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A T P a s e  in the  N o r m a l  and D y s t r o p h i c  D e v e l o p -  
ing  Re t ina  of the  Rat  

This comm un ica t i on  deals w i th  p re l iminary  da t a  on 
ATPase  (ATP phosphohydro lase)  ac t iv i ty  in the  develop-  
ing re t ina  of 2 normal  r a t  s t ra ins  and  a s t ra in  wi th  in- 
he r i t ed  re t ina l  degenera t ion  1. Since ATPase  has been  im- 
pl ied ill the  N a + - K +  t rans fe r  a t  cellular m e m b r a n e s  2, tile 
o p p o r t u n i t y  to  inves t iga te  t he  s t imula t ion  b y  Na+ and  
K + ions of ATPase  ac t iv i ty  also in the  dys t roph ic  re t ina  
lacking a normal  e lec t rore t inogram 3 is mos t  obvious.  The 
e lec t rore t inographic  p a t t e r n  (ERG) appears  in the  normal  
re t ina  only  af ter  a cer ta in  deve lopmen ta l  s tage 3, and the  
a l te ra t ion  of the  E R G  is one of the  f i rs t  dynamic  signs of 
degenera t ion  in the  visual  ceils 3. The overal l  p ic ture  ob- 
t a ined  by  m e a s u r e m e n t s  of ATPase  in the  presence  and  
absence of Na  + and K+ ions has  been  in keeping wi th  t he  
hypo thes i s  of a pos t -ha rM decrease in t he  N a + - K +  
ac t iva t ion  of ATPase  in the  dys t roph ic  ret ina.  

Albino ra ts  of the  Wis t a r  and  Sprague-Dawley  strain,  
2-120 days  old, were used as controls .  Ra t s  wi th  re t ina l  
dys t rophy ,  descendan t s  of t he  s t ra in  descr ibed by  
BOURNE et  al. 1, were also used. The cornea,  iris and  lens 
were gen t ly  removed,  the  eye-bal l  was immersed  in 
0 .25M sucrose a t  2-4~ and  the  re t ina  was sepa ra ted  
f rom p i g m e n t  ep i the l ium and  choroid.  Histological  
examina t ion  of re t inae  isolated by  th is  t echn ique  has 
shown the  presence of only  a few f ragment s  of choroid.  
However ,  in the  affected s t ra in  t he  isolat ion of re t ina  
f rom p i g m e n t  ep i the l ium was no t  so easy as in the  normal ,  
owing to the  adhesion of the  2 s t ructures .  

Soon af ter  removal ,  16-20 re t inae  were ex t r ac t ed  wi th  
glass dist i l led wa te r  by  homogen iza t ion  wi th  a motor -  
d r iven  glass homogenizer  in a f inal  vo lume of 1.5 ml. The 
h o m o g e n a t e  was cent r i fuged a t  22,000 g for 20 rain in a 
Lourdes  ref r igera ted  centr ifuge.  All s teps  were pe r fo rmed  
at  4 ~ W h e n  young  developing ra ts  or animals  of the  
af fec ted  s t ra in  were used, tile n u m b e r  of re t inae  in each 
expe r imen t  was greater .  

ATPase  ac t iv i ty  has been  measured  in the  exper imen ta l  
condi t ions  suggested by  SKOU 2 and  p ro te in  n i t rogen  has 
been  de t e rmined  by  a submic rospec t ropho tome t r i c  pro-  
cedure 4. 

Tris ( h y d r o x y m e t h y l ) - a m i n o m e t h a n e - A T P  was pur-  
chased  f rom Sigma Chemicat  Co. (St. Louis,  Mo., USA).  
The o the r  compounds  were reagen t  grade.  

The Table  summar izes  d a t a  indica t ing  a def ini te  in- 
crease in the  specific ac t iv i ty  of ATPase  in the  presence 
of Mg++ or Mg++ plus Na+ and  K + ions dur ing  the  pos t -  
na ta l  d e v e l o p m e n t  of re t inae  f rom the  no rma l  and  
affec ted  ra t  s trains.  However ,  Na+-K+ s t imula t ion  of 
ATPase  ac t iv i ty  does n o t  v a r y  in the  normal  ret ina,  
while i t  declines in the  degenera t ing  tissue. The Figure 
shows t h a t  a decline of Na+-K+ ac t iva t ion  can be measured  
m u c h  earlier t h a n  the  22nd day  of pos t -na t a l  life, a de- 
crease of the  rat io Mg++-Na+-K+/Mg++ s t imula ted  
ATPase  ac t iv i ty  being a l ready  a p p a r e n t  by  tile 12th day  
af ter  bir th .  I t  is also in te res t ing  to under l ine  t h a t  the  
rat io be tween  Mg++-Na+-IZ+/Mg++ ATPase  ac t iv i ty  does 
no t  change  in the  normal  developing ret ina.  A value of 
1.8-2.2 has been  ob ta ined  for th is  ra t io  a t  all develop-  
men ta l  s tages of the  normal  ret ina,  under  the  experi-  
m e n t a l  condi t ions  r epor ted  above.  

As sugges ted  by  SKou 3, the  cleavage by  ATPase  of the  
t e rmina l  ,-~ P bond  of A T P  releases the  energy  requi red  
for the  en t rance  of K+ and  the  ex t rus ion  of Na+ th rough  
cellular m e m b r a n e s  af ter  depolar izat ion.  BONTING et  al. 5 
have  recen t ly  adap t ed  th is  general  t heo ry  to  the  visual  
ceils. If  i t  is t rue  t h a t  l ight  genera tes  a cur ren t  which  

flows f rom the  pho to recep to r  cell b o d y  to the  ou te r  seg- 
m e n t  s, it  follows t h a t  a m o v e m e n t  of ions occurs t h rough  
the  receptor  m e m b r a n e  upon  l ight  exci ta t ion,  jus t  as it  
occurs in the  nerve.  The N a + - K +  ATPase  sys tem would 
then  opera te  in the  repolar iza t ion  process  to p u m p  out  
Na+ and  move K+ back  in (see also 7). 

As men t ioned  above,  the  dys t roph ic  re t ina  lacking a 
normal  e lec t rore t inogram has  appeared  as a sys t em which 
m i g h t  reveal  s ignif icant  changes  of the  ATPase  sys tem.  
E x p e r i m e n t a l  f indings have  been  in keeping wi th  the  
hypothes is .  However ,  there  is an o t h e r  f inding obta ined  
in ATPase  m e a s u r e m e n t s  which deserves  a shor t  comment .  
The i m m a t u r e  re t ina  of a normal  ra t  s t ra in  does no t  ex- 
h ib i t  the  e lec t rore t inogram up to  the  12th day  of post-  

ATPase specific activity (activity/mg protein) in the developing 
retina s 

Age 
(days after 
birth) 

Normal retina b Dystrophic retina 

Plus Plus Plus Plus 
Mg++ Mg++-Na+-K+ Mg++ Mg++-Na+-K+ 

2 3.6 6.5 3.5 6.6 
120 7.2 14.3 7.9 8.8 

For experimental details see text. ATPase specific activity has 
been expressed as micromoles of P/min/mg protein at 37 ~ b Data 
reported in the Table and the Figure for normal retinae were ob- 
tained on albino rats of the Wistar strain. No significant differences 
were found, however, between retinae of Wistar and Sprague- 
Dawley strains. 
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The ratio between ATPase activity in the presence of Mg++-Na+-K+ 
and ATPase activity after addition of only Mg ++ ions is reported as a 
fuuction of post-natal development of normal (A) and dystrophic (B) 
retina. Each experimental point represents the mean of at least 3 

determinations in duplicate on pools of 16 retinae or more. 

1 M. C. BOURNE, D. i .  CAMPBlgLL, and K. TANSLEY, Br. J. Ophthal. 
23, 613 (1938). 

2 j .  C. SKOU, Biochim. biophys. Acta 23, 394 (1957). 
s j .  E. DOWLING and R. L. SIDMAN, J. cell. Biol. 14, 73 (1962). 
4 R. BALLENTINE, in Methods in Emymology (Ed. S. P. COLOWlCK 

and N. O. KAPLAN; Academic Press, New York 1957), vol. III, 
p. 984. 

5 S. L. BONTING, L. L. CAltAVAGGIO, and M. R. CANADY, Expl Eye 
Res. 3, 47 (i964). 

s W. A. HAGINS, H. V. ZONANA, and R. G. ADAMS, Nature, Lond. 
194, 844 (1962). 
S. L. BONTING and L. L. CARAVAaGIO, Arch. Biochem. Biophys. 
101~ 37 (1963). 



15. XI. 1966 Specialia 721 

n a t a l  life a. Never the less ,  t he  e n z y m e  s y s t e m  respons ib le  
for A T P  c leavage  and  ene rgy  disposal  does e x h i b i t  t he  
same  proper t i e s  found  in t he  a d u l t  re t ina ,  no  changes  in 
t he  ra t io  Mg++-Na+-K+/Mg++ s t i m u l a t e d  A T P a s e  ac- 
t i v i t y  be ing  m e a s u r e d  d u r i n g  t he  f i rs t  4 m o n t h s  of life. 
C6Ts s ha s  shown  t h a t  t he  enzyme  a c t i v i t y  is m e a s u r e d  in 
t he  b r a i n  before  the  occur rence  of e lec t r ica l  ac t iv i ty .  
T h o u g h  t he  a l t e r a t i on  of t he  E R G  in the  af fec ted  an ima l s  
is easi ly re la ted  to  t he  d a m a g e  of p h o t o r e c e p t o r  cells, i t  is 
w o r t h  n o t i n g  t h a t  the  ea r ly  decl ine of Na+-K+ s t i m u l a t i o n  
of A T P a s e  a c t i v i t y  offers a sugges t ive  d y n a m i c  exp lana -  
t i on  of t he  t r a n s i t o r y  a p p e a r a n c e  and  s u b s e q u e n t  dis- 
a p p e a r a n c e  of t he  e l ec t ro r e t i nog ram in t h i s  same  r a t  
s t r a i n  3. One could suppose  t h a t  t he  E R G  appea r s  because  
a t  t he  12th  d a y  A T P a s e  is st i l l  l a rge ly  s t i m u l a t e d  b y  Na+ 
a n d  K+ ions and  declines soon after ,  s ince the  ionic s t imu-  
l a t ion  of e n z y m e  a c t i v i t y  becomes  insuff ic ient .  I f  A T P a s e  
is a n  al loster ic  enzyme,  as sugges ted  b y  SQUIRES 9, a 
c o n f o r m a t i o n a l  a l t e r a t i o n  of t he  ca t a ly t i c  p r o t e i n  a t  t he  
al loster ic  site for Na+ a n d  K + ions would  be  respons ib le  
/o r  t he  obse rved  changes  in A T P a s e  act iv i t ies .  W h a t e v e r  
t he  possible  specula t ions ,  i t  can  on ly  be  s t a t e d  t h a t  A T P a s e  
s t i m u l a t i o n  b y  N a  + and  K+ ions decl ines in  the  d y s t r o p h i c  
r e t i n a  w i t h  age in compar i son  w i t h  n o n - N a + - K +  s t imu-  
la ted  A T P a s e  lo. 

Riassunto. Viene  desc r i t to  u n  a u m e n t o  s ign i f ica t ivo  
del l ' a t t iv i tS ,  specif ica d e l l ' A T P a s i  ( a t t i v i t s  p ro te ine )  
d u r a n t e  lo sv i luppo  p o s t - n a t a l e  del la  r e t i n a  in r a t t i  nor -  
ma l i  ed in  r a t t i  con r e t i n i t e  p i g m e n t o s a  e red i ta r ia .  I1 rap-  
por to  t r a  a t t i v i t ~  A T P a s i c a  in p re senza  di M g + + - N a + - K  + 
ed a t t i v i t s  A T P a s i c a  in  p resenza  di Mg ++ n o n  v a r i a  ne l la  
r e t i n a  no rma le ,  m e n t r e  esso v a  i ncon t ro  ad  u n  precoce 
decl ino d u r a n t e  lo sv i luppo  del la  r e t i n a  dis t rof ica .  I1 
s ignif icato  di ques t i  da t i  6 discusso mol to  b r e v e m e n t e .  
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T h e  P r o d u c t i o n  of L e u c y l p h e n y l a l a n i n e  
A n h y d r i d e  by  a Var iant  of  Streptomyces noursei 

Streptomyces noursei, v a r i a n t  No. 5286, w h i c h  produces  
t he  an t ib io t i c  p h a l a m y c i n  1 also p roduces  severa l  subs t i -  
t u t e d  d ioxopiperaz ines  2. F o u r  of t h e m  h a v e  been  re- 
por ted ,  n a m e l y :  3 ,6-dibenzyl idene-2 ,  5-d ioxopiperaz ine  
(i), i ts  d ihyd ro  d e r i v a t i v e  3-benzyl -6-benzyl idene-2 ,5-  
d ioxopiperaz ine  (II), a n d  its t e t r a h y d r o  d e r i v a t i v e  3,6- 
d ibenzy l -2 ,5 -d ioxop ipe raz ine  (III) ,  and  3-benzyl idene-6-  
i sobu ty l idene -2 ,5 -d ioxop ipe raz ine  (IV). Because  of t h e  
r e l a t ionsh ip  be tween  I, I I ,  and  I I I a  s u b s e q u e n t  search 
was m a d e  for f u r t h e r  p roduc t s  wh ich  m i g h t  be s imi la r ly  
r e l a t ed  to IV  b y  s a t u r a t i o n  of e i the r  or b o t h  of the  ole- 
f inic double  bonds .  On ly  the  ful ly s a t u r a t e d  p roduc t ,  
n a m e l y  3-benzyl-6- isobutyl-2 ,  5-d ioxopiperaz ine  or leucyl-  
p h e n y l a l a n i n e  a n h y d r i d e  (V) was found.  Th i s  no te  repor t s  
i ts  i sola t ion and  proof  of i d e n t i t y  b y  m e t h o d s  p rev ious ly  
descr ibed  2. 

For  t he  isolat ion,  e t h y l  ace t a t e  e x t r a c t s  of 4-day shake  
cu l tu res  in yeas t  e x t r a c t  b r o t h  were c o n c e n t r a t e d  to dry-  
ness in vacuo  and  t he  res idue e x t r a c t e d  r e p e a t e d l y  w i t h  
each  of the  fol lowing so lven ts  in  succession:  water ,  and  
10, 20, 30, 40, 50, 60, 70, 80, and  90% acetone.  Based  on  
IR-spec t r a ,  pools were m a d e  and  solids o b t a i n e d  b y  con- 
c e n t r a t i o n  in  vacuo.  I n  t he  7 0 - 9 0 %  ace tone  ex t r ac t s  
t he re  was ev idence  for IV  as well  as V. I n  t he  10 -60% 
ace tone  ex t r ac t s  t he re  was s t rong  ev idence  (in pa r t i cu la r ,  
3 cha rac t e r i s t i c  a b s o r p t i o n  b a n d s  a t  1347, 1336, and  
1325 cm -1) for t he  presence  of V. These  ex t r ac t s  con- 
t a i n e d  also m u c h  h i g h l y  colored mate r ia l ,  m o s t  of which  
could be r e m o v e d  b y  severa l  wash ings  w i t h  e ther .  The  
res idue  was f u r t h e r  pur i f ied  b y  r epea t ed  s ub l i m a t i ons  a t  a 
t e m p e r a t u r e  of a p p r o x i m a t e l y  180~ a n d  a pressure  of 
a b o u t  1 m m  Hg. W a x y  res inous  solids col lected on  t he  
cold f inger  in t he  ear ly  cuts  of th i s  process, and  clean 

wh i t e  a m o r p h o u s  solids sub l imed  the rea f t e r .  E f fo r t s  to  
crys ta l l ize  th i s  l a t t e r  m a t e r i a l  revea led  a s t r i k ing  differ-  
ence f rom the  o t h e r  d ioxopiperaz ines .  Crys ta l l i za t ion  
could no t  be in i t i a t ed  or was p rac t i ca l ly  negl igible  f rom 
mos t  of t he  o r d i n a r y  organic  so lven ts  or  s o l v e n t  pa i r s ;  
e i the r  a st iff  gel fo rmed  w h e n  the  h o t  so lu t ions  were 
cooled, or no  c rys ta l s  a p p e a r e d  if t he  so lu t ions  were 
d i lu te  e n o u g h  to avo id  gel fo rmat ion .  F r o m  aqueous  
acet ic  acid,  a p p r o x i m a t e l y  60%,  long f ibrous,  g l i s t en ing  
wh i t e  c rys ta l s  were somet imes  o b t a i n e d  a f t e r  severa l  
days  a t  -- 5~ b u t  on ly  in v e r y  low yield.  However ,  
when  c rys ta l s  fai led to a p p e a r  f rom the  ace t ic  ac id -wa te r  
so lu t ions  or  when  a gel formed,  a m o d e r a t e l y  good yield 
of c rys ta l s  could be  ob t a ined  b y  f i rs t  f reezing t he  so lu t ion  
or gel and  t h e n  t h a w i n g  i t  a t  room t e m p e r a t u r e .  The  t i n y  
wh i t e  r o d - s h a p e d  c rys ta l s  t hus  fo rmed  m e l t e d  a few 
degrees  lower  t h a n  t he  larger  c rys ta l s  m e n t i o n e d  above ,  
b u t  neve r the l e s s  th i s  s tep  b r o u g h t  a b o u t  cons ide rab le  
i m p r o v e m e n t  in pur i ty .  

Th i s  n a t u r a l  V was ident i f ied  b y  c o m p a r i s o n  of i ts  
p rope r t i e s  w i t h  those  of the  s y n t h e t i c  p r o d u c t  p r e p a r e d  
b y  cyc l i za t ion  of L- leucyl-L-phenylalanine.  B o t h  n a t u r a l  
a n d  s y n t h e t i c  p r o d u c t s  show the  same p r inc ipa l  abso rp -  
t i on  m a x i m a :  3210, 3070, 2960, 2905, 1665, 1605, 1499, 
1465, 1458, 1390, 1370, 1347, 1336, 1325, 1093, 1012, 912, 
868, 836, 766, 752, a n d  700 cm -1. The  n a t u r a l  p r o d u c t  
me l t s  w i t h  decompos i t i on  a t  272-273 ~ t he  s y n t h e t i c  a t  
273--274 ~ a n d  t he  m i x t u r e  m e l t i n g  p o i n t  shows no  de- 
pression.  Ana lys i s  of t he  n a t u r a l  s u b s t a n c e  gave :  C, 69.46; 
H,  7.52; N, 10.65; ca lcu la ted  for  C15H20N202: C, 69.18; 
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