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Molecular Structures and Catalytic Mechanism of Bacterial Lipases. Kim, Hyung Kwoun*. Div. of Bio-
technology, The Catholic University of Korea, 43-1, Yokkok 2-dong, Wonmi-gu, Bucheon, Gyeonggido, 420-743,
Korea — Bacteria produce lipases, which can catalyze both the hydrolysis and the synthesis of long chain trig-
lycerides. These reactions usually proceed with high regioselectivity and enantioselectivity, and, therefore,
lipases have become very important biocatalysts used in organic chemistry. 3D lipase structures were solved
from several bacterial lipases. They have an o/ hydrolase fold and a catalytic triad consisting of a nucleophilic
serine, and an aspartate or glutamate residue that is hydrogen bonded to a histindine. Active sites are covered
with a-helical lid structure, of which movement is involved in the enzyme's activation at oil/water interface.
Four substrate binding pockets were identified for triglycerides: an oxyanion hole and three pockets accom-
modating the fatty acids bound at positions sn-1, sn-2, and sn-3. These pockets determine the enantioprefer-
ence of a lipase. The understanding of structure-function relationships as well as the development of
molecular evolution techniques will enable researchers to tailor new lipases for biotechnological applications.
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Fig. 1. Biotransformation of fats and oils by lipases.
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Table 1. Classification of bacteial lipases

Family Subfamily Enzyme-producing species Accession no. Similarity Properties PDB-id
I 1 Pseudomonas aeruginosa D50587 100 True lipases 1EX9
Pseudomonas fluorescens C9 AF031226 95
Vibrio cholerae X16945 57
Acinetobacter calcoaceticus X80800 43
Pseudomonas fragi X14033 40
Pseudomonas wisconsinensis U88907 39
Proteus vulgaris U33845 38
2 Burkholderia glumae X70354 35 1QGE, ITAH
Chromobacterium viscosum Q05489 35 1CVL
Burkholderia cepacia M58494 33 1HQD, 3LIP, SLIP,
10IL, 2LIP
Pseudomonas luteola AF050153 33
3 Pseudomonas fluorescens SIK W1 DI11455 14
Serratia marcescens D13253 15
4 Bacillus subtilis M74010 16 1ISP, 116W
Bacillus pumilus A34992 13
5 Bacillus stearothermophilus U78785 15 1KUO, 1J13
Bacillus thermocatenulatus X95309 14
Staphylococcus hyicus X02844 15 Phospholipase
Staphylococcus aureus M12715 14
Staphylococcus epidermidis AF090142 13
6 Propionibacterium acnes X99255 14
Streptomyces cinnamoneus U80063 14
II Pseudomonas aeruginosa AF005091 100 o.m.-bound esterase
Aeromonas hydrophila P10480 31 Acyltransferase
Salmonella typhimurium AF047014 17 o.m.-bound esterase
Photorhabdus luminescens P40601 17
Streptomyces scabies M57297 15 1ESC
I Streptomyces exfoliatus MB86351 100 Extracelluar lipase JFR
Streptomyces albus U03114 82
Moraxella sp. X53053 33 Lipase 1
v Moraxella sp. X53868 100 Lipase 2
Archaeoglobus fulgidus AE000985 28 Carboxylesterase 1111
Alicyclobacillus acidocaldarius X62835 25 1EVQ
Pseudomonas sp. B11-1 AF034088 24
Alcaligenes eutrophus L36817 24
Escherichia coli AE000153 20 Esterase
v Moraxella sp. X53869 100 Lipase 3
Psychrobacter immobilis X67712 88
Pseudomonas oleovorans M58445 34 PHA-depolymerase
Haemophilus influenzae U32704 34 Putative esterase
Sulfolobus acidocaldarius AF(071233 25 Esterase
Acetobacter pasteurianus ABO013096 15 Esterase
\%1 Pseudomonas fluorescens S79600 100 Esterase 1AUO
Synechocystis sp. D90904 24
Spirulina platensis S70419 22
Richettsia prowazekii Y11778 16
Chlamydia trachomatis AE001287 15
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Table 2. PDB-id of lipase structures

Species

Enzyme

PDB-id (complexed with)

human

rat
dog

bovine
pig

guinea pig
horse

lipoprotein lipase
pancreatic lipase

gastric lipase

bile salt-activated lipase
pancreatic lipase

gastric lipase
pancreatic lipase
cholesterol esterase

bile salt-ativated lipase

lipase

lipase
lipase

108T (micelle)

INSS (colipase)

[HLG

1IMY, 1F6W

1BUS

1K8Q (phosphonate inhibitor)

1RP1

2BCE

1AKN, 1AQL (taurocholate)

1ETH (colipase), ILPA (phospholipid),
1LPB (undecane phosphonate methyl ester)
1GPL

IHPL

Candida cylindracea

cholesterol esterase

1LLF, 1CLE (cholesteryl linoleate)

Candida antarctica lipase 1LBS, 1LBT, ITCC, 1TCB, ITCA
1LPM ((1r)-menthyl hexyl phosphonate), {CRL, ITRH,
Candida rugosa lipase 1LPN (dodecanesulfonate), 1ILPO (hexadecanesulfonate),
1LPP (hexadecanesulfonate), 1LPS ((1s)-menthyl hexyl phosphonate)
Galactomyces geotrichum lipase ITHG
Penicillium camemberti lipase ITIA
. L . STGL (N-hexylphosphonate ethyl ester), 4TGL (diethylphosphonate),
Rhizomucor miehei lipase 3TGL,(ITGL yiphosp y ) ( yIphosp )
Rhizopus niveus lipase ILGY
Rhizopus oryzae lipase 1TIC
Thermomyces lanuginosa lipase 1GTS6 (oleic acid), 1EIN, 1DU4, 1DTE, IDTS, 1DT3, ITIB
Burkholderia glumae lipase 1QGE, 1ITAH
Chromobacterium viscosum lipase 1CVL
. ) . 1HQD (1-phenoxy-2-acetoxy butane), S5LIP (Re-(Rp,Sp)-1,2-dioctylcar-
Burkholderia cepacia lipase barr?oyl(—gll})/cem-3}-,O—octylplilosphona)te), 3LI(P, léHIj, SJI?IP ¢
Pseudomonas aeruginosa lipase 1EX9 (Re-(Rp,Sp)-1,2-dioctylcarbamoyl-glycero-3-O-octylphosphonate)
Pseudomonas sp. lipase 4LIP (Rc-(Rp,Sp)-1,2-dibutylcarbamoyl-glycero-3-O-butylphosphonate)
Pseudomonas fluorescens esterase 1AUO
Bacillus subtilis lipase ISP, 116W
brefeldin A esterase 1JKM
Bacillus stearothermophilus lipase 113, 1IKUO
Archaeoglobus fulgidus carboxylesterase 111
ilszcyclobactllus acidocaldar- carboxylesterase EST2  1EVQ
Streptomyces exfoliatus lipase 1JFR
Streptomyces scabies esterase 1ESC

B|ne| BAIES
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A¥ Al ‘o/p hydrolase fold® EAE2] AR o= 3
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Hlabh) Tl slaEide] mae] SRS TS ot
(Fig. 4).
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Fig. 2. Representation of structures of three bacterial lipases.
A; Bacillus subtilis lipase, B; Burkholderia cepacia lipases, C;
Bacillus stearothermophilus lipase.
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Al&ol&, oxyanion)?} F 78] FAKE NHZ|($A]gol& -

histidine

nucleophile acid

Cc
B1 B2 B4 aA B3 aB B5 aC B6 aD B7 aE B8 aF

Canonical a/p hydrolase fold

S D H

N C
B4 oA B3 aB B5 aC B6 aD B7 akE B8 aF

Bacillus subtilis lipase

N
B4 aA B3 aB B5 aC B6 aD B7 aE B8 aF

Burkholderia cepacia lipase

ab B7 aE B9

Bachilus stearothermophiuslipase

Fig. 3. Secondary structure topology of the canonical o/f8
hydrolase fold, B. subtilis lipase, B. cepacia lipase, and B.
stearothermophilus lipase.
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Fig. 4. The catalytic triad residues of B. stearothermophilus
lipase.
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Fig. 5. Reaction mechanism of lipases.
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Fig. 6. Representation of structure of Burkholderia glumae
lipase. The movement of the lid structure (Thri37~Leul49) was
indicated. The detailed structure shows that the lid is an amphip-
athic a-helix.
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Fig. 7. Active site of Burkholderia cepacia lipase.
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Table 3. List of engineered lipases

o} Agsh= AP AT B3 sn-1 F-H o A3l 2k
A5 o7 Vel ojujof] Hid|2xEA Flo] FA)
71A47re) S5l At o|c}, E3}, sn-2 AHMke] o SE|E A
27tel AN Sl elde) NE2 9alzke) 4] 7]
Ae] AR5 AR F835H, sn-2 EAlo] 7|Ae| A
Aol A B S AASR=T 7P Fa3to] wEizs
A, B. cepacia BT 22} AFZ-E of| AHZS] YAE
o}x Ralol) de] o]8= 1 JH53]. o)A o] FAv} Sci
o} Reoll W3t BAlo] =7] wFo]u}(26]. Sc-TC8 SE-&
o83t 72 RS 3 A, 12} AP AgE
oFAZ7} Leu287 W 116290 A7) 2} 3202 X Zlo]
Bl gvH24, 26]. Hirose5-2 91X 5o Ho| AP-g 53
HA Bl Aol T8 opn|:AMS B IL(V266, Leu287), ©l
olw| ARS WA 024 whijzle) glA| Eo]AJo] ReEN-
B ScZ vl Felsleivi13]. Val2662 sn-3 Eo 1%
31 Leu287-2 sn-2 EFlol| Y3} ofm|xAakslS A
o mfel, sn-1, -2, -3 A2 )9} A5 Hxr) B
A2 A B S AA = dloll F83 ] BlFH.

2|oM|e] EaTHEE

glul|e] Fxo} 756l W A4l e] SI7tel welA E
gA)e] EANHEE T8l ARGHOE 83 AGF HelFEA
£ staal Al==E a3 Qlok(Table 3), o529 Ak
L AAE T o] &3P do] BEE T o|Fe] 37
o -Zof], 712 Sl Azt A= o7} @A) kAul, 2
KA A5 & e 2

Strain Application Effect of mutations Ref.

Humicola lanuginosa detergent additive improvement of washing performance [49]
increase in thermostability [50]

improvement of resistance to proteolytic degradation [51]

Pseudomonas glumae detergent additive improvement of resistance to oxidative degradation 23
improvement of proteolytic resistance [9]

Pseudomonas mendocina/putida  detergent additive in alteration of substrate specificity [39]
peracid bleaching systems improvement of perhydrolysis to hydrolysis ratio [10]

Pseudomonas pseudoalcaligenes  detergent additive improvement of washing performance [57]
enhanced stability towards anionic surfactants [

Rhizopus delemar biocatalysis alteration of chain length selectivity [19]
Pseudomonas mendocina SD702  detergent, food, paper increase of thermostability {63}
Fusarium solani pisi detergent additive decrease of anionic sensitivity [8]

alteration of chain length selectivity [8,31]
crystal structure [14, 38]

Candida antarctica B biocatalysis alteration of substrate specificity [371
increase of oxidation stability [37]

Staphylococcus hyicus alteration of phospholipase activity [58]
Geotrichum candidum alteration of substrate specificity {15}
lipoprotein lipase flap deletion (alteration of substrate specificity) {7]

human pancreatic lipase biocatalysis flap deletion (alteration of substrate specificity) [30]

lysosomal acid lipase increase of cholesterol esterase activity [36]
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Rhizopus delemar2)5}A|¢] 73-5-, 712e] o}Al7)e} A¥s}
= §-5<] F95, F112, V206, V209o}r]xAbs HAA F
A =) ZeA e =) Bolqe) B4F AEsechiol
Pseudomonas mendocina cutinase® 73-%-, S205, F207,
Q1270 xARS WHHAIZI 224 PNPB/PNPCEAL 0] VIS
WTH39]. Geotrichum candidum®] F 71X 21544 GCL1
I GCL2el| 3 EABALE A Zx3le] 71AEo]Ade] vy
< Felaleie}15]. =3}, 13572 L3580tm]Ate] o] FAnol
714 Bl S AAsh=d T2 23t Scheibi =
Rhizopus oryzea 2]5pA|2] 12549} 1258 oju]icAko] sn-13}
sn-30]] H3F YX]Eo]A-S AAIE W3 TH46]. Humicola
lanuginosa2) A2} 2]|=H-9]e] 87H} 89 oju|:xAle] &
2] A Bl ZAA B dlol S35 wEE14).

ER-PCRE- o|-£3lAM P fluorescens o Z~E12}A|[23]1%} P

Table 4. Industrial application of lipases

aeruginosa ZJTA|[41]9] WHo|EAE AxFto2H 3 5
o] efdx| emel] gt EAdo| F7HE Wo|EAE AU 1
A} eegkol 2% 81%7F2) F7 =940, 411,

2lomel M S8

elupAle AF A= vlAdEIM AN gler, &
A AFEH 2 FeFRE AR S SeiE 4 Ao(Fig.
1). =3, 23kl o A)el meb 2%, pH, #7148
52 E= 5P wbeEAde] g o] ME g2, 7]
Aol A&k Ak o] FolAd, IAGo, AT TR 2
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