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Fig. 5. The effect of halothane vapor on spontaneous potentials from an explant of chick embryo telencephalic tissue in culture. 
The lower trace is a direct continuation of the upper trace. A and B are normal series of potentials. At the arrow at C, a dose 
of halothane vapor (1 em a air saturated with halothane vapor at 37°C) is administered and then washed out repeatedly with 
warm air at D, E, and F. G is the point of return of the spontaneous potentials. X axis -- each division equals I see. 

Y axis -- eight large divisions equals 30 ~V. 

se rum s toppe r  con ta in ing  an air  fi l ter (to p r e v e n t  a n y  
change  in the  pressure  inside the  K a h n  tube) and  a l eng th  
of Teflon t ub ing  to  allow the  i n t roduc t i on  of t he  an-  
es the t i c  gases. The s toppe r  was inse r ted  so as to allow the  
egress of t he  two p l a t i n u m  electrodes.  The K a h n  t u b e  was  
placed in a shielded i ncuba to r  a t  37°C and  connec ted  by  
shielded cables to  ampli f iers  and  a pape r  s t r ip  recorder .  

An in jec t ion  of a vo lume  of w a r m  air s imilar  to  t h a t  
a l ready  in the  K a h n  tube  caused only  a t r ans i en t  inci- 
den ta l  electr ical  d i s tu rbance  as can  be seen at  the  t ime  of 
in jec t ion  in any  of the  i l lus t ra t ions .  The anes the t i c  gas to 
be used was f i rs t ly  careful ly  w a r m e d  to 37°C before in- 
jec t ion  by  syr inge in to  the  ou te r  end of a piece of Teflon 
tubing.  The anes the t i c s  used were : Chloroform (Figure 2), 
d i -e thy l  e the r  (Figure 3), d iv inyl  e the r  (Figure 4), and  
H a l o t h a n e  (Figure 5). E a c h  of t he  anes the t i c s  h a d  the  
same general  effect.  They  caused  an ini t ial  shor t  per iod of 
increased f r equency  of po ten t i a l  p r o d u c t i o n - - a  s tage  of 
' e x c i t e m e n t '  which  is bes t  sedn in F igure  1 where  low 
concen t r a t i ons  of anes the t i c s  were used. I t  is also visible 
in t he  t races  seen a f te r  the  i n t roduc t ion  of some of t he  
anes the t i c s  (Figure 3 and  4). Af te r  th is  e x c i t e m e n t  phase ,  
the  po ten t i a l s  were  d imin i shed  or  suppressed  by  the  
presence  of anes the t ic .  

This  effect  can  be reversed  if t he  anes the t i c  is washed  
ou t  wi th  w a r m  air  or  when  a low concen t r a t i on  of an-  
e s the t i c  is used the  e x p l a n t  will s lowly recover  a c t i v i t y  
wi th  t he  passage  of t ime  even  if the  anes the t i c  is no t  
phys ica l ly  washed  out .  High  concen t r a t i ons  of anes the t i c  
will cause p e r m a n e n t  suppress ion  of t he  po ten t i a l s  if the  
anes the t i c  is n o t  r e m o v e d  rap id ly  b y  t h e  i m m e d i a t e  and  
r epea t ed  r e p l a c e m e n t  by  w a r m  air. Af te r  a dose of an-  
es the t i c  had  been  washed  ou t  w i th  w a r m  air, the  e x p l a n t  

was t h e n  suscept ib le  to fu r the r  doses of the  same or o the r  
anes the t ics .  

The increase in f r equency  of po ten t i a l  p roduc t ion  or 
' e x c i t e m e n t  phase '  is of in teres t .  I t  is no tab le  t h a t  in sp i te  
of the  second dose of anes the t i c  being five t imes  t h a t  of 
the  first  (Figure 1) the  in te rva l  b e t w een  the  end  of in- 
jec t ion  and  onse t  of exc i t a t ion  is 80 sec in each  case. 
Poss ib ly  th is  is because  the  v a p o r  had  to  p e n e t r a t e  t h r o u g h  
the  same th ickness  of ex p l an t  to reach the  ac t ive  focus in 
each occasion. Unless  an inh ib i to ry  effect  by  some of t he  
cells in the  ex p l an t  is p re sen t  and  r emo v ed  by  anes the t i c  
act ion,  th is  ' e x c i t e m e n t  phase '  m u s t  be due to  d i rec t  
s t imula t ion  by  the  anes the t ic .  This  suggests  t h a t  the  ex- 
c i t e m e n t  s tage encoun te r ed  in h u m a n s  and  an imals  dur ing  
induc t ion  wi th  anes the t i c s  m a y  also be due  to  d i rec t  
s t imula t ion  of cor t ical  cells and  no t  to  para lys is  of in- 
h ib i to ry  act ion.  

Z u s a m m e n / a s s u n g .  Die s p o n t a n e n  Po ten t i a l e  von  Tel- 
e n c e p h a l o n - E x p l a n t a t e n  i n  v i v o  werden  du rch  ani is the-  
t i sche Gase nach  anf~ngl ichem Po ten t i a l ans t i eg  ve rmin-  
d e r t  bzw. g e h e m m t .  Die Po ten t i a l e  k o m m e n  in ihrer  ur-  
spr i ingl ichen Form nach  E n t f e r n u n g  des Bet~iubungs- 
mi t t e l s  mi t  w a rmer  Luf t  wieder  zurtick, und  die E x p l a n t a t e  
s ind d a n n  wieder  d u r c h  dasse lbe  oder  andere  BetSmbungs-  
mi t t e l  beeinf lussbar .  
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The  Effect of P u r o m y c i n  on  Prote in  M e t a b o l i s m  
and Cell Div i s ion  in Fert i l ized Sea  Urchin  E g g s  1 

I t  has  recen t ly  been  shown t h a t  p u r o m y c i n  is a specific 
inh ib i to r  of p ro te in  me tabo l i sm  a t  the  S -RNA-r ibosome  
level2, a. P r e l im ina ry  e x p e r i m e n t s  on the  effects  of th is  
d rug  on ear ly  sea urchin  d e v e l o p m e n t  ind ica ted  t h a t  i t  
inh ib i t s  the  mi to t i c  ac t iv i ty  of fert i l ized eggs in a v e r y  
charac te r i s t i c  way.  W h e n  p u r o m y c i n  was  added  to the  
eggs some m inu t e s  before fer t i l iza t ion a t  concen t r a t i ons  
above  1 0 - 4 M ,  ac t iva t ion  and  ear ly  d e v e l o p m e n t  pro-  
ceeded in a seemingly  no rma l  w a y  unt i l  t he  'c lear  s t r eak '  
s tage,  b u t  t h e n  d e v e l o p m e n t  came to  a s tandst i l l ,  The  
'clear  s t r eak '  a t t a i ned  a r igid appea rance  wi th  abno rma l ly  
sha rp  borders .  The nucleus g radua l ly  swelled, bu t  no 
spindle  was  observed  and  no cell divis ions occurred.  The  
p resen t  r epor t  deals  w i th  an a t t e m p t  to corre la te  th is  ant i -  
mi to t ic  effect  of p u r o m y c i n  wi th  i ts  i nh ib i to ry  ac t ion  on 

the  incorpora t ion  of labeled amino  acids in to  p ro te in  b y  
the  same eggs, i n  v i v o  and  i n  v i t ro .  

E x p e r i m e n t a l .  P u r o m y c i n  (Lederle Labora to r i e s  Divi-  
sion) a t  var ied  concen t r a t i ons  was  added  to  unfer t i l ized 
eggs of t he  sea u rch in  P a r a c e n t r o t u s  l i v i d u s  (LM), 10 min  
before fer t i l izat ion.  At  var ious  in terva ls  a f te r  fert i l izat ion,  
equal  egg samples  ( app rox ima te ly  10 mg  prote in)  were  
w i t h d r a w n  f rom the  egg suspensions .  Af te r  s e d i m e n t a t i o n  
of the  eggs, the  vo lume of the  m e d i u m  was  r educed  to  
4 ml, and  75 mtxM of z4C-L-valine (6.53 m c / m M )  was 

1 Supported by a grant from the Swedish Natural Science Research 
Council. Experiments carried out at the Zoological Station, 
Naples (Italy). 

2 M. B. YARMOLINSKY and G. L. DE LA HABA, Proe. nat. Acad. Sei., 
Wash. 45, 1721 (1959). 

a A. YON PER DECKEN and T. HULTIN, Biochim. biophys. Acta 45, 
139 (1960). 
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Fig. l. Inhibition by puromycin of the incorporation of HC-L-valine 
into protein by fertilized Paracentrotus eggs. A : Intact eggs 35 45 nfin 
after fertilization ('clear streak' stage). The eggs (approximately 
10 nag protein) were incubated for 10 rain (20°C) with 75 mptM 
14C-L-valine. Puromycin as indicated was added 10 rain before 
fertilization. B: Mitochondria-free egg homogenate, 40 min after 
fertilization. Incubation system: 0.75 ml homogenate, 10 ptM 
phosphoenol pyruvate, 1/zM ATP, 0.075 ~zM 14C-L-valine, and puro- 

mycin as indicated. Incubation period 45 rain (25 ° C). 
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Fig. 2. Effect of puroinycin on the velocity of ~4C-L-valine incorpo- 
ration by Paracentrotus eggs at different periods of development. 
A: Eggs in plain sea water. B: Eggs in sea water with 10 -5 M puro- 
mycin. C : % inhibition. Incubation system as in Figure 1 A. Arrows 
symbolize (from left) Fertilization, 'clear streak', first cleavage in 
control suspension. Measurements are plotted in the middle of the 

incubation periods (10 miq). 

added .  The  suspens ion  was gen t ly  shaken  for 10 rain 
(20°C), a f t e r  which  the  incorpora t ion  was  s t opped  by  the  
add i t i on  of t r ich loroace t ic  acid. P ro t e in  pur i f ica t ion  and  
r ad ioac t i v i t y  d e t e r m i n a t i o n s  were  m a d e  as descr ibed  
previously*.  The  visible effect  of t he  p u r o m y c i n  t r ea t -  
m e n t s  on  c leavage and d e v e l o p m e n t  was checked  unde r  
the  microscope  on egg samples  t aken  a t  in te rva l s  f rom the  
same suspensions .  

The effect  of p u r o m y c i n  on 14C-L-valine incorpora t ion  
by  cell-free sys t ems  was s tud ied  in parallel  on eggs f rom 
the  same ba tch .  Af te r  fer t i l izat ion the  eggs were freed 
f rom jelly by  acid t r e a t m e n t  5, and  h o m o g e n a t e s  were 
p repa red  as descr ibed previous ly  4. The h o m o g e n a t e s  were 
cen t r i fuged  a t  12000 ×g  for 8 rain (0°C), and  0.75 ml of 
t he  s u p e r n a t a n t  was incuba ted  for 45 rain a t  25°C wi th  
10 v M  of p h o s p h o e n o l p y r u v a t e ,  1 ~M of ATP,  and  
0.075 ~ M  of 14C-L-valine in the  presence  of pu romyc in  at  
var ied  concen t ra t ions .  Af te r  incuba t ion ,  the  pro te ins  
were isolated and  the  r ad ioac t iv i ty  d e t e r m i n e d  as in the  
in  vivo exper iments .  

Resul ts  and  Discussion.  The inh ib i to ry  effect  of puro-  
myc in  on amino  acid incorpora t ion  by  fert i l ized Para-  
centrotus eggs i n  vivo and  in  vitro is i l lus t ra ted  by  Figure  1. 
In  t he  i n  vivo p a r t  of th i s  e x p e r i m e n t  t he  egg samples ,  
t r e a t e d  wi th  p u r o m y c i n  a t  t he  ind ica ted  concen t ra t ions ,  
were  i ncuba t ed  wi th  14C-L-valine in t he  in te rva l  be tween  
35 and  45 rain a f te r  fer t i l izat ion.  In  10-4M p u r o m y c i n  
50% of t he  eggs s t o p ped  deve lop ing  a f t e r  t he  'c lear-  
s t r eak ' - s t age  of t he  first  division,  while the  res t  of t he  
eggs reached  the  two-cell  s tage.  D e v e l o p m e n t  was  defi-  
n i te ly  a r res ted ,  however ,  a t  the  co r respond ing  phase  of 
t he  second cleavage,  when  the  same typ ica l  p ic ture  of in- 
h ib i t ion  was  displayed• In  spi te  of the  per fec t ly  normal  
e leva t ion  of the  fer t i l iza t ion m e m b r a n e ,  the  two cells 
became  t igh t ly  adhe ren t .  At  the  lower pu romyc in  con- 
cen t ra t ions ,  a larger  por t ion  of the  eggs divided,  and  a t  a 
concen t r a t i on  of 10-SM, 40% of the  eggs reached  the  
4-cell s tage.  The inh ib i to ry  effect  of pu romyc in  on the  
incorpora t ion  of ~4C-L-valine in  vitro was s tud ied  on a 

second pa r t  of the  same egg suspension.  The h o m o g e n a t e  
was  p repa red  40 min  a f te r  fer t i l izat ion.  

As is shown  b y  Figure  1, t he  cell-free incorpora t ion  
s y s t e m was cons iderab ly  more  sens i t ive  to  p u r o m y c i n  
t h a n  were the  in tac t  eggs. Also wi th  the  whole  eggs, how-  
ever,  the  inhib i t ion  became  very  ma r k e d  a t  the  h igher  
pu romyc in  concen t ra t ions .  

The e x p e r i m e n t  shown in Figure 2 i l lus t ra tes  the  g radua l  
d e v e l o p m e n t  of the  pu romyc in  inhibi t ion.  In th is  ex-  
pe r imen t ,  the  pu romyc in  concen t r a t i on  was 10 5M, and  
some of t he  eggs finally reached  the  8-cell s tage.  In  the  
cases, however ,  when  the  th i rd  c leavage occurred,  it  was 
usual ly  unequa l  and  gave rise to 1-4 micromeres .  

The mi to t ic  block induced  by  pu romyc in  is p r o b a b l y  a 
d i rec t  effect  of the  impai red  p ro te in  metabol ism• Special  
k inds  of p ro te ins  of i m p o r t a n c e  for the  in i t ia t ion of 
mitosis  m a y  no t  become p roduced  in suff ic ient  a m o u n t s  
unde r  these  condi t ions .  W h i c h  funct ions  these  p ro te ins  
have  can  only  be a m a t t e r  of conjec ture .  The p r e s e n t  d a t a  
are  cons is ten t ,  however ,  wi th  the  idea t h a t  some of t h e m  
m a y  be re la ted  to  t he  fo rma t ion  of the  mi to t ic  spindle .  

Rdsumd. La p u r o m y c i n e  inhibe  f o r t e m e n t  l ' incorpo-  
r a t ion  de la 14C-L-valine dans  les p ro t f ines ,  aussi  b ien 
dans  les oeufs f6cond6s d 'ours ins  i n t ac t s  que  d a n s  les pr6- 
pa ra t ions  subcel lulaires  fai tes ~t pa r t i r  de  ceux-ci .  Cepen-  
d a n t  ces p r6para t ions  se son t  mont r6es  n e t t e m e n t  plus 
sensibles  ~ Fact ion de la p u r o m y c i n e  que  les ceufs ent iers .  
Para l l~ lement  le blocage des divis ions  cellulaires a 6t6 
p ropor t ionne l  ~ ce t te  ac t ion  inhibi t r ice  sur  le m6tabol i sme  
des prot6ines.  Le d 6 v e l o p p e m e n t  s ' es t  arr6t6 au s t ade  
(~ clear s t reak  ,. 

T. HULTIN 

The Wenner-Gren Inst i tu te ,  Univers i ty  of Stockholm 
(Sweden), M a y  15, 1961. 

4 T. HULTIN, Exp. Cell Res., in press. 
E. VASSEUR, Acta chem. scand. 2, 900 (1948). 


