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S t i m u l a t i o n  of T r a n s c r i p t i o n  in H E p - 2  Cel ls  by  U V - I n a c t i v a t e d  P o l i o v i r u s  Type  1 

The influence of infection wi th  poliovirus type  1 on the  
quan t i t a t i ve  binding of t r i t i a ted  ac t inomycin-D (SH-act.- 
D) by  cellular chromat in  of I t E p - 2  cells has been s tudied 
following a suggestion t h a t  the  binding of the  ant ib iot ic  
to deoxyr ibonucleoprote in  (DNP) m a y  be used as a para-  
meter  of D N A  templa t e  ac t iv i ty  t-4. These da ta  were 
correlated wi th  results of exper iments  on the  influence 
of poliovirus infect ion on the  synthesis  Of 45 S percursor  
RNAS, 6 under  s imilar  exper imenta l  conditions.  

Material. HEp-2  ceils were cul tured in spinner  flasks 
(Bellco) in Eagle% m i n i m u m  essential  med ium (MEM) 
(Jokl ik 's  modif icat ion,  Gibco) conta ining 5 or 10% calf 
serum and penici l l in (100 U/ml)  and s t rep tomycin  
(100 Fg/ml). Pol iovirus  type  1 s train Mahoney  was used 
for infect ion;  UV- inac t iva t ion  was adjus ted  to reduce the  
infec t iv i ty  by  3 to 4 log10. 14C-thymidine (TdR;  Amers-  
ham, the  specific ac t iv i ty  was 59-62 mCi /mM)  was 
di lu ted to 0.25 to 0.9 nCi. 3H-act .-D (Amersham, the  
specific ac t iv i ty  was 9.1 Ci /mM) was di luted to 54 nCi. 
Recove ry  f rom 106 cells ( =  50 Fg of D N A  as de te rmined  
by  the  d iphenylamine-method)  was approx ima te ly  3 nCi 
(4 •  10-13M). 3H-uridine (UR;  Amersham,  the  specific 
ac t iv i ty  was 6.3 Ci /mM) was di luted to 40 nCi. Chase 
concentra t ions  were 15 to 125 n M  (TdR), 400 ng /ml  
(ac t -D,  Serva), and 10-SM of each of UR,  T d R  and 
cyt id ine  used af ter  the  s H - U R  pulse. 

Method. For  exper iments ,  H E p - 2  ceils were cul tured in 
' condi t ioned '  med ium consisting of 2 par ts  of freshly 
prepared growth m e d i u m  and 1 pa r t  of superna tan t  
med ium previous ly  used for cu l t iva t ion  of cells. Cells 
were infected by  suspension in 5 to 7 ml  of virus  purif ied 7,a 
in CsC1, which was di lu ted in growth med ium wi thou t  
serum. Multiplici t ies of  infect ion (MPI) are expressed as 
p laque-forming units  (PFU)/ce l l  and are g iven below for 
the  individual  exper iments .  E x t r a c t i o n  of the  acid- 
alcohol-resistant,  DNase-sens i t ive  f rac t ion of H E p - 2  
ceils labelled overn igh t  wi th  ~ C - T d R  and used for the  
act . -D pulse (30 min)/chase (20 rain) exper iments  has been 
described 4. Cell nuclei  were isolated af ter  a U R  pulse 
(5 min)/chase (10 min) as d e s c r i b e d t  The nuclear  R N A  
was ex t rac ted  w i t h  ho t  phenol  (60 ~ and centr i fuged 
(15 h 4~ 150.000 gma~) t h rough  a cont inuous  8 to 35% 
sucrose gradient .  Frac t ions  were collected f rom the  
bo t toms  of tubes.  The typ ica l  OD (260 nm) profile was 
e l iminated  by  exposing the  ex t rac ted  mater ia l  to RNase  
(Worthington,  h e a t e d  10 mill  at  100 ~ before use). Radio-  
ac t iv i ty  counts  were corrected for quenching  and counted  
in a Packard  scint i l la t ion spectrometer .  

Result. Cultures of H E p - 2  cells were pulse/chased wi th  
U R  180 min  after  the  beginning of pol iovirus  infection. 
The  nuclear  R N A  was ext rac ted ,  and the  r ad ioac t iv i ty  
of its subuni ts  determined.  W h e n  the  ceils were no t  
infected or when  they  had been exposed to UV- inac t iva t ed  
viruses, the  r ad ioac t iv i ty  was main ly  associated wi th  the  
heavies t  R N A  f rac t ion ,  Figure  1. The  synthesis  of pre- 
cursor R N A  was s ignif icant ly  reduced after  exposing the  
cells to l ive viruses. 

The  quan t i t a t i ve  binding of act . -D to cellular chromat in  
was s tudied in ceils exposed to l ive  viruses (MPI 50 to 
500), or to UV- inac t iva ted  viruses. Addi t iona l  cultures 
were no t  infected a t  all. The  ~H-ac t . -D/~C-TdR rat ios  
were de te rmined  as described before a, and the  results 
were compared  by  calculat ing the  ' inoculum rat ios '  of 
average ~H/~4C rat ios based on 3 chemical  determinat ions ,  
F igure  2. The  inoculum rat ios  'non- infected/ infected '  for 
var ious  t imes  af ter  the  beginning of the  infect ion showed 
values  close to 1.0. Ceils exposed to UV- inac t iva ted  
viruses showed a non- random increase of the  b inding of 

act . -D by  15 to 21% (/9 < 0.05 by  t-test), as expressed by  
the  comparisons ' inactive~active' and ' inac t ive /non-  
infected' .  

Discussion. Ribosomal  precursor  RNA,  a p roduc t  of the  
t ranscr ip t ion  of discreet  chromosomal  locations, was 
inhibi ted by  l ive polioviruses,  while inac t iva ted  viruses 
had no effect. This  agrees wi th  results  of exper iments  
wi th  pol io- infected t t e L a  cells X~ B y  contrast ,  there  
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Fig. 1. Synthesis of nuclear precursor RNA by poliovirus-infected 
HEp-2 cells. The incorporation of ~H-UR into precursor RNA was 
4.1% of total pulse activity for cells exposed to UV-inaetivated 
viruses (A), 3.6% for non-infected cells (B), and 0.95% for infected 
ceils (C; MPI = 20). 
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Fig. 2. 'Inoculmn ratios' inactive/active (a) 
and inactive/non-infected (b) obtained from 

�9 12 experiments by comparing the ~H-aet.-D/ 
~C-TdR ratios for various times (rain) after 
the beginning of the infection. The time sym- 
bols (abscissae) indicate the beginning of the 
pulse/chase; the lines the ranges of 2 standard 
deviations. 

was no  d i f ference  in  t h e  b i n d i n g  of ac t . -D b y  in fec ted  a n d  
npn- in fec t ed  cells, a n d  t h e  increase  of b i n d i n g  a f t e r  
exposu re  to  U V - i n a e t i v a t e d  v i ruses  suggests  a s t i m u l a t i o n  
of D N A  t e m p l a t e  a c t i v i t y  in  thesece i l s .  Act . -D specif icMly 
in te r feres  w i t h  t he  p r o d u c t i o n  of R N A  ~2 b y  a m e c h a n i s m  
invo lv ing  i n t e r c a l a t i o n  of t i le c h r o m o p h o r e  of the  an t i -  
b io t i c  be tween  G-C base  pa i rs  of the  D N A  doub le  s t r a n d  
a n d  chemica l  b i n d i n g  2, *, ~3,1.. Assuming  t h a t  ac t . -D 
p lays  t he  role of a non-speci f ic  mode l  repressor  ~-a, t he  
q u a n t i t a t i v e  ana lys i s  of i ts  in  v ivo  assoc ia t ion  wi t l l  DN13 
m a y  be considered, a p a r a m e t e r  for t he  ear l ies t  possible,  
a lbe i t  non-speci f ic  de t ec t i on  of changes  of D N A  t e m p l a t e  
a c t i v i t y  or, cor respondingly ,  for t he  degree of comp!ex ing  
of D N A  w i t h  c h r o m o s o m a l  p ro t e in s  ~, s ince t r a n s c r i p t i o n  
invo lves  changes  in t h e  D N P  complex  x~, ~7. 

The  increase  Of b i n d i n g  of ac t . -D a f t e r  exposure  of cells 
to  UV-~nac t iva t ed  v i ruses  suggests  t h a t  t he  v i ra l  coa t  
p ro t e in  was ~cesponsible for th i s  s t imu la t i on ,  and  t h a t  th i s  
process  m a y  be  cont ro l led  b y  t he  i n t a c t  v i r a l  genome.  

Zusammen/assung. N a c h  E i n w i r k u n g  U V - i n a k t i v i e r t e r  
13olioviren wurde  eine Z u n a h m e  der  B i n d u n g  yon  Act ino-  
mycin-D,  eines unspez i f i schen  (~Modellrepressors~>, d u t c h  

H E p - 2  Zellen u m  1 5 - 2 1 %  beobach t e t .  Die  P ro te inh i i l l e  
U V - i n a k t i v i e r t e r  Vi ren  v e r u r s a c h t  m6gl icherweise  e ine 
St . imulierung der  G e n a k t i v i t S t  de r  Wir tsze l le ,  die n o r m a -  
lerweise der  Kon t ro l l e  des i n t a k t e n  V i r u s g e n o m s  u n t e r -  
liegt.  
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L a n t h a n u m  Inhibi ts  Ca Inward  Current  but  not  N a - C a  E x c h a n g e  in Cardiac Musc le  

Two ca lc ium t r a n s f e r  Systems ill t h e  s a r c o l e m m a  of 
m a m m a l i a n  ca rd iac  muscle  h a v e  been  desc r ibed :  1. a 
t ime-  and  v o l t a g e - d e p e n d e n t  c o n d u c t a n c e  s y s t e m  re- 
spons ib le  for m o s t  of t he  i n w a r d  charge  t r ans f e r  d u r i n g  t he  
p l a t e a u  phase  of t he  ca rd iac  ac t ion  p o t e n t i a l  1-~, a n d  2. a 
Na-Ca  �9 s y s t e m  wh ich  is p r i m a r i l y  respons ib le  for  
ex t rus ion  of Ca f rom ca rd iac  cells 5, s. W e  r e p o r t  2 series 
of e x p e r i m e n t s  wh ich  p r o v i d e  a d d i t i o n a l  ev idence  t h a t  
t he se  two  Ca- t r ans fe r  sys t ems  are  separa te ,  one be ing  
sens i t ive  to  ex t e rna I  l a n t h a n u m  ions whi le  t h e  o t h e r  is not .  

Methods. W e  car r ied  ou t  vo l t age  c.lamp e x p e r i m e n t s  in  
v e n t r i c u l a r  t r a b e c u l a e  (d iamete r  0.3-0.6 ram) i so la ted  
f rom pig  and  sheep hear t s .  T he  m e t hod ,  u t i l iz ing  a sucrose 
gap  for  pass ing  c u r r e n t  t h r o u g h  t he  p r e p a r a t i o n  a n d  
in t r ace l lu l a r  microe lec t rodes  for m e a s u r i n g  a n d  cont ro l -  
l ing  t he  m e m b r a n e  po ten t i a l ,  h a s  been  descr ibed  pre-  
v iously? .  The  b a t h i n g  so lu t ion  h a d  t he  fol lowing compo-  
s i t ion  (m21dr/1) : NaC1 137; KC1 5.4; MgClz 1.05; CaC12 1.8; 
glucose 5.0; Teis-HCl-buffer to  p H  7.2 a t  35 ~ LaC18 was 
a d d e d  to  give a fins1 c o n c e n t r a t i o n  of 0.4 mM/1. 

For  Ca eff lux m e a s u r e m e n t s  gu inea-p ig  auricles  were 
loaded  w i t h  4~Ca in T y r o d e ' s  solut ion.  The  ~sCa eff lux 

f rom the  r e s t i ng  aur ic les  in to  n o n r a d i o a c t i v e  so lu t ions  
c o n t a i n i n g  d i f fe ren t  Na-  a n d  Ca -concen t r a t i ons  was 
m e a s u r e d  in t h e  presence  a n d  absence  of La  (0.2-0.9 
mM/ l ) .  The  m e t h o d  ha s  p rev ious ly  been  descr ibed  in 
de ta i l  s. 

Results and discussion. I n  t he  f i rs t  series of e x p e r i m e n t s  
we s tud ied  t he  effect  Of La  on  t h e  two c o m p o n e n t s  of 
i n w a r d  c u r r e n t  wh ich  flow d u r i n g  t he  ca rd iac  ac t ion  po-  
t e n t i a l  a. The  f i r s t  c o m p o n e n t  is ca r r i ed  b y  N a  ions (INs). I n  
ca rd iac  muscle,  as in  o t h e r  exc i t ab le  t issues,  I~a is r ap id ly  
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