
rOE. 25 (I957) PREI.IMIN,XRY Norb:s 440 

T A B I . E  1 

"rBl.; EFI:I'~CT OF VITAMIN K t oN, I.IGHT-EXPOSEI) PARTICLES AND SI;PERNArAN 1" (.~J0OI).\) 

.System Additmn~ Oxygen /-~ Pi t'.0 
ilaloms IlmOl¢$ 

1' .- S none 2.32 1.?~ o.77 
P -- '  S vit.  K t 3.4 6 2. 7 o.St 

"I'1' : 3",% none o.02 0. 3 
T P - -  TS vit.  K l 2.92 3.11 i.o2 
TI" + TS crude hea ted  s u p e r n a t a n t  2.2o l .t~ o. 7 t 
"l'P -~- "I'S t rea ted  vit .  K t o.7S o.2 

The sys tem conta ined  0. 3 ml (7.0 mg protein) of the pa r t i cu l a t e  fract ion (TP) t rea ted  for 1.5 h 
wi th  a Gates  R a y m a s t e r  l amp (30o0 A), o. 4 ml (i 7 mg protein) of s u p e r n a t a n t  ('I'S) t r ea t ed  in 
a s imi la r  manner ,  4.o tmmles  enzymica l ly  reduced DPN,  3.9 t lmoles  v i t ami n  K 1 (oil) suspended 
in inac t ive  lipid, i 5 t~moles MgCl v 25 pmoles  K F  and  7 .8 / ,moles  inorganic  phosphate .  The 
acceptor  sys t em consis ted of 2. 5 /(moles ADP, 20 / ,mo le s  glucose, and  i m g  yeas t  hexokinase .  
1' and  S are un t r ea t ed  par t ic les  and  s u p e r n a t a n t ,  respect ively .  The oxygen  up t ake  was measured  
a t  3 C' for xo min af ter  the add i t ion  of I ) P N H .  The react ion was s topped  with [ 0 %  TCA and  
the m i x t u r e  ana lyzed  for phospha te  d i sappearance .  

The FMN type  system, appea r s  to represent  the non -phosphory l a t i ve  p a t h w a y  in ex t r ac t s  from 
this  o rganism 7,9. 

V i t amin  K 1 is inwflved as a coenzyme in both electron t r a n s p o r t  and  coupled ox ida t i ve  
phosphory la t ion .  P re l imina ry  evidence  indica tes  t h a t  ~ P is incorpora ted  in v i t a m i n  K 1. This  
m o n o p h o s p h a t c  es ter  has also been pos tu la t ed  by XVEssELs TM to be the a c t i v a t e d  in te rmedia te .  

XVe should like to express  our apprec ia t ion  to Â)r. I,. FIESER tor supp ly ing  lapachol ,  lapachol  
m e t h y l  ester,  and  d i m e t h y l  naph thoqu inone ,  and  to Dr. E. A. DolsY for his gif t  of v i t a m i n  K 2. 
\Ve should also l ike to t h a n k  Dr. J.  H. HANKS for his advice,  and Mrs. SARAH B. GILSON and 
Mr. ROBERT THOMAS for the i r  t echnica l  ass is tance.  
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Purif ication of a serum protein required by a m a m m a l i a n  cell 
in tissue culture 

The s tudies  of EAGLE and his co-workers  on the nu t r i t i on  of t issue cu l tu re  cells have  defined 
the i r  amino  acid and v i t a m i n  r equ i r emen t s  t. The na tu re  of the se rum componen t s  necessary for 
the i r  growth ,  however ,  has  not  been e luc ida ted .  A pro te in  which is requi red  for the  g rowth  of 
a t i ssue  cu l tu re  cell, h u m a n  a p p e n d i x  - A i *, has  now been purified abou t  15-fold from calf serum 
by conven t iona l  p ro te in  f rac t iona t ion  procedures .  

The assay  procedure  used to follow the  pur i f ica t ion  of the pro te in  depends  upon two marked  
effects p roduced  by  i t  on washed  t issue cu l tu re  cells inocula ted  into a syn the t i c  med ium 4. Under  
the  condi t ions  of the  assay,  in the  absence  of the pro te in  factor,  few cells a t t a c h  to a glass surface 

" Append ix  - A t is a single clone isolate  ob t a ined  in Dr. PUCK'S l abo ra to ry  2 from a s t ra in  
isola ted by Dr. CI-IANG 3. 
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and  the  a t t a c h e d  cells r emain  round  in shape.  The  ac t iv i t ies  of s e rum and  the  pro te in  f rac t ions  
der ived from it were e s t i ma t ed  by m e a s u r i n g  the  smal les t  concen t ra t ion  which  caused  essent ia l ly  
all t h e  cells to adhere  to a glass  surface  in 14 to i6 h and  induced  t he  a t t a c h e d  cells to a s s u m e  
a f la t tened,  epithelial  appea rance  wi th in  24 h. Thus ,  in a s say  m i x t u r e s  (l .o ml) con ta in ing  87,000 
cells, wi th  no prote in  addi t ion  and  wi th  0.75, 1.5, 2.3, and  3.0 p g  of the  purified fraction,  3,00o, 
5,000, 25,000, 79,000, and  74,ooo cells adhered  to the  glass surface,  respect ively.  Wi th  no pro te in  
and  with 0.76 pg  of protein  no f la t ten ing  of the  cells occurred while with 2.3 and  3.0 pg  of p ro te in  
the  cells f la t tened and  the  popula t ion  microscopical ly resembled  a hea l t hy  growing cul ture.  Wi th  
1. 5/~g of protein,  f la t ten ing  of some cells occurred b u t  m a n y  ceils r ema ined  rounded .  

O the r  sera tested,  h u m a n ,  gu inea  pig, and  rabbit ,  also caused  adherence  to a glass sur face  
and  f la t tening of the  t i ssue cu l ture  cells. 

The  ac t iv i ty  is no t  dialyzable,  it is insoluble in water  b u t  soluble in sa l t  solut ions,  and  it 
is heat- labi le .  After  hea t ing  the  purified p repara t ion  (pH 6.8) for io rain a t  5 o, 60, and  7 °0 C, 
the  recoveries of the  ac t iv i ty ,  as measu red  both  by a t t a c h m e n t  to a glass surface  and  by the  
microscopic appea rance  of the  cells, were 60, 15, and  less t h a n  8 %, respect ively.  The  purified 
p repara t ion  is compr ised  ma i n l y  or ent i re ly  of g lycoprote in ;  the  con t en t  of hexose,  hexosamine ,  
and  sialic acid*, per m g  of prote in  is 0.049, 0.036 and  0.043 mE, respect ively.  

For  cell mul t ip l ica t ion ,  in addi t ion  to the  protein,  a hea t  s table,  d ia lyzable  factor(s) is also 
required.  This  factor was provided  as a d ia lysa te  of an  au toc laved  solut ion of pep tone  (Difco) 
(Table I). 

T A B L E  I 

G R O W T H  W I T H  T H E  PURIFIED SERUM PROTEIN 

The  cells used in th is  e x p e r i m e n t  had  been grown in a m e d i u m  con ta in ing  the  pro te in  f rac t ion 
and  pep tone  in place of se rum.  0. 5 ml a l iquots  of a cell suspens ion  (35,0o0 ceils) which  had  been 
twice washed  wi th  basal  m e d i u m  were added  to 2.0 ml  basal  m e d i u m  con ta in ing  t he  indica ted  
addi t ions .  Growth  was measu red  by e s t i ma t i ng  cell n u m b e r s  wi th  a L e v y  coun t i ng  c h a m b e r  a f te r  

incuba t ion  for IIO h a t  360 C. 

Additions per rnl Number ol cells 

None 
Pep tone  d ia lysa te  (o.o 4 ml) 
Purified protein  (6o pg  protein) 
Purified protein  (6o pg  protein) 

+ pep tone  d ia lysa te  (o.o 4 ml) 
Calf s e rum (L3oo p g  protein) 
Calf s e rum (3,25o pg  protein) 
Calf s e rum (6,5oo/~g protein) 

33,000 
39,0o0 
67,000 

I68,ooo 
64,000 

lo3,ooo 
156,ooo 

I n t he  u l t racent r i fuge ,  the  purified p repara t ion  shows  two c o m p o n e n t s  wi th  s imilar  s e d i m e n t a t i o n  
cons t an t s  (S~0, w a b o u t  7), t he  ma j o r  c o m p o n e n t  r epresen t ing  a b o u t  two- th i rds  of the  to ta l  protein.  
Elec t rophore t ic  ana lys i s  also reveals  two c o m p o n e n t s  which  appea r  to move  as a-globulins. 

The  exac t  n a t u r e  of  the  prote in  and  the  role it  p lays  in the  me t abo l i sm  of t he  t i ssue  cu l tu re  
cell m u s t  awai t  fu r the r  purif icat ion.  I t  is in te res t ing  to speculate ,  however ,  t h a t  the  pro te in  se rves  
as a carrier  for a suga r  der iva t ive  which canno t  be syn thes ized  by  the  m a m m a l i a n  cell. 

W e  gra te fu l ly  acknowledge  the  generous  help and  ins t ruc t ion  of Dr. FRANqOIS LAMY, D e p a r t m e n t  
of A n a t o m y ,  in t he  use of the  ana ly t ica l  u l t r acen t r i fuge  and  free electrophoresis .  This  inves t iga t ion  
was suppor t ed  by  a research g r a n t  f rom the  Nat iona l  I n s t i t u t e s  of Hea l th ,  Uni ted  Sta tes  Publ ic  
Hea l th  Service. IRVING LIEBERMAN 
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" Hexose  and  h e x o s a m i n e  were e s t ima ted  according to WINZLER s, sialic acid di rect ly  wi th  
Ehr l i ch ' s  reagen t  s and  prote in  by the  procedure  of LOWRY eta / .  v. 


