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PRO EXPERIMENTIS 

An Improved Technique of Preparing Primary 
Cultures of  Iso lated Cells f r o m  Adult Frog Kidney 

A t t e m p t s  to  c u l t u r e  a m p h i b i a n  t i s sues  h a v e  been  m a d e  
p rev ious ly  b y  o the r s ,  b u t  all h a v e  e m p l o y e d  t h e  h a n g i n g  
d rop  p l a s m a  or  l y m p h  clot  s y s t e m .  T h i s  m e t h o d  is n o t  
very  s u i t a b l e  for  q u a n t i t a t i v e  s t u d i e s  in c y t o c h e m i s t r y ,  
due to  t h e  n a t u r e  of  g r o w t h  in t he  p e r s i s t i n g  clot .  Mono-  
layer  c u l t u r e s  of  i so la ted  cells c a n  p r o v i d e  a b e t t e r  s y s t e m  
for s u c h  s tud i e s .  R e c e n t l y  a m e t h o d  for  c u l t u r i n g  i so la ted  
cells f r o m  v a r i o u s  cold b looded  v e r t e b r a t e s  w a s  desc r ibed  
by  WOLV et  al. ~. T h e i r  m e t h o d  p r i m a r i l y  des igned  for  fish 
t issue c u l t u r e s  s e e m e d  to  w o r k  on  f rog  cells to  s o m e  degree  
b u t  fai led to  give us  s a t i s f a c t o r y  g r o w t h .  O u r  s t u d i e s  of  
g r o w t h  of  s eve ra l  h u n d r e d  e x p l a n t s  of  c e r t a i n  t i s sues  of  
s a l a m a n d e r  a n d  f rog  in v a r i o u s  m e d i a  h a v e  ted us to t h e  
fo l lowing m e t h o d  of  p r e p a r i n g  c u l t u r e s  of  i so la ted  cells 
f rom f rog  k idney .  

Y o u n g ,  h e a l t h y  f rogs  (30-50 g in we igh t ) ,  R a n a  pipiens ,  
were w a s h e d  in d i lu t e  d e t e r g e n t  a n d  b a t h e d  in 70°'0 
e thano l .  T h e y  were  killed b y  p i t h i n g  a n d  k i d n e y s  were  
i m m e d i a t e l y  r e m o v e d  a s c e p t i c a l l y  in a s ter i l ized  R i n g e r ' s  
sal ine c o n t a i n i n g  1000 u n i t s  Penici l l in ,  100 ~xg s t r e p t o -  
m y c i n  a n d  100 u n i t s  m y c o s t a t i n  p e r  ml .  T h e  t i s sue  w a s  
cu t  i n t o  s m a l l  p ieces  (2a-3 a m m )  a n d  t r a n s f e r r e d  i n to  a 
t r y p s i n i s i n g  f lask  (Bellco ~) c o n t a i n i n g  5 ml  of  a d i s soc ia t -  

Fig. I. The cells of kidney culture 7 days old stained hy May-(iriiul- 
wa/d-(iienlsa technique. 125 , . 

Tab. I. Composition of the dissociating nledium 

A B C I) t" 

NaC1 6,8 g NaHCO a Serunl Trypsin Dextrose 
KC1 0,1 g { ) i2 g Globulin 1:25tl ... 131 g 
Na2HPO 4 0.110 g (Bios) ~ 131g (l) ifco) ~ 

... 2.5 g 
500 I111 H20 ll)0 nil 100 ml Hi() 25o nil H2() 50 i|ll H2() 

HuO Bring it to Dissolved, 
boil 2 to 3 left over- 
times to night and 
dissolve filtered 

All units dissolved separately, mixed and filtered through inillipore 
filter of 0,45 # pore size by vaeltuni, l'enicillin G IO0[)OII units; 
streptomycin sulphate l()(I rag; mycostatin 5(m00 units; and l ml 
sohltion of 0.5% phenol red added to 1000 nil of the above mediunL 

Tab. II. 
Eagle's basal medium 

Composition of growth medium 

inodified by replacing the salts with following 
amounts/1 

g 
A. NaCI 5.150 

KC1 0Ai75 
MgSO 4 • 7 H~O 0.'204 
Ca(NO3). 2 - 4 H~O 0+078 
CaCI 2 0.045 

B. Na~HPO 4 0.0300 
K H z PO a 0.0375 

g 
C. NaHCO 3 o.75o 
I). Lactalbumin hydro- 5.otlo 

lysate {Nutritional 
Biochem.) z 

E, Yeast extract I.ooo 
(Nutritional Bioehem.) 

Growth medium was nla(le 
as follows 

8`2% above nlediunl 
5% whole egg uttrafiltrate 

(microbiological associates} 2 
13% calf serum 

pH 7.4 adjusted by one or two drops of 1N.  NaOH or 5% COo in both. 
Antibiotics concentration as shown in Table I. 

Fig. 2. Mitochondria (M) and Golgi (G) apparatus in cultured coils of 
frog kidney, fixed by Chanlpy fixative and stained by Kull technique. 
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Fig. 3. The cells of frog kidney with l.uckc's adcnocar,'in,mla. The 
nucleoli are found to colltain seelnin~ly Iqudgen positive granule~ 
(arrow). Culture Io days old. Stained with l:l>u|~cn method, t;-~ll • 

l K. Woi.v, M. C. Qvlxiin, E. A. I>YLI% and 1¢,. l'. I)I,:XXEi G Science 
132, 18~.tU ( I.q~;{t}. 
J. PAtti., Cclland Tissue Culture, Tcxtl)o~d¢, 2nd Edition (E. and 
S, I,iving~tone, ['Minburgh p.ll;ll). 
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ing m e d i u m  (Table  I) per  pa i r  of k idneys .  This  m e d i u m  
was found  more  sa t i s f ac to ry  t h a n  t he  p h o s p h a t e  buf fe r  
used b y  WOLF et  al., s ince i t  p rov ides  fas te r  d i ssoc ia t ion  
a n d  r e t a i n s  more  v iab le  cells. T he  d iges t ion  was done  ove r  
a m a g n e t i c  s t i r re r  (Betlco) a t  12-15°C, m a i n t a i n e d  b y  a 
cold r u n n i n g  w a t e r  ba th .  The  m e d i u m  was c h a n g e d  twice  
in t he  f i rs t  2 h and  rep laced  b y  f resh  m e d i u m  to d r a i n  a n y  
tox ic  mate r ia l .  W h e n  m o s t  t i ssue  was  dissocia ted,  the  
cells were cen t r i fuged  a t  1000 r p m  for 4 min ,  w a s h e d  in 
the  R inge r ' s  sal ine,  cen t r i fuged  a n d  d ispersed  in a g r o w t h  
m e d i u m  (Table  I I )  to  give c o n c e n t r a t i o n  of 3 × 10~ cells 
per  mI. T h e y  were a l lowed to  a t t a c h  in 4 oz. med ic ine  
bo t t l e s  or L e i g h t o n  tubes  w i th  10 × 50 m m  No. 1 cover-  
glasses a t  18°C. The  a b o v e  g r o w t h  m e d i u m  was used 
because  we h a d  found  t h a t  t h e  modi f ied  Eag le ' s  basa l  
med ium,  c o n t a i n i n g  sa l t  c o n c e n t r a t i o n s  used b y  BARTH 3 
for frog e m b r y o n i c  cells, w i th  calf  or hor se  p l a sma ,  gave  
b e t t e r  g r o w t h  of t he  a m p h i b i a n  t issue e x p l a n t s  t h a n  t he  
und i lu t ed  or  a r b i t r a r i l y  d i lu ted  m a m m a l i a n  m e d i a  or  
o t h e r  media .  

Most  of the  v iab le  cells a t t a c h e d  w i t h i n  70 h. In  seven  
to t en  d a y s  mi to t i c a l l y  ac t ive  (approx.  2 .5% m i t o t i c  
index)  cu l tu res  were ob t a ined .  The  cells fo rm a un i f o rm  
m o n o l a y e r  of p r e d o m i n a n t l y  ep i the l io id  cells (Figure  1) 

c o n t a i n i n g  long t h r e a d l i k e  m i t o c h o n d r i a  (M Figure  2) and 
one  or  two  j u x t a  nuc l ea r  Golgi  bodies  (G F igure  2). 

F rog  k i d n e y  cells w i t h  Lucke ' s  a d e n o c a r c i n o m a  (Figure 
3) h a v e  also been  cu l t u r ed  w i th  t he  a b o v e  t e c h n i q u e  and 
h a v e  found  to  a t t a c h  a n d  grow fas te r  t h a n  the  normal  
cells. 

The  p r i m a r y  cu l tu res  h a v e  been  k e p t  as long as three 
m o n t h s  w i t h o u t  a n y  no t i ceab le  i m p a i r m e n t  of g rowth .  

Zusammen/assung. Eine  ve rbes se r t e  T e c h n i k  zur  Ge- 
w i n n u n g  de r  e r s t en  E i n z e l s c h i c h t b i l d u n g e n  yon  Frosch-  
n ie renze l len  wurde  en twicke l t .  Die Zellen werden  in neuem 
au f l6 sendem N / i h r b o d e n  isol ier t  und  w a c h s e n  au f  modifi-  
z i e r t em Eagle-N~ihrboden  m i t  13% Ka lbs se rum.  Nach 
10 Tagen  zeigt  s ich s t a r k  ak t ives  mi to t i s ches  Zellwachs-  
tu rn  in der  Ku l tu r .  

V .  C.  S H A H  

Zoology Department, Columbia University, New York 
(U.S.A.), November 22, 1961. 

a L. G. BARTH and L. J. BARTH, J .  Embryol. Morph. 7, 210 (1959}. 

A Quantitative 
Micro Tube Gel Precipitin Technique 

The  ge l -prec ip i t in  t e c h n i q u e  deve loped  b y  OUDIN 1 WaS 
e l a b o r a t e d  b y  OUCHTERLONY 2 on  a g a r  p la tes .  OAKELY 
a n d  FULTHORPE 3 a d a p t e d  OUCHTERLONV'S modi f i ca t ions  
to t e s t  tubas .  Severa l  v a r i a t i o n s  of these  t e c h n i q u e s  h a v e  
be2n  p u b l i s h e d  <5. A micro  a d a p t a t i o n  ~ of OUCHTERLONY'S 
p la te  t e c h n i q u e  p roved  super io r  to  c o n v e n t i o n a l  me thods .  
Since t he  t e s t  t u b e  t e c h n i q u e  of OAKELY and  FULTHORPE 
is b e t t e r  a d a p t e d  for q u a n t i t a t i v e  work  4, a n d  has  been  
found  to yield a de f inab le  p a t t e r n ,  where  m a n y  p la t e  
modi f i ca t ions  fai led 7, a n d  since a micro  a d a p t a t i o n  of t h i s  
t e c h n i q u e  has  a p p a r e n t l y  no t  been  a t t e m p t e d ,  the  follow- 
ing t e c h n i q u e  was  devised.  

The  p rec ip i t i n  p a t t e r n  is deve loped  in a cap i l l a ry  t u b e  
(50 m m  × 1, or  2 mm),  cha rged  as i nd i ca t ed  in F igure  1. 
F i rs t ,  1% m e l t e d  a g a r  is in j ec ted  in to  t he  midd le  of t he  
cap i l l a ry  wi th  a syr inge,  up  to the  requ i red  length ,  a n d  is 
left  to  set.  The  a n t i g e n  and  a n t i b o d y  so lu t ions  are  t h e n  
in jec ted  a t  oppos i te  ends  of the  aga r  co lumn,  carefu l ly  
avo id ing  a i r  b u b b l e s  a n d  i n j u r y  to t he  aga r  surfaces.  
Q u a n t i t i e s  of each  r e a c t a n t  so lu t ion ,  as l i t t le  as 0.02 ml or  
less, are suff icient .  F ina l ly ,  b o t h  ends  of the  cap i l l a ry  are 
sealed w i t h  me l t ed  wax,  leav ing  a n  a i r  b u b b l e  b e t w e e n  
t h e  wax plug a n d  t he  r e a c t a n t  solut ions .  

The  d e v e l o p m e n t  of the  p rec ip i t in  p a t t e r n  can  be con-  
v e n i e n t l y  followed b y  p h o t o g r a p h i c  recording,  or b y  
t r a c ing  a f t e r  p ro j ec t i on  t h r o u g h  a mic rof i lm reader .  Af ter  

suff ic ient  d e v e l o p m e n t  of t h e  p a t t e r n ,  the  c o l u m n  can  be 
e x t r u d e d  u n h a r m e d ,  a n d  washed  in to  a b a t h  of dis t i l led 
water .  Af te r  washing ,  t h e  a g a r  c o l u m n  can  be r epacked  in 
a b igger  cap i l l a ry  filled w i t h  dis t i l led water ,  sealed w i th  
wax,  a n d  t h u s  p r e se rved  u n d e f o r m e d  p e r m a n e n t l y .  Agar  
co lumns  a f t e r  wash ing  can  be  s t a ined ,  to  i n t ens i fy  the  
p a t t e r n  6, or to s t u d y  specific c o m p o n e n t s  8. 

Accu ra t e  d e t e r m i n a t i o n  of t he  r e l a t i ve  pos i t ions  <9 a n d  
intensi t ies~° of the  va r ious  b a n d s  are  r equ i r ed  to ver i fy  
a n d  app ly  t he  theor i e s  conce rn ing  t he  f o r m a t i o n  of t he  
p rec ip i t in  p a t t e r n s .  In  t he  t e c h n i q u e  r epo r t ed  here,  t he  
pos i t ions  of all  b a n d s  can  be  d e t e r m i n e d  e i the r  b y  a 
t r ave l l i ng  microscope,  or a n  o r d i n a r y  microscope  f i t ted  
w i th  a g r a d u a t e d  stage,  or s imply,  b u t  w i t h  the  same 
degree of accuracy ,  f rom m e a s u r e m e n t s  on  a t r a c ing  of t he  
p ro jec t ed  p a t t e r n .  The  re l a t ive  in t ens i t i e s  of the  va r ious  
b a n d s  were e v a l u a t e d  b y  s c a n n i n g  the  35 m m  nega t ive  of 
t he  p rec ip i t in  p a t t e r n ,  us ing  a p a p e r  e lec t rophores i s  
s c a n n e r  (Spinco A n a l y t r o l  uni t ,  B e c k m a n  I n s t r u m e n t s ,  
Inc. ,  Be lmon t ,  California) .  

F igure  2 i l l u s t r a t e s  t he  degree  of r e so lu t ion  a t t a i n a b l e  
for t he  sys t em t e t a n u s  t o x i n  a n d  t e t a n u s  a n t i 4 o x i n .  
Successful  p a t t e r n s  were o b t a i n e d  wi th  the  fol lowing 
an t i gens  aga in s t  t h e i r  r e spec t ive  a n t i s e r a  f rom horses  or 
r a b b i t s :  D i p h t h e r i a  tox in ,  h u m a n  se rum,  cow a n d  o t h e r  
a n i m a l  sera,  mi lks  of d i f f e ren t  ca t t l e ,  vacc in i a  a n d  in- 
f luenza  viruses,  and  also d i f fe ren t  snake  venoms .  Th i s  
t e c h n i q u e  m a y  well  be  app l ied  in t he  s t u d y  of o t h e r  
p rec ip i t in  sys tems .  
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Fig. l. The capillary precipitin set-up 
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