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P R O  L A B O R A T O R I O  

S a m p l i n g  of V irus  P a r t i c l e s  

and M a c r o m o l e c u l e s  S e d i m e n t e d  in an  

E q u i l i b r i u m  D e n s i t y  G r a d i e n t  I 

S e p a r a t i o n  of large  molecules  o n  t h e  bas i s  of d i f ferences  
in  d e n s i t y  h a s  been  accompl i shed  b y  h i g h - s p e e d  cen t r i -  
fuga t ion  in CsC1 e q u i l i b r i u m  d e n s i t y  g r a d i e n t s  *. Th i s  
p rocedure ,  o r ig ina l ly  deve loped  for  a n a l y t i c a l  purposes ,  
was  s u b s e q u e n t l y  app l i ed  to  p r e p a r a t i v e  f r a c t i o n a t i o n  of 
whole  v i ab l e  p h a g e  pa r t i c l e s  s a n d  i so la t ed  D N A  p r e p a r a -  
t ions .  F o r  t h e  l a t t e r  pu rpose ,  mode l  L of t h e  r e f r ige ra t ed  
Spinco  cent r i fuge ,  e q u i p p e d  w i t h  t h e  S W - 3 9 L  swinging-  
b u c k e t  r o t o r  a n d  t e m p e r a t u r e  sens ing  dev ice  PS003 ,  was  
employed .  T h e  pos i t i on  of  t h e  p h a g e  o r  D N A  layers  (c, d), 
fo rmed  a t  t h e i r  n e u t r a l  b u o y a n c y  levels,  was  d e t e r m i n e d  
b y  p u n c h i n g  a sma l l  hole  in  t he  b o t t o m  of t h e  s i l iconized 
cen t r i fuge  t u b e  a n d  col lec t ing  t h e  e f f l uen t  d rop l e t s  in-  
d i v i d u a l l y  in a la rge  series  of s m a l l  t e s t  t u b e s  p e n d i n g  
a s say  of t h e i r  c o n t e n t .  N e i t h e r  t h i s  f r ac t ionco l l ec t ing  
o p e r a t i o n  n o r  o t h e r s  r ev i ewed  b y  DEDuvE el al. 4 were  
found  t o  be  e n t i r e l y  s a t i s f a c t o r y  un t i l  t h e  s imple  i n s t r u -  
m e n t  dep i c t ed  in  t h e  F igu re  was  devised.  T h e  ope ra t ion ,  
as s h o w n  in t he  Figure ,  invo lves  co l lec t ing  t h e  e f f luen t  
samples  t h r o u g h  a needle ,  w h i c h  p e n e t r a t e s  t h e  cen t r i fuge  
t u b e  f rom below,  in  such  a m a n n e r  t h a t  (1) s t r a t i f i c a t i o n  
of t h e  l ayers  is n o t  d i s t u r b e d ;  (2) t h e  t i p  of t h e  need le  
b a r e l y  p e n e t r a t e s  t he  t ube ,  a v o i d i n g  f o r m a t i o n  of a ' d e a d '  
v o l u m e  of l iqu id  a t  t h e  b o t t o m ;  a n d  (3) a seal  is fo rmed  
a r o u n d  t h e  need le  a t  t h e  p o i n t  of i t s  i n t r o d u c t i o n .  T h e  
l a t t e r  r e q u i r e m e n t  was  sa t i s f ied  b y  c o m p r e s s i n g  t h e  t u b e  
b e t w e e n  two  b locks  of wood or  m e t a l  (A a n d  B),  w h i c h  
s tep,  whi le  f o rming  a t i g h t  seal  b e t w e e n  t he  b o t t o m  of t he  
cen t r i fuge  t u b e  7 a n d  t h e  s o f t - r u b b e r  s t o p p e r  2, caused  
t h e  emergence  of t he  t ip  of t h e  needle  3 f rom t h e  s t o p p e r  2 
i n to  t h e  centrifuge tube .  The  b lock  B was so des igned  
t h a t  t he  whole  p ie rc ing  o p e r a t i o n  could  be  ca re fu l ly  ob-  
se rved .  T h e  r a t e  of d r i p  d e p e n d e d  o n  t h e  a i r  p ressu re  in  
t h e  t u b e  1, w h i c h  in  t u r n  was  r e g u l a t e d  b y  m a n i p u l a t i n g  
t h e  di f ference b e t w e e n  t h e  w a t e r  levels  in  t h e  two  vessels  
c o n n e c t e d  to  t h e  t u b i n g  4. F o r  m o s t  D N A  cen t r i fuga t ions ,  
L u s t e r o i d  or  p o l y p r o p y l e n e  t u b e s  I (5 m l ;  Spinco  No. 5050 
or  3682), c o n t a i n i n g  3 m l  of CsC1 s so lu t ion  b o v e r l a y e r e d  
w i t h  1-5 ml  of pa r a f i n  oil a to  p r e v e n t  col lapse of t he  tube ,  
were used.  W i t h  t h e  p r o p e r  a d a p t o r  (Spinco No. 5527), 
0 .8-ml t u b e s  (Spinco  No.  5528) c a n  be  employed .  T h e  
v o l u m e  of e a c h  drop,  us ing  a s i l i con- t r ea t ed  need le  (N. Y. 
B o a r d  of H e a l t h  needle  19 G, No. 496 NR,  Bec ton ,  
D ick inson  & Co., R u t h e r f o r d ,  N. J.), was  a p p r o x i m a t e l y  
0.01 mL The  d rops  were  co l lec ted  in 40 to  120 v ia l s  5 
(9 × 30 m m ,  1 /4 -d ram shel l  vials)  w h i c h  were  a r r a n g e d  
ser ia l ly  in  a long s u p p o r t i n g  b lock  s l id ing  on  a t r a c k  u n d e r  
t h e  needle  3. The  v ia ls  were  sealed a t  once  w i t h  a s t r i p  
of a d h e s i v e  t ape .  F o r  idea l  s e p a r a t i o n  of t h e  f r ac t ions  
c e n t r i f u g a t i o n  a n d  al l  o p e r a t i o n s  were  p e r f o r m e d  a t  0°C, 
u s ing  ice-water -cooled  b lock  B,  a n d  t h e  ou t f low r a t e  
was  k e p t  be low 60 d rops /min .  H i g h e r  flow r a t e s  caused  
d i spe r s ion  of t h e  d i s t r i b u t i o n  peaks .  W i t h  t h i s  a r r ange -  
m e n t ,  s a m p l i n g  a n d  ana lys i s  of t he  e f f luen t  c a n  be  e i t h e r  
d i s c o n t i n u o u s  or  continuous.  I n f o r m a t i o n  m a y  be ob-  
t a i n e d  c o n c e r n i n g  t he  CsC1 d e n s i t y  g r a d i e n t  ( re f rac t ive  
i n d e x  m e a s u r e m e n t s )  a n d  a b o u t  t h e  d i s t r i b u t i o n  of severa l  
h i g h  m o l e c u l a r  w e i g h t  ma te r i a l s ,  i nc lud ing  v iab le  p h a g e  
par t i c les  3 (p laque  assay)  a n d  D N A  (u l t r av io le t  l i gh t  ab -  
s o r p t i o n  a n d / o r  r a d i o a c t i v i t y  d e t e r m i n a t i o n ) .  
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Rdsumd 

L a  d i s t r i b u t i o n  de  compos6s  macromol6cu la i res ,  s t r a t i -  
fi6s d a n s  u n  g r a d i e n t  de  dens i t6  de CsC1 6 tab l i  p a r  u n e  
u l t r a c e n t r i f u g a t i o n  prolong6e,  es t  d6 te rmin6e  q u a n t i t a -  
t i v e m e n t  p a r  le r ecoupage  d u  e o n t e n u  du  t u b e .  U n e  c o u r t e  
aiguil le h y p o d e r m i q u e  es t  t o u t  s i m p l e m e n t  ins6r6e d a n s  
le fond  du  tube .  Le c o n t e n u  du  t u b e  s ' 6 p a n c h e  g o u t t e  
gou t te .  Les  f r ac t ions  de r ecoupage  p e u v e n t  ~tre  ensu i t e  
ana lys6es  u n e  ~ une.  
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s For DNA sedimentation, a saturated solution of CsC1 (0-4°C) in 

water or in 0-01 M tris (hydroxymethyl) aminomethane buffer (pH8) 
was prepared, and subsequently slightly diluted with water, to obtain 
a refractive index n D = 1"4120. A 2"5 ml quantity of this solution 
was mixed with 0.5 ml DNA dissolved in 1 M NaCI. After 72 h of 
centrffugation at 35000 r.p.m., the density gradient extended from 
1-65 to 1"85 g/cm 3. The CsC1 was purified by repeated recrystalliza- 
tion from boiling water after filtration of a hot solution through 
activated carbon, until the O. D. at 260 mpt became less than 0.05 
as measured against a water blank. 


