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Alcaligenes faecalis T19] poly(3-hydroxybutyrate)(PHB) depolymerase ¥4 %18 ]3] DNA shuffling 3§ 2 o]
4319} A= 9 A. faecalis T12] PHB depolymerase 5 ¥ o] - A2 libraryE Pseudomonas syringae?] ice
nucleation protein f-A RS X 31 LAY g pJHCU] F29 3] 2k 7,000/ 2] FA AN E A4} gt
2.2 PHB £+ poly(3-hydroxybutyrate-co-3-hydroxyvalerate) S E.33}= M9 H A x| & o] 43l A
AS2HE Aol A2 B8 EQWo]FEL At o] 52 PHB depolymease TA]- 3 Bul) 2] o] A &
halo 34 R W 5942 0] 43 &= FA AP o2 Fa gl o, AAJAE FolAM shuffling A ¢ =
Zol ¥] 3t AMS-9 71 A o] uhe} AAEA o] 1.8-3.2v) T3 1 114 EQH o] FF A itk DNA 971449 B4
£ %3} 11-42] PHB depolymeaseol] = 37]2] olu] AL X] §H(Ala209Val, Leu258Phe, Asp263Thr)o] o] F &
£ §Usdd. g8 71A] Sdd o] 59 ofnxAl Q2] W3S A3t A3, PHB depolymerase?] catalytic
triad F$] o] 7] & o] xAto] w3} B} 24A) Q) ofm] Ak O 2.9) X o] 244 7] ¢l PHBo o & &) &

A FR6) 713 Aoz FAHN
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Poly(3-hydroxyalkanoates) (PHAs)= TSt £7F9 vAES
o] Byl JdgxdoA Bid ¢ duyAYeE AX
Well &Fst= 34 182 E-olth. PHAs= AEHA
(biodegradability)¥} A2 33 (biocompatibility)©] $=<735+7] ®&
o] Adsls}, ooF FY 5o tdd Ropollx] #8o] hsdh
AELAZ B #E Fou k). Y2 E PHASE &
A4 (monomer)®] ©4axF=ol] W2} short-chain-length PHAs (SCL-
PHAs; C3-C5)9} medium-chain-length PHAs (MCL-PHAs; C,-C )
2 FEHEU(2), SCL-PHAs7F A74d0] 2 GrkiA 184
e ¥Hle] MCL-PHAsE AAAdo] 2 g4 22 H3y
aEApe] A4S H]lth4, 9).

A A ] PHA AEsle v|dFo] AX §loz Huls}
extracellular PHA depolymeraseol] &J3}ed o] FoiFths, 10,
12,13). PHA depolymerases 712 S]] w&} SCL-PHA
depolymerase®} MCL-PHA depolymeraseZ Y7ol AW, o5&
o] PHA #3H|YEE-L olF dhte] BATHE Erlshe o=
<z Slok(11). PHA depolymerases N-ZEHol 25-377019) o}
vk o 2 P4 signal peptideE 7FX|3 1o, PHAS ol
H A§E 7IEashe 7159 calytic domain, 712 tha)
g209] FE o) #edl= 7159 substrate-binding domaing 23l
At} T3 catalytic domain substrate-binding domain A}o]<]]
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linker peptide?} &3, T2 FF9 esterases?} w7 FA 2
G-X-$-X-G&) opul=At MEE o] F0)R lipase boxE 7FA| L $)
TS, 20).

A7 7V B2 A77F ol Fo% Alcaligenes faecalis T1
2] poly(3-hydroxybutyrate) (PHB) depolymerase(PhaZ, )= PHB
Myt oluy2} 3-hydroxyvalerate BHV)7} W& 3oz ¥ 3hd
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] &
FIA= Fd 4= A= E A SCL-PHA depolymerase®]
tH5, 15). Phaz,, &= N-Z2l catalytic domain ('Ala-**Ser), C-
g2 substrate-binding domain (4°1Ala-4("Pro), 28] linker
peptide (**'Gly-“®Sen)Z ©]F1& UTh20). E§F Phaz, ol <Jg
PHAsS] 7}FE3ol= catalytic domain®| £A)3}= catalytic
triad ("¥Ser, 24Asp IE|1 His)] Hglo] uf$- £33 Aoz
A Avh0). T X|&HQ] A7 Baldx 7813 PHA
7RrEsfol tigh BAA el 718 2 71AS0) ] tigk o
He o]Foiz]x] ¢l gl=H], oli= PHA depolymerasesol] thh
AR 72 9 2} domain®] 75l B ofel=ibe] R}
3] FH A Zaha 7] g B2tE

Y, FAEELe Ad REES M) 9F chiral 4
T Al(synthons)2] AHE &7Ade] A ZA FTUHIL )
PHAsS] 73] A3 XA = =(R)-(-)-hydroxycarboxylic acid
o] @A = chiral centerE 7FAX 3, 3] OHS
COOHE functional group®.2 7HA| T A7) wfol] oJ&] 7}A]
chiral 3IRHE-S FA317] % ITEAE F-83H A2 &+
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k11, 16). ©JH3+ PHAsS] G9A= PHA depolymerase®] 7}t
FE3) Wgol g3l A Q& & ] Wi, o] He
UAY o8 £7/9 PHAsE 7122 JIAY = U+ PHA
depolymerase®] B = AMF o 2% v ofnjz} lrk1l).

Stemmer (21)9 ¢)&8] & 1¢tE error-prone PCR 7] €]
DNA shuffling® #32} ZI4ES FAHOE 4] et &
dwlo] golneE rEoUla, o2 R dehe 549 #3
A5 Adgtozy ML {HA FL Ed 9iAs 48
I e viEelt) weEkA of ried HT YA A4 B oo
4 ool s, dlde) 22 B4 T B BHASA
o] &= Sthe). o1H T 1AL g} Jjee FARPFY fAt
=7} 50% ©)’33] & Alo]oA DNA shufflingS 33} A=
o] AHE& A chimeric product®?] FAE FEdl= family
shuffling (6,8,22)% & Folre] FHAE oz F2944
EdolE F 53k single gene shuffling o] th19). 28]
1} PHAS} #&E® HokollA DNA shuffling®} in vivo evolution
7]&¢] o] 88 T PHA synthase FHAE o2 g4 24
F3& B30 AxH vl 9lerk, 17,23), PHA depolymerase
47 B E Ay e oFEA HaE X a1 it

wEha] B A7 M A, faecalis T1S] PHB depolymerase®]
438 X717 sk phaz,, ol W3 single gene DNA
shufflings- ©]-83 Ed%lo|glE F=38ki, 7123] PHBE i
22 Za¥A0] X9 EAdHFTE A8t At
3 3HV o] & P(GHB-co-3HV)SF HiE A< MCL-PHAY!
poly(3-hydroxyoctanoate) (PHOYE g2z 718 50]d¢] wslr}
o]Foi7l EAo|FY AW 7leAS B AE S
oldle] tisiM= @MY £4& F3t] g opneAls
A B4 2 &40 vizele] BAE doprat st

Nz o Uy

T3, plasmid ¥ B =21

B A¥o)| AM8-H Alcaligenes faecalis T TS5 Saito 1L
(I9EFE Uttt =3 2 AFdM AL qAdT 2
plasmidE 9] 54 Table 19] Aelstdtt. hAF2 Luria-
Bertani (LB) B Aol HE3I] 37°Col A 18717 w3ttt &
Aol A wixZE M9 A X)(Na,HPO, - TH,0, 128 g;
KH,PO,, 3 g NaCl, 0.5¢g; NH,Cl, 1.0 g; MgSO, - TH,0, 049 g;
CaCl,, 0.015g; glucose, 4 g; thiamin, 0.1 g; DW, 1 L)y AM8-314
oo, A5 2 02% (wiv)9 PHB, PGHB-co-3HV) 32 PHO &
gals 78kt T3 FAREA ] AEE At viA)
ampicillin (100 ug/mlyS H7}3IATE Plasmid DNA®] &+
Qiagen plasmid extraction kit (Qiagen, Hilden, Germany)E ©]-&
aRon o] FAPE, AFaL A, ligation H agarose
gel 7195 5 Sambrook 52 *H(18)0l wle} 3Tt

PHAs2| &4
B 294 A8 PHBS} PGHB-co-3HVY= Ralstonia eutropha

DNA shufflingS ©}-8-3+ PHB depolymerase &4 5% 77

Table 1. Bacterial strain and plasmids used in this study

Strain or Relevant characteristics Source or
plasmid reference
E. coli supE44 AlacU169 (¢80 lacZAM15)
DH5o hsdR17 recAl endAl gyrA96the-1 relAl
pGEM-T Amp', contain lacZ promoter Promega
easy vector This plasmid is used for PCR cloning Co.
pSHNC Amp’, contain lacZ promoter and phaZ,, ~ Park (16)
pJHC11 Amp', contain lacZ promoter and INPNC  Jung et al.
This plasmid is used for cloning @)
of mutated phaZ,,
pJSH11 Amp', contain lacZ promoter, This study
INPNC, and phaZ,,,
pJSHI12 Amp’, contain lacZ promoter, INPNC,and  This study

phaZ,, in which start codon was deleted

KHB-8862(4) 2% B, PHOT Pseudomonas oleovorans ATCC
2934792 Y AatEgen, FEAZE AEEZHE Soxhlet
extractorE ©}-8381 PHAZ F&3F & A3l AL&3tdnt. 3
AE PHAsY FA 24 = Y ARe oA EEd by
28] FB3FATH(10).

phaZAfagl PCR &%

pSHNCZRE] phaZ, | F35-& 9181 Hind I sieS EF 3h=
primer 1 (5-CCCAAGCTTAGGTCGTCATGGACAATTGCC-3)%}
Sma 1 site® E38H= primer 2 (5-CCCGGGGTGAGAAGACT
GTGGCGACGGAT-3Yg AZ3AH. phaZ,, 2l PCR $F =
2 33 DNA 50ng, 10pmol primer, 10x3H8-2H5-8-[100 mM
Tris-HC1 (pH 8.3), 500mM KCl, 15mM MgCl, 0.01% gelatin]
Sul, 200uM dNTP, 2.5unit Taq DNA polymerase (Solgent,
Korea)Z #7}el & w8 50 ui= STt PCR ¥H-2 £
710l 94°Cel| A 5EZE DNAE HAAAIZ] F 94°Coll A 1, 54°C
ol 1&, 72°Col A 1€ 30%9] FEZWHEE 303 WHEslA,
upxjEto 2 72°Col A 5E3F AT A HAL thermal
cycler (GeneAmp PCR System 2400, Perkin Elmer, Norwalk,
UsaA)2 F8stdtt. =Z 8 PCR 4HE-E 0.8% agarose gel
oA A7NQEse] FUF F QlAquick PCR purification
kit (Qiagen, Hilden, Germany)Z ©]-8-3lo] AHAsh &
pGEM-T easy vector 12 E293% ¥ E. coli DHSo:Z ©)§
3t FA At A4YE phaz,, T FELE pGEM-T
easy vector 2] SP69} T7& WHEF primer 3 (5-CTATTTAG
GTGACACTATAGAA-3)3} primer 4 (5-TAATACGACTCACTA
TAGGG-3)E ©]8-3td 9] PCR W3- TUE ZA3llA
DNAE FZ313c}.

DNase 12| {2|

DNase 19] ¥-3-2 Wh3-#43-8H[50uM Tris-HCI (pH 7.4),
100 mM MgCL] Well primer 33} 42 FZE 5Speo] £ DNA
9} 0.075unit®] DNase I (Sigma, St. Louis, USA)S H7}ste]
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A2olA 1587 FAEG oY, 1he T wkaS 100°Co1A 15
w3 A5k DNase 19] 24& AAsIGIch DNA dHES
3% low melting agarose gelollX ZH7]%9%3 & DNA band &
7Hed| 100 bp o151 ZAstod DNAS |43kt

Reassembly PCR

Reassembly PCRY F3)& ¢35} & vk 50pul ol
DNase I 2&te] Z&]olzl 100bp ©]5te] DNA HHEL
0ng/l HEE H7Fsla, 1ox9-S 945898 sul 150 uM
dNTPs, 10unit®] Taqg DNA polymerase (Solgent, Korea)Z
A7t PCR HH3-& Z7)0)] 94°CollA] 1087+ DNAS W
AAIZL T ogoCol A 18, 54°Col A 18, 72°Col A 1E- 303
9] FENE-S 503] WIESE § wix|go g 72°Co| A 5¥3F A
Astach. AxFE phaz,, T FEZ87] 93k reassembly
PCR 4z 1.5 (60 ng)S FH o2 3}3 10 pmol primer 5
(5-AGGTGACACTATAGAATACTCAAGC-3)9} primer 6 (5-
GACTCACTATAGGGCGAATTGG-3)S ©]-&3le & wh-2-oH
501 WHell 10x3H-8-458-< Spl, 200uM dNTP, 5 unit®] Taq
DNA polymerase® 3713l PCRE F3§313t). PCR 271 &
HAlA 71=7r phaZ,, ] PCR 5% whga} SU3h & 353]9)
3-8 F838}qict.

EH0| librarye| M= ¥ A32|Y

Reassembly PCR AHEUjoll 12|15t Hind M9} Sma 1 siteS A
g 42 Fdshil, 0.8% agarose gelol| A A7|gFs & oF
1.5kbe] DNA bandES QIAEXII Gel extraction kit (Qiagen,
Hilden, Germany)E ©]8-3} AASIAT}. ©1E Hind M Sma
105 ZZ wEAE pIHCI Wl E89% $ E. coli DHS
a°) AZFE plasmidE FAAZ WHo = w9lsign). ¥2A
ghAjo] ML ampicillin (100 pg/ml)o]l A7 LB agar plaeS
o]g3tgth. EdHo|FE HHuiAE 247t 02%¢ PHB,
P(3HB-co-13 mol% 3HV), P(3HB-co-30 mol% 3HV) HE+ PHO
7} gagog Hrbd M9 HAATAMIR Y] 1 mM IPTGE =%
SR E ALgsl o HAMSANES PO F replica plating
WS st olF 37°ColA 2-3Y wj e & oizT
(pISH1I T5F)ET} B 2 haloS /3= colony} EAje] v
Ho|FE-S Mdstas} st

A7 M BN

AEE FAAEAES plasmid DNAY #2]+ Qiagen
plasmid extraction kits ©]-&3ld Hej3lHon, 442 A7)
& ¥A42 ABI PRISM 377 DNA Sequencer (Perkin Elmer,
Norwalk, USAYE AR&3SIRATE frdxke] @71XFa) opw| =2t
A goll that FAMd 23488 NCBI (National Center for Biotechnology
Information)®] BLAST databasesE 53] ¥l w3l )

Phaz,, &40 HE 2 B0 £

e A Q] pJHCIL, phaZ,, 7} pIHCIIW 238

fu
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pISHILIL, 7§A] FE0] AAE phaz,, 7t pIHC1IWA S2d€
pISHI2E E33l= #FES U7 oE AT oz
Ay EAHO|AES ampicillin (100 ug/mi)yS E7}5+ LB Y
Ao A 30°C, 16A17F wWiFsr B BT A (V-550, Jasco,
Japam)E AH83t 600 nmoll A8 FHEZ S 43T
Zyzte] wikl(OD=1)& Z}zt9] 7|4& EFsh= 100mle] M9
ZZeull Aol 1 ml HE38he] 180 rpm, 30°ClA] 10A17F B2 wjF
sl OD7}F 08°] HEF 3 ¥ 1mM IPTGE #7184
180 rppm, 25°CollA 8AIZF B9F F7} Wikl mjginke )<=
3] EAYOR AMESIAT) Phaz, o) AATAS £3S A%
Hk-2- ol ml)ol| = PHB, P(3HB-co-13 mol% 3HV) &< P(3HB-
c0-30 mol% 3HV) & 0.1mi=} 50mM Tris-HCI (pH 7.5)
9==goll 18ml, 28 02mle EAYOZ FAEG oY &
298 AUIRE AR BhE Ao R 3l 7)d EEEY 7t
28 FHE 650 nmol A 4319 TH10).

2 I

DNA shuffling

299 phaZ,,;5 33k pSHNCE WO Algtasel
Hind 9} Sma 18 ZV2} X E: primer 13} 28 ©]-83}a] PCR
S 533 A} <F 1.5kb DNA TS A2 & pGEM-T easy
vectordl] S2'J3IHT}. o)ZHE] WEIWY SP6S} T7 primers
WS primer 33 42 PCRE 47331 Hind 119} Sma 19} A
TEs B2 phaz,, & EHHE F 1.7kb9] PCR tHES
AthFig. 1A). ol PCR AHZo DNase 12 A28}l 100 bp
o] A2 DNA d¥HEo] #eHAS-& &I F(Fig. 1B),
gel ZH-E] elutiondd 100 bp ©]3}2] DNA HHEY Fajaldo).
Reassembly PCRS- 100bp ©18+2) phaZ, .2} DNA ©HEC] A
2 %7 primer} Ho} kgl 271¢9] PCR £F S 34
gto 22X A FoZ t}gl =272 DNA band5-2 A5t cH

(B) (D)
Mo

Fig. 1. The process of DNA shuffling. (A) A 1.7 kb DNA fragment
encoding phaZ,,, amplified by PCR with primer 3 and 4. (B) The PCR
products digested by DNase I . (C) DNA fragments reassembled into a
full-length gene in absence of primers. (D) PCR products of the
phdZ,;, obtained by PCR in the presence of primer 5 and 6 using
reassembled fragments. Lane M indicates the size marker of 100 bp
ladder (B) or 1 kb ladder (A, C, and D).
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(Fig. 10). AZ3E DNA FlX phaz, o) B71NE3 FAHE
1.7kb®] PCR AHE-& F%3131%} primer 59 6& AMS-51 PCR
& #3938 A=, ¢F 1.7kbe] DNA band (Fig. 1ID)E o,
°] 7hHlol DNA shuffling® elste] A=Fd phaz,, 7t Z3
Hol A& Aoz ANSET. o8 ASFEL Hind WS} Sma T
oz sty 2o ASELT A® GEAWE pIHCIO) F
293t oF 7,000997)9) FAABAES A oFN Qo)
libraryS A)Z3}A )

=0180] librarye| 2324

EAHO| library2 5B PHA depolymerase 8/d0] =19 &
AXBAE A7) 93ted 02% PHB, PGHB-co-13mol% 3HV),
P(3HB-co-30 mol% 3HV) F= PHOES 7[AE 7St M9 A
IAMRA] Aol A 2F 70000979 BRAASANE Ao A4
B/ (halo BHyS vILSIRL, Phaz, o HE) o3 haloS A4
AL Bl o)) 71E) 448 dojHlg AES Hus)
Aok AAE FFE) halo S S FQ wiRoA] R &
HET(pISHII TF)RT} PHB L P(3HB-co-30 mol% 3HV) Hj
Al A halo BAE0] $58 EAHFE FollA 142 HE
ZoF AEslgthFg. 2). 28y B AFo)xE MCL-PHAS]
PHOE 713+ MY HAHANME haloE UERE S0l
£ & F $lch(Fig. 20).

H7IMdel AW 3 FEoio| 2

A8E EAMO)T 1149 EAdo] o3k EAWolF 18)al 7)
<2] PHBS} P(HB-co-3HV)°) e Phaz, o) £3] 24L& o
oy EAWolFE Yo g A7INES B thEg. 3).
AABAol 2 M40 A3HE = 727t (Ala209Val),
c870t (Leu258Phe), c872t (silent) 1|3l a886c (Asp263Thr) 4
RO 2 AU, X catalytic triad®) Asp?} Hise] Q1743
FAolM dolutS-2 o = AT T EaFAdol ¢S] A}
2 EAROIFQ 11-2€ g47% (Aspl2TLys), g674a (silent),
¢67% (Phel94Glu) “28]1 a886c (Asp263Thr)7} X|3+E o
W, v oSk ZhgrRe) FA4L Y Edue)FaE MR
2228] 799 t591a (Leul65Met), g628t (Cysl77Phe), c679
(Phe194Glu), g703t (Gly202Val) 18] 1 a886¢c (Asp263Thr) 53

DNA shufflingS ©)-8-3+ PHB depolymerase 84 7 79

o] EARio)7t vehgth. GA484d0] Algkdl BTl 112
o] A% active site?} Ser 2719} catalytic triad2] Asp2] 1A
& ofuluzitel ] X|8o] Yoluke-g o 4 YATh Leli 14l
A UERd Asp263Thr 2189] Z-olls 4840 I¥ Fe
R N Bddol TN UEeZH o] Re7} 54
A7 2T AE FASAE ¥ A0E Bl

SUHO| 42| PhaZ,, EL8Y &3

Q2T 2 782} pJHC11, pISH11E pISH12 HWEE E3eh=
TFEN AHE 145 wofe & ugd Yol EA)ehe
PhaZ, 0] B8-S 242k} 71A O F4we] 1 HEE
AR 7} 71 9] /S Aol whe) PHBS Hals 20417t
P(3HB-co-30 mol% 3HV)2| #3i& (88, P(3HB-co-13 mol%
3HV)S] &3l= 958 5 vhsAI7hS 2elste] Salslgon,
zizte] Zhae fal g A7 B2 FQlsink 7)12e) A
Q1 ¥hg-(14)0l) &3t B g 2r)ole 3ot 716k
3, 279 pIHC1F pISHIIE ¥33els a594E PGHB-
co-30 mol% 3HV)&} P(3HB-co-13 mol% 3HV)oll that &3 7}

C177F

L165 y
M P194Q

N127k (%)
S139A

Sp CD FD SD
+ PHBdepolymerase with enhanced activity
- Inactive orreduced PHB depolymerase
(-} Conserved amino acid (catalytic triad)
SP: Signal peptide, CD: Catalytic domain
FD:Fibronectinype 3 domain, SD: Substrate binding domain

Fig. 3. The mutations of the phaZ, 4 0y DNA shuffling. The following
random mutations were induced; II-4: Ala209Val, Leu258Phe, and
Asp263Thr; 11-2: Aspl27Lys, Phel194Glu, and Asp263Thr; 22-2:
Leul65Met, Cys177Phe, Phe194Glu, Gly202Val, and Asp263Thr.

Fig. 2. Biodegradation of PHB (a), P(3HB-c0-30 mol% 3HV) (b), and PHO (¢) by pJHC11 strain, pJSH11 strain, pJSHI12 strain, and 1I-4 mutant
grown on M9 minimal agar medium containing respective polymers (0.2% w/v) for 2 days at 30°C.
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Fig. 4. Hydrolysis activities in culture supernatants of pJHC11 strain,
pJSHI1 strain, pJSH12 strain, and II-4 mutant for P(3HB-co-13 mol%
3HV) (A) and P(3HB-c0-30 mol% 3HV) (B). The reaction was
carried out in 50 mM Tris-HCl buffer (pH 7.5) at 37°C.

vhg 7)ol FASA Z7IIATFig. 4). ¥FHol pISHI2E £
ks oo WS 2l FHET) R Fokshke A4S B
T F4%] B4} ZAagnt we Aug ol 1149
% 3t 1 543 FE=7t 2age Byom 1
el 24 Amrt daaty vlasty 953 B4 Jehstch 14
o] AR} wE 9] F3 JE= PHBOIME 71E9] 84
Hrt 1.88#LE B]AIA), PGHB-co-30 mol% 3HV)ell tiafxi=
ok 2.28] 28] P(3HB-co-13 mol% 3HV) thalA= oF 3.28)
o] gAo] SR EAHFig. 4).

) =1

e B AE9] lipase Bt PHA depolymeraseS THA-oll A
LHA7| 12 P& o SFMEA ] BA G Qsle] Wy
2 BHl7E AgFoR dojuA] Fale o= gHA Uk
(3,20). & AF0lA 0] 8F Phaz,, o] A9 oA G50
2 XS o) A2F whldo] B840 inclusion bodyE

Kor. J. Microbiol

AetAY FAABA} ZF S8R Esla e wEo)
8] HAXATY, anchoring motifE YHZ  Pseudomonas
syringae®] ice nucleation protein(INPy& 4+¢I3H Walmlele] 7
ol ool X Phaz, o) B#o) (YRS E ojojgo] B
a9 v} 2lek(16). INPY A -F-HAS 0] 88 9o 41413}
£ DNA®] Z7)9)] Aghe rom g B 3= NP N2
@3t C-EY 2E(INPNOTHS: 4TS SEWMEE o] 88] o)
o] AE EWd o fAxE LA hpISH. 2 Az,
extracellular PHB depolymerase?] Phaz,,= ®ide] = 313
WA W2 dgs] dEE oM, = INPNCS} phaz, 2+o] 3
A3 Foo] oFAAEE JjA FZEL AAT A=
(pPISH12) PFI7FX2 Phaz,, ] #4917} dojidth. )24 INPNC
% 889 phaz,, = periplasmE AXBA signal peptide”} 23
A3 PhaZ,, = ©H02 £812 £ 35S AT F Ak

£ A7l = DNA shufflingg o]-&3sked oF 7,00003719] &8
AARAE 53191, ©)158 PHB, P(3HB-co-13 mol% 3HV),
P(3HB-co-30 mol% 3HV) & PHOS 7|AZ sh= Zzte] 1
B e A T2l t2F(pISHII TF)Rct EAdo] Zv)s
SAHO)FE QHeI%ck 1 A=, SCL-PHAY! PHBS} P(3HB-
co-3HV)E 71HE AME3te oz B Zajddo] 9531 &
Aol 145 AEE 5= Ao, MCL-PHAS) PHOE 7=
2 st BaE 5 Qe EHolFE ¢S 5 gt ol
3t Ayl= 22 PHA depolymerases@ ol = E-7-8}37 SCL-PHA
depolymerases®} MCL-PHA depolymerases?}tolli= domain 743 <]
Zfol& HIEsl] 71A Folyg oA F3igh 2jolr} ke &
Ale] B313, 10, 1) B J& Aolet 4"

DNA shuffling®l] ©l8te] Qo] [-49] EAEAHL 2T
v]gle] PHBOY| W34 1.88H, P(3HB-co-30 mol% 3HV)<l th3j
A of 2.28) 283 PBHB-co-13 mol% 3HV)ol| tjsiAls ok
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ABSTRACT : Enhancement of PHB depolymerase Activity from Alcaligenes faecalis T1 by DNA Shuffling
Dong-Sung Shin, Jin Sik Nam, and Young Ha Rhee* (Department of Microbiology,
Chungnam National University, Daejeon 305-764, Korea)

To prepare evolved PHB depolymerase with increased activity for PHB or P(3HB-co-3HV) compared to the
activity of the original PHB depolymerase from Alcaligenes faecalis T1, random mutation of the cloned PHB
depolymerase gene was performed by using a DNA shuffling method. A library of mutated PHB depolyemerase
genes from A. faecalis T1 was fused to the ice nucleation protein (INP) gene from Pseudomonas syringae in
pJHC11 and approximately 7,000 transformants were isolated. Using M9 minimal medium containing PHB or
P(3HB-co-3HV) as the carbon source, mutants showing alteration in PHB depolymerase activity were selected
from the transformants. The PHB depolymease activity of the transformants was confirmed by the formation of
halo around colony and the turbidity decrease tests using culture supernatants. The catalytic activity of PHB
depolymerase of the best mutant II-4 for PHB or P(3HB-co-13 mol% 3HV) was approximately 1.8-fold and
3.2-fold, respectively, higher than that of the original PHB depolymerase. DNA sequence analysis revealed that
three amino acid residues (Ala209Val, Leu258Phe, and Asp263Thr) were substituted in 1I-4. From the muta-
tional analysis, it was presumed that the substitution of amino acids near catalytic triad to more hydrophobic
amino acids enhance the catalytic activity of PHB depolymerase from A. faecalis T1.



