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A BN Eefag og A Al 3l 714 248 2l poly-3-hydroxybutyrate (PHB), Sky-Green® (SG) &
Mater-Bi® (MBYE $4 eUE 9 7= 5] wijisle] PHB ¥4 35, SG £3HF 35 f MB FeA# 175
Helslg o). PHB 23| A 72 Flavimonas oryzihabitans, Corynebacterium pseudodiphtheriticum R Micrococcus
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2ol ARG Hd nEAR] = Edste vheo]
Hg RARs Azgol kAL 71Ee MRS
Rom, vAEd o3 FA B3/t ol Foix= HH
8] Hel=A] for g Fho] ZEkaE 349 of
ATHI,6,11).
#H7] ke Edulgo] o]FoA]7|n
| ZepAEe 2 EQF uAlEY] A9 Fho
o]F-ojzith Bkt a1e] ”HH%% FE A,
*@EE ToE FHeH ols FE-& Aol
= 1 g% 10° CFU °14, o}—rOHL 400 oJF o]de]
—-—iO]-EL }\C]-(2,3). Tl = Pseudomonas lemoignei,

Acidovorax  facilis, Alcaligens faecalis, Comamonas testosterani,

x o

Variovorax paradoxus, Zoogloea ramigera, Bacillus sp. &<

PHB #3l Moz A Jom(@3), Acinetobacter sp.,
Comamonas  acidovorans, Microbacterium  sp., Xanthomonas
multophila &2 polyglicolide, polylactide & polycaprolactone¥}
T 3 AR Befshs Aldo® 4R k). o) B
AT FE AEL] A4S BH|ste 12 F2 WY ester
A FEo] RN ARHE 284 fU18AE ol
Ao AR F1de) et 2w 24, HRTE, 2
3= B copolymer®] x4 Fol A BAY JFE &
(10,14.21).
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Bergey's Manual of Determinative Bacteriology(5)& 331 &
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7] M= 0.01% yeast extractE E 3 F7|d 6] =]}
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Table 1. Isolation of PHB, SG and MB degrading bacteria from soils
at different temperatures

28°C 37°C
Isolated strain = Activated . Activated .
sludge soil Farm soil sludge soil Farm soil

LAR 19 P P
LAR 20 P P
LAR 21 P
LAR 22 s M*
LAR 23 S S
LAR 24 S S

P°, PHB degrading bacteria; S°, 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
Characteristics LAR 19 LAR 20 LAR2]  LAR22 LAR 23 LAR 24
Gram stain - + + - — —
Shape rod rod (v form) spherical rod rod rod
Size (um) 06x15 0.6-0.9 05x%x1.5 03x1.0 0.6x12
Motility -
Capacity of growing in an enriched media + + + + +
Oxidase test - - + -
Hydrolysis of urea + + - - +
Oxidation of carbohydrate :
Glucose + - + + + -
Lactose - - - - — -
Maltose - - + - -
Mannitol + - - - -
Xylose + - - - -

+

Mannose - -

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-
oryzihabitans pseudodiphtheriticum  diversus vesicuraris multocida odoratum

Identified name
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Tk 28°Ceol A vieksE Eoko = PHB EallAlet 1559 SG #
Al 277 B EAar, 37°CY] Bkl PHB el 3
9} SG EajAlTE 35, MB 23lAl 157 Fel= Uk PHB
A5l LAR 19+= 37°C2] S ES} HAEA A Felg]
o pPHB &AM LAR 203 SG H#3Ait LAR 232
28°Ce} 37°Ce] A UERRE Re|HAew, SG el
LAR 24 28°C9} 37°Ce] A2EA F-E5 At LAR 22&
37°ce] B eUES} HAEAA SGH MBE EAlOl Ealshs
Ao zA BeHACt 60°Ce] EF AP e Mltol o=
2] 53 A8 A% diide] Bof ol a2 Ml FAp) 1
Aolo g AlgEh

Bricse(1994) 52 thokeh Ae)g7delx9] PHB F3|Allxro] &
FE 223 B3 PHB BIAFY = @A 3.8x10°
cells/ml, E7AA2] EoFllA 92X10° cells/g 2 FHlo|A] 43X

0° cells/g®. 2 ThoFab vioksl EokATe] 10% o]do] PHB
£ o] &sh= o] 7Fesirtal Harshynt.

B Ago)x £2]g PHB, SG ¥ MBS ¥-dl|el= BT
Vitek Identification System ¥} Automated Bacteria and Yeast
Identification System2 ©]-8-38}] FAsIH o™ 2t Fe)5ol gt
e, Al A EAS Table 200 23130}

PHB -84t ©. 2% Flavimonas orvzihabitans, Corvnebac-

terium pseudodiphtheriticum > D Micrococcus diversus?t 215
o, SG ®Baf Mt EE Pseudomonas vesicuraris, Pasteurlla

multocida 2’% Flavobacterium odoratum .52, MB E-3)| M|t
Pseudomonas vesicuraris%- 53 % AT},

Flavimonas oryzihabitansi= PHB £l Ao 2 PHBE AU
of £AsIA= ot PHBE g wiAlollA 44 + 2=
Aoz dex Qom(5), Pseudomonas 52 Be W
PHBE AibelAuy Rallars dAshs Aoz defA v
Pseudomonas lemoignei®t Alcaligenes faecalise 7178 & 4#3l
PHB -3t FolH olg= 1?-131 PHB depolymerases o] 2
A st pHB 3l 71 xto] uFE % ©.7(19.21), Labuschagne
(1997) 52 F odolatums -2 0}04 olZ FH lipaseE ¥l 4

Askaact.

Z3LAE filme| 25l YA

37°C] A euEel vyt & EQF Al osl &l <
o]Ur] A3} Fo] PHB, SG ¥ MB filme] ¥ SEMO.E ¥
#she] Fig. 1] YERAIT Fig. 19] (A), (C). (By= 212t 23l
7] Aol PHB, SG ¥ MB film W] AHxlel (B). (D)
(Fy= 712} PHB, SG ¥ MB filme] EQvE 16, 25 2 30¥
Fo] B mE 7o) oJsle] RalwE SEiksd xS vE
W o]& RE PHB filme] 713 2 &7} o] Fo] Hes
o\- )E 011;]_.

E3s7] Aol PHB filme SG T MBel| Hlsted 1 3iw
2R vz A 3 o]lE PHB fims
coating BP0 A %3 WA, SGSF MBiE hot pressE ©]
o] Az wjg-ol, z} %EVEA filmEe] Baf To] w458 W
W By ok A7 ake g Sol §hEo] & S o) F

k5!
chloroform &<
&
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(A) B

(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.

NS gEEe] A Zekage Wl A7) 8 2
= wslelges & 4 Q) ol ERMIEe] sl thAt
gz o g 7)ok ok nj4y Fo] ZypaE Bl ghs R
Apo] HIAYA B FEsle] HldARd B2 WA EejrlT]
1 AAE AA RS grstel A Eelzh oy,
olg} 7re- Eaj= Zelrgel HW FE AdEo] R gk
Aoz AFPx)o] Fvka A Urh13.18,19).

fawa2} Doi(1997)%= PHBS] A7 F-i-e] 8l 7148 drgstv]
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&3l PHB single crystal®] &A% 53] 8-S gold labeling
3} Transmission Electron MicroscopyE ©]-83}d #&s}3 <=t
PHB depolymerasei= PHB single crystal?] % ®el] £¥3}H &
48 B4 ol SR é"“ﬁ-’] —Jﬂiﬁ" Folu Akss F
AR Falal AR o] 7PAe] Big HA EAFio s &
a7t dojdtia A3t

EUM e Z2tAE 0 e E26Hd
2} Fe128 fimE FHE 7719 AN Beld B
il hat ARAEE BiH FF BAE S5 Table 3
o] A&t PHB Hel M2l 7% F oryzihabitans LAR 19,
C. pseudodiphtheriticum LAR 20 % M. diversus LAR 212 28
A AAF A7 69%, 51% F 4%S] TEE HIuG P

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

Strain Plastic Wei(%g foss
Flavimonas oryzihabitans LAR 19 PHB 69
Corynebacterium pseudodiphtheriticum LAR 20 PHB 51
Micrococcus diversus LAR 21 PHB 44
Pseudomonas vesicularis LAR 22 ]\S/’[g ;é
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 7. oryzihabitans LAR 19 at 37°C

Control After 20 dgys of
) . Incubation
Degradation of plastics
TOC pH TOC pH
(mg/l) (mg/l)
PHB 456 7.8 69.2 7.8
o (188)  (73) (287  (13)
ﬁ‘yb(;ro;f;sis o SG 432 8.0 50.1 8.0
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 7.6 133.4 73
Biodegradation (18.5) 72) (42.8) (6.9)
of plastics in the SG 415 8.0 67.2 7.4
presence of (18.6) (7.4) (27.3) 7.1)
microbes MB 424 82 646 73
(184) (75 (1.6 (6.8
nl:i/[cer‘ohg‘escoﬁf‘“‘t‘ﬁf 436 79 185 78
(18.5) (7.5) (11.2) (7.4

absence of plastics

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 28Y A% $ SG9 MBE 717} 32%%
29% 2&E9 ™. P multocida LAR 233} F odoratum LAR
24= SGE 7H7F 29% 2 25% EI|A|A EGTFL SG HE
MB X.UH= PHB £35°¢] ¢ <8 & 4= A%t

EdlAEe] FMEX 2ol 01 YEX HEs

ZekaE AlFel mEide FAER al7F dofubA mldE
A9} s AR Ealx ukE Sk £ AP ALE
gk A]5<%] PHB, SG % MBd| thgt F4=2 &3¢} ndEo)
o3l AR A= 47 HYFoE ZHsl EefiyH A8
Z5o) 2 zpolE ZALSIAH

Zetrgle Bagdne] &S EIAAE F9 ToCcY =
S 2sleME HUIE 4 o=t ole A Al Tl 2R
H ester bond7} 7S] HAY vjAE 4] FAS Wol B
SEEA FElE 58 Fo g ds AgHom 1 &
= Auh22). vAEEA AR A= PHB H3liso] 7§
F3I99 F oryzihabitans LAR 195 7t Ze2}2F filme g3}
= F719AAu A FEst] TOCS pH—4 H3ls S99t
Table 45 RH SGI MBe 20¢ $9 FA4EH £3 Hx7}
AE Ak oY PHBY] F8EF Eall= SGIF MBl| Blste]
oF 3u]l o] ®o] dofwith.

Winursito®} Matssumara(1996)0l] 2]} 11 E-2} o]
A Foll= Ao 25 713 oA FAEH
o]Fof x|k AR F o|FoAA] = 9Tt
o] aExlEFe] QRS HIVE ol FUEH £
3ok okt SHAlTh.

SHH RAEZ EIE A o5 vIAER AE3NE yeast
extracts EF3F v Ao A= yeast extracts ETFSIA] F2 v R
oA Bt} PHBE oF 3.78), SG& <¢F 38, MB= <F 6.98] T

Y Eo 28l AR 7} o] F01x B A|of yeast extracts 7Sk
Aol © gaksl o] A Toce 7S BEE 4 U
t}. O] yeast extract/} FAY 0T 2E-5te] T Aol Oj?f}
2 3 Aoz wase ARas WA dze Be
o] A F3} 717l JEFE vX= AoE LA 0}1:}(18)

Yeast extract® F3F3F v 2| A 9] w|AE-Z] AE= PHBE
SGET} ¢F 3.54), MBETF ¢F 4] T o]yt O™, yeast extract
E 2§ekA] 22 Aol A= PHBE SGE.UF oF 2.84l, MBR.U}
oF 7.6 U mAEo] &3k A&7} o] Foix] PHB K& SGH
Hlagk W MBo] 3l U] B davt 3odke o 5 3
o} ZEkgeo] Hriglo] #all wut HES A TOC7]' s
3 AL vAE] yeast extracts A Aol HQ3 U
02 o] &3l7| Wit E AlEE T

S

b

i

§8 A R

e N
SI=)

W
BN DR e

A

ot

—ma
28

1. Antranikian, G., A. Riidiger, F. Canganella, M. Klingeberg, and A.
Sunna. 1995. Biodegradation of polymers at temperatures up to
130°C. J. M. S. Pure Appl. Chem. A 32(4), 661-669.

2. Bahari, K., H. Mitomo, T. Enjoji, F. Yoshii, and K. Makuuchi.
1998. Radiation crosslinked poly(butylene succinate) foam and its



304 Ae-Ri Lee and Mal-Nam Kim

~J

&

13.

biodegradation. Polym. Degrad. Stabil. 62, 551-557.

. Briese, B. H., D. Jendrossek, and H. G. Schlegel. 1994. Degrada-

tion of poly (3-hydroxybutyrate-co-hydroxyvalerate) by aerobic
sewage sludge. FEMS Miclobiology Letters 117, 107-112.

. Chiellini, E., A. Corti, A. Giovannini, P. Narducci, A. M. Paparella,

and R. Solaro. 1996. Evaluation of biodegradability of poly(e-
caprolactone)/poly(ethylene terephthalate) blends. J. Environ.
Polym. Degrad. 4., 37-50.

. Holt, J. 1993. Bergey’s manual of Determinative Bacteriology. 9"

ed. Williams & Wilkins, Baltimore, Md.

. Hsu, S. H. and T. D. Huang. 2000. The susceptibility of poly(ether)

urethanes to enzymatic degradation after oxidative treatment.
Polym. Degrad. Stabil. 67, 171-178.

.Huang, S. J. 1995. Polymer waste manegement-biodegradation,

Incineration and recycling. J. M. S. Pure Appl. Chem. A 32, 593-
597.

Itawa, T. and Y. Doi. 1997. Enzymatic degradation and adsortion
on poly[(R)-3-hydroxybutyrate] single crystal with two types of
extracellular PHB depolymerase from Comamonas acidovorans
YMI1609 and Alcaligenes faecalis T1. Macromolecules 30, 5290-
5296.

. Kawai, F. 1992. Bacterial degradation of acrylic oligomers and

polymers. Appl. Micribiol. Biotechnol. 39, 302-305.

. Kawali, F. 1996. Bacterial degradation of a new polyester, polyeth-

ylene glycol-phthalate polyester. J. Environ. Polym. Degrad. 4, 21~
28.

.Kim, J. H., T. H. Park, D. M. Shin, S. H. Lee, and G. Y. Han. 1994.

Biodegradable characteristics of starch-filled polyethylene film by
fungi. Kor: J. Biotech. Bioeng. 9, 412-417.

. Kim, M. N. and E. J. Kang. 1995. Biodegradation of poly(3-

hydroxybutyrate) by Penicillium pinophilum Kor. J. Mycol. 23,
348-353.

Kim, M. N. and A. R. Lee. 1999. Effect of Surface Roughness on
Biodegradability of Poly(3-Hydrobutyrate). Ko J. Environ. Biol-
ogy 17, 249-255.

. Kim, M. N, A.R. Lee, K. H. Lee, I. J. Chin, and J. S. Yoon. 1999.

Biodegradability of Poly(3-Hydrobutyrate) blended with Poly
(Ethylene-co-viny! acetate) or Poly(Ethylene Oxide). Eur: Polym.

15.

16.

17.

18.

21.

39
[}

24.

Kor. J. Microbiol

J. 35, 1153-1158.

Kim, M. N., A, R. Lee, J. S. Yoon, and I. J. Chin. 2000. Biodeg-
radation of Biopol®. SkyGreen®” and Mater-Bi® by Fungi Isolated
from soils. Eur. Polym. J. 36, 1677-1685.

Klee Rebezen, R., L. W. Hulshoffpol, and G. Letinga. 1999. The
roal of benzoate anaerobic degradation trephthalate. Appl. Envi-
ron. Microbiol. 65, 1161-1167.

Labuschagne, R. B., A. Tonder. and D. Litthauer. 1997. Flavobac-
terium odoratum lipase: Isolation and characterization. Enzyme
Microb. Technol. 21, 52-58.

Lopez-llorca, L. V., M. F. Colom Valiente, and C. Gascon. 1993. A
Study of biodegradation of starch-plastic films in soil using scan-
ning electron microscopy. Micron. 24, 457-463.

. Shinohe, T., M. Nojiri, T. Saito, T. Stanislawski, and D. Jen-

drossek. 1996. Determination of the active site serine of poly(3-
hydroxybutyrate) ~depolymerase of Pseudomonas lemoi-
gnei(PhaZ5) and of Alcaligenes faecalis. FEMS Microbiology Let-
ters 141, 103-109.

. Shinomiya, M., T. Iwata., K, Kasuya, and Y. Doi. 1997. Cloning of

the gene for poly(3-hydroxybutyric acid). FEMS Microbiology
Letters 154, 89-94.

Tomasi, G., M. Scandola, B. H. Bries, and D. Jendrossek. 1996.
Enzymatic degradation of bacterial poly(3-hydroxybutyrate) by
depolymerase from Pseudomonas lemoignei. Macromolecules 29,
507-513.

. Torres, A., S. M. Li, S. Roussos, and M. Vert. 1996. Screening of

Microorganisms for  biodegradation of poly(lactic acid) and lac-
tic acid-containing polymers. Appl. Environ. Microbiol. 62, 2393-
2397.

23. Winursito, . and S. Matsunmura. 1996. Biodegradability, hydro-

Iytic degradability, and builder performance in detergent formula-
tions of partially dicarboxylate alginic acid. J. Environ. Polym.
Degrad. 4, 113-121.

Witt, W, R. J. Miiller, and W. D. Deckwer. 1997. Biodegradation
behavior and material properties of aliphatic/aromatic polyesters
of commercial importance. J. Environ. Polym. Degrad. 5, 81-89.

(Received September 1, 2000/Accepted December 9, 2000)



Vol. 36, No. 4 Eoie] PHB, Sky-Green® @ Mater-Bi® 23l 4 305

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.





