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Evidence for hydrogen bonds in a ribonucleoprotein 

In  view of evidence t ha t  the r ibonucleoproteins represent  a stage in the process of protein bio- 
synthesis  1, the na ture  of the protein-r ibonucleic  acid (RNA) linkage is of considerable biological 
interest.  While the bonding between nucleic acid and protein  in the deoxyribonucleoproteins is 
considered to be electrostatic 2, it has been noted t ha t  certain propert ies  of the ribonucleoproteins 
are not  those of pure electrostatic complexes, and it has been suggested tha t  hydrogen bonds 
may  be involved 3,4,5. 

In  a prel iminary investigation of this problem, ribonucleoproteins,  before and after t r ea tmen t  
wi th  urea, have been subjected to zone electrophoresis in s tarch over the p H  range 3.5-1o.6 at 
ionic s t rength  o.o5-o.I .  The initial findings indicate t ha t  hydrogen bonds play an impor tan t  role 
in linking the RNA and protein. 

The nucleoprotein was prepared from Escher ich ia  coli at 0-3 ° in o .oo5M neutral  phospha te  
buffer containing o.00075 M CaC12S. Logari thmic phase cells were ground with  glass powder  and 
centrifuged for i h at  20,000 × g. The superna tan t  was t reated wi th  1.25 % sodium desoxy- 
cholate, and one volume of ethanol was added. The material  was then  precipitated twice with 
bar ium acetate (being redissolved with buffer containing o.oi M Na=SO4) and 3 or 4 t imes with 
(NH4)2SO4, ending with the fraction sedimenting between o. 3 and o.5 saturat ion.  

The final prepara t ions  were dialyzed against  either buffer or water.  They were free of deoxy- 
ribonucleic acid, were stable in the cold for at least a week, and were at tacked by  crystalline 
pancreatic ribonuclease at  29 ° and at 0-3 °. They  contained 60-70 % RNA by weight (RNA as 
per  cent of RNA plus protein), corresponding to a molar  ratio of ribonucleotide to amino acid 
residues of about  0.5-0. 7. Thus,  the RNA content  was equivalent  to the highest  values previously 
reported for r ibonucleoproteins from other  sources 4,L8. There was present,  however, a minor 
protein component  which was electrophoretically distinct from the nucleoprotein (Figs. IA and 2A). 
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Fig. i. Zone electrophoresis in s tarch at  o-3 °. Sodium tu 
"~ 0.5- phosphate ,  p H  9.o, ionic s t rength  o.I  ; 2.75 h a t  435-395 

volts followed by 3 h a t  35o-34 o volts. Starch block cut  
into I cm segments  and extracted.  Protein  (broken line) 
and RNA (solid line) contents  of ex t rac ts  given as 
relative molar  quant i t ies  of monomer  residues, based on 
residue weights  of 116 and 345, respectively. A, In t ac t  

nucleoprotein;  B, Nucleoprotein in 7.7 M urea. 
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Fig. 2. 

Fig. 2. As in Fig. I .  Sodium phosphate ,  p H  8.2, ionic s t rength  0.08; 12 h at  15o volts. A, I n t a c t  
nucleoprotein;  B, Nucleoprotein in 4 M urea;  C, RNA (purchased;  deproteinized and dialyzed). 

Both the urea t r ea tmen t  and the  electrophoretic analyses were carried out  at 0-3 °. The 
results were similar at  urea concentrat ions of 4 M and 7-8 M, and those discussed in this note 
were obtained f rom electrophoretic runs  begun o. 5 to 3 h af ter  addit ion of urea to the nucleo- 
protein  solution. The s tarch electrophoresis technique resembled tha t  described by  PARDEE el al. 9. 
Up to 4 rectangular  lucite t roughs,  3o x 2 x I cm, were employed s imultaneously at potent ials  
of 300-450 or I5o volts. After the run, a filter paper  str ip was pressed against  the starch;  RNA 
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was  located  on t he  pape r  by  m e a n s  of an  u l t rav io le t  lamp,  and  pro te in  by  a s t a in ing  procedure .  
In  addi t ion,  t he  blocks were s o m e t i m e s  cu t  into s e g m e n t s  and  ex t r ac t ed  ove rn igh t  wi th  cold 
water ,  t he  R N A  and  pro te in  con t en t s  being e s t i ma t ed  by  t he  u l t rav io le t  abso rp t ion  and  t h e  
Fol in  react ion,  respect ively .  As employed  here,  th i s  p rocedure  was  a t  bes t  s emi -quan t i t a t i ve ,  
s ince no a t t e m p t  was  m a d e  to achieve  comple te  ex t r ac t i on  of R N A  and  pro te in  f rom the  s tarch .  

Never the less ,  a coheren t  p ic tu re  ha s  emerged  f rom these  p re l imina ry  exper imen t s .  The  
e lec t rophore t ic  f indings m a y  be s u m m a r i z e d  as follows: 

I. The intact nucleoprotein (not  exposed  to urea).  The  nuc leopro te in  m i g r a t e d  toward  t he  
anode  over  t he  ent i re  p H  range  f rom 3.5-1o.6.  A t  p H  4 and  lower, p ro te in  and  R N A  m o v e d  
t oge the r  as a single en t i ty .  At  p H  5.5 and  higher ,  t he  p a t t e r n  i l lus t ra ted  in Figs. IA and  2A 
was  cons i s t en t ly  obta ined .  This  p a t t e r n  shows  a minor  p ro te in  zone, and  a fas ter  zone con ta in ing  
b o t h  R N A  and  pro te in  and  p r e s u m a b l y  nucleoprote in  in charac ter .  I n  th i s  p H  range  t he  distri-  
bu t i ons  and  mobil i t ies  were a p p a r e n t l y  i n d e p e n d e n t  of pH,  s ince four  blocks r u n  s i m u l t a n e o u s l y  
a t  p H  6, 7, 8 a n d  9 gave  ident ical  pa t t e rns .  At  p H  7.7 t he  p a t t e r n  was essent ia l ly  u n c h a n g e d  
w h e n  t he  ionic s t r e n g t h  of the  e lec t rophores is  buffer  was  lowered f rom o.I to 0.05. 

2. The protein moiety alone. (Prepared  by  mild alkal ine hydro lys i s  of t h e  nuc leopro te in  and  
r emova l  of t he  R N A  hydro lys i s  p roduc t s  by  dialysis.) Migra t ion  was  t oward  t he  ca thode  a t  p H  5.5 
and  t oward  t he  anode  a t  p H  6.8. 

3. The nucleoprotein after urea treatment. E x p o s u r e  to u rea  p roduced  two e lec t rophore t ica l ly  
d i s t inc t  " R N A "  c o m p o n e n t s  (Figs. IB  and  2B). Ev idence  p re sen t ed  sepa ra t e ly  1° ind ica tes  t h a t  
t he  slow c o m p o n e n t  did no t  come di rect ly  f rom the  nucleoprote in ,  b u t  was  a p roduc t  of t he  
s econda ry  deg rada t i on  of t he  fas t  componen t .  Therefore ,  only  t he  fas t  R N A  c o m p o n e n t  will be 
considered here.  At  p H  7.7 and  h igher  (ionic s t r e n g t h  o.i)  t he  fas t  R N A  c o m p o n e n t  mig ra t ed  
more  rap id ly  t h a n  t he  in t ac t  nuc leopro te in  a n d  wi th  a speed equal  to t h a t  of free R N A  (Fig. 2). 
(A control  e x p e r i m e n t  showed urea  no t  to change  t he  mobi l i ty  of free RNA.)  U n d e r  these  con- 
di t ions  t he  sepa ra t ion  of R N A  and  pro te in  was  essent ia l ly  complete .  I t  was  incomple te  a t  p H  7.7 
when  t he  ionic s t r e n g t h  was  lowered to 0.05, and  a t  p H  5.5, ionic s t r e n g t h  o. i .  At  p H  4 and  
lower, p ro te in  a n d  R N A  mig ra t ed  t oge t he r  t oward  t he  anode.  

I n  s u m m a r y ,  u r ea  t r e a t m e n t  p roduced  an  e lect rophoret ic  behav ior  s imi lar  to  t h a t  shown  
by  m i x t u r e s  of so lu t ions  of pro te in  a n d  nucleic acid, where  the  two s u b s t a n c e s  a re  l inked only  
by  e lec t ros ta t ic  forces and  mig ra t e  i n d e p e n d e n t l y  w h e n  s imilar ly  charged  and  a t  h igh  enough  
ionic s t r e n g t h s  T M .  W h e n  no t  exposed  to urea,  however ,  t he  p ro te in  and  R N A  of t h e  nuc leopro te in  
moved  t oge the r  unde r  condi t ions  where  e lec t ros ta t ic  forces would  no t  be expec ted  to hold  t h e m  
toge ther .  

I t  seems  reasonable  to conc lude  t h a t  t hese  r ibonuc leopro te ins  con ta in  R N A  a n d  pro te in  
l inked toge the r  by  bonds  o the r  t h a n  e lec t ros ta t ic  bonds,  t h a t  t hese  bonds  are  d issocia ted by  urea,  
a n d  t h a t  t h e y  are, therefore,  h y d r o g e n  bonds .  I t  c anno t  be said w h e t h e r  o ther  t y p e s  of non-  
e lec t ros ta t ic  bonds  are p re sen t  unt i l  a more  deta i led  inves t iga t ion  ha s  been  made .  
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