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T h e  Act ion  of Staphylococcus a - T o x i n  on Cell  Cultures:  An  I n t e r f e r e n c e - C o n t r a s t  M i c r o s c o p e  S tudy  

Staphylococcus a - tox in  (a -haemolys in)  is ac t ive  aga ins t  
a g rea t  v a r i e t y  of cu l tu res  of t i ssues  and  cells in  v i t ro  1-4.  

e - tox in  r ap id ly  causes  v a c u o l a r  degenera t ion ,  cy top l a smic  
c o a r c t a t i o n  and  d e a t h  of t he  cells in  va r i ab l e  l eng th  of 
t ime ,  depend ing  on  t h e  cell s t r a i n  Used 3. 

The  hypo thes i s  has  been  p u t  fo rward  t h a t  a - tox in  ac ts  
b y  a l t e r ing  t he  p e r m e a b i l i t y  of t he  cell m e m b r a n e  5. 
Actua l ly ,  t he  t o x i n  causes  t h e  lysis of lysosomes isola ted 
f rom r a b b i t  leukoeytes ,  a n d  induces  t h e  release of be ta -  
g lycuron idase  a n d  acid p h o s p h a t a s e  f rom r a b b i t  l iver  
lysosomes in vitroS. Moreover ,  i t  h a s  been  d e m o n s t r a t e d  
t h a t  t he  t ox in  in te r reac t s ,  b y  m e a n s  of a c o m p o u n d  differ-  
en t  f rom the  t o x i n  itself, w i t h  r a b b i t  e r y t h r o c y t e  m e m -  
b r a n e s  and  also w i t h  ar t i f ic ia l  m e m b r a n e s  :. 

On t he  o t h e r  hand ,  f rom t h e  b iochemica l  v iewpoin t ,  i t  
h a s  r ecen t l y  been  d e m o n s t r a t e d  t h a t  a - tox in  causes  a 
r a p i d  fal l  of i n t r ace l lu l a r  levels  of A T P  in cells cu l tu red  
in vitroS. Such  a decrease  is p r o b a b l y  due to t h e  uncou-  
p l ing  of ox ida t i ve  p h o s p h o r y l a t i o n  a n d  to a m a r k e d  
s t i m u l a t i o n  of Mg++-dependen t  A T P - a s e  a c t i v i t y  i nduced  
b y  t he  t o x i n  ~. The  d a m a g e  of t he  cell m e m b r a n e s  b y  
Staphylococcus e - tox in  ha s  been  d e m o n s t r a t e d  in experi-  
m e n t a l  models  or in i so la ted  sub-ce l lu la r  par t ic les  t h a t  
r ep re sen t  a n  e x p e r i m e n t a l  s u b s t r a t e  d i f fe ren t  f rom t h e  
whole  cell 6, 7 

The  i n t e r f e r ence -con t r a s t  microscope  is an  ex tens ion  of 
d i f fe ren t i a l  in te r fe rence  microscope  10 yie lding a t  t he  same  
t i m e  a good resolut ion,  a good c o n t r a s t  and  a l lowing t h e  
o b s e r v a t i o n  of t he  cell surface.  

I t  the re fore  a p p e a r e d  of i n t e r e s t  to  s t u d y  t he  cell 
surface  modi f i ca t ions  i nduced  b y  a - tox in  in cell cu l tu res  
us ing  an  i n t e r f e r ence -con t r a s t  microscope  in  order  to  
o b t a i n  f u r t h e r  i n f o r m a t i o n s  a b o u t  t he  m e c h a n i s m  of 
ac t ion  of t he  t ox in  itself.  

Materials and methods. Cell cul tures .  H E p - 2  cells (from 
h u m a n  l a ryngea l  ca rc inoma,  suppl ied  b y  A.T.C.C. n,  were 
cu l tu red  a t  37~ in Eagle  m e d i u m  (Difco) s u p p l e m e n t e d  
w i t h  10% i n a c t i v a t e d  calf  serum,  in Le igh ton  t u b e s  
c o n t a i n i n g  a coversl ip.  This  cell s t r a i n  is h igh ly  suscept ib le  
to  t h e  ac t ion  of a - tox in  12. 

Staphylococcus a- toxin .  Crude Staphylococcus e - tox in  
(k indly  suppl ied  b y  Prof.  A. DE BARBIERI, I s t i t u t o  Siero- 
t e rap ico  Milanese,  Milan,  I t a ly )  o b t a i n e d  f rom W o o d  46 
s t r a i n  of Staphylococcus aureus a n d  c o n t a i n i n g  1700 

.MHD/m113 was used. Th i s  t o x i n  was e x h a u s t i v e l y  dyal ized,  
before  use, aga ins t  H a n k s '  B S S  to  o b t a i n  t he  concen t r a -  

t ion  of 85 M H D / m l .  I n  p rev ious  e x p e r i m e n t s  car r ied  o u t  
b y  one of us, t h i s  t o x i n ' s  c o n c e n t r a t i o n  induced  a cyto-  
p a t h i c  effect  a n d  a m a r k e d  decrease  Of A T P  cell levels 
w i th in  120 ra in  of c o n t a c t  w i t h  cell cu l tu res  s. 

An t i s e rum.  Specific horse  a n t i s e r u m  (Bur roughs  Well -  
come) c o n t a i n i n g  150 IU/m114 was used. 

Experiments. The  n u t r i e n t  m e d i u m  was e l imina t ed  f rom 
t h e  L e i g h t o n  t u b e s  a n d  t h e  cell cu l tu res  were washed  
twice  w i t h  H a n k s '  B S S  a t  37~ T h e  m e d i u m  was t h e n  
s u b s t i t u t e d  w i t h  1 ml  of Staphylococcus ,c-toxin a t  t h e  
p rev ious ly  i nd i ca t ed  concen t r a t i on .  The  cell cu l tu res  were 
therefore  p laced  aga in  a t  37~ Af te r  30 rain,  1 h, 3h a n d  
6 h of i n c u b a t i o n  t h e  covers l ips  were e x t r a c t e d  f rom t h e  
L e i g h t o n  tubes ,  washed  twice  w i t h  H a n k s '  BSS,  f ixed in 
g l u t a r a l d e h y d e  a n d  s t a ined  as r epo r t ed  eleswhere 15. T h e  
spec imens  were t h e n  obse rved  a n d  p h o t o g r a p h e d  w i t h  a 
Lei tz  O r t h o p l a n  i n t e r f e r ence -con t r a s t  microscope.  As 
control ,  in  some cell cu l tu res  t h e  n u t r i e n t  m e d i u m  was 
s u b s t i t u t e d  b y  p la in  H a n k ' s  B S S  or b y  a - tox in  mixed  to  
a n e u t r a l i z i n g  a m o u n t  of specific an t i s e rum.  

Results. T h e  con t ro l  cell cul tures ,  u n d e r  t h e  in te r ference-  
c o n t r a s t  microscope,  s h o w  a typ ica l  appearence .  T h e  
nuc lea r  m e m b r a n e s ,  t h e  nucleol i  an d  t h e  ch ro mo s o mes  of 
t h e  d iv id ing  cells are easi ly obse rvab le  (Figure  1). I n  cell 
cu l tu res  sub jec t ed  to t h e  ac t ion  of Stapylococcus a- toxin ,  
a f te r  30 ra in  of i ncuba t ion ,  some changes  can  a l r eady  be  
de tec ted .  These  cons is t  of t h e  a p p e a r a n c e  of sma l l  
depressions,  of t h e  shape  of c ra te r s  an d  of va r i ab l e  n u mb er ,  
t h a t  a p p e a r  on  the  cal l  surface  a n d  t h a t  b e c o m e  more  
severe a f t e r  1 h of i n c u b a t i o n  (Figure 2). Af te r  3 h of 
i n c u b a t i o n  m a n y  cells show a n  a l m o s t  comple te  b reak -  
d o w n  of t h e  m e m b r a n e  an d  in m a n y  cases in te r -ce l lu la r  
co n t ac t  is l ack ing  (Figure 3). Th i s  cell damage ,  b o t h  in t h e  
in i t ia l  s tages  a n d  a f t e r  3 h of co n t ac t  w i t h  a lpha - tox in ,  
is n o t  c o m m o n  to all cells of t h e  same cul ture ,  s ince a l m o s t  
n o r m a l  cells, n e x t  to  o t h e r  ser iously  d a m a g e d  cells, can  
be  observed .  Af te r  6 h of i ncuba t ion ,  all  t h e  cells undergo  
a comple t e  lysis. T h e  cell cu l tu res  t r e a t e d  w i t h  p la in  
H a n k s '  B S S  or w i t h  t o x i n - a n t i t o x i n  m i x t u r e  h a v e  a lways  
d i sp layed  a n o r m a l  appearence .  

Discussion. T h e  f ind ings  r epo r t ed  in t h e  p r e s en t  p a p e r  
show ear ly  morpho log ica l  modi f i ca t ions  of t h e  surface of 
t h e  cells sub jec t ed  to  t h e  ac t ion  of Staphylococcus a- toxin .  
These  a l t e r a t i ons  m i g h t  be  due  e i the r  to  a d i rec t  ac t ion  of 
t h e  t o x i n  on  t h e  cell m e m b r a n e ,  as h a p p e n s  w i t h  m e m -  
b r a n e s  of t h e  lysosomes in vi t ro ,  e i the r  to  a l t e r a t i on  of t h e  

Fig. 1. Normal HEp-2 cell culture. A giant, multinucleated cell. The 
nuclear membrena (NM), the nucleoli (n) and some mitoch0ndria are 
visible. • 1000. 
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Fig. 2. HEp-2 ceil culture after 60 min of contact with Staphylo- 
coccus a-toxin. The initial breakdown of cell membrane (CM) and 
numerous small depressions on the cell surface (arrows) are visible. 
NM = Nuclear membrane; C = chromatin. • 1000. 

Fig. 3. HEp-2 cell culture after 180 min of contact with Staphylo- 
coccus a-toxin. A remarkable breakdown of cell membrane (CM) is 
present. The nuclear membrane (NM) and the nucleoli are barely 
visible. • 1000. 

energet ic  metabo l i sm,  w i th  a drop  in the  in t racel lular  
levels of ATP.  This  would  call a t t e n t i o n  to  w h a t  t akes  
place in hemoly t i c  anaemia  associated wi th  a congeni ta l  
defect  of g lucose-6-phospha te -dehydrogenase  ac t iv i ty ,  in 
Which the  fragi l i ty  of e ry th rocy t e  m e m b r a n e s  is caused, 
in par t ,  by  a decrease of t he  cellular con ten t  in A T P  16. 
The changes  of the  m o r p h o l o g y  of  the  cell m e m b r a n e  
descr ibed  in the  p resen t  pape r  take  place wi th  t he  same 
concen t r a t ion  of t ox in  and  wi th in  the  same t imes  of 
incuba t ion  which  cause the  rap id  decrease of in t racel lular  
levels of ATPS. On the  o ther  hand,  the  a l te ra t ions  of t he  
m e m b r a n e s  appear  in s tages no tab ly  d i f fe rent  in d i f ferent  
cells of t he  same culture.  This  behav iour  m a y  be due to  the  
sensi t ive  b iochemica l  differences t h a t  Call be checked 
among  cellular popula t ions  lv-19. The d i f ferent  s tages of 
appearence  of the  a l te ra t ions  of the  cell m e m b r a n e s  in- 
duced by  a- toxin  in cells of the  same cul ture  could, there-  
fore, make  us believe t h a t  such a l te ra t ions  are caused by  
a lesion of the  energet ic  me tabo l i sm ra the r  t h a n  due 
to  a d i rect  ac t ion of t he  a- toxin  on the  m e m b r a n e s  
themselves .  

Riassunto.  Gli Autor i  h a n n o  preso in esame, med i an t e  il 
microscopio a con t ras to  di  fase interferenziale,  le modif i -  

cazioni della superficie c e l h l a r e  i ndo t t e  dal la  toss ina  
alfa-staf i lococcica in col ture di c e l h l e  HEp-2 .  La  toss ina  
causa  r a p i d a m e n t e  collasso della m e m b r a n a ,  seguito da 
r o t t u r a  della m e m b r a n a  stessa. Vengono  discussi  i rap-  
por t i  fra ques t i  a spe t t i  morfologici  e le lesioni b iochimiche 
indo t t e  dal la  tossina.  
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N u c l e o l a r  U l t r a s t r u c t u r e  in the  Q u i e s c e n t  E m b r y o n i c  Cells  of  the  D r y  Seed  of A l l i u m  cepa L. 

Cont inu i ty  of the  nucleolus dur ing  the  cell cycle is 
ma in t a ined  by  the  nucleolar  organizing region of the  
chromosomes .  The recen t  clarif icat ion of the  nucleolar  
chromat in ,  as t he  nucleolar  organizer  and  the  r ibosomal  
c is t ron 1, 3, has  indeed  emphas ized  the  impor t ance  of the  
n u c l e o h s  ill t he  area of p r o t e i n  synthesis .  Nucleolar  
ac t iv i ty  and  its u l t r a s t ruc tu ra l  morpho logy  m a y  va ry  to  
a grea t  e x t e n t  depend ing  on the  phys io logy and  specializa- 
t ion  of cells 3. Such changes  also occur due to  act ions  of 
var ious  exogenous ly  admin i s t e red  inh ib i tors  4 or pro-  
mote r s  5 of macromolecu la r  synthesis .  E v e n  a t  t he  opt ical  
microscope level, ref lect ions of physiological  even ts  on the  
nucleolar  morpho logy  are easi ly de tec ted  ~, 7. 

Our r ecen t  in te res t  in quiescence s, ~ has led us to  look 
a t  t he  nucleoli  of the  quiescent  root  mer i s t em of A l l i u m  

cepa L. bulb  as well as the  embryon ic  cells of i ts  d ry  seeds. 
Di f fe ren t ia t ion  observed  in the  nucleolar  morpho logy  are 
repor ted  in th is  note.  
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