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I n  n o r m a l  cells of Nitella p o t a s s i u m  p roduces  a la rge  a n d  rap id  
change  of I'.D. in a n e g a t i v e  1 direct ion.  W h e n  0.01 1~ NaC1 is re- 

p laced  b y  0.01 ~ KC1 the  1,.D. usua l ly  becomes  less pos i t ive  2 b y  85 my .  
or  more .  Th i s  is cal led for  conven ience  the  p o t a s s i u m  effect  (Figs. 

1 and  3). Since the  response  to  KC1 is so r ap id  we suppose  t h a t  
i t  occurs  a t  X,  the  ou t e r  n o n - a q u e o u s  p r o t o p l a s m i c  surface  l aye r  

(cf. Fig.  2). 
The potassium effect usually disappears when cells are placed for 

2 or 3 days in distilled water? This removes organic material which 
may be recovered from the distilled water and returned to the cell, 
thereby restoring the potassium effect. For convenience this sub- 
stance 4 (or group of substances) may be called R p. 

When the potassium effect has been lost as the result of exposure 
to distilled water or for other reasons 5 the replacement of 0.01 M 

t The P.D. is said to be negative when the positive current tends to flow from 
the external solution across the protoplasm to the sap. All the effects of KC1 
described in this paper were fully reversible. 

2 Cf. Osterhout, W. J. V., J. Gen. Physiol., 1929-30, 13, 715. 
30sterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1933-34, 17, 105. 
4 Exposure to distilled water also removes irritability and this appears to be 

due to another organic substance (or group of substances) which may be called 
Ra. The reason for supposing that Re and RA are different is that the loss of 
irritability sometimes precedes and sometimes follows the loss of the potassium 
effect. But it is, of course, possible that we are dealing with a single substance 
operating under different conditions. 

5 This usually takes place under natural conditions in late spring and early 
summer, the season of rapid growth (cf. Osterhout, W. J. V., and Hill, S. E., J .  
Gen. Physiol., 1933-34, 17, 105), and may happen in an occasional cell at any 
time of year. 
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FIG. 1. Shows prompt response to the application of 0.01 ~ KCI to a normal 
cell, replacing 0.01 M NaC1 at the time marked by the arrow. The curve re- 
sembles an action curve. The slight delay presumably represents the t ime re- 
quired to diffuse through the cellulose wall. 

The leads were arranged as shown in Fig. 2. The record shown is that  of D 
(C and E were omitted):  F was in contact with 0.01 M KC1 which reduces the 
P.D. approximately to zero. 

Heavy  time marks are 5 seconds apart.  Temperature  21°C. 

X -  ........................................................ .~ ............... j ~ l a B m  

Cellulo~e x c a l l  

FIG. 2. Diagram to show the arrangement of leads and the supposed structure 
of the protoplasm which is assumed to consist of an aqueous layer W, an outer  
non-aqueous layer X, and an inner non-aqueous layer Y. 

The arrows show the outwardly directed (positive) P.D. whose seat is supposed 
to be chiefly at Ywhen the cell is in pond water: hence the ~.D. a t X  is regarded as 
negligible and is not shown. But  under some conditions the P.D. at  X may be- 
come important.  

Each lead is connected to a separate amplifier and to one string of the 3-string 
Einthoven galvanometer. 
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NaC1 b y  0.01 M KC1 usua l ly  has  l i t t le or  no effect, 6 bu t  in some cases 
we ob ta in  the  resul t  r seen in Figs. 4, 5, and  6. Here  the  po t a s s ium 

effect seems to  be absen t  when  KC1 is first appl ied  b u t  appea r s  af ter  

some delay  as t h o u g h  it h ad  been res tored b y  c on t a c t  of the  cell 
wi th  KC1. 

FIG. 3. Response in a normal cell, showing a curve which does not closely 
resemble the usual action curve, when 0.01 M NaC1 is replaced by 0.01 i KC1. 
D (cf. Fig. 2) is recorded (C and E are omitted). Although D and F are both in 
contact with 0.01 M NaC1, D is positive to F, owing to some local difference. D 
becomes negative to F as soon as KC1 is applied. When 0.01 ~ NaC1 is subse- 
quently applied to D the p.i). returns to the original value. 

Time marks 5 seconds apart. Temperature 28°C. 

I t  is ev ident  t h a t  KC1 migh t  do this if it fo rmed  a c o m p o u n d  which  

sensit ized X to the  ac t ion  of po tass ium.  This  c o m p o u n d  m i g h t  be 

R p, fo rmed  b y  the  reac t ion  K + q- Z -- R p where  Z is an  o rgan ic  

substance .  ( I f  Rp con ta ins  p o t a s s i u m  it  is easier to u n d e r s t a n d  

w h y  it  causes the  cell to  ac t  s o m e w h a t  like a p o t a s s i u m  electrode.)  

6 If there is an effect it may be in the direction of greater or of less positivity 
according to the condition of the cell. 

7 The experiments were made on Nitella flexilis, Ag., using the technique de- 
scribed in a former paper (Hill, S. E., and Osterhout, W. J. V., J. Gen. Physiol., 
1937-38, 21, 541). 

The zero in the figures is located on the assumption that 0.01 ~ KC1 reduces 
the I".9. approximately to zero. This is usually close to the actual condition. 
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I f  this  were the  case we migh t  expect  t h a t  when  KC1 is appl ied 

no change  in P.D. will occur  unti l  sufficient R ~ is fo rmed  s to  sensitize 

X and  cause a g radua l  rise in the  curve  such as is seen in Figs. 4, 

5, and  6. 

I n  Figs. 1, 4, and  6 the  curve  has  the  appea rance  of an ac t ion curve.  

FIG. 4. Shows delayed response to KC1 in a cell which had been soaked for 4 
days in distilled water: the curve resembles an action curve. At the start the 
spot recorded (D, Fig. 2) was in contact with 0.01 ~ NaC1. When this was re- 
p]aced by 0.01 ~ KC1 the I".D. became less positive after a delay. The application 
of 0.01 M NaC1 returned the P.D. to the original value. 

The leads were arranged as in Fig. 2: C and E were omitted: F was in contact 
with 0.01 M KC1. 

Time marks 5 seconds apart. Temperature 22°C. 

This  m i g h t  occur  since i r r i tabi l i ty  of ten persis ts  af ter  the  po tas s ium 

effect has  d isappeared.  

I t  has  been suggested in a fo rmer  pape r  9 t h a t  the  appl ica t ion  of 

KC1 a t  a spot  D (Fig. 2) m i g h t  give rise to an  ac t ion  curve  at  t h a t  

po in t  b y  depressing the  P.D. sufficiently to cause a d ischarge  f rom 

a ne ighbor ing  po in t  D1 no t  in con t a c t  wi th  the  KCI  cover ing D (and 
consequen t ly  n o t  recorded).  

T h e  discharge  a t  D,  would  p r e s u m a b l y  involve  the  exit  of subs tances  

8 We suppose that as a rule Z is absent since there is usually no response, not 
even after a delay. 

o Hill, S. E., and Osterhout, W. J. V., J. Gen. Physiol., 1937-38, 21,541. 
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FIG. 5. Shows delayed response when 0.01 • NaC1 is replaced by 0.0l ~ KCI: 
the curve does not closely resemble the usual action curve. At  the start  the spot 
recorded (D, Fig. 2) was in contact with 0.01 M NaCI. When this was replaced 
by 0.01 ~t KC1 the 1,.3. became less positive after a delay. The  application of 
0.01 ~r NaC1 returned the I,.9. to the original value. 

The leads were arranged as in Fig. 2 : C and E were omitted. Although F was 
in contact with 0.0l ~ NaC1 D was positive to it at  the start  (owing to some 
local difference) but  after application of KC1 to D it became negative to F. 

Time marks 5 seconds apart.  Temperature  28°C. 

FIG. 6. Delayed response when 0.0i M NaC1 was replaced by 0.01 ~ KCI: 
the curve resembles an action curve and was propagated to C (not shown in the 
record) : D is recorded (E was omitted) : F was in contact  with 0.01 M KC1. 

Time marks 5 seconds apart.  Temperature  20°C. 
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from the sap 1° and these, diffusing 1~ along the protoplasm to D, might  

cause the inner protoplasmic surface, Y (Fig. 2), to become permeable 

and allow substances to come out of the sap at D. As explained in 

a former paper  this could produce an action current 12 at D. 

Among the substances ~ thus issuing from the sap would be TM R p 

which would sensitize X to the action of potassium and thus restore 

the potassium effect. Hence after the action current D would show 

no recovery of the original P.O. (this lack of recovery is evident, e.g. 
in Figs. 3, 4, and 6). 

We suppose that  the form of the curve depends upon (1) the external 

KC1 tending to produce negat ivi ty at X, (2) the increase in the per- 

meabili ty of Y producing negat ivi ty  by short-circuiting, (3) the 

movement  of K + out of the sap and then back into the sap, 15 and 

(4) the sensitizing action of R p formed at X or moving from the 

sap to X. 

Evident ly  the interplay of these variables might produce a variety 

of curves. When the cell is incapable of producing action currents 

i00sterhout, W. J. V., J. Gen. Physiol., 1934-35, 18, 215. Even when KC1 
is in contact with the cell the outward movement of K ÷ might produce the dip 
if it were accompanied by Rp which sensitizes the inner surface of X first. 

11 The time required for this diffusion would increase the delay between the 
application of KC1 and the appearance of the action current. But it might be 
very brief since the distance between D and/91 might be only a few microns. 

12 As a rule we see no indication that an action current at D1 is propagated to 
C and E (Fig. 2) probably because it involves only a small change of I,.D. But the 
action current at D invqlving a larger change of P.D. is frequently propagated. 

13 Osterhout, W, J. V., and Hill, S. E., J. Gen. Physiol., 1934-35, 18, 681; 
Hill, S. E., and 4)sterhout, W. J. V., Y. Gen. Physiol., 1934-35, 18, 687. After 
Re has come out of the sap as the result of an action current which is propagated 
along the wh9!e cell the application of KC1 at any spot usually produces the 
potassium effect without any delay. 

14 If the application of KC1 would make Rp come out of the sap in any way 
other than that suggested the end result would doubtless be the same. 

15 Cf. Osterhout, W. J. V., J. Gen. Physiol., 1934-35, 18, 215. Presumably 
K + moves back into the sap, to some extent at least, at D and with it goes some of 
the K ÷ from the external solution. But as a rule R~, does not appear to move 
back into the sap to any such extent for its effect on X may remain for some time 
(cf. Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1934-35, 18, 681): 
perhaps the fact that Rp is produced in the cell has something to do with this. 
Its tendency to move into the sap may be less than that of K +. 
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we might expect curves like those in Figs. 3 and 5, but  it is not  certain 
that these are not action curves. 

Let us now consider another point of view. I t  might be suggested 
that the delay occurs because K + is unable to affect X but must 
penetrate through the aqueous layer of the protoplasm, W, to Y in 
order to produce negativity. But in that case we should expect the 
production of negativity to occur in every case, instead of occasionally, 
and the negativity should not at once begin to disappear when KC1 
is replaced by NaC1, as actually happens (Figs. 3, 4, and 5). 

Moreover, we should not expect an action curve as seen in Figs. 
4 and 6 since the characteristic dip after the spike is supposed to be 
due to the outward movement 1° of K +. 

In conclusion we may say that the facts can be explained by assum- 
ing that when the potassium effect has disappeared there is not 
enough R p in X to make it respond to K + but  that in some cases an 
organic substance Z is present in sufficient amount to combine with 
K + and produce enough R e to sensitize X to K +. 

Regarding the nature of Z little can be said but  it is of interest to 
find that blood 18 acts as though it might contain such a substance. 
When the potassium effect has been removed by distilled water so that 
no potassium effect can be secured even after a delay the application 
of blood ~6 sometimes produces a delayed potassium effect in a few 
seconds: a longer application of blood may then produce the po- 
tassium effect with less delay. 

SUMMARY 

In normal cells of Nitel la replacement of NaC1 by KC1 makes the 
P.D. much less positive: this is called the potassium effect. 

Cells which have lost the potassium effect usually show little or no 
change of P.D. when NaC1 is replaced by KC1 but  an occasional cell 
responds after a delay. 

I t  seems possible that the delay may be largely due to the time 
required for potassium to combine with an organic substance, thus 
forming a compound which sensitizes the protoplasmic surface to 
the action of potassium. 

16 This was oxalated human blood plasma diluted with 4 parts of water. Cf. 
Osterhout, W. J. V., J. Gen. Physiol., 1935-36, 19, 423. 


