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S U M M A R Y  

The intensities of Raman scattering from certain vibrations of 
nucieotide residues in 16S and 23S ribosomal RNA are sensitive to 
changes of RNA conformation with temperature. The intensity 
effects differ from those exhibited by polynucleotides and may be 
due to a specific RNA tertiary structure or to a sequence dependence 

of the Raman hypochromic effect. 

Raman spectra, which arise from the change in polarizability which 

accompanies the vibrations of molecular subgroups, have provided 

information on the conformation of RNA (i, 2). We report here the 

Raman spectra of purified 16S RNA and of purified 23S RNA at several 

t e m p e r a t u r e s  b e t w e e n  17 and  85°C .  

The 16S and 23S RNAs were extracted {SDS-phenoi method) from 30S 

and 50S ribosomes of E. coli DI0, using standard procedures {3). To 

obtain Raman spectra, dried RNA was dissolved to 35 mg/ml in DZ0 

(99. 8%, D i a p r e p ,  Inc .  ) c o n t a i n i n g  0. l% s o d i u m  dode c y l  s u l f a t e  (SDS). 

S p e c t r a  w e r e  e x c i t e d  w i th  the  4880A l i ne  of  an  a r g o n  ion  l a s e r  ( C a r s o n  

L a b o r a t o r i e s )  and  r e c o r d e d  a t  c o n s t a n t  t e m p e r a t u r e  on a S p e x  M o d e l  

1401 spectrometer (Z, 5). 
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The Raman spectra of 16S and 23S rRNA show three intensity maxima 

above 1600 cm "l (1688, 1660, and 1622 cm -I) which arise from the in- 

plane stretching vibrations of the bases (Fig. l). As the temperature 

of the RNA solutions is increased, the scatterirg envelope of these 

lines changes, due primarily to the thermal rupture of hydrogen bonds 

between base-paired double stranded regions of the RNA. A similar 

change has been observed in the infrared spectrum and provides a basis 

for the quantitative determination of base pairing in RNA {4), 

I t  AMAN SHIFT  

Figure h Raman spectra ofl6S RNA at (a) 30" and (b~ 85°C, and 
23S RNA a£ 30 ° (c) and 75°C. (d~ Scattered intensity (arbitrary 
units) is recorded vs. Raman shift (era -l) from Ar 4880 line. 
Sample concentration is 35 mg/m[ D20, volume 10 ul, slit width 
10 cm -I, scan speed 25 cm-I/min and period 10 sec in each case. 
The broad intense scattering near IZI0 cm -I extending off scale 
in each spectrum is due to solvent. The additional break in 
spectrum (d) near 900 cm -I represents a change of baseline. 
High temperature spectra are uncorrected for solution expansion 
(approximately 3 °'/o~. 
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The s c a t t e r i n g  l i ne  a t  815 c m  - I  in  the R a m a n  s p e c t r a  of 16S and  23S 

RNA has  b e e n  a s s i g n e d  to a v i b r a t i o n  of the  r i b o s e - p h o s p h a t e  l i n k a g e s  (2).. 

As  t e m p e r a t u r e  is  i n c r e a s e d  (F ig .  2), the i n t e n s i t y  of this  l i ne  d e c r e a s e s  

wh ich  d e m o n s t r a t e s  tha t  the o r i e n t a t i o n  of s o m e  f r a c t i o n  of the r i b o s e -  

p h o s p h a t e  l i n k a g e s  is c h a n g i n g  as  the RNA b a s e  p a i r s  a r e  d i s s o c i a t e d .  

l 
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Figure 2: Raman spectra of 16S RNA in the region I000 - 600 cm -I 
at several temperatures. Each spectrum is corrected for solvent 
expansion and normalized to the intensity of the 980 cm -l line of 

S052 (0.01M Na2S04} added as an internal standard. Other con- 
ditions are as in Fig. 1. We have not yet been able to record 
comparable spectra of 23S RNA because of difficulty in estabtish- 
ing a flat baseline. See, for example, Fig. i (d~. 
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The r e m a i n i n g  l i n e s  in  the R a m a n  s p e c t r u m  a r e  due to p l a n a r  

v i b r a t i o n s  of the a t o m s  in  the b a s e  r e s i d u e s  and  s e v e r a l  l i n e s  c a n  be  

a s s i g n e d  to i n d i v i d u a l  b a s e s .  G u a n i n e  (O) g ives  r i s e  to l i n e s  at  1480, 

1370, and 670 c m  -1 (2). As  the f r a c t i o n  of b a s e s  p a i r e d  and s t a c k e d  

c h a n g e s  wi th  i n c r e a s i n g  t e m p e r a t u r e ,  the i n t e n s i t y  of t h e s e  l i n e s  d e c r e a s e s .  

A d e n i n e  (A) r e s i d u e s  g ive  r i s e  to a l i n e  a t  720 c m  "1 which  shows no 

Change in  i n t e n s i t y  v e r s u s  t e m p e r a t u r e .  The  l i n e  o b s e r v e d  at  780 c m  -t ,  

wh ich  i n c r e a s e s  in  i n t e n s i t y  wi th  i n c r e a s i n g  t e m p e r a t u r e ,  is  a s s i g n e d  

to cytosine {C) and uracil {U) residues {Fig. 2, ref. 2). 

The interpretation of the intensity data is based on results obtained 

with homopolynucleotides. Studies on the melting of poly A, poly O 

and poly G {which have single-stranded stacked configurations} have 

demonstrated that certain Raman lines {polyA, 725 cm "I*, polyU and 

poly C, 780 cm -I) show an increase in intensity as the bases unstack 

with increasing temperature {6}. Therefore these Raman lines show 

a hypochromic effect similar to that observed at 2600A in ultraviolet 

absorption spectra. Although the effect of melting out stacked regions 

of poly G has not been observed by Raman spectroscopy, theory predicts 

that the intensity of the Raman tines from poly G as well as from poly A, 

poly U and poly C should increase as stacking diminishes {6). 

We assume that the hypochromic effect observed and predicted for the 

homopolynucleotides also obtains for the sequences of the different bases 

$ The  r i n g  m o d e s  d i s c u s s e d  h e r e  a r e  l a r g e l y  u n a f f e c t e d  by  d e u t e r a t i o n  
(2). The  R a m a n  l i n e s  a t  720 c m  -I  in  D20 and  725 c m  -I  i n H 2 0  a r e  due to 
e s s e n t i a l l y  the s a m e  r i n g  m o d e  of A. The  l ine  a t  1345 c m - I  (F ig .  l) i s  a l s o  
due to A, a l t hough  e r r o n e o u s l y  r e p o r t e d  as  due to U {2). T h i s  l i ne  fo r  rRNA 
is u n a f f e c t e d  by  t e m p e r a t u r e  (F ig .  l) bu t  is  h y p o c h r o m i c  in  s i n g l e  s t r a n d e d  
poIy A (6). 
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w h i c h  a r e  s t a c k e d  ( e i t h e r  s i n g l e - s t r a n d e d  o r  d o u b l e - s t r a n d e d  s t a cks}  in 

r R N A  so tha t  we m a y  p r e d i c t  the a m o u n t  of  s t a c k i n g  of  a g i v e n  b a s e  

r e s i d u e  f r o m  the r e l a t i v e  i n t e n s i t y  of the a p p r o p r i a t e  R a m a n  l ine .  

T h e n  o u r  i n t e n s i t y  da ta  show tha t  as  t e m p e r a t u r e  i n c r e a s e s ,  the a m o u n t  of  

b a s e  p a i r i n g  d i m i n i s h e s  ( c o n v e n t i o n a l  m e l t i n g ) ,  the  f r a c t i o n  of  c y t o s i n e  

and u r a c i l  r e s i d u e s  in s t a c k e d  c o n f i g u r a t i o n s  ( b a s e - p a i r e d  s t a c k s  p lus  

s i n g l e - s t r a n d e d  s t a c k s )  d e c r e a s e s ,  the a m o u n t  of A r e s i d u e s  in s t a c k e d  

c o n f i g u r a t i o n s  r e m a i n s  c o n s t a n t ,  and the  a m o u n t  of  G r e s i d u e s  in s t a c k e d  

c o n f i g u r a t i o n s  i n c r e a s e s .  A t  85°C w h e n  v i r t u a l l y  a l l  b a s e  p a i r s  a r e  

b r o k e n  ( c o n v e n t i o n a l  m e l t i n g  is  c o m p l e t e )  t h e r e  a r e  f e w e r  U and C 

r e s i d u e s  in s t a c k e d  r e g i o n s ,  the s a m e  n u m b e r  of  A r e s i d u e s  in s t a c k e d  

r e g i o n s ,  and a g r e a t e r  n u m b e r  o f  G r e s i d u e s  in s t a c k e d  r e g i o n s  than  a r e  

found a t  30°C,  w h e r e  b0% of the  b a s e s  p a r t i c i p a t e  in b a s e  p a i r i n g  {4). 

T h i s  r e s u l t  s u g g e s t s  the f o l l o w i n g  as  p o s s i b l e  s t r u c t u r a l  f e a t u r e s  of  

16S R N A .  A t  30°C the  RNA m o l e c u l e s  h a v e  m a n y  b a s e - p a i r e d  h e l i c a l  

r e g i o n s  w h i c h  m a y  i n t e r a c t  w i th  e a c h  o t h e r  and w i t h  s i n g l e - s t r a n d e d  

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

w i t h  a c o n s t r a i n e d  c o n f i g u r a t i o n  in w h i c h  G and A r e s i d u e s  a r e  p r e v e n t e d  

f r o m  as  s u m i n g  the  s i n g l e -  s t r a n d e d  s t a c k e d  c o n f i g u r a t i o n  w h i c h  wou ld  be  

e n e r g e t i c a l l y  f a v o r a b l e  in the a b s e n c e  of  c o n s t r a i n t s .  As  the  t e m p e r a t u r e  

i s  i n c r e a s e d ,  the  c o o p e r a t i v e  i n t e r a c t i o n s  w h i c h  p r o d u c e  the c o n s t r a i n t  a r e  

r e d u c e d  and m o r e  s i n g l e - s t r a n d e d  r e g i o n s  b e c o m e  f r e e  to f o r m  s i n g l e -  

s t r a n d e d  s t a c k e d  r e g i o n s .  S ince  the s t a b i l i z a t i o n  e n e r g y  of  t h e s e  s t a c k s  

i n c r e a s e s  in the  s e q u e n c e  U ' ~ C ' : A < G  (7), a t  a g i v e n  t e m p e r a t u r e  we 

e x p e c t  s i n g l e - s t r a n d e d  s t a c k e d  r e g i o n s  to c o n t a i n  m o r e  G than  A and 

m o r e A  than  U o r  C. S i n c e  the s i n g l e - s t r a n d e d  r e g i o n s  of  16S R N A  c o n -  

t a in  abou t  13.5% of  the G r e s i d u e s  and 12.5% of A r e s i d u e s  {4), m a n y  of  
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these bases as well as those in the base-paired regions may take part 

in single-stranded stacks at 85°C. Evidence for such highly strained 

regions in RNA has also been provided by studies of the rate of RNase 

catalyzed hydrolysis of the RNA which contains a small number of 

sites with rate constants which are much larger than those observed 

for an unconstrained po[ynucleotide such as po[y U {3, 8). 

An alternative explanation of the present findings is that the magnitude 

and direction of perturbations in Raman intensities are determined 

significantly by base sequences. For example, the G lines in RNA may 

be genuinely hyperchromic. This seems unlikely however in view of the 

nature of the ultraviolet hypochromic effect in nucleic acids. We are 

currently studying mode[ systems, including poly G, poly A - poly U and 

po[y G • po[y C to resolve this question conclusively. Attempts to 

eliminate the severe background scattering in Raman spectra of 23S RNA 

are also being made. 
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