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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 .  
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(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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The t echn ique  repor ted  above,  p resen t s  some new fea- 
tures over  t he  conven t iona l  techniques .  The th in  agar  
layer used makes  the  de tec t ion  of fa in t  b a n d s  easier, t hus  
it is possible to locate the  bands  a t  an earl ier  s tage  in the i r  
formation. The  ex t rus ion  of the  co lumn af te r  the  develop-  
ment of the  p a t t e r n  allows its washing,  which increases 
considerably its c lar i ty,  special ly when  one of the  re- 
actants is heavi ly  p igmen ted ,  thus  faci l i ta t ing its accura te  
photography,  and  q u a n t i t a t i v e  de t e rmina t i on  of re la t ive  
intensities of the  var ious  bands .  I t  allows fu r ther  its 
staining and  its p rese rva t ion  undefo rmed .  The use of b o t h  
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a n t i g e n ,  a l l ( t  an t i body_  in  a s ( ) l i l t i ( ) l l  phase  i n l p o s e s  no  
l imits  to  the  range i)f concen t r a t ions  used flir (ll)taining 
the  prec ip i t in  pa t t e rn .  The charg ing  of the  tube  does not  
expose any  (if the  r e ac t an t  solut ions  Ill c()n(lili{ms which 
migh t  cause sl ight  ( lenatura i ion ,  such as mixing  with 
mel ted  agar. Bo th  r eac t an t  reservoirs  are fully exposed,  
th is  allows the  de tec t ion  of a,lv p rec ip i ta te  developing,  
which may  be due to a c o m p l m e n t  of a r eac tan t  diffusing 
r ight  th rough  the  c(flumn. The successful  d e v e l o p m e n t  of 
the  precipi t in  p a t t e rn s  wi th  th is  se t -up  ill the  fridge migh t  
prove  of impor t ance  in the  s t u d y  of special  sys tems .  No 
special  t r e a t m e n t  ll was f lnmd necessary, for the agar  used, 
or the  capi l lary tubes.  Finally,  the  0.02 ml does not  re- 
p resen t  the  smal les t  w)tume of a r e ac t an t  soluti lm, as 
smal ler  vo lumes  call be used, aud even  filler capil laries 
have  been utilised when necessary~a 

Zusammen/assung .  Neue Mikror6hrchenn~ethode fiir (lit" 
(;el-1)r/izipitation. V(wteile der  Methode:  ( ;er inger  l~edarf 
an Reagenzien und M6gliehkeit  q u a n t i t a t i v e r  Auswer tung  
der  re la t iven ln tens i t t i t en  der  l)r~izipitationsbantlen. 
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S T U D I O R U M  P I ( O G R E S S U S  

Structure and Chemical Composit ion 
of Collagen Gel 

The p rec ip i t a t ion  of typ ica l  collagen fibrils from acid 
solutions of the  pro te in  is due to the  presence  in t hem of 
min imum quan t i t i e s  of regula tor  colloids (Hmum,:J~oJ,;R, 
GRoss, and  SCHMITT1; SCHMITT'a; FITTON JACKSON and 
RANDALL a ; SCHMITT, GROSS, and  HIGH 13ERGER 4 ; (;R()SS5 ; 
GLIMCHER6). W h e n  these  are lacking, the  prec ip i ta t ion  of 
the protein ,  using salts,  gives rise to a gel formed by th iu  
f i laments  w i t h o u t  periodic s t ruc ture ,  bu t  endowed  with  
phys ic-chemical  reac t ions  of collagen. 

Since the  s t u d y  of the  above  gel has  been prac t ica l ly  
neglected unti l  the  p resen t  t ime, we carr ied out  a screen-  
ing of its submicroscopica l  o rgan iza t ion  and  chemical  
features;  for compar ison ,  resul ts  ob ta ined  f rom collagen 
solutions, devoid  of regula tor  colloids, were compared  
with those  ob ta ined  f rom sepa ra ted  samples  of the  same 
solutions, to  which  were added  mucopo lysaccha r ides  
isolated f rom h u m a n  silicotic masses,  as descr ibed by' 
SCHILLER, ~{ATHEV~'S, JEFFERSON, L u l ) o w i c ; ,  and I)ORF- 
MAN 7 

Two samples  A and  B of a homogeneous  suspension of 
isolated fibrils of r a t ' s  tai l  t endon  were p repa red  as de-  
scribed by  BAIRATI, CLERICI, and EsPOSITO s, The to ta l  
ni t rogen of each sample  was e s t ima ted  by  the  Micro- 
kjeldahl  m e thod ,  amino  acid compos i t ion  was de t e rmined  
by means  of paper  c h r o m a t o g r a p h y  as descr ibed b y  
DUSTIN, SCHRAM, ~![OORE, and  B m w o o i )  9, on a sample  

hydrol ized with (iN HC1 under  refhlx h)r 24 h, c(nltaiuiug 
near ly  20o-5oo tag ~)f ni t rogen,  d e t e r m i n e d  according to 
~IO()RI£ aud STI'2IN 10 The chr l )mat()grams were (leveloped 
as descr ibed by l lERNIS  a n d  \ V I ' N I ) E R L Y  11 a n d  tile con- 
cen t ra t ion  of each amiuo acid was referred to a stall(lard 
leucine sample ;  hyd roxypro l i ne  was analyzed chemical ly  
by" the  me t h o d  of TROLL aml CANNAN 12. 

The pro te in  n i t rogen con ta ined  in .\  and 1 ~> is 1 S.2°o and  
t6 .5% respectively' .  The  amino  acid composi t ion  of each 
sample  is shown in the  Tat)It ;  our  results  agree wi th  those  
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