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Abstract — Microorganisms capable of degrading poly(butylene succinate-co-butylene adipate)
(PBSA) were isolated from 40 soil samples such as landfill site soil, cultivating soil and activated
sludge soil from 20 different sites in Korea by using the enrichment culture and the clear zone test
at 37°C. Based on the 16S rDNA sequences, the isolated bacterium was identified to be Strepto-
myces sp. PBSA-1. Morphological and cultural characteristics were employed for the identifica-
tion of the isolated fungi and they were proved to be Aspergillus fumigatus PBSA-2 and Aspergil-
lus fumigatus PBSA-3. The PBSA degradation activity of the isolated microorganisms was en-
hanced through the serial acclimation in PBSA plate medium. The PBSA degrading microorgan-
isms appeared to be highly active for the PBSA degradation in that 83% of PBSA was degraded
by Streptomyces sp. PBSA-1, and 65% and 75% of PBSA was mineralized by A. fumigatus PBSA-
2 and A. fumigatus PBSA-3 respectively during 40 days of the modified Sturm test.

Key words : poly(butylene succinate-co-butylene adipate), Streptomyces sp., Aspergillus Jumigatus,
degradation activity
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Ag-g WY-e 7" ke 4] g 9
=9 A-AL A-Lslr]) 918 X E dez 3
22 vAAA o webA 2l FellA whzA B F
=5 e Hodshe A7 oo dEEgen
S5l AR FelaE o] s =4, YA A
el A HEgaE ] FAE REHoz s 7
«J 3191}, Poly(caprolactone) (PCL) ¥ poly(L-lactic acid)
(PLLA) 53} 72 Q&34 Fefaele o3} B3} 4
A =#A, oAl e A3t de] Algs] o
WA 2 Aaldrle) F gt BAo= Qs ¥4 A
Foz9] &g AFHT §)c}(Zhao et al. 2005; Tserki
et al. 2006a). JEHA FetrEle FA He SgaE
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A 43 71AA BA =3 $453todof ) (Zhao er
al. 2005; Tserki et al. 2006b).

A4 AukE ZEalo 282 2 poly(butylene succi-
nate-co-butylene adipate) (PBSA)¥ 1990t Showa
DencoAle] dFAle) o8} 3:tE <)o} (Nikolic et al.
2003). PBSAY AAlgbz)r) vlmA row 7|42 24
of $3t ool ggRoll Ago] YR 9ot
(Tserki et al. 2006a, b; Ray et al. 2007). PBSA®] 3}8=
TZ% 1,4-butanediol =} succinic acid ¥ adipic acid unit
9 &%go= o]Fox] v} F2 chainel butylene
succinate<} butylene adipate”} MW 3}A] A@H o] glo
W EAte] wedellE -OH & -COOH groupe] 9lch.
PBSAE o|2H|2A8 dhgoz s FAHAH 24
w2 AR S o] dF= 9} (Tserki er al. 2006a, b).

= Sl viRE dpay Esmss Ades
B wieAlE o= 3 iAol st o
o7 249 WHE 2IE Vo adme Ay
34 Fehamle AT AL Fol olEo] MaA ¥
A=A o7 AAAE RS A Eore sy
Fohamlo) polol ¥ BHE el nlAE A9
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PBSAT R3i5he pI4EES Sulsh w0} Fola) &
It drel =k Sulg AEes 30°Cs
60°Coll ) 73 LA shilo} Fo) PBSAZ EYW
A A A A FE 88 A8l Bacillus pumilus$}y Bacil-
lus stearothermophilus©)] -5-2] % 4] 31 (Tomita et al. 2000;
Hayase ef al. 2004) A2 EFoA] 30°Col|r] 7d7t 53]
QA 7}aeke . PBSAE B35 Acidovorax dela-
fieldii BS-3¢] B2l % ¢)c} (Uchida er al. 2000).
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1. E A8

PBSA H& 9] #2g ¢t 20053 293} 59
vt 2070 A Qe =F FAo] T2 4009 =
Neg AFsch AYAEE A9 g A
w3} vdales A9 AE, 2d7] WP, Yo
2 99 A HAE 2 A BB A
ARG =% A8s T ¥4 2P o= AHgsigo

2. PBSA A&

PBSA: (F)olajgstozne] FFUske PBSAS)
FHTEAGFH FHYFEATFE 74 60,000 g mol !
9 130,000 g mol!e]g]e}.

3. =

PBSA #3]#2] ol PBSA7} fdstrgdos ¥
2 7Y A 73 2] (PBSA-EM)E Al4-8l%] o,
PBSA ¥3l¢¢] Attst F&@A Aol PBSAE =
&3l 7] 1Al ] (PBSA-PM)& A}&-3}d ) (Table 1).

Table 1. Composition of culture medium for the screening of the
PBSA-degrading strains

Medium
Component
PBSA-EM PBSA-PM
K>HPO, 20g 234¢
KH»PO4 10g 1.33¢g
(NH1)2504 40g 10g
MgSO, - TH.0 05g 02g
NaCl - 05g
Yeast extract 0.1g 06g
Plysurf A210G - 00lg
PBSA 50g 1~2.0g
D.W 1L 1L
Trace element solution* - 1.0mL

*: CoCl, 11.9 mg, CuSO4 15.7 mg, FeCl; 0.97 mg, CaCl, 0.78 mg, MnCl,
10.0 mg, distilled water g.s.p 1L
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Teeraphatpornchai er al. (2003)2} Hayase et al. (2004)2)
WS HYse Adsldet 27 EF4 100mLe =
MR 10goz EfZAS Fusln Fdgkago
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2097 TAdE=oAN viekslel EPEE YA 2=
HE At &3]l PBSA-PM viA|o A £3}
AA E3lg sl

1) 16S IDNA 27| ML 24M0)| 28t Mol SH
PBSA 3] Al 16S rDNA %7]A -2 CLUSTAL
W program& AHg-3led Aeld 459 34 & AHsix
MEGA version 3.1 ©]-838}ed Saitou and Nei (1987)9)
neighbor-joining W o2 A 54E AsGoh
A9 kAL 1,0003] MEol| 7)xH neighbor-join-
ing ¥4 2] bootstrape- 435+ H7)s}edch.
2) WEiA, YA S0l 25t Fide X
PBSA 23} ##& 7U7F &ho|=uj o3t & lactophe-
nol blue solution (Sigma)® g M3le] F3su|AHo=z &
dstx 79 HFelH A& st} Kim er al. (2000)
o] ubyel ule} Czapek Yeast Extract Agar, Czapek Agar
o Malt Extract Agarel| A} 4°C, 25°C 2 40°C =l oF3}od
o ZARYAE WAel 2T e F 3 P,
A% 9 A7 =27) gl Yol g BHow 54

shalt.

6. 284 33

W3 Sturm test (ASTM D5209-92)8 o] £-5}e] Hl-Lm)
A 100 mL, F HZ= 1.0x107cells mL !, PBSA %%
0.01%, 37+£0.5°Cel| 4] 4097} PBSA £&4d & =43}
of JEIN=E AAsledct.

R
1. PBSA F3#9 ¥

S2utel 204 Al BHo] B = A= 4070
& doz st RYRAYYE sk PBSA
2= E A N4 E 352 Belsld 2 AFE Table

Table 2. Isolation of the PBSA-degrading strains by using the
clear zone test

Sampling site Isolation  Isolated

(Sampling soil) temperature  strain Clear zone diameter

Hwasung-si,
Gyeonggi-do 37°C
(Landfill)

Hwasung-si,
Gyeonggi-do 37°C
(Landfill)

Sangju-si,
Gyeongsangbuk-do ~ 37°C
(Cultivating soil)

PBSA-1 4.3 mm

PBSA-2 Not applicable

PBSA-3 Not applicable

©

20 AAEE EeE #o HeH 5AS AT F
3} PBSA-12 ®}AFo =, PBSA-29} PBSA-3S s}
= #1595 PBSA-19] %3 £H3) AAS w25

43 AAE 54T 4 gl oy PBSA-29} PBSA
-39 Afelle T AAZ 2asled RHE A7
< A AT 5 dAE

PBSA-1, PBSA-2 @ PBSA-32 %% 27°C%} 58°Col
Me 2EEHA g3 37°CAMRE FBEY FLFoR
#YE AT FHole] 7S Yyt oz 27°CellA A A
Ak ez glort PBSA-29} PBSA-39] 7ol =
37°Coll A 713 whE RS Be PBSAE X3 w7
oA A7 BEEE FHE YA

A F74A) PBSAS] RalFos MyE F& dEEY
£ HEHdo=w 30°CA E8]® Amycolaropsis sp. HT-
32 9 Amycolatopsis sp. K104-17} 4] 32 (Pranamuda et al.
1997; Nakamura et al. 2001) o] 2 M= F= FHu|&E
Az oz 30°CAA B 5 Aspergillus versicolor7} 4}
}(Zhao et al. 2005).
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o} (Fig. 1).
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571 Streptomyces tendae ATCC19812T (D63873)
35)! Streptomyces gougerotii DSM 40324T (Z76637)
89L Streptomyces intermedius DSM 40372T (Z76686)
Streptomyces eurythermus ATCC14975T (D63870)
38| 46 Streptomyces rutgersensis DSM 40077T (Z76688)
Streptomyces coeruleofuscus ISP 5144T (AJ399473)
Streptomyces coeruleorubidus ISP 5145 (AJ306622)
Streptomyces iakyrus ISP 5482T (AJ399489)
Streptomyces sampsonii ATCC25495T (D63871)
Streptomyces afghaniensis ISP 5228T (AJ399483)
17~ Streptomyces coerulescens ISP 5146T (AJ399462)
Streptomyces bluensis ISP5564 (X79324)

E&reptamyces thermodiastaticus JCM 4840T (AB018095)

Streptomyces thermodiastaticus DSM 40573T (Z68101)
95! Streptomyces thermoviolaceus DSM 41392T (Z68095)
PBSA-3 : Streptomyces sp.
Streptomyces somaliensis DSM 40738T (AJ007403)
Streptomyces thermocoprophilus B19T (AJ007402)
Streptomyces thermovulgaris DSM 40444T (Z68094)
Streptomyces macrosporus DSM 41449T (Z68099)

31

—E Streptomyces armeniacus JCM 3070T (AB018093)
82 Streptomyces megasporus DSM 41476T (Z68100)
—
0.005

Fig. 1. Phylogenic tree of PBSA-1 based on the 16S tDNA sequ-
ence analysis.

al. 2001; Tokiwa and Jarerat 2003).

dE =k 2§ PBSAES &3 Aul= Za)
2E| 2 B3 AF-E Table 36) 423 u}e} 2ro] Bacillus
Zo|giet. o]e] Hl3le] & AyolA e} Eofosn
E] #2)3F PBSA 23| Wl Streptomyces<-o] o).

PBSA-29} PBSA-3¢] ejH, vi<}x EA& A8
A3} o]E& RF Fig. 29} Table 4] #| A3t ule} 7bo)
Aspergillus fumigatus 2. EA = ¢},

Aspergillus4-2 AtdAle] de] Bx3lw dR Fo
FEEFAT e %ag AHHAT 5 4E mL
e F4E4e AAbel o]4F3 9lc}(Paul and Clark
1996). A. fumigatus’= A A Al Y] x5} amylase,
lipase 3 phosphatase S AJAFslct v ¥ 11 Heo]g) o) (Paul
and Clark 1996). Kim et al. (2000)-& $-2le} A& 2

Table 3. Aliphatic polyester degrading strains reported in the literatures

Fig. 2. Morphology of Aspergillus fumigatus PBSA-2 conidio-
phore (a) with conidia (b) and Aspergillus fumigatus PBSA-
3 conidiophore (c) with conidia (d).

o] ARE2RE AWFH Fee2H =24 Sky-Green®g
B b= A fumigatusS B3 v} gle)

3. PBSA &84 =34

ASTM D5209-92¢] 71%3}ed 0.01% PBSA film& &
d wtadez dte 7 PBSA ¥3lldS dAdez 37°C
oA ¥W3E Sturm testE 4094 7F AAEtA ) Fig. 34 2
st PBSAS| E3foll 7MYt 2 A& B 2 WA
T Streptomyces sp. PBSA-124 409 %<} 83%2] PBSA
E F7IAZA R ololl ulsle] FFelQ A fumigatus
PBSA-2¢} A. fumigatus PBSA-39] 7A-$-oll= 27+ 65%

3 75%9] PBSAZ} /)42 Qe

Bioplastic* Strain Soil sample Reference
PBSA Bacillus pumilus Japan soil Hayase et al. 2004
PLLA, PBS, PBSA Paenibacillus amyloticus Japan soil Teeraphatpornchai et al. 2003
PBSA Bacillus strearothermophilus Japan soil Tomita et al. 2000
PBS Bacillus smithii Japan soil Pranamuda ez al. 1995
PLLA Geobacillus thermocatenulatus Japan soil Kosuke et al. 2004

*PBSA: poly(butylene succinate-co-butylene adipate), PBS: poly(butylene succinate), PLLA: poly(L-lactic acid)
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Table 4. Morphological and cultural characteristics of Aspergillus

fumigatus PBSA-2 and Aspergillus fumigatus PBSA-3

. Strain Strain
Characteristics PBSA-2 PBSA-3
Colony morphology
on CYA* at 25°C
Color greyish green greyish green
Reverse pale pale
Size 70 mm 70 mm
on CZA* at 25°C
Color bulish green bulish green
Reverse pale pale
Size 70 mm 70 mm
on MEA* at 25°C
Color greyish green greyish green
Reverse pale pale
Size 70 mm 70 mm
Growth on CYA, MEA 10 erowth cowth
at4°C grow 1o grow
Growth on CYA, MEA growth growth
at40°C 70 mm 70 mm
Conidia
globose, globose,
shape echinulate echinulate
size 2~3um 2~3um
Conidial head colurnner, columner,
uniseriate uniseriate
Stripes 4.5~7.5um 4.5~7.5um
Vesicles
shape sparulate sparulate
size 7.5~22.5um 7.5~22.5um

CYA*: Czapek Yeast Extract Agar, CZA*: Czapek Agar, MEA*: Malt

Extract Agar

drecko 2 HE] Helsl Table 32] PBSA 3] A7

Bacillus pumilus= PBSA filmo] 0.1% Z&% x| W
Al 30°C, 149 =<t PBSAS 233 A3 PBSAZF 100%
F3 = 91} (Tomita er al. 2000). Hayase et al.2 Bacillus
strearothermophilus®] 73-9- 0.5% PBSA filmo] 60°Cel| 4]
20§t 80% w3t B vl gleth

B QoA Rel®l 8vbxAF Streptomyces sp. PBSA-1
& §=7) o] 27138 e PBSAE Eashe 7
= HolH 83%9] ¥ ®3 24E vepidoh Ni-
kolic et al. (2003)2 Candida cylindracea®] &~ esterase
2 PBSAE FlAZE o AXs= FHe] Sz} &
e FaAAe f=717F deE Bisdeh Kim er
al. (2000)2- Sky-Green®& F3|3l= 3ol E $8ve}
Ejoz Ry EEslgon, o] Folx W3 Swrm
testell 4] 45~65%2) Sky-Green®g 7|23 A ZAxd
1~ 109707 Bal@Ae] A9 vdehtA g f=717t
A2 B uslg ) Sky-Green®2 PBSAS) 7o)
succinic acid, adipic acid, butane diol & ethylene glycol 2.

100
80
€ 60
=
L
=
2
&
3
K 40 -
[
20 -
—@— Strepetomyces sp. PBSA-1
—O— Aspergillus fumigatus PBSA-2
—w— Aspergillus fumigatus PBSA-3
0 A T T T T
0 10 20 30 40 50
Time (days)

Fig. 3. The modified Sturm test results for PBSA biodegradation
by using Streptomyces sp. PBSA-1, A. fumigatus PBSA-2
and A. fumigarus PBSA-3.
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