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Electrophoresis on 7.5% polyacrylamide gels in 98% formamide 
splits the 10s RNA of EDTA-treated polysomes from rabbit reticulocytes 
into two bands of similar intensity. Fractions containing first 10s RNA 1 , 
both 10s RNAs, and nearly-pure second 10s RNA were obtained and tested 
in a cell-free system derived from ascites tumor cells. These RNA pre- 
parations directed the synthesis of product composed of 85-100% ~ chains, 
55-70% Bchains, and 75-87% fl chains, respectively. The relative amounts 
of the two 10s RNAs in certain fractions were determined by formamide 
electrophoresis and correlated well with the relative synthesis of fl and 
chains directed by these fractions in the cell-free system. Therefore, the 
and ~ globin mRNAs are separated by this procedure. Moreover, electro- 

phoresis of globin mRNA further purified by oligo-dT cellulose chromato- 
graphy indicates that the concentration of (z mRNA exceeds that of /~ mRNA on 
rabbit reticulocytes polysomes. 

The 10s f r a c t i o n  of r e t i c u l o c y t e  RNA c o n t a i n s  t he  g l o b i n  m e s s e n g e r  

RNAs ( 1 - 4 ) .  A m e a n s  to  s e p a r a t e  r e p r o d u c i b l y  the  mRNAs for  the  ~ -  and  ~ -  

g l o b i n  c h a i n s  w o u l d  f a c i l i t a t e  t he  q u a n t i t a t i o n  of t h e s e  mRNAs in v a r i o u s  

s p e c i e s  and in c e r t a i n  h e m o g l o b i n o p a t h i e s  of  m a n .  The a b i l i t y  to  s e p a r a t e  

t he  g l o b i n  mRNAs w o u l d  a l s o  a s s i s t  in  t h e i r  s e q u e n c e  a n a l y s i s  and  in  the  

p r o d u c t i o n  of cDNAs s p e c i f i c  for one or a n o t h e r  of the  g l o b i n  g e n e s .  

To d a t e ,  s e p a r a t i o n  of t he  ~ -  and  ~ - g l o b i n  mRNAs by e l e c t r o p h o r e s i s  

in  a q u e o u s  p o l y a c r y l a m i d e  g e l s  h a s  b e e n  u n s u c c e s s f u l  ( 5 , 6 ) .  H o w e v e r ,  

G o u l d  and  H a m l y n  have  r e p o r t e d  the  d i v i s i o n  of  10s RNA of r a b b i t  r e t i -  

c u l o c y t e  s in to  two b a n d s  by e l e c t r o p h o r e s i s  in b u f f e r e d  fo rmamide  and  

1.  The 10s RNA wi th  g r e a t e r  e l e c t r o p h o r e t i c  m o b i l i t y  t o w a r d  the  a n o d e  i s  
d e s i g n a t e d  " f i r s t  10s RNA."  The s l o w e r  10s RNA i s  " s e c o n d  10s RNA."  
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have suggested that these bands represent the (x- and /9-globin mRNAs (7). 

Lingrel has reported that supernatant globin mRNA which directs the syn- 

thesis of predominantly G chains contains only the 10s RNA of faster 

mobility on formamide electrophoresis (8). Now we have isolated highly- 

enriched fractions of one or the other 10s RNA after formamide electro- 

phoresis. Studies of the translational specificity of each RNA fraction 

lead us to conclude that the ~- and ~-globin mRNA molecules are physically 

separated by this procedure. 

METHODS 

Isolation of polyribosomal RNA from rabbit reticulocytes by EDTA 

treatment of polysomes, gradient separation of the RNA, and oligo-dT 

cellulose chromatography were carried out by methods described previously 

(9-13). Isolation of supernatant globin mRNA was begun by acid precipi- 

tation as described (14), followed by purification of mRNA by ultracentri- 

fugation through a sucrose gradient, and oligo-dT cellulose chromatography. 

The Krebs II ascites cell-free system was used to translate globin mRNAs 

with 3H-L-leucine as the radioactive amino acid (15,16). 

Formamide electrophoresis in polyacrylamide gels was carried out 

with minor modifications of described methods (17). Gels containing 7.5% 

acrylamide, i. 13% bisacrylamide, 0.02 M NaCI (made by dilution of 5 M 

NaCl), 98% formamide, were run for 2.5 - 4.5 h at 3.5 ma/gel in 0.02 M NaCl, 

98% formamide, and stained for RNA with Stains-all (18). The formamide 

for gel use (Fisher certified) was deionized with Dowex AGSOW-X8, 20- 

50 mesh-hydrogen form. The electrophoresis buffer was made with reagent 

grade formamide (Aldrich Chemical Co.) treated with activated charcoal 

in addition to Dowex AG50W-X8, and was subjected to preelectrophoresis 
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for 2 h wi th  a b l ank  ge l  pr ior  to u s e .  The buffer  was  r e u s e d  up to four 

t i m e s ,  and  ge l s  were  run  one to two d a y s  a f te r  t he i r  p r e p a r a t i o n .  

RNA was  e l u t e d  from formamide ge l s  by the  fo l l owing  p r o c e d u r e .  

The RNA was  l o c a t e d  by s c a n n i n g  the u n s t a i n e d  gel  at  270 n a n o m e t e r s .  

Gel  po r t i ons  c o n t a i n i n g  the d e s i r e d  RNA f r a c t i o n s  were  s l i c e d ,  e ach  gel  

s l i c e  was  p l a c e d  in  the c o n s t r i c t e d  r e g i o n  of a P a s t e u r  p i p e t t e ,  and  the 

RNA was  r emoved  by e l e c t r o p h o r e s i s  in to  a d i a l y s i s  sac  for 1 .5  h unde r  

a q u e o u s  c o n d i t i o n s  (40 mM T r i s - a c e t a t e ,  pH 7 .8 ;  20 mM s o d i u m - a c e t a t e ;  

2mM EDTA) (6). The e l u t e d  RNA was  t h e n  p r e c i p i t a t e d  wi th  e t h a n o l  and  

t e s t e d  in  the a s c i t e s  c e l l - f r e e  s y s t e m .  The product  of the mRNA-direc ted  

c e l l - f r e e  a s s a y  was  a n a l y z e d  for s y n t h e s i s  of s p e c i f i c  ~ -  and ~ - c h a i n  

t r yp t i c  p e p t i d e s  as  d e s c r i b e d  (6 ,19) .  C e r t a i n  e l u t e d  s a m p l e s  were  a l s o  

s u b j e c t e d  to e l e c t r o p h o r e s i s  on formamide g e l s .  

RESULTS 

Under  the c o n d i t i o n s  d e s c r i b e d  in  the " M e t h o d s ,  " formamide 

e l e c t r o p h o r e s i s  r e p r o d u c i b l y  s p l i t s  the  10s RNA from EDTA-t rea ted  p o l y -  

somes  of r e t i c u l o c y t e s  in to  two w e l l - s e p a r a t e d  ba nds  of n e a r l y  e q u a l  

s t a i n i n g  i n t e n s i t y  (Fig. 1). Howeve r ,  w h e n  NaC1 w a s  added  to the formamide 

a s  the so l i d  s a l t  i n s t e a d  of in  a c o n c e n t r a t e d  s o l u t i o n ,  or the buffer  was  

not  s u b j e c t e d  to p r e e l e c t r o p h o r e s i s  wi th  a b l ank  g e l ,  no s e p a r a t i o n  of the 

10s RNA bands  was  s e e n .  

A s s i g n m e n t  of G l o b i n  mRNA A c t i v i t y  to the  10s RNA Bands 

The fo l l owing  RNA f r a c t i o n s  were  l o c a t e d  and  e l u t e d  from ge l  

s l i c e s :  1) The bot tom ha l f  of the f i r s t  10s RNA, 2) the top ha l f  of tha t  RNA 

a l o n g  wi th  the bot tom ha l f  of the s e c o n d  10s RNA, and  3) the top ha l f  of the 

s e c o n d  RNA. The cu rva tu re  of the RNA w i t h i n  the ge l s  f o l l ow i ng  e l e c t r o -  
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Figure  1 : 
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A. E l e c t r o p h o r e s i s  in p o l y a c r y l a m i d e  g e l s  of EDTA- t r ea t ed  p o l y s o m a l  RNA 
of r abb i t  r e t i c u l o c y t e s :  1) 6% p o l y a c r y l a m i d e  ge l  run under  a q u e o u s  
c o n d i t i o n s  (22). 2) and 3) 7 .5% g e l s  made wi th  and run in 98% 
formamide  for 3 .5  and 4 . 5  h .  Note s i n g l e  t 0 s  RNA (arrow) in 1) 
and two 10s RNAs (arrows) in 2) and 3).  

B. Formamide  e l e c t r o p h o r e s i s  in 7 .5% p o l y a c r y l a m i d e  g e l s  for 3 .5  and 4 h 
of g l o b i n  mRNA pur i f i ed  by o l i g o - d T  c e l l u l o s e  c h r o m a t o g r a p h y  from 
rabb i t  p o l y s o m a l  RNA. The g e l s  were  s t a i n e d  and s c a n n e d  a t  
610 n a n o m e t e r s .  Re l a t i ve  amoun t s  of the two  10s RNAs were  e s t i -  
ma ted  from the a rea  under  the cu rve  for e a c h .  

p h o r e s i s  made it  d i f f i c u l t  to o b t a i n  s a m p l e s  h i g h l y  e n r i c h e d  in the s e c o n d  

10s RNA. In v a r i o u s  e x p e r i m e n t s ,  RNA f r a c t i o n s  e n r i c h e d  for the  f i r s t  10s 

RNA, both RNAs, and the  s e c o n d  10s RNA d i r e c t e d  the s y n t h e s i s  of 83-100% 
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Figure 2: 

1 2 3 

Reelectrophoresis on 7.5% polyacrylamide gels in 98% formamide of 
eluted 10s RNAs. The samples are: i) first 10s RNA, 2) a mixture 
of first and second 10s RNA, and 3) a fraction containing predominantly 
second 10s RNA. The 10s RNAs of a preelution sample had the same 
electrophoretic mobility as the eluted 10s RNAs. The results of the 
cell-free assays with aliquots of these samples are given in Table I, 
experiment #3. 

(~ chains, 55-70% f~ chains, and 75-87% f9 chains, respectively (Table I and 

footnote to Table). One sample of the first 10s RNA contained (~ mRNA but 

completely lacked ~ mRNA by translation analysis, while the greatest en- 

richment of ~ mRNA in a preparation of the second 10s RNA was 84-87% (Table I). 

Three RNA samples isolated from different gel regions were subjected 

to reelectrophoresis in formamide gels in addition to translation analysis 

(Fig. 2 and Table I, Exp. #3). In these samples the concentration ratio of 

the second 10s RATA to first 10s RNA on reelectrophoresis was estimated by 

densitometry of the stained gels at 610 nanometers to be 71:29, 48:52, and 

5:95, respectively. Under the direction of these RNA samples in the cell- 

1057 



Vol. 59, No. 3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table I 

Experiment 

#l 

#2 

#3 

#4 

Fra ct ion 

ist 10s RNA 
Both 10s RNAs 
2nd 10s RNA 

ist 10s RNA 
Both 10s RNAs 
2nd 10s RNA 

1st 10s RNA 
Both 10s RNhs 
2nd 10s R~% 

ist 10s RNA 
2nd 10s RNA 

Re lative Synthe sis 

/~-chain ~-cha in  I ~/~* 

0.12 
5.90 
4.45 

3.1 
4.4 
7.8 

0.12 
1.38 
1.75 

0 
0.38 

0.96 
3.23 

0.68 

9.0 
1.7 
2.0 

1.50 
1.25 
0.57 

0.67 
0.08 

0.12 
1.8 
6.6 

0.34 
2.6 
3.9 

0.08 
i.i 

3.1 

0 
4 .8  

Incorporation of 3H-L- leuc ine  in a s s a y s  lacking mRNA was 3 -4 ,000  cpm, 
and 5 -10 ,000  cpm were incorporated when purified mRNA samples (< l#g)  were 
added to the ce l l - f ree  sys tem.  In all  a s s a y s  shown the mRNA concent ra t ion  
was below saturat ion l eve l s .  To each a s s a y  tube after incubat ion 5,000 cpm 
of 14C-L- leucine  g l o b i n w a s  added as descr ibed (6). Chain syn thes i s  was 
ca lcu la ted  from the average synthes i s  of 3-5 purified tryptic  peptides of each 
chain,  e . g .  ~T1, ~T2, f~T9. Leucine content in a peptide was corrected for 
by dividing the RNA-directed 3H dpm minus 3H dpm o f  the blank peptide by the 
14C dpm of the blank pept ide,  e . g .  in experiment #4, txT10 equaled 236-51_0 

- Y 4 V - -  .55 
and off9 equaled ~ = 0 .71 .  3H-L- leuc ine  incorporation was observed in all  

and ~ peptides studied except  the ;9-chain peptides of experiment #4 ( ls t  10s 
RNA). No trace of 3H-L- leuc ine  incorporat ion was observed in any of four 
peptides studied in this experiment .  

*When EDTA-treated polysomal RNA is added to the cell-free system, the B/(~ 
synthetic ratio is about 1.4. The /~/o~ synthetic ratio of a 50:50 mixture of 
globin mRNAs after formamide gel electrophoresis is unknown, but a B/0~ ratio 
of 1.2-1.4 was assumed for the chain percentages presented in "Results." 

free system, the ratio of B-chain synthesis to s-chain synthesis was 3.1 for 

the first sample, I.i for the second, and 0.08 for the third. Thus, the 

relative concentrations of the two 10s RNAs correlated well with the 
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r e l a t i v e  s y n t h e s i s  of  ~ and  (~ c h a i n s  in  the  c e l l - f r e e  s y s t e m  fur the r  i n d i -  

c a t i n g  t h a t  the  f i r s t  10s RNA i s  a mRNA and  the  s e c o n d  10s RNA is  n e a r l y -  

pure  ~ mRNA. 

O u a n t i t a t i o n  of  R e l a t i v e  c~ and  ~ mRNA Amounts  

G l o b i n  mRNA of  r e t i c u l o c y t e  p o s t - r i b o s o m a l  s u p e r n a t e  i s  r e p o r t e d  

to  be g r e a t l y  e n r i c h e d  for ~ mRNA (14 ,20)  and  in  our l a b o r a t o r y  h a s  b e e n  

75-85% a mRNA by  t r a n s l a t i o n  a n a l y s i s .  W h e n  s u p e r n a t a n t  g l o b i n  mRNA 

p r e p a r e d  from r a b b i t  r e t i c u l o c y t e s  t h rough  p u r i f i c a t i o n  by  o l i g o - d T  c e l l u l o s e  

c h r o m a t o g r a p h y  w a s  s u b j e c t e d  to  fo rmamide  e l e c t r o p h o r e s i s ,  the  amoun t  of  

f i r s t  10s RNA g r e a t l y  e x c e e d e d  t h a t  of s e c o n d  10s RNA (figure not  s h o w n ) .  

H o w e v e r ,  the  s e c o n d  10s RNA h a s  a l w a y s  b e e n  p r e s e n t  in t h e s e  s a m p l e s .  

The s t a i n i n g  i n t e n s i t y  of  the  f i r s t  and  s e c o n d  10s RNAs is  n e a r l y  

e q u a l  in  E D T A - t r e a t e d  p o l y s o m a l  RNA w h i c h  h a s  not  u n d e r g o n e  o l i g o - d T  

c e l l u l o s e  c h r o m a t o g r a p h y .  H o w e v e r ,  a f t e r  r e m o v a l  of s m a l l  a m o u n t s  of 

non-mRNA in the  10s f r a c t i o n  of E D T A - t r e a t e d  p o l y s o m a l  RNA by o l i g o - d T  

c e l l u l o s e  c h r o m a t o g r a p h y ,  f o rmamide  e l e c t r o p h o r e s i s  d e m o n s t r a t e s  t h a t  

t he  f i r s t  10s RNA e x c e e d s  the  s e c o n d  10s RNA in c o n c e n t r a t i o n  by  a b o u t  

50% (Fig .  1B), a s  e s t i m a t e d  by  s c a n s  of the  s t a i n e d  g e l s  a t  610 n a n o m e t e r s .  

DISCUSSION 

Our d a t a  d e m o n s t r a t e  the  f o l l o w i n g :  1) S ince  RNA f r a c t i o n s  have  

b e e n  o b t a i n e d  w h i c h  are  e x c l u s i v e l y  f i r s t  10s RNA by e l e c t r o p h o r e t i c  

a n a l y s i s  and  95-100% (~ mRNA by t r a n s l a t i o n  a n a l y s i s ,  the  f i r s t  10s RNA 

c o n t a i n s  c~ mRNA free  of 8 mRNA. 2) The s e c o n d  10s RNA is  n e a r l y  pure  in 

/9 mRNA by t r a n s l a t i o n  a n a l y s i s .  H o w e v e r ,  the  c u r v a t u r e  of the  RNA b a n d s  

a f t e r  e l e c t r o p h o r e s i s  m a k e s  i t  l i k e l y  t h a t  s m a l l  a m o u n t s  of the  f i r s t  10s RNA 

(c~ mRNA) h a v e  b e e n  i n c l u d e d  in t he  g e l  s l i c e s  a i m e d  a t  o b t a i n i n g  pure s e c o n d  
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10s RNA. 3) The c o n t a m i n a t i o n  of  a c t i v e  ~ mRNA by i n a c t i v e  ~ mRNA and  v i c e  

v e r s a ,  w h i l e  not  e x c l u d e d ,  i s  u n l i k e l y .  Thus ,  a f t e r  o l i g o - d T  c e l l u l o s e  

c h r o m a t o g r a p h y  the  two 10s RNA b a n d s  a re  in a l l  l i k e l i h o o d  the  n e a r l y  pure 

and ~ mRN•s and  the  r e l a t i v e  q u a n t i t i e s  of t h e s e  mRNAs can  be e s t i m a t e d  

a f t e r  c h r o m a t o g r a p h y  by g e l  e l e c t r o p h o r e s i s .  In c o n f i r m a t i o n  of the  i n d i r e c t  

e s t i m a t e s  of  g l o b i n  mRNA q u a n t i t i e s  on p o l y s o m e s  of r a b b i t  r e t i c u l o c y t e s  (21), 

on d i r e c t  a n a l y s i s  we f ind  t ha t  the  amoun t  of t~ mRNA e x c e e d s  t ha t  of 8 mRNA 

by a b o u t  50%. 

If the  s e p a r a t i o n  of mRNA o b s e r v e d  by fo rmamide  e l e c t r o p h o r e s i s  

o c c u r s  s t r i c t l y  on a m o l e c u l a r  w e i g h t  b a s i s ,  B mRNA mus t  be r o u g h l y  10% 

l a r g e r  t han  G mRNA (7).  S ince  under  s l i g h t l y  m o d i f i e d  c o n d i t i o n s  of fo rmamide  

e l e c t r o p h o r e s i s  we have  f a i l e d  to  s e p a r a t e  the  10s RNAs, the  s e p a r a t i o n  of the  

and  ~ g l o b i n  mRNAs o b t a i n e d  by t h i s  p r o c e d u r e  may  not  be w h o l l y  due to  a 

m o l e c u l a r  w e i g h t  d i f f e r e n c e  in the  two m o l e c u l e s .  In a n y  e v e n t ,  t h i s  p r o c e d u r e  

p r o v i d e s  the  o p p o r t u n i t y  to  p r e p a r e  n e a r l y  pure G and ~ g l o b i n  mRNAs from a n y  

s p e c i e s  for s e q u e n c e  a n a l y s i s  and  for  the  p r o d u c t i o n  of c o m p l e m e n t a r y  DNA 

s p e c i f i c  for  i n d i v i d u a l  g l o b i n  g e n e s .  
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