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HOFF-JORGENSEN 1 f o u n d  t h a t  t h e r e  is a c o n s t a n t  leve l  of d e o x y r i b o n u c l e i c  ac id  (DNA)  

in  t h e  w h o l e  h e n ' s  egg d u r i n g  t h e  f i rs t  t h r e e  d a y s  of i n c u b a t i o n .  H o w e v e r ,  d u r i n g  

t h i s  p e r i o d  c o n s i d e r a b l e  cell  d i v i s i o n  a n d  m o r p h o g e n e s i s  of t h e  r a p i d l y  g r o w i n g  

b l a s t o d e r m  occur ,  a n d  t h i s  is a c c o m p a n i e d  b y  a r a p i d  r a t e  of i nc r ea se  of r i b o n u c l e i c  

ac id  ( R N A )  a n d  D N A  2. T h e  h e n ' s  egg  y o l k  a n d  w h i t e  h a s  r e c e n t l y  b e e n  f o u n d  to  

c o n t a i n  r e l a t i v e l y  l a rge  a m o u n t s  of D N A  3, c o m p a r e d  w i t h  t h e  r e q u i r e m e n t s  of t h e  

e a r l y  e m b r y o .  HOFF-JoRGENSEN'S r e s u l t s  m a y  t h u s  i n d i c a t e  t h a t  t h e  d e v e l o p i n g  

b l a s t o d e r m  is o b t a i n i n g  D N A  f r o m  t h e  egg  w h i t e  a n d  yolk .  H o w e v e r ,  i t  is also poss ib l e  

t h a t  t h e  c h i c k  b l a s t o d e r m  can  s y n t h e s i s e  i t s  o w n  s u p p l y  of D N A  d u r i n g  e m b r y o -  

genesis .  SPRATT 4,5 h a s  s h o w n  t h a t  t h e  e x p l a n t e d  c h i c k  b l a s t o d e r m  will  u n d e r g o  

m o r p h o g e n e s i s  w h e n  g r o w n  on s y n t h e t i c  m e d i u m  c o n t a i n i n g  g lucose  as  t h e  sole c a r b o n  

source .  T h i s  t e c h n i q u e  ha_~ b e e n  u s e d  in t h i s  w o r k  to  d e m o n s t r a t e  t h a t  t h e  e x p l a n t e d  

b l a s t o d e r m  is c a p a b l e  of s y n t h e s i s i n g  R N A  a n d  D N A  d u r i n g  e m b r y o g e n e s i s .  

METHODS 

The technique for growing blastoderms in vitro is the same as tha t  used by SPRATT 5'6. The culture 
medium consisted of 34 ml chick Ringer solution (sodium chloride o.9 g, potassium chloride 
o.o42 g and calcium chloride 0.024 g per ioo ml bidistillcd water), z ml of phosphate buffer solution 
(anhydrous disodium hydrogen phosphate o.I i6 g and potassium dihydrogen phosphate 0.052 g 
per xoo ml), 2 ml of sodium bicarbonate solution (I.I g per ioo ml) saturated with carbon dioxide 
and sterilised by filtration, z ml of glucose solution (o.44 g per Ioo ml), z ml of phenol red solution 
(o.o2 g per 1oo ml) and about  o.2 g powdered agar. All solutions were stored at  4 ° C. The chick 
Ringer, glucose, phenol red solution and agar were pooled, and after neutralisation with sodium 
bicarbonate, were autoclaved with the phosphate buffer solution. The phosphate and bicarbonate 
buffer solutions were then added and the medium pipetted (2 ml portions) into watch glasses, 
which were placed in Petri  dishes containing sterile pads of moistened cotton wool and allowed 
to cool to 38o C. All glass apparatus  was sterilised in the autoclave for 2o rain and dissecting 
instruments  were dry-sterilised for 4 h a t  I io ° C. 

Eggs from Rhode Island X Light  Sussex fowls were incubated a t  38°C for 20-36 hours. 
The blastoderms were then removed from the yolk, the vitelline membrane removed and tile 
blastoderms rinsed several times in warm saline (37 = C) to remove yolk platelets. Blastoderms 
were identified morphologically according to the stages of HAMILTON AND HAMBURGER 7. The 
blastoderms were transferred to the surface of the agar and incubated a t  380 C for 18-26 hours. 
The blastoderms were again examined morphologically, and if normal, classified according to 
the stages of HAMILTON AND HAMBURGER ?. Blastoderms showing similar morphological develop- 
ment  were pooled and stored at  - - 2 o  ° C. 

Nucleic acids were extracted from homogenates of each group of blastoderms by the per- 
chloric acid method previously described 2. The average number  of nuclei in some homogenates 
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was determined by staining with methyl green and counting in a haemocytometer 8. RNA was 
measured by the orcinol method a for ribose after breakdown of free pentoses and hexoses with 
alkali TM, and by an isotope dilution method for uracil n. DNA was measured by indole reaction 
with deoxyribose 11 and by an isotope dilution method for thymine 2. Both colorimetric methods 
were modified so that  the colour was measured in i ml and a correction applied to deoxyribose 
determinations in the presence of RNA (to/zg RNA ~ i /.~g DNA). Protein was determined by 
the method of SUTHERLAND et al. TM. 

RESULTS AND DISCUSSION 

F i v e  g r o u p s  of  b l a s t o d e r m s  (ba t ches  I - 5 ) ,  in  w h i c h  t h e  n o t o c h o r d  was  j u s t  v is ib le  

(HAMILTON" AND HAMBURGER'S s t a g e  5), were  e x p l a n t e d  on  g lucose  m e d i u m  a n d  

i n c u b a t e d  a t  380 C for  18 or  26 hours .  T h e  inc rease  in a m o u n t s  of  R N A ,  D N A  a n d  

p r o t e i n  pe r  b l a s t o d e r m  d u r i n g  th i s  pe r iod  are  s h o w n  in Tab le  I. I t  c a n  be seen  t h a t  

t h e r e  is no co r r e l a t i on  b e t w e e n  t h e  t i m e  of i n c u b a t i o n  i n  vi tro a n d  t h e  e x t e n t  of 

m o r p h o g e n e s i s  (as s h o w n  b y  t h e  a v e r a g e  n u m b e r  of s o m i t e  pa i r s  in  e a c h  b a t ch )  a n d  

m o r p h o g e n e s i s  is usua l ly  s lower  t h a n  n o r m a l  (c/. WADDINGTON 18 a n d  SPRATTG). T h e  

a m o u n t s  of  R N A ,  D N A  a n d  p r o t e i n  in  t he  b l a s t o d e r m  a f t e r  i n c u b a t i o n  i n  vitro are  

c o m p a r e d  w i t h  a m o u n t s  p r e v i o u s l y  f o u n d  in b l a s t o d e r m s  g r o w n  i n  ovo a f t e r  t h e  s a m e  

i n c u b a t i o n  per iod .  T h e  a m o u n t s  of  D N A  in b l a s t o d e r m s  g r o w n  i n  vi tro are gene ra l l y  

TABLE I 

NUCLEIC ACID SYNTHESIS BY 20-HOUR BLASTODKRMS GROWN ON GLUCOSE MEDIA 

B a ~ k  No.  • 2 3 4 5 

No. of blastoderms 2 4 7 4 3 
Duration of incubation time in vitro (h) 26 26 26 26 I8 
Average no. of somit~ pairs after growth 6 7 xo I I 13 

in vitro 
Average no. of somite pairs after growth 

in ovo (controls) I6 I6 16 I6 I z 

DNA 
/zg per blastoderm grown in vitro 

(by deoxyribose) 1o.6 8. 7 9.4 7.7 5 .0 
(by thymine) - -  - -  8.8 - -  - -  

/~g per blastoderm grown in ovo (controls) I7.6 z8. 7 I7.6 i8. 7 9.0 
% controls 60 47 53 4 z 56 
/~g synthesised per blastoderm 7.5 5.3 6.0 4.3 3 .2 
Average no. of ceils per blastoderm × IO 6 . . . .  6. 4 

(7.2)" 

RNA 
/tg per blastoderm grown in vitro 

(by ribose) I z 7 75 8I 60 42 
(by uracil) IO 7 71 - -  - -  - -  

?ug per blastoderm grown in ovo (controls) zo2 lO8 lO2 IO8 62 
% control i xo 68 79 56 68 
/~g syntbesised per blastoderm 84 46 53 3I I7 

Protein 
ktg per blastoderm grown in vitro × xo 2 5.2 4.7 8-7 4.9 6.6 
/Jg per blastoderm grown in ovo 

(controls) x I O 2 24 26 24 26 I I 
% control 22 18 36 I9 6o 

* control in ovo. 
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lower  t h a n  those  g rown  in ovo (41 -60%)  bu t  the re  is a def in i te  syn thes i s  of D N A  

i n  vitro as shown by  the  inc reased  a m o u n t s  of D N A  per  b l a s t o d e r m  (3.2-7.5/~g) a b o v e  

those  of the  e x p l a n t e d  blruqtoderm 2. B l a s t o d e r m s  (20 h) g rowing  on glucose  m e d i u m  

syn thes i s e  c o m p a r a t i v e l y  large a m o u n t s  of R N A  (17-84 /xg  per  b l a s tnde rm) ,  which  

arc  gene ra l ly  s l igh t ly  less t han  the  a m o n n t s  p r o d u c e d  by  b l a s t o d e r m s  g rown  in, ovo 

(5b-- I IO% of normal) .  Howew: r ,  the  a m o u n t s  of p ro te in  syn thes i sed  a p p e a r  to be 

smal l  ( 1 8 - 6 o %  of normal ) ,  which  impl ies  t h a t  a r ed i s t r i bu t i on  of p ro te in  wi th in  t im 
b l a s t o d e r m  is t a k i n g  place  so t h a t  e m b r y o g e n e s i s  m a y  proceed .  

Nuc le ic  acid syn thes i s  in l a t e r  s tages  of e m b r y o g e n e s i s  was s tud ied  by  g r o w i n g  

b l a s t o d e r m s  wi th  5 -1o  somi t e  pairs  on glucose, m e d i u m  for 2o h (Table  I I ) .  D u r i n g  

this  pe r iod  of i ncuba t ion ,  morphogenes i s  p roceeded  nea r ly  as r ap id ly  as in the  egg 

(excep t  for b a t c h  6). As wou ld  be e x p e c t e d ,  the  a m o u n t s  of I ) N A  syn thes i sed  i n  vitro 

(6. 9 - IS /zg  per  b l a s tode rm)  are  g r e a t e r  t h a n  when  s t a r t i n g  wi th  2G-hour b l a s tode rms ,  

and  the  a m o u n t s  pe r  b l a s t o d e r m  are  co r r e spond ing ly  h igher  (48--122% of normal ) .  

l-lowev~% the  a m o u n t s  of R N A  syn thes i sed  are  lower  (excep t  for ba t ch  8) t h a n  du r ing  
the  ear l ier  s tages  of embryogenes i s .  

TABLE I l 

N U C L E I C  ACID SYNTIr lESIS  B Y  5 - - I 0  S O M I T E  B L A S T O D E R M S  G R O W N  ON G L U C O S E  M E D I A  FOR 2 0  H O U R S  

B a t c h  . \ ' . .  r~ 7 o 

No. of blastoderms 3 2 
Average no. of somite pairs after growth r 3 19 

in vilro 
Average no. of somite pairs after growth 

in ovo (controls) 26 3 ° 

I)NA 
ttg per blastoderm grown in vitro 

(by deoxyribose) 15.3 23 
(by thymine) . . . .  

/~g per blastoderm grown in ovo (controls) -6 3 z 
",~, control 59 72 
t*g synthesised per blastoderm 8. 3 t4. 5 
Average no. of cells per blastoderm × lo ° . . . .  

RNA 
#g per blastoderm grown in vitro 

(by ribose) 
(by uracil) 

t~g per blastoderm grown in ovo (controls) 
% control 
/~g synthesised per blastoderm 

" control in ovo. 

g l , J  

2 5 i 
19 20 22 

17 x7 3 ° 

23 16.7 t5.4 
.-- zl. 3 -- 
18.8 18.8 32 

~22 io~ 48 
x8 t 4 6.9 
- -  13 t 2 .  4 

(15)" (26.0) * 

82 - tb 4 42 7 ° 
. . . . . . . . .  05 55 

14o --- 1o9 IO9 t~) 3 
58 - -  I5O 49 39 
3 2 ---- 12 4 14 i2 

In  th ree  ba tches ,  t h e  a v e r a g e  n u m b e r  of nucle i  pe r  b l a s t o d e r m  was  d e t e r m i n e d  
a n d  in each  case was  found  to be  be low normal .  T h e  ave rage  a m o u n t s  of D N A  per  

nuc leus  were  o.8.  i o  -e, 1.3" IO -" and  1.2. IO -6 t*g in ba t ches  5, 9 and  IO, r e s p e c t i v e l y ;  
th is  is nea r  t he  r ange  found  for b l a s t o d e r m s  g rowing  in  ovo 2 (1.2. I O  - e -  1 . 8 .  I O  - 6  tzg 
D N A  per  nucleus) .  

T h e  R N A / D N A  ra t ios  of b l a s t o d e r m s  g rown  i n  vitro can be  c o m p a r e d  w i t h  va lues  
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of blastoderms grown in ovo based on incubation time and on the extent of morpho- 
genesis (Table III) .  Slightly higher values for blastoderms grown in vitro are found 
in batches I -5  in relation to either time or morphogenesis; the values in batches 6 
and IO are similar to the normal values, but in batches 8 and 9 they differ from 
the normal. 

I t  has thus been shown that the chick blastoderm can synthesise its own nucleic 
acids to enable embryogenesis to proceed in vitro. Under normal conditions, in the 
egg, the blastoderm probably ingests precursors of nucleic acids from the yolk, as 
has been shown by the incorporation of radioactive formatO 4 and thymidine 15 by 
chick embryos during later stages of development. It  has been suggested 2, a that tile 
nucleic acids present in the yolk form a storage reserve of these precursors, which 
are kept in the form of nucleic acids until degraded by enzymes in the yolk. 

TABLE III 

RNA/DNA RATXOS O F  B L A S T O D E R M S  G R O W N  in vitro 

RNAIDNA 

in  ovo 

in vitro 
Batch No. based on based on "corrected 

incubation time incubation t ime" 

i ii.o 5.8 8. 3 
2 8. 7 5.8 7.2 
3 8-7 5.8 6.9 
4 7.8 5.8 6.8 
5 8.4 6.9 6.5 
6 5.4 5.4 6.5 
8 7 .0 5 .8 5-7 
9 2.5 5.8 5.7 

ro 4-5 5.x 5.6 
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SUMMARY 

The synthesis of RNA and DNA by explanted chick blastoderms grown on a synthetic medium 
containing glucose as the sole carbon source has been demonstrated. 
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I t  has been recently reported that  it is possible to separate electrophoreticaUy several 
subfractions of human  serum a lbumin  by  using buffers of low ionic s t rength at pH 
values close to the isoelectric point  1. H u m a n  y-globulin (Cohn fraction I I I )  has also 
been fract ionated in three boundaries  by  this method 2. SALVER ANI) COREY 3 suggest 
tha t  these results are due to a "microheterogenei ty"  of the protein molecules present 
in a lbumin  and  in y-globulin, i.e. to the existence in them of pa t te rns  of molecules 
having similar bu t  not  identical  physical and chemical properties. 

The principle described by SA1FER AND COREY has been used by HUMPHREY AND 
PORTER 4 for s tudying  by  par t i t ional  column chromatography the immune  globulin of 
rabbi ts  at  different stages of immuniza t ion  with various antigens. The detection of 
three subfractions was possible with rabbi t  serum globulin also, bu t  the antibodies 
were not present  in all subfractions. The specific an t ibody  was found either in the slow 
migra t ing boundary  or in the middle one, depending upon the t ime after the immuni-  
zation and  the type of the antigen.  The authors  suggest tha t  different types of cells 
may  produce several types of v-globulins differing slightly one from another.  

In  the present paper an account is given of an  a t t empt  to separate different sub- 
fractions of serum 7-globulin of both  normal  and immunized  rabbi ts  by  means of 
paper electrophoresis, and  to detect the specific an t ibody  in these subfractions. 
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