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424 ROBICHAUD, JANKOWSKI AND VIRELIZIER 

techniques, including the spectroscopic ones and appropriate 

model compounds ( 1 - 4 ) .  The hypothesis has a basic weakness, how- 

ever, it ignores simultaneous presence of sever,al nucleophil ic. 

ligands in vivo e.g. RNA, peptides. proteins. The ligands have 

similar- nucleophility as well as binding properties. 

We have designed a simple sequence of in vitro experiments 

which should determine the preference, if any, of cis-platinum 

toward the DNA when closely related compound RNA is present. in 

equimol ar ratio. 

We note that the chemical difference between RNA and DNA, 

that is the 2'-hydroxy group, cannot change its nucleophility. 

Three strongly nucleophil ic heterocyclic bases arc. the same i n  

both (A, G, C ) ;  the remaining pair bases ( U ,  T) at'e not drast i -  

cally different either and belong to the same family of 

pyrimidines. 

O u r -  first choice of a technique for the investigation of the 

prrferential binding toward one or the other of the nurleir acids 

was 'H NMR. We have obtained spectra in D.0 solutions for DNA 

and RNA models as wcxll as for complexes of' cis-platinum-DNA and 

- cis-platinum-RNA at rb = 0 . 1  (I',, = 0 . 1  means one Pt pc.1. tt,n 

bases) and the mixed complex *-platinum DNA-RNA ( S O :  5 0 ) .  ' I ' l ~ t s  

results do not. lead to any conclusive interpretations. 

L 

By contrast, a second technique, pyrolytical mass spr.c,tl,<,- 

metry normally used in the polymer analytical chemistry and wtli(,h 

we have already used in the past f o r ,  the biopolyrnrr's ( 5 - 7 ) ,  has 

produced significant results. 

Experimental 

The nuclc=ic acids DNA (Herring sperm, Sigma) and RNA (Baker 

yeast, Sigma) have been used without previous purification. Both 
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DNA-RNA MIXTURE IN SOLUTION 425 

D N A  

( H e r r i n g  s p e r m )  

K N A  

( B a k e r  y e a s t  ) 

Tablc- 1 

Bast A b u n d a n c e  of N u c l r i c  A(- ids  

A 

II 

G 

c 
5 , 6 - d i h  U 

2 8 . 5  
2 8 . 2  

2 1 . 0  

2 1  . o  

1 5 . 0  
7 . 0  

2 0 . 5  

2 0 . 0  

5 . 0  

2 0 . 7  

2 9 .  I 

2 0 . 8  

2 0 . 4  

1 5 - 1 7  
6 - 1 2  

1 4 - 2  1 

1 5 - 2 0  

2 - 6  

Deflect i o n  (mass  s p e c t  romfxt I I C  m c . t h o d 5 )  

L i t t e r  a t u r c - 9  

compounds h a v c .  b c e n  c h e c . k r t l  v i a  mass spectr 'omet .ry  f n r  t h ( *  

p r e s e n c e  of e s s e n t i a l  a s  wc.1 1 as m o d i f i r d  bases  s h o w i n g  u s u a l  

h a s ?  pat t r r n  ( T a b l e  I ) .  Tht. * - p l a t  inurn has brc,n b o u g h t  f i , o m  

S i g m a .  

Mass spc.c.t.ra h a v e  h c c n  rc.c.ordetl on a K i b r r  10 I 0  5pi.c.t r o m r t  I'T' 

i n  tht-  p o s i ' t i v r .  i o n  m t , d t .  u s i n g  c . l ( . ( . t r o n  impact .  t o  genct-atr .  t I I C .  

i o n  s p e c i r . s .  

The r e c o r . d i r l g  and c a l ( . u l ; i t i o n  o i '  s p r c t r n  werfL d o n e  using a 

PDP 8/M computer.  c o u p l e d  L o  t l 1 e  spt5c.t rumet .er .  T y p i c a l  a n a l y t . i c a 1  

c o n d i t i o n s  w t ' r e :  S O I I I ~ C ~  tt:rnpt.raturv 2 0 0 - 2 2 0 " C ,  the .  5 mm Ei l a m r n t  
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426 ROBICHAUD, JANKOWSKI AND VIRELIZIER 

( T u n g s t e n  w i r e  6 0  1, m ,  (1 t u r n s )  was h e a t t . d  f r o m  3 0 0 -  I00O"C i n  4 0  .-i 

(c . i i r i , t .n t  p r o g r a m m r d  f r o m  2 0 0 - 6 0 0  m A ,  10 m A  s ) .  l 'he a v r r ~ a g v  

1 i I't.t.imc. of th i .  f i 1ami.nt.s undei '  t h e s e  c , n n d i t  i o n s  was  ar.ciund 2 0  

a n n l y s r s .  The source was i n d i r e c t l y  h t .a t t ,d  by A f ' i l a m ~ ~ n t .  ( v a r , i a -  

t i c i n  of 10°C - f o r -  t h i s  r e a s o n  t h e  d i r e c . t .  p r i i h e  w i i s  rcmovt.d a1'tc.r.  

t h v  end o f  t h e  p r o g r a m m e .  T h c  pressure measur-ed  was 1 0 - 6  T 0 r . r .  

( n v r r a g e  l e v e l  ) .  A c r o r ? d i n g  t o  our' pi . i .v i i ius  s t u d i e s ,  t l ~ c ~  

- 1  

i c  mass r a n g e  w a s  f i x e d  a t  l O O - 3 O O  11. 

The h e r r i n g  spt 'rm D N A ,  o r  y e a s t  R N A ,  w a s  cut  ilp i n t o  1 mm 

p i t s r e s  and p1act .d  i n  t h e  c e n t r a e  o f  t h t .  t ' i l a m t ~ n t .  c ' o i l  or dir.c.i.t .1y 

g1uc.d on t h t .  coil a f t . r r  b e i n g  pniir.(.d i n t o  I > i t l i s t . i l  1t.d wat.(.r'. Ont, 

mm of t h i s  D N A  c o r r e s p o n d s  t o  ca 0 . 5  A 2 6 0   unit^. The r r c c i r d i n g  

h a s  b c e n  matlr a t  t.hf. maximum of' TIC ( 8 ) .  

Tht. BH'+ i o n  i n t e n s i t i e s  h a v e  h e e n  c.omput,c.d i n  a u s u a l  w a y ,  

r a c h  d e t e r m i n a t i o n  w a s  r e p e a t e d  s i x  t i m e s .  Thcs i n t r n s i t , i t . s  ( i t '  

U I I '  i o n s  r e p o r t e d  hr:i,r a r e  t h e  r e s p e c t i v c a  a v e ' r a g e  e l f '  t . h r s t ,  s i x  

d c b t r r m i n a t i ( J n s  ( F i g .  I ) .  

P r e p a r a t i o n  of' t h e  c o m p l e x e s  a t  r,, - 0 .  1 h a s  h e e n  m o d r l r d  [Jn 

Mac.qirt't. p r . o t e d i i r r  ( 3 ) .  A s o l u t i o n  of  ~ - p l p l ; i t i n u n l  0 . 4 X  mg/ml i n  

NaC10 M w a s  p r , e p a r e d .  T h r  n u c l e i r  acids wcarv t l i s so1vc .d  i n  

N a C l U  M i n  a way t o  o b t . a i n  a f i n a l  r ' o n r t ' n t r a t i o n  [if m g / m ~  

of n u ( : I c i c .  a c i d s  and 2 0 %  ( v / v )  i n  cis-platinum. Ttlt.scy s o l u t , i o n s  

wt ' r ' i .  t h e n  i n c u b a t e d  a t  3 7 O C  i n  t h e  dark f o r  4 8  hoi r r ' s ,  a f t ~ r  what  

t h e y  wvi'ch I y o p h y  1 i s e d  . 

4 

4 

K f . s u l t  5 and D i s c u s s i o n  

' T t i c .  mass s p e c t r a  o f  b o t h  n u c l e i ( :  a c i d s ,  H t a r r i n g  Sperm D N A  

.ind K N A  B a k e r ,  y e a s t ,  w e r ' e  r e c o r d e d  i n  o r d r r  t o  prodiict-  a 

i,c.t'c.r.tsnc.t. s p c r t r a  f o r  t h e  p l a t i n a t e d  s c t r i i - s .  R e c o r d i n g  of  a l l  

t t i c -  s p c . c t r n  h a s  h v e n  d o n e  a t  t h e  maximum o f  * t o t a l  ion c u r r e n t  
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DNA-RNA MIXTURE IN SOLUTION 427 

F I G .  1 

15 - 

I 
100 50 0 D N A  
0 50 100 R N A  

MOLAR 

C 4 1 I 1 1 K A I I O N  C I I R L t :  I I O K  U I i ' +  I O N q  

D N A  OI< K N A  MULAK I K A C I I O h  

% 

RAT1 0 

AS A F I I N ( T I I 1 N  l ) b  

I I O K  UII.? I -  r \ I ' K L S S L D  ~5 I ~ " .  . F O K  D N A  - r H H .  + F O R  

D N A  P t  OR I B H . .  F O R  R N A  I13H.  + r O R  K N A  t't AT r B  

0 .1  

BH IONS ( r n , ' z ) :  A 1 3 5 ,  (' I l l .  T 1 2 6 ,  G 1 5 1 ,  I1 1 1 2  

i )  U n p l a t i n a t r d  D N A  and R N A  

The b a s e  a b u n d a n c e  e v a l u a t i o n  fur.  b o t h  n u c l e i c  a c i d s ,  made 

b y  u s i n g  thr u s u a l  d e f l t a c t  i o n  tec- t in i ( [uc  ( 5 ) ,  and p r e s e n t e d  i n  
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428 ROBICHAUD, JANKOWSKI AND VIRELIZIER 

'Table I ,  d i s p l a y s  g o o d  a g r e e m e n t  b e t w e e n  t h e  f o u r  e s s e n t i a l  b a s e  

p r t . c . r . n t a g c  o b t a i n e d  a n d  t h e  l i t e r a t u r e  v a l u e s  ( 9 ) .  I t  is p e r t i -  

n e n t ,  howc,ver., t o  n o t e  a s i g n i f i c a n t .  q u a n t i t y  o f  5 , 6 - d i t i y d r ~ i ) u r i -  

d i n e  i n  t h e  s p e c t r u m  of K N A .  As a l r e a d y  n o t e d ,  t h e  i n t e n s i t i r s  

r ~ f  H H "  i o n s  a t  1 5 l ( G ) ,  1 3 5 ( A ) ,  1 2 6 ( T ) ,  1 1 4 ( 5 , 6  d i h U ) ,  1 1 2 ( 1 J ) ,  

1 1  1 ( C )  h a v e  t ieen  m e a s u r e d  i n  s i x  i n d e p e n d r n t  e x p e r i m e n t s ,  a n d  

'I 'ahlt .  2 c o n t a i n s  t h e  r .esp t !c t . ive  a v e r a g e .  I n  t h e  c a s e  o f  R N A ,  

f ' ivrs  m t . a i u r e m e n t s  o n l y  h a v e  b e e n  t a k e n  i n t o  a c c o u n t .  T h e  less 

v o l a t i l r ~  B H ' +  f o r  G ( m / z  1 5 1 )  i n t e n s i t y  h a s  b e e n  e v a l u a t e d  u s i n g  

s r v c . r a l  D N A  p h a g e s  a s  r e f e r e n c e s .  

'The a b u n d a n c e  o f  U i n  t h e  y e a s t  R N A  h a s  b e e n  e v a l u a t e d  by 

c o m p a r i s o n  o f  t h r e e  p u r i f i e d  t R N A  ( P h e ,  S i g m a )  s a m p l e s  of known 

b a s e  a b t r n d a n c e s .  T h e  a c c u r a c y  of t h e  d e f l e c t i o n  m e t h o d  u s i n g  

q u a d r u p o l c  m a s s  s p e c t r o m e t e r  a n d  o b s e r v i n g  t h e  i n t e n s i t i e s  o f  BH 

p o s i t . i v e  i o n s  i s  2 % .  The r e s u l t s  a r e  s h o w n  i n  F i g .  2 a n d  F i g .  3 .  

i i ) S p e c t r a  of  P t - D N A  a n d  Pt-RNA 

B o t h  s p r c t r a  h a v e  b e e n  r e c o r d e d  i n  t h e  u s u a l  way ( 8 ) .  The  

r . r s i i l t , s  a r e  s h o w n  i n  F i g .  4 a n d  F i g .  5 .  The i n t e n s i t i e s  o f  four -  

BH" i o n s  h a v e  b e e n  c a l c u l a t e d  a n d  t h e n  c o m p a r e d  t o  f r e e  D N A  o r  

R N A  r ' t . s p r c t i v c l y  ( T a b l e  2 ) .  T h e  d i f f e r e n c e s  a r e  r e p o r t e d  i n  

F i g u r e  I expressed a s  m o l e  f r a c t i o n s  of D N A  o r  R N A  i n  b o t h  e x t r e -  

m i t i e s  o f  the, F i g u r e .  I n  s u c h  a m a n n e r  w e  h a v e  r e c o r d e d  a c a l i -  

b r a t i o n  c u r v e  f o r  t h e  t h r e e  common b a s e s  ( A ,  G ,  C ) .  T h e  i n t e n s i -  

t i e s  of p a r t i c u l a r  b a s e s  ( U  f o r  R N A  a n d  T f o r  D N A )  h a v e  b e e n  c a l -  

c u l a t e d  a s s u m i n g  t h e  p r o p o r t i o n a l i t y  of I w i t h  r b  e . g .  a t  r = 

0 . 0 5  a h a l f  of i n t e n s i t i e s  o f  T a t  rb  = 0 . 1  is  o b s e r v e d .  F o r  U 

s i m i l a r  c a l c u l a t i o n  h a s  b e e n  made .  The  g r a p h s  of I a s  a f u n c t i o n  

of  mole f r a c . t . i o n  of  t h e  b a s e  p r e s e n t  h a v e  b e e n  u s e d  i n  t h e  

e v a l u a t i o n  o f  p r e f e r e n t i a l  b i n d i n g  o f  P t  t o  o n e  o f  t h e  n u c l e i c  

b 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



DNA-RNA MIXTURE IN SOLUTION 429 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



430 ROBICHAUD, JANKOWSKI AND VIRELIZIER 

H 
w 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



DNA-RNA MIXTURE IN SOLUTION 4 3 1  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



4 32 ROBICHAUD, JANKOWSKI AND VIRELIZIER 

E 
3 
K c- 
V w 
L 
m 
m 
< 
E 
in 

H 
G 

I 

u 
ul 

- 
0 

I 

m 
L 

c, 
G 

I 

< z 
z 

vi 

z 
LL 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



DNA-RNA MIXTURE I N  S O L U T I O N  

T A B L E  2 

433 

DNA- Pt 

( 0 . 1 )  

RNA-Pt 

DNA-RNA - 

( 50: 5 0 )  -Pt 

(0.1 ) 

A 1;s 9 
T I 2 6  Y 
G I S 1  8 

c 1 1 1  1 3  

A 1 3 5  7 
U 1 1 2  1 7  
G 151 2 

c 1 1 1  5 

A 1 3 5  8.2 

u I I L  7 . 6  
T 1 2 6  5 . 8  
G 1 5 1  4 . 3  
c I 1 1  8 . 6  

Av e 17 age 

% of Pt bound to 
DNA RNA 

5 8  4 2  
4 1  

6 4  - 
61 3 9  

6 3  3 7  
6 1 . 5  1 9 . 8  

5,6-dih U intensity of m ’ z  114 ion 1s 5% 
aver-agr. of s i x  recordings. 

acid, this with reference to the equimolar quantities of bnth 

nucleic acids complexed with cis-platinum at rb = 0.1. 

i i i )  Spectra of Pt-DNA-RNA (S0:50! 

T h e  spectrum of the txquimolar- DNA-RNA mixture at rb = 0 . 1  

reveals several particularities (Fig. 6). Relating of average 

intensities of five ions ( A ,  G ,  C ,  T and U ,  B H ’ +  ions as in Table 

I )  to the calibration graph (Figure I )  enables the evaluation of 
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