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Monactin does not influence potassium permeability in the 
squid axonal membrane 

Beginning with the work of MOORE AND PRESSMAN 1 in 1964, it has been con- 

vincingly demons t ra ted  tha t  the macrocyelic  antibiotics enhance K + t ransport  across 

certain natural  membranes  2, 3 as well as synthet ic  lipid membranes  4, a. 

A set of exper iments  were performed to observe the effect of monact in  on a 

to ta l ly  excitable membrane,  the squid (Loligo pea&i) giant axon 6, using convent ional  
vol tage-clamp teehn iqueg  in conjunct ion with internal  perfusion 8. 

The squid axon was prepared in artificial sea water  containing l i t t le or no potas- 

sium. The s teady state vol tage-clalnp currents  were recorded before, during and after 

exposing the axon to an aqueous solution of nlonact in and ~z-octanol. Octanol was 

always present  since the monact in  first had to be dissolved in alcohol (o.16 mnlole 

monact in  per mole of octanol) prior to mixing wi th  the aqueous salt solutions. Since 

nlonactin appears to be more effective at roonl t empera ture  than at lower tempera-  

tures, all experiments  were t)erformed at 22-25 and several minutes  were usually 

al lot ted for the monact in  to have its m a x i m u m  effect. 
All external  solutions which contained monact in  and oetanol were present in 

the concentra t ion of IO yM and 6.3 mM, respectively. All internal  solutions which 

contained monact in  and octanol were present in the concentrat ions of I yM and 

0.63 raM, respectively. 
The effect of tile external  application of artificial sea water  containing IO ~M 

monact in  plus 6. 3 mM n.-octanoI on tile squid axon is i l lustrated in Fig. I. Clearly, 
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Fig. i. F.ffect of monactin externally. O, control values in artificial sea water; K], experimental 
vahles. , octanol experiment in one axon; , nlonactin in octanol experiment Oil 
a different axon. 

1; g. 2. Effect of monactin internally. Q, control values in artificial sea water; O and A, internal 
monactin in octanol values after 5 min and I5 lnin, respectively; [], values clue to further addition 
of external monactin in octanol. 

Hiochim. Biopkys..4cta, 203 (I97 o) 338-341 



SIdDR'F COMMUNICATIONS 339 

the monac t in  plus octanol  depressed the s t eady  s ta te  K + ou tward  currents  r a the r  
than  exaggera te  them. Note  t ha t  the  octanol  alone produced  the very  same 4o ~ Io % 
reduct ion  in the  K + currents .  This  general  depressing effect of alcohols on the s t eady  
s ta te  vo l tage-c lamp currents  in squid axons has been previously  descr ibed by  AR~I- 
STRONG AND BINSTOCK 9 in 1964. Thus  monac t in  itself appeared  to have l i t t le  if any  
effect on the  s t eadv  s ta te  vo l tage-c lamp currents.  W h a t  happens  when monac t in  and 
octanol  are in te rna l ly  perfused is dep ic ted  in Fig. 2. Essent ia l ly  the  same resul t  was 
obta ined,  t ha t  is, a depression ra the r  than  enhancement  of the K + currents.  There 
was less of a depression of the  s t eady  s ta te  current  than  with the externa l  exposure  
s imply  because a more di lute  solut ion of octanol  (i.e.o.63 nlM octanol) was used 
in ternal ly .  The longer exposure  to octanol  appa re n t l y  increased the magni tude  of 
current  depression.  

I t  might  be argued,  wi th  some just if icat ion,  t ha t  having a membrane  resistance 
in the IO-IOO f2 range makes  the  squid axon an unl ikely  cand ida te  to demons t r a t e  
a monac t in  induced increase in K + permeabi l i ty .  A t ru ly  large increase in K + t rans-  
por t ,  however,  migh t  poss ibly  be expected  to lower the  membrane  resistance by  an 
order  of magni tude .  There were also other,  perhaps  more sensit ive,  cr i ter ia  used to 
d iscr iminate  a possible monac t in  effect. The rest ing membrane  poten t ia l  (i.e. the 
po ten t ia l  difference between the ex te rna l  and  internal  solut ions at  zero current)  was 
one such criterion. If there  were a significant increase in the K + pe rmeab i l i ty  re la t ive  
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Fig. 3. S t eady  s t a t e  cu r ren t  versus m e m b r a n e  po t en t i a l  in h igh  ex te rna l  i (  + solut ions.  O,  cont ro l  
va lues  in  44 ° mM K +, i o  mM Ca 2+, and  5 ° mM Mg~+; × ,  va lues  ob ta ined  w i t h  the  add i t ion  
m o n a c t i n  in octanol .  
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to tha t  of Na  ~, one should have observed a hyperpo la r i za t ion  of the rest ing membrane  
potent ia l .  No such hyper t )olar izat ion occurred in any  of these exper iments .  

Ano the r  gauge of possible monac t in  effect was to depolar ize the axon by  ent i re ly  
replacinv t1"..e Na + in the externa l  sea water  solution with K= and then  to moni to r  
the cu r r en t -vo l t age  curves under  vo l tage-c lamp condit ions ~". Wi th  near ly  equimolar  
concentra t ions  (approx.  o.5 M) of K~ both  inside and out, the membrane  resistance 
is re la t ive ly  high, so tha t  K ~ t r anspor t  via monac t in  should not iceably  augment  the  
K + currents.  Fig. 3 i l lus t ra tes  the absence of any  increased K + t ranspor t .  

Fur the rmore ,  if these same s t eady  s ta te  current  w)Itage curves are t r ans l a t ed  
int() membrane  chord conductance  with K ~- as the p r ima ry  (if not  sole) charge carrier,  
then the rest ing membrane  conductance  of the  axon prior  to and following the appl i -  
ca t ion of monac t in  m a y  be compared.  Fig. 4 shows tha t  monac t in  did  not  improve  
the K + conductance.  On the cont rary ,  there  was a 4 ° % reduct ion in res t ing mem- 
brane conductance  (i.e. membrane  conductance  in the l imit  of zero current)  consis tent  
with an uncompl ica ted  octanol  effect. According to ARMSTRON(; AND BINSTOCK 9, 

alcohoIs decreased the K ~ conductance  near  the rest ing membrane  potent ia l .  If  
monac t in  had subs tan t i a l ly  improved  K+ permeab i l i ty  this would p re sumab ly  have 
shown up in the l imit ing values of the  chord conductance  of the  axonal  membrane  
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l, 'ig. 4. S t e a d y  s t a t e  c o n d u c t a n c e  z,('rsus m e m b r a n e  p o t e n t i a l .  C a l c u l a t e d  c h o r d  c o n d u c t a n c e s  f r o m  
I:i~. 3. S \ m l ) o l s  a r e  s a m e  as  in l"i~. 3- 
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where the currents were small and the membrane separated nearly identical concen- 
trations of potassium. 

A monactin effect might very possibly manifest itself by an absolute increase 
in leakage current, as it is usually assumed that the leakage represents a K+ current. 
Furthermore, the leakage resistance in these axons was in the 2oo-3oo Y2 range so 
that the currents would tend to be quite small unless the monactin provided an 
additional leakage path (i.e. a new transport mechanism). Compared with the control, 
monactin in octanol did not produce any increase in the leakage current. 

It may be concluded that monactin did not exhibit any striking effect on K'  
transport in the squid axon, using the several criteria that are ordinarily employed 
to measure K+ permeability in an excitable membrane. Perhaps, tllese negative results 
are due to the presence of cholesterol in the squid axon membrane n, which has been 
shown to greatly attenuate the K + conductance in synthetic membranes 12. 

We are indebted to Professor George Eisenman for both encouraging us to do 
these experiments and kindly supplying the monactin. 
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