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P r o t e i n  R e n e w a l  in the  P h o t o r e c e p t o r  Outer  S e g m e n t s  of  the  P i g e o n  Ret ina  

The pho to recep to r  cells of ve r t eb ra t e  re t inae  are d iv ided 
into several  specialized compar tmen t s .  The outer  seg- 
m e n t  pe r fo rm s  the  l igh t  absorp t ion  and conta ins  hundreds  
of piled m e m b r a n o u s  discs 1. The inner  segment  is the  site 
of the  main  syn the t i c  and  metabol ic  mechanisms .  The 
synap t ic  t e rmina l  t r ansmi t s  the  visual  exc i ta t ion  to more  
cent ra l  neurones  of the  ret ina.  

The renewal  of t he  disc m e m b r a n e  proteins ,  among  t h e m  
the  photosens i t ive  visual  p igment ,  has  been s tudied  in se- 
veral  species, by  au torad iographic  2-6, and  by  biochemical  
t echniques  s. This paper  repor t s  e lectron microscopic auto-  
rad iographic  observa t ions  of th is  process  in t he  rod and 
cone outer  segments  of the  h ighly  specialized pigeon re- 
t inae.  

Four  pigeons, Columbia livia, under  l ight  anes thes ia  
were in jec ted  in to  the  v i t reous  h u m o r  of t he  r igh t  eye, 
100 ~1 of a solut ion conta in ing  500 ~C of 8H-L-Leucine 
(S.A. 22 C/mMole), under  s t anda rd ized  condi t ions  describ-  
ed elsewhere ~. They  were sacrificed at  18 h, 3, 7 and  14 
days  af ter  inject ion,  respect ively,  b y  in t racard iac  perfu-  
sion of the  di f ferent  mix tu re s  of pa r a fo rma ldehyde  and 
g lu ta ra ldehyde  used by  BRIGHTMANN and  REEs~8. Af ter  
d e h y d r a t i o n  of the  re t inas  in e thanol  and  embedd ing  of 
the  t issue blocks ill araldite,  autoradiograpt ls  for electron 
microscopy  were p repa red  according to  GRANBOULAN 9 
and SALPETER and  BACHMANN I0, using tile I lford L 4  
nuclear  emulsion.  Af ter  exposure  for 6 weeks, the  prepa-  
ra t ions  were developed in microdol  and f ixed in sodium 
tbiosulfate .  

18 h af ter  inject ion,  70~o of the  silver grains were con- 
t r ac t ed  over  a d is tance  of 2 to 3 ~m, at  t he  base  the  rod 
outer  segments  (Figure 1). 3 days  af ter  injection,  the  rod 
outer  segments  were still  heavi ly  labelled, bu t  mos t  of the  
grains were now localized 3 to  6 vm from tile t ip  and  at  
about  18 to 21 tzm f rom the i r  base (Figure 2). 7 days  af ter  

injection,  the  r ad ioac t iv i ty  was cons iderably  less, and  the  
few grains were sca t t e red  all over  the  rod outer  segments .  
14 days  af ter  in jec t ion  no more  grains were found.  

In  t he  cone outer  segments ,  a d i f ferent  p a t t e r n  was ob- 
served. 18 h and  3 days  af ter  inject ion,  t he  r ad ioac t iv i ty  
was weak and r a n d o m l y  d i s t r ibu ted  (Figure 1). 7 days  
af ter  injection,  as in t he  rod outer  segments ,  few grains 
were still de tec tab le ;  and  none were visible 14 days  af ter  
injection.  

The radioac t ive  pro te ins  de tec ted  by  si lver grains are 
p robab ly  syn thes ized  in t he  rod and  cone inner  segments ,  
as a l ready shown in o ther  ve r t eb ra t e  ret inae.  In  the  rods, 
the  newly syn thes ized  pro te ins  migra te  in t he  inner  seg- 
ment ,  pass  t h ro u g h  the  connec t ing  c i l iumn,  12, and  are 
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Fig. 1. Electron micrograph of photoreceptor cells 18 h after injection 
of 3H Leueine. The autoradiographic grains are mainly concentrated 
over the base of the rod (R) outer segments (OS). • 5,600. R, rod; C, 
cone; OS, outer segment. 

Fig. 2. Three days after injection, the grains are Iocalized near the tip 
of the rod outer segment. Ep~ pigment epithelial ceils; ROS, rods 
outer segments, x6,500. 
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p robab ly  assembled  at  the  outer  segment  base into disc 
m e m b r a n e s  ~, 5. The % r m a t i o n  of new discs causes a scleral 
d i sp lacement  of old discs which  are engulfed and des t royed  
in the  p i g m e n t  epi thel ium,  when  t h e y  reach the  t ip  of the  
rod outer  segmentS,  12. A l though  the  'basic course of t he  
p h e n o m e n o n  appears  to be ident ical  in all ve r t eb ra t e s  
a l ready  s tudied  s the  b iosynthes i s  of r o d  discs seems to 
proceed more  rap id ly  in t he  pigeon. A rod oute r  segment  
is comple te ly  renewed  in 3 to 4 days  which  means  t h a t  
9 to 12 discs are synthes ized  per  hour.  This is twice  as ra- 
pid as in mice and  ra ts  2, and 15 t imes  more  rap id  t h a n  in 
frogs 4. As th is  p ro te in  renewal  includes cont inua l  regene- 
ra t ion  of the  rod visual  p i g m e n t  s, a re la t ionship  be tween  
funct ion  and pro te in  me tabo l i sm is suggested by  th is  ra- 
pid m e m b r a n e  renewal  ra te  in th is  h ighly  organized ret ina.  

The f u n d a m e n t a l  d i s t inc t ion  be tween  rod and  cone pro- 
te in  renewal  has also been  observed  in o ther  species 5, ~8. 
F u r t h e r  unde r s t and ing  of the  renewal  mechan i sm in the  
cone outer  segments  canno t  be deduced  f rom our data .  

Rdsumd. Les segments  ex te rnes  des b g t o n n e t s  de la r~- 
t ine  du pigeon sont  t o t a l e m e n t  renouvel6s en 3-4 jours.  
La d i s t inc t ion  fondamen ta l e  en t re  les m~chanismes  de 
r enouve l l ement  des pro%ines  discales des b~ tonne t s  et  des 
c6nes a 6t6 re t rouv6e dans  ce t te  esp~ce. 
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Effect  of  V i n c r i s t i n e  o n  the  U l t r a s t r u c t u r e  of R a t  

Microtubules  have  been considered to be involved in the  
m o v e m e n t s  of par t i cu la te  componen t s  of the  cy top la sm 
in a n u m b e r  of an imal  and  cell models  1 4. In  nerve  cells, 
where  t h e y  are par t i cu la r ly  a b u n d a n t  5, i t  has  been  sug- 
gested t h a t  t h e y  con t r ibu te  to axonal  f low s. Suppor t ing  
these  concepts ,  the re  are recen t  s tudies  d e m o n s t r a t i n g  
t h a t  t he  admin i s t r a t i on  of colchicine, an agent  t h a t  
d i s rup ts  cellular microtubules ,  blocks the  axonal  t r a n s p o r t  
of cea ty lchol ines terase  in sciatic nerve  7 and  of labelled 
p ro te in  in the  h y p o t h a l a m o - n e u r o h y p o p h y s e a l  systemS. 

The p resen t  work  was u n d e r t a k e n  in order  to  s tudy  the  
effect  on the  uKras t ruc tu re  of ra t  neu rohypophys i s  
induced  by  vincris t ine,  which  is known  to p rec ip i ta te  
mic ro tubu la r  p ro te in  Jm the  form of crysta l loid  inclusions 
in m a n y  cell t ypes  9. 

Normal  Wis t a r  ra t s  of b o t h  sexes, weighing be tween  
250 and 350 g were used. Af ter  decapi ta t ion ,  t he  neural  
lobe of the  hypophys i s  was quickly  r emoved  and  incuba ted  
a t  37~ in an oxygena t ed  Locke 's  solut ion (NaCI 154 m ~ / ;  
KC1 5,6 mM; CaC12 2.2 m M ;  MgC12 1.0 raM;  NaHCO3 
6.0 m M ;  glucose 10 raM). Vincr is t ine  sulfate  (Oncovin, 
El i  Lil ly and  Co. Indianapol is ,  Ind.)  was added  to  the  
med ium  at  10-5M for per iods  rang ing  f rom 15 to 180 min.  
The glands were subsequen t ly  f ixed for e lectron micro- 
scopic s tudies  in 5 % p h o s p h a t e  buffered g lu ta ra ldehyde  so- 
lut ion (pH 7.4). Af ter  pos t f ixa t ion  in p h o s p h a t e  buffered 
OsO 4, the  t issues were d e h y d r a t e d  in graded alcohol solu- 
t ions  and  e m b e d d e d  in E p o n  812. Thin  sect ions were 
p repa red  wi th  an L K B  u l t ra tome,  t r ea t ed  wi th  lead cit- 
ra te  and  examined  wi th  a Phi l ips  EM 300 electron mi- 
croscope. 

The u l t r a s t ruc tu re  of ra t  neu rohypophys i s  ma in t a ined  
in Locke 's  solut ion alone revealed a typ ica l  p a t t e r n  even 

N e u r o h y p o p h y s i s  

af ter  180 min  of incubat ion .  In  par t icu lar  the  nerve  fibers 
con ta in ing  micro tubules  and neurosecre to ry  granules,  
were  well p rese rved  (Figure 1). 

One hour  af ter  incuba t ion  in the  presence of vincris t ine,  
t he  axop lasm reveals  crys ta l lo id  inclusions, the  n u m b e r  of 
which  increases w i th  t ime  of exposure,  whereas  the  micro- 
tubules  could be ident i f ied  only rarely.  At  180 min  of 
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Fig. 1. Rat neurohypophysis incubated for 3 h in Locke's solution 
alone. Note the large number of mierotubules (small arrows) in the 
nerve fibers. H, portion of a Herring body; ng, neurosecretory gra- 
nules; s, synaptoid vesicles. • 17,500. 


