinogen (pI-9.30) ,
lentil lectin-basic band (pI-8.65) , lentil lectin-middle band (pI-8.45) , lentil lectin-acidic band (pI-8.15),
myoglobin-basic band (pI-7.35) , myoglobinacidic band (pI-6.85) , human carbonic anhydrase B

(pI-6.55) , bovine carbonic anhydrase B (pITable5.85) , S -lactoglobulin A (pI-5.20) , soybean
trypsin inhibitor (pI-4.55) , amyloglucosidase (pI-3.50) ) Z MV 7z, %~ /ViL, PhastGel IEF 3-9

(Amersham Biosciencestt:#) % 7o, RN U = X7 VG EIEVER T O T2 OUKENE D 7L % |
1 0mM VY UERFEER (pH7. 4) BXU0. 2%DPESudh 5WMIPBGHB)ZEATZ0. 8%
THa—AF)L B2, 37°C, 4 8FFMRIR LTz, £DH%, U\ UKD D, $RY:
& (BRI b)) L7,

2.2.1.10. 53Hr ik
(1) EEMEBAMEE (SEM) #8152
GrfR% DPESU™ « /b A WAS M L 72, Quick auto coater JFC-1500 (JEOL#L:#) % T~
AV H BZERE LTz, ZDEE, 50ADEEDRER, 2{To7z, ZDOilkk %,
SEM (JSM-6700FS, JEOLALHY) % v C#lg L7z,

(2) JeriamsE (OM) @Bls
E RO IS ZE. (A= E (olympus BX-PHD) % H( Y £ 17 72 Olympustt#d o 5~
BEf%EE (Olympus BX50) ZHWCHIZ LT,

(3) FA—Ixz—vgrru~vw 757 +— (GPC) HIE

GPCHIEIZIE, AAI IR SALIDOLC-Net/ ADCZ AV, BRIHFHIIIRI2031 2 W e,
Z 5121, Tosoh TSK-G2000HXL % JHV 7=, BENFHITHTH 1 ml/mind 27 m mR/L AT, 3 8°C
TIRIE SNz, BEHTIZ, 1.0mg/mld 27 v m kL ARIE & AW, BT, BARS
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Yk RS DIJASCOBORWINZ FHWNTY{T - 7~

(4) REEEHAEHNTE (DSC)
RN =—DORER IO 7 REESIX, DSCHIEIZ X » THRE S L7-, DSCHRIEIZIX, WA
HEEDOWNZDSC - 6 0 (Shimadzuftfl) ZHu7-, HIEIL, EEFAK T, Wi 3 0 mL/min
TiTo7,

(5) PR ERE
7 4 )V A OBRERIEIL, TOYOBALD WINf:# D Tensilon/UTM-20L% W TiTo 72, 7
SNV H oL (1818-92) (U HRY . HIEHRELE L7z, v— RFE/L1kg, 5l-o0k
D 2 mm/min, 7 — Y 2 5 mmDO S CTHRIE LT,

(6) DNAY— 7 = ¥ v JfiffT

DTCS Quick Start kitZ FHVVCPCRIEIZ LY, v —2 2o v v B o7 zigisl Uiz, L
7= 7 7 A4~ —1%. MI3f (5- GTAAAACGACGGCCAG -3') . B X O'MI3r (5-
CAGGAAACAGCTATGAC -3") ThH, Ihbx4%x 1. 6pmolH iz, 77 L — NI,
2. SULODNARKZ., 9 6°C, 1 0MHRE L%, AW 22 I EBhsE-b0s
Az, —=AH A7 1F. (96°C208—50°C20H—60°C44y) X 50D
ECcHEfTEINT (PCROKSE, —~</HA 7 /LiLTable 2-105/) , v —7 = 7T
X~V TFF ¥ 7 U —DNAFENT > AT LCEQ2000 (v 7 <>« a— L X —418) & iz,
HEFEROH L OFHRIPERISRIZ, 7' 1 27T AGENETYXH DWW\ E 7' v 7 Lblastz WV CTIT - 7=,

Table 2-10 PCR experiment.

PCR condition Thermal cycles
Template 120ng )
96 °C 1min (pre heat)
ddH,O up to 2.5uL
96 °C 20sec
DTCS Quick Start Mix 2ul. 50 °C 20sec
Primer (1.6pmol) 0.5uL 60 °C 4min
50cycles
Total Sul
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222, fER LB

2.2.2.1. PESu/%y iR EL 1 D HiffE

(1) PESuZfRE B D HEE
BHOEREEY o 7V B EW LR & U C . PESuf b E R A W=7 V7 Y — kI L
V. PESUNREEAZ A7 V—= 7 LT~, ZOF%E., PESuA LE AL M T, v =—/Fz
W22 )TV — o BT HPESUSFELE 2 O MRZ HHE L 72 (Figure2-2. Table2-11) .

Figure 2-2 The clearing zone on the PESu emulsified plates formed by the
PESu-degrading fungus strain NKCM 1003

(2) HBFPESu/ i EEMR OGN LR U = 27 V3 fiREE
Table2-81Z, R U T AT /LI LAY — 7 A A V43 HkEAES O BLEEPESu/ gtk 7 ) 7
— —UERREE R T, TR TOPESuSREFE A, PGHB)EGHL LIch 7 U 7 — Y — 2 2R
L7, — 5T, HEEEOB X280, U —FY (2 FF—P2E) 10k THASRES
NAPCL B LAY —T A A NGttt o7 UV 7 — Y — U R LR 2T, 2 b
DOFERIL, HEEERN Y —F TlE722 < . PGHB)f#EEESE L > TPESuz /i L T\ % ATREME
BRI LT D,

(3) PESuZfitkkic X DPESu~” « /v L5 fif
FALPESuZ' L— k BT, 7 U7 Y — U &TEE LT BB O [EKPESu/ fREE ) 2~ 5 728
(2. PESu” 4 VA ZIHE L U THRFEREZIT o7, 2 OOHBEHED S B, 1 6 kN 7 11
LHRT D Z L inbrole (Table2-11) . HEERIC K 27 v AOEERED &EIZ, 0.3~
2 1pg/em*h ThH -7, —J5. KTFOO 5, KTFO 0 6, KTFO 0 7B LTKTFO 1 1 ¥kiZ,
PESu” A W L Z 3R LenoTc, 1 6 RO REE T, NKCM 1 0 0 3#kAS, b i< 7 o
VL FESELTZ (2 1 pg/em’/h)
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Table 2-11. The ability of PESu film degradation and clear zone formation on the plates containing polymer
emulsions or olive oil by PESu-degrading fungal isolates, 4. clavatus NBRC33030, and P. funiculosum
IFO6345.

Strain PESu PBSu PBSA P(3HB) PCL PLA Olive Weight loss Source

oil of PESu film

(ng/em’/h)?

NKCM1001 +++ - + +++ - - + 9.2 Dry soil at Gunma university.
NKCM1002 ++ - ++ +++ ++ - - 1.6 Wet soil at lake Kasumigaura
NKCM1003 +++ - ++ +++ +++ - + 20.8 Wet soil at lake Kasumigaura
NKCM1004 ++ + + +++ ++ - + 4.7 Dry soil at Gunma university
NKCM1005 ++ - ++ +++ ++ - ++ 0.93 Dry soil of a field
NKCM1006 +++ + ++ +++ +++ - ++ 3.88 Clay soil by Sakura river
NKCM1007 ++ + + +++ ++ - ++ 2.8 Dry soil of a field
NKCM1008 +++ + +++ +++ +++ - ++ 15.5 Clay soil at rice field
NKCM1009 +++ - - +++ + - - 5.6 Soil at Mt.Narita
NKCM1010 ++ ++ - +++ - - ++ 20.1 Soil at mountain
NKCM1011 + - - +++ - - ++ 0.4 Soil at Mt.Narita
NKCM1012 ++ - ++ +++ + - ++ 5.25 Dry soil of a field
KTF002 +++ +++ ++ +++ - - + 0.3 Freshwater from Teganuma
KTF003 +++ + + +++ - - - 7.2 Freshwater from Teganuma
KTF004 +++ - - +++ - - - 7.8 Freshwater from Teganuma
KTF005 ++ - ++ +++ - - - 0 Freshwater from Teganuma
KTF006 ++ - ++ +++ - - - 0 Freshwater from Teganuma
KTF007 ++ - - +++ - - - 0 Freshwater from Teganuma
KTF008 ++ - - +++ ++ - ++ 0.4 Freshwater from Teganuma
KTFO011 +++ - - +++ ++ - ++ 0 Freshwater from Teganuma
A. clavatus + - + + + - +++ 0.4 NBRC
NBRC33020
P. funiculosum - - - +++ - - ++ 0 NBRC
IFO6345

+++; A large clearing zone was formed around the isolate.

++; A midium clearing zone was formed around the isolate.

++; A small clearing zone was formed around the isolate.

-; No clearing zone was formed around the isolate.

a) Each strain was incubated at 30°C on mineral medium containing PESu film. After 10 days the film was pick up, washed with distilled water, and

weighed. Weight loss was calculated by subtracting the weight of degraded film from initial weight of the film.
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2.222.NKCM 1 0 O 3 BkDR ST
(1) NKCM 1 0 0 3 kDT HEMI 22
Figure2-3/%, NKCM 1 0 O 3k EERE FBMEE (SEM) B3 JUOUL7HMEE (OM) #
ZRLTWD, AEKRITRIKE TH Y | BERDOKRKI1T54£0.6umThH D Z LMoo
(Figure2-3 (A)) . £70. KEHKOE R, RETCXUIONT-AREARTHLZ L HHLNE
72 o 7= (Figure2-3 (B)) , W< DD B KRR ITIL, 73 E T b AERR S 47z (Figure2-3 (C)) .
REROTEREFIRIL, 10 2 BREA R TR L LI L T 5122,

(A)

Figure 2-3. Scanning electronic micrograph of PESu-degrading strain NKCM1003. The white bar

indicates 10um in length (A). and phase-contrast optical micrographs of strain NKCM 1003 (B)
and (C). The white bar indicate 10pum (B) and 20um in length (C).

(2) BEREEOEMKEEE 7 VT — e~ D R

4~6 0°CIZHBWWT, NKCM1 0 0 3EEDE RO L . 7V 7 — Y — U IUARE %R . Bi42
L7= (Table2-12) , NKCM 1 0 O 3¥klZ., 2 0~ 4 5°COEFRIEE CHIHRETHY . 30
~35°CTHRbISHIALZ, —FH., REKIZ, 4°CB L5 0°CLL L THE#E L7-5HA .
FEL 72 o 7o, FEMERR & L CHW AL clavatusiX, 2 0~ 4 O°CTHIFEL, 2 5~ 3 0°C Tk
H A LTz, — . A clavatusiX, 4°CE L4 5°CLLETH:AE L7256, HIREEGED
RENAehole, Fo, MFOKIL, HEIADHER S 2T X TOIRE T, FL{LPESuli ic
VT == EEHKLEZ, ZRLOMEIT, NKCM 1 0 0 3KRIE., B AHE il o> 28 56 I5 A
SO CHITTHAIHFIRMEEE CTHDL Z LA/ RL TS, 6T, KEEIIA. clavatus & Hoig L
THE AV MR EEIRIC I W TPESuA i C& 5 Z & b LT o7z,
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Table 2-12 Effect of temperature of the growth and clearing zone formation on the PESu emulsified
plates of strain NKCM1003.

NKCM1003 A.clavatus NBRC 33020
Temperature Growth Clearing zone Growth Clearing zone
formation formation
4°C - - - -
20°C ++ + ++ +
25°C ++ ++ ot +
30°C e e bt +
35°C e e ++ +
40 °C ++ ++ ++ +
45°C ++ + - -
50°C - - - -
55°C - - - -
60 °C - - - -

+++ : means growth was excellent, or a large clearing zone was formed.
++ : means not growing, a clearing zone was not formed.
+ : means growth was poor, or a small clearing zone was formed.

-: means growth was good, or a medium clearing zone was formed

(3) PESuZfREEE OBARFHIMANT (ITSECAIMET)

NKCM 1 0 0 3#k%& &t 5 BROPESu/ R E B DITSALINZ EED W TR PRI 21T - 72

(Figure 2-4) , PESu/y fi# B 3 ELEERRKTF O 0 3, KTFO 0 4 58 X U'NKCM 1 0 0 1 1%, P(3HB)
IREE & LT ST D Fusarium=°Paecilomyces)g& & |7 U Sordariomycetesff@ (2 J& L T\
L ENPhotz, —J. BFEANKCM1 0 0 33 LXUNKCM 1 0 1 28ki%. P(3HB) ) fi#fE &
L CHE 4T B Aspergillus<° Penicillium)& & 7] UEurotiomycetesffd | ZJ& L TV 7=, NKCM 1
0 0 3 ¥k & A.clavatus DITSTEIKOFAENEILZ 9 9. 8 % TH o7z,

TS OPESuRER 5 HRIX. WL E AscomycotafJIZJE L CH Y . PGHB) D fEEE & if
B CTHDLZ ENbh-oTz, BT, T XCTOPESuLREFENPGHB) S RIGIE L "9 2 &y
5 (Table 2-11) | PESunfRE A EEIZPGHB) M fREE DY 7 7 —7 T D Z L BRI Ll
12-15, 25,26) (Flgure 2_5> .
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Polymer degradation

Mucor sp. (AY210851) PHB
l Rhod sph pum (AF444499)  PHB
|—| Debaryomyces hansenii (AY125962) PHB

Pichia guilliermondii (AY939795) PHB
Cladosp $p.(AJ971408) PHB
Acremonium sp. (AY633563) PHB,
Emericellopsis minima (US7675) PHB,
KTF003 (AB244775)
I quandii (AB099511) PHB,
Lkrro0s (aB244776)
Verticillium leptobactrum (AB214657) PHB
Paccilomyces farinosus (DQV69286) PHB,
Fusarium solani (AY819045) PHB,
NKCM1001 (AB244777)
| Paccilomyces lilacinus (AF368804) PHB.
us sy (AY264267) PHB,
Penicillium funiculosum (L14503) PHB,
FPemclﬂmm verruculosum (AF310496) PHB
Penicillium minioluteum (AY213674) PHB
Emericella quadrilineata (AY373889)
NKCMI1012 (AB244780)
Aspergillus ustus (AY373879) PHB,
L dspergillus niger (DQ206869) PHB,
Aspergillus penicillioides (AY373862) PHB,
Aspergillus clavatus (AY373847)
NKCM1003 (AB244778)
Aspergillus fumigatus (AY939804) PHB,

Penicillium daleae (AF033442) PHB
enicillium simplicissimum (AF203084) PHB
Penicillium janthinellum (AY373921) PHB
Penicillium adametzii (AT034459) 005 PHB
Penicillium sp.(AF125941) PHB,

Class

Zygomycetes
Urediniomycetes

Saccharomycetes

Dothideomycetes

PHBV
PHBV

PBSA
PHBV

PCL

PHBV, PCL

PHBV a
PHBV, PCL. PEA, PBA™]

PHBV
PHBV, PBA, PEA
PHBV

PHBYV, PCL, PBS, PBSA

PCL. PEA

Sordariomycetes

Eurotiomycetes

Phylum

Zygomycota
Basidiomycota

Ascomycota

Figure 2-4. Phylogenetic tree of the PESu-degrading isolates, related fungi and P(3HB)-degrading

fungi based on ITS and 5.8S rDNA sequence comparisons. Accession numbers are given in

parentheses. The bar indicates 2% estimated sequence divergence.

P(3HB)-degrading fungi.

PESu- degrading fungi
(Subgroup of P(3HB)
-degrading fungi)

Figure 2-5. Relationship between PESu-degrading fungi and P(3HB)-degrading fungi.
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2.22.3.NKCM 1 0 0 33 L OHEHERRD AR U = X 7 Vo s k5

Table2-131%, PESuis L OP(BHB)% & A 72 AL A IZ351F %, PESufEEENKCM 1 0 0
3k, BEUERK TH B Aspergillus clavatus NCBR 3 3 0 2 0., 3 X WPenicillium funiculosum IFO
6 345 (PGHB)/FEEFR/EFERR) OHFEE G L ONEE BEICE FNDHR Y = 27 V53R
HEMEAZ R LTS, NKCM 1 0 0 3F¥kiZ, P(3HB)F L UPESuii 7 DEFHIIC 33\ T B A 72 HE il
AR LTz, SBIT, WO FiG I iR & PESuR K O\PGHB) iR I: 2 A PE L
7o TEUERRE CTH D A. clavatust . 7 OEHIZIS VW TNKCM 1 0 0 3 £k & [FIFREE O B (R HE 5 A3
MR SN, R T 2T VSIEMEIINKCM 1 0 0 38k & Heiflg L T2y > 72, PGHB)A %
BERAEPERR CTd D P. funiculosumlX, P(3HB)%Z & A TCHAREHIZ I\ T, BAF 72 RIS 2 7R
L7z, £/, O EEEEFICIX, PESuB KL OPGHB)MRIFEMESHER S N-, —J7. PESuz &
ATEFEARREHIC B WL, ERIZIZ E A SIS, R U = 27 V0 RIGH b MR S e
o7z, P. funiculosum D 4EFET S P3HB) /Y fREEFR 1T, PESUIZ KT 2 0 fifiEtEE2 A LT 5",
DFE V| P. funiculosum% . PGHBMF/E FIZBWTHFE L72BR, EPE S HP(HB) Rl R I
K VPESuN R a2 T T\ D EE X BILD, — 5 T PESUfFAE FIZRBWNT, P. funiculosumiZ.,
PGHB)/ iRl 2 h A RE L2z, BISICIRE 2B L2vy, NKCM 1 0 0 3£kick
W T b PBHB) S i 5 & PESup fREE B N Al — CTd 5 L RE Lo a . AR MEESR %
P(3HB)} L UPESUD E6H L OFEFIZBWTHLAERETHZ LN TE D LHEESND, 2FD,
HAREREE T IZI VT, NKCM 1 0 0 3D X 9 12k BYIZP(3HB) /0 il 38 % 4y WA PES 5 14
FREEDS, PESUiRICKRELS THTHLEEZHND,

Table 2-13. The relationship between expression of PESu hydrolase activity and P(3HB)
depolymerase activity of strain NKCMI1003 isolate, A. clavatus NBRC 33020, P.
funiculosum IFO 6345, when they were cultivated on the minimal medium containing PESu

or P(3HB) as the sole carbon source.

Carbon source Growth PESu hydrolase activity ~ P(3HB) depolymerase activity
(mg) (ug/h/cm?) (mU/mL)
Strain NKCM1003

PESu 3.6+0.3 10.1+0.5 8245

P(3HB) 4.140.2 16.5+0.7 83+10
A. clavatus NBRC33020

PESu 2.3+0.2 0.5+0.01 6+0.5

P(3HB) 2.9+0.3 0.84+0.02 6+0.5
P. funiculosum IFO 6345

PESu 0.24+0.02 0 0

P(3HB) 5.6+0.2 14.740.5 84+5
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2.2.24. HEHRIZ X DRV = AT )V T 4 )L Lo
(1) NKCM 1 0 0 3KRIC X DPESu” « /v D5y fil

PESu” 4 /L A% &R AR T, NKCM1 00 38k%, 5. 10, 15, D\ E2
O HifHE#E Lz, Z2D%, 7 4 VL& B L, 7 1 /L LD EEHD &2 JE L7z (Figure2-6) .
Be# 1 5 B Cld, BEEIEHEOEME & H12, PESu” ¢ /L AOEER/D EIXEMRIIZHII L
Too HEAR 1 5 HUBEIZ, 7 4 L AREICEZEO/NLAHBLL, 7 4V ADORENIGE 572,
B2 0 B TlE, S HIZT7 4 VA ORENHEIT LTz, BEERMICE- T, 7 4 /L 2O
SREEIL, KN L7z (Figure2-6 (b) ) o, —77, Wa#MLR2WWar bo—LTld, 74 /VAEH
BEAIE, RoNRDpo7oy, REFRYICHEIRE X T MITR T L7,

BER%O7 4 VDR, GPCEHAWTHIE L7, NKCM1 0 0 3SfEZ#EM L= D
T, BEAMZICBNTT 4 VLD FEELIIR 67> 72 (Figure2-7 (2)) » —JF. B
BREFEH L2 ay ha—/LZB W ThH, 74 VA0 FEEIENRR NN Tz, 2D
EDvD, PESuld, 2 0 AR T, FEBERNRIKDRC K DEREZIZE A EZT T
WZ ENbhoT,

E: % OPESu” LV LK Z . SEMIC L VB2 L7 (Figure2-7) . 53RO 7 4 /L LKA
X, BOMNTHoT=N, S HREIEE LT 4 VA TIL, 7 4V AEHOIEEE D S oy fif H3
Iy TATPERM L TELERT PR SN2 (Figure2-7 (A) . (B) ) . 1 O HREEE L
b DO, RGNS I, 7 A F BTN L T D703 8I22 S 1 (Figure2-7 (C) )
20 HREIEE R L2 b ik, EolckmAm< 7> Tz (Figure2-7 (D) ) . —JF5., 2~ knr
=T 4V AT, B2 0 B TH, T4 VAREITEONREE TH -T2, TDDRER
I%. PESu” 4 )V ADRIT, s EAR T 208 O IR 2K L D5 b O TR <, M
MU LT BERIC L D, M TREANDDNRETHD Z & &R LT 57,
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Figure 2-6. Degradation of PESu film by strain NKCM1003. Dumbbell specimen of PESu was incubated
with strain NKCM1003 in the mineral medium at 30°C. (A) The time course of weight loss and
weigh-average molecular mass (Mw) of PESu specimen. Weight losses of the specimens during incubation
with and without strain NKCM 1003 were indicated as open () and closed (@) circles, respectively. Weight
loss indicates the value per 1.0 cm” of the specimen. Mws during incubation with and without strain
NKCM1003 were indicated as open (LJ) and closed (A) triangles, respectively. (B) The time course of
mechanical property of the PESu specimens. Tensile strengths of the specimens during incubation with and
without strain NKCM1003 were indicated as open (O0) and closed (m) quadrangles, respectively. All

experiments were performed in triplicate. Error bars indicate the width of experimental values.
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(A)

Figure 2-7. Scanning electron micrographs of PESu film surfaces before (A) and after degradation
by strain NKCM1003 for 5 (B),10 (C) and 20 days (D). The white bars indicate 20pm in length.
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(2) NKCM1 0 0 3HRIC L &M AR U = 2T )L D43 i

S5HHDOARY =27 )7 4/ (PESu, PBSu, P(3HB). PCL. £ K UPLA) % & TeiRifik
AEEHIT, NKCM1 0 0 3#k%&., 1 0 HREEsFE Lz, £ D%, Ko7 7 4 v L& BILL, 7
SV A DOEERAD&EZBIE LT (Table2-14) . NKCM 1 0 0 3 #i%, P(3HB) (14+1pg/h/cm’)
B L UPCL (2.5+0.4ug/h/cm®) 7 4V L EE LT, —J7, AEKIZ, PBSu, 3L UPLAT ¢
IV IESRR U T,

PESul, U /"—ETlImofiESive, POHB)fREERICL W RS D Z R HILTND
P22 NKCM 1 0 0 341, PESulZiz T, PGHB)Z 3 fEL7-, ZdZ &1L, NKCM 1 0
0 3HEN U LTV HPESu/ iRl 2 IXPCGHB) il E CTHDH Z LA RB L T\ D, —H,
NKCM 1 0 0 3¥RIZPCL%E /0fi# L7z, PCLIZV /S—BIZ X 0 /pfif S, PGHB) ISR Tt
SIREENIENZ ERMBN TS, T ERAMICHE T2 &L, NKCM 1 0 0 3#kIZ,
PHB) ISR A T, U /= BEROBER bW L T D ATREMEDN & 5.

Table2-14. Degradation of various polyester films by strain NKCM1003 ¥

Degradation rate of film Dry cell weight

Substrate b .

(ng/em’/h)"” (mg)"”
PESu 20.8+2 3.6+0.3
PBSu 0 0.2+0.01
P(3HB) 15.5+1 4.1+£0.2
PCL 2.9+0.3 3.1+0.2
PLA 0 0.1+0.02

a) Strain NKCM1003 was cultured in 3mL medium containing polyester films
(1x1x0.1mm, ca.15mg) at 30 °C for 10 days.

b) Values are means + standard errors of the means.

2.2.2.5. IRFWOE KT LR Y = 2T )V E MR BL~ O R %5

Table2-151%, & F S FRRFEREZ GBI TONKCM 1 0 0 3¥ROFEZE), 36 L O%E
& 35 ~DPESuks L UPGHB) S iEE MR BLE S 2~ LT 5, NKCM 1 0 0 38k, Fib
R ~—ZELBICHAWD REENEAICHD T T A —7 ZMe—DRFER E LIZGEITITH
AT, LA DRFIRZ AW TS A ITIX R e 8ii2 R L, REIL, PESuZME— DK
FIRE L TR LB, BB A2~ LTz, 23, REREDSPESuD /#7211 Cld/s
<. IIRFEME B TE D EERBL TN D,

ABERIX, PESu, P(3HB), 3HBE / ~v—, BXU3BHBX A ~v—%RF & LIZHA. @
PESuis X O'PGHB) I RIEMED M &R~ Lz, & 512, A%z, FALPESuZ REW & L THE
L7256, 20 EEIC, 0KV PESuE L UPEHB) MEEIEA M & iz, —J5, iRz
FaAWZSA, B2 EEREMEAHER S22 b B 597, PESub X O'P(3HB) ) iRk
WA SN hole, T OORERIL, AROPESuSMIGTED RN Sy& D RHE
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TAFE TN T, ZDORFWD 2 WVITRB DI L > THHI SN TWDH Z L AR LT
VY 5 29,30)o

Figure2-8 (A) %, HFHEABEIIKENZ O F NV RGE LT KkEg 2 "L TW\Wb, —F,
Fugure2-8 (B) 3 X O (C) 1%, PESull/K3f#EF L O\P(3HB) i fif s R TE MYt & 7R3, NKCM
1003%%\m%&éWiHmm%ahk%%T%%Lk%\Lm%%%iMS.6HL
[CH— N RER LT, 51T, WA DOIEHERAIZIBNT, iﬁu&%:&u7—f—y
DIERDTER ST, Z OFERIT, PESuIIAKSIHEDS ﬁ-%# Y9 5 P(3HB) ) iRl 35
STHEREIINDZ EEZEITEBLTND, égu\ﬁnﬁmmmm\M%%éﬁi %
EALMEDRFBIFAFE FIZB WL, #iflSnd 2 & bbhotz,

Table 2-15. PESu film degradation by strain NKCM1003 grown on various media and the growth levels.

Carbon source Growth(mg)®  PESu hydrolase activity ~ P(3HB) depolymerase
(ng/em*/h)? activity (mU/mL)®
PESu® 3.6+0.3 10.145.0 8245
Emulsified PESu® 2.340.2 2.1+0.4 21+4
P(3HB)? 4.1+0.2 16.5+7.0 83+10
3HB monomer” 2.940.3 15.845.0 62+7
3HB dimer” 3.940.3 21.6+9.0 90+5
LB medium” 4.6+0.3 0 0
Glucose” 3.940.2 0 0
Fructose” 3.240.3 0 0
Starch” 2.740.3 0 0
Oliveoil® 3.1+0.2 0 0
Ethylene glycol® 2.3+0.2 0 0
Citric acid” 2.740.2 0 0
Succinic acid” 3.240.3 0 0
Butylic acid” 3.340.2 0 0
Plysurf® 0 0 0

a) Strain NKCM1003 was cultured on the minimal medium containing 0.2% each carbonsource for 10 days.
b) Strain NKCM1003 was cultured on the LB medium for 10 days.

¢) Growth levels of the strain were evaluated by the dry cell weight after incubation for 10 days.

d) PESu hydrolysis activity of strain NKCM1003 supernatant.

e) P(3HB) depolymerase activity of strain NKCM1003 supernatant.

All experiments were performed in triplicate. Errors (£) indicate the width of experimental data.
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Figure 2-8. Zymogram analysis of PESu-grown (lanes 1, 4, and 7), P(3HB)-grown (lanes 2, 5, and
8), and LB medium-grown (lanes 3, 6, and 9) culture supernatants of strain NKCM1003.PhastGel
IEF (A) and clear zone and pl bands on PESu-including agarose gel (B) and P(3HB)-including
agarose gel (C). After electrophoresis PhastGel IEF 3-9 were and placed on polymer-containing

agarose gels, and incubated at 37°C for 24 hours. The numbers on the left are value of pI .
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2.3. PESu%y %32 oKk X OV

2.3.1. EBx

2.3.1.1. I
(1) RY=ZXT NPT

PESu., PBSu, PBSA. PLA, PCL., B X OPGHB)IZBI L CTix, 2.2.1.1 (1) &M, KU (3
-t RrX U7 H UER-co-3-B Ru U EHHEEE) (PGHB-co-14mol%3HYV)) 1. Wauteria eutropha
ATCC17699% AW THM SN, RY (3-8 RrFo 7 X Ulkco-4-t Rax v 7 4 V)
(P(3HB-co-5mol%4HB)) . Delftia acidovorans DS-17\2 & » CAEEE Y, RV (3- K
07X UR-co-3-8E Rudxi~F ¥ 8E) (P(3HB-co-10mol%3HH)) 1%, Aeromonas caviae
Ck o TEESNEY, AU (§-vmrF 7 b)) (PVL) E, ALFERES Y, AR
THWETRTORY v—Ii%, 2.2.1.1 (1) ORI ITHLEL THH W,

(2) BUZRAF LT 4L AOVER
22.1.1 (3) =&,

2.3.1.2. BEEIEIERE
(1) PGHB) figleTENE (BE) 10
2212, IEMHEHIE (1) 2

(2) HEERDE?
0.1MVU gy 77— (pH7.4) 1mLIZ, PESu” /LA (10X 10X0.1 5mm)
FONERIEERZ A, 3 7°CT, 2 AWFMMRIA L7z, 74 VA EEBIL LT, TNEA X/
—/L EMIllIQ/K THe L. BRASHIE LTz, Z0fRRTD 7 4 )V AEHEN OB D 7 4 )V LA EHE L
WHET5Z L2k 5T, PESuRIEMEZ R E Lz, EPMEIL, BArmfE « —FREfYS 720 o7 o
L AOEERDE (mg/em’h) TH L,

2.3.1.3. PESu/y i 3 oD F il

(1) ¥53& B3E ORRRERY 2275 M E
LBL:H (Table2-15) T, NKCM 1 0 0 3fk%, 3 0°CT—HufkL o558 L7z (RikER#R) .
0.1% (wtivol) PESu%Z & A TZIEARWKARGHL (Table2-15) 2 0 O mLIC 2 mLOHIEG K 2 il
ZMEE, 30° CTIRE HEEE LTz, 24T ICERBEKEY 7V v 7 L, EEREIES
K OVB R X0 BERTEMERE 21T - 7=,
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(2) NKCM 1 0 O 3 #RHISEPESu )y %4 D)

LBiZ A (Table2-16) 1 0 OmLIZ, NKCM 1 0 O 3¥kZHE L. 3 0°CT—HulR & 95
LI, ZOHNEEKRZ, 1 OmL/LOFIE T, 0.1 % (wt/vol) PESuZ & A 72 AR ASES H
(Table2-16) 2L (20 0mLX 1 0) (ZHEXME, 3 0°CT7 2R & H3EE L7z, =D
578 (800 Orpm, 2 047, 4°C) IZX > THEIRZERE L7z, EIKZBRELIZNKCM1 00
SHROREE EEZ, 0.4 5umDELA O —R T 4L Z—THhHBL, TDOAKEIZ, 0.3ME7RD
EOThiET v E=U L% MR, 2Tz, TOHO.IMIET v E=ULx5Eir1 OmMY
VN 77— (pH7.5) TYAilk L7=Butyl-Tyopearl (8i/kit” 1~ FE{K, TOSHOH)
T BT, WESE, RIZTOmMY VEENy 77— (pH7.5) %, 2 OmLjit L7, i
BT L= DA (1 OmMY Vi Ny 77 —th) 2. 0. 3 — 0MICEBIICHD S87-,
e T/ —/L (1 0mMY VY 77 —H) OFIGE, 0~4 0 %ICERYICEILSE
T, BELEN ST, 2EHEOH B3 2HED, 1 0mMY Vi Ny 77— (pH7.0)
T, 2 AWENT L, £Dt%k., AQUA KEEP"™ (W/KMER Y ~— (FAHEL) ZHWCHRME L
7o, EfEmE 1 OmMY YRRy 77— (pHT7.0) THMT L7z, ThEBHRESLE L, #iH
THETACTIRIFE LT,

Table 2-16 The composition of media for culture of NKCM1003.

LB medium (pH6.0) Basal medium (pH6.5)

Tryptone Peptone 10 g/l K,HPO, 0.7 g/l

Yeast extract S5¢gl KH,PO, 0.7 g/l

NaCl 5¢g/l MgSO4 7H,0 0.7 g/l

Glucose 20g/1 NH,CI 1.0 g/l
NaNO; 1.0 g/l
NaCl 0.05 g/l
FeSO47H,0O 0.02 g/l
ZnS0O, 0.07 g/l

2.3.14. HEWMEEREOME

(1) pHZEM:
pH2~1 100 . IMKFEN Yy 77— (FV v, HiigFH bV oA, Vgt Y oAa, b
VAR, AUBT MY UL HDLWVIKET N U L) 2, FEROBEREKREZRML, 3
7°CT 5 R[EIRFF LT, £ D%, IRABKOBRIFEEZ BERDE 23.12. (2) 2H) 12
o THE LT,

(2) ZEij@EpH
pH2~1 1D 0. 1M&FENy 77— ([AE) 1mLIZ, PESu” /LA (10X 10X0.15
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mm) CFEFELZIMEZ, 37°CT2 AR L7, 74 VA ZEINE, TNE ALY ) —1LEB L
OMIlIQ/K TUEH Lz, 7 4 /v LT, [HEIC/ D £ CHREBEE T L7, 74V ADE
BRI, 23.1.2. (2) LREEOFETHEE L,

(3) IREZLEME
L 7-BE %, 0.1MV VERRERERT (pH7.4) . 20~8 0°CO—ERE T3 04
i L7z, 0%, IBARROBAEEZ EE&RAE (23.12. (2) 2) ICXoTHIEL
776

(4) FEER

T7ARNAT AN (T v Tywy 7)) 20T, FEEABRIKEN 21772 (2
000V, 2.5mA, 3.5W) , HEESA~—I—L LT, 7v¥x i 77w TOpl
Callbration Kit (trypsinogen (pI-9.30) , lentil lectin-basic band (pI-8.65) , lentil lectin-middle band

(pI-8.45) , lentil lectin-acidic band (pI-8.15) , myoglobin-basic band (pI-7.35) , myoglobinacidic
band (pI-6.85) , human carbonic anhydrase B (pI-6.55) , bovine carbonic anhydrase B (pITable5.85) ,
B -lactoglobulin A (pI-5.20) , soybean trypsin inhibitor (pI-4.55) , amyloglucosidase (pI-3.50) )
Z iz, 47 V1E, PhastGel IEF 3-9 (Amersham Biosciencest-f) % fu 7z,

(5) FHFEA
FERLL 72 3 ugOligsE L ML ERZ, 1 0mM Y U ERFEER T (pH7.0) . 3 0°CT6 04y
BRE L7z, Z0%, BEWIROBRAEEEZ BERAEICE > THELE (23.1.2. (2) &
B
(6) A EFRRM
0.1MV v Ny 77— (pH7.4) 1mLICARVTZAFL7 445 (10X10X0.15
mm) CEEEEMA, 3 7°CT2 4RI LT, TDH%, 7 4V L% AKX /7 —/L EMIlliQK
TYEE L, AR L CEEZIE L, 74V AOFEERDEIT, 23.12. (2) LRED
FETHERB L,

(7) HEEGHAOMENT
s % 35 0D 45 R OO S B S I RAT 24T - 720 PGHB)IEE & T D EEVEIC L 0 | JEE O H T %
HIE L7z, PGHB)DEERNMAK D MEEER) L, ROXEHWTHRE LR,
R=ksK[E]/(1+K[E])? (1)
Z 2T, kslIBEFEIT K HPGHB)SH DMK R L EE, KIZEESR O RENT OWAE il e 44,

[Ell3EERIRE A /R L C\ D, Deltagraph Pro4 (RT7 v A RHD) Z#H LT, #HERNT —
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& ZfRNT LTz,

(8) U RX—TIEMHEHIE
RSO ) R—BEM A, U= % v ;S (=L SSRGS HERD) 2V CHIE LT,
FERFINEOFEAMT, ~== T /Wt~ T,

(9) =27 7 —BIEMERIE

WREER O A7 7 —BIEM %, KIEMILE CH % para-nitrophenyl acetate (PNPA) | 35 &
U¥para-nitrophenyl butyrate (PNPB) % HW\NCTHIE L7z, KONERIZ. 1 0 OuLd 1 %PNPASH
5 UWNIPNPBIAEHR (1,4-2 A4 %42 polyoxyethylene 9-laurylether (1 : 1) &#R) . FTEED
iR, BLOO. 1MUY Uy 77 —%1%, MilliQKIZE > T 1mLIZFAR L7-, PNPAL
L O'PNPBDOANK 3 R EE X 3 fRAZEH) C & % para-nitrophenyl DI &2, 4 0 O nmD K&
T2 Z LI2X > TRz, WOEEORRZZ, U-20 0 08X 7V B — L5500
# (B8 Z AW CHIE L7z, para-nitrophenol®E /AW EAR%IE, 18000 (M'em™)
L7, 1=x=v F (U) %, 152 1 mol®para-nitrophenol 4 U S+ 5 7= HIZ M B 7%
FEL L,

(10) fEeEYDREE
PESu” 1 /L A DEEBNNK %G B I D KT R O FEMTIX. Micromass ZQ T A7 A
(Waterstt88) 2 HWTIT o 72, KDY O BEL, Wik v~ 777 4 —2 T
1To7,

2.3.1.5. 35k
(1) SDS-RYU T 27 VAT I RTLVEXKUKE) (SDS-PAGE) i
Laemmli{%*?12 X ¥ | SDS-PAGE% 1T~ 7=, /3 fH~—%—& LT, MBI Fermentastl:?Protein
Molecular Weight Marker ( 3 -galactosidase (116000) , Bovine serum albumin (66200) , Ovalbumin
(45000) , Lactate dehydrogenase (35000) , RE Bsp981 (25000) , J-lactoglobulin (18400) ,
Lysozyme (14400) ) %MW\ /-, TERUKEIE DX 7327 X, Coomassie Brilliant Blue R-250
(CBBR-250) i (KANTO) # IV THefs L7z,

(2) EHEEE

&% A E % | Bradfordi#™ (Bio-Rad Protein Assay) (2L VW, AFMiET7 /L7 2~ (BSA)
AEEYE & L CIRE LT,

50



232 fER LB

2.3.2.1. PESu/yfli 3 o s il
(1) NKCM 1 0 0 3¥kDE:3E 1% DOPESuds J UP(3HB) 23 i 1t D #R I 25 4L
PESu% & e JEARREHI T, NKCM 1 0 0 3#kZ& R L=, T OROREFE FIEDOPESu” 1 /L A
S FRTE MRS K ONP(BHB) /0 TG M 2 AR RFRIIC A 72, 3538 HIG DPESu” « /L AR TR, B
FZHMHEV SAABETEAL, 2% Lz, (Figure2-9) . —J7. PGHB)EEMED |
PESu” A /L A fiRiENE LRI RO %8 2R Lz,

8 25
5 )
2 6 =
2 =
= 2
& o
5 4 :
S £
E 2
B )
= 2 —~
n m
= 5
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O T.
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Figure 2-9. PESu hydrolase and P(3HB) depolymerase activities in the culture
supernatant of 4. clavatus NKCM1003. The strain was aerobically cultivated in the

minimum medium at 30 °C for 0-5 days.

(2) NKCM 1 0 O 3 #H KPESusy fifl# 5 D Fg

PESufEAREF I CHYZH S H7-NKCM 1 0 0 3#EDE:# LGS, NKCM 1 0 0 3 #kHI2KPESu
SREER A BOKMED Z L7 a~ N7 T 7 0 — 2 AW THER L=, Figure2-101%, BERIGM: &
FEAHEEHIRZ R L TWD, PESu RGN Y — 7 ORHAEIL, PGHB) D RIGED Z i &
FIE—E L Tz, EEOMER SNl 2oL, Rk JO@ENT L, EERiELs & L
77

R U7 BER 1T, KT IVREET b U 7 AESUKE) (SDS-PAGE) 2 K > TEXVKEIRIZY)
—Th o Z LR snie (Figure 2-11) . ABERE O4rf- &%, SDS-PAGENH#)5 7,000
ERTEINT, —H. ABEFEOEERIL, pHS. 6 THOAHZ LB LN E ST,
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Figure 2-10. Elution profile of PESu hydrolase. Three liters of the supernatant of 4. clavatus
NKCM1003 culture supernatant was applied to a Butyl-Toyopearl column. PESu hydrolase was
eluted from the column with concentration gradients of (NH,),SO, and ethanol. PESu hydrolase
activity was determined by the weight loss method by using the PESu film. The P(3HB)
depolymerase activity was determined by a turbidimetric method. After recovering the active

fractions, they were concentrated with a water-absorption gel.
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Figure 2-11. SDS-PAGE analysis of PESu hydrolase. Lane M: molecular mass markers.
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Table 2-1712, BERIEHOFEREZRT, REMOIC, B8 BE 20715 0.1 5 mgD LSRN
BFoiv, FIERIZO.1 %, HREIZ1 0fFE o7,

Table 2-17. Purification of PESu hydrolase from strain NKCM1003.

Step Total activity Total protein Specific activity Recovery
(mg/h/cm?) (mg) (mg/h/cm?/protein mg)” (%)

Supernatant 36.75 17.00 2.16 100

Butyl toyopearl 3.35 0.15 223 9.1

a) The PESu hydrolase activity was determined by the weight loss method by using the PESu film

2.3.2.2. PESu/%rfls 32 OMEE
(1) pHEB L NEE DO%hE
Figure2-12 (A) (Z/RT XK H1T, AREEFRIIpHD ~ 8 DRI TIX, 3 7°C, 5SHEFMRIEZR L EW
EEEREEL TN e, E72. AEESEOEREpHIX, 7 ThH o7 (Figure2-12 B) ) . —FH. &
I DBREEH T3 053 Lo OBERIEEZIE L7 & 2 A, 4 0°CLLFORIRIZR LT,
EMEE K72~ 7= (Figure2-13)

(A) (B)

100 100 i

O
~ E C ~ E -
S 80 $ 80 +
& v z v
s 60 [ s 60
= =
& &
= = o
g 40 + o g 40 +
= = ©
3 © 3 ()
©n n
0 1 1 1 0 1 | 1

pH

pH

Figure 2-12 (A) Effect of pH on the stability of PESu hydrolase from strain NKCM1003. The enzyme
was incubated at 37°C for 5h at different pH value, and the residual activity was measured at pH7.4. (B)
Effect of pH on the activity of PESu hydrolase from strain NKCM1003.

(0;Glycine-HCI, A\ ;Na-acetate, O;Na-phosphate, v;Tris-HCI, ©Na-borate, ®;Na-Glycine, m;NaHCO).
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Figure 2-13  Effect of temperature on stability of PESu hydrolase from strain NKCM1003.
The enzyme was incubated in 0.1M sodium phosphate buffer (pH 7.5) for 30min at defferent

temparatures, and the residual activity was measured.

(2) BRFEHIDONI
KR DHFER O R A7z (Table 2-18) , L DfEF., AMEFRIL, DFP, DAN®S L UDTT
IZE - TEEIZKIE LT, —F, PMSF, BLUTPCK%E fW =56, IEEE KD -T2,
IR DRERIT, AREEEN, WEEPOICE Y B I OT AT F UMBRAEDL, S50
T, YALT 4 NEGEFIOZ 2R L TV 5,

Table 2-18. Inhibition of PESu hydrolase by various reagents

Reagent Concentration (mM) Activity (%)
None - 100
DFP 5x10™ 0
DAN 25 0
PMSF 10 90
TPCK” 10 98
DTT 5 0

The enzyme was incubated with the reagent in 10 mM sodium phosphate buffer, pH 7.0, at 30
°C for 60 min and then assayed. The activity in the absence of anyreagent is taken as 100%.

a) Incubated in 0.1M sodium formate, pH 5.5, containing 12.5 mM CuCl,
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(4) EEFrEM

AWEZE O LGB % 8~ 7 (Figure 2-14) . A L. PESu® il I P(3HB).
P(3HB-co-14mol%3HV), P(3HB-co-5mol%4HB), 1 L U'P(3HB-co-10mol%3HHX)~ 1 /L 1% 5y
fig L7=, —J. PBSu, PCL, 3 X UPBSA7Z: E1I0fiE L7RnoTz,

KEEFR DR DB O—REEDORIL, 2 DD WA= VIRFBITHEE NI E#HR, 3
HLL<IFE4 D, REFRFHDIVTBERTFNORDLERNY ATV Thole, ZORERREM
1%, PHB) /3 fi#l% 35 (P. stutzeri. 3 K OD. acidovoransP K DIESR) D23, LML L T 5102439

PLA

P(3HB)
P(3HB-co-14mol%3HV)
P(3HB-co-5mol%4HB)

P(3HB-co-10mol%3HHx)

PESu

PBSu

PBSA
PVL
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1 1 | | |
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Weight loss (mg/h/cm?/protein mg)

Figure 2-14. Substrate specificity of PESu hydrolase. Ten polyester films (1 x 1 x 0.15 c¢cm)
were used as the substrate. The reaction mixture contained a film, enzyme, and 1 mL of
phosphate buffer (pH 7.4) in a small bottle. Enzymatic degradation was performed at 37 °C for
24 h. The activity was expressed as the weight loss of the film per unit surface area per hour
(mg/cm?/h).
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F7o. AREEFEIL, PNPASCPNPBZ: & DKM T AT VIEE %2 L o Lzh, U —E8E
P, 3L AERS D o7 (Table2-19) , S LIZAREEEIL, EVWPGHB)Y 7 = 2 — /L 53fif
EEE R U, 2D OFREZRAIICHR LT, AEEEIL, PGHB)ifEEE D~ TH D
&t 72,

Table 2-19 Substrate specificity of purified PESu hydrolase from strain NKCM1003.

Substrate Specific activity (U/protein mg)
P(3HB) granule 224

Lipase 0.0128

PNPA 0.39

PNPB 7.2

(3) fEpER ORI E

PESuDBEFE S REY 72, Wik n~ /T 74— L7 bua A7 L—EES5H (LC-MS)
ZRWTHAT, ofEpEmE LT, S (415 :118) | ES (162) . ESE (206) . SES (262) .
ESES (306) . ESESE (350) . SESES (406) . ESESES (450) . ESESESE (494) . SESESES

(550) . ESESESES (594) . ESESESESE (638) . SESESESES (694) . ESESESESES (722) .
ESESESESESE (782) 33 J U'SESESESESES (838) 23Sz (S: ans o=y ~ E:
TFLrv Y a— o=y k), ZNHOH T, ES, ESE, SES. I L UESESS F 72/ fif e
ML LT/ S 7= (Table2-20, Figure2-15)

PGHB)/MfiElfsR 1T, EE L TOR EH32o0F /v —2=y AR L, = AT VS
DEEFNMAK DR 1L, RY ~—HIZBIF 5y REOY— RE /) ~v—2=>» F®DR2LR3
ICH < EAET 5, RROEMDREHOE S1E, IHHEAAEE 2B S AT 572012, 3
B D WNIADIRFBIRTFITIRE I NA D LIV, F£72. Pseudomonas stuzeriti K DOPBHB)%
%% (PhaZpy,) D4 >OH 744 M, PESu¥ A ~— (SESE) &£3HBT k7 ~—DOfEEN
WL L T 5729 (Figure2-15) . PESuZz B & LGB 5 L ZEx b T a3, &5,
PhaZp\Z X 5 PESu® L 72fE B NK i 1T, PESu/iRESR T K 5 e Koy &[5 U,
ESE. ESEST® %%, ZiOD#EHEN S, NKCM1 0 0 3 1k DOPESus il & P. stuzerit
KDOPBHB)REER DY 7 A OIEERIL, HEL TV Z RTINS,
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Table2-20. Molecular weight and structure of main water-soluble products from PESu.

a)

Oligomer Molecular weight  Structure

ES 162 f
HO/\/ONOH
(¢}
ESE 206
HO/\/O o/\/OH
(¢}
SES 262 i
HOMO/\/ONOH
O @)

ESES 306 i i
HO/\/ONO/\/ONOH
[0) [0)

a) S; succinic acid, E; ethyleneglycol

SES | |
O
/OWJ\O/\/OWJ\O/\/ONO/\/O\
1
1
0 ES ! @] | e}
ESE | !
ESES |
l
H

3HB tetramer

Figure 2-15. PESu hydrolytic pattern.

(5) HEEFmAVMEHT

WEEVEIZ K o T, KBS OP(3HB)EE R NN/K 53 fRHsAS 2 3R EE R A I f# AT L 7=, Figure 2-161C
TR Gy s & B SRR PE D BELR A /9™, ARBESR DMK o s B D e RAEIE, BESRIRE DN B &
Z4.0pg/mld & ZITFRO BV, BERNAKFREE T, BERIRENZNLL R D iR 2 12
LT,

PGHB)DEEFE MUK RLOG L, BEFR NS EERAET DBUG & BER DN @50 182 K53 iR
ﬁéﬁmﬂ%%méhfwé D, BERNEEICH L GRENCEFEET 254, il
AA L NEBERENIEHL LI <720 MUKREE IR T35,

Table2-201%, 2.3.1.4 (7)D UJ‘t#EﬂUELkNK®A1003&ﬂﬁ@%&ﬂ%ﬁ%$
P.funiculosum i 3 OP(3HB) /7 fi# i %", 1 X U\Pseudomonas stutzerith 3l OP(3HB) /) fif it 357
DL E L ks, & ORAEFATEBKMEZ =T, KIEDOLE D PESu/fif#l%213. PhaZpy,
&l L CPGHB)E I & OBIFIMEN S W2 E WA B L 22 o 72, PESu/iflEsE D4y 1-mld
HEREG R AL &R 2/20PhaZpy, LV b3 FERPRE W L7225 PESuy mﬁﬁmw&%
EWRTAHAMEL, WER S N A A COFEIC L D 2 E BRI E T, —J7, PhaZp,DP(3HB)
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BUFMEIIPESU IR OZ N LD b Ed - Te, ZHUE AT 7 U 7 HKPGHB) o fiflE & D HE
fEe RAA U, B EHEPGHB)MFEEE DIERES RAA L0 b EmWEEEZ RS2 &
ZRELTWD, ZODRERND, PESUIERII~V VT RAL VR THL B2 bR
50

Rate of hydrolysis ( A OD,/h)
=

0 1 1 1 1 1 1
0O 2 4 6 8 10 12 14

Concentration of enzyme ( z g/ml)
Figure 2-16. Effect of enzyme concentration on the rate of P(3HB) degradation at 37°C during
enzymatic degradation. Reaction mixture contained 50mM Tris-HCI1 (pH7.5), 400ug of P(3HB)

granule, ImM CaCl2, and 0.4-14pg of enzyme. The decrease in turbidity of P(3HB) was measured
photometrically (650nm) at 37 °C.

Table 2-20. Kinetic parameters of enzymes.

Strain Enzyme K (mL/pg) ks (U)
A.clavatus NKCM1003 PESu hydrolase 0.11 0.50
P funiculosum IFO6354 PhaZ p; 0.06 0.20
Pseudomonas stutzeri JCM10168 PhaZ p,, 0.17 0.52
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24. L

HAREREEH K DZOHE@PESu’ FRER 2 B L 7o, HBERO B R R M2 TR, T
T OPESu/ R 2SPGHB)IC & 23 ffiE M 2 75 L7 (Table2-11) . HEERRIZ W ClE s FHIfE
Mra4T > 7ok K. PESuZ i E\- X, PGHB)i#E & BI# L T /- (Figure2-4) . 15g& LI
DIEVERIE, BIOYA £ T LOFEE, PESUEEMEN B SN -+ _XT ok Bk
b\“CP(3HB) SIRIEYED R S L7z (Table2-15, Figure2-8) . ZALH DR G PESu/ iR

. PGHB)S ;R T D Z L DRIB ST,

PESu/ i HABERKNKCM 1 0 0 3#RDO AR U = 2T VS RIGIE DFFE R 2 — o % P(3HB)/> i
B T DP. funiculosum & ELfg Lz, NKCM 1 0 0 3 k1%, PESu¥ L O'P(3HB){ELE F CTPESu
SHFRTETE & POHB) M RIEE D 5 %27~ LTz, — 77, P. funiculosumld, PESu% ME— D[RR &
L7256 POHB) G ifEESE 2 43 ih L2 v o 7o, ZOFER G | FERHIIZP(3HB) % 47149 % PESu
IIEEENKCM 1 0 0 3#kIE, AARRETICB W TPESUD D RICKE K HFHT 5 2 & DVRIE
iz (Table2-13) ,

NKCM 1 0 0 3726, PESup iR 2K L7c, ABERIX, 2 F&ES57000, FEEA
D5.60DH—RY XTFF R Th o7z (Figure2-11) , AFEFRIL, POHB) S fiEEEZ A L TEY |
S5, T A MG X OSEE R RN, PGHB) RS & FEPL L T = (Figure2-15,
Figure2-16) , 2 HDZ & L0, KEEFEN, PGHB) iR CTh 5 Lt iz,
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3=
RYTF LY7o %x—k (PBSu) SfEAEH D
BREZFOME.
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310 E

BAE, AT 7 AF v 71%, BIRNGE Tl S, Box OAETEICB W TREAR R R 7244
BrelpoTnWg, —hH, G777 AF v 7 DL L, BREER THM LRV, £ ORR,
BET T AT JITHELXZFEL, ThEEOL ) I T HRENPNRKERFEDO 1oL 2o
TWb, ZOXIERENL, BIRERER CHMAEWZ & OERIC X o THfET L0~
FZAF v I NERINTWD,

WA, AERBEMOSBIZE Y, ERICHZ &80 TEORVIERY 2 AT ABELND X
N2V ALFERNENIEAR U = 27 %, BREURAGAM BN U7z Bt & LTk
HESNd £ H17o TEMW, ALFEARIRER Y = A7 i, #AEY B RkO A5k~ 2
ATy 7 EHEEL T, AEa X BRI VIERNTZD, WSO A— T —IT K- THEPE,
IR ENTWAY, anslige 1,4-7 80P —NLOEHEETHLIR) TF L4+ 7o x
— k (PBSu) 1%, REMRFERIENSERY 22700 1 5TH5Y, PBSult. NS
NS AL TR, B X OVR Y mF L SRR L TR A A LT B, BIfE. PBSu
X, EEHEM, BEEHEM ., BLOAAMERSE OIS EOHRTERIEN D 2D0H 5,

ZIVE TIZPBSuD NI B 5 W < O ORI T T E 727, HRBEEE IS
% PBSuZ I A ) D 434 L. PCLCP(3HB) /R AE) & bl L T 2 W RTREPE DS R S 722,
72, WL OO HERSPBSu/ R A & L CHEE - BT SR Tuw AR PBSuD LSy
ikl L OVEDIEA = X LB LTk, RSN,

PBSu% ., HESMMERY ~—L LT O 7-01203, ENMBIEAF SIS T A 0RERDH 5, B
B BPBSuE LK iR DA N HEEECE R, ENFYEA D= X LB LT TE,
MEEEG TR B D, o, RU ~—2 &AL 2R A MERIEEIIHT 2 iInE
WAL LCoSH bR TE B,

ARETIH, BRERERNLS, PBSuMEmZHEEL . MET 2, 6, HEMEmIC
£ 2 iR DAEFEIZ DWW THIARD.
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32. RUTF LoV 7 ox—bF (PBSw X777 D

BR L ZFoME
3.2.1. EB

3.2.1.1. A3

(1) e, BIORT &2 —

EBRCHEHE LAY, BX O ¥ —%Table 3-1 . 8 X O'Table 3 - 2 (12757, Rhodococcus
fascians NBRC1006251%, FEHERR & L CHW -,

(2) ZOfhoiA3E
MR DRk 2 T D F EMHEH LT,

Table 3-1. Bacterial strains used.

Strain Relevant Characteristic Reference

Rhodococcus fascians Type culture 10

NBRC100625

E. coli DH5a supE44AlacU169(p80lacZAM15) hsdR17 rec Al Toyobo
endA1gyrA96 thi-1 relAl

NKCM 8906 PBSu-degrading bacterium This study

Table 3-2. Vectors used.

Vector Genetic Description Reference
Marker

Plasmids  pGEM-T easy Amp®, lacZ T-cloning vector Promega
pUCI18 Amp®, lacZ General cloning vector TaKaRa
16S-8901 Amp®, lacZ pGEM-T easy containing 16S rDNA This study
16S-8903 Amp®, lacZ pGEM-T easy containing 16S rDNA This study
16S-8904 Amp®, lacZ pGEM-T easy containing 16S rDNA This study
165-8905 Amp®, lacZ pGEM-T easy containing 16S rDNA This study
16S-8906 Amp®, lacZ pGEM-T easy containing 16S rDNA This study
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3.2.1.2. PBSu/fiMAEY D HEEE

T Gt (PSR RAMERT. REFERERT) | W8 GRWIRE M., R RE
R, KRR, BEERTE)I, EFRICT0, RERXEID) | ko8 (FHER
RE, RERET) o i (RS R B2E8E0, BERIREHHET) ) & 5 WITBREIK (SR
R, ERWI, HENM, BRI, 2T IRERKEIL KRRE -, B
FORIIN) %, MAEMEERERE U<, PBSUSBAEMZHEEL7-, TH1gx, 1 OmLOK
F/AEBERBEKICERE L, 1 0 0REE L7z, PBSuFL{LE AL H (Table3-3) (2, Z 1
BRI O _EIf . E72I3BREEK 5 OuL &%) —I28 A L 7=, PBSuf ki ¢, av=—nfFi0
27 VT = BB LTk PBSuSRIMAEY & L CRIR LT, MAEDOM{LZ | LBE
Z W THERREIC L VITo 72, HAEPBSu% ., 2.2.1.1. (2) IZit-> TIERR L 7=,

Table 3-3. The composition of polyester emulsified medium (pH7.0).

K,HPO, 4.6 g/l
Na,HPO4 12H,0 11.6 g/l
MgSO,-7H,0 0.5 g/l
NH,CI 1.0 g/l
FeCl;-6H,0 0.1 g/l
Yeast extract 0.5 g/l
Plysurf 0.1¢g/1
Polyester 2.0 g/l

3.2.1.3. HEEROIENI B L ML R Y = 2 5 L4 fRfE
2.2.1.4. 5

i

3.2.1.4. JEHEHEIER
22.1.5.5

3.2.1.5. EHT - AL FRIME ORIE
(1) Bfbn, B L OEHEZERMEE

7T LY b A% X —BDAFEE | Color Gram2F v M EF A YU o — 34 7 v 7 #H8l)
TIIXRTFH =BT AR BIOAF U H =BT X NANVTHEYZEH L G, 20
DAL T A b, BIORFBIFENET A M, 77 ARMEERES ~ SAPI2ONE (B
FAY 2= T v 738) 2RV, ERFIEOFEMIT, ~==2 7 /Wi - 72, 30°C T
RAIZHEEE U, 24ef 3 KO8R 12, B FHIRE & REEIINC K 2 BARS Z it B
77

(2) RU b Faxs 7k (PHA) &RHE
(a) HEOEEHE
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NKCM 8 9 0 6 £k, BLUR. fascians NBRC1 0 0 6 2 58k% ., 45 % RIALBE;H1 1.5 mLIC
FEEE L, 3 0°CT—HE:#E L7, Z O8I 1mL%, 1 BehsH (Table3-4) IZHEXMHE, 2
QHFR & H s L=, D%, =00 EE (500 Orpm, 1 543f], 4°C) Z1T\, JEH
MilliQ/AK THF L. [FERICE DB KV ER L, ZORE, KFWREZAY =741 )1,
HDHWNIT X Ul E T 2 BebiH (Table3-4) T4 4R & 5 R 21TV, BHIRNL v
N A& BRSO ST, MRS . R AR L, EERAR ) =27V ERB LR Y
T ATV E, HATa~ 7T 7 4 —&HNToT LT,

(b) HAZa~ N5 7 4 —54F

RV AT NVORNEB IR E T A7 a~ 8777 4 —(GC)TEET HD, fFHILT
BEKICEENDIRY AT VE, AX VAL S>T3-E Rafxo 7D ATV
T AT E L, £F, BBREAK 3 0mgZaa U NRBREIC AN, KIT, 1.7mLO X ¥
J =L 0. 3mLOEREEE 2mLO 7 a kL i E Mz, OEBHL7-#%I121 00°C, 14
ORMIAZ ) VT RAEATHT2, Tk, BRETHHAL, 1mLOZAEKEZMZ T 1 oK
LSIRE D Ui, #HER 2BICHBEL7ZTE (Zraf/La)E) 2y M ThHERL, NE
EAEHE L LCEHERDO. 1% ATV NBEATFIVEREBRG LELOERES T E L,
GCIZ X DMIESRMZ, T4 T 7 Z—RE250°C, A Y=/ Z—RE280°C, I 1A
— 7 IR 7 0°C, WIHNEEREEER 52y, H T A EFEHE 1 0°C min, T LK
WA 2 8 0°C, A RAKIREIRFFRR] 5 0 TIiT o7, W7 LlF==a2—F74HR U F—1 (GL
A= 248 30mX 2 5mm) MV, BE— 7 BHIZFIDIAIZ X 572,

Table 3-4. The compositions of media

1st stage culture(pH7.2) 2nd stage culture (pH7.0)

Yeast extract 10g/1 KH,PO, 1.5g/1
Tryptone pepton 10g/1 K,HPO, 1.5g/1
Beef extract 5¢/1 MgSO,-7H,0 0.25¢g/1
KH,PO, 1.5g/1 Yeast extract 0.05¢g/1
K,HPO, 1.5g/1 Tween85 0.5g/1
MgSO,-7H,0 0.1g/1 Carbon source 10g/1

3216 BFE7a 77 AL

APIZYM(E A A Y 22— « A T v 7 118 % W TPBSum g/ N7 7 ) 7 DR 71 7 7 A )L
ZVERR LT, PBSUiE N7 7 U 7 Oan=—%, H&EHIZIL—7TY | 2mLOD0.85% £
FRA A KIZERE S B 7, BEIRZAPIZYM Y L— kD h » FITHERE L, 37°C THRI4RE
WU, ZYMARKE L ZYM BREE L, 7y FZHET ORI L7k, st 2= fe—u
1y TR D EENFEEN 72 725 F THRE Uiz, RELIGT, HIERIZHESWCEEG L 7=,
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3.2.1.7. 7 ADNA (gDNA) #hi!H1?

NKCM 8 9 0 6 ¥k, B X TR. fascians NBRC1 0 0 6 2 5 k%, &~ LBE:H (Table3-5) 1
O OmLIZHEE L, 3 0°CT—MifR & o B5ak Lo, XPHEEMAIENC & 2 Wik %z =058 (5
00O0rpm, 1043, 4°C) IZL VB LT, Sl ik%z, TE/NY 77— (Table2-6)
8.5 0 5mLIZIERE L7z, MBKIC) Y F—L8 5mga iz, 3 7°CTIORMIRIELZ, *
DO, 1 0%SDS4 5 0pL, Proteinase K4 5uLZ Mz, 5 0°CT 1 MRE L7z, fiVC&%E
D7 x=/)—)v:ZvaarR)Lh AT IVTa—)L (25 : 24 : 1,vv) Nz, Fii
T3 0N E 9 Le, £D%, =050 (800 Orpm, 3 043fH], =IR) 12XV
EEAEEIR U7, B L2 IS 8o Y7 aR ) —L 1/1 0f%&ED 5M NaClZ iz,
7 ) ADNAZEE S THEILL, 7 0% =% /—/L 1mLCTT 972, RNALEE X, 2.2.1.7.
(1) EIRERIAT -T2,

3218 7T =v+ by (GH0) &Mty
(1) X7 LAy RiRBto/ER

0.4 mg/mLIZFHH L 72gDNAFHK 2 OuLZ 1 0 0°CT 5 iR s, ok Tamli. 20
70 BEIRIC, X7 L7 —BPUARK (Table3-5) 2 OpLz iz, 5 0°CT 1HffrEL, X7
VAFRELE, ZNZZETAVD Y T4 AT 7 2 —8 (RX—=V U —H) 1uLE Iz T,
37°CTIRMfRL, BY VBET DI &Ik, X7 LAY FlBtE L, X7 VAR
b, TN EERERR Y o~ /57 4 — (HPLC) S#ricfis L7z,

(2) mtEREikik7 v~ N7 57 4 — (HPLC) 12X D508

HPLCY A7 AL, Bt %M L7z, 77 A%, LICHROSPHER 100 RP-8 (CS8,
Merkft82, 0.4 X 2 5cm) & iz, BBHT, Bt OA— 1 2= 7 #— (SIL-10AD)
ZHWT, 50uLT 1AL, EHIE, WiE 1 mL/minT, E#EE LTO.0 2 MNH,H,PO,
Wik (pHEERE) -7 b=t UL (2 0:1,vv) ZHNT T 7, BHIE, BER OSPD-10A
ZHWT, 26 0nmiZ TIiT~o 7,

3.21.9. A VTV A Fx 7 Aty 121619

(1) BHEILLDFX 7

NKCM 8 9 0 6 ¥k, B X UR. fascians NBRC1 0 0 6 2 5 k%, £ 4~ LBE:HI (Table3-5) 2
O OmLIZAEE L, 3 0°CTCT—MERE D K53 Lz, =008 (50 0 Orpm, 1 043, 4°C)
IZ R0 EREENY Uz, AN EEKICHEZ BB L, =098 (500 0mpm, 10
T, 4°C0) ICXVEKRERIR L, ZhE 2k L, HREZEE L, Soh-ER
T BRI ST, WASTEREAR 2 0 OmgZx ., T+ L7-, ZOMMEKRIZ, 2 OmL
DRV L-AH )= (2:1,v/v) ZIZTRIEL, —BEITICHRE L, 20k, Z
nesEL, AREOHKEZ 7 nafR VA2 ) —LTTFWT, TOAREEDZ,
T, ZOAKREr—Z ) —T /R b —F —CEfEizE Lz, 20L&, U+ —F— 1 ZADiE
FEIZ 4 O°CLAFICRRE Lz il 7 b 1. 6mLa iz it Lz, 2z 2[Ef 0 KL,
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T bR, BFETAKR T T, 2 0 0uLiZiEM Lz, &I, TLCIZ X 28 21T > 72,
WAL= bR EEE ., SEFIAD U 7 LTLC (Kiesel-gel 60F254, Merckftf)
27 7T A4 L, Zokx, FEEMEHEL LT, B IKixzbbE TR L, BEELEIC
XY R_RoPrsoaRiba (5:2:1,vv) ZH L7, E5MRBHEE (3 1 0nm)
ERAWCAR Yy haMEGR L, EXIVKIOMD L EIZTTERLATIRF ) U ODRAR Yy b U7
FNEn&tol, ZNE2mLO7 & T2 mHH U7z, mO0mBkc L0, 2RI L,
WHEH AR F T2 0 0 u LIS L7,

(2) S FREOFEE

FERL LU 723082 . WFHAITLC (KC8 Octyl reversed phase, Whatmanft#) z T, BB L
7=o BB, TR Rk (9 9:1,viv) 2RV, SBAVERAEE (31 0mm) & H
WT, ARy MR L,

3.2.1.10. Wiy 120

(1) f8RAEAE A F L= 2T L DT

MIDIEIZ & 0 EIAEE A F /L= AT V& FHHE L=, NKCM 8 9 0 6 #£, L UR. fascians &
LBESHE (Table3-5) 2 0 OmLICHEE L. 3 0°CT—MifRE 25 L=, mOLmEE (5000
rpm, 1 043fE], 4°C) XV EREEIL L7z, BEAEBRAREAKICEREZ BB L, =050
HE (500 0rpm, 1047, 4°C) ICXVEEEZFEUL L, ZE 2B KL, EiREDE
Wlle, ZOWEER4A Omgll 7 v U iFAAbiK (Table3-5) 1mLAZMM&x7, 24z 10 0°C
THEfR-72%, 5~1 0B ESIEY, SHIZ100°CT2 50fRIR LT, ZDik,
WARTIREZ T, AFARAIE (Table3-5) 2mlx iz, 8 0°CT1 OpMfRiR L7z, Vi
K CHEZ T 7%, B (Table3-5) 1.2 5mlzx, = T1 0oMb-< Vi
L, £0%, KHEZIRYBRE, Ko IEEAIC YR (Table3-5) 3mlz iz, =il T5
P o VIR LTz, ZOWEAHD 2/3 %0, HAZa~ ~N7Z7 7 — (GC) ADHHT
AEbE LT,

(2) HAZuma~< 777 4— (GC) f#RMT

GCIZ L DMESRMEIL., T T 7 X —IRE26 0°C, A Y=/ FZ—iRE255°C, 1T A
A =T R 1 5 0°C, WIMNEEE R 4 min, 7 7 AFIRHE 4°C min, 77 Lk
IR 2 5 0°C, FRRKIRERFGIFR 2 OminTH L, V7 Alx, =2— 7R F—1 (GL
Az 2H, 30X0.25mm) 2L, ©—27 OBRHIIFIDIEICE -7, =20
REZIX, 77U TREEEWE 7T ) TBEAFILEAT )V (BAME) X v 7 A (A
~vattil) ARz,
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Table 3-5. The composition of solutions

LB medium (pH6.0) Nuclease P1 solution

Tryptone Peptone 10 g/l Nuclease P1 0.1mg/ml
Yeast extract 5¢/l CH;COONa 40mM
NaCl 5¢g/l ZnSO, 2mM
Alkaline saponification solution Washing solution

NaOH 15¢g NaOH 1.2¢g
Methanol 50ml MilliQ water 100ml
MilliQ water 50ml Extraction solvent

Methylation reagent Hexane 50ml
6N HCI 130ml tert-Butyl methyl ether 50ml
Methanol 110ml

3.2.1.11. BIEHRHEAEYT 12

PBSu/3fi#/N 77 U7 1 6 SIDNAZPCRIEIZK VIR L7z, L= 74 ~—I%, 16
Sf (5-GTTTGATCATGGCTCAG-3") . 1 6Sr (5-TACCTTGTTACGACTTCA-3") . TH Y,
B EK % 2 0pmolHU 72, PCROSAH:IX, Table2-7 [, PCRFEY) % . pGEM-T Easy Vector

(7'r A HHED) (CERE L2 (Table2-8) , H-IlCHE SN 7T A 2 R&ZpGEMTI6S & 4
L7z, ZOfMBHZ 7T A REE.coli DH5 o \ZTE R L T-, TEGHRER ORI, 2.2.1.7
Q) LRI ATz, Bl ua—r by —o 2oy VI LTz, v—27 v 7Y
> 7V IEDTCS Quick Start kit(Beckman Coulter f1:#4)% H W\ CTPCRIEIC L VW T X 7=
(2.2.1.10(6)%: ), Table3-635 L O'Figure3-11%, PCRIZHW =77 —~—ElFE L OB~ v
TERLTWD, Y—7 Ty 7 2iE. CEQ2000(Beckman CoulterttHl) % Iy 7=(2.2.1.10(6)
Z ),

Table. 3-6. Primer used for sequencing in this study.

M13f GTAAAACGACGGCCAG
M13r CAGGAAACAGCTATGAC
16Sf GTTTGATCATGGCTCAG
16Sr TACCTTGTTACGATTCA
357r CTCCTACGGGAGGCAGCAG
522f CAGCMGCCGCGGTAATWC
786r CTACCAGGGTATCTAATC
943r ACCGCTTGTGCGGGCCC
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M13f 522f

> \ >
16S rDNA (1500bp)
SN N N
785t 943r 357r M13

Figure. 3-1 Position of primers used for sequencing.

3.2.1.12. BERIREOWKIIEE 7 ) T — U TRRE~ DR
22.1.65 1

3.2.1.13. PBSumfR/\7 7V TIZE DRV T AT VT 4 )V LDy fiR

(1) SFEIERERBIETITIT D FERHETEE S 3 J OPBSuZ i 53Uk

NKCM 8 9 0 6 k%, LBEH#I1 .5 mLICHEE L, 3 0°CT—MifiRE S5 L7z, SEIE
7RRFEVRE 0.2 Yo B oA L (Table3-3) 35 L ULBEGMI 3mLIZ, PBSu” /LA (1 0 X
10X0.15mm) BIORHEERES OpLZAIML, 30°CT1 0 ARRE S5 Lz, B
& FIHIZ W S A PBSu fRIE T, EHEJHAEIC X > TIRE LT, T TOFERIT, %43
BT > 72,

(2) RY T RATILT ()L LA fRRE
NKCM 8 9 0 6 #RIZBIL T, 6 FFHDR Y = A7 /L7 ¢ )L 1 (PBSu, PESu, PBSA, P(3HB),
PCL, BLUPLA) OOfFREZ T~ (2.2.1.8. (2) &H)

(3) D 8—ViEH 22

U R—BIEMIEEIEC L > TRE L, 1mLOF Y —7F AL, 4mLD5 0mM kU &
- HC 1 %@ (pH7.8) . 5 OuL® 1 MCaCli&i, 3L OS5 O uLoKssE Bk %3 v 7Lk
IZAHL, 30°CT3 OB LZ, 10mlD 9 5%TH ) —/LEFRINTHIETRGZE
1 U7z, BOSOMNICEEE U -5RE L. 1 mMOKOHIRIE A E L, pH7. 8iIZAbHED
EFTOENSHEH LT, WIEOpHFHIXIZIE, accumet®™ ABI5 pH mater (Fisher scientificttH2)
RO, 1=y ML, 155720 1 umolDiEHfEZ IFHE S ¥ 2fEE L LT,

322 fER LB

3.2.2.1. PBSu/r M AE M D HLEE

FHO T B X ORI &2 AR & L CPBSuFLERREEZ W2 U7 —
EIZED . 1 OBRDOPBSum RN 7 U 7 Z B L7z (Table3-7, Figure3-2) . 2D Z &b,
Pk & HHEBREE X, PBSURANZ T U TR LTS Z ERNbnotz, T /X7 F
X —ET A MIESWT, 1 OROPBSUSRIRAE D 5 b, THRIZ Y 7 A5MERE. 3kE 7
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7 LR TH D Ep LT,

Table3-71%, BBk OFEAX DR Y =27V BLOA Y —7 A LIS LT 7 U 7Y
—UTERE. BEROT AV LREE AR LT D, T RTOPBSusiE N7 7 U 73, PLA
BELUPEHB)FALE L 227 V7 —Y = Z R Lo T, —F, T X TOPBSu/ s A
W73, PCL, PBSA, BLOA Y =7 A A Nttt L2 7 V7 —Y =&k LTz, PCLELD
PBSAIX, U NR—PIZL-oTHMRTHZ ENmoNTNAEPY, /-, [EAPBSAL L UL
PBSu% 533 % Acidvorax delafieldii strain BS-3 2k OPBSu/ iFlfE R 1L, UV /XN—BIEERH D |
BEEE BE L. Moraxella=CStreptomyces)@ D U 73—¥ L RN H - 723D, b o R %
AN 2 & ABFFRICI O CHEE S 7= PBSu/y Rk AE M 23 7363~ 5 PBSu iR 35 13
U R—BREER T D AREMES E W,

HEEL72 1 ORDOPBSu /N7 7 U 7 D 5 B 9RAPBSu” « /v A% 43iF L 7= (Table3-6) .
HHERRIZ L 5 PBSUT o /L A D4 fRE I, 0.08~0.8ug/cm’h T - 72, NKCM 8 9 0 6 £kid,
PBSu/ i/ N7 7 U 7 B b VOPBSuY o L A EEME A R L7z (0.8ug/em’/h) . S HIT,
NKCM 8 9 0 6 B DR A FEIZ I~ T,

Figure 3-2. The clearing zone on the PBSu emulsified plates formed by PBSu-degrading bacterium.
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Table 3-7. The ability of PBSu film degradation and clear zone formation on the plates containing

polymer emulsions or olive oil by PBSu-degrading bacteria.

Strain PBSu PESu PBSA PBHB) PCL PLA Olive Weightloss of PBSu Source

oil film (ug/cm?*h)”

NKCM8901 ++ - ++ - -+ - +++ 0.33 Dry soil at Gunma university
NKCM8902  +++ +++ ++ - - ++ 0.25 Soil at Mt. Narita
NKCM8903 ++ - ++ - - ++ 0.25 Freshwater from Tone river
NKCM8904 + - + - + - ++ 0.38 Freshwater from Tone river
NKCM8905 +++ +++ +++ - +H+ - ++ 0.71 Wet soil at Kasumigaura
NKCM8906 ++ ++ +++ - +H+ - +++ 0.80 Wet soil at Kasumigaura
NKCM8907 ++ 4+ ++ - ++ - ++ 0.16 Freshwater from Chikuma river
NKCM8908 +++ +++ +++ - +H+ - +++ 0.16 Dry soil at Gunma university
NKCM8909 ++ 4+ ++ - - ++ 0.08 Freshwater from Sakura river
NKCM8910  ++ +++ ++ - =+ - +++ 0 Soil at mountain

a) Each strain was incubated at 30 °C on mineral medium containing PBSu film. After 10 days the film was pick up, washed with

distilled water, and weighed. Weight loss was calculated by subtracting the weight of degraded film from initial weight of the film.
+++; A large clearing zone was formed around the isolate.
++; A midium clearing zone was formed around the isolate.
++; A small clearing zone was formed around the isolate.

-; No clearing zone was formed around the isolate.

72



3.2.2.2. PBSusfi#/~7 7 U 7 OFEEAT T

(1) R

Hife N7 7 U 79, &b EWPBSuY « L LG fRTEME A2 R LTZNKCM 8 9 0 6 BRODTEREA |
EARE IS (SEM) THEIZ L= (Figure3-3) ., PBSumfi# /327 7 7NKCM 8 9 0 6 k%
I, 2 REOFBRET, BMOBERAIBELZ0.4~0.6umfEETHLZ LBRbhoTz, I
O ORFEIX. CorynebacteriumJ&<°RhodococcusBIZIB L THRONAH LD E—F L Tz,

Figure 3-3. SEMs of strain NKCM8906. The black bars indicate 1 um in length

(2) BERBEOEMKEEE 7 VT — e~ D R %2

FEARIEE 4 ~ 6 0°CICB VT, NKCM 8 9 0 6 Bk AN, BL O U 7V — U JEARE
ZJH~7= (Table3-8) , NKCM 8 9 0 6 #ki%, 4°CEB L4 0°CLLETIFHEHET, 20~3
0°CTH® L<HHIH L7z, F7o, BRI SN T X TOIREIZIHBW T, A LPBSul
b2 VT = — B RR Lz, fEHERE & U CHWZR. fascians . HLBER & [FIERIZ, 4°C
B4 0°CL ETIHEHEET, 20~25°CTHRY LI LT, —F. R fasciansid, H
BiERR & beis L CPBSulZ x5 il e MK < . 4 0 CCIEAEPBSutzih iz 7 V) 77—y —
B Lpnotz, ZORERNS, NKCM 8 9 0 6 #kiX. R. fascians & FIBRIC, FEFEO EiEiR
FE2R20~30°CTHY ., 4 0°CLLETITHILARWAIREDNNT TV T ThDH Z &b
ST, Fio. HEEUERR L Bl L CL BBERR O 7 2N R WIRE R TPBSulS 6 L CafRiE M A R 2
Enbnoiz,
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Table 3-8. Effect of temperature of the growth and clearing zone formation on the PBSu emulsified
plates of strain NKCM8906.

NKCM 8906 R. fascians NBRC100625
Temperature
Growth Clearing zone formation Growth Clearing zone formation

4°C - - - -
20 °C ++ + ++ +
25°C ++ ++ ++ +
30 °C ++ ++ +
35°C + + + )
40 °C - - - -
45°C - - - -
50°C - - - -
55°C - - - -
60 °C - - - -

+++ : means growth was excellent, or a large clearing zone was formed.
++ : means not growing, a clearing zone was not formed.
+ : means growth was poor, or a small clearing zone was formed.

-: means growth was good, or a medium clearing zone was formed

(3) NKCM 8 9 0 6 kDA « EHEMEE

PBSu%3f#/3 27 7 U 7NKCM 8 9 0 6 fROABLERT A b AT A b, X /7 AT,
B LU ) ADNADOGHCE R 21T > 7= (Table3-9) , Zd L & R. fascians NBRC100625
EREERR E L CHW, RERIZ, 77 2B TH Y . ZOAEETFR, I X OVEREPINEE
IZ. R fascians & FALL L T iz, M OEREROMBERE THDLHA YTV /A4 KX O
X, R. fascians L [FREDA Y TV ) A4 REDA VTV BN DAF X/ (MK-8)
Tho7?, £72, 7/ ADNADGHCERIL, 6 5.9% CTh-oT=, —F, EHEKR L LTH
UNTER. fasciansDgDNADGHCEHFIX, 6 6.4 % Th o7, R. fasciansDgDNADGHCE F (13,
61~67.6%DPHTHDLILENMESNTNDE? P, ZDZ b, KEKDgDNADGHC
EEIT, R fasciansDFNEFLLTNDH EF A%, NKCM8 9 0 6 kkiZ, #V—7F A&
HWNET H VBB EIRFIRE LTCEE, AV e Faxo 7 X Vb HWEAR Ve Rex o7 a2
LAY e R v ERBOKXESR Y AT VEER L, 5, EEERE L CTHVWZR
fasciansiX, PHAZ &R L7272,
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Table 3-9. Biochemical and physiological properties of strain NKCM8906.

NKCM8906 R. fascians NBRC100625

Characteristics
Gram strain Pos. Pos.
Oxidase - -
Aminopeptidase - -
Nitrate reduction - -
Oxidation of glucose to gluconate - -
Indole production - -
Arginine dehydrolase - -
Urease + -
Hydrolysis of esculin - -
Hydrolysis of gelatin - -
B-Galactosidase -
Ultization of carbon source
Glucose -
L-Arabinose +
D-mannose +
D-mannitol +
N-Acetyl-D-glucosamine -
Maltose -

+ + + + + + o+

Gluconate -

n-Capric acid - -

_|_

Adipic acid +
dl-Maleic acid - +
Citrate - -
Phenyl acetate - -
G+C content 65.9 66.4
Quinone MK-8 MK-8

PHA accumulation + -
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Table3-10IZNKCM 8 9 0 6 BRDEEE 7' 1 7 7 A /L&~ T, NKCM 8 9 0 6 £k L OFEHERE
& L CHVZR. fasciansD 1 753, Leucine arylamidaselif 2 /R L7-, & 52, NKCM8 9 0 6
B3 L OR. fascians D J57)3, Lipase (C4) . Esterase Lipase (C8) . 33 J U'Esterase (C4) iif
PeZoR Lo, HEERIZ, UV A—BlZkoThaiishd, V=744, BLOPCLILE:

MW EIZ7 VT =Y =R LT, T ORRIT. AREKD

LTV,

Table 3-10. Enzyme production profile of strain NKCM8906

UNR—PEEKRTH D Z & 2R

Enzyme NKCM8906 R. fascians NBRC100625
Alkaline phosphatase 1 1
Esterase(C4) 1 2
Esterase lipase(C8) 3 3
Lipase(C4) 1 1
Leucine arylamidase 5 5
Valine arylamidase 3 1
Cystine arylamidase 1 1
Trypsine 0 0
Cymotrypsine 0 0
Acid phosphate 1 1
Naphtol AS-BI phosphohydroralase 1 1
a-galactosidase 0 0
B-galactosidase 0 0
B-gluconidase 0 0
a-glucosidase 5 1
B-glucosidase 0 0
N-acetyl-B-glucosamidase 0 0
a-manosidase 0 0
a-fucosidase 0 0

Amount of free substrate; 0: none, 1: 5Snmol, 2: 10nmol, 3: 20nmol, 4: 30nmol, and 5: more than

40nmol.
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(4) NKCM 8 9 0 6 kD EE KRR ER#H AL

NKCM 8 9 0 6 #RDEIRNENIEERLAR & 1 ~7= (Table3-11) ., ANEKOEKIENIEA X, 4L
A VB (C18:1n9¢) ZFH—ir et L, WIZ/VVULIF VB (C16:0) %< FATWz, b
Sz, SV R LA VR (C16:1n9¢) AT T U U (C18:0) HEA TV, FEHEREE LT
FHNTZR fascianslZ, NKCM 8 9 0 6 #E L [FIERIC, A LA U8 (C18:1n9¢) ZEH—Rmr & L,
WIZVIF U (C16:0) %< B ATV, REBEKROFEIEIENEEERIZIB W T, C16:0
ECI8:1, ZAUIKRUNTCIS0, Cl6:13, ERITTH DN, T D/3Z =%, Rhodococcus&,
B L UCorynebacterium)@ |2 B EE9IZ B 650 57,

Table 3-11. Cellular fatty acid conposition (% w/w) of strain NKCM8906

R. fascians R. fascians

Fatty acid NKCM8906 NBRC10062 Fatty acid NKCM8906 NBRC10062
5 5

2-OH C10:0 2-OH C16:0
C11:0 C16:1n9¢ 18.70 15.77
C12:0 C17:0 6.26 9.40
2-OH C12:0 i-C17:0
3-OH C12:0 a-C17:0 1.48 8.61
C13:0 C17:0 cyc
Cl14:0 5.41 6.17 C18:0 0.93 0.18
2-OH C14:0 C18:1n9¢ 42.14 30.25
3-OH C14:0 C18:1n9t
C15:0 3.19 10.74 C18:2-9,12
i-C15:0 C19:0
a-C15:0 0.45 C19:0 cyc
C16:0 21.89 18.43 C20:0

1-C16:0

(5) PBSuZfig /N7 7 U 7 OBARTRAAIENT (1 6 S IDNABLHIfET)

PBSuZy S AE M) DIDNABL SN J-5 & ERL U 72 A Hikt & Figure3-412/77, PBSuw 7 7V
TNKCM 8 9 0 6 #kD16S rDNABLAIE. Actinobacteriaffd\ZJ& 3 5 Rhodococcus fascians D L
L. 99.3%DEmWHHREMEEZ R LTe, F72, EOALFHy, ABFHIMEE, ¢dDNADOGHCHE
LAV T VA NF ) o OfEE, BIOREBIEVEEERE S & Rhodococcusl@ DYEEIZ &
TIXEDZ &6, REKIL. Rhodococcus fascians\Zix bUTHFRFETH D Z ERVHIA L=,
F72. 16S IDNABLFIFENT LV NKCM8 9 0 1 £k, NKCM 8 9 0 3#k, BLUNKCM 8 9 0
4 FRIX. ProteobacteriaffdlZJ& L C\\5H Z &R b7, (Figure3-4) , —J7. NKCM8 9 0
5KIE. FirmicutestlZJ& L Cu Tz,
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WS L, HEERE ) S PBSu i N7 7 ) 7 & LT, Proteobacteriaffd. & %\ MX Firmicutes
W T A7 T U 7REAEBE - FELTW5DY, KIFFEICEW T, Proteobacteriaffd. ¥ X
WFirmicutesf@LAAMNZ . Actinobacteriaffd H PBSu/ AR IZB G- L CWA Z E RGN E I o 7=,

Nocardia corynebacterioides (AF430066)
Rhodococcus fascians (AF205371)

_E Rhodococcus sp. NSA3-1 (AB177884)
NKCM8906 (AB211229)

I- Bacillus pumilus (AF098578)

I- NKCM8905 (AB211228)
I-Burkholderia cepacia (AB14607)
L NkCcMs8901 (AB211225)

NKCM8903 (AB211226)
rrAemmonas veronii (AF099024)

— | | Aeromonas salmonicida (X60407)
0.02 NKCM8904 (AB211227)

Figure 3-4. Neighbor-joining phylogenetic tree of the PBSu-degrading isolates and related bacteria
based on 16S rDNA sequence comparisons. Accession numbers are given in parentheses. The bar

indicates 2% estimated sequence divergence.

3.2.2.3. PBSu M L DR Y = AT VT 4 v A D53

(1) PBSu” 4 /L ADONKCM 8 9 0 6 ¥RIZ X 2 /o fifidfe

Figure3-5/Z, NKCM 8 9 0 612X %, PBSu” « /L ADSfRiEfE%Z R LT %, PBSu” 1 /b
L OHEERAD EIE, FFER R ORGEIZ 0 U CEBRANIHEN L 72, PBSu” /L A OBEMIREE L,
FRFREAYITAR T L7z,

BB D7 4 VA DSyfEE, GPCEZHAWTHIE L7 (Figure3-5(A)) , HREEREOA M,
B L ORI )b 53, PBSu” A L ADSFEIT. LA LARoT-, b
DOFEFIT, PBSu” « /L AR OM, IERERNRINAK DR E Z TN L 2R LT DY,

Figure3-6/X., NKCM 8 9 0 6 ¥RIT L 2 73R4 DPBSu~” « /L A FK i O AR E 1 PSR

(SEM) B %R LT\ 5, ZfEATOPBSU” 1 /v AOEE L, FEF IV 5> T o 7= (Figure3-6

(A) ) . AR 1 OB T, 74V AKMEICHEDNRESZER L, 2HOBAN AL
LERIZ2 o7, (Figure3-6 (B) ) o EHIT, 30 HETIL, 7 4 /L ARKEDIE LRI H
WL, FNENORAN LY KEL o7 (Figure3-6 (C) ) . ZHubDOfEHEIX, PBSu~”
4 IV DD EERIIAE N W LT R L D@0 FRENO DGR THD Z L 2R L
TW5,
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Figure3-5 . Degradation of PBSu film by Strain NKCM8906. Dumbbell specimen of PBSu was
incubated with strain NKCM8906 in the mineral medium at 30°C.(A) The time course of weight loss
and weight-average molecular mass (Mw) of PBSu specimen. Weight losses of the specimens during
incubation with and without strain NKCM8906 were indicated as open (O) and closed (@) circles,
respectively. Weight loss indicates the value per cm2 of specimen. Mws during incubation with and
without strain NKCM8906 were indicated as open (A\) and closed (A) triangles, respectively. (B)
Time course of mechanical property of the PBSu specimens. Tensile strengths of the specimens during
incubation with and without strain NKCM8906 were indicated as open ([]) and closed (H)
quadrangles, respectively. All experiments were performed in triplicate. Error bars indicate the width

of experimental values.
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(A)

(©)

Figure3-6. SEMs of PBSu film surfaces before (A) and after degradation by strain NKCM 8906 for
10 days (B), 30 days (C). The black bars indicate 10um in length.
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(2) BRI = RFI)LT 4 )L LA E

6 FFHDOARY =27 /L7 4/ (PBSu, PBSA, PESu., P(3HB), PCL, X UOPLA) %5
DR ISIEARG M T, PBSud A A4 1 0 AMEEE Lictk, 7 4 VA& B0 H L CHEERD
®EZ2ME L7z (Table3-12) .

PBSu/ /X7 7 U 7NKCM 8 9 0 6 ¥kiE, PBSu” « /L ALSMCH U 83— L 0 455
L THMBLNTVWAPCLY Y, 5L UPBSAY )7 4 L A E DR LT, & 52, Afkix, 4V —
THANEMEIZ 7 VT == 2R LT, 2D &1, KERD U N—EBRREERIC XL -
T, PBSuz 0+ % 2 L 2Ry 5, —J5. REERIL. PESu” « L A% 53R LT=73, P(3HB)
T AV NESR L7 Do 72, InvitrolZ3B\W T, PESuld, U X—BIZ k- THfg &7, P(3HB)
INREERIC L > THIREND Z ENMEE N TV A APIZYM X W KEtkiZ, U s—F %
HERETDHZ ERNDMN->TUWD (Table3-10) , TNHDZ D, AREKIL, PBSufiglizEc
N Z T, PGHB)MifEEE L I3 72 5 = AT WK REESR 2 AET D B2 b D,

Table3-12. Degradation of various polyester films by strain NKCM8906

Degradation rate of film Cell growth

Substrate 2 8) b

(ug/cm’/h) (mg)
PBSu 0.8+0.02 ++
PBSA 2.7+0.04 +++
PESu 1.6+0.03 +++
P(3HB) 0 +
PCL 0.37+0.02 ++
PLA 0 +

a) Strains were cultured in 3mL medium containing polyester films (1x1x0.1mm, ca.15mg) at
30 °C for 10 days.

b) +++, optical density at 600nm (ODgg) of more than 1.0; ++, ODg between 0.5 and 1.0; +,
ODyq of less than 0.5.

Errors () indicate the width of experimental data.
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(3) & FJF72RFIIC L HPBSuFRIEM DAT EPBSu” « /b A3 ikt

Table3-13(%, S F & ERKEHITNKCM 8 9 0 6 BRA KR L7-BRO, BRI KX O -
EORFEEOBIR AR LT 5, NKCM8 9 0 6 Bkid, ABFZETH T < TORKIT
IR HERR ST, T THA ) =7 A A Vs JULBR A W 2356 BAFZ2 B AHEHED e
RINT, T A NVBGIRTOWTIE, LBEFIZ AW BRI, A MO LA O5 K0 7 1L
AERMABNKE S AV =T A A VERRE LIRS, BRI BIIRK L ot 2
DFEFIE. NKCM 8 9 0 6 BOPBSUSHHIEMOFEUCI T, B X R T A M 221720
ZEARRL TV, R EEDY N—EB LU= 2T 7 —BIEMIL. PBSumEEME & FAEY
RN b Te, ARERIL, PCL, PBSA, BEUA Y =7 A A /W L CIEEZR LTZ

(Table3-7) . BT, AEHIZ, V3—F, BLOZ AT S5 —B U =L E ST 52 LN
RET- (Table3-10) , TS OFERIT, AR, U S—PREEEHEIC K - CPBSux /iRt %
LY D,

Table 3-13. Effect of carbon source on the PBSu hydrolysis activity of strain NKCM8906.

Carbon source Growth? Weight loss PNPB Lipase activity
(ug/cm’/h)® (mU/mL)" (mU/mL)"
Mineral medium ¥ +PBSu film ++ 0.19 22 0.51
PCL 9+PBSu film ++ 0.21 21 0.55
PBSA “+PBSu film 4+ 0.25 27 0.54
LB medium ” +PBSu film +++ 0.49 34 0.66
Glucose © +PBSu film ++ 0.17 29 0.17
Fructose © +PBSu film ++ 0.18 21 0.19
Starch © +PBSu film + 0.09 12 0.17
Olive oil ? +PBSu film +++ 0.61 42 0.53
Tributyrin © +PBSu film ++ 0.26 20 0.43
Tripalmitin© +PBSu film ++ 0.20 14 0.17
Citric acid © +PBSu film ++ 0.36 26 0.43
Succinic acid © +PBSu film ++ 0.17 32 0.31
Ethylene glycol © +PBSu film + 0.15 16 0.22
1,4-Butanediol © +PBSu film + 0.16 19 0.29

a) Strain NKCM8906 with PBSu film was cultured on the minimal medium for 10days.

b) Strain NKCM8906 with PBSu film was cultured on the LB medium for 10 days.

¢) Strain NKCM8906 with PBSu film was cultured on the minimal medium containing 0.2% each
carbon source for 10 days.

d) +++, optical density at 600nm (ODyg) of more than 1.0; ++, ODggo between 0.5 and 1.0; +, ODggo of
less than 0.5.

e) Weight loss of PBSu film for 10 days at 30 °C.

) Activity of NKCM8906 culture supernatant.
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3.3. PBSuZ iR B DEESR & = DOME

3.3.1. EB
3.2.1.1. BEY., BIORT X —

EERCHERH L7oEY. BXOWRI Z—%Table3 —1 4, BLOTable3 — 1 512”77,

Aspergillus fumigatus NBRC330221%, ¥R E L THW =,

Table 3-14 Bacterial and fungal strains used.

Strain Relevant Characteristic Reference
Aspergillus fumigatus Type culture 42
NBRC33022
E. coli DH5a supE44AlacU169(p80lacZAM15) hsdR17 rec Al Toyobo
endA1gyrA96 thi-1 relAl
NKCM 1706 PBSu-degrading fungus This study
Table 3-15 Vectors used.
Vector Genetic Description Reference
Marker
Plasmids pGEM-T easy Amp®, lacZ T-cloning vector Promega
pUCI18 Amp®, lacZ General cloning vector TaKaRa
ITS-1706 Amp®, lacZ pGEM-T easy containing ITS region This study
ITS-1707 Amp®, lacZ pGEM-T easy containing ITS region This study
ITS-1708 Amp®, lacZ pGEM-T easy containing ITS region This study
ITS-1712 Amp®, lacZ pGEM-T easy containing ITS region This study

3.3.1.2. PBSu%yfRE R O HEEE
32.12. B,

3.3 1.3 BB L OKHER Y = 27 V45 fiRhE
2.2.1.4. 5

ik

3.3.1.4. JEHEHIZS
22.1.5.5

3.3.1.5. 77 LDNA (gDNA) Hhi 12
22.17. (1) R
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3.3.1.6. BARBMFHIREAT
22.1.7. (2) =fa

3.3.1.7. EEREOHKHIEL 7 ) 7Y — VTERRE~ DR
22.1.65

3.3.1.8. PBSuRMAMIC X DRV = AT /L7 4 )V L D5 R
(1) FIJFRRJBW TS D FHIAREGE & PBSu/ fifiE 20w
2218 (1) =M

(2) NKCM 1 7 0 6 OPBSutgEZ it ~D %5

NKCM 1 7 0 6 RO BREEHIZ 51T HPBSum i~ D% 521 ~7-, NKCM 1 7 0 6 #kZ LB}
#1110 OmLIZAE X AT, 3 0°C, 4 8FfiIEFE Lz, mOmBEZ Lo TEEZ RN L7z, £
WL C&7mtEy 71100 gll, MEKRO. 5 gBILUPBSu” 4V AZFIML, 3 0°C
T5. 10, 15, 20, 25, HWE3 0 AR Lz, DEOT 4V LE XX ) —
S, MilliQ/K THEW L. RS L=, 7 4 L LADOHMEEN S ORED 7 4 L LD ER LI
L, BEEEOEZHEN L, £ ERZEBLR2VWIRRE R, 8L — 7 L—T4
BLERXTT o7 a2y ba— /L RERICAE LT,

(3) RYU T AT I)LT ()L LA fRRE
NKCM 1 7 0 6 #RIZBIL T, 6 FEF DR Y = A7 /L7 1 /L2 (PBSu, PESu, PBSA, P(3HB),
PCL, BLUPLA) OOfiFREZ T~ (2.2.1.8. (2) &)

(4) PBSu/ %M

Bed% BIE OPBSuRIE I, WEEEIC L > TWRE L7z, PBSuMEEIL, 0. 1 % (WNV)DI
{EPBSu% & A 725 OmM U »EEAEER (pH7.0)% V=, 7 5 OuLOPBSufEE 12, 250 pL
DR FIEEMZ, 30°CT6 0ks#E Lz, 1=2=v I, 6 50mOEEL 1 DI
DO BEREEREE LT,

(5) U N—PiEmE 22
3.2.1.13 (3) &
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332 fER LB

3.3.2.1. PBSu/y i EL B D HiFE

(1) PBSuZfiEE T O HHfE

Ko 8 B IXOREKEZMAYERER E L, PBSuFLEEEMZ R\ U T Y —
EIZER Y, PBSuRER A HUEE L 72, E O, PBSuI LEAER M T, an=—JF0I
el s V7Y — 2 %K T 5 1 2 BEOPBSu/ iR L4 % g L7- (Figure3-7. Table3-16) .

Figure 3-7 The clearing zone on the PBSu emulsified plates formed by PBSu-degrading fungus .

(2) HHEEPBSu/FEER DR 3 L OV U = X 7 V45 fifhE

Table3-161%, HEEKOFE 2 DRV =27V BILOAY =7 A A VFALEE M ETo 7 U7
V= UIERREE R L TN D, TR TOPBSu RS, PLAFU LIS ic 2 UV 7 —Y — %
Rk Liehnotz, —F, X TOPBSuMMAM A, PCL, PBSA, BL AU —7 4 A /L%
#1 bic s )7 — =&AL LTz, PBSu, PBSAR L OUPCLIE, U N—PiZL o> THMTHZ
EWNHMBITNDZ | AR Aspergillus oryzae S DPBSu/y R, ) R—F Litkx7e
BERTHDL 7 FF—EThDEEmMToNEY, 2o OBRERAIHETL L, K
IR I\ THEE S U 7-PBSu/ IR A 23 73 W69~ H PBSu /e R 1%, U X—ERERE Th 5
AIREMES @Y,

(3) PBSuEIEDPBSu~ 1 /L L3

PBSu/MEISAE D 7 4 /v DOHRRE S i~ T, D%, 74V AEIY L CERERD &
FRE LT, 1 2BEOPBSWMRERE D 95 £, 1 1A, PBSu” 4 VAENE L. 7 D4R
JEIX, 0.08~10.5pg/em’h Td 7= (Table3-16) . NKCM 1 7 0 6 #kiL, PBSu/fifE B,
i WPBSu G2 % L7z (10.5pg/em™/h) o VO PBSu/y il M % 71k L 72 PBSu/y i
NKCM 1 7 0 6 BROF#Z . ThEabflicii~7z,
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Table 3-16. The ability of PBSu film degradation and clear zone formation on the plates containing

polymer emulsions or olive oil by PBSu-degrading isolates.

Olive  Weight loss of PBSu  Sources

Strain PBSu PESu PBSA P(3HB) PCL PLA

oil film (ug /em*/h)®
NKCM1701 + - +++ +++ +++ - +++ 1.17 Dry soil at Gunma university
NKCM1702 ++ ++ ++ +++ +++ - +++ 1.04 Dry soil of a field at Gunma
NKCM1703 ++ ++ +++ +++ +++ - ++ 1.50 Wet soil around lake Kasumigaura
NKCM1704 + - ++ - ++ - ++ 1.38 Soil at Mt. Narita
NKCM1705 ++ - + +++ +++ - +++ 1.21 Soil at Mountain
NKCM1706 ++ ++ +++ ++ +++ - +++ 10.5 Wet soil around lake Kasumigaura
NKCM1707 ++ +++ +++ +++ +++ - +++ 9.00 Soil at Mountain
NKCM1708  ++ + ++ ++ +++ - +++ 3.13 Soil at Mt. Narita
NKCM1709 + + ++ +++ ++ - -+ 0.38 Dry soil of a field at Nagano
NKCM1710 ++ + +++ +++ ++ - ++ 0.08 Dry soil of a field at Nagano
NKCM1711 + + ++ +++ + - ++ 0.16 Dry soil at Gunma university
NKCM1712  ++ ++H+ ++ ++H+ ++ - ++ 10.0 Soil at Mt. Narita

Each strain was incubated at 30 °C on mineral medium containing PBSu film. After 10 days the film was pick up, washed with distilled water,
and weighed. Weight loss was calculated by subtracting the weight of degraded film from initial weight of the film.

+++; A large clearing zone was formed around the isolate.,

++; A midium clearing zone was formed around the isolate.

++; A small clearing zone was formed around the isolate.

-; No clearing zone was formed around the isolate.

3.2.2.2. PBSu/ i E B DFRFEAT T

(1) TERBFRHYFRHH

B HPBSU” 4 /L L& 3R L 7-PBSUEEENKCM 1 7 0 6 BEOTZREZ | 62 B%EE (OM)
THIZ L7= (Figure3-8) . NKCM 1 7 0 6 &1, RIRETH Y, EROKSIE, 5.0£0.5umfz
ETHDHZ ERbnoT- (Figure3-8 (A) ) 7o, REHROERIT, RETRUI LN, AFF
FARTHDLZ LB LN -7 (Figure3-8 (A) ) o WL D DOERAIIZIE, B2 Oum
DoEFIA bR Sz (Figure3-8 (B) ) o AEROIERETFHIREIL, 1D O HHEN /RT
R E L T D™,
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Figure 3-8. Phase-contrast optical micrographs of strain NKCM1706. The white bars indicate 20 um
(A) and 40 um (B), respectively.

(2) BEEEOREKIIEL 7 U 7Y — U TRRE~ DR
20~6 0°CIZEWT, NKCM 1 7 0 6 SROBEKIIE, XU U 7Y — U JERKRE & fil~
7= (Table3-17) . AEKIZ., 5 5°CLLETITHGHET, 30~35°CTHb L HIHLT,
£720 NKCM 1 7 0 6 #RiF, WA HER ST~ TOERKEICEWTZ V7T =Y —r %
L, 1 TH 2 5 —4 0°CTHEWVPBSUREMEZ R Lo, R TH DA fumigatust .
HEPKRIRE, 5 5 °CLL L THAPIET, 2 5~ 3 0°CTHR b & Bl L7, T OFERA S NKCM
17 0 6BEIZ. A fumigatus & RREIC, BAHIEOEBIELER, 3 0°CHHETHY . 5 5°CHL
ETEHELZR2WPEMEER TH L Z LB LMoz, —T5. AfumigatusiZ, 5 0°CD
B3R FE CIIPBSUIC RIS 5 R S 72 o T,

Table 3-17 Effect of temperature of the growth and clearing zone formation on the PBSu emulsified
plates of strain NKCM1706.

NKCM 1706 A. fumigatus NBRC33022

Temperature

Growth Clearing zone formation Growth Clearing zone formation
4°C - - - -
20 °C ++ + ++ ++
25°C ++ ++ +++ ++
30°C +++ ++ +++ ++
35°C +++ ++ ++ ++
40 °C ++ ++ ++
45 °C + + ++
50°C + + T+ )
55°C - - - -
60 °C - - - -

+++ : means growth was excellent, or a large clearing zone was formed.
++ : means not growing, a clearing zone was not formed.
+ : means growth was poor, or a small clearing zone was formed.

- means growth was good, or a medium clearing zone was formed
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(3) fREY OIFE

NKCM 1 7 0 612X > CTPBSu% b5 L7 BRI DN D DRED %, ik v~ N7 T 7 ¢
—T L7 br AT L—E8oITEE (LC-MS) Z AW Tz, nfifEmE LT, B (& :
90) . S (118) . SB (190) . BSB (262) . SBS (290) . SBSB (362) . BSBSB (434) .
SBSBS (462) . 33X U'SBSBSB (534) »fgthisiiz (S: ansfga=y h E: =F L
sVa—pa=y h), IHIT, AFFAFLUOIOA VI TX—K (H) HikOY L 2o
=v MN&Ete, BHBB X OSBHB G 0 fiF W & L Tl &z, ZHboH T, SB, BSB,
SBS. 3 X USBSBERmfEiEY & L TR S 7z,

SB. BSB. SBSZ2 EDA Y A~v—7n, ERGMEME L TR SNTZDIZH LT, PBSu®
WD THDH1A-TH A= LBLORan7 @i, FEARHBENR0o72, T,
BER rRIZPE M SAVTZPBSuDKERE 3 3. ARRIC K o TEIL SN2 Z LB Z BN,

ANFYRAF LUV VYT F— ML, PBSUDHSFEEZELS TH20DYa A e LTH
NWHENTWS, PBSUTIZEENDIANFTRAF LU VA VU T X2— F&EIE, ETHIIZH M,
POhLT, TNEFAREFY I~—0n, 2EWE LTRSS, ZoZ8iF, Zhbo
AV Iw—3, EW IR LTttt EFFo 2 L 2R/ LT 5, Kitakuni i, 7 L&
WAEFEOERAE RaXx v TFAAFYAF LU h—RFr— | (BHB) BLORY L ¥ 4k
AERTEROEAE FaXxv T F A4 v x— bk (BSB) OBOD-AEREE 2 e L7, i
FOAY T~—ZBW T, FA&I I ESREITEERL L T 22y, BHBOA L X, BSB
DAL EE L i LT - 72, b0 & A RARICHE LT, NKCM1 7 0 6 £
72 & OPBSu/M R AEMIC X o TR S U-PBSuD A ) S~ — (%, HAREREEH Coe 2l
k& Z R PREND,

(4) BixRH T AT

1 WPBSuZ RIEYE 27 U 7o B OITSHEI B AN H D = /R U 72 R HiHt % | Figure3-912 7”74,
PBSuE.HNKCM 1 7 0 6 OITSHEIKDOESIX, AscomycotalI )& D Aspergillus fumigatus O
Tl mbmWHEIMELZ R LT, RROEREBIREIT., 705 HEOFMEFHE L T
(Figure3-9) , ZALHDFEENS, NKCM 1 7 0 6 ¥kl A. fumigatus & Wi 72T 5 AlRE
PED N,

flt OPBSu/y fiF ELENKCM 1 7 0 7, NKCM1 7 0 8, B X UNKCM1 7 1 2 b,
AscomycoafIDEKTH Y . ZAIVE YL Fusarium solani,  Aspergillus niger, 3 X UNPaecilomyces
fumosoroseus £ ITHF/LFETHH T ERH LN/ -7, HEEKIL, PCLOMEER & T/ T
oY, Fio, AT CTHEEL7- T X TOREKD, PCLE L O Y —7 A4 A Vo3 s iz
I VT == EEHR LT, RO ORERIE, PBSufFEE Y, PCLAMREE & BEE L T
HT EEREBELTWND,
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Class Phylum Polymer degradation

Cryptococcus laurentii (AY315665) Basidomycota PCL
Rhizopus oryzae (DQ641304) Zygomycota PCL, PBSA, PPA
77777777777777 A sééréi}lilg (;I‘J’/Z’a;‘ (EUO30350) - PCL, PBSA, PBSu
Aspergillus flavus (EU030347) PCL
NKCM1708 (AB305171) cf. Table 3-16.
Aspergillus niger (EF543267) o PCL, PBA
g
Neosartorya fischeri (AB185254) %‘ PCL
C]
Aspergillus fumigatus (EF495242) t(g PCL, PHB, PBA, PES, PEA
NKCM1706 (AB265145) 9 cf. Table 3-16.
Penicillium sp. (EF536027) PCL, PHB, PEA
Thermoascus aurantiacus (EF550981) PHB, PCL
Ascomycota
Penicillium funiculosum (PECRRS8SA) PCL, PHB, PHBYV, PEA
— ! Paecilomyces lilacinus (AY213666) | PCL, PHB, PHBV, PEA
I
Isaria fumosorosea (AB265146) | » PCL, PHB, PHBYV, PEA
NKCM1712 (AB305167) | g_ cf. Table 3-16
Fusarium sp. (EU030339) | g‘ PCL
| Fusarium solani (AB258993) 1g PCL, cutin
| [ Chaetomium globosum (EF556215) ;& PCL
| I
0.05 | NKCM1707 (AB305170) ! of. Table 3-16
777777777 Aureobasidium pullulans (EF120422) PCL

Figure 3-9. Phylogenetic tree of the PBSu-degrading isolates based on ITS and 5.8S rDNA
sequence comparisons. Accession numbers are given in parentheses. The bar indicates 5%

estimated sequence divergence.

3.3.2.5. PBSum i AEMIC L B R Y = AT VT 4 v AD 53

(1) WRIRESRIE A2 W TZPBSu ™~ o /b DFREEES5 iR

Figure3-10/%, PBSu/fEEENKCM 1 7 0 6 ¥RIZ L D, PBSu” « /L ADSyfiffE a7~ LT
W5, 1535 HE LTI 4 v AOEERD &R L UM E DK T OB E 23/ NS o 7208,
B 5 HHLBEHE AR E L po7z, ABRIE, 30 HM DR THIMEREDOILLET7 0%D
PBSu” 4 /L L& MR LT,

BB DT 4 NV LDhy 8%, GPCZHWTHIE L7- (Figure3-10(A)) . HIABERED A I,
B RO )b 53, PBSUZ A VLD &IT, &AL LT, Zhb
DOFERIT, PBSu” 1 /L ANEER O], BRI NIK I & 520 72 2 L &R,

Figure3-111Z, NKCM 1 7 0 6 (2 X 5PBSu” « /v A D53 TD 7 4 /L L3 DSEME
R LTWD, AR 5 HIR OB T, WO RESITEK > TWD R, 7 4V AREN
SRS VIR 5 ERR S 4L (Figure3-11 (B) ) . 53 1 0 A Tl N7 4 Vv A ERIZK
TG Z EDER ST (Figure3-11 (C) ) o ESHIT, ¥ 20 A% TIL, 13— 2 2um
FREEDHERIRD NN T 4 )V ARMETBIEE S, 7 4 VL O—ERRAAE L Tz, (Figure3-11
(D) ) o« ZTNHOFERENG, PBSUY 4 /L AOEERA X, MAEMN W LIZBERICX D,
BT REND DR TH D Z EERBL TS,
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Figure3-10. Degradation of PBSu film by Strain NKCM1706. Dumbbell specimen of PBSu was
incubated with strain NKCM 1706 in the mineral medium at 30°C.(A) The time course of weight loss
and weight-average molecular mass (M,,) of PBSu specimen. Weight losses of the specimens during
incubation with and without strain NKCM1706 were indicated as open (O) and closed (@) circles,
respectively. Weight loss indicates the value per cm® of specimen. M,, during incubation with and
without strain NKCM1706 were indicated as open (A) and closed (A) triangles, respectively. (B)
Time course of mechanical property of the PBSu specimens. Tensile strengths of the specimens during
incubation with and without strain NKCM1706 were indicated as open ([]) and closed (H)
quadrangles, respectively. All experiments were performed in triplicate. Error bars indicate the width

of experimental values.
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(A) (B)

Figure 3-11. Scanning electron micrographs of PBSu film surfaces before (A) and after degradation
by strain NKCM 1706 for 5 (B), 10 (C), and 20 days (D). The white bars indicate 20pm in length.

(2) NKCM 1 7 0 6 ¥kDOPBSuBg 45 fig~0D % 5-

Figure3-121%, HHEEREE 21T HDNKCM 1 7 0 6 RO B2 & PBSu~” « /L A O EHEJHD
HEOBFREZRL TS, NKCM 1 7 0 6 KA Al % A+ 72 1HEIC 31T 2PBSu” 1 /L A D53 fifk
FEIX, B5 5 HBUBRIC EH L7, 55382 0 BLITIX, 74V AO—E8CHREN A E - T
7o AERIL, B5E 3 O HRIT, WMIHEZEOIBLZ8 0% DPBSu” 4 VA& SF LTz, ZDfk
Rix, KPP TORMEBROFER L FEOHE TH -7 (3.32.5.(1) . —FH., HEHEEZHERL T
WRWIERE R TIX, 30 AMOBETBIZ 1 5%DEEBRI N AON-, *HT 472
Y =T, 74V LAOBEERDITR OGN o7, NKCM 1 7 0 6 #Ra#70 L 72 1458
&, WA EERE L2V ISR & TIE 3 0 AR T, 74V AOBEERADICE L Z 5%
DFENAETTZ, ZRHOREIZ, NKCM1 7 0 6 2%, EBEOLFIZBWT, PBSu” 4 /L AD
SR RELSFEGELTWHZ EATRELTWD,
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Figure 3-12. Degradation of PBSu film in soil sample. Weight loss of PBSu film with strain NKCM1706
(M), native soil (without strain) (@), and negative control (sterilized) (A). All experiments were

performed in triplicate.

(3) BRI = AT I)VT 4 )L DIy fE

NKCM1 7 0 6 kD, &FEARY =27 /7 ¢/L 2 (PBSu, PBSA, PESu, P(3HB). PCL,
BXOPLA) fRGEEFH<7- (Table3-18) , NKCM 1 7 O 6 #£iZ, PLAZBR CAMFZE CTH
WIZT RTORY T AT IVT 4 )V M REMEZ 7~ UTe s RERIZ, PCLOFRIETEIZ T,
EWPBSuRIEME 2R Lz, 24 E TOHFFEICEHV T, PCLIZ, PBSulZbb~C BAF 720y itk
ZRTZENMBNT WD, ZORERIL, REEKD73WT 5 PBSu/ fifliEFE 1%, PBSul @iV A
BB E AT DRk ) R—VHEEE TH D [ EZ /R LTV D,

E 51T, AEHEIL, PESuls LUPGHB) 7 A L A Z DR LT-, ZHHDZ LG KEIT,
PBSu/p il R LISM . PGHB) M flESR 2 W L T D 2 & dbho 72,
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Table3-18. Degradation of various polyester films by strain NKCM1706

Degradation rate of film Dry cell weight
Substrate 2 ) b
(ug/cm’/h) (mg)
PBSu 10.5+2 4.3+£0.2
PBSA 22:+1 4.7+0.5
PESu 10£2 4.7+0.1
P(3HB) 14+1 4.4+0.3
PCL 4.2+0.5 3.4+0.4
PLA 0 0.1£0.02

a) Strains were cultured in 3mL medium containing polyester films (1x1x0.1mm, ca.15mg) at
30 °C for 10 days.
b) Growth level of the strain were evaluated by the dry cell weight after incubation for 10 days.

All experiments were performed in triplicate. Errors (+) indicate the width of experimental data.

(4) RFBWOFEKIETE IS I OPBSu/ fifIE MR BL~ D 5288

Table3-191%, S F X FRFERE G TP CONKCM 1 7 0 6 OB E), X O
& FIE~OPBSUAHEMERBE G 2 /R LTV D, REKE, [RBFEZ G F 2V FEARR MRS
HELEGA, BRI, 3EA RN oT2, —J7. AR THWT X TORER
WSS, RI7eMia4a R Lz,

AREKIL, PBSu, PBSA, 3 X UPCLA RFERE L CTHWGE . PBSufEEEE =~ LT,
—7J5. PBSUuDKERN Y TH H1,4-T Z o VA — LB LOansBaR#ERE L THWZEA.
RAF 72 B ARHEAE 2 7R L7228 1528 BIE RICPBSu/ i MR IR S e o 7o, 24U 5 1%, PBSu
ORISR OFEYE N, PBSuA Y A~v—ThbH I LEZRLTND, X5, PCLELPBSu/ fi#
W DOFEYE CTHDH I ENREBI NI,

PBSu/ T AL G 728588 B Tl I E WY R—BIEE bR Iz, L L7
WO, AV —THANERBRE LTHE. S0 S—BIEEI IR S 23, PBSu/ifE
PEIIFEGR SR o 7o, RALFIIENT OFE R, PBSu R IX, PCLORE R & iTix/2 T
bole, TNOHDORREBREINTE 2D & REKRND 2T HPBSumfiflEdiL, U X—EEk
BEFEOFTH, 7 FF—ED X ) 7PCLyRRES & BB 25 TH 5 rlREME B Y,
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Table 3-19. Effect of carbon source on the PBSu hydrolysis activity of strain NKCM1706.

Carbon source Cell growth PBSu hydrolysis pNPB activity Lipase activity

(mg)® activity (mU/mL)® (mU/mL)® (mU/mL)®
None * 0.3%0.1 0 0 0
PBSu” 4.3+0.4 23+3 656 1.450.1
PBSA" 4.7+0.5 27+1 7243 1.63+0.24
PCL" 3.4+0.4 1143 5547 1.29+0.12
PESu” 4.7+0.1 0 28+4 0.56+0.08
P(3HB)" 4.4+0.3 0 2346 0.41+0.1
Glucose 5.1£0.2 0 111 0
Fructose ” 4.5+0.1 0 10£1 0.27+0.07
Starch 3.5+0.2 0 18+2 0.26+0.06
Olive oil ” 4.7+0.1 0 35+9 1.45+0.02
Tributyrin * 4.240.4 0 77+8 0.660.1
Tripalmitin * 3.9£0.1 0 21+4 0.43+0.05
Succinic acid 4.1+£0.4 0 10+1 0.28+0.07
1,4-Butanediol” 3.74£0.6 0 126 0.36+0.05
LB medium © 5.2+0.2 0 10+3 0

a) Strain NKCM 1706 was cultured on the mineral medium.

b) Strain NKCM 1706 was cultured on the minimal medium containing 0.2% each carbon source for
10 days.

¢) Strain NKCM 1706 was cultured on LB medium.

d) Growth level of the strain were evaluated by the dry cell weight after incubation for 10 days.

¢) PBSu hydrolytic activity of the culture supernatant.

All experiments were performed in triplicate. Errors (+) indicate the width of experimental data.
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3.5. fivm

BREE kv . PEMEPBSuS RN 7 T ) TN T ORRHEES U7, 1 O BRODOPBSuSfiE N7 5 U
TDIH TRNT T LGYERE, 37T LR TH o 7o, PBSum R N7 7 U 7 ORISR
HIENT 2 UT-. T DfES. Proteobacteriaifd. Firmicutesifd. ¥ X RNActinobacteriaffd\Z g5 % /3
77U T RPBSUSRIZEEH L CWA Z ENRNbhrolz, ZiILE TOWIE T, Proteobacteriaifd.
Firmicutest8\ZJ& 3 5/327 7 U 7 3PBSuz 703 2 Z L A STz, ABFRIZRBW T,
Actinobacteriaf@ /37 7 1) 7 HEPBSuA iR CE H Z E A LM LT,

PBSu/ i N7 7 U 7 Bk e b = WO RIEMEZ R L7TENKCM 8 9 0 6 BRODBEFR 73 N
B — U h T, ZOREE, NKCM 8 9 0 6 BRIL, AV —7 A A VERFRE L TH#ELE
A, bEOPBSUSIRIEEZ R Lz, S5, TRTOKN, UARA—PIZL > THiFT S
ZENHBITWAPCL, PBSA, AU —T A AN B VT —Y — 2 &K LTz, i
5OFERNG, PBSUSR N7 TV 7L, U X—BHEBER I L > CPBSua g+ 25 Z & b
-7,

—J7. HAREET 25 1 2 ROPBSu/ R EE AN HAE S e, 37X CTOPBSu/ R EF 2
PBSA. B X OPCLILIEH Lo/ UV 7 — ' — U BB LTz, & B, BIEHARIT 1T - 72,
ZOFER, PBSufRER X, PCLORER & itk /e Th -7,

PBSu/y R B H B t i3\ O PBSu/y TG 2 7R L7ENKCM 1 7 0 6 BRIZ DU TREM 72 REHT
JE4To72, NKCM 1 7 0 6 #ki%, HIRBHEHFICB W TPBSUDSRICKE S TFHETHZ &n
Do Te, KEKIT. PBSuz il ETHML, TNEETE L Z ERHLMNIR-T,
X 51T, AREBENR WS HPBSUSFREERIC DWW TR, ZOFE5. REBEN W3 5 PBSu
yIRIESRIL, BRI IC Ko TERFE ST, PBSu, PBSut ) A~ —IZ ko THFEIND Z
Ebmolo, £7-. PCLHLPBSu R DFEME ThH D Z L DV/RES LTz, PBSu/ s
PE& U R—BIEMEICIL, MHBEBGER A ONT, —FH., &V =T A A NERERE LTG5,
BN Y N—BIEVEDRERE S22, PBSuEETEIZ R e o e, 2D ORERMN G,
NKCM 1 7 0 6 1337 HPBSumfiligERix, UV \—EoHhTHL 7 FF—EREnkH 7k
PCL il & B4 2 rIREMED R STz,
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41585

BET T AF v 7 ing| & T REEZ MR T HT2DDFEED 1 DL LT, BNt~ 7 A5
v MERENTWS, ZnETlic, RV T7FLrovH7vx—h (PBSw . RV H7mT7

Fo (PCL) . BLOHRIV b Faxo 7l i (PHAs) 7e EORRMIEAR Y = A7 v, A&
OyfRvEFEM & LCigiMb S TE RS, L LAans, BUERY) =25 11, W7 %
Fo 7l LTax bnmEm<, BEEELHIRISN TS 72O, TBEV7E Tl ]
[RENTW5, —FH, RIFLoFL 72—k (PET) KRV TFL o FLT7HL— |

(PBT) 72 EDFFHARY = 27 ik, BN BEIER X OB 2 R4, B0t % %
BN G, MBIk LSS50 0RAE LT, Elifi2=y MNZESFK 2=y N &&
ALT-. JEWiE - BEBREEAR) AT ANEZ LR TE Y,

Witt 5%, 1,4-7F VA= T OB, T VT Z BB HILEER Y = AT VI,
T L7 HVERDY 6 0mol% (272 » T HAENMRIEN RS Z 2 R LYY, £ < omfgEn
TR, BUETIE, 14-T X UF =N, TPV, T VT ENABNSRLER) 7T
LT PR_— bhco-7F LT L7 X L— | (PBAT) %, BASF (Ecoflex®) '*'935 X U'Eastman

(Easter Bio®) 'O B PE¥EAEIN TS, S 52, FilfDuPontth2y, PETICHEif==> F
%A L7z, Biomax® & AEPE k5 LT\ 5", L IENIE - BEELEAR ) = 27 1L,
S BIXORY v~ —EAICHN LTS,

INETIZ, MESNTOWDIENIE - FHEER Y 2 AT VOAGMEIR, 128 A ENRE
BERITRBIT DHFFETH 510, It Kleeberg & 1%, il 2 VR A Rvh | 2 O RO AFEVEPBAT
RN T T BB LD, 51T, 2 0RO D Bl @O PBAT M RIE A R L7 T

fuscah LPBAT /3 REER DL S L, T OB SN, —F, ZhE ClIoHiRED
PBAT/MRAEMC BT 2 ME 1T, TNHDORY ~—%, ENER) ~—L LTI 7=
DI, FIRIEICIB N T, ED X5 RISAEMDPBATO 3 EICE - L CTWA 0 E BT 5
VERD D,

ARETIE, BREEFLS, FIRMEOPBAT R A 2 HBEL . RIET 5, I 6T, O
TRAEMNT X D ISR DEFEIZ DOV Tl 5.
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4.2. FEBr

4.2.1. R

(1) RYy==z2F )L

RY (FFLo TV —hco-7F LT L 7% L—F) (PBAT) %, BASFiE Bt S
Nic, oORY ~=—IZHETHEHRBIORY ~—0RHIX, 22.1.1. (1) B,

(2) #AEY., BLORT ¥ —
EERCTHERH L7 EY. B OWRY % —%Table4-1. B L UTable4-21Z~7,

Table 4-1 Bacterial and fungal strains used.

Strain Relevant Characteristic Reference

E. coli DH5a supE44AlacU169(p80lacZAM15) hsdR17 rec Al Toyobo
endA1gyrA96 thi-1 relAl

NKCM 1712 PBAT-degrading fungus This study

Table 4-2 Vectors used.

Vector Genetic Description Reference
Marker
Plasmids pGEM-T easy Amp®, lacZ  T-cloning vector Promega
pUCI18 Amp®, lacZ  General cloning vector TaKaRa
ITS-1712 Amp®, lacZ  pGEM-T easy containing ITS region This study
ITS-1713 Amp®, lacZ  pGEM-T easy containing ITS region This study
ITS-2510 Amp®, lacZ  pGEM-T easy containing ITS region This study

4.2.2. PBAT RIS Y D BB
32125

4.2.3. PBAT/3fi# 1 O RFAT 1
(1) FEre#liss
22.1.5.H

(2) ERIBEOEIKEMEE 7 ) T — U RkaE ~D 228
22.1.604

(3) fEEMDORFIE
23.14 (8) M
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(4) HERCR I B AR

(a) 52 - o T aHE

PBATOHER KT CTHD14-T X A — N, TUVEVEE, HDHVXT L7 X ABEMNAT-
FEARHIZ, NKCM 1 7 1 2KkZREZAHT, 30 °CT7 HREE®R L=, w058 (1000
Orpm, 2 04y, 4°C) \ZX o THKAERE L, 5558 BIE 2 Bk Uic, RS s A &
JUTALTE (3215 (2) ) . 0%, EEETHAL, 1mLOAREKEZMAT14
IR LIRE O L, BFE®R 2EICHBELIE T (FaakakE) 2~y M THEL,
BES T E L, BREM A T 203y ba— b 7V S RIERICALEE L 72,

(b) #AZa~ 777 4— (GC) m#r

GCIZ L DMESRMEIL, T T 7 X —IRE300°C, A Y=/ F—iRE250°C, 1T AL
ZF—7 IR 8 0°C, MIHNRERFHRH 4 7y, BT L EHHEE 1 0°C/ min, U7 Ik
IR 30 0°C, FRBHIREREFE 45 T ToT7e T MldI==2— IR F—1 (GLY
AT A 30mX 2 5mm) MV, E— 2 BEHIIFIDIEIZ L o7z,

(5) BARRBL AT
22.1.7.2

4.2.4. PBATHRMAEMIZ L HHR Y = AT )V 7 ¢ )V D4y
(1) & FIEREEMPIZEBITAPBAT Y « /LA D4R
22.1.7.5

(2) AWbZHRR#E R E (BOD) Ao 22

(a)  JHEEE (JISK 6950%R)

AR R R & (BOD) &k, LB - 13HHM A, KT OR[N EDEREIZ &
o TIHE SNTEFBEOEERELZ VD, JERIIL, 77 VRN OKBIMAED % -
TR =Y TNOEFREEZRD D, 77 A, ME—DRFER, = F/LF—JH &
LC., AERFBOREN, 100~2,000mg/LTdH 5V 7 v, 72 5 ONAERR & 72 551G £
T EEEZMZ 5, 77 RPAIIREE S, A L bk FEIL, RBRT 7 2 3 OEEEIC
DU HAVIZWINF (NaOHIEHR) IR S LD, AWFFETOfEEFEDOEE = (BOD) I, v/ A
— X —EERANTWS, RTOBEFBRFREE ISV, BFEBEIL T 7 RN OZHE D Sk
PICHfE SN D, KARERSY DREE S ENFABICON TR T 5 Z L1220 . KAERSIEH I
—EDEZEFEE I LT A0, Ea—L vy NOBME) O IEEMOKERAL, KEEL
EEZT, ZOREENBEHERELE D,

(b) et
77 IS, ARERENR). B~ 7 %> 7 AR, CIRARAL V2D L), 5L TUD

TROBALEE =8I 2= =N 2 0 OuLd 2%, K8 /K T2 0 O mLIZFill up L 7=(Table4-3),
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PBAT” 4 VA8 8. bmga iz, A—h 7 L—T L, £V o F—dL%, =X/
— VIKE L7z, FLUEPBATZ & de HaAREE I CREEE L/ZNKCM 1 7 1 28k% ., 5 O ulAl 2 -+
7co F7-BODDEHEL LT, BtZ AN, AT 47 a3y ba—) L [AERICLE LT,
COMINANL, KERLT b U 7 2KEE (4. 0%) AV, WINAIAEZZ ImLNZ -, %
D, BOD TESTER (¥ A T v 748 (I 7 T Uizt y F L TCAX =T —%[AfizEE, 30
IHE Lz, 3 0 %M EMEEOHKY Z0ICHHEI L, 3 0HM. 2 5°CTHIE LT,

(c).Fiim
PRI R 22 SRIILL T oMY Th 5,

HENHE == & (Mn = 200)

(C1oH,604)n + 1200, — 12nCO, + 8nH,0
= N(Mn = 220)

(C1,04H,,)n + 13n0, — 12nCO, + 6nH,0

JElfifEr = FE¥ERL=y FOKA, 3 : 210, Mn=200X0.6+220X 0.4 = 208[g/mol]

TN OERE S L ICEGRAEE S R E(ThOD) 2 75 L, BODENRE 2551 5,
8.5(mg) + 208(g/mol) x12.4( 3 M B &) x 22.4(L/mol) = 11.35mL
PBAT % 100% 43R5 % 7= D121, BEREREN11.35mL & 72 5,
X - T, PBATDOAE 3R FE(BOD)I,
HIE U7-fediEf sE(ml) /  PHERAVEEZRZIR &11.35(mL) x 100(%)
TRODHZENTEX D,

Table. 4-3 The composition of mineral nutrients used for BOD measurement.

Solution A (pH7.2) Solution C

K,HPO, 21.75g/L CaCl,*2H,0 36.4g/L
KH,PO, 8.5g/L

Na,HPO,-2H,0 33.4g/L Solution D

Solution B FeCl;+6H,0 0.25¢g/L

MgSO,-7H,0  22.5¢/L

(3) HEEREOPBATERE SR ~DEH 5
22.1.7.5 M

(4) RV AT ILVT 4 )V Loy fiREE
TREFEDO R Y = A7 )V 7 4 )L 2 (PBAT, PBSu, PESu, PBSA, P(3HB). PCL. 5 JUPLA)
DIFEREN) i~ T, 221728
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43, fER & ZEE

4.3.1. PBAT /i A= 4 o> B

KM DOBREE Y TV BB BEREIR & L C, PBATHULE R A2 =2 U 7 — ikl
£V PBATHIRIAMZ A7 )V —= 7 LTz, £OREHE. PBATHALE AL LT, 2 v =
— AR s VT — v B ERT D PBAT M4 5 1k % Hiff L 7= (Figured-1) ., 773
IXTFHE—ET AN, bHWTar=—OFREIZESNT, 5HKEOPBATH#AEM A, 7
T LR (28F) . BROERESE (38K ThHo ELHlrLiz (Tabled-4)

T RTOHEBEERAPBAT Y 1 /L A3 U CoOfiRiEMEZ R LTz (Tabled-4) . HEERT &R
EWPBATOMEENEZ R L7ENKCM 1 7 1 2 BRIZ O W CRERNZ R AT 1T L=,

Figure 4-1. The clearing zone on the PBAT emulsified plates formed by strain NKCM1712.
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Table4-4. Isolates and their ability to degrade PBAT film.

Degradation rate of film

Strain Organism 27 8) Source
(ng/cm®/h)

NKCM1712 Fungi 3.5+0.3 Soil

NKCM1713 Fungi 2.8+0.1 Soil

NKCM2510 Fungi 2.1+£0.3 Soil

NKCM2511 Bacteria 0.6+0.05 Soil

NKCM2512 Bacteria 0.49+0.1 Pond water

a) Isolated strainswere cultured at 30 C on medium containing aliphatic-aromatic copolyester

film. After 10 days, the weight loss of each film was determined.

4.3.2.NKCM 1 7 1 2 BRDF- &A1

(1) TERRFAYFRHH

b e WOPBAT/ORIEMEZ R L7ZNKCM 1 7 1 2RO E RO/, B TH Y (Figured-1) |
FEARDOKRSIE, 2.020.5umfEE TH - 7= (Figured-2) , S 5T, REKOE R, B@iETXY)
BN-ARREARTH Y, KEROBEORIZ. 70 5 BHOREROR LB L T,

Figure 4-2. Phase-contrast optical micrographs of strain NKCM1712.
The white bars indicate 20 um .

(2) BEBIEEOFEEREHE 7 V7 Y — U aRE~D %

FERIRE 4~ 6 0°CIZBWT, NKCM 1 7 1 2HROEEEGE, 3L O V7 — U IERGRE
ZiH7= (Table4-5) . AEHRIZ. 5 5°CLLETIHEIEET, 30~3 5°CThH D X< HHE
L7, 72 NKCM 1 7 1 28R1F, 2 0~4 5°CTH:#E L7-BE, PBAT M 27 UV 7 —Y —
VER LN, BO0OCTEE LGS, 2V 7T —Y =&k Loz, ZOREENG,
NKCM 1 7 1 28k, FIRMEERETH D Z LR LMo T,
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Table 4-5 Effect of temperature of the growth and clearing zone formation on the PBAT emulsified
plates of strain NKCM1712.

Temperature Growth Clearing zone formation
4°C - -
20°C ++ +
25°C +++ +++
30°C +++ +++
35°C +++ +++
40 °C ++ ++
45°C + +
50°C + -
55°C - -
60 °C - -

+++ : means growth was excellent, or a large clearing zone was formed.
++ : means not growing, a clearing zone was not formed.
+ : means growth was poor, or a small clearing zone was formed.

-: means growth was good, or a medium clearing zone was formed

(4) PBATHEREL /> DEALME

NKCM 1 7 1 2 BRDOPBATHERC R /0 &b 2 5 ~~7- (Table4-6) , AREERIZ, KFEREZEF
TRVEHINZ BV TIE, 1T E A ERERIEIE Lo 72, — 7. PBATOMRK T TH D, 1,4-7
B F =, TUEVEE, HHWIT VT X EREINZ TR T, B RS R
Too WAIO~ NI T 7 4—DE—7 YT InD, /) ~—DNfREZH mbto%mﬁ%\
ARERIL, 7THEOEZRIZBWT, 1, 4- T2 04—, TVEVE, BT L7401
faZnEn98. 1%, 97. 6%, BLU52. 2%&(kL7-, &2, A@Etkix, 14
AOREET, 0. 2%DT L7 X AEEEZERICEN L, ZOMEIEL, REES, PBAT
X L CRWEIEEZ AL TS 2 2R LTW D,

Table4-6. Degradation of monomer of PBAT by strain NKCM1712.

Carbon source Dry cell weight Degradationrate ~ Degradation rate
(mg) (%) (mg/h)

None 0.2+0.02 — —

1,4-butanediol ¥ 3.3+0.2 98.1 1.17

Adipic acid ¥ 3.1+0.2 97.6 1.16

Terephthalic acid ¥ 2.4+0.3 52.2 0.62

a) Strain NKCM1712 was cultured on the minimal medium containing 0.2% each

carbon source for 7 days.
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(3) fREY OIFE

PBAT” 4 /L AZNKCM 1 7 1 28k & IITHEE LTZBRICE S D e 4 Rk 7 n~
N7 44—z L7 hurAT L—EESH (LC-MS) AW T, DfFEmE LT, B

(431 &:90) . A (146) . T (166) . AB (218) . TB (238) . BAB (290) . BTB (310) .
ABA (346) . ABT (366) . 8L UABAB (418) 2N/ B: 7 X UF— o=y
M A TVEVBa=y M T: T V7FAHBa=y ) , 2TUHOHFT, T, AB, TB,
BAB. B XUBTBAERGFEY & L TRt Eiz, —7 . PBATOMEE Y Th H1,4-7 4
VU B IOT U VBRI SN o T,

PBAT /3 fi#Hl i Thermobifida fusca’ PBAT & H:(2Hq3% L7- EiEH 7 5, AB. BAB., ABAB72
EOFY T = ENT=", Z ORI, T fuscalS 53U HPBAT /3 fflESE L NKCM 1
7 1 2R WS DPBAT ORISR D2 — o DU L TNWD ZERBRZBID,

T. fuscaDPBAT D/ REEM L. TR S THD14-T XV —, TPV UEE, T L
TANETEH 12, —F, KEEEZPBAT Y (/LA & ICH#R L% RIETIC, 14-7
BB LT P CBRABRIE SN0, NKCM 1 7 1 2 ¥kiX, PBATORER ALY
ZEALTE D (Tabled-6) , ZNHD Z L1E, T fusca?SPBAT & 52 23R T X 720 DIZxt LT,
NKCM 1 7 1 2ERIIPBATA BB RRCTEDH Z L 2R L TWVD,

IRPEM DRIE 24T - T= it B, T.fuscalX, PBATDO— R FRD I %&4T 5 DIZx LT, NKCM
171 281%, PBATRSER20 R CE 5 LR END (Figured-3) . AELEIZ L HPBAT
DGFRA T =ALE LT, £7, BRN T HDPBATEERE DY, PBATAE/ = AT /L HH W
XY RTANGRLF ) A~ —IINMKDFEE., S SIS E TR RS 5, IR
T, MK Ko THUH S 7ot R R 1. WERIC L » TEfhE N D,

_______________________________________________________

B (1,4-butane diol) A(adipic acid) T(terephthalic acid)
T 1T 1 1

Q Q ? ?
7[0_(CH2)4‘0‘C_(CH2)4‘C‘HO—(CH2)4-O—C@C{n—

¥

PBAT hydrolase

Primary decomposition
PBAT is hydrolysed into oligomers such as

AB, TB, ABA, ABT, BAB, and BTB.

l

Oligomers are further hydrolysed into structural components.

HO—(CH,)s-OH ? e i 9
2 HO-C—(CHy)-C—OH HO‘CQC_OH

Complete decomposition . o T L
Strain NKCM 1712 assimilates Tfusca can not assimilate

structural components. structural components.

Figure 4-3. Degradation mechanism of PBAT by strain NKCM1712.
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(5) BFERY = RAT /LT 4 L SR

NKCM1 7 1 28D, &FEARY =27 /17 /L2 (PBAT, PBSu, PBSA, PESu. P(3HB).
PCL. B X UPLA) fREEZ M7= (Tabled4-7) ., AREERIL. PBATZ 4 /L A%, PCL,
PBSA, B X UPBSu” 1 /L AZKE L CofiEtE% R L7z, PCL, PBSA, ¥ X UPBSuix, U X
— P Lo THMREND Z ERMENTNWEY, TfuscaD EFET HPBATHfElEH£ S, U /3
— P LEWVHREZAE LTS, Zh 5D Z &k, PBATA, ARDAEFET S U S—PEEEE
T THREZITTWD Z L AR L TW5, £72, KEKIX., PESul L UPGBHB) Y «
VTSR LTz, T ORERIT. ARERRA . PBATOREZEICINZ T, PGHB) S REEE & 43 L
TS ZEEBERL TS,

Table4-7 Degradation of various polyester films by strain NKCM1712 %

) Degradation rate of film Dry cell weight
Substrate Clear zone formation 5
(ng/cm’/h) (mg)

PBAT +++ 3.5+¢0.3 3.1+0.1
PLA - 0 0.1+0.02
P(3HB) +++ 11£0.6 4.0+0.3
PESu +++ 151 3.5+0.1
PBSu ++ 10£1.2 3.3+0.2
PBSA ++ 2843 3.7+0.5
PCL ++ 13+£0.2 2.5+0.4

a) Strain NKCM1712 was cultured in 3mL medium containing polyester films (1x1x0.1mm,

ca.15mg) at 30 C for 10 days.Values are means =+ standard errors of the means.

(6) BB F AT

NKCM 1 7 1 2 #k$ X ONTHAE OITSHEIEAL S 35 & /ERL U 7= R ¥k & | Figured-4127~7,
NKCM 1 7 1 2 RDITSFEIKES X, Isaria fumosorosea®Z L& 1 0 0 % DFH[FEIMEZ R LTz,
F7o. REEOFEZOHHEIL., 705 B RT L0 EHHEL L T (Figured-2) . Zi
DOFERNG . REKIX, Isaria fumosorosea L T#E I T 5 Z L NRBE S LT,

— 7. ARHFE CHEE X 72 S EROPBATORE 3 X TAY. AscomycotafJIZJ@ L T =, &
FVE TORFIE T, AscomycotaP IZJ& T D EE 1L, PCLRPGHB)R E DR Y v — 3Rl K& <
HHTDHZENREINTNDE ZofERIZ, Ascomycotal] D E [ SPBATD /3 RIZ %
B3I Lammil g,
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| Bionectria ochroleuca (AF106532)
| NKCM2510 (AB305169)

Paecilomyces marquandii (AY624193)

NKCM1712 (AB305167)

Isaria fumosoroseus (DQ069285)
NKCM1713 (AB305168)
Alternaria longipes (AY751457)
E Aspergillus oryzae (DQ411551)
Aspergillus versicolor (AM158227)

Figure 4-4. Phylogenetic tree of PBAT-degrading isolates and related fungi based on ITS and 5.8S

0.1

rDNA sequence comparisons. Accession numbers are given in parentheses. The bar indicates 10%

estimated sequence divergence.

433 NKCM1 7 1 2RRICE DR Y = 2T L7 ¢ )L LD iR

(1) WRIREGRIE A2 W TZPBSu ™~ « /b L DFRREEA5 iR

Figure4-5|Z . NKCM 1 7 1 22 X 5PBATD i e 2 7597, PBAT 7 o /L A D3 fRIEEE I,
¥:3% 5 A B E COMBEM A X 7o, AWM L7z, REKIL, 3 0 AMORET, B &
ZHHEED 2 5 %DPBATY 4 /L L% 5fR LTz (Figured-5 (A) ) . & 512, BODASiRSEE
IZ30AMTREZLEL 7% THY ., 7 4V LOEERD & & EITWVEL < LTz (Figured-5
(B) ) ., — 5. BHEEEMZ T T enay ha— LTk, 7 4V AOEERIIL, R
Nnol-, ZOREHEIZ. PBAT Y A L LADSRIN . KERD W U T-PBATHiREEFIC L 5
ZEEREBELTND,

Figure4-61%, B5ZER1# DPBATY 4 /L ARKEDOSEMBE & /k LTV 5, EEFERTOPBAT Y 4 /L
LRI, HEFITHE O TH o7 (Figured-6 (A) ) . REEFES S5 H T, 7 4 /L AKRMAEIC
WBOMNRESEER L, 2807 7 v 7 BRRGI (Figured-6 (B) ) . K548 1 0 B TIX, fiF
DT 4V LRI K ATz (Figured-6 (C) ) o SHIZ, 30AZD T 4 /L AKME TIL, E
££2 0~ 3 OumDFERR O R BlEL < iviz (Figure4-6 (D) ) . 26 OFEFIE, NKCM 1
71 2R WS DPBATHRIESRE N, 7 4 WV ARIE DT EIVT 7 Ay BN iR 5
ZEERBELTWD,

108



30

BOD-biodegradability

Weight loss (l,A) (mg/cm?2)

0 7 G Y W — \
0 10 20 30

Time (days)

Figure 4-5. Degradation of PBAT film by strain NKCM1712. PBAT film (10X 10 X 0.1mm) was
incubated with strain NKCM 1712 in the mineral medium at 30°C (A). Weight loss of film (H);
control (without strain NKCM1712) (A), and BOD biodegradation curves of aliphatic-aromatic
copolyester by strain NKCM 1712 at 25°C (@). All experiments were performed in triplicate.

Figure 4-6 Scanning electron micrographs of PBAT film surfaces before (A) and after degradation
by strain NKCM1712 for 5 (B), 10 (C) and 30 days (D). The white bars indicate 50um in length.
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(2) HEEkD PBAT BB DAE~DF G-
Figured-Tit, HHEHICI51T HNKCM 1 7 1 2 ORI & PBAT 4 /L 40 kb B
R LTS, NKOM 1 7 1 2 B2 60 72 HHIC 351 BPBAT 7 4 /b 5 S REE 1
R S5 HAUBRL rotr, AEKIZ. 30 BoREE T, HIHEEDB L% 3 5%DPBAT
T ANVEBR LT, ZORERIE, KPP TONREROFER L FEOBIRTH -7 (4.3.3.
(1)) . —F. Hikam L COAWIERERCIE. 30 HROESETHE L2 8 %o &
IR BT . RHT 4T o b LTIt 7 4 LA B &L e i
72o NKCM1 7 1 2288 Lo TR L | BRAHRE L2V IR R & Tk, 3 0 A o5
T, T AN ADOEERDEICA. SEOERELT. 50O RIE. NKCM1 7 1 273,
ERED BV TPBATO S EIZ KX < B LTINS - LA RE LT D,

2.0

1.6

1.2

0.8

0.4

Weight loss (l,@,4A) (mg/cm?)

0 10 20 30
Time (days)
Figure 4-7. Degradation of PBAT film in soil sample. Weight loss of PBAT film with strain
NKCM1712 (W), positive control (without strain) (@), and negative control (sterilized) (A) .

All experiments were performed in triplicate.

(3) SF I ERKFWUC L DPBATHMMED DT LPBAT Y « L Loy fifEE

Tabled-81%, S F X FRIRFBIEZEATTHEH TNKCM 1 7 1 221538 LZBR O, BIREEGE
BLUORE BEOSEEOBRZ R L TD, NKCM 1 7 1 2%, AWz X TomRFE
JR B CHEGE U7, 8538 BRI D U R—BIGMEAJIE L7 fE 8. PBAT/HRIGME & U _—BIGHEIC
IZAHBABIER AN A O Te, PBAT A 0T 2 i BWEMIEA T, fuscaI R DPBAT /R 1%, U /3—
PO—HTHLLBEZ LN TWDY, Eio, REHKIL, V=BT Lo THfiRS L HPCLE &
UPBSAT A NV L% 3 LTz, 2D DOFEREZHREGEITHINT LT, REKIZ, U N —BERIENE
(ZE S TPBATZ 4 W L& L TS Lifiim Ol bivd,

—F, I a—ABIONTNT h—RAEMA AR, 35 X OLBE:HIZ 3V TNKCM 1
71 2BRE R LA, BRI A O 723, PBATY 4 V AOE &R EIXIF L
N ETER SN o T2, ZOREEIZ, NKCM 1 7 1 2 BROPBATHRIEVEDREIT, h X R T
A M EZ T D 2L ERE LTINS,
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Table 4-8. PBAT film degradation by strain NKCM1712 grown on various media and the growth levels.

Carbon source Growth ¥ PBAT hydrolytic activity Lipase activity
(ug/cm*/h)® (U/L)

Mineral medium® +PBAT film 3.1£0.1 3.5+0.2 1.10£0.08
LB medium” +PBAT film 4.3+0.2 0.25+0.1 0.08+0.03
Glucose® +PBAT film 3.6+0.3 0.25+0.1 0
Fructose® +PBAT film 3.9+0.3 0.4+0.1 0.06+0.01
Olive oil” +PBAT film 3.9+0.1 2.6x0.2 0.98+0.05
Tributyrin® +PBAT film 3.9+0.2 3.1+0.1 1.31+0.13
Adipic acid” +PBAT film 3.0+£0.2 2.8+£0.07 0.73+£0.04
Terephthalic acid” +PBAT film 2.5+0.3 2.6+0.2 0.58+0.07
1,4-butanediol® +PBAT film 3.2+0.2 3.0+0.3 0.64+0.08

a) Strain NKCM1712 with PBAT film was cultured on mineral medium for 10 days.

b) Strain NKCM1712 with PBAT was cultured on LB medium for 10 days.

c) Strain NKCM1712 with PBAT was cultured on mineral medium containing 0.1% each carbon
source for 10 days.

d) Growth levels of the strain were evaluated by the dry cell weight after incubation for 10 days.

e) Weight loss of PBAT film for 10 days at 30 °C.

All experiments were performed in triplicate. Errors (+) indicate the width of experimental data.
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4.4. FEE

BRER LY, 5SRO FIRMEPBAT /O fRMAEY & Hifff L7z (Tabled-4) . HLEERRH . &b
PBAT &M 27k LTENKCM 1 7 1 2 8RIZES U CREMIZRFFM & i~ T, BRI 21T -
TohE B ARKITZ Ascomycotafd \ZJ& T~ B Isaria fumosoroseus & T 2FECTHDH Z ERNbn-oT2

(Figure4-4) .

NKCM 1 7 1 2#RIZ K DPBATD itz 5 ~72, NKCM 1 7 1 28X, 3 0 HHD1E#% T
BEZ25%DPBATY 4 /L %53 f# Uiz (Figure4-5) ., 55t BIEF OOMRED OFRIE, B X
ORERE R 2 DB 2 T2 . ARRIZPBAT 2 LR DR TlE /e S22 R TE D Z &b
7o 7= (Table4-6, Figured-3) , — 77, insitulZ 3317 HPBAT/ M if E O % 5-% i~ 7= (Figure4-7)
AEEREZERE L T EER 2R L2 0B E ClX, 3O0HMOETEELZE4. 5FD
EEHDOENELZ, 202 &5, NKCM 1 7 1 2 8RIF HARBREE I3\ CTPBATH RIS
RELFETHZERREBINT,

I BT, REENUWT DPBAT M RIEFRIC DWW T, AEEKIT, UV X—BIZL->TH
fif SFLHPCL, PBSAIZKT L COfRIEMEZ /R Uiz, F£7o. PBAT/OREEME L U R— BRI
FIREBEIEE S R S N7z, 2O DOFE D, NKCM 1 7 1 2 R332 PBAT fiflsE1%, U
NR—PEBEE CTH D Z E N TAHEEINTE (Tabled-8) . — 757, AHEMRIZIPBAT /O iREESE /)W DS,
NERTA MEZZITHZ L bbroT,
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5.1. #&5

I, B TAREMOSRE k- C, BIRAY =27 %, BREKARTHEHCE L
ké%%ﬁ%ﬁ&bf&ﬁéhéioL@oT%k”kﬁfifu\%%ﬁﬁjiXTW®
WPt EE L L TR E S ERMEMTON TE 7, EAEST LY RiZRY ~—0
WBRE 2 BT DO OEERFIETH D ), —H T, TRHOFEIZEVIELNTZRY
~—OWHEERE XN O ORER S D, B ZIE, ﬁEAMi R T 2T L DFELEE
EIRTEED, TOEGHRESCEEZ RS EL7-0121E, 10— 3 0mol%DHE —F /) ~—
RROY ISR & 70 B M8, _m6®ﬁm®%%%:fjmwi I AERETREZE LAWY, Zh
SEFIBT 2121E, HFrLUOESED Fikm B vnETh b,

TAF ) ~v—HNDLR) A7 AHEOT 7o —Fik, ZLOFERDDL LD
ELTHEHENTWDS, TAF/~—IF, @O THIZDEDA T L EEFFOAM A EBRY
~—LLTERSINTWD W, 744/ ~—1F, KA MBAERDF~ U 7 AFTHAME
AF R B~ G EHTEE L, 7 alfNEiE L, ~ L F T Ly EHDHD
3A A 2EERD KD 7oA AV EEEETERT 2 RICREN & 5, A A B RITIRAUE
TR0 RA MRS FOME %%5&#%%@#6 WIERREME  (BEBROREE DO BEER, &R
ALREEE . BARHEDORIN &) 2 K& L, FRIEH LWVHEREZ RBLS YD, 744/ ~—
ElE, A A VEICKVERD D Wrélz%x)‘t/rz”/ﬁm’\%f&w JR < AFFES AL T
512_17)0

INETIT, FEBEAAUBLONENGRA A EKE2BA LTINS OO ESRIETZ AT
VI R=ATAF )~ —PERS I, ZORENRTARLNTND B2 LinLaenn, 44
R T T AF w7 T A K ) ~—OESRIERET B IEHRITD 720,

ARETIL, BUBERY = A7 v LubigttccElkE LT, 744/ ~—%2Gk Lz, B
REZIE, BERAR Y 227 v CHHRY =F L7 o F— |k (PESu) BLOKRY 751
VTR — MNPBSwWDT A A v —DERKEITV, WELRRE D b Fe L OVE S R A 5~
%,
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52, RUTFLLH IS R— R—ATAF ) ~v—DEFK

B L OFRHEAT T

52.1. FEB

5.2.1.1. 3L

a g, o F LY a—n BIOE - AR ALT A F A Y 7 X EE (DMS]) (3.
TIVRFvFHENGHEEAL, ZOFFEHH L, FHX=TALAT T 7 FXU R, 7ILRY
v TAEMNBEEA L, TOFEEMHEH LT,

5.21.2. RY ~—5Hpk ™"

PESu B X WNPESu 7 A A4/ v —i%, 2EBEMOEMEICL > THER L, a7, DMSI,
BLO=FLr o ra—nxz, arsrh— ERFa—7, BIRYI Ry NAF—TF—
ZWOAFITTE3 o077 RAIBA LI, PANKRUBESA—LOE/NZ, 10 1. 2
LT, BtRAIE LT, FH=U LT FT77 XK (0. 3wt%) Mz, €/ ~—ik
AWM. 19 0°C, 2T 2 2 & CRlfESE7=, DM, RBIFEY & LTHRLILDKIL,
BRAA LT LT, BRELL, £0%, UNEEWEZ, T — " —~y FAZ—F7—B X
OREFRIEEEZ RO ST AV T 74 —2B L, BE%E 2 3 0 CIC L &8, 1KY
FEBEMERET DD BIELR (< 0. 1 mmHg) , R E 23 FERE (4 0 N-cm)
ICETHET, HEE230CIHE-7= (5 - THERD)

52.1.3. 7 4V BB/

RU~—HVo 7%, 0. 3mm DAF— VA=Y =% 2HOT VI =0 LT L
— b EIZBA Lz, RU~—7 4L A01%, 150C, 3%y, 10000 psi CTEMRIETS
ZETER LT, 7 4 VA, FERIESEENICET 5 T, AR ELER, BETFTT2H#
iR > 72,

5.2.1.4. '"H NMR

R ~—HDOA 4 &% Bruker 300-MHz % W CTHIE L7z 'THNMR A2 R L s ik
ELTZ, WEEMEME L LTT F T ATV T 2RV, R ~—ikHI, CDCL/TFA-d
(EKFL N Y 7Aoo fiig) i, Lz, IREZ., 20 mgmL & L7,
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5.2.1.5. 3 FEE

RN ~—0HVEE 8, Bl nfE. BROSOBEOREITIX, AAS KRS
1AL D LC-Net/ADC % FV > B BRI 1% RI-2031 % H 7=, 7 7 0%, Tosoh TSK-G2000HXL
Z Mz, BEMRIZHEE 1 mL/min © 27 v ak/v s, 3 8°C THIE L7z, #EHEL, 1.0mgml
D7 v v RV LR 2 Tz, T, B AR RS8O JASCOBORWIN % IV TAT

277,

5.2.1.6. Ay X #rfiAr (WAXD)

R Y~ —OfERALEE, A X RREPTRE (WAXD) 12 &> TRE L7, WAXD HIE,
Rigaku Denki X-ray generator (Rigaku model D/MAX-2500)% 7=, BIESMEIX. 4 0kV, 1
00 mA, AF ¥ U MAEIL, 5 °< 20< 40 ° (20: [[HFMAE, 0: Bragg f4) . AF¥ ¥
AE— KX, 5 %min TITo7z,

5217 LA BT —

RV~v—DOlbAuy—28%, HL2 5mm, ¥¥ v 7 1mmOFE#HTL— &2 HNT, ¥
A F X v 7 YREPREEEEE (Advanced Rheometric Expansion System(ARES), Rheometric Scientific
Inc.) ZJHWTIH~Tz, FEIE, IRE1 3 0°C, A AE 17254 5 Oradls ETHINEES
ZEIZEVToT,

5.2.1.8. WL FBEMEIEILE (POM)

RV~ —DOEREFZIEX, MAHZEEE (olympus BX-PHD) 3L OVL-6 0 0A Ky h AT —

(Linkam #1:8) ZHtY £71F 72 Olympus #8072 BEHEE (Olympus BX50) ZHWTHIZ L
72 PESU 7 4NV, ATA RATABIOIN—H T AR, 1 30°C, 35HREL,
FERICEM ST, Z£D%, 5 0°CIZRMAIL., Mt +2IThbNnH5ET50°CT6O
LA BRI L7z,

5.2.1.9. rEERBENE (DSC)

DSC HIEIZIE, WHEEEE D SU= DSC - 6 0 (Shimadzu #EH) %2 W=, BT, EHEF
PHSU T, ¥ 3 OmL/min TYTo72, o7 (BLE4dmg) %, T/ I =0T L/XUITA,
1 0°C/min OMEEE T2 0°C 225 1 3 0°C FTMELL, 130°C THEHRE-SZ L TEE
S, R ~—ofis (T, BIOEEE (AH) 1. TAZUNBUERIZH T 5
B ORKEB L= BONnbEH Lz, £0#%, 1 0°C/min DWEIEE T2 0°C £
THH L7z GEZFRMGR) o LIRS X OWSIEEUL, 2 nminkiRics sy
— 7 DEKREBLOC— OB LT,
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5.2.1.10. EFREEMEREAST (DMA)

RNV ~—0DH 7 AEBIRE (T (X, Dynamic mechanical analysis (DMA) 28> THIEL
72o DMA (X, DMS6100 (zA -1 AL A8l ) ZFvy, 1 Htz OFEEH, &L
N—=F )V E— R 2 °C/min OFIRIEE CHIE L7z, R Y ~—ik2-50°C ([2mEI%, 2
°C/min T 80°C £ THIE L7z, tan 6 DMK Z, R ~—DH T AEBIEE (T,) & L7,

52.1.11. 5l o8E Y iR

WU~ —OBMIRE % | Instron ZHWTHIE L2, JES 0. 3mm OF 4 /L ANDIE 3.
S5mm, 7—YE14mm OF o ~VRNZYID Y | JIEREE Le, WESMEIX, =m— Rk
v 1kg, 5l-o9EV#HE 1 Omm/min, 7 — 2 6mm & L7,

5.2.1.12. A5 fRMET A B

(1) B0

0.1M Vv 77— (pH7.4) ImL 2, RUVZRAT/NLT 4L (10X10XO0.
3mm) & Penicillium funiculosum B30 P (3HB) 4 fil%sE 2% . 1 OmL ¥ > 7 /VEHIC
Mz, 37°CT1, 2, 3, BIOSHMRE L, Ny 77 —BLUOEH#EL 2 4 EIC
R LT, 74 NVLE, AKX —/LE MilliQ K THeE L, Mz L-%, EERE L,
7 4V AOERERDEIT, 2312, (2) LREBEOHFETEILE ),

(2) AWpiFEkeE (BOD £ A k) »73)

77 R, ATRGEER). BIREREE~ 7> 7 AR). C IREEL I LD LK), B
D LS =8B 2N 20 0ul T2z, RE/AKT200mL ([ZHEL 7=

(Table5-1) . AU ~—H 7K1 Omg BLOMAEWERERE LT, MAEBOK GERE
o=l UTES V=R, BEEBRMAT) 2 0ul Z1x 7=, £7- BOD OREHEL LT,
REE AN AT 4 73y he— LB ERRICAAEE LTz, CO, WA, KER{bT R U &
LKA (4. 0%) &V, WINAIFEIC 1mL Nz 7z, Z?D#%. BOD TESTER (¥ 1 7 v
s L7 T UEEy FLTAZ =T —%EiSE, 300KE LT, 3 00 %iHER
FEOBAKY Z0IZFHEI L. 30 HM., 2 5°C THIE LT,

(). BRim
REHZOW T OG22 e 2L EUSAUTLL T O@E Y TH %,
PESui-3 D64
HENlE == k(Mn = 144)
(C¢HgO4)n + 6nO, — 6nCO, + 4nH,
A F =y F(Mn=295)
(C10H;,04 SOsNa)n + 10n0, — 10nCO, + 4nH,0+nSO5+nNa"

felifer=y A A 2=y FDEN, 97 : 3LV,
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Mn = 144 X 0.97+295 X 0.03 = 148.53[g/mol]

U TNOERE S L ICEGRIEEFE ERE(ThOD) 2 515 L, BOD AENffE 23R T 5,
12(mg) + 148.53(g/mol) x6.12(}# & 22 &) x 22.4(L/mol) = 11.07mL
PESui-3 % 100%E0 4 5 72 D121d, BB EREN 11.07mL & 725,
X - T, PBAT O3 iR (BOD)IL,
HE Lo E m(mL) /  PEERAYMESRZR & 11.07(mL) x 100(%)
TRODHZIENTEX D,

PBSui-3 O%HH&

HENlE == h(Mn = 172)

(CsH,04)n + 9nO, — 8nCO, + 6nH,O

AF o=y F(Mn=274)

(C304H;;SO;Na)n + (19/2)n0O, — 8nCO, + 11/2nH,0+nSO;+nNa"

e =y FeA A=y FDHA, 97 : 3LV,
Mn = 172X0.97+274X0.03 = 175.06[g/mol]

TN OEREE S L ICEGRIEEFE R E(ThOD) 2 #15% L, BOD AENffE25H T 5,
9(mg) + 175.06(g/mol) x9.015(FE3E ¥ ZE fi) x 22.4(L/mol) = 10.4mL
PBSui-3 % 100%AE0 #9272 0121%, BEFREREN 104mL & 725,
X T, PBAT D443 iR (BOD)IL,

BE LR E EmL) / BERRIEESEERE 10.4(mL) x 100(%)
TRODHZENTEX D,

Table. 5-1 The composition of mineral nutrients used for BOD measurement.

Solution A (pH7.2) Solution C

K,HPO, 21.75g/L CaCl,*2H,0 36.4g/L
KH,PO, 8.5g/L

Na,HPO,-2H,0 33.4¢/L Solution D

Solution B FeCl;+6H,0 0.25¢g/L
MgSO,* 7H,0 22.5g/L
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52.2. fEH LB

5221 RY~—45k

Table 5 — 212, [USHEHE, AR, N ~—0fpk, B L FE&%E7<7, DMSI &
FED EFRITES T, IWREEE O FUEICET 5 TORIE, E< ko, —H, RV ~—
D5y F-&IT, DMSIEED EFIZE-> TR F L7z,

Figure 5 — 1/%, PESui-3 ® 'H NMR A7 fLZ/RLTW5, aBLOBIE, ThTh
PESu DV iR L 2=y N ThHDH, anIBEBIPR=T L 7Y a—LDAF L KEHKD
=27 Thd, e BLOLIE, BALEAAVEORVBUERBROE—7 TH D, 61,
DMSI IZBET D A F LU KEREKRDOEY—7 ThHhDH, HELHRY ~—HIZEHEA I DMSI
%, 4. Sppm fHED DMSI IZBEEET 5 A F L 2 IKFE(-OCH,CH0-) & 4. 3 ppm T
Dany g5 2AF L KFEORTEE AW TIRE L, 'H NMR @ OfE %, PESu
B A I DMSI 3313, fHAZE & IFIF—H L Tz,

Table5-2. Composition and molecular weight of PESu and its ionomers.

Polymer Reaction Composition Average molecular weight®
code time
h Feed composition Experomental M, x10* M.,/M,,
(succinic acid/DMSI) composition”
(succinic acid/DMSI)

PESu 2+5 100/0 100/0 4.0 1.80
PESui-1 2+6 99/1 99/1 3.5 2.01
PESui-3 2+7 97/3 97/3 3.0 2.21
PESui-5 2+7 95/5 95.2/4.8 2.2 2.52

a) Measured by 'H NMR
b) Measured by GPC
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Figure 5-1. 'H NMR spectrum of PESui-3.

5222 WL AR Y —

Figure 5 — 213, 1 3 0°C 2B D, KT A 4/ ~—OABEE(0) & ERIKE M) & OB
BERLTWD, TAF ) ~—DEM L 40—, BEREHSFERB LU 4 BEARR
KOWHLED 2 SOERIZ L > TRESNDS 2, Table5 — 2IZRA 55 KL 512, PESu 7~
EFERYv—DOEEFHNFEIT, TAF/~—DFR L0 EEWICTE b ST, A EK
BOBE., TAF ) ~—ORBKEE L, PESu DIERLKE L0 b &Ehotz, ZOfRIL. 4+
BICK DR LI LT, A A M OWERGEIZ XDV DO T, R IC R & < 8
L7l ThdEBEZOND, LNLRRL, BmWABRETIZ, 744/ ~—OF Rk
X IR L7z, —7F . PESu RERY v —DOERALEIL, —EEZRL TV, 202 Enb,
FAWT IO L > T, WERLRGEIEE T 5 2 L A/RIB S 7z, PESui-5 OWRREEEEE I, &
RTO o fEIZHBVT, PESui-3 £V HIEFRLHEE MK o 72, Z O HEGAEL Y PESui-5 OIARLK:
FEIX, BERA AV BEBITRERTH D LR SN D, A A4 BB E LY HIRWGEA,
TAF ) ~—8I%, EZHFHEA A HAEERICE > TBREWIEET 5, —FH, 414
FEEHBEINT ZIZHE, ST INA A b EAER S 425 2,
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Figure 5-2. Melt viscosity (1) of PESu and PESui’s as a function of frequency () measured at 130 °C.
PESu (H); PESui-1 (O); PESui-3 (A); and PESui-5 ().

5.2.2.3. BAREMETS S ONEh R s

Table 5 — 312, AU ~—OERMIME Z/RT, AL A HEOHEIMIZfE- T, @AlE, D
PR T Ui, —J . A F 2 EEOHEINI E- T, fidfbiREIIRE ERT L, B —
7 OEIT/NE L 7257 (Figure5 —3) , £72. R ~—8F DA A BEEOHIMLEN,
RN ~v—Offpr o Z N E—ITNEL eoTc, S HIT, WHHEEIEA Z v BB ORI N
KEL Ipolz, BVOMHEIZE T AABEOBIGIL, PBSu BEX W PBA 7 A 4/ ~—fbiz k-
THLALNDLZEBMESINTND B (AU HREANC LD —HEOBSRIE, A 4V ERR
U~w—8HPCERETHZLICLY  FRLELZRTIEL LI TAEL D EEZEZ LD,
Figure 5 — 4 1%, AV ~—0OJAA X HREHT (WAXD) ¥ —2 %2R LTWD, TXTOKRY
~—7%, 20.0 °, 23.1 °, BX 267 lTHRWE— 27 AR LT-, WAXD B — 7 g%, A A4
O X o TR 72 o 7o, mFRIC R E B i oh/en o7z, PESuAERY <
—DFERILEEIL 44.5 % Th o 1o M A A FEHOBEIMEN FER LI T L7z, 24U,
A A o=y "R DBV HE, TOMEE U OEREERIED Lz Th D
EEZLND,

Figure 5 — 5%, N U ~v—DIFEtER (G) BLWtand Z/rLTWD, 74 F /) ~—D
PP T, 2 0~4 0°C fHEIZA BN D T /83— F h—fEIZH T PESu RER Y <
—DENEY B RENoT2 (Figure5 —4 (A) ) , S HIZ, Figure5—4 (B) ITRLND X
NS, A F VO ENT 7 AEBIREIL S Lz, Ziud, A 4 ERoEES
IREIINZ XD WMBZRBIC N T 2 & B 2 6D, —J7, PESui-5 DITEBMERIL, BT AHE#
W &0 SRR W T, IRE OISR T L2, ik, 7R A 4
FIEAERC X 2BAUEN T Dm0 Th b EE2LND P,
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Table5-3. Thermal properties of PESu and its ionomers.

Sample T, 0  T.(OY  AH; Y  T.(C)" T Te (°C)
PESu 33 102.8 42.5 57.2 45.6
PESui-1 5.5 100.9 38.6 49.4 51.5
PESui-3 8.9 97.9 34.2 44.3 53.6
PESui-5 12.1 96.6 27.3 40.5 56.1
a) Measured by DMA, 2 °C/min.
b) Measured by DSC, 10 °C/min.

PESui-5 -+

40.5°C
PES‘“ﬁf -
443°C
¥ [psui -+
49.4°C
PESu -
57.2°C
20 30 40 50 60 70 80

Temperature (°C)

Figure 5-3. DSC traces of PESu and PESui’s in the non-isothermal crystallization at a

cooling rate 10 °C/min.
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Figure 5-4. WAXD patterns of PESu and PESui films crystallized at 50 °C. A, PESu; B,
PESui-1; C, PESui-3; D, PESui-5. The crystallinity was calculated by deconvolution of

the WAXD patterns using a curve-fitting program.
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Figure 5-5. Storage modulus (A) and tan § (B) of PESu and PESui’s versus temperature. PESu
(M); PESui-1 (O); PESui-3 (A); and PESui-5 (V).
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5.2.2.4. EReLTEREBILE

Figure 5 — 6 |%, 5 0°C CHEIRMEMIL I AFE PESu 7 A 4/ v — 7 4 /L ADORILILTF A
MBI Z R LT D, it A XX, A AV EER L MZE /NS ooz, ZORERIL, PESu
PHANEAN LT A A EDTER LT BN, R e LTI 2 & 2R LT\ D, BEf K
D, FUHLTAL ) ~—FDOAF U EERIZ, BERIEERE L TE Z EnmbitTn
%) 2425 33,34)O

Figure 5 — 713, Fif LIREZ 2L SHCTEMMPESU 7 A 4/ ~—DERFEEZRE S H- & &
DEREE AR EE 2GR LTy P LERRZ R L TH D, EREBIZEIT. Hift
BEZ 30057 0°C ETE{LEIETITo72, PESu RERY ~—Tid, b biBEN 5 5°C
HECHREREHRHEDOHRRMEZ R L, TOMEITHO0. 4 3um/s Thoto, ERBRRHEIL,
A U FEB OB LE > TR T L. PESui-5mol%? fix KEREh AL EHE (X, PESu RER Y ~—
DRI 13 FTEIN 0Tz, Fio, A F U HEOHEIITE N, BRSO i KAE % 7735
{LIREEAN, 5 5°C 754 0°C £ TIRIRMICS 7 F L7z, ZAuZ, PESudf~EA L7=A 4
BRI, RV ~—BHOBE 20 L, AR E T 52#E 235720 THLEERD
ns,

| - | -
| - (D)-

Figure 5-6. Spherulitic morphologies of PESu and PESui’s measured with POM at 50 °C; (A)
PESu, (B) PESui-1, (C) PESui-3, and (D) PESui-5. White bars indicate 50 pm.
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Figure 5-7. Radial growth rate (G) of PESu and PESui’s at various crystallization temperatures
(T.). PESu (A); PESui-1 (O); PESui-3 (H); and PESui-5 ().

5.2.2.5. 5l o8E D Fei

Figure 5 — 8%, KT A A4/ ~—DB| oV Fk 2R LTV 5, BloE D HONE, HAA
A2 HEL DMLY LT, —J5, A AV BB OB, 5l o R D sREE TR L7z,
ZHUE, A A EERTERRIC L DGO Th D EEZ B D, L LR | PESui-5
I%.PESui-3 & it L TIRW B -8RV SREZ R LTz, ZORIK & LT A 4 EEN L WA,
~NVF T Ly NEDOEBHGEEE A Z < 20 . v MU 7 ADOREKER S A BT 5720 T
o EEZBND, Figure5-9 1%, A A L EHOBENNTEE D A A L BEEIK & Z D JE0 O EE) I
FEEI O Z L O AK 2R LT D, BAA A VOB E S TA A U EREROE L BN
9%, 1mol% (Figure5-9(A)) ¥ XU 3mol% (Figure5-9(B)) DA Tik, ~ b VU 7 RESy1LE
FETHDN, 5mol%EANLTIGATIE~ MY 7 ZADOREFE A BT S (Figure5-9(C))
Eisenberg LB L7z~ LT 7Ly b - 7 FAX—FET )NV TIE, BERA L U8B EIC:5 L
WERFER R E S BT D 2 ERHESH WD P, Sbic, A AV EHEnL=ZZ LI

V. OFREEETZT TR SFNEBEROER BT EbRRTHL EEX LN
%o Xie Hld, ANVHK AR Y AF L F b U T LEOA A U EERIZOWTHIZE L, BSfA
VIR ALED 4 mol%lh L & X2, FINA AV EERDER SN D Z L &2 R L Tng 9,
AWFFEIZINT, PESui-5 OUTERFMER, 51 o0R Y AL, 36 K OWREREL X, PESui-3 D24
FOHEWVEEZ R LT, IO EREMIZEZD &, BRA A 8L, D7 EH 3mol% s
5mol% & DT 5 FIREMED mVY,
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Figure 5-8. Tensile strength (M) and elongation (@) of PESu and PESui’s versus DMSI content.
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Figure 5-9. Schematic diagram of the ion aggregations and the region of restricted mobility at
different ion contents: (A) 1mol%; (B) 3mol%, and (C) 5mol%.
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5.2.2.6. 3R ER

P. funiculosum M1k D PGHB) iR 2 M T BT A A/ ~— OBER /3 i L % 3~ 72
(Figure5-10 (A) ) o TXTOY T MTIBWT, HERADEIT, R pe] LT L7,
IR 1, A A FE LR K& < 725 7o, Kumagai © 1%, P(BHB) 3 fi#l#%E 12 & 5 P(3HB)
DOFERIREFE L, R EEICRE URTEL. 7 4 VA OREELE DR FIZHEWEINT 5 =
ExERFML TV Y, PGHB)MiR#ERIL, 7 4V AREOILFEIRIAFET DR ~— %
BRI EIRT L, eV CRESBBEIR DR Y ~ — 8289 2 L G Sh g Y, JEmEIIC
FET 288 0> PGHB)DEER SRR EE L, FEMBEICFAET 2R U ~—#HOZ 0K 2 0 53
W ERHESNTND Y, WAXD T X0 . PESui (236U TA A o BEL O AN AU fh
LEME TS5 Z B mEnTz, L3> T, PESui OFA, A A4 HEOBIICHE > BEE
KGR RS DIRHEIL, 7 4 VW ADOFERLEDNME T L7272 ThH & X 55 (Figure5-10
B) ) .

Figure 5 — 1 1 (%, £FET A 4/ ~—0 BOD A fRE AR L T\ 5, PESu BAERY
—® BOD A/ fiREE X, B L & bITHEML, K578 2 4 AR TR 8 0 %D BOD AR % 7R
Lize =05, T A A/ ~—0 BOD A5 fREOHNHE T, PESu ARERY v — &0 HR&E <
1870520 HMTHKE 0%D BOD £ENREIZE LT, £/-, TRXTORY ~v—ilkBloEE
AOYIREEI, 2 8 A ONRABRT1 0 0%ICE L, ZNHOREINDL, PESuRERY <
—I2FTh< PESu 7 A A4/ v —b BETIHET DMEMIC L > Teanffsns 2 &
DRIE ST, R ~—EtO EEA DML & BOD A0 fRE L OIZIZ, 20~2 5 %0DE
WA BN D, ZhuE, BEICBWTUIRY ~— B O 5 AR DAY OB = 1L ¥
— & LTHIHEN D721 The <. MAEMIIIZ L 554 A~ ZAERICFIH S T 5720 T
boHEEZXBND,
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FigureS5-10. The relation between the weight loss and incubation time (A), and the relation between

degradation rate and the X-ray crystallinity for PESu (A); PESui-1 (O); PESui-3 (H); and PESui-5
().
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FigureS-11. BOD-degradation curves of PESu and PESui’s in Azami pond water.
PESu (A); PESui-1 (O); PESui-3 (H); and PESui-5 ().
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53. RYTF LoV IR — "M R—=RT A F ) ~v—DEKB &

N DR T

53.1. EB

53.1.1. &

AN BIXR14-TEZ D=L TV RTFyTFHNPOEA L, ZOFEEMEH L,
FH=TLT RNTT RXURYG, TARY v TFHNBEAL, TOFEMBEH L, AIFET
HWIZERA A Th D, ANVK AT ATF AT T ATV (SDMF)X, ¥V A F L
7 < JVEE(DMF)$ & O NaHSO; 7 b Ak & iz ¥,

5312, RV ~—E»?
PBSu BELOPBSu 7 A4 4/ ~—%EKTAT-ODE /) ~w—EL LT, anIg, 14745
A —, BIOSDMF # W=, ST EIZ. 5.2.1.2. &R

5.3.1.3. 7 4 v IAERK
52.13. 2R

5.3.1.4. '"HNMR
52.1.4 8

5.3.1.5. 7 EHIE
52.1.5. =¥

5.3.1.6. Jinfq X #fENT (WAXD)
52.1.6. &

5317 WA nro—
HIEX, 150°C TiTo7z (5.21.7.28) .

5.3.1.8. RICOLFERMEIBIEE (POM)

PBSu 7 )V L%, ATA RATABIOIAN—H T AIZHA, 1 50°C, 3oHREL, %
IR ST, FO%, 90°CIZAK L, 9 0°C T6 00 L, RCIE - uaimesm e
X, 5.2.1.8. W
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5.3.1.9. REEBRHAENE (DSC)
52.1.9.5H

5.3.1.10. EhWREHMERENT (DMA)
RY~—BAE2— 7 0°CICHHE, 2 °C/min T9 0°C FTHIE L. (4.2.1.10.8) .

5.3.1.11. 5l R Bk
52.1.11.21

53.1.12. A RMET A B

(1) B 20

0. IMUVERNRy 77— (pH7. 4) 1mL 2, RUZZAT/LT7 45 (10X10X
0. 3mm) & Chromobacterium viscosum HKD U R 7 a7 A U /N—+F (Fluka fH8d) ik
10uL 21 OmL Yo 7 /VERICWIL, 30CTL, 2, 3, 4, BXO5 HEMHREL,
BERIREEIX 2. BmgmL (25 0U/mL) IZHELIEbDZHW, 7 4 /v ADEINE LD
FEEWRCDRIEX, 5.2.1.12.(1) B,

(2) EWFriEEERE (BOD AT A )
52.1.12 2).2

532 fER LB

5321 RY~—45K

Table 5 — 412, ERFUMELIZET 5 £ TORR, LAt RN ~—0Ofk, BLOnF&
BRT, BERA A AN LTS A L ARk, A 72 SDMF JREED SR, ROSHR DN ER S
KEICET 2 ETICE L ORFMAEE LTz, —F, FHEREIOS T ®IL, SDMF BENREWIZ
IR L7,

Figure 5 - 1 212, PBSui-3 ® '"HNMR A7 L E/RT, o, BBINy L, TNEH.
PBSu OV KL 2=y hHEDOE—7 ThH D, § IL.SDMF D71 k> HKDOE—2 TH D,
HHEERY ~—HIEAI I SDMF 53X, 6. 8ppm (TITIZ i 54172 SDMF D A F L
KFE L 2. 6 ppm FITIZELITZ AT L KFE ((OCOCH,CH,COO-) DFESy & VTR
L7 2Y, 'HNMR AT OfE 5, PBSu FIZE A Sz SDMF &%, fhiAAzbk S 13E—% L
TuWz,
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Table5-4. Composition and molecular weight of PBSu and its ionomers.

Polymer Reaction Composition Average molecular weight”
code time
H Molar ratio in feed Molar ratio in M, X 10 M.,,/M,,
(succinic acid/SDMF) real composition®
(succinic acid/SDMF)

PBSu 2+3 100/0 100/0 5.0 2.11
PBSui-1 2+4 99/1 99/1 3.8 241
PBSui-3 2+6 97/3 97.3/2.7 2.6 2.78
PBSui-5 2+7 95/5 95.1/4.9 1.8 3.24

a) Measured by '"H NMR
b) Measured by GPC

ﬂ o o ﬂ B v v B (R a’ o (\) By v B
HO *EC—CHz—CHz—C— O—CHz—CH2—CH2—CH2— O}X—{C—CHZ—C|JH—C—O—CH2—CH;CH2—CH2—O}EH
SO,Na*
(67
B /y
5 _J
T T T T T T T T T 1
10 8 6 4 2 0 ppm

Figure 5-12. "H NMR spectrum of PBSui-3.
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Figure 5 — 1 3(%, 150 °CIZEBIT 5, £H PBSu 7 A 4/ ~— DA A K (0) & TEELKS
MOBRZRL TS, 4224 THRRIZX DI, TA A/ ~—OF@ LA v v—iL, EEF
Y153 - 8d KO A BRI R OYBIZRAE D 2 SO ERKIZ K> TIRES NS, PBSu AAER
V~—OEEVHSFEIEX, TAF/~—0ZRE 0 b@Emnicborrbbd, KARKEED
BE. TAL ) ~—DOFREEIX, PBSu RAERY ~—DZN LY bEhoT-, ZORERIT,
RY~—HIEAN LA F U BEIC KD EEERD, MG Z IR L TW\WD 2 L 2R d 5,
oI, RARERICE N TE, S TEICED2R LT, A4 EMOMELED )
N, KOEBKSEICRE B LD THLESZS 20D, LU, AREENK
ELRDITHEN, TAF ) ~—OE@ALE X, KT L7z, PBSui-1. PBSui-3, ¥ XU PBSui-5
E. ENENS, 12, BEU2 1rad/s DABREEIZIBVT, PBSu KV &/ S 7ok 2
RLTce —J7, PBSUBRERY v—L, —EOEWMAGEZR Lz, ZORRIE. EAM) D8
I Z o> THBZBREPBEE SN, DT EONEDPRELSEELIZEDTHL EEZBND,
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Figure 5-13. Melt viscosity (n) of PBSu and PBSui’s as a function of frequency () measured at
150 °C. PBSu (H); PBSui-1 (O); PBSui-3 (A); and PBSui-5 ().

5.3.2.3. BA\ERRETS L OV ARG L

Table5 — 512, RNY ~v—OREMEE 2R T, BAA A EEOIEIM E- T, f@lss &k
Vg Z L E—3, DITNER T L, £, A A EOEANIZLY, ARERY v—¢&
e U<, fERMEIEEIX3. 5~7°C EH L7z (Figure5—14) ., ZNHOREHRFE, RV
v —HNBEANSNTA A IR T DA A EEERR, s LT - Thr e %
Z BHivDb, Ishida Hi%, (KIEE (<1.2mol%) @ SDMF %3 A L7-PBSu 7 A 4/ ~—IZHBW
THERLIBE N EH3 252 L 2 A0 7Z L T05 2, —J7, PBSui-5 1% PBSui-3 & Lhils L el
EIBEME T Lz, Zhud, A A BEREmL., HoESMERHIRS o Thd %5
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Zbhd,

Figure 5 — 1 51X, AU ~v—DLfA X #EHT (WAXD) ¥ —rZRT, TXTORI~
—73(020), (021), (110), B LA DHEIZERT 2 —27 &, ZiLE4L, 193°, 21.7°, 22.8 °,
BELU28T AR LT, A A EBOBIMIAEW, fidfbEIER T Lz, ZoRKE LT, &
ASNTA F ko= b, FEmES D OHBR S, ZORFEE LT, MdsERos ks L

rLEZBND,

Figure 5 — 1 6 (X, FFEREIOIEHEMER (G°) BEI W tand 23T, T4 4/ ~— DT
BPEERIX, PBSu BAERY ~v—DFENLY bENro7- (Figure5—15 (A) ) . BT, A
T HEB O N, T AEBIREO EA Bl ST (Figure5—15 (B) ) . 24l
1L, BASINTA AU EMOHAEERIZ L > TEMA SN EZEEN, R ~—#HOB X %

BIRANCHIR T D720 THD EEXBND,

Table5-5. Thermal properties of PBSu and its ionomers.

Sample T, (°C)” Twm (°C)” AH; (J/g)"” T (°C)"” Tw-Te (°C)
PBSu 21.1 114.2 78.5 72.2 42.0
PBSui-1 -18.4 114.2 77.7 77.4 36.8
PBSui-3 -15.0 113.8 75.5 79.0 34.8
PBSui-5 -12.3 112.9 713 75.7 37.2
a) Measured by DMA, 2 °C/min.
b) Measured by DSC, 10 °C/min.

PBSui-1 79.0 °C -

PBSu 77.4°C -

722°C

30 50 70 90 110 130

Temperature (°C)

Figure 5-14. DSC traces of PBSu and PBSui’s in the non-isothermal

crystallization at a cooling rate 10 °C/min.
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Figure 5-15. WAXD patterns of PBSu and PBSui films crystallized at 70 °C. A, PBSu;
B, PBSui-1; C, PBSui-3; D, PBSui-5. The crystallinity was calculated by deconvolution
of the WAXD patterns using a curve-fitting program.
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Figure 5-16. Storage modulus (A) and tan § (B) of PBSu and PBSui’s versus temperature. PBSu
(H); PBSui-1 (O); PBSui-3 (A); and PBSui-5 (V).

5.3.2.4. ERALTZREBLLS
Figure 5 — 1 71X, 9 0 °C CHRAMSMIL S ET-AMPBSu 7 A 4/ ~—7 4 )V ADRIEEE
WEEHRZ R LT D, RN ~— B O RRRIEE L, R PRERHICF LT ey P L
T, ZTOROMHE LV EH L7, PBSuBERY ~—DEKMIL, HE50~10 O0um DKX
S Thole, A AV BEROEIMM B, RGO A XML IeoT,
Figure 5 — 1 8 (%, fEifbLIRE 22t SETHKMPBSu 74 4/ ~— DR E R E S 7 &
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T O ERE 2 R LBEICF LT ey FLEHREERLTHD, PBSUBERY v—
TUE, A LIREE A 7 0 °C L CTERAL AR (3 K2 R L, 2 OfEIXH 3um/s Th o7z,
Bl R R O e KA 2 m TG s IR 1T, A A oz $725T7 0°C 225 8 0°C
FCERMICC 7 N T B2 EBbhoTo, F724H PBSu 7 A 4/ ~—DOEREL AR 8L D
KEICRERBIGITR DN T2, 20D OFESIL, PESu i ~E A L7 A A v FRERERA,
fmiz & LT &, PBSuSHOIER A IRMNIHERT 2 2 L 2R d 5,

(A)

© (D)

Figure 5-17. Spherulitic morphologies of PBSu and PBSui’s measured with POM at 90 °C;
(A) PBSu, (B) PBSui-1, (C) PBSui-3, and (D) PBSui-5. White bars indicate 50 um.
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Figure 5-18. Radial growth rate (G) of PBSu and PBSui’s at various crystallization temperatures
(Tc). PBSu (A); PBSui-1 (O); PBSui-3 (H); and PBSui-5 ().
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5.3.2.5. BEARCRRE

Figure 5 — 1 9%, RU~—DF| RV FEZ R LTS, A A EEZEATHZ T, 5l
SIEDMHONT, FLIIKF L, —FH., 744/ ~—D5| -8 iE X, PBSuBERY ~—
DZENED HBREVHEEZ R LTz, ZiUE, A 4V EERICE > TER SN BLZED -
ThHhoHEEZDLND, LLARMEL, PBSui-5 I%, PBSui-3 & ik L TIRWG| - 3R 0 3 E &R
L7z, ZORREIL, BRA AV EEBZIT2T-20THD LRSS, A4 EEPRE WY
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Figure 5-19. Tensile strength (M) and elongation (@) of PBSu and PBSui’s versus SDMF content.
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Figure 5-20. The relation between the weight loss and incubation time (A), and the relation between
degradation rate and the X-ray crystallinity for PBSu (A); PBSui-1 (O); PBSui-3 (H); and PBSui-5
().

100

BOD-biodegradability (%)

Time (Days)

Figure 5-21. BOD-degradation curves of PBSu and PBSui’s in Azami pond water. PBSu (A);
PBSui-1 (O); PBSui-3 (M); and PBSui-5 ().
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