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Improvement of Degrading Activity of Poly(butylene succinate-
co-butylene adipate)-Degrading Strains Isolated from Soils

Hyun Jin Joo and Ma Nam Kim*

Department of Biology, Sangmyung University, Seoul 110-743, Korea

Abstract — From leaf mold and reclamation site soil of the Capital area of Korea, 3 poly(butylene
succinate-co-butylene adipate: PBSA)-degrading strains wer e isolated through the clear zone test.
The PBSA-degrading activities of the strains wer e assessed by means of a modified Sturm test using
0.01% of PBSA film as a sole carbon source. After the modified Sturm testsfor 40 days at theres-
pective isolation temperatures, the 3 strains degraded 30%, 55% and 43% of PBSA, respectively.
The isolated strains were identified to be Burkholderia cepacia PBSA-4, Bacillus licheniformis
PBSA-5 and Burkholderia sp. PBSA-6 through the 16SrDNA gene sequence analysis. Among them,
PBSA-5 degraded both PBSA and Poly(vinyl alcohol). The degradation activity of the PBSA deg-
rading strains appeared to be high at moderate temperatures such as 27°C and 37°C, and initial
inoculum size of 10 cfu mL-* degraded PBSA 1.2~ 1.3 moretimesthan that 10°cfu mL -1 . Addi-
tion of 0.1 or 0.5% (w/w) of gelatin, yeast extract and ammonium sulfate raised the PBSA degrad-
ing activity, and especially addition of 0.1% (w/w) of gelatin enhanced the PBSA degrading activity
by morethan 33%. The mixed strains degraded PBSA faster than the single strain.

Key words: PBSA, soil, 16S rRNA seguencing, Burkholderia cepacia PBSA-4, Bacillus licheni-
formis PBSA-5, Burkholderia sp. PBSA-6, activator
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Z1AA BAd o] ofstar Aol wowm Al =t
B]x}7] w&o|c} (Malijaet al. 2001).

Poly(butylene succinate-co-butylene adipate: PBSA)+=
1,4-butanediol, succinic acid 2 adipic acidE Y= &3 =
ARg3te] b AE Ze]o AH2EA B0kl Al
Aol wafEe AR adoleh. Selvet AFe) ot
Febd A e 34| A]2008-163 (2008) ‘7|7 B &7] =4
ol 71& FA'e] osld PBSA# ML, ofrdAF W
14-28ke) o) FEFBAL 60% o4 FHske FF

Ag wate), AA) A3 g AEFE] R TAAR ALge)
],Lo;‘l- -su z]_E_ 1311—3]-1:} PBSA:= A]-qu-l o= \J—B_ xg
712 714 diacids ¥ diols= %€ 34 = w, polyolefins
 frARRE 714 EAS Holr] Wi EF3 7HA
AU polyolefinsell AHE-= a1 Sle A=l #
o] &3t TpFet AAF oz o] WHe] 7hesive AA
glo}. =3 poly(butylene succinate: PBS) ¥.o} & 72
Rshez Qs et APEE 9 Yol F o %2
B AT A, AEL7), BT AR, EeA AL
7hsd wut opdE) Az A, 24 BE, Ao, A&,
0%, WAE, 23, He)x, 74 9 FFEE V)2 o4

71sA& 7FA 2 ) (Zhao et al. 2005).

AF7HA] v 2okl A RE]¥l PBSAS Yt
A3t Fgolel =gt AF7t zsiE gk oy, poly(e-
caprolactone: PCL) ¥ poly(3-hydroxybutyrate: P(SHB)) <}
2ol 47 ARk Fbedt FehaEel B 79} v
W3l A A o 7 ke Alsto|t} (Ishii et al. 2008). EA)
7hA] ezl PBSA Eafli> YR EckelA Edh
Bacillus stearothermophilus(Tomita et al. 2000), Paeniba-
cillus amylolyticus(Teeraphatpornchai et al. 2003), Acido-
vorax delafieldii (Uchida et al. 2000) 2 E]n]ol|A] £2]3t
A4+ Bacillus pumilus(Hayase et al. 2004) 2! =1 Asper-
gillus versicolor (Zhao et al. 2005) So] d&8x o A
delafieldii= 8¢ <lol] PBSA 22 150mg = 75%S &
3l 3143 2w, B. stearothermophilus:= 209 %<t PBSA 2
o FAIE oF 80% 7i7ke] ZAAAFT B aEkgdHh
I PBSA Ealjtell W AFe W dEe =
4 2 EFulz F3Ee] glem, Tunlx Bacillus 4o
2 FAH 93, 58] sEvel =okellxe] PBSA &
Fatell d3 AFE Ao Base] glA o AAelH.
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Al e Seuet EkezRE PBSAS 3
#< EE)8led, 16SIDNA 37 J B S E3)
=Xt} =3l PBSA Bl Fo Ha| A
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1. PBSA ¥-32] 2

PBSAY: 43 F2x}=F (number average molecular wei-
ght, Mn) 60,000g mol-1, Sk F-2x}=F (weight average
molecular weight, Mw) 130,000g mol-1¢]l 71-& A}-4-3}%
o, (F)eldststoz R FFuUch olF Fahshe
g RS flete] WALES A9 AHES A
W el g3} vpdEes 2 M BAAE, 287] Y E
=] 1:11- oz E—lo] A]._/] t:lo:l ;:/]1,]_3]_ /\1_,_}\] \:ﬂ 7:]

7= ddjellA AHF A °“le7‘§}ﬂHZH z4, PBSA
el Ee] W R AL 9% A= 2

°] (2007)2] whyell wel PBSAS E33h= 719 Al

W25 AHEEFGT s kS DA M ske] 3] MY
0.1mLA4g PBSAZ} 23 F7|guAufA]e] =23
& 27°Ce} 37°C & 57°Cel|A] vioFsla oF 3F A &
o clear zoneg A= FEUE 4w wjeksta,
clear zone®| #73& A3t

b

2. PBSA Ea| #¢] 4

PBSA ®3llie] 54 #2529 DNAES PCR3}
718 ah=d], 16SIDNA 425 FFs}7] —"r]SHAi univer-
sa primer fD13} rP2& A48ttt 2 AFE2] 93714
R CLUSTAL W program<- A}-8-3}e] -EA/:]Q_ 16S
DNAS] |7]X 93} oo} AR G7IM LS 7R E &
Z2] A= AHHsle] on], Mega3.1 program Wol| Al o]
= ulelo 2 neighbor-joining ¥ o] &3k 213b4 A
2 2t shed ol (Kumar et al. 2004).

/\

3.PBSA F3j|#2] &4 A

=72 u]= ASTM D 5209-
92(1992)¢ wiekow AY AAE TAske] 27°CelA
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Fig. 1. SEM micrographs of the PBSA degrading strains ( x 20,000). (a) Burkholderia cepacia PBSA-4, (b) Bacillus licheniformis PBSA-5,

(c) Burkholderia sp. PBSA-6.

3BU7 st o), PBSA el Fe #ASE o 1x
10°cfu mL e =5 Fulste] AEQoz Abgsisich
PBSAS] AR =t nldEe] oa nEAje] shalAzh
Yatsle] WS COE BalOHpz A ¥ HCIZ
A3} COp o AT} AGTe) COp o) )
g2 Assish 293, AR R 24704 9 A1
& COool 24 Axmel weh zAslolon, 35 WA
A& daled 1 AwRE ANt

2) PBS, PCL, PLA, PE & PVAO| LH3} &2

PBSA 3l ite] PBSA 9| =& Feti=ol w3
Fxe] BANBAL A Set] A7ke] Sepaelo]
2= EAbAE Alz3te] clear zone testE Al A E19]
}. PBS= Mn 43,0009 mol-%, Mw 114,900g mol -1, PCL2
Mw 179,000g mol-1, PLA= Mn 2,400g mol -1, Mw 5,000
gmol el A& AHgslolon, BF (F)oldstozy
TRk PEE shAg7) 167]2 o] Foix v|mA]
2 Al&E2 FAlEl hexadecane(Sigma)e Al&-3l9 e
, poly(vinyl acohol: PVA)2] 7-9-of &= ubEwhe]e] i+
Azpe] 4950w, FFmsl 17000 AE oA A
s (F)2E FFeo} Abgstadet

SHEtA

o H ot T

i

ol

4. PBSA -3 7¢] PBSA R34 =3

PBSA #3l#+2] 2w uhE PBSA #3|&A4e] &4
o5 PBSAE =3l ARG A]lA 18Y

clear zonetest (712} o] 2007)2 A A|sled =R 3}, N A
7)1 Guf x| ol A] 4047+ ASTM D5209-91¢)] 7] =3t w3
Sturmtest® + HEFe] W3}, Ao At 2 Rl
Fo) Eghiloel U3t PBSA Ra|@Ae) 21 YxE =
Aslgdel x= 17,27, 37,47 2 57°C= AAsla, 7+
o] %x7] HEge 10°cfug?, 10°cfug?t 2 10%cfug?
2 gdEste] AYsgo AAagez= 0.1% == 0.5%

9] gelatin, yeast extract @ ammonium sulfateS- A}F8-3}43
o, Bt T Fo EF wickAlel o3k PBSA Es
P& 2AFEle] o] Q9B wist PBSA R4
FA &23E FA3AE

1. PBSA B39 #2] % $4

PBSA ¥3]7-& ¥2)517] $15ted AA] Thel7, 29
9 737 = ZZA] ddje] WA AHztEel Yo
1 Ake] R EF AF3ted clear zone tests A3}
 Fig. 1o &A1& wle} zko] of 1~2um =7|¢]

3F5 EefEtsicth AA7A] el PBSA R
Wy o] =okst Eulola RelHgich e
B et opAlo} AR FrhEe) mofel B e
4 2Ab Ashol ]3hH (RDA, 1988), $-elvtete] =eof
% A4 018%<} 8214k 82mg kg teldl ubsl, o
Eofo] Ao &= A4 0.29%9) $-414F 195mg
kg 'z vpebdeh $euet moke As) AdE R
o] Wi f7|&E FFo] nlwA he Hel &3t} Boke
718 T2 B Wl nAEY] ol F e R E
oF Pl B FAd S viX2g Eekaye] R
A= g2/ vebd Aoz ®Bldh

o]5 F2|FFo 3t 16SIDNA @7 d8-A A3},
2|45 PBSA-4+= Burkholderia cepacia, PBSA-5=
Bacillus licheniformis 2! PBSA-6-2 Burkholderia sp.2
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Fig. 2. The modified Sturm test results for the PBSA biodegrada-
tion by using bacteriaisolated from soils.

Table 1. Degradation abilities of strains isolated in this study for
various substrates through the clear zone test

] Substrate*
Strain
PBSA PBS PCL PLA PE PVA
PBSA-4 + - - - - -
PBSA-5 + - - - - +
PBSA-6 + - - - - -

+: growth and forming the clear zone; —: growth but no forming the clear
zone

* PBSA: poly(butylene succinate-co-butylene adipate); PBS: poly(butylene
succinate); PCL: poly(e-caprolactone); PLA: poly(lactic acid); PE: polyethy-
len; PVA: poly(vinyl alcohol)

o8]

A gro] B33t #F = B. licheniformis PBSA-52 55%
9] PBSA B3| =2 ¥ o, B. cepacia PBSA-43} Bur-
kholderia sp. PBSA-62 717} 30%%} 43%2] Haj ==
Hgic}. Cdlil et al. (2006)e)] w2 217 Aspergillus niger,
Penicillium pinophillum, Chaetomium globosum, Aerobasi-
dium pullulans ¥ Gliocadiumvirensg 37 ®loksled A
FYU o2 AMg3te] Sturmtestoll Al CO, AAbFS 343}
A, F=718 71A 139 ] At F3E CO, AYAkeF
o] F7Fetvta Haslelet. o]of] u|sle] - dFelA
2]t #3 B. licheniformis PBSA-5 %! Burkholderia sp.
SA-6 wHEujefez = PBSAS] Eafel sle] A
717} glel Balsh Alzksle] Eaj@A o] 5
FUE & 4 sk 2 0] (2007) = -2kt 2070 A
o] =oFA|gol|A clear zone testE -3 PBSA Eal -
652 A ASe® §%7] glo] Z7|RE w27
BSAZ Hal|sle] W3] Sturm test 4027+ 65~ 83%2] =
< w4 E ekl glet wwd ok gleh
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Table 2. Effect of temperature on the improvement of PBSA-deg-
rading activity through the clear zone test

Clear zone diameter (mm)
after 18 days
17°C 27°C 37°C 47°C 57°C
BurkholderiacepaciaPBSA-4 53 64 53 17 0

BacilluslicheniformisPBSA-5 34 48 44 41 0
Burkholderia sp. PBSA-6 48 66 5 0 0

Isolates

Table1& PBS, PCL, PLA, PE Y PVA¢] o3l el
Fo| Rl &S clear zonetests F3 dobE el
o}. 28]#4F Z B. cepacia PBSA-4 % Burkholderia sp.
PBSA-6= PBSA7} =&% x| 7] gl Ao A= clear
zones 3 Als}x]qF PBS, PCL, PLA, PE Y PVA7} =3
g iAo M clear zones FAsIAE sk =Y
B. licheniformis PBSA-52] 7]-%-o]|&= PBSA#4F ohz}
P EALe] g FRE AESIE v =2A Dot
PVA7} 235l 7d9o= clear zones 3AstoH) o=
B oIl A] Ba]st 43 B. licheniformis PBSA-52] 7%
PBSAERE ol PVAR 371 7hssh7] |Eel Ak
oz vhg f4300 AH4E 4 e Aoz A

e A3 clear
zone?| A 7o ©] o|i} F7IsAl gy 18U Foll A
sted Table26] A AlslAeh. 225 w5 £%7} 17°C
o|A] 27°C= Ar2=3le]| ulz} clear zone2] 27 o] =73}t
Qout, 7 ol ge] ExelME A aisted 57°CHA
= clear zoneg ¥ASHA| Fpaleh & A7 22 PBSA
B Fe 27°Col A AP mbE A 7 B PBSA
2L e e F2AATE AL & 5 sk
Zhang et al. (2007)2 methyl tert-butyl ether (MTBE)=
2935 =oFowHE] MTBE 3] #& £e|sle] Chryse
obacterium sp. PSR102.2 %A 3}t MTBEZ} =35l
Luria Bertani (LB) »j 2]ol] w2 AHE3ta 2= oh& &
8 =g ool Az}, 12,20,2530% 35°Ce) & xojA
Z+7}¢ 43.5%, 48.9%, 52.3%, 52.6% 2 42.1%°] MTBE &
A =g Bod FelirFol dsk MTBES] #8l=+ 25
2 30°Col A 71 & BB wdon] 30°C o] 4
o) emol Mt BA o] FANA Fhdste] e xmelA

M

o 8%
Fig. 32 Eelw52] 7] AEHE 47 10°cfumL,
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100 cfumL-t 2 10" cfu mL-1= da]sled W3 Strum
tests 43 PBSAS] Aal APAFo|ot. A=kl
10°cfumL 1) W7kx e Fa B el Frhset AEe
o) W0t cfuml v} H el el 2F Fashs Ag
B 4 gl B. cepacia PBSA-4, B. licheniformis PBSA-5
2 Burkholdeia sp. PBSA-62 2% A Zgko] 10¥cfu -
mL1ed o PBSA 3 &Ad o] 7HE wel FAEUEH,
359 =9l PBSAES 77}t 54%, 70% 2! 50% 4§23l 3191
t}. o] 2ol v]s] PBSA H3|3HAdo] oF 1.2~ 1.3u)
Z7ha 43 o]t

Chen et al. (2008)-> poly (cyclic aromatic hydrocarbons:
PAHs) #3) A+ Sphingomonas sp.& #2|8 & # A
Zzeg Zb7t 103 104 10° W 105MPN/geg =z] s
ARkl w2 PAH a4 =gs k(h)E 24 sk
o 2 At AFFel F745F PAHS kehol F7)st
don), HEeFe] 105MPN/g ol el Al katel FASH %
7Valdeka ¥ a1slgde}). Zhang et al. (2007)2 MTBES

F3)8l= ¥ 9le] Chryseobacteriumsp. A-32] A Zake
747k 9x 107, 1.4x 108, 2x 10° 4 45x 108cfumL 1= 3}
ol &

=

o gFeel 274845 MTBEZ} ¥ vl e)3}
b AR oln A ooz FE et

Fol| 28 Abasm]E A Zrlstma 2x 108cfumL !

160
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Fig. 3. Effect of inoculum size on the improvement of PBSA-de-
grading activity through the modified Sturm test.

PBSA R3] PBSA E3l&84d& 3141717 $135ke
2] gelatin, yeast extract 2@ ammonium sulfateE 7+
0.1 == 05% H7}3F = PBSAY] B3 A wWH3l=
rumtest2 FA}sle] Table3e| Z A= el

X,
P>
o
-0,
Q

2 B N
ol
)

At

PBSAo|| djgt E]iFo| Eal &> Aade] AL
ol whz} Zr}shel o, E3] 0.1% (w/w) gdating 7}
shelg u PBSA wajagel 33% Y= FAH e o
+ gelating} yeast extracte} -2 AAdle] HrlE A
FAe) W) e Aag ol gshe vAE
o] 735 A AHrtel| wiel A FAdo] o 4o
A olfolx7] wie] PBSA Halo] 9oy EAE
H Fe] FAHNAGT & 5 ot =3 gelatine]} yeast
extract7} ammonium sulfate® o} 23 &A1 2] 3FAte| o
ol Bz P71 Asdunt §7)0480] PBSAS] ¥
i Ea PAE H golsl s Aoz Amds A
1} (2007)= 24 3t% =8| 3}Ax] <A Geobacillus caldo-
xylosilyticus PLA-2¢]] 2]3t poly(L-lactide) (PLA)2] -3
= A 44q) gelatin, yeast extract @ ammonium sulfateS-
A7 ) welFEe] ARl wst 3%l A 2z 52%,
47% 2 45%= Z7}stgivt B skglth. Jean et al.
(2008) = F=ro] A& A 2 HE £2|3F Pseudomonas
SPp.= ©]L-3}ed benzene, toluene U xylene(BTX)S &
8| & ] sulfate, phosphate 2! ammonium chloride} 72
FIAALE AVME A AE A Z BTX 237t
Z2E) 9, 535 sulfates} phosphates H713+ 7%
o] AJEFo] AA3}IA Z7}5}9 o1} anmoniachloride:
u] A &2 Aol ZA &t e skl

4) =gtite| 2ot

Fig. 4= ¥8aF F 75 EvwiFste] PBSAS
S Wy SturmtetE 3 243 A}el} Fig. 2
o] #A| A3t wle} zEo], B. cepcia PBSA-4, B. licheniformis
PBSA-5 2 Burkholderia sp. PBSA-6<% =H=ulj ¢kalg] &
o) 7z} F39] PBSA A &3] == z}7} 30%, 55% = 43%

Table 3. Effect of nitrogen sources on the improvement of PBSA-degrading activity through the modified Sturm test

Relative activity (%)
Strain 0.1% 0.1% 0.5% 0.1% 0.5%
Control Gelatin Gdlatin Y east Y east Ammonium Ammonium
extract extract sulfate sulfate
Burkholderia cepacia PBSA-4 100 133 126 117 112 113
Bacillus licheniformis PBSA-5 100 120 116 112 111 103
Burkholderia sp. PBSA-6 100 131 119 120 112 112
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Fig. 4. Effect of mixed culture on the improvement of PBSA-de-
grading activity through the modified Sturm test.

¢l ®h4H, B. licheniformis PBSA-5 % Burkholderia sp.
PBSA-65 E3 wl|of3lal S wj:= 68%2] AR B
of FedFE DS drg ek 75l
PBSAC] IR o] o 120 ~21817k Z5ch o
2RE E3hlfe] ¥El#Fe] PBSA ¥3ddE A
A= el B3 e o 4 ek

=&k Salmeron-Alcocer et al. (2007)-2 Burkholderia sp.,
Microbacterium phyllosphaerae 3! Candida tropicalis2]
E3hufofoll w2 chlorophenole] Haf Aol A
= okl EdhckoA] A 247} =7}t chloro-
phenol %7} 7}4-3}e] chlorophenole] == 92~
100%e]] o 23lcky B wslct. olelqt Avte uw o
d A Fael o] SEFFERAE EdHFIL H
w44 oz Aadd.

7 2

SElvel MeAleh 7= dde] E=ekozHE poly
(butylene succinate-co-butylene adipate: PBSA) S H-3)] 5=
FLAAFE 372 sl 0.01%2] PBSA filme] &
o s4oz HrlE W3 Sturm testoll A 404 7F PBSA
o AR = 2t HelitF7t 30%, 55% 2 43%E et
Wglen, o] = Bacillus licheniformis PBSA-52] 7%=
PBSARGE olue} PVAC = 3] A4S vehfe] A
dHoz w83 A Zloz AlrEd ¥

ZFof] o]t 16SIDNA g7\ g2 Azxlzxne 27
Burkholderla cepacia PBSA-4, Bacillus licheniformis PBSA-

59 Burkholderia sp. PBSA-62 =4 =i}

FeldFE2 PBSA E3l &4 27°ColA 71 =7
vebik o], 47°C o Ake] mol M o B o] 7hast
Aot =7] & HZF=ko] 100cfumL-1d =} 10°cfumL-?
X} PBSAS] R3] #AJo] oF 1.2~13u) Z7}slgdch
0.1 % 0.5%<2] gelatin, yeast extract @ ammonium sulfate
71 Aol PBSAS] ¥ B4l Frkekged),
5] 0.1% gelatine] H7}= PBSAS] R3] Al 33%
A HS. w3 72 g S5 wSE dug 7
FE BT AT 245 PBSAS] B3] BYo] oF 12
v ~2. 1) 742 Z=Z1E o] PBSAL] AR == 54~68%
ol =atelet.
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