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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  

1 G. W. BEELER JR., and  H. REUTER~ J.  Physiol.  Lond. 207, 191 
(1970). 
R. OCHI, Pfltigers Arch. 316, 81 (1970). 
W. NEW and W. TRAUTWEI~r Pfltigers Arch. 334, 1 (1972). 

4 H. REUTER, Progr. Biophys. nmlec. Biol. 26, 1 (1973). 
H. R~UTER and N. S~I~Z, J. Physiol. Lond. 195, 451 (1968). 

6 It. G. GLITSCH, H. REUTER and H. Ser~oLz, J. Physiol. Lond. 209, 
25 (1970). 
G. W. BE~L~R JR. and H. REUTER, J. Physiol., Lond. 207, 165 
(1970). 
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ac t iva ted  and  inac t iva ted  dur ing  depolar iza t ion 7-9 and  is 
responsib le  for the  fas t  ups toke  of the  act ion potent ia l .  
The second cur ren t  component ,  which  flows main ly  dur ing  
the  p la teau  phase  of the  act ion po ten t i a l  is m u c h  slower 
t h a n  INs and  is p r e d o m i n a n t l y  carr ied by  Ca ions (Ic~) 1-~. 
INs b u t  no t  Ic~ is abol ished by  t e t rodo tox in~ ,L  In  the  
search for o ther  subs tances  which m i g h t  affect  the  two 
componen t s  of inward  cur ren t  in cardiac muscle  diffe- 
rent ly ,  we used the  t r iva len t  ca t ion l a n t h a n u m  because 
i t  is chemical ly  qui te  s imilar  to calcium and  has  a s t rong 
aff in i ty  to  anionic Ca-binding sites in the  men lb rane  10,11 
La  and  Ca ions ac t  s imilar ly  on the  nerve  m e m b r a n e  by  
shi f t ing the  Na  conduc tance  var iables  along the  vol tage  
axis in the  depolar iz ing di rect ion ~2. On the  o ther  hand ,  
in p re synap t i c  nerve  t e rmina l s  of squid g iant  synapses  
La  blocks regenera t ive  depolar izat ions  which  are pre-  
sumab ly  due to inward  m o v e m e n t  of Ca ions ~a. 

Figure  1 A i l lus t ra tes  the  resul ts  of a double  s tep 
vol tage  c lamp e x p e r i m e n t  carr ied out  w i th  a single 
microelec t rode  impa l emen t  in a pig ven t r icu la r  t rabec-  
ulum. Panels  a, b and  c are t he  controls  w i thou t  La in 
t he  solution. In  a and  b the  holding po ten t i a l  was set  to  
-50  m V  in order  to  inac t iva te  INa:' 9. In  a f i rs t  c lamp step, 
the  m e m b r a n e  po ten t i a l  was e i ther  d isplaced for 30 msec 
to  0 m V  which  p roduced  inward  cu r ren t  (panel a), or to  
+ 60 m V  (panel b) which was above the  reversal  po ten t i a l  
of th is  cur ren t  and hence  p roduced  ou tward  current :  The 
second c lamp s tep in a and  b was to  + 3 m V  and  elici ted 
exponen t ia l ly  decaying tai ls  of inward  current .  The 
p la teau  of the  act ion po ten t i a l  (panel c) is due to th is  
slowly decaying inward  current .  Panels  d, e and  f were  
recorded  af ter  20-25 rain exposure  to La-con ta in ing  
solution.  The vol tage  c lamp s teps  in d and  e are the  same 
as ill a and  b. The inward  or ou tward  cur ren ts  a t  t he  f i rs t  
c lamp s teps  were grea t ly  reduced  as were the  tai ls  of 
inward  cur ren t  a t  the  second c lamp steps.  Correspon- 
dingly,  the  act ion po ten t i a l  had  lost  i ts  p la teau  in the  
La-conta in ing  solution.  

A plot  of the  cur ren t -vo l tage  re la t ions  of the  slow 
inward  cur ren t  measured  in t he  absence and  presence  of 

La in the  solut ion showed a marked  inhib i t ion  of th is  
cur ren t  c o m p o n e n t  by  La  (Figure 1B). S imul taneous ly  
measured  cont rac t ions  decreased concomi t an t l y  w i t h  t he  
inhib i t ion  of the  slow inward  cur ren t  by  La. Similar  re- 
suits  were ob ta ined  wi th  3 o the r  p repara t ions .  In  con t r a s t  
to  the  inh ib i to ry  effect  of La  on the  slow inward  current ,  
an increase in Ca in the  b a t h i n g  solut ion increases th is  
cur ren t  c o m p o n e n t  1-4. In  Na-free solut ion La inh ib i ted  the  
Ca-dependen t  regenera t ive  depolar iza t ions  which  can be 
elici ted in these  p repa ra t ions  by  the  appl ica t ion  of co n s t an t  
cur ren t  pulses 4. In  addi t ion,  ~Ca up take  was measured  
in 8 pa i red  sheep vent r icu la r  p repa ra t ions  s t imula ted  at  
a cons t an t  ra te  of 0.5/sec. W h e n  one group of p repa ra t ions  
was p r e incuba t ed  for 10 min  in La-con ta in ing  inac t ive  
solut ion and a f te rwards  loaded for 15 min  in La-conta in -  
ing radioac t ive  solut ion 45Ca up take  was reduced  by  
30 • 4 .6% (mean =k SE) as compared  to the  contro l  
group w i t h o u t  La. All these  results  reinforce the  earlier 
i n t e rp re t a t i on  1-4 t h a t  the  slow inward  cur ren t  in m a m -  
mal ian  cardiac p repa ra t ions  is p r e d o m i n a n t l y  carr ied by  
Ca ions. 

The rap id  ini t ial  INs in cardiac muscle  seems to be 
s imilar ly inf luenced by  La as in o ther  exci table  t issues. 
The s igmoid curve re la t ing m e m b r a n e  po ten t i a l  and  the  
m a x i m u m  ups t roke  veloci ty  of the  act ion po ten t i a l  (as a 
measure  of INs s) was shi f ted  along the  vol tage axis in t he  
depolar iz ing di rect ion by  La, an effect  s imilar  to  t h a t  of 
CaT, 14. Ill Figure  1A, f (dv/dt)max and the  m a x i m u m  
he igh t  of the  act ion po ten t i a l  were unaf fec ted  by  La at  a 
t ime  when  the  p la teau  was abolished.  These resul ts  

8 S. WEIDMANN, J. Physiol. Lond. 127, 213 (1955). 
90.  ROUGIER, G. VASSORT and R. ST2~MPFLI, Pfltigers Arch. 307, 91 (1968).. 

10 R. J. P. WILLIAMS, Q. Rev, Chem. 24, 331 (1970). 
xl j .  p. REVEL and 1V[. J. KAENOVSKY, J. Ceil Biol. 3J, C7 (1967). 
12 M. TAKATA, W. F. PICKARD, J. Y, LETTVlN and J, W. MOORE, 

J. gem Physiol. 50, 461 (1965). 
lS R. MILEDI, Nature, Lond. 229, 410 (1971). 
14 S. WEIDMANN, J. Physiol., Lond. 129, 568 (1955). 
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Fig. 1. A) Effect of La on the slow inward current and the plateau of the action potential measured in a pig ventricular trabecula, a-c, 
controls in Tyrode's solution; a, b, double step voltage clamps from a holding potential of --50 mV (IIg a inactivated); upper traces: 
membrane current, lower traces: clamp potential; first step (30 msec) to 0 mV produces inward current (a), first step to + 60 mV produces 
outward current (b); second clamp step always to +3 mV; note slowly decaying tails of inward current at the second clamp steps 
and the marked plateau of the action potential (e). d-f, Tyrode's solution containing 0.4 mM/1 LaCla; same experimental procedure as 
in a-e; note marked decrease of the inward current tails at the second clamp step (d, e) and reduction of the plateau (f). B) Current-voltage 
relations of the slow inward current in the absence (filled circles) and presence (crosses) of 0.4 mM/1 LaC1 a. The open circle indicates 
the current required to displace the membrane potential from the resting potential (RP) to constant holding potentials (Ett) at 50 mY 
in the absence and at --48 mV in the presence of La in order to inactivate INs. Plotted are maximum inward or minimum outward 
currents flowing during single step voltage clamps. 
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provide  addi t iona l  evidence t h a t  in m a m m a l i a n  cardiac  
muscle I~a and Ica are separa te  cur ren t  sys tems.  Though  
t h e y  have  s imilar  effects  on IN~, La and  Ca have  opposi te  
effects  on Ion. 

In  t he  second series of exper iments ,  we inves t iga ted  the  
effect  of La  on the  Na-Ca exchange  sys tem, in  left  guinea- 
pig auricles. I t  has  been  shown t h a t  Ca efflux f rom cardiac  
muscle  5 or squid  axon  ~5 is largely coupled to  Na  inward  
movemen t ,  p r e s u m a b l y  t h rough  a ca r r ie r -media ted  t rans -  
p o r t  sys tem.  Na and  Ca ions compe te  for the  carrier  on 
b o t h  sides of t he  membrane .  Therefore,  the  i nward ly  
d i rec ted  Na~concent ra t ion  g rad ien t  across the  m e m b r a n e  
m a y  prov ide  the  energy  for uphi l l  Ca t r a n s p o r t  f rom the  
in ter ior  of the  cell in to  t he  ext racel lu lar  spaceS, 15. In  
squid axon  La acts  as an inh ib i to r  of 45Ca efflux~% We 
pe r fo rmed  th is  series of expe r imen t s  to  assess whe the r  La 
also inh ib i t s  the  Na- and  Ca-dependen t  45Ca eff lux f rom 
cardiac  muscle.  

In  the  expe r imen t  shown in Figure  2, Ca eff lux is 
expressed as f rac t ion  of 45Ca lost  pe r  rain f rom the  prepa-  
ra t ion  in to  the  inac t ive  r ins ing solutions.  Dur ing  per iods  
I, I I  and  I I I ,  t he  r insing solut ions con ta ined  0.2 mjkr 
La. As descr ibed earl ier  5, Ca eff lux decreased by  

app rox ima te ly  80 % when  Na and  Ca were r emoved  f rom 
the  solut ion (periods I I I  and  V) and  increased p r o m p t l y  
again a f te r  readmiss ion  of these  ions (periods IV  and  V1). 
The resuKs were  the  same in t he  absence  and  presence  of 
La  and  i r respect ive  of w h e t e r  La was appl ied  dur ing  
per iods  I V - V I  ins tead  of I - I I I .  Therefore,  we conclude 
t h a t  the  Na-Ca-sensi t ive  f rac t ion of 4aCa eff lux f rom 
cardiac muscle  is no t  affected by  La. W h e n  La was added  
to t he  efflux media  dur ing  one of t he  la ter  efflux per iods  
af ter  per iod I, there  was a t r ans i en t  increase in ~sCa 
eff lux and  a decline to  s l ight ly  lower s t eady  s t a te  values.  
The same resul ts  were ob ta ined  wi th  the  l an than ide  euro- 
pium. 

The lack of effect  of l an than ides  on the  Na-Ca exchange  
sys t em in m a m m a l i a n  cardiac  muscle  suggests  t h a t  
fac tors  o ther  t h a n  charge dens i ty  Or ionic radi i  de t e rmine  
the  af f in i ty  of these  carriers  to  ions. The e lect ros ta t ic  
a t t r ac t ion  should be m u c h  larger for the  l an than ide  ions 
t h a n  for Ca or Na  ions which  have  ionic radi i  of s imilar  
size b u t  m u c h  smaller  charge densi t ies  ~~ The resul ts  
suggest  fu r the r  t h a t  Ica and  Na-Ca exchange  in cardiac 
muscle  are med i a t ed  by  d i f ferent  mechan i sms  in t he  
m e m b r a n e  since one can be inh ib i t ed  by  l a n t h a n u m  
while t he  o the r  c an n o t  17, 
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Zusammen/assu~g. In  Herzmuske lp r / ipa ra t en  s ind zwei 
Sys teme  fiir den Ca-Durch t r i t t  durch  die P l a s m a m e m -  
b ranen  zu un te r sche iden :  1. E in  spannungs -  und  zeit- 
abh~ingiger Ca-Einw/ i r t ss t rom,  der  w~ihrend der  P la teau-  
phase  des Akt ionspo ten t i a l s  f l iesst  und  durch  La 3+ 
g e h e m m t  wird ;  2. ein Na-Ca-Aus tauschsys tem,  das vor  
al lem fiir den Ausw~ir ts t ransport  yon  Ca aus der  Zelle 
ve ran twor t l i ch  ist, und  durch  La ~+ n ich t  beeinf luss t  wird.  

B. G. I~ATZUNG 18, H. REUTER 19 and H. PORZlG 

Pharmakologisches Imti tut  der U~ziversitiit Bern, 
Friedbi~hls/rasse 49, CH-3008 Bern (Switzerland), 
7 May 1973. 

Fig. 2. Effects of changing [Ca]0 and [Na]0 on *SCa efflux from a 
guinea pig auricle in the presence and absence of 0.2 mM/l LaC13. 
Abscissa: time of tracer washout in min; ordinate: fraction of ~SCa 
lost per min. The roman figures indicate experimental periods with 
different ion composition of the rinsing solutions. La was in the solu- 
tions during periods I-III. Period I : Na-eontaining, Ca-free soIution; 
periods If, IV and VI : Na- and Ca- (1.8 mM/1) containing solution; 
periods III and V: Na- and Ca-free solution in which NaC1 was 
isoosmotieally repIaced by choline C1 M1 solutions Were buffered with 
Tris-HC1 to pH 7.2 at 35 ~ 
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Reversal of the Inhibit ing Effect of 2- Chloroethyltrimethyl  A m m o n i u m  Chloride on 
Chlorophyll  Synthesis  by Sulphur and Chlorine 

The g rowth - re t a rd ing  chemical,  2 -ch lo roe thy l t r imethy l  
a m m o n i u m  chloride (CCC) is known  to preserve  the  loss 
of chlorophyl l  f rom de t ached  leaves1, 2 and to inh ib i t  
chlorophyl l  synthesis3,  4. The elucidat ion,  however ,  of 
t he  act ion of CCC to inh ib i t  t u rnove r  of p ro te ins  and  to  
s t imula te  t u rnove r  of RNA,  suggests  t h a t  th is  c o m p o u n d  
m a y  inhib i t  select ively syn thes i s  of p ro te ins  ca ta lyz ing  
b o t h  the  fo rma t ion  and  degrada t ion  of chlorophyl l  3. 

The seeds of Brassicct cc~mpestris were atlowed to  germin-  
a te  and  grow on pe t r i  dishes l ined w i t h  f i l ter  pape r  
mois tened  wi th  5 ml of dis t i l led wa te r  or an equal  vo lume  
of the  t e s t  solution.  The dishes were t r ans fe r red  to  
ge rmina t ion  c h a m b e r  m a i n t a i n e d  at  abou t  28 z~ 2 ~ and 
i l lumina ted  f rom a l ight  bank  consis t ing of two 40 wa t t s  

cool f luorescent  l amps  hanging  at  a d i s tance  of abou t  I m. 
Af te r  5 days  of ge rmina t ion  the  leng th  of the  seedlings and  
chlorophyl l  con ten t  of co ty ledons  was de te rmined .  The 
chlorophyl l  f rom the  co ty ledons  was ex t r ac t ed  in 80% 
acetone  and  was de t e rmined  by  using the  formula  of 
t~OBBEL]~N 5. 
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