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Screening of polyester resin degrading bacteria
from compost and soil
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8327-204 Nakamachi, Nara 631-8505, Japan

Synopsis

Two microbial communities A and F degrading polyester or styrene-acrylic resins were successively
screened from compost and soil, respectively. Microbial communities A and F degraded the polyester
resin with a 70 % degradation rate for 7 days culture. No product was able to detect from culture broth
by TLC-FID analysis. Styrene-acrylic resin was degraded by community A with a 25 % degradation
for 7 days culture and the aromatic compounds were detected from the culture solution. However, the
transfer of the culture solution for three times resulted in no degradation of the resin. Community F
degraded no styrene-acrylic resin. Three bacterial strains were isolated from community A on R2A agar
plate and identified as Pseudomonas sp., Pseudoxanthomonas mexicana and Alcaligenes sp. by 16S
rDNA sequences and their physiological and biochemical characteristics. Pure culture of the isolated

strains degraded the polyester resin with a lower degradation rate compared to that of community.
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Table 1. Composition of E medium

NH,Cl 25g
K,HPO, 05g
MgSO, + TH,0 05g
KH,PO, 10g
NaCl 20¢g
FeSO, * TH,0 00lg
ZnCl, 00l g
CaCl, 0.0lg
H,0 1000 ml
pH 7.0
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IRFBIRBE L MEAXBRDBIIE T IRICE X 5%
Remsizoic, BERRAPOXF LT 7L
Rt HE 7 AR R OO IR 15 g/L 2 RN U 7z E kS,
FiEHh, & Yeast extract{BE %2 X 72 FY (Table
2) FHNCZ N ENEBRBEIK00ul ZHEBEL, 1~
SRR L 5 & (37°C. 125strokes/min) 4. 1%
BRICATT7VIVT VA= VEMZT, Yr7an
AR VTHEETBAF LT 7V VIR 5 7% il
U, TLC/FID 5t T & L7z,

Table 2. Composition of FY medium

NH,C1 100¢g
K,;HPO, 0b¢g
MgSO, « TH,0 0b5¢g
KH,PO, 1.0g
NaCl 20g
FeSO, * 5H,0 0.0lg
ZnCl, 00lg
CaCl, 00lg
Yeast extract 1.0¢g
H,0 1000 ml
pH 7.0
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AF LT 7V IVEIEEZ R BE IS EL, BELE
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Teo A7 FORF Y VOSHZM% Table 31K L

TC 3—7)0

Table 3. Analytical condition s of Iatroscan

Detector FID
Carrier gas H, 160 ml/min.
Air 2ml/min

Scan speed 30 sec.
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Fig. 1. Analytical scheme of TLC/FID
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9. 53 BENRD DNA D3

SEERR 7 A MK (SPW) Tik#%. DNA
extraction buffer 67541 (Table 4) I & & L 7=,
W IRE D S H U7 DNAZTE buffer 200411
R L. 260nm I3 BN EZHIE L. DNARE
7 kb 7z¥, PCRIC & % 168 rDNA W7 Fr o #1ig
(&AM L7z DNAZ#5 & L TPCRIEICEK D, 168
rDNAD V3 (E. coli No. 341-536) T H 7z %
200bp 7% HE1IE L 7z, PCRIC & O HIWEF DV HEIR L
el L tEERT BTdic, 7 AR — AT IVEKVK
717>z, ¥~—H—Icid. 100bp DNA Ladder
(TAKARA, H#) ZHAWe, WERiczF Iy
L7Ov A FTDNAZRE L, SRIVR2 R L
YN BRI Uz, BRI &~ — 2 — % ik
AL, Tz DGGETORE & Lz,

Table 4. DNA extraction from the isolated strains

1M Tris-HC1 (pHS8.0) 20 ml
0.5M Na-P-buffer (pH8.0) 40 ml
0.5M EDTA (pHS8.0) 40 ml
5M NaCl 60 ml
Cetyl trimethyl ammonium Bromide 2g
(CTAB)

SPW 40 ml

m’i:;)tal volume 200 ml

10. DGGE it
DGGE (Denaturing Gradient Gel Electrophoresis)
fiE#Aic 13 Deode system (Bio-Rad Lab.) ZffH L
Teo BHANEELE L, TM/RE (Bio-Rad Lab.)
£ 40% (v/iv) R)VL7 2 F (Bio-Rad Lab.) #%
PEAIL00% & Uiz b &, BRIKEHAIC30% 75
60% LB XL, KUT Y ILT IR
TIVIREIZ10% (viv) & LTz, KENZRMAEIZEL
200V, ¥kENHEREI3.5h, WKENERESSCE L™, ik
& 7%, 7 )L 7% Syber Gold (TAKARA) ¢ 15min
L@, BEINEZDNAAUV 310nm) EEH T
THTAHREERTI A RARXATTRE Lz,

11. FEEVRDEE

SERO R I EIC X B IPREENREE L O
A - BRI & 16S rDNA Y — 7 TV A/
SEE Lize il L7z DNAIXPCRIEIC K D, 16S
rDNAZ IR L 7 Ao — A7 )VESEKE 21T - Tz
7 HO— X7 )i 5 DNAD RN Z T, PCRE
P 10g/MERER 7 Ao — X4V (BioProducts,
USA) TEBEXE#Z, TFY VL7 ART
DNAZ#RM L, &g (UV) ZRH LNV Rz
M L7z, HO/NY R AZTYO H L, DNA
O, A% SPW 20pulICiAfR L. T hzitk
& UJz, FODNAREI, 260nmic B 5
HEDHRDT, BEUPCREYET VT L —
Fel, ALY —0 TV AE{ToT fft
£ K 5 I &, DYEnamic ET Terminator Cycle

Sequencing Kit (Amersham Biosciences, USA)

Table 5. Sequence primers for 16S rDNA

Primers Direction Position* Sequences

f1L Forward 9-27 5-GAGTTTGATCCTGGCTCAG-3
f2L Forward 517-535 5-CCAGCAGCCGCGGTAATAC-3
f3L Forward 1093-1111 5-GTCCCGCAACGAGCGCAAC-3
rlL Reverse 535-517 5-GTATTACCGCGGCTGCTGG-3
r2L Reverse 804-785 5-GACTACCAGGGTATCTAATC-3’
r3L Reverse 1110-1092 5-TTGCGCTCGTTGCGGGACT-3
rdLL Reverse 1405-1388 5-ACGGGCGGTGTGTACAAG-3
rE1L Reverse 344-326 5-GTAGGAGTCTGGACCGTGT-3

*Based on 16S rDNA gene of E. coli (1541bp)
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Control
Fig. 2. Decomposition of styrene acrylirate resin

by bacteria

Group F

Control Group A

Fig. 3. Decomposition of polyester resin by bacteria
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BHMEMBRAR (O R2 Mhk) LFE
GRS RN AR 08 T X7 U
B fRERIE. 10 H LIS T0% ICZEL Lieh, R
FL VT 7 UVBHED D RRIFIRT 5 AT L,
3RRE (THA M) TEIEODMEEDEELR
5Nzl ixo7: (Fig. 4).
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AF LT 7 UV iR T & T e R
WFADHTHO, FTREDENRDENEN->
oo WAVIRFARTHHEIBEERAFL YT 7 UL
BiEZ 15% DR LTeh. HERSZBHETLEE
LTEDERT1I0%ICE PE -T2 (Fig. 5), TD
MRS, MAEMBEAZIEETH B TRIEZ 2R
LTHED, ZNL EOBETE ML TLEAED
DIRITIEEFIRDN RN EDRIAS N E TR Tz,

% 7= NH,CLIEE % 45 5 I FIE# T/ YRt
AZTHEBEST S & XFL 27 7 UIIVEHED
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Fig. 6. Decomposition rate of styrene acrylate

resin after incubation in the F medium

4. BBIFADESERICEZ DR

BErh ORERE T F ZYBEEN0.1% 0D & F 68% DA
FLVT 7 VVEIENMEDRE N, ThL FRE
ZEOTEEFEERMETL (Fig. D). MAEEE
ADHEEREZRLIEC EMOERIEXEEIL
0.1%ICEE LTz,
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Fig. 7. Effect of yeast extract on the biodegra-
dation rate of styrene acrylate resin by microbial

community A

EHEERETER VIR — DR TE T, TD
¥ —7%7 (Fig. 92) En-~"FH > MLT>/2:8
(viv) ZRAVWERBEICHEZE TS, BERLED
EImWIEICHIR L7 (Fig.10).
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Fig. 8. Effect of yeast extract on the biodegra-
dation rate of styrene acrylate resin by microbial

community A

Fig. 9. Chromatogram of TLC/FID analysis using

developing solvent, n-hexane : toluene/2: 8 (v/v)
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Fig. 10. Chromatogram of TLC/FID analysis

using developing solvent, dichloromethan :
methanol/95:5 (v/v)
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(Fig. 11),
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DR E RV TAT VIS E DR LTV T &
R ENS (Fig. 12),
BEABECTIE, BHIBEX D LB S EEMN
BAEHDVZFNLL R EF L7 (Fig. 13),
7z. R-1ER2, R3KZIERD LIZREOBIEL D
[RRITDERTH D ARODEHE L £/, D-1&
D2MZIRA LDREOESHRIT, DEHIETH
LBFBODMRBLIZEAEEDL G, &5
ICABEE FEED O EEL 125k Z IR G IEE L RD
BEOLHAB OESRFIL. AR, FRELIZIF -BL
TWee TNHDERM S, WEWMEALFIE.
RV T AT IVEHE 7 fREE T 2 R DB O WAEY)

THEEN, LALWINOZERE ZThENO
BOMEETRCIELREZR L TVWEEE
A5N%,

3

R-1 R-2 R-3

D-1 D-2
Fig. 11. Isorated colonie from bacterial

community A and F
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Fig. 12. Biodegradation of polyester resin by

isolated bacteria
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Fig. 13. Biodegradation of polyester resin by

remixed isolated bacteria
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feo 1o, REHSEWOR DD R, 5
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U 7287200 O MR N R IR E N B 56
REOMEYRENMERL L 72 05RO OMEIREIIIE
W 58D TOHOERE 55, RFFEDOEM
LY BWAEMERIL, A1EOHABGRERDOME
PIRED R E N B RO ZBHE LTV
%,

SIalfESL U IRAEIBEA & F 6 BEE U 724k,
SRR ER R S h Tz L e, BULR
DT ZATIVEREE R RN AT B e, AW
ROBMICEHRLIEMEYETH S EEZ S, R-2
R oDtk Z R G & Lz L E OB #
RIFEMTEBEL L EXOEDREN ER L
(Fig.14), T DO#ERM 5. B E S RIC I AL
&k O EEEOMENIC X2 EBEBNEHTH S &
WA B,
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Fig. 14. Biodegradation of polyester resin by the

combination strain R-2 and other isolation

7. FEERDEE

1) DGGEBHTICL B DNA/NY K
DGGEfEHTIC X 2 DNANY R S MAEMEEA
DEBEN 564K, FEEERD 5354 DDNA
NV PR E N, DEFRODNANY R, JT
DOWMENBEALFONY RiZZNFNRE LT
ENDE. DEEMRBSHMEMRBEEZBRKLTVA T L
HHEFRTE R (Figlh), T, R-1FkED-1¥D
DNANY RAEUAEICHEE Lz & D, F—
DEETH AR BV, MEEHE 2L Bx %
AR S EREREZHROIR L THY LEKRTSH
B et BEHRICHEBNLERICEEL, R

U LR T IVEIRE DA figic BB REIZRIZ LT
VWEBKREHEREI NG, & SICMEMBIOREERD
SR E NI DNA/SY Ricid, 2BERICEY Lx
WDNANY ROVFET BT D, MAEYIREA &
FIZ3 58 U etk DOBRE R L TV 5T

REMEAYE

12 3 45

20% 6 7

Denaturation concentration

¥
40%

Fig. 15 DGGE analysis of polyester degradaing
bacterial community 1:Group A; 2:Group F;
3:R-1;4:R-2;5:R-3;6:D-1,7:D-2

2) WREFHSIUERE - £FH0H

D-1, D-2, R-1, R3VRIGHEEMNZH9 205
LEZHERE TR-2KIE T T LEFHERE TH - To.o
ARRDETR « AL WMEARZ MiEt L 7e#E R, D-1
ER-1PRIES THL L 2R ZR U7z (Table
6), /o, EHAENENMRPSHEESNSEH
3. R-1#k. D-1#k
R-3%k & Alcaligenes sp. D-2%k & Shingomonas

& Pseudomonas aeruginosa

paucimobills TH > 7z,

3) 16SIDNAY—J IR

16S rDNAY — 7 T2 A72{7 - e iR, R-1#k
& Pseudomonas sp. R-2%kiZ Pseudoxanthomonas
mexicana. R-3t§iZ Alcaligenes sp. £ FNFNE -
EEIWHEAEZTR Uz, UL LHEREE E DRk
ICBNTEITRIEE LA FriEDOATRETEAVRIZ
Nl

787



RV TR 7IVEIIE 7 AR

Table 6. Physiology and biochemical properties
D-1 D-2 R-1 R-3
+ - + -

Oxidase
B-galactosidase - 4+ - =

Arginine dihydrolase - + +

+
Lysine decarboxylase +
Ornithine decarboxylase — — — —
Urease - = -
Triptophan deaminase - - -
Gelatinase - = = —
Utility of citric acid - - + +
Production of H,S - = = =
Production of indole - - - -
Production of acetoin
Glucose

D-Mannitol - = = =
Inositol - - - -
D-Sorbitol — = = =
L-Rhamnose - - - -
Saccharose — = = =
D-Melibiose + - = =
D-Amygdalin — = = =

L-Arabinose - = = -

oy
&
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14D EEEAR? S b F— AR RS 2 4 59 ##
TEAMEBE R A7) —= 7 L, REEREE
W&, B L TORED SRR ISR LT,
o T ERIEERD D, BV T X7 VEE 23
AF L7 oV IVEIIR LR 23R Uz MEY
BAZR OV KR MNEROBEBETRY T ATV E R
FLYT I VIIVEIEZ DR LT —T. AR
Fllia SRR TIBICROEH TR T AT
IV £ R U Tz,

TNBA L PR R U C TLC/FID D
BRI ZRIE LSRR, R T X7 VRO
IIRERIZ 10X H LD B 10 % i DIE TZEE b L
e, AFL Y7 7V VEIIRTIE. 3RET2l s

frEnz<ixo7,
RY T A7 I)VEIIE D RERINETE U T RN 22

DAV ==

WAL FREN S, RRATAREEHIC a0 = — 2B
THMEY DL, ThTN3ke 2z
HTHENTE, HELzoKiZ2TRUT
AT VKR T0% R DR U Te. SERBEIRARE
MO E#LZR-1, R-2, R-3FERALIZREEE,
FRO S HEEL /2 D-1, D-2MEESEEZ LI DR
&SI EERO R Z IR T & L 72 DREFZ FWL T
R ZATFIVEIREIR IS T & 2 L. 21T
NOFEHE B THEE LG XD EVDRRD
BoNnie, & ITHEIFRAETE L ZREEODEE
X, BRICELTZ, TORFOMRIEERD S I
O-—ZHEIE2 &, Stkoan=_—NAN LS
BEL 7z LEBROEIGTHIRL, DT &M
5, REEZMERT 5 3thIGHABBREMR LD
SLELEHAEER L T0A C LT E T,
FDROIOZ—TEEKD T E DR TE T,
THlT, Rtk Zofiotke OREAGEETIEH
—HWTERELZEERDBVESREZR LT,
EREEERA L FhH 5 DNAZ M L 16S rDNA
DV3FEIE Z HiE L, DGGEfEM Liz& T A, A
BEDOGIETAR, FENLIZSARDINY RABHEIN
Teo DEERRSHAD 5 T [ARRIC DNA ZHiiH L DGGE
FRET LIz T A, TAREBARDNNY RDOWT NI
e L7z, LML, ZoMictldE L&Aw Y F
PEET 228D, ChHEMEERICIEIR2A
PR T an = —ZER LI W BT &%
V) BPMEEL TV EEZBNS, £/. R-1H
ED-18RIER U/ N RAHBE LIz &b 5,
A/ FREOKTH B AR @ T LAVRBE N
7o

EREITERD 578 L SHED 5 B AETA LN
MRERE LR R, R-1 & D-1FRIZIZIE—FL
Tl SR UBHOEOAREMEN SN L2E
I3 eMTE, Th5DHD16S rDNA R
7247 o TG R, R-1#k, D-1#ki& Pseudomonas
sp. R-28kl& Pseudoxanthomonas mexicana R-3
¥iZ Alcaligenes sp. D-2Fkid Shingomonas
paucimobilis EHEE LTz,

—J5, ABRIAF LT 7 IVBIEZENCE
DL, MRIEET 2 LM LE ko7,
Trbb, AFLYT IV VEEEE Y S
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WMAEMBZ AR B DE DT LICK D AFL
VT VIVEIIR R SR T ERFE NS,
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