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Isolation of a Poly (L-lactide) Degrading Bacterium and
Improvement of its Degradation Capacity

Mal Nam Kim* and Sang Tae Park
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Abstract — A thermophilic bacterium capable of poly (L-lactide)(PLLA) degradation was isolated
from cultivating soil in Korea. The isolate was Gram positive rod-shaped bacterium, and was
identified as Geobacillus caldoxylosilyticus based on the 16S rDNA sequence analysis. The strain
proved to be a new PLLA degrading bacterium which has not been reported in the open litera-
tures yet. The degradation activity of the strain was assessed in a sterilized compost inoculated
with the strain under controlled compost condition at 58°C for 40 days. The strain mineralized
66%, 57%, 41% and 40% of PLLA5000, PLLA11000, PLLA34000 and PLLA256000 whose
weight average molecular weights were 5000, 11000, 34000 and 256000, respectively. Incorporation
of 0.1% each of gelatin, yeast extract and ammonium sulfate in the compost containing PLLA-
256000 as a nutritional supplement raised the biodegradation activity by 27%, 13% and 10%,
respectively. Increase of the inoculum size from 10° cfu g~! to 10! cfu g-! and 10" cfu g-! also
enhanced the biodegradation activity by 14% and 20%, respectively.
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L-lactic acid W A} 1000¢) 4£A] racemic PLLA
oligomerE& AN 4 Q1= Fusarium moniliforme}
Penicillium roquefortiZ £2]3t 7ot} HA7kx] Rz
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Table 1. Composition of basal salt medium

Component Amount
K>;HPO, 234 ¢
KH2PO4 1.33 g
MgSO, - TH,O 02¢g
(NH4)ZSO4 1 g
NaCl 05g
Yeast extract 0.06¢g
Trace element solution? 1mL
Distilled water g.s.p. 1L

3CoCl, 11.9 mg, NiCl; 11.8 mg, CrCl, 6.3 mg, CuSOj 15.7 mg, FeCls 0.97
g, CaCl, 0.78 g, MnCl, 10.0mg L™!

A B2 Folod AU £4¢ F 4 S Aoloh

HE Y
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PLLA 3] A¢] Ao ARgst A 733l )=
Uchida er al. (2000)9] ¥}l w}2h(NH,).80, 4 g, K;HPO,
2 g, KH;PO4 1 g, MgSOs - TH20 0.5¢ 4 yeast extract 0.06
g& 74 1Ll $3iA1A A=zsa HF pHE 7.0
2 zAs1%ch PLLA S| x = PLLA 1 g2 40mLe)
dichloromethaneol] £33t & 0.1g2] Plysurf A210G7}
Z3rgl 118 F71%9u) =] (Table el Y1 EAHAIZ] o}
& agar 15g& #7138l H g2 & A 23}

2. PLLA 3] Al#e] £

wjeksts A& 4= 3] HHESIo wioke) 0.1mLE F
3led PLLA H#ull]ol] =5l clear zone testE A A
ste] 2RO JAsE #& PLLA 3] Hgoez 3
A3t

3. 2a) Al BAAERH EFEA

B3] M-F2] 16S iIDNAZ universal primers D13} rP2
& Ahgsted 23T F B AsAAT BT 97)
AMdE 28 A7 &£& d=m3e FF9 3A
CLUSTAL W program © 2 A3} 17 A E<4~X neighbor-
joining method®] MEGA version 3.1 (Kumar et al. 2004)
& el sk
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Table 2. Characteristics of PLLA specimens

Sample code Mn? Mwb Remarks Sample type
PLLAS000 2,400 5,000 Polycondensation time: 8h Powder
PLLA11000 4,000 11,000 Polycondensation time: 22h Powder
PLLA34000 6,100 34,000 Polycondensation time: 40h Powder
PLLA256000 142,000 256,000 Commercial product Film

#Number average molecular weight; "Weight average molecular weight

4, 23 A7 PLLA B384 =4

2435 sz FepaEe] 57]3 ARs)
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=2 23453
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Z9) Alze =9 3 ¥3lE SEM (JEOL JSM-5600LV)
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2. B9 AFe) BANERA BF 574

165 DNAS) 7passlol dat 97l g8A 23 2
1,430708] 971% & 1,428717} Geobacillus caldoxylosi-
Iyticus F38 (GenBank Accession No. AJ564613)3 X3}

Fig. 1. SEM micrograph of the PLLA degrading strain.
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Fig. 2. Phylogenic tree of the isolate based on the 168 rDNA seg-
uence analysis.
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Fig. 3. Biodegradation of PLLA in the sterilized compost inocu-
lated with the isolate.

Paenibacillus amylolyticus ©) g o}

3. PLLA ¥x}ghd B384

Fig. 32 2334 EugzzdA Azt Ao npe
PLLA AR =g vepdn. 225 58°ColA 409
Xobell FF Rxbgko] zhzb 5000, 11000, 34000 2
2560009] PLLAZ Zt7t 66%, 57%, 41% 2 40% &5}
AT £2]5F= PLLA 2x}3Fe] 5000¢) A-#=}g PLLA
ol olu Expge] 25600002 o sEAH
PLLAE E3& 4 & wl$ 53 224 vy
o} PLLAS0009] 7% 23] 27|38 %78 AX]A
A3 CO7F WAF7 Azhsled ok, PLLAL1000,
PLLA34000 2! PLLA2560002] AJEsfjol: oF 7d7ke)
=718 AR F H24 COt BAE7] ARksls A
= £ 4 Aok

TEAES) PLLAS] AR 7]2he F 71x)9) Eaj3}
A& AAE Aoz d=A gk A WA g
2} PLLAZF 7bpaEls Aoz 2%, 8, Aol
v e 5o fAagld s mEAe] Al gt
7} doljv} 8 FA 9 esterddhe] w]EAA chain A
cho] Wb ge & WA DdAE EA chain Bio] A
Aol 2k 27 (oligomen 02 B3 = A olny,
olZ7 AAE oligomery w] &2 JFdos AHLH
I CO2 WArge) o] m¥Ae PLLAYL n| A2 A
W= € 5§71 gl PLLAZE A& Aol

alE

CO2 dAte7] HsiMe $AH o= PLLAS 74i
3 <A 2eslr] wF ol (Kijchavengkul ef al..
2006). 2 AP A FFFF B 11000514 256000
Ate] o] PLLACA welts o 7478 f=7]&
PLLAS] 728 o2 fohgich

o1z} &eel PLLAS5000, PLLA11000 2 PLLA34000
o] A9 odAE uie o] Al 4SS FI =
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aquatic aerobic headspace biodegradation test2 -3 &A]
£ =A% A3}, PLLA oligomer:s 434 EA}eko] 260
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Fig. 4. SEM micrographs of the PLLA256000 film after 40 days
of degradation in the sterilized compost inoculated with the
PLLA degrading strain ( X 2,000). (A) Before biodegradat-
ion, (B) After biodegradation.
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Fig. 5. Effect of activators (0.1% (w/w)) on the biodegradation of
PLLA256000 in the controlled compost condition. (A) Bio-
degradation, (B) Relative activity.
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. 6. Effect of inoculum size on the biodegradation of PLLA-
256000 in the controlled compost condition. (A) Biodegra-
dation, (B) Relative activity.
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