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Faol o mEAbe] AR Hrre) 7128 #43]E 98l oJ] 71A] | EelH 5% ] lipasesE o] &3
polycaprolactone(PCL) &) 4ol &3t MR A8 =Astedn). Pseudomonas sp.o|X] %3} lipase7} PCLS
71 & shERE A kel 2], PCLY P24 H71E 98 714 5% &4 =9 4 A%E
FHA4stslgc). 714 52 0L, AL 5 30mg/L, ¥ A7 15-204]7ke] & el 217k PCLE) A A
Z7e19d}. E7, HE, coarse powder, fine powder dej2] PCL A && 7}A 3 el gk BEael vl2&
2EA TR a¥E HAsict mhate] FedHo] Y&, F fine powder”} FE 7 7Hg ¢ Aottt
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Abstract—The enzymatic degradation of polycaprolactone(PCL) was investigated using lipases obtained
from different microorganisms by measurement of weight loss and total organic carbon(TOC) concentration.
Lipase from Pseudomonas sp. was able to degrade PCL most efficiently. In this study, three major variable,
enzyme concentration, substrate concentration, and reaction time, were optimized to enhance biodegradation
of PCL. The optimal condition of biodegradation of PCL was achieved at the substrate concentration of 30 g/L,
the enzyme concentration of 30 mg/L, and the degradation time of 15-20 hours. Three different forms of
PCL, film, fine powder, and coarse powder, were investigated to understand the effect of surface area on
the degradation rate. PCL with large surface area(fine powder) was degraded most efficiently by lipase
obtained from Pseudomonas sp.
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dubd o2 ezl AE&Y PP d4d
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e Ao Uk o] WS §3] 8= 7|3ke]
#7) wj Foll Ea) A 82 ANLE 95t LA E
s she 27dA M 71 g Aoz deA
ek vl Eol 7k B34 Hrk= ASTM G21-702.2
deizl ZakaE AR Fgo] A Age] e
g g AE9 7)7te] AaEy FFole] A AHE
Sele g FAP10]. o) el e &3 ZERE
H3o) o & Hol ksl o] G111 o] W&
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Table 1. Properties of lipases

Source
Lipase F Rhizopus javanicus
Lipase D Rhizopus delemar
Lipase CE Humicola lanuginosa
Lipase CES Pseudomonas sp.
Lipase N Rhizopus niveus

Lipase Temperature  pH
30-45TC 5.0-7.5
30-45C 5.0-7.0
40-60C 5.5-85
40-65C 5.0-10.0

30-45C 5.0-7.0

saheH22]. =R PCLE Fold os Fajdehs
X327} 9leH13, 23-25].

£ dre EH2 mtol] o3 uExke] AEsA 3
Zhell A # A3t} o)FolA glA] oS- Aol Aakdle,
AR A trigger2 AM4-7e%F PCLE 71A2 Hiof
A AEAA Hrhdyge) HH =24 FYshed ol
o} =g Foll PCLE A3 A trigger2 AHE-gF 22}
T o QRN w¥zIe] Eid 3 PR
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2-1. DX 2% AR ¥ JEX HESY A=

Pellet 32} PCL& Aldrich Chemicals Co. 2% €]
F9]8ld 3, =3 Union Carbide Co.2%¥ fine pow-
der 3} 2] Tone polymer P-767& Fi3}o] A}&3}4]
t}. Pellet &2l PCL-E chloroformell #3417 %,
oJ 7)ol methanol-g ¥ W24 713t} Methanol $-4
o4 dejal 1 Heje] IYHEL 30T o 3T 2
AN 24417 Ft Ax F Apgsiedch PCL 282
PCL% 438417 tetrahydrofuran(THF)-& 42 casting
Sl f-2] petri dish $)ell 4 U4k <l solvent casting
S ARg3le] Az AlxE 25 e
Fxooll 4] 1247+ WA 3] solvent?} dol7} & 3}
% o} 9l solventE A Asl7) §)ste] 30T o AF
QHo A 2447 FF AEAA AHEEIch

2-2. &2

AH8-4t EA4E Amano A|%E|AH(AE) AFel,
Humicola lanuginosa, Pseudomonas sp., Rhizopus ni-
veus, Rhizopus javanicus, ZL2] 3L Rhizopus delemarel] *]
2% 57129 lipaseZ 332 2x9} pHE Table 10
Yehliglch o] AAEL 4T 9 JIF o s AL
shoich.

2-3. MESH HI}

PCLe] QM FAHE] 7I5E8 FEE total
organic carbon(TOC) 55 =333} 4] PCLe) &
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P38 FAst] A il 7 w52 400 pmols 2]
phosphate buffer(pH 7.0), ¥}, A4 5 Z s A
A #5]7} 10 mLE o] F 58 g} o] uHg-E$ 37C,
180 rpm$} rotary shaking incubator(=3] 3}, Model
SH-1B) ol A uk-3-A it} uk-g- ¥ ub-5-&-& filter paper
(TOYO, No.2)2 A7 A& 30T o A7 L84
2427k 5ot Az F 5= A E FAs, YL
TOC analyzer(Beckman Model 915-B, US.A) & A&
3 TOC 555 &Astgch o|ohs Hx 2 F709] con-
trol samples& A}&3lgch &, sh= 7]E control
ARR 7]AQ) nEAE @A o4 AAgkE do] &a
Ao 2% TOC FE& dolrsrh & vhg s
A4 control A|BE AE-AEEE go] F4Ho] o3
LR Al AEE delugicl 25 A=
Ao A¥ FA W HIE BY] 98 2
F¥3%} % scanning electron microscopy(SEM ; Phi-
lips, 525M/535M, Netherlands) 2 #33}ich

2-4, TOC analyzer2} ZFE A2 34

Anhydrous potassium biphalate(KHC:H,O,) 2.125
g% COy-free waterZ 1L9] volumetric flaskellA] £
&) 24 1,000 ppm2] organic carbon &g THEC]. o]
Lolo 2 3E] 20, 40, 60, 80, 100 ppme] FFLH S
w50, ztzh 50 uLE F &) total carbon TF A8 F
AE ok F71 ghd] 79 1A 4404 g2] anhy-
drous sodium carbonate(Na,CO;) & <F 500 mL<] CO,.-
free waterol] =o]3, oJ7]e) 3.479 g9 anhydrous so-
dium bicarbonate(NaHCO;) & 7} 1L< volumetric
flaske} 4] &A1 1,000 ppm&] inorganic carbon &
A& ghE ¥ 9o} & e R ¥ 'a EFE AR
242 Aol TOC s%+= total carbon 5= 4] in-
organic carbon =& w4 A 4bslsic).
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3-1. AN 29| MY

Polyester¥ ®s|& 4 Qe #FE4EH 2E¥AE
HEEaE & ol 54 lipaseo) Ras KT 26].
uwehx] 2 dpe e oje] 7HA] r A EellA &3 i
pasei PCLe] 31438 =A181¢ic) 400 pmols phos-
phate buffer(pH 7.0), 30 g/L¢] PCL powder, H. lanu-
ginosa, Pseudomonas sp., R. niveus, R. javanicus, R.
delemarel| 4| %% lipase’} 77} 30 mg/L7} HEE
sta, AA R 9E 10 mLE o] F =& st A& Fig
1(a)y= 2z &4dl 93 PCLY Fgdas viepla,
Fig. 1(b)+ TOC F=%5 el 7ojt} o AHEL
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Fig. 1. Enzymatic degradation of PCL by different lipases.
(a) Weight Loss and (b) TOC Concentration(CE:
Humicola lanuginosa, CES: Pseudomonas sp., N:
Rhizopus niveus, F: Rhizopus javanicus, D: Rhizopus

delemar).
2 73e HoiFa gled, o7 PCLY F3t
a7} PCL 59 esterA o] Aol sl 7l 5o

PCLe| %7} A &E=}s}sle] £} F9 soluble car-
bone] =& 7-& ¢jn]&c). Tokiwae} Suzuki®] B.3e)
olst, R delemardl X 4% lipase7} 7F83 &5
Ho| Hojurim wkiEstgl o}{8], Fig 1ol BeojFx
o] R delemar 5.t} Pseudomonas sp.ol A =53% li-
pase7} PCLe] 7hpisf 5ol 71 solds & +
Aot 2oz HAAAZ Pseudomonas sp.oll 4 F

%3} lipase2 H& & Fs83lair}

3-2. 42 Aj2h
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Fig. 2. Time course of enzymatic degradation of PCL by
Pseudomonas sp. lipase.
(a) Weight Loss and (b) TOC Concentration.
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g/L¢] PCL powders |43 Ag3stsich Fig. 2(a)~)
o] Ayel o Fg A E Fig 2(b)ol= TOC
52 yehligick 2ol PCLole} %A A&
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Fao) 23 7 Re S Jehdic) a8 g PCL¥ PCL-
CES9] zjo)7} Aol o 7ledslE viepdich o
71e} 4] PCL-CES9] TOC s=+= w892 TOC 5=
ol 4] 7] 3 controlell &g TOC X5 wjA A Abstict
Fig. 29 &jsbd 104247424 famal & 7hpeEs) 7t
79l glar, 104]7ke] zfo} Aol o3 7hia)7t
AgPso] 15412 o]Abe] EW AR H=E FHAI
Uehdg o 4 ook Huangd A EA7E Bl
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Fig. 3. Effect of substrate concentration on enzymatic de-
gradation of PCL by Pseudomonas sp. lipase.
(a) Weight Loss and (b) TOC Concentration.

sitee]] Stole} drpx YeH27]. m¥Ate] F47t vF
2 &4 active siteoll %A 7] wgol o] A=
WA PCLY ester A AF7} Zol & 7k 5o
&9 active siteol] REZ AR5 A F ol
2#) AYFefEo] Eoll Sl oer F53c

3-3. 7|1d sket §4 559 N3

w2 A|7kelell PCLE &Aoo 2 AEsisty] Hal
71A(PCL) Fx¢, &4 F=5 AHs}str] 4% A
#E sk 4 71" F25 27 98 10, 20,
30, 40, 50g/LZ PCL9 ¥ & #WHIA7IL, ii4E
Pseudomonas sp.o) A 323 lipase 30 mg/LE A}-43}
o 164}7F gk k-2 A A} Fig. 3(a), (b) & o] A3
o)gF ztzre] FekzbAi o} TOC FE& vebdich of7]
o] A= PCL-CES¢} PCL9 zlolz} F Aol ofsf 7}
Falgl k& JeRin) of Aol 93ld A Tt

HWAHAK KONGHAK Vol. 30, No. 6, December, 1992



722 a4 -

(a)

Weight Loss (mg)
o

2
]

10 20 30 50
Enzyme Concentration (mgy/L)

g8 88

TOC Concentration (ppm)
5888

10 20 30 50
Enzyme Concentration (mg/L)

Fig. 4. Effect of enzyme concentration on enzymatic de-
gradation of PCL by Pseudomonas sp. lipase.
(a) Weight Loss and (b) TOC Concentration.

30 g/ 27} S71Eel wet sk ARR
Z7bsht, 2 o)A FReAMe sheREl Aert 3
23S BojFct o] Pseudomonas sp.ol| A &3 1i-
pases”} PCLe}| 9Js) 712 A2 (substrate inhibition) &
e Zleg Azbgny. a#ng HA 713 FEE
308/L";3*°' 4 7 9tk

HA A4 FEF 37 98 42 30g/L9] PCL7}
Pseudomonas sp. °¥]H 323 lipased FEE W34
7194 $3sldn, 2 AFE Fig 4(a), (b)of el
odck £4 ¥E+ 30mg/Lr} 50 mg/LY o Asjel] &

z}o]7} e A
o & 3tk

o7 Bol HH AL Fre 30 mg/LYdS

3-4. DEX EHEO F} Y YEsM| HE FHO
3}

g4 Ao FEdelr e el 23 Y=
bulk ¥F-g-e]e}7] ke B Hhdolx, mEAL] A7),

318125 H30H M6 199244 123

GERR

Fad 949

30+ 2000
-

254 W %Loss
TOC Conc. 1500
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o
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P-767

PCL-Ald PCL Film
Polycaprolactons

Fig. 5. Effect of surface area on enzymatic degradation
of PCL by Pseudomonas sp. lipase(P-767: fine pow-
der, PCL-Ald: coarse powder, PCL film: 6 X 6 mm?
films).
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2ol 2J3 polycaprolactone A-E&]o] HHzA 723

(a)
Fig. 6. SEM of the PCL film before enzyme reaction.
(a) X 300 and (b) X 1200.

(a)

Fig. 7. SEM of the PCL film after enzyme reaction.
(a) X 300 and (b) X 1200.
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(1) PCLe] &= oy PCL 9 esterZ 3ol &
Aol o] 7R Elo] &4 59 soluble carbon i
917 wWFolch aejeg wale] Fek7kiel Sl
TOC =7t 3 A%e ®wadch

(2) o32] 7}7] lipase 3 Pseudomonas sp.o| 4 %3
lipase7} PCL2| 7}H-3l S#e] 713 weojyich

(3) A3l oaf zhe P& HA 2He 714 2,
30g/L; A4 F%, 30mg/L; 98- A7}, 15-20 hourse]

b Hﬂ

L e ———

~89 FCL aaT .

lwumIBBkU 12953

adrt

(4) PCLe wix] ol ofaf 7paiisjslo] &ir} =
A gkg7hA] A E2bEkE F Aol o8l vhal o]
S 29} goluble carbone.@ ¥t}

(5) Fxoll 2|3 Y2 s PCL A22] Ll

o] gebal o} AHon, Fwe] shak F P-767

o] ZhpRal 7k 7hg A H oo, Aol 9% sl
A A7|o deks )

H AF A Aad o5k PCLe] A8 3 7laby 9

HA 2L A A]s}oﬂ‘:.q] oo g o] }]7(,4'}_7‘-_]% 7=

&lo] PCL¥}9] el 3 ester linkage s 83 o

AR akabe] gaelAd Hobe 3 ol el L

2] A el A s Eape) sl ubg el Fad e

8l AAx9] 3ef[28], & endo-enzyme<l A exo-en-
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A9 A4 - B - 4

zymel A& ol AR 2% EAlolch, £4 PCLe)
2o A4E(2410] ob4) B3] AN skl o]
2o AYE] FoIAAE AT o)) SHeyS
Bale A= Fasich

#& Al

Lipases& #33l 41 KAIST 4253t o] &4
A AR =5t & d7e 3T
Ele] o] 2 9(1991-92) & wolr S dAgich
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