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Sensitivity of the Na Efflux in Barnacle Muscle Fibres to the Microinjection of Troponin-C 

ASHLEY 1 repor ted  that in terna l  appl ica t ion  of E G T A  
(ethylene glycol his (f i -aminoethyl  e ther)-N,  N ' - t e t r a -  
acetate)  suppressecl the  cont rac t i le  response  of barnacle  
muscles fibres to  caffeine. This  has been  conf i rmed by  us 
bu t  in add i t ion  we have  no t  in f requen t ly  found  a rise or 
a fall in t he  Na eff lux fol lowing micro in jec t ion  of 100 m M -  
EGTA.  In  v iew of th is  fac t  and  the  poss ib i l i ty  t h a t  
barnacle  muscle  fibres m a y  lack t roponin ,  it  seemed of 
in teres t  to f ind out  whe the r  or not  the  behav ior  of the  
N a  eff lux toward  th is  Ca2+-binding p ro te in  would be 
d i f ferent  f rom t h a t  observed  wi th  EGTA.  The purpose  of 
th is  paper  is to show t h a t  the  Na efflux is s o m e w h a t  
s t imula ted  and no t  inh ib i ted  by  micro in jec t ing  t roponin-  
C (TN C) and t h a t  th is  ac t ion does no t  in terfere  wi th  the  
act ion of ex te rna l  acidif icat ion on the  Na efflux. 

For  the  m e a s u r e m e n t  of t he  Na efflux, single muscle 
fibres f rom the  barnacle,  Balanus  nubi lus  (and B. aquila) 
were cannu la t ed  and t h e n  loaded wi th  22Na by  micro- 
injection.  The micro in jec tor  used was s imilar  to  t h a t  
devised  by  HODOKIN and KEYIVES 2 as modif ied  by  
CALDWELL and  WALSTIgR a. The compos i t ion  of t he  ar t i -  
ficial sea wa te r  (ASW) used was  t h a t  given by  BITTAR 
and  TONG 4, The m e thods  of measur ing  =2Na in the  wash-  
out  spec imens  and  the  muscle  fibres were those  descr ibed 
by  BITTAR s and BITTAR, CALDWELL and LowE 6. All 
expe r imen t s  were done be tween  22 and 24~ The 
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Fig. 1. Effects on the Na efflux of internal application of 3 • 10-SM 
TN-C, followed by 0.4 M-KC1 {semiliog plot). 

t roponin-C used was ob ta ined  f rom rabb i t  muscle.  This  
became necessary  because p re l iminary  chemical  s tudies  
carr ied out  on barnacle  muscle gave no evidence for the  
ex is tence  of a p ro te in  fract ion,  which by  gel e lectropho-  
resis could be ident i f ied  as t roponin-C.  R a b b i t  muscle  
TN-C hav ing  a molecular  weigh t  of 18,000 da l tons  was  
isolated b y  the  m e t h o d  of GREASER and GERa~LY ~. Two 
TN-C solut ions (in water) ,  one 3 • 10 -s M and the  o ther  
5 X 10-4 M ,  the  max i ma l  possible using wa te r  as solvent ,  
were p repa red  for microinject ion.  Myosin also ob ta ined  
f rom rabb i t  muscle, was used in a concen t ra t ion  of 3 x 
10 -5 M (in 0.4 M - KC1) in control  exper iments .  

In  t he  first  group of exper iments ,  3 • 10 -5 M TN-C 
was microinjected .  This  resul ted  in a 18.5 4- 3% (S.E. 
of mean) rise in the  Na  efflux (n = 10). A typica l  experi-  
m e n t  is recorded in Figure 1. In  t he  nex t  group of experi-  
ments ,  3 • 10 -5 M myos in  was microinjected .  The Na 
eff lux showed a p r o m p t  rise, the  magn i tude  of which  
averaged  20.8 4- 2.3% (n = 6). Since th is  effect  could 
have  been due to the  KC1 used as solvent ,  more  control  
expe r imen t s  were done. Microinject ion of 0.4 M - KC1 
was  found  to  cause a t r ans i en t  rise in the  Na eff tux (see 
Figure  1). The magn i tude  of th is  effect  averaged 16.9 4- 
2.7% (n = 6). 

In  order  to be cer ta in  t h a t  the  observed effect  of TN-C 
is genuine,  a h igher  concen t ra t ion  of t he  p ro te in  was 
microinjeeted .  The resul ts  ob ta ined  wi th  5 • 10 -4 M 
TN-C ind ica ted  a rise in the  Na efflux, averaging 37.1 4- 
6.6% (n = 8), which  is twice the  magn i tude  of t h a t  found 
wi th  a 3 • 10 -5 M solution. To avoid or minimize  possible 
in t ra f iber  b ind ing  of TN-C, two a t t e m p t s  were made  to 
in ject  the  p ro te in  twice, f i rs t  a t  the  s t a r t  of the  experi-  
ment ,  and  t h e n  some 40 rain following loading of the  
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Fig. 2. Ef fec t  on the Na e f f lux  of double miero in jec t ion  of 5 x lO -4M 
TN-C, followed by external acidification. The first injection was car- 
ried out shortly before loading the fiber with Na-22. 
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Fig. 3. Effect of internal application of 5 • 10-4M TN-C on the oua- 
bain-insensitive Na efflux. 
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f iber  w i t h  rad iosodium.  T he  resu l t  of such  a n  exper imen t ,  
recorded  in F igure  2, shows a 59.5% rise in t he  N a  efflux. 
This  va lue  t u r n e d  ou t  to  be  a l m o s t  th r i ce  t h a t  o b t a i n e d  
w i t h  a con t ro l  f ibre  i nvo lv ing  a single in j ec t ion  of TN-C. 
I n  t he  second expe r imen t ,  however ,  t he  Na  eff lux 
showed a 29.6% rise, a va lue  wh ich  was no t  v e r y  d i f fe ren t  
f rom the  con t ro l  va lue  of 20.5%. F igure  2, in  addi t ion ,  
p rov ides  ev idence  ind ica t ing  t h a t  doub le  in j ec t ion  of 
TN-C does no t  in ter fere  w i t h  t h e  s ens i t i v i t y  of t he  f ibre  
to  ex t e rna l  acidif icat ion.  I t  is, however ,  w o r t h  r e m e m b e r -  
ing t h a t  since t he  a f f in i ty  c o n s t a n t  of TN-C for Ca ~+ is 
p H - d e p e n d e n t  s, i t  is no t  un l ike ly  t h a t  some Ca ~+ b o u n d  
to  t he  p ro t e in  h a d  been  l i be r a t ed  in to  t h e  m y o p l a s m  
fol lowing in jec t ion .  I n  o the r  e x p e r i m e n t s  5 • 10 .4 TN-C 
was in jec ted  on ly  once, fol lowed b y  lower ing  of t he  
e x t e r n a l  p H  f rom 7.8 to  6.3. T he  resu l t s  o b t a i n e d  in 4 
e x p e r i m e n t s  showed a 44.2 ~ 13% rise in  t he  N a  efflux, 
a n d  t h a t  all  f ibres  were m a r k e d l y  sens i t ive  to  ex t e rna l  
acidif icat ion.  

The  n e x t  ques t ion  coming  to  m i n d  was w h e t h e r  t he  
effect  caused  b y  TN-C invo lved  t he  ouaba in - sens i t i ve  or 
t h e  ouaba in - in sens i t i ve  N a  efflux. As shown in F igure  3, 
ex t e rna l  app l i ca t ion  of 5 • 10 5 M o u a b a i n  caused  a large 
fall in t he  Na  efflux, while  i n t e r n a l  app l i ca t ion  of 5 • 10-4 
M TN-C caused  a smal l  rise in  t he  r e m a i n i n g  efflux. The  
m a g n i t u d e  of t he  s t i m u l a t i o n  ave raged  23.3 • 1.8% 
(n = 5). This  resu l t  was no t  whol ly  in  accordance  w i t h  
expec ta t ion .  Th i s  is because  t he  effect  of TN-C on t he  Na  
eff lux in unpo i soned  f ibres was t h o u g h t  to  be  due to  
reduced  suppress ion  of t he  N a + - K  + A T P a s e  as t he  resu l t  
of reduced  [Ca ATP] -3  fo rmat ion .  

I t  seems, then ,  as if TN-C has  t he  ab i l i t y  to  s t i m u l a t e  
t he  Na  eff lux in ba rnac l e  fibres. A l t h o u g h  t he  m e c h a n i s m  
of th i s  s t i m u l a t i o n  r e m a i n s  far  f rom clear, t h e r e  are 
reasons  for suppos ing  t h a t  i t  resembles  t h e  m e c h a n i s m  
u n d e r l y i n g  t he  s t i m u l a t i o n  o b t a i n e d  b y  in jec t ing  low 
concen t r a t i ons  of E G T A  (BITTAR and  SCHULTZ, un-  
pub l i shed  da ta) .  Since TN-C has  a h igh  a f f in i ty  on ly  for 
Ca 2+, i t  is t e m p t i n g  to specula te  t h a t  b o t h  TN-C and  
EGTA,  w h e n  used in low concen t r a t i ons ,  s t i m u l a t e  the  
N a  eff lux as t h e  resu l t  of r e m o v i n g  Ca 2+ f rom the  myo-  
p lasm.  W h e t h e r  E G T A ,  w h e n  appl ied  in h i g h  concen t ra -  
t ions;  i nh ib i t s  t he  N a  eff lux b y  r e m o v i n g  Mg e+ f rom the  
v i c in i ty  of t he  t r a n s p o r t  sites, i s  a ques t ion  which  forms 
t he  sub jec t  of e x p e r i m e n t s  a l r eady  in progress.  

Zusammen/assung. Nachweis ,  dass  eine Mic ro in jek t ion  
yon  Tropon in -C  den  Na- Ionen-Aus f lu s s  aus  E inze l fa se rn  
des E n t e n m u s c h e l - M u s k e l s  s te iger t .  
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Electroencephalographic  Studies  in Toad (Bufo melanostictus) Fol lowing  Pro longed  
Exposure  to Heat Dur ing  Hibernat ion and N o n - H i b e r n a t i o n  

E l e c t r o e n c e p h a l o g r a p h i c  (EEG)  s tud ies  h a v e  been  
done  e x h a u s t i v e l y  in h i b e r n a t i n g  m a m m a l s  b u t  t he  
s tudies  of t h e  same  in h i b e r n a t i n g  po ik i lo the rmic  
an ima l s  is i nadequa t e .  E E G  s tudies  d u r i n g  h i b e r n a t i o n  
and  arousa l  h a v e  been  m a d e  b y  CHATFIELD et  al. 1 and  
CHATFIELD a n d  LYMAN 2. DE, BORAL, DEY and DEB 3 
found marked variation in the electrical activities of 
brain in hibernating toads over the non-hibernating 
ones. The principal feature observed during hibernation 
was slowing of the brain potential, which, however, could 
be replaced by low voltage fast activity (LVFA) following 
sensory activation. 

It has been observed (unpublished) that hibernating 
toads can withstand an exposure of 56~ ~ for 8 days, 
while the non-hibernating animals can tolerate up to 
48~ only for 8 days. This fact aroused the curiosity of 
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Slow wave indices of brain in toads: a, non-hibernation exposed 
group; b, non-hibernation control group; e, hibernation control 
group; d, hibernation exposed group. 

t h e  au tho r s  to  k n o w  the  e l ec t roencepha log raph ic  response  
to th i s  va r i ance  in h e a t  to l e rance  accord ing  to  season. 

Materials. Male t oads  (Bu/o melanostictus) weigh ing  
45-65 g were t a k e n  d u r i n g  h i b e r n a t i o n  (May to Augus t ) .  
These  toads  were p laced  in an  i n c u b a t o r  set  a t  56 ~ ~ 

�9 for 8 days  w i t h  t he  supp ly  of w a t e r  be ing  m a i n t a i n e d .  
The  rec ta l  t e m p e r a t u r e  of t h e  h i b e r n a t i n g  t oads  was 
19~176 wh ich  a f t e r  t he  exposure  rose to  30~176 
The  rec ta l  t e m p e r a t u r e  of t h e  n o n - h i b e r n a t i n g  t oads  
was  29~176 Af te r  an  exposure  to  48~ for a pe r iod  
of 8 days,  t he  r ec ta l  t e m p e r a t u r e  was found  to v a r y  
f rom 33 ~ ~ 

Methods. After  8 days  exposure  t he  an ima l s  were 
t a k e n  ou t  of t he  i n c u b a t o r  one b y  one and  m a d e  sp ina l  
b y  in se r t ing  s teel  p r o b e  d o w n w a r d s  t h r o u g h  t he  v e r t e b r a l  
column.  Steel  needle  e lec t rodes  were f ixed on  t h e  scalp 
a t  4 po in t s  over  t h e  r i g h t  a n d  lef t  ce rebra l  hemi sphe re s  
and  connec ted  to  t he  mach ine .  E l ec t rog raph i c  record ings  
of t he  b r a i n  p o t e n t i a l  was t a k e n  b y  a Grass  Model  I I I - D ,  
8 -channe l  E l e c t r o e n c e p h a l o g r a p h  w i t h  ink  wr i t ing  pens.  
The  p a p e r  was  r u n  a t  a speed of 30 mm/sec .  

B r a i n  waves  w i t h  a f r equency  of 12 c/sec or less h a v e  
been  des igna t ed  as slow waves  a n d  those  r a n g i n g  a b o v e  
12 c/sec are d e s i g n a t e d  as fas t  waves.  The  slow wave  
index  has  been  ca lcu la ted  acco rd ing  to t h e  m e t h o d  of 
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