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Abstract--The reaction of platinum-pyrimidine complexes with a range of biomacromolecules was 
studied using circular dichroic (CD) and viscometric techniques. The reaction of platinum-uracil blue 
with DNA is characterized by a small increase in the positive CD transition at 275 nm and a large 
decrease in the amplitude of the negative band at 245 nm; these data are consistent with a change to 
a conformational state characteristic of the premelt stage as well as of partial denaturation respectively. 
Concomitant with denaturation, the viscosity of DNA changes from 74 to 45 dl/g. Part of this 
interaction with DNA may involve intercalation of the platinum-uracil complex since it will com- 
petitively displace ethidium bromide from the DNA. Alternatively, the displacement of ethidium 
bromide may be the result of denaturing the nucleic acid. The platinum complex also reacts instan- 
taneously with single and double stranded synthetic nucleic acids, RNA, whole ribosomes and 
proteins. Platinum-uracil causes nearly complete destruction of the secondary structure of bovine 
serum albumin which was used as a model for protein interaction. Using computer analysis of the 
CD data, the helical content of serum albumin decreased from 70 to 10 per cent. Carbon-13 nuclear 
magnetic resonance l~3C-n.m.r.) spectra of the platinum-thymine blue complex revealed that this 
complex consists of a multiplicity of isomers. Because of this and the complex nature of its reactions 
with selected biomacromolecules, it is doubtful that a precise mechanism of action for antitumor 
activity can be established. 

T h e r e  is now c o n v i n c i n g  e v i d e n c e  tha t  coo rd ina t ion  
c o m p l e x e s  involv ing  p l a t i num-g roup  meta ls  rep- 
r e sen t  a new class  of po ten t  a n t i t u m o r  a g e n t s [ I ] .  
Severa l  years  ago R o s e n b e r g  et al. [21 d i s c o v e r e d  the  
a n t i t u m o r  ac t iv i ty  of c i s -d ich lorod iammine  plati- 
n u m  (II) and  a n u m b e r  of s t ruc tura l  ana logues .  
Succeed ing  work  by m a n y  labora to r ies  [31 has  ad- 
v a n c e d  the  d e v e l o p m e n t  of  this  first d rug  to the 
degree  tha t  it is cu r ren t ly  used  as a c h e m o t h e r a -  
peut ic  agent .  The  genera l  f ea tu re s  of  its m e c h a n i s m  
of  ac t ion  are  c h a r a c t e r i z e d  by the  fo l lowing con-  
s ide ra t ions  as ou t l ined  by Dav idson  et al. [ 1 ]: ( 1 ) the 
c o m p l e x e s  e x c h a n g e  only  some  of the i r  l igands;  (2) 
the  c o m p l e x e s  are init ially neu t ra l ;  (3) the  geom-  
e t r ies  of  the c o m p l e x e s  are e i the r  square  p lanar  or  
oc t ahed ra l :  (4) two  c i s -monoden ta t e  leaving groups  
are  r equ i red  w h o s e  a tomic  cen t e r s  are sepa ra t ed  by 
some  3.3 A;  and  finally (5) the l igands trans to the  
leaving g roups  should  be s t rongly  b o n d e d  and  ex- 
change  inert .  

Some  difficulties ar ise  wi th  the  use  of  cis- 
d i c h l o r o d i a m m i n e  Pt (II) s ince it is cy to tox ic  at low 
c o n c e n t r a t i o n s  par t icu la r ly  with r e spec t  to renal  
t ox i c i t y [ l ] .  In con t r a s t  to c i s -d ich lorod iammine  
p la t inum OIL p l a t i n u m - p y r i m i d i n e  c o m p l e x e s  are 
minimal ly  toxic and  display high wa te r  solubi l i ty  
while  still p o s s e s s i n g  po ten t  a n t i t u m o r  ac t iv i ty  [ I1. 
The  m e c h a n i s m  of  the i r  se lec t ive  ac t ion  is not 

unde r s tood .  In vitro s tudies  have  po in ted  to a 
specific in te rac t ion  of  the  p l a t i n u m - p y r i m i d i n e  com-  
plexes  with nucle ic  acids ,  the i r  r eac t ion  with pro te in  
be ing  s lower  by a f ac to r  of  at  least  10014J. This  
specifici ty has  been  fu r the r  d e m o n s t r a t e d  th rough  
the  use of  these  c o m p l e x e s  as nucleic  acid s ta ins  
for  e l ec t ron  m i c r o s c o p y l 5 - 7 ] .  It has  been  postu-  
lated [4] tha t  the  drug inc reases  hos t  i m m u n i t y  
by reac t ing  with D N A  assoc ia t ed  with the  cyto-  
p lasmic  m e m b r a n e  of  the  t u m o r  cell. This  DNA,  
which  is t hough t  to be weakly  an t igen ic  and  asso-  
c ia ted  only  with cells which  are supposed ly  tumori -  
genic ,  in some way masks  s t rong ant igenic  si tes,  
thus  p ro tec t ing  the  cell aga ins t  a hos t  i m m u n e  
response .  The  reac t ion  of  the  drug  with this  su r face  
D N A  is t hough t  to r e m o v e  the  mask ing  effect.  The  
prec ise  chemica l  s t ruc tu re  of  these  pha rmaco log ic  
agents  is a lso u n k n o w n .  E lementa l  ana lys i s  is con-  
s i s tent  with the  p r e s e n c e  of one  pyr imid ine  and  two 
a m m o n i a  molecu les  per  p la t inum [ 1 ]. 

We  p re sen t  ev idence  in this  c o m m u n i c a t i o n  
that  p l a t i num-urac i l  blue unde rgoes  an ex t ens ive  
in te rac t ion  with nucle ic  acids and  pro te ins  as well. 
The  resul t  is a d r ama t i c  d i s rup t ion  of  the  s t ruc tu re  
of bo th  types  of mac romolecu l e s .  In addi t ion ,  the  
p l a t i n u m - t h y m i n e  complex  is s h o w n  to exis t  as a 
mix ture  of  i somer ic  fo rms .  
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M A T E R I A L S  A N D  M E T H O D S  

All c o m p o u n d s  were  kindly ana lyzed  for  C, 
H,  N and  PtO by Merrell  Na t iona l  L a b o r a t o r i e s  
(Cinc inna t i ,  OH) .  E lemen ta l  ana lys i s  gave  the  
fo l lowing  pe rcen t ages :  P t - t h y m i n e  blue ,  C : H : N :  
PrO ( 14.72: 2.74: 14.73: 47.65); P t -u rac i l  blue,  C: H: 
N : PrO ( 10.99: 2.35:13.95:  50.84). 

P l a t i num-urac i l  b lue and  p l a t i n u m - t h y m i n e  blue 
were  p r epa red  acco rd ing  to the  m e t h o d  of Dav idson  
et al. [ I ]. These  c o m p o u n d s  were  s to red  pr ior  to use  
in p o w d e r e d  fo rm u n d e r  v a c u u m  des i cca t ion  in the  
da rk  at 4°C. 

Calf  t h y m u s  D N A  was ob t a ined  f rom Wor th ing -  
ton (F reeho ld ,  N e w  Je r sey) ;  single and  doub le  
s t r anded  syn the t i c  nucle ic  ac ids ,  t R N A  and  ethi-  
d ium b romide  were  p u r c h a s e d  f rom S igma  (St. 
Louis ,  Missouri ) .  R i b o s o m e s  were  isola ted f rom the  
b lood of a n a e m i c  mice  acco rd ing  to the  m e t h o d  of 
Lingrel ,  as de sc r ibed  in [8]. All o the r  chemica l s  were  
of the  h ighes t  pur i ty  commerc i a l l y  avai lable .  

Circular  d ichroic  (CD) s tudies .  CD spec t r a  were  
o b t a i n e d  at 25 ° with  a Cary  61 s pec t r opo l a r ime t e r .  
S t a n d a r d i z a t i o n  of  the  s p e c t r o p o l a r i m e t e r  was  ac- 
compl i shed  using a 1 mg/ml  a q u e o u s  so lu t ion  of 
camphor - su l fon i c -d -10  acid as specif ied by Var ian  
Assoc ia t e s  (Palo Alto,  Cal i fornia) .  All spec t r a  were  
r eco rded  in cyl indr ica l  cel ls  of  10-mm path  length ,  
us ing a full scale def lec t ion  of 0.05 deg.  El l ipt ici ty  
is e x p r e s s e d  as molecu la r  el l ipt ici ty:  [0]~ 5 =  (0/10) 
(M/Ic) with uni ts  of deg-cmZ/dmole ,  whe re  0 is the  
o b s e r v e d  el l ipt ici ty in degrees ,  M is the  molecu la r  
weight  ( ave rage  nuc leo t ide  mo lecu l a r  weight) ,  l is 
the  path  length  in cm and  e is the  c o n c e n t r a t i o n  in 
g/ml.  Molecu la r  el l ipt ici t ies  are not  co r r ec t ed  for  
the  r e f r ac t ive  index  of the  so lven t .  

All C D  spec t r a  were  p e r f o r m e d  in 0.01 M sod ium 
p h o s p h a t e  buffer ,  pH 7.4. Nucle ic  acid concen -  
t ra t ions  were  d e t e r m i n e d  by measu r ing  the  u.v.  

- 5  . a b s o r b a n c e  on  a Cary  15 s p e c t r o p h o t o m e t e r  at " ° 
Molar  ex t inc t ion  coeff ic ients  used  for  D N A ,  poly A 
and  poly I :po ly  C were  6050, 8600 and  4900 re- 
spec t ive ly .  T he  ex t inc t ion  coeff icient  used  for  
r i b o s o m e s  was 10 A26,. un i t s /mg  and  for  t R N A  was  
18 A~6., uni ts / rag.  All CD spec t r a  were  r e c o r d e d  
immedia t e ly  a f t e r  addi t ion  of the  p l a t i num-urac i l .  

Carbon-13  nuc lear  magne t i c  resonance,  laC 
p r o t o n - d e c o u p l e d  spec t ra ,  ~3C[~H], were  ob t a ined  
on  a Var ian  CFT-20  n .m.r ,  s p e c t r o m e t e r  ope ra t ing  
at an  o b s e r v e d  f r e q u e n c y  of  20.0 M H z  and  em- 
p loying d e u t e r i u m  as in terna l  lock. All chemica l  
sh i f t s  are r e p o r t e d  re la t ive  to t e t r a m e t h y l s i l a n e  
(TMS) .  Sam p l e s  of t h y m i n e  and  p l a t i n u m - t h y m i n e  
blue  were  d i s so lved  in 99.7% d e u t e r i u m  oxide  
(Merck ,  St. Louis ,  Missour i )  to yield so lu t ions  of 
a p p r o x i m a t e l y  0.1 M. Af te r  d i s so lu t ion ,  P t - t h y m i n e  
was  cen t r i fuged  in o rde r  to r e m o v e  res idual  un- 
d i s so lved  c o m p o u n d .  

Viscos i t y  studies.  Viscos i ty  m e a s u r e m e n t s  were  
m a d e  wi th  a t h r ee -bu lb  v i s c o m e t e r  of  the  U b b e l o h d e  
type  wi th  ave rage  shea r  g rad ien t s ,  G,  f r o m  70 to 20 
sec  ~. Viscos i t i es  were  o b s e r v e d  at  25 ° in 0.01 M 
sod ium p h o s p h a t e  buffer ,  pH 7.4, and  then  ex t rapo-  
la ted to b o t h  zero  c o n c e n t r a t i o n  and  ze ro  ra te  of 
shea r  (ffJ). Ex t r apo l a t i on  to ze ro  ra te  of  shea r  was  
made  by p lo t t ing  re la t ive  v i scos i ty  (~/~.0 vs ffJ. In t r in-  

l n _ A  
sic v,scos,ty de oe  by I'° l 

prov ided  by a plot of ~/f,.Jc vs  c of D N A  in g/dl. 

R E S U L T S  

The  in te rac t ion  of  p l a t i num-urac i l  blue wi th  nu- 
cleic acids  was  s tud ied  by c i rcular  d ichro i sm.  CD 
spec t r a  were  o b s e r v e d  in the  region f rom 210 to 300 
nm where  nucle ic  acids  exhib i t  in t r ins ic  C o t t o n  
ef fec ts  mainly  due to exc i ton  coupl ing  of neigh- 
bor ing  bases  [9]. Any d i s t u r b a n c e  to the  D N A  helical  
s t ruc tu re  will be ref lected in an a l te red  CD. In all 
cases  any  ell ipticity c o n t r i b u t e d  by p l a t i num-urac i l  
has  been  sub t r ac t ed  f rom the  spec t ra .  

F igure  l shows  the  C D  spec t rum of calf  t h y m u s  
D N A  in the  p r e s e n c e  and  a b s e n c e  of p l a t inum-urac i l .  
P l a t i num-urac i l  unde rgoes  an i n s t a n t a n e o u s  reac-  
t ion with D N A  caus ing  a small  increase  in the 
pos i t ive  peak  at 275 n m  and  a large dec rea se  in the 
ampl i tude  of  the  nega t ive  peak  at 245 nm using a 
P t -u rac i l  to p h o s p h a t e  ra t io  of 1.3: 1. S ince  the rmal  
d e n a t u r a t i o n  resul t s  in a d e c r e a s e d  el l ipt ici ty 
t h r o u g h o u t  this  region,  the d e c r e a s e  seen here  in 
the  245 nm peak is c o n s i s t e n t  with  d e n a t u r a t i o n  of  
the D N A .  The  small  inc rease  in the posi t ive  peak  
is in the  oppos i t e  d i rec t ion  of  a comple t e  dena tu r -  
a t ion of the  DNA.  H o w e v e r ,  the  inc rease  is in the 
d i rec t ion  of and  abou t  the same  magn i tude  as a 
D N A  premel t  s tage [ 10]. 

This  c o n c l u s i o n  was fu r t he r  s u p p o r t e d  by a shea r  
e x p e r i m e n t  in which  the  v i scos i ty  of D N A  was 
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Fig. 1. Ultraviolet CD spectrum of DNA before (solid 
line) and after (dashed line) reaction with Pt-uracil. 
Conditions were: 0.01 M sodium phosphate, pH 7.4: 
[ D N A ] -  2.5 × 10 4 M in phosphorus; [Pt-uracil] = 3.2 x 
10 -4 M; Pt/P = 1.3. Not shown in the figure was a separate 
experiment in which ethidium bromide was added to the 
DNA before reaction with Pt-uracil. Conditions were 
the same except: [ethidium b r o m i d e ] - 6 . 3 ×  10-:'M; 

E B / P -  0.25. Ellipticity was observed at 310 nm. 



Platinum-pyrimidine blue interactions 

m e a s u r e d  wi th  and  wi thou t  P t -u rac i l  at  a P t -u rac i l :  P 
ra t io  of  1 : 1. The  in t r ins ic  v i scos i ty  of  na t ive  D N A  
was  f o u n d  to be  74 dl/g and  d e c r e a s e d  to 45 dl/g in 
the  p r e s e n c e  of  P t -urac i l .  T h e r m a l l y  d e n a t u r e d  
D N A  has  an  in t r ins ic  v i scos i ty  of  4.5 d l / g [ l  1]. 

Because  of  its a r o m a t i c  l igand,  P t -u rac i l  mus t  be 
c o n s i d e r e d  as a c a n d i d a t e  for  in t e rca la t ive  b inding  
to nucle ic  acids.  To  e x a m i n e  this  poss ibi l i ty ,  e th-  
id ium b rom i de  was  added  to D N A  and  the  C D  
o b s e r v e d  at 310 nm.  E th id ium b romide  i tself  has  no  
opt ical  ac t iv i ty  but  acqu i res  severa l  b a n d s ,  inc luding 
one  at  310 nm,  w h e n  b o u n d  to D N A  [12]. The  molar  
el l ipt ici ty at 310 nm,  at  a c o n c e n t r a t i o n  of  one  e th-  
id ium b rom i de  per  four  nuc leo t ide  res idues ,  was  
13,000. Add ing  p l a t i n u m - u r a c i l  to  the  so lu t ion  (2 
PI: I P) resu l t s  in a d e c r e a s e  in el l ipt ici ty to 9500. 

P l a t i num-urac i l  was  also s h o w n  to reac t  with  
R N A .  As ind ica ted  in Fig. 2, a m a r k e d  d e c r e a s e  in 
the  el l ipt ici ty of  t r a n s f e r  R N A  occur s  in the  pres-  
ence  of  p l a t i num-urac i l ,  c lear ly  in the  d i rec t ion  of  

d e n a t u r a t i o n .  
Cis-dichlorodiammine p la t inum (II) has  been  

s h o w n  [13, 14] to  exh ib i t  G-C specif ici ty in its inter-  
ac t ions  wi th  D N A .  In o rde r  to d e t e r m i n e  if 
p l a t i num-u r ac i l  has  any  base  specifici ty in its 
i n t e rac t ions  wi th  nucle ic  ac ids ,  ident ical  CD ex- 
p e r i m e n t s  were  p e r f o r m e d  on a n u m b e r  of syn the t i c  
c o m p o u n d s .  Inc luded  in the  s tudy  were  the  single 
s t r a n d e d  nucle ic  acids ,  poly A, poly U,  poly C and  
poly G. F igure  3 shows  the  resu l t s  wi th  poly A 
(o the r s  not  shown) .  Wi th  poly A, as well  as wi th  the  
o the r  th ree  single s t r a n d e d  po lymers ,  t he re  appea r s  
to  be  a d r a m a t i c  d e c r e a s e  in hel ical  s t ruc tu re .  No  
s ignif icant  d i f fe rences  were  o b s e r v e d  in the  degree  
of  d e c r e a s e d  el l ipt ici ty a m o n g  the  h o m o p o l y m e r s  
used  ind ica t ing  tha t  no  p re fe ren t i a l  i n t e rac t ions  had  
o c c u r r e d  wi th  P t -urac i l .  T w o  d o u b l e - s t r a n d e d  nu- 
cleic acids  were  a lso  inc luded .  Poly I: poly C, s h o w n  

• in Fig. 4, a lso resu l ted  in a d e c r e a s e d  s t ruc tu re ,  
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Fig. 2. Ultraviolet CD spectrum of RNA before (solid 
line) and after (dashed line) reaction with Pt-uracil. 
Conditions were 0.01 M sodium phosphate, pH7.4;  
[tRNAI = 5.5 x 10 -~ M; [Pt-uracil] = 8. I x 10 '~ M; 

Pt/P : 1.5. 
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Fig. 3. Ultraviolet CD spectrum of poly A before (solid 
line) and after (dashed line) reaction with Pt-uracil. Con- 
ditions were: 0.01 M sodium phosphate, pH 7.4; [poly 
A] =7.2 x 10 -'~ M; lPt-uracil] =6.5 x 10 -~ M: P t / P -  0.9. 

a l t hough  not  of  the  s ame  magn i tude  as tha t  o b s e r v e d  
for  the  single s t r anded  po lymers .  Qual i ta t ive ly  simi- 
lar resu l t s  were  ob t a ined  wi th  poly A: poly U (data  
not  shown) .  

P t -u rac i l  has  been  s h o w n  to s tain r i b o s o m e s  
in tense ly  w h e n  e x a m i n e d  by e l ec t ron  mic roscopy .  
Fo r  this  r ea son ,  r i b o s o m e s  were  isola ted and  the i r  
in te rac t ion  wi th  P t -u rac i l  was  s tud ied  by CD. The  
resu l t s  are  g iven  in Fig. 5. The  pos i t ive  CD peak  of  
the  r i b o s o m e s  is pr imar i ly  due  to its R N A  while  the  
nega t ive  peak  is pr imar i ly  due  to the  b a c k b o n e  of  
r ibosomal  p ro te ins [15] .  T h e r e f o r e ,  the  resul t s  sug- 
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Fig. 4. Ultraviolet CD spectrum of poly 1: poly C before 
(solid line) and after (dashed line) reaction with Pt-uracil. 
Conditions were: 0.01 M sodium phosphate, pH 7.4; 
[poly l:poly C] =5.7 x 10 -s M; [Pt-uracil] =8.1 × 10 -~ M; 

Pt/P = 1.4. 
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Fig. 5. UItraviolet C D spectrum of whole ribosomes before 
{solid line) and after (dashed line) reaction with Pt-uracil. 
Conditions were: 0.01 M sodium phosphate, pH7.4: 
Iribosomes[ : 0.064 mg/ml" IPt-uracil] - 8. I x I0-:' M: 
PI/P 0.8 assuming 50 per cent of the ribosomes consist 

of nucleic acid. 

gest  a grea ter  b r eakdown  in the secondary  s t ructure  
of  the protein than of  the RNA.  H o w e v e r  R N A -  
protein in teract ions  exis t ing in r i bosomes  make 
drawing such conc lus ions  difficult. In o rde r  to 
o v e r c o m e  this ambigui ty ,  r ibosomal  R N A  and ribo- 
somal protein were  individually purified, and the 
expe r imen t  was repea ted  separa te ly  on each (data 
not shown).  The r ibosomal  prote in ,  which  has a 
CD minimum at 224 rim, unde rwen t  a 30 per cent  
loss in ellipticity at the same relat ive concen t r a t i ons  
while the r ibosomal  R N A  CD changed  very little. 

To examine  more  closely the reac t ion  of  Pt -uraci l  
with protein ,  the expe r imen t  was  p e r f o r m e d  using 
bovine se rum albumin (Fig. 6). Pt -uraci l  causes  an 
a lmost  comple te  des t ruc t ion  of the prote in  second-  
ary s t ructure .  Changes  in s econda ry  s t ructure  were  
quant i ta ted  by applying the CD data of  Fig. 6 to 
c o m p u t e r  analysis  [16] in o rde r  to de t e rmine  the 
amount  of  helical and f l -s tructure.  The resul ts ,  
shown in Fig. 6, reveal  a reduc t ion  in the c~-helical 
con ten t  f rom 70 to I 0 per  cent  at a pla t inum to amino  
acid res idue ratio of  2:1 {no f l -s t ructure  was  p resen t  
in any of  the spectra) .  No d i f fe rence  in rate could 
be de t ec t ed  by the p resen t  me thod :  the react ion with 
both nucleic acids and prote ins  was  comple t e  in a 
mat te r  of seconds .  

In order  to de t e rmine  the nature  of the chemical  
s t ruc ture  of  the p la t inum-pyr imid ine ,  an analysis  of 
the " C - n . m . r .  of  p la t inum-urac i l  blue was a t t emp-  
ted. This c o m p o u n d ,  h o w e v e r ,  s h o w e d  a complex  
enve lope  of ca rbon  r e sonances  in the C-5 and C-6 
posi t ions  which  were  very  poor ly  reso lved .  More-  
over ,  the carbonyl  r e sonances  were  even  less infor- 
mative.  For  these  reasons ,  p l a n t i n u m - t h y m i n e  blue 
was syn thes i zed  and the methyl  region subsequen t ly  
analyzed using J3C-n.m.r. P l a t i num- thymin e  blue 
was  shown  to have similar react ivi ty  as p l a t i num-  

uracil blue toward  b iomacromolecu les  as s tudied by 
CD. 

Panels A and B of Fig. 7 represen t  the u~CI'H] 
n.m.r ,  spec t ra  of  0.1 M thymine  and P t - t hymine  
blue c o m p o u n d s  in DzO respec t ive ly .  The methyl  
r e sonance  of  0.1 M thymine  is cen te red  at 13.17 
ppm whereas  the P t - t hymine  methyl  region is re- 
solved into a minimum of  two dist inct  r e sonances  
cen te red  at 13.55 and 12.48 ppm, The absence  of  a 
d iscernible  C-6 r e sonance  in the P t - thymine  com- 
plex indicates  that nei ther  of  the two resolved 
methyl  r e sonances  are due to the p resence  of free 
thymine .  This is in accord  with the e lementa l  
analyses  as well as with previous  results  of the 
~H-n.m.r. spec t rum of the methyl  region of PI-  
thymine  which shows  a b roadened  ~H methyl  
r e sonance  relative to that obse rved  for  free thy- 
mine [1 ]. 

I ) I S { ? U . S S I { ) N  

The data p re sen ted  here  are cons is ten t  with u 
nonse lec t ive  react ion of  P t -pyr imid ine  complexes  
with a variety of b iomacromolecu les .  ~:~C-n.m.r. of 
the plat inum complex  itself is cons i s t en t  with the 
p r e s e n c e  of multiple cbemicaJ species .  These  ob- 
serva t ions  conf i rm previous  repor ts  involving the 
he t e rogeneous  nature of p la t inum-pyr imid ine  reac- 
tion p roduc t s  [ 17] 

Pt -pyr imid ine  react ions  with DNA result in a 
partial dena tura t ion  of D N A  as judged by both CD 
and v iscomet r ic  techniques ,  it is clear  that Pt-uraci l  
causes  some  degree  of destabi l izat ion of  DNA but 
general ly not as ex t r eme  as a comple te  helix--~coli  
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Fig. 6. Far u.v. CD spectrum of bovine serum albumin 
(BSA) before (solid line) and after reaction with Pt-uracil. 
Conditions were: 0,01 M sodium phosphate, pH 7.4: 
[BSA] = 2.8 x 10 7 M: [Pt-uracil] = 8.1 x 10 -s M (dashed 
line), and 3.2 x 10 -4 M {dotted line). BSA in the absence 
of Pt-uracil (solid line) was estimated to have 70% c~-helix 
and no fl-pleated sheet. Adding Pt-uracil to a Pt/residue 
ratio of 0.5 (dashed line) and 2.0 (dotted line) resulted in 
a decrease in the c{-helix to 55 and l0 per cent 

respectively. 
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Fig. 7. '3C['H] n.m.r ,  spec t rum of approximate ly  (A) 0 . 1  M thymine  and (B) p la t inum- thymine  
blue in D20. Each spec t rum represents  a 40(~ Hz sweep width,  4096 data  points ,  8 #sec  pulse 
width and a 0.511 sec da ta  acquisi t ion time, Each  spec t rum represen ts  about  2 8 h r  of da ta  
accumula t ion .  The inset of  spec t rum B represents  a 4-fold expans ion  of the methyl  region for 
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t ransi t ion.  The CD resul ts ,  in fact ,  are indicat ive of  
DNA in a premel t  stage. 

Pt-uraci l  was  shown  to interact  with several  types  
of  b iomacromolecu le s  resul t ing in every  case  in a 
destabi l izat ion of  secondary  s t ructure .  L o w e r  Pt/P 
ratios exhibi ted  quali tat ively similar resul ts  but the 
ampl i tudes  were  lower  in magni tude.  

Pt-uraci l  was s h o w n  to r emove  part but not all of 
the e th id ium bromide  bound to calf  t hymus  DNA.  
One explanat ion  for  this, in part ,  is that p l a t inum-  
uracil is also a D N A  intercalat ing agent  and com-  
petes  with e th idium bromide  for  some of  the si tes 
on DNA.  H o w e v e r ,  this is unlikely since an ap- 
preciable pe rcen tage  of  the e th idium bromide  is not 
d isp laced  at high Pt-uraci l  concen t r a t i ons  (unpub- 
lished results).  Base specifici ty cannot  explain the 
resu l t s  s ince,  f rom model  c o m p o u n d  s tudies  pre- 
sen ted  here,  none seems  to exist  for  Pt -uraci l  inter- 
act ions.  An a l ternate  explanat ion  would be that the 
Pt-uraci l  exer t s  its effect  indirectly through confor -  
mational fo rces  in such a way as to dec rease  the 
affinity of  e th idium bromide  for  its D N A  binding 
sites.  This explanat ion  seems  more  plausible in the 
light of the partial dena tur ing  ef fec ts  p re sen ted  here.  

Pt-uraci l  was  found  to be less se lect ive  in its 
react ion with b iomacromolecu le s  than cis-dichloro- 
diammine  plat inum (I1) as it reac ted  ex tens ive ly  
with synthet ic  nucleic acids,  D N A  and protein .  This 
is probably  due to the hydrophob ic  nature of  the 
pyrirnidine ring in the fo rmer .  In addi t ion,  p l a t i num-  
pyr imidine c o m p l e x e s  are thermal ly  unstable  as 
indicated by ul traviolet-visible s p e c t r o p h o t o m e t r y  
(unpubl ished results) .  Such cons ide ra t ions  may pre- 
clude an exact  molecular  unders tand ing  of their  
act ion;  it s eems  unlikely that one can separa te  and 
evaluate  the critical effect  on cellular funct ion  with 
c o m p o u n d s  that  display such a range of  activity and 
molecular  d ispers i ty .  
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