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Isolation, identification of poly lactic acid degrading

microorganisms and optimization of the degradation process
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Abstract: [Objective] The study aims to screen microorganisms capable of degrading poly
lactic acid (PLA), improve the degradation rate and identify degrading enzymes. [Methods]
Gelatin was used as sole carbon source to screen PLA degrading microorganisms. To increase
the PLA degradation rate, concentration of gelatin, weight of PLA added and metal ions were
optimized. By investigating and comparing metabolites and enzyme involved, we determined
the category of PLA degradation enzymes. [Results] A PLA degrading strain was screened and
identified as Lentzea waywayandensis. After optimization, 84.8% loss of PLA was achieved
(25 d). Lactic acid as metabolite was detected during cultivation. Moreover, only obvious pro-
tease activity was observed in vitro experiments. [Conclusion] Gelatin was applicable for
screening PLA degrading microorganisms. Besides acting as carbon source, gelatin could also
be used as an inducer to strengthen L. waywayandensis to degrade PLA. Furthermore, the re-

sults obtained herein suggested that protease played an important role on PLA degradation.

Keywords: Poly lactic acid, Lentzea waywayandensis, Gelatin, Optimization, Protease

1561

ORI E 2 AEFATH # AT AL & R 1454
THAE T Z N (BAEGER IR, 2R L0 |
RN BRI . RALKS, TEARKREH
TRMERE AR, AATR XS (75 g p b B 5
A BEHE AL, T3 A 75 YR AR 2 X PRI 3
WK TR, ATl REIR H £ 2, A 1 RN X
N BT A i ) A T R SR BT R B ER
FIRENR IR, ANTIE SR AT AE YRR A bR —

S BRI R A Y, IR FLER (Poly lactic acid,
PLA) . B HEHBR(PHAS) R LR NFR(PCL)
ME T W T —RER(PBS) 54 4 Uk AH L 414 41
LA A AL 5, e LTI A= W e A ) R 2
FEIXSET] AR R R R, RELER(PLA) T |
THS 2R

PLA J& TA Wy rl A B 107 102 2R, SR 3L
R (Lactic acid, LA), VI RIEFMIPUIPERE . 5
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PE . BUIEE . B LR PR B AU S AN
JERA A BRI RO i H, B LR AR R
MERE A R TE . A2ER A IR R,

PLA 75 1 B A 32 AR i A= ) ) A
FH, XPERES S, PLA J&—Fgr bk, AEfg
TR TR AR PLA PG il 70 . 43 2 i e e %
fif PLA MU0 BB 5| T 1R 2058 4 1 G 1,
1997 4 Pranamuda %5 B X 4RE Amycolatopsis sp.
Fef PLA, WS, RliZoA HOE TR — Lo R pa i
PLA WiEY), 28 Tk R R A
FEAET BAR PLA ERERRILAY, (AR
SriRERY PLA FEMRERER G N 2 22 2R 1
fitgl'?), i —4k PLA () RIREUY), InIiE . A&
AR IR —S AR, KA PLA F-H0k
FELSFIARRIE, XHRUEY ™ PLA FEfREA 175
SRR,

J T AT Z TR PLA 15 2.
5L PLA DU B A it B A4 s B AL, AR S
BELLBA B R — iR 43 B RS 2 PLA BEAR
A, I RGEHIE T RS Tz AR &
PLA FEfERSEMT, (RIS, 38 O AR A % b 3
$E15 T PLA WIREIRROR . ILAh, PI2EX % PLA
(ARG T T 4307 o

1 RS

1.1 #l

1.1.1  PLAM#E: pHARAAE ™ i B A e i o2 e
JRHE Hrp, PLA W 28 um JE . 1.457 glem’,
112 FFE: AR SR (%) BEEEE 0.01,
MgS047H,0 0.02, NaCl 0.01, CaCl,-2H,0 0.002,
FeSO,H,O 0.001, Na,MoO,2H,O 0.000 05,
Na,WO,-2H,0 0.000 05, MnSO, 0.000 05, K,HPO,
0.16, KH,PO, 0.02, (NH4),SO4 0.1, pH 7.3!"; fii
PEHEEFREL: B 2% R B 0.1% A i iy 3
AR FREL, WG TR (%) B 0.1, 4
I 0.1, NZ amine A 0.2, %4 1.0, pH 7.3;
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a1 SR S iR o N = SR A LR i
B3 (%): RS TIRY 4.0, TEEKS 1.5, pH HA;
PLA [RfRIGFEIE: & PLA IRAYEEA R IR 5L,
1.2 A%

1.2.1 PLA MEMREMRAITFIE: B S g SidIHiY,
FKELUTF 5 om AW HIE, BINEIE KENS
0.85% NaCl % 25 Figi 52k 50 mL A= #EEE K,
PRGRIF o B DIEWOBR P RIS TR AR R e 5 IR L,
30 °C 157 3 do KR vk i 42307 0.1 g PLA JiE
K 100 mL FEAEFEHEN 500 mL #2H,
200 r/min, 30 °C §537 25 d, HR¥E PLA L E R
e LBRTE, PR ERATE ARG TR G s 57 05
FLFh PLA R ARG R LA T2 0%, X BRI
WA R EA TR AN S DU Tt — 20 aE . 28R
BB BN PLA BEX 4L %T BE

1.2.2  16S rDNA [F5I 5 #: FiA vk AR
TR TR R B A KRR, B 5 mL Href i
& 8 000 r/min 250> 6 min J5 7% 3%, /il 4 mL JCH
K ETFURAHAR, 8 000 r/min 8.0 6 min J52% I
H, I 4 mL JCREZKETE @+ (400 W)REEE
5min, HABERE 3 s BiiE 1 s, VKIBFHR ., BUES
WAL PRSIV 1 mL, 8 000 r/min &5.L» 6 min 25
¥, A 180 pL R0 g/L)T 37 °C K
6 h J&, I EZ-10 #1204 LK 4 DNA 4k
A (A TAY) TR By A BN ) ) 45 KL R 4
DNA, 18 DNA T-20 °C {54%, LIFF33ER 40
DNA MY 1 16S rDNA, PCR #4AZ K 50 pL:
it 2 pL, dNTPs (2.5 mmol/L) 4 pL, 314
(1 mmol/L)4% 1 uL, 10xTaq Z& Wik 5 uL (7 Mg™),
Taq W§(5 U/uL) 0.25 uL, KF 4K 36.75 uL,
PCR 5|¥J7%5h P1: 5'-AGAGTTTGATCCTGGC
TCAG-3'; P2: 5-ACGGCTACCTTGTTACGACT
T-3', PCR 2% 4% 95 °C 5 min; 94 °C 30 s,
52°C 1 min, 72 °C 90 s, 3t 30 MEHF; 72 °C
10 min., f PCR F=#IF|FH 0.8%E i HiEEL FEL K,
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DR, #fE B R B BURH YR, EE
AR TN MRS5S RAIH Sequence Scanner
v1.0 AT AT, BT AR R R T A A
B, 7F NCBI (http://www.ncbi.nlm.nih.gov/blast)
HHEAT R 8 E X, 45 G T D AR BT 28 TR
1 JE
1.2.3 PLA [RFEBEEMSENE: 1T PLA
TP R S IR I, B AR AN TSN PLA JIE Y
PIZXR, ¥ 30 °C. 200 r/min 3555, Fef#at
i, B 2 REUE—IR, Jeille AR T 2
FIFER IS K AR, SR 5 T 42 () S S0 21 Hh AR i
FERLARFR R TC P 251K, FREAT PLA BT . 4
JItd T E(Dry cell weight, DCW), pH. FLAZ & K&
it 1% 1 BRI A o
124 PLA REVFEMMBERERNE: K PLA K
HITEZ 1 ecmx1 cm K/, 75 °CHET 4 h, HERRFR
UK Mo %) PLA B, i INE%E 4 100 mL 44
FEAREFEFLAY 500 mL =AM, 1x10° Pa K
15 min, FRFFRFAHG, HRIG 2] 0B,
[ T M RIEK |, 200 r/min, 30 °C £ F 1
F7 25 do MRS IRAS R, W 55 FR, 5 PLA
B PRIER | A BT 75 °CHET 4 h ST
THFRE M.

PLA [ T H=(My—M,)/Mox100%.,
1.2.5 PLA JERMEWE: PLA JRFEMRSCILER
Jo, KUk HE T R 4y PLA IR 4 R B
(Quanta-200) £ AL IE ML .
1.2.6 EREKME: B4 mL E5F# 8 000 r/min
B0 6 min, £ BVE, DIZEIRUKBEARAIN 2 I, B0
2 FiEJE, 105 °C HET2if 2= 4H 5 LI E DCW,
1.2.7 SRHECIERNZLER: I PLA JERWF
7 5 mL F 8 000 r/min #.0> 6 min, B3, AL
24 0.22 pm P ICHLIERRE L 85 —20 °C R T
WAHKSI . % F Bl £ Diamonsil C18, 4.6 mmx
250 mm A 3EFE [ Agilent 1100 (A3 L LA

#FE 210 nm FllE FLRR & &, A 30 °C, i)
AH SR BB 7K :H3PO4=5:95:0.05 (V/VIV), i i
0.8 mL/min, BEREARFR 20 pLt™, i shAHECH1 B
IKEREAEK

1.2.8 FEHEMENE: &AM ES B
2, VAR R B RS 2 R 40 °CL pH 7.5 %%
T 1 min KRR A 1 pg BRI 2L
MM,

2 GRE5AMH

21 HEMFESEE

BB g ke, DIAEIEKIR ST . TR
WAL AR, PRIBCR T, Feikhi s i, 4R
BN —RTEAR DAL T 25 d PIMf PLA G E
29.6% MK, SCHgiS N 2F, LIREREFPEIL
B FRZ A 3 d A, BRI
IR, A 1 BT, NIRRT, T4y
By A A [

DURBUS BB 2F (R4 ik, L
519 P1, P2 PCR ¥ #4758 1 kb Z£4 1 F B,
Jr Bl Fy 45253 5 NCBI H 16S iDNA $fE LUXS, 45
REBUZ W 54wl s R IR R Lentzea
waywayandensis F 98% I [RITRME, 45A HEKIE
A, WE LKW N L. waywayandensis
2.2 RN EAE B N

Wl 5 PLA TES5H - AEEARRITE, BEIEIXT
TEVIREAR PLA A5 AR M A S 1
L. waywayandensis VAN W e Ry e — B i)
ARIEN . WK 2 Fow, 5100 0.5, 1.0, 3.0,
5.0. 10, 20, 25 J% 30 g/L BRI ILA RS F 0L
FRER, ISR IZA W A, YRk
fiKF 0.5 g/L B, JLFI&A HIATUR, Bk
% 10.0 g/L B, BFPXTEUER AR 5 34 h A2 47,
QLR S EE 25 oL, XHERKRIER =
70 h 247, RAG T e R4 (3.29 g/L)s
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Sporotrichial

Hypha

Spore

1 E#2F EREBETFEMRTHRE
Fig.1 Scanning electric microscope images of strain 2F
A BT 22 57w B: BARCRAECT R

Note: A: Image of sporotrichial and spore; B: Image of strain 2F with lower magnification.

4 Conentraion of gelatin (g/L):
—~—0.5 —v—1.0
——3.0 ——35.0
—o0—10 —e—20

Dry cell weight (g/L)

0 35 70 105 140
t (h)

2 L. waywayandensis £ S A EiKE RIS R E AR 1S

F R KL

Fig. 2 Growth curves of L. waywayandensis in basal

medium containing different concentration of gelatin

2.3 BBRRXT PLA PER&HREY SN
J T AS B A AR I s s 25 A& A it

L1 PLA BRFRARACR, 456 2.2 A H A
K52, ARG, B 50RO AR R 55
FREALEE SRS, 0l (1) AEUEGE SRR E
HEEE R 0.1% PLA BRIGEAR R, 2) LI
25 g/L W BEAKE FR36A 3435 2 X5 h A 0,
IR 0.1% PLA BEAYEAR IR, (3) Hi%
SRR B 25 g/L BAME JZ 0.1% PLA B SEAK:
FrAE (4) HIEEFAERISA 1.0 g/L WK K 0.1%
PLA AT E Y, WREETE 30 °C.
200 r/min [AIFECFRIR 1555 25 d. 75 PLA i
RERWFZ R, T QIS PLA B R
#, 25 d 53] 76.4%.

W TSI kG, 2058 TR
W e e 75 A SR TR AU PLA R FR A R0
A3RIAE 0.5, 1.0, 3.0, 5.0, 10, 20, 25 } 30 g/L
G 1) S A 5 3 675 S B 3 TR R 28 P50 s 4,

F1 FRARAMARN PLA [REERMFN

Table 1 Effect of the way adding gelatin on weight loss of PLA film

T —— LAV S SRk | I ¢ 0 e = ) | I Vs S 1 S A I
BRI AL i 3 G
Wiz , . 25 g/L Bk 25 /L W Jie 1.0 g/L B
. . Without addition of . . . . . .
The way adding gelatin gelation Adding 25 g/L gelatin Adding 25 g/L gelatin ~ Adding 1.0 g/L gelatin
to induction medium to degrading medium to degrading medium
PLA JRTER Weight 47.5 57.6 68.6

loss of PLA film (%)

http://journals.im.ac.cn/wswxtbcn
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PIBER R SOB 5355 0.1% PLA BRI\ LA RS 7238
f1, 30 °C., 200 r/min }%3% 25 d., 75 PLA &
RGN A A AT E A 3 FR . MR 3
AL H IR T 10 o/L i, BEFE R AT
WA T EE R, PLA BEARHRE ERE, 4
JREHeBE N 10 /L BE N ZE 25 g/L, Frisfh iy miikn
MRS T 1524, T PLA B B3 HO R
BT 3% WA S 25 /L I, PLA JEJe %R
K 2 75.6% TEULALREfRIE SR P 1Y) PLA JE
WHnE Y, ¥ PLA BEAYEH 0.1%E 2 0.5%,
PLA KHEFREET 84.8% (AL T BEA A
HiR),
24 AEEEEFR EDTA 3 PLA JEfEIREY
Al

&R BT AEUE W A DL R B A O T &
HEEZMEH . HIL, RIMEETARS RS
X} L. waywayandensis TRIRAA LI BT PLA JRFE
fRAIENR o SEEe T, FATT— 5 TR A PLA BERT
JT AR R SR P & 10 &R BHE 700 i 25 Bk
(B Na'" K'Ab), 55— e SR SR AR 555 3 1) i
AT NiSO4. ZnSO4. CoSO4. CuSO,

Weight loss of PLA film

90 , —*— Dry cell weight of induced culture 5 %\D

g 2
~ ] jn
£ L 103
60 - ] ol lo ]

S / {3 ¢
A S|
s 8
/| 122
= 30 | =
= " 20
B 5]
k3 o {11 =
g E;
0 0 =

a

0.5 1.0 3.0 5.0 10.0 20.0 25.0 30.0
Concentration of gelatin in seed medium (%)

3 UARRREMRARSSIEFEMASHRTER
PLA [RRER

Fig. 3 DCW and weight loss of PLA film obtained by
cultivating L. waywayandensis with different concentra-
tion of gelatin as inducer

1 EDTA (ZHFEL N 1 mmol/L), P AR i
0.5% PLA i, 25 d 5l 2 PLA 2K 55546 ) rfs 4
MFE, Wl 4 PR, £ Ca®'. Mn*, Fe* X
PLA EREARSEIRAS K, 1M 25 Bk Mg ) fut 2 AR T
PLA JEAGREAR . A NP AHLEL, BI0 Zn®, Co™",
Cu™ W) MR T PLA B FEAR, T4 )
EDTA (%0, WI{fi PLA J& A9 R T [ 2
16.46%, Al BT H MR ZE 0.471 g/l it L
BRI T E R PLA R R & BE, PLA Y
B 5 DA AR AR RO R, B4 s B -3l s el
B R K T2 I 2% PLA B AR
2.5 PLA &#EEERIVI D RRAT

DL 25 o/L WA Y JEAR K R 308 S R 7R B Fh
XTI, DR 5% RIS 0.5%
PLA JEEEASEFREESD, T 30 °C. 200 r/min
Bi 3%,
2.5.1 PLA [RFERRISTZREMT: B PLA BRI
(L P NGl RN TIPS v p S Y RE LY =PARE S iR R B UM
FERMALL ., WK SA . B s, RAEFEIARNT
HRZH PLA BRAEZE 1 K55 24 REFFRMEHAE

Weight loss of PLA film
3 Dry cell weight

90 - 43
S
g )
= 60 1o 20
< . Z
& % 2
S 7
%) % —
230t n 118
= é 2
oh % e
5 /
= é
0 Z 0
& ax X g o R A
P IR ORI 0& K g8 o ¢
y"‘é@%&ﬁﬁ&%\“‘ S

¥

4 AREEBEFES EDTA X L. waywayandensis
PEAE PLA R R KBIME

Fig. 4 [Effect of different metal ions and EDTA on PLA
film degradation and L. waywayandensis growth
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A4k, K 5C s, 1F L. waywayandensis
YEFF, PLA IRAERT 1-5 KN £ i% A B 24281k,
FEEMBHT 2L/ ;s TESE 8—-18 KN, PLA
SR T TF 422 A5 M AN . P2 AR B R IR, H
LR IB W 2 2024 R BN
PLA AR ZH- 00 © 2 R i ) B, PLA JBE
AR, WXL i LB Y, PR AR A A 1
T, PLA JRER R o2 el N B, SR 1
YRR R PLA BRI, PR i
X%t L 5A (B, ] LIBRETE L. waywayandensis
YEFIR, PLA JBEAYRAAS LA R o

T AR A2 DCW. PLA Jfite . FLAR M
pH 197224E, UK 6A f7R, BEH PLA BT 2 #i
/b, DCW TEZEHG NN, W& 728 4k 2L i 15
K, Ja 10 RAAE#EZRR/N . 1k 6B Fix, Hi 10
P, U R LT, B R R
TRk, pH BB LTLRA == i B, I SRS
L A TR LI 0.5% BRI A 7
HAEFE L. waywayandensis, U1K 6C Fi7R, 15 Al
DA K il —SAE0T T LRI PLA B
YL,

g tm
M N e e

El5 PLARKEZMMEAFBERERR

252 PLA [&MEEB¥ILMEMT: HABZIZHM
M FT AR PLA B AR 20—, JUH
k2 FRE A A TR L way-
wayandensis S PLA BEFTI X 3I0 200, L
a3 50 Tt B 0 s R = 0 TR H Yk 7 A P — il 905 1Y)
SR ER SR L. waywayandensis, 2 d J& L. way-
wayandensis TERIE WA FIE R T WnE 6D
Fie o 0 i 2 R, AR = SR H I EE - d -
BT 9 d —HBAERNFER. Mt i, L.
waywayandensis B REW G 1 . 41 MEAME H
HIRE ST, HASBEST WLMIAM AR T o 31X — &5 s
INF L. waywayandensis FHRREA#R PLA 5 A0 Bl &
A B AN SN T

WA L. waywayandensis LA 7= /M B
RESIZJA, 15 PLA IREEfRHERR, ME T LiER
HER IS 1, 152 anE 6B v T s BB 2,
FEREARISFRATET 18 K, B ARHE LF, Z )5 M
N, AERENIN PLA R AXT R 3, S
5 SR 4E R4 R 1 KCE (B R FRoR), X
LB L. waywayandensis BEWS53WA%) PLA
PR i 22 O B A I A0 2 1 il

Fig. 5 Scanning electron microscope images of surface change of PLA film
A XTIRZ] PLA JECGE 1 X); B: XTHR4L PLA BECE 24 X); C: L. waywayandensis YEFI T 1) PLA Jii.
Note: A: PLA film control at 1% day; B: PLA film control at 24™ day; C: PLA film degraded by L. waywayandensis.
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A - Weight of PLA film
- DWC 4 2.8

240

160

DCW (g/L)

80

Weight of PLA film (mg)

0 5 10 15
7(d)

- “v-DCW
1.2 |

0.8 [

«

04 r

Dry cell weight (g/L)

00 T 1 N 1 N I L I
0 30 60 90
2 (h)

-o- Lacticacid -+- pH

0.20 [ -«- Protease activity 4 80 =
~ E
= 015 16 5
= - z
S 010 z
2 I 14 2
k3] - 5]
§ 0.05 - é
o

0.00 t 1, &

6 L. waywayandensis F#% PLA BRI T2 ARAT
Fig. 6 Process resolution of PLA film degradation by L. waywayandensis
1H: A: DCW 5 PLA )5t i 728 fb it 2k; B: FLAR & & pH A B 1AL 2R C: L. waywayandensis VAL A ME—fik
TR K M, D: L. waywayandensis FE NG W83 - 1T 1k 1) 175 BH .
Note: A: Curves of DCW and weight of PLA film; B: Curves of concentration of lactate, pH and protease activity; C: Growth
curve of L. waywayandensis with lactate as the sole carbon resource; D: Clear zone formed by L. waywayandensis on defatted

milk powder agar plate.

3 it

W% PLA X—HEWdk | ATREMRARI T2
I, #EST AT BRI R R TR PLA
() TRl 1 B 2 S, 1SR R 22 b AR
U5 PLA AEWREfE . PRFRR AR SCH(E B4 fE
S N-NIRTS v 3 (T A N SN N1
BRI 0 145 B — k] E R PLA AR K
PR, S8 i mEOE RICHEA L.
waywayandensis, FHiT &I KI5 PLA %
fifp AR TR R TRRHYT S AR LA I A B R
A=A, HAFAE S5 A D Jise e J32 ol =2 e X BB i
AR PRI IE R AR E W (B 2). SRR, 40
JHe w DA P W A Dy IR B T BH Jis ml LU

ROFS R R R

fiti7E PLA FifirPile 5 ASmT ol (e o
R PLA (195 5 B S B B 21 PLA 2544 Py
B Sy, SR AL IR SR A K g™, A gE R
[ 7 22 38 A5 T S 7 PLA RS, (H
CERE YRR BRIy 3 LA R R B T LA A S AR
it PLA B AR s>, sl i oA
SCHAE T 5ELL 25 g/L BTS2 RE 5% 1R PLA
AT, T IASE I PLA R ARAH G FH DL 4
FeAE K M ERER, NP2 PR AR AR, FHLL Jarerat
ASE R FH 1 T B2 B 380 B8 A 5 7 4 v 1
FERET 7.8%", E4EE TAME &k
Bl A B A ) AR 5 AR S 9 45 SR 1
BLEE G T B TN T YR PLA [l = a4 M
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WA EEEEH, N EHESEm PLA IR
RO AE PLA N TRtk pad fe b, 5 B4
PLA W] B A U B 5 4 B T s

XF PLA Ffiadt B2 00120 fd Hr 3R W1 PLA FEE(Y)
Wi E 2R TP TERT 16 K, 35k, PLA BARZ R
KEY), (HRARDIE EEREREF PLA 1R
BORNZ HECRERE pH, v HeE Mg imEAS
REZK St Py TP B A LR TE B SR IR Y S A 5
T, L. waywayandensis RE8% = A= Il 18 11 I AS
FEMIAMIR B, HAEHFEME PLA BRI L
TH s 2 R 2 ) B R T A2 Ak, XN T AE
LR PLA R R, SRR RER ] T
A o T B A fie ™ A 2R 1 B ) B )
HRRERE M PLA, TR —La5Y, AR ks
fift PLA % 1l e 75 22 Z R0 L R/ A

KI5 38 3 07 5 RN AL TF & TR LR R
BT PR TS T R S R SR IR AR PLA )
U R O R ) PLA W] [ RPEDE
P A 22 01 S B AT R A b R L T PR A 4R T
AMEMZEFEER

2 % X

[1] Gross RA, Kalra B. Biodegradable polymers for the

environment[J].  Science, 2002, 297(5582):
803—-807.

[2] Scot G. ‘Green’ polymers[J]. Polymer Degradation
and Stability, 2000, 68(1): 1-7.

[3] Shen L, Worrell E, Patel M. Present and future
development in plastics from biomass[J]. Biofuels

Bioproducys and Biorefining-Biofpr, 2010, 4(1):

25-40.
[4] Pang X, Zhuang X, Tang Z, et al. Polylactic acid
(PLA): research, development and

industrialization[J]. Biotechnology Journal, 2010,
5(11): 1125-1136.
[5] Shimao M. Biodegradation of plastics[J]. Current
Opinion in Biotechnology, 2001, 12(3): 242—247.
[6] Matsumoto K, Taguchi S. Enzymatic and

http://journals.im.ac.cn/wswxtbcn

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

whole-cell synthesis ~ of  lactate-containing

polyesters: toward the complete biological
production of polylactate[J]. Applied Microbiology
and Biotechnology, 2010, 85(4): 921-932.

Jung YK, Kim TY, Park SJ, et al. Metabolic
engineering of Escherichia coli for the production
of polylactic acid and its copolymers[J].
Biotechnology and Bioengineering, 2010, 105(1):
161-171.

Tokiwa Y, Calabia BP. Biodegradability and
of poly (Lactide)[J].
Microbiology and Biotechnology, 2006, 72(2):
244-251.

Madhavan Nampoothiri K, Nair NR, John RP. An
overview of the recent developments in polylactide
(PLA) research[J]. Bioresource Technology, 2010,
101(22): 8493-8501.
Y, Calabia

Biodegradability

biodegradation Applied

Tokiwa BP, Ugwu CU, et al

of plastics[J]. International

Journal of Molecular Sciences, 2009, 10(9):

3722-3742.

Sangwan P, Wu DY. New insights into polylactide
biodegradation  from  molecular  ecological
techniques[J]. Macromolecular Bioscience, 2008,

8(4): 304-315.

Wang ZY, Wang Y, Guo ZQ, et al. Purification and
characterization = of  poly  (L-lactic  acid)
depolymerase from Pseudomonas sp. strain

DS04-T[J]. Polymer Engineering and Science, 2011,
51(3): 454-459.

Jarerat A, Tokiwa Y, Tanaka H. Microbial poly
(L-lactide)-degrading enzyme induced by amino
acids, peptides, and poly (L-amino acids)[J].
Journal of Polymers and the Environment, 2004,
12(3): 139—-146.

Jarerat A, Tokiwa Y, Tanaka H. Poly (L-lactide)
degradation by Kibdelosporangium aridum[J].
Biotechnology Letters, 2003, 25(23): 2035—-2038.
Codari F, Moscatelli D, Storti G, et al.
Characterization of low-molecular-weight PLA
using HPLC[J]. Macromolecular Materials and
Engineering, 2010, 295(1): 58—66.

Krzan A, Hemjinda S, Stanislav M, et al.

Standardization and certification in the area of



MRUB S T LR I3 At el IR I 3 5 a2 S it i FE A4k 1569

environmentally degradable plastics[J]. Polymer [20] Sukkhum S, Tokuyama S, Tamura T, et al. A novel

Degradation and  Stability, 2006, 91(12): poly (L-lactide) degrading actinomycetes isolated
2819-2833. from Thai forest soil, phylogenic relationship and
[17] B=E. E NI AR bR E BRI, the enzyme characterization[J]. Journal of General

and Applied Microbiology, 2009, 55(6): 459—467.
[21] &ML, E95, g, % RILER(PLA)A: YK

kL, 2002, 16(4): 72-76.
[18] Williams DF. Enzymic hydrolysis of polylactic

acid[J]. Engineering in Medicine, 1981, 10(1): 5-7. (9 BF 58 e (0] Bk ) 5 Al 2008, 48(2):
[19] Sengoér SS, Barua S, Gikas P, et al. Influence of 262-268.

heavy metals on microbial growth kinetics [22] Grima S, Bellon-Maurel V, Silvestre F, et al. A new

including lag time: mathematical modeling and test method for determining biodegradation of

experimental verification[J]. Environmental plastic material under controlled aerobic conditions

Toxicology and Chemistry, 2009, 28(10): in a soil-simulation solid environment[J]. Journal of

2020-2029. Polymers and the Environment, 2001, 9(1): 39—48.

RY AR R RY R RY RY R RY oY RY R R Y Y RY RY AR Y R RY) Y R RY R RY) RY 7R RY R R Y 2R RY) RY AR R R RY) Y AR RY R RY) RY 2R RY Y RY) RY R RY RY RY) Y R RY) R

B EAE

AR PR AAE A= B E AR IRFEER

TR HEAARTRE H, P E Y e BRI RO T P — R BRI AR
DT BOR Z WA H %A H & O A 5 SO AR S 2 RS R A O TR, — D TR v A il A
FRI BN S — DR FIE IR, [RIRHRE Y G HR A B B — B0 8 S U0 75 A ie Sl DUE I & 3R, 2
(D CR7E I PSS TR E 31 AN AN =] 0] T

AR H B SCEA G T HAB SRR TR, Fr@ART ] ZORMEE R A B —4, S RIENAE
WINEATH R . ESH, AR IAGR AR Sl R, MR A I A, e TAE TR AT A 2,
WA TR PR R A EA R HERY . AT A RATTRHE B0A M ELAYIEEE . 72 A e AF N2 GE B A4 i
Xk, AE) ERUAEG . FA R R TR T SO Ee U T I ERE, R N AR R
BRI Z R F R e 2 b, RA A B IER R HS M E), (ks A sBes i kg,
Z I MR Y E R R R A A A XA H B H T

[RIF, ST 42 [ A A U 0 TAR R B — A3 [ R R IR &, AR HIETERE T <4
PRUFAEE R, AR A P E R, MBUEY . T AYe . PR YR IRERA SR
SFAA AR R FOR A 2 AR B IR R R, AR AR | Bt g | Sl e B T Bl LA
Je g M R 15 3R 4 05 A S RS L F5 8 3L, s B0 LA SR - | 1 F 5 A S D B 43— A~ ] B S I
FAREG, et A A B IR iR

WOBHERR ! WG AAS H 248 5 50 L

http://journals.im.ac.cn/wswxtbcn



