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DNA shufflingS O|&St Alcaligenes faecalis T12]

PHB depolymerase &4 X
ASM - GTIA - oleta
O

Alcaligenes faecalis T12] poly(3-hydroxybutyrate)(PHB) depolymerase &4 $%1-& $] 3] DNA shuffling ¥} £ ¢]
23l Al =1 A. faecalis T12] PHB depolymerase =9 o] A A9 libraryE Pseudomonas syringae®] ice
nucleation protein -3 A& X33l 43 pJHCI16] S23314 ¢ 7,000/19] JAA A E A &k
%2 2 PHB =X poly(3-hydroxybutyrate-co-3-hydroxyvalerate) S E 3§38l M9 2wl 2] & o] &3l A A3}
AEZYE B o] HZ G2 FAHIFES AE3lg e o152 PHB depolymease A& 3 g 2] o 4 9]
halo 34 @ W] F A5 S o] &3 &= A AP o2 Fldig o, Y AAFAE F ol A shuffling A 2| g =
ol W3] A% 7] Aol vet EAEA o] 1.8-3.24] F31E 114 S| FE A%k DNA 971449 4
£ £3}4 11-42] PHB depolymeasedl] = 37] 2] o}un] Al X] $H(Al1a209Val, Leu258Phe, Asp263Thr)e] o] F-o] %8
< syl A8 1A EQH | F] ofu| Al A o] W3S B3 A, PHB depolymerase®] catalytic
triad 5% o] 7] & o}n| :Abo]| B] 8o He} 4544 Q] olu] Ak 2 9] X Sho| £44) 7] <l PHBe o 3t &3 &

A FAe 718 Ao FAHUS.
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Poly(3-hydroxyalkanoates) (PHAs)= TFFeF 79 vlAEE
o] Budel JExstelA gAY F duxdoez Ax
Yol 483t A3 1A E4o|th PHAsE AE314
(biodegradability)Z} A3l A 3+ (biocompatibility)©] $-<=3}7] W&
of Astel, ook Y T vt EopllA] &&o] 7hsgt
AELAR BE IS 2o QIth2). YO F PHAsE
130 (monomer)2] BAxgroll W} short-chain-length PHAs (SCL-
PHAs; C,-C,)¢} medium-chain-length PHAs (MCL-PHAs; C,-C,,)
2 FEEEU(), SCL-PHAs7} A4 0] ¥& QA aiA
Qld] wkele] MCL-PHAsE Aol W B34 52 A
AEARE] 4ES BRItk4. 9).

AtdA Aol PHA BEdle vlAEC] AX greg 2Hls)

extracellular PHA depolymerasel] €]&}e] o] Fo R th(5, 10,
12, 13). PHA depolymerase= 712 E-o]Ad u}g} SCL-PHA
depolymerase®} MCL-PHA depolymerase® WO A ™, tjH&
9] PHA 3R EEL o]F dhte] EATHs sk 2o
&2 A(11). PHA depolymerases= N-Zeto]| 25-37709] o}
vi=Ako g FPAE signal peptideS 7FAAL Q.01 PHAS] ol
B 28-S 7IESSE 7152 catalytic domain, 7]&el 3]
FAo] FA o BAsle 7159 substrate-binding domains ZE3l
ok K3 catalytic domain3} substrate-binding domain A}o] o]
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linker peptide”} EAI8HH, Th& FFH2 esterases?} PR IAZ
G-X-S-X-G2] opu|:=4F AR o]F01RA lipase boxS 7HA 2L
TH(, 20).

AF7NA 7V 2o AT} o]FR dlcaligenes faecalis T1
9] poly(3-hydroxybutyrate) (PHB) depolymerase(PhaZAfa)% PHB
ol olug} 3-hydroxyvalerate GHV)7} w2 o= ¥ 3HE
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(3HB-co-3HV)] &
FTHA = B3I 4 J= t3EAQ SCL-PHA depolymerase®]
THGS, 15). Phaz,, = N-2eo] catalytic domain (‘Ala-**Ser), C-
Wdol| substrate-binding domain (“*'Ala-**'Pro), Z1€]3L linker
peptide (*'Gly-*"SenE o]F1A] QITH?20). B=3+ Phaz, ol 2Igt
PHAs®] 7}rE3l9l= catalytic domain®l] <EA|3}= catalytic
triad ("*Ser, 2*Asp Z12]1L *His)e] gto] wf$- 23k Ao
A A ATH20). T AEZA )] AT Balol| = B5-8lal PHA
7hEelell tigh A o] 71E 2 71dSol ol ek gt
e o] Foix|A] ¢k QJ=H|, ©]= PHA depolymerasesol T3k
ARFA 2 E 7} domain®] 7]Foll #3E olw]Ake] A1}
F8] FA A Fakal Q7] Wi o2 AzbEnt

S, BEEAE Ad YEES L] 918 chiral $4
9] Al(synthons) @] AHE 8R40 HZ =LA FoHE L ok
PHAs®] 7}rE3 A3} YA E]=(R)-(-)-hydroxycarboxylic acid
Helo] @9 A= chiral centers 7FAA 3, 53] OHe}
COOHZE functional groupl-Z 7FX|IL Q17] W&o o8 7}x]
chiral $}gHE-S FAH] Ak AFEAR &34 A2 +
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ATH(11, 16). ©]28F PHAsY] ©]A= PHA depolymerase®] 7}
il whSel ot A & 4 U] wiiell, EA4do] Hol
UAY o2l £79 PHAsE 7|E=E JIAF 4 U= PHA
depolymerase®] X AFFH 02T u-g- oJu]7} Qlrk(11).
Stemmer (21 3 *+5 IUH error-prone PCR 7|3 <]
DNA shuffling® 34} 22H5S FA912 02 4o st &

=
Qulo] eo|nelel wEohlm, o2RE Wsk S4o)
A% AEFORA AZE FA4 T AFE Buhe d
& Qe 7%t Hebd o] Jlee Ha B Ex ok
§ W) g, B 2 24 5o 26 Bl

o] =3l SUTHe). ol FHAl 18} Ve FAAEe] fAF
57} 50% o732l & Alo]ollA] DNA shufflingS 4=3§3}e] A=
o] A& A chimeric product®] AL FE=3l= family
shuffling (6, 8,22)% g FolAo] FAAE oz F21914
EAWOlE F=3h= single gene shuffling ¥R e] ATH19). 18
U PHAS} THE FokollA] DNA shufflingZ} in vivo evolution
7]&9] o]-8-& FH PHA synthase F-3AE tido = a4 €4
SRS B0 g A=d v} 1O1K1, 17,23), PHA depolymerase
A7 AAE A7 oFA7HA BaEA] oA 9l

wEbA] B AFNAME A, faecalis T1S] PHB depolymerase®]
9& SAAI7] A8k phaz,, o 3 single gene DNA
shufflingS ©]-&3t EAMo|S}E fxalar, 7122l PHBE Wit
o7 FAEHo] FIE FARCIFE At it =
3t 3HV ko] %S PGHB-co-3HV)SF thE 2 S MCL-PHAS!
poly(3-hydroxyoctanoate) (PHOYE Tdo2 7| AEo]do] wslr}t
o]iFolzl EAMolFe] I 7Fs S BASHIT AEE EAW
ojAlell tsiME A7IMEY TS Fdte] X|gHE o=l
BAsHA 54 B G40 wslele] BAIE dolrarzt siqich

R

ot

T, plasmid ¥ HH¥EA

B Aol AL&H Alcaligenes faecalis T1 TF Saito 1L
(15)ZFE EFEdh E=3 2 APl AREE it 3
plasmidE9] 532 Table 1°] A3ttt A Luria-
Bertani (LB) ##]oll HF3tod 37°Cel|l A 18413 v g8ttt &
o] AW HiAZE M9 FHAH|A|(Na,HPO, - 7TH,0, 12.8 ¢g;
KH,PO,, 3 g; NaCl, 0.5g; NH,Cl, 1.0 g; MgSO, - 7TH,0, 0.49 g;
CaCl,, 0.015g; glucose, 4 g; thiamin, 0.1 g; DW, 1 L)yS AM83}5
on, ¥WEE 02% (wv)2 PHB, P(3HB-co-3HV) 32 PHO &
glolS H7slant. mg F-ATA o] AE-S st wl Xl
ampicillin (100 pg/m)S H713F4t}h Plasmid DNAY £+
Qiagen plasmid extraction kit (Qiagen, Hilden, Germany)Z ©]-&
silom tiidate] g Agkais A ligation 3 agarose
gel 27195 52 Sambrook 5] *H(18)°) we} 4=383} Tt

PHAs2Q| &H
E A3 A8 PHBS} P(3HB-co-3HV)= Ralstonia eutropha

DNA shuffling® ©]-83+ PHB depolymerase 84 5% 77

Table 1. Bacterial strain and plasmids used in this study

Straln.or Relevant characteristics Source or
plasmid reference
E. coli supk44 NacU169 (980 lacZAM15)
DH5a hsdR17 recAl endAl gyrA96the-1 relA1
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 ef al.
This plasmid is used for cloning @)
of mutated phaZ,,
pJSH11 Amp”, contain lacZ promoter, This study
INPNC, and phaZ,,,
pJSH12 Amyp', contain lacZ promoter, INPNC,and ~ This study

phaZ,;, in which start codon was deleted

KHB-8862(4)2%-E], PHOT Pseudomonas oleovorans ATCC
29347(9)=-E AFstRon], S AEEENE Soxhlet
extractors ©]-&3}] PHAS F&3 & Alst AM&31sit). 4
A PHAsS) 24 B4 9 @ete] AlzE o) WIEE el

& B3FATH10).

phaZ, 2| PCREZ

pSHNCERH pha?,,, 2] 535 9181 Hind W sites X9+ k=
primer 1 (5-CCCAAGCTTAGGTCGTCATGGACAATTGCC-3")3%}
Sma 1 site® X33 primer 2 (5-CCCGGGGTGAGAAGACT
GTGGCGACGGAT-3)E A|Z315 phaZAmfﬂ PCR 3% =4
< 33 DNA 50ng, 10 pmol primer, 10xX5F3-$+5-8-4[100 mM
Tris-HCI (pH 8.3), 500 mM KCI, 15mM MgCl,, 0.01% gelatin]
Sul, 200 uM dNTP, 2.5unit Taq DNA polymerase (Solgent,
Korea)s 75l & ¥Eg-HE 50 = SHATE PCR HHS-2 %
710l 94°Coll A 5EZE DNAS WAAIZL - 94°Coll A 12, 54°C
A 1, 72°CAlA 12 30%9] FEFRE-S 303 WHEShaL,
vpAlEe 2 72°Col A 5E3t Askith A e thermal
cycler (GeneAmp PCR System 2400, Perkin Elmer, Norwalk,
USA)Z 33l Htt. SZH PCR 2HE2 0.8% agarose gel
oA H7|gEsste] &Rl F QlAquick PCR purification
kit (Qiagen, Hilden, Germany)E ©]-83} AA|S}IATE ©]&
pGEM-T easy vector W& FZ2Y3 & E. coli DH50S ©|&
ato] A Atk AYE phaz,, S FESE pGEM-T
easy vector 39| SP6S} T7& WHT primer 3 (5-CTATTTAG
GTGACACTATAGAA-3)3} primer 4 (5-TAATACGACTCACTA
TAGGG-3)% ©]&3l 9]9] PCR WHg-3} 53 2713}l A
DNAES F%313T

DNase 12| X{2]

DNase 19] ¥F&-2 WHS-2S8A[50 uM Tris-HCl (pH 7.4),
100 mM MgCL,] ol primer 37} 42 F3%9 5puge] 53 DNA
9} 0.075 unit®] DNase I (Sigma, St. Louis, USA)S #7}3}¢]
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Aol A 1583 st en, g F ¥hEHE 100°ColA] 15
7 A3 DNase 19] €45 AA3G T DNA HAHE
3% low melting agarose gelollA] Z17]%953F & DNA band
7H&H] 100 bp ©]3HHS: A8t DNAE 3]473131Tth

NN
=

=
=

Reassembly PCR

Reassembly PCRY] 35 9Jste] F vk 50 pl Ul
DNase I°] 9]3te] Z2]ojzl 100 bp ©]3le] DNA AHES
20ng/pl HEE H7Feta, 10x9SE=8 N sl 150 uM
dNTPs, 10 unit®] Taq DNA polymerase (Solgent, Korea)S
7K. PCR WH&-2& %719 94°Col| A 10&7F DNAS A
ANZL F940Coll A 18, 54°Coll A 18, 72°ColA 18 30%
o] FEWE-S 503] WS & vpA o R 72°Col|A] 5EF A
AtAtt. AZRE phaz,, T SEH37] 913811 reassembly
PCR 2HE 1.5l (60 ng)S S 2 3}3L 10 pmol primer 5
(5-AGGTGACACTATAGAATACTCAAGC-3)¢}  primer 6 (5-
GACTCACTATAGGGCGAATTGG-3)S ©]&3le] & ukg-of
50 ul el 10xHF-8-2+5-8-4 5ul, 200 uM dNTP, 5 unit®] Taq
DNA polymeraseS 3715l PCRES 4333} Ht). PCR &
AN 71E3 pha?,,°] PCR 55 WH3-3} 5L F 353]9)
W35 Fdasit

E01H0| librarye| MZE ¥ A32[d

Reassembly PCR AUl X8t Hind 119} Sma 1 siteS A
3 §4% HAdslal, 0.8% agarose gelollA A7|FE3 & oF
1.5kb2] DNA bandE QIAEXII Gel extraction kit (Qiagen,
Hilden, Germany)E ©]-8&3l] FAISIHY. ©|& Hind 1S} Sma
102 A7 d@uE pHCI Wl F29% § £ coli DHS
a9l AZFE plasmids FAHE o = =3kt F&A
o] AE-LS ampicillin (100 pg/ml)©] 3718 LB agar plate®
o] &3ttt EdolFES AHuiAE 2+t 02%9] PHB,
P(3HB-co-13 mol% 3HV), PG3HB-co-30 mol% 3HV) T PHO
7F Ao g Hrkd M9 HATA A 1mM IPTGE =2
B A S ALESIE o HAXIAES SR replica plating
WHE T3 o] & 37°CAlA 23 BlFS & xR
(pISH11 TRt} o] 2 haloE F4J3k= colony$} &4d¢] T2
Ho|FES Abstaa) sisint.

HI7IMYE =4

AdE PAASAE2] plasmid DNAS] £ Qiagen
plasmid extraction kitE ©]&3te] E3AeH, FHA A7IA
g B2 ABI PRISM 377 DNA Sequencer (Perkin Elmer,
Norwalk, USAYE ARE3IAATE ko] 71483} ofpn|eit
Aol gt F-AMd 7342 NCBI (National Center for Biotechnology
Information)2] BLAST databasesE 53l ¥ L3} T}

Phaz,, 240 2 W 4ol £H
W HE AARD pIHCIL, phaZ,7} pIHCIIW O S22
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pISHI11L, 7§A] sZ=0] AAH phaZ,,7} pHCIIW S2d%
pISHI2E ¥ 38l dFES URToE A3 vz
AdE EAHOIAES ampicillin (100 pg/ml)S H7FeF LB )
Aol A 30°C, 16A17F HlFS &, EFFIZ=A|(V-550, Jasco,
Japan)g AHE-3t] 600 nmolX 9] FRERE S F7SHATE
Z}zte] wjFH(OD=1)S Z47te] 714S EFsk= 100 mle] M9
A 1 ml 28t 180 rpm, 30°CoIA] 10417F B2t vk
3t OD7F 0.8°] HEE 3 % 1mM IPIGE 373t
180 rpm, 25°CellA 8AIZF &<t 7} sl v Favhs 3=
sfo] Ao ARSI Phaz, 0 B2 S 9
HE-8-(2 ml)oll= PHB, P(3HB-co-13 mol% 3HV) -2 P(3HB-
c0-30 mol% 3HV) &g 0.1 ml3} 50mM Tris-HCl (pH 7.5)

292 W AHE W AGHOR So] 714 FHEe)
IS

=)
25 F3= 650 nmoll A SAIFATH10).
4
DNA shuffling

F29H phaZ, & F38R= pSHNCE Wdos Aldtasdl
Hind ¢} Sma 12 242y X33 primer 13} 25 ]88l PCR
S 5333 Ax} oF 1.5kb DNA ©HE 4& % pGEM-T easy
vectorol] 23T o|ZFEH #WEUQ SP6S}t T7 primerE
HE3 primer 37} 42 PCRE =331 Hind 1S} Sma 12] A
a2 F8 phat,, S EFERE oF 1.7kbe] PCR AHES
Arh(Fig. 1A). 817 PCR AHEC DNase 1= A5l 100 bp
olate] k& DNA HHEo| FHUSS IRIg F(Fig. 1B),
gelZHE elutiondl] 100 bp ©]3}2] DNA HAERF 2|35t
Reassembly PCR 100bp ©18+] phaZ,,°] DNA THHEC] A
2 F87 primer/} Ho] ThFgE 2719] PCR 5% 2HES A4
o 2 AA|F o Z Tl =712 DNA bandES FAISIATH

(A) (B) ©) (D)
M 1 M 1 ) M 1 ) M vl

= i <+ 17bp
= —

|= A

|

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
phaZ,, 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. 1C). A1Z3HE DNA TN phaz,,0) A7 B3 FAKRE
1.7kb®] PCR 2He& SF3FLA} primer 59 6& ARE-81 PCR
& S333F A3 oF 1.7kbe DNA band (Fig. ID)E dioH,
o] 7h2Hol DNA shufflingll ¢Jsto] A= phaz,, 7t 3
o] & Ao st oS AFEL Hind NS} Sma 1
o=z AYsta 2L Adasz AgE WEUE pIHCIY
23te] oF 7,0000719] FHAHTAES A5 oZH FAo]
libraryE- A| 223390

E9HO] libraryZ5E PHA depolymerase &4o] S3d &
AAZANE A7) 98 0.2% PHB, P(3HB-co-13 mol% 3HV),
P(3HB-co-30 mol% 3HV) =& PHOE 7|AZ 718 M9 HA
TAIA] ol A oF 70009702 FAABAE dIFoE §4
24 (halo B4y WISl Phaz,, o] el 93] haloE ¥4
SEAY Edwold 93l &9 84S YoHd RAES AAEs
At AEE #5559 halo 35S Y HiXolA A0 F
hEF(pISH11 T#F)Ec PHB 2 P(3HB-co-30 mol% 3HV) Hj
Ao A halo BAFo] 953 EAHFE FAAA 145 HT
2oz AdslthFig 2). 12y £ AFelAE MCL-PHASI
PHOZ A7}t M9 HAM|A| o A& haloE UYERNE Sddo|F
5 2& F AAThFig. 20).

E0HO| library2| 232|'d

d
&

7Nl AN Y FEQIHO| BY

A AT 1149 E4do] oFst EAmel 1] V]
<£¢] PHBS} P(3HB-co-3HV)°ll th3t Phaz, 0] &3 &4 &
oY EARIOIFE o R AVINES A eTHEE. 3).
G840 349 149 X&H R 727t (Ala209Val),
870t (Leu258Phe), ¢872t (silent) 12| a886c (Asp263Thr) 4
Fog AR, XS catalytic triad?) Aspdt His®] 1743
Floll A dojuke-S & 4 AT TS aago] 3] A
22 EAHo|FQ] 1125 g479a (Aspl27Lys), g674a (silent),
¢679a (Phel94Glu) 12|31l a886c (Asp263Thr)7} X|ZH o
o, wjg- ofst JhEiEs] @S VHR EQRiolFE AEE
22-29] Z$-9l= t591a (Leul65Met), g628t (Cys177Phe), c679a
(Phe194Glu), g703t (Gly202Val) Z12] 3l a886¢c (Asp263Thr) 53¢

pJSHI2

DNA shufflingS- ©]-83F PHB depolymerase &4 53 79

o EAMol7} Lehgeh. Eigho] Akl BMol R 112
9] 749 active site®] Ser F719} catalytic triadQ] Asp] AF
G opr|gtol| A A gho] Dofids-S & 4= AT Lt -4
A et Asp263Thr X18e] ZASols mashgo] A% o
AR GAE EA0|FNE YeldoZH o] 197t a4
A3 DA WA FAHAE &2 AeE Belt

E0IH0| I1-49| Phaz,, SAEYH £H

ZT0 2 247} pJHCII, pISH113} pISHI2 WEE ¥3}el=
HFEZ AEE 145 WG &, vjgd Yo EAlske
Phaz,, o B84dE Z2fe] 71 g 3= a xR
ZARIA. 7F 714 2] Wke- Ao wal PHBS] 3l 20417,
P(3HB-co-30 mol% 3HV)9] 3= 188, P(3HB-co-13 mol%
3HV)S] Eille 95% Bt vRAIZNS EElete Sl on,
Zkzke] 71 B8l s A BE ERlEiE 71| AP
Q1 Wk (140 95t E3)l ¥k 7o' §4=7t SV
31, tiZ7 pJHC1134 pISHIIE 3= w50l A= P(3HB-
c0-30 mol% 3HV)2} P(3HB-co-13 mol% 3HV)oll i3t &34=7}

i +
G202V L258F

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

Fig. 3. The mutations of the phaZ,; by DNA shuffling. The following
random mutations were induced; 11-4: Ala209Val, Leu258Phe, and
Asp263Thr; 11-2: Aspl127Lys, Phel94Glu, and Asp263Thr; 22-2:
Leul65Met, Cys177Phe, Phe194Glu, Gly202Val, and Asp263Thr.

Fig. 2. Biodegradation of PHB (a), P(3HB-co-30 mol% 3HV) (b), and PHO (c) by pJHCI1 strain, pJSH11 strain, pJSH12 strain, and 11-4 mutant
grown on M9 minimal agar medium containing respective polymers (0.2% w/v) for 2 days at 30°C.
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1.2

A
E
c
=]
D
©
2
@
o
c
©
a
=
o
] .
2
——@—— Spoteneous A
— —¢ —  pJHC11 strain A
029 ——@-— pJSH11 strain T
——-O-—— pJSH12 strain A
........ A {1-4 mutant
0.0 T T T T T T T
0 2 4 6 8 10 12 14 16
E 08 O -0
g . A'_ ~—e
o : T~
QO 0.6 1
g o
<
Q
5 “a
@ |
o 04
< —@—— Spoteneous A
— - — pHCitstrain  TTreen
02 ——@-— pJSH11 strain A
—==O-—— pJSH12 strain
-------- Ao |1-4 mutant
0.0 T T T T T T
0 20 40 60 80 100 120

Reaction time (min)

Fig. 4. Hydrolysis activities in culture supernatants of pJHC11 strain,
pJSH11 strain, pJSH12 strain, and 11-4 mutant for P(3HB-co-13 mol%
3HV) (A) and P(3HB-co-30 mol% 3HV) (B). The reaction was
carried out in 50 mM Tris-HCI bufter (pH 7.5) at 37°C.

w3 2700l S48 S718IAtHFig. 4). ¥HHel pISHI2E
el wFe e 2706 FBE o ke s Bl
<)

=
F 728 F9wrt gaudich. £ 98 SAvolA] 149
Aol WS 2/1NE 748 TR} 2ARS Byon 1

el &9 =Tt ) vlaste] €53) A UERsT 114
o] aiEAbe g E49] FX A= PHBOAE 7€ &4
B 1.88(AE F]AIA]), PGHB-co-30 mol% 3HV)oll thajA=
eF 228 18] P(3HB-co-13 mol% 3HV)Ol tidlix= <F 3.24)
o] o] SR ATHFig. 4).

a

1]

o2 v AEY] lipase == PHA depolymeraseS T tol A
WA 7|24} P wf) SFAF Q] HA G QlEte] 2E
2 EHVE 80 R dojux] Hate AR dEA Aot
(3.20). ¥ A7ollA 0]83F Phaz,,0] 9= WgelA B
2 dEANAS u AT dulFo] B899 inclusion bodyE

Kor. J. Microbiol

P FAASAL F FAeA K3l fAAke] wdo]
HA 3] "HAAANE, anchoring motifZ LHZ  Pseudomonas
syringae®] ice nucleation protein(INP)S 413t Wt E] Q] 79
ol ol Phaz,, o] EHe] FPZ g o] Fojfo] B
32 v} ATk(16). INPS] A FHAE o8 5ol At
© DNA9| 7o) Aghs wrova 2 A= INP N-Z
@t C-EE FZ(INPNCRES AMISH B EE o83t o)
el AlaE sErdel] off FdAE L SATHpISHI). 1 A3t
extracellular PHB depolymerase?] PhaZ,, = ¥} He A
A W2 Qs wEEdon, m3 INPNCS} phat,, 3+ =
A%k §o] o]FAARE A ZES AAT ATA=
(pISH12) PRZFAZ PhaZ,,0] EHI7F Lofsitt. o] 24 INPNC
S} &4 phal, ;= periplasms 7XWA] signal peptide”} 2
AAL Phaz, = HHo 2 2H1E F )5S F91E 5 A

B AT|HE DNA shufflingS o83} F 7,000971¢] &
ARAIA S 53153, ©|AS PHB, P(3HB-co-13 mol% 3HV),
P(3HB-co-30 mol% 3HV) @ PHOZ 714 & sl Zbtzhe] AW
HiR] el A 2~=E]gste] T (pISHI TRt &/go] F71d
Ede|FE ddsl). o1 23, SCL-PHAS] PHBS} P(3HB-
co-3HV)E 7|AE AMg3le] iz 1o Ealdido] s &
ARolF 1145 AETD 5 A2, MCL-PHAR] PHOS 712
2 R1AE Bl 4 v EAROITE 4 5 T o]
St Ayl= -8 PHA depolymerasesyoll= B8} SCL-PHA
depolymerases®} MCL-PHA depolymerases?tolli= domain 7-432]
ztolE HIFEst 71 S0l dolA FElgk ztolr} vk o
9] B3, 10, 1) B3 98 Aoz 4=

DNA shufflingdl] &8} Aoizl 11-49] G4 dlZx=ol
H|3}ed PHBO) thallAE 1.8H, P(3HB-co-30 mol% 3HV)ol thal
A 9F 2.248) 2283 P(3HB-co-13 mol% 3HV)Oll thdir= oF
32919 EAdo] FXEHAT. ojefg AT F%-2 DNA
shufflingS ©] &3t th2 G459 &4 S0l tist HuEd H
3P Wi ke pEolgt & 4 vk V1A ek A8 A
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7} STV 719 RaE si4E 4 Ark(14).
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E-& catalytic triadQ] Asp$} Hise] A4 oA Yeltt
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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
pJHCI11 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 I1-4. 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.



