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Table 2 

Phage Yield of phage Yield of Wt 
in com- " phage in 
plementation test** recombination test*** 

T4 No. 4 5 X 107 - 
T4 No. 20 6• 
T4 am H626" 4 • 10 e - 
T4 am H28" 2 • 106 - 
T4 No. 4+T4 am H626 4• 1.2 
T4No. 4+T4 amH28 5• 2.8 
T4 No. 4+T4 No. 20 3 • 109 3.4 
T4 No.20+T4 am H626 2 • 109 2.5 
T4 No.20+T4 am H28 7 • 107 0.005 
T4 am 
H626+T4 am H28 9 • 109 4.1 

*am H626 is located in gene 8; am H28 is located in gene 53; **the 
crosses were performed on the non-permissive strain B sup-. The 
progeny phage yield was assayed on the permissive strain K12 sup+; 
***the crosses were performed on the permissive strain K12 sup +. 
Total phage progeny was assayed or K12 sup+ and wild type recom- 
binant phage on B sup-. The value given is the percentage of wild 
type phage present in the burst. 

7 Y. Kikuchi and J. King, J. molec. Biol. 99, 645 (1975). 
8 T. Takano and T. Kakefuda, Nature New Biol. 239, 34 (1972). 
9 C .P .  Georgopoulos, R. W. Hendrix, A. D. Kaiser and W. B. 

Wood, Nature New Biol. 239, 38 (1972). 
10 A. Coppo, A. Manzi, J. F. Pulitzer and H. Takahashi, J. molee. 

Biol. 76, 61 (1973). 
11 J . F .  Pulitzer and M. Yanagida, Virology 45, 539 (1971). 
12 H .R .  Revel, R. Herrmann and R. J. Bishop, Virology 72, 255 

(1976). 

closely l inked  to  a m H 4 6 2  (0.005% recombina t ion )  a n d  
t h a t  t h e  T4  No. 20 m u t a t i o n  is v e r y  closely l inked to 
a m H 2 8  (0.005% r e c o m b i n a t i o n ) .  The  8 a n d  53 gene  pro-  
duc t s  of p h a g e  T4  are k n o w n  to be c o m p o n e n t s  of t h e  
ou te r  wedges  of t he  b a c t e r i o p h a g e  ba se p l a t e  s t ruc tu re~ .  
W e  h a v e  cons idered  2 t y p e s  of e x p l a n a t i o n  to a c c o u n t  for 
t he  ex i s t ence  of t he  T4  No. 4 a n d  T4  No. 20 m u t a t i o n s .  
The  f i r s t  t y p e  s u g g e s t s  t h a t  t he  s t r u c t u r a l  gene p r o d u c t s  
of genes 8 a n d  53, i n d u c e d  b y  T4  No. 4 a nd  T4 No. 20 
respec t ive ly ,  are d i f fe ren t  in t h e  2 hos t s .  Th i s  could  be 
due  to d i f ferences  in t h e  t r a n s l a t i o n a l  a p p a r a t u s  of K12  
a n d  B cells as, for e xa mp le ,  in t he  speci f ic i ty  of t he  
t R N A .  The  second  t y p e  of e x p l a n a t i o n  der ives  f r om pre-  
v ious  o b s e r v a t i o n s  of h o s t  i n v o l v e m e n t  in T4 p h a g e  
m o r p h o g e n e s i s  s-l~ a nd  in T4 ta i l  f ibre func t ion  11,1~. I t  
s ugge s t s  t h a t  t he  8 a n d  53 a l t e red  gene  p r o d u c t s  are able  
to i n t e r a c t  e f fec t ive ly  w i t h  a K12  h o s t  c o m p o n e n t  in-  
vo lved  in ba se p l a t e  a s s e mb ly ,  b u t  c a n n o t  do so w i t h  t he  
co r r e spond ing  B c o m p o n e n t .  T h e  e l egan t  e lec t ron micro-  
g r a p h s  of S imon  13, which  show  t h a t  T4 basep l a t e  f o r m a -  
t ion  t a k e s  p lace  a t  or ne a r  t he  bac te r i a l  m e m b r a n e ,  sup-  
po r t  s u c h  a n  e x p l a n a t i o n .  I t  is i n t e r e s t i ng  to no te  t h a t  
t he  T4  m u t a n t  HL626 ,  or ig ina l ly  t h o u g h t  to  be a n  a m b e r  
m u t a t i o n  in gene  60, h a s  been  s h o w n  14 to be a na logous  to 
T4 No. 4 a n d  T4  No. 20 in t h a t  i t  g rows on all K12 s t r a i n s  
t e s t e d  b u t  n o t  on all B s u p -  or B sup  + s t r a i n s  tes ted .  T h e  
gene 60 p r o d u c t  is t h o u g h t  to assoc ia te  w i t h  the  bac te r i a l  
m e m b r a n e  to  p r o m o t e  p rope r  p h a g e  D N A  rep l ica t ion  15 
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Heterogeneity of HeLa cell DNA as evidenced by CsC1 density gradient centrifugation 
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S u m m a r y .  H e L a  cell D N A  was  ana lyzed  t h r o u g h  CsCI d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  a n d  t h e r m a l  d e n a t u r a t i o n .  
N e u t r a l  c e n t r i f u g a t i o n  w i t h o u t  ionic t r e a t m e n t  a l lowed t h e  reso lu t ion  of a m a i n  p e a k  w i t h  d e n s i t y  1.699 g /ml  a n d  o f  3 
sa te l l i tes  D N A s  w i t h  dens i t i e s  1.683, 1.710 and  1.720. F i r s t  de r iva t i ve s  of m e l t i n g  c u rve s  showed  t he  presence  of 4 D N A  
famil ies ,  whose  G + C  c o n t e n t  ca lcu la ted  f rom Tm va lue s  co r re sponded  a l m o s t  e x a c t l y  to  t he  G + C  c o n t e n t  e xpe c t ed  
f rom th e  p r e v i o u s l y  dens i t ies .  T h e  e x t r a c t i o n  m e t h o d  seems  p a r t i c u l a r l y  su i t ab le  for  q u a n t i t a t i v e  s e pa ra t i on  of D N A  
classes.  

T he  ex i s t ence  of t h e  h e t e r o g e n e i t y  of h u m a n  D N A  w a s  
d e m o n s t r a t e d  b y  Corneo e t  al. 2-4, who  showed  t he  pres-  
ence of sa te l l i te  D N A s  a f t e r  f r a c t i ona t i on  in Ag+-Cs~SO4 
d e n s i t y  g rad ien t s .  I n  order  to  ob t a in  q u a n t i t a t i v e  y ie lds  
of all  h u m a n  D N A  c o m p o n e n t s ,  a m e t h o d  h a s  been  
deve loped  whose  app l i ca t i on  in p l a n t  D N A  e x t r a c t i o n  
h a s  showed  r e m a r k a b l e  r e su l t s  5, 0. Th i s  p a p e r  p r e s e n t s  t he  
r e su l t s  o b t a i n e d  in t he  reso lu t ion  a n d  f r a c t i o n a t i o n  of 
H e L a  D N A  c o m p o n e n t s  u s ing  n e u t r a l  CsC1 d e n s i t y  
g rad i en t s .  
Mater ia ls  and methods. D N A  was  o b t a i n e d  f rom whole  
cells s u s p e n d e d  in a so lu t ion  c o n t a i n i n g  5 �9 10 -2 1V[ Tr i s  
buffer ,  p H  7.8, 8 �9 10 -2 1V[ E D T A ,  4% Na-dodecy l sa rcos i -  
n a t e  a n d  lysed  b y  gen t le  s t i r r ing  for 1 h a t  r oom t e m p e r a -  
tu re .  NaC1 was  a d d e d  to  a 2 M f inal  c o n c e n t r a t i o n  a n d  
t h e  so lu t ion  was  s t i r red  for 1-2 h. Af t e r  d ia lys is  a t  4~ 
a g a i n s t  1 •  (0.15 !VI NaC1 and  0.015 M t r i s o d i u m  
ci t ra te) ,  R N a s e  (100 bg /ml  p r e h e a t e d  a t  90~ for 10 rain) 

a nd  ~ -a my la se  (150 [~g/ml) were a dde d  d i rec t ly  in t he  
d ia lys is  tube .  Af t e r  i n c u b a t i o n  a t  37~ for 1 h, p r o n a s e  
(500 vg /ml ,  self d iges ted  for 2 h a t  37 off~ was  a d d e d  a n d  
al lowed to  a c t  for 2 h a t  37~ The  so lu t ion  was  t h e n  
cen t r i fuged  a t  18,000 r p m  for 15 m i n  a t  4 ~ to t he  supe r -  
n a t a n t  CsC1 was  a dde d  to  a re f rac t ive  i nde x  of 1.4000. 
The  CsC1 so lu t ion  c o n t a i n i n g  t he  D N A  was  cen t r i fuged  
to  e qu i l i b r i um in a 30 ro to r  of a Spinco L 2-65 B u l t r a -  
cen t r i fuge  a t  20~ a n d  25,000 r p m  or in a 40 ro to r  a t  
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33,000 r p m  a l t e rna t i ve ly .  G r a d i e n t s  were f r a c t i o n a t e d  
u n d e r  c o n t i n u o u s  s cann ing  a t  257 n m  in a L K B  Uv i -  
cord  I I .  
F r a c t i o n s  c o n t a i n i n g  D N A  were ex tens ive ly  d ia lyzed  
a g a i n s t  I •  in  U l t r ah i i l s en  U H  100 m e m b r a n e s  
(Schleicher-Schi i l l )  a n d  f u r t h e r  cha rac te r i zed .  Ana ly t i ca l  
u l t r a c e n t r i f u g a t i o n  was pe r fo rmed  accord ing  to  Schild-  
k r a u t  e t  al. ~ in  a Spinco  E u l t r a c e n t r i f u g e  for 20 h a t  
44,770 r p m  a t  25~ T he  D N A  a m o u n t s  per  ana ly t i ca l  
cell  r a n g e d  f rom 3 to 5 ~g; D N A  f rom Baci l lus  subt i l i s  / 

Denaturation derived curve Analytical ultracentrifugation 
Peak No. T~, (~ Percent Density Percent RI%* 

(G+C) (g/ml) (G+C) 

I 82.5 31.18 1 .683-4  25.2 10 
I I  85.8 39.23 1.699 39.4 76 
I I I  90.8 51.42 1.710 51.02 12 
IV 95 61.67 1.720 61.22 2 

* Relative importance. 
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Fig.  1. P r e p a r a t i v e  (a) a n d  ana ly t i c a l  (b) CsC1 dens i t y  g rad ien t s  of 
whole HeLa cells DNA. 

p h a g e  Se ( b u o y a n t  dens i t y  1.742 g/ml)  was  a d d e d  as a 
s t a n d a r d .  U V  p h o t o g r a p h s  were  t a k e n  and  p h o t o p l a t e s  
e x a m i n e d  in a Joyce -Loeb l  r ecord ing  mic rodens i t ome te r .  
D N A  molecu la r  we igh t  was  d e t e r m i n e d  accord ing  to 
E i g n e r  a n d  DotyS. 
T h e r m a l  d e n a t u r a t i o n  was car r ied  o u t  in  a U N I C A M  
S P  800 s p e c t r o p h o t o m e t e r  equ ipped  w i t h  a S P  876 t e m -  
p e r a t u r e  con t ro l  p r o g r a m m e r .  T e m p e r a t u r e  increase  was  
0.5 ~ and  me l t i ng  curves  were recorded  d i rec t ly  b y  a 
Ph i l ips  X - Y  recorder  P M  8120. 
Results and discussion. The  e s t i m a t e  of t he  mo l .w t  of our  
D N A  samples  gives va lues  g r ea t e r  t h a n  107 da l tons .  
Curves  of D N A  d i s t r i b u t i o n  are g iven  in f igure  1. D N A  
sate l l i te  c o m p o n e n t s  w i t h  a b u o y a n t  dens i t y  of 1.683 a n d  
1.710 are  p r e s e n t  in  all  p r e p a r a t i o n s ,  whi le  t h e  h e a v y  
sa te l l i te  (~ 1.720) is no t  a lways  p resen t .  The  l i gh t  sa te l l i te  
c lear ly  a c c o u n t s  for more  t h a n  1% as p rev ious ly  r epo r t ed  3. 
I t  is w o r t h  n o t i n g  t h a t  i ts  a b s o r b a n c e  s p e c t r u m  is sh i f ted  
t o w a r d s  h i g h e r  w a v e l e n g t h s  w i t h  a m a x i m u m  a t  270 nm.  
Such  a p r o p e r t y  could be  t e n t a t i v e l y  a t t r i b u t e d  to t h e  
p resence  of complexes  w i t h  d i v a l e n t  ions ~. On t he  o the r  
h a n d ,  Corneo e t  al. ~ obse rved  t h a t  r epe t i t i ve  h u m a n  
sa te l l i te  D N A s  d i sp lay  pecul ia r  p roper t i e s  r e l a t ed  to ano-  
malous  b i n d i n g  w i t h  Ag+ and  Hg++ ions. More  r ecen t ly  
Sissoeff e t  al. 1~ m a d e  e v i d e n t  t he  presence  of d i v a l e n t  ions 
complexed  w i t h  sa te l l i te  D N A s  e x t r a c t e d  f rom severa l  
sources.  Th i s  h e t e r o g e n e i t y  of H e L a  cell D N A  was con-  
f i rmed  f rom d e n a t u r a t i o n  profi les  (figure 2). The  At  (or 
w i d t h  of t h e r m a l  t r ans i t i on )  is 7.55~ a n d  t i le  t h e r m a l  
d e n a t u r a t i o n  cu rve  is po lyphas ic .  F i r s t  de r iva t i ve s  of 
m e l t i n g  cu rves  show the  presence  of 4 m a j o r  D N A  families 
(solid arrows)  whereas  o the r  2 (dashed  arrows)  are n o t  
c lear ly  d i s t ingu i shab le .  
I n  order  to  e s t ab l i sh  a possible  cor re la t ion  be tween  t he  
D N A  d e n a t u r a t i o n  classes a n d  the  dens i t y  g r a d i e n t  com- 
ponen t s ,  we r e p o r t  in  the  t a b l e  t h e  G + C  p e r c e n t  calcu- 
l a ted  b o t h  f rom the  Tm of each  f ami ly  n a n d  f rom the  
b u o y a n t  dens i t ies  7. The  re l a t ive  i m p o r t a n c e  or pe rcen t  
of the  D N A  c o m p o n e n t s  were ca lcu la ted  b y  d e t e r m i n a t i o n  
of area  of t he  s epa ra t e  c o m p o n e n t s  f rom the  mic rodens i to -  
m e t e r  t r ac ing .  A clear  co r re spondence  was found  be tween  
d e r i v a t i v e  classes a n d  CsC1 g r a d i e n t  f rac t ions ,  w i th  t h e  
excep t ion  of f ami ly  1 : on  t he  o t h e r  h a n d ,  if t he  a s sump-  
t i on  of a ca t ion - l igh t  sa te l l i te  complex  is t rue ,  the  h i g h  
Tm va lue  could be  a t t r i b u t e d  to  a n  increased  t h e r m a l  
s t a b i l i t y  of t h e  complex.  
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Fig. 2. Thermal denaturation profile of HeLa cells DNA in 1 • SSC 
(--) and derivative melting curve ( - - - )  obtained by graphical dif- 
ferentiation using 1 degree intervals. 
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