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1-1 ISR 7T AF v 715G

Fx0HOEY T, AMBERONAET 7 2AF > 7 EHniz% < of B3 ER ST

%, 2014 AEBIAE, R T3E 1100 5 h o DT T AF v 7 NEESNTWA[L], EiEE

TIHEREOT T AF v 7 OREDIE, EIRE LTEIRE, 7 VT H A 70

— VA I NVELE L TAEMIERHEI N TWS, —F, PETELINERETICED—
IREFICMH L TWAE Z R bhoTnD, £, %E‘%LJ:.“C %, SedEE L ek

LT TAF w7 PEREASRET 2FIE1TT - &2 [2-4], TEPE LW D Rt A
HWWRAMT T AF v 71%, ZO XD ITHELBREFIZEREL, “ﬁﬁﬁmikﬁofwé
FIBEEINTWDOIE, MFERETICRE L TWL 77 2AF v 7 T, BES TEHRH
530 - 1430 7 F NERE L TND Z &b oTETZ[L, 2,5], 1972 DO TEL DT T A
T o ZHR BACKEEE LICTFEE L TV D 2 E 0N X7z [6], 1988 42T A U BEERE
JTISKOFE = 2 L b (Great Pacific Garbage Patch) D1FEZ HEE L72[7], & 512 Moore & D
MR 7 7 A F y ZIZET 278280, ZofMEE, HRAMICER SN Lo hko
72[8l, MHETFICB T DT T AF v VR OFIEREIIRKT, 1 ¥EHFF*FaA—MrdHizb
3271 THY, TOEEIX, TV hrOENOR6MGELH ST, ZD X DR

IV N, BEBEOTTAF v 7 OB PO IILTWD T2, THERERO T
BT EFEHIN TV A, KIFFEICEBW T, AEREERIGICE D 7T AF v 7 AiE
T ANCEET 2 Z 0o T2, — DI HARDHA : Western Garbage Patch TH ¥,
H ) —DFNTA LB Y T /=7 DfF : Eastern Garbage Patch T& 5[9] (Figure 1), F7=,
KT I~V M, ”ﬁ*@ IIVL R TIEARL, T AU DORMEREME Th HILREEE
THRERBIRICEY, WET IEFBMEAHBL TWD LoRERH D, SHIZ, O
RN IRES ‘9”72&29’6/( VORVE, R, FERPEFEIC SRR G OFAEN FRIS T
WA [10],

Subtropical
Convergence Zone
y BT .
Kuroshio T California
Western Garbage Patch Eastern Garbage Patch or
N. Pacific Subtropical High

Figure 1. The Great Pacific Garbage Patch in the North Pacific Ocean[11].
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1980 EMRITIE, T AF v 7 BEEMICK LT, 7T AF v 7 EFERT, TTAF v IBE
TMILREOBEFY DO > LD T —H eV B L2, MERL T o72[12), L
U S, FEOHFRIZE > TR L7277 A F v 7 BEFEMIL, 7720 IMET
372 <, AERER, BREEEME, ARMARLORE L EILHAICEEEZKIEFLTWDLZ LN
Do TE iz, WHFEREICB TS 77 AT v 7 FEFEMIL, J8 O 0I5 % IR K OYRHNE
THREN HFFD, FREITEA G Y E (POPs) R HE 4 i OIIATIR & 72 5[13], Rios B O#HEIZ
KB &, WENPONE LT T AF v 7 BEFEMIL, 50%LL B3R Y ke~ = =/1(PCBs),
40%73 R FS K ONZIE 80% 1 S8R 15 B IRIKAL KB (PAHS) & & H L T\ [14], £7-, b
DT T AF v 7 OB E ORI, KL EL, BEAYEE~OBEEYE L LT,
AREFEEOMEE X5 ATV S,

WLERICER LT 77 AF v 7 BEEEW)IE, 1T polyethylene(PE)3s X O polypropylene (PP)
Toh H[15, 16], b, WAKOEE LY HARVEAFEMERECH Y, w2k, i, »—
7, RBIOTA L L TR —KIEH S TWD, £72, ZNHDRAET T A
F v 7 OEMEEMEZ, —H, TA0MEHEPICHH SAUTERET 2 REICH 8> T
514, WEECB T DT T AF v 7 BEHEMIE, BREIIEEV IR VIS, WHLEB IO,
U W AN EHEN R E A E i 2 LT\ 5[4, 17, 18] (Figure 2).

7 g <- - Tt ) i NN
Figure 2. Examples of ingestion and entangle: (A) plastic in seabirds stomach[19]; (B) turtle entangled in fishing nets[20].



RERTTAF v 7 BEFWIL, Vo THEE 2138 OERR K A2+ 5 2 Licky =
OO F| & 297 [21], IS, HEMTHON TV DMHEIC IS W TR EICFEE I Tz
H, B X090 k72 8%, BEIEINCTHOEROEY 2 M Lkelr, THISE#ZE] (ghost
fishing) & FEIEALTUN B[22, 23], Matsuoka & DFEFHZ LY, —oDREFSNI-fMEH -0,
HASEIRE AT D REIFIE, 30-328 HCTH Y, 84-455 IO Z T 5 LHEESIN TV D,
—77, BBk JORE 20 LidE Ethe, WEREEA KT 5RHIX, 30-586 HTH Y,
4.4-1823 ILD S L ORBHAA T H[24]), $£7=, IF, RERT T AT v 7 BEEWITN
2T, PI9AF v 7 OMARRLIER SN TWS, L OWEEMIT, Zh O LR
ZEEL TV 5[4, 25, 26], MELEAEM EMBEIE, NSWTTAF v 7 2fEZ TREWE L
TERT S, VITAE, ENTTAF v I RERGEHO 7 Z7 7L MEZTRITLED
[17]. 2O DOWEEMIZ, I AF v 7 28T 2 2 LI X0 BOrEAsER LR
KFZ5I &L, HEAICHICES[B], Laist OEICE DL, 7T AF v 7EEIZET
DY A D 86%, i 5D 44%FS K OV LA D 43% % 5 10 267 FED AW TR H ALz,
ZORRIZT T AT w7 BEFEMIE, FEFITE  OWFEAEMITK U TR & 72> T
% AlHEMED B B [27],

WKL VIREBER T T AF v 7 OA, TNHOAIX, KR TOMINT, Wik
FOBETLZENTED, TROLORAIE, NSARBERE LCMHE LZEZH LV
SrTlZJ#E 55 [28], Rees B, TN OHDOBENAL RV 52577 AF v 7%, Perforatus
perforates &9 7 PV AROBEDIL LICEb > TWD LR L TWAH[29], 72, 2 b
DBEFEY DFE DEMBHELE PRI 2 A, B, 7UVR, alr AvBL O elE
PR ENT[30], DX HIZ, 7T AF v 7 BEEMEBEEIR)IL, FEx0EWITH-/ER
AR D7, SO T2 2 G AR & L CHEFICRERIFAEL EEZ LN 5[31],
77, ZOX )RR TEMIRANEL D Z &I, WBEEEMOSEEMEI S LT HIEBENR
B ETRD D B[32],

TTATF w7 DREFEWIL, ERER~OEELT CIER, ANEHLORFIEENIKR LT
BRE B EH 2 CD, Takehama OHEIC LD &, BHRIZBIT DA77 AF v 7 OFEHE
N X DI ~DOEEFEIT, FH 66 (HHTHD Z EHEE SN TV 5[33], 2005 40 K [H [FH
SEERSIT(NOAAS) DI EIZ LHUE, 7T AF v 7 OFEFEMIZ LD 269 fFD AR — hEik
NV, 15 A, BFk 116 AB L300 7 RAVORFERNH -72[12], 7 V7 KFEHE
MR DWFEPEZE T, T X9 REFIL, FHI0E NV Th D LHEE 4TV 5[34-36],



1-2 RYU @G-t Fax 7% ) [PBHB) D AA AL

EARBIEE T OME D% 1%, B, TAa— LB IOMAEFE L L, =xLX—%Han
B Y 2 AT L THhHRY (B-& FaxT 7 b i) (PHA) E L TEZ TWAHI37, 38], %
AN, SNTICIRBIENANET D &, EIEN PHA DfERERIC L 0 EIKNO PHA 27 &5
v COAIZHEL, =3 NF—JiE LTHIAT5Z R TED, DED, PHAIE, E MIB
TS T DT E L B2 5 2 ENTE D, 1925 12, NAY — VRO
Lemoignei (Z X ¥, Bacillus megaterium 7>, P(3HB) (Figure 3)A3 il H & 417-[39], ZLLARE,
% < OMIE T PHA Z HIENICER T2 Z L3 b & 72 - 72 [40],

O

O

n

Figure 3. Chemical structure of poly(3-hydroxybutyrate):P(3HB)

I A F N EAEHT D PBHB)IE, & bARERRPHA O—FTH 5, PBHB)IL, AU~
oL (PP LI-ME A AT H-0(Table 1), IWHZ 7 AF v 7 & LTOISHANPHIEE
SNTWD, LAL2R2E, PEHB)HEIKL, Hifft LA B THWHEZF S0, £
DA I EIZHIBR S 41 5 [41, 42], PGRHB)DOWEm L7280, HEERSZ Do PHA B D
WFZED Rt ST X 72[40], FDOFER, ZiuETIZ 150 FELL B OfEiED 72 5 PHA $H
DHE STV H[43], PHABHIL, ZOMBAZEZ 22 LI2L - T, Table 1IR3 L 9IT
BRx A RBLT 5 Z LM BILTWD, FFIZ 3-B RF X2 UEEQGBHV) E DL EES
{& : poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)35 L T 3-& R 3% 2~ R (3HHX)
& DEEAK 1 poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH)IZ, i 7-ftkamE
AR Z N S ET ML LT < OWFFEHE 3 & £ [44-49], £ 7-BIfE £ TIZ PHBV
BELOPHBH 1L, PHELEEINTWA[B0, 511, HARIZRWTIL, BREHA %4 5 PHBH
%, AEMIFI 1000 R AEELTWD, 26O PEHB)B L UWF0dEAKIE, BREICCSL
WATEHE L TORIARIRE S LTV 5,



Table 1. Physical properties of P(3HB) copolymer and general-purpose plastics.

Melting temperature  Glass Transmition temperature Tensile strength Elongation at break

(Tm) (Tg) (Mpa) (%) Reference
P(3HB) 177 4 43 5 [52]
P(3HB-c0-20mol% 3HV) 145 1 20 50 [52]
P(3HB-co-12mol% 3HHX) 125 0 7 400 [53]
LDPE 130 - 11.9 496 [54]
HDPE 132 - 24 810 [55]
PP 175 -10 34 400 [52]

3HV: 3-hydroxyvalerate

3HHXx: 3-hydroxyhexanoate
4HB: 4-hydroxybutyrate

LDPE: low density polyethylene
HDPE: high density polyethylene
PP: polypropylene

P(3HB)E L O DIt EH AL, HIEEREEICAER T 5 SRR XL 0 &Rk & 5[56],
—J7, BTS2 o THEEBREE D & BT 220, L TFIORTHIE D PEHB)ARLE & LT
WA ST 5 : Bacillus, Colwellia, Halomonas, Moritella, Oceanimonas, Paracoccus,
Pseudoaltermonas, Saccharophagus, Shewanella 35 X T Vibrio BHHE[57-63], Z 415 O
PERIE S PEHB) Z/E> TV D LW ) FHEIZ L > T, PEHB) LM D L7 & FHEEEREL
BIFET D22 BN L DT -> TE T, WHFEMEIZK S PGHB)D AL, LLTFOF|
RPRHLTDERSNTND, ()EETLHEE, BRLETHLOIL, a2 Ix—Ts
YO D IR, QKA AN TEMZ T2 2 LA THY, BRI NDIA
MR RIA £ 560, 64, 65], F£7=, MEHFEREL, A RERFRETH L2, —K
BICHRE AR 1, SRR RFBERE BT 5 2 LN TE D, Bl2IE, WEEME CH
% Alcanivorax J&¥3 L UY Oceanobacter &l (%, 77 /L4 [66, 67], Cycloclasticus JEHHEE 1L,
HEBEWEBIZ M L T F—ApET 5 2 LN TE D, T DR BRI &
AT 2WFEEMED 9 B, S HIZ PEHB)Z AT 5 Z &N TE DMIE FET 5, 2T
Oceanimonas doudoroffii #ki%, V 7' =% 8 kT 5 L[EKFIZ, PGHB)Z AT 2 Z LR TE
%[60]. Saccharophagus degradans ATCC 43961 tki%, 7 % — 7 3\ Akt v — A BEEY)
ZHHALTPEHB)ZERKT 5 Z & TE 5H[69],



1-3 ELEICE T D P(3HB) D43 it

P(3HB)I, £k~ 7R BREEH CHEN 7= A it & - 97[70], BifE £ TIg, P(3HB)i 15VE[71, 72],
i) O HERE[46, 73], H3HE[74-76], ¥K[77, 78] L OMEAK[79, 80]72 £ % < DEREEIZEB W THy
g% 2 L BRHE SN TWD, MEEICIIT D PEHB)D R E, 1R, Mﬂ@ﬁﬁ, %
g aE, HRER JOMAEm O EfE 2 ORFIZEEBEINSH([79,81-83], £z, il
TOmIE, ARIR, 6 X OMRRRREFER & DRI, PRHB) DA RIE 4K T S & 5 [84].

BREEPICAFAET D PBHB)IL, UMD BEIRINI /3T % P(BHB) /Rl RIZ 1 0 K53 iR
T 5, BAEDD, DI VECTE ) ~—0F U I~ —72 8 OKEME D RED & 2R
ELTRIAL, ST i bk FE & RKICHIRT D, ZHVETIC, #Z< D PBHB)i#
HDS, BE & 70 B SREREE ) b Bl S LT 5 [73, 74, 76, 77, 80, 85, 86], & 512, 4 5 D P(3HB)
YRR D D E RSN PRHB) iRl SRR S, = OME 73>u$1‘ﬂ3 CHFFE S T & 7280,
85,87-93], itlZ72->C, Bl 7 uv—=V7HiKOBRE LWIERIZ LY P(3HB) /iRl
FOHF LV TOHMBLEALTETEY, BEIC KD IE N A ﬁ%XAﬁﬁFEﬁ IZREL
5. LT % [94-96],

P(BHB) il 561%, 1M OIS ' Y U FRIEZ ST 1 L AR ¥ 2 L= 2 7 VK 43 iRl 56 (EC
31LIX)D—FETH 5, PRHB) R Z L RGO T I/ BEERHIIE, Figure 4A IR X5
(2, 3OO0 LR EN TS 1 V=B R v 7 2 &G iefitfit KA 1 2 (CD) ; M4y

BEA~DW G 2 WA 5 A R A A (SBD) ; CD & SBD #EfEdT 25U v H—FAA
(LD)[97, 98], CD I, )/\wm“yaxmﬁs XY, Type A(CD OHFIHIZALET D) X
O Type B (7 2/ KUlZim & Z AIALE T HNTKBIE I H[99], LD 2L, 747 m %72
7 > 1 A(fibronectin type 111), K L 4= %(threonine)¥s L O K~V Hl(cadherin)® 3 -2
DEATHPFIEL TV BH[98], SBD (Z1%, PHB B X ONPHV % A 7 05ME(ET 5[100, 101],
7z, PGBHB)/fEEEFIZIL, LLFICART, LBEOAIFIRFEN LoD, ()51 &l /@
40 - 60 kDa, (2) K5y Df#SE O FE SITTHEIEMERER pH7.5 - 9.8 DRI TH 5, @)FPED
v 77— TCEA A A HRBIR LSS, BUKMERIR LR FEA TS, @)pH E, IREE
T3 A A REOILWEIFE CTLEE TH D, (5)Diisopropyl fluorophates (DFP) & 5 X
Phenylmethane sulfonyl fluoride (PMSF)® X 5 7o Iy 7et& U MoK A B E AN &L -
TG &3 5[102, 103],

P(BHB)IX, RNV MEAWVEREET CTHiRT 5 Z L WM BTN DAY, BUfEE Tl HEE
SNTWDHREE LTI, 13&AERTHOUKFZHEERE L2 b DIZR LTV,
— 5T, WRFEREL & B & L7 PGHB) R E OWFIEEIT D721, Table 2 (2, BAEE TIZ
WEPEBRBE TR~ D BB, [FlE S 47 PGHB) a2 v, & BIZ, P(3HB) i fiflE 3 &
R EEH E TRENT S U7 AFZ21%, Alcaligenes faecalis AE122[104], Pseudomonas stutzeri
YM1006[105], Marinobacter sp. NK-1[106]43 & T* Bacillus sp. NRRL B-14911[107]4 #£IZ[R & 11
TWb, — 5T, TNOOWELHEERE T2 0MEOTITE, %mqﬂ%if%m:%ia
LTWAHES & 57012, WERA O P(3HB)S \ﬁﬁpfm-m&im ZIZ Marinobacter J&[108]
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¥ £ O Pseudoalteromonas JE[109JHIEE DA & E > TH L, £OHFTYH, HMEDEE, 77
fiRIESR DIRNT 72 &, RS 3B D I SN 7-HFZE1E, Marinobacter J&721F Tb 5, BIfE
F TITHEEMT SN2 _CoUgER sk P(3HB) 0 fiRl%35 1%, Figure 4B 1Zx 3 X H1g, 2
- SBD, AAXRIAIE WS E(>60kDa) %A LT 2, T b ORIE, HEED P(3HB) k%
TN, WK O PEHB) M iREESR L IT R > TRV, i 28 Cifpred T P(3HB)
EOELTCNWDZ EERIBELTWD,

Table 2. P(3HB)-degrading bacteria from the marine environment.

Year of publication Strain Ref.
1995 Alcaligenes faecalis AE122 [110]
1997 Pseudomonas stutzeri YM1006 [93]
2000 Marinobacter sp. NK-1 [108]
2000 Pseudoalteromonas sp. NRRL B-30083 [109]
2001 Streptomyces sp. SNG9 [111]
2005 Nocardiopsis aegyptia sp. nov. DSM 444427 [112]
2010 Enterobacter sp. IBP-VNL1, Bacillus sp. IBP-VN2, Gracilibacillus sp. IBP-VN3, [113]
Enterobacter sp. IBP-VN4, Enterobacter sp. IBP-VVN5 and Enterobacter sp. IBP-VN6.
2011 Bacillus sp. NRRL B-14911 [107]
CD LD SBD
(A) General P(3HB) depolymerase
Lipase box Fn I
I Type A PHB
(B) Marine P(3HB) depolymerase
I Type A
PHB

Figure4.  Domain structure of P(3HB) depolymerases. (A) General P(3HB) depolymerase[97]. (B) Marine P(3HB)
depolymerase. Fn Il1, fibronectin type II1; Thr, threonine; Cad, cadherin; PHV, PHV type SBDP; PHB, PHB type SBD.



1-4 #ELEME Shewanella J& fll i

WREMERIES & L C L < FnH s Shewanella J&#E X, Gamma Proteobacteria #fi(class)(Z J&
LTW5, %7, Shewanella JE#lF (X, Shewanellaceae F}(family)iZ &9 % ME— )& (genus)
TH Y, 20 FIELL_EOFE(species) > HA#RL X 41TV 2 JE(genus) T 5[114], Shewanella J&#l
EX, WK, BS{EED D), WEAY, WEHE, &2 WISEEEOHEREY 72 iAW
FERBED DB SN TV AH[115-117), =05 bH—oEiX, AMEITAORER & LT
W SN TWAH[L118, 119], WHIRE & L TCHA Th D Shewanella JEFE 1%, Shewanella
putrefaciens T& %, S. putrefaciens 1%, HOBMUIZETD > TV 5H[120], Z OAEIZIE, BHER
MEORRE ), RN, RIBESMERH D720, MEiTAo/d, "B IOREMIC LT
FELTNDZ ERHEEINTWD[I21], £72, HBEOHFFEIZIS T Shewanella J& il 1,
AR A~ DIS NS ST B [122, 123], £7-, Shewanella J@#ME TIX, #Hix
ST CEGORA M EEBTZAREE L TRATLIZENARETH D, FlxiE, 7
~ VERHR, WHERIE, A F L ALK F T R(DMS0), b U AF LT 2 v N-4F ¥ F(TMAO),
IR L O b~ o o E B/ RE L TR TE 5[124], =nbst, vo v~
[U(VDI[125], 7 & A[Cr (VD][126], = T &EE[127], 7 7 *F 7 A[128], * 7Y = A[129],
7V k= A[130], A T — T I[131], #ETVVERHE[131], Y U EEHE[132]6 L OV =
e EEBREEW[133, 134)7x ExE A/ KL LTRIATE 2 2 EmESh TS, 2
DFRIZ, Shewanella J&ME L, IWHMED@WEFZAERR RO, FEx G D 51
B> TWD, £, ZRRBMENZAT D720, WFREIZRIT 5 REFEMERICHE
PR 2 B LTV B [135],

1-5 ABFFED BHY

WHZTZ2AF v 71%, B, MLLTL, HERZNZ EnbBtaoh Tl
ERGETEEL TS, LrLRnd, WHT I AFy 7 IZRMZEREZ AL TR,
FWHIRZ W& Ch oy, RABREMEZEEZ L TWD, BHio7T —XI2 Xk
T 2014 FEFAE, 192 IFEER AL D 93%)7: 5, 530 - 1430 /5 b DT T AF v 7 D5
FEREIZIME L TWAIL, 2, 5], FFIZ, BEEINTARA T T AF v 78G5, WEICHH
L, MEHEERRZE L CDH[12, 16, 136, F7-, BENMTHOIL TV HIBKICB W I KE
DFEFE ST E D ERR S [137], TBSRIRFE] (ghost fishing)lc LV, KEZERIZKE 74
A =Tk 2 DA RE A X Z LTV H[138,139] . & HIZ, MBEPEEREEH CEL
ThH~vA 07T AF v ZIZIEPCBs, PAHs 72 EOBFYNAE LLT VI ERE ST
Do WHEEMIN I NOD~A 70T TAF v 7 ZWMVIATLZ LI2XD, FEWIXEEED D
FENICERE L, BREMICIE, b MCERVIAEND Z & T, HERREEL H X 5 AlRetEd R
e STV H[140, 141), 2D X DIS, FLWINT 7T AF v 7 DBREFEYZ EO L HITE
L TRET REND, REQREREMED 1 2LkoTn5,



ZOXRIRBERND, BRBEE CHMT 20T 7 AT v 7 ITREAHEZ R 5
ke LCHEE SNEHT-, EDET S AF v 7 & LTEREORS L 75> TV AIRE
B2 BB DO— 21X P(BHB) T %, MEEERSE: T P(BHB) & 5\ I O LEA RO FEMMEE & o
HT-OIE, WO B sUEEL & HIC, WIFRER COESMIEE 28 IZHE T 5
VEND D, BIEE T, THEEREES, WOKREIZIH T 2 PEHB)D A fEVEIXFEMICIIE S,
PBHB) A DIRIE, SR O S FERERIEIC 72> TV D, L LD D, i
FEEBREEH T PBHB)D A MRIZ BT 29813 22\, MEFERFA OIRIR IS L OV HEIR E DR
BEFIE, — R AESREOEBTICE > TIXEMEERE TIXR\V, 20X 5 iR
T PBHB) AL fifHiAE 2 B3 4UE, MEBRE N ICIW T R E 7 27 2 F v 7
o raketd b ECHEERMA AL AR S D,

AP EFR ST, VR TO PEHB) S 2 B O 223 572012, M P(3HB)
FRANE & HEEL, O PEHB) D EEER O L EE AR5, S5, WFERETO
PBHB) MR A T = A b a LT 5,

H1ETIE, Ao R ERITOMES R, SRR A RS T D,

W5 2 BECIX, B\ CBEEERRE K > SUEENE P(BHB) 0 R & Bl - R L, T DEB LM,
R Y T RATV OS5 RS L OVEL 2R S E T S T 5,

5 3 WU, Bl S V72 METEYE P(BHB) iR O P(3HB)  fidl Rl in T4/ m—=7 L,
FER 2 R BO—RIEEE ST 5, £, BEKES X O X R R OB %
L, 2o OME L HEEL OGRETIR S,

FAFETIE, BEOMIHEREBIEL, 4%

{1y

PREIZSW T 5,
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F2EE
WPEBREE 7> 5 @ P(3HB)4y fi# Shewanella J&
A B D BRI & AT
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2-1 FEB5ik
2-1-1 K

AUGB-t Fexo 7% UPEHB)IE, =20 2@ oittftsnz, RVU(e Fu
X7 UEE-c0-3-E R % EHEER)[P(3HB-co-3HV) ]I ICI #, KR U FLER(PLA) I B HEHRIE
i, RY(e-Hh7rF 7 k) (PCLITE A b TE¥MLE, RY(TFLoT P— h-co-7
FL T L7 % L— N)PBAT)IZBASF £, R U =F L o7 ok — 1~ (PESu)I H A (FE),
RYTF LY 7 vx—KPBSU), BLORI 7F L4 7 v x— k7 U~— hPBSA)IX
BiEm s FERASHEN O xRt SN, TNENDOESTE2 7 ma RV LITERL, A
X ) — )V CHLE 7o, LB %, JEAK(FILTER PAPER No.2, ADVANTEC #:f)|2 L v [[]
U7, RO S m?%uf%%:, ZOFEFASTNRY X =12 DETTVIELL, ~
UA—RIC LT T, RS S, AL, TomoRIEL, diIRORKR
HrtDEEMEM L, @7 4 VA 2F3 272012, BB LIcmn AR 059 %
suanadR/Lh 30 mLIZIEfRL, #I7A8OT7 T v by —LIZiit LIALTE, Thkg, TV
IETHE, NSWRE 1 OB, BIEEEAR IS, BENTRICERE LIk, ik
REZN M ET 5 £ C 3 M RIR THE LT,

2-1-2 Bt

FEERCHEH L7 SRRSO KK % Table 3 35 KON Table 4 (2773, [EREGHIZ (ERI9- 5 %
1%, SBICLE%NDERZEMA T, ~ U M AR HBE, & 612 3% NaCl 2z 7=,
RYZ 2T VOHAE, RV AT/ 1g %27 ard/Lh 100 mL (ZiEA L, Plysurf (55— T
SERRASAE) 0.01% (witv), B L OFEE/K 500 mL %01z, #BFHALEL(Tomy UD-200,
OUTPUT level 8)% 3 /[T >7-, FALIET O Z nuki bk, SETHEELLETD Z &1
K UBRE L, ZOHAHRIC Table 2-2 IR L7 B LN 1% DO FEREZMZ AR Y = AT )L
FLAbEE L & U7z, H5HiA 121°C, 15 oA — b7 L—7JRE L, £ D%, JWE Y ¥ — LT
it LiAATZ,

Table 3. The composition of LB medium(pH7.5)

Polypeptone 10.0g/L
Yeast extract 5.0 g/L
NaCl 5.0 g/L

Table 4. The composition of mineral medium(pH7.0)

KH,PO, 46 g/L
NaHPO, + 12H,0 11.6g/L
MgSO, + 7H,0 0.5¢g/L
NH.CI 10g/L
FeCl; - 6H,0 0.1g/L
Yeast Extract 0.5g/L

12



2-1-3

MAEY, X7 F—BLUOTTA ~—

FEBRCHEH LAY, X7 4 —BLOT T4 ~—% Table5 1277, 7 T4 ~—Df i
% Figure 5 |2/~ 7,

Table 5. Microbial strains, vectors and primers used in this study.

Relevant characteristic or sequence Reference
Strains
E. coli DH5a supE44 AlacU169(p80lacZAM15) hsdR17 recAl gyrA96 thi-1 relAl Toyobo
JKCM-AJ-6,1a P(3HB)-degrading bacterium This study
\ectors
pMD20 Cloning vector; Amp', lacZ Takara
16S-JKCM-AJ-6,1a.  pMD20 containing 16S rDNA of strain JKCM-AJ-6,1a; Amp', lacZ This study
Primers
M13M4 GTAAAACGACGGCCAG Takara
M13RV CAGGAAACAGCTATGAC Takara
165f GTTTGATCATGGCTCAG [142]
16Sr TACCTTGTTACGATTCA [143]
522f CAGCMGCCGCGGTAATWC [144]
943r ACCGCTTGTGCGGGCCC [145]
M13M4  16Sf 522f
pMD20 16S rDNA (1500bp) pMD20
N\ NN\
943r M13RV
Figure 5. Position of primers used for 16S rDNA.
2-1-4  HEEVE PEHB)Y DR O A Y ) —=2 7

50 pL OOBEEHEDIEFE/K (34°52'09.8"N 138°19'30.4"E) &~ Y o P(3HB)FLIL 55l (2 ¥
L, 30°C TR L7z, HBlLmau=—F0n 7 V7Y — BRI & 0 PRHB) I fifH 2 A
7V —=2 7 L72[74,99, 146], S 52, HEEREOMILIZ~ Y > LB E R H_E CEBREIC X

DiTHhhiz,
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2-1-5  P(BHB) I RHA M) D BT HIfRAT

HABERE D 16S IDNA % =2 1 =—PCR {EIZ X 0 H9E U 7-[142, 147 EH L7277 A ~—I3,
16Sf/16Sr (Table 5)TH Y, Zi 5 %45 %20pmol T 7z, JTHGAL T LB [E AR E oD
BERIRL, BEEMKCZZFRBEL, 77 b— & L THWZ, PCR &%,
Table 6 (Z7~3°, PCR ¥ %, T-Vector pMD20 (TaKaRa #-%Y)(ZHkE L 7= (Table 7). ik v
T LEEAWT, MAHLZ 7T A I R &2 KIBE DHSa Bk (Table S)ICTEE AL L 7=, & Dk
Tk % 5000 rpm, 1 43fElis 0 L, BRI L7z, [ L7 KAGHE 27 > 2 U 50 uL (100
mg/mL) Isopropyl-B-D-thiogalactopyranoside (IPTG 1mM) 25 pul o,
5-Bromo-4-chloro-3-indolyl-p-D-galactopyranoside (X-gal 0.1mM) 30 uL % &4 L 7= LB £5#hiZ,
WAL, 37°C THEE L, YL— b RSN maa=—Dhhb, Afhan=—%
KL, o6 7T7 A RDNA 27V VIE[148lIc X W i L7=, 77 A X K DNA @
{H1k1X, EcoR1 0.5 pL, buffer O + 1 uL (Fermentas #1:484), 35 X O L7277 A I KDNAS5 pL,
PR MK 3.5 uL % 37°C C 2 K[}, RIET 2 Z L2k 0 iTo7e, A ¥ — N DIFEDHER
SN Z 7T 2 3 F DNA Z o/ x RGEkZ, L7 ) han=—5 LB i
FEE L, 37°C Tk Lz, 77 A RDNA Z7 A VIRIC L v i L7z, 7o =
3 R DNA ORFER L OWEE X, 4366 T GeneQuant pro (Pharmacia Biotech #1:4) % F T
EREINT, BN/ e — v B X AT AR VEICID —s v v IR LT,
BOA K OSFA[RMEREAT X, 7" 1 27 2 GENETY X(Genetyx Inc., Tokyo, Japan)& 2 WM 37w 7'
2 blastn (http://www.ncbi.nlm.nih.gov/blast) Z F\V» T1T417=, DNA BLSID T Z A A > MZxt
LT, 7m 27 7 A ClustalW[149] &2 FIv 7o, dELRFEHIZ, 3 BEAS & 1% (neighbor-joining
method)[150]i1Z L » 7'12 7/'F A MEGAS[151] % W CTHESE S nvT=,

Table 6. PCR experiment.

PCR condition Thermal cycles

Template (bacterial cells in ddH,0) 5 uL 98°C 10 min(pre heat)
1

16Sr (20pmol) 0.2 uL 94°C 20 sec.

16Sf (20pmol) 0.2 uL !

10x Ex Taq Buffer 1pL 25 cycles 55°C 30 sec.

dNTP 1pL 1

Ex Taq 0.1 pL 72°C 2 min.

ddH,0 25l 1

Total 10 uL 4°C 00

Table 7. Ligation mixture (total 10 pL)

2x Rapid Ligation Buffer SuL
T-Vector pMD20 (5-50 ng/pL) 1 uL
ddH,0 1.5uL
T4 DNA ligase (3 U/uL) 1.0 pL
PCR product 1.5 pl

14



2-1-6 %7/ 2 DNA(gDNA)hH

47 7 2 DNA #ilfitH1%, Pitcher & 0 J7¥E[142, 152)ICHEHL L T, ] 7 7 2 =1, 100
mL @ LB K5 HHIZERR A AEE L, 30°C C—Mib5#E L7z, K538k 2122047 (6000 rpm, 15 min,
4°C)L, WIRZEINL L7z, bk~ v M, TE Ny 7 7 —(Table 8) 8.5 mL | ik
WS, BERICY Y F—2585mg ANz, 37°C CLEFRIE L7, £ D%, 10% SDS
JK¥A#E 450 uL, Proteinase K (20 mg/mL) 50 uL %N %, 50°C 5 BFffRIE L7z, T &
D7 =/ —)v:r7vauarR/Vh: AT INT)Ia— 1 (25:24: 1, vvV)ZINz, =@ T30y
SR L 5 Lz, & L4 EE6000 rpm, 30 min, 25°C)IZ L ¥ L@ &RV L7z, B L7
LRz, SEoA Y7 as =, 110 0 5M NaCl Z /%, gDNA Z bR &8 CEI L
Tme ZHE T0%T X /—/L1mL T L, gDNA ZRIEESE7-, TORTE Ny 77
—9 mL 2%/ L, RNase 1 uL Z 01z, 37°C C1HEMRIE LT, HE Y =/ —/Z7 ook
VA ZEIT, A Y TR —AREIZ LD gDNA Z B L7z, JEREE S E7-1%, TE
Ny Ty =T LT,

Table 8. The composition of TE buffer(pH8.0)

Tris-HCI 10mM
EDTA 1imM

2-1-7 GC &%

GC & ME X, Wakizaka © D F£[153-156]1Z #EHL L TIT 404172, 100 pL @ JKCM-AJ-6,1a
R gDNA (1 pg/mL)% VT 100°C T5 3B L, KK TRH LI, D%, X7 LT —
£ Py 1pL (500 UmL)Z @ L, 50°C C 1 e fRIE L7z, & D%, ik % HPLC THtr L7z,
WITESRIEIX, 777 2 InertSustain C18, YA HITALE : 0.02M NHH,PO, I&#R-7 & b=k U /1(200:
1, V), Wi : 0.2 mL/min, BHIEE : 270nm Th 5, HIERENE, GC & EillE AR
v b(r P EME SR A2 TR U7, EHEY) T (ACMP, dTMP, dGMP, 35X}
dAMP, %5 %50 UM §°2) i, % 4 3.5, 5.8, 6.3, 3 L UV 11 min DJETIAEH L 7=, GC & % (Mol%)
X, QX2 TRE ST,

GC (M0l%)=100 X (G/Gr+Cs/Cr)/(As/Ag+Gs/Gr+Cs/Cr+Ts/Tr) oy

ZIZT, NglTiBta ot Lz o~ 77 AZBT 5 B — 7 HmEHE, NgIIIEEDE %5
rilerm~ M7 A28 T E—7mfEEEZ R L TW5, Excel Z#fiH LT, GC FHoD
T — X E AT LT,

2-1-8 U T LY
7T LG, hT7—7 T h 2 X v b (bioMérieux 8D E W CTIT o7z, LB [E{AE
R BFREIC X IR L, 30°C C 24 BREE & 5 8538 L=, JTUWEAL T LB [EfRE:# E o
BRER > TATA RT T ACHLSBY, KRO EHTAT A BT T 22130 < alis
15



S EAREE LIz, £0%, BEELAEALIC 1O RLEZT T L 1 45 MBE L2,
AR TENIVEWE LTz, RIS, 1IEO R2 K& T L 10 RIGE L7ctk, ZAKTHD
IZHEWIR L7, SB1T, O RIMKTHA Lo, AR AKTHNIEWR L., &% 1
O RAMKEA T L 1 MBI STk, ZRBKTHITWR Lz, BRI LR, Ot
FRAMEBI TR LT,

2-1-9 AT - AAPEERIME

HBERR O AL 23 L OVERR 2RO 2, API 20NE (B4 A U = — 31 7 v 7 #H) % A
WCEHE L72, Bk AZ API 20NE > MIZKHEDO U v 7HICEB N T, 30°C THARRIICE 2
L, 24 il O 48 2L, BRRIL, 3B X ORERINC X 5 R ARG E B - T2,
HEEROBER 70 7 7 A WL, FBEEHEERIEES v F APIZYM (EA A Y 2= T v 7
) 2 U CTERR S 172, IKCM-AJ-6,lo #k D 2 v =—% , A4 HIZ 1 /L —7 8L, 2 mL
7 0.85% A AL LAY R K I IR S 7, 1B 2 API ZYM 'L — b D1 » IR L,
37°C THI 4 FEIMRIE L=, ZYM AGREE L ZYM B RRE %, b v 7 LT > L7-14&,
WHATHE Y br— By TR DOEONEON R I D £ TR Lz, REREE,
HIE RN D Z AT S 4172,

2-1-10  JERERIZE

BEHAOY 7L, Kasuya B O J51E[1081ICHEHL L CRIALER L7, LB [ &K HIIC
JKCM-AJ-6,10 ¥k % BifRIEIC X VAR L, 30°C C 24 BRRIMRIE L7z, BEDMERE L7z [ ks
iz, lemxlem DREX S THIDH L, 25%D 7V Z LTIV e RIERT, IR T 1 EEBGE
FiL7o, Tk, @K THEL, 50, 60, 70, 80, 90 35 LU 100% DT ¥ / —/LZJEIK,
FNEN205HRL, WKLo, BZICHEA Y7 IV T LRME#R L, £O%REE0EE
L7z, ZOREZeCTHEZERE L, E&ME 7B (Tabletop microscope TM3030, Hitachi
High-Technologies Corporation, Japan) C#1%2 L 7=,
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2-1-11  EEARIRIR E O W RETE~ D 55

LB 11 200 mL (2, JKCM-AJ-6,lo FEZ-fifiE L, 30°C T 16 Rl & D 85& L7z, ZOk:
k%, 10 mL/IL OIS T, 4 NaCl £ o(@OM, 0.2M, 0.4M, 0.6M, 0.8M, 1.0M, 1.2M,
1.4M, 1.6M, 2.0M, 5.0M i L OBEFLIRRE) 2 551 100 mL (Table 9)(Z i 2 fEE L T 30°C
TIREIREER LTz, TNENOWIRE IR 5 HEEOBIE & %R ~To, REEMAND 2
RFfE &> 2 WM E L IRFRI RIS, B5280E L mL Z8RER L, ¥ EE(600nm) 4 JIlE L7z, HEAH L EE n
X, QREHAVWTIRES N,

dN/dt=pN @)

ZIC, N R, t 3R AR LTS, Excel 2 LT, HEABITIEDT — ¥ % ikt
L7z,

Table 9. The composition of nutrient medium (pH7.0).
Polypeptone 10.0g/L
Yeast extract 5.0 g/L

2-1-12  BERIREOEEEIEE 7 ) 7 — VTR~

P3HB)FLILEFHD iz JKCM-AJ-6,1a il L, 4°C, 15°C, 25°C, 30°C, 37°C, 50°C
BL60°C TRIELT-, THENDREICKIT AHMKOMIEE S &7 U 7 — b
s LT,

2-1-13  FFER Y =X FNAB I OF Y — T A V4 fiRkE
BHAR Y 22T VB LAY —7 4 A /L[P(3BHB), P(3HB-co-3HV), PLA, PCL, PBAT,
PESu, PBSu, &0 Olive oil]#L{bH5H# IZ IKCM-AJ-6,1a FEZ ik L, 30°C 35 LT 15°C
THRIE LI, ar=—EIcBRENs VT Y = ORE SI2& Y £FILE O 4y ae

Ze BFAm L 72,

2-1-14  P(3HB)Z fifE I E (W L TE)

PBHB)hL -1, FEMATICLL FOFIRTHR 7z, £T4DIZ, PEHB)MRL 712Xt L T,
30 fEDIRFEDOBEMAKZ M A, IR T 2 RefifiE#E L7z, £ D% 4°C T 10 4rfH, 5000 rpm TiE
DL, BFERYBRWZ(AT v 7 1), HiW\ T, [\ L 7= PBHB)#KL 112 xt L C 30 f DIk
o7 Moz, =R T2 KRR L7, £ D% 4°C T 10 43f#, 5000 rpm TiZ.l L,
FEEED BRWZ(AT v 7 2), PEHBYRI 126 LT, 30 DA~ 2%, =
BC2h R L=, ZDtk 4°C T 10 43, 5000 rpm Tl L, LiFZEEY BRWZ(AT v
3)y AT v 7 1-3 DEAEE 2 IRV IR LT, HEIC PBHBYIKIFI1ZxF LT, 30 5D D
HEMK A N2, 28I C 2 RFEIE#E L7z, £ 1% 4°C T 10 43f#, 5000 rpm Tl L, ERiEZ

WMoprE, TORBIEL, BRI & =R THRIF LT,
17



P(3HB) /3 il 5 M 4, FEHL L7 PRHB)MhL 1% SH & L C¥EEVE THIE L 72[99].
P(BHB)ALE X, M L7 PRHB) Mk A E W L, /N 7 7 —(Table 10) 1T <
7o ZOWIIPTEROER FEH 2 WIEER A TEAT D 2 LI XV s & Bis LT,
P(BHB) /M ifl# 212 & 1, AKITREEIED PEHB)CKL 113K EA Y I~ —~ L SN D,
1% 3545 70 OO FROSTRIIBIE OB ZE (b 2 650nm DD FE M Db 25 |E L=, 1 Unit
%, 1 7M1 650nm OEWEE 1l St 57l E iR E L L, & EED D VIS
FHH ORI UlmL TF L7z,

Table 10. The composition of P(3HB) matrix(pH7.5)

Tris-HCI 6.057 g/L
CaCl, * 2H,0 0.147 g/L
P(3HB) granule 0.4 g/lL

2-1-15  [RFEVEOFEREIEFS L ORE2E E1E OTE M~ F 8

LB 554 200 mL 12, BEfkAMERE L, 30°C T 16 Bk L S5 Lz, D-Z/La—=R, =
NIEE, (R)-3-B Kexv 7 X g, (S)-3-t RuXxo 7 X B, #EE, D-YLE h—L, &
EOBE, TUEVEE, D-(+)-~>r ) —A, A7 B—AH DI PEHB)EME—DRHEIRE LT
0.2% (Wt/v)F L Tr0.2M NaCl & de X 1 7 /LTINS, BiilE 2K A 10 mL/L OFIE THEE L, 15°C
T A8 WEfiR & H 58 L7z, LIS OREFRIEMEIL, 0.5M NaCl % & e P(3HB)AE & IV Tl &
E[2-1-14]1C & v FEffi S 7z,

2-1-16  P(3HB) 7 1 /L L D45 i

P(3HB) 7 « /L A D43 fiftlE, Kasuya 5 D JFIE[QINHEML L CiT472, 0.2M NaCl Ok
HiFs OV % 7 VEEHE 20 mL (2 PBHB)D 7 ¢ v A% A, 121°C, 15 34— h7 L—7
WHE L=, % D% JKCM-AJ-6,10 #EZfEE L, 15°C 33X 1UV30°C T5, 10, 158X 20 H
MR & D REa LTm, BEa%tk, BULL7-7 4V A%, AZ ) —)LEBHKTlRESHh, T0
BRI N, DRI 7 4V ADOBEENOGRBEO 7 AV AEEERE TS Z LI
£ 5T, PEHB) R EZIE LT,
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2-2 fER LB
2-2-1  P3HB)/iE A D Hiff

Bedk oMK Z MR & LT, ~ Vv PEHB) LI A W= 2 U 7V —ikic kL,
P(BHB) /7 i B & Hiliff L7, = DOFEF, 1 ¥R PEHB) /I fif i 2 HLEE L 7, HLEERE &
JKCM-AJ-6,1a &ty LTz, JKCM-AJ-6,1a £Ri%, ~ U PGHB)IL{LEGH T m =—/&0
AR 22 7 ) 7 — v & TRk L 7= (Figure 6),

Figure 6.  Clearing zone by strain JKCM-AJ-6,1a on the P(3HB) containing marine mineral plate. The strain formed clear zone
after incubation at 15°C for 72h.

2-2-2  P3HB) /i EM DIEE

JKCM-AJ-6,10 BRI EE % AR E 1 BUKSE(SEM) 2 IV CEIZE L 7=, Figure 7 |ZBAMEE S
Z57, JKCM-AJ-6,1o #Ri1E, EHIRT, EXITB L% 085~2.6 ym FRETH S Z L bR
> 72, E£7z, JKCM-AJ6,la #RIZ DWW TG R FENT 81T D AL7z, P(3HB) % fif
JKCM-AJ-6,1a. ¥k 16S rDNA FEHIZ H S = EHRL L 7= 2 ¥ Mt %2, Figure 8 (277,
JKCM-AJ-6,10 1%, Shewanella sp.® =W MHEIME A R L7z, F£7=, Figure 8 x93 L9512, K
k% & DRI R A 72 fE, o PGHB) DEERE & 1L, B RN H - 72,

Miniscope N D41 x20k 3.0 um

Figure 7. A scanning electronic micrograph of the strain. The bar indicates 3.0 pm in length.
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I Marine bacteria
[ P(3HB)-degrading bacteria isolated from marine enviroment
I P(3HB)-degrading bacteria isolated from non-marine enviroment

JKCM-AJ-6,1a (LC010653) [ |
Shewanella putrefaciens CN-32 (AF136269) I
Shewanella oneidensis MR-1 (AF005251) I
Shewanella sp. MR-7 (AF005253) [
—— Shewanella algae IAM 14159 (NR_118866) N
Marinobacter sp. NK-1 (AB026946) I
Streptomyces sp. SNG9 (AF295602)
4ENocardiopsis aegyptica DSM44442 (AJ539401) (
Actinomadura sp. AF-555 (FJ481930) —/
{acﬂlus sp. IBP-VN2 (HM587329)
- Gracilibacillus sp. IBP-VN3 (HM587330)
Paucimonas lemognei LMG_2207 (NR_026276) ===
—EDelﬂia acidovorans JCM_10172 (LC010667) )
Ralstonia pickettii JCM_10171 (LC010679) (I

—

0.02

Figure 8. Phylogenetic tree of the P(3HB)-degrading isolates and related bacteria based on 16S rDNA sequence comparisons.
Accession numbers are given in parentheses. The bar indicates 2% estimated sequence divergence.

I BT, AHEERD GC &, 77 L0kl LOELTH), AP E 2~ £0
#%, Shewanella putrefaciens (ATCC 8071)[157]% H#kik & L CTHW =, JKCM-AJ-6,1a #£IZ,
7T LBETHY, GCERIT B8N Th T, Fio, AR, AFF—E, =R
Br, =27V BIOETFrOMKGHERRICBNTHMEZRL, Zva—X, L—T7T 7
) —ZX, N=T7kFLr—D—2rratIy, w/Lh—A n="7) BBLOd—-U =2
fe % [F{k L7 (Table 11), AFEI, HEHRIZIMA T/ Vva—A, <)L b—ABLOn—H 7Y
CigEEE LT, £72, AHRIE, TANY 74 AT 72—, X5 5 —F(Ch), =AT
7 —EBUNR—E(C8), nA T IUNLTIX—E, NI T, TR T, BIERA
Ty H—8, 7=V —AS—BI-T7 A7+t FaTd—EBBILOEN-TEF LB/
aY I = —BiEEEZR LR, V=B CU)IEEEZH LTV h -7 (Table 12), AERD
#7077 AW, ek Z &7z Shewanella J& DR E LI L Tz, ZOFEED
by, AEED Shewanella JBHIE & T CTd D = & HURIE S 7=, Shewanella @l 1%,
PERIE & LCR<mbh TRy, 4 F TITMK[127], WEIEHEREW[158], MHFEAEM[159] 72
E B HBES LTV %, Shewanella J&fl [ | I EREE CHEx O FIL G AT 2881 %2
FfoTWH 7z, WEFERAMRBRICHEE &S 2R L TV L TN H 5[1385], £,
Shewanella JBIFEREEIG YLD /S A F L AT ¢ =—3 3 2 [160, 161]F 7213w ELE[122,
162] & L COIHBINHE ST 5, Shewanella BfIE 21X, 7~/ 2 DNA 522 IZMEAT S
U7z 31 Bk 3 Fk[Shewanella sp. MR-7 (accession no. NC_008322), Shewanella sp. MR-4
(NC_008321), and Shewanella sp. HN-41 (NZ_AFO0Z01000000)]?> /% / » DNA LIZHEE D
P(3HB) /3 il DRBIE T NIFET D, —J7, 2D X ) R#EEBRB T ORI H 3 0vb 5T,
P(3HB) % /3% C& % Shewanella JEMIE 134 £ TICHEFNIL 2V, AE], Fxld, ZIULHT
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P(3HB) % 73 f# 9% Shewanella JBAfliE 2 BB L 72, 2D Z &5, Shewanella BHIEIE, ¥
FEFIZBWTEREWE DA L AT 4 =—3 3 L[160, 161]D 7= 7211 Tid72 <, P(3HB)
DIRFIRERIZ BT 2 EHBERMEAFEO—D>TH D Z & BRE ST,

Table 11. Biochemical and physiological properties of strain JKCM-AJ-6,1a.

Shewanella putrefaciens

JKCM-AJ-6,1a ATCC 8071
Characteristics
Gram strain Negative Negative
Oxidase + +
Nitrate reduction + +
Indole production — —
Oxidation of glucose to gluconate — -
Arginine dehydrolase — -
Urease — —
Hydrolysis of esculin + +
Hydrolysis of gelatin + +
p—Galactosidase — —
Ultization of carbon source
Glucose —
L—Arabinose + +
D—mannose - -
D—mannitol — —
N—Acetyl—D—glucosamine + +
Maltose + —
Gluconate - —
n—Capric acid + —
Adipic acid — —
dl—Maleic acid + +
Citrate — —
Phenyl acetate — —
Table 12. Enzyme production profile of strain JKCM-AJ-6,10.
Shewanella Shewanella Shewanella
Enzyme JKCM-AJ-6,1a putrefaciens spongiae sp. nov.  aquimarina sp. nov.
ATCC 8071 HJ039" [163] SW-1177[164]
Alkaline phosphatase + + + +
Esterase (C4) + (+) + +
Esterase lipase (C8) (+) + + +
Lipase (C14) — — — —
Leucine arylamidase + + + (+)
Valine arylamidase — (+) (+) —
Cystine arylamidase — — — —
Trypsin + + — —
Chymotrypsin + + — +
Acid phosphatase + + + +
Napthtol AS-BI phosphohydroralase (+ + +

v
—
I+
-

a-Galactosidase
B-Galactosidase — — — —
B-Glucuronidase — — — —
a-Glucosidase — - - —
B-Glucosidase — — — —
N-Acetyl-B-glucosamidase + — — +
a-Mannosidase — - - —
a-Fucosidase — — — —
+: means present.

(+): means weakly present.

—: means negative.
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2-2-3  RERIEIRE O R REEHEA~ D

707 NaCl 2 (OM 72> 5 fafn & )D& i T JKCM-AJ-6,1a DAFRSA:E T 30°C
TR & #1532 L 7= (Figure 9), JKCM-AJ-6,1a £, NaCl #2 0.1M~0.2M Tt b @\ i
JHIHE(0.96~0.99) % /R L, 0.6M DL ECITEHFs L RIBICIK T Lz, 618, AL,
NaCl 2% 1M LI EORMiE©, B L7eos o 72, ZOFERMNS, IKCM-AJ-6,1a £Ri%, BEH
DOUEENE P(BHB) DR & [FEEIZ, OM~0.8M @ Na'fE(E T CTHAFE AT RE e ENE M AN T &
% Z &R 72 [165],

1.2

1.0 O &
08 F

06 |

02 |

Growth rate constant(h-1)

OO 1 1 1 1 \>
00 02 04 06 08 10

Na* concentration(M)

Figure 9.  Specific growth rates of strain JKCM-AJ-6,1a at different Na* concentrations at 30°C in a nutrient medium.

2-2-4  BERIREOEEEIEE 7 ) T — VTR EE A~

BEEARIRE 4-60°C (235N T, JIKCM-AJ-6, 1o BR OB RIGFEREE IS L OV U 7 Y — U TERGRE 2 i
~7=(Table 13), JKCM-AJ-6,1a #k1Z, 50°C LA L CTII#EFEE7", 30-37°C T d L <EFH L 7=,
— 07, AR D7 U T Y — %, ARIRIR(15°C) Tl b K& < 2o T, 2D OFERIL,
JKCM-AJ-6,10 FRIZFIEMETH 5 2%, IKCM-AJ-6,1a kD EpES 2 BB TR L TLENK
WERLZEM)Z L 2RB LTV, 202 8IE, —fRENCHEEEMEOALPET DR DR
LEWTHD EVIHME LT\ 5H[166,167], =D X 57, HEEAERSE OB ZEN
1%, EEEEEIR R [168] 25 HUPE AR B & e U CHEF IR W Z E BRI THDH &2 B
IWTCW5, —J7, HIBEEREE & HEE S -/l O PBHB) iR D% < 1, TR TX
ETHD I ENHE I T 5[78, 169].
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Table 13. Effect of temperature on the growth and clear zone formation on the P(3HB) emulsified plates
of strain JKCM-AJ-6,1a.

Temperature(°C) JKCM-AJ-6,1a _
Growth Clearing zone formation
4 - —
15 + ++
25 ++ +
30 +++ +
37 +++ +
50 — _
60 — _

+++: means growth was excellent, or a large clearing zone was formed.
++: means growth was good, or a medium clearing zone was formed.
+: means growth was poor, or a small clearing zone was formed.

—: means not growing, a clearing zone was not formed.

2-2-5 KRRV AT LB LAV —T7 A A VO REES

Table 1412, JKCM-AJ-6,la kDR~ DRV =27 )L, BXOH Y —7 A4 A V3 s -
TOU VT =R REZ T, AR, PBHB)E XY P(BHB-co-3HV)IZ % L T oy fiidit
ZnlLlz, —HT, PCL BLXOAF Y =T A N EG0REMETIEZZ Y T — &AL
Moty ZIHOFERND, IKCM-AJ-6,1a #1X PEHB) it 2 LT 203, UV 3—E%
EFELIRNZ EPRE I LT,

Table 14.  Effect of temperature on the clear zone formation on various polyester or olive oil emulsified
plates of strain JKCM-AJ-6,10.

Growth temperature (°C)

Substrate 5 20

P(3HB) ++ +
P(3HB-co-3HV) + -
PLA - -
PCL - -
PBAT - -
PESu - -
PBSu - -
Olive ail — —
++: means a medium clearing zone was formed.

+: means a small clearing zone was formed.

—: means a clearing zone was not formed.

23



2-2-6  IRFEWOEKEGE L O EiE O~ 2

Table 15 (2, & F X FERRFFE S THIRE 0.2M NaCl @ 2 % 7 /LEHES X1 0.2M NaCl
(ZFHEE ST B i T D JIKCM-AJ-6,10 BEOIEFEFRE 5 X O HIED P(3HB) /TG
Pz "7, JIKCM-AJ-6,10 k1%, 10 FFHDKFEIRD 5> H, P(BHB), (R)—3—t FueXi 7 X
VEE, D— 7V a—RA, a BB XOHBOGE F CRIFREMEAZ /R L, £72, AHRIX
PBHB)X L YR)—3—t FuFx o7& U EOFAE T T PGRHB) iSRG 2 BB L, =
D LMD, PGHB)B LW PBHB)D B i# ThHhH(R)—3— b Ru o7 ¥ UEENARBKED
P(3HB) /3 il DI BFHEIZ D > TV D Z E AR I N, I HIT, HEHHIZ P(3HB)
EWRINMLT5E, HDH WL a—A L P@HB) & [AIRFIZREIR & L THWZHAIT, P(3HB)
HEHE—DRFFRE L THWGA L LT, Ao PEHB) Mi#EERIEENME T L7, =
DFERI, 7 a—R e EOSEUIEWBE(RRB)DTFET 256, AMERT D &2 5EICFI A
T 572 PRHB) I fREERFE B INHI S D Z L AR LT D,

Table 15. P(3HB) depolymerase relative activity by strain JKCM-AJ-6,1a. grown
various media and the growth levels.

Carbon source Growth P(3HB) depolymerase activity

(U/mL)*
P(3HB) + MM(0.2)* ++ 0.047
(R)-3-Hydrobutyric acid + MM(0.2)? ++ 0.031
(S)-3-Hydrobutyric acid + MM(0.2)* + 0
p-Glucose + MM(0.2)* +++ 0
D -Glucose+ P(3HB) + MM(0.2)* +++ 0.017
Succinic acid + MM(0.2)* +++ 0
Lactic acid + MM(0.2)* +++ 0
D -sorbitol + MM(0.2)? + 0
Adipic acid + MM(0.2)? + 0
D -Mannose + MM(0.2)* + 0
Sucrose + MM(0.2)* + 0
NM(0.2)° 4 0
P(3HB) + NM(0.2)" 4 0.008
None® + MM(0.2)? + 0

+++: means growth was excellent.

++: means growth was good.

+: means growth was poor.

a MM(0.2): mineral medium supplemented with 0.2M NaCl.

b NM(0.2): nutrient medium supplemented with 0.2M NaCl.

¢ None: without carbon source.

d The activities were determined by turbidimeric method with P(3HB) granules.
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2-2-7  P(3HB)7 1 /L A D4y fiR

JKCM-AJ-6,10 #K1Z & 5 PBHB) 7 /L1 D TE & & % FR ISR~ 7=, P(3HB) 7 1 /L
Za TR E 0.2M NaCl OIS HEs L OV x 7 Vs iR ¢, JKCM-AJ-6,1a % 5,
10, 1533 L1020 A, 15°C THE L7=#, 7 4V A& H0 H L CEERD B2 50 L 72,
Figure 10 IZ7R"T XL 910, AHRIC K 27 4 L A0 EERD&IL, Sasgh L gL T, 3
X TIEERP DN, K& )ho7-, Table 16 (2, REHEMB LI X T L EH#ih T
JKCM-AJ-6,1a Bk % 5538 IF D i R R HE AR L 35 L OV PGHB) 0 fR IS MEZ R L T\ 5%,
JKCM-AJ-6,1a #RIZ, SREETHLITIE, KRED I3 7 VEF T COMAIEL D) 3 {52 L H 5
L7z, —HT, ARICED PGHB)Z « /L AMRIETEIL, SBREME LT, IR T
HiFCIE, K29 BOREITholz, bbb, ZOZ LE, i PBHB) I RE & Rk
(2, SEMERE DAL TR T, ARD PEHB) D RIEIEFE BN S D 2 & 2R

LTV 5[170, 171],

1.00
~ 075 r
(@]
E
S 050 | - O =
E, L]
=
025 | ¢ ¢
* 2
0.00 & A A A A
0 5 10 15 20
Time (day)

Figure 10.  The biodegradation of P(3HB) film blended with strain JKCM-AJ-6,1a. P(3HB) film (10x10x0.15mm) was incubated
with strain JKCM-AJ-6,1a at 15°C in the nutrient and mineral medium with NaCl supplemented to a final concentration of 0.2 M.
Weight loss of P(3HB) film after degradation by strain JKCM-AJ-6,1a in the nutrient medium (4). Weight loss of P(3HB) film
after degradation by strain JKCM-AJ-6,1a in the mineral medium (o);control( A).

Table 16. P(3HB) film degradation by strain JKCM-AJ-6,1a grown on 2 types of media:NM(0.2)

and MM(0.2).

Media Growth? Rate of P(3HB) film degradation (ug/cm?/day)”
P(3HB) film + NM(0.2)° 16 16
P(3HB) film + MM(0.2)° 0.49 47

a the growth levels after incubation at 15°C for 10 days were evaluated by ODgso.

b these values indicate the average rates of the film weight losses for incubation for 10 days.
¢ MM: mineral medium supplemented with 0.2M NaCl.

d NM: nutrient medium supplemented with 0.2M NaCl.
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i3
HEEEPE Shewanella J& il 5 HH 2l D ZAS 22 81
P(3HB) 7 fiitli 58 O RSB LT
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3-1 SEBRHIE
3-1-1 #RIE
2-1-1 =4,

3-1-2 B3
FERCHH L 7= MO EZ I OHLAL 2 Table 17 1253, D B2 i3 L OGHEL J51:1T 2-1-2 B 1R,

Table 17. The composition of M9 medium(pH7.0)

KH,PO, 3.09/L
Na;HPO, + 12H,0 6.0 g/L
NH,CI 1.0 g/L
NaCl 0.50/L
Plysurf 0.1g/L
P(3HB) 2.0 g/L
1M MgSO," 1.0 mL
2M Glucose” 5.6 mL
1% Thiamine” 1.0 mL
1M CaCl," 0.1 mL

*Addition after autoclaved

3-1-3 MEY, U EX—BIORTTA~v—
FEBRCHEN LI2E, ~7 2 —BXOT I A4 ~—% Table 18 |[Z/"7, I A ~—Dfr
& % Figure 11 {27~
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Table 18. Strains and plasmids used in this study.

Strains or plasmids

Relevant characteristic

Source or reference

Strains

E. coli DH5a F~, ®80d lacZAM15, A(lacZYA-argF)U169, deoR, recAl, endAl, hsdR17(r« Takara
mk*), phoA, supE44, 1, thi-1, gyrA96, relAl
E. coli BL21(DE3) F~, ompT, hsdSg(rs” ms ), gal(icl 857, ind1, Sam7, nin5, Takara
lacUV5-T7genel), dcm(DE3)

JKCM-AJ-6,1a Wild type, the strain has P(3HB)-degrading activity. This study
JKCM-AJ-6,1a-D phaZspe::Tn5, Km", the strain lost in P(3HB)-degrading activity. This study

Plasmids
pUC18 Cloning vector; Amp" Takara
pUC18-6000 pUC18 carrying EcoRI/EcoRI fragment of gDNA containing phaZgpe This study
pMD20-2049-kan Disruption vector; Amp", Km" This study
pColdIV pMBL replicon, expression vector; Amp" Takara
pColdIV2049 pColdlV carrying Ndel/BamHI fragment of phaZspe This study

Primers
she03F GTNCCNGAYGCNATGAAYAA This study
she0O8R GCRTTYTGYTGRTTRTARCA This study
Shel7 TAAATCACGCTGCGAATCCTACGCGGGTAGCTAC This study
Shel8 ATTAATGCTGCCCTGCCAATAGGACCAACAGC This study
Shel9 AAGTGTTGACCGTAGTGTCGGCCTTGCCAT This study
She20 CTGACGCCATGAATAAGGCAGGCTACAGCT This study
She23 ATGGCAAGGCCGACACTACGGTCAACACTT This study
She24 AGCTGTAGCCTGCCTTATTCATGGCGTCAG This study
She25 CCGTGATTGCGATGGATAGCACGCAACTCT This study
She26 ATAGTGACCACGCTGCATGCCGCCATTCGC This study
She27 TTAGTTCTGGTCAGCAAGTCAGCGCGAGCA This study
She28 ATGTCTCTTCGGCAAGACCGAACGCCGAGTA This study
She29 TGCATTGGCTTGGGTGGATGGATGGCGGGA This study
She30 TGATTCTTCTTCGGTGCAATACAGAGGACC This study
She31 ATTAGGTGAAAGCCCTAACGGGGTGATCTA This study
She32 AGTTCACATAAGAACCCGCTAAGCGCTCGC This study
She33 AGGGCAAATCGCATTGACGGTAATTCCCTGCT This study
She34 TAGACCCACGTCAGATTGGCGAGTTTGTGCT This study
She35 TCAGGCTTTGGCCCGCACCGTCGAGCAAAT This study
She36 TGCCATCGGCAACCCACTGACATTGCGAGCT This study
She37 ACCATAAGGTTCGCCTTTGTTATCAAGCCTA This study
She38 AGTTGCCCCACCAATGGCATCGGCCACCTT This study
She39 AGGTTGCCGCACAAATGCTCAAGCAACATGGT This study
She40 TTATTAGGTGGCGGCAATATCCACTGTATTA This study
She42 AAGCTACTCGGCGTTCGGTCTTGCCGAAGA This study
She43 TTAAGGGGAAGCGTTTTGGCGTACCGCGCA This study
SheD-f ATTTTGCCAGGATCCATCGGTTATCCGCACCAGTGACATT This study
SheD-r TGGCAAAGCGAATTCTCATATGCCAATGTCACTGGTGCGG This study
pJB861-Bam CCGATGGATCCTGGCAAAATCCTGTATATCGTGCGA This study
pJB861-Eco TATGAGAATTCGCTTTGCCACGGAACGGTCTGCGTT This study
SheCold-r AAAGCGGATCCTTAGTTAGGACAGCTACCAACCACA This study
SheClod-f TGCCACATATGAAATGGAACAAATCGTGTCTCGTCG This study

Kbp O 1 2 3 4 5 6

] ] ] ] ] ]
She34 She20 Shel7 She23 She27  She2s She?{ S\he29 She39 She40 She43 She42
puC18 phaZshe puUC18
N\ N N\ N\ NN\
She33 She24 Shel8 Sheld She3s She36  She37 She38 She30  She32 She26  She2s

Figure 11.  Position of primers used for phaZgpe.
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3-1-4  JKCM-AJ-6,lo ¥R D A4+ P(3HB) it R BIn D/ v—=2

77 2 DNA i1 2-1-5 28, Vo ong 7Y XA ¥ —2 3 0%, Southern D JF515[172]
WCHEILL TfThidz, o TV E A B = a VICHW ANy 7 7 —B L ORIROM
f% % Table 19 |Z7R,

Table 19.  The composition of buffer and solution.

10x Maleic acid buffer(pH7.5) Washing buffer

Maleic acid 116 g/L 10x Maleic acid buffer 100 mL/L

NaCl 88 g/L Tween 20 3mL/L

20x SSC buffer(pH7.0) Hybridization buffer

Sodium citrate 88 g/L 20x SSC buffer 250 mL/L

NaCl 176 g/L 1% N-lauryl sarcosine 100 mL/L
10% SDS 2mL/L

Blocking solution skim milk 40 g/L

10x Maleic acid buffer 50 mL/L

skim milk 20 g/L

JKCM-AJ-6,1a RiTixFED P(3HB) 7y fifili# 3% JE 1= 1 (accession nos.: ABI41661, ABI40356,
EGM70854, EGM76427)/ &kt &7z 4 Y I DNA 2 77 A ~—& L T IKCM-AJ-6,1a FED
7"/ 5 DNA %7 7 L— h LC, PCRIZ LY HIELS % HEE L 7-(Table 20), =Dk, &
KIKENZITVY, 400 bp O HWBEFEHSZEVHL, AV BT LEHNTHER L,
7o, =& =R EITVY, 13 uL OWREEMAK TE L72%, £OH O 3 uL & EXvkE)
TF w7 Lz, D% 10 uL (1 pg) D > 7 6 pl O BHiK % 1 2 T 10 4>[E 98°C
THNENL TN L7214, JK/KHR G L C 4 uL DIG High Prime (Enzo #:8) % iz T L < iR
AL, 37°C T—BrFFEMIE L=, D%, 2 uL 0.2M EDTA & (pH8.0)Z i %, 10 43[4 65°C
TMEL L TS & #& 1R L72#4-20°C CHRAF L7, 9 2 Ai1Z 10 47[# 98°C THMEL L 7=1%,
KK TRK LIz, DIG 7Y v 7 OHER%E, UTOFIETIT-7, ¥ 7% 10-10° %
FRLCAVT L AZL uL 97y F LAV T L& AT, 80°C T 60 471,
F—=T U TORAL X 7128 DNA Z[EHE S, JURRE - BEISIZE Y, 7 F g
FEAEMERL, TY 7R MW Lz,

Table 20. PCR experiment.

PCR condition Thermal cycles

Template gDNA (50 ng/ulL) 2 uL 94°C 10 min(pre heat)
!

Primer she 03F 2L 94°C 30 sec.

Primer she 08R 2 uL l

10x ThermoPol Reaction Buffer ~ 5 pL 25 cycles 66°C 30 sec.

dNTP 4L !

Deep Vent 0.2 uL 72°C 40 sec.

ddH,0 34.8 uL l

Total 50 uL 4°C 0
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X512, 10 pug 4/ 2 DNA Z il [RE£SE BamHI, EcoRl, Hindlll, Sphl 3 X0 Pstl T—
WopRiE U722, RIEWBE L7, Z D1k, 10 43 55°C THRIE L, =R T 20 /0 FiRG OBL
P2 Z[E# 0 Lz, Y7k, 60V/10em gel T 2 B 30 43, 74 n— A EKIKkE S
Nz, VKENDHET L7=4# V%, 0.25N HCI T 15 4y [EI4LFE (depurination) L 7= 1%, #RFI/K CTHEH
L7z, =®D%, 0.5N NaOH |Z 30 Z3EALEE(DNA M) L=, ZAnb A7 L ~D DNA
#551%, Model 785 Vacuum Blotter (BioRad #1:#4) % i CiThoiiz, AT L7 4 ¥ —
LT, =a— IRV T TAF ¥ —D(T~ vy 2 ) E AW, BEFIEIL, ~v==
TIACHEVEEREIE T T biL7e, DNA ZEEM LI FAr L AT Lo 7 4 V2 —%
hybridization buffer -C, 60 73 37°C 7' LN 7 U XA B — g VBRI LTz, 5 ul O
v —7 % N 2. 7= hybridization buffer H1°C, AT L7 4 L H —EFERCMDITHED LR L —
B 37°C TREE LI, NA TV H A= aBDT 4% —%, 0.1% SDS % & T 2x SSC
buffer TR 15 43/ 2 [FIPEA L 7=, £ D%, 0.1% SDS % ¢ 0.1x SSC buffer ¢ 65°C, 15
i, 218, PEE L=, =D, 7 4 /v A —% Blocking Solution T 30 3fiE & 9 L7-t%, &
512 5 uL @ Anti-Digoxigenin-AP Conjugate (Enzo #1:#%) % %%/l L 7= Blocking Solution C 30 43
Mg & 9 Uiz, 0%, 7 4 V% —7%, Washing buffer T 15 43[4 3 [A1%E#% L 7=, BCIP/INBT
W (SIGMA HH3Y) TRt S ¥ 7o, Fafh%, TE buffer H CRISME LS W72, £ D14,
T 4NV —EBMUK YRR L, JBEL LT, T X —E R LT

27/ 2n DNA & EcoRIl ZHillfREEF L L 721, Annealing & BXIKENZIT 72, £ DI%,
PPN T VA= 3 OFEFITE Y, ZuH) 5 6500 bp & 4000 bp D DNA K7 f
ZEIV ML, HAYO DNA Wi B L7, D%, DNA %A UHilfREESE CRB I iz~
7 A X K DNA, pUC18 % DNA T4 ligase Z &AL 16°C T—MfRIE L, 85 L 72 (Table 21),
BT Lo 2 7T A 2 K% pUC18-6000 & A4 L 7=, 10 uL (500 ng) Dz 77 A
I R&EHWT 100 uL @ =2 > 7 > hEJV(E. coli DHSa)ZE A U7, #H#az KGR %2 X-Gal
(10 pg/mL), IPTG (0.1mM), BEL U7 > E U > (50 pg/mL) % & e LB [E AR H 28 Am L
72 Ao n =—ZPE T T, IPTG (0.1mM), BXO7 U v (50 ug/mL)F
£V 0.2% P(3HB) & & e MO [E (AR5 BICE#R L7, 30°C TZ U7V — U ZJBpT 5 £ T
Bz, ZVT7 Y =B LIEMEERIR LT, 77 A RIZT V0 U E[148]% AV Chil
HLl7, oy I7AIRNET 7 L—MNILT, A4 X —IFx—F—EIZLD—7
TV T TN EER LT, = o U TRTE, A S AT a Y —
MR ESHIcAE LTz, i 7T 1 ~—% Table 18 38 X O Figure 11 (o= L7=, HEIEECYIE X
O AR IX, v 27 J A GENETYX » 25 Wik 7 v 7 7 A tblastx
(http://www.ncbi.nlm.nih.gov/blast) 2 VN TiT i 7=,

Table 21. Ligation mixture (total 10 pL).

10x T4 Ligation Buffer 1.0yl
T4 DNA Ligase 1.0 uL
pUC18 (500 ng/pL) 1.0 uL
DNA fragmentation 3.0puL
ddH,0 4.0 uL
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3-1-5  P(3HB)/ifl% R DB TR

AR X, Smith & O JFIE[LT3ICHERL LTI 7=, P(BHB) /i fifliE & s 1 Fii % (a),
TUi% (b), pIB86L ik~ A v UmtEEE A2 L, (777 A MO~y T %
Figure 12 (Z/~3) FaC(Figure 12)D 7 T A ~—D#AEDLHEIC L Y 2 b OEInFWBr A 215
T2o WETHEER7F 23 FOMERE 3 >D 2T v 72X W iThh - (Figure 13), 27 v 7
1 Ti¥, 1stPCR (Table 22)i2 k- C(), (D)FBLU(C)7 77 A v MEHEIREL, Zib % Hetero
duplex {EIZ L 0 D72 F7=(@)+(c) 7 7 7 A > F Z L < 7= (Lst Hetero Duplex, Table 23), A
7 v 7 2 TlX, PCRIZE > T@)+(c)7 7 7 A h%&H4ilE L7-(2nd PCR, Table 24), & ® PCR
FEMZELIKEIL, HRIONY RESANLE0 ML, =% ) — ik, A7 v 7 1 [FH
£EIZ Hetero duplex %% & HUW\T(a)+(c)+(b) 7 7 7 A > k&AL &+ 7-(2nd Hetero Duplex,
Table 23), A7 v 7 3 ClZ 2nd Hetero Duplex EY) % B MK T 50 f5ICAm N L7z, Z DAy
Wikz7 71—k & LTPCR #470 3rd PCR, Table 24), 55 #17= PCR %% pMD20
vector |ZiHifE L7=, 74 77— 3 » X PCR Y 3 uL, pMD20 vector 1 uL, buffer 1 uL, T4 DNA
ligase 1 puL, ddH,O 4 uL @ 10 uL DK TiToivic, koo LEEZHWT, Az 7
7 A3 K% E.coli DHSa [ZFEE#af L=, ZH % X-Gal (10 pg/mL), IPTG (0.1mM), X O
TV Y v (50 pg/ml) % Gde LB [EAE:H FIZ R 2 RIGEKZ @A L, 37°C TREE L
oo TD%, HBLI-HBan =—%2E UG TR E, B ~A (50 pg/mL)z &t
LB FE Az BICE#R L, 37°C THEE L=, U LD B~ A v oiitskz 2R LT,

kbp O 1 2 kbpo 1 2 3 4 5 6 7
1 1 1 1 1 1 1 1 1 1 1
She20 SheD-r pJB861-Bam
\ \ \

phaZshe (a) (b) pJB861 (©)

A\ \ A\
SheD-f She36 pJB861-Eco

Figure 12.  Position of primers used for PCR.
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1st PCR

step1 | @ © (b)
v . 1st Hetero Duplex
L @ + (© /
i ! 2nd PCR
sepz | F@TE (@ (b)
. 2nd Hetero Duplex .~
L @ + (© + (b
Step 3 1 3rd PCR
L @ + (© + (b
Figure 13. Hetero Duplex
Table 22.1st PCR condition.
1st PCR condition Thermal cycles
@ (b) ©
Template (40 ng/uL) 1ulL 1ulL 1ulL 98°C 10 min(pre heat)
!
Primer She20 (10pmol) 1ul - - 94°C 30 sec.
Primer SheD-f (10pmol) 1ulL - - l
Primer SheD-r (10pmol) - 1ul - 25 cycles 58°C 30 sec.
Primer She36 (10pmol) - 1ul - l
Primer pJB861-Bam (10pmol) - - 1ulL 72°C 1 min 30 sec.
Primer pJB861-Eco (10pmol) - - 1uL l
2x PrimerSTAR Buffer 125l 125 uL 125l 4°C 0
dNTP 2L 2L 2ulL
PrimerSTAR DNA polymerase 0.1 pL 0.1 puL 0.1 uL
ddH,0 7.4 uL 7.4 uL 7.4 uL
Total 25 uL 25 uL 25 uL
Table 23.1st and 2nd Hetero Duplex condition.
Hetero Duplex condition Thermal cycles
1st 2nd
1st PCR product (a) (400 ng/uL) 1L - 98°C 10 min (pre heat)
1st PCR product (c) (400 ng/uL) 1uL - l
1st PCR product (b) (400 ng/uL) - 1uL 60 Decrease 1°C 1 min.
2nd PCR product (400 ng/uL) - 1uL cycles
2x PrimerSTAR Buffer 125 uL 125l 37°C 12 min.
dNTP 2 uL 2 uL l *Add PrimerSTAR DNA polymerase
*PrimerSTAR DNA polymerase 0.1 uL 0.1 uL 72°C 10 min.
ddH,0 8.4 uL 8.4 uL l
Total 25 uL 25 UL 4°C 0
Table 24.2nd and 3rd PCR condition.
PCR condition Thermal cycles
2nd 3rd
1st Hetero Duplex product 1uL - 98°C 10 min (pre heat)
2nd Hetero Duplex product (50x dilution ) - 1ul
!
Primer She20 (10 pmol) 1ul 1ul 94°C 30 sec.
Primer pJB861-Eco (10 pmol) 1ul - l
Primer She36 (10 pmol) - 1puL 25 cycles 65°C 30 sec.
2x PrimerSTAR Buffer 12.5uL l
10x Ex Taq Buffer - 25uL 72°C 3 min.
PrimerSTAR DNA polymerase 0.1 puL - l
Ex Taq - 0.1 puL 4°C 0
dNTP 2L 2L
ddH,0 7.4 uL 17.4 uL
Total 25 uL 25 uL

32



HF~A RN S 7T A REMH L, 517277 23 F(pMD20-2049-kan) %
W TCEFARR JIKCM-AJ-6,10 kD47 7 2 DNA LD H BB+ 2 L 7= (Figure 20A), RiikG#E
L 72 JKCM-AJ-6,10 k% 10 mL @ LB E5HIIZAHE L, 50 ML 7 7 b2 F =2 — 7 & T 25°C
T 1 HEZE L7, 4°C, 5000 rpm, 10 ZyfElimO L, BERZVEE L7-, U 4°C OB
AK10mL %, AT v 7 A FH—% W CHER A B S 7, O 4°C, 5000 rpm,

Ay LEEZ IS Lz, TS 4°C OBEBMA 2 mL 201 28 S 87,
pMD20-2049-kan 1uL (1 g/L)% & L2 UHHL L TR W~ A 7 B F 22— 712 AN, 40uL @
JKCM-AJ-6,10 FRIGEBIE 2 M %, K ETRA L, ZORAKREEZH LN LOHRLLTE
Wizl Z baRLb—%—|{Zky F L7z, 5ms, 1700V TEHLEZ T, T ImeLTBWY
TZLBEM ImL 22Ty T 47 Lz, F=2Xy NNORGKRAZEIL L, LB HHIC
FRLT37°C CTLlIFRIRE 9858 L=, £ D% 5000 rpm, 1570 L CEEZERINL, B
~A (25 ug/imL) & & e LB E R BIC @A L7z, 37°C, 24 Bfilis# 21T o7, HELL
oan = —ZRE TG TR E, I ~A (50 pg/mL) &2 &t LB [E s FIC R L,
37°C T 24 WeffIRsaE L=, T Dk, o= ~A v UmERICxT LT, BF~A (50
pug/mL) & &t PEHB) AU LE I Lo UV 7 — il (T o7, 7 V7 V=& LN
T~ A MR A R LT,

3-1-6  P(3HB)/yfifl# 5% (PhaZshe) 7 F il

B AR (JIKCM-AJ-6, 100 #K) H S D% 35 (WPhaZsne) D FE BT, Miyazaki B 0 51174 HEHL L
TAThHlz, LB E:H 200 mL (2, JKCM-AJ-6,1a Bk Z A L, 15°C T 50 BfIE & 5 B5a% L
oo TO¥FEWR A, 5 mL/L OFIG T, WA H(Table 25)I24 % 222, 15°C T 50 FRFfjfk &

IR LTz, BRI Z3% 04y BE(6000 rpm, 20 min, 4°C)L, LRiGAMEIN L7z, B oksily
Eix, LFOFIRETIT-72, EEIZ, 06M 72D XD ICHET =0 Ax2 Nz, T
T 05M fiiilig 7 =7 A& E&Tr 10mM U > B8 5% & i (pH7.5) T ik L 7=
Butyl-Toyopearl %7 7 A (BKE: 27 v~ MK, TOSHO #)IZWE X7, WKIZ 10mM U iz
FEMENR 2 20 mL i L7212, 0.5M Hilig7 > & =0 ADOE|IG % 100~0%IZ b S+, =& 7 —
NDEIEE 0~40%IC LS T, MRLEH STz, PRHB)AHEIED & 2 5y 2460,
T 1E DFEE R TP TEMT L721%, AQUA KEEPTM(WKMER Y ~—, (ERALF T 2) %2 Fv TR
fE L7c, WRfE L7zBEE % 4°C CTRRIF LT=,

Table 25. The composition of media for enzyme expression (pH7.5).

NaHPO, * 12H,0 116 g/L
FeCl; - 6H;0 01gL
CaCl, * 2H,0 0.05¢g/L
NH,CI 10g/L
P(3HB) 3.0g/L
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KIGHN CHUA X BB &2 A ET D720, phaZge 1077 A FERE L, AT
T A ~—DONLE % Figure 14 |Z/~k$°, pUC18-6000 %7 > 7 L — k& LT HAYEIEF% PCR
(2 X 0 HElE LU 7= (Table 26), H9hE L 7= DNA X, HIBREESE Nde |35 KOV BamH | % W CYIWF
SN, £Dt%, DNA Z[F] UHI[REESR CUBLS L 7=7"F 2 X K DNA, pCold IV % DNA T4
ligase CififE L7z, 7S L7z 7°F A2 2 K% pCold-2049 & A4 L7z, 10 uL (300
ng) DMz 77 A I RAEHEAL /L7 A7EIC XV E.coli DHSa (2 A L7z, f#a 2 KIGH 2
T ET U v (50 pg/ml) A& T LB BRI IS EAG LT, Ao o =— &30 UG R T2
X, IPTG (0.1mM), BL T U v (50 pg/mL) % & Ee M9 P(3HB)FLALES i 12 ik L
72 37°C T—MREIR L7=1%, 15°C T/ U T Y — v 2T HETHRIELTZ, /2, 7 VU7
= UTEE R RIRL, 7T A Raefi Lz,

kop 0 0.4 0.8 1.2 1.6 2
| | | | | |
SheCold-r
\
pColdlV | phaZgpe pColdIV
/ \l/ \ ‘\\
) i SheCold-f
Signal peptide 5
7 Nde | Singel peptide + P(3HB) depolymerase BamH | EcoR | Hind 111 “‘.
TATACATATG AAATGGAACAAATCGTGTCTCGTC...... AGCTGTCCTAACTAAGTAA GGATCC GAATTC AAGCTT
M K WN K S C L V.... S CP N *

Figure 14.  Position of primers used for phaZgy.

Table 26. PCR experiment.

PCR condition Thermal cycles

pUC18-6000 (50 ng/uL) 1ul 94°C 10 min (pre heat)
!

Primer pCold-f 2 uL 94°C 30 sec.

Primer pCold-r 2 uL l

2x PrimerSTAR GC Buffer 25 uL 25 cycles 62°C 30 sec.

dNTP 4L 1

PrimerSTAR HS DNA Polymerase 0.5 pL 72°C  2min 30 sec.

ddH,0 15.5 uL 1

Total 50 pL 4°C 0
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BFoi777 22 K pCold-2049 % AW CKAZE DHSa 7213 BL21 IZEHRIE LT, &
EHRHR U2 KIBERRIE, 7 B2 U (50 pg/mL) % & de MO B5 H1IZ A2 L, 30°C T ODggo 0.5
F TR L7, £01%, IRE 0.5mM & 725 K 512 IPTG Z A#L, 15°C T 48 IR & O 1548
LTz, D%, BEEORERITE A L RO FIEZ1T - 7=, KIEHE DHSa 3 L UK BL21
\ZHEBL L 7= P(BHB) 3 fifli# 5% %, rdPhaZshe 33 U rbPhaZgy,e & i L7z,

3-1-7  P(3HB) /> fEiE I E (L 1E)
2-1-14 1R

3-1-8  H LRI EDHT

Laemmli 7%[175]1Z & ¥, Sodium dodecyl sulfate-7~ U 7 7 U L7 2 R A VERIUKE
(SDS-PAGE) %17 > 7=, FEXRIKEN% D K > 737 'E %, Coomassie Brilliant Blue R-250 (CBB
R-250){E% AW CYta Lz, 0 FEOIEMEIZIE, VAT A > K~v—h— LOW(T 7 r A
T AN E W2, ¥ X7 RIS %, Bradford 74[176](Bio-Rad Protein Assay)iZ k¥,
BMIET VT I (BSA)VEAEEME & L CIRE LT, £72, LNOFIAT, BERE 2GR
B RV fEMT LT (A £ 27T LK), BESRIZ 6xSDS #UEHEMENR (Table 27) % iz, 37°C T 10
SIENEESE T, T OB A PGHBYKLF &2 & de SDS-R U 77 U L7 X RV CRlEAVKE)
L7z, WRIKENE, 4°C TITbiviz, IkEitk, 7 /L%, 03M @ NaCl Z#/NL720.001M U
VT N U U AREEK(PHT.5)ICIR L, 37°C T 5 BEREIRIE L7-, BEROFIET DAL 2 Y
7= L TR,

Table 27. The composition of 6x SDS sample buffer (pH6.8).

Tris-HCI 0.375 M
Glycerol 60%
SDS 12%
Bromophenol Blue 0.06%
Dithiothreitol (DTT) 0.6 M
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3-1-9  Na'JBJE, pH B X ONEEDOIEME~D R

0.0-1.0M Na"J FE 5% L 7= P(3HB) LB VAR | Z i 58 (WPhaZshe & 7213 rbPhaZspe) % 1 2 72, Na'*
U BE DB FRTE M~ DR B2 W FE1EIZ K - TRkl L7z, pH2.0-10.5 D 0.1IM £/ > 7 7 —(2
Vv, 7B I on, Ve b Y on, MY RER, AUt UL, F
BOBEZIRIEZ TN, 4°C T5BEEIRFE L=, 0%, RORIKDOIEETE %2 % 4« OB
DO Na"JREEICC, WERIC LV IE LEER O pH REMZFHI L=, pH 2.0-10.5 ® 1M
KFiN Y 7 7 —(F £)100 pL iz, HEELL 7= PRHB)MkI 74 LB & L CIRIBIR A N, HEH
KTImL 2B L7z, ZO%, BRETML, &% OfESEOTE Na P EIC CREEICE
DIEMEZRE L, BEFR O pH 27l L7z, B3R 4, 0.00M U e &K 1 (pH7.5), 4-80°C
DO—ERE T 30 IRFF Lo, 0%, BEREROBAGIEZ %« DR OE Na g
WCCWEEIC I D IIE L, EEROREE R E M4 7 L7,

3-1-10 HEREA A OREL LU EANZB T HIHEDORE

S F S ERBEDOKFELIF A A (CaCly, MgCly, MnCly KCI & %\ M FeClg) & 72 1345 FfBH
% Al [Diisopropyl fluorophates (DFP), Diazoacetyl-DL-norleucine methyl ester (DAN),
Phenylmethane sulfonyl fluoride (PMSF), Tosyl-L-phenylalanine Chloromethyl ketone (TPCK),
Dithiothreitol (DTT), Ethylenediaminetetraacetic acid (EDTA), Tween 20 & % \ & sodium dodecyl
sulfate (SDS)]% P(3HB)AE AN Z 7214, WPhaZghe £ 7213 rbPhaZs M2 72, & D,
BERTEME 2, K2 OBEFR O Na' BE I CREEEIC L HIE L,

3-1-11 SRR

10mM U > g/ Ny 7 7 —(pH7.4) 3 mL (2R U =277 ¢ /L 5 (10x10x0.15 mm) & F#5E %
%, 15°C T48 RFHIRIR LTz, E D%, 7 4 VL& AHX ) —)L LMK THEE L, HEZEHz
L7, PEL, 74 VL AOEERBDELY, 2-1-16 L [FERO HFIETHET LT,

3-1-12  HEFmAIMEAT
s UL S 0D 45 3 D TR FE SR O BAT 21T - 7=, P(BHB)JEE &+ DS RIC L v, B YR
FEZRE LTz, PRHB)DEEZNINIK S EE(R)EL, Q)XA4HWTkESNT,
R=ksK[E]/(1+K[E])? (3)
Z 2T, ks BRI L D PRHB)SH DMK S fifd e H, K IXEESR O RN O i E

¥, [ENIEEEIEE 2~ LT\ 5, Excel (Microsoft Corp., Bellevue, WA, USA) % T, #HJE
M7 — A BT LTz,
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32 MR LBLE
3-2-1  JKCM-AJ-6,lo ¥k D A4+ P(3HB) it ZBIn D/ v—=2

Shewamella J&HHEE DOHEE P(BHB) /3 iRlESR & o /3 7 BT HAD W TERET ST Hig 12 DNA 7
Z A ~—(she03F 35 L O she08R) % T, JKCM-AJ-6,la #£D4 7 . DNA %7 > 7 L — h
L LTPCR L72& Z A, 400bp @ DNA Wi i idtg Hiuiz, ZOWR &y — 2o = v v 7T
L7k Z A, PGHB)Y R EMR T O—HEZa— RLTWAHZ ERH L, ZOWAIC
VAF L= DIG) AR T LTEbDE T —T L LT, JKCM-Al-6,1a #kD 4 7 2 DNA
WX LT, oA TV EAB—2a VT2 T o 7c, ZORER, Figure 15 (237K 9
(2, HIBREESE EcoRl (2 X Y M1k 41724 6000bp D% 7 25 DNA i~ & DNA 70— 7 78N
7V RER LTe, E72, HlBREESE Hindll Y1k 2417249 5500bp D%/ 2 DNA Wi+t DNA
Ta—TENAT )y REK L, BiEE, 7Ha—X7 L1058 L, EcoRl ALE L 7=
pUC18 (Z38f% L 7=, E.coli DH5a 2, Z D DNAZEAL, 7/ LDV 7573477 —
EWE L, V77477 ) 2GR EIEN A%, PGHB)ZETr MO Bl HIZ8Am L7
LA, an=—Eic s VT = a2 T DR e R LTc, ZOKE Y, BHID phaZg,.
BIn %8107 7 A3 K DNA (pUC18-6000) % [FIL L, > —7 =2 v v VT 1T -7z,

bp A B C D E F
23130 s

9416 W

6557 ¢

4361

2322

2027

Figure 15. Identification of genomic DNA fragment of JKCM-AJ-6,1a with a DIG-labeled phaZsy. Lane A, A-Hindlll digest;
Lane B, BamHI-digest of gDNA; Lane C, EcoRI-digest of gDNA Lane D, HindllI-digest of gDNA Lane E, Sphl-digest of gDNA
Lane F, Pstl-digest of gDNA.

3-2-2  phaZsp OIS I LT X BB O E

phaZsne 15 1% 5 i pUC18-6000 % BLAIMENT L7z, AR T-ELHIMRNT LV, P(3HB) I fiflER
& X E (PhaZge) & 22— R4 5851, phaZge [A—7 >V —F 4 7 7 L — L(ORF),
2049bp] Z R E LT, HEED ORF X683 7 X/ BRFRIEN G20, HEESNDHRY XTF R
113 70,382Da T ~7-, £72, ORF OEWID 26 7 2/ FpFkke, 2 (LI EICHiE Lz
TR () VR DFAE L, BUKINZREEEE D B TN, 2 ORLFID 26 i & 24 (LT
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T = UBREE L WO /NI TR A RO EENSAE L TR Y, EHIZ, ORF OFAID 26 7
2 BREDUWRIERD > 7 F VT F R Th D L HEE LT,

REEFRBIR TIZHESESHEE SN D T X/ Bl %, BEMO PBHB)/MiflE R 5 L OV ot
DR RTFIIHK L TCHRER D —RBELIZE A, KEFE S 37 E1E, PBHB) RIS
WHBBLTARLND U N—ER v 7 A(Af GLSSG)% & tefitlft K A 1 (5, CD), #ED
FEREA RAA (R, 2 777, SBD I BLWSBD 1), V> h—RKAA (A, LD)D 3
D RAA VDRI TND Z ERbnodz, ARlEREO SBD 13 2 [Al# 0 K LIFE L
T 7z (Figure 16),

-240 CGTCAGATTGGCGAGTTTGTGCTGITTTTAT "‘N"f"if"’f‘f"f"f"f"-f"‘f"f“f"f"f"f"l‘"""5f"f"f"f"f'f"f'ﬂ"‘CGCTGGCMTGGACGGCGCTTGGACCGCGCMTAGGTTAGCGCMTCGT'I‘ -121
-120 HEMCAGGTTAGTATTACCTACT'I‘C'I‘AAAGACCCA’I‘ATCCGTTTTMGGCGATTCACCTAGGTTIAGTTTGATC?I‘CTATTTTCMMAAMATMCCTTAAAGGTGATAACA -1
s/D
1 ATGRRATGGAACARATCGTGTCTCGTCGCCCAATTTCTACTCCTTGTAATTGGGCTTTTTTCATCTCTGACGTACGCCGGARAGTTGGCARCAGRATGTGGCCATTGGTGGTTTTAACARA 120
1|HKHNKSCLVAQFLLLVIGLFSSI-TYA 40
121 GTACATATCTACACTCCGGATACTGACGCTAAGGTGAGCGACGGTAAGGCCTTGATGTTAGTGCTGCATGGCTGCGTACAACCCATCAACAACTATCTCACGGCCAATCTTGAACAGGCT 240
241 GCAGAGGCTCACGGTATGGTTATTGCCGTACCCGATGCGATGAATAAGGCAGGCTACAGCTGTITGGTCCTATTGGCAGGGCAGCATTAATCGAACATCGGGGGATTATARARRTCTGATT 360
> A E A E 6 M V I A VvV P DA MNIKAGAGT Y S CW S ¥ WQ G S INZ RTSGD Y KNIULTI 120
361 AATTTGGCCAATGCCCTGTCGGGTGATGTARACCGCCATATCGACCCGACTCAGGTCTATATTGCGGGGCTCTCCTCGGGCGCGGCGATGGCAATGCARACTGCCTGCGTGGCACCCGAT 480

Lipase box
481 GIGTTTGCTGGGGTCGCCTCTAGCGCGGGGCCAAGCATAGGGACGAGTTCGAATGGGGCGATCTCTACCTGTGARACCGTGTCGACATCCACCTTTARATCACGCTGCGAATCCTACGCG 600

601 GGTAGCTACARAGAGTTATTTGGGGACTCAGTTAGCCGTAATTGGCCATGCCAAGGCCGACACTACGGTCAACACTTGCTATAACCAGCAGAATGCCGATGGTTTTGCCGCTGTTTATGGT 720
{8 ¢ S Y K S ¥ L 6 T Q L AV I 6 H G KAUDTTTVNTTUCYNUGQQNA ADGT FAA AUV Y G 240
721 GTGACTAAGTTAAGCGGAACCAATGCGTTATCCGAGGGCGTAGGGCATACGGCATCGGAARCCT GCAACAAGC TA TCGATGGCTTAGATCATTCATGG B840
FpZ*9 v T K L 5§ ¢ T N A L S E G V G HTASETULUWS NI KU RVYVAMTILUWTFUDGTULUDUH S W 280
841 TCAGGTGGGGCAGGCGCATCGGEGEATTATGTCGCCGACGACAGCATTARCTTTGCCACC! T GGAAGTTTTTCGCCGACAATAACCAGAGAGTAAACCGCAATGCCTTGCCTACC 960
961 CTTGCCAATGTCACTGGTGCGGATARCGCGGGCCTGCTGACTCTTTCTGGCATGGCTAATGATAGCGATGGCTATGTCGCGCAGGTAAC TTATTTGCTCGACGGTGCGGGC io080
kb8 L. A N V T ¢6 A D N A G V L T V S G M AND S D G Y V A Q V T MGTIUYULILDGA AG 360
1081 CARAGCCTGATTGGCAATGTGAGTACCACAAGCCTTGGTAGCGACGGCAGT TTTCAGCTATCTAGCCAGAGCTTARGCGATGGCCTGTACARGCTGGTGGTACAAGCARGTGATGATGTA 1200
351NVSTTSLGSDGSEQLSSQSLSDGLYKLVVQASDDV'400

1201 _TCTGCGCTTAGCGCGCCAGTGGAGTTAACCGTACGTGTTGGGCCAGAGCCTGCCAATGAGGCGCCTATCTTAAGTGGTATTCAGGTGAGTGTCTCAGGACAATGCGCATCGGTGACGGGE 1320
401|SALSAEVELTVRVGEEEANEAEILSGIQVSVSGQCASVTG 440
1321 TCGGITGTTGATGCARACCARAATTTAGCCTCGGIGACCGTTGGTTITAGT TCTGGTCAGCAAGTCAGCGCGAGCATTAATGGCACTCAATATAGCGCTCAAGGCTGTAATTTACCGGGT 1440
441[s v v D A N 9 N L A § VT V G F S5 S G Q Q VS A S INGT QY SAQQOGCNTLEG,]| 480
1441 GGTGCGAATCTTGCGACCGTGATTGCGATGGATAGCACGCAACTCTCCAGCCAAGACGGCATTAACTTTACTATCGATGCGGGCGTGACGGGGGATTACARCACCCATATTAATCTTGGT 1560

481|GANLATVIAMDSTQLSSQDGINE‘TIDAGVTGm 520
1561 CATATCACT GGTTATTCCGCCTGTTATCTTGCCTTCGGTACAGGGCARTTTACCATGCGCGARTATGCGGTGGGCAGC TCGCARTGTCAGTGGGTTGCCGATGGCARTACT 1680
1681 AGCTGCGCGGEGCOTTCGCAGGCATCTACAGETAGCACAGGTGGCACCACTGAGCCTACAGATAGCGACAACGATGGCATTAGTGACAGCATAGATAACTGCCCCAATGTCGCCARTGCG 1800
s [N Yl c s T ¢ cTTEPTDSDNDGTISDSIDNTCENTYA ATNA 600
1801 GATCAGGCGGACAACGATGGTGATGGTATCGGCAATGCCTGCGATACCACGCCCARTGGCGATACTTATCARTGTACCCARATCACGGTGAGCAATTATGCCCATGTTACGGCGGGCCGE 1920
601 D Q A D ND G D G I G NACTODTTTPENTGTDTTYG QOCTTSGQTITU V(S N YA HUVTTAGR 640
1921 GOGACCAGCAGTGGCGETTATGCCTACGCTAAGEETTCGEETCAAT TAATGGGECTTTATARCACCTTCTATAGCAGCACT TTGGCCARTACCGOCGCCAATTACTATGTGGTTGGTAGE 2040
641[A T S S G G ¥ A ¥ A K G S G @ L M G L ¥ N T F ¥ S S T L A NTA AR ANTZYTZYVV GS| 680
2041 _TGTCCTAACTARGTGAAAGGGGGGGATTAGGTGARAGCCCTARCGGGGTGATCTAGGCTTGATARCARAGGCGARCCTTATGETTCGCCTTTTTGCATTGGCT TGGATGGCG 2160

s1[c ¢ ]~
2161 GGAGCGGCTGCTGACAGCAAATAGCGCATTATCCTGTARATTCTCACCARTGCCCTGCATAGCACTATTCAGCGARAGCCGTCTTARATGATAAGATAGGCGCCAGARTTTTTATCAGGT 2280
2281 GAAAACTCACCTAGTGAAGACGTGGCAATTTTGACCTARCGCGCCGCGTGATGAATGCGGTTATTCGA' TTATTTGATTATGTTAGGTGTATTTCTATTATGTCGT 2390

Signal peptide I c:t-lvtic domain(cp) [N substrate-binding domain II(SBDII)

[ vinker domain(mp) [ |substrate-binding domain I(SEDI)

Figure 16. Nucleotide sequence of the phaZs,. gene and deduced amino acid sequence of the gene product. A putative
ribosome-binding (Shine-Dalgarno [S/D]) site and the —35 and —10 regions of a possible promoter sequence are boxed.

AR DT O_EFHRIZIE, ORFXL 23L& LTV 7= (Figure 17), ORFX1 i%, Shewanella sp.
ANA-3(YP_871095)? D-3-hydroxybutyrate dehydrogenase (HBDH)?D—#Céh 5 3-8 K ¥
TREUWETE RaSh =807 I BES LA ERMEMEEZ R LI, 3-8 Red T X g
Tt Fasr b —EiX, (R)-3-t Kaxv 7 ¥ ety 5M{LiE iR CTh H[177].

F 77, REEEE G 7O FHdICIE, ORFX2 35 X OV ORFX3 M7 L TV 7= (Figure 17), ORFX2
1%, Shewanella sp. MR-4 (YP_735412)D 7 /'~ F 5 A I F—¥ D7 I/ EEY & FR[EPE %
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R, TORFUTA I FT—PIL, 7 ~F o il 2 ks giESE b 5178, =
DEERE, RIBEEB LT /7 X/ BARGENIIER L T D, ORFX3 1L, Shewanella sp.
MR-7 (YP_736720)D>7 X X4 —E D7 I/ BEHIO—F EMFAMEEZ R LIz, 714 —E,
B HNRCEET I RS IR RERRE CTH D, Z OMEFRIL, RERE, 7=
TI=URE, MU N7 R, T 2 T B e E ORI TIE7e 6 < [179].

Kbp 0 1 2 3 4 5 55
I I I I I I |

N
ORFX2:> ORFX3
|

Figure 17.  Genetic structure. The arrows show the open reading frames.

PSR S 2 X7 B (PhaZshe) %, FHIFMED @\ P(3HB) /2 g% > CD & kbl L 7=, Figure 18
R oD, AEEEE, il 3 7ML LTk U i (Serlds), b AF T (Asp220), B L
T ARG X UFR(HIs278)FE L &, SO RIMARIZB W CRER & O iR R 1 2 ZELT 5
DDA XT T =F R —V(HISB)DRIF SN TND I ERHES N, ZDT Enb,
PhaZgpe 23 71 V7R 6 2 )L 2T WK 3 iEEESR(EC 3.L1X)D—FEThH 5 Z L BRI T,
PhaZgn, O HEE D SBD 631-683 \Z(C K L ¥ )i%, PHB # 1 7' &, 512-570 it (C K L V)i, PHV
K A Tk U CHIREME %2 7~ L 7= (Figure 19), %7z, PhaZg,, ® CD & SBD iz W Cix, &~
R T HENK O EEED LD OV a— e LTHBICROND 7 4 T ax s F o
Z A 7 1 (Il ERECS A3 FAE L 7= (Figure 19),

PhaZspe D7 X/ BEFLHI A2 RNE, PhaZagagizs P F 40 & @\VOEIFEINE(50%) % 77 L 7-[104], FH%t
BZmWarTEE2 655, 250 SBD 24725 &) REIE, MEEEEREE ) O HEE S -
WAFET D P(3HB) 3 fifl%5% PhaZysp[106], PhaZpg[105]35 & U PhaZgspnra [107] & Hl L T
Teo £72, UN—BR > 7 ZADALED D PhaZgne 1, PhaZataaeizo, PhaZysy, PhaZpy, PhaZgsonrae
¥ LU PhaZgy & [AIRRIC Type A IZIRT 5 & HEE E4172[99], Type A 35 KL U* Type B @ P(3HB)
ONREEFRIE, H\CPEBRE A (circular permutation) T& ¥, PhaZgpe 1%, o/p hydrolase family ¢
—BLEZOLNDH[94], flll LD 1, W< ODDOMEDKAREEMER U~ — DK 5y fifh s
DEYV2—)LE LTRSS TWS, MEE, XCOEEG flll Bz 2845 L, %
D Z OB T ITMEM CTARAREIZ KV RN o 72 EHEE STV 5[180], PhaZghe DHEE
DOLD X, 2D flll # 4 7 TH Y, PhaZaangizs, PhaZpae 3 £ OV PhaZgy (2B W TH A H NS,
F£ 72, PhaZs, ® SBD |21, P(3HB)fi#l#E D PHB ¥ 1 7" SBD[101, 181]iZ . &4 2 Hi
EF—7 sSNxxHxxAgRA F1E L7T=, —J5C, SBD Il (ZiX, P(BHB) gD PHV % A 7
SBD[101, 181]iZ L 5 11 % € F— 7 xxxxHIxaGr 23MF1E L 7=,
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PhaZg, 27
PhaZarnme 28
PhaZygumm, 29
PhaZz,,, 39
PhaZz,,, 33

PhaZg, 116
PhaZ,supmo, 117
PhaZy p 119
phaZ,,, 136
PhaZ,,. 130

PhaZg,, 213
PhaZ,cnmo, 211
PhaZs . 215
PhaZ,,. 234
PhaZ,,. 228

PhaZg,., 297
PhaZ,raos 294
PhaZ, s, 311
PhaZz,,, 308
PhaZ,,. 302

Figure 18.  Alignment of amino acid sequences of the putative catalytic domains (CD) of 5 extracellular P(3HB) depolymerases
from marine environment. The putative catalytic triad and the conserved histidine residues for the predicted oxyanion holes are
shown in white on black. The lipase boxes are shown in gray. Identical residues are marked below with asterisks. Highly similar
residues and similar residues are marked below with colon and dot, respectively. Accession numbers of P(3HB) depolymerases are

—————— GSWQONVATIGGFNKVHI YTPDTDAKVSDGKALMLVIEIGCVQPINNYLT-ANLEQAAEAHGMV IAVPDAMNKAG—-—-YSCWSYWQGS I-NRTSGD
—————— GAWQNNL SLGGFNKVHLYTPDGD SPVGNGKALLIVIEIGCTQSIDAYKT-ANLEVAAEEY GMVVAVPDAMNKAG—-—-FSCWSYWQGTK—- SRSAGD

——————— AGQF ITGTYAGKPYKLYVPDQYNES—QSYPL IGCTQDASQFATGTKMNTLADEKGFLVLYPEQTS SAN—--SNKCWNWFEAARHQSRGSGE

GQTFSYTSPQQAY SGSRERSYRVYVPTG--—LSTPAP) IGCRQTNDDVLNDWGLKAAADRYGFILVAPFITSYDGLRNENCWGFWFEQHI HQGGGE

GQTDSYTLPQQAYNQSRARDYRVYVPDG—-—LT SPAP) IGCKQTN'NDVLNDWGLKAAADRYGFI LVAPYITSYDGLRNONCWGFWFDHHRHEGAGE
* cik Lk D kkkk Kk *; ki * Rk

YRNLINLANALSGDVNRHIDPTQVY IAGI GAAMAMOTACVAPDVFAGVASSAGPS IGTSSNGAIS--TCE-TVSTSTFKSRCESYAGSYKSYLGTQLA
YRNLINLANTLSGDAARGIDPNQVY IAGI GASFANTTACLAPDVFAGVGVSAGPSVGTSSSGAIG--TCE--—-QADVESRCRDLGGGYQSAFDTQVA

PAATAGMVNLIKNNY SVQGD—-QVYAAG] GAAMSVIMGAAY PDLFSGIGVGAGLE YKAATSMTGAF T--AMS SGGPDPVRQGRAAYQAMGSQADTMPV
VADLHRIAQQVEANFV-—-IDANRRFITG! GGAMALVAAVAYNEYWAAAAPAAGLPYRETASSVSLSGQCPGSATFRSVSQVAADMRSEVNDAYPIPLM

V'EDLHQIALAVEGNYS— —IDPQR.R]E‘ITG GGAMTAVAAI THNEYWAAAASASGLPYGED SSSVSLTGQCP GNATFHSVSRVVSDMQAELNDPYPIPMM
T R

ISWSGGAGASGDYVADDST
ISWSGGQGASGSYVSGAST

SGEN-VQGSYTDPQ-—
IAYTQDGTTATRSLVETV
ITRYTQDGTTGTRSVVETV

NFATYLGKFFADNNQRVNRNALPTLANVTGADNAGVLTVSGMANDSDGY VAQVTMGI YLLDGAGQSLIG
NYARYLGGFFAEHNARIDRNRVPTLAQVDVTASADRIQVSGQASDEDGTVSSVAIVIEGVNGGGATLAA

I¥YDG————————————————— PLATPNPODTNHGHYWI GGAQGNNGKWSLQVGPSYPD ITWDFFSRHS
YIDG——m—mmm e e e e PLSTPNTQDTDHGHYWV SGKDGNNGKWAIRVGP SYPD IIWNFFAAHD
* : *

as follows: PhaZshe, BAU59415; PhaZasaae122, AAB40611; PhaZgsonrrr, ZP_01169502; PhaZes, BAA32541; PhaZyg, BAC15574.

(A) LD

PhaZg,, 366 NVSTTSLGSDGSFQLSSQSLSDGLYKLVVQASDDVSALSAPVELTVRVGPEPANEAPILSGIQVSVSGQCASVTGS NLASVTVGFSSGQQVSAS
PhaZ,az0e 358 ATLAAATDNNGYFQATSDPLADGLY TVAVTAADDDGGESEPATRTVRVGPEPPASAPVLSD IAVSVDGQCATVSGQ DLAGVTVTFASG-VRAAG
PhaZp,, 300 SCWDWWGYDSANY SKKSGPQMAAIKAMVDRVSSGTGGTTPPDPVALPAPTGVSTSGATASSMAIGHA-AVMGAASY. ALPVTATSYTDTGL
PhaZg,; 307 -GGDNTNYVDATHINYPVEVMDYWVKNNLRAGSGTG-—————— QAGSAPTGLAVTATTSTSVSLSWN-AVANASSY --SATATAYTDSGL
PhaZg,. 466 ING GCNLPGGANLATV. STQLS SQDGINFTIDAGVTG
PhaZ, g, 457 IDG CDLPGGAQNATVIIEDEGGLS SGDQIDEV IDAGQT -
PhaZp,, 399 AAST VRAADANGAEGATHIAASGTTLAASGGGTATCTTA-—

PhaZpg,; 396 IAGT [YTVTAVDPTAGE SQPHAVSATTKSAF-——-TCTATTA——

*k .. *

(B) SBD I

PhaZy,, 456 SPS.

PhaZg,. 512 DYN' ITWGVGY SACY LAFGTGQF TMRE YAVGSSQCOWVADGNT SCAGPS QR
PhaZ, g2 503 TLDQEHS DY -TNYADCYLEYGADAFKLTEATVSG-QCQWQ-DDDASCAGEVQ!
PhaZy,, 450 SPS

YAGGTSNLRAYAKDDGVDIGGSEFDTWSNVPLYEGEPGRWY AQRPAL
YAGGTSNLRAYANGDDADIGASFDSWSSVVLYEGEPGQWE SQEPSK

(O)SBD1

PhaZg, 631
PhaZg, 437
PhaZe,, 462
PhaZ,., 443
Phaz,,, 528
PhaZ,,, 529
PhaZ, o, 574

Figure 19.  Alignment of amino acid sequences of the putative domains of extracellular P(3HB) depolymerases. (A) Alignment of
linker domains (LD). (B) Alignment of substrate-binding domains Il (SBD II). (C) Alignment of substrate-binding domains | (SBD
1). Identical residues are shown in white on black and marked below with asterisks. Highly similar residues and similar residues are
marked below with colon and dot, respectively. Accession numbers of P(3HB) depolymerases are as follows: PhaZg,., BAU59415;
PhaZaaeizo, AAB40611; PhaZp., BAA19791; PhaZg,, AAA21974; PhaZpq, BAA32541; PhaZyg, BAC15574, PhaZcs,

AAA87070.

¢S SGGYAYAK----GSGQLMGLYNTF YSSTLANTAANY PN
—-GSNQSMGLDNLFYTSTLAQTAAGY YT P
AYQQGGYAYAT ———-ASGONMGLWNVE YTTTLRQTGSNY YV P—
AYAAGGY TYAL ———-GSNONMGLWNVEVTNTLRQTSTNY YV, P—
—-GNQYLGSLS--GLSTWVRETAQGHFQ. SN
Y YSAGYYTTG--—-GDDSLGPIP--GTYTWVKETSAGVFE. P—
Y STGNYYAPDYFAQGSDEPMAGSTWGLTALYSEDGGNVWR: P—
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3-2-3  P(3HB)/fiiisE D& s

FRRIERRHRIZ & 0 BFAERR JIKCM-AJ-6,10 D77 7 2 DNA LD phaZgsne BA5 1 28 L7-, i
BRROA 7V —= 70, BT <A T UMEOARIZ LV HE SN, ZORE, 1720
AF~A R Z TG LTz, 2055 1 82, PRHB)FLkE L T2 U7 Y — Bk
BREAFFT 2o To70, T Ba - iEK L L GRIR L 72(JKCM-AJ-6,1a-D), 77 A ~—
SheCold-f 35 J O¥SheCold-r % VY T IKCM-AJ-6,10-D £+ I OB A KK D phaZgne & {51 % PCR
BRI X 0 i L7 (Figure 20B), < DOfEE, JKCM-AJ-6,10-D ¥kD 47/ L DNA &7 > 7 L —
k& L72BRIZ# 3300bp @ PCR EEMI %157, —J7, BFAEREN DL, 2000bp D PCR FEM) % 15
Toe 2D ENG, JKCM-AJ-6,10-D ¥4 7 5 DNA L0 phaZgye @i 11%, HH~A >
MBI AR L DA SN2 ERNboT=, £7-, phaZge ORYEEIC LD 7 ) 7 —
VIERRBE R o T2 T2, JIKCM-AJ-6,1a #ki%, T D4 7 1 DNA LiZME—o P(BHB) 2 k5
BIETEAETDHI PRI,

(A)

pMD20-2049-kan

phaZsne-5" I phaZsne-3'

Wi Homologous i
-~ . o -
¥ < recombination_. %

S

-~ - b
T
_'l phaZste !
JKCM_AJ-6,1a genome *L
SheCold-r
p—
JKCM_AJ-6,1a-D genome

SheCold-f
Figure 20. Preparation of the phaZs, gene disruptant. (A) The phaZs, gene disruptant was prepared by homologous
recombination. (B) Electropherogram of DNA fragments amplified with a set of primers: SheCold-f and SheCold-r by PCR method

for stain JKCM-AJ-6,1a: wild type and JKCM-AJ-6,10-D: a disruptant. (Lane 1: DNA molecular mass marker (MHindIII marker),
lane 2: DNA band with JKCM-AJ-6,1q, lane 3: DNA band with JKCM-AJ-6,1a-D).

3-2-4  BpERER K OVKEGE BL21 R H KD PhaZgp DAEELFS X OFSLT T
B AERRH kD PBHB) % fEE% 3 (WPhaZge) 35 & VK G BL21 H KD P(3HB) 45 fif I 35
(rbPhaZgne) Z K58 L 72, TR DFEHIE 4 Table 28 [Z7- 7,

Table 28. Purification of P(3HB) depolymerase from wild-type and recombinant PhaZgp..

. Total activity Total protein Specific activity Recovery
Stein Step L) (mg) (Uimg) (%)
wPhaZgp® Supernatant 14.40 6.45 2.23 100
Butyl Toyopearl 3.38 0.22 15.34 24
rbPhaZsy.” Supernatant 10.12 4.15 2.44 100
Butyl Toyopearl 5.10 0.087 58.35 50

a wPhaZg (wild type enzyme) was purified from strain JKCM-AJ-6,1 0.
b rbPhaZs,. (recombinant enzyme) was purified from the E. coli BL21(DE3) carrying pColdI\VV2049.
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B AEHIIZ wWPhaZghe DN ERIE 24%, FERLEEIL 6.9 (5 CTh o7z, F£7z, rbPhaZg DA
I3 50%, FERUEIE 23.9 5 Td > 72, WPhaZgye 35 & O rbPhaZg, %, SDS-PAGE FEXkEh L7-
& 2 A 47 kDa B LY 70 kDa fHTiZ B— N R &2 fEs8 L= (Figure 21A), Z OFERIE, VA
LT T AOFREREIZE—E L T\, —J7, A LT T MENTD D, KIGE DHSa #kH KD
[i#%3% (rdPhaZgne) 1, % 41LE 41 wPhaZgn @ 47 kDa 35 X 0F rbPhaZg,e @ 70 kDa & —2§ 5 45+ &
W& x OO )T — 2 % Lz (Figure 21B).,

PhaZshe DAL 1E I H5 < 431 67,453 Da 1%, BEAN OWERENE P(3HB) /3 iRl 5% PhaZys
7 58,244 Da 33 X O PhaZpgaagizr @ 62,526 Da L D KEWZ L binotz, £70, Bl
I EES L A+ B &, SDS-PAGE IZ & W £ 5 7= rbPhaZgy D4y &%) 70 kDa & 8L L TV iz,
L7~L, SDS-PAGE (2 &V 15 & A7 BF AR SR (WPhaZsne) D 47 F- A 47 kDa & 1%, K& 707
BN ot-, —F, A LT T HICBITS rdPhaZege D oD 27 V7Y — U NHBE L &
BEEBT DL, BAKREE FEICB VT, wPhaZg, @ LD OKRIRT, HiGICHFEETH 7T
T—RBILEY T ey v T EZT TS AR R S LT, B5EE BIE T P(3HB) iR
iz SBD OUIWrfIL, BE EEhicoy T a5 7 —¥ %2384 5 Paucimonas
lemoignei ™ PhaZ5 IZHB W T HME S TWDH[91], Fo, MERORER LY, BFAKITME—
D PBHB) W fiflt 8 s 1 D Fr % 7/ 5 DNA _EIZH L TV o723, wPhaZge 35 & O roPhaZgpe
1%, [Rl—DEE T (phaZswe 2> H)H K TH 5 & fEmmfIT 7=,

(A) (B)
1 2 3 4

kDa
114
84.7

g

>
L 3
473 a—

31.3

Lt

25.7 % o

Figure 21. SDS-PAGE image of PhaZg, (A), and P(3HB)-hydrolytic zymogram by PhaZg. (B) (Lane 1: Molecular mass marker,
lane 2 and 4: wPhaZsy, lane 3 and 6: rbPhaZgy., lane 5: rdPhaZge). Deduced domain structures of wPhaZsy, and rbPhaZsp,
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0-0.8M @ NaCl JREEIZI1T D BERIEME~D B A4 FH 72, WPhaZghe 35 J T rbPhaZgp D%
i NaCl #EEIE, ZNZh 0.5M B LN OM THh 7=, wPhaZg, OTEMEIL, NaCl #E 0.4M
LIFTC, BERIEPEIZIRT L, OM O%a, THMESHEA L, XHIRAVIC, rbPhaZg, DOIEPET,
NaCl 2D 5 & KT L 7= (Figure 22), 1EPEIGIED © BLEE X 417- Ralstonia pikettii T1 H
sk P(BHB) /0 fifli s ClL, TEMERBUCRBWT, NaERMEN 2 <, L, A A v o &4k
KTFT 52 ENHEINTND[L69], iz, WK E RO NaYREBREE T, WIEMERESR T
1%, TOEMEMEES D Z &N S CTU5[182-184], £ 7=, SBD % K4 L 7= wPhaZgpe
1%, NaCl 2MFE L7 & PGBHB) & 3R C & 72 T-, T ORGSR, WEENEME Marinobacter
sp. NK-1 R34 E3 % PhaZys, 73, %00 SBD KHRIZ L 0 [E{K PBHB) I figae I A 1K T 5 &
WO FERE —E L TWDH106], D Z LiX, PhaZg,e 1%, MEMEEETH Y, wPhaZg, &
PBHB)DXMEIZFEE T D721, XA E W NaCl & TIERF BRABUK MRS & J1 3 BT
HDHEVH Z & &R LTS (Figure 23),

Relative activity (%)

O . 1 1 1
00 02 04 06 08

NaCl concentration (M)

Figure 22.  Effect of NaCl concentration on enzymatic activity. The enzymatic activity was measured in the reaction mixture
(50mM Tris-HCI (pH7.5), 400 pg of P(3HB) granule, 1mM CaCl,) at 37°C containing various concentrations of NaCl. (m: wPhaZgpe,
<> rbPhaZshe).

kDa 0 10 20 30 40 50 60 70 The enzymatic activity

I T 1 T T T J ' 05MNaCl  No NaCl

wPhazZ
She

rbPhaZ
Sh
N - O - -

Figure 23. Deduced domain structures of wPhaZg,. and rbPhaZs, (CD: catalytic domain, L: linker domain, S: substrate-binding
domain, @: The activity was excellent, O: The activity was normal, X : The activity can't be measured).

[
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S 51T, WPhaZghe 35 & UY rbPhaZsne DIRFEZZEME, pH ZZEM:, i pH Z7i~7-, Figure 24
W29 K 91T, rbPhaZg,e & wPhaZgne DIRFEZEENE, pH ZEMEF L O pH 1%, XX —F
LTWe, 2 OEEFRIE, 15°C LT 30 0 RIR% 90%LL EOFRAFIEM: 27~ L72dy, EHLA
EORETIEE L IEHENME T L, —J, pH7-10.5 OffiX 4°C T 5 FEfRIRL, FRATS
PEIZ, 12T 80%LL ETh o7, £z, E#EpHIZ TS5 ThHho72, ZD L D 72 wPhaZgy 8 L O
rbPhaZsye [ T ORE R DFALIMEIX, T 6 DORFEN CD R THDH Z L2 - L TWD, —F
T, B B2 D HEE S L7 PGHB) S ER T H sl > P(BHB) /M fifliE R D 2% < 1%, TIRMEK CRE
Td 5H[78, 80, 169]78, ABEFHRIL, MOWEFEEREIN S OREFR[185-187] & [l U < BN ENE %
R ENDIroT,

(A) Thermostability (B) pH stability (C) Optimum pH

_ 100 OO0 % i
X
Ser © o
wPhaz z ® L
She S 60 | o o
S
W E| . <
= &0 © o %
oL O L adk
2 [0 S | 3
$ g | < X
rbPhaz 2 W
She ; 60 ’
BN N G ° . o
z O o g@
S 20t} & po
& % A A ©
0 20000 : —
0 10 20 30 40 50 600 2 4 6 8 1012 0 2 4 6 8 10 12
Temperature (C) pH pH
Figure 24.  Effect of thermostability (A), pH stability (B) and pH (C) on the enzymatic activity. (A) The wPhaZg,. and rbPhaZsp,

was incubated in 0.01M sodium phosphate buffer (pH7.5) for 30 min at different temperatures, and the residual activity was
measured. (B) The enzyme was incubated at 4°C for Sh at different pH value, and the residual activity was measured at pH7.5. (C)
The residual activity was measured in various buffers at different pH values. All the measurements of wPhaZs,. were supplemented
with 0.5M NaCl. (A: Glycine-HCI, <: Na-citrate, @: Na-phosphate, [1: Tris-HCI, 4: Na-borate, O: Na-glycine)
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KB A A B L OBLEH] D wPhaZghe 3 K U rbPhaZgye 7 P(3HB) /0 ik 1~ D 548 % G~
7-(Table 29), wPhaZgne 33 & OF rbPhaZgpe (%, CaCl,, MgCl, & 721% MnCl, DU L v, [RIE
BT 52 ENbinotz, £z, IKIRE C&BBRIGEIELRIFIL L2 L, KEERICT
ATV v IR ELEbdT T 27 X—L UCERT % alREMENRER & 72, F72, FeCls
DI L0 TEERIHI S D Z LR oTz, —7F, wPhaZspe 33 & U rbPhaZgye 1%, DFP,
PMSF, DTT, Tween 20, SDS & 72(X EDTA OIRINZ LV, 522 I4E LT, £7-, 10mM DAN
DOEMC LY, FBAAEIEDE, 8%F LN 52%FE TIIL T Lz, b OFERIE, PhaZg, I3,
ZOIFEMRBICE U VU REB LT AT R UBIEENE S L, o PBHB)SfiflEE% & [F]
Rz, A7 U KRR Thh D Z L 3o 7-[104, 106], MMz T, DTTIZL 5
JIE L, REEESFRNICBIT S, YAV T 4 RSO RER L TW\Wb, EDTAIC X 5%
EICLY, PhaZge OIEMRBICEBA A VNG LTV Z ENRBRENTZ, 2T,
CaCl,, MgCl, £721% MnCl, DIFRINZ &V, PhaZghe DiEMEAIRIGELT 2 &V I FER & —E L
T, &51T, A A PEREIHEERITH D Tween 20 38 L OFEA A4 MR ITEMERTH
% SDS OININC LV, BER O G ENERIT Kb Z LD, PhaZs,e 7, P(3HB)/fi#
REIZ PEHB) R ~DWENUETHDH Z EHRBEL TS,

Table 29. Effects of several ions and reagents on the P(3HB) depolymerase activity.

Reagent Final concentration Relative activity (%)
(mM) WPhaZspe rbPhaZsp.
None” — 100 100
CaCl, 0 52 20
1 100 100
2 121 110
MgCl, 1 104 106
5 107 120
MnCl, 1 111 125
5 p. p.
KCI 1 98 10
5 105 96
FeCl, 1 6 12
5 p. p.
DFP 2x10° 0 24
5x10° - 17
1x10? - 0
DAN 1 77 100
5 28 100
10 8 52
PMSF 0.1 4 30
1 0 0
DTT 1 12 40
5 0 0
EDTA 1 3 0
5 0 0
Tween 20 (%, v/v) 0.1 0 0
SDS (%, viv) 0.1 0 0

* Reaction mixture contains 50mM Tris-HCI (pH7.5), 400 pg of P(3HB) granule and 1mM CaCl,.
** Reaction mixture was supplemented with 0.5M NaCl.
p. means precipitation.
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WPhaZgpe 35 & OY rbPhaZgne O JE K FME 4 5~ 7= (Figure 25), WiE%5% & & P(3HB),
P(3HB-c0-3HV)# LN PESU 7 « LV A& LT, —J7, PBSU, PCL 383XV PLA 7 (/L A
TR LI oTo, S BT, WER D 7 1 v L D3R EE X, P(3HB-c0-3HV) >P(3HB)>>PESu
DNETIL T L7z, P(BHB-co-3HV) D43 ED PBHB)DZiL L W K& o7 Bl & LT,
3HV &/ v—=2=v ;) 3HB fifaEAUC kT 2 KR & LCTER L, #EdbEOR T2
BZ > TND7dTHDLAREEND D, F72, wPhaZs, 3 L O rbPhaZg, o HE FE R IHE
LL TV a2, EEREMEORER TN CD ThH-dThHDH LIS,

=~
o

S A i
o o o o o o
T T T T T T

]

o
o

Weight loss (mg/h/cm?/protein mg)

%) 4\ o N Nad
%I
&

Figure 25.  Substrate specificity of PhaZghe. Six polyester films (10x10x0.15 mm) were used as the substrate. The reaction mixture
contained a film, ImM CaCl,, and 0.1 M potassium phosphate buffer (pH7.4). Enzymatic degradation was performed at 15 °C for
48 h. The enzymatic activity was expressed as the weight loss of the film per unit surface area per hour (mg/cm?h). (OJ): rbPhaZse
and reaction mixture was supplemented with 1 pg/mL of enzyme. (OJ): rbPhaZse and the reaction mixture supplemented with 0.5M
NaCl and 1 pg/mL of enzyme. (H): wPhaZs, and the reaction mixture supplemented with 0.5M NaCl and 4 pg/mL of enzyme.

3-2-5  HEERRAVMEHT

wPhazShe B L O rbPhaZgn O3 FEFmf#MT 24T - 7= (Figure 26), ZHEHD PBHB)/I R D H

BREELL, FESETREE 4.3 pg/mL B LN 1.1 pg/mL TELUH S #u7-, NaCl DFEFELE T T rbPhaZgpe
mﬁi 1%, BOMFEEZIT 72, —7, NaCl DIEFELE T Tl wPhaZgye 13, S ffEMEZ 7R & 72
Mot-, E£72, 0.5M D NaCl DFE(E T T rbPhaZg, DIEVEIL, KV iRWEH CFREAZ T /-,
—7J7, 0.5M @ NaCl OFFELE T Tli% wPhaZg, D fETEN L L, — 7 CHOEIIHR S
iainotz, Table 30 (2, wWPhaZgye 33 & U8 rbPhaZgne D FE iE Sk ks 36 & QW5 AT EH K %
R, A CHEIREE T CiY, MR O KAEA 5, wPhaZgne-P(3HB)Z i [H] OB I3, rbPhaZsp,
DENLY LT o /SN ERPD-72(0.18+0.01vs. 1.53+0.11 mL/ug), ZDZ &%
SBD % K48 L7z wPhaZgne I, P(3HB)Z(H & DBFIMENR T = DIZH CIAEE AL Ul o f:
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LT E D, —HC, WPhaZghe 23K & 72308 CHRE A 53T 2 72 9D121%, FHRTAJIZTRVBR
KMEREAIZL Y, RV =X TF VREA~WAET H[99, 1881LENH D, rbPhaZs, D K (1.07 +
0.04 mL/pg)iE, ¥ECENERESE PhaZps (0.17 £ 0.02 mL/uQ)[174]1 & 0 @2 & &, FEMELEMERNEE A
K DBEFE PhaZppit: (1.60 £ 0.11 mL/ug)[189] L WKW Z L 3o Tc, D Z LUk, WREMERE
F PhaZspe 13, MLOWEENE P(BHB) /fifliESR L W PEHB)ERm~DOHF B8N E N2 D, —
75, PhaZgne 73 SBD % 2k T WPhaZghe (272 » 7o BRI K] LT, AR A EMEIC L Wk
HTER, L2 h, FRAICE W NaCl JEE OWFLEERBE N T OO FER AV BIK Y
FEAERIZ XY wPhaZsye 13, fio> P(BHB) 3 fifli% 5% & [FIERIC PBHB) D AEIZWAE L, P(3HB)
BT HZ LN TE S,

Rate of hydrolysis (A ODgg/h)

o P N W b~ o1 O N

0 1 2 3 4 5 6 7
Concentration of enzyme (pg/mL)

Figure 26.  Effect of enzyme concentration on the rate of P(3HB) degradation in reaction mixture (50mM Tris-HCI (pH7.5), 400
pg of P(3HB) granule, 1mM CaCl,) at 37°C during enzymatic degradation. ([J): rbPhaZs, and reaction mixture was supplemented
with 0.11- 2.21 pg of enzyme. (M): rbPhaZs, and reaction mixture was supplemented with 0.5M NaCl and 0.11- 2.21 pg of enzyme.
(O): wPhaZsy,e and reaction mixture was supplemented with 0.32- 6.5 pg of enzyme. (@): wPhaZs, and reaction mixture was
supplemented with 0.5M NaCl and 0.32- 6.5 pg of enzyme.

Table 30. The Kinetic parameters of enzyme.

Enzymes K (mL/ug) ks (U)

wPhaZs;e + 0.5M NaCl 0.18+0.01 0.24+0.01
rbPhaZspe 1.07+0.04 0.40£0.02
rbPhaZghe + 0.5M NaCl 1.53+0.11 0.28+0.03
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MRS L7277 AF v 710%, FERFERRICER L, BAREEMELZ sk L
TW5, BEFCTMAEMICL Y I DAE0MRET 7 AF > 71X, 2ok 5 R8Ikt
TL—o0fE LT, HAEZED TS, AELGRIXTIE, A0t 2Fy 70T
R HREMRFRY 3£ Fuxo 7% ) [PEGHB)ICEH L, PEHB)DOWEE R COEA
bz HHYE L, ZOREESFEA T = X LOMIICER Y MLATE, BMARAICIE, EME P(3HB)
Oy RN O BABE & BT 24TV, & DI Z OMIE N EET D P(3HB) iRl 3 ORERE
Z DOREIED PBHB)D /M 5 2 B B DN TREL < T2,

W1 (] T 7T AT 7 ORESIIC L D & U BT ROHE R ~O
WA OWTHEL L-, X DIBEREICEIT 2HIEIC L D PGHB)AESG L, BREEHMEME,
P(3HB) /M & UE DY RIEFR\ZBIT 5 JATHR N 20k, A L Sc a1 2 Ll
BRIz L=, £7=, BIEE IS5 T A HEENE Shewanella JBFIE OMEETIZ DU
TEEk, KIS, AMERLOH BT,

¥ 2% [MELEBREEN & 0 P(3HB)4)fi% Shewanella JE&HI oD BEEE & FRAH T ] CI, S
BROWEK D> S HEEME P(3HB) 4y fi##l # Shewanella sp. JKCM-AJ-6,1a ¥k Z HEE - RE L, D
BRODAEALT:, PRSP RS T 21T o 7o, HBERIX, PRHB)ZME—DRFR L 5~V
VR R TIVEEHITC K B U 7o, HEEERRIZ, 50°C DL CIREEES, 30-37°C T b L <
JE LT, —J5, ARRIC XL D PBHB)MED EEIREIX 15°C TH » 7=, E£HhiZ 0.2M NaCl % 7R
AU 7280, AR T R 00 FE BRI T (u=1.0 h™) Z 75 L, 0.8M NaCl DFE(E F T Hi%l L7,
DT BN, A, R IETERIE TH D Z L AR LTV D, Z AU, HEENE Shewanella
JEHEEE D PEHB)MEMEIZE K L= WO TORl L 72 %, Shewanella JEAHE X, MFEERE T T
B I R O S RRFRIZ B - TV D Z E G STV, AEIORFFRIC X v e
BREEIZH1T D PBHB)- — AR A 7 VBT 2 HERMERED 1O Th & 5 &l i 72,

% 3 [MErErk Shewanella J&HIEE H R OBV 22 EME P(3HB) /) fiflis 8 O FFHATIT] Tix, 28
2 TECHiE X 7= Shewanella sp. JKCM-AJ-6,1a K i 3k DOEESE (WPhaZgpe), 35 & ONHLAR 2 K
1 >R DEEFE (rbPhaZgpne) DI & BERE & OBIMR A FH~72, P(3HB) il (PhaZshe) & = — N7
% BAR T phaZshe 1%, 20490p T o7z, HEED T X/ WEELHIIL, 683 7 X / Ik MN 5720,
HESHDEHR Y ALFF FO4y+H1% 70,382Da Th - 7=, HFEEFITOMENSHEE S5
BER & X EOWIEE, 7P NARTTF R, i KA A (CD) , 747 ux2ZF 2
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AREERIL, BARLEEL X OMEETH D Z EnbhoTz, £, wPhaZg, TlE, HCOFE
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2 K DBERTEVEDIR T IT R S 7807z, KRR, FH#E 2 TSR (tbPhaZshe) 13, BLFID 6
HEINDTFELIFIIFR LT 70kDa 24 L, HOMHEBLROBEANBH SN, Z0Z L
235 tbPhaZgne 1%, P(3HB)E DT, wPhaZg, & Hle L C, X iWEftEEZ A +25 2 &M
bhol, ZNHDOZ EEREIHKT S L, WHERE T, MRS XOWKERE L It
L CL Y @V NaCl JRECToh 5728, SBD Z 72720 wPhaZg,e T P(3HB)ZR M IZXxI L T
IR R FREEGVELCTEBY, £LACHERRBHEAT 52 LITL Y HERANIC wPhaZg,
S P(BHB) & /i 4% Z L I2H T SBD KENHFNZN TV D EBE 2 HND,

I EDFERZE LT, S%OMFTERELEZ D L, WFREICBTS P(3HB):Ib LUO%
DEEGEEFATH72DI1E, Tho oML BET D L & bIig, WFEREHIC
A= 53 PR FE DRI AT S T & 70 D, AT LGRSCTIE, WEFERRICBIT S P(3HB):¥oJ:U\7C
DILEAERO SRR ETRIEZ B & LT, MENE PGHB) R E 2 R8T L, 622D
P(3HB) /o fifliE & DA & BEEE & OBIfRZFE LS T2, AREER X, S TlclmBsncn
% UHENE P(3HB) /3 il % PhaZaagizs, PhaZys 35 £ O PhaZey &Y, HEIREEIC K HEEHE O
IIE L3S L OB T 2 @ RS E (BN 2 E M) 2R3 2 L S Bl o T2, BERI OV
P P(BHB) /3 fifl% S 2, M3 X ONREEIZ KT DI MEIC L0 F & o= (Figure 27), M
P(BHB) /iRl 1213, HalZeh U ORI, AF R (Ml & 0 iTEfb S 41 2) 36 K OV (M
R OIEENME T T 2)0MFEL TV D, £, BREICHT 2I0EMETIE, BLEMB IO
BARZERNEE L, RELTINGIX, RIRTE 6 FEO Y A T OBERIZHFET
X7, BT, PhaZge 73 SBD Z KT 5 Z L 12 L D (WPhaZg, ) i RS R BL L7273, Z D X
O IR HNE, RIELERSCWID T TH D, HIRED E < 725 & PhazZg, O SBD (3BT S
(WPhaZsye), HEIREEDMEWRHEA > & 27 b 7R RE(rbPhaZghe) THAE L TV D & T LT A BRI 72
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Figure 27.  The putative types of of marine P(3HB) depolymerases.
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Figure 28. A strategy in material design to control the biodegradation rate in marine environments.
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