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m u s t  be  discussed in as m u c h  t he  measu red  vo lume  of the  
b i l i a ry  t ree  in  p h e n o b a r b i t a l - t r e a t e d  r a t s  r ep re sen t  t he  
t r u e  va lues  of t he  b i l i a ry  t ree.  Us ing  var ious  d y e - m a r k e r s  
(BSP,  rose bengal ,  i n d o c y a n i n  green) SlcoT et  al. 12, 
showed t h a t  t he  va lues  of t he  b i l i a ry  t ree  vo lume  m a y  
differ  to  some ex ten t .  T h u s  t h e y  are lower w i t h  B S P  t h a n  
w i t h  rose benga l  and  st i l l  lower w i t h  i n d o c y a n i n  green. 
Therefore  t he  m e a s u r e d  va lues  of t he  b i l i a ry  t ree  in  these  
e x p e r i m e n t s  are on ly  va luab l e  for B S P  as dye -marker .  
Bes ide  these  differences  in  b i l i a ry  t ree  v o l u m e  accord ing  
to d i f fe ren t  dye -marker s ,  t h e  b i l i a ry  t ree  v o l u m e  is also 
d e p e n d e n t  of t h e  bi le  f low and  t he  d y e - t r a n s i t  t i m e  
t h r o u g h  t he  hepa tocy te .  Thus  a n  increased  bile f low will 
r e su l t  in  a n  o v e r e s t i m a t i o n  of t h e  b i l i a ry  t ree  v o l u m e  
w h e n  t he  d y e - m a r k e r  t r a n s i t  t i m e  r em a i ns  unchanged ,  as 
is t he  case if t h e  choleresis  is increased  b y  sod ium dehy-  
d rocho la te  infusion.  I n  our  e x p e r i m e n t s  such  a n  over-  
e s t i m a t i o n  m a y  h a v e  been  c o m p e n s a t e d  b y  a qu icker  

hepa t i c  t r a n s p o r t  of B S P  as a consequence  of a n  increase  
of Y - p r o t e i n  (REYES et  aI. 11). 

Zusammen/assung. N a c h  V o r b e h a n d l u n g  v o n  R a t t e n  
m i t  P h e n o b a r b i t a l  (60 mg/kg,  4 his  6 Tage lang) ze ig ten  
Gallef luss  u n d  Lebe rgewich t  eine s ign i f ikan te  Z u n a h m e .  
Die A b s o l u t w e r t e  des Ga l l engangsvo lumens  b l i eben  da-  
bei  unbee inf luss t ,  w/ ihrend  seine R e l a t i v w e r t e  s ign i f ikan t  
absanken .  
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The  Effect of L ipase  Act iv i ty  on  the  Fat  Content  of Staphylococcus aureus 

The  presence  of a l ipo ly t ic  e n z y m e  in Staphylococcus 
aureus was descr ibed  as ea r ly  as 19011 a n d  since t h e n  ha s  
d r a w n  the  a t t e n t i o n  of ' va r ious  i nves t iga to r s  2, ~. As po in t -  
ed ou t  b y  SMITH a n d  WILLET4~ n o r m a l  h u m a n  skin  ha s  
a n  a b u n d a n c e  of l ipophyl ic  bac te r ia ,  a m o n g  t h e m  staphy- 
lococcus aureus. These  b a c t e r i a  are able  to  spl i t  va r ious  
t r ig lycer ides ,  phospho l ip ids  a n d  Tween  (Po lyoxyso rb i t an -  
f a t t y  acid). FRITSCHE5 showed t h a t  f a t t y  acids f rom the  
m e d i a  are i nco rpo ra t ed  in to  t h e  bac te r ia ,  t h e r e b y  ill- 
c reas ing  t h e i r  f a t  con ten t .  

Var ious  inves t iga to r s  6,7 found  a co r re l a t ion  be t ween  
t he  res i s t ance  of t h e  b a c t e r i a  to  an t ib io t i c s  and  i ts  fa t  
con ten t .  I n  order  to  c lar i fy  t he  role of t h e  l ipase on  t h e  
l ipoida l  ma te r i a l ,  2 s t r a ins  of Staphylococcus aureus, 
1 Tween  80 pos i t ive  a n d  t he  o t h e r  Tween  80 nega t ive ,  
were used. T h e y  were g rown on va r ious  media ,  a n d  t he  
q u a n t i t y  of l ipids  was compared .  

Materials and methods. Staphylococcus aureus 111 was 
i so la ted  f rom clinical  ma te r i a l .  The  bac t e r i a  d id  no t  
hyd ro lyze  Tween  80 (po lyox i so rb i t an  monolea te )  a n d  was 
des igna t ed  Tween  80 n e g a t i v e  (Tw). Th i s  s t r a i n  was 
s t r eaked  on  a S ier ra  aga r  p la t e  s c o n t a i n i n g  TweeI1 80, 
a n d  i n c u b a t e d  for 4 days  a t  37~ Fo l lowing  t h i s  incuba-  
t i on  per iod  l ipo!yt ic  a c t i v i t y  could be  de tec ted  b y  t i le  

Table I. Lipolytic activity of Staphylococcus aureus (111) on various 
substrates. 

Substrata Tween 80 Tween 80 
positive strain negative strain 

Glycerol tributyrate + + 
Glycerol trilaurate + + 
Glycerol trilnyrisitate + + 
Glycerol tripalmitate + d: 
Glycerol tristearate + -- 
Glycerol trioleate q- -- 
Glycerol trilinoleate + 
Twecn ~ 20(-monolaurate) + + 
Tween ~ 40(-monopalmitate) + :J: 
Tween~ 60 (monostearate) + 
Tween ~ 80 (monooleate) + 
Tween ~ 85 (trioleate) + 

Polyoxylethylene sorbitan. 

a p p e a r a n c e  of a p r ec ip i t a t e  of ca lc ium oleate  a r o u n d  some 
of t h e  colonies. F r o m  these  colonies t he  Tween  80 pos i t ive  
s t r a i n  was isolated.  The  two s t r a in s  were iden t i ca l  in  all  
of t he  b iochemica l  p roper t i e s  t e s t ed  w i t h  t h e  excep t ion  
of t he i r  l ipo ly t ic  ac t iv i ty .  

L ipo ly t i e  a c t i v i t y  on t r ig lycer ides  was de t ec t ed  us ing  
Sp i r i t  b lue  aga r  (DIFCO)4.  Tr ig lycer ides  (S igma Chem. 
Co, St. Louis,  Me.) were i nco rpo ra t ed  in to  th i s  s ter i le  
m e d i u m  a t  a c o n c e n t r a t i o n  of 1% as following. The  fa t  
was  emuls i f ied  in to  t h e  m e d i u m  b y  a n  u l t r a son ic  w a v e r  
(Branson  Sonif ier  mode l  5-125) and  p la t e  c o n t a i n i n g  t he  
emuls i f ied  f a t  m e d i a  were poured .  The  two s t r a in s  were 
s t r eaked  a n d  i n c u b a t e d  for  2 days  a t  37~ Lipolys is  was  
i nd i ca t ed  b y  a clear  zone in t h e  emuls ion  a r o u n d  t h e  
colonies. L ipo ly t i c  a c t i v i t y  aga ins t  Tween  as a s u b s t r a t a  
was  e x a m i n e d  on  Sierra  aga r  p la t e s  c o n t a i n i n g  va r ious  
Tweens.  Lipolysis  was i nd i ca t ed  b y  a h e a v y  p rec ip i t a t i on  
of ca lc ium f a t t y  acid sa l t  in  t he  v i c in i t y  of t h e  colonies  
a f t e r  2 days  of i n c u b a t i o n  a t  37~ 

The  cell l ip ids  were e x t r a c t e d  f rom b a c t e r i a  g rown ill 
t h e  va r ious  med ia  a t  37~ for 48 h in a New B r u n s w i c k  
cont ro l le r  e n v i r o n m e n t  shake r  (200 rpm) .  T h e y  were 
h a r v e s t e d  b y  cen t r i fuga t ion ,  washed  twice  w i t h  dis t i l led  
water ,  and  lyophi l ized.  The  l ipids  were e x t r a c t e d  w i t h  
ch lo roform m e t h a n o l  2:1 for 3 h 9. The  e x t r a c t  was  f i l tered 
us ing  a s in t e r ed  glass funne l  No. 4 a n d  t he  res idue 
r e e x t r a c t e d  again.  The  pooled f i l t r a t e s  were  dr ied  b y  
e v a p o r a t i n g  u n d e r  a s t r e a m  of N~ a n d  ill v a c u u m  over  
P205. The  d ry  l ip id  f r ac t ion  was expressed  as % of t h e  
t o t a l  d ry  we igh t  of t he  bac te r i a .  

Glycerol  o lea te  1-1'C or oleic acid 1-1~C (1Radiochemical 
Cente r  A m e r s h a m ,  E n g l a n d )  were  i n c o r p o r a t e d  in to  
Tween  20 and  added  to  n u t r i e n t  b r o t h  as i n d i c a t e d  in 
Tab le  I I I .  The  two  s t r a in s  of Staphylococcus aureus were 
g rown on t he  two m e d i a  for 48 h in a New B r u n s w i c k  
con t ro l l ed  e n v i r o n m e n t a l  i n c u b a t o r  s h a k e r  (200 rpm) .  
The  b a c t e r i a  were h a r v e s t e d  b y  cen t r i fuga t ion ,  w a s h e d  
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Table II. Lipids in ceils of Staphylococcus aureus after growth on various media 
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Medium of growth % of lipids calculated for the dry weight of the bacteria 

Tween 80 positive strain Tween 80 negative strain 

Nutrient broth 
Nutrient broth + 1% Tween 20 ~ 
Nutrient broth + 1% Tween 80 b 

5.88• 
14.28• 
13.164-0.70 

5.29 -- 1.1 
13.374-0.17 
8.37~2.50 

a Polyoxyethylene sorbitan monolaurate, b Polyoxyethylene sorbitan monooleate. 

Table III. Incorporation of Oleic acid 1-C 14 by Staphylococcus aureus grown on various media 

Nutrient broth supplied with Strain 
Tween 20 containing 

Radioactivity 
dpm/ml of medium 

Radioactivity 
(dpm/ml washed 
bacterial suspension) 

Radioactivity uptake 
by the bacteria (%) 

Glycerole trioleate 1-C 14 Tween positive 21485 

Tween negative 22908 
Oleic acid 1-C 14 Tween positive 29029 

Tween negative 30950 

2799 13 
199 0.8 

6876 23.6 
7057 22.8 

twice wi th  tris buffer  p H  7.5 and  r e suspended  to  original 
volume.  Fo r  de t e rmina t i on  of the  rad ioac t iv i ty ,  samples  
of 0.5 ml  of t he  washed  bac te r ia  were solubil ized by  
adding  0.5 ml  of a 3% solut ion of bu t ano l  and  t r ans fe red  
to sc int i l la t ion vials. As controls ,  0.5 ml  samples  of 
un inocula ted  media  were used. 10 ml  of a sc int i l la t ion 
mix tu re  (1 g 1.4 bis (5phenyl  Oxazolyl-2benzene,  500 g 
m e t h a n o l  and  100 e thy lene  glycol) were added  to  each 
and  the  r ad ioac t iv i ty  was de t e rmined  in a Packa rd  Tri 
Carb Scint i l la t ion Spec t ropho tome te r .  

Results. The l ipolyt ic  ac t iv i ty  of tile Tween  80 pos i t ive  
and Tween 80 nega t ive  s t ra ins  of Staphylococcus aureus 
were compa red  by  using 7 d i f fe rent  t r ig lycer ides  and  5 
d i f ferent  tweens  as subs t ra tes .  The resul ts  i l lus t ra ted  in 
Table I show t h a t  t he  enzyme  p roduced  by  the  Tween 80 
pos i t ive  s t ra in  hydro lyzed  all t i le subs t r a t e s  tes ted .  On 
the  o the r  hand ,  t he  Tween  80 nega t ive  s t ra in  was able to 
hydro lyze  only  the  subs t r a t e s  con ta in ing  shor te r  f a t t y  
acids up to  16 carbons.  There  were no differences in t he  
abi l i ty  of the  var ious  s t ra ins  to  spl i t  t he  f a t t y  acids, 
w h e t h e r  t hey  b o u n d  to glycerol  or to po lyoxysorb i t an .  In  
equal  smal l  a m o u n t s  of l ipids were found  when  the  two 
s t ra ins  were  grown on media  lacking l ipids (Table II).  

W h e n  the  s t ra ins  grew on the  same media  supp l emen ted  
wi th  Tween 20, which  is hydro lyzed  by  b o t h  s trains,  
there  was a s ignif icant  increase in t he  ex t r ac t ab l e  fa t  
w i t h o u t  differences be tween  the  two strains.  However ,  
when  t h e  media  was s u p p l e m e n t e d  wi th  Tween 80 which  
is hydro lyzed  only  by  the  Tween 80 pos i t ive  strain,  a 
s ignif icant  increase in the  fa t  ex t r ac t ed  f rom th is  bac te r ia  
was observed.  A low increase in t he  a m o u n t  of fa t  was 
found in t he  Tween 80 nega t ive  s t ra in  and  m a y  be con:  
t r i bu t ed  to  t he  c o n t a m i n a t i o n  of t he  Tween 80 wi th  free 
f a t t y  acids 10. 

There  were no s ignif icant  dif ferences  in the  incorpora-  
t ion  of oleic acid 1-C 14 in to  t he  two s t ra ins  of the  bac te r ia  
when  grown on media  conta in ing  th is  f a t t y  acid. How-  
ever, when  the  bac te r ia  were grown on a nledia  con ta in ing  
glycerol t r io lea te  1-C 1~ the re  was a p ro found  difference 
(of 1:20) in the  a m o u n t  of r ad ioac t iv i ty  measured  in t he  
two strains.  This  e x p e r i m e n t  suggested t h a t  once the  

f a t t y  acid was avai lable there  were no differences in 
up take  be tween  the  two strains.  

Discussion. Differences in the  abi l i ty  of various s t ra ins  
of the  same bac t e r ium to spl i t  var ious  Tweens  were shown 
by  GONZALESll in the  case of Hallobacterium. Our work  
wi th  Staphylococcus aureus shows t h a t  the  grea ter  abi l i ty  
of one strain,  Tween  80 posit ive,  to  hydro lyze  l ipids is 
re la ted  only  to  a small  n u m b e r  of lipids, while  o ther  ones 
conta in ing  shor t  and  med i u m (up to  16). chain f a t t y  
acids could be spl i t  by  b o t h  strains.  As to  the  possible 
physiological  role of t he  s taphylococcal  l ipase our  work  
shows t h a t  the  bac te r ia  ut i l ized the  free f a t t y  acids 
resul t ing  f rom the  enzyme  act ion for increasing the i r  fa t  
content .  Such a mechan i sm for increasing fat  co n t en t  of 
t he  bac te r ia  could con t r ibu te  to  h igher  res is tance  to  
de te r io ra t ing  agents  as was shown for phenol  and  ant i -  
biot ics 12. The use of labell ing compounds  suggests  t h a t  
there  are no differences in the  up take  of f a t t y  acids by  
the  two  s t ra ins  of Staphylococcus aureus. 

Rdsumd. Deux souches de Staphylococcus aureus, l 'un  
posi t i f  pour  Tween 80 et  l ' au t re  n6gatif  pour  Tween 80 
on t  la propri6t6 de d6composer  des subs t r a t e s  l ipidiques.  
Tous deux  p e u v e n t  lib6rer des es thers  d 'ac ides  gras conte-  
n a n t  16 a tomes  de carbofle (longs et  courts).  Apr~s Fact ion  
du Staphylococcus aureus posi t i f  pour  Tween 80, des 
es thers  c o n t e n a n t  des longs acides gras sont  aussi  lib6r6s. 
Dans  ces condit ions,  la quant i t6  to ta le  de l ipide bact6r ien 
dev ien t  plus 61ev6e. Ces deux  s t aphy loques  incorporen t  de 
la m~me mani~re les acides gras lib6r6s. 
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