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Abstract - Burkholderia cepacia PBSA-7, Bacillus licheniformis PBSA-8 and Burkholderia sp.
PBSA-9 previously collected from Korea soil (Joo and Kim, 2009) wer e analyzed for the presence
of genes encoding proteins operative in the degradation of poly(butylene succinate-co-butylene
adipate; PBSA). Polymerase chain reaction analyses revealed a 1.5kb fragment of the lipase gene
(lip A) in B. cepacia PBSA-7 and Burkholderia sp. PBSA-9, while B. licheniformis PBSA-8 harbor ed
the same gene fragment at 600bp. The three strains possessed “ Gly-X1-Ser-X2-Gly” and “Ala-X1-
Ser-X2-Gly” lipase sequence regions. Burkholderia sp. PBSA-7 lip A displayed 36~ 40% homology
with the family 1-1 lipases and 82~ 92% homology with the family 1-5. Burkholderia sp. PBSA-8
lip A was 64~ 65% homologous with the subfamily 1-4 lipases, but displayed no homology with
the subfamily 1-5 lipases. Burkholderia sp. PBSA-9 lip A displayed 35~ 37% homology with the
family 11 lipases and 83~ 94% homology with the family 12 lipases, similar to Burkholderia sp.
PBSA-7.

Key words: PBSA, degradation enzyme, Burkholderia cepacia, Bacillus licheniformis, Burkholderia
sp., Lipase, lip A, genetic homology
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PBSAZS ¥ sl W= Zalo|AH 2= njaEol

Poly (butylene succinate-co-butyleneadipate; PBSA)+=
1,4-butanediol, succinic acid 2 adipic acidE {s8&4d=
ste] Aakdl ApE Zelo| v 224 2o wlF] A b
Aol EaHE AuaA Zepae olg (Zhao et al.
2005). o|elgt PBSAS 3T A¥sly Fehase »
sk Fre) Relo] HE @7 wol Ruse] gho

o]
o}, ob4 o)Fel i3t PBSA ¥alas 0 Sl g
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g Eekage] Rl F2 neA A W A8 2
2lo) e AFE Adste] o Fojx e AuE Felof
2d| 29 Balol lipases] el vj$ Fesiciy 1
2% v} glu} (Tokiwaand Jarerat 2003).

Lipase(EC 3.1.1.3)= triacylglycerol2 diacylglyceral,
monoacylglyceral, glycerol 2! #|¥pito g Hafsl= a4
24 Al ¥e) A8, 58, AE, e 2 AT
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o] AJAkske} (Park et al. 2007). Lipases:= A 3134, £}
gzt B4 o)Aste] 849 familiesz EFHEH,
7 % family 1S 214 oful Al A BAel] o3 6712
subfamilies=. | &35l =} (Jaeger and Arpigny 1999). o]
= serine(Ser), higtidine(His) 2 aspartic acid (Asp)=l7]
2 A%l cataytic triad 2 disulphide bonds®] %
72 o/B-hydrolases %, #1] 7]2}, lipase-specific fold-
ases @74 9 ohE Ea TFIe] @Rl 7)xshed
FRE Aelr], o5 ohulmAte] AQ el dpy
lipase box (Gly-X1-Ser-X2-Gly)7} Zz]3gte}. 18y} sub-
family -4} |-5¢) Bacilluslipases?] lipase box:= 3 gly-
cine(Gly)2] ¢]*]¢] adanine(Ala) 717} &A)3te] Ala
X1-Ser-X2-Glyo] it}

AR mug AR Eehas Relas 424
o] gt HAF== Marinobacter sp. NK-1(Kasuya et al.
2003), Ralstonia eutropha H16 (Kobayashi and Saito 2003),
Penicillium funiculosum (Hisano et al. 2006), Ralstonia pic-
kettii T1(Numata et al. 2007) %! Paucimonas lemoignei
(Papageorgiou et al. 2008) 2 %-&] Poly (3-Hydroxybutyrate,
PHB)Z ®asl: 2l aa 44} (Pha2)s 2213}

o] 59 Fx7} B. subtilis lipase A2} -F-AFsh lipase
familye] EA = &)<l catalytic triad (Ser-His-Asp) S
velfielel B sk 73} Akutsu-Shigeno et al. (2003)
o] Paenibacillus amylolyticus TB-13¢j| A} Poly (Lactic acid)
(PLA) #a) s 7 (Plar)& #45te] ofm]wal A
g W lipase box2 4 Gly-X1-Ser-X2-Gly Ajd o] &x)3t
ot B3slg] om Nakamuraet al. (2001)3} Matsuda et
al. (2005)2 Poly (L-lactide)(PLA) #3jl+ Amycolatopsis
$.25E PLA Bslass F24std §44 54%
43 uh glon}, PBSA ¥alFozRE Y4HE 24
20 glolA old f1H BHE A7 =g v
< mu]gk #Ho =2 Uchida et al. (2002)¢] Acidovorax
delafieldiie] PBSA &3 &4 %A} (PbsA)E F=Ys}
2 Q7| Ee BA3le] Sreptomyceset Mollaxella2)
lipase box (GIy-Xl—Ser-XZ-Gly)Q]- 45.2% % 40.6%2] A
FAE dehlgles nag Yol

ol ¥ RFAAE £ QPN et Eol
Al E2]38 PBSA 3] Burkholderia cepacia PBSA-7,
Bacillus licheniformis PBSA-8 2! Burkholderia sp. PBSA-
9(3¢} 7] 2009)=3E] PBSA &3] &4 lipase2 tas}
sl 44 (AR HEs] 97 de 2, o

A5 lipase $AAET] §A4 A5AL ¥
Mo za) Seivel 2ok AT PBSA Rl Ed
Ao N Hug AFsaA e

2] r-\m rlm

S ERT

1.PBSA A E.9} m| A&

PBSA®] 3 -Ex}ekF(Mn)2 60,000 g mol-1, Sk
#AHF (Mw)-2 130,000 g mol-te]m, altodanse PBSA
*3j| i+ Burkholderia cepacia PBSA-7, Bacillus lichenifor-
mis PBSA-8 & Burkholderia sp. PBSA-9= A}-4-3}9i ).

2. Z3t wjokz} genomic DNA F%

A2 EAL $18 AxF E coile] wiof-E ampicil-
lin(50 ug mL-%)e] =3+ Luria Broth(LB)uljA|ol| A =
#3hdct 2 wieke) 1mLE 1.5mL microtubest] 33

2A12-g] (13,000rpm, 108)3}ed Ab=0-S A A3 =
2> peII et-S 47 3le] DNeasy & tissue kit (Qiagen, USA)
2 PBSA 232 genomic DNAE FZ3}9]h

3 PCRE §¥ #47

o|N

=z
=

=23 genomic DNAZXE| PBSA BE3jas 44
(lipA)e] ==oj A}4-3F PCR primer:= PDG-FF(5-TTA
CAC GCC CGC CAG CTT CAG-3), PDG-MR (5-GTC
GAC AAC GTG CTG AAC AAG GC-3), Blip-F (5-ATG
CGT CGT CATTCA TTT TT-3) ¥ Blip-R(5-TTATTT
CCC GCT GAA GGT CA-3)o = lipase genes bl o
i ot ks8> genomic DNA 100 ng, primer (25 pmol)
0.2 uL, dNTP mixture 2.0 uL, 10X PCR buffer 2.5 uL,
DMSO 0.5uL % Vivatag DNA polymerase(Vivagen,
Kored)oll Hi5F42 HFHI 5uLE 2tEe] A4
stoae.

GeneAmp PCR system 9700 (Applied Biosystem, USA)
ol A pre-denaturation, (95°C, 5%), denaturation (95°C, 45
%), annealing (62°C, 45%), extension (72°C, 2%)2 353]
AlAl8F & extension(72°C, 108)3te 24 PCRE 43§
3hedt}. Bacillus®] PBSA Ea&s §-& A= 55°CellA]
30% =< annedingAZch. =% DNAX: 1% agarose
gel (Takara, Japan)ell A A17]¢35 (100V, 50 min)<& s}l

2 PBSA 3 a4E %‘iﬂ%}% A2 (lip A)&
gel extraction kit (Qiagen)= A A8+ % TOPO TA cloning
kit (Invitrogen) 2 E. coli DH50el] &A= gtsldct. 54
Z2] Abel o] B= ampicillin (50 ug mL-1, Sigma), X-gal
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(40mg mL -1, Bioneer) ¥ IPTG (100 mg mL -1, Bioneer)7}
Z3E LB FabAelq AT 94 22Us At
o Miniprep kit (Qiagen)2 2] % plasmid DNAE 53
galetiet. A5l DNAES A|gtas EcoR |Z 37°Cef
Al ArZE A BlEke] R7]dF Aol 2 gt ()
AR A A F7IMdE A3 F GenBanke] Pseu-
domonasfﬂr Bacillus lipases® ot 3}3l= AAS3 v

B3t o}. T-Coffee program (Poirot et al. 2003)2
A}%fs}o% 2 QTN 53 lipases 44 % Psu-
domonass} Bacillus lipases §- 4 A15-318] A7|A 9L of
nxAto =z X3 - AHHFstz NCBI2] BLAST 2
SEQUENCESE 54l #4415 o] #44 454
z2Ab89 e

Bo| wulshe Paasel o s =
Sg-dol] 23he] o] Fojxich. oo &
Aol A] A1HbEE(F29} 7] 2009) PBSA
DNAZ F3 o= 3lo] PBSA Eslaas ofsdlsle

A= R 3% (Tokiwa and Jarerat 2003) lipase 54
Aip AYE rEstels #5918 Z%s7] 98l PCRE
3 5}o e,

Fig. 1= PCRzZ ZZx lipase 4=} (lip A) A2&
agarose geloll A719%5ske] 4 AR 2718 24T
A3}, 22]#F B. cepacia PBSA-73} Burkholderia sp.
PBSA-92] lipase A=} (lip A)= ¢F 1.5kb, B. lichenifor-
mis PBSA-82 <} 600bpe] =7|E 7[X|&= AFHo|gith
o|2HE] 2 el AHgHE A FFE =7 PBSA £3)
a2 lipase® B35k Aol 2elzgleh

PBSA wal @l A #alEas a3k fAiAl
W3 A7E veld oz AFAA wud dFeE:
Park and Lee(2005)¢] n] A&z RE] AALE lipasez A
3 Felozmze sbews) A% 978k, Ando
etal. (1998)e A% 1 Qi vYE §ol lipaseel lip
ase type XII (Chromobacterium vixcosum, Sigma), lipase
type XI1l (Pseudomonas sp., Sigma) %! lipase B (Pseudo-
monas fragi, Sapporo Beer)el] o3t PBSA] 723l A
=& HPLC= Z43 v} gl

2. 737 97149 B4 2 34 A5 24

B. cepacia PBSA-7, B. lichenifofrmis PBSA-8 2! Burkhol-

1.5kb—

750 bp—

500bp—

Fig. 1. Lipase(lip A) region fragment amplification. M. 1 Kb DNA
ladder (Promega), Lane 1 Burkholderia cepacia PBSA-7,
Lane 2. Bacillus licheniformis PBSA-8, Lane 3 Burkholderia
sp. PBSA-9.

deria sp. PBSA-92] PBSA H3la4s ¢33t 4
2] 471D % oful Al e 34 AnE Figs 2
31 4o A AISkAe) & Aol PORZ 553 PBSA
P ad FAAE 722 45 ohulwal 4 o)
4] Chihara-Siomi et al. (1992)o] ®.313}¢iwl Pseudomo-
nas lipases®] lipase box¢l Gly-X1-Ser-X2-Gly=- #<ls}
et

Uchida et al. (2002)2 ¥ =ofojr] £2]3t Acidovo-
rax delafieldii BS-3©. 2 HE] PBSAS} 334 Fx7F &
A&t poly (butlyene succinate) (PBS) &3 &4 -4}
PbsAE #Aste] ofr|wAt A< vl lipaseboxsl Gly-
X1-Ser-X2-Gly¢] Zxz}& w331, Shinohe et al. (1996) =
PHB 23 &4 §-Ax}2] «Fo|A Pseudomonas lemoig-
neie] PHB depolymerase A %! Alcaligenes faecalis®]
depolymerase A2} PHB depolymerase= Gly-X1-Ser-X2-
Gly2] lipase boxZ 7}xvta Bystgdc)h 28y 2 o

A7 PBSA ol 4 A= o] 53} 22 lipase box
2] X1 ¢J=]4) tryptophan @) 4] histidinee] Zz)3}4}.

o 22o] Bacilluslipases= ®.% lipase boxe] A A
o}u] = Akql glycinee] danine 372 ¥W3 % AlaX1-Ser-
X2-Gly& 7593 k=x 3l=d (Jaeger and Arpigny,
1999), & ol 7ol B. lichenifofrmis PBSA-8¢] 23] &4
frAzke] eofmxeAl A o= o] 3 Bacillus liapse
box7| 233}

B o] Fo| 2= Burkholderia$} Bacillus lipase box A}o]
o] t}Aa x}o]E el o] Pseudomonase} Bacillus lipases
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TGGGTGCETETEAGOGOGEAA GCT GTAGCGCGCEACGOGCATCT GCGATGCAGCATEEGEE 60
CGCACGAACCCGEOCCCECCCGAACGEETEEEECECGTCAACCCATTAGAGAACCETGTC 120
TAGTCAGGECOCAAACGT TCGCCECTOGT GCTTCACTCCCGCATTCOACGCACACGATES 180
CTGCCAGGET TEGCGACGT GCOCTCCGCGTCEATCCGATCTCATTCOCACCGECAGCACE 240
ATAATCAGGAGAACATECATGECCAGATCGATGCGTTCCAGEETGET GECAGGEECAGTE 300
GCATGCECCATGAGCE TOECECCETTCOOGEEGACGECCECCETRATEACCETCGEGACG 360
- A3 RRS RGRPR- - RSERRER
ACGCAGGCCECGATGECGECAACCCGOGOCCEOGRACAACTATGCGEOGACGOETTATCC 420
EERRWZERG@G@PAPADNTYAATRTYPF
GATCATCCTCETECACCOGCTCACCCECACCCACAAGTACGCCOECETGCTCEACTACTE 480
I17L¥YHGLT GTDETY A GVWVLETYW
GTACGECATCCAGGACCACCTECAGCACCACCETCECCACCETCTACCTCCCCAACTTETC 540
¥ &1 @ EDLQ@GQ@HGATWVTY WV A NTILE
GGGATTCCAGAGCGACCACGGT CCGAACGGECGCGEEEAACAGTTGCTCGCTTACGTGAA  ROD
G F@Q3IDD&PHNGROGEIGQLTLATYVEK
GACCGTGCTCGCCGOGACCGET GCGACCAAGET GAACCTGATCCECCACAGCCAGEEEEE  ARO
T VL©.&ATGATIEVUNTLIGHS@G|G
CCTCACGTCOCGCTATETCECEGCCETCECECCCCACCTOGTCOCGTORGETGACGACEAT 720
L T8 RY V A AV A PTDLY ASZSVTTI
CGGCACGCCOLA TCRCEECTCEEAAT TCGOCGAC TICETGCAGAGCCTTCTCECCTACGA 780
& T PHUERGSETFATDF FV@as:3 VL ATY D
TECEACCEEECTETCETCETCGGETGATCG CTGCAT TCETCAATCTETTCGGCATECTGAC 840
PT GLS 33 VI AAFVNUWYVFEFGI LT
GAGCAGTAACAACAATACGAACCAGGACGIGCT OECCGEGC TEAAGACGCTEACGACCEC 900
2 3 NN NTN®G@DATLAALETULTT A
GLAGGCCECCGOETACAACCAGAACTAT CCGAGTGOCGECCTOGECCOGOCGRECAGTTG 960
Q A A A Y NQ@NY P 3 A GLGAPGSC
CCAGACGEETECGCCCACCEAAACCCTCOGCEECAATACCCATCTECTCTATTCATGEEC 1020
@ T G A PTETWVGGNTHTLLY 3 W A
CGECACCECCATCCAGCCGACGAT CTCEECATTCGECET CACGEECECCOCGRATACCAG 1080
G T AT @PFPTIS3 A&AFGVTGAATDT 3
CACGATCCCGOTGATCEATCCGGCGAATECEET CEACCCGTCRACGOTTGCGCTGCTCEE 1140
CACCGECACCETGATGATCAATCGCGECTCOEGACAGAACCACGEECTCETETCGAAGTE 1200
CAGCGCETTETACGGGLAGCETECTEEECACCAATTACAACTCGAACCATCTCGACGAGAT 1260
CAACCAGTTGCTCGGOGTGOGOGETE 1320

Fig. 2. Nucleotide sequence and amino acid sequence of the lip A
region on Burkholderia cepacia PBSA-7. The box indicates
the common sequence of lipase, Gly-X1-Ser-X2-Gly.
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Fig. 3. Nucleotide sequence and amino acid sequence of the lip A
region on Bacillus lichenifofrmis PBSA-8. The box indicates
the common sequence of lipase, Ala-X1-Ser-X2-Gly.

E g433bslE= 53 A RS NCBI GenBankel| 2] &1
3le] o] &3} & dAFolA FF3F PBSA &3+ B. cepa-
cia PBSA-7, B. lichenifofrmis PBSA-8 2! Burkholderia sp.
PBSA-99] PBSA 3] &4 G}l §4A AAEAS
A 3te] Tablels} 20 453hsict.

B. cepacia PBSA-72] PBSA 23] &4 §AAE= Jaeger
¢} Arpigny (1999)¢l] 2]l 5%l lipase subfamily 1-19]]
£3}= lipasese} 36~ 40%, subfamily 1-2 lipasese}= 82~
92%9] =2 AEAS yeRglo. &3] Burkholderia

B0
120
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240
300

G : AAT AT T 360
A 2@ G N GRGSOGMEDERRAY
CA

CTGATG. —— e T e

TGACGCTTGOCACCACOLGCGEGGRAAT GOCGGOCACCOCS 420

0
[
>
i
1]
]

G HG&ADDAWACDTDARTGHNTGGTDR
CCCCOCCGACGAC TAC GCGACGACGCE TTATCCGAT CATCCTCGTGCACGEECTCACCGE 460
A P T T R R R \f I RS B33 CT A - P
CACCCGACAAATAL 3OGT GAGT - - . 540
A PDERKY
AGCATGEOGTGAGT 600
@ H G A B
ACGEOCGIGEIRAN 660
N G R G
CCAAGGTCAATCTC 720
T EV N L
TORCACCCGATCTCE GAC 780
Vv AP L T T i

CGCCGACTTCGTGE CTACGATC CTTTCCTOGT 13 840
A YDPTOGLSSS YV

FADFV GGV L

TCCTCACGAGTAGTAGICACAACACGAACCAGS 900
LT 88 3 HNTNOGQ

CTCGCACGOCCOCACCTACAMCCGGAATT BED

e
3
GECS 1020
1020
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1200

G 1260
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Fig. 4. Nucleotide sequence and amino acid sequence of the lip A
region on Burkholderia sp. PBSA-9. The box indicates the
common sequence of lipase, Gly-X1-Ser-X2-Gly.

cepacia lipasesl= %= 714 =2 $AA AL
vhehy ol
monas fluorescens lipasee}= AlEA1S
7w veby,

B. licheniformis PBSA-82] PBSA E3 &4 54212
%ol = subfamily I-4 lipasese} 64~65%2] B2 =
<> FAH AsAEE 2}, subfamily I-5¢l &3k

lipasessh= g4 el A9 @ik Ao= vebde o
B Foa] EA 3 B. lichenifofrmis PBSA-82] PBSA
S &4 A A= subfamily 1-4 lipasese} wfl-$- =4 3t
Aol gl Aoz Vb
Burkholderia sp. PBSA-92] PBSA ®3la4s §4A=
subfamily 1-1 lipases?} 35~ 37%, subfamily -2 lipasese}
= 83~9%e] =2 AEAS wgr}. 28y} subfamily
I-1 lipasesel] 43} lipase & Pseudomonas fluorescens
lipaseshi= 7% AFEAS wolx sigrom o) B.
cepacia PBSA-72] PBSA 3l &4 3t} vi$- fA}
3t ZA3}o]t}. o]l B. cepacia PBSA-73} Burkholderia sp.
PBSA-O PBSA 3] 54 £417} Aele] 44 454
v wale] E Alolel = 73%2] ¥ FA2F AEA o] Q)

&& Basisi,

o1} subfamily I-1 lipasesel| <43} Pseudo-

Aol welA] e

oo
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Table 1. Genetic homology analysis with various lipases of Burkholderia spp.

Sequence adjacent to Identity ( GenBank accession
Source of enzyme lipase box? 5 number References
Burkholderia cepacia PBSA-7 VNLV|GHSQG|GL 73 This study
Burkholderia sp. PBSA-9 VNLV|[GHSQGIGL 73 This study

Family I-1 lipases

Pseudomonas aeruginosa VNLI[GHSHGGP 40 37 AB008452 Chihara-Siomi et al. 1992.
Pseudomonas fragi VNLI[GHSQGAL 36 35 X14033 Aoyamaet al. 1988.
Pseudomonas fluorescens VNLFGHSQGSL —b —b S77830 Chung et al. 1991.
Proteus vulgaris VNLI[GHSQGPL 37 35 U33845 Kim et al. 1996.
Family 1-2 lipases
Burkholderia cepacia VNLV|[GHSQG|GL 92 94 M58494 Jorgensen et al. 1991.
Burkholderia glumae VNLI[GHSQGGL 82 83 X70354 Frenken et al. 1992.
Chromobacterium viscosum VNLI[GHSQGGL 82 83 AJ295616 Traub et al. 2001.
Pseudomonas |uteola VNLV[GHSQG|GL 91 92 AF050153 Litthauer et al. 2002.
aThe lipase box is shown in box.
5No significant similarity was found.
Table 2. Genetic homology analysis with various lipases of Bacillus spp.

Source of enzyme Seque_nce adjacent to Identity (%) GenBank accession References

lipase box2 number

Bacillus lichenifofrmis PBSA-8 DIVIAHSMG|GANT This study
Family 1-4 lipases
Bacillus pumilus DIVIAHSMG|GANT 64 AARB84668 Rasool et al. 2005.
Bacillus subtilis LipA DIVIAHSMG|IGANT 65 M74010 Dartois et al. 1992
Geotrichum candidum DIVIAHSMG|GANT 64 A02813 Yukieet al. 2003.
Family 1-5 lipases
Bacillus thermoleovorans HII[AHSQGIGQTA —b AF134840 Rahman et al. 2007.
Bacillus thermocatenulatus HII[AHSQGIGQTA —b X95309 Yukieet al. 2003.
Bacillus stearothermophilus HIIJAHSQGIGQTA —b u78785 Kim et al. 1998.

aThe lipase box is shown in box.
No significant similarity was found.

o|=3E $eitel =N #elFl PBSA ¥dF
Burkholderia cepacia, Bacilllus licheniformise} Burkhol-
deriasp.= PBSA Bs a4 ts3l §AAzH I71Ad
ol lipase boxE ®43l1 9lE lipA R3S 7R
glom, o] FAAE 7)Fel okeixl lipasessh 64% ol
Aol we A ABAE Heln], w7 80% o] 4]

F0A AEAE Rolt Aoz B,

7| 2

$Evel EofezRE FE (F2 # 2009) poly
(butylene succinate-co-butylene adipate; PBSA) 3l
Burkholderia cepacia PBSA-7, Bacillus licheniformis PBSA-
8 2! Burkholderia sp. PBSA-9¢]| 4] PBSA Ha] &4 5 9
z3ete fAAES EAEAH. PCRE 433t B.

cepacia PBSA-73} Burkholderia sp. PBSA-9= ¢ 1.5
Kb, B. licheniformis PBSA-82 <} 600 bp<2] lipase 54
AipA) AL AAE AL Felatdd A FF wE
Al &AAFe] G7ixMd W lipase boxgl Gly-X1-Ser-
X2-Gly2} AlaX1-Ser-X2-Gly7} &3} }. B. cepacia
PBSA-72] PBSA B3] &4 FAAF= family I-1 lipasese}
36~40%, family I-2 lipasese}= 82~92%2] =2 A
A A5AE 2ok =3 B. licheniformis PBSA-82]
PBSA ®3]l&4 F+Ax= subfamily 1-4 lipasese} 64~
65%2] A4 A4E4E vhehglor), subfamily 1-50)
Sl lipaseEshs A9 4474 4540 gl Ao
v}ebsio). Burkholderia sp. PBSA-92] PBSA B3] &4 &
A2k family 1-1 lipasese} 35~ 37%, family |1-2 lipasese}
= 83~U%E =2 FA4A AEAS ®o] B. cepacia
PBSA-7¢] PBSA Fal| &4 fx1Atet FAME A3E B
St
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