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The Cytochromoxydase Activity in the Uterus 
of Experimental Animals 

The  e n z y m a t i c  a c t i v i t i e s  of t h e  u t e r u s  a n d  g e n i t a l s  
h a v e  b e e n  c o m p a r a t i v e l y  l i t t l e  s t u d i e d  : p a r t i c u l a r l y  poo r  
a re  t h e  records  c o v e r i n g  t h e  c y t o c h r o m o x y d a s e  a c t i v i t y ,  
a b o u t  w h i c h  o n l y  i n d i r e c t  r e f e rences  a re  a v a i l a b l e  o n  t h e  
bas i s  o f  t h e  c y t o c h r o m e  C c o n c e n t r a t i o n  o r  t h e  r e sp i r a -  
t o r y  a c t i v i t y  of t h i s  o rgan .  

JUNOWlCZ-KOCHOLATY a n d  HOGNESS 1, b y  u s ing  t h e  
spec t roscop ic  m e t h o d  for t h e i r  i n v e s t i g a t i o n s ,  s u c c e e d e d  
in  d e t e r m i n i n g  t h e  a m o u n t  of  c y t o c h r o m e  C o c c u r r i n g  
in  t h e  v a r i o u s  o r g a n s  a n d  t i s sues :  t h e y  h a v e  f o u n d  t h a t  
o n l y  m i n i m a l  t r a c e s  of c y t o c h r o m e  C occur  in  t h e  h u m a n  
u t e r u s .  

FERRONI ~ in  1941 s t a t e d  t h a t  t h e  r e s p i r a t o r y  a c t i v i t y  
of  t h e  f e m a l e  r a b b i t  u t e r u s  is h i g h e r  d u r i n g  p r e g n a n c y  
a n d  dec reases  d u r i n g  p u e r p e r i u m  to  m i n i m a l  v a l u e s  
d u r i n g  t h e  p e r i o d  of r e s t  in  t h e  o rgan .  

A c c o r d i n g  to  t h i s  a u t h o r ,  s u c h  v a r i a t i o n s  s h o u l d  b e  
r e g a r d e d  as  due  exc lu s ive l y  to  h o r m o n a l  fac tors .  

DAVID a a s c e r t a i n e d  t h a t  t h e  r e s p i r a t o r y  a c t i v i t y  of  
t h e  e x p e r i m e n t a l  a n i m a l  u t e r u s  is h i g h e r  d u r i n g  oes- 
t r u a t i o n .  

I n  t h e  p r e s e n t  e x p e r i m e n t s ,  t h e  c y t o c h r o m o x y d a s e  
a c t i v i t y  in  t h e  r a t  u t e r u s  was  d e t e r m i n e d  d u r i n g  t h e  
v a r i o u s  p h a s e s  r u n s  of t h e i r  l ives.  

T h e  a l b i n o  r a t  was  used .  
A n i m a l s  of d i f f e r e n t  ages  were  c h o s e n  a n d  k e p t  u n d e r  

i d e n t i c a l  e x p e r i m e n t a l  cond i t i ons .  T h e  u t e r u s  was  re-  
m o v e d  u n d e r  e t h e r  a n a e s t h e s i a .  A f t e r  i m m e d i a t e  weigh-  
ing  on  a GALILI~O-SARTORIUS ba l ance ,  100 m g  were  
w e i g h e d  s e p a r a t e l y .  I n  t h e  a n i m a l s  w h e r e  t h e  u t e r u s  
w e i g h t  was  lower  t h a n  100 rag, t h e  e n t i r e  o r g a n  was  used  
a n d  t h e  r e s u l t  o b t a i n e d  was  c o r r e c t e d  to  100. 

T h e  100 m g  u t e r u s  was  l a t e r  m o r t a r  h o m o g e n i z e d  a n d  
r e t a k e n  w i t h  5 c m  8 p h o s p h a t e  b u f f e r  0 -067M ( p H  7-4). 

T h e  c y t o c h r o m o x y d a s e  a c t i v i t y  w as  d e t e r m i n e d  ac-  
c o r d i n g  to  S : roTz4:0 .3  ml  of t h e  h o m o g e n a t e  were  u sed  
as  a n  e n z y m a t i c  su spens ion .  

T h e  s y s t e m  in  t h e  f i r s t  vesse l  was  c o m p o s e d  of :  1 m l  
of p h o s p h a t e  b u f f e r  0 -067M ( p H  7,4), 1 m l  of a s o l u t i o n  
of c y t o c h r o m e  C in  p h o s p h a t e  b u f f e r  ( c o n c e n t r a t i o n  of  
c y t o c h r o m e  C 2 - 4 ×  1 0 - 4 M  0.3 m l  u t e r u s  h o m o g e n a t e  
( p r e p a r e d  b y  100 m g  t i s sue  in  5 c m  8 p h o s p h a t e  buffer ) ,  
0-20 m l  K O H  3 0 %  in  c e n t r a l  well,  a n d  0-30 m l  of a 
s o l u t i o n  of s o d i u m  a s c o r b a t e  ( p r e p a r e d  b y  d i s so lv ing  20 
m g  a sco rb i c  ac id  in  1 c m  3 N a  O H  n/10)  in  t h e  side a r m .  

T h e  s e c o n d  vesse l  c o n t a i n e d  al l  r e a g e n t s  w i t h  excep -  
t i o n  of  t h e  s o l u t i o n  of  s o d i u m  a s c o r b a t e .  

T h e  t h i r d  vesse l  was  i d e n t i c a l  w i t h  t h e  f i r s t  one,  b u t  
t h e  u t e r u s  s u s p e n s i o n  was  bo i led  3 ra in .  

T h e  v a l u e s  g i v e n  b y  t h e  vesse ls  2 a n d  3 were  sub-  
t r a c t e d  f r o m  t h e  r e s u l t  o b t a i n e d  in  t i le  f i r s t  vessel .  

C y t o c h r o m e  C was  p r e p a r e d f r o m  h o r s e - h e a r t  a c c o r d i n g  
to  KEILIN a n d  HARTREE s. 

T h e  e x p e r i m e n t s  p e r f o r m e d  s h o w  t h a t  t h e  c y t o c h r o m -  
o x y d a s e  a c t i v i t y  of  t h e  u t e r u s  of  t h e  a n i m a l s  e m -  
p l o y e d  is g r e a t e r  t h e  s m a l l e r  t h e  w e i g h t  of  t h e  u t e r u s .  
T h i s  app l i e s  to  y o u n g  or  e v e n  i m p u b e r a l  an ima l s ,  a n d  
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is  p r o b a b l y  d u e  t o  t h e  i n t e n s e  m e t a b o l i c  p rocesses  wh ich  
d e v e l o p  in  o r g a n s  d u r i n g  t h e  v a r i o u s  s t ages  of g rowth .  

I n  m i d d l e - a g e d  an ima l s ,  t h i s  a c t i v i t y  decreases ,  t he  
m i n i m a l  v a l u e s  in  t h e  l a r g e r  u t e r i , c o r r e s p o n d i n g  to  the  
a d u l t  a n i m a l s .  R .  ~ o s s I  

Department o/ General Pathology and Bacteriology, 
University o/Genoa, Italy,  June  12, 1952. 

R ~ u m d  

L ' a u t e u r  a d 6 t e r m i n 6  la  v a l e u r  de  l ' a c t i v i t 6  de  la  cyto-  
c h r o m o x y d a s e  d u n s  l a  m a t r i c e  des  r a t s  d u n s  les d iverses  
p6r iodes  de  l eu r  vie .  I1 a t r o u v 6  que  c e t t e  a c t i v i t 6  est  
p lus  61ev6e duns  les j e u n e s  a n i m a u x ,  e t  elle d i m i n u e  avec 
la  c ro i s sance  du  po id  de  la  m a t r i c e  e t  de l 'Age des  ani- 
m a u x ,  j u s q u ' ~  a r r i v e r  ~ des  v a l e u r s  t r~s  p e t i t e s  duns  les 
m a t r i c e s  des  a n i m a u x  adu l t e s .  

Inhibition of Bacteriophage Development 
in Bacteria Illuminated with Visible Light 

P h o t o r e a c t i v a t i o n  I of  t h e  i n d u c t i o n  to  tyse  a n d  li- 
b e r a t e  p h a g e s  of lysogen ic  b a c t e r i a  p r o d u c e d  b y  ul t ra-  
v io le t  l i g h t  (U.V.) a n d  b y  X - r a y s  h a s  b e e n  desc r ibed  by  
JACOB 2, LATARJET a, a n d  CANTELMO 4. I t  a p p e a r s  from 
t h e  l a s t  t w o  c o m m u n i c a t i o n s  t h a t  p h o t o r e a c t i v a t i o n  of in- 
d u c t i o n  m a y  d i f fe r  f r o m  p h o t o r e a c t i v a t i o n  of o ther  
effects ,  s ince  i t  c o u n t e r a c t s  t h e  e f fec t  of X - r a y  t r e a t m e n t  
(LATARJET) a n d  is p r o d u c e d  b y  e x p o s u r e  to  w h i t e  l ight  
be/ore i n d u c t i o n  b y  U.V.  (CA~:TELMO). W e  wish  to  call 
a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e s e  r e s u l t s  m a y  n o t  be  due  to 

1 Photoreactivation has become a general term meaning the re- 
version by visible light of an effect due to ultraviolet light. 
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photoreact ivat ion,  because white light inhibits the 
abi l i ty of bacteria to support  the growth of bacterio- 
phage, independent ly  of a previous t r ea tment  with U.V. 
or X-rays.  

(1) Inhibition o/ growth of phage T2 in Escherichia 
coil B irradiated with white light.--The cells of a bacterial  
culture grown in t ryp tone  bro th  to the concentrat ion of 
10 s cells/ml were washed by  centr ifugation and resus- 
pended in a saline solution. The final concentrat ion was 
109 cells/mI. Two milliliters of this suspension were ex- 
posed at  37°C to the l ight of a G. E. H5, medium pressure, 
mercury discharge lamp, under condit ion previously 
described (DULBECCOX). At  various t imes of i l lumination 
samples were withdrawn,  diluted 1:10 into the  same 
saline solution, assayed for colony forming bacteria  on 
nutr ient  agar and then mixed with phage T2 (multi- 
pl ici ty of infection of 0.5) ; 8 rain were allowed for phage 
adsorption at  37°C, then strong anti-T2 serum was 
added to inact ivate  free phage;  after 5 min the mixture  
was diluted and assayed for the number  of bacter ia  
yielding phage. 

Oq_ ,,,, ~ 
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Effect of White Light on the Development of Bacteriophage. 

The ordinates represent the logarithm of the "surviving" fractions 
and the abscissae the dose of white light in hours of illumination. 
Curve 1, Escherichia coli B as colony former, curve 2 as T~ grower. 
Curve 3, Esther;chin coli K12 as colony former, curve 4 as carried 
phage grower when illuminated before induction, curve 5 when il- 

luminated after induction. 

We determined therefore the change in the number  
of colony-forming bacteria, and of the number  of bac- 
teria support ing the growth of the phage, as functions of 
the t ime of exposure to the white light. The results are 
given in the Figure (curves I and 2). 

The graph shows tha t  both  classes of bacteria  decrease 
with the t ime of i l lumination, giving rise to curves of 
very high " number  of hi ts" .  The light suppresses more 
effectively the abil i ty to support  the growth of the phage 
than the abil i ty to form colonies: only 1% of the cells 
allow phage mult ipl icat ion when 70% are still able to 
form colonies. 

Bacter ia  kept  in darkness for a t ime longer than  the 
t ime of i l lumination maintained both properties un- 
altered. 

(2) Inhibition o/ the inducibility o/ F_.scherichia col; 
K 12 irradiated with white light.--A relat ively small dose 
of U.V. induces lysogenic K 12 to lyse and to  l iberate its 
carried phage (after a la tent  period of 60 rain at  37°C) 
(VtEmLE and DELBRi)CK1). In  the present experiments  
the bacteria  were grown to a densi ty of 10 s cells per 
millil i ter in t ryp tone  broth,  centrifuged, washed twice 
and resuspended in saline. A par t  of the suspension was 
i l luminated for different lengths of t ime wi th  white  light 
using the apparatus  described in the preceding section; 
atiquots were then  plated for surviving, colony-forming 
bacteria and other  aliquots were induced with a stand- 
ard U.V. dose of 80 s at  80 cm from a 15 W G.E. "ger-  
micidal"  lamp, and plated with sensitive bacteria  to 
determine the proport ion of induced cells. This dose of 
U.V. induced at  least 99 % of the cells not  t reated with 
white light. 

The results are shown in the Figure (curves 3 and 4). One 
sees tha t  only 1% of the bacteria  can be induced when 
50% of them can still form colonies. Bacter ia  kept  in 
darkness for the same length of t ime showed no detec- 
table change in inducibility. 

(3) Photoreactivation by white light o/ induction o/ 
Escherichia col; K 12 by U.V.--Bacteria were prepared 
and induced as in the previous experiment,  and t reated 
a/terwards by white light. As shown in the Figure (curve 5), 
after 20 min of i l lumination the proport ion of induced 
bacteria  was reduced from 99% to 20%, wi thout  ap- 
preciable change at  longer exposures. The effect of 
i l lumination after induction is thus very  different from 
tha t  of i l lumination before induction. 

We conclude tha t  white l ight inhibits the abi l i ty  of 
bacter ia  to support  the growth of infecting lyric bac- 
teriophage and of induced carried phage, as shown by 
the identical results obtained in exper iments  1 and 2. In  
bacteria  infected with lyric phages this effect reduces 
the number  of cells l iberating phage and therefore de- 
creases the observable amount  of photoreact ivat ion;  in 
bacter ia  carrying prophage the same effect reduces the 
number  of cells l iberating phage after U.V. irradiation 
and therefore increases the observable amount  of photo- 
react ivat ion and may  even simulate its existence. Photo-  
react ivat ion of the induction of K 12 by U,V. has however  
been shown to exist  by  exper iment  3. To prove photo- 
react ivat ion in the case of induct ion produced by X-rays 
the same series of experiments  should be carried out. 

R. DULBECCO and J.  J. WEIGLE 

Kerchho// Laboratories o/ Biology, Cali/ornia Institute 
o/ Technology Pasadena, Cali/ornia, August 1, 1952. 

R~suml 

Les auteurs mont ren t  que des bact6ries iltumindes avec 
de la lumi~re visible perdent  teur capacit4 de mult ipl ier  
les bact4riophages; cela aussi bien lorsque la bact6rie 
(Esther;chin Col; B) a 6t6 infect4e de l 'ext4rieur  par  un 
phage virulent  (T2) que lorsque la bact6rie lysog6ne 
(Escherichia Col; K 12) a 6td induite ~ mult ipl ier  le phage 
(t) qu'el le portait .  Dans ce dernier c a s c e t  effet de la 
lumi6re peut  simuler une photor6act ivat ion.  

1 j. j. WEmLE and M. DEL~R0CX, J. Bact. 6- °, 301 (1951). 
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