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Guaiacol not only changes the behavior of Valonia ~ and of HaL 
icyslis, ~ but, as this paper demonstrates, is likewise potent in Nitella. 
The results show differences as well as similarities in the three species 
and a comparison is instructive. 

In  normal cells of Nitd la  the effect of K + on the P.D. is so much  
greater than that  of Na + that  normal cells are able to distinguish 
between K + and Na + in somewhat the fashion of a potassium electrode. 

This ability is greatly lessened by guaiacol (hereafter called HG 
for convenience) because it increases the effect of Na + on P.D. but  
not that  of K +. As a result Na+ acts more like K +. 

This ability is likewise lessened by leaching in distilled water which 
removes an organic substance (or group of substances) called for 
convenience' R~. In this case the effect of K + is lessened but not 
that  4 of Na +. 

In both cases the effects of K + and Na + are made to approach each 
other and their action on P.D. becomes more nearly identical. 

The effect of HG shown in Fig. 1 is fairly typical except that  re- 
covery is somewhat quicker than usual? 

10sterhout, W. ]. V., ]. Gen. Physiol., 1936-37, 20, 13. 
Osterhout, W. ]. V., ]. Gen. Physiol., 1937-38, 21, 707. 

80sterhout, W. J. V., and Hill, S. E., ]. Ge,. Physiol., 1933-34, 17, 105. Hill, 
S. E., and Osterhout, W. ]. V., 1937-38, 21, 541. 

40sterhout, W. J. V., and Hill, S. E., Proc. Nat. Acad. So., 1938, 24, 427. 
s The experiments were performed on Ni~lla Jlexilis, Ag., using the technique 

employed in former papers (of. Hill, S. E., and Osterhout, W. J. V., ]. Gen. Physiol., 
1937-38, 21, 541). Temperature 20 to 25°C. The cells were freed from neighbor- 
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418 IONIC MOBILITIES IN PROTOPLASX~. IV 

At the start the P.D. is positive 6 to the extent of 100 my. When 
0.01 u NaC1 -t- 0.025 u HG is applied the P.D. begins to fall off so that  
the curve rises, suggesting that in the presence of HG the behavior of 
Na + becomes more like that  of K + which has a strongly negativating 
effect. 7 

This might be due to an increase in uN~, the mobility of Na + in the 
outer protoplasmic surface, X (see Fig. 2), or to an increase in its 
partition coefficient SN. (SN, = concentration oi Na + in X - con- 
centration of Na + in external solution). 

Presumably we should then have the following situation in X 

X 

Region in equilibrium Region in equilibrium 
with 0.001 ~t NaCI with 0.001 M NaC1 +HG 

P1 

We might assume that the falling off in P.D. caused by guaiacol is due 
to the inwardly directed (negative) diffusion potential 8 at  P1 caused 
by the action of guaiacol in raising the value of UN~ or S•a. Such 
alterations do not seem improbable since HG changes mobilities in 
Valonia  t and in Halicys t is :  ~ in Nitel la  partition coefficients can be 
changed by various means, e.g. by distilled water, 4 by action currents, 9 
and by  calcium. 1° 

ing cells and kept for 30 days or more at 15 4- I°C. in Solution A (cf. Ostethout, 
W. J. V., and Hill, S. E., Y. Gen. Physiol., 1933-34, 17, 87). These cells belonged 
to Lot B (eft Hill, S. E., and Osterhout, W. J. V., Proc. Nat. Acad. So., 1938, 24, 
312; of. also Hill, S. E., and Osterhout, W. J. V., J. Gen. Physiol., 1937-38, 21, 541. 
Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1938-39, 22, 139). They 
were kept at room temperature for about 2 hours before the experiment was 
performed. 

There was no sign of injury in these experiments; the concentration of HG was 
in all cases 0.015 to 0.025 ~ (which gave similar effects); the use of 0.03 ~ HG was 
avoided as it may be toxic in longer experiments. 

I t  may be added that the cells are quite variable and in order to avoid con- 
fusion the presentation has adhered in general to the more typical behavior. 

6 I.e., the positive current tends to flow across the protoplasm from the sap 
to the external solution. 

Ostethout, W. J. V., Y. Gen. Physiol., 1929-30, 13~ 715. Hill, S. E., and 
Osterhout, W. J. V., ] .  Gen. Physiol., 1937-38, 21,541. 

a Cf. Osterhout, W. 7. V., Y. Gen. Physiol., 1929-30, 13, 715. 
9 Hill, S. E., and Osterhout, W. J. V., Y. Gen. Physiol., 1937-38, 21, 541. 
10 Osterhout, W. 7. V., and Hill, S. E., J. Gen. Physiol., 1938-39, 22, 139. 
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FIG. 1. The effect of HG as shown by a photographic record of changes at C and 
D (Fig. 2): at the start the spot F was in contact with 0.01 M KC1. 

At the start the P.D. at C (upper string) was 100 inv. positive in 0.01 ~ NaCl. 
When the solution was withdrawn from C the curve jumped to F, the free grid 
potential of the amplifier. When 0.01 ~r NaC1 + 0.025 M HG was applied at C 
the curve dropped back and then rose slowly: this slow rise was followed by an 
action current with delayed recovery; the recovery curve descends suddenly, giv- 
ing a "square topped" action current. 

The action current was propagated to D (lower string) : here the action current 
has a normal appearance; D was in contact with 0.01 M NaC1. 

Heavy time marks 5 seconds apart. Temperature 26°C. 

gap 

~.~.J, ....... ,,~ ......... ~,,,,,,,,,,,~ .......... ~ .......... ! ......... L-J '~peot o 
X: ............................................................................ ~ p l a ~ r n  

Cellulo~e xcall 

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 Y when the cell is in pond water: hence the P.D. at X is regarded as 
negligible and is not shown. But  under some conditions the P.D. at X may become 
important.  

Each lead is connected to a separate amplifier and to one string of the 3-string 
Einthoven galvanometer. 
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As  is e v i d e n t  f rom p r e v i o u s  p a p e r s ,  7, n we can  te l l  w h e t h e r  Usa is 

a l t e r e d  if we m e a s u r e  t h e  c o n c e n t r a t i o n  effect.  A n  inc rease  of UN~ 

w o u l d  i nc rea se  t h e  c o n c e n t r a t i o n  effect,  b u t  a n  inc rease  of SN~ w o u l d  

n o t  do  so. T h e  c o n c e n t r a t i o n  effect  was  m e a s u r e d ,  as  shown in F ig .  3. 

Before  a p p l y i n g  H G  t h e  s u b s t i t u t i o n  of 0.01 M for  0.001 M N a C I  ( and  

vice versa) gives  23.2 + 0.9 mv .  (22 o b s e r v a t i o n s ) .  F r o m  th i s  we 

ca lcu la t e ,  b y  m e t h o d s  d e s c r i b e d  in a p r e v i o u s  p a p e r ,  s t he  v a l u e  of 

UN~ as  2.33. A s im i l a r  m e a s u r e m e n t ,  m a d e  a f t e r  t he  a p p l i c a t i o n  of 

H G  a n d  the  r e s u l t i n g  a c t i o n  cu r ren t ,  is i l l u s t r a t e d  in F ig .  3. T h e  

FIG. 3. Action of HG on the concentration effect of NaC1 as shown by a photo- 
graphic record of changes in 1~.I). at C (Fig. 2) which at the start was in contact 
with 0.001 ~t NaC! (F was in contact with 0.01 ~t KC1). 

When 0.01 ~t NaC1 was applied the curve rose 18 inv. When 0.01 M NaC1 + 
0.025 ~t HG was applied the curve rose slowly and an action current occurred. 
When 0.001 M NaCI + 0.025 M HG was applied the curve fell 48 mv. 

Heavy time marks 5 seconds apart. Temperature 22°C. 
Regarding F see Fig. 1. 

a v e r a g e  of 39 o b s e r v a t i o n s  12 is 44.0 ~ 0.7 m y .  F r o m  th i s  we ge t  

UN~ = 7.30, a v a l u e  c o n s i d e r a b l y  h i g h e r  t h a n  be fore  H G  was  a p p l i e d .  

T h e  change  f rom USa = 2.33 to  Una = 7.30 m a k e s  t he  1,.D. m o r e  

n e g a t i v e .  T h e  a m o u n t  can  be c a l c u l a t e d  as  fol lows.  

Since in the presence of HG the behavior of Na ÷ is somewhat like that of K + 
we may for purposes of calculation regard it as playing the r61e of K +. Hence 
replacing 0.01 ~t NaCI with u ia  = 2.33 by 0.01 ~ NaCI with Una = 7.30 might be 
regarded as equivalent to replacing 0.01 M NaCI by 0.01 ~ KC1. If in the latter 

n Hill, S. E., and Osterhout, W. J. V., Proc. Nat. Acad. Sc., 1938, 24, 312. 
12 This does not include certain low values obtained directly after the spike on 

passing from 0.001 M to 0.01 M NaCI; see Fig. 4. I t  includes values obtained on 
passing from 0.001 M to 0.01 ~t NaC1 and vice versa taken later on in the course of 
the action current, see p. 422. 
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case the concentration of CI- in X remains constant we have according to Hen- 
derson's equation (at 20°C.) 

UK + vC! 
Change of P.D. = 58 log - -  

UNa + vCI 

Substituting the numerical values t3 of UN~ we have 

7.3O + 1 
Change of ~.D. = 58 log -- 23 my. 

2.33 + 1 

E v i d e n t l y  the  change  f rom Usa = 2.33 to  UN~ = 7.30 can m a k e  the  

P.D. 23 my .  more  negat ive .  As this  is no t  enough  to  a c c oun t  in all 

cases for  the  to ta l  u p w a r d  m o v e m e n t  of the  curve  dur ing  its s lowly 

rising phase  it  seems p robab le  t h a t  SN~ has  also increased.  Th i s  is 

shown to  be the  case b y  m e a s u r e m e n t s  of the  po t a s s ium effect (i.e. 
the  change  in P.D. obse rved  on subs t i tu t ing  KC1 for  NaC1) which  will 

be discussed la te r  (p. 426). 
W e  m i g h t  therefore  a t t r i b u t e  the u p w a r d  m o v e m e n t  of the curve  

in its s lowly rising phase  in Fig. 1 to the  increase 14 in UNa and  SN~. 

B u t  we find t h a t  in some cases curves  s o m e w h a t  resembling the  uppe r  

curve  in Fig.  1 are ob t a ined  on app ly ing  0.02 • H G  in t ap  water .  

T he  cause of this is no t  clear:  i t  m i g h t  be regarded  as an effect of 

H G  on Y (Fig. 2) b u t  i t  would  then  be necessary  to  assume a v e r y  

rap id  pene t r a t i on  of H G  in such cases. 

W h e n  the  P.D. has  fallen off sufficiently 15 in the  slowly rising phase  

of the  curve  an ac t ion  cu r ren t  16 occurs.  This  is p r o b a b l y  due,  as 

explained in a prev ious  paper ,  9 to a d ischarge  f rom a ne ighbor ing  

region and  an  exit  of subs tances  f rom the sap in t h a t  region. I f  

these subs tances  diffuse a long W (Fig. 2) to the  spot  in con t a c t  wi th  

guaiacol  t h e y  m a y  cause an ac t ion  cu r ren t  a t  t h a t  s p o t Y  

13 As in previous papers we put vci = 1, cf. footnote 8. 
~ This increase in UNa and SNa also occurs when the cell is in contact with 

0.001 ~r or 0.01 ~t KC1 when the curve does not rise (Fig. 5). 
15 When 0.001 ~ NaC1 + HG does not depress the P.D. sufficiently to cause an 

action current subsequent application of 0.01 ~ NaC1 + HG will do so. Or elec- 
trical stimulation may be applied. 

16 This is frequently propagated along the cell (Fig. 1). 
17 As would be expected, an action current can be produced at any time during 

the slowly rising phase of the curve (Fig. 1) by electrical stimulation. This resem- 
bles the action current which occurs without such electrical stimulation, 
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The  delay in recovery may be due to the action of HG upon Y 
(Fig. 2). The  long delay in recovery and the sudden descent  of the 
curve in recovery, giving "square  topped"  action curves, recalls the 
si tuation in cells t rea ted  with guanidine. Is 

We suppose 19 tha t  the action current  involves a loss of P.D. at  Y 
(Fig. 2). If Y recovers its normal ~.D. we expect in the present  case 
only part ial  recovery since in the presence of HG NaC1 acts upon X 
(Fig. 2) somewhat  like KC1 (because either Uia or Sna or bo th  have 
increased) and thus produces an inwardly directed (negative) P.D. 
which lessens the net  total outwardly directed (positive) P.D. Hence, 
in Fig. l, the level of the curve after  recovery is higher than before 
HG was applied. I t  would be still higher bu t  for the fact tha t  after  
recovery UNa and SNa fall off: 2° the cause of this is not  clear. 

I t  may  be added tha t  during the action curve seen in Fig. 1 the 
st imulated region no longer appears to act as a condenser when tes ted 
in a Wheats tone  bridge as described by Blinks3 ~ This applies also 
to the action curve in 0.001 M KC1 seen in Fig. 6. In  bo th  these 
cases we may suppose that  Y (Fig. 2) has lost its P.D. and a great  par t  
of its resistance. 

An interesting result is seen in Fig. 4 where 0.001 M NaC1 is replaced 
by 0.001 M NaC1 + HG. After  a slow rise in the curve an action cur- 
rent  occurs and 0.001 i NaC1 + HG is then replaced by  0.01 M NaC1 
+ HG and the curve quickly rises 32 my. On the basis of what  has 
a l ready been said regarding Fig. 3 we should expect a rise of about  
44 inv. When the solution is changed back again to 0.001 M NaC1 + 
HG the curve does not  go back to the former level but  drops much 
lower: the total  drop is 44 my. which is about  what  would be expected 
according to the discussion of Fig. 3 (p. 420)32 

is Osterhout, W. J. V., and Hill, S. E., Some ways to control bioelectrical be- 
havior, in Cold Spring Harbor symposia on quantitative biology, Cold Spring 
Harbor, Long Island Biological Association, 1936, 4, 43. See also, Hill, S. E., 
and Osterhout, W. J. V., J.  Gen. Physiol., 1938-39, 22, 91. 

19 Osterhout, W. J. V., J. Gen. Physiol., 1934-35, 18, 215. 
2o This is shown by measurements of the concentration effect of NaC1 and of 

the potassium effect (on the assumption that SK and UK remain constant as stated 
on p. 424). 

21 Blinks, L. R., J. Gen. Physiol., 1929-30, 13, 495; 1936-37, 20, 229. See also 
Cole, K. S., and Curtis, H. J., J. Gen. Physiol., 1938-39, 22, 37. 

22 This behavior of 0.01 M NaC1 is not seen when it is applied soon after the spike 
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This  can be a c c o u n t e d  for  if we assume 2~ t h a t  when  0.01 ~ NaC1 

+ H G  is appl ied  jus t  af ter  the  spike of the  ac t ion  cur ren t  some of i t  

pene t r a t e s  X (Fig. 2). This  seems p robab le  because  the  exper iments  

of Bl inks  21 and  of Cole and  Cur t i s  21 show t h a t  jus t  a f te r  the  spike of 

the  ac t ion  cu r ren t  the  p r o t o p l a s m  becomes  v e r y  permeable .  Evi -  

den t l y  the  NaC1 which  pene t ra t e s  sets up  an  o u t w a r d l y  d i rec ted  

(posit ive) P.D. aga ins t  X oppos ing  the  inward ly  d i rec ted  1".I). due  to  

the  0.01 ~ NaC1 outs ide  and  in consequence  we find less t h a n  the  

expec ted  effect. Af te r  this, however ,  each change  of concen t r a t i on  

in e i ther  d i rec t ion  p roduces  its full effect 24 (i .e.  the  increased  concen-  

t r a t ion  effect of 45 to  50 mv. )  and  the  on ly  effect of the  NaC1 which  

has  p e n e t r a t e d  to  the  region jus t  inside X is p e r m a n e n t l y  to  lower  
the  level of the  curve.  25 

I n  s t r ik ing con t r a s t  to  all t h a t  has  been said a b o u t  N a  + is the  be- 

hav io r  of K+, as seen ~6 in Fig.  5. H e r e  H G  has  p rac t i ca l ly  no effect. 27 

W h e n  the  cell is s t imula ted  electr ically we get  an  ac t ion  curve  (Fig. 6). 

T h e  de lay  in r ecove ry  m a y  be due to the  ac t ion  of H G  u p o n  Y (Fig. 2). 

I n  the  absence  of H G  electrical s t imula t ion  in 0.001 ~t KC1 p roduces  

a no rma l  ac t ion  curve  wi th  r ecovery  in a b o u t  20 seconds.  2s 

of an action current produced by electrical stimulation when the cell is in contact 
with 0.001 M KC1 + 0.02 ~ HG. Apparently the protoplasmic surface is then 
in a different state (see p. 425). 

23 If this assumption is not made we must suppose that the low concentration 
effect just after the spike of the action current means a value for UNa about equal 
to the normal (i.e. about 2.33). The slow rise in the curve preceding the spike 
in the action current would then be attributed to a rise in SN~ rather than in uNa. 
The increase in the concentration effect observed at the second application of 0.01 
M NaC1 after the spike might be attributed to a sudden rise in UN~ due to sub- 
stances moving from the sap to X (cf. footnote 9). 

24 Such values are included in the average of 44 mv. given on p. 420. 
25 In some cases the curve after the spike of the action current drifts slowly 

downward when the cell is in contact with 0.001 ~i NaC1 or 0.01 • NaCI: this may 
indicate penetration. 

26 A similar result is obtained in 0.01 M KC1. 
27 In a few cases the curve rises somewhat when HG is applied and an occasional 

cell is found in which K ÷ acts very much like Na +. In some cases the curve falls 
somewhat under the influence of HG and rises somewhat above its original level 
when HG is removed. 

28 Osterhout, W. J. V., J. Gen. Physiol., 1934-35, 18, 215. 
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I f  UK or SK were changed  by  H G  the  level  of the  curve  in  Fig.  5 

would  change.  Since there  is l i t t le  change  we m a y  conclude  t h a t  

u K a n d  SK r e m a i n  a lmos t  cons tan t .  Th i s  is conf i rmed for UK b y  

the  fol lowing m e a s u r e m e n t s .  

FI6.4. Action of HG on the concentration effect of NaCI and on the potassium 
effect as shown by a photographic record of changes of P.D. at D (Fig. 2). The 
spot F was in contact with 0.01 ~t KC1. 

At the start the p.D. was 94 inv. positive in 0.001 z~ NaC1. When 0.001 ~t 
NaCl + HG was applied the curve rose slowly: this was followed by an action 
current. When 0.01 ~ NaCI + HG was applied the curve rose 32 mv. When 
0.001 ~t NaC1 + HG was applied the curve fell 50 inv. When 0.01 ~ NaCI + HG 
was applied the curve rose 45 my. (this solution was removed and again applied). 
When 0.01 M KCI + HG was applied the curve rose 18 inv. and returned to the 
previous level when 0.01 M NaC1 + HG was applied (potassium effect). 

The concentration of HG was 0.025 vl in all cases. Heavy time marks 5 seconds 
apart. Temperature 23°C. 

Regarding F see Fig. 1. 

Before H G  is app l ied  the  p o t a s s i u m  c o n c e n t r a t i o n  effect (change of 

0.001 M to 0.01 M KC129 a n d  vice versa) is 48.5 -4- 0.7 (33 obse rva t ions )  : 

~0 Large values due to action currents are rejected. Cf. footnote 9, 
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d u r i n g  exposure  to H G  it  is 44.2 4- 0.3 (41 obse rva t ions )  before a n d  

45.8 4- 0.6 (44 obse rva t ions )  af ter  e lectr ical  s t i m u l a t i o n .  Th i s  in-  

d ica tes  t h a t  l i t t le  or no  change  in  UK is p roduced  b y  HG.  T a k i n g  as 

a genera l  average  46.1 we get s u K = 8.76. 

FIG. 5. Contrasting effects of HG in the presence of NaC1 and KC1 as shown 
by a photographic record showing behavior of P.D. at C and D (Fig. 2). At 
the start C was in contact with 0.001 M NaC1, D with 0.001 ~ KC1, and F with 
0.01 M KC1. 

When 0.001 ~ NaC1 at C (upper string) was changed to 0.001 ~ NaC1 + 0.02 
HG there was a slow rise of the curve followed by an action current. This did not 
happen when 0.001 M KC1 at D (lower string) was replaced by 0.001 ~ KC1 + 
0.02 M HG. 

Heavy time marks 5 seconds apart. Temperature 23°C. 
Regarding F see Fig. 1. 

FIG. 6. Effect of electrical stimulation as shown by a photographic record o f 
changes of P.D. at C (Fig. 2) : C was in contact with 0.001 M KCI + 0.02 ~ HG; F 
was in contact with 0.01 ~ KC1. 

When electrical stimulation was applied at S (Fig. 2) an action current oc- 
curred at C (the preliminary part of the action curve is due to leakage). Recovery 
was delayed. 

Heavy time marks 5 seconds apart. Temperature 23°C. 
Regarding F see Fig. 1. 
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Let  us now consider the potassium effect; i.e., the change in P.D. 

produced by subst i tut ing KC1 for NaC1. This was measured as 

shown in Fig. 4. Before the application of HG this is 94.4 ± 2.1 my. 

(22 observations). As explained in previous papers 1° this may  be 

calculated by means of Henderson 's  equation if we know the values 

of una and uK. Before the application of HG we have uK = 8.76 

and UNa = 2.33 (p. 420) and we find tha t  we must  put  S~ + SNa = 38 
to get the observed 3° P.D. of 94.4 my. After  the application of HG 

we have UK = 8.76 and UN~ = 7.30 (p. 420) and we must  then pu t  
SK + SN~ = 2.35 to get the observed value ~t of 20.9. Since SK is 

not changed by HG, as is shown by the behavior of the curve in Fig. 5, 
we m ay  suppose that  HG has multiplied the value of Sx~ by 16.2 

which would reduce the ratio from 38 to 2.35. (We have already 

seen that  HG changes uN~ from 2.33 to 7.30.) 

We m ay  conclude that  HG increases ui~ and SN~ with little or no 

effect on UK or SK. 

This recalls the situation in Hal icys t i s  where HG appears to increase 

UN~ without  affecting u~:. In  Valonia  ~ ux~ is increased and UK is 

decreased. 3~ 

The changes produced by HG in the concentration effect and in the 

potassium effect are to some extent predictable from the electrical 

behavior of HG. Preliminary experiments in this laboratory,  in col- 

laboration with J. W. Murray,  show ~3 that  when the Nitel la  cell is 

30 The value for the change from 0.01 ~ NaC1 to 0.01 ~ KC1 and vice versa is 
94.4 =t= 2.I (22 observations). 

3~ The value for the change from 0.01 ~ NaC1 to 0.01 ~ KCI and vice versa is 
20.9 4- 0.7 my. (32 observations): this is after the action current has been pro- 
duced as in Fig. 4, in the presence of NaCI: when the action current has been 
produced as in Fig. 6, in the presence of KC1, the corresponding value is 24.7 4- 
1.4 my. (6 observations). 

32 Cf. footnote 1. An exposure of about 5 minutes is necessary to produce this 
result. But it does not occur in Nitella or in Halicystis even with an exposure of 
10 minutes to 0.02 M HG. 

33 In measuring the concentration effect the HG was first shaken with the more 
dilute solution and left in contact with it in a U-tube; the more concentrated 
solution was then placed in contact with the other surface of the HG. The two 
aqueous solutions were then connected through calomel electrodes to a Compton 
electrometer. The sign in all cases is that observed in the external circuit. 

In measuring the potassium effect the HG was shaken with NaC1 and KC1 
was then placed on the opposite side. 
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replaced by a liquid layer of HG the concentration effect of NaC1 
is somewhat smaller than that of KCI, which agrees with Nitella. 
The dilute solution is positive in both cases, as in Nitella. 

For the potassium effect (0.1 ~ NaC1 vs. 0.1 M KC1) the value is 
about 14 my. The KC1 is negative to NaC1, as in Nitella. 

Since the potassium effect is less in HG than in Nitella we might 
expect the addition of HG to the non-aqueous protoplasmic surface 
layer, X, to lessen the value of the potassium effect, as is indeed the 
case. And since the concentration effects of KC1 and NaC1 are 
nearer together in HG than in Nitella we might expect the addition 
of HG to bring these effects nearer together in Nitella, as is the case. 

The fact that UN, is increased in Ni~lla and u~ left unaffected 
is not explained by these considerations. Further investigation is 
needed. 

I t  is evident that the action of HG cannot be accounted for on the 
ground that the protoplasmic surface is a pore system since a change 
in the pores could not increase UNa and leave uK unaffected as in 
Nitell¢ and Haticystis or increase UNa and simultaneously decrease 
u~ as in Valonla. 

SUMM&Ry 

In Ni~lla, as in Halicystis, guaiacol increases the mobility of Na + 
in the outer protoplasmic surface but leaves the mobility of K + 
unaffected. This differs from the situation in Valonia where the 
mobility of Na + is increased and that of K + is decreased. 

The partition coefficient of Na + in the outer protoplasmic surface 
is increased and that of K + left unchanged. 

Recovery after the action current is delayed in the presence of 
guaiacol and the action curves are "square topped." 


