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THE LIPASE GENE OF BACILLUS SUBTILIS 168

C. Colson, V. Dartois, K. Schanck and A. Baulard.

Laboratoire de Génétique Microbienne (GENE),

Université Catholique de Louvain, Place Croix du Sud, 4 (bte 3), B-1348 Louvain-

la-Neuve, Belgium.

SUMMARY

Among Gram-positive bacteria, strain 168 of Bacillus subtilis constitutes a tool of

choice for basic genetic and molecular studies. We madethe observation that this

strain exhibits an extracellular lipolytic activity. We have undertaken to characterize

the corresponding gene(s).

Shotgun cloning of Bacillus subtilis 168 DNAin E.coli yielded two types of lipase-

positive clones designated lipA and lipB. However, the lipB enzyme wasrather an

esterase, on the basis of the preferential cleavage of esters of short chain fatty acids and

of the absence of fluorescent reaction on triolein/rhodamin G medium. By multiple

Tn5 transposon inactivations, gene lipA was estimated to be about 700 basepairs long.

Both genes were inactivated in B. subtilis by reciprocal recombination with the

homologous gene disrupted in vitro by a DNA segmentcontaining an antibiotic

resistance (lipA::Km; lipB::Cm). The resulting strain expressed very little - if any -

residual extracellular lipase-esterase activity. Mapping experiments indicated that lipA

is a new locus at about 22° whereaslipB, at about 306° could correspondto an esterase

gene (estB) previously described.

Sequencing of genelipA is in progress. Besides, we are seeking conditions to

|

optimize the yield of extracellular lipase (culture conditions, genetic background,

transcription signals) as a prerequisite for its large scale purification. |

|
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1. INTRODUCTION

Bacillus subtilis is, among Gram-positive bacteria, the most thoroughly

investigated organism by the molecular geneticists. In particular it is known to secrete

in the medium many scavenging enzymese.g. proteases and amylase (1). We made

the fortuitious observation that this strain, when plated on appropriate media,

displays the typical reaction of microorganismspossessing an extracellular lipase

activity. This was unexpected since nolipase (lip) gene had been describedin this

organism (2,3). However, an extensive screening of the literature revealed that an

extracellular lipase of B. subtilis 168 had been identified and partially characterized

biochemically in the seventies by the team of Lennarz (4).

Wedecided to identify and characterize the gene(s) responsibleof this activity. In

principle, two approaches were possible: either to mutate B. subtilis towards a Lip

phenotype by usual mutagenesis/screening techniques or cloning the gene(s)in E.coli.

The second approach wasusedfor the following reasons.First, it could be that more

than one enzyme- and gene - conferred the Lip+ phenotype, so that Lip- mutants

would be very rare. Second, we wantedto identify the structural gene(s) avoiding

mutations in a possible regulatory pathway, as found for example among amylase-

deficient mutants where a single class (amyE)affected the structural gene while many

others were affected in regulatory functions. Third, B. subtilis genes cloned with their

own promoterare usually expressedin E. coli. In addition, the use of a performant

vector derived from phage lambda would allow easy detection of the positive clones,

evenif the product of the lip gene(s) was notsecreted and/orlethal. This strategy was

wise, since it allowed usto isolate the structural gene for a lipase (lipA) and to

discriminate it from another gene(lipB or estB) coding for an extracellular esterase.

In this report, we presentthe current status ofourresearch onB.subtilis 168 lipase

gene(lipA) and our progress and aims towards overexpression in orderto purify large

quantities of the enzymefor functional and structural studies.

2. RESULTS AND DISCUSSION

2.1. Cloning and expression of genes lipA and estB in phage lambda

Wehaveusedas vector the phage lambda EMBL4, which can incorporate 10-20 kb

(kilo-base pairs) of foreign DNAin replacementofits central, "stuffer", non essential

BamHIfragment. High molecular weight chromosomal DNAofB.subtilis 168 was

partially digested with Sau3A and the extremities were ligated with the compatible

BamHIsites of the vector. After in vitro encapsidation, the gene bank wasplated on
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Spirit Blue Agar (Difco). Blue plaques surroundedbya clear zone were screened.
Amongfour positive clones, two classes were observed, which differed by the physical
map of the DNAinsert, the fluorescence on rhodamine G plates and the preferential
cleavage of para-nitrophenylesters of short fatty acids by crude lysates. Thus one class
correspondedtoa truelipase (lipA) whereas the other displayed the phenotype of an
esterase (est) in spite of the statement that the Spirit Blue Agar medium,with lipase
reagent, is recommendedforthe detection oflipolytic microorganisms (Difco Manual,
10th edt, 1984 and Difco Laboratories, personal communication). The DNA's of an
additional 70 positive recombinant phages were dot-blot hybridized with probes made
with the DNAof the two classes: each of them hybridized with either lipA orestB.
Thus,it is unlikely that the gene bank contained a third gene expressing an enzyme

with a positive response on Spirit Blue Agar.

Both genes were subcloned as much shorter DNA fragments in E.coli K12, using
plasmid pBR328. Both strains were viable and displayed extracellular lipase/esterase
activity. It was not determined wether this resulted from positive secretion or from
lysis or leakage from the cells.

2.2. Sizing the gene lipA by multiple Tn5 insertions

Plasmid pLIP1, expressing the gene lipA in E.coli, contained a DNAinsertof 3.3
kb,likely to be much larger than the geneitself. We have used the technique of
transposoninactivation to delimit the gene. The system used wasthat of de Bruijn
and Lupski (5) with transposon Tn5 in a phage lambdasuicide vector. It can be seen
from the results in figure 1 that the gene lipA does probably not exceed the size of 750
base pairs, corresponding to a protein of 250 aminoacids,thus of 25-30.103 daltons.

2.3. Inactivation and chromosomallocation of genes lipA and estB in Bacillus
subtilis

In order to map these genes ontheB. subtilis chromosomeandalso to generate
lipase/esterase negative strains we have disrupted them by genes expressed andeasily

selected after transformation of B. subtilis.

In a first step, gene lipA in plasmid pLIP1 was disrupted in vitro by a KmR gene
while pLIP226 with gene estB was disrupted with a CmRgene. Then, the plasmids

weretreated with a restriction enzyme with a uniquesite. The resulting linear DNA
was usedto transform B. subtilis for the resistance to the appropriateantibiotic. This

forced homologousreciprocal recombination to replace the wild type genes by the
disrupted ones. The validity of the various constructions was confirmed by Southern
Blotting experiments using as probe genes lipA, estB, Cm and Km.Figure 2 showsthe
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pLIP1 insert - 3.3 kb

Ncol

EcoRI EcoRI

0.75 kb  >

Figure 1. Determination of the gene lipA by means of multiple
insertions of Tn5 in plasmid pLIP1.

Strain NK5830 of E. coli with no amber suppressor was transformed

with pLIP1, and infected at high multiplicity with phage lambda 1467::Tn5

(KmP), Km, TcR colonies were bulk harvested, their plasmid DNA was
extracted and used to transform strain BJ5183 for kanamycin and
tetracyclin resistance. The resulting clones were screened on plates for the
absenceoflipase activity, indicating that the transposon had integrated
into the lipA gene. Taking benefit of new restriction sites introduced in
the plasmid by the transposon, 62 insertions were mapped (black
triangles). The position of a unique Ncolsite within the genelipA is
indicated.

phenotype of wild type and disrupted mutants of B. subtilis on triolein/rhodamine G

plates. It can be seen that the disruption of gene estB does not abolish fluorescence

whereas that of gene lipA does. In addition, the disruption of both genes leads to a

negative phenotype on Spirit Blue Agar (not shown). A comparison of the intensity of

fluorescence (see spots b, c and e, figure 2) suggests that the product of gene estB could

contribute to the extracellular cleavage of triolein. This preliminary observation has

not yet been documented.

Taking advantage of the resistance markers inserted in the lipA and estB genes,

their chromosomallocation was investigated by means of phage PBS1 transduction,

using a doubly disrupted strain as donor and the ninestrains kit of Dedonder(7) as

recipient. The selection was for the antibiotic resistance while linkage was seeked for

by restoration of prototrophy of the well mapped auxotrophiesin the recipientstrains.

LipA was found to mapat a new locusat about 22° on the map (2). The gene estB was

foundto lie at about 306°. This locus can be the sameof that of an esterase described

previously (8). However, these authors detected this enzymeasan intracellular one

whereasthe gene product of our gene estB mustbe atleast partially secreted into the

extracellular medium.
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Figure 2. Rhodamine fluorescence of wild type and disrupted mutants
of Bacillus subtilis.

The medium wasprepared according to Kouker and Jaeger (6). After 48
h incubation at 37°C the plate wasirradiated with a long-wave UV lamp
and photographed with a polaroid MP4 camera.

a, wild-type containing a derivative of plasmid pUB110 with gene lipA;
b, estB::Cm;c, wild-type; d, lipA::Km, estB::Cm; e, co-culture of f and b;f,
lipA::Km.

The B. subtilis 168 strains in which both lipase A and esterase B have been

inactivated exhibitlittle - if any - fatty acid ester cleavage activity on extracellular

substrates. This property is already exploited by Gist Brocades to evaluate potential

applicationsof exotic lipases produced by genetically engeneeredB.subtilis strains.

2.4. Towards an optimal expression of gene lipA

Ouraim is to produce enough pure enzymeso thatit can be cristallized, X-rayed

and that the three dimension structure deduced would allow bysite-directed

mutagenesis to improve our basic knowledge on the mechanism ofcatalysis by

lipases. We are currently working on several aspects of possible improvementof the

extracellular yield of the lipase A of B. subtilis. Actions have been undertaken in our
laboratory towards this goal, which will be briefly reviewed here.

2.4.1. Sequencing of the gene lipA.

Sequencing of the gene lipA has been undertaken. We do not have yet a

completed sequence. A strong ribosome binding site (AG=-19kcal) was found 5
nucleotides upstream (5') of an ATG.. If the sequenceis in the correct reading frame
and codesfor the lipA enzyme,little can be done to improvethe level of gene
translation. When the sequence is completed, the transcription, initiation and
termination signals might be improved.
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2.4.2. Culture conditions

In a publication by Kennedy and Lennarz (9), it was documented that a component

present in the Difco yeast extract stimulated the yield of extracellular lipase of B.

subtilis. In our hands, increasing the w/v of Difco Bacto yeast extract from 1% to 4%

resulted in a five fold increase of extracellular lipase. This enhancing effect was

apparently lipase-specific since the assay of extracellular o-amylase and proteases on

the same culture supernatants did not yield an enhanced activity comparedto that in

the standard medium.

Besides, it was observed that the addition of a fatty acid (capric acid) in the

medium stimulated by a factor of nearly four the extracellular lipA activity. The

stimulation activity by other fatty acids has not yet been investigated.

2.4.3. Genetic background

Wehaveconstructed, by genetical crosses, several strains of B. subtilis that

cumulated properties favouring the production and the harvest of the secreted

enzymes from the growth medium. Especially useful were strains lacking the major

extracellular protease activities and those with the mutation sacUh32, that determines

an enhanced production of extracellular enzymes. Results, however, did not show so

far a significant increase oflipase in the culture supernatants.

3. CONCLUSION

The aim of this project is to contribute to a better understanding on howthis

peculiar class of enzymes- lipases - work.

Wehaveat handa lipase gene- not yet fully characterized - which belongs to

Bacillus subtilis, one of the best studied microorganisms. GenelipA of B. subtilis is not

likely to provide an enzymefor industrial application. Yet we can hopethatits study

will contribute to provide useful basic informations on the mecanism oflipase

activity. What is needed is to produce and purify the enzyme in such an amountthat

the biophysicists have a chanceto cristallize and X-ray it. We are trying to meet that

goal with the B. subtilis lipA gene product. The accumulation of different ways to

improve the yield of the enzyme(see section 2) will certainly not be arithmetic. But

we hopefor the best.
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