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de te rmine  if ano the r  kind of t u m o u r  was also effect ive 
as 'modif ier '  of the  enzyme activit ies.  F u r t h e r m o r e  th is  
sarcoma,  unlike Guerin epi thelomia,  does no t  develope 
metastas is ,  so t h a t  i t  is possible to  suppress  t h e  pathologi-  
cal s ta tus  of t he  an imal  by  surgical  removal  of t he  t u m o u r  
a t  a defini te  t ime  af ter  implan ta t ion .  In  the  event  of 
decreased act ivi t ies  of the  enzymes  in the  liver of ra ts  
bear ing  th is  tumour ,  such a p r o p e r t y  affords a means  

activit ies.  As the  measures  of ac t iv i ty  were always carried 
out  w i th  pyr idoxa l  p h o s p h a t e  added  to t he  incuba t ion  
mixtures ,  the  decrease of ac t iv i ty  p robab ly  reflects  de- 
crease of the  q u a n t i t y  of apoenzymes .  At  the  m o m e n t  i t  
needs more  expe r imen ta t i on  def in i te ly  to decide w h e t h e r  
the  decrease of these  prote ins  m a y  be a t t r i b u t e d  to a 
decrease of the i r  ra te  of b iosynthes i s  or to an increase 
of the i r  ra te  of degrada t ion  i7. 

Table II. Enzyme activities in the liver of stomach sarcoma-bearing rats and the liver of rats killed 15 days after removal of the turnout 

,Treatment and No. of animals Weight of liver (g) Cystathionase CSA deearboxylase 
(mean) (~mol H~S/g fresh liver/h) (~zl C0dg fresh liver/h) 

C [10] 8.9 32 -4- 2.5 2080 ~ 82 

Tu (15 days) [6] 8.7 15 i 1.75 -- 53% 1146 :j_ 103 -- 45% 

Re (15 days) [8] 9.0 31 q- 1.42 -- 0% 1679 J: 121 -- 19% 

C = controls; Tu (15 days) = tum0ur bearing-rats killed 15 days after implantation of the sarcoma; Re = rats which beared the sarcoma 
for 15 days, then the tumour has been extracted and the animals killed 15 days after removal of the tumour. 

of s tudy ing  whe the r  these  decreases are reversible or not,  
t h a t  is to  say  whe the r  the  levels of t he  enzymes  are or 
are no t  more  or less res tored  to a control  level following 
removal  of t he  tumour .  As resul ts  similar to those  re- 
por t ed  for the  Guerin ep i the lomia-bear ing  ra ts  were 
ob ta ined  wi th  animals  bear ing the  sarcoma,  t he  r emova l  
of th is  t u m o u r  was carr ied out  in a group of ra t s  imp lan ted  
f rom 15 days.  The results  of a represen ta t ive  expe r imen t  
in which cys ta th ionase  and  CSA decarboxylase  act ivi t ies  
were measured  are shown in Table II.  

F r o m  this  table,  i t  appears  on the  one hand  t h a t  the  
levels of .cystathionase and o f  CSA decarboxylase  are 
decreased by  app rox ima te ly  50% in the  liver of ra t s  
bear ing the  t u m o u r  f rom 15 days.  On the  o ther  hand ,  
removal  of the  t u m o u r  a t  t h a t  t ime,  when  the  levels of 
the  enzymes  are half  t h e  contro l  values, provokes  reco- 
veries of the  enzymes.  Thus,  2 weeks af ter  the  r emova l  
of t he  tumour ,  the  ac t iv i ty  of cys ta th ionase  is com- 
ple te ly  restored,  whereas  the  ac t iv i ty  of CSA decarboxy-  
lase, a l though  no t  fully restored,  is however  s ignif icant ly  
increased.  

The conclusions t h a t  could be d rawn  f rom these  ob- 
servat ions  are t he  following: t he  levels of the  enzymes  
are not iceably  decreased in the  liver of the  hos t  animal,  
and  essential ly similar  ~bsults were ob ta ined  wi th  b o t h  
turnouts .  Moreover,  t he  removal  of the  turnout ,  when  
performed,  induces s ignif icant  recoveries of the  enzyme  

Rdsumd. Dans  le foie de ra ts  p.orteurs de tumeurs  (6pi- 
th61iome de Gu6rin e t  sa rcome de l 'es tomac) ,  les act ivi t4s 
de la cys ta th ionase ,  de la d6carboxylase  de l 'acide cysteine 
sulf inique et  de la s6rine d6hydrase  sont  cons id6rab lement  
diminu6es:  ce t te  d iminu t ion  est  de l 'ordre  de 50%, 15 
jours apr6s imp lan t a t i on  de ces tumeurs .  Si ~ ce m o m e n t  
le sa rcome (qni ne p rovoque  pas  de m6tastases)  est  chi- 
ru rg ica lement  extirp6, on observe une res taura t ion  des 
act ivi t6s  enzymat iques  qui, apr6s 15 jours,  est  to ta le  
pour  la cys ta th ionase  et  tr6s signif icat ive pour  la d6car- 
boxylase.  
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Cyanocoba lamine  as a Support  of the in vitro Cell 

W h e t h e r  p r ima ry  t issue exp lan ta t ion  or cell s t ra in  
ma in t enance  is concerned,  mos t  cul ture media  usually 
conta in  se rum i and somet imes  prote ic  2 or t issular  
ex t rac t s  3. W h e n  prote ins  are comple te ly  absent ,  m a m -  
mal ian ceils do no t  survive for long, excep t  in a very  few 
cases where  cells have  been  special ly a d a p t e d  2, 4. In  t he  
less wel l -known field of insect  t issue culture,  cell g rowth  
and  cell mul t ip l ica t ion  are, under  these  condit ions,  only  
except ional ly  observed in vitro.  Since a lmos t  all cu r ren t ly  

G r o w t h - P r o m o t i n g  Activity  of S e r u m  Prote ins  

used cul ture  media  were based  on the  phys ico-chemicaI  
analysis  of insect  h e m o l y m p h ,  as far as the  inorganic  
sal t  and amino  acid compos i t ion  is concerned,  it  would be 
t e m p t i n g  to relate  the  remain ing  difficulties to the  kind 
of p ro te in  s u p p l emen t a t i o n  of the  medium.  Indeed ,  only 
2 sa t i s fy ing supp lemen t s  have  been  descr ibed:  i n  t he  
f i rs t  case s, abou t  4O/o of hea t - t r ea t ed  h e m o l y m p h  f rom 
dntheraea pernyi diapaus ing  pupae  is added  to the  
cul ture  med ium ; in the  o ther  cases, adop ted  by  a lmos t  all 
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workers  s, a b o u t  10% of fe ta l  calf  s e rum is used as an  
addi t ive .  

Recent ly ,  we succeeded in cu l t i va t i ng  a n  insec t  cell l ine 
in  a se rum-f ree  m e d i u m  7, cal led S 19, a l r eady  descr ibed,  
w h i c h  inc luded  only  ce r t a in  h u m a n  se rum p ro t e in  
f ract ions .  Tile s epa ra t e  use of these  f rac t ions  enab led  us 
to  d i s t i ngu i sh  2 d i f fe ren t  b u t  c o m p l e m e n t a r y  effects  S: 
(1) a ce l l -pro tec t ing  effect  wh ich  could be  p rov ided  b y  
se rum an t ip ro teases ,  e.g. e2 -macrog lobu l in ,  a n d  (2) a 
ce l l -growth p r o m o t i n g  a c t i v i t y  cor re la ted  w i t h  h u m a n  
se rum f rac t ion  V and  wh ich  we t r i ed  to elucidate .  

The  fol lowing e x p e r i m e n t s  h a v e  been  m a d e  w i t h  
Periplaneta americana L f ib rob las t ic  cells ( E P a  strain)~.  
Two cell cu l tu res  h a v e  been  deve loped  s epa r a t e ly :  
cells (E l ) ,  a r i s ing  f rom t h e  in i t i a l  E P a  s t ra in ,  r egu la r ly  
m a i n t a i n e d  in a m e d i u m  c o n t a i n i n g  fe ta l  calf  s e rum 6, and  
cells (E2) c u l t i v a t e d  for  3 m o n t h s  in  t he  se rum-f ree  
m e d i u m  S 197 to avo id  a n y  s u b s e q u e n t  in t e r fe rence  w i t h  
t he  effect  of fe ta l  calf  serum.  A b o u t  2 •  l0  s cells were  
inocu la t ed  in 50 ml  t i g h t l y  closed f lasks c o n t a i n i n g  4 ml  
of cu l tu re  med ium.  T he  w a t e r - j a cke t ed  i n c u b a t o r  was  
a d j u s t e d  to 30 ~ 

W e  f i rs t  s tud ied  t he  moda l i t i e s  of t he  ce l l -growth 
p r o m o t i n g  a c t i v i t y  of h u m a n  se rum f rac t ion  V. I n  t h e  
s ame  b u t  ' a l bumin - f r ee '  m e d i u m  $19,  t h e  cell cu l tu res  
changed  to a s lower g r o w t h  r a t e  a n d  degene r a t ed  a few 
weeks later .  I t  p r o v e d  necessa ry  to add  4 g/1 of h u m a n  
se rum f r ac t ion  V to  o b t a i n  t h e  expec ted  g r o w t h - p r o m o t i n g  
effect  on  these  cells. The  h igh  a m o u n t  of t he  p ro t e in  
s u p p l e m e n t  needed  was no t  to  be  unders tood ,  as t h e  
ana lys i s  of t h e  me t abo l i z ed  cu l tu re  m e d i a  d id  no t  ref lect  
a n y  p ro t e in  u t i l i za t ion  b y  t h e  cellsL Moreover,  a n  
e q u i v a l e n t  q u a n t i t y  of c rys ta l l ized  (pure) a l b u m i n  
p r o v e d  to  be  ineff ic ient .  Thus  c rude  f r ac t ion  V con ta ins  
a n  ac t ive  f ac to r  a b s e n t  f rom pur i f ied  a lbumin .  As e l -  
g lobul ins  are t he  m a i n  c o n t a m i n a n t s  of f r ac t ion  V, t h e  
a c t i v i t y  m i g h t  be  assoc ia ted  w i t h  these  p ro te ins  9. 
~ l - a n t i - t r y p s i n  a n d  e l - a c i d  g lycopro te in  are t he  m o s t  
i m p o r t a n t  p ro t e in s  of t h e  e 1-globul in group,  b u t  t he  eel1 
g r o w t h - p r o m o t i n g  a c t i v i t y  is no t  associa ted  w i t h  t h e  
ce l l -p ro tec t ing  effect  p r o v i d e d  b y  an t ip ro teases .  A 
pur i f ied  sample  of e l - a c i d  g lycopro te in  was found  to  
be  devoid  of a n y  ac t iv i ty .  Thus ,  t h e  a c t i v i t y  seems to  be  
s u p p o r t e d  b y  one of t h e  m i n o r  c o m p o n e n t s  of t h e  e l -  
g lobul in  group.  However ,  as for  m a m m a l i a n  cell lines, we 
succeeded w i t h  ou r  insec t  ceil s t r a i n  in  s u b s t i t u t i n g  a n  
e n z y m a t i c  t a c t a l b u m i n  h y d r o l y s a t e  (5 g/l) for f r ac t ion  V. 
This  fac t  al lows for  t he  exclusion of a specific ac t ion  of 
s e r u m  p ro t e ins  a n d  c o n s e q u e n t l y  of specific car r ie r  func-  
t ions  wh ich  m i g h t  be  a t t r i b u t e d  to ce r t a in  ~ 1-globulins.  
Therefore ,  t he  obse rved  effect  of f r ac t ion  V m a y  even-  
t ua l ly  b e  a t t r i b u t e d  to  some low molecu la r  c o m p o n e n t s  
car r ied  b y  t he  p ro t e i n  macromolecules .  

The  ac t ive  s u b s t a n c e  m i g h t  well  be  a v i t a m i n ,  and  
v i t a m i n  t312 m u s t  be  specia l ly  cons idered  w i t h  respec t  to  
t i ssue  cul ture .  Indeed ,  severa l  i nves t iga to r s  h a v e  re- 
p o r t e d  e x p e r i m e n t s  w i t h  ce r t a in  cell s t r a in s  need ing  
v i t a m i n  BI2 for m a x i m a l  cell growthS,  4. V i t a m i n  BI~ is 
n o r m a l l y  b o u n d  to  s e rum pro te ins  a n d  has  been  found  in 
s i t  6 Cohn  p l a s m a  f rac t ions ,  a l t h o u g h  t h e  h i g h e s t  per-  
cen tage  was assoc ia ted  w i t h  f r ac t ion  V ~~ More recent ly ,  
non-specif ic  b i n d i n g  of v i t a m i n  B~2 could be  d i s t ingu i shed  
f rom specific b i n d i n g  a n d  2 car r ie r  p ro t e in s  called t r a n s -  
c o b a l a m i n  I a n d  I I  could be  ident i f ied  ~. T r a n s c o b a l a m i n  
I is a n  e 1-globulin a n d  has  t he  p roper t i e s  of a seromucoid .  
On accoun t  of t he  v e r y  low se rum c o n c e n t r a t i o n  of these  
p ro te ins ,  c y a n o c o b a l a m i n e  i tself  m u s t  be  ac t ive  in an  
in f in i t e s ima l  ra te .  Consequent ly ,  c rys ta l l ized  v i t a m i n  B ~  
(Calbiochem) ha s  been  a d d e d  to our  cu l tu re  m e d i u m  S 19, 
free of s e rum f rac t ion  V, in  3 d i f fe ren t  c o n c e n t r a t i o n s :  

10 y/1, I y/1 and  0.1 7/I. All these  med ia  were t e s t ed  on  
E P a  cells. E1 cells, as well  as E2 cells, showed a n  ac t ive  
g r o w t h  a n d  mu l t i p l i c a t i on  ra te .  S u b s e q u e n t  subcu l tu re s  
be ing  n o r m a l l y  successful,  no  a n o m a l y  was obse rved  for  
severa l  mon ths .  The  o p t i m a l  c o n c e n t r a t i o n  of v i t a m i n  Bi t  
in  t he  cu l tu re  m e d i u m  seemed to be  loca ted  b e t w e e n  1 a n d  
0.1 y/1. This  fac t  is in  a g r e e m e n t  w i t h  t he  r e q u i r e m e n t s  
for hyd roso lub l e  v i t a m i n s  of E P a  cells 12. I n  v e r y  slow- 
growing  cell cu l tu res  (E3 cells, dep r ived  b o t h  of fe ta l  
calf  s e rum for  3 m o n t h s ,  and  of h u m a n  f rac t ion  V for 
1 week) lack of cell m u l t i p l i c a t i o n  is f i rs t  observed ,  
r ap id ly  fol lowed b y  l e tha l  cell damages .  However ,  1~3 
cells recover  t h e i r  a c t i v i t y  in  less t h a n  2 weeks a f t e r  
c y a n o c o b a l a m i n e  s u p p l e m e n t i n g  of t he  s ame  med ium.  
Thus,  in  t h e  absence  of v i t a m i n  B~2, no cell su rv iva l  
Occurs. 

The biochemical significance of cyanocobalamine in 
cell metabolism is still not clearly defined. A competitive 
action with folic acid is sometimes noticed in nucleic 
acid and protein synthesis 4,1~. Vitamin B12 can also 
participate in many enzymatic reactions as an electron 
donor-acceptor 14, like an adenosyl coenzyme 15, especially 
in the metabolism of methyl groups, The involvement of 
cyanocobalamine in methionine biosynthesis 16 must be 
taken into account with respect to the elevated require- 
ments of insect cells for sulphur amino-acidsT. 

Rdsumd. La  mise au  p o i n t  d ' u n  mil ieu s y n t h 6 t i q u e  p o u r  
cellules d ' insec tes  a pe rmis  de carac t6r i se r  deux  ac t ions  
compl6men ta i r e s  des p ro t6 ines  du s6rum qu ' i l  fa l la i t  
j n squ ' a l o r s  a j o u t e r  au  mil ieu de cul ture .  L a  premi6re ,  
r ev i en t  ~ une  p r o t e c t i o n  des cellules pa r  les an t ip ro t6ases  
du  s6rum, n o t a m m e n t  5, l 'occas ion  de leur  repiquage .  
L ' a u t r e ,  ob j e t  de ce t rava i l ,  6 t ab l i t  le r61e de ce r ta ines  
p ro t6 ines - t r anspor t ,  e t  plus  p a r t i c n l i 3 r e m e n t  de celles 
s e r v a n t  de s u p p o r t  ~ la  v i t a m i n e  BI~. 
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