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Production of Biodiesel Using Immobilized Lipase from Proteus vulgaris. Yoon, Shin-Ah, Jin Yee Han,
and Hyung Kwoun Kim*. Dept. of Biotechnology, The Catholic University of Korea, Bucheon 420-743, Korea
— Biodiesel, mono-alkyl esters of long chain fatty acids, is one of the alternative fuels derived from renewable
lipid feedstock, such as vegetable oils or animal fats. For decade, various lipases have been used for the pro-
duction of biodiesel. However, the production of biodiesel by enzymatic catalyst has profound restriction in
industry application due to high cost. To overcome these problems, many research groups have studied exten-
sively on the selection of cheap oil sources, the screening of suitable lipases, and development of lipase immo-
bilization methods. In this study, we produced biodiesel from plant oil using Proteus vulgaris lipase K80
expressed in Escherichia coli cells. The recombinant lipase K80 was not only expressed in high level but also
had high specific lipase activity and high stability in various organic solvents. Lipase K80 could produce
biodiesel from olive oil by 3-stepwise methanol feeding method. The immobilized lipase K80 also produced
biodiesel using the same 3-stepwise method. The immobilized lipase could produce biodiesel efficiently from

various plant oils and waste oils.
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HelFa1 Ql}5, 6, 15, 17, 22].

A eJedFoll A Proteus vulgaris25E] AALE|= 2]golAl]
K80& A=t HEE Alxsle] E colilr] g A3} v)
T =2 gt &S T o AL, 12, 13]. &
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Boje] TEH o2 wol TS ARG 4 ol Skls)
17} gk,
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p-Nitrophenyl caprylate(pNPC), methyl ester palmitic
acid, methyl ester oleic acid, methyl ester stearic acid, olive
oil, soybean oil, sunflower seed oil, Fish oil(menhaden)=
Sigmarlell A 413133 t}. Waste soybean oil> =15 Ak}
ol A Algsken, 7148 #4185 waste cooking
oilZ ARE3IITh. A 31 A elA 229l HAE A
std Tl A FF ko) Palm oil-> Newpiail, methyl
ester linoleic acide= Flukar}, Webg-3} ofjeb-&-2 MerckA},
Al 1-Z2 33 n-FehE2 Junseiftell Al T-4)EkSAT
o] Bre] Aok BT b AlokES AR

B dFolA A3 pKLE A %3 ZeAv|=E P
vulgaris K80 B]F}o}A| -3 2H(GenBank accession number
AAB01071)E 3 E|Q] pET-3¢]] M BZF2Jsle] A x5}k
o511, 12].

o5, ELlADE, Y=
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39, E. coli XL1-Blues A Z2F Sefan|=e] B &
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pKLE #Az3 Zelav| =5 e W2 ARSs9iY) Luria-
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(Fig. 2), "&b, ollehe, Fehdo] 7, Eejufaie v}
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o) AAFA Akt neke S AMSIAS o, Aha B
39] ol 26l o] WAHG O, kol e 92T

ofl w3l 71 A 3e), vlol o)A FA] ukLoA] FPAF @
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2] CalB:= vlo] QA dHAIRESol| 713 Wo] 2oL Q)
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Fig. 1. Effect of organic solvents on the stability of K80 lipase.
Residual activity was measured after 30 min of incubation in the
presence of various alcohols. The hydrolytic activity was assayed
via the pNPC-spectrophotometric method.

‘ <— Biodiesel
Olive oil—> ‘
-~

Fig. 2. Biodiesel production using various alcohols. Biodiesel
production was performed at 40°C for 24 h using olive oil (1 mL),
alcohol (oil to alcohol molar ratio of 1:1), and K80 enzyme (800
U) and then the reaction products were analyzed by thin layer
chromatography.
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ZAaaisit. o) MF, oAz ol wlekE-S kst ¥ 14
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TAlell z}is}i 3lt of2] u|AEA FeHst ﬂﬂro}xﬂoﬂ
gt A3t 585 Eklst A, 2lglolA] K8oo] 7MY &
How 314 ﬂﬂt A& Flstsiet(Fig. 4). 1okl K80
4N A 100 mg, 0.5 M AT EEH)S A e} 4
3L 4AIZE F]E AR ool A vhgsiet. &, vRSAIZE 0, 2,
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Fig. 3. The biodiesel production using lipase K80. Biodiesel
oroduction was performed at 30°C for 9 h using olive oil (I mL),
alcohol (oil to alcohol molar ratio of 1:3), and K80 enzyme (800
U). Water content of reaction mixture was 20% and methanol was
added by 3-stepwise process. The amounts of biodiesel were mea-
sured qualitatively by TLC (A) and quantitatively by GC (B).
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Fig. 4. Immobilization yield of various microbial lipases. Immo-
bilization yield were measured against P. vulgaris K80 lipase, Pho-
tobacterium lipolyticum M37 lipase, Bacillus stearothermophilus
L1 lipase, and Staphylococcus haemolyticus 1.62 lipase.

4A)7e)] ukgAFE el o) BlulolA] AEEAIE pH stati O R
gelgt A}, 2417 qholl A3} &L 91.8% =S
w, 4717} ghell 114 3} F-8o] 98.2%= P TH(Table 1).
o] A 3E KR0S AEA7) H, HEAOE AxE 1
A3} K802 B4 pH stato 2 =A 3 A3} 246 U/gel 3
o o AE Ve R B AIES AR 23 417%E

Table 1. Immobilization yield and activity retention.

Immobili- Lipase activity Immobili- Lipase Activity

zation  in supernatant zation activity of retention
time (h) (unit)? yield (%, n) bead (unit)® (%, R)
0 6020 0 0 0
2 492.8 91.8 ND¢ ND¢
4 107 98.2 246 417

*Hydrolytic activity of soluble lipase K80 in supernatant was mea-
sured using pH stat method.

PHydrolytic activity of immobilized lipase K80 on bead was mea-
sured using pH stat method.

“Not determined.

epfislet. a3k K800] B fAlEol olxd W olfie
Fa7h Aol A H3N7] witelnt. &, 84 2lTtetA]
K809] 7d--, pH STAT #hj o= it m4ne) S5 =4
& = IAIRE, A3} K802 747, HAlell aAE defel”]
glgel] E2]BAr oHAT S AT & QolM B
o] AAE - WA heE Zo= s =,

M35l K802 O|SEt Hlo|2C|H EHMEIS

343} K80 o|-83le] =B U} wehe-S vlo] e
A7 A7) vh-S aslseh. 243 K8oo] 73-9-ll
= QA 714231 2ulolA] K80 EAoF} FYgk uhpHoes A
S Asi). grlnedy) wekee] ERr) 1112 &5
H gaS 27] vkerA R ARSI 37, 6417 Fl
Hekee] HE Zu|7} 12, 11308 HES ArRslglen, &
OAIZHS HkE3le] o A= o3 Zvh(Fig. 5).
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A Fslod Fo) BAFEC] 97%HS & 5 U A3
K802 A, 484 K80z 2] ubg 7oA pEgke]
v w7] wfel] 7Rl wkSRe) o 2|2 wEkg =
E o223} ukgo] wk=A Z13)Ee] nlo] x|l A I
Fo] 7 vepd o2 A=

CalBZ o] £-3}o] nlo] o] Al Aub-So| M FL3 3-
stepwiseRFe-S 3 gt A3 AToNA 90%0]/32] ule] o)A
A3 eldt = gJuh7, 18, 19, 23]. 23 90%e°]4)]
2 el A $ES 47 $18 A A1z 2
87 3= CalB= 2] 1243} K80°| 7%, CalBE °]%
gk upo] oAl AUk H e} whE A7 Wel] =2 AES
HofFo =z Ak FA- M HHEAIZHS dEAA v 42
A7k o 9lE Aoz sk

1St K802 0I8%H BFS7I1Zel #slof ME Hlo|2C|E
SHA:

T3} K805 o8-Skl S| B, -, vl | X, T
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<—Biodiesel

Olive oil—>

3 45 6 7 8 9

Biodiesel yield (%)

Reaction time (h)

Fig. 5. The biodiesel production using immobilized lipase K80.
Biodiesel production was performed at 30°C for 9 h using olive oil
(5 mL), alcohol (oil to alcohol molar ratio of 1:3), and immobi-
lized K80 enzyme (1 g). Methanol was added by 3 stepwise meth-
ods. The amounts of biodiesel were measured qualitatively by
TLC (A) and quantitatively by GC (B).
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Fig. 6. The biodiesel production from various oils using immo-
bilized lipase K80. Biodiesel production was performed at 30°C
for 9 h using olive oil (2.5 mL), alcohol (oil to alcohol molar ratio
of 1:3), and immobilized K80 enzyme (0.5 g). In the case of palm
oil, the reaction was performed at 40°C (*). Methanol was added
by 3 stepwise methods. The amounts of biodiesel were measured
qualitatively by TLC (A) and quantitatively by GC (B).
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Table 2. Fatty acid compositions of various oils®.

oil Fatty acid composition (%)
i

Cis0 Ciso Cig:1 Cizo  PUFA®
Olive 11.8 2.7 74.2 8.5
Soybean 11.4 4.4 20.8 53.8
Sunflower seed 7.1 4.7 25.5 62.4
Palm 42.6 4.4 40.5 10.1 .
Fish 19.9 3.3 10.9 1.1 25.8

Fatty acid composition was obtained from the previous literatures
[1,2].
PPolyunsaturated fatty acid

43) At Hel 52 AR IR @ edolA] 2 o] o]
A AR 919 T 4 AeHFie. 6, T Ksoo] S
B 4B 0US uleleTAE AT S AL sk
o}, vheret 9] AE3E(Table 2)5 B3 Lr|EAL, &<l
AL, Z2EoRIAL, BlEalnks ofRF 3Rl ol WFEe] A
2 298 velerd AIRE o188 4 USE & &
ek 2, Holfele Dk MY ool BRI e
polyunsaturated fatty acid(PUFA, 2#7}-3 ZX|9kAbye| ol
=jo] 9L elsjopl K802| Sl PUFAZ: o] 2170
2 AV Boke Aoz -t

AEH o2, glgebd] K80 thE Al ElghelAlal
CalB Eate} wehgol] oo R S AL AT
AL, 0|2 UL o-45je] vlo] L5 AE AT 4
98-S Fasjlch w2 P 254 AT FAR T
A5 K80 ol BeH0E o) vol 9510 mapH oz A
AR o glglet. a2 3} K80S o8-8t Hedst el &
A5 vlelerdl e A 4 sl A s 2]utolA]
K80% whe] @A AYAHERE ohe} thE A A Aol A
= 83 5 s A= 7|H

(=) oF
L =

Hlo] oAl 71 AlE AHRAEY] o o AEI2RA FEA
AM; == AEA 9 dFgo] HESEle] o AE| 2 Wit
vkl o3l A= A AR elo. At Ao | 51k, o
¥t 2jtobAl S o] 83t whol o] AAkel] dis| ATEH<
o} SHARE B4 Sl FA S B3 vhe| Al AAke] 73-¢
= 84 R ARIA A FA A4 5 i) o
23 FAAS SH3] Slel, A od ARE A3
v}, o] oAl AYatel] Mgtsl gllolAlE ~mEYE = A
== lglelA] A3} B o] k] ATEH. o AT
ANNE P vulgarisol A i3t 2lsloldl] K0S E. coliolM
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S FAgo 2ol K80 2jn e} ek 3-
stepwise S ©]-83fe] nlo] o)Al S AR 4= 9)gict. 2
TholA| K80 274 AT ol-83le] =HA Falel] F2A]
7 2> 33} K80 o]-83le] 484 elztelA] K80t &
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A FAAMNE 83 5 S A= 7|
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