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Table 4. Comparison of the antipolio effects of dichloropyrimidines 

Pyrimidine in MNCTD** ID 95*** ID 95[MNCTD 
AFE* medium ([zg/ml) (btg/ml) 

2,4-Dichloropyrimidines 5 2.1 0.42 
4,6-Dichloropyrimidine 20 4.6 0.23 
6-Methyl-2,4-dichloro- 
pyrimidine 20 9.2 0.46 
2-Amino-4,6-dichloro- 
pyrimidine 150 31.5 0.21 

*Amino acid free Eagle's MEN. **Maximum non-cytotoxic dose. 
*** Minimum dose producing 95% inhibition on virus growth. 

5 R. Dulbecco and M. Vogt, J. exp. Med. 99, 167 (1954). 

Moreover,  as a l r eady  observed  for 2-amino-4,6-dichloro- 
pyr imidine ,  t he  an t iv i ra l  effect  of the  d ichloropyr imi-  
dines  is an tagonized ,  in amino-ac id- f ree-medium,  by  glu- 
t ami n e  and  cysteine,  bu t  no t  by  pyr imid ine  precursors  
of nucleic acids. In  comple te  media,  conta in ing  g lu tamine  
and  cys te ine  (or cystine) in the  amino  acid supp lement ,  
the  ant iv i ra l  ef fect  is p o t e n t i a t e d  b y  2 -mercap toe thano l  
( table 3). 
The l imited n u m b e r  of c o m p o u n d s  t e s t ed  so far does 
n o t  p e rmi t  any  conclusion on s t ruc tu re  ac t iv i ty  relat ion-  
ship  inside the  d ich loropyr imid ine  group. As shown in 
tab le  4, it  can  only  be said, a t  p resen t ,  t h a t  the  4,6 po-  
s i t ions of Chlorine a toms  in t he  pyr imid ine  r ing are to  
be prefer red  to  t he  2,4 (2,6) pos i t ions  in t h a t  t he  former  
enhance  the  t he r apeu t i c  index  of the  molecule. 

B a c t e r i o p h a g e  T4  m u t a n t s  w h i c h  p r o p a g a t e  on  E. coIi  KI2 but  not  on E. co l i  B 
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Summary.We have  isolated and  charac te r ized  2 m u t a n t s  of col iphage T4 wh ich  are able to  p ropaga te  on E. coli K12 
b u t  no t  on E. coli 13. We  have  ass igned the  m u t a t i o n s  to genes 8 and 53, b o t h  s t ruc tu ra l  genes. The p roduc t s  of genes 
8 and  53 are found  in the  basepla te .  

In  an effor t  to u n d e r s t a n d  the  bac ter ia l  funct ions  which  
are necessary  for p roper  phage  deve lopment ,  we have  
isola ted  and  charac te r ized  m a n y  bac ter ia l  m u t a n t s  unable  
to  p ropaga te  bac te r iophage  ;L We  have  found 2 classes of 
such m u t a n t s  which  block ;t D N A  repl icat ion ~, 3, ano the r  
2 classes which  block ;t R N A  t r ansc r ip t ion  4, s and a f i f th  
class which  affects  the  morphogenes i s  of several  phages  
including 4, T4 and  T5 e. In  t he  p re sen t  repor t ,  we have  
e x t e n d e d  our  s tudies  of hos t -phage  in te rac t ions  and  show 
t h a t  one can isolate  T4 m u t a n t s  which  d iscr iminate  be-  
tween  2 na tu ra l ly  occurr ing host-s, E.  coli K12 and  
E. coli B. 
Materials and methods. The E. coli B E s u p -  (called B) and  
E. coli K12 W3101 s u p -  (called K12) were the  bacter ia l  
hosts .  I n  order  to isolate T4 m u t a n t s  which  p ropaga te  on 
K12 b u t  no t  on B, a n i t rosoguan id ine  mutagen ized  s tock 
of bac te r iophage  T4rI  was absorbed  to K12 cells and  the  
infected cells p la t ed  on a mixed  bacter ia l  lawn of K12 
and  B. We  an t i c ipa ted  t h a t  de r iva t ives  of T4rI  which  
grow on K12 b u t  no t  on B would  fo rm small,  t u rb id  
p laques  on th is  mixed  bac te r ia l  lawn as opposed to the  

Table 1 

Phage e.o.p.* on e.o.t.** on Phage yield*** on 
B K12 B K12, B K12 

large, clear p laques  made  b y  the  p a r e n t  s t rain.  P la t ing  
eff iciency of t r ans fe r  and phage  yield were as previous ly  
descr ibed 2. C o m p l e m e n t a t i o n  t e s t s  were done in liquid by  
infect ing the  n0n-permiss ive  B s u p -  bac ter ia  w i th  5 phage  
of each t y p e  per  bac te r ium,  and  al lowing the  cul ture to  
lyse a t  37~ 
Results and discussion. 2 T4rI  der ivat ives ,  called No. 4 
and  No. 20, were  isolated as being able to p ropaga te  on 
K12 bac te r i a  b u t  n o t  on B bacter ia .  The f requency  of 
occurrence af ter  n i t rosoguanid ine  mutagenes i s  was ap-  
p r o x i m a t e l y  5 • 10-*. Table  1 shows t h a t  the  g rowth  of 
t he  2 m u t a n t s  is s l ight ly  depressed  on the  K12 host ,  b u t  
is severely inh ib i t ed  on B (regardless of w h e t h e r  t h e y  are 
s u p -  or sup+). 
P re l imina ry  expe r imen t s  showed t h a t  b o t h  T4 No. 4 or 
T4 No. 20 in fec ted  bac te r ia  lysed a f te r  20 min  of growth  
a t  37 ~ ind ica t ing  t h a t  t he  ear ly  even t s  of infect ion as 
well as cell lysis funct ions  occur normal ly  during, the  
abor t ive  infect ion,  and  t h a t  the  failure to  yield phage  
resul ts  f rom a b lock a t  the  level of phage  morphogenesis .  
Subsequen t ly  we t e s t ed  b y  spo t  co mp l emen t a t i o n  on 
B s u p -  T4 No. 4 and  T4 No. 20 aga ins t  a m b e r  mu ta t i ons  
in all T4 late  genes. We found t h a t  T4 No. 4 comple-  
m e n t e d  phage  m u t a n t s  in all genes excep t  gene 8 and t h a t  
T4 No. 20 did no t  c o m p l e m e n t  phage  m u t a n t s  in gene 53 
(table 2). F r o m  recombina t ion  d a t a  ob ta ined  on the  K12 
sup+ host ,  i t  appea r s  t h a t  t he  T4 No. 4 m u t a t i o n  is ve ry  

T4rI 1.0 1.0 1.0 1.0 65 95 
T4rI No. 4 2.0• 10 -6 1.0 0.4 1.0 1.1 29 
T4rI No. 20 3.0x 10 .6 1.0 0.3 1.0 1.2 27 

*e.o.p., the efficiency of plating, denotes the number of plaques pro- 
duced by a phage strain on a given bacterial host relative to the 
number on K12; **e.o.t., the efficiency of transmission, denotes the 
probability that an infected bacterial host will produce at least one 
viable phage progeny; ***phage yield denotes the average number 
of viable phage progeny released per infectious center. 
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Suisse de la Recherche Seientifique. 

2 C.P. Georgopoulos and I. Herskowitz, in: The Bacteriophage 
Lambda, p. 553. Ed. A. D. Hershey. Cold Spring H~rbor Lab- 
oratory New York 1971. 

3 C.P. Georgopoulos, Molec. gen. Genet. in press 1977. 
4 C.P. Georgopoulos, Proc. nat. Acad. Sci. USA 68, 2977 (1971). 
5 F. Keppel, C. P. Georgopoulos and H. Eisen, Biochimie 56, 1503 

(1974). 
6 C.P. Georgopoulos, R. W. Hendrix, S. R. Casjens and A. D. 

Kaiser, J. molec. Biol. 76, 45 (1973). 



1158 Specialia EXPERIENTIA 33/9 

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. 
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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 

13 L.D. Simon, Virology 38, 285 (1969). 
14 C.D. Yegian, M. Mueller, G. Selzer, V. Russo and F. Stahl, 
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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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