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A simplified method for measuring membrane resistances in Nitella 

translucens 

I t  has been shown ~ tha t  there  is a close s imi la r i ty  between tile electr ical  proper-  
ties of the  in te rnoda l  cells of Nitel la translucens, near  the rest ing state ,  and  those of 
a short ,  leaky,  coaxia l  cable. A quan t i t a t i ve  analysis  shows tha t  if a pulse of cons tan t  
current  Io is in jec ted  into a cell of length  2 l a t  its midpoin t ,  then the vol tage response, 
l/z, at  any  d i s t an t  poin t  x from the cur rent - in jec t ing  electrode is given by :  

',['z 2).rm c°sh (l ). X)/s inh ^ (t) 

r~,~ is the  resistance t imes unit  length  of the cell membrane  ( i /m,  is the conductance  
per uni t  length of the cell) and  ,t is the  space cons tan t  of the  cell. 2 is a measure  of 
the a t t enua t ion  of the vol tage response along the length  of the  cell and  is re la ted  
to r,~ b y  the expression ,t = [r,~/(rl +ro)!  ~, where ri and  ro are the resistances per 
uni t  length  of the  in terna l  and ex te rna l  solut ions of the  cell. The resistance of uni t  
a rea  of the meinbrane  (in Q.  cm '~) for a cell of d iamete r  d, is given by  Rm - -  ~ d rm, 
and this q u a n t i t y  can thus  be eva lua ted  if d and rm are known. The value of r,,. 
can be ob ta ined  from known values of ,1 and  (r, +ro)  but,  as Eqn.  I implies,  the  
values of these two para lne te rs  can only be ca lcula ted  if the  vol tage  responses to  
appl ied  current  are measured  at  two points  along the cell length.  This means t ha t  
three electrodes have to be inser ted into the c e l l - - o n e  current - in jec t ing  electrode and 
two w)l tage-recording electrodes.  However ,  the following simple analysis  suggests 
t ha t  Rm can be deternf ined s imply  and d i rec t ly  if the vol tage  response is measured  
by  a single vol tage  electrode posi t ioned at  a cri t ical  d is tance from the current -  
in ject ing electrode;  there  is then no fur ther  need for a second w)Itage electrode and 
the computa t ions  of ,1 and  (ri-4-ro) are e l iminated.  

Eqn.  I can be rewri t ten  in the  form: 

I ".r rm2~dl 
-- '2~dl - - -  cosh (L X)/sinh (L) (2) 

lo 2)~ 

where L ~ l/,1 and X = x/`1. The expression on the left side of the equat ion  is the 
membrane  resistance,  R , / ,  uncorrec ted  for the space constant .  Thus Eqn. 2 simpli- 
ties to : 

]G," : Rm[L c o s h  ( L - - X ) / s i n h  (L)] (3 a) 
o r  

R m '  /e/era (3 b) 

where 
I,> : L c o s h  (L - - X ) / M n h  (L) (3 c) 
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The q u a n t i t y  k is a correct ion factor  the  significance of which is most  easi ly unders tood  
from a plot  of i ts  numer ica l  value over  a range of values  of L and X.  Such compu-  
ta t ions  are d i sp layed  in Fig. I .  F r o m  these graphs  i t  can be seen t ha t  a t  the  poin t  
X ~ 0.42 L, i.e. where x = o.42 l, k is u n i t y  and  is r e m a r k a b l y  insensi t ive to ~t over 
a wide range. E x a c t l y  the  same conclusion can be a r r ived  at  a lgebra ica l ly  by  ex- 
pand ing  the cosh (L--X) and sinh (L) t e rms  in Eqn.  3 c and  equa t ing  k to uni ty .  
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F i g .  i .  T h e  g r a p h s  of t h e  c o r r e c t i o n  f a c t o r  k as  a f u n c t i o n  of  X a n d  L.  

The exper imenta l  procedure  is, then,  to pass cur rent  into the  cell a t  its midpo in t  
and  to p ick  up  the vol tage  response at  a d is tance of o.42 l from the  current  electrode.  
The to ta l  resis tance of the  cell membrane  can thus  be ob ta ined  b y  Ohm's  law, and 
by  mul t ip ly ing  this value b y  the surface area  of the  cell the  resistance of uni t  area  
of the membrane  can be obta ined.  The accuracy  of the  me thod  in a given exper iment  
can read i ly  be seen from Fig. I .  Tak ing  a specific example :  suppose 1 is 3 cm and 
t ha t  the  only knowledge of the  value of 2 is t ha t  i t  lies between 6 and 2 cm; the  
corresponding values  of L are then  0.5 and 1.5. The graphs  show tha t  a t  the  poin t  
X = o.42 L the values  of k are, respect ively ,  I.OO and o.98 for these l imits  of L. The 
m a x i m u m  error in Rm is thus  only  2 %. 

In our present  exper iments ,  bo th  the  cur rent - in jec t ing  electrode and the in terna l  
vol tage electrode were convent ional  3 M KCl-filled glass microelectrodes  each having 
an impedance  of a few MQ. The ex te rna l  cur rent  e lectrode was a length of si lver 
wire laid paral le l  to the  length  of t i le cell and  close up to it, while the  ex te rna l  vol tage  
e lect rode was a calomel  reference electrode p laced  as close as possible to the  in te rna l  
vol tage  electrode.  The in te rna l  e lectrodes were inser ted  into the  cell t r ansverse ly  to  
i ts  length,  and  the  e lect rode t ips  were loca ted  in the  cell vacuole.  Thus the  value  of 
Rm obta ined  in these exper iments  is the  combined  value for bo th  the  tonoplas t  and  
the p lasmalemma.  Square  pulses of current ,  of dura t ion  o.2-o.3 sec, were fed into 
the cell th rough  a IOO MQ resis tance with a low shunt  capaci tance.  The m a x i m u m  
current  dens i ty  used in any  exper iment  was o.2 tLA.cm -2, and  at  these levels the  
vol tage  responses were i nva r i ab ly  capac i t a t ive  2. In  all the  exper iments  t i le cells 
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were bathed in a standard solution of 1.o mM NaC1, o.~ nlM KC1 and o.I  mM CaCI.,. 
The results of measurements  made on 12 cells are summarised in Table I. The 

mean value of 26.4 k,Q-em 2 for Rm compares favourably with previously published 
values of 21. 4 k,(2.cm" and 24.8 k,(2.cm 2 (refs. I, 3). 

T A I 3 L E  1 

TIlE RESULTS OF RESISTANCI,; MEASUREMENTS ON 12 CELLS 

d is the  cell  d i a m e t e r  a n d  ! is the  ha l f - l ength  of the  cell. Io is the  a m p l i t u d e  of the  current  pulse  
injected into  the  cell  at  its m i d p o i n t  and I: is the  vo l tage  response  to this current  at  a d i s t a n c e  
o.42 l from the  current  electrode,  l?m is the  res i s tance  of uni t  area of the  cell  m e m b r a n e  ( t o n o p I a s t  
and p l a s n l a l e n l m a  in series). 

Cell el l V 1,, Rm 
N o .  (cm) (cm) (m V) (i.4) (k!2" cm") 

I 0.07 3.5 2.81 0.20 2~.6 
2 0.08 3. [ 2.93 0.20 22.9 
3 o.o7 3. i 2.79 0.20 19.o 
4 o.o8 3.7 2.87 0.20 2(~. 7 
5 0.09 3.7 4 .or 0.25 3.3-5 
0 0.08 3.8 3.34 0.20 3 j .9 
7 0.08 3.4 3.05 o.2o 2(~. r 
8 o.o7 3. J 2.96 o. 2o 2o. I 
9 o.o8 3-I 4.9 r o.3o 25. 5 

lO o.o9 3.0 3-39 o.2o 34.4 
I I 0.o8 3.0 2.09 0.20 24. 3 
12 0"09 3.9 2.78 0.20 3 o. b 

Mean  o.o8 3.5 3.21 o .2 i  2(;. 4 

The method described herein provides a quick and accurate means of deter- 
mining the membrane  resistance of cells such as N.  translucens. It is particularly 
useful in experiments  designed to examine  the functional relationship between re- 
sistance and any other variable of the system,  e.g. temperature.  In addition, the 
elaborate procedures which are usually employed to overcome the complications due 
to the space constant are el iminated.  Nevertheless ,  any sys temat ic  s tudy of a species 
of cell having a cylindrical geometry  should include, as a preliminary measure, an 
experimental  determinat ion of the space constant for the cells of that species. 

Biophysics Sectiolz, 
Department of Natural Philosophy, 
University of Edinburgh, 
Edinburgh (Great Britain) 

Department of Physiology, 
UJdversity of Edinbu, rgh, 
Edinburgh (Great Britain) 

J. HOGG 
E. J. WILLIAMS 

R. J. Jom~Tsw~ 

I E. J. WILLIA-~S, I{. J. JOHNSTON AND J.  DAINTY, J .  Exptl .  Botany, 15 (1964) I.  
2 J .  BRADLEY AND E. J .  WILLIAMS, Biochim. Biophys.  Acta, I35  ( I967)  lO78. 
3 J. BRADLEY AND ]~. J .  \'VILLIAMS, J .  Exptl .  Botany, 18 (1967) 241. 

Received December  4th, 1967 

Hiocltim. ]diophys.-4c/a, i 5o  (1908) 518 520 


