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F o r m a t i o n  o f  p r o v i r u s e s  i n  a c u t e  i n f e c t i o n  i n  v i t r o  a n d  i n  v i v o  
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The D. I. Ivanovsky Institute o[ Virology, Gamaleya St. 76, Moscow 123098 (USSR), 29 September 1976 

Summary. F o r m a t i o n  of D N A  provi ruses  of R N A  viruses, Sendai  and  Newcast le  disease, was s tudied.  D N A  provi rus  
of N D V  was shown to  be formed in mouse  L-cells and  Sendai  D N A  provi rus  in Ehr l i ch  ascites ca rc inoma ceils wi th in  
2-3 days  pos t  infection.  

I t  has  been  shown in the  s t u d y  of chronic viral  infect ions 
caused by  R N A  viruses t h a t  the i r  genome is t r ansc r ibed  
in to  D N A  and  in t eg ra ted  wi th  D N A  of chronical ly  in- 
fected cells 1-~. Therefore  i t  was wor thwhi le  to reveal  how 
rap id ly  the  fo rma t ion  of D N A  provi ruses  occurs af ter  an 
R N A  virus was in t roduced  into t issue cultures.  This  pape r  
repor t s  the  resul ts  of such expe r imen t s  in v i t ro  and  in vivo.  
Materials and methods. The f irs t  series of expe r imen t s  was 
conduc ted  witt l  mouse  f ibroblas ts  (the L-cell line) in- 
fected wi th  the  non-cy t0pa th i c  Queens land s t ra in  of New- 
castle disease virus (NDV) a t  m.o.i,  of 10 PFU/ce l l .  The 
infected cul tures  were i ncuba ted  for var ious  periods,  t h e n  
D N A  was ex t r ac t ed  f rom the  cells and  t r e a t ed  for molec- 
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Fig. 1. Density banding of 8H-labeled NDV-RNA annealed with 
itself (A), DNA from non-infected (B) and NDV-infected L-cells, 
40 h post infection, after centrifugation in caesium sulfate density 
gradients at 35,000 rev/min for 70 h in a Ti 50 rotor of a Spinco 
L5-50 centrifuge. 

ular hybr id iza t ion .  The second series of expe r imen t s  was 
carr ied ou t  in mice wi th  Ehr l i ch  ascites carcinoma.  The 
t u m o u r  was imp lan ted  in to  the  per i tonea l  cav i ty  of 18-20 g 
mice, and  the  ascites t u m o u r  developed in 1 week. Sendai  
virus  was t h e n  inocula ted  i .p , ,  109 EID50  per  mouse,  t he  
animals  were sacrificed a t  var ious  intervals ,  t he  t u m o u r  
cells were removed,  D N A  was ex t r ac t ed  f rom t h e m  and  
p repa red  for molecular  hybr id iza t ion .  
D N A  was ex t r ac t ed  and  p repa red  for molecular  hybr id -  
izat ion ill t he  following way.  Cell suspensions in T N E  
buffer  (Tris HC1 0.01 M, p H  8.0; NaC1 0.1 M, E D T A  10-3 
M) were t r e a t ed  wi th  0.2% SDS for des t ruc t ion  of m e m -  
branes ,  t h e n  incuba ted  a t  37~ for 3-4 h wi th  p ronase  
(0.5 mg/ml ,  predigested)  for des t ruc t ion  of prote ins .  The  
nucleic acids were ex t r ac t ed  twice wi th  phenol ,  precipi-  

/rnt p i t a t ed  wi th  e thanol  and kep t  overn igh t  a t  -20~ The 
1.70 n e x t  day  D N A  was f r agmen ted  in a M S E  ul t rasonic  dis- 
1.60 in tegra tor ,  a t  the  max i ma l  ampl i tude ,  b y  4 15-sec-cycles 
1.50 wi th  the  30-sec-intervals,  R N A  admix tu re s  were r emo ved  
1.40 by  alkaline hydrolys is  (0.5 M NaOH,  37~ 16 h) and,  
1.50 af ter  neu t ra l iza t ion  w i t h  HC1, t he  D N A  was p rec ip i t a t ed  

wi th  e thanol .  D N A  p repa ra t i on  thus  obte ined had  the  
50 A~0:A~s 0 rat io 1.9, t h e y  sed imen ted  in tile area of 4-8 S 

and b a n d e d  a t  the  dens i ty  of 1.42-1.46 g/ml in caes ium 
30 

sulfate dens i ty  gradients .  
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Fig. 2. Density banding of all-labeled Sendal virus RNA annealed 
with DNA from non-infected Ehrlich ascites tumour cells (A) and 
from the virus-infected cells, 48 (B) and 72 (C) h post infection. Con- 
ditions of centrifugation are the same as in figure 1. 
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Fig. 3. Melting curves of the labeled NDV, RNA (about 2000 cpm 
per aliquot) annealed with DNA (about 4 mg/ml) from NDV-infected 
(1) and non-infected (2) L-cells. 
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The me thods  of p repa ra t ion  of t r i t ium-labe led  viral  R N A  
are descr ibed elsewhere2, 3. For  e l iminat ion  of possible 
in te rac t ion  of admix tu re s  of cell R N A  wi th  D N A  prepa-  
ra t ions  b o t h  viruses,  N D V  and  Sendai  virus, were grown 
in chick embryos ,  a cell sy s t em highly  he te rogenous  for 
mouse  I ibroblasts ,  P repa ra t ions  of Sendai  virus  R N A  
used in th is  work  were labeled wi th  aH uridine;  t h e y  h a d  
a specific ac t iv i ty  of 0.6-1.0 • 106 cpm/txg and af ter  equi-  
l ibr ium cent r i fugat ion  in caesium sulfate dens i ty  gra- 
d ients  formed homogenous  peaks a t  the  dens i ty  of 1.64- 
1.68 g/ml. 3H-uridine-labeled (3 4)<106 cpm/~xg) NDV-  
specific '18S'  R N A  c o m p l e m e n t a r y  to virion R N A  was 
ob ta ined  f rom NDA-infec ted  chick embryo  f ibroblas ts  5. 
Molecular hybr id iza t ion  of the  viral  R N A  wi th  cellular 
D N A  was pe r fo rmed  in a buffer  t h a t  con ta ined  in 0.5 ml :  
fo rmamide  50%, NaC1 0.5 M, DNA 2-3 mg and R N A  
8000-12,000 cpm. The mix tu re  was incuba ted  at  37~ 
for 3 days,  and the rea f t e r  was cent r i fuged in pe r fo rmed  
caesium sulfate dens i ty  gradients  1.32-1.72 g/ml in a Ti50 
ro tor  of a Spinco L2-50 centr i fuge at  35,000 r p m  and  20~ 
for 70 h. Af ter  f rac t iona t ion  of the  gradients ,  radio-  
ac t iv i ty  of ae id-precipi table  mater ia l  of each fract ion 
was de te rmined  in a l iquid scincillation counte r  Packard -  
Tricarb.  
Results and d~scussion. Figure  1 p resen t s  the  resul ts  of 
expe r imen t s  in v i t ro  I t  is seen f rom the  figure t h a t  NDV-  
R N A  bands  a t  the  dens i ty  of 1.65 g/ml, and the  posi t ion 
of the  band  does no t  change af ter  anneal ing  of R N A  
wi th  DNA from non- infec ted  L-cells. Af ter  incuba t ion  
wi th  DNA from vi rus- infec ted  L-cells, p a r t  of radioact i -  

v i t y  shif ts  to  areas of lower densi t ies  t h a t  are charac-  
ter is t ic  of R N A : D N A  hybr ids .  Figure  2 p resen t s  the  
resul ts  of expe r imen t s  in vivo. I t  is seen tha t ,  af ter  an- 
neal ing wi th  D N A  from non- infec ted  ascites t u m o u r  cells, 
Sendai  virus R N A  forms a peak  wi th  the  dens i ty  of 1.67 
g/ml. Af ter  incuba t ion  witti  D N A  from t u m o n r s  of virus-  
infected animals,  the  essent ia l  p a r t  of the  rad ioca t ive  
label shif ts  to the  area 0f R N A  : D N A  hybrides ,  the  a m o u n t  
of the  la t t e r  increasing wi th  an increase of durabi l i ty  of 
infect ion f rom 48 to 96 h. Figure 3 p resen t  a mel t ing  
curve of N D V - R N A  annealed  wi th  DNA from non-in-  
fected and virus infected cells. I t  is seen t h a t  Tm of the  
l a t t e r  is abou t  78 ~ t h a t  is charac ter i s t ic  of t rue  R N A :  
D N A  hybrides .  Therefore t he  d a t a  ob ta ined  m a y  be in- 
t e rp r e t ed  as t h e  ~ormation of DNA-prov i ruses  in in vi t ro  
and  in vivo sys tems,  i.e. D N A  t ransc r ip t s  homologous  to 
R N A  of the  cor responding  viruses.  The quest ion w h e t he r  
the  proviruses  are free or cova len t ly  l inked to the  cell 
D N A  needs fu r the r  inves t igat ion.  Possible mechan i sms  
of fo rmat ion  of proviruses,  including in terac t ion  of in- 
fectious and  oncogenic viruses,  is discussed elsewhere in 
appl ica t ion  to chronical ly- infected t issue cul turesL Here  
we have  ob ta ined  the  first  evidence t h a t  fo rma t ion  of 
proviruses  m a y  take place in an acute  virus infect ion 
cause d by  infect ions  R N A  viruses.  

5 N.V. Kaverin and N. L. Varich, Arch. ges. Virusforsch. 38 (2), 
183 (1972). 

6 V.M. Zhdanov, Intervirology 6, 129 (1976). 

Mise en 6vidence par d i c h r o i s m e  circulaire d'une assoc iat ion  intermol6cula ire  pour  les c o m p l e x e s  
N A D P ( H ) - C u  2§ 

Evidence for in termolecu lar  assoc iat ion  of N A D P ( H ) - C u  2§ c o m p l e x e s  by circular d i c h r o i s m  s tudy  
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Summary. The presence  of a conserva t ive  exci tonic t e r m  in t he  u l t raviole t  circular  d ichroism spec t ra  of NADP(H)-Cu  2+ 
complexes  in equimolar  solut ion (5 �9 10 -4 M/I) shows the  exis tence  of an  in termolecular  associat ion by  fo rmat ion  of a 
s table  Cu 2+-bridged s tacked adduc t  be tween  the  pur ine  moiet ies  of 2 ne ighbour ing  dinucleot ides.  

Les pyr id ines  nucl60tides son t  des coenzymes  i n t e r v e n a n t  
dans  de nombreuses  r6actions enzymat iques  d 'hydrog6-  
na t ion-d6shydrog~na t ion  qui m e t t e n t  en jeu des cat ions  
m6tall iques.  L '6 tude  de leurs complexes  p e u t  donc aider  

mieux  comprendre  les m6canismes  de ces r6actions. La  
RMN 1H et laC des complexes  des m6 taux  de t rans i t ion  
a permis  de pr6ciser les sites de f ixat ion de l ' ion Co ~+ sur 
les dinucl6otides 1,2. U n  large exc~s de l igand est  n6ces- 
saire pour  effectuer  ces mesures  e t  dans  ces condi t ions  
exp6r imenta les  aucune  diff6rence n ' a  pu 6tre mise en 
6vidence ent re  NAD(H)  et  NADP(H) .  Pa r  contre,  le di- 
chroisme circulaire (DC) p e r m e t  l 'u t i l i sa t ion de concen-  
t r a t ions  6quimolaires r e l a t i vemen t  faibles. Ainsi, le groupe 
p h o s p h a t e  en 2' s ' e s t  r6v6M 6tre un nouveau  site de fixa- 
t ion pour  Co 2+a. E n  ut i l i sant  l ' ion cuivrique,  no t re  6tude 
condu i t  au m6me r6sul ta t  et, de plus, m e t  en 6vidence un  
ph6nom~ne d ' au toassoc ia t ion  ent re  deux  mol6cules voi-  
sines, exc lus ivement  pour  le d6riv6 phosphory l6  en 2'. 
Toutes  les mesures  sont  effectu6es A 25 ~ en u t i l i sant  des 
concen t ra t ions  l igand-ion 6quimolaires.  Les solut ions sont  
pr6par6es imm 6d ia t emen t  a v a n t  chaque  exp6rience. Les 

spectres  sont  ob tenus  sur un d ichrographe  <~J.Y. Mark 
III~>. L ' in tens i t6  du DC est  donn6 e n d  ~ - cmL dmole -1. 
Les dinucl60tides on t  t endance  5. former  des dimSres pour  
des concen t ra t ions  61ev6es voisines de 0,1 M 4. Pour  des 
solut ions mill imolaires,  ce ph~nom~ne n ' ex i s te  plus et  
seule une for te  in te rac t ion  intramol6eulaire  in te rv ien t  
en t re  la base pur ique  et  le r6sidu n ico t inamide  ou di- 
hydron ico t inamide .  Cet effet,  dfl ~. un fort  couplage des 
m o m e n t s  de t rans i t ion  des deux  ch romophores  voisins, 
es t  p a r f a i t e m e n t  d6celable en DC car  il donne  naissance 

des t e rmes  excitoniquesS.  
Lorsque  l 'on  a joute  des ions Cu ~+ ~ une solut ion (5 �9 10 .4 
M/l) de dinucl6otides oxyd~s aucun  nouvel  effet  n ' e s t  
observ6 pour  N A D  aux  envi rons  de p H  7 darts Ia r6gion 
a roma t ique  (figure 1). Au contraire ,  dans  des condi t ions  
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