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Table 1. Isolation of PHB, SG and MB degrading bacteria from soils
at different temperatures

28°C e
Isolated strain A ctivated T activated -

sludgesoil MOl gge soi  Fam soll
LAR 19 = 5
LAR 20 P >
LAR 21 o
LAR 22 g e
LAR 23 S <
LAR 24 S S

P%, PHB degrading bacteria; sb, SG degrading bacteria; M, MB
degrading bacteria
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Table 2. Morphological and physiological characteristics of PHB, SG and MB degrading bacteria isolated from activated sludge soil and farm soil

Isolated strain
LAR 19 LAR 20 LAR 21 LAR 22 LAR 23 LAR24

Gram stain - + + — — -
Shape rod rod (v form) spherical rod rod rod
Size (um) 0.6 x1.5 0.6-0.9 05x1.5 03x1.0 0.6x1.2
Motility -
Capacity of growing in an enriched media + + + + +
Oxidase test - - + — +
Hydrolysis of urea + + - - +
Oxidation of carbohydrate :

Glucose + - + + + —

Lactose - - - - - _

Maltose - - + — _

Mannitol + - - - -

Xylose + - - - _

Mannose - -

Characteristics

Fructose -
Galactose -
Raffinose -
Sucrose -
Lysine decarboxylase reaction - - - _
Ornithine decarboxylase reaction - - - _
Arginine decarboxylase reaction - - - -
Production of indol - - + _
Utilization of malonate - - — +
Utilization of acetamide +
Utilization of citrate + - - +
Hydrolysis of esculin - - - + - _
Growth in the presence of polymyxin B - - - +
Production of H,S - - + _
Plant Indican - - - _
Fermentation of sugar and sugar deriviative
Adonitol - - —- -
Glucose - - - _
Inositol - - - _
L-Arabinose - - - —
Raffinose - - _ _
Rhamnose - - - -
Sorbitol - - — -
Sucrose - - - _
Glucose fermentation in the presence of
specific inhibitor
2,4,4'-trichloro-2'-hydroxy-diphenylether
p-Coumaric acid - - - —
ONPG fermentation - — — _
Methyl red -
Nitrate reduced to nitrate + +
Simmons citrate agar +
Nutrient agar with 7.5% NaCl +

Flavimonas Corvnebacterium — Micrococcus Pseudomonas — Pasteulla-  Flavobacterium-
orvzihabitans  pseudodiphtheriticum  diversus vesicuraris multocida odoratum

)
|
'
|

Identified name
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ATt 28°Coll A Bi ke Efoll A= PHB ®3jAld 159 SG &
AT 257 BElE A, 37°CY] Edel e PHB EelAl 3
T} SG #3AlTE 357, MB EAlTE 1571 el E Tk PHB
B ATl LAR 195 37°Ce] AV ES} AR EA Fals

orm, PHB #3 A7 LAR 209 SG a4l LAR 23&
28°Ce} 37°Ce] B RUEZRE EYHAew, SG BT
LAR 24+ 28°Cs} 37°Ce] ZAAEA £2]= vt LAR 22
37°ce) FY U ESl FREAA sGH MBS T4l Ealsh=
Ao gx BelEdnt 600ce] B9k AP A= Aol HlF
2l ES AL AP e EY &ofl 3124 Ao FA7F 1
Uloz Als ),

Briese(1994) 5& thdg AYRj@7 ol e] pHB EaliHlde] &
& AR 23 PHB B3 Mo = EollA 3.8x10°
cells/mi, F78X9] EUdNA] 92X10° cells/g X FH]o A 43X

0° cells/go 2 ThoFsle | wgE EdATFe] 10% o)) PHB
& o83k Ao] 7k stk Barskth

£ A3oA F2]¥ PHB, SG ¥ MBE ¥3l5l EHFe
Vitek Identification System ¥} Automated Bacteria and Yeast
Identification Systems- ©]8-3} G355 om 2z} i3 digt
el A, el d 598 Table 20 4531t}

PHB ¥\ MT . 2= Flavimonas oryzihabitans, Corynebac-
terium pseudodiphtheriticum % Micrococcus diversus7} el E|%)
o, SG E3NMTFL.EE Pseudomonas vesicuraris, Pasteurlia
multocida 2 Flavobacterium odoratum .2, MB E3| a2
Pseudomonas vesicurarisZ 573 F| AT}

Flavimonas oryzihabitans= PHB &3] M7 22 PHBE #
of Z3R= o PHBE &S wixolq 43& 4= ¢l
Mooz dHA DO m(5), Pseudomonas 459 B dFE
PHBE A2kl B a4E A4l Aoz daid ok
Pseudomonas lemoignei$t Alcaligenes faecalis= 7V & &
PHB &350l o5& HE PHB depolymerases 2] 2
AAste] PHB #3]7)2e] ¥}EFH ©.1(19,21), Labuschagne
(1997) 52 F odolatums #2|3led ol5 BE lipaseE w2 &

Akt

ZolAE filme) S5 LAt

37°ce) AL UE) ngdlt 3 Bk Aol ofs) a7t o
oju>] i} F¢] PHB, SG ¥ MB filme] TH-S SEMO.E
sl Fig. 19 YERIAT Fig. 19] (A), (C), (BEy= 2+7+ -l
7] He] PHB, SG ¥ MB film FHe] Alzlo]H (B), (D),
(FY= Z+Z} PHB, SG ¥ MB filme] E9E 16, 25 E 30¥
o] BoF n|AE I 9l BalE Zek~Y 2W-E UE
WeH o]& RE PHB filmo] 71 2 237} o]Fo] LS
ek 4 ot

315} 7] M2 PHB filme SG IEE MBI H|8ke] 1 ®xo
FHA oy E3d) ol= PHB filme chloroform &
coating WHOZ A|ZE ¥HH, SGS MBE hot pressE ©]-&3}
o Az wFolm, 7t ZefiY filmEY £ Fo] BG5S R
W By B A AL P EC] FFEY & THE olF
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(A) - ®

(E) (F)
SEMs(x1,000) of plastic film surface degraded by
microorganisms in an activated sludge soil. (A), PHB control; (B),
PHB degraded for 16 days; (C), SG control; (D), SG degraded for 25
days: (E), MB control; (F), MB degraded for 30 days.

Fig. 1.

T EE FEEe] AAY Eekede ol 2XA7] A ¥
HE #3E9sS & 5 ok ol ESMTE g3 Ak
GEo 7RISk B v ES] ~EP“EJ ~v6H fhe IE
2] HIZAA ] Fol| 2Fsle] v AgY B A A7
a1 AMAE) 2R BEs FEske XMV—'M T6H7} ‘QOMW
ole} 22 B3l EofEe] B FE ARE URE o
o7 Asrjo] Mk A Arh(13,18,19).

Itawa$} Doi(1997yE PHBS] 274 B9} Haj 71 2-8 Hulslr)
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215t} PHB single crystal®] & A2 3] A3ES gold labeling
3} Transmission Electron Microscopy® ©]-8-8F a8l ]
PHB depolymeraset= PHB single crystal?] 3E'Hell H3¥shy &
0 38 S B AR WA Bel et 8
AahA] Faha 249 7P RS WA Eeiro s B

a7} Qojyiriar Ansheict.

EUM T Z2tAE|0 L8t HEsHY

2} FebsE filmS 3 F719 s RolA EelE BT
Zpztel] ek el Hitd T AR S Table 3
of A A3t} PHB n_‘sﬁ’\ﬂ‘E«] B9 F orvzihabitans LAR 19,
C. pseudodiphtheriticum LAR 20 '3 M. diversus LAR 21-& 28
A AF 7 9%, 51% B 44%e] HAEE BAn. p

Table 3. Weight loss of PHB, SG and MB after 28 days at 37°C by
isolated soil bacteria

Weight loss

Strain Plastic (%)
Flavimonas orvzihabituns LAR 19 PHB 69
Corynebacterium pseudodiphtheriticum LAR 20 PHB 51
Micrococcus diversus LAR 21 PHB 44
Pseudomonas vesicularis LAR 22 I\?Ig 3(2)
Pasteurlla multocida LAR 23 SG 29
Flavobacterium odoratum LAR 24 SG 25

Table 4. TOC and pH of culture broth containing PHB, SG and MB
films after incubation with F. orvzihabitans LAR 19 at 37°C

Control After 20 dgys of
. Incubation
Degradation of plastics
TOC H TOC H
mgy P mgn P
PHB 456 7.8 69.2 7.8
(18.8) (7.3) (28.7) (7.3)
ﬁ;’&;’;’l‘;sis of SG 432 8.0 50.1 8.0
o)
plastics (18.6) (7.5) (21.6) (7.5)
MB 428 8.1 514 7.9
(18.5) (7.6) (22.4) (7.5)
PHB 440 7.6 1334 7.3
Biodegradation (18.3) (7.2) (42.8) (6.9)
of plastics in the SG 415 8.0 672 7.4
presence of (18.6) (7.4) (27.3) (7.1)
microbes MB 424 8.2 64.6 7.3
(184) (15 (216 (6.8)
Media containing 436 79 185 78

microbes in the

3 >
absence of plastics (18.3) (7.5) (11.2) 7.4

The values of outside of the parentheses correspond to the experiments
in the mineral salt media supplemented with 0.01% yeast extract,
while the data in the parentheses indicate the results in the mineral salt
media without yeast extract.
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vesicularis LAR 22¥ 289 73 & SGeF MBE 7+7} 32%¢%}
29% WA, P multocida LAR 232} F odoratum LAR
4% SGE ZH2} 29% 9 25% W AA EFAITE SG T
MB HUp= PHB #8ls0] U] 78S & o= Adrh

EotAEo| RUEX 28l 2} 0| EX YWEsH

FobE AR matME F4EA vt dojuba] i gE
dEslef GA FAEA Bl it 4 oy B ddo) A8
g A|&2] PHB. SG ¥ MBell gt FAEZ Lo} nl &
olgt A A E A7 SHAH R A5t Fepay AR

Fhel b xolE AR

SepoEe] & H AEe) dFe BN dE Fe
& FgstodE P 4= Qe ol I
%“1 ester bond”} /H—-csﬂ A PE &

a2 =)
o= R
SASTA frel 589 Fol vk P ARHo He) @
4 Qlrhe2). VIEH ARs L8ole PHB Balsol 714 5

QY F onzihabitans LAR 198 2} Z2}2E filmE ¥3+38}
= —‘?—ﬂ“"“ﬂ]ﬂﬂﬂﬂl AEsd TOCS} pHY| W3S S4 53T
Table 48 X' SGI MBE 20% 59 R84 B A7t
e WA} 519001 PHBS] F-4342 Ealli= SG# MBol| Bk
oF 3uj) t] Wo] Aot}

Winursito®} Matssumara(1996)0l] &J3hH 1mixjgke] 18zl &
4 olle 254 72E 7RAL ol FHEE el o
olF oA x|uE ARal= 27 o] o)A Y= BT B W
of iE-Aleke) AL Hrigt o= FAEY EE 1

slefol gctar s1sich.

g LA B A
extract® ¥ &3 v R M= yeast extracts: X FEIR] RS vz
o4 BT} PHBY= oF 374, SG& °F 31, MBw= oF 6.98) ©f
v Ao 2]3t BT} o] Fold viRol] yeast extractE H7F5H
Aol v gugt o] 3EE TocY Ve #EE £ A
o} o] yeast extract’} ﬂi%c 2 Aot qtel A g
& 717 Ao HoE AR HrlelA] Ao dke F
o] A7pa} 2o} 7|3 Oiﬁo nAE Ao E AeA UTk(I8).

Yeast extracts X3S 2ol Ae] vlEZ MR5)i= PHB:
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5 L3R & v Aol A= PHBE SGET} eF 2 gul, MBR.U}
ok 7,681 T vl EC] 23 A&7} o]Fo] PHB L= SGH
Hlwg uf MBe} #3lloll= o] B dxv)l adghe o 4
vk Eohsgle] Hrigle] ¥ vt AE5d 4% ToCrr A
8t A8 u)AEo] yeast extracts A2 AW Ao] W gl ok
20 o]84}4]7] W02 Alg st

Aelgh s vidE

2] QR yeast
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ABSTRACT : Biodegradation Characteristics of Poly-3-hydroxybutyrate, Sky-Green® and Mater-Bi®
by Soil Bacteria

Ae-Ri Lee and Mal-Nam Kim*(Department of Biology, Sangmyung University, Seoul 110-
743, Korea)

Degradation behavior of the three commercial biodegradable polymers, namely poly(3-hydroxybutyrate)
(PHB), Sky-Green® (SG) and Mater-Bi® (MB) was investigated using bacteria isolated from activated sludge
and farm soil. Three PHB degrading bacteria, three SG degrading bacteria and one MB degrading bacteria
were isolated. The PHB degrading bacteria were identified to be Flavimonas oryzihabitans, Corynebac-
terium pseudodiphtheriticum and Micrococcus diversus, while Pseudomonas vesicuraris, Pasteurlla mul-
tocida and Flavobacterium odoratum were identified as SG degrading bacteria. As for MB, Pseudomonas
vesicuraris was isolated. The shake flask test for 28 days indicated that the rate of biodegradation of PHB, SG
and MB in terms of weight loss were about 44~69%, 25~32% and 29% respectively. The surface morphology
of PHB, SG and MB films before and after degradation by microorganisms in an activated sludge soil was
observed under SEM, demonstrating that the film surface had a very porous structure, and that micro-
organisms colonized heavily on the film surface. TOC and pH variation as a result of abiotic hydrolysis, or
microbial growth in the absence of the polymers were compared to those due to degradation by F oryz-
ihabitans. Abiotic hydrolysis of PHB was three times as fast as that of SG and MB. Addition of yeast extract
to the basal liquid medium accelerated the biodegradation of the polymers. Biodegradation of PHB was
always faster than that of SG and MB irrespectively of the presence of yeast extract in the basal liquid
medium.



