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LIPASE GENE.
S.S.M.Hom, E.M.Scott, R.E. Atchison, S. Picataggio, and J.R.Mielenz.

Henkel Research Corporation. Santa Rosa, California, U.S.A.

1. INTRODUCTION

Triacylglycerol lipases (E.C.3.1.1.3) are ubiquitous amongst microbes, plants, and
animals and catalyse the hydrolysis of ester bonds of triglycerides to form glycerol and
fatty acids. On the other hand, lipases catalyse the reverse esterification reaction in low
water conditions, forming glycerides from glycerol and free fatty acids. Moreover, some
lipases catalyse transesterification through the exchange of esterified fatty acids with free
fatty acids. These reactions can either be selective toward a specific ester bond in
triglycerides or completely non-specific. Besides positional specificity, some lipases
demonstrate selectivity toward a particular fatty acid substrate.

Since lipases have wide versatility, considerable interest in the industrial uses of
lipases has recently developed. Industrial applications of lipases include enzymatic fat
splitting, accelerated cheese ripening, production of cocoa butter substitutes, and as a
detergent additive. Also, the enanatioselectivity of certain lipases offers an attractive

opportunity for the preparation of chiral intermediates for pharmaceutical syntheses.
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The lipase from Pseudomonas sp. ATCC 21808 is of particular interest for potential
industrial applications because of its high temperature optimum for enzymatic activity (65
deg. C), its thermostability (no activity loss after one week at 50 deg C in a phosphate

buffer), and activity over a broad pH range (4-9).

2. LIPASE GENE ISOLATION FROM PSEUDOMONAS SP. ATCC 21808

A Pseudomonas sp. ATCC 21808 genomic DNA library was constructed in the
cosmid vector pCP13, and consisted of 1200 E. coli isolates. Restriction analysis of the
cosmid DNA from randomly selected isolates indicated that all cosmids had insert DNA,
the average size of which was 22.1 kilobases. Therefore, a 99% probability existed that
the lipase gene was represented in the library.

The lipase gene was detected by transfering the gene bank from E. coli to the
naturally lipase negative Pseudomonas oleovorans ATCC 8062 strain by conjugation.
After incubation at 30 deg C, some Pseudomonas olegvorans transconjugant colonies
formed clear zones on agar medium containing castor oil, which indicated lipase-mediated
hydrolysis of the emulsified cil. Restriction analysis of various recombinant cosmids

identified three unique cosmids, which contained >21 kb.

3. LIPASE GENE DNA SEQUENCE AND ANALYSIS

The lipase gene was localized within the recombinant cosmid by functional
expression from overlapping subclones in P. oleovorans. Analysis of the three unique
cosmids by digestion with Hindlll showed a common 8.0 kb fragment. This common
fragment was subcloned into pCP13, transformed into E. coli and then conjugated into
P. oleovorans. All transconjugants formed clear zones on agar plates containing

emulsified castor oil, which confirmed the presence of the lipase gene on the common
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fragment. Various subclones were constructed in cosmid pCP13 and were subsequently
transferred from E. coli to P. oleovorans by conjugation. An evaluation of the lipase
phenotype encoded by these subclones indicated that the lipase gene spanned a
particular BamHI site on the restriction map.

The nucleotide sequence was determined for approximately 1200 bp spanning the
BamHl site. A single open reading frame of 1,089 nucleotides was found that spanned
the BamHl site. A 45 nucleotide sequence, whose end was 50 bp upstream from the
BamHi site was in agreement with the known N-terminal sequence (15 amino acids) of
the mature lipase protein that had been determined by amino acid sequencing. The
mature lipase had 319 amino acids with a total deduced molecular weight of 32,943 and
is in close agreement with the molecular weight determined by SDS polyacrylamide gel
electrophoresis. The lipase protein has a hydrophobic signal peptide that is 44 amino
acids in length.

The amino acid sequence similarity of the Pseudomonas sp. ATCC 21808 lipase
was 68.4% with Pseudomonas fragi strain ATCC 3458 and only 39.2% when compared
with Pseudomonas putida ATCC 52552. Moreover, the pentapeptide sequence (G-H-S-X-
G) containing the postulated catalytic serine was highly conserved. Earlier studies with
porcine pancreatic lipase suggested that this serine residue was involved with the
hydrophobic enzyme atteachment site to the water insoluble triglyceride-substrate

interface. Recently, the X-ray structure of Mucor miehei and human pancreatic lipase

were elucidated and structural results indicate that the serine residue in the common
pentapeptide sequence is the nucleophilic residue essential for catalysis. The

Pseudomonas sp. ATCC 21808 lipase sequence also has this pentapeptide motif.
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4. LIPASE EXPRESSION IN DIFFERENT PSEUDOMONAS STRAINS

A plasmid containing the lipase gene on an 8.0 kb DNA fragment was transferred
to P. aeruginosa, P. fluorescens, and Pseudomonas sp. ATCC 21808. The lipase gene
was expressed at low levels in P. aeruginosa PAO2003 and P. fluorescens ATCC 948.
The lipase activities were 3.0% and 0.43% of the lipase activity of the wild type
Pseudomonas sp. ATCC 21808 strain (without any plasmid). On the other hand, when
a plasmid containing the gene on a 3 kb DNA fragment was transferred to Pseudomonas
sp. ATCC 21808, the recombinant strain possessed a lipase activity that was 42 times

higher than the strain without plasmid.

5. tac PROMOTER-LIPASE GENE FUSIONS

The strong hybrid tac (trp/lac) promoter was used to further increase lipase
expression in Pseudomonas sp. ATCC 21808. The tac-lipase gene fusion construction
was obtained by subcloning the tac promoter upstream of the lipase structural gene. The
lipase gene promoter region was deleted with Bal31 exonuclease digestion, and the lipase
gene fragments were subcloned into plasmid pMMB22, which contains the tac promoter.
E. coli transformants containing the tac-lipase gene fusion were identified as colonies that
formed clear zones on agar plates containing castor oil supplemented with IPTG as
inducer. Recombinant tac-lipase gene fusion plasmids which had a lipase gene devoid
of its functioning native promoter, were transferred to Pseudomonas sp. ATCC 21808 by
conjugation. Upon induction with IPTG, Pseudomonas sp. ATCC 21808 containing the
tac-lipase fusion exhibited lipase activity that was 85-times higher than the lipase activity

of the same strain without inducer.



