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1 or 2 par t icu lar ly  b road  and  dark  lamellae, which  con- 
t a ined  the  nucleus, Golgi area and grea t  amoun t s  of 
rough E R  (Figure 2). The individual  lamellae were 
sepa ra ted  by  a gap vary ing  in w id th  f rom 33 to  540 nm. 
These gaps were filled wi th  scarce microf i laments ,  col- 
lagen fibrils and 2 basal  laminae  covering the  surface of 
the  cy toplasmic  lamellae. As a rule, the  intercel lular  gaps 
were seen to increase in size towards  t he  pe r iphe ry  of the  
corpuscles. The inne rmos t  lamella was cont iguous to  the  
axon and a t t a ched  to  it by  desmosomes.  

The presence of barorecep tors  in r abb i t  and ca t  adre-  
nals has been pos tu la t ed  on the  basis of e lec t rophysio-  
logical expe r imen t s  4. NIIJIMA and WINTER 4 found t h a t  
changes  in sys temic  blood pressure  were accompanied  
by  changes  in the  firing ra tes  of decent ra l ized  adrenal  
nerves.  The au thors  concluded t h a t  these  receptors  could 
be p a r t  of a reflex sys tem involved in the  regula t ion of 
regional  blood flow. 

I t  is well agreed t h a t  Pacin ian  corpuscles are rap id ly  
adap t ing  mechanorecep to r s  specialized for the  recept ion  
of v ibra t ion  s t imul iL Al though  the  corpuscles descr ibed 
in the  p resen t  s t u d y  differ f rom classical Pac in ian  cor- 
puscles in so far as t h e y  lack a clearly ident i f iable  pert- 
neural  sheath ,  t h e y  are mos t  p ro b ab l y  mechanorecep to r s  
as well. Hence  we suggest  t h a t  t h e y  fo rm the  af ferents  of 
a sys t em con t r ibu t ing  to  a local regula t ion of adrenal  
blood flow. Adrenergic  nerves,  which could be in te rp re ted  
as t he  cor responding  efferents,  have  been  observed  in the  
walls of blood vessels in bo th  cor tex  and  medul la  of the  
guinea-pig adrenal  s. 
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Summary. By means  of the  tann ic  ac id-g lu ta ra ldehyde  f ixat ion me t h o d  the  lack of dynein  br idges be tween the  central  
two tubul i  in dis ta l  segments  of mouse  o l fac tory  cilia is demons t r a t ed .  Consequent ly ,  these organelles are supposed to 
be unable  to bea t  act ively,  in con t ras t  to the  proximal  ciliary shafts .  

Olfac tory  cilia are the  te rmina l  processes of sensory  
neurons  in the  o l fac tory  ep i the l ium of m a n y  animals  and  
of man.  They  are suspended  in a superficial  th ick  layer  
of mucus  and exposed di rec t ly  to s t imula t ing  molecules 
arr iving f rom the  inspired air. Besides the  o l fac tory  ves- 
icles, cilia are cand i t a tes  for the  t r ansduc t i on  of the  
s t imu lan t - r ecep to r  in te rac t ion  into an electrical  event ,  
e i ther  by  the  act ion of m e m b r a n e  associated prote ins  or 
m e m b r a n e  lipids a, 4. 

Most  commonly ,  o l fac tory  cilia are bui l t  up by  a 
proximal ,  th ick  shaf t  (d iameter  abou t  0.2 ~zm), and a 
distal ,  ve ry  long and th in  segment ,  giving the  cilium a 
to ta l  length  of abou t  50 a m  in ra tsK W i t h  o the r  centriole 
genera ted  processes,  the  th ick  segments  share  t he  9 + 2  
p a t t e r n  of tubuli .  Towards  the  tip, the  outer  tubul i  dis- 

appear  and finally t he  cent ra l  pair  ex tends  to the  distal  
s eg men t  of the  ciliumK 

The mot i l i ty  of o l fac tory  sensory cilia, is still an un-  
se t t led  problem.  According to the  sliding f i lament  h y p o t h -  
esis 7, the  presence  of dyne in  arms on tubules  is an essen- 
tial r equ i remen t  for act ive movemen t .  The p resen t  s tudy  
provides  evidence t h a t  dis ta l  ci l iary segments  in the  
mouse  o l fac tory  mucosa  lack dyne in  br idges and  there-  
fore are no t  able to bea t  actively.  

Methods. Nasal  septae  of adul t  and  newborn Swiss 
mice were excised as repor ted  previously  8, and fixed by  
immers ion  in 2.5% purif ied glutar  a ldehyde  in 0.1 M 
cacodyla te  buffer  p H  7.4. This f ixat ive was supp lemen ted  
wi th  4% tannic  acid 9, as a m o r d a n t  for tubu la r  proto-  
mers.  Af ter  pos t f ixa t ion  in veronal  ace ta te  buffered os- 
m i u m  solut ion 1~ and embedd ing  in E p o n  812 following 
rout ine  techniques ,  th in  sect ions were double s ta ined in 
u ranyl  ace ta te  and lead c i t ra te  solut ion it, and examined  
in a Phil ips EM 200 electron microscope.  

Transsection of a distal segment of mouse olfactory cilium. The 
unit membrane is covered both on its inner and outer side by an 
osmiophilic layer. Note the 2 branches of osmiophilic material, 
which insert into the inner submembranous layer and the tub111i 
respectively, where their arms span 4 of the 13 prototilaments. No 
dynein bridges are perceivable. • 500,000. 
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Results and discussion. Dis ta l  s egmen t s  of o l fac tory  
vesicles d i sp lay  el l ipt ic  t ranssec t ions ,  the  d i ame te r s  meas-  
u r ing  1400 A a n d  900 ~_, respect ively .  The  double  m e m -  
b r a n e  is coa ted  on  i ts  outs ide  b y  a t h i n  (60 ~_), osmiophi l ic  
layer ,  and,  more  conspicuous,  on i t s  i nne r  aspec t  b y  a 
r e l a t ive ly  e lect ron dense, h o m o g e n o u s  100 ~ t h i c k  film. 
E x a c t l y  in  the  smal l  axis  of t h e  ellipse f rom th i s  in te r io r  
coa t  o r ig ina te  d a r k  s t a in ing  b r a n c h e s  (120 • 100 A), 
wh ich  spl i t  in  a fa i r ly  c o n s t a n t  d i s tance  of 500 A_ f rom 
t h e i r  or igin in 2 V-shaped  arms,  which  in t he i r  t u r n  inse r t  
in to  t he  cen t r a l  tubnl i .  This  p a t t e r n  was t he  on ly  one to 
be observed  in a few h u n d r e d  t ranssec t ions .  

The  t u b u l i  are  composed  b y  13 p ro to f i l amen t s ,  v is ible  
on ly  in t ranssec t ions .  T a n n i c  acid ou t l ines  the  s u b u n i t s  
and  forms a cog wheel  p a t t e r n  (Figure).  The  V-shaped  
a r m s  c o n t a c t  t h e  t ubu l i  in such  a m a n n e r  t h a t  4 p ro to-  
f i l amen t s  lie be tween  t h e m  in the  cen te r  of the  cil ium, 
and  the  9 lef t  f i l amen t s  r e m a i n  outside.  The  in te r io r  
b o r d e r  of t he  p r o t o f i l a m e n t s  is s u p p o r t e d  b y  a t h i n  (30 ~_) 
r ing  of h igh ly  osmiophl ic  subs tance .  L a t e r a l  processes of 
t u b u l i  t h a t  could cor respond  to d y n e i n  a rms  as seen in 
var ious  cilia of t h e  9 + 2  p a t t e r n ,  were v i r t u a l l y  a b s e n t  
in all  p repa ra t ions .  

Ac t ive  m o v e m e n t  of o l fac to ry  cilia has  been  a m a t t e r  
of d i spu te  in t he  pa s t  ~2. Since o l fac tory  cilia are l ikely to 
h a r b o u r  r ecep to r  si tes in t h e i r  m e m b r a n e ,  because  of 
t he i r  p a r t i c u l a t e  loca t ion  in the  uppe r  s to rey  of the  
o l fac to ry  surface,  ac t ive  m o t i l i t y  was t h o u g h t  to  fac i l i ta te  
b o t h  c o n t a c t  w i t h  s t i m u l a t i n g  molecules  a n d  c leaning  of 
t he  cell surface a f t e r  r eg i s t r a t ion  of odour  subs tances  on 
the  m e m b r a n e  ~a. 

Di rec t  ev idence  for ci l iary bea t i ng  has  been  ach ieved  
b y  d i rec t  microscopical  obs e r va t i on  of t he  frog o l fac to ry  
mucosa% The  p r o x i m a l  t h i c k  segments  appea red  to b e a t  
u n c o o r d i n a t e d  and  v e r y  vigorously,  especial ly  a f te r  elim- 
i na t i on  of t he  d i s ta l  segments .  Dis ta l  segments  seemed 
to be  m o v e d  pass ive ly  and  to r e t a rd  t he  m o v e m e n t s  of 
p r o x i m a l  par t s .  

The  p r e sen t  s t u d y  d e m o n s t r a t e s  t h a t  t u b u l i  of d i s ta l  
s egments  lack d y n e i n  bridges,  wh ich  h a v e  been  convinc-  
ingly d e m o n s t r a t e d  to  be  essent ia l  for ac t ive  m o v e m e n t  
in h u m a n  sperm~4. Since t he  two t ubu l e s  found  in d i s ta l  
s egments  seem to  be  ex tens ions  of t he  cen t r a l  pa i r  in  t he  
9 + 2  p a t t e r n  of p r o x i m a l  shaf ts ,  t h e  lack of d y n e i n  
br idges  is a c t u a l l y  no t  surpr iz ing,  because  t h e y  are 
devoid  of these  a r m s  f rom t h e i r  origin.  Accord ing  to  t he  
s l iding f i l amen t  h y p o t h e s i s  t he  cen ta l  pa i r  is t he  anchor -  
ing si te  of r ad ia l  spokes of pe r iphe ra l  doub le t t s .  I t  medi -  
a tes  t he  convers ion  of t he  l inear  s l iding of pe r iphe ra l  
t ubu le s  in to  a b e n d i n g  of t he  whole  c i l iumL Thus,  t he  
poss ib i l i ty  is excIuded t h a t  t he  cen t r a l  pa i r  of mic ro tubu l i  
acquires  d y n e i n  br idges  somewhere  d is ta l  f rom the  9 + 2  
por t ion .  

As in m a n y  o t h e r  ins tances ,  t he  t u b u l i  are composed  
b y  13 p ro to f i l amen t s ,  wh ich  are v e r y  p r o m i n e n t  in t r a n s -  
sect ions  a f te r  t a n n i c  acid impregna t iong .  The  osmiophi l ic  
s u b m e m b r a n o u s  coa t  in cilia m a y  p lay  an  ac t ive  role in  
t he  s t ab i l i za t ion  of i n t r a m e m b r a n o u s  par t ic les  in olfac- 
t o r y  cilia, as r ecen t ly  d e m o n s t r a t e d  in a b u n d a n c e  b y  
freeze e t ch ing  s . The  Y - s h a p e d  connec t ions  of th i s  layer  
w i t h  the  t u b u l i  m a y  p rov ide  an  inne r  ske le ton  for d is ta l  
ci l iary segments ,  r e sembl ing  the  h o r i z o n t a l  i n t e r connec t -  
ing f i l aments  in microvi l l i  of t he  i n t e s t i na l  b r u s h  bo rde r  ~. 
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Summary. aH-ser ine  does no t  label  r e t i na l  neu rons  se lec t ive ly  when  in jec ted  i n t r aocu l a r l y  in rabb i t s ,  as would h a v e  
been  expec ted  if i t  h a d  been  c o n v e r t e d  to  n e u t r o t r a n s m i t t e r  glycine. The  reason  is u n k n o w n ,  b u t  one poss ib i l i ty  is 
t h a t  t he  convers ion  was b locked  du r ing  t he  cond i t ions  of t he  exper imen t .  

Glycine  has  r ecen t ly  been  a d v a n c e d  as a p u t a t i v e  
r e t ina l  t r a n s m i t t e r  in r abb i t s .  I t  is p r e s e n t  in t i le r e t i n a  
in  f reely ex t r ac t i b l e  form in c o m p a r a t i v e l y  h igh  concen-  
t r a t i o n  2, a; i t  is ac t ive ly  and  se lec t ively  a c c u m u l a t e d  b y  
ce r t a in  amac r ine  neu rons  w i t h  a h igh-a f f in i ty  mechn-  
n i sm  4, 5, and  i t  is also s tored in a c o m p a r a t i v e l y  p ro t ec t ed  
pool6. Moreover ,  i t  has  r ecen t ly  been  d e m o n s t r a t e d  to be 
re leasable  b y  l igh t  s t im u l a t i on  b o t h  in r i v e  and  in v i t ro  7, s. 
Glycine t h u s  futfills severa l  of t he  m a i n  cr i te r ia  of a 
t r a n s m i t t e r  subs tance .  

Glycine  is usua l ly  r ega rded  as fo rmed  f rom serine b y  
r e m o v i n g  a h y d r o x y l  group.  I t  was t h u s  of i n t e r e s t  to  
see w h e t h e r  the  neu rons  be ing  label led b y  aH-glycine 
would  also be label led  b y  aH-serine. I n  a p rev ious  repor t ,  
t h i s  was  no t  t he  case 6, b u t  t h e r e  the  t r i t i u m  label  was  in 
t he  h y d r o x y l  g roup  of serine, and  any  glycine fo rmed  
would  no t  necessar i Iy  h a v e  been  rad ioac t ive .  

R a b b i t s  were the re fore  in j ec ted  i n t r a v i t r e a l l y  w i t h  
25 ~zCi L-serine-aH (general ly  labelled),  4 or 24 h before  
process ing  t he  eyes for di f fusion-free  a u t o r a d i o g r a p h y  as 
p rev ious ly  descr ibed  ~. The  an ima l s  were k e p t  in a m b i e n t  
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