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worden war.  Da 1 Tier keine, 4 Tiere eine geringgradige 
und  nur  1 Tier eine e twas  st/irkere F e t t a u f n a h m e  zeigten, 
nehmen  wi t  an, dass  die t a g e s r h y t h m i s c h e n  Schwankun-  
gen nur  zum Teil yon  der  unterschied l ichen  chemischen  
Zusam m ense t zung  des Darmsa f t e s  abh/ingen. In  ers ter  
LiMe di i r f ten hierftir  Le is tungsunte rsch iede  tier En te ro -  
cy t en  selbst  ve ran twor t l i ch  sein. Ungekl / i r t  ist, ob die 
Schwankungen  der  Fe t t r e so rp t i on  auf Unte rsch iede  in 
der  Geschwindigkei t  der  F e t t a u f n a h m e  oder  der  Resyn-  
these  der  au fgenommenen  F e t t e  zurt ickzufi ihren sind 2. 

ries cons iderably  in t he  24 h period. The h ighes t  absorp-  
t ion was found at  02.00 h, the  lowest  a t  14.00 h. 

L. VOLLRATH u n d  M. CEURREMANS 

King's College London, 
Department o/Anatomie, 
Strand, 
London WC2R 2LS (England) 
3. Mai 1971. 

Summary. The p resen t  l ight-microscopic  s tudy  shows 
tha t ,  in the  upper  j e junum of the  rat ,  fa t  absorp t ion  va- 3 Mit Untersttitzung dutch die Deutsche Forschungsgemeinschaft. 

Tris as  a B l o c k i n g  A g e n t  of t h e  P r o t o n - S e n s i t i v e  
F i b e r s  

There is evidence t h a t  the  m e c h a n i s m  of the  Na eff lux 
in barnacle  muscle  f iber  consists  of two components ,  one 
which is ouabain-sens i t ive  and the  o ther  which is di lant in-  
sensi t ive 1. In  addi t ion,  there  is evidence t h a t  the  di lant in-  
sensi t ive c o m p o n e n t  and the  pro ton-sens i t ive  c o m p o n e n t  
are the  same 2. However ,  the  m e c h a n i s m  by  which acidifi- 
ca t ion of the  ex te rna l  med ium causes s t imula t ion  of the  
Na  efflux has  no t  ye t  been  elucidated.  One possibi l i ty  
considered by  us is t h a t  t he  effect  of p ro tons  on the  Na  
eff lux is d e p e n d e n t  on the  presence  of b ica rbona te  in t he  
ba th ing  medium.  This paper  descr ib ing exper imen t s  
which  are based on the  use of Tris as buffer  br ings for- 
ward  evidence t h a t  Tris is an inh ib i to r  of the  p ro ton-  
sensi t ive c o m p o n e n t  of t he  Na  efflux, and t h a t  in the  
absence of b ica rbona te  th is  c o m p o n e n t  is no t  s t imula ted  
by  acidif icat ion of the  ba th ing  medium.  

Single muscle fibers measur ing  abou t  5 cm in length  and  
1.3 m m  in wid th  were isolated by  dissect ion f rom speci- 
mens  of Balanus nubilus or aquila. They  were then  can- 
nu la ted  and  loaded wi th  2~Na by  microinject ion in the  
same way  as Maia muscle  fibers, using a modif ied  
HODGKIN and  I4:EYNES t y p e  of microsyr inge  (see CALD- 
WELL and  WALSTER3). The procedure  used for count ing  
the  ac t iv i ty  of the  wash-ou t  spec imens  and the  ac t iv i ty  
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Fig. 1. Semilog plot showing the effect on Na efflux of external appli- 
cation of 3 mM Tris at pH 5.8, followed by replacing Tris with 
HCO 3- as the buffer. Temperature 22-23 ~ 

C o m p o n e n t  of  the  S o d i u m  Ef f lux  in  B a r n a c l e  M u s c l e  

remain ing  in the  f iber  a t  the  end of each expe r imen t  was 
basical ly  t h a t  descr ibed by  BITTAR, CALDWELL and  
LOWE 4. 
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Fig. 2. The effect of reducing the external pH to 5.8 on Na efflux in 
artificial sea water containing at first 3 mM Tris (and HCO,) and then, 
no Tris. Temperature 22-23 ~ 
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Fig. 3. Lack of effect on Na efflux of internal application of a 2.5 3 /  
Tris solution at pH 7.5. Temperature 22-23 ~ 
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22Na in aqueous solut ion (SKS 1) was suppl ied by  
Amer sham/S ea r l e  Corporat ion.  This  mater ia l  was evapor-  
ated,  and t h e n  made  up in dist i l led wa te r  so t h a t  volumes  
of circa 0.1 ~zl gave abou t  50,000 cpm.  The compos i t ion  
of t he  sea wa te r  was t h a t  given by  BITTAR and TONG 5. 
Tris-HC1 was suppl ied by  Sigma Chemical  Company.  

The expe r imen t s  done by  us fall into 2 groups. The first  
group of expe r imen t s  was designed to see whe the r  the  
response  of the  Na  efflux to  acidif icat ion of a b icarbonate-  
free medium,  bu t  using Tris as buffer,  differs f rom t h a t  
observed  when  using b o t h  Tris and b icarbonate .  The 
second group of expe r imen t s  was carried out  by  micro- 
in jec t ing  Tris so as to  subs t an t i a t e  the  view t h a t  the  main  
site of act ion of Tris following acidif icat ion of t he  ba th ing  
med ium is the  ex te rna l  surface of the  f iber  membrane .  

Figure 1 i l lus t ra tes  the  effect  on Na eff lux of add ing  
p ro tons  to the  ba th ing  med ium when  only  Tris is p resen t  
(4 exper iments ) .  I t  can be seen t h a t  ins tead of there  being 
s t imula t ion  there  was a s l ight  s t ep-down in the  ra te  of Na 
efflux. Fur the rmore ,  on replacing Tris with  HCO a- there  
was a t  once a marked  rise in the  loss of Na. The quest ion 
then  was whe the r  the  blocking act ion of Tris could be 
reversed by  hav ing  HCO 3- in the  ba th ing  medium.  Shown 
in Figure 2 is t h a t  acidif icat ion of the  ba th ing  med ium in 
presence  of 3 m M  Tris and  HCO 3- led to  a sudden  b u t  the  
t r ans i to ry  fall in the  Na  efflux, followed by  a r a the r  
subs tan t i a l  increase in the  Na efflux. Also shown is t h a t  
removal  of Tris f rom the  med ium was found to br ing 
abou t  s t imula t ion  of the  Na eff lux (4 exper iments ) .  The 
fact  t h a t  the  response  of the  p u m p  to  Tris r emova l  was 
p r o m p t  was t aken  as an indieaLion t h a t  the  po in t  of act ion 
of t he  buffer  was on the  ex te rna l  surface of the  fiber 
membrane .  To ver i fy  th is  inference, a series of experi-  
men t s  were done involving the  micro in jec t ion  of Tris. 
In  the  first  3 expe r imen t s  the  ex te rna l  p H  was no t  chang-  
ed. As i l lus t ra ted  by  Figure  3, the  in ternal  appl ica t ion  of 
2.5 M Tris solut ion at  p H  7.5 failed to  modi fy  the  Na 
eff lux into art if icial  sea wa te r  a t  p H  7.8. However ,  this  
was no t  the  case when  the  ex te rna l  p H  was 5.8 (3 exper-  
i m e n t s ) .  Such an expe r imen t  is recorded in Figure  4, 
where  one can see t h a t  an in jec t ion  of 2.5 M Tris at  p H  
7.5 caused a modera te  fall in the  Na efflux. A similar  
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Fig. 4. The inhibiting effect of internal application of a 2.5 M Tris so- 
lution at pH 7.5. Temperature 22-23~ 
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Fig. 5. The inhibiting effect of an internally applied 2.5 M Tris solu- 
tion at pH 6.5, followed by externally applied 3 mM Tris. pH of arti- 
ficial sea water throughout the experiment was 6.3. Temperature 
22-23 ~ 

reduc t ion  took place when  the  ex te rna l  p H  was 6.3 (2 
exper iments ) .  Bu t  as shown in Figure  5, there  was a 
fu r ther  and  grea ter  fall in the  Na  eff lux when  3 mJVf Tris 
was added  to  the  b a t h i n g  medium.  These results  are inter-  
p re t ed  as indica t ing  t h a t  the  pr inc ipal  site of ac t ion  of 
Tris is t he  ex te rna l  side of the  sarcolemma.  

The p resen t  expe r imen t s  have  led to  good evidence t h a t  
t he  s t imula t ing  effect  of acidif icat ion on the  Na efflux in 
barnacle  fibers is a t t r i bu t ab l e  to  the  H2CO3-HCO~ sys tem.  
K n o w i n g  f rom previous  s tudies  t h a t  changes in ex te rna l  
HCO3 = concen t ra t ion  do no t  mod i fy  the  Na  efflux, it  
would appear  t h a t  CO 2 alone or p H  and  CO 2 are t he  cause 
of the  large rise in Na  efflux. The puzzling fea ture  of 
these  expe r imen t s  is the  inhib i t ing  act ion of Tris on the  
pH-sens i t ive  c o m p o n e n t  of the  Na efflux. I t s  in te rp re ta -  
t ion is no t  s t ra igh t forward .  Bu t  w h a t  is to lerably  clear is 
t h a t  s tudies  involv ing  the  use of Tris r a the r  t h a n  bi- 
ca rbona te  as buffer  canno t  give a t rue  p ic ture  of m e m b r a n e  
t r anspor t .  

Zusammen/assung.  Stud ien  fiber den N a t r i u m t r a n s p o r t  
in den Muskeln yon  Balanus  sp. haben  bewiesen,  dass  
Tris den p ro tonempf ind l i chen  Ante i l  der N a t r i u m - P u m p e  
ve r l angsamt  und  das Tris haupts / ichl ich  an der  Aussen-  
seite des Sa rko lemms  ak t iv  ist. 
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