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Inhibition by Serotonin on Mitochondrial Spontaneous SweIling as 
Estfinated by the Optical Method, and SwelIing Effect of Creatinine- 

Sulfate. 

Percentage Decrease (D%) of Optical Density on Spontaneous Swell- 
ing of Rat Liver Mitochondria in 35 rain 

No. of 
expert- D% 
rnents 

Control 15 
Mitochondria with  serotonin 10 -3 M 10 
Mitochondria with  serotonin 10 -4 M 7 
Mitochondria with  creatinine- 
sulfate 10 -3 2// 3 

29,4 -4- 6,4 
20,8 ~: 4,5 
22,3 -b 5,1 

32,7 4- 5 

a m o u n t  of  HT .  I n  a d d i t i o n  t h e y  o b s e r v e d  t h a t  r e se rp ine  
h a s  a n  ef fec t  on  t h e  s e r o t o n i n  of t he se  m i t o c h o n d f i a  
w h i c h  is para l le l  t o  t h a t  d e m o n s t r a t e d  on  b lood  p l a t e l e t s  B: 
i t  t he re fo re  s eemed  i n t e r e s t i n g  t o  see w h e t h e r  t h i s  neu ro -  
h u m o r a t  a m i n e  in f luenced  m i t o c h o n d r i a  m or pho l ogy .  

M i t o c h o n d r i a  were  p r e p a r e d  f rom l iver  of  a lb ino  r a t ,  
-Wistar s t r a i n  (150-200 g) b o d y  weigh t )  in  0.25 M sucrose,  
c o n t a i n i n g  0.02 M Tris-chlor ide ,  p H  7.4 a t  4°C, b y  t h e  
m e t h o d  o f  SCHNEIDER 9, 1 m l  of t h e  f ina l  c o n c e n t r a t e d  
suspens ion  of m i t o c h o n d r i a  was  e q u i v a l e n t  to  0.25 g of 
f resh  hver .  Changes  in  e x t i n c t i o n  a t  520 mtL r e a d  in  a 
B e c k m a n n  mode l  D U  s p e c t r o p h o t o m e t e r ,  were  t a k e n  as 
measu re  of swell ing as desc r ibed  b y  CLELAND 1. E a c h  t e s t  
t u b e  c o n t a i n e d  3 ml  of 0.25 M sucrose,  buf fe red  w i t h  
0.02 M Tris-chlor ide ,  p H  7.4: H T  was  a d d e d  to  t h e  s ample  
examined .  T h e n  0.3 m l  of t h e  m i t o c h o n d r i a  suspens ion  
were qu ick ly  added ,  t h e  t u b e  was  s h a k e n  to  m i x  i ts  con-  
t e n t s  a n d  t he  op t i ca l  d e n s i t y  was  d e t e r m i n e d .  U s u a l l y  t h e  
f i rs t  r ead ing  was  t a k e n  w i t h i n  20-30  sec a f t e r  m i x i n g  a n d  
t h e n  a t  g iven  t imes  u p  to  35 min .  T h e  zero t i m e  or  in i t i a l  
op t ica l  d e n s i t y  was  o b t a i n e d  b y  e x t r a p o l a t i o n .  T h e  whole  
e x p e r i m e n t  was  m a d e  w i t h i n  75 ra in  f rom t h e  ki l l ing of 
t h e  an imal .  

T h e  5 - h y d r o x y t r y p t a m i n e - c r e a t i n i n e  su l fa t e  ( i t  is  t h e  
o n l y  sa l t  ava i lab le)  used  was  supp l i ed  b y  S i g m a  a n d  
R o c h e  Labora to r i e s .  T h e  re su l t s  a re  g iven  i n ' t h e  T a b l e :  
a s ign i f i can t  d i f ference was  o b s e r v e d  in  t h e  % decrease  of 
op t i ca l  d e n s i t y  in  samples  c o n t a i n i n g  H T ;  t h e  F i g u r e  
gives t h e  effect  of s e ro ton in  on  s p o n t a n e o u s  m i t o c h o n d r i a t  
swell ing a t  two  d i f fe ren t  concen t r a t i ons .  W e  also ver i f i ed  
t h e  effect  of c rea t in ine - su l f a t e  on  m i t o c h o n d r i a :  i t  was  
found  t h a t  i t  h a s  a swell ing effect  a n d  is t h e r e f o r e  a n  
a n t a g o n i s t  to  HT .  

C o n s e q u e n t l y  i t  appea r s  t h a t  s e ro ton in  ha s  a p r o t e c t i v e  
a c t i o n  on  m l t o c h o n d r i a  swell ing in vitro. F u r t h e r  s tud ies  
are  be ing  ca r r i ed  o u t  in  o rder  to  see if t h e r e  is a co r re l a t ion  

b e t w e e n  A T P a s e  a c t i v i t y  a n d  p r o t e c t i v e  a c t i o n  of sero- 
t on in .  Th i s  is s u p p o r t e d  b y  t h e  f ac t  t h a t  t h e  c o n c e n t r a -  
t i on  of  H T  in b lood  p l a t e l e t s  d e p e n d s  on  t h e  A T P  pre-  
s en t  1° ( acco rd ing  to  BORN 11, s e ro ton in  would  a c t u a l l y  be 
b o u n d  to  A T P  as a complex)  a n d  t h a t  i n h i b i t o r s  of H T  
b i n d i n g  b y  m i t o c h o n d r i a  s u c h  as reserp ine ,  d i b e n a m i n e ,  
a n d  p h e n y l e t h e r ,  i n h i b i t  o x i d a t i v e  p h o s p h o r y l a t i o n %  
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Riassunto 

s t a t o  s t u d i a t o  l ' e f f e t to  de l la  s e r o t o n i n a  su l  r igonf ia -  
m e n t o  dei  m i t o c o n d r i  in vitro: si ~ t r o v a t o  che  Ia se ro to-  
n i n a  p ro t egge  i m i t o c o n d r i  da l  r i g o n f i a m e n t o  s p o n t a n e o  
c h e s i  h a  q u a n d o  v e n g o n o  sospesi  in  soluzione i so ton ica  di 
saccarosio.  
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T h e  K i n e t i c  o f  I n d u c t i o n  of P laque  F o r m a t i o n  
in C e l l  M O n o l a y e r s  b y  R i b o n u c l e i c  Ac id  

f r o m  P o l i o v i r u s  

W'e h a v e  p u b l i s h e d  p rev ious ly  1 a t e s t  s y s t e m  for  q u a n t i -  
t a t i v e  s tud ies  on  t h e  i n f e c t i v i t y  of  i so la t ed  r ibonuc le ic  
ac id  (RNA)  f rom pol iovi rus ,  T h e  m e t h o d  was  deve loped  
t o  p r o v i d e  a too l  for  p h y s i c o - c h e m i c a l  ana lys i s  of b io lo-  
gical  a c t i v e  R N A ,  in  a m a n n e r  c o m p a r a b l e  t o  t h e  a n a l y s i s  
of de soxyf ibonuc l e i c  ac id  (DNA) ca r r i ed  o u t  w i t h  t h e  a id  
of s tud ies  on  t r a n s f o r m i n g  DNA.  O t h e r  i n v e s t i g a t o r s  h a v e  
a l r e a d y  app l i ed  t h i s  m e t h o d  for  f u r t h e r  c h a r a c t e r i z a t i o n  
of in fec t ious  R N A  ~,a. I t  was  of i n t e r e s t  to  l e a rn  m o r e  a b o u t  
t h e  bas ic  m e c h a n i s m  of t h e  R N A  t e s t  sys tem.  W e  p r e s e n t  
hero  r e su l t s  on  t h e  k i n e t i c  of p l a q u e  i n d u c t i o n  in  cell 
m o n o l a y e r s  b y  R N A .  

T h e  m e t h o d s  used  for  p r e p a r a t i o n  a n d  a s s a y  of R N A  
are  essen t i a l ly  t h e  s ame  as t hose  desc r ibed  p r e v i o u s l y L  
Po l iov i rus  t y p e  I s t r a i n  M a h o n e y  is used  for  i so la t ion  of 
R N A .  T h e  v i rus  suspens ions  a re  o b t a i n e d  p a r t i a l l y  pur i -  
fied f r o m  t h e  C u t t e r  Labo ra to r i e s .  H i g h l y  pur i f i ed  polio- 
v i ru s  suspens ions  are  p r e p a r e d  in  ou r  own  l a b o r a t o r y  
acco rd ing  to  t h e  m e t h o d  of LEVlNTOW a n d  DARN:ELL a. 
The  e x p e r i m e n t a l  resu l t s  o b t a i n e d  are  i n d e p e n d e n t  of t h e  
v i r u s  source.  

T h e  so lu t ions  for  ,washing t h e  cell m o n o l a y e r s  a n d  t he  
R N A  so lu t ion  a re  i n c u b a t e d  in  a w a t e r  b a t h  a t  t h e  s t a t e d  
t e m p e r a t u r e s .  T h e  cell  m o n o l a y e r s  a re  k e p t  a t  t h e s e  t e m -  
p e r a t u r e s  for  20 t o  30 mi l l  before  seed ing  w i t h  t h e  R N A .  
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Kinetic of induction of plaque formation ia cell monolayers by iso- 
lated RNA from poliovirus (average of three experiments), Curve 1 

at 36°C, Curve 2 at 20°C. 

The interaction of the RNA with the cells is stopped by 
applying the agar overlay or by washing with physiological 
saline (Hanks solution). Identical  results are obtained 
with both procedures. 

The results of our experiments are shown in the Figure. 
The interaction of viral  RNA with the host cell leads to 
a rapid initial increase of infected plaque forming units 
during the first 8 to 10 rain after seeding and thereafter 
to an ever-decreasing rate of further induction of cells to 
plaque forming units. The rate  of plaque induction by 
RNA does not  differ significantly when celt monolayers 
arc incubated a t  20 ° or 36°C after seeding, and an almost 
identical number  of plaques/plate is obtained by a given 
sample of RNA at  these temperatures. 

We have also followed the induction of plaque forma- 
tion by RNA at  0 ° to 4°C. The results have been erratic 
from one experiment to another. In all experiments the 
increase in the number of plaques between 0 and 20 min 
after seeding was somewhat lower than a t  20°C, but  
otherwise identical with respect to the rate of uptake. 
The RNA infectivity at  4°C was variable over a wide 
range from one experiment to another and showed an 
infect ivi ty of the order of 1 to 70% of its infectivity in 
parallel experiments at  20°C. No explanation can be of- 
fered so far for the erratic results obtained at 4 ° C. 

The t ime-dependent differences in the rate of induction 
of plaques by R N A  in cell monolayers are understandable 
by either one of the following assumptions: (1) The cells 
are sensitive to IZNA only for a short interval  after ex- 
posure to hypertonic saline and become less and less 
sensitive with t ime after seeding. Not  all potential ly in- 
fective RNA is taken up by the cells according to this 
hypothesis. (2) The cell monolayers are got  free from 
1RNAase or I~'qA inhibitors. (3) The isolated R N A  from 
poliovirus is heterogeneous with regard to the abili ty to 
interact  with cells. 

Experiments  are being undertaken in our laboratory to 
prove or disprove these assumptions. Results obtained so 
far strongly favour hypothesis 1. 

G. KOCH 

Babies Hospital and Department o/ pediatrics, College 
o/ Physicians and Surgeons, Columbia University, New 
York, and Laboratorium der Stiftung zur Er[orschung der 
spinalen Kinderltihmung und der Multiplen Sklerose, Ham- 
burg-Eppendor[ (Germany), July 22, 1960. 

Zusammen[assung 

Die Kinetik der Induktion yon Plaques in Einschichten- 
zellkulturen wurde bei 20 ° und 36°C bestimmt. Es n immt  
die Zahl der dutch RNS induzierten Plaques in den ersten 
8 bis 10 min nach Kutturbeimpfung schnell und dann all- 
mAhlich langsamer zu. Die mSglichen Ursachen dieses 
Verhaltens werden diskutiert. 

Thermische Denaturierung 
yon Kaltbliiter-Enzymproteinen 

Die Adenosintriphosphatase aus Karpfenmuskulatur  
zeigt eine bemerkenswerte hohe Hitzelabilitiit  (PART- 
MANN 1). Versuche, eine Hitzedenaturierung bei der Reini- 
gung yon Kathepsin aus Dorschmuskulatur anzuwenden, 
waren ohne Erfolg (SIEBERT und v. MALOR~rm=). Der 
Dorsch, Gadus callarias ( =  morrhua) L., lebt fiblicher- 
weise bei einer Wassertemperatur yon + 5 bis + 10°C. 
Es erhebt sich daher die Frage, ob es eine generelle Eigen- 
schaft you Kaltbl i l ter-Enzymproteinen ist, dass sic be- 
reits bei wesentlich niedrigeren Temperaturen denaturiert  
werden als es der allgemeinen Erfahrung mit  Warmblii ter-  
euzymen entspricht. Die nachstehend beschriebenen Ver- 
suche wurden zur Kt~rung dieser Frage unternommen. 

NIethodik. Im aIlgemeinen werden thermische Denatu-  
rierungen yon geltSsten Proteinen so vorgenommen, dass 
fiir den Effekt  sowohl die Zeitdauer derErhi tzung als auch 
die erreichte Temperatur  wichtig sind. In  den bier zu be- 
schreibenden Versuchen ha t  es sich bew~hrt, den Zeit- 
faktor dadurch zu eliminieren, dass grundsXtzlich die ge- 
wiinschte Temperatur  in einer wassergeffiltten Durch- 
strSmungsapparatur wahrend rol ler  60 rain zur Einwir- 
kung kam. Kontrollversuche haben gezeigt, dass im all- 
gemeinen 10-15 min, h6chstens jedoch 30 min ausreichen, 
um ein bestimmtes Denaturierungsausmass herzustellen, 
das sich bei Ausdehnung der Erhitzungszeit  auf 60 min 
nicht mehr wesentlich iindert. Die nach so definierter 
Hitzeeinwirkung messbare Enzymakt iv i t~ t  wurde in 
des Ausgangswertes ausgedriickt und gegen die ange- 
wandte Temperatur  graphisch aufgetragen. Als Kriterium 
der thermischen Resistenz diente die durch Extrapolat ion 
yon mindestens 4 - auf einer Geraden liegenden - Mess- 
punkten erhaltene Temperatur,  bei der 50% der Anfangs- 
aktivitXt des betreffenden Enzyms zerst6rt sind. Als 
Untersuchungsmaterial  wurde in fangfrischem Zustand 
(auf See) tiefgefrorenes Dorschfilet benutzt,  das zur Ex-  
traktion der Enzymproteine der Glykolyse mit  l%ige r  
KC1-LSsung, zur Extrakt ion  proteolytischer Enzyme mi t  
l%ige r  LiBr-Lbsung homogenisiert  wurde. Aktivit~ts- 
best immung der Enzyme:  Kathepsin nach LASKOWSKI ~, 
Glycylglycindipeptidase nach SMITH 4, Ninhydrinreaktion 
nach MOORE und STEIN ~, Isocitricodehydrogenase nach 
SIEBERT et al. e, Milchs~uredehydrogenase nach BirCHER 

Die Untersuchungen wurden dankenswerterweise dureh eine Bei- 
hilfe des Bundeswirtsehaftsministeriums Bonn unterstfitzt. Herin 
DEGENER, i. Fa. Hanseatisehe Hoehseefischerei A.G., Bremerhaven- 
F., verdanken wir das Untersuehungsmaterial, 
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