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lease of protons ,  i.e., the  ca rbamino- l inked  p ro ton  for- 
mat ion.  The higher  e x t e n t  of c a r b a m a t e  fo rmat ion  in de- 
oxyhemoglob in  causes the  increase in the  p ro ton  release 
f rom the  deoxyhemoglobin ,  and as the  resul t  of th is  the  
Ha ldane  coefficient is reduced.  If  t he  carbamino- l inked  
p ro ton  fo rma t ion  is assumed to be app rox ima te ly  1.5 m M  
per  m M  of ca rbama te  a t  physiological  p H  ~2, one can 
compu te  the  a m o u n t  of oxygen- l inked  ca rbama te  for- 
ma t ion  of bovine hemoglobin  f rom the  value of -6Hal -  
dane  coeff icient  in Figure  2. The ordina te  shown on the  
r igh t  side of Figure 2 indicates  t he  m M  of oxygen- l inked 

ca rbama te  per  m M  of hemoglobin .  The figure shows t h a t  
the  oxygen- l inked c a r b a m a t e  fo rma t ion  of bovine hemo-  
globin is e s t ima ted  to  be 0.11 m M  at  PCO~ = 40 m m  Hg 
and  p H  7.2. This  value is s l ight ly h igher  t h a n  t h a t  ob- 
t a ined  by  VAN KE~aPEN et al.% Figure  2 also shows t h a t  
the  oxygen- l inked ca rbama te  fo rma t ion  is increased wi th  
PCO 2 and  pH,  as has been d e m o n s t r a t e d  b y  VAN KEMPEN 
et al. 6 
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Summary. The role of Ca ions in the  ciliary arres t  response of Mytilus gill cilia was s tudied  wi th  Tr i ton -ex t r ac t ed  
models.  The cilia cont inue  to  bea t  when  the  Ca ion concen t ra t ion  is lower t h a n  abou t  10 v M, b u t  s top  bea t ing  and 
incline in the  direct ion of the  recovery  s t roke as in the  arres t  response observed in the  living la tera l  cilia when  Ca ion 
concen t ra t ion  is raised above 10 ~-10 -6 M. ATP,  Mg and Ca ions are all indispensable  for the  arres t  response in the  
model  sys tem.  

The ciliary arres t  response,  i.e. an ab rup t  s toppage  of 
ciliary beat ing,  has  been  observed in m a n y  animal  phyla .  
Recent ly ,  much  a t t en t i on  has  been  directed to  the  arres t  
response of the  lateral  cilia in the  gill of the  commo n  
mussel,  Mytilus edulis. These cilia s top bea t ing  when the  
branchia l  nerve  or the  visceral  ganglion is s t imula ted ,  
t empora r i ly  assmning a pos ture  inclined in the  di rect ion 
of the  recovery  stroke.  This  response can also be induced 
by  mechanica l  or chemical  s t imula t ion  given to the  
cilia a-5. Recent ly ,  it  has  been  repor ted  t h a t  the  response 
is accompanied  by  a m e m b r a n e  depolar izat ion of t he  

cil iated cell 6. These results  indicate  cer ta in  similarit ies 
be tween  the  arres t  response and the  ciliary reversal  
response of the  pro tozoans  such as Paramecium. 

Studies  made  wi th  Tr i ton -ex t r ac t ed  models  have  shown 
t h a t  bo th  the  reversal  of ci l iary bea t ing  in Paramecium 
and  the  reversai  in the  direct ion of flagellar wave  pro- 
paga t ion  in Crithidia are control led by  Ca ions 7, s. In  the  
ciliary arres t  response  in Mylilus, it  has  a l ready been 
suggested t h a t  Ca ions are also necessary  9. In  view of 
the  general  impor t ance  of Ca ions in the  modif icat ion of 
ciliary or flagellar movement ,  i t  is of special in teres t  to  
s tudy  the  effect  of Ca ions in t he  ciliary arres t  response 
of Mytilus gill. 

Material and methods. A single gill f i lament  isolated 
f rom the  gill of Zy t i lus  was placed in the  exper imenta l  
chamber  filled wi th  artificial sea wa te r  (434 m M  NaC1, 
10 m M  KCt, 10 m M  CaC12, 53 m M  MgCI> p H  adjus ted  
to 8.0 wi th  NaHCOa) and the  m o v e m e n t  of the  lateral  
cilia was observed in profile. Then  the  gill f i lament  was 
soaked in the  ex t rac t ing  solut ion (0.010-0.012% Tri ton 
X-100, 150 m M  KC1, 20 m M  MgCI~, 5 m M  EGTA;  ethyl-  
ene glycol bis(fi-aminoethylether)-N,N'tetraacetic acid, 
10 n l M  Tris buffer,  p H  7.0) precooled to 1-4~ After  

Photomicrograph of Triton-extracted gill cilia of Mytilus during the 
arrest response. The long white line indicates the position of the cilia 
in the washing solution and the circular arc indicates the change in 
angle of inclination of the cilia following the application of the 
reactivating solution inducing the arrest response (1 mM ATP, 
10 mM MgC12, 0.05 mM CaC12, 150 mM KC1, 10 mM Tris buffer 
pH 8.0). 
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20 30 m i n  e x t r a c t i o n  a t  1-4~ t he  wash ing  so lu t ion  
(150 m M  KC1, 10 m M  MgC12, 5 m M  EGTA,  10 m M  Tris 
buffer ,  p H  8.0) was i n t r o d u c e d  a t  room t em pe r a tu r e .  
Then ,  one of two types  of t he  r e a c t i v a t i n g  so lu t ion  was 
appl ied  a t  t he  room t e m p e r a t u r e  ; one was b e a t - r e a c t i v a t -  
ing so lu t ion  ( the s t a n d a r d  compos i t i on ;  150 m M  IKC1, 
10 m M  MgC12, 1 m M  ATP,  5 m M  E G T A ,  10 m M  Tris 
buffer ,  p H  8.0) and  the  o the r  was the  a r r e s t - r e a c t i v a t i n g  
so lu t ion  ( the s t a n d a r d  compos i t i on ;  150 m M  KC1, 10 m M  
MgC12, 0.05 m M  CaCI~, 1 m M  ATP,  10 m2V/ Tris buffer ,  
p H  8.0). The  Ca ion c o n c e n t r a t i o n s  h igher  t h a n  10 -6 M 
in the  a r r e s t - r e ac t i v a t i ng  so lu t ion  were o b t a i n e d  b y  a 
s imple  add i t i on  of CaCI~ to t he  so lu t ion  w i t h o u t  E G T A  
as shown  in t he  s t a n d a r d  composi t ion .  However ,  w h e n  
Ca ion c o n c e n t r a t i o n  of t he  a r r e s t - r e ac t i va t i ng  so lu t ion  
was lowered t h a n  3 • 10 -7 M, 'Ca-buffer '  was  used;  t he  
so lu t ion  c o n t a i n e d  5 m M  E G T A  and  a p p r o p r i a t e  con-  
c e n t r a t i o n  of CaCI~ (below 5 mM) .  

]?esults. The  la tera l  cilia a lmos t  i m m e d i a t e l y  began  to 
b e a t  v igorous ly  when  t he  wash ing  so lu t ion  was replaced 
b y  t he  b e a t - r e a c t i v a t i n g  solut ion w i t h  t he  b e a t  f requency,  
r each ing  a s t e a d y  va lue  wi th in  a few m i n u t e s ;  full  reac- 
t i v a t i o n  was ob t a ined  in the  solut ion con ta in ing  2-6 m M  
ATP,  2-6  m M  MgC12, p H  8.0. The  f r equency  was depen-  
d e n t  on A T P  and  Mg ion concen t ra t ions ,  as has  been  
s h o w n  in o the r  cilia a n d  flagella b y  m a n y  au thors .  

W h e n  the  a r r e s t - r eac t i va t i ng  so lu t ion  was appl ied  
a f t e r  t he  wash ing  soIution,  i t  was obse rved  t h a t  in Ca 
ion concen t r a t i ons  lower t h a n  10 -7 M, t h e  l a te ra l  cilia 
c o n t i n u e d  to bea t  v igorous ly  a t  h igh  f requencies  as in 
t he  b e a t - r e a c t i v a t i n g  solut ion.  In  concen t r a t i ons  h igher  
t h a n  10--v-10 -6 2VI, however ,  t he  la te ra l  cilia d id  no t  b e a t  
b u t  e x h i b i t e d  t he  a r res t  response ;  the  cilia incl ined in the  
d i rec t ion  of t he  recovery  s t roke  jus t  as do the  l ive cilia in 

response  to  a n  electr ical  s t imu la t ion .  The  a m p l i t u d e  of 
the  a r res t  response  could  be  e s t i m a t e d  b y  m e a s u r i n g  t he  
change  in t he  angle  of i nc l ina t ion  of t he  cilia, w h i c h  was 
obse rved  w h e n  the  a r r e s t - r e a c t i v a t i n g  so lu t ion  was 
i n t r o d u c e d  (Figure).  The  a m p l i t u d e  of the  response  be- 
came larger  as t he  Ca ion c o n c e n t r a t i o n  was increased.  
W h e n  the  Ca ion c o n c e n t r a t i o n  was aga in  decreased  to 
less t h a n  10 -7 M,  the  cilia wh ich  h a d  exh ib i t ed  an  a r res t  
response  r e sumed  bea t ing .  W h e n  t he  r e a c t i v a t i n g  solu- 
t ion  c o n t a i n e d  Ca ions a n d  A T P  w i t h o u t  Mg ion, n e i t h e r  
the  bea t i ng  no r  t he  a r res t  response  was observed.  S imi lar  
resul ts  were o b t a i n e d  w h e n  the  r e a c t i v a t i n g  so lu t ion  
c o n t a i n e d  Ca a n d  Mg ions w i t h o u t  ATP.  I t  m a y  be  con-  
c luded  t h a t  1Vig ions are ind i spensab le  no t  only  for t he  
ci l iary b e a t i n g  b u t  also for  the  a r res t  response,  and  t h a t  
the  a r res t  response  c a n n o t  be induced  b y  ATP  a n d  Ca 
ions only. The  o p t i m a l  p H  for t he  in i t i a t ion  of the  a r r e s t  
response  was 8.0, the  same  va lue  as t h a t  for the  bea t ing .  
An  apprec iab le  a r res t  response  was also induced  b y  A D P  
b u t  no t  b y  ITP ,  GTP,  CTP,  U T P  and  c-AMP. 

Concern ing  t he  ci l iary a c t i v i t y  in Paramecium, i t  h a s  
been  sugges ted  t h a t  t h e r e  are two sepa ra te  mot i le  sys- 
t ems :  one wh ich  produces  t he  cyclic bea t ing ,  r equ i r ing  
A T P  and  Mg ions for ac t iva t ion ,  and  t he  o the r  wh ich  
de te rmines  t he  o r i e n t a t i o n  of c i l iary m o v e m e n t ,  r equ i r ing  
A T P  a n d  Ca ions. A s imi la r  m e c h a n i s m  is also supposed  
to exis t  in Crithidia 7,s. However ,  t he  p re sen t  resul ts ,  
pa r t i cu l a r ly  t he  f ind ing  t h a t  the  a r res t  response  requi res  
Mg ions for a c t i v a t i o n  as does t he  bea t ing ,  wh ich  is 
i nh ib i t ed  b y  Ca ions, m a y  ind ica te  t h a t  here  the  two types  
of ci l iary a c t i v i t y  depend  Oil a single A T P - u t i l i z i n g  sys- 
tem.  Deta i led  resul t s  of th i s  work  will be g iven  e lsewhere  10. 

10 T. TSUCHIYA, in preparation. 
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Summary. The add i t i on  of furosemide  to the  f luid used to perfuse isola ted r a t  k idney  increases  the  ka l l ikre in  a c t i v i t y  
found  in t he  per fus ion  fluid. The  expe r i m en t s  f a v o u r  t he  concep t  t h a t  furosemide  a c t i v a t e s  a ka l l ikre in  precursor  or /  
a n d  t he  syn thes i s  and  release of ka l l ikre in  in  the  kidneys .  

R e n a l  ka l l ikre in  seems to p l ay  an  i m p o r t a n t  role in the  
k i d n e y  as a n t a g o n i s t  of t he  r en in -ang io t ens in  s y s t e m  1, ~. 
E x p e r i m e n t s  f rom our  l a b o r a t o r y  a sugges t  t h a t  rena l  
ka l l ik re in  is released in to  t he  b lood c i rcula t ion,  and  the re -  
fore m a y  also exer t  a sys temic  act ion.  I n  t he  p r e sen t  
s tudy ,  th i s  poss ib i l i ty  was  explored  in t h e  isolated,  per-  
fused k i d n e y  us ing  kal l ikre in-f ree  per fus ion  m e d i u m  and  
furosemide,  a we l l -known d iure t ic  and  n a t r i u r e t i c  agent ,  
wh ich  produces  a s igni f icant  increase  in t he  t o t a l  a m o u n t  
of u r i n a r y  ka l l ikre in  in t he  r a t  4. 

Methods. 15 male  r a t s  (Sprague-Dawley ,  220 300 g) 
were anes the t i z ed  i .p.  w i t h  D i a l - U r e t h a n e  (10 g of di- 
a l l y lba rb i tu r i c  acid, 40 g of u r e t h a n e  a n d  40 g of mono-  
e t h y l u r e a  in 100 ml  of water) ,  0.12 ml/100 g body  wt.  9 r a t s  
were used for con t ro l  e x p e r i m e n t s  and  6 for Fu rosemide  
expe r imen t s .  The  rena l  c i rcula t ion  was isola ted b y  ex- 
pos ing  t he  infer ior  v e n a  cava,  a b d o m i n a l  a o r t a  and  
super ior  mesen te r i c  a r t e r y ;  all o the r  smal l  b lood vessels 
of t h e  k i d n e y  a rea  were t i ed  off. The  r i g h t  rena l  a r t e r y  
was c a n n u l a t e d  w i t h o u t  i schemia  b y  p lac ing  a PE-50  
t u b i n g  in i t i a l ly  in  t h e  super ior  mesen te r i c  a r te ry .  B o t h  
k idneys  were per fused  w i t h  per fus ion  m e d i u m  (af ter  t y ing  

off the  a b d o m i n a l  aor ta)  for 10 min  to wash  ou t  all  t h e  
rena l  blood. Then ,  the  c a n n u t a  was a d v a n c e d  in to  t he  
r i g h t  rena l  a r t e ry .  I m m e d i a t e l y ,  the  left  k i d n e y  was 
r e m o v e d  a n d  frozen for s u b s e q u e n t  assay. At  the  end  of 
t he  expe r imen t ,  t he  r i gh t  k i d n e y  was also excized, f rozen 
and  assayed.  The  infer ior  v e n a  c a v a  was c a n n u l a t e d  w i t h  
PE-240  t u b i n g  so t h a t  t he  t ip  of the  c a n n u l a  was p laced  
a t  t he  r i gh t  r ena l  ve in  in order  to  collect  t he  rena l  venous  
outflow. The  isola ted r i g h t  k i d n e y  was per fused  a n d  
cont ro l led  b y  pu lsa t i l  pe r fus ion  p u m p  (S igmamoto r  T-8). 
Systolic per fus ion  pressure  was held  c o n s t a n t  a t  120 m m  
Hg and  m e a n  per fus ion  pressure  va r i ed  be tween  90 and  
115 m m  Hg. U n d e r  these  e x p e r i m e n t a l  condi t ions ,  r ena l  
flow was 8-10 ml /min .  Per fus ion  pressure  was m e a s u r e d  
b y  s ta in -gauge  m a n o m e t e r  ( S t a t h a m  P23). R e n a l  ou t f low 
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