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Abstract.  The  ex t race l lu la r  l ipase  of  Staphylococcus warneri was sec re t ed  as a p ro t e in  with an 
a p p a r e n t  mo lecu l a r  mass  of  90 kDa.  I t  was then  sequent ia l ly  p rocessed  in the  s u p e r n a t a n t  to a 
p r o t e i n  of  45 kDa.  Trypt ic  d iges t ion  of  the  c rude  ext rac t  r e su l t ed  in a h o m o g e n e o u s  sample  
con ta in ing  only the  45-kDa  form. Pur i f ica t ion was achieved by hyd rophob ic  ch roma tog raphy .  
Pur i f ied  l ipase  had  an o p t i m u m  p H  of  9.0 and an o p t i m u m  t e m p e r a t u r e  of  25~ The  enzyme was 
s table  wi th in  the  range  p H  5.0-9.0;  it had  a b r o a d  subs t r a t e  specificity. The  resul ts  of  inhibi t ion  
s tudies  were  cons is ten t  wi th  the  view tha t  l ipases  possess  a se r ine  r e s idue  at  the  ca ta ly t ic  site. 

S taphy lococca l  ex t race l lu la r  l ipases  have b e e n  s tud-  
ied  with  a t t en t ion  d i r ec t ed  to pa thogen ic  s t ra ins  
(Staphylococcus aureus, Staphylococcus epidermidis) 
to es tabl i sh  the i r  ro le  in infect ions  [4, 6, 14, 17, 20, 
22]. T h e  n o n p a t h o g e n i c  spec ies  have b e e n  s tud ied  
much  less, and  only the  l ipase  of  Staphylococcus 
hyicus has b e e n  well  cha rac t e r i zed  [5, 7, 24, 25]. F o r  
the  s taphylococc i  i so la ted  f rom m e a t  p roduc ts ,  few 
da t a  a re  avai lable  on the i r  l ipases  desp i t e  the i r  
pa r t i c i pa t i on  in f lavor d e v e l o p m e n t  th rough  the i r  
l ipolyt ic  p roper t i e s .  Staphylococcus warneri, found  in 
F r e n c h  dry sausages  [12], hydrolyzes  po rk  fat  at  15~ 
22~ and  at  p H  6.0 [21]. W h e n  inocu la t ed  in sausage,  
S. warneri inc reases  the  f ree  fat ty  acid  level [13]; 
however ,  in a complex  m e d i u m  such as sausage,  it is 
difficult to c lear ly  es tabl ish  its role  in l ipolysis for two 
reasons .  Firs t ,  l ipolysis resul ts  f rom bo th  e n d o g e n o u s  
and  mic rob ia l  l ipases ,  and  second,  the  f ree  fat ty  acids  
a re  fu r the r  m e t a b o l i z e d  to o t h e r  p roduc ts :  a lcohols ,  
ke tones ,  and  a ldehydes  [1]. T h e  enzyme of  S. warneri 
was pur i f ied  and  cha rac t e r i z ed  to eva lua te  its funda-  
men ta l  role.  

Materials  and Methods  

Growth and production of lipase. Staphylococcus warneri (863) was 
grown in 1 L of PYS medium [11] in a 2-L flask. The medium was 
continuously shaken (150 rpm) and incubated at 30~ Samples 
were taken after 2, 4, 6, 8, 10, 24, and 48 h of growth and 
centrifuged at 104g for 15 rain at 4~ In addition, an aliquot of the 
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supernatant after 48 h of growth was sterilized by filtration and 
incubated for 24 h at 4~ or 24~ All the supernatants were kept 
frozen at -20~ before analysis. 

Bacterial growth was assessed spectrophotometrically at 600 
nm. Proteolytic activity was determined on azocasein [19]. Lipase 
activity was assayed on triolein with a turbidimetric method as 
described later. 

Purification of lipasc. The supernatant obtained after 16 h of 
growth was used for purification. Ammonium sulfate was added to 
the supernatant to 50% saturation, and the precipitate was 
collected by centrifugation for 30 rain at 104g. After dialysis in 20 
mM Tris-HC1 buffer at pH 8.0, the precipitate was furlLher centri- 
fuged at 105g, 4~ for 1 h. 

To purify the 90-kDa lipase, we chromatographed the precipi- 
tate on DEAE-Sepharose (Pharmacia) in 20 ms Tris-HCl buffer at 
pH 8.0. Proteins were eluted with a linear NaCI gradient (0-0.2 M) 
in 10-column volumes. Lipase active fraction was chromatographed 
on phenyl-Sepharose (Pharmacia) with a linear ethylene glycol 
gradient from 40% to 90% (vol/vol) in 10-column voluEtes. Finally, 
the sample was dialyzed and concentrated in an Amicon mem- 
brane CF 25. 

To purify the 45-kDa protein, we incubated the precipitate 
with 0.1 txg of trypsin/mg of protein as described by Vant Oort et al. 
[24], and the sample was chromatographed on phenyl-Sepharose 
(Pharmacia) as described above. 

Lipase assays. Lipase activity was measured with a pH-Stat 
method. The substrate dispersion was prepared in distilled water 
and contained triolein 5 ms, arabic gum 5% (wt/vol), sodium 
deoxycholate 2 mM, and sodium chloride 50 mM. Released oleic 
acid was titrated continuously with 0.1 M NaOH. When triglycer- 
ides (C4-C18) were used instead of triolein, emulsions were 
prepared as described above but at 45~ One enzyme unit (U) is 
defined as 1 ixmol of acid released/min. Specific activities are 
expressed as U/rag of protein. The protein concentration was 
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determined by the method of Bradford [2] with bovine serum 
albumin as standard. 

Lipase activity was also measured at 334 nm and 25~ by a 
turbidimetric method as described previously [3], except that 
colipase was omitted and the pH was 8.0. Results are expressed in 
arbitrary unit OD/min/mg. 

SDS-gel electrophoresis and zymography. SDS-PAGE was per- 
formed with 10% (wt/vol) gels as described by Laemmli [10]. The 
proteins of the supernatants were precipitated with five volumes of 
cold acetone and solubilized in the sample buffer. The molecular 
mass standards (BioRad) were trypsin inhibitor (21.5 kDa), car- 
bonic anhydrase (31 kDa), ovalbumin (45 kDa), serum albumin 
(66.2 kDa), and phosphorylase B (97 kDa). Proteins were stained 
with Coomassie brilliant blue G250 or with silver by use of a stain 
kit (Amersham). 

For tributyrin zymography, unstained SDS-polyacrylamide 
gel was washed for 30 min in 2.5% Triton X-t00 to remove SDS. 
The gel was laid on a 1.3% agar gel prepared in 20 mM Tris HC1 
buffer, pH 8.0, containing 0.4% of tributyrin. Lipase activity was 
visualized by a zone of clearing after 2-3 h at 25~ 

Determination of the isoeleetric point. Two-dimensional electropho- 
resis was carried out according to the method of O'Farrell [15]. 
Isoelectric focusing was performed with 5% carrier ampholytes 
(LKB) ampholines (2 parts pH 5-7, 3 parts pH 3-10). The second 
dimension was a standard SDS-PAGE performed according to 
Laemmli [10]. The zymography was performed as described above. 

Acylglycerol specificity. The enzyme was incubated with triolein, 
diolein, monoolein as test substrates at a final concentration of 10 
mM. The reaction mixture was as described for the pH-Stat 
method. Sequential dilutions of the substrates were done to 
determine Vm and Km values. 

Influence of pH and temperatures. Lipase activity was measured at 
different pH values (5.0-10.0) at 25~ and at various temperatures 
(15~176 at pH 9.0 with triolein as substrate by titration with a 
pH-Stat method. 

To investigate lipase stability, the enzyme was preincubated 
at different pHs and temperatures, and the residual activity 
assayed by the turbidimetric method at pH 8.0 and 25~ 

Effect of ions and inhibitors. Lipase was preincubated during 1 h at 
30~ in 20 mM Tris-HC1 buffer, pH 8.0, with various ions or 
inhibitors. Residual activity was assayed by the turbidimetric 
method at pH 8.0 and 25~ but without CaCI2 in the reaction 
mixture. 
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Fig. 1. Growth of Staphylococcus warneri in PYS medium and lipase 
production. �9 O.D. 600; �9 lipase activity. 

Results 

T i m e  c o u r s e  o f  g r o w t h  a n d  l i p a s e .  T h e  k ine t ics  of  

l ipase  p r o d u c t i o n  p a r a l l e l e d  those  of  growth,  r each-  
ing  a m a x i m u m  af ter  10 h (Fig.  1). N o  p ro teo ly t i c  

act ivi ty was  d e t e c t e d  o n  azocase in  s u b s t r a t e  ( da t a  n o t  
shown) .  

T h e  p r o d u c t i o n  o f  ex t r ace l l u l a r  p r o t e i n s  was  
fo l lowed  by  S D S - P A G E  (Fig. 2). W e  o b s e r v e d  a n  
e v o l u t i o n  of  t he  p r o t e i n  p a t t e r n  wi th  t ime .  U p  to 24 h 

of  g rowth ,  t he  p r i m a r y  c o n t r i b u t o r  to the  l ipase  
act ivi ty was  a 9 0 - k D a  f o r m  o n  the  bas is  o f  zymo-  
g raph ic  e v i d e n c e  (Fig.  2A,B,  l anes  1, 2, 3, 4). Th i s  
p r o t e i n  was c lear ly  d o m i n a n t ,  a n d  its c o n c e n t r a t i o n  

Fig. 2. SDS-PAGE of the culture supernatants of the experiment 
shown in Fig. 1. (A) Protein stained with silver. (B) Lipase activity 
detected with tributyrin. Lane 1, supernatant after 6 h growth, T6h; 
lane 2, T8h; lane 3, Tl0h; lane 4, T24h; lane 5, T4sh; lanes 6 and 7, 
supernatant at r48h, incubated 24 h at 4~ or at 24~ respectively. 

i n c r e a s e d  a f te r  6 h of  growth.  A f t e r  48 h, however ,  t he  
m a i n  t r i b u t y r i n - d e g r a d i n g  act ivi ty c o r r e s p o n d e d  to a 
m o l e c u l a r  mass  of  a p p r o x i m a t e l y  45 k D a  (Fig. 2B, 
l anes  5, 6, 7). T h e  act ivi ty of  t he  9 0 - k D a  l ipase  was  
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also detected in the supernatant after 48 h of growth 
(lane 5) and after 24 h incubation at 4~ (lane 6), but 
not at 24~ (lane 7). Examination of secreted proteins 
in silver-stained gel showed a decrease of the 90-kDa 
protein band in the supernatants after 48 h of growth 
(Fig. 2A, lanes 5, 6, 7). In these samples, proteins 
between 90 kDa and 45 kDa were present. A diffuse 
and broad activity between the 90 and the 45 kDa was 
consistently present after 8 h of growth (Fig. 2B). 

Purification of the lipase. The 90-kDa lipase protein 
was dominant in the ammonium sulfate precipitate of 
the 16-h supernatant (Fig. 3, lane 2), although some 
activity was also detected for the low-molecular- 
weight lipase (data not shown). A partial purification 
of the 90-kDa protein was obtained after DEAE 
chromatography (Fig. 3, lane 4). However, during 
hydrophobic chromatography on phenyl-Sepharose, 
only the 45 kDa was eluted (Fig. 3, lane 5). We also 
tried to purify the 90-kDa lipase by Mono Q chroma- 
tography followed by gel filtration. Again only the 
low-molecular-weight lipase was detected (data not 
shown). To produce a homogeneous lipase compris- 
ing only the low molecular weight, the ammonium 
sulfate precipitate was digested by trypsin (Fig. 3, 
lane 7). The 45-kDa lipase was finally purified by 
hydrophobic chromatography (lane 8). The purifica- 
tion is summarized in Table 1. 

Isoelectric point. After the bidimensional electropho- 
resis, three protein bands with a molecular weight of 
45 kDa were detected. Each was active on tributyrin 
gel. The isoelectric points were at pH 6.8, 7.1, and 7.4. 

Effect of pH and temperature. The S. warneri lipase 
(45 kDa) had a basic pH optimum (Fig. 4). Between 
pH 5.0 and 6.0, the activity was around 1% of the 
maximum activity at pH 9.0. The lipase was stable 
within the range pH 5.0-10.0 (Fig. 4). 

The enzyme was very active between 20 ~ and 
40~ with an optimal temperature of approximately 
25~ (Fig. 5). Heating at 70~ for 30 rain totally 
inactivated the enzyme. 

Effect of different ions and inhibitors. The activity 
was strongly inhibited by cobalt and zinc, whereas 
calcium and manganese enhanced it (Fig. 6, A). 

The activity was not affected by thiol-binding 
reagents such as PCMB, E64, nor by the aspartic 
proteinase inhibitor (pepstatin A) (Fig. 6, B). The 
chelating agent 1-10 phenanthroline did not inhibit 
the activity, but EDTA did. Activity was completely 
inhibited by the serine protease inhibitors: 3-4 DCI 
and pefabloc. With PMSF, also a serine protease 
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Fig. 3. SDS-PAGE of molecular weight markers (lane 1); 16-h 
supernatant (lane 2); ammonium sulfate precipitate (~anes 3, 6); 
DEAE eluate (lane 4); phenyl Sepharose eluate (lanes 5, 8); 
products of proteolysis of ammonium sulfate precipitate (lane 7). 
Proteins were stained with Coomassie blue. 

inhibitor, residual activity was around 70% after 1 h 
incubation, and 40% after 2 h incubation (data not 
shown). 

Activity on various triglycerides. Staphylococcus warn- 
er/lipase hydrolyzed a wide range of substrates from 
C4 to C18:1 (Fig. 7). The maximum activity was 
recorded with medium chain length fatty acids: C8, 
C10, and C12. 

Acylglycerol specificity. The lipase had high catalytic 
activity against triolein and diolein emulsions with 
similar Vm values (Table 2). Monoolein micelles with 
bile salt were hydrolyzed at a lower rate. Km values 
were similar for the three oleins. 

D i s c u s s i o n  

The production of extracellular lipase by Staphylococ- 
cus warneri is correlated with growth. As described for 
S. aureus, S. hyicus, and S. epiclermidis [4, 16, 24], the 
lipase of S. warneri is secreted in the supernatant as a 
prolipase with an apparent molecular weight of 90 
kDa. This prolipase is processed in the supernatant, 
producing a mature 45-kDa lipase. Lipases produced 
by other staphylococcal species have similar molecu- 
lar masses (43-46 kDa). The prolipase and the 
intermediate forms have full lipolytic activity. Rollof 
and Normark [16] showed that a metallocysteine 
protease is probably responsible for this processing. 
Farrell et al. [4] measured a proteinase activity in the 
supernatant of S. epidermidis. By contrast, no azoca- 
sein proteolytic activity was found in the supernatant 
of S. warneri, so it is not known whether the conver- 
sion to 45 kDa was caused by a protease undetected 
in our assay condition or by an autolytic activity of the 
lipase. 
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Table 1. Flow sheet for purification of Staphylococcus warnen extracellular lipase 
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Total protein Specific activity Total act ivi ty R e c o v e r y  Purification 
Purification step (mg) (U/mg) (U) (%) (fold) 

Culture supernatant 295 81 23940 100 1 
Ammonium sulfate precipitate 20.2 707 14260 59.7 87 
Proteolytic digestion products 14.2 800 11360 47.7 99 
Phenyl Sepharose 0.95 1860 1770 7.4 229 
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Fig. 4. Effect of pH on the activity and stability of S, wameri lipase. 
I Activity was measured at different pH values and 25~ with the 
pH-Stat method. (~ Activity was measured after preincubation of 
lipase solution at different pH values during 1 h at 4~ The assay 
method was turbidimetric at pH 8.0 and 25~ Data are expressed 
as percentage of original activity at pH 8.0, 25~ 
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Fig. 5. Effect of temperature on the activity and stability of S. 
warneri lipase. | Activity was measured at pH 9.0 and at various 
temperatures with the pH-Stat method. O Activity was measured 
after preincubation of lipase solution at various temperatures for 
30 min. The assay method was turbidimetric at pH 8.0 and 25~ 
Data are expressed as percentage of original activity at pH 8.0, 
25~ 
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Fig. 6. Effect of some ions (A) and inhibitors (B) on lipase activity. 
The enzyme was incubated in 20 mM Tris-HC1 buffer, pH 8.0, 
containing various ions or inhibitors for 1 h at 30~ Activity was 
then determined with the turbidimetric method at pH 8.0, 25~ 
CaCI2 was excluded from the reaction mixture. The final concentra- 
tion of the ions was 2 mM. The final concentration of the inhibitors 
was as follows: phenylmethanesulfonyl fluoride (PMSF), 10 mM; 
3,4-dichloroisocoumarin (34 DCI), 1 mM; Pefabloc, 10 mM; 
L-trans-epoxysuccinyl-leucylamide-(4-guanidino)-butane, N-[N-(L- 
3-transcarboxyirane-2-carbonyl)-L-leucyl]- agmatine (E64) 0.01 raM; 
para-chloromercuribenzoate (PCMB), 0.01 mM; pepstatin A, 0.001 
mM; ethylenediamine tetraacetic acid (EDTA), 10 mM; 1,10- 
phenanthroline (Phe) 1 mM. 

To purify the lipase of S. warneri, we harvested 

the cul ture  supe rna t an t  after 16 h of growth, at which 
t ime a large p ropor t ion  of the enzyme was in the 
90-kDa form. However,  we could not  purify this 
prol ipase because  of its conversion to the 45-kDa 
form dur ing  purification.  The  same results were 
observed for S. epidermidis, S. aureus, and  S. hyicus 
lipases [4, 16, 24]. To produce  a homogeneous  sample 

of the ma tu re  lipase, V a n  Oor t  et al. [24] per formed a 
tryptic digestion. The  same t r ea tmen t  of crude S. 
warneri l ipase also yielded one active pro te in  of 

molecular  mass 45 kDa. This ma tu re  enzyme was 
purif ied by hydrophobic  ch romatography  as de- 
scribed for o ther  strains of S. aureus [8, 9, 22]. 

The  45-kDa lipase of S. warneri has neut ra l  
isoelectric points  and in this respect differs from the 
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Fig. 7. Substrate specificity of the lipase from S. 
warned. Activity was measured with ~Ihe pH- 
Stat method at 45~ pH 9.0. C4:0 tributyrin; C6:0 
tricaproin; C8:0 tricaprylin; C10:0 tricaprin; C12:0 
trilaurin; C14:0 trimyristin; C1o:0 tripalmitin; Caa:0 
tristearin; C~s:l triolein. 

Table 2. Vm~ and K,,, values for S. warneri lipase with triolein, 
diolein, and monoolein as substrate. V,n~ and Km values were 
calculated from double-reciprocal plots 

Vm~ (U/mg) K,, (retool/L) 

Triolein 1960 1.6 
Diolein 1920 1.8 
Monoolein 658 1.5 

acidic (pH 4.1) or alkaline (pH 9.6, 9.9) isoelectric 
points of some strains of S. aureus [9, 14]. 

Like most lipases, S. warneri has an alkaline pH 
optimum. Its activity is weak between pH 5.0 and 6.0, 
the normal pH range of sausages. However, during 
sausage manufacturing the incubation of enzyme and 
substrate occurs over at least 1 month, so the lipolysis 
by S. warneri will be significant. Indeed, when S. 
warneri was grown in fatty tissue at pH 6.0 for 1 
month, lipolysis was observed [21]. 

Staphylococcus warneri lipase has a low optimum 
temperature (25~ compared with the other lipases 
of staphylococci. The fact that the lipase of S. warneri 
is very active at relatively low temperatures (15 ~ 
25~ explains the participation of this strain in the 
lipolysis during sausage ripening [13]. S. warneri 
lipase was inactivated after heating at 70~ for 30 
rain; but it must be stressed that heating at 100~ for 3 
rain in a buffer containing SDS and 2-mercaptoetha- 
nol did not completely inactivate the enzyme. Heat 
resistance has also been noticed for S. aureus, S. 
hyicus, and S. epidermidis lipases [4, 16, 24]. 

Staphylococcus warneri lipase, typical of extracel- 
lular staphylococcal lipases, is characterized by its 
ability to hydrolyze a wide range of substrates. It 
hydrolyzes triglycerides esterified with short-chain 
and long-chain fatty acids, but it preferentially de- 
grades tricaprin (C10). For S. aureus, trilaurin (C12) 

was the preferential substrate [14]. The lipase of S. 
warneri hydrolyzed triolein and diolein emulsions at 
the same rate, but monoolein micelles at a lower rate. 
This difference could, however, be due to tlhe differ- 
ent forms of substrate, emulsified or micellar [18]. 

In contrast to S. hyicus [24] and S. aureus lipases 
[23], S. warneri lipase was not dependent on calcium 
for its enzymatic activity. However, this cation, and 
also manganese, stimulated lipase activity as for some 
strains of S. aureus [14, 17, 22]. The zinc inactivated 
the lipase of S. warneri and S. aureus L1 [22]. The 
mechanism of these ion-specific effects remains to be 
determined, but Van Oort et al. [24] suggest that they 
modify the lipase structure rather than act specifically 
at the catalytic center of the protein. 

The active centers of mammalian and microbial 
lipases consist of the triad, Ser-His-Asp [7]. All these 
catalytic centers have an active serine. This was also 
demonstrated for S. aureus, S. epidermidis, and S. 
hyicus lipases [18, 4, 7]. This was also true for S. 
warneri lipase, because two serine-active reagents led 
to a complete loss of activity, while a third, PMSF, 
also reduced activity. 

In conclusion, the results obtained on 5'. warneri 
lipase compare well with those of other staphylococ- 
cal lipases. The main difference lies in its high activity 
between 15~ and 25~ This property and the 
stability and activity of the enzyme at low pH show 
that S. warneri does participate in lipolysis in sausage. 
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