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The Physiology of Lipase Production by Pseudomonas species.
E.dJ. Gilbert, J. W.Drozd" and C.W. Jones.

Department of Biochemistry, University of Leicester, Leicester LE1 7RH.
* Shell UK Limited, Shell-Mex House, Strand, London WC2R ODX.

SUMMARY.

1.  Lipase production by the Pseudomonas species was induced by
growth on Tween 80.

2. Maximum activity was observed under Tween 80-limited
conditions.

3.  Production of lipase in a Tween 80-limited continuous culture has
been optimised.

4.  Lipase has been purified to homogeneity, and some of its physico-
chemical properties determined.

INTRODUCTION.

Lipases are currently the subject of widespread studies due to their
increasing commercial importance. These have generally been centred
around the purification of the enzyme and its kinetic and biochemical
properties, however, the physiological regulation of microbial lipase
production has been somewhat vague.

The aims of this study were to isolate an organism producing a
detergent-stable lipase, and the subsequent characterisation of both the
organism and enzyme.
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RESULTS.

Physiology of lipase production

1. Soil samples were used to inoculate a continuous enrichment
culture (using olive oil as the carbon source at pH 8.5 and 50°C) which
was designed to select for microorganisms capable of producing stable
lipases, suitable for incorporation into detergent formulations. Several
Pseudomonas species were isolated and one strain was chosen for further
characterisation.

1.1. Batch cultures were used to identify a soluble lipase-inducing
carbon substrate as an alternative to insoluble olive oil. A range of
triglycerides, Tweens (Polyoxyethylene sorbitan long chain fatty acyl
esters) and Spans (Sorbitan long chain fatty acyl esters) detergents were
used. Lipase activity was monitored by two methods due to the inherent
problems associated with measuring enzymic rates in a two-phase
system. Genuine lipase activities were determined using a titrimetric pH-
stat assay based on the hydrolysis of a uniform olive oil emulsion, whilst
esterase activities were measured by a spectrophotometric assay based on
the hydrolysis of para-nitrophenyl acetate.

Lipase activity was induced following growth on Tweens and Spans,
whilst no activity was observed following growth on glucose or triacetin.
Tween 80 (Polyoxyethylene sorbitan monooleate) was found to be the
most efficient inducer of extracellular lipase activity; maximum activity
occurred at the onset of the stationary phase of growth. Results from
Tween 80-, nitrogen- and oxygen-limited fed-batch cultures suggested
that lipase was induced maximally under Tween 80 limitation.

1.2. The kinetics of lipase production was studied in more detail
using Tween 80-limited continuous culture. Temperature and pH optima
(85.7°C; pH 6.5) were calculated by statistical contour surface analysis at
a fixed dilution rate (0.05 h-1) (Figure 1). Lipase production at these
optima decreased as the dilution rate increased, which appeared to
correspond to an increase in oleic acid concentration
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FIGURE 1.

Surface contour analysis of lipase production with respect to
temperature and pH.
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Biochemical properties of lipase

2. Lipase was purified to homogeneity from a continuous culture
supernatant by anion-exchange and gel-filtration FPLC (Table 1). Lipase
and esterase activities increased in parallel, indicating the presence of a
single enzyme. The thirty one-fold purification factor indicated that lipase
comprised approximately 3% of the supernatant protein.
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TABLE 1.

PURIFICATION OF LIPASE.

FRACTION SPECIFIC ACTIVITY TOTAL ACTIVITY YIELD PURIFICATION

(umolmin‘l[mg protein]'l)

Supernatant 213

Concentrated
Supernatant 468

Concentrated
Mono-Q 1,226

Superose-6 6,606

(pmolmin-1) (%)

10,406 100 1.0
9,377 90 2.2
6,650 64 B
1,853 18 31.0

Various biochemical properties of the purified lipase were
determined and are summarised in Table 2:

PROPERTY

Sub-unit My

Native My
Positional Specificity
Keat

pl
Temperature Optimum

pH Optimum
Thermostability

Freeze-Thaw

TABLE 2.

RESULT

29,000 Da
Variable (229,000 Da)
1,3- specific (towards triolein)
i. Olive Oil 1,683s-1
ii. p-Nitrophenyl Acetate 204s-1
iii. Tween 80 201s-1
4.9
50°C
8.5
Bi-phasic Denaturation <65°C.
ty0 at 60°C = 17.5 min

t1/2 at 70°C = 2 min

84% Activity remained after 6 cycles

N-Terminal Amino Acid Sequence TYTQTQYPIVLA




