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U l t r a c e n t r i f u g a t i o n  of Yeas t  Cells  in a Grad ient  

The combined techniques  of densi ty  gradient  ul t ra-  
centr i fugat ion and the  pho topolymer iza t ion  of aeryl- 
amide can be used to separate  and immobi l ize  the  
molecular  components  of cells t ~. 

Heterogenous  in tac t  cells can Mso be separated f rom 
each other  in this w a y  and isolated into homogenous  
bands.  This technique  utilizes the  physical  differences 
be tween  individual  cells in a synchronized or non- 
synchronized popula t ion  of l iv ing cells. 

Materials and methods. The  technique  consists of 
layering a suspension of in tac t  cells on a gradient  of 
combined sucrose and acry lamide  in a dim l ight  to 
ma in ta in  a l iquid phase.  After  u l t racentr i fugat ion,  the  
acrylamide  is polymerized by  a f luorescent  light,  thus  
immobi l iz ing the  bands of cells t ha t  have  been formed 
in a gel phase. The  bands  are then  scanned in a densito- 
meter  and recorded for compara t ive  studies and fu ture  
reference. 

The  organism used in this s tudy  were yeas t  ceils 
(Candida albieans No. 11651) obta ined  f rom the  Amer ican  
Type  Culture  Collection, grown in Sabouraus ' s  dextrose 
broth ,  then  equal ly  divided into ' s t a rved '  and 'non- 
s t a rved '  cultures.  The  ' s ta rved '  cells were  s tarved in 
sterile distilled wate r  for 16 days a t  10 ~ and the  'non- 
s ta rved '  cells were kep t  in nu t r i en t  b ro th  for 16 days at  
10 ~ Before use, the  cells were washed wi th  sterile dis- 
tilled water  and di luted so t h a t  1 ml  conta ined 1.5 • 105 
cells. 

The  gradient  of sucrose and acrylamide  was formed by 
di lut ing the  working solutions of 'A' ,  'C', and 'E', which 
are used in Canalco 4 disc electrophoresis,  wi th  different  
molar  concent ra t ions  of sucrose. Solut ion 'A '  consisted 
of 48.0% 1 N HC1, 36.3% Tris (2-amino-2-(hydrox- 
methyl ) - l ,3-propanediol ) ,  and 0.23% T E M E D  (tetra- 
methyle thylenediamine)  in distil led water ;  final p H  8.8. 
Solut ion 'C' consisted of 60% acrylamide  and 0.4% Bis 
acrylamide  (N,N' -methylenebisacry lamide)  and Solut ion 
' E '  consisted o f  4.0% riboflavin,  bo th  in distil led water .  
The ' IM'  solut ion contained 6.0 ml  I M  sucrose, 0.25 ml  
of solution 'A' ,  1.0 ml  of 'C', and 0.25 ml  of 'E ' .  The  
' l .5M' ,  "2.0M', and '2.5M' molar  solutions conta ined  
the  same vo lumes  of solutions 'A' ,  'C', 'E', and sucrose as 
in the  ' I M '  solut ion except  the  mola r i ty  of the  sucrose 
was increased to 1.5M, 2.0M, and 2 .5M respect ively.  
The  combined mixtures  of sucrose and acrylamide  were 
layered i n i ml  al iquots  in cellulose n i t ra te  tubes  (1.25 • 5 
cm), thus  forming a gradient  of 4 layers wi th  the  ' 2 . 5 M '  
solution a t  the  b o t t o m  and the  ' I . 0 M '  a t  the  top  of the  
centrifuge tube.  

A swinging bucke t  rotor,  Model SW50L, in a Spinco 
(Beckman) Model  L2-65B Ul t racent r i fuge  was used at  
1000 rpm for 45 mins. Pho topo lymer iza t ion  was induced 
by a f luorescent  l ight  in 30 rain and the  layered poly-  
merized bands of cells immobi l ized  in the  gel were 
scanned in a hor izontM posit ion in a Gelscan Au tomat i c  
Record ing  and In tegra t ing  Scanner, Model 39372. A 
modif ied carrier  t h a t  could accommoda te  bo th  the  tube  
and the  gel in the  dens i tometer  was constructed.  

Results and discussion. Figures 1, a and b, are photo-  
graphs of t he  tubes  conta in ing bands  formed by the  yeas t  
cells; F igure  l a  shows two separa te  and dis t inct  bands  
formed by  the  ' s t a rved '  cells and Figure  lb  shows only 
one band produced  by  the  'non-s ta rved '  yeas t  cells. The 
bands are recorded in Figure  2. The  yeas t  cells were still 
viable af ter  this t r ea tment .  

The  in tac t  gel can also be r emoved  from the  tube  and 
sliced for fur ther  s tudy  by  staining or culturing.  Stains 

of A c r y l a m i d e  Gel  and S u c r o s e  

can also be used to ident i fy  and intensify the  bands 
before scanning. 

This t echnique  can be used to separate  cells which 
differ from each o~her according to thei r  weight,  volume,  
density,  or ra te  of migra t ion  in a sucrose and acrylamide  

Fig. 1. (a) A cellulose nitrate tube containing photopolymerized 
acrylamide gel with 2 separate bands formed by the 'starved' yeast 
cells. (b) Same as (a), but containing one band formed by the 'non- 
starved' cells. 

Fig. 2. A recording made of the bands in l(a) and l(b). 
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dens i ty  g rad ien t .  I t  can  also be  used  as a d iagnos t i c  or 
i nves t i ga t i ve  tool  to  i nd i ca t e  v a r i a t i o n  in cell p a r a m e t e r s  
in  cl inical  or r e sea rch  mate r ia l .  Such  v a r i a t i o n s  would  be  
m e a n i n g f u l  in  s t u d y i n g  o v u l a t i n g  periods,  h o r m o n a l  in- 
ba lances ,  a n d / o r  t h e  b e g i n n i n g  of cancerous  cond i t ions  
in cl inical  m a t e r i a l  wh ich  c o n t a i n  b o t h  n o r m a l  a n d  ab-  
n o r m a l  ceils. I t  can  also be  used to phys i ca l ly  s epa ra t e  
g roups  of cells or  m ic roo rgan i sms  for c o n t i n u e d  s t u d y  a n d  
growth ,  t h e  m o n i t o r i n g  of cell cul tures ,  a n d  t he  s e p a r a t i o n  
of cell gene ra t i ons  in  s y n c h r o n o u s  cu l tu res  ~. 

Zusammen/assung. Dichtegef~l le -  U l t r a z e n t r i f u g a t i o n ,  
v e r b u n d e n  m i t  P h o t o p o l y m e r i s a t i o n  v o n  A k r y l a m i d ,  is t  
geeignet  u m  lebende,  u n v e r l e t z t e  Zel len unbewegl i ch  ill 
B/~nder zu t r e n n e n ,  insofern  sie sich p u n k t o  Gewicht ,  
Volumen,  D ich te  oder  Bewegl ichke i t  im  Dichtegef~tlle 
un te r sche iden .  Versch ieden  e rn / th r te  Hefeze l l en -Gruppen  
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C a l c i u m  Ion  B i n d i n g  to  B l o o d  Cell  Surfaces  

This  c o m m u n i c a t i o n  r epo r t s  t h e  u p t a k e  of ca lc ium ions 
b y  t h e  p e r i p h e r a l  reg ion  of t he  h u m a n  red  b lood cell 
(R]3C) a n d  p o l y m o r p h o n u c l e a r  l eucocy te  (PMN), before  
a n d  a f t e r  n e u r a m i n i d a s e  t r e a t m e n t ,  as s tud ied  b y  cell 
e lec t rophores is .  

Cell e lec t rophores i s  was  p e r f o r m e d  as descr ibed  pre-  
v ious ly  1. Solu t ions  c o n t a i n i n g  d i f fe ren t  molar i t i es  of 
ca lc ium a t  c o n s t a n t  osmolar i ty ,  ionic  s t r e n g t h  a n d  p H  
were p r e p a r e d  b y  d i lu t ion  of a 0.0483 M aqueous  ca lc ium 
chlor ide  so lu t ion  m a d e  0 . 1 4 5 M  w i t h  respec t  to  sucrose, 
w i t h  a 0 . 1 4 5 M  aqueous  sod ium chlor ide  solut ion.  P M N s  
were s e p a r a t e d  us ing  t he  m e t h o d  of CAm~UTHERS =. 
S e p a r a t e d  P M N s  were f ina l ly  w a s h e d  twice  w i t h  50 vol. 
of s t a n d a r d  sa l ine  a t  r oom t e m p e r a t u r e  (100 • g; 7 min) .  
N e u r a m i n i d a s e  t r e a t m e n t  of t he  e r y t h r o c y t e s  a n d  P M N s  
was car r ied  o u t  as descr ibed  b y  SEAMAN and  UHLE~- 
BRUCK 3. S u p e r n a t a n t  f luids f rom n e u r a m i n i d a s e  t r e a t e d  
cells a n d  cont ro l s  were  ana lyzed  for  sialic acid 4, ~. N o r m a l  
a n d  n e u r a m i n i d a s e  t r e a t e d  RBCs  a n d  P M N s  were 
w a s h e d  once in, a n d  r e - suspended  in, each  of t he  aqueous  
ca lc ium chlor ide  so lu t ions  a t  p H  7.2 ~ 0.2 a n d  e x a m i n e d  
b y  e lect rophores is .  

Us ing  STERN'S a d s o r p t i o n  mode l  6 in  wh ich  t he  adsorp-  
t i on  of ions  is a s s u m e d  to  be  essen t ia l ly  m o n o m o l e c u l a r  
on  to  wide ly  spaced  i m m o b i l e  n o n - i n t e r a c t i n g  si tes i t  can  
be  deduced  

2e Na 
t h a t  Aaca = 2enca = __ (I) 

1+ exp ( -  AGc~/k T) ' 

ZCa 

where  Aaca is t he  decrease  in e lec t rok ine t ic  charge  den-  
s i ty  of t he  cell in  a so lu t ion  of C g-ions pe r  l i te r  of ca lc ium 
ions, Xca mole  f r ac t ion  of ca lc ium ions where  ZCa = C/55.6, 
nca n u m b e r  of ca lc ium ions adso rbed  pe r  cm 2, e t he  
e lec t ronic  charge,  N a t h e  n u m b e r  of s i tes  ava i l ab le  for  
a d s o r p t i o n  ( n u m b e r  of an ionogen ic  groups  pe r  cm2), 

AGca e lec t rochemica l  free ene rgy  of a d s o r p t i o n  of ca lc ium 
ions, k t h e  B o l t z m a n n  c o n s t a n t  a n d  T t he  abso lu te  
t e m p e r a t u r e .  

Now le t  exp(AG/kr)/55.6 = K 

2eN~CK 
t h e n  Aaca = I + CK " (II) 

a s t a n d a r d  form for a L a n g m u i r  a d s o r p t i o n  i s o t h e r m ,  or 
in  l inear  form, 

1 1 1 1 
+ (1ii) 

daca  2eN a C 2eN aK 

If  ca lc ium ion b i n d i n g  proceeds  accord ing  to th i s  mass  
ac t ion  mechan i sm,  then ,  t he  p lo t  of (1 /Aaca)versus  (1/C) 

will be  a s t r a i g h t  line. dY a a n d  AGca m a y  be  e v a l u a t e d  
f rom the  i n t e r c e p t  w i t h  t he  o r d i n a t e  and  t he  Mope 
respect ive ly .  

The  n u m b e r  of anionic  si tes pe r  squa re  c e n t i m e t e r  of cell 
surface  was ca lcu la ted  f rom t h e  e lec t rophore t i c  mobi l i t i es  
b y  use of t he  G o u y  e q u a t i o n  for u n i - v a l e n t  e lec t ro ly tes  
and  c o n v e r t e d  to a n u m b e r  of si tes pe r  cell a s suming  a n  
a rea  of 1.63 • 10 .6 cm ~ for the  R B C  a n d  2.84 • 10 -6 Cln ~ for 
t he  PMNs  ~. The  F igure  shows t he  p lo t s  of (1/Aaca) versus  
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Calcium ion binding plots for normal (O--O) (Slope 0.185 x 10 -4, 
intercept 2 .1•  0.4 • 10 -4) and neuraminidase treated ( O ~ )  
(Slope 0.276 • 10 -4, intercept 9.5 4- 2.8 • 10 -4) erythroeytes and 
also normal (ZX---&) (Slope 0.173 • 10 ~, intercept 2 .71  1.2 • 10 -4) 
and neuraminidase treated (l, . . . .  A) (Slope 0.261 • 10 -4, intercept 
9.9 ~: 2.2 • 10 -4) polymorphonuelear leucocytes. Symbols represent 
experimental points. 


