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E s t a b l i s h m e n t  of a Cell  Line ( X T C - 2 )  f r o m  the  S o u t h  Afr ican  C lawed  T o a d ,  Xenopus laevis 

The  cu l tu re  of cells f rom po ik i lo the rmic  an ima l s  offers 
a un ique  o p p o r t u n i t y  to  s t u d y  t he  g r o w t h  of homeo-  
t h e r m i c  v e r t e b r a t e  v i ruses  (e.g. a rbovi ruses)  in  hos t  cells 
phy logene t i ca l ly  fa r  r e m o v e d  f rom the  n o r m a l  hos t s  a n d  
a t  t e m p e r a t u r e s  below those  t h e y  are sub jec t ed  to in 
t h e i r  n o r m a l  hos t s  1. Severa l  cell l ines  h a v e  been  es tab-  
l ished f rom Rana spp. (WoL~ a n d  QUIMBY 2, RAFFERTY 3, 4) 
and  f rom adu l t  t i ssues  of Xenopus laevis (RAFFERTu 
F u r t h e r  cell l ines  f rom th i s  species were e s t ab l i shed  b y  
ARTHUR a n d  BALLS 5, b u t  de ta i l s  are ye t  to  be  publ i shed .  
W e  descr ibe below the  e s t a b l i s h m e n t  of an  a d d i t i o n a l  
cell l ine  f rom Xenopus laevis w i t h  a v iew to  i ts  p o t e n t i a l  
app l i ca t ion  in s tud ies  on a rbov i ru s  mu l t i p l i c a t i on  in cells 
in  vi t ro .  

A Xenopus laevis t adpo le / toad ,  w i t h  4 legs and  ha l f  
d iges ted  ta i l  was used for se t t ing  up  t he  cul ture .  I t  was 
surface-s ter i l ized b y  leav ing  o v e r n i g h t  in  100 ml  ster i le  
dis t i l led w a t e r  c o n t a i n i n g  1000 un i t s  of penicil l in,  1 m g  
s t r e p t o m y c i n  a n d  5 vg fungizone  pe r  ml,  and  0.1 ml  of 
a n t i - P P L O  a g e n t  (Grand  I s l and  Biological  Company ,  
New York)  in  a steri le b e a k e r  covered  w i t h  a l u m i n i u m  
foil. The  fol lowing d a y  t he  t a d p o l e / t o a d  was w a s h e d  
3 t imes  in  steri le dis t i l led w a t e r  and  twice  in p h o s p h a t e  
buf fe red  sal ine (PBS) .  The  in tes t ines ,  eyes, skill a n d  ta i l  
were t h e n  removed .  The  carcass  was cu t  up  and  washed  
3 t imes  in a Ca a n d  Mg free t r y p s i n  d i luen t  6, and  t h e  
pieces p u t  in  8 ml  of 0 .25% t r y p s i n  so lu t ion  (Difco, 
1 :250)  and  s t i r red  on a magne t i c  s t i r re r  a t  room t em-  
p e r a t u r e  for 10 m i n  a n d  t h e  s u p e r n a t e  d iscarded.  A 
f u r t h e r  8 m l  of t r y p s i n  so lu t ion  was added  a n d  s t i r r ing  
c o n t i n u e d  for a n o t h e r  10 min.  The  superna te ,  a f t e r  
m i x i n g  w i t h  a p a s t e u r  p ipe t te ,  was r e m o v e d  to  a con- 
ta iner .  A t o t a l  of 32 ml  of t r y p s i n  so lu t ion  was used in 
th i s  way,  a n d  t he  cell suspens ions  f rom each  t ryp -  
s in i sa t ion  ~run' were pooled and  k e p t  a t  4~ un t i l  d iges t ion  
of t he  Xenopus pieces was complete .  The  suspens ion  was 
f i l tered t h r o u g h  steri le  gauze to r emove  t he  larger  t i ssue  
c lumps  and  cen t r i fuged  a t  800 r p m  for 8 min.  The  cells 
were washed  in 6 ml  of P B S  and  respun.  T h e y  were t h e n  
suspended  in  4 ml  of m e d i u m  in a 1 oz med ica l  f l a t  a n d  
i n c u b a t e d  a t  28~ ~ I~ 

The  m e d i u m  based  on  t h a t  of AUCLAIR 7 has  t h e  
fol lowing compos i t ion :  NCTC 109 (Wellcome Resea rch  
Labora to r ies ,  B e c k e n h a m )  100 ml ;  glass dis t i l led w a t e r  
50 ml ;  l a c t a l b m n i n  h y d r o l y s a t e  (Difco) 50 mg;  g l u t a m i n e  

5% (Difco) 0.6 ml ;  NaHCOa ( sa tu ra t ed  solut ion)  2 ml.  
T h e  p H  is a d j u s t e d  to 7.5 w i t h  2~o KOH,  a n d  t h e  m e d i u m  
ster i l ized b y  pass ing  i t  t h r o u g h  a s in te red  glass fi l ter.  The  
m e d i u m  is comple t ed  b y  t h e  add i t i on  of h e a t - i n a c t i v a t e d  
foeta l  calf  s e rum (Flow Labora to r ies ,  I rv ine ,  Ayrshire ,  
Scot land)  to  give a f ina l  c o n c e n t r a t i o n  of 10% of serum,  
an d  an t ib io t i cs  (1000 un i t s  penic i l l in  an d  1 m g  s t rep to-  
m y c i n  pe r  ml) j u s t  before  use. 

T h e  cu l tu re  was se t  up  on  13 M a r c h  1969, an d  4 days  
l a t e r  t h e  surface  of t h e  b o t t l e  was covered  w i t h  clear 
f i b ro b l a s t - t y p e  cells. T h e  cells were washed  w i t h  m e d i u m  
to  r e m o v e  a n y  debr is  a n d  4 ml  of f resh m e d i u m  p u t  in to  
t h e  bot t le .  On t h e  6 th  d a y  of cu l tu re  w h e n  t h e  bo t t l e  was  
covered  w i t h  a comple te  layer  of f i b ro b l a s t - t y p e  cells w i th  
occasional  smal l  islets of ep i the l ia l  cells, t h e  f i rs t  sub-  
cu l tu re  was car r ied  out .  The  cells were washed  twice  w i t h  
t r y p s i n  d i l u en t  con ta in ing  an t ib io t i c s  an d  t h e n  1 ml  of 
0 .05% p ronase  (Calbiochem, grade  B) in  t r y p s i n  d i luen t  
was  p u t  in  t h e  bot t le ,  lef t  in  c o n t a c t  w i t h  t h e  cells for 
1 rain,  r e m o v e d  a n d  t h e  f i lm of p ronase  left  for 1 f u r t h e r  
min.  8 ml  of m e d i u m  were t h e n  p u t  in  an d  t h e  cells 
r e m o v e d  f rom t h e  glass b y  sc rap ing  w i t h  a steri le r u b b e r -  
covered  glass rod  ( rubber  pol iceman) .  Af te r  suspend ing  
t h e  cells in t h e  m e d i u m  b y  p ipe t t ing ,  t h e y  were seeded 
in to  two  1 oz bot t les .  5 s u b s e q u e n t  subcu l tu res  were 
car r ied  o u t  a t  i n t e rva l s  of 2, 3, 4, 6 a n d  7 days  dur ing  
which  t h e  degree of d iv is ion  was increased f rom 1 : 2  
to 1 :5 ,  an d  t h e  vo lume  in each  b o t t l e  reduced  to  3 ml.  
T h e  cells a t  t h i s  s tage were sti l l  f i b ro b l a s t - t y p e  w i t h  
occasional  p a t ch es  of ep i the l i a l - type  cells. F u r t h e r  sub-  
cu l tu res  were car r ied  ou t  a t  weekly  in te rva l s  w i t h  a 
subd iv i s ion  of 1 : 3  or 1 :4 .  At  the  8 th  subcu l tu re  t h e  
t o t a l  t i m e  for t h e  p ronase  to  ac t  was  reduced  to 1 rain.  
In  s u b s e q u e n t  subcul tures ,  t h e  use of p ronase  was 
comple te ly  o m i t t e d  an d  t h e  cells released f rom t h e  glass 
surface  b y  sc rap ing  down  w i t h  a r u b b e r  pol iceman.  By  
t h e  10 th  subcu l tu re  t h e  cu l tu re  cons is ted  m a i n l y  of large 
ep i the l i a l - type  cells a n d  some of t h e  bo t t l e s  were t r ans -  
fered to an  i n c u b a t o r  a t  24 ~ • I~ ]3y J u n e  1969 w h e n  
the  cells in  th i s  series were a t  t h e  13th  subcu l tu re  the  
t e m p e r a t u r e  of th i s  i n c u b a t o r  was  r educed  to  22~ an d  
t h e  cu l tu res  h a v e  been  m a i n t a i n e d  a t  th i s  t e m p e r a t u r e  
since. The  l ine has  s u b s e q u e n t l y  been  r e a d a p t e d  to  28~ 
an d  c u r r e n t l y  i t  is be ing  m a i n t a i n e d  in para l le l  a t  22~ 
a n d  28~ 

The  cells are s u b cu l t u r ed  once a week, usua l ly  b y  1 : 2  
to 1 :10 division.  T h e y  were t a k e n  t h r o u g h  19 subcu l tu res  
in m e d i u m  w i t h o u t  an t ib io t i c s  to  de tec t  t h e  presence  of 
l a t e n t  bac te r i a l  c o n t a m i n a t i o n .  T h e  cu l tures  r e m a i n e d  
hea l thy .  The  cells can  be  grown in p e t r i  d ishes  in  open  
gas exchange  w i t h  t h e  a tmosphe re ,  desp i te  the  in i t ia l  
increase  in pH.  T h e  cells are now a t  t h e  171st subcu l tu re  
level. D u r i n g  the  ear ly  s tages  of g r o w t h  or w h e n  a 
conf luen t  m o n o l a y e r  has  n o t  formed,  t h e  cells a p p e a r  
sp indle  shaped,  b u t  t h e  closely packed  cells of a conf luen t  
m o n o l a y e r  p re sen t  an  ep i the l i a l - type  m o r p h o l o g y  (Figure).  
There  is a 7-to 8-fold increase  in cell n u m b e r  d u r i n g  
5 days  of growth .  Af te r  a b o u t  a week ' s  growth,  r o u n d e d  

Xenopus laevis cell line (XTC-2). 74th subculture. 10 days after 
seeding at 22~ Live. >( 75. 
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f loat ing cells are seen, p robab ly  due to  overgrowth .  
F u r t h e r  ove rg rowth  resul ts  in r e t rac t ion  and  rolling up of 
t he  cell sheet .  The  ma jo r i t y  of the  ceils have  the  diploid 
(2n = 36) n u m b e r  of chromosomes .  They  have  been  
s tored  in 10% d im e thy l  su lphoxide  in med ium in l iquid 
n i t rogen (-196~ and  successfully resusci ta ted .  S t u d i e s  

s We thank Professor D. S. BERTRAM, Director of the Department 
of Entomology at the School, for his continued interest; Mr. 
A. O. LANGI for technical assistance and Dr. L. HAMILTON, 
Middlesex Hospital Medical School, London, for supplying the 
Xenopus tadpoles. We are especially grateful to the Wellcome 
Research Laboratories, Beckenham, for supplying medium NCTC 
109, and to Mr. D. J. RICHMOND Of the Laboratories for responding 
to our request for medium promptly and willingly. The work is 
supported in part by a grant from the Medical Research Council 
of Great Britain. 

on the  infect ion of the  cells wi th  arboviruses  are in 
progress.  

Rdsumd. On dGcrit une mGthode pour  l 'Gtabl issement  
d ' une  cul ture  de cellules du c rapaud  a griffes sudafricain,  
Xenopus laevis, afin de l ' in fec ter  avec des arbovirus .  Les 
cellules (XTC-2) on t  subi  une cul ture cont inue  p e n d a n t  
3 ans. Elles ont  un nombre  diploide de chromosomes .  
Elles fu ren t  cultivGes aux tempGratures  de 22~ et  de 
28~ dans  un milieu de cul ture dilu6 de NCTC 109 avec 
10% de sGrum de veau foetal.  
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Extended  Surv iva l  of the  Chick  E m b r y o  in v i tro  

Recen t  work has  sugges ted  t h a t  warm-b looded  centra l  
ne rvous  t i s sues ,  cul tured in isolat ion unde r  in vi t ro  
condit ions,  preserve  m a n y  of the  funct ional  proper t ies  
responsible  for normal  p rena t a l  behavior  pa t t e rn s  in 
si tu 1. I t  would b e d e s i r a b l e  to compare  th is  deve lopmen t  
wi th  t h a t  of s imilar  p repara t ions  cul tured in a more  
na tu ra l  env i ronment .  Chorio-al lantoic t r ansp l an t a t i on  ~ 
offers op t ima l  condit ions,  a t  least  for av ian  t issues,  bu t  
s ince ' i t s  use in ovo would  place severe res t r ic t ions  upon 
physiological  expe r imen ta t i on  it was decided to adap t  
th is  me thod  for use in vitro.  Techniques  for cul tur ing 
chick embryos  in vi t ro  w i th  p rese rva t ion  of the  ex t ra-  
embryon ic  circulat ion are in wide use now, using egg 
a lbumin  as a source of nut r ients ,  b u t  survival  has been 
for only a few days  3, 4. Because me thods  wh_ich utilize the  
yolk toge the r  w i th  the  a lbumin  offer much  improved  
surviva l  5,a we chose these  as the  s t a r t ing  po in t  for 
devis ing a sui table long- te rm cul ture  system.  

Methods. Fert i l ized whi te  leghorn chicken eggs were 
incuba ted  in ovo for 2 days  a t  38-39~ and  abou t  65% 
relat ive humid i ty .  This p re - incuba t ion  p r i o r  to t rans-  
ferr ing the  embryos  t o  in v i t ro  condi t ions  (using sterile 
precaut ions)  improved  the  percen tage  of p repa ra t ions  
a t t a in ing  advanced  stages of deve lopment .  Specially 
designed dishes were used for th is  s tudy,  of such  shape 
and  size t h a t  t he  egg con ten t s  largely filled the  vessel, 
w i th  t he  yolk s inking down to occupy the  b o t t o m  port ion.  
The o u t w a rd  t aper ing  walls of the  dish ensured t h a t  the  
a lbumin  formed a pool which submerged  the  germinal  
area, and t h a t  a large area (-4- 8 cm in diameter)  would 
be available for gas exchange  at  the  upper  surface. These 
geometr ic  cons idera t ions  are appa ren t l y  cri t ical  for 
survival  of these embryos  wi th in  impermeab le  conta iners  
(R. DEHAAN, personal  communica t ion) .  The p repa ra t ion  
was covered wi th  a steri le plast ic  pe t r i -d i sh  and placed 
inside a po lye thy lene  bag, which was then  closed off 
t ight ly .  All cul tures  were t rans fe r red  to an incuba tor  for 
p r ema tu re  babies,  ma in ta in ing  the  same t e m p e r a t u r e  and  
h u m i d i t y  as dur ing the  ini t ial  incuba t ion  in ovo, and  in 
which a special ly cons t ruc ted  rack  enabled  easy dai ly  
individual  examinat ion .  

Results. A first  wave of mor ta l i t ies  s t ruck a t  s tage 25 
and  las ted t h ro u g h  s tage 307, c la iming a lmos t  50% of the  
cultures.  Of 37 cases followed thereaf ter ,  only  1 d e a t h  
occurred before s tage 34, b u t  21 p repara t ions  were then  
lost  be tween  stages 35 and 38. The remain ing  15 all 
a t t a ined  embryonic  s tage 40, and  5 of these  survived in to  
s tage 41 (Figure 1). The earlier fatal i t ies  were corre la ted 
wi th  the  degree 0 f yolk leakage b u t  the  final  wave  of 
dea ths  affected m a n y  cases where the  yolk sac appeared  
in tac t  and  the  a lbumin  t r anspa ren t .  The mos t  clearly 
re levant  differences f rom the  na tu ra l  i n  ovo s i tua t ion  

Fig. 1. Photograph of a cultured embryo, explanted after 2 days of 
incubation in ovo, which attained normal stage 41 after development 
for 15 days in vitro. 
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