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The k m e m  oi a slow conductance mpchanirrn am,. 
vat& in the pacemaker range of pICnt\ali ~n Purkinie 
fibres were determined with ruificient ~ C C U R ~  to IC 

prcduce the lime coum 01 variation during the pace 
makerdemlarization iirelf. The revem1 potential 01 

theneicvrrentchingPrarrhownlovarvwithexler 
nalpr~i~iumintherav.~penediorapureparr i .  
um curtent. Vhe SCP indicate that this paper has 
been cited in over 380 publications.] 

The Cardiac "Pacemaker" Current 

Denis Noble 
University Laboratory of Physiology 

University of Oxford 
Oxford OX1 3PT 

England 

May 16, 1989 

The sequel to this p a p r  is at le,ast as impor- 
tant as in o r i g i n  lo origin lay in the uarch 
forc*primenul rridmce tot thr t h e o ~  that 
gacemaker rhythm in the hart  IS generated 

decay of a p o k i u m  conductance. It was J+ thrt ~a chan l~ l  gatingoccurs 
at rrry negative potentials within the p c r  
makrr range, 10 the maior qucrtion was 

7- W h n h n t h e  kineticrand otkr 
quantitatively sufficient. We ound that the? 
are and that it was possible to use the e x p m  
meml  data to ItCondNct the time c w l y  of 
gating during the p+cnnal.rr potential. 

The reasons for the hcqutnt citing,of this 
p r  are first that it seemed to provide the KI quantitative proof of the potassium corn 

dunure decay modcl. and vrcndthat il w s  

the fid to provide a complete kinetic analysis 
01 thr gating of 1 cardiac chdnnel. Moreover, 
it led to the demon,tratian that transmitters 
like adrenaline could modulate electrical ac- 
t i r p  b~rhihingtherottagedepcndenceofthe 
gating. 

Orwirr the JUCCCIS in using the data in this 
way, there were im rtant Imse ends in the 
work. The firrt was gt the c u r m  disappears 
in d i u m f r e e  solutions. The recond was that 
the reversal pottnlids at various CXterMl pe 
tauUm I m h w 9 a f w m V  mwrneptive 
than predicted. The lme ends have t u r d  aut 
to be of the utmost importancc. The discrep. 
ancy between observed and prtdicted revcr- 
-1 p lentialr was confirmed bv lattr work,' 
%hi thuurdthrbmdiumdcpndemekame 
the cornrmtone~ ha which D. DiFrwescd 
rhowed that the channel is in fat3 a s o d i u m  
tassium channel activated by hyprpalariza- 
lion. A full account of the la ina t in  way in 
which lhne apparently minor details%ccam 
the crntral featum of a new theo will be 
found in a recent review,' and it %rslratcr 
the importance of reporting the raw data and 
of noting discreparrm. However convincing 
one's interpretation may be. one can nwer 
know how impoflant the diwrtpancicr may 
kame. 
tential is now aliributed to s l o v  activation of 
sodium entry, the potassium k c a v  model is 
nil1 the refer& o m  for the natural cardiac 
pacem$r: the sinus node. In an immediate 
sequel to the cited paper. 0. Hauwirch, 
D. Noble, and R.W. T s i e ~  demonstrated the 
t%mtial featurn of thir mhni in an +v 
e x p e r i d  &: UIC depduind Pudrnw 
fibre. The fact that Purkinie fib? could +w 
very different pacrmakn K t l v  over dit(n- 
ent v o k  raws.  one 01 them3ow1y RvlR 
blinu (hat of the simatrial node. was the fim 
in the k a r t  are similar. S i m  h, evm more 
mechanism have been discovered, the most 
important being the arrhvthmogenic current 
fim analysed by W.1. Lederer and Tsien.' 
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