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o T h e  Ef fec t  o f ~ E m e t m e  o n  M a c r o m o l e c u l a r  S y n t h e s i s  in  S y n c h r o n i z e d  ~etr~hymena pyriformis 
E m e t i n e  has  been  known  as t he  act ive  agent  of Ipecca-  

cuanha  in t r ea t ing  amebias is  since 19121. Howeve r  its 
mechan i sm of act ion remained  obscure  unt i l  GROLLMAN 2, 3 
showed t h a t  it  inh ib i ted  p ro te in  syn thes i s  in mammal i an ,  
p l an t  and  yeas t  cells. E m e t i n e  also inhibi ts  incorpora t ion  
of 3H-leucine in to  ra t  hea r t  cells ~ and  incorpora t ion  of 
L-amino acids in to  ra t  l iver p ro te in  5. I t  inhibi ts  energy  
m e t a b o l i s m  in per fused  r a t  hea r t  * and  in embryon ic  
chick hea r t  cells. 7 Chronic dosing of ra t s  w i th  emet ine  
inhib i t s  glycose metabol i sm,  oxygen  up take  and  carbon  
dioxide p roduc t ion  in the i r  hea r t  homogena te s  3. 

The p r i m a r y  mechan i sm of act ion of emet ine  in pro-  
tozoans  has  no t  been  worked  out.  The p resen t  s t u d y  
d e m o n s t r a t e s  the  effect  of emet ine  on macromolecular  
syn thes i s  in Tetrahymena pyri/ormis, a ci l iated protozoan.  

2VZaterials and methods. Tetrahymena pyri/orm@ GL 
were grown in a med ium conta in ing  0.1% bac todex t rose ,  
1.0% proteose  peptone ,  0.1% sodium ace ta te  and  0.1% 
dibasic  po ta s s ium phospha te .  "When the  cells reached  a 
popu la t ion  of 80,000 to  120,000 per  ml  t h e y  were syn- 
chronized,  r e suspended  in an inorganic  med ium and  count -  
ed by  a prev ious ly  descr ibed m e t h o d  9. E m e t i n e  di- 
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Incorporation of laC-amino acids (0.25 {xc/ml), l~C-uridine (0.25 [zc/ml), 
14C-thymidine (2 Ezc/ml) and 14C-acetate (0.5 fzc/ml/with and without 
emetine. Protein and DNA synthesis and acetate incorporation are re- 
duced in the presence of emetine while RNA synthesis was n o t  
affected. 

hydroch lor ide  1~ was added  a t  the  end of t he  last  hea t  
t r e a t m e n t  (EHT) and  the  cells were incuba ted  at  28 ~ on 
a ro t a to r  a t  100 c/sec for t he  dura t ion  of the  exper iment .  

Incorpora t ion  of un i fo rmly  labeled 14C-amino acids 
(algal profile), 14C-uridine (sp. act.  53.1 mc/mmole) ,  
14C-thymidine (sp. act,  35 mc/mmole)  and 14C-acetate 
(sp. act. 40 mc/mmole)  was assayed by  adding  10 ml  ali- 
quo t s  of cells in to  50 ml  E r l enmeye r  flasks conta in ing  a 
measured  a m o u n t  of eme t ine  and  the  radiolabeled pre-  
cursor suff icient  to  a t t a in  the  following concen t ra t ions :  
l lC-amino acids 0,25 vc/ml,  14C-uridine 0.25 ~zc/ml, 14C- 
t h y m i d i n e  2Fc/ml, and  14C-acetate 0.5 V~c/ml. Controls  con- 
t a ined  precursor  alone. The rest  of the  procedure  was 
carried out  and coun ted  exac t ly  as descr ibed by  CONKLIN 
et aP. 

Results. E m e t i n e  a t  4 >< 10-SM blocked synchronized  
division comple te ly  for 240 rain af ter  EHT.  Cells were 
coun ted  a t  E H T  and  every  30 min  f rom 60 unt i l  240 mill 
and  no decrease ill cell popu la t ion  was noted.  

The effect  of emet ine  on the  incorpora t ion  of amino  
acids, uridine, t h y m i d i n e  and  ace ta te  is shown in the  
Figure.  In  the  t r ea t ed  cells pro te in  snythesis ,  as measured  
by  incorpora t ion  of amino  acids, showed some inhibi t ion 
of incorpora t ion  dur ing  the  first  20 rain (512% • 25% 
n = 5). Af te r  20 rain there  was ha rd ly  any  fu r the r  in- 
corpora t ion  and at  80 rain inhib i t ion  was 75% (Table). 
In  the  control  cells, incorpora t ion  of amino acids was 
l inear t h r o u g h o u t  the  exper iment .  There  was no effect  on 
ur idine incorporat ion,  which  measures  R N A  synthesis .  
No effect  on t h y m i d i n e  incorpora t ion  was de tec ted  dur ing 
the  f irs t  20 rain, b u t  the  inh ib i t ion  of DNA synthes i s  was 
no ted  as a la ter  effect  and  53.8% inhib i t ion  was recorded 
at  80 min  (Table and  Figure).  Measur ing ace ta te  incorpo- 
ra t ion  d e m o n s t r a t e d  l i t t le  effect  for the  first  40 to  60 rain 
af ter  which s ignif icant  inhibi t ion,  46.8%, could be seen 
(Table and  Figure).  

Discussion. These s tudies  indicate  t h a t  emet ine  blocks 
p ro te in  syn thes i s  direct ly,  and  no t  as a result  of a l tered 
nucleic acid funct ion.  This  is ev idenced by  the  normal  
incorpora t ion  of ur idine in t he  cells. Dependence  of D N A  
synthes is  on pro te in  syn thes i s  has been  d e m o n s t r a t e d  in 
bo th  bacter ia l  n and  m a m m a l i a n  cells n. This would 
explain  the  delayed inhib i t ion  of t h y m i d i n e  incorporat ion.  

Aceta te  is incorpora ted  in to  l ipids 13 and glycogen 14 in 
Tetrahymena. Probab ly  some of it  f inds its way  into 
prote ins  and p a r t  or all of its inhib i t ion  could reflect  p ro te in  
synthes is  inhibi t ion.  The delayed block of ace ta te  incor- 
pora t ion  could also be due  to  deceased synthes is  of f a t t y  
acids because of d i s rup t ion  of the  mi tochondr ia .  These 
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Effect of emetine 4 • 10-~ on incorporation of 14C-labeled precursors 

14C Precursor Inhibition of incorporation 
at EHT + 80 rain (%) 

Amino Acids 75.24-2.1 (n = 5) 
Acetate 46.84-0.2 (n = 4) 
Thymidine 53.84-2.1 (n = 6) 
Uridine 4.74-3.1 (n = 3) 

Percentages represent the mean and standard error. 

organelles depend  on microsomal  and  the i r  own pro te in  
synthes is  for assembly  of the i r  funct ional  uni ts  15 and  
b o t h  are inh ib i ted  by  emet ine  le. This  agent  has also 
been no ted  to select ively damage  mi tochondr i a  in dog 
hea r t  17. 

The possibi l i ty  t h a t  emet ine  is ac t ing by  blocking the  
up take  of precursors  seems unlikely in l ight  of the  normal  
incorpora t ion  of ur idine and  the  normal  incorpora t ion  of 
thymidine and acetate in the early part of the experiment. 
RASMUSSEN and ZEUTHRN 18 have  d e m o n s t r a t e d  in 
Tetrahymena t h a t  cell divis ion is b locked by  inhib i t ion  
of p ro te in  syn thes i s  and th is  seems the  major  reason w h y  
emet ine  is inhib i t ing  division. 

Compar ing  th is  sys t em to GROLLMAN'S 3 work  in Hela  
cells d e m o n s t r a t e s  a paral lel  effect  in p ro te in  and  nucleic 

acid synthesis .  He  no ted  t h a t  H e L a  cells concen t r a t ed  the  
drug  and  t h a t  h igher  concen t ra t ions  of emet ine  were 
requi red  to inh ib i t  p ro te in  synthes is  in cell-free prepa-  
ra t ions .  This does no t  seem to be the  case in Tetrahymena 
as 10-eM, a concen t ra t ion  which  does no t  inhibi t  t h e  ill 
vivo sys t em (results no t  shown) inhibi ts  pro te in  synthes is  
in cell-free p repa ra t ions  of Tetrahymena 10. 

Zusammen[assung. E m e t i n  h e m m t  die synchronis ier te  
Tei lung von Tetrahymena pyri/ormis, ve rh inde r t  die 
rasche A u fn ah me  von  Aminos~uren  und  v e r u r s a c h t  
o f fenhar  eine Zel l te i lungshemmung.  
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Ionically Induced Volume Changes of the Smooth  Muscle of the Guinea-Pig  Taenia coli 

If  the  osmolar i ty  of Krebs  solut ion is doubled  by  addi-  
t ion of po tas s ium salts  of p e r m e a n t  anions (KC1, KNO3), 
pieces of guinea-pig taen ia  colt muscle exposed  to  these  
solut ions shrink,  bu t  fail to  recover  weight ,  in contradic-  
t ion  to  the  predic t ions  of the  Gibbs Donnan  equil ibrium. 
If  the  NaC1 in the  Krebs  solut ion is replaced by  equiva len t  

Krebs Locke Locke+ HCO 3 HC{] 3 free 
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Fig. 1. The importance of HCO 3. Weight changes after exposure for 1 
and 2 h to high potassium solutions. The isomotic solutions were made 
by replacing the NaC1 in the normal solution with KNO3, and the 
hyperosmotic solutions by adding 154 mM KNO 8 to the normal solu- 
tions. The results are expressed as a percentage of the weight of con- 
trol pieces exposed to the normal solution. The columns are each the 
mean results of between 6 and 25 tissues, with standard errors of be- 
tween 4- 0.5 and ~ 2.0. 

amo u n t s  of p e r m e a n t  po tass ium salts (isosmotic po tass ium 
solution) the  t issues gain li t t le if any  weight ,  again no t  
obeying the  predic t ions  of the  Gibbs D o n n a n  equil ibrium. 
Similar  resul ts  have  been  repor ted  by  several  au thors  1-a. 

The lack of recovery  f rom shr inkage in hyper ton ic  KC1 
or K N O  3 solution, and  the  lack of swelling in isosmotic  K 
solut ion m a y  suggest  t h a t  the  s mo o t h  muscle m e m b r a n e  
has ve ry  low pe rmeab i l i t y  to K, C1 and  NO 3 ions. However ,  
e s t imates  of t he  m e m b r a n e  pe rmeab i l i ty  to  K and C1 ions 
f rom flux exper imen t s  in Krebs  solut ion 4, 5 indicate  tha t ,  
even  assuming t h a t  h igh concen t ra t ions  of K+ do no t  
increase m e m b r a n e  permeabi l i ty ,  the  failure of pene t ra -  
t ion  of ne t  amo u n t s  of KC1 is no t  due  to the  low per- 
meab i l i ty  of t he  membrane .  Rough  calculat ions,  even 
using the  least  advan tageous  figures, show t h a t  sufficient  
ions should be able to pene t r a t e  in to  the  cells for t h e m  to 
double  the i r  vo lume wi th in  an hour.  

In  order  to  ob ta in  more  in fo rmat ion  on the  factors  
control l ing the  volume changes  of the  taenia,  the  effects 
of changes  in t he  ex te rna l  med i u m were  inves t iga ted .  In  
the  p resen t  set  of exper iments ,  K N O  a has  been  used as the  
p e r m e a n t  po ta s s ium salt,  since it has  been  shown 8 t h a t  
NO 3 is more  p e r m e a n t  t h a n  C1 in this  t issue.  Tissue pieces 
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