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RYxFLr (PE) RRY Fur'Ly (PP) REOWHT T AF v 7%, #<, LRT
bV, BRMASBOOLEMNEM, BEEEMN, 20 NCEEM R Eka e HBRICHWL AT
W5, BESTFICBWNT, PYTRXAF o IE, Eo— TR, EARKFa2—T, BILO+E
WEM (wVF7400) ELTHHSATWS,

< IVF T 4 VDL, 1960 FERTHDN S EBEH OREEAEICH LN TR V1], BEDE/E
MAEICB W TEERBEERM O —>L>Tn5 (Fig. 1-a), vV F 7 4 VA& FHT S
ZElTky, HUROFEE2-4], LHIKS OIRFR4,5], HEOAFMEIM4], BLOWEDROD
BHBR[6IDAIRE L 72 D720, BAEMOEFEREMB I OEOM ENLEDH 5, ZnETlZ, 7
vy a V2], ¥=vU[3], A4, £7 T[5], T 7oV A7, 4 F=F[8], F~ K9],
A UM10], BEOT A1) &, 2L ODREAEMOFIGZC VT 7 4 VAPEREN TS,
AR, AR N A OIS REFEE O RO[12], KUREEN L S BIEM O MER E
[13], BEtZ Y & BEESZT L0 T, LEMICEEZ MG 2 720 O R EBIN 2 f s
T5HIEDBRDOLILTND, BMIKFEE DFAT LT RN O AT (Fpk 28 42) TIE,
BAEMOFRZIZHBWT, vV TF 7o VA2 G0FHT 22 EnmbhTnd, —5T, A
AT T AF v 7 TTEL~NF 7 4V ATHRRER COMIN2W=D, HHEO~L
F7 4 A EE, BLOWS Ladiude s s, FhhbWCCBARNND720, BE
~ORE AT > T D[14,15], 72, AU E = LB~ /LT 7 ¢ )L AOBEANLSTIC
PVt SN, FAAF LR EOFEMEIC L DREGRLEEL 2> TW5H[15], N
2T, wNTF T 4NV LADEINE, TEIZERE LT~V T 7 0 VA0, HHEEREEICHE A 7o
HEELTOT LR, FrRRRELMFTE R R EPBEINTVD
[16,17], TEERE~ LT 7 4 VA%, TEOYHAIEEZET 5 Z & T, HEPOFREK
RBERKDIREE T, THEOW KR EL KT T AR D, 20 EMNFEEKET,
TP ORFES I D NTKGOBENELS BN RH 5, iz, BE~LVT 7 4L AT
BEMORROAETZMET HARMENDH D Z L0, MFOHFERICEELEZ D Z LR
RENTWD, EREIZ, BEYLT 74 V255 G 8T, SN BIEY Bk
FOVNE) OAEERITD Lz, Zofls, PHEESCHEEEIC~ LT 7 0V AREED,
TEEMNMET T 52 &0, b 2 bMBEE oo TWD[1T].

DX RYENS, ENIET T AT v 7 ERGCCER SR, Aot~ T T 4
NAZHERBNEE > TV BH[18-23], A fitt~ v F 7 4 L 2ix, HRBICEEDORE L
I BT ZiATL Z LIc XY, HEPICFEET HMAEMIC L 0Kk & bR F#E I AL
ENDHT [24-25], AV A NABERFEETH S (Fig. 1-b), W6~ T, EnfEtE~ LT~
VBTSSR~ VT 7 4 L AOREER E L THIES LTV S,

(a) (b) Soil Mulch film
Covering
B ——

A
Biodegtadation Culti{ation

Plant
&
i —

Harvesting
&
Plowing

Fig. 1. Plastic mulch films (a)(JBPA home page : http://www.jbpaweb.net/gp/gp_product.htm)
and onsite diposal of biodegradable plastic mulch films (b).
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NI IFERILE G AR U = 27 )L BAFE DJFE 5L

PE X° PP 2 EFOWHT T AF v 7%, LRTHOOVLEMEZA LTS, —FHT, BIHE
RY T ATV, BAEMCEIV DRI D Z ENMLN TV DH[26-29], — I T T AT
v IR ZEER RO LN TWD 2D, MAEMIC LV pfashs 2 &%, EELL AR
V30,311, LorL, IWHZ 7 2AF v 7%, BRERERICHRBSNTHY, ST I2EHE
SN, A e R EZ B R T 2 ERHA LN > TE 232,33l 2D XK 9 2y b,
WAEMIZ L0 S DIENER Y = 27 VA EOEH & TV H[34-42], 1980 4ERIZIE,
WAEMDAFEST HDENER Y 2 A7V ThDHARY B Raxo 7 b o (8504 Biopol)
DFFEEFENIRE > T DH[43], ZHITIZ T, AR OSRIZE Y, 1980 4E8H5 1990
FERIZT T, ALFEEIENIGER Y =257V Th D, R TFL o4 x—k (PBSu),
BLORY (FFLo¥ 27— h—a-T7I2—1) (PBSA) bLAENMMET T AF v L
U CRIEAFESNIADT[42], L LR b, BEMIRA U = 2 7 )V IZE - BERT R
[R3d 7, fkx e HEICHIAT 2 2 L IXNEETH - 72[39,44], —F, RV =F LT
7% L—k (PET) ®°R U 7F LT L 7%L—hk (PBT) O X9 BREFHERY = 25 /LF,
ERVEZ TR S 720D, BB - BRI 2 AT T 5 [45]. Witt B, AL A BHRRNE
EATHENRERY 2 AT VORI EBIELC, BRSFHELEESGRY AT Th
5, R (FFL>T7V_X—h-a-7L7%L—Lk) (PBAT), AU (=F L7 IV~X—F|
—a-7 L 74 L—1}) (PEAT), BLXOAKRY (FrvlL o7V X—h-a-FL7XL—})

(PPAT) Z G LT[44], T OEMEBENBEBRLEESGRY 2 X7 VT HEEREER LT a
RA NREEH T, AN Z Rt Z e Nbholz[44], TNHRY AT LOHT, FRICE
NI BHEPE 249 % PBAT 1Z[46], Ecoflex &9 Pddh4 T, HAE BASF #E0 b AE, IR
FEEINTW5D (Fig. 2-a),

o o n
(b) 0 0 (© .
O\/\/\O O™ O\/\/\
(o) (0] 0 o,
(d) 0 (e) o ol (© o
OV\O ‘
O n n CHz | {O)\)J}n

Fig. 2. Chemical structures of poly(butylene adipate-co-terephthalate) (PBAT) (a), poly(butylene
succinate-co-adipate) (PBSA) (b), poly(butylene succinate) (PBSu) (c), poly(ethylene succinate) (PESu) (d),
and polycaprolactone (PCL) (e), poly(lactic acid) (PLA) (f), and poly(3-hydroxy butylate) (P(3HB)) (g).



RY (FFLoT7Io—h—a-F L 7% L— ) (PBAT) OB

TV V= N EilE=y N, A) BLOYT VL7 H A=y b (FHE2=y
k, T) O#pE (A:T) M%7 2% PBAT (A:T=69:31~52:48) BNA S, B
AT 72 [46], PBAT OflslE, T L7 X =y FOEE &I EH L7z (Table
1), fHEREE (A:T) 73, 69:31 3K UN52:48 @ PBAT Dl s, T4 80°C BLON 137
°C THh-o72[46], —F, PBAT O3[RV ML, FHFEKE==y hOFIEGEMIHEN (A:T=
69 :31~61:39) K&<7e~o7 (Table 1), L2 L, HFEHEL=y NOFIEH 39 mol%lL E (A :
T=69:31~52:48) @ PBAT O5[iEVEE X, FIXFE UETH 7=, xR, PBAT ©
WX T L7 X vt = > FOEIAD 45 mol% ARl £ TiX, 1ZIE—ETH -7, 45
mol%LL E TR T L, BWWMEHZ /2D Z L 23 hr- 7z, Table2 |2 PBAT (Ecoflex) 3L
PE DOEAMY) « Bk AR 2 7R, PBAT (Ecoflex) %, PE L [AS D@ S %D, PE L EDF]
AR RS L OMEWHHE 2 A L T\ 5H[47], AT, BRiz7 4 VAMTHEZET D2 &

b, WHZZ7AF v 7oL LTHIHFINS[47],

Table 1. Relationship between melting temperature, mechanical properties, and content of

terephthalic acid (mol %) of PBAT [46].

Mw T [ €r AH

Polyester? (g/mol)® M, /M, °C) (N/mm?)° (%) (d/g) © (deg)’

BTA 31/69 43,100 1.9 79 7.8 +0.2 650 + 50 7.7 579+ 1.8
BTA 34/66 45,500 1.9 89 78 + 1,6 440 + 140 9.1 629 + 1.2
BTA 36/64 43,800 2.0 93 89109 500 + 130 12.0 68.3 + 1.1
BTA 38/62 51,000 1.8 106 9.8 +0.8 430 + 100 13.1 70.5 £ 1.4
BTA 39/61 47,100 1.9 110 12.1 £ 1.6 470 + 100 15.6 71.6 £ 1.5
BTA 42/58 48,900 1.8 115 123 £ 1.3 450 + 150 16.0 71.8 £2.2
BTA 44/56 45,000 1.9 119 13.9 £ 0.2 550 + 100 17.5. 743 + 1.8
BTA 45/55 50,500 1.8 122 122 +12 380 + 170 17.2 759 £ 2.2
BTA 47/53 49,500 1.8 129 11.7 £ 1.6 320 + 120 21.4 79.6 + 1.5
BTA 48/52 54,000 2.1 137 123 + 0.1 180 + 50 249 81.4 + 0.9

“Stoichiometric compositions according to '*C-NMR analysis [4]. The copolyesters are abbreviated BTA (1,4-
butanediol, terephthalic acid, adipic acid). Their nomenclature is as follows: poly(tetramethylene terephthal-
ate)-co-(tetramethylene hexandioate). The ratio of the two acid components (mol %) is noted after the abbre-
viation (e.g., BTA 39/61: 39 mol% terephthalic acid and 61 mol% adipic acid).

*Based on polystyrene calibration.

“Determined by use of melt pressed films.

Table 2. Thermal and mechanical properties of PBAT (Ecoflex) and general polymers

Melting temperature (°C) Tensile strength at break (MPa) Elongation at break (%) References
Ecoflex 110-115 36 820 [47]
LDPE 111 20 600 [47]




PBAT D B85 47 fif 1

HHERL =y NOEIGD, PBAT QARG 2 5 BN TE S 1 7-[44,46], 22> R A
NERBEHF CTD PBAT 7 4V AOEERAEEIL, T L7 X =y hOESG O
UM L 72[44,46], PBAT BIMEEZRIC L 0 5 O N EW 2 VTR D 70 25 PBAT 7 «
NAESESE-E A, BERDEEL, TLI7AABa=y FOBIS L KA LIET
L72[46), F7z, LEBRETICBWTH, TLU7 XM=y ORI $£IZ, PBAT D%
fREEE IR T L72[44], B DREEMNS, T L7 XA =y FOEIEN, PBAT DSy
fRVEIC B2 RITT Z N eh R olz, £, BRESMHNED X H51C PBAT DA R
eI L ONAKGFEVEIC B A2 52 2053 T 5720, BRHMMO=a o RA M EHNWT,
PBAT O3k BRnztTiont-, ZOfEE, a > RA NP OMAEWIENE, BIOWa R A o
R & EBFRDOENIGD, PBAT OAGIREEIZHE L RITTZ ENP LML 2o72[48], i
T, miRSM T TIE, AWK RS PBAT O RICH ST 5 Z L AR E72[48],

PBAT/ R AE 8 K OV gl S

—WIT, SRR Y AT NV DSERSETIE, AN AERE LT INKRERIZ LY
EIRIEAR ) = AT VNGRS Tt (1 IROFR), SRRV S ns, e
MIERNIZE D IAE I, RN K o> TKE ZfbRBICE SN D (2 KR3E) (Fig. 3) [49],

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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: 2
e
/\/\/OM- O
et aa et 29

Biodegradable polymers Hydrolases

’ Primary degradation

Fig. 3. Biodegradation mechanisms of biodegradable polymers. Primary and secondary degradations

are surrounded by solid and broken lines, respectively.

Kleeberg H 1L, @i = ARA MREFIZIIT D PBAT OESEEIEZ T 5720, =
VIRA NG, PBAT O iRIC B G- 3 2EW O BBEAZ 1T - 72[50], Z DFEBRIZL > THE
Mo VAR A NBREE T ClE, HEWERSRE D PBAT @ 1 IROMECEEREEZE 5 2 L 23b
Mo72[50], TIDHHEREOH T, B PBAT D fREE%E A 95 Thermobifida fusca K13g £k D



B3 3T 7=[50,51], K13g ¥kiZ PBAT 259 5RE %A LTV =2, PBAT 5 f#
MELTHELLAY I~v—BLOE /) v—2R#F L >72[50,51], = ARA 1T PBAT
BXOPBATE/ ~— (14-T X PF—)b, TULT7HLEE, BXOT I U EE) 1L, %
{bEND57-95[48,51], 2 RA MPIZEIT 25 PBAT OO0 fR1E, Kl3g fkE X UM oA
M OIHERIZEVEREIND LRI O[5, LV EEM7Ze, PBAT O itk %
B 52023 5728, T. fusca DSM 43793 ¥k H1 3K PBAT MK /3 Rl N RS 1 S iz, ARl
Fx, V—BRLOMKDMEZOT 2/ BESFICAHALND 2>k AELS

(-GXSXG-) ZHT 5, 58 282kDa DX /37 Tho712[52], £7-, KEEFEIL, WD
IF 0 TRBICIFEET D, BHBERY 2 ATV TH D0 F e r8HE (7 FF—F)
THDHZEMHELNE IR 5T2[53,55], MEBIE, VAR ML HEBESN, R =271
S FRARTE T. alba AHK119 ¥RANEPET %, PBAT 2 fifl%#% (Estl19) O u—=1 7% L O%;
) 247 - 72[56,57], Estl19 1%, 2>t ¥ AESITHDH-GXSXG-2HT D, 18N
30 kDa ® 7 FF—ETh o7z, Estl19 O X BiEmEMHT 31T 41, Estl191%9 DD~
I A, BIRIDDB-v— 6D oA KaTd—EBT7+— L NEHT D, KIS
MR THDHZ ENbhoT- (Fig. 4) [58], Estll9 I ZIEMEMIZE Y U v RRAAL LV EHL
TWeno72[58], & HIZ, Estl19 OB 1B (estl19) O RIRICHFEIET 5, BB TS

(est]) N7 a—=2 7 I{, Bstl OFE-SIF 23 T2, Bstl § Estl19 & [FRIZ 7 FF—
B TH Y, PBAT Z KM L72[59], = O, 42/, Saccharomonospora viridis[60],
T. cellulosilytica[61], ¥ L ONFEWER T Humicola insolens[61]H 3K 7 FF—18 @ PBAT /K4y
fRREASFEAN S 4, I BEWMER AN AEET D 7 F - —F X PBAT MIASRIEEZAE LT\ D
ZEMWIRINT,

Fig. 4. Higher-order structure of Est119 [58].

L2 AT, PBAT NEEHBTHWON, AvH A MU SN Z L2525 L, FIRS
RO PBAT WfflCBET 2MEMmEMD Z L ITEHE TH H[62-64], LLAT, Fx OHFFE
TN—%, B L HE) © Wi U 7= B Isaria fumisorosea NKCM1712 78 IR G444 7 C PBAT
TANKDENESTDH I EEHE M LTZ[62], I fumisorosea NKCM1712 ¥RiZfEN 7= PBAT



T A VEOREEER L, MR S THD 14T HX T, TUVEVE, BT LT
NMBEELT DI LD, AREMTPBAT 25820 C& 5 2 LAVRENTZ[62], Zihvk
IXRINC 29 FEEEO M 5 LI & 2 PBAT OB Thil, TIRGGTFTInNs O
PAEMIZ LY PBAT OfENAET L Z EAmInT[63], EARLILX, BEE TH D Paraphoma
B47-9 ¥k, ¥ X Cryptococcus flavus GB-1 Hi3k 7 FF—EBHEESR Y, RS T T PBAT
EOMRT DT AW E L TWD[6566], mITICZR > T, WRMEME TodH D Pelosinus
fermentans 33 & OY Clostridium botulinum B3 D PBAT MK 1G24 9 2 BE R DN RS
IHT2[67,68], ZALDDRD 9 B C. botulinum R OFEFRIL, TS T T PBAT & K5y
T HZENARET, YUy RRAALVERTDH oA KT —EBAR=T77 IV —{Z@EL
TU72[68], Table 3 35 L U Table 4 (2, HIfEE TIZRHEAHT STV % PBAT 1 fiffh A
KON Gy e 3 % o3

Table 3. PBAT-degrading microorganisms.

Microorganisms Phyla Characteristics Sources References
Thermobifida fusca K13g Actinobacteria Thermophile Compost [50]
Bacillus subtilis Firmicutes Mesophile ATCC* [63]
Leptothrix sp. TB-71 Proteobacteria - - [64]
Isaria fumisorosea Ascomycota Mesophile Soil [62]

*ATCC : American type culture collection

Table 4. PBAT hydrolases from microorganisms.

Microorganisms PBAT hydrolases Type Reaction temperature References
T. fusca DSM 43793 TfH Cutinase 55°C [52,53]
T. alba AHK119 Est119 Cutinase 50°C [57]
T. alba AHK119 Estl Cutinase 37°C [59]
T. cellulosilytica The_Cutl Cutinase 50°C [61]
Humicola insolens HiC Cutinase 50°C [61]
Saccharomonospora viridis AHK190 Cut190 Cutinase 48°C [60]
Paraphoma-related fungal strain B47-9 ~ PCLE Cutinase-like 30°C [65]
enzyme
Cryptococcus flavus GB-1 CfCLE Cutinase-like 30°C [66]
enzyme
Pelosinus fermentans DSM 17108 PfL1 Lipase 50°C [67]
Clostridium botulinum ATCC 3502 Cbotu_EstA Esterase 37°C,50°C [68]
C. botulinum ATCC 3502 Cbotu_EstB Esterase 37°C [68]
PBAT D I &

PBAT %, = I4&, HUWIEE, oA, BEHNRS, vV F 7400, BIOEEM
V— NEICHEH STV D[23,47,69], BifE, HAREWNICBWTIE, 35S EEOY LT 7 4L
LN HAENRAL X T T 2AF v 75 (JBPA) 12, ANk~ F 7 40 LTEEESNT
W5, PBAT 1%, 15 FEOAGHRE~ LT 7 4 L ABBICHWOILTEY, o4k
7T AF w7 (ARUEER : PLA, PBSu, 353X U'PBSA) HRDOBM LT, LW EZDOH
B CTHA S TWA[69],



WA LA OFH EAE

T i@%@éa%%LiéﬁﬁmeE IEIEAR PR AN : PGPR 36 KX O AR )
R, IR Z b3 WEY (RDWEIESAEY) 72 &, ZMERRMAEWPIFEL T
W5, TNOEHOTF T, MYFEEMEDX, BEDOFRKZSI SR I L, IN#EREZK
TERDLFEKE 2 57295[70,71], T < NHMFIEDXG L 72 - T & 72[72-76], HEWIHIEM A
%, BT —BRs TS — B E O AR SR A R L, AR 2 AR L TN
(ZARAT D[77,78], €Dk, FRARZBIHEMAENIL, MHMIELEESE, TOMIZE
FNDHREREWIN UHEIET H[79], — 7, AMEEMEREMRAEDIL, FYMEz 8L s
ﬁh,éﬁbtiiﬁi@mmﬂ%*%ﬁ > E WIS 5[79], BAEICBWTIE, WY

WCEDRENKDLEZ N ENRRE STV BH[80],

#ﬁ,ﬁ%iwm_&Abtﬁ%WEﬁéw_ﬂﬁiétwwﬁr%%%o:aﬁﬂ%
ATV S [81-83], HEMIE, THIRMAEM MR U T BRI A O AREE D 53 fif 12 L 0 A& Uiz sy
fiEM82], HAHWNE T TV =V v, XTF KT U Iy, BIOXFF U7 EOREMRAED O
REFR LRI L[84), FIAME THL 7 74 T X v DAFE85,86], VNV —ERX
FF—¥ DAFE87,88], B L OIEMERERZMEDAPERIZ1T 5, £7-, WML, KREMEY %
FREN LU T2 ALIC e — AR = /e ETRER SN A RN E T 2 KT 5 2 & T, JWEMAE
MORNEWEREZIGEIT 5 Z & b A HI TV 583,

FE A= B IR HEAR A (Plant growth-promoting rhizobacteria : PGPR) %, FiE#) ORI EH
L[90], ZEFHZ[EE91,92], U U ERIEDKIRI[93,94], B L OHEHHNE L DAEFES] 2T 5
ZEXY, WMOAEBERET S ENMBINTWD, AT, PGPRIL, FUAEMEEESR
IR R AE DA BICLER I X TV ERIRT 2 Z LIk, MW EMEDDOER %
FHES 5 2 & b STV 5[96,97], HIREEIL, HEMDOIRDOWNEH 2 W FSNEBITATE L,
FARERAWTEERO I X T VB LUK Z IR L, M OEE 247 5[98,99].
_h%&%$§%@wm%ﬁ¢5%$%i D B HE R K0 15 DT IRFBIR % 1T
HBoTko, fEh & MRAEDRERIC

@ﬁ@ﬁ%%i@ﬁi%%@ﬁﬁ%% %ﬁﬁ%f%hé*ﬁf,i@%é%@%ﬂ(i
A WE) PO EFICRIETREIZOVWTHIERNThh T\, HEMAEY#EIX
ﬁ%@#@ﬁ%%ﬁﬁ%,7mm74w®%,%i@ﬁ%ﬂ%ﬁvx:%g%%t%¢;
EDRH BTV A[100,101], FEH O — R EITK L TH, HEBAED R OSRMEN R E
ZRAET 2 ENME STV 5[102], FEDIREIESRAEC L D REIR OMENS, TEERMAY
ENBEERKEZH > TWD Z EARE STV 5[103,104],
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AHFFED B Y

PBAT I, At~ LT & L TR SN TWDENRIE T T AF v 7 Th D, £
T 7 2AF v 7%, HHPITLETH D FEHZITHESCHCESRINDILERNS D, L
L, RIZICAEDEE S 5 WDIE 0 fERER OSIENIINETH 5, Z OO 72 PBAT
DEFRERZHONCTHZ EITEETH D, ZIVE T, PBAT DA REE LRI 5
7012, 2L OWFENITOINTE -, KR, 22 RR NIZEIT 5D PBAT DS RENEEMN
ARG, FIRERE T T PBAT O RIZEE 59 2 AW 0B% 3 28 AL S 4172[50-53,57-61],
—J7, PBAT IZHBARREF T~ AT E L THHI N, Ao/ MU I Z &2 ET
% &, FRGME T TO PBAT S fRIZEIG-T 2 R AN OB R I DV T b B RS 2 BN
H 5, RS HIX, B Isaria fumisorosea NKCM1712 73, HRZM: T C PBAT % 5%& 447
RS2 Z L 2B BN LIZ[62], £, ME b TR FIZHB W T PBAT O3 RIZEE-T %
T EDURIEENTWD63], 12T, B I X OBEKEM B ok O BE S 28 iR S T C PBAT
DRI G5 Z E N L E 725 72[65,66,68], — 7, HERMEMEIC X 537 PBAT
DL FREREITH S E 2o TR WAES I~ AV F IR P IRERE F TOMEn57-9,
Z D& D IREEE T PBAT O RICEAE T 24 MME R L OBERZH D Z L IFEETH
HEEZLND,

fin 7 Tk, HE~ORFBREMD, HEBAEWEZEZIEL PR ESINATND
[105,106,107], £k~ VT8 O3 iE L3R CREFR E 20 5 D72, EofETZ
AF w7 OLIBEEN, TEMAMESG X DB DB N B 5[108,109,110], LA
L7235, 4 % T PBAT @ HHEHERIC L 2 HIRMUAE A~ DEEITIH] 50T o> TH72R0,
PBAT I3RS AN ERET D 7 F T — PRI L OV SN Z ERNmbNTEY, Y
SRR A PBAT Z0fif, &bT5 2 LIk HEPCERBEIN D ATREMERH 5, )
T, WHZ 7 A2AF v 7 REIL, BREVTOMAEDE L IXRRLIMEMEIERIND Z &
D BNE 725 TND[I1,112], D7D, WIEIZIBWTT 7 AT v 71X, Y OEEE
L0, WMAEME LI S, ARBRICEEL KT T ATRBMES R STV A [111,112],
Tz BW T, HEEE SN PBAT 7 4 L AEEFIC, HEMAEYEE L3RR D MEY
ENR S, TEARRRICEELY MITTAREENREZEZ NS, 512, PBAT OHIFRIZ X
VIR STz LEMUAEED, WICEREE VO T REEL H DM, FEMIT A TH
Do

INHOZ EEEE T, AELERICTIE, BARBRETR TO PBAT OASy Rt 4 figiH
T 5728, PBAT O fRIZEE-T 5, 4F<MEFIRME PBAT /2l 3 L OV O EET S
PBAT MKy flss5 2 B 5 /029 5, £72, PBAT O HIEMER N HIEMAM#EIC G 2 5 25
ST 5,

B 1 ECIHEAMFREOT RO NCHNERRD,

5% 2 B CIX PBAT i & LT, MFRMEFIRNE PBAT 20 iM% HEE L, R4S
ZAT 9. MAT, MFEMEFIRME PBAT 43 i ok PBAT MUK iEEFE D 7 v —= 7%
FORSIT 217V, BRI X D PBAT il oW Cigan 5.

% 3 B CIX, PBAT & HIBHIER U, £ ORI E S MAEmEL(LEZ R Y X T — B RIG
—ZEVERIREE AR VERUkE) (PCR-DGGE) E& HWTCHHMT %, F72, PBAT @ 14K
EMFEPER D LB 2 5 BB E2 M 5,
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FAFETIE, FEOMEBEEZBRIEL, SBOBEIIOWTERT D,
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O

I HP IR A A B Bacillus pumilus SRR Y (7 F L7 U_— h—a-
T L7 L— ) KRG RERESR DR
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2-1 FEBR

A

RY (FFLrT7P—h-a-FL7%L—}) (PBAT) % BASF ## Ecoflex®% >
o KU 37w Z 27 kv (PCL) 134 A EAMKA SR, R =F L %27 %x— b (PESw
X H AR, RV 7F Lot x—F (PBSw), BEIOKRY (FLr#7 %
— h=a2-7T~X—}) (PBSA) (XBFE S 8, AU 3-t ReX 7 ¥ ) (P(3HB))
IF =T AP RS R, B LR Y A (PLA) (X EEREFTR S8 A2 iz (Fig.
2)o TRV ZF VMRS, ZaaR LB, A% ) —/LHICHELE S
WL 7-, RY T AT 7 L5 (1x1x0.1 em®) 1%, &Y = A5 /L% mini TEST PRESS-10
CRVERSHERUEITR SR 2 HWTHEM T L A%, 20°C ETHAIT L Z L2V 1ER
SNt RV Z AT AT 4 VA, BHAKBIONA X ) — L CHeigtt, S ECHERL
77 TaKaRa Ex T aq®, PrimeSTAR" HS DNA Polymerase, T-Vector pMD20, T4 DNA ligase,
il BRI 32 35 & U8 Brevibacillus 3831~ 7 % —pNCMO2 (£ 4 71 7 3 A AEXSFE B L7,
AV IAX TV AF RiZa—a 740V /) I 7 ARNESAHENDA L, ZoMmoREK T
FYEHIER T 260k U 48 L O Sigma-Aldrich BRSNS IEA LT,

WEY, 7I9A4~—, BLOXT Z—
FEERCHER LAY, <72 —BL W07 F A ~—% Table 555 XU Table 6 (2”7, &
7o, 7 a—=7732% PBAT /K5 fiFtF (PBATHp,) {51 (pbathg,) DX % Fig. 5 IZ/R

R

Table 5. Strains and plasmids used in this study.

Strains or plasmid DNAs

Genotype or description

References or sources

Strains
Bacillus pumilus NKCM3101 PBAT-degrading bacterium isolated from soil This study
B. pumilus NKCM3201 PBAT-degrading bacterium isolated from soil This study
B. pumilus NKCM3202 PBAT-degrading bacterium isolated from soil This study
B. pumilus KT1012 PESu-degrading bacterium [144]

Escherichia coli DH5a

supE44 AlacU169(980lacZAM1S) hsdR17 recAl gyrA96 thi-1
rel4l

TOYOBO CO., LTD.

E. coli PBATH E. coli DH5a harboring pMDLP This study
Brevibacillus choshinensis SP3  Aimp Aemp Takara Bio Inc.
B. choshinensis PBATH B. choshinensis SP3 harboring plasmid pNCLP This study
B. choshinensis STTA B. choshinensis SP3 harboring plasmid pNCLP-S77A This study
B. choshinensis D133N B. choshinensis SP3 harboring plasmid pNCLP-D133N This study
B. choshinensis H156N B. choshinensis SP3 harboring plasmid pNCLP-H156N This study

Plasmids
T-vector pMD20

Amp', cloning of PCR products amplified with Ex Tag® DNA
polymerase

Takara Bio Inc.

pMDLP pMD20 containing 1289 base pairs of cloned DNA sequence This study
containing PBAT hydrolase (PBATHj;,) gene from NKCM3201

pNCMO2 Amp', Nm', E. coli- B. choshinensis shuttle vector, use for Takara Bio Inc.
Brevibacillus expression system

pNCLP pNCMO?2 containing open reading flame (ORF) of mature This study
PBATHj, from NKCM3201

pNCLP-S77A pNCMO?2 containing ORF of mature PBATHg,, whose Ser77  This study
was changed to Ala

pNCLP-D133N pNCMO?2 containing ORF of mature PBATH;,, whose Asp133  This study
was changed to Asn

pNCLP-H156N pNCMO?2 containing ORF of mature PBATH;,, whose Aspl56  This study

was changed to Asn

14



Table 6. Primers used in this study.

Primer Sequence Position
Depl ATGAAAGTGWYGTTAKTKAWGAAAAGGAGTTT 1to032
Dep2 TTAATTCGTATTYTGTCCTCCRCCGYTCAGT 618 to 648
Dep3 CTTGTTCAAGAAGTGAATCTTCGTTTGTAT -543 to -513
Dep4 AATCAGATACGTATCAAAGCCAAGA 1405 to 1427
Dep5 TCTATGAAATCGATAGCATATAATTGG 204 to 230
Dep6 CAAATCAGAAAATTCTTTACACATCC 458 to 483
Dep7 AAGCATGTTCTACCTTACAAATTCGG -515 to -489
Dep8 TAATGATATTGTTATTACAAAACGGGACT 746 to 774
BrlipF TCAGGACTGCAGAGCATAATCCAGTTGTGATG (Pst ) 103 to 129
BrlipR AGAGTAGAATTCTTAATTCGTATTCTGTCCTC (EcoR 1) 621 to 660
S77A-R GTGGCTCATGCAATGGGCGGGGCGAACA (Mutation of Ser77 to Ala) 322 to 349
S77A-F CCCGCCCATTGCATGAGCCACAATATCT (Mutation of Ser77 to Ala) 315 to 342
D133N-R AGTTCAGCCAATCTCATCGTCGTCAACA (Mutation of Asp133 to Asn) 490 to 517
D133N-F GACGATGAGATTGGCTGAACTATAAACG (Mutation of Asp133 to Asn) 483 to 510
HI156N-R GGCGTTGGCAATATCGGTCTATTAACCT (Mutation of His156 to Asn) 559 to 586
HI156N-F TAGACCGATATTGCCAACGCCATGGATC (Mutation of His156 to Asn) 552 to 579

Primers Depl to Dep8 were used for cloning of the PBAT hydrolase gene. Primers Depl to Dep4 were designed on the basis of
genome sequence from B. pumilus strain SAFR-032 (Locus: CP000813, BPUM_2613) and lipase gene from B. licheniformis
(Accession: CAB95850). Primers Dep5 to Dep8 were designed on the basis of sequence data of amplified DNA from B. pumilus
strain NKCM3201. BrlipF and BrlipR were used for amplification of PBATH;, gene excluding its signal peptide sequence to
construct a PBATHj;, expression vector. Primers S77A-R, S77A-F, D133N-R, D133N-F, H156N-R, and H156N-F were used for
mutation analyses of catalytic triad of PBATHj,.

(a) -500 0 500 900 bp (b) -500 0 500 900 bp
L1 | | | | | | | | | | | | | L1 | | | | | | | | | L1 | |
Signal peptide sequence Dep5 Dep2  Dep8 Dep4 BrlipR
- - - - - 7 -~
7
De;,ﬁ]eﬂ Depl Dep6 Signal peptide sequerice BrlipF
PCR with Dep7 PCR with BrlipF Pst1 EcoR1

and Dep8 and BrlipR

o D
A % pbath,, A + pMD20 Pst1 pbath,, EcoR 1 + m
Ao} o
Ligation Ligation
P2 promoter sec signal peptide

Fig. 5. Scheme of plasmid DNAs construction. (a) To clone PBATHj;, gene (pbaths,), 8 primers were designed. Primers Depl,
Dep2, Dep3, and Dep4 were designed on the basis of genome DNA of B. pumilus SAFR-032 and lipase gene from Bacillus
licheniformis (CAB95850). Primers Dep 5, Dep6, Dep7, and Dep8 were designed on the basis of sequence data of amplified DNA
from strain NKCM3201. DNA amplified by PCR with a primer pair (Dep7 and Dep8) was ligated into pMD20. (b) To construct

Brevibacillus expression system of PBATHj,, its gene excluding its signal peptide sequence was ligated into restriction sites (Pst 1
and EcoR I) of pNCMO2.

PBAT /3 fift il & D BB & ] 7

2 M S oK GRERS W) IIT - AL 36 B 31 %) 55.952 %0, % 139 £ 0 4y 40.013 B, B
F ORI T - REEE 26 £ 8 4 31.8 b, #RJE 127 £ 44 53 57.7 80) 7 HERHL L 72 BibE ©
B (ZNENER LB IOBE L) 2MAeEMEBIURE LT, 77— E621Ic kb
PBAT 7 fifAlith 2 Ll L7, 148 (1 g) Z@#fk (10 mL) (B L, ZORERAEZ 10 5
MEFE L7, £ D%, b3 (100 uL) % PBAT FL{bEsH (KH,PO, (4.6 g/L), Na,HPO,* 12H,0

(11.6 g/L), NH4Cl (1.0 g/L), MgSO, * 7H,0 (0.5 g/L), FeCl; * 6H,0 (0.1 g/L), dried yeast
extract (0.5 g/L), Plysurf (0.1 g/L), ¥t PBAT (0.2 % (w/v)), BILOIEEX (1.5 % (W/v)),
pH7.0) [62ICHAF L, 30°C TR L7, an=—dElc 7 V7Y — 2B L=/ %
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PBAT /il & L CEIR L, [E1A LB 55 (dried yeast extract (5.0 g/L) , polypeptone (10 g/L),
NaCl (5.0 g/L), BILOEXK (1.5 % (w/v)), pH 7.5) [62]% T, Mi#kE#RIC X v L
72 PBAT S fRf i % [F17E 9~ 5 72 8, HLEfERE D 16S tDNA B4 % PCR E1Z X 0 HElE L 7-[144],
£7, PBAT S AN O 2 v = —Z B E MK (5.0 uL) THRE L, 98 °C T 10 4Nz,
KAKTEB LIz, ZO%EHE (5.0 L), TaKaRa Ex Tag® (0.5 units), 10xEx Taq Buffer (1.0
puL), dNTP Mixture (1.0 uL : %4 2.5 nmol), Primer 16Sf (0.2 uL : 4.0 pmol), 33 & T Primer
16Sr (0.2 pL : 4.0 pmol) ZRAL, WEEMAKTAAT v 7 L= GF10uL), ¥—~/L4
AT NT94°C, S3E 1A, 94°C, 208> ;55°C30F) ; 72°C90 B %& 25 %A 7 1,
72°C10 3% 1 %A 7))L & Liz, PCR FEM% T-Vector pMD20 (Z# e, ¥ A T 4% EIC
XV DNA B2 LTz (—na 7 4 P x ) 27 2Eth), HEERIC T 7 7E 2 78
R5H7=%, NCBI ®7' 175 A ToH 5 nucleotide BLAST (http://www.ncbi.nlm.nih.gov) % H
W, 55472 16S rDNA %% GenBank IZ B SN TWAHT —& Ll LT, D%,
DNA Data Bank of Japan (DDBJ) ®~7'&1 27 A ClustalW (http://clustalw.ddbj.nig.ac.jp) % H
W RS OT 54 2 A2 N EITW, 78 75 5 MEGA6[113]% AV T, Bk & 15[ 114]
(280 SRR AR ST,

BB DA FER U = 2 7 LA R BE ST AM
BB 2 £ AR Y = 25/ (PBAT, PBSA, PCL, PESu, PHB, B X PLA) HbEzHh
WCHERE L, 30°C T2 HARMEEE, 7V 7Y = EROFEEHE LT,

PBAT /i OPBAT 7 + /v Ay fERERTAM

HABERE 2 WK LB 5511 (3 mL) (ZAEE L, 30 °C CT—Wiks#E L7z, Z ORI (30 uL)
%, PBAT 7 4 )L A% G A A S . (KH,PO, (4.6 g/L), Na,HPO, - 12H,0 (11.6 g/L),
NH,CI (1.0 g/L), MgSO, * 7H,0 (0.5 g/L), FeCls * 6H,O (0.1 g/L), 35 TN dried yeast extract

(0.5¢g/L), pH7.0) 3mL) I[ZHEE L, 30°C T10 HHEE & L7z (120 A b —2/
) o BRI D 7 4 VA EEIL L, A X/ —/)LEB X OEBHK CHEg, —BrsEite L7,
ZFD#%, 74NVLOEBEERELEZ, 2 bo—L s LTHMBKESERVWREMAEL,
[FEEIZAT - 72,

PBAT/3 fi#t il FENK CM320 1 KK O R8-S 1

PBAT 73 il B NKCM3201 RO FEM 72 RS 1T 21T o 7o, IRER AR O BEFHIZ KT 352
AL 5728, AikZz PBAT A HUCAER L, 4, 20, 25, 30, 37, 40 B LS50 °C
TR LT, T0O%, 2u=—BXO02 V7V —VEROGEEZHR LT, Kk ARS
M & ORI 2 APT 20NE 35 X OV API ZYM (bioMériux £E8Y) 2 F N TREAM L 72[144],
M T, AKEED PBAT £/ ~— (FLIZENLEE, 14-TH P —, BIOT V)
EALRE AR L7, PBAT &/ ~—4%ZNZ102% (W) ETiRIREARH (50 mL) 2
KERAREE L, 30°C TR & 98 Lz, 2 br—/L b LTPBAT £/ ~—4 & £ 2K
REEAREEH (50 mL) ICABEZAHE L, 30°C TiEE H 858 Li-, AROE(LEESNIL, 24 B
W3R % OB RIR OB ENE (FE 600 nm) 12 &V FHl iz,

16



ST EE

NKCM3201 Bk 3D PBAT MK fidlk (PBATHy,) #in 1 (pbathy,) %7 a—=17
L7, Ak~ /7 2 DNA (gDNA) ZfiH L[144], Z® gDNA %7 > 7L — k & LT PCR
B2 XY, pbathg, % ¥81E LTc, pbathg, % {808 2 728, B. pumilus strain SAFR-032 H12k 7/
LELH] (7 > B A CP000813, BPUM 2613) 3 L 8 B. licheniformis iV X—PEI51 (7
7w ia FEE  CABIS8S0) [THDE, 4FiD 7T 4 ~— (Depl, Dep2, Dep3, LT
Dep4 ; Table 6, Fig. 5-a) Z#i%al L7z, 77 A ~—Depl 1 XU Dep2, gDNA, I X TaKaRa
Ex Tag"% H\v, #AE (25 934 L) [TV PCR 21T\, YT r U tn
— )VIiBa - OFEREEE (ORF) % #iE L7 (Fig. 5-a), Table 7 {Z PCR O¥—~ /LA 7 L
ZoRd, W L7 DNA W OEFIFENT 217\, Z OFFNIZHE-S3% ORF @ Ejitds L OVF
BlA 2R 5720 D77 4 ~— (Dep5 3 L U Dep6) % i%it L7= (Table 6, Fig.5-a), |k
A KOV IBLAI ORI ENEN T T A ~—Dep3, Dep5 3 L N7 7 A ¥ —Dep4, Depb
Z M 7z (Table 7, Fig. 5-a), 14 51172 DNA Wi OBESNC IS ERE L7277 4 ~— (Dep7
L O Dep8; Table 6) & >, ORF & _Ljiin» & Fiithldl % & T» DNA Wi/ % #E5iE L 7= (Table
7, Fig. 5-a), &AM ST PCR EMEZ, pMD20 IZT7 A F—va v Lz (KR T
X K% pMDLP & 9%, ; Fig. 5-a), pMDLP %67 % JE'E K E. coli DH5a @ PBAT JliZk
IRIENE R, 37 “C 28T % PBAT Ak L~D 27 ) 7 — U B DA HEIC L 0 ezl L 7=,

PBATHj, DFE BRI Brevibacillus choshinensis SP3 ¥k (2 7 34 AR &4E) 2 W T
WEINT-, 7, HIREBERTA (Pst 1 BE W EcoR 1) ZZh G~ T A ~ —BrlipF
5 L O BrlipR (Table 6) & HV T, SignalP 4.1 — "—Z LV HER ST 7 F AT F R
B3 % bR < PBATHg, & = — F L TW A B FELSZ, PCRIEIZ KV IIE L 7= (Fig. 5-b),
gDNA (300 ng), 5xPrimeSTAR Buffer (Mg®" plus) (4.0 uL), dNTP Mixture (2.5 mM each; 1.6
uL), 77 A ~—BrlipF 3 L ' BrlipR (Z#Z 4L 10 pmol), PrimeSTAR HS DNA polymerase

(025U0), BIOWEREMAK (113 uL) ZEAG L, —~<A¥ A 7 00E, 98°C, 3 0%
1% 27, 98°C, 10s;55°C, 15s;72°C, 1min % 30 %A 7\, 72°C, 555% 1 A~
L& L=, PCREW % Pst 11 X OVEcoR 1 % AW TILT, > % b2 ¥ —T¥H 5 pNCMO2
D> T FNA_TF REHIO FHRIALET D Pst 18 KON EcoR 1VERAL[1151IC T A F—a v L,
pNCLP %44 L7= (Table 5, Fig. 5-b), pNCLP Z=L 7 bRl — 3 LIk Y B
choshinensis SP3 RRIZE A L7-, 1EEFNEIX, ®SERHEIZHE -7~ (TaKaRa Brevibacillus
choshinensis Electro-Cells, % 71 7 /3 AR 34t) . PBATHg, AFEREZ A T 2 TR EIAHUL (B.
choshinensis PBATH £, Table 5) % PBAT HAbEsH E~D 27 U 7 ' — U IERKEEIC & 0 SR
L7 ¥£72, B. choshinensis PBATH #k DD R U = 2T Vx4 5 0EEEDw, 7 VT —
VA TR L7,
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Table 7. Thermal cycles for amplification of PBAT hydrolase gene.

PCR using PCR using PCR using

Depl and Dep2 Dep3 and Dep5 Dep4 and Dep6
94 °Cfor 120 s lcycle | 94°Cfor120s lcycle | 94°Cfor120s 1 cycle
! l !
94 °C for 30 s 94 °Cfor30s 94 °Cfor30s
58°Cfor30s  25cycles { 55°Cfor30s 30cycles { 53°Cfor30s 30 cycles
72 °Cfor 130 s 72 °Cfor90s 72°Cfor 130s
! ! !
72 °C for 600 s 1 cycle | 72 °C for 600 s lcycle 72 °Cfor600s 1 cycles

PCR using PCR using
Dep7 and Dep8 BrlipF and BrlipR
94 °C for 120 s 1 cycle 98 °C for 180 s 1 cycle
! !
94 °C for 30 s 98 °C for 10 s
57 °Ctor30s 25 cycles 55°Cfor15s 30 cycles
72 °C for 130 s 72 °C for 60 s
! I
72 °C for 600 s 1 cycles 72 °C for 300 s 1 cycle

PBATHp, D7 X /MBS B L OFER P—ET ) 7

pbathg, © DNA BLFZFE-S %, PBATHR, ®7 X / BEFLS% GENETYX-MAC Ver.16 (€3
T4 v 7 ABRASHR) AW T TR L7z, PBATH, O 7 ) LX7F K%, SignalP 4.1
server (http://www.cbs.dtu.dk/services/SignalP/) % FH\ T Tl L7, PBATHg, 3 L OHHRIAY #
YR IJEO Ty RFe T AEF, 2607 I/ ®E Y % ClustalW

(http://clustalw.ddbj.nig.ac.jp) T7 7 A > A b L7z, MEGA6[113]% H\W THEE S LT,
PBATHp, DAHRER Y —ET Y 7L, PBATH O 7 X/ BEESIE 81%DMHIFEEEZH T 5 B.
subtilis lipase A (LipA ; libw) OF — X %7 7L — k& L THV, SWISS-MODEL

(https://swissmodel.expasy.org) TATHONT=[116], FOHNT=ET NV%E T 1 7 T A VMD
1.9.2[117], # L OV UCSF Chimera[118]C L L 7=,

PBATH;, D 28 B fif AT

PBATHg, Dl =552 IR E T D726, HEE DML =5k TH 25 Ser77, Aspl33, BLD
His156 Z Z i1 Z4 Ala, Asn 3L T Asn IZEH#H L7, 3 FEOLRE(ST ST7TA, DI33N, B
FOHISON 1ZE R T T A ~—% oA —"—F o 7 PCRIE[119IC L W #EEE S iz (Fig.
6), gDNA (300 ng), 5xPrimeSTAR buffer (Mg*" plus) (4.0 uL), dNTP mixture (2.5 mM each,
1.6 uL), 77 A ~—X7 (STTA Z 54 25 72 9|2 BrlipF 8 X (' S77A-R, BrlipR 1 X (X S77A-F
Z 7z, DI133N Z 454 2% 72 (2 BrlipF 38 X U D133N-R, BrlipR 3 X T DI133N-F % A\
72o H156N ZH#EEE7 % 72912 BrlipF 3 X OV HI56N-R, BrlipR 35 X OV HI56N-F % W 7=,)

(4410 pmol), PrimeSTAR HS DNA polymerase (0.25 U) (¥ #7314 A#AE4), BX
ORE MK (113 uL) ZEA L, —<AH A 715 98°C, 3min & 1 ¥4 7L, 94
°C, 30s;55°C, 15s;72°C, 1min % 25cycle, 72°C, Smin & 1 ¥« 7 /L L7z, HIESh
7247 O PCR EMzEEET L7202, £——F v 7 PCR #{7-7= (Fig. 6), %D
DNA Wi/ (1.0 uL §°2), 5xPrimeSTAR Buffer (Mg* plus) (4.0 uL), dNTP Mixture (2.5 mM
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each ; 1.6 uL), PrimeSTAR DNA polymerase (0.25 U) 3L OVddH,0 (113 uL) #iEAEL,
98 °C, 3 min, 98°C, 30s;68°C, 1min% 5%+ 7L L7z, ZOWKIZTZA~— (BrlipF
B LU BrlipR ; 10 pmol 3°2) Z %, 98°C, 3 min, 98°C, 30s; 68 °C, 1 min % 25 A
7 VL7, #iE L7 DNA % pNCMO2 (Z#fE L, pNCLP-S77A, pNCLP-D133N, X
pNCLP-HI156N (Table 5) ZH&EE L7, ZYBIRF~DOEEE AL, DNA BLFIMFHTIC X Y il
HENT-, ZNE 3EDOLEREN T T A N4 B. choshinensis SP3 #RICE A UT-, ZHEE A
BEE ORBIANL, AAMEHEED PBAT ALK ECTO Y U7 Y — U RBE DA M L 0 FF
fli & iz,

Primer S77A-F 57—+ +CTCATGCAATGGG® **-3"
Ala77
Mutation
pbath,g,, 57—+« CTCATAGTATGGG®**-3"
Ser77

bath, DNAz: """ STIAR

BrlipR
[ l ———————————————————————— 1
PCR  ;----- . PCR
| _ |
I _— !
! Mutation foint [
| : : |
| | : 1
L I
| lDenamre d annealing |
Overlap | |
—

PCR — —o |
I BrlipF l Extension I
| ? 1
I L g I
[ o I

l Amplification BrlipR
[ Mutated gene /;\ I
1 (D] 1
| 1
I
| phathy, STIA 57—+« +CTCATGCAATGGG" * +-3" :
| Ala77 |

Fig. 6. Overlap PCR to amplify mutated gene of pbathy,.

=gl

PBATH, % BUALHE CdH 5, B. choshinensis PBATH %, LB HsH (15mL) (ZHEE L,
30°C C—BRIEE OB Lo, Z ORIEEERK (200 uL) % LB K5# (500 mL) (ZHEEE L, 37 °C
T 24 BFR & O B4 Lo, Rz m DML, & LELZEILTZ, 60%mifET &=
U LT KU PBATHg, & 50 ¥ L /X7 G & LI S, & O UL % 15,047 B (8000 rpm,
4°C, 15min) (X VEUL LT, LEHZ 10mM U BNy 77— (pH7.0) (5mL) IR
fiE L7z, WXy 77— (1L) BTEN%, 2mL £T7 7 7% —7 (EAEASH) %
FAVTEHE L, HiLoad  16/60 Superdex 75 prep grade column (GE ~Z /L4 7 ¥R HL) |2
T T4 Ulc, BEAHIZIE 250 mM NaCl 258 10mM U Uiy 7 7 — 2 W, Jiti 4 0.8
mL/min & L7z, p-nitrophenyl acetate (PNPA) MK fRIEMEZ AT H7 7 7 > a »ZEULL,
10mM U gy 77— (1L) FCTEN L7z, Laemmli 5% HW = K7 2 VEiET Y o
L=RY T 7 VT 2 K7 VEKIKE) (SDS-PAGE) |2 X 0 #liE 2 iR L7-[120], £7-, BSA
RN BRBEREYE L LT, 77y R7 43— RNEEZHWTH R EE2ERLT-[121],
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PBATHpg, D {#-31F

PBATH, DI fETENEZ 5- 3 2% 7212, p-nitrophenyl ester J&E Td % p-nitrophenyl
acetate (PNPA), p-nitrophenyl butyrate (PNPB), p-nitrophenyl caprylate (PNPC), p-nitrophenyl
laurate (PNPL), p-nitrophenyl myristate (PNPM), 33 & O} p-nitrophenyl palmitate (PNPP) (Z
*t3° % PBATHg, DI RGN 2 5F4M L 7=, FSEEWK  (p-nitrophenyl esters (1 mg), 1,4-¥
FxHP L (495 pl), BLO/ F=FL s Y a—Lxt /) RFYLm—7/0 (495 ul)),
PBATHjg, (0.53 pg), BLN50mM U /N> 77— (pH7.0) (900 uL) #EAL, 30°C
T30 4, IR 405 nm (BT DR OWEZPE LT, 2 hr—E LTHERE
g (100 pL) B L NS50mM U /8y 77— (900 uL) @ 405 nm (2331 2 WO L & [RRF
WZHIE L7z, 30 °C D 50 mM U Ny 77— (pH 7.0) T, 1 7H72DIZ 1 pmol O
p-nitrophenyl ester Z /K33 HEEETEMEZ 1 Unit &8 Lo, MKV AE LT
p-nitrophenol @ mol ¥(%, p-nitrophenol DM AR % 1.85%10* I mol’ em™ & LT, T ~Ub
ke X—= L DIERID B RO T (Abs = gcl),

PBATH, D EEEE M % 5§ % 728, PBATHp, (0.53 nug) % 4, 10, 20, 30, 40, 45,
50, BLV60°C T30 MRIR L, £72, pHLREWZFMT 5720, K IM Ny 7 7
— (Glycine-HCl buffer : pH 2.0 ~ 3.0, Citrate-HCI buffer : pH3.5 ~ 4.0, Citrate-NaOH buffer :
pH 5.0 ~ 6.0, Phosphate-NaOH buffer : pH 6.0 ~ 8.0, Tris-HCI buffer : pH 7.0 ~ 9.0, Borate-NaOH
buffer : pH 9.0 ~ 10.0, 3 & U* Glycine-NaOH buffer : pH 10.0 ~ 10.5), 3 X U PBATH;, (0.53
ng) ZIRAL, 30 °C TSHFHRIE L7z, TN OEEROBRIFEN S, PNPA JRE 2 IV CFF
fili L 7=,

{EFWEB L OB A 4V BBERIEICE 2 2B LI L2, 50 mM U @By 77
— 1T, PBATHjp, (0.53 pug), 3 X O 5 I DO(LF'E (phenylmethylsulfonyl fluoride (PMSF ;
&I 0.2 mM), diazoacetyl-D,L-norleucine methyl ester (DAN ; #&JE2 1 mM), diisopropyl
fruorophosphate (DFP ; &2 0.2 mM), dithiothreitol (DTT ; ¥R SmM), 35K OVEDTA

(10mM)) ZiEA L, 30°C T30 ofRiid L7z, D%, PNPA (ZxI3 % PBATHg, DFRATS)
fRIGE Z R L 7=, NZC, PBATHp, (0.53 pg: 2.6 umol) %% Hds X OV 2 % 0D mol D
&EA 4> (KCl, MgCl,, CaCl,, CaCl, 3 & OVEDTA, FeCl,, MnCl,, 33X ZnCl,) &R
A 1L,30°C TS5 MRIR L ALFWEL L OERA 4 v OBEFEIEMITRT 3 5 2R n %,
PBATH, DFRAT o fRIENERHm I K VAT > 72,

PBATHp, D U N—EIEMWZ 7 U 7V — LI L 03 L7z, PBATHp, (1.8 ng) %, #.ik
FV—=TFANEZELERT L (02% A4V —T7F AL, 50 mM KH,PO,, 1.5%(w/v)#E
K, pH7.0) IZH FL, 30°C T4 KRR L7z, 2D, 7 V7T Y —VBROAEL R
L7z,

PBATHg,(Z & ZPBATE L UMD AR Y = A7 /L7 ¢ )L KO R R

ARY T AT )7 (V5 (PBAT, PBSA, PESu, PCL, ¥ X ('P(3HB)) %, PBATHp, (3.5
pg) &t 50mM U UgNy 77— (pH7.0) (1 mL) IZRIES /2, 2 hr—L & LT,
PBATHp, # £ 720 VN y 77— (1 mL) 27 4V A& ATz, Zhvb % 30 °C TR
B L7, PBAT B XUPGHB)” 4 /L A%, 1 HZEIWZH LWARICE S, 4 BRERIES U
72, PBSA, PESu, 3 X O'PCLIE 1 HIRIE STz, ZDH% 7 4 VA% EULL, JBUELEE,
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HEAZHE L, DFEE (mg/em¥day) [ ZEERDVE (mg) & RNTO T 4L ARERH

(cm?) X OMRIERRT (day) TR ZLICkvEHENE, FLRE/ i~ VT 7 4
— (GPC) EEZHWT, 7400 1&ZHE LT, HEREREIC HLC-8220GPC (B Y —
A SR 2H Vv, # 7 AH121F TSKgelGMHXL , TSKgelGI000HXL, # X O
TSKgelG2000HXL (Y —#FSwf) Z MW=, BEHIcZ aakrazx vy, iz
1.0mL/min, %7 A% —7 % 40°C & L CHIE L7z, MR, KU AFL o RZF
— FEHWTHER SNz, 7% ha v Z8y % MSP-1S  (BEL2257 34 2Rt %2
WT Au-Pd 22— b SN 7 4 VAR HERESR, EEAE FHMBE (SEM) (SSX-550,
FRAUESAERD) &2 vy, IEEEE 15kV, SEZESM T oL,

PBAT 7 1 /L 53 fy D[R] 7E

PBAT 7 4 /A (3 #0) %, PBAT /fifsd% (7.0 ng) # &t U VN> 77— (pH7.0)

(Iml) (ZA%L, 30°C T2 HfRIE L7z, 7 4 V2% EINE, WIRICE £405 PBAT 7 4
VLGRS A, WK v~ 7T T o —E &8 (LCESIMS) ICXVRIELZ, 7& h=
KU JL/0.1 Y%l KT (30/70 (viv) (IR A) BEL U7 h=r VUL (R B) Z=BEH
(2, InertSustain™ C18 47 7 A (2.1 x 150 mm) (¥ —x /LA =0 AR SR % [H
TEAZ W2, JitdH % 0.2 mL/min, 57 A4 —7 IRE%A 40°C & L, Waters 1515 Isocratic
HPLC Pump (HARY +—% — XA att) ZHW7 70 MEIZKY, W% ik
Lz, W7 072 MILLTFICRTEY TH 5, JEBLED 10 0tk £ T, RIK A Z5K
L, 20 2ICHEHR B 73 100% & 72D K D ICEM R 7 Z P2 Manid iz, £0k, 304
¥ TR B #1508 L7-, Waters 2487 Dual A Absorbance Detector Z V>, & 254 nm (2817
DRI ERE L, D ERE LT, 2L, ESI-MS IC LV [FE Sz, HESRE%
PLAFIZ/R9, (Capillary voltage 2.5 kV, Cone voltage 20 V, Source temperature 120 °C,
Desolvation temperature 350 °C, Cone gas flow 50 L/h, 35 X OF Desolvation gas flow 350 L/h),
MS THRH SN ho7z, BA @4-B Fexv7Fu) 7L 7% L—hk (BTB) II, 71V 7
ANVBB LN 1,4-7 2 A=A hbAEK STz, BTB @ HPLC F ¥ — b5 L UBEFE I E
Y@ HPLC F% — N & g9 5 Z & C, [AE S 7=, BTB OA AL FRLoi@ v 1Toii=[122],
ERREE (100 uL, 0.55mmol) %7 L 7 ¥ L (890 mg, 5.0mmol) BLWN1,4-7 X v VA —
Jb (10.0 mL, 112 mmol) DORAWRIZIMZ, 100 °C T 15 KR L7z, TORKE R E
THHL, 5%REET b U v LKEKEZINZ 2%, BT Lt Lz, AEEE2 KB X
DMK CTHEVE L, KRR~ 7 % o 0 L Clzli LT, Bl — F L 2 TR 514, 996 mg (64 %)
» BTB %Z F{afil{k L L TH7-, ('"HNMR (400 MHz, CDCl3), & 8.12 (4H, s), 4.41 (4H, t, J =
6.8Hz), 3.76 (4H, t, J = 6.8Hz), 1.95-1.88 (4H, m), 1.79-1.73 (4H, m), 1.45 (2H, brs) ppm.) F5 &5
EEnMYOERIL, TUVT7ZNAVBEEEYELE L THY, LC-2000Pus ¥ U —X

(PU-2080 Plus; LG-2080; AS-2051 Plus; CO-2060 Plus; UV-2075 Plus, H Ak iatt) %
FHUNZ HPLC 12 X W fThhiz,

PBATH 5, DPBAT/KIANE 73 RN %63 % Sy R RE )

PBAT 73 i % &ie/N v 7 7 — (500 uL) (& PBATHp, (3.5 ug) Z & 5I2M%, 30 °C T
IR L=, D%, HPLC Z Wit a e’ LT,
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DNAEKN DT 7w a & e

HiBEL 72 3 Bk (NKCM3101, NKCM3201, I3 OXNKCM3202 #£) @ 16S rDNA Ei¥ % %
FLFH LC034565, LC0O34563, 38 LN LC034564 DT 7 & v 3 a %5 T DDBJ I8k LT,
pbathg, 3 X O EE(5F (ST7A, D133N, 3 L U'HI56N) O DNA ElF113, £ 424 LC189557,
LC189558, LC189559, ¥ L TNLCI89560 DT 7 & w3 a &5 T DDBJ IZ&E LT,
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22 fER
PBAT 3 Bl 1 o HiBfE 3 X ONFl &

PBAT FALEEHI~D 7 UV 7 V' — B L 0 (Fig. 7), HAREREEF XLV 3 ¥k PBAT 7y
fiEHIE (NKCM3101, NKCM3201, X OV NKCM3202 £8) Z Hi#EL 7-, Fig. 8 1%, HiEfL
72 PBAT 73 fEfi i 38 & QN O 16S IDNA BN EE DS TR A ST R 2T, 2 b
3 k1%, Firmicutes P85 Bacillus pumilus \ZiTix CoH D Z E DR LN E IR T2,

Fig. 7. Clearzone formation on PBAT-containing
plate by PBAT-degrading bacteria.

Escherichia coli K12 (CP014348)
KT1012 (AB115957)

Bacillus pumilus (CP007436)

NKCM3201 (LC034563)

L Bacillus pumilus SAFR-032 (CP000813)

- NKCM3202 (LC034564)

Bacillus pumilus (AB195283)

NKCM3101 (LC034565)

Bacillus pumilus (EF488975 )

H
0.005

Fig. 8. Phylogenetic tree of 16S rDNA sequences of PBAT-degrading isolates and the related species. The phylogenetic tree was
constructed with MEGAG6 using the neighbor-joining method on the basis of 16S rDNA sequences, after the multiple sequence
alignment was performed with program ClustalW at DNA databank of Japan (DDBJ). 16S rDNA sequence data of Escherichia coli
was contained in the tree as an outgroup. Black bar indicates 0.5 % estimated sequence divergences.

T B 3RIX PGHB)I L ONPLA FALES L Lz 2 U 7 Y — U R L 72 55 7223, PBAT,
PBSu, PBSA, PCL, B X' PESu FU{bkEsH Ficr V7Y — v &2k Uiz, —J7, LIPS
5 7Y PESu /0 fif i & U CHLEE L 7= KT1012 #k(% PBAT A bisi iz 7 VU 7 — v &R L7
Molo, MAT, Zivs 3RRIZEAR PBAT 7 /L A% 53R L7- (Table 8), 3 KD HEEE D
5b, B bHE PBAT 7 ¢ L A RIEME (12.2 pg/em®/day) %A % NKCM3201 #RIZ D0
TREM 72 R ST 217 - 72, NKCM3201 #£1%30°C 7°5 40°C TELKEDH, 30°C 215 37°C
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T PBAT JLibEstth iz 7 V7' — %2R L7- (Table9).

Table 8. Clear zone formation on the polyester-containing plates and degradation rate of PBAT film by 9 bacteria.

Strains Clear zone formation Degradation rates of ,
PBAT PBSA PBSu PCL PESu PBHB) PLA PBAT film (ug/day/cm’)

Bacillus pumilus NKCM3101 + + + o+ - - 64+0.9"

B. pumilus NKCM3201 + ++ ++ o+ - - 122+0.7

B. pumilus NKCM3202 + ++ ++ A - - 10.6+0.6°

B. pumilus KT1012 [144] - + - ++ -+ - - ND

Brevibacillus choshinensis PBATH  + ++ ++ o+ - - ND

B. choshinensis STTA - - - - - - - ND

B. choshinensis D133N - - - - - - - ND

B. choshinensis H156N - - - - - - - ND

B. choshinensis SP3 - - - - - - - ND

After these bacteria were cultured on the polyesters-containing plates at 30 °C, clear zones formed on the plate were confirmed.
+++: Large clear zone was formed. ++: Clear zone was formed. +: Small clear zone was formed. ND: Not determined. *PBAT film
degradation tests by 3 isolates were performed in n=5.

Table 9. Effects of temperatures on growth and clear zone formation of strain NKCM3201 on PBAT-containing plate.

Temperature (°C) Growth Clear zone formation
4 R R

20 + -

25 ++ +

30 F+ ++

37 ++ ++

40 F+ +

50 + -

+++: Growth was very well. Large clear zone was formed.
++: Growth was well. Clear zone was formed.
+: Growth was poor. Small clear zone was formed.

Fig. 9 IX PBAT #k k0 CTH D 14-T X U —)b, TUVEUVEE, BLOT V7 X IVEEE %
NENEG R L OVE W (2> ha—/L) T30 °C, 24 FEf NKCM3201 k% 52
T LTt BRKOBERNEZIToIERERL TS, %%, PBATE ./ ~—ZNL
TR OWEIEIL, a2 hu— L OBELIEF L THDLZ b, AERIL PBAT HAUK
DTHDHNATE VA=, TV VR, BXORT V72 ABEIFEAEEL LN
Nbinoiz, API ZYM B X OV API 20NE % VT, NKCM3201 ¥k A2 L OV L
WIS T 24T - 725 5 % Table 10 35 X OF Table 11 12/~
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Fig. 9. Optical density of culture of Bacillus pumilus
strain NKCM3201 cultivated in liquid media with or
without PBAT monomers. After B. pumilus strain
NKCM3201 was cultured in the media containing PBAT
monomers, 1,4-butane diol (B), adipic acid (A), and
terephthalic acid (T), individually, at 30 °C for 24 h
under shaking culture condition (120 strokes per minute),
optical densities (600 nm) of the cultures were measured.
As a control, the strain was cultured in the medium
without PBAT monomers (C). (n = 3)

Table 10. Physiological and biochemical properties of strain NKCM3201.

NKCM3201 B. pumilus KT1012 [144]

Characteristics
Oxidase - -
Nitrate reduction - -
Indole production - -
Oxidation of glucose to gluconate -
Arginine dehydrolase -
Urease -
Hydrolysis of esculin +
Hydrolysis of gelatin +
B-Galactosidase +
Utilization of carbon source
Glucose +
L-Arabinose +
D-mannose +
D-mannitol +
N-Acetyl-D-glucosamine +
Maltose +/- -
Gluconate - -
n-Capric acid - -
Adipic acid -
DL-malic acid + +
Citrate +
Phenyl acetate - -
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Table 11. Enzyme production profile of strain NKCM3201.

Enzyme

NKCM3201

B. pumilus KT1012 [144]

Alkaline phosphatase
Esterase (C4)

Esterase lipase (C8)

Lipase (C12)

Leucine arylamidase
Valine arylamidase
Cysteine arylamidase
Trypsin

Chymotrypsin

Acid phosphatase
Naphthol-AS-BI-phosphohydrolase
a-galactosidase
B-galactosidase
B-glucuronidase
a-glucosidase

B-glucosidase
N-acetyl-p-glucosaminidase
a-mannosidase
a-fucosidase
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PBATHIK i3 (PBATHp,) AR T (pbathg,) O/ a—=17

T KA S AR 7 U T2 Thermobifida alba AHK 119 i3 PBAT MK fEEEFR 1L, UV v K KA A
VEFERWI RO THDL 7 F I EEmWHREIEE A LTS, ZOBWRICE
3%, NKCM3201 ¥kHi3k gDNA LA Ly a F ARG FA2Z— v b LT r/rn—=r
7 Uiz, BEIC27 7 MMERPEH I TE Y, NKCM3201 £ & ERF0IZ TR 72 B. pumilus
SAFR-032 @ gDNA fEl%1 FIZ, LipA & @O AN (80 %) #H 325 U/ \—EBi#{s 1 (Es
FJE : BPUM 2613) #RH L7, 2T, ZDU —¥i&E=1 (BPUM 2613) @ DNA #
FNZHES X, NKCM3201 BRI K pbathg, ¥R O 7" A ~— & 5%GF L7z,

INGOTIA v —FHWTHIEL-BR 28T o/MAH %77 A K pMDLP % f#
FL L7z (Table 5, Fig.5-a), K77 AI K& HT 5 E. coli (E. coli PBATH, Table 5) 1%,
PBAT ALK B2 27 V7Y — U A LT, & DICHAM X BER O AEEL ik T 5729,
FLAHL % 7T A X K pNCLP Z#4E L, Z 4L % Brevibacillus choshinensis SP3 ¥£1Z3# A L 7= (B.
choshinensis PBATH #k), B. choshinensis PBATH #£1%, PBAT Ak Bl 7 V7Y — %
JER L7 (Table8), ZDZ &%, KRBT EWN 26 5E ERIZ PBAT JI/K 3 5 M2 £+
B L2 &R LTWS, Fig. 1012, 7 o—=2 7 S 86 RS %277, 648 bp D b
U7 o7y ea—n Y —E#{sT (PBAT MK REEFEER T © pbathy, & FEFT 5.)
Z e 1289 bp @ DNA 737 m—=1 7 IL7z, PBATHg, ® ORF (I 215 7 X / ERFRH: THE
% S AU CE Y, B.subtilis lipase (LipA) O 7 X/ FEELSI & 81%DMEIMERH 7=, KT I/
Feik i 5 B, N RN G 34 7 X BIRIEN S 7 F VT F NI Th 5 EHEHl STz,
A Z N DSy 8IX 19.2kDa & RS DL, ABEEOT X/ BEELYF L O LipA O 7
2 BRELY DL D Ser77, Aspl33, 3 XN Hisl56 il = Cch 5 EHEH S 7z,
Iz T, HIRM: Bacillus H13K lipase D7 X/ BERLANZRF A 72 A-X-S-X-G 2B 72D, U /X—
BRy 7 A0ER Sz (Fig. 10),

-545 CTTGTTCAAGAAGTGAATCTTCGTTTGTATAAGCATGTTCTACCTTACAAATTCGGGTAGTATAG -481
-480 GATTCATACCAATCTGCTTTCCCCTTTTTTTGAACACGCTGATGTGCT 'GCTTTCCATTCTT TGTTAATGAATCCCAGTAAGAGACAGTGATCCCAACACCATGTTCA -361
-360 TCTCGTACACTTTCAATTCCAAGAAACCCGTCTAGATCTTTCGCTAATTCTTCCATTTTTT AGCCGCAGCGTATTCTTTCTGCTCAACTTTTGTTCGTTTTGATGTGAAAATCACG -241
-240 GCATAGTAGGGTGGAGCAGGGGTTTGCGTAAATAGCATCTAGTAGAACCTCCTTTTGTCTATTCATATTATATATGAAAGAAAATAGATCTCGTAGTCTTTTAGGTTTGATTTAAAAAAG -121
-120 TCCAAGGTGCTTTTTGATTATTTATAGTGCTGTTTAATCATTTCATAAATATTACCTTGTTCACTTTTCTGACACATTTTTCTTATATAAAATAGAAGGGAATAAGATGAATAAGGGGGA -1
-35 -10

1 ATGAAAGTGATTCTATTTAAGAAAAGAAGTTTGCAAATTCTCGTTGCACTTGCATTGGTGATTGGTTCAATGGCTTTTATCCAGCCGAAAGAGGTGAAAGCGGCTGAGCATAATCCAGTT 120
M K V I L F K K R S L Q I LV A LAULVYV I G S MAVF I Q P KEV KA AIAEUHNUPV

121 GTGATGGTGCATGGTATTGGTGGTGCCTCTTATAACTTTGCTTCGATTAAAAGTTATTTGGTTGGACAAGGCTGGGATCGAAACCAATTATATGCTATCGATTTCATAGACAAAACAGGA 240
vV M VHGTIG G A S YNV FASTIIKSZYULUV G QG WD RNUOQILYATIDTFTIUDI KT G

241 AATAACCGCAACAATGGTCCGCGTCTATCTAAATTCGTCCAAGATGTGT AAAACGGGTGCCAAAAA TGTGGCTCATAGTATGGGCGGGGCC AACACGTTATACTAT 360
N N R NNG P R UL S K F V QD VLD KTGAZ KU KV VDIV AHSMGS GA ANTTLYY

361 ATTAAGAATCTAGATGGCGGAGATAAAATTGAAAACGTTGTCAC TGGT GAACGGACTCGTTTCAAGCAGAGCACTGCCAGGAACAGATCCAAATCAGAAAATTCTTTACACA 480
I K NLD G GDI K I ENVVTTIGS G ANGZGILVS S RALU PGTUDU?PNIGQI KTITLYT

481 TCCGTTTATAGTTCAGCCGATCTCATCGTCGTCAACAGCCTCTCTCGTTTAATTGGCGCAAAAAACGTCCTGATCCATGGCGTTGGCCATATCGGTCTATTAACCTCAAGCCAAGTGAAA 600
S vy s sADUILTIUVVNSTL S RILTIGAI KNV YVTILTIUHSGVGHTIUGTU LT LTS S Q V K

601 GGCTATATTAAAGAAGGATTGAACGGCGGAGGACAGAATACGAATTAAACAACGAAAAAAGACAGCGGCATATGCTGTCTTTTTTTTGTTATCGGTGAAAAAAGATTGTTTTTTATATTT 720
G Y I K E G L NG G G Q N T N *

721 AATATGAATCTAGAGAGAGATTAAAGTCCCGTTTTGTAATAACAATATCATTA 774

Fig. 10. Nucleotide sequence coding for PBATHj, from NKCM3201 and its amino acid sequence. White boxed sequence indicates
a signal peptide deduced with SignalP 4.1 server. A consensus sequence of Bacillus lipases (A-X-S-X-G) is underlined.
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Fig. 11 1%, fix ONKDREROT I BEEINZE S ZMER SN BERZ R LT\ 5D,

PBATHj, (X, fLO#AEYIH K PBAT MK EE%5%E Tl %, BTAl (CAH17553), BTA2
(CAH17554), Estl[59], Est119[57], Cbotu EstA[68], Cbotu EstB[68], PCLE[65], H L

PfL1[67] & DAHTEINE % 7R & 72— 5T, Paenibacillus amylolyticus poly(DL-lactic acid)/y g%
(PlaA) [123], LipA[124], 3 X O} B. licheniformis lipase[125] & i WMHREIMEZ R L7z (2

51, 81, BLUV9I7%),
PBATH,;, (LC189557)
-I_—B.pumilus SAFR-032 lipase* (CP000813)
B. licheniformis lipase (CAB95850)

B. subtilis lipase (LipA) (CAB12064)
PlaA (BAC67195)
PhaZ7 (AAK07742)

Est119 (BAK48590)
[ ] —|: Estl (BA199230)
BTA1 (CAH17553)
_|: BTA2 (CAH17554)
 — PBS(A) depolymerase (BAB86909)

L PETase (GAP38373)

PfL1 (EIW29778)
_| Cbotu_EstA (KP859619)
Cbotu_EstB (KP859620)
PCLE (BAN51852)

F. solani cutinase (XP_003042524)

A. oryzae cutinase (XP_001817153)

—
0.1

Fig. 11. Dendrogram of amino acid sequences of PBATH;, and the homologous proteins. Amino acid sequences of PBATHj, and
the homologous proteins were aligned with program ClustalW. A dendrogram was constructed with MEGAG6 on the basis of the
alignment data. Black bar indicates 10% estimated sequence divergences (0.1). * It is encoded by a gene that is annotated as a
lipase.
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PBATH,MP3DET U v 7

77— k& LT LipA OEEZ AV, SWISS-MODEL (http:/swissmodel.expasy.org)
G, PBATHp, ® 3 RiEEA THI L7z, PBATHp, DV RV BLOAR—RT 4 UV TET )V
% Fig. 12 1ZR T, AKEEHZIL, 55D a~V v 7 X, BEXOR6OD P — MEEEZHET D, o/p
K fREESE 7 4+ — /v R 7 7 2 U —IZ@ LTz (Fig. 12-a), H#EHl Szl =5k CTHh
%, Ser77, Asp133, ¥ J OVHis156 1%, PBATHp, DR HIZAFTET D Z & Abin-o 7z (Fig. 12-a),
F72, PBATHg, 13V v K KAA & Fil-/a 2 &b o7z (Fig. 12-a), MMZ T, 1HMER
P PEIZ, RREORREZ AT 5124 L T\ /= (Fig. 12-b) [124], = OiEICiE, BUKH
72 RN TH D llel2, Met78, Leul08, Leul34, Ile135, Vall36, Vall37, Leul40, Ilel57,
¥ LU Leul60 23 F(E L 7= (Fig. 12-b),

Fig. 12. Prediction model of PBATH;,. Model was constructed at SWISS-MODEL (http://swissmodel.expasy.org) using Bacillus
subtilis lipase (1i6w.1.A), which shares 81% amino acid sequence identity with PBATHj;,, as a template. Ribbon model of
PBATHj, was depicted in (a) using program VMD 1.9.2. Alpha helix and beta sheet structures were marked with purple and yellow,
respectively. Catalytic triad, Ser77, Asp133, and His156, which were determined by mutational analysis, were shown in the model.
Space-filling model of PBATHj,, which was observed from upper site of active site (Ser77 was marked with red), was depicted in
(b) using program UCSF chimera. Dashed line shows groove formed in the vicinity of active site. Hydrophobic amino acid residues,
which were marked with green, were observed in the vicinity of the active site.

HETE il i = 7% 3 D 28 FAR T

PBATHg, Ol =72 ET 570, HiE Lo =% Tdh 5 Ser77, Aspl33, B K&
UV His156 #2740 Ala77, Asnl33, XN Asnl56 ([C@EH LTz, BRY X7 E 3T
% B. choshinensis ST7A, DI133N, 3 X OVHI156N £k PBAT A Az Bic /7 V7Y — 0 %2
B L7227z (Table 8), 76> T, 6 3 5MA PBATH, DfREEVEIC ML TH S & fiiim
fHiF 7=,
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PBATH, D Ks8I L OMRFE-D T

R S 72 PBATH, ORFSSIT 24772 9 728, RS L7 B OREEHN S WAEFEIZHE L
TW5%, Brevibacillus 8% % W [115], HEHI S DR PBATHg, # /N7 B a2 — K
9% DNA Bl 51 %2 pNCMO2 O il [REEFE AL (Pst 15 K OV EcoR 1) IZE#E L, 7 A 2 F pNCLP
ZAESE L7- (Table 5, Fig. 5-a), pNCLP % H 7T % B. choshinensis PBATH #£1% PBATHp, & 57
W LTz, KEROESE EENDS, M7 v E=v AEEBEB IO VAR~ N7 T 7 4 —
(2L Y, PBATH, # KM L7z, Fig. 1312, FLAR7 v~ 7T 7 4 —I2L 5 PBATHR, ©
WH B Z 2R, PNPA KD RIEMZ /R L7 T 27 v a »%&EI L7, Table 12 (2
PBATHg, DFERIF 29, FfKIICHH D7z PBATHg, DILEIT 4.0% TH O, FEREIT 6.8
5 Coh o7, Fig. 141X, SDS-PAGE DEXKEXZ R L TWD, L—2 312, #J19kDa D
NfEELOH TN RBRERI N, 2O LD, BXRIKEINICYE—72 PBATH, &
B/DHZENTE LB LT,

%0 16 2 Da) M 1 3
L ° i 180
70 14 ey 140
— 100
60 112 ~o 72—
= 60
< 50 10 &
) < 45
2z 40F 180 &
2 i ] B 35
g 30 6.0 E ~
T o20f o 140 25 -
10 i o 12.0 ~
0.0 t t t t 0.0 15
0 20 40 60 80 100 120 140
Elution volume (mL) W
Fig. 13. Elution profile of PBATH;, using gel filtration Fig. 14. SDS-PAGE analysis of PBATHj,
chromatography. Closed circles showed eluate absorbance. heterologously expressed in B. choshinensis
Open circles showed PNPA hydrolytic activity of fractions PBATH. M: protein marker, lane 1: culture
(mU). Fractions which had PNPA hydrolytic activity were supernatant, lane 2: ammonium sulfate fraction,
collected. lane 3: PBATHj;, purified using gel filtration
chlomatography.
Table 12. Purification step of PBATHj, from B. choshinensis PBATH.
Sample Total protein (mg)  Specific activity (U/mg) Purification fold  Total activety (U)  Yield (%)
Culture supernatant 100 0.4 1 40 100
Ammonium sulfate fraction 48 0.7 1.8 34 85
Gel filtered fraction 0.6 2.7 6.8 1.6 4
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{23 £ O pH 7% PBATH, DIEMEIZ 5 2 % 508 2 51l L 72, 4, 10, 20, 30, 3310040 °C
C 30 43 HIfRIR TIE, PBATHg, DIEMEIZZE ThH -72 (Fig. 15), —F, 45°C THRIRI T
Yitrid, PBATHg, DiEMEITH 92%KDiTz, 50 B LTV 60 “C THillik, TEMEITTERICHE
L72, AREEZOTEVEIL, pH 6.0 25 10.5 O#FH CTZLE L T\ iz (Fig. 16), — 5T, {K\> pH
(pH2.0 2°5 4.0) TiX, ToEMixkbini,

100 O o o 100 | A

|
80 - 80 - L] A
60 |-

40 | 40 |-

Residual activity (%)
3
T

Residual activity (%)

20 - 20 |
(@)

0 ] ] ] ] e} I'e) 0 O N | | |
0 10 20 30 40 50 60 0 2 4 6 8 10

Temperature (°C) pH

Fig. 15. Thermostability of PBATHjg,. After PBATHj, was Fig. 16. pH stability of PBATH;,. After PBATH;, was

incubated at 4, 10, 20, 30, 40, 45, 50, and 60 °C for 30 min, incubated in several pHs buffers at 30 °C for 5 h, hydrolytic

hydrolytic activity toward PNPA was measured. activity toward PNPA was measured. (Opened circle:
glycine-HCl buffer; pH 2.0 to 3.0, opened square:
citrate-HCI buffer; pH3.5 to 4.0, Citrate-NaOH buffer: pH
5.0 to 6.0, opened triangle: phosphate-NaOH buffer; pH 6.0
to 8.0, closed circle: tris-HCI buffer; pH 7.0 to 9.0, closed
triangle: borate-NaOH buffer; pH 9.0 to 10.0, and closed
square: glycine-NaOH buffer; pH 10.0 to 10.5).

B 72 b9 (PMSF, DAN, DFP, DTT, 3 XOEDTA) 7 PBATHg, DMK RIEMIC
5% 2 BN STz, 3 FEOFEYE, DAN, EDTA, 38X ONDTT (21F & A L PBATH;,,
DAKGFEVEN B E G- 2 2ol (ENE 92, 99, B UN100 %DFRAFENE), —F
T, DFP B XU PMSF 1%, AREEREDNIKDIRENEZZNZEN TBEIO3 %ETERTNTSEL
(Table 13), KClI LT ZnCl, & L THIM S 472 2 RO )& A A 213 PBATH,, DIEMEIZK
XRWBE L 2ol (BN 88 3 L N0 %D FETFIENE) , AEEFHE A 2 80 MgCly,
FeCly, 3 XU MnCl, & R ST BRIE, DMK FRIEVEIZENEI 82, 68, BLOV T3 %E T
KT L=, A, 80 CaCl, 3L EDTA OFEE FIZHWT, MK REMEIZZE b
L7gno727%, CaCly DIF(E FC, AREEZOTEMT 113 %FE T EF L7z (Table 14),

Table 13. Effect of chemicals on hydrolytic activity of PBATHj,.

Chemicals Residual activity (%)
None 100 £ 3
PMSF 3.0 £ 0.1
DFP 7.0 = 0.8
DAN 92 £ 2
DTT 100 £ 2
EDTA 99 £ 4

After PBATH;, was incubated with metal ions for 5 min at
30 °C, hydrolytic activity toward PNPA was measured. (n = 5).
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Table 14. Effect of metal ions on hydrolytic activity of PBATHp,.

Residual activity (%)

Chemicals Enzyme : metalion=1:1 Enzyme : metal ion=1:2
None 100 = 3 100 = 3

KCl1 8 £ 5 88 £ 3

MgCl, 84 + 2 82 £ 5

CaCl, 112 = 4 113 £ 10

CaCl, (EDTA) 94 + 4 99 £ 13

FeCl, 89 £ 2 68 £ 1

MnCl, 83 £ 2 73 £ 7

ZnCl, 91 £ 8 90 £ 17

After PBATH;, was incubated with metal ions for 5 min at 30 °C, hydrolytic activity toward PNPA was
measured. (n = 5).
*PBATH3, was incubated with CaCl, in the presence of equal mol of EDTA.

PBATHp, D FE R #4%: %, p-nitrophenyl esters & AKEEFE DO FLE & L CTHW, 4l L 72, Fig. 17
1%, 30 °C (28T 2 AEESE DEE % 732 p-nitrophenyl esters (23X 3 2 MK iEEMEZ R LTV 5,
AREEF T b WIRFEHHE (C=2) 2H7 5 PNPA IZxF L Tl b i WK e 2 7% L
720 AREEZE DMK FEIEYEIX, p-nitrophenyl esters DRFERENEL 25 >N TR T L7z,
PNPL, PNPM, 35X T8 PNPP (ZXf§ % AKEESE DMK BEEVEIE, PNPA (CXf 4 DMLY
19 & o 72, Fiz, REEFRIX, 30 °C T24 BfifRiRE, 4V —T A A NVEHEEX EIZY
V7 —r R L. (Fig 18), ZORERIE, AREEENY R—BIEHEEF T2 2R L
TWa,

0.6

04

Relative hydrolytic activity

02

0.0 [l = o= |

PNPA PNPB PNPC PNPL PNPM PNPP

para-nitropheyl esters

Fig. 17. Relative hydrolytic activity of PBATH;, to 6
para-nitrophenyl esters (PNPA, PNPB, PNPC, PNPL, PNPM,
and PNPP). PBATH;, was incubated in 50 mM phosphate buffer
(pH 7.0) under the presence of 6 para-nitrophenyl esters at 30 °C
for 30 min. Absorbance at 405 nm of the solution was monitored.
Relative hydrolytic activity was calculated from change of the
absorbance. Error bars indicate ranges of experimental data (n =
3).

Fig. 18. Clear zone formed on olive oil containing plate. PBATHj;,
was incubated on the plate for 24 h at 30 °C. Clear zone formation
was observed.
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PBATHp,(Z K HPBATZ A /L LB L UMD R Y = AT /07 )V LD 53 fif

PBATHp, ® PBAT 7 « /L Loy fifRE %, S /AEIC X 0 B L 72 (Fig. 19) . A3 O PBAT
T 4V DFREEEIE 143 pglem’/day ThoTo, — 5T, 7 4 /L% PBATHg, & LIRS
NAORTMZICBNT, 74D FEITIEEAELL LD o7 (Table 15), 7 4 /L A
? SEM #8725, PBATHp, Z & £\ Ny 7 7 =R TRIE SN DHIR O 7 4 L LK EITIE D
P TH LKL (Fig. 20-a 38X U'b), PBATHp, & HICHRIRINTZ 7 /L AFK i ClLAR
DR iz (Fig. 20-¢),

AREHEDOM DAY =257/ 7 ¢ v (PBSA, PESu, PCL, ¥ X O P(3HB)) (259 % 5y fi#
LML Sz (Fig. 19), AEEFIL, MEKRY = A7V Th D PGHB) 7 « VL& 3R L7
o> 727%, PBSA, PESu 3 X UNPCL % #4241 3.3x10% pg/em*/day, 7.0x10% pg/cm’/day, #
FON1.1x10% pg/em?/day O FETHER L=, 2D DR Y = 2T )UK 5 4R #HFE 13 PBAT
D E L i LT, HFLI K& o7, £7, PBATHERIZZND 3 DOKRY =X 7L
TANLDIy Y, PBATHp, 23T Uy 7 7 —IEETICH T D RIERTR Tl L A
AL U723 7= (Table 15),

08
= 07
g
S oo |
Lo
°
2 05 |
g
«“—-é 04 [
g 03
g
g 02
on
j*)
a o1 f

PBAT PBSA PESu PCL P(3HB)

Polyesters
Fig. 19. The ability of PBATH,, to degrade polyesters Fig. 20. Scanning electron micrographs of PBAT film surfaces
films (PBAT, PBSA, PESu, PCL, and P(3HB)). Five before incubation (a), after incubation without PBATH;, (b),
films were incubated in 50 mM phosphate buffer and after incubation with PBATH;, in phosphate buffer
solution (pH 7.0) with PBATHj;, at 30 °C for 4 days solution (pH 7.0) for 4 days (c). White bars correspond to 10
(PBAT and PHB), or 1 day (PBSA, PESu, and PCL). pm in length.

Degradation rates of films were evaluated by weight
loss method. Error bars indicate ranges of experimental
data (n=15).

Table 15. Molecular masses of polyesters before and after incubation with or without PBATHj, at 30 °C in phosphate
buffer solution (pH 7.0).

Polyesters Before degradation After incubation with PBATHj;, Control (without PBATHj,)
Y Mn x 10° Mw/Mn Mn x 107 Mw/Mn Mn x 10° Mw/Mn

PBAT 3.5 2.7 3.5 2.7 3.4 2.8
PBSA 2.8 3.6 2.6 4.1 2.9 35
PESu 2.5 33 2.4 33 2.6 32
PCL 5.5 2.1 53 2.1 5.5 1.9
PBSu 2.6 1.9 - - - -
P(3HB) 13 2.1 - - - -

PLA 9.5 1.6 - - -

PBAT films were incubated with or without PBATHj, for 4 days at 30 °C in phosphate buffer (pH 7.0). Other polyester films
were incubated with or without PBATH3, for a day at 30 °C in the buffer. The molecular masses were determined by GPC.
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PBATH;,IZ KX HPBATH i) DIRIE I & OE &

PBATHj, (2 X % PBAT it % [FIET 572012, PBAT 7 4 LV AR T O Lg%
ESIMS ([C X W 5#r L7z (Fig.21), T V7 B (T), 7YV U (A), 14-T X4 —
/b (B), AB, TB, ABA, ABT, BTB, BABT (BABT & %\ X BTBA), ABABA, LW
ABABT (ABTBA & % \\/Z ABABT) (Fig. 22) 2%, Z3f## & LT ESI-MS 12 K 0 et S 47z,
MzT, UV KtHgs (BHEEE :254nm) Z AV, HPLC IC XV HFERE G0 e ©&
L7-, T, TB, ABT, BTB, BABT (BABT & %\ /X BTBA), X' ABABT (ABTBA &
5UNME ABABT) OEEIXZNEH 3.0, 50, 50, 18, 59, B L O 13 nmol/uLl T ~7= (Fig.
23 ; JR{h), AREEFE O PBAT 4fi## (TB, ABT, BTB, BTBA, ¥ X" ABABT) (24T %
DIRBEZFH T 5720, 7 4V AEKISED Y RV, £ ORISRICEEFR 2 %,
30 °C C 22 BHERIE L 7= (Fig. 21), £RIEAT & H<T, ABT, BABT (BABT & %\ X BTBA),
B XL OVABABT (ABTBA 5 %\ X ABABT) OEIIFN N 5.4, 5.7 3 LT 0 nmol/pL (2%
FUL7, —FT, T, BT, BXU'BTB O&ITZNE4 9.8, 121, 35 LT 58 nmol/uL (ZHEMN
L7 (Fig. 23 ; &0, 25 0RHIE, PBATHp, IC k> TA-BfEAS LY b B-THEGIIAS
I SN EERIB LTV D,

P
PBATH,;
Buffer% PBAT

Incubation
(30°C, 48 h)

Qualitative analysis of water-soluble products

A B BA ABA

r Quantitative analysis of water-soluble products

T BT BTB ABT BTBA/BABT ABTBA/ABABT
3.0 50*%  50* 18* 59% 13* :

Removal
<

Addition
D —>

Incubation : :
(30°C, 22 h) =1 Quantitative analysis of water-soluble products f---==-======mmomooy

i T BT BTB ABT BABT/BTBA
§ 9.8 121%* 58 5.4 5.7%

* Concentration of degradation products containing aromatic ring (nmol/uL)

Fig. 21. Degradation of PBAT and its degradation products by PBATH;,. PBAT film was
incubated with PBATHj;, in phosphate buffer solution (pH7.0) for 48 hours at 30 °C. The
degradation products were identified by LC/MS. In addition, the products containing
aromatic ring were determined using HPLC at the wavelength of 254 nm. After the film was
removed, PBATH;, was further added to the buffer. The solution was incubated for 22 hours
at 30 °C. Degradation products containing aromatic ring were determined. A, B, and T were
constituents of PBAT (A: adipic acid, B: 1,4-butanediol, and T: terephthalic acid).
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Name Structure

O, OH
Terephthalic acid (T) >—©—<
HO o

o
Adipic acid (A) HOJWA,(O”
o
1,4-butane diol (B) HO~on
o
AB HO)K/\/YO\/\/\OH
o
o
le]
B : o
N~ TN0H
o
o
Ho\/\/\o
BTB
O ™~"0H
o
o o
O™
ABT HO)J\/\/\CT OJ\%OH
o
o o
O~ H
ABA HO' (¢}
o o
o
HOL~ g o
BTBA O\N\O)MOH
o o
o o
HO\/\/\O)V\/\H/O\/\/\O
BABT X on
o
o o o
HO)I\/\/YO\/\/\OJ\/\/\H/O\/\/\O
ABABT o o oH
o
o o
O~
ABTBA HO/U\/\/\[O( ? o) i OH
\/\/\OM
o) [e)

Fig. 22. Chemical structures of water-soluble products detected in the reaction mixture after incubation of
PBAT film with PBATHj,.
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Fig. 23. Amounts of degradation products that contains
aromatic ring (terephthalic acid (T), BT (B:
1,4-butanediol), BTB, ABT, BABT(BABT/BTBA), and
ABABT(ABABT/ABTBA)) after PBAT degradation by
PBATHj, were determined using HPLC. Grey bars
indicate products in the buffer after PBAT film was
incubated with PBATHjg, in the phosphate buffer
solution for 48 hours at 30 "C. After the film was
recovered, PBATH;, was further added to the buffer,
which was incubated at 30 °C for 22 hours and
degradation products were determined (slashed bars).
Error bars indicate ranges of experimental data (n = 5).
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23 BE

BB T T PBAT AN MM ICEH T 2R Z{IThbiliTWd — 5T
[44,46,48,50,53,56,57,59-61], HIREREE N COE MM ICE L TIXEMA AR +5Th 5
[62-68], HFlZ, AFRMEFIRME PBAT /0 fifAHE A A PES 5 PBAT MK iRlEE IC BT 5 M
BliE7ev, LasL7ed s, PBAT BNEEHEME L TR HWONDZ E2EBET L L,
IRERBEIC 31T 5 PBAT DOENREEREZEINT 2 Z LIZEETH D, £ 2T, FAFLFRMEF
IR PBAT Jp il i 4 BLAE L, PBAT MUK 3 iR I KIE L TW D BIn O/ n—= 7%
K OEER ORHE ST 21T o 72,

3 R PBAT 3 fi##lE (NKCM3101, NKCM3201, k2 OV NKCM3202 £k) 1%, +TIEBRSE
TR R S 45 Firmicutes | ZJ& 3 5 Bacillus pumilus \ZiT#% T & > 72[126-128], NKCM3201 £
% PBAT 7 4 VADZRICB N TR O EWVIEEEZ R LTEOT, Az S OICFEIC RS
I L7z, NKCM3201 ££1%, 30 °C 225 40 °C THXAVICHE < BT %5, #RAY 7 5t R iR
PERIE Cd o 72, AR D PBATHR, 1L PBAT 24 Y I~—5H 5 W EIE /) ~—F THMRL
7203, AERIT PBAT €/ ~— % &L TX 7eno 7o, ARRIZHIRERBE T C PBSA, PBSu, PCL,
PESu, B X OPCL x4 B0 S A L T/, & 51, NKCM3201 #1233 T PBAT O
IRIZEA ST OB ORE S T 2T o, I DEFEREa— NI 2817427 0—
=7 LT,

pbathg, AL T2 A3 2 2 FIH O EHLHARR (E. coli PBATH 36 & Y B. choshinensis PBATH)
23 PBAT % /i U722 & 90, pbathg, 13 NKCM3201 £RIZ 35T PBAT DMK RGO 7=
DOJREKEE T D—D>Th DI &NRMES L7, PBATHg, 1% B. subtilis U 73— (LipA) ¥
L O B. licheniformis V /x—E€ (Fig. 11) & THDH T b, KERERN NSRS TEEZA
THINRN—BDOIN—TToHHINRX—ET77IV—14 BT OHHETHLZ LB RINT
[124,125], PBATH p, 1%, &V K5 fEBEFEFHLEAITd 5 DFP 3 L O PMSF (ZE M2 R
Lizizsh, EmUEALIc e ) A2 A5 2 LRI Sz, 2T, BRAMTICLY,
AREESE Ofiffit =7 5578 Ser77, Aspl33, BL N Hisl56 THDHZ ERbhotz, HmETrY—
ADET VTG, KEENBKKRT Yy B v R RAL VERTZRND EPRES
Niz, FERIZ, 7FF—EL PGHB)T R Y AT —FD X5 thdR Y = A7 VI fifEE 1T
Uy RRAA 2 ZFF2720[58,129,130], —#%IZ, Z< DY NR—ETRLNDLY v RFAA
A, BRI Tl e IR TIEPEZPEIN S 2 72 O IR T 5, R IZ BV T,
U R RAAL NILFERN 2, PBATHg, & 51078 U T AT VORISR DS, A 2 Ffiz
RN EIETRETE D, KA, EEN N OEEREROIEMEBIMIC IV EZICNESND 5
72D[131], ZDO X572V v RORWEEIZEIRR U = 27 )V D4R I\ TEEALIZ T 72
bl EBILND,

PBATHp, I3/ f#ER Y =27 L (PBAT, PBSA, PBSu, PCL, X O'PESu) (ZxfL T
TRV R RAME AR LTz (Table 8, Fig. 19), Z D X 5 ZRiEAWVIEERFEMEL, AU AT
WVIE R L OKRBER O BUKMER L 2 G i & OMICE < BUKM E/ERIC L Y, KEEZEM
HEZRBT -0 THDLEBEZBNDH[132], — 7T, AEEFEIT PBHB)IS L OV PLA %Mk
DL ol nh, HEPIEAEAET 270D, TR AT WTHEELE LT
AR T D FIREMED B H[133],

A EIDOFER S, PBATHg, 23, HilMEI X OUFEEMEEE CTh 5 2 & 23R &7z (Fig. 15,
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Fig. 16), AEEFE L LT ND NIV T hA F 0%, KEEFEIT 1.12 £ PNPA N/K 5 fiETE M %
67256 L, EDTA OWINE AN T LA F 2 IFFEE FITB T D0 ENE & 1ZIER C LvE
TR T &7 (Table 14), 2O DRERIL, WAL T LA FUNARBEZICHES L, SLIERKE
EEESEDLZ LITLY, KREEEAZMETT 2 AIRetE 2 R~ LT\ 5[60,134],

PBATHp, 1%, #4843 L OHEHRE O p-nitrophenyl esters (PNPA, PNPB, 351 UFPNPC) (Z
KU TR B R R A 2 R U2 (Fig. 17) AT, AREER T BRI % /0 fif L 7= (Fig.
19), BEEREEZ 0T 5 — 077 Fh—80n, B L OH8{E D p-nitrophenyl esters
W6 L CEWENEZ R T 2 L 2 & ET 5 L[135,136], AiEHEIL ) N—B Tlih 7 FFH—F
ELTHELIIEO NI VHEUTHL EBEZBND,

PBAT 7 « /L A O E &AL O SEM f#MTIX (Fig. 19, Fig. 20), PBATHg, 2% PBAT 7 4
WARESRT D AR LT, —J7, PBATHp, & HICMRBESNTZ 7 4 VA DSy T RITZEA(L
L7a2no7l=Z Ev5 (Table 15), ARRTAGIZEWEREFFFREIC IS 1T 5 PBAT 7 4 /L A D4y
7 4V AR KON R — T S 53R Tl <, RBERICLD 7 4 L AR
SRR R SN D Kl iSRRI L0 D Z LR ST,

PBATHp, (2 & U 42 U7z PBAT R OffTIE, €/ ~—°A4 U I~—N2Kiiahs 2 &
EHLMNC L, FEREAT LA I~—0O0fEERMNT LIz, TV, 74
A=, BLIOABKAEGA ) Iv—0BIIED Lz, —FHT, Wb BE0 T RS
ENThEYL, TULZEABBIONT X4 —L, BEIO BT EEOLEHETHAY
I — XM L7 (Fig. 23), 2D ORI, B-THAIT A-BREA LY b PBATHR, 12 k-
TRGIUM SN NI LZ2RLTWS, ZOBTHAELD LI LA A-BREAITHT HHE
SetElX, HiC 38 LU Cbotu EstA O X 95 et DIEIAE G BRI EA R U = AT ViRl O
ZHEHELL T 2[61,68], AEIOFER LY, PBATHp, (2 KD PBAT 7 1 /b LD 5y R
X, HEETICEFER A F 2720 PBSA, PCL, BLX O PESu DLk H 7R Y T AT /LT 4 )L L
DENEHE L TELRWZ &R, [FIERIZ, Estl, PCLE, 38X ONCICLE ® X 5
7% PBAT S fiEtE 2 A4 231X, PBAT & THRMER ) = A7 W% LT LD @Emunsay
fRIGMEZ © D Z &3y o TV 5 [59,65,66], PBATHp, % 5 7= PBAT NIK/REEFRIC X 5
ZD X 57 PBAT /i O X%, BBV ICHFTET 5 = AT UfE A & e THlr Al
#7e B-T & OIF(EIC X D ATREMEA N E W,

HARBREEFIZ W TIE, PBAT 13k 7otitE (BB Lo MoK iR 2 & e iy, (beny
BLOEMFN RN 2R THofiiSid &5 x5 5[25,63,137], RWFSETIL, B. pumilus
NKCM3201 #RIXE / v~ —&{biE A A S 72005, AEKH K PBATHg, 23 PBAT 24 ) I v —X°
) w—5THRTHILEmR LTz, ZDOZEIX, AEED PBAT ONIKSFEEFRED 24T
RO ZENARETHD Z EERBL TS, — T, PBAT £/ ~v— 7 BRREEH CRAL
ENDZ EEEZD E[138], PBAT DOFEL4iEIL NKCM3201 #k3 L OMh o ik EY & oA
RCERINDEEZEZDNLD,

F LD E, R, FRMEIEMEME K PBAT MK ffEER IR T 2 g O
ThY, FIRIKIZIBIT D PBAT O #BRT 5 ETERNLOTHA I,
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R (FTFLoT7 o= h—a-FT L 7% L— k) BNHEEAEYE
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3-1 EB
AR

RY (FTFL T P— h—co—F L 7% L—1) (PBAT) (L BASF #h bt & 7-, 'H
NMR #H\, PBAT ICEENLT VP V2= FBXOT L7 X Vo= FOEIA %
PRI FERL, FEH 52 mol%ds L 1N 48 mol% T d - 7=, TaKaRa Ex Taq®, plasmid pMD20,
T4 DNA ligase 3 & T8 SYBR® Premix Ex Taq™ (Perfect Real Time) 134 1 5 /A A kRS
MWOEALZ, AVIX I LAT R, a—n7 40 Vx )/ 27 ARKEENHEA LR,
R IEIL, FGEE TEMKRA St I On sy 2 « XA TV 25 4 v 7 ARAEHEN S
HEA L7,

wAEY), 74 v—BIORT X —
EBRCHEH LAY, 774 ~—, BIXORY X —%2Z <4 Table 16, Table 17,

LW Table 18 IZ”T, F£T2, T I7A4~—DT7 =—1U 7L % Fig. 24 [T 7,

Table 16. Strain used in this study.

Strain Description Reference

Escherichia coli DHS o supE44 AlacU169(980/acZAM15) hsdR17 recAl gyrA96 thi-1 rel41 TOYOBO CO., LTD.

Table 17. Primers used in this study.

Primer Sequence Reference
M13 primer M4 GTAAAACGACGGCCAG Takara Bio Inc.
M13 primer RV CAGGAAACAGCTATGAC Takara Bio Inc.

For 16S rDNA

341F-GC CGCCCGCCGCGCCCCGCGCCCAETCCCGLeGeeeeeaeeecG  [139]
CCTACGGGAGGCAGCAG
907R CCGTCAATTCCTTTRAGTTT [139]
341F CCTACGGGAGGCAGCAG [139]
518R ATTACCGCGGCTGCTGG [140]
EUB338 ACTCCTACGGGAGGCAGCAG [141]
Eub518 ATTACCGCGGCTGCTGG [141]
For ITS
JB206¢ CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGG  [142]
GAAGTAAAAGTCGTA
ITS 1 TCCGTAGGTGAACCTGCGG [143]
ITS 4 TCCTCCGCTTATTGATATG [142]
GM2 CTGCGTTCTTCATCGAT [143]
For 18S rDNA
nu-SSU-1196F GGAAACTCACCAGGTCCAGA [141]
nu-SSU-1536R ATTGCAATGCYCTATCCCCA [141]
JB206¢ ITS1
18S rDNA | ITS1 | 5.8S IDNA ITS2 | 28S rDNA
GM2 ITS4
16Sf 341F (341F-GC)
\_
| 16S rDNA |
518R 907R 16Sr

Fig. 24. Position of primer used in this study.
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Table 18. Plasmids used in this study.

Plasmids Genetic Marker  Description Reference

pMD20 Amp', lacZ cloning vector Takara Bio Inc.

pl6S-NKCM2511 Amp', lacZ pMD20 containing 16S rDNA of strain NKCM2511 This study

p18S-NKCM3301 Amp', lacZ pMD20 containing ITS region of strain NKCM3301 This study

pl6S-DGGELI Amp', lacZ pMD20 containing 16S rDNA recoverd from band 1 in DGGE This study
profile of PBAT-degrading soil.

p16S-DGGE2 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 2 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE3 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 3 in DGGE This study
profile of PBAT-degrading soil.

pl6S-DGGE4 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 4 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGES Amp', lacZ pMD20 containing 16S rDNA recoverd from band 5 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGE6 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 6 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE7 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 7 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGES Amp', lacZ pMD20 containing 16S rDNA recoverd from band 8 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGE9 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 9 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGE10 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 10 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGEI11 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 11 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGEI12 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 12 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGEI13 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 13 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE14 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 14 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGELS Amp', lacZ pMD20 containing 16S rDNA recoverd from band 15 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE16 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 16 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE17 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 17 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE18 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 18 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGEI19 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 19 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGE20 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 20 in DGGE  This study
profile of PBAT-degrading soil.

pl6S-DGGE21 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 21 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGE22 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 22 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGE23 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 23 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGE24 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 24 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGE25 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 25 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGE26 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 26 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGE27 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 27 in DGGE  This study
profile of PBAT-degrading soil.

pl16S-DGGE28 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 28 in DGGE  This study
profile of PBAT-degrading soil.

p16S-DGGE29 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 29 in DGGE  This study
of PBAT-degrading soil.

p16S-DGGE30 Amp', lacZ pMD20 containing 16S rDNA recoverd from band 30 in DGGE  This study
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p16S-DGGE31
p16S-DGGE32
p16S-DGGE33
p16S-DGGE34
p16S-DGGE35
p16S-DGGE36
p16S-DGGE37
p16S-DGGE38
pITS-DGGE1

pITS-DGGE2

pITS-DGGE3

pITS-DGGE4

pITS-DGGE5

pITS-DGGE6

pITS-DGGE7

pITS-DGGES

pITS-DGGE9

pITS-DGGE10
pITS-DGGE11
pITS-DGGE12
pITS-DGGEI3
pITS-DGGE14
pITS-DGGEI5
pITS-DGGE16
pITS-DGGE17
pITS-DGGE18
pITS-DGGE19
pITS-DGGE20
pITS-DGGE21
pITS-DGGE22
pITS-DGGE23

pITS-DGGE24

Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ
Amp', lacZ

Amp', lacZ

profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 31 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 32 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 33 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 34 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 35 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 36 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 37 in DGGE
profile of PBAT-degrading soil.
pMD20 containing 16S rDNA recoverd from band 38 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 1 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 2 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 3 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 4 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 5 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 6 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 7 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 8 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 9 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 10 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 11 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 12 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 13 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 14 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 15 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 16 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 17 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 18 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 19 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 20 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 21 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 22 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 23 in DGGE
profile of PBAT-degrading soil.
pMD20 containing ITS resion recoverd from band 24 in DGGE
profile of PBAT-degrading soil.

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study
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pITS-DGGE25 Amp', lacZ pMD20 containing ITS resion recoverd from band 25 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE26 Amp', lacZ pMD20 containing ITS resion recoverd from band 26 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE27 Amp', lacZ pMD20 containing ITS resion recoverd from band 27 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE28 Amp', lacZ pMD20 containing ITS resion recoverd from band 28 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE29 Amp', lacZ pMD20 containing ITS resion recoverd from band 29 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE30 Amp', lacZ pMD20 containing ITS resion recoverd from band 30 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE31 Amp', lacZ pMD20 containing ITS resion recoverd from band 31 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE32 Amp', lacZ pMD20 containing ITS resion recoverd from band 32 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE33 Amp', lacZ pMD20 containing ITS resion recoverd from band 33 in DGGE  This study
profile of PBAT-degrading soil.

pITS-DGGE34 Amp', lacZ pMD20 containing ITS resion recoverd from band 34 in DGGE  This study

profile of PBAT-degrading soil.

PBAT 7 /b D {E#Y

PBAT % 7 v 11 k)L WZEAfRIG, A X —/Lh CHEILE L72[62], 155N IhEW 2 A

(FILTER PAPER No.2, ADVANTEC #:#) 2 HW\W T AR L, WE#zE L7z, K L7 PBAT
EATRURIVAIRTZ 4L (LY - T aR o BRASHR) By, a8l 2A—3—
& L CTHVY, mini Test Press-10 (R{EFEFERLERTIRA S HEL) Thm 7 L 2R (130 °C, 1
47, 14 MPa) L7=, =Dk, @l L72 PBAT # =R CT—KfRIE L7=, S 5472 PBAT 7 «
S F 2x2x0.1 e’ IS, 27 4V Lk AL ) — L LUK TS L, — BT
IR L7,

i@tEuXuﬁ%
s = (E%%L%ifiﬂlﬁtfﬂ%ﬁﬁ : %iﬁ-tr# 36 £ 31 45 56.258 B, R 139 F£ 04y 40.230 ) %
i‘xﬁ L, 2mm A v ¥ =2 D ﬁ%’?%’éa%ﬂ& DR, BRI AR R LSS OK

F#, RF, BLOEHR) j:ootwwa»%;h%n 2.05%, 9.88%, 0.90%, L 22%EH A TV
77 AHEMETHIL, vA 7 aa—F—IMI0 (YT aTF 7 =LA x> AR

ZHAWTHARS 72, 30 mL OFEAREEH (4.6 g/L of KH,PO,, 11.6 g/L of Na,HPO, * 12H,0, 1.0
g/L of NH4CI1, 0.5 g/L of MgSO, + 7H,0, 0.1 g/L of FeCl; * 6H,0, and 0.5 g/L of Dried yeast extract,
pH 7.0) [62]Z ZTe/K7 55 30 %D 188 (300 g) ZFH% L, AU Fu L U MoAR ~r (500
mL) ([ZANTz, Z 0T, 26& (1.8 g0 D PBAT 7 4 /L A%&Z, R MLVOEZHD,
30 °'C CHRIR L7z, HRIWEREAZHERFT 5720, 1 HIZLERE LIE-AANTF 27 2H0T+h
BERRSHICEE LT, if:, HEZ E I HEOKGE BEE MR L, WEAEKEHWT
30%ICHERF L7z, 2 he—/LtHE (CS) & LT PBAT 7 4 Vv AEE TV ZFRERIC
30 °C CHRIR L7z, HEEMAEMREMRAT 21T 5 720, EHIMIZ CS B LU s 15 (BS) (Fig.
25) ZEML L7z, AT, EMMICT7 v LZ2EBIL, 74V AREIIHET HLHE (7
SV AREUTE 5 FS) (HEBEDOEARILXT 4 VAKED lmm LN TH-72,) HEILL
Too (RERCTIE X 7 HERIZEUR L7244 B A2 Z 24 CSX, BSX, HBLUFSX L7,

Fig. 25), HHEH U7X, 925 £ T-80 °C THRIFL7Z, HHENSIEIULL 7= PBAT 7 «
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VAR, AX ) —VBIOEEKTHESEL, 1 BEELZ, %313 n=3 TiTbhi,

Soil in the vicinity

of film surface (FS)
[ — —
Control soil (CS)— Bulk soil (BS)—
PBAT film — -
Side
Soil without PBAT film Soil with PBAT film

Fig. 25. Schematic diagram of soil burial test. Three soil samples: control soil (CS),
soil that is remote from PBAT film (BS), and soil in the vicinity of film surface (ES),
which attached to PBAT film (thickness of the soil was within 1 mm from film
surface), were recovered periodically. In the analysis of soil microbiota, these soils
were respectively denoted as CSX, BSX, and FSX (X indicates elapsed months; e.g.
control soil recovered after incubation for 3 months is designated as CS3).

THEHREE L 7-PBAT 7 1 /L L D3 TE HEBL 22

PBAT 7 4 M ADEKMEEREE, EEME FHME (SEM) (JCM-6000; JEOL Co., Ltd.) %
AWTHEE L, REBREESRE2ITIICHIZY, PBAT 7 4 /L ADEELETT - 2[144],
E£9, 25% (vv) ZIVEZ LT IVT B RIRIKIZ PBAT 7 4 VA %R L, SIRT 1 ERBEREL
2o TOT 4V A EEMAKTHEE L, 50, 60, 70, 80, 90, LN 100 %= / —/LIT 20
SR, EWIE ULHAK LTz, K L7727 4 VA BFEA VT VI AR, 1 BRI CHF
WLth, 74V ba—BE S L7z, 207 4V A% Au-Pd TELV, SEM &\ T7
AV AR BB 21T o T,

THEHEE U 72PBAT 7 « /L D4y Bl E

LC-2000 Plus Series system (H A A SHR) 2V Vvigidgrsa~ N7 77 4 —

(GPC) £ LV, PBAT 7 4 L AD 5 F&MAE SN2, PBAT 7 4V A (4mg) 27 1
RV (1 mL) (IR, < OWiE% PTFE 7 4 /L4 — (L% 0.45 um, Kurabo Co., Ltd.)
W CEE L, 3B Si# L 72, GPC OB EMEIZ 7 m m L A% W, JiiiE 2 0.8 mL/min,
BT AREE 40 °C &L, BE I T A (TSKgelGMHXL, TSKgelG1000HXL, 3 LW
TSKgelG2000HXL (Y —#E&tt8)) 27 7 F 4 Uiz, PBAT OMHEICIZEITHER %
ZRWT, R OERICIE, R AFL 22 Z— a0,

AU AT — BB MERRE AR SV EXVkE) (PCR-DGGE) f#HT
MY U7z, 7 fEEO B8 70 (BRIERTO 145 €S0, 30 °C T3 » AMMRE L% D
ay hm—/L+HECS3, vy 1 BS3, BIONT 4 VAN FS3, BEIONT »
AMRE Lo oy ha—/L 48 CS7, /L7 15 . BST, BXOT 4 v A H3E
FS7; Fig. 25) OAM#EMAT % . PCR-DGGE {4 % H ) CT4T - 7=, Power Soil DNA Isolation Kit
(MO BIO Laboratories f-8) % F\C, B L7z 7 flED L6 A % 7 7 2 DNA % fli
L 7z, fitH FNEL Power Soil DNA Isolation Kit DB (ZNE - 7=, fliH L7z A %~/ 1 DNA
%, A RTINS £ T-80 °C OmEE CTRfr L7z, ME MK 16S tDNA 36 L OHE
Hi 3k ITS 7835 % iCyclerTM Thermal Cycler (Bio-Rad laboratories %) %\ "C PCRIZ LY

44



WE L7, i L= A& % ) LA DNA 25 7L — k& LTHWT PCR 21T- 72, RIS
I%, A %4 5 DNA ¥ (1.0 uL) TaKaRa Ex Tag® (0.1 pL : 0.5 U), 10xEx Taq Buffer (2.5
puL), dNTP Mixture 2.5uL : £ 425mM), 74V — K7 T4 ~v—BIRI X—RT T 1~
— (10 pmol °2) ZRAL, BHM/KEZH W THREL 25 uLIZ L7z, 16SDNA LT T A~
—341F-GC B L' 907R % AW\ THIME &4, ITS fHIKIE 7 7 A ~—IB206¢ 1 L O GM2 % H
WCHEINE S ui=, A # %7°7 L DNAE 98 °C T 10 3 BngEE, koK CRB L= b D& v,
16S IDNA ZHIET 572D DY —~< L% A 7 )X, 95°C3 5% 1A 7L, 94°C 30 F ;64 °C
10F0;72°CA5 0%, 7T =— U U ZiREEZ 1 A4 7 LT L1205°C FIFRB6 140 A 271,
94°C30%);57°C10® ;712°C45 & 16 A7)V, T2°C2h% 1A 7 vE L, ITSH
AR T 220DV —< LA 7 i, 95°C, 5% 1% A 27, 94°C30F ; 58 °C 30
;72 C30ET ==V U 7iREEZ 1 A4 70T 81205°C FiF7R238 20 A 271,94 °C
1453 ;48°C 14y ;72°CA45 & 10 A7)V, 72°C23% 1 A7t Liz, HH DNA ®
HEEIX, T e — XS OVESKIKENC X0 B LT,

ZEVEF i B il 7 VB KE) (DGGE) 1%, DCode” Universal Mutation Detection System

(Bio-Rad ) # MW TiTbiviz, EBRFIAIL DCode v A7 A (DGGE %) # M-
AL T 7Y r—a A R e Tz, ZYERREED 100 %D 6 %7 7 U LT
T RERIE, 40 %7 7 VAT I RIEAWK (T 7 U7 IR (548 M) BEONN-AF
Ly—EA-727 Y LT K (69mM)) (7.5mL), S0xTAE /N 7 7 — (kU ZHH (2.0 M),
Bl b U 7 A (025M), BLIO=F L Y7 2 UIUEHE (EDTA, 63mM)) (0.5mL),
ARAVLT IR (20mL), RFE 2lg), BIOEMAZESL, BEA 2 50mLIZT52LT
PRI NI, 10 Y%elahiEE T v E =7 A (400 L) BE R NNN N-T RTZAF LT LY
Ty (45uL) 1%, TZ7IUNAT I RERETSMVESE L TEHICHW LT, TEMEER
KO EE#E LM 5729, model 75 gradient delivery system (Bio-Rad laboratories, Inc.) %
FWT, 22130 %55 %8 L T30 %35 %D EMAIRE AR o7 7 VLT 2 K7L
PERLE 7=, PCREY (15 ul) =7 NVDO T = VIt LiAdx, 58 °C @ 0.5xTAE /X 7 7
— T, EPS601 (GE ~/VATT « Uy /3 4t8) 2T 200V OFELEZEIINL, 4 KifH
ERUKE L7, vkEIt, ~ /L% SYBR Green I Nucleic Acid Gel Stain (2 = « XA 7 7/ A
T4 w7 ARREH) TREL, UV FT AL LI 3—F— (7FavkAeutil) ©
DNA ¥ &AL L7z, DNA > R&G)0 L, DNA [Ny 77— (BRE7T €=
72 (5M) BEWEDTA (2.0 uM)) (600 uL) H1 T 37 °C T—HufRiEt:, 7 /L5 DNA %
Uiz, =% 7 — i kv it U7 DNA Z b s, @ik (10 pL) (M S &
776

DGGE N> K ODNAEMT

T BHE L7ZDNA 27 7 L—h & LTHWY, I 32 A K PCRIZE Y DNA % g
L7-, DNA I (5.0 pL) & pkiEsEsiK (134 pL) ZEAEL, 98°C TI0O 7L b —k
%, KAKTEAKB LT, ZOWIKRIZ, TaKaRa Ex Tag® (0.1 pL : 0.5U), 10xEx Taq Buffer (2.5
pL), dNTP Mixture (2.0 uL : % %25 mM), BLUNT T A ~v— (16S IDNA OHFIEIZILT Z
A ~—341F B L OV 518R, ITS fEIKDOHIEIZ 1L 7 T A ~—ITS1 B L O'GM2 2 ZNE4 1.0 uL

(1.0 pmol) iV /=,) ZIRE L7, 16S IDNA Z g3 5 7= DY —~ 31 7 VL, 94 °C,
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5% 1% A7, 94°C308 ;55°C30% ; 72°C30 &30 %127/, 72°C10 5% 1 %
AU NVE LT, £72, ITS fHIR A IR T 2 720D —< LA 7 UL, 94°C, 555% 1 YA
7V, 94°C30F;55°C30 % ;72°C30 & 301 71, 12°C10 0% 1 A 7 vk Lz,
FA T A X% T RCR EEH D DNA ESIfENT 21T -7 (—m 74>V x /) I 7 A
e, g~ 2%7-%, NCBI ® nucleotide BLAST (http://www.ncbi.nlm.nih.gov)
% VT GenBank (2% S 4L T2 DNA ESI O T — &, B X OAKRELSIfiFNTIZ L 0 5 507
DNA Bl¥| DT — % % bl LT,

THEI T d L OVEF H ok DNA O E #[141]

T-HEH B H >k DNA (16S rDNA) 35 L OV Hi 3K DNA (18S rDNA) @ = v —%i % & & PCR

(qPCR) ¥EIZ X W E® L7-, qPCR (%, iCycler Thermal Cycler 3 & U8 MyiQ' Single Color
Real-Time PCR Detection System (Bio-Rad Laboratories f:#4) % H\\CTiTbihiz, A %7 /) A
DNA & (1.0 uL) B L OPRE#BERMAK (21.0 uL) 2EA LIz, ZOWH%Z, 98 °C T10 %
7L e—hRL, KKTEALE, D%, SYBR® Premix Ex Tag (25.0uL), BL OS5
A ~— (16S rDNA D E&IZILT T A ~—EUB338 35 X OV Eub518, 18S rDNA O E &(Zix 7
7 A ~—nu-SSU-1196F 33 X O nu-SSU-1536R % Z1Z 41 1.0 uL (1.0 pmol) W 7=,) ZIRA
L72, 16StDNA Z g9 572D —< /LA 7 Uik, 95°C10 & 1 ¥4 71, 95°C5
B 61°C25FE 45 YA 70, 95°C1 0% 1 A7), 55°CI0R0 (1A 70T L1205
°C EH) Z80 %1 7 /& Liz, 188 DNA #HEIET 572DV —~ /%A 7 %, 95°C 10
BWa 1A 27, 95°C5F ;56 °C25%& 450 A7, 95°C1 0% 1 %A 27/, 55°C 10
B AU A 27081205 °C ER) #80 VA7 1E Lz, MEHROIERICIE, BEMOREE
D77 A K DNA (pl6S-NKCM2511 3 L Y p18S-NKCM3301) % 7= (Fig. 26, Fig. 27),

EUB338 (Position : 329-339)

| 16S rDNA of NKCM2511 |

Eub518 (Position : 480-496)

Fig. 26. Position of primer used for quantification of bacterial rDNA.

nu-SSU-1196F (Position : 980-999)

18S rDNA of NKCM3301

N

nu-SSU-1536R  (Position : 1317-1336)

Fig. 27. Position of primer used for quantification of fungal DNA.

TE A3 R

30 °C CT7 7 AR L7-, PBAT #g%k L8 X W= ~ v — )V 18T Brassica rapa var.
chinesis DFE 2R L, NTRZEamEHWT25 °CT1 » AfFkE Lz, HRRERRNIT 1 H
B0 12 FFf] & UTo, $k351%%, A I L, RICOWo BEEZ KT L, B0 Rz,
B. rapa var. chinesis % —WpHUfE izl L, WREEZHE LT,
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3-2 AER
PBAT 7 « /V D +-HE/) iRk

Fig. 28 |2, T3 T 30°C THRIE L 7= PBAT 7 4 /L A D EBERD B4R, B ORGEIC
fEUN, PBAT 7 4 L LD ERITHR 2 1T L, #1386 » A T, 1.81 mg/em” (FIHI EED 22 %)
O EEPBFRDPMERS S A7, Fig. 3012, HIBEERFTR O PBAT 7 1 /L.AD SEM %4 ~4, +
BRI 7 4V AREITIB LN TH -7 (Fig. 30-a), TG 3 » ARO T 4V LFE
L, NS RBRP ROz (Fig. 30-b), TEHF 6 » AhD 7 1 L AKEICITBB &
REBANAET, 74 AFHEITE VL 22> Tz (Fig. 30-¢), Fig. 29 (2, THEHEE L7
PBAT 7 4 V5D GPC 7 v~ 7T Lt , THMEERATO PBAT 7 4 /L LD 5yF & (Mn)
BLOZOBIEIZZENZEN 3.9x10°, BLU1.6 Thotm, HHEFE 6 » HiR, 74140
45FE (Mn) 13 27x<100TIE F L, 2498EIX 2.0 EH LT,

3.0
25 F 30+
NE _
5 20 >
g E X 20 F
2 15 F E z2
g ) e
= *3 8
2 10 [ =
1.0
= LX)
05 Fe
0.0 | | | | | | 0.0 -~ -y
0 1 2 3 4 5 6 3.0 4.0 5.0
Time (months) LogM
Fig. 28. Weight loss of PBAT film in a soil environment Fig. 29. Gel permeation chromatograms of PBAT film before
during incubation at 30 °C. Error bar indicates the ranges of incubation (solid line), after incubation in soil for 3 months
experimental data (n = 3). (dotted line), and for 6 months (dashed line).

Fig. 30. Scanning electron micrographs of PBAT film surfaces before
incubation (a), after incubation in soil for 3 months (b), and for 6 months (c).
White bars indicate 50 pm in length.
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PBAT 7 /v 153 fif 3 OIS E W) 2 i

HoFV T Llmary ha— v (CS0, CS3, BLUNCST), L7 B (BS3 LW
BS7), BELWPBAT 7 ¢ /L AJE0 13 (FS3 B X OVFST) O#AEMHE % PCR-DGGE 12 &
D fEAT L7=, Fig. 31 (%, #E 16S tDNA @ V3-V5 fHik?d PCR 77U =2®D DGGE
(PCR-DGGE) # %7~ L CW\5, KEIKL D, 38 HORALD NV RBARHB SN, M &
Wiz Rz, B (T xv) 267 A0 FEICm b TIREIZE 5% D1F 7, Table 19 1%
KNy Rk DNA BRAIENTAE R K 0 S O N M O 08l Z T~ L TW0 D, REFTIC XD,
AR X, HEREEICAR T 5B Toh H[105], Proteobacteria [ (a- Proteobacteria,
B- Proteobacteria, y- Proteobacteria, ¥3 JX U} §-Proteobacteria), Actinobacteria [, 35 & O
Gemmatimonadetes FHIZJ® T 2 MENFAET 2 Z ENHL M E 572, PCR-DGGE 4 XV,
CSO L—> Tl 21 A F (122, 5-8, 10-12, 14-16, 18-20, 22-23, 25-27, B LR 31)
WENTZ, CS3 L—2 T, 2B 21 N RIZMAT, 148K (4, 9, 13, 21, 28-30,
B L 32-38) Ak &7z, CS3, CS7, BS3, BLWUBS7T L—2 DRy RRZ— 2 %L
B LT2fER, 2oy R = 3EBIL T\, — 5T, FS3 BELWFS7 L—r |k
iz, fthod L—2> (€S0, CS3, CS7, BS3, BLUBS7) THRH I o730 K 3 23 H
Entz, AT, FS3 TlIho L — > TR SN o730 R 17 bt &z, KB
TEEFIZIE, MY O L BIREICE 5T 2 L BIEEREE (PGPR) Td 5 Azospirillum
sp. (/3K 12) ¥ LN Mesorhizobium sp. (band 11) [145]2%, &= ToO:HEH 71 (CSO,
CS3, CS7, BS3, BS7, FS3 B LU FS7) Thith &7z, —J7, PBAT /fifiiE & L T HEf
STz, B.pumilus IIRH S e o Tz, F7o, ARRERTHED O 1T R 3R H S
o7,

3 months 7 months
M CSO CS3 BS3 FS3 CS7 BS7 FS7

Fig. 31. PCR-DGGE profile of bacterial flora in the soil samples. (M: DGGE
marker, CS: control soil, BS: bulk soil, FS: soil in the vicinity of film surface).
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Table 19. Identification of bands corresponding to band numbers in Fig. 31 based on the 16S rDNA analysis.

Band number Closest relative species Identity Phylum

(Accession number) (Accession number) (%)

1 (LC122290) Uncultured bacterium (AB552000) 100 -

2 (LC122291) Hyphomicrobium aestuarii (NR_104954) 100 Proteobacteria

3 (LC122292) Hyphomicrobium sp. (AF408954) 98 Proteobacteria

4 (LC122293) Uncultured bacterium (JQ370308) 99 -

5 (LC122294) Cupriavidus taiwanensis (NR_074823) 100

6 (LC122295) Lysobacter sp. (HM063960) 97 Proteobacteria

7 (LC122296) Blastochloris gulmargensis (NR_115056) 98 Proteobacteria

8 (LC122297) Bradyrhizobium sp. (KR779531) 99 Proteobacteria

9 (LC122298) Lysobacter sp. (KF441669) 97 Proteobacteria

10 (LC122299) Acidovorax delafieldii (KC252710) 99 Proteobacteria

11 (LC122300) Mesorhizobium sp. (JN848795) 98 Proteobacteria

12 (LC122301) Azospirillum sp. (GQ369056) 99 Proteobacteria

13 (LC122302) Reyranella soli (NR_109674) 100 Proteobacteria

14 (LC122303) Aquabacterium limnoticum (NR_108739) 98 Proteobacteria

15 (LC122304) Uncultured bacterium (JQ371645) 98 Proteobacteria

16 (LC122305) Uncultured bacterium (HQ114187) 96 -

17 (LC122306) Caenimonas sp. (HM156151) 99 Proteobacteria

18 (LC122307) Uncultured gamma proteobacterium 99 Proteobacteria
(GU016233)

19 (LC122308) Caenimonas sp. (HM156151) 99 Proteobacteria

20 (LC122309) Uncultured beta proteobacterium 99 Proteobacteria
(HMS592577)

21 (LC122310) Thermomonas brevis (KM199275) 98 Proteobacteria

22 (LC122311) Uncultured bacterium (KR921124) 99 -

23 (LC122312) Hyphomicrobium aestuarii (NR_104954) 100 Proteobacteria

24 (LC122313) Uncultured bacterium (JN644170) 99 -

25 (LC122314) Lysobacter cookii (NR_112881) 98 Proteobacteria

26 (LC122315) Acetobacter pasteurianus (LK024186) 99 Proteobacteria

27 (LC122316) Oceanibaculum indicum (LN650478) 97 Proteobacteria

28 (LC122317) Agricultural soil bacterium (HQ132692) 97 -

29 (LC122318) Uncultured bacterium (HM988822) 100 -

30 (LC122319) Actinophytocola burenkhanensis 96 Actinobacteria
(AB535095)

31 (LC122320) Uncultured actinobacterium (FJ569299) 99 Actinobacteria

32 (LC122321) Uncultured bacterium (JF028565) 99 -

33 (LC122322) Uncultured bacterium (KC562911) 100 -

34 (LC122323) Uncultured bacterium (FJ568375) 96 -

35 (LC122324) Uncultured bacterium (LN680160) 100 -

36 (LC122325) Pseudonocardia sp. (GQ924573) 99 Actinobacteria

37 (LC122326) Gemmatirosa kalamazoonesis (CP007128) 95 Gemmatimonadetes

38 (LC122327) Uncultured bacterium (KP156266) 99 -
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Fig. 32 IZEH 13k DNA §d%> PCR 7 > 7Y =2 D PCR-DGGE 4 % 7~k L T\ 5, BAIK
LD, 34 HORLZ N RBRE I, RHST AV RIZ, EE (T=1) 225
D FEZ Ao CTNEFICHE B & D1 F 7=, Table 20 13 H S = BEEOSHEREZ R LTV
B, ARFEFTIZE Y, ARLHEIZIX, Ascomycota f, Basidiomycota [, 35X T Zygomycota 4
BT HEENEET S Z NS E /2> 72, PCR-DGGE 4 LV, CSO L—>2 TiE, 29
NUR (199, 11-14, 16-28, 30-31 B LV 33) A&z, CS3 L—TlE, #H7zi 29
BIO3R2EONR FRHBLLZD, CSOL—rTROLAZ 16 BEI1T FEDR KRN
S5 F72, CS3L—r D I BLUIZFEDOAY ROWEL, CSODF Ll LTHmL
7oo BS3 O/ RANZ =3 R SN nolzZ &, BEUON R 13 O5ffE
23 CS3 D/ R 13 OFRE L VRN & ZBRUVT, CS3 DN RAXZ—2 LHHEIL Tz,
CS7T L—r T, NUR10BEO IS BHBLLZ—HT, N 12, 23, 26, 28, BLW
30-33 N L7, BSTELINCST L—r DR RRF—0F, BSTL—r DR R 128
X244 OFRFEN, CSTL—2D 128X 24 OFRE LY & E2FRWVTE, KENICHE
LT\, —J, FSTL—2D Ry ROHIL CSTHBELOBST L—2 DR RO LY b
B L, 7308 (2, 4, 6, 8, 12, 21, BLU24) BN Enz, 2nbH 7 o0
Ny RO L, R R2, 8, 12, BEO21 1% Ascomycota FHIC & 5 EEF H K DNA ThH >
7z (Table 5), AGER LEEF)20 7 HOMEYIH IR E R TR (Chaetomella raphigera[146],
Saccharicola bicolor[147], Setophoma terrestris[148], Leptosphaerulina chartarum[149], Periconia
sp.[150], Verticillium dahliae[151], ¥ X Plectosphaerella cucumerina[152]) 73R 47z,
77 A% DO BSTBLOFST PITRBIT D S. terrestris (VN2 K 12) O KRR, CS7TITR
JDENDONAY REEE XY K&E o7 (Fig. 32),

3 months 7 months
M CSO CS3 BS3 FS3 CS7 BS7 FS7

."‘

Fig. 32. PCR-DGGE profile of fungal flora in the soil samples. (M:
DGGE marker, CS: control soil, BS: bulk soil, FS: soil in the
vicinity of film surface)
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Table 20. Identification of bands corresponding to band numbers in Fig. 32 based on the ITS region.

Band number Closest relative species Identity Phylum
(Accession number) (Accession number) (%)

1 (LC125599) Saccharicola bicolor (KM979977) 98 Ascomycota
2 (LC125600) Apodus oryzae (AY681200) 99 Ascomycota
3 (LC125601) Mortierella ambigua (KP966612) 98 Zygomycota
4 (LC125602) ND ND ND

5 (LC125603) ND ND ND

6(-) NI NI NI

7 (LC125604) Chaetomella raphigera (KF669891) 97 Ascomycota
8 (LC125605) Saccharicola bicolor (KM979977) 98 Ascomycota
9 (LC125606) Chaetomella raphigera (KF669891) 97 Ascomycota
10 (LC125607) Chaetomella raphigera (KF669891) 100 Ascomycota
11 (LC125608) Tetracladium furcatum (EU883432) 99 Ascomycota
12 (LC125609) Setophoma terrestris (KF251246) 100 Ascomycota
13 (LC125610) Setophoma terrestris (KF251246) 99 Ascomycota
14 (LC125611) Saccharicola bicolor (KM979977) 98 Ascomycota
15 (LC125612) Mortierella elongata (KF944459) 97 Zygomycota
16 (LC125613) Mortierella elongata (JN943803) 97 Zygomycota
17 (LC125614) Mortierella alpina (JN943803) 98 Zygomycota
18 (LC125615) Pseudaleuria sp. (AB520861) 99 Ascomycota
19 (LC125616) Minimedusa polyspora (KC176294) 95 Basidiomycota
20 (LC125617) Saccharicola bicolor (AF455415) 98 Ascomycota
21 (LC125618) Humicola fuscoatra (KJ767117) 100 Ascomycota
22 (LC125619) Leptosphaerulina chartarum (KF445073) 99 Ascomycota
23 (LC125620) Humicola fuscoatra (KJ767117) 100 Ascomycota
24 (LC125621) ND ND ND

25 (LC125622) Periconia sp. (KF227879) 99 Ascomycota
26(-) NI NI NI

27 (LC125623) Periconia sp. (KF227879) 99 Ascomycota
28 (LC125624) ND ND ND

29 (LC125625) Verticillium dahliae (HQ839784) 99 Ascomycota
30 (LC125626) Uncultured fungus (LC026314) 99 -

31 (LC125627) ND ND ND

32 (LC125628) Uncultured fungus (LC026314) 99 -

33 (LC125629) Plectosphaerella cucumerina (JX431888) 100 Ascomycota
34 (LC125630) Mortierella sp. (HQ608097) 98 Zygomycota
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ND: not determined (Identity < 95% for ITS sequence in the Genbank), NI: There were no related species in data bank.



TIET OME I X OEE ORI R

AL 15 (CS0) 3L N30°CTT7 » HMRIEL7Z= > e —/L (CS7), »Sv7 (BS7),
BEOT7 4 v AJEH B (FS7) oo, MiEls L EREHRK 1DNA O 2 v —H%E& PCR
B LD FATZ[141], CSO DMIEF L OERFEB R DNA O 2 v —H1%, T 1gH7=v i
17100 B L U33x10"MHTH -7, T B DOEE VT 7 7 Hi% 0% 14 (CS7, BST,
BLOFST) FIE £ 5 M E B L OE# H K tDNA OFx% = v —$ & 5 L7255 % %, Fig.
33 (259, CST DAME ¥ L OB H 3 rDNA 0 = B — %1%, CS0 DAl 3 L OVEL [ 3 tDNA
O3 % & g LT Lie, BS7 O 3K rDNA o = B2 —%i CS0 Ol i 3k rDNA
DAE—HDK 0.7 5 Th o7, CST OMEHK (IDNA O a2 B —# DK 23 5 Th o7,
BS7 O E K tDNA @ =2 B —%ki%, CS0 L IFIER L TH Y, CST DEFEHMB N rDNA D2 &
—H DK 3.8 5 Tho7-, FST OMIEE I L O E 3K rDNA @ = B —%iX €S0, CS7 B L

BSTDOZin X0 b Ehoiz,

2.5

20

15

==

1.0

]

Relative copy number

05

'

0.0
CS0

Fig. 33. Relative copy number of bacterial (16S) and
fungal (18S) rDNA in initial soil (CS0), control soil
(CS7), bulk soil (BS7), and soil in the vicinity of film
surface (FS7) after 7 months. White and black bars
indicate relative copy number of bacteria and fungi,
respectively. Error bars indicate the ranges of

CS7

BS7

Soil samples

experimental data (n = 3).
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Brassica rapa var. chinesis# 55 iR

Fig. 341330 °C T7 » AR L= = b —/L 18 (CS7, (a)) 3 L PBAT HiE%
+5e (BS7, (b)) T,25°C T#b5L7=, B.rapa var. chinensis %1~ LT\ 5%, 1 AR OFKE:
O, B. rapa var. chinensis \Z3\C, FEMIREMAEMIC L0 & 72 5 4025 BBEH G
7o EOFIRITMER S 7edr o 72, Table 21 1%, FK5 L7z B. rapa var. chinensis D ¥/ & %
R~ LTW5A,BS7 THES L7z B. rapa var. chinensis D ¥ 1%, CS7 TH#kEs L 7= B. rapa var.
chinensis DWIRE & VD HIENIRKE o7 (Table 21),

Fig. 34. B. rapa var. chinensis grown on control soil: CS7 (a), and bulk soil: BS7 (b). The plant was
grown at 25 °C for 1 month on the either soil, CS7 or BS7 in the plant growth chamber.

Table 21. Dry weight of B. rapa var. chinensis.

Soil Dry weight (g)
csT* 0.076+0.019
BS7" 0.089+0.024

Plants were recovered after they were grown for 1 month at 25°C (n =5).

a CS7 indicates control soil after incubation for 7 months at 30 °C without
PBAT films (cf. Fig. 25).

b BS7 indicates bulk soil after incubation for 7 months at 30 °C with
PBAT films (cf. Fig. 25).
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3-3 B

PBAT (XA EEMEM & LTHWORTEY, FFESRE~ LT 7 4 L ALV E
S SN DFEMBICRIR ZIRE TE 5, — T, PBAT IR EIC KV AEES D
I FF—PICEODREND Z N> TWAH[52,53,57], ZDZ L1, PBAT #E¥T
HAWD5E, MYHEES PBAT ZRFIRE UCHIH LEEM LR, BIEDICEYEE
FLIETHREEMERH D LV ZEEZER LTS, D0, PBAT #Z¥AMHBRTLEEITMHED
72 DIZIE, PBAT O LEESRICfE 5 HEMAEM B EZ MO VERD S,

THEEHIEE U72 PBAT 7 4 LV A CITEERA N R O (Fig. 28), —J7, MBI, A
L7z B Tid PBAT 7 4 LV ARDIRENRNZ EZA SN LIE[62], A bD T LT,
AR EN T 72 b PBAT SN EET D 7 FF—F[52,53,57)1H D5\ M F U /8—F
(67172 £I2 LY, PBAT 7 4 L AREMKDSREPECTZZ EE2RB LTS, — 5T, i
HER L7= PBAT 7 4 L A DOFBIETARD O (Fig. 29), 2D X 57, FEEYHHE
Kizksd, RV AT LO0FEEKTIE, AFTICOME SN TVWDH[48,153], Zhidk, B
BRI T DK DT 4 VEANEIIRAL, S F#HZOET 57201405 (SR
i) s 1E- T, THEMER L7z PBAT 7 4 /L LD o &K TIX, FEAEMAIIK T K DR iR
kv biban-tEZLHND[153], SEM EZHWi=7 4 v ADREFERERBZE LY, i
HER 3 » AIZ, 7 4 Vv AREICRBHDIHRE SN (Fig. 30), LEHROKS L, 740
LARMITTERENTZBAENONEIRAL, TATEEZULIZEEZ NS, UE
D EMB, HERIZEITD PBAT 7 1 /L AOSRIZITEFR I J OFREEZRAIINK S iR 75
THETHEZEZLND,

PBAT M HEEM/AEW# I KX T B Z TN 5729, PCR-DGGE it 217 ->7-, 3 B L
7 7 A%, v bo—L4H (CS) BIOVULY 18 (BS) FOMEBEFEIZAWICHERIL T
Wiz (Fig. 31), 2D Z &5, PBAT 7 4 /L A0 HEEMHER X, BS OMEFEICIT & A S RE
ERIZSBRNZERHALNE o7, ZORRIE, MO FERA Y Z AT L THLARY
s (PLA), AV 7w 727 b (PCL), BLORY (FFLoH 7o Rr—h-—a-7 I~
— k) (PBSA) N HHEMEHBICEEL L2 RN EWNIFERLE L TW/E[108], — 5T,
Caenimonas JEF SOV Hyphomicrobium J&DFE D, 3 » A% D 7 4 v L&D 123 (FS) DA
TR SR, 202 &5, FSOMEEILIPBAT ICX Vb TNCEEEZTHZ LD
o7z, Caenimonas J& % & 1e Comamonadaseae DFMEN T T AF v 7 7 4 )V AR HITHERK
SNTENA T T 4V EAFNLHRE SN TWD Z LT A[154], Hyphomicrobium J&HE 133
AT T A NVAFEREEEET D EDH[155], ZHAUHAME X PBAT 7 4 /L AL ANA £ 7
AV AEER L, L7720, FS oSNz eEZ bbb, ARBEEEMITCIL, Rk
HiM 2 L C, PBAT i@ CTH 5 B. pumilus B S N7einotz, ZDZ &5, B.
pumilus 13 PBAT O3 RICENTHFEO—EHTIIH 5T E S, PBAT D4Rl X0 4
SN ERNboroTo, UL, B.pumilus 73 PBAT €/ ~v—%IFEAEENL LN &
CRARRH D EHEE S NLD,

AWFIETIE, 7 7 AZRDOFSIZBW T CS BLUBS LV b EEOZEMENME T2 2 &M
otz FEEOFEEN, N AT /LAKRY 7L %2, PCL, PBSu, 3L PBSA O 7 ¢
v T EE#ERT S BB 5N TV A[109,142], £7-, Ascomycota FHIZJET 2 E
WRY T AT VT 4 )V AREITEBEND Z ENRE SN TVBH[109], AFZEICBNTD,
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FS7 FICHFET 2 THOBEEED 9 5, [RETE b DIE4 T Ascomycota FJIZJE L T iz

(Table 20), Z4LHDZ LD, Ascomycota FAIZJE T H4K72% PBAT 7 ¢ /L A FKHNIZEM S
nodEEZHNS, LA, 41X Ascomycota P2 JE T2 Isaria fumosorosea 73 THEERBTIZH
75 PBAT O fRICBWTEEREHEZR T L2H b0 LIE[62], AT,
Ascomycota FADE RN AEPET 5 7 F T —BHEEFE D PBAT 2052 L b b e o
TUW5[65], > T, FS H T Ascomycota FIDOHEE S, 7 FF —BEkEEFE % T PBAT %
R, TONEMEIRFERE UCRIATS 2 & THFEL, FS HCERF Lo/ 2B X
bihd,

CS7 B L BS7T OEHE#H X, BSTH D S. terrestris (/32 K 12) BLORFEERE (S K
24) DAFAEREN CST HDOZENL W Eo2Z L 2BNWT, BEWICEE L TWE, 2oz &
25, PBATIEIBS DEE#ICKE R ELHE X Wb OD, HHFEOEE O AL
5.2 DA S 5, S. terrestris 35 L ORFEIEFEN FSTH CTHRE SN L &2EET5 &,
ZHD 2 BRI BT T PBAT O fRIZEG L TWH AIREMED & D,

& PCR Ot R/ 5 (Fig. 33), BSTIZH T 2/ L OEFEEN CSTIZBIFHEN LD
HE ol Z Enn, TEEMER LOERD PBAT #/RERE L CHHLTHEHELZEE
b5, SHIZ, FS7TIZHT Al K OEEKIL BS7T LV &% o7, HHMAESHD
BIHE, AHRE, 7, BIOWWERER EORBIFREINCE 0EMT 5 ER/M5
NTWAH[141], FST IZBIT D mFEIRE LTO PBAT i D&%, BST DXL v L%
BIcEnWEEzZ5N5, [>T, BST &V FS7T ICHFETHMERB I OEEHOENEL 2o
TEHEEIND,

AR T, WWIRIREN 7 » Hi% D CS, BS, BLOFS b &= (Fig. 32, Table
20), FFiC, MR EE CTh D S. terrestris UrixfliiL, BS7T THM L7z, L L7226, CS7
B X WBS7 TH#cks L7z B. rapa var. chinensis DAEFITIL, KREREWN R L7220 - 7= (Fig.
34, Table21), 2D Z L%, PBAT @ HHEHFRIIAMM OEFTITIZ LAV EFEL X2
EhRRLTND, HEBAEMEZ, FICERELAERIATZICL22rDLT, AD
HENKIEMIZ R bR 2HEALE LT 2 2O ERNEZLND, —DlF, BELHEE
B OB SR TE 5, S. terrestris 1%, EREDOHREFE & L THREBRNH AT 755
RO X DIREEORE XN, 777 TR OMWY T D B. rapa var. chinensis
IR L NME S 2o T2 B2 L DH[148], MOEH & LT, B. rapa var. chinensis &
W B L EAR B (PGPR) OPRIMRIEMN ST %5, KRBk 221X, PGPR ThH D
Azospirillum, 35 O Mesorhizobium JE M 23 FAE L T e, 24U D PGPR I, % 3 [ E[91,92],
U U BRYE D IKIEAR[93,94], FEMRILE L DAFU95], B L OWMIREMAEY LA TH L
IZ&0[97], HMOEE ZEHET 5, PGPR MNTEFEL TV =72, PGPR MHEWIRE R AY
WX 720 SN ~DEZEZFAR U458, B. rapa var. chinensis |28 D BN &
ESNhoT-AREERE Z BN D,

fth )7 TiX, PBAT O HIEEIERIZEWH SN D 0L, KIR, 2> a v Yy, BLUD
TALXOERIZEZEL L0 RN ERME SN TWAH[156], ofiEm G x 5 Ak
FIEDOB RN EZ D L, PBAT O L 0 Bk S i AEm#72 1 ¢, ko &
INTZE DLW BAR Y B. rapa var. chinensis \Z%F U CHEERZEZ MIF I 720, LLEORER NS,
PBAT % & {e 3 EMIT, BIEMORIEICEL TWD EEX b5,
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BEHASALT 74NV LERANDZEICLY, BEMONHEEEZEODLZENTED, 2
DI=ORFER~ VT 7 4 LV A0E, BROZEMGENLEENDBRICHNT, HEREES
Mo—o2>Thsd, L, WAL F 7o 20ERICEISIERISND, REDD
WITEBRBE~OBEBEBRRE L o> TV D, Z0 k) RfEOMIKDO—> L LT, HAKIC
F oA NUETFTREZ, AN fRE~ AT 7 4V ARER STV D, AEEERCTIE, 4
SRt~ T E L TR END, RY (FF L7V~ h—a-7 L 7% L—|) (PBAT)
O PRI T DI SRR 2 B & M2 T 5720, R ME TP IEYE PBAT 2 fif i@ o
HAEE, RO, B KO PBAT MK RIESR DRSO T 21T > 72, F7z, PBAT O 152453 fif
2D, TEMAEMBEE AT, EMAETICHTHIRELT LML,

B ETIE, BHEFERILEARSR Y ATV Th D PBAT OO 2k ~7=, 7=,
PBAT OFEMARFER X OVESFEIEIZ DWW CRER L2, S 512, PBAT O fRIZB 53 514
A2 PBAT MUK fREEFZICOW TRkl L7z, T, HEAms L O st b
WO AEAERIZOWTHI L7, &ZIC, RO B ZBR~R7z,

%2 F T, TBHEBRBE XV HEE L7 PBAT 0B ORI 21T o7z, Fiz, HBEEN
HEFET D PBAT NMAKGREEFZ D/ 0 —= 0 T B X O ST 217 -7, BEERELD, 3K
@ PBAT 73 fi##l#, NKCM3201, NKCM3202, 3 K UNNKCM3101 % Hif L7-, R AR
Hr& v, ZisORRIX Bacillus pumilus | 2R T D Z L b hrolz, Ziuh 3 #kI% PBAT
T 4N AEFAFN 122, 106, 3L 6.4 pg/day/em® DEEETHR LT=, F&H FU PBAT
T AV DO PRIREE B A D NKCM3201 BR A2 RIS RFEO 1T L7, ARERIL, 4FXBVEREL T I
BNT30°CH5H40°C TELSHEIET 5, GFXMEFIREME ChH o7, AEKELD, 648bp D
PBAT MUKy fifl#s% (PBATHg,) Bint (pbathg,) %7 v—=1 7 L7z, pbathg, %, 347
RBERENORD VT TNRTF RefFT 52157 IV BEEELEa—-FLTWe, 73
J BRIEBARNT/ O, PBATHg, I3 Ser77, Aspl33, XN Hisl56 25 7e 2 fillit =% % H 9
LY VKRG IEESZEA—N—T 7 IV =BT DL R bhoTc, KEEOKRER Y —
3DETFTV T LD, KEZENY v R AL R0 o/p MADRESRZ CTHDHZ ERD
o lm, AREFIL, PBAT, PBSA, PESu, 3L PCL 7 4 L A% FNZEH 143, 3.3x10%,
7.0x10%, 3 X 1.1x107 pg/day/em® DR BE THIAKE LT-, ABEEZEIZ L % PBAT S fRpEW D
WKk a~ 777 4 —BHE&OHM LY, KBERILITZ o OF—NBLOT L7 Z VBRI
FERIND AT NG E, TOVEVBBIOT X U4 — VBIZERE N D = AT Vi
ALV BIEDENITBOHEE TR DI ERNb o, ZOT AT IOUEAITRT D BIRE
75 PBSA, PESu, 3 X OVPCL O3 (2t~ C PBAT O iEE N BEVWRINTH 5 &%
A BiLD, PBATH, 1%, PBAT %, MR TH D 14-T X TPA—, TV, BX
OT L7 XV E TS 5 —J7C, NKCM3201 ¥RiZ 20 SRR 2 8L Lo 72,
ZDOZEND, AEPGFIET D HRREE T CTO PBAT O fif TiX, AFRIL PBATH,, & 4
T5HZLIZEY PBAT @O | RGFRIZHFH L L, DFRICHEWE oo o g (2 IR R)
1%, TEPICHEET DoAY & oRERICE D #ER SN D LRt T2 (Fig. 35),

3 ETIE, 30 ‘ClTEIF 5 PBAT 7 4 /L AD TEESRITAE S T EMAMELRLEZ R Y A
T — P S -2 AR AL 7 L EEAVKE) (PCR-DGGE) EICE VAL, 7 4L A
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FmrEIE (FS) OBEE#EL, 7 7 O PBAT k%, K& Bk LT, BB AMAT
XV, FS ITiE, Ascomycota FIIZE T HEFEDEREIND Z b oTz, MZ T, PBAT
DFEF V7 13 (BS) ICBWTHLIMOEHDOWIIC B L 525 Z LinbhoT,
—J7, PBAT %, BS B LUFS O HEMEHICIZ & A EREE KITST, PBAT DfEETH
% B. pumilus (IR SN2 o702, 72,7 r AFICHIZ S RIEHF T, BS B LT FS 05,
M ABFREME (PGPR) TH D, Azospirillum 3 X O Mesorhizobium J& O M3 H X1
oo FMMEBOBE NGB 25 L, PBAT & MK L7- 1 CTHAK5 L7 Brassica rapa var.
chinensis D/EEIL, a v b — /L EETHE L2 NOAE L IRTBIC, ADEEELS
FRNWZ ENDNroTz, DT &G, PBAT O MR X 5 HEMAEM#EZIL, B. rapa
var. chinensis D/E BB L RITS 72V LALLM E 2572 (Fig. 35),

Plant
Fungus : éi’
Bacterium : )

I Chapter 2 Degradation products ’ No negative influence‘ Chapter 3 !
0, OH EE

i Ho\’\ D ‘<o Ei

1 o ::

|| €Oz, Ho0 || ronnon whnnye :: %f

i ° )

Metabolism Hydrolysis éiAT Influence

D 9

2 2 Producti & Small inﬂuence, ? *, %17
roduction i |

* 2 é} ‘{%ATH&;; 9. Soil micorobiota

Soil micororganisms . i
B. pumilus it B. pumilus

Fig. 35. Biodegradation mechanisms of PBAT in mild conditions (soil environments).

KRUFFRERIEL, SHOMEICONTHEMRT 5. AL TIE, TIREEE FICET 5 PBAT
DoRIZ, THEME TH D B, pumilus HBEGT5Z L0 60E 7257 (Fig. 35), PBAT
SyfEMEE B. pumilus NKCM3201 #kH13K PBAT MK 53 figi s (PBATHp,) OFHESIT LD,

TS IR M B S O PBAT 0 fRIER 1L, U > R KA A U HFF720 o/ MK fiREESE ©
D EMHLNEIR T, ZORHEIE, BESMEME Bok PBAT MK fiRRESE DR & 1
BIDHEOD, %< OHBWERIE RSk PBAT MKGRES (7 F 7 —18) OB EEBIL
THY, MENEET D PBAT IKGMEEEFE DL X, Uy R AL Z2EZRV of K
NEBEFZECTH DL EEBEZOND, —JF, 7T T —UHERL, WMWIEERMED X - TEE
ENDZEDHESNHTWAT=D[77], PBAT O HEEMZR T HEMAM#E AL ZL S, Y
IR A Z GRS E L Z L AErd 5, £2C, HEMAEMERITZIToT2E 2 A,

PRt N T R K7 PBAT I3, PBAT & HiEIC BT 2 HE#ICHE A KT T3,
THREROWEDFEIITIZEAEBELRITS N ERXbIo7- (Fig. 35), £z, 20
fER D, PBAT 73 ff#l A B. pumilus 1T HIER TEBIN LW LR LN E -T2, Zh
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Fig. 36. Control of the biodegradation of biodegradable mulch films.
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