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A B S T R A C T :  The ability to form gigaohm seals  is essential  
for patch-clamp studies. Cells with otherwise useful properties 
must be abandoned for electrophysiological studies if seal 
formation is not possible. We have found that by inhibiting the 
growth of extracellular matrix with 5-D-xyloside, the success of 
forming gigaohm seals increased from near 0% to near 100%. 
Treated cells remained viable and appeared morphologically 
similar to untreated cells. Prototype treatment protocols are 
given for the  renin secreting cell line As4.1. 

K e y  w o r d s :  p a t c h  c l a m p / s e a l / c h a n n e l / r e n i n  

I n t r o d u c t i o n :  
The As4.1 cell  is a r en in  e x p r e s s i n g  cell  l ine i s o l a t e d  
f rom a m o u s e  p r imary  k idney  t u m o r  a n d  a s c i t e s  
(S igmund  e t  al., 1990). To e x a m i n e  w h e t h e r  t h e s e  
cell  h a d  the  p r e d i c t e d  s t r e t c h  s ens i t i ve  r e s p o n s e ,  we 
t r ied  r e p e a t e d l y  to p a t c h  c l a m p  the  ce l l s  a n d  were  
a l m o s t  n e v e r  ab le  to fo rm sea l s .  Under  h igh  
m a g n i f i c a t i o n  p h a s e  op t ics ,  t he  m e m b r a n e  a p p e a r e d  
to be  c o v e r e d  wi th  a t h i ck  layer  of t r a n s p a r e n t  
m a t e r i a l  t h a t  m i g h t  h a v e  p r e v e n t e d  sea l  f o r m a t i o n .  
We t r ied  u n s u c c e s f u l l y  to "clean" the  cell  s u r f a c e  wi th  
t ryps in ,  c o l l a g e n a s e ,  a n d  p r o n a s e .  We t h e n  t r ied  
i nh ib i t i ng  the  s y n t h e s i s  of the  ex t r ace l l u l a r  m a t r i x  
(ECM) u s i n g  4-methylumber i fe ry l -B-D-xylos ide ,  t h a t  
h a s  b e e n  s h o w n  to r e d u c e  the  ECM d e p o s i t i o n  in r a t  
ao r t i c  s m o o t h  m u s c l e  cel ls  (Hamati  e t  al., 1989). This 
t r e a t m e n t  g rea t ly  e n h a n c e d  the  p robab i l i t y  of 
f o r m i n g  g i g a o h m  s e a l s  a n d  a l lowed  us  to 
d e m o n s t r a t e  t he  p r e s e n c e  of ion c h a n n e l s .  S imi lar  
r e s u l t s  have  b e e n  o b s e r v e d  for o t h e r  cell  l ines  (J. 
Hidalgo,  Univ. Chile, San t i ago ,  p e r s o n a l  
c o m m u n i c a t i o n )  

M a t e r i a l s  a n d  M e t h o d s :  
Cell Preparation: As4.1 ce l l s  (provided  by Dr. K. 
W. Gross ,  Roswell Park Memorial  Ins t i tu te)  were  g rown 
in a no rm a l  cu l t u r e  m e d i u m  of DMEM + 10% fe ta l  
bov ine  s e r u m  a n d  m a i n t a i n e d  a t  37~ in a 5% 
CO2/air i ncuba to r .  The ce l l s  were  p a s s e d  every  w e e k  

a n d  fed twice  per  week.  For p a t c h - c l a m p  s tud i e s ,  we 
u s e d  0 .25% t ryps in  ( + 1raM EDTA) to  i so l a t e  t he  cel ls ,  
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t h e n  p l a t e d  t h e m  on to  c l a s s  cove r  s l ips  in p l a s t i c  
cu l t u r e  d i shes .  To t e s t  t he  e f f ec t  of d i f f e ren t  d u r a t i o n  
t r e a t m e n t s ,  we c r e a t e d  t h r e e  p ro toco l s .  Cells in t h e  
control group  were  c u l t u r e d  in n o r m a l  m e d i u m  
befo re  a n d  a f t e r  re -p la t ing .  Cells in t he  post-isolation 
g r o u p  were  c u l t u r e d  in n o r m a l  m e d i u m  be fo re  re- 
p l a t i n g  a n d  in ~6-D-xyloside (Sigma) m e d i u m  af te r  re- 
p la t ing .  The pre-isolation group  was  c u l t u r e d  in 
n o r m a l  m e d i u m ,  b u t  ~-D-xyioside w a s  a d d e d  to t he  
m e d i u m  t h r e e  days  be fo re  r e -p l a t i ng  a n d  m a i n t a i n e d  
t h e r e  for t he  r e m a i n d e r  of t he  cu l tu r ing .  We 
a n t i c i p a t e d  t h a t  t h o s e  cel ls  t h a t  u n d e r w e n t  t h e  m o s t  
g rowth  in t he  p r e s e n c e  of ~6-D~xyioside wou ld  h a v e  the  
l ea s t  ex t r ace l l u l a r  m a t r i x  a n d  be  the  e a s i e s t  to p a t c h .  
Blind Test ing: To m i n i m i z e  b ias  in j u d g i n g  e a s e  of 
p a t c h i n g ,  t he  p e r s o n  d o i n g  the  experiment w a s  
u n a w a r e  of t h e  t r e a t m e n t  c o n d i t i o n  of t he  cel ls .  A 
seal  was  d e e m e d  s u c c e s s f u l  if it  h a d  a r e s i s t a n c e  > 
1G~. Pipettes:  Pipe t t e s  were  m a d e  f rom b o r o s i l i c a t e  
g l a s s  (100~ Microcaps ,  D r u m m o n d  Scient i f ic ,  
Broomal ,  PA) on a Su t t e r  I n s t r u m e n t s  (San Raphae l ,  
CA) PC-84 m i c r o p i p e t t e  pul le r  wi th  t he  f i l a m e n t  b lock  
m a i n t a i n e d  a t  50~ The p i p e t t e  t ips  h a d  a d i a m e t e r  
of a b o u t  1/zm a n d  a l e n g t h  of 5ram.  After  fire 
po l i sh ing ,  the  p i p e t t e  h a d  a r e s i s t a n c e  of a b o u t  7M~. 
To m a x i m i z e  c o n s i s t e n c y ,  only  one  p e r s o n  p e r f o r m e d  
the  p a t c h  c l a m p  e x p e r i m e n t s .  For e x p e r i m e n t s  t h e  
b a t h  a n d  the  p i p e t t e  were  fi l led wi th  n o r m a l  s a l ine  
c o n t a i n i n g ,  in raM: NAC1/137.5, KC1/4.2, CAC12/0.9, 

MGC12/0.5, Na-HEPES/6, HEPES/8, a n d  pH7.5.  

R e s u l t s -  
F i g u r e  1 s h o w s  the  d o s e - r e s p o n s e  r e l a t i o n s h i p  for 
sea l  f o r m a t i o n  for t he  post-isolation pro toco l .  With no 
B-D-xyloside (control  group)  we s u c c e e d e d  o n c e  in 
twen ty  one  t r ies  (4.8%). For ce l l s  in 0.25raM ~-D- 
xylos ide ,  we s u c c e e d e d  six t i m e s  ou t  of s i x t e e n  t r ies  
(37.5%); for 0.5ram f~-D-xyloside, a l so  six t i m e s  ou t  of 
s i x t een  t r ies  (37.5%). For t he  post-isolation g r o u p  in 
1raM B-D-xyloside, we go t  t he  h i g h e s t  s u c c e s s  r a t e  -- 
f i f teen  s u c c e s s  ou t  of th i r ty  t r ies  (50%), an  
i m p r o v e m e n t  of 10 fold over  t he  con t ro l  group.  
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Figure 1. The dose responce relationship of seal formation in the post- 
isolation treatment group. 

A m o r e  e x t e n s i v e  t r e a t m e n t ,  t h e  pre-isoiation 
pro toco l ,  i n v o l v e d  i n c u b a t i n g  t h e  ce l l s  w i th  J3-D- 
xy los ide  b e f o r e  a n d  a f t e r  r e - p l a t i ng .  With t h i s  
p ro toco l ,  t h e  sea l  f o r m a t i o n  r a t e  w a s  r a i s e d  f u r t h e r  to  
a b o u t  90%.  F igure  2 s h o w s  t h e  d i f f e r e n c e s  b e t w e e n  
t h e  two e x p e r i m e n t a l  t r e a t m e n t s  a n d  t h e  c o n t r o l  
g roup .  A l t h o u g h  t h e  r e s u l t s  we re  so  s t r i k ing ,  we u s e d  
S t u d e n t ' s  t - t e s t  to  c h e c k  t h e  c o n c l u s i o n s .  We u s e d  a 
s a m p l e  s ize  of f o u r t e e n  ( the  l o w e s t  s a m p l e  size in  t h e  
t h r e e  g roups ) .  For t h e  r e l a t i v e  a d v a n t a g e  of t h e  pos t -  
i s o l a t i o n  g r o u p  over  t h e  c o n t r o l  g r o u p ,  z = 3 . 2 0 9 ,  a 
c o n f i d e n c e  level  of m o r e  t h a n  99%.  For t h e  pre- 
isolation g r o u p  over  t h e  c o n t r o l  g r o u p ,  z =  7 .290 ,  a 
c o n f i d e n c e  level  of m o r e  t h a n  9 9 . 9 9 9 % .  For t h e  pre- 
isolation g r o u p  over  t h e  p o s t q s o l a t i o n  g r o u p  
z = 2 .291 ,  a c o n f i d e n c e  level  a b o v e  95%.  
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Figure 2. The success rate for different treatment protocols. Treating 
the cells with xyloside for three days before replating and then growing 
the cells for one day in xyloside medium is the most effective proce- 
dure. 

The a b o v e  d a t a  was  o b t a i n e d  on  t h e  ce l l s  w i t h i n  t h e  
f i r s t  day  a f t e r  p l a t i ng .  We a l so  s t u d i e d  t h e  e f f e c t  of 
e x t e n d e d  e x p o s u r e  to  J3-D-xyloside to ce l l s  in  t h e  pre-  
i s o l a t i o n  g roup .  F igure  3 s h o w s  t h a t  wh i l e  t h e  
t r e a t m e n t  is e f f ec t i ve  for  t h e  f i r s t  a n d  s e c o n d  days ,  
by  t h e  t h i r d  day  t h e  e f f ec t  h a s  f aded .  O ne  p o s s i b l e  
e x p l a n a t i o n  is t h a t  t h e  s u p p r e s s i o n  of  ECM 
f o r m a t i o n  by  t h e  J3-D-xyloside is i n c o m p l e t e  a n d  t h e  
ECM slowly b u i l d s  u p  ove r  t h r e e  days .  
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Figure& The time responce of the 8-D:xyloside effect on the pre-isolation 
group using 1 mM 8-D-xyloside. The effic=ency of treatment falls as cells 
become confluent at three days in culture. 

D i s c u s s i o n -  
Forming a g o o d  sea l  in  p a t c h  c l a m p  e x p e r i m e n t s  
d e p e n d s  on  a n u m b e r  of  f a c t o r s  i n c l u d i n g  cel l  type ,  
c u l t u r e  c o n d i t i o n ,  a n d  c o m p o s i t i o n  of  t h e  p i p e t t e  
g l a s s e s .  O u r  r e s u l t s  s h o w  t h a t  in  t h e  As4 .1  l ine ,  
t r e a t i n g  ce l l s  w i th  B-D~xyloside d r a m a t i c a l l y  i m p r o v e s  
t h e  l i k e l i h o o d  of f o r m i n g  g o o d  sea l s .  The  e a s e  of 
m a k i n g  s e a l s  is i m p o r t a n t ,  n o t  on ly  for  t h e  e f f i c i e n c y  
in e x p e r i m e n t a t i o n ,  b u t  a l so  for  r e d u c i n g  s t r e s s e s  o n  
t h e  p a t c h  t h a t  m a y  a f f e c t  c h a n n e l  p r o p e r t i e s .  

The  e f f ec t  of ~-D-xylos ide  t r e a t m e n t  w a s  s t u d i e d  b y  
H a m a t i  e t  al.  (1989)  u s i n g  r a t  a o r t i c  s m o o t h  m u s c l e  
cei ls .  ~-D-xylos ide  i n h i b i t e d  s y n t h e s i s  of  
p r o t e o g l y c a n s  c a u s i n g  r e d u c e d  ECM d e p o s i t i o n ,  
r e d u c e d  p r o l i f e r a t i o n  a n d  c y t o s k e l e t a l  r e o r g a n i z a t i o n .  
With t h e  As4 .1  l ine  we f o u n d  t h a t  ce l l s  c u l t u r e d  in  
n o r m a l  m e d i u m  will f o rm  m u l t i l a y e r s  a f t e r  g r o w i n g  to 
c o n f l u e n c e ,  b u t  ce l l s  t r e a t e d  w i th  B-D-xylos ide  on ly  
f o r m e d  m o n o l a y e r s .  The  t r e a t e d  ce l l s  r e c o v e r e d  a n d  
grew to m u l t i l a y e r s  a f t e r  b e i n g  r e t u r n e d  to n o r m a l  
c u l t u r e  m e d i u m .  T h e s e  o b s e r v a t i o n s  a r e  s i m i l a r  to  
t h o s e  of H a m a t i  e t  al.  (1989).  We d id  n o t  s e e  a n y  
o b v i o u s  m o r p h o l o g i c a l  d i f f e r e n c e  b e t w e e n  t r e a t e d  
a n d  u n t r e a t e d  cel ls .  (Figure 4) 

It is n o t  k n o w n  w h a t  e f f ec t s  ~-D-xylos ide  m a y  h a v e  o n  
t h e  e l e c t r o p h y s i o l o g i c a l  p r o p e r t i e s  of  ce l l s .  Th i s  
i s s u e  is p a r t i c u l a r l y  d i f f icu l t  to  a s s e s s  w h e n  t h e  
u n t r e a t e d  p o p u l a t i o n  c a n ' t  b e  e x a m i n e d .  Our  
e x p e r i m e n t s  were  n o t  su f f i c i en t ly  e x t e n s i v e  to  p r o v i d e  
q u a n t i t a t i v e  c o m p a r i s o n  of  c u l t u r e s  a t  d i f f e r e n t  
s t a g e s  of t r e a t m e n t ,  b u t  we s aw  n o  d i s t i n c t  
d i f f e r e n c e s  in c h a n n e l  ac t iv i ty .  The  ~-D-xylos ide  d o e s  
a f f ec t  c y t o s k e l e t a l  o r g a n i z a t i o n ,  t e n d i n g  to d i s r u p t  a- 
a e t i n  (Hamat i ,  Br i t ton  a n d  Carey,  1989) .  Bu t  
i n t e r e s t i n g l y ,  H a m a t i  e t  al. s h o w e d  t h a t  if  t h e i r  ce l l s  
were  c u l t u r e d  on  d i s h e s  p r e c o a t e d  w i th  ECM, t h e  
c y t o s k e l e t o n  was  u n a f f e c t e d  by  j%D-xyloside.  Th i s  
s u g g e s t s  t h a t  a s i m i l a r  a p p r o a c h  m a y  b e  u s e d  for  
e l e c t r o p h y s i o l o g y  w h e r e b y  t h e  u p p e r  s u r f a c e  of  t h e  
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Figure 4. Morphology of As4.1 cells cultured on glass cover slips 
for two days. Cells incubated in the (a) normal culture medium, or 
(b) normal medium plus 1 mM 8-D- xyloside. 

cell  h a s  r e d u c e d  a m o u n t s  of e n d o g e n o u s  ECM a n d  
t h e  s u b s t r a t e  ECM p r e s e r v e s  i n t r a c e l l u l a r  s t r u c t u r e .  

We h a v e n ' t  y e t  t e s t e d  t h e  e f f i cacy  of J~-D-xyloside 
t r e a t m e n t  on  o t h e r  cel l  l ines ,  b u t  J.  Hida lgo  ( p e r s o n a l  
c o m m u n i c a t i o n )  h a s  f o u n d  s i m i l a r  r e s u l t s  to  t h o s e  
r e p o r t e d  h e r e  u s i n g  a newly  d e v e l o p e d  h u m a n  m u s c l e  
cel l  l ine.  

In s u m m a r y ,  our  r e s u l t s  show t h a t  t r e a t i n g  t h e  ce l l s  
wi th  l m M  ,6-D-xyloside u n d e r  g r o w t h  c o n d i t i o n s  
s u b s t a n t i a l l y  i m p r o v e s  t h e  l i ke l i hood  of m a k i n g  
g i g a o h m  sea l s .  We e x p e c t  JS-D-xyloside t r e a t m e n t  to  
work  s i m i l a r l y  on  o t h e r  cel ls .  Cells  m u s t  grow in t h e  
p r e s e n c e  of t h e  jS-D-xyloside. S imply  a d d i n g  i t  to  t h e  
m e d i u m  of a c o n f l u e n t  c u l t u r e  h a s  n o  effect .  B e c a u s e  
p r o t e o g l y c a n s  a r e  a n  e s s e n t i a l  c o m p o n e n t  of  t h e  
ECM, i n h i b i t i n g  t h e  s y n t h e s i s  of p r o t e o g l y c a n s  is 
e x p e c t e d  to r e d u c e  t h e  ECM a n d  p r o m o t e  sea l  
f o r m a t i o n .  

A c k n o w l e d g e m e n t s .  This  work  w as  s u p p o r t e d  by  
NIH g r a n t  DK-37792,  a n d  t h e  USARO g r a n t  26099-LS.  
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