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Also, the wide difference in the slope of the curves of 
mouse satellite D N A  and guinea pig satellite D N A  I indi- 
cates that the latter might contain sequences of D N A  with 
rather different rates of reassociation. The presence of se- 
quences with different rates of reassociation in satellite DNAs 
could be in agreement with the fact that in general a complete 
sequence matching of the complementary strands of sa- 
tellite DNAs is not obtained upon reassociation after dena- 
turation. 
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Interactions of Hormonal Steroids with Nucleic Acids. 
111. Role of Polymer Structure" 

Chev Kidson, Ann Thomas,? and Paul Cohenf 

ABSTRACT: The role of polymer structure in the guanine- 
specific binding of progesterone, testosterone, and estradiol 
under equilibrium conditions has been examined by the use of 
particular nucleic acids. Possible steroid associations with 
chain-terminal guanine residues have been excluded by the 
following observations : binding occurs with- circular, single- 
stranded M I 3  and 4x174 DNAs; binding occurs with dena- 
tured T7 DNA lacking terminal guanine residues ; the numbers 

A number of hormonal steroids bind to ribo- and deoxy- 
ribopolynucleotides under equilibrium conditions in aqueous 
buffer (Cohen and Kidson, 1969a). There is a specific require- 
ment for guanine residues, except in the case of estradiol, 
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of binding sites on sheared and unsheared Pseudomonas 
aeruginosa DNA having a 50-fold difference in average 
chain length are not greatly different; the fluorescence quan- 
tum yield and fluorescence emission spectrum of poly-7- 
methylguanylic acid are unchanged in the presence of es- 
tradiol. 

These data together support the model of steroid asso- 
ciation internally along polynucleotide chains. 

which will also bind to inosine (Cohen and Kidson, 1969b). 
The observation that two functional groups of each steroid 
are necessary for binding to guanine residues in polyguanylic 
acid, the fact that these functional groups can act as proton 
donors or acceptors and the finding that slightly protic sol- 
vents have minimal effects on the binding of the steroids to 
polynucleotides suggest that two hydrogen bonds are formed 
in each case between functional groups of steroid and purine 
(Cohen et al., 1969), although hydrophobic forces are un- 
doubtedly involved in these associations. 

Several attributes of polynucleotide structure essential 
to the binding of steroids have already been ascertained. 
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Binding sites must be single stranded or a t  least partly dis- 
ordered, as in denatured D N A  (Cohen and Kidson, 1969b). 
At the same time, conditions associated with increased base 
stacking (high salt) were found to enhance the binding of 
progesterone and testosterone but not of estradiol (Cohen 
and Kidson, 1969b), experimental observations which were 
found by model building to  be consistent in each case with 
association of steroid with a short nucleotide sequence. 
Binding was eliminated by protonation of guanine residues in 
polyguanylic acid, when partial disruption of helical structure 
occurred (Cohen et al., 1969). The finding that the number 
of steroid binding sites corresponding to  maximum binding 
constants was less than Ijl0,OOO nucleotide residues in poly- 
guanylic acid or in denatured D N A  has been interpreted as 
reflecting the strict polymer conformational requirements 
(Cohen et al., 1969). However, a n  important alternative 
possibility is that these binding sites, corresponding to free 
energy of binding of 7-10 kcal/mole of steroid bound, may 
reflect steroid-guanine associations at the ends of polynucleo- 
tide chains. In  the present studies, the role of polymer struc- 
ture is investigated further, with the conclusions that the 
ends of polynucleotide chains are not necessary for steroid 
binding and that binding to  the ends of chains is indeed 
unlikely. 

Materials and Methods 

Ribopolymers. Poly G was obtained from Miles Labora- 
tories, Inc., and the concentration determined spectrophoto- 
metrically on the basis of emax Y.103 at  252 mp. Poly-7-methyl- 
guanylic acid was prepared by methylation of poly G with 
dimethyl sulfate, by the method of Michelson and Pochon 
(1966). The resulting product showed a 6-mp red shift in 
A,,,, from 252 to 258 mp. 

D N A  was isolated from Escherichia coli and Pseudomonas 
aeruginosa by phenyl methods (Kidson, 1966), using sodium 
triisopropylnaphthalenesulfonate as detergent (Parish and 
Kirby, 1966). Before isolation, E. coli D N A  was generally 
labeled with [ 3H]thymidine (20 Ci/mmole, New England 
Nuclear Corp.), for use as a standard in the exonuclease 
I assay. Bacteriophage T7 was grown according to  Thomas 
and Abelson (1966) and T7 D N A  was isolated from the intact 
phage after banding in CsCI, essentially by the method of 
Davison and Freifelder (1962). Sterile buffers and glassware 
were used at  all times and care was taken to  avoid shearing by 
the use of wide-bore pipets and microsyringes. Bacteriophage 
4x174 was grown according to Sinsheimer (1959a) and DNA 
isolated by the method of Sinsheimer (1959'0). D N A  from 
bacteriophage M13, and previously characterized 3HH-labeled 
circular and 3H-labeled mixed linear and circular DNA 
preparations from bacteriophage 4x174, were the generous 
gifts of Dr.  Regis Kelly. DNA was stored a t  -20" or a t  4" 
in HMPl  buffer containing 0.75 M NaCl. Concentration 
was determined spectrophotometrically on  the native form 
on the basis E:& 200 at  260 mp. 

Denaturation and Shearing (?/ DNA. As indicated, D N A  
was denatured either by heating the H M P  buffer a t  100" for 
10 min, followed by rapid cooling on  ice, o r  by alkali a t  pH 

' H M P  buffer = 0.0025 M NazHPO4-0.005 M NaHzPOI-0.001 M 
NazEDTA (pH 6.8). 

12.8 for 5 min, followed by neutralization with HCI. Native 
Ps. ueruginosa D N A  was sheared where indicated, before 
denaturation, by sonication for 2 min with a Branson Sonifier 
a t  setting 3. 

Seciirnentution of DNA. s : ) " , ~  values were obtained with 
5--20 p g  of DNA in HMP-0.75 hi NaCI, using the Spinco 
Model E analytical ultracentrifuge fitted with ultraviolet 
optics. The homogeneity of size of denatured T7 D N A  was 
assessed by analytical iiltracentrifilgation at  pH 12.8 and by 
centrifugation in i~ linear, 5-25 sucrose densitj gradient. 
pH 12.8, in a Spinco Model 1-2 preparative ultracentrifuge. 
The circularity of M I 3  and 4x174 DNAs was assessed before 
and after incubation with exonuclease I, using the above- 
mentioned "-labeled 4x174 DNAs as  markers. Exonuclease 
I was the gift of Dr.  I. R. Lehman; incubation was carried 
out according to Ixhman (1963), and the mixture extracted 
was phenol o r  CHCI? before centrifugation to remove enzyme 
protein. Certain controls were treated with pancreatic deoxj- 
ribonuclease (electrophoretically purified, Worthington) a s  
indicated. 

Rudiocheniicuis. The following radioactive steroids of high 
specific activity were obtained from the New England Nuclear 
Corp. : [ I  ,2- 3H]testosterone (50 Ci/mmole), [6,7-3HH]estradiol- 
178 (50 Ci/mmole), [l  ,2-3H]progesterone (50 Ci/mmole). 
Radiochemical purity was checked by thin-layer chromatog- 
raphy in hexane--ethyl acetateemethanol (9 :9 :2, viv). Radio-. 
activity was assessed using a Packard radiochromatogram 
scanner. 

Spectroscopj,. Ultraviolet spectra were measured with a 
Zeiss PMQ I1 or a Carey Model 14 spectrophotometer. 
Optical rotatory dispersion spectra were recorded with a 
JASCO spectropolarimeter (ORD-UV5 Model) using a cell 
of I-cm path length. Fluorescence spectra and relative 
fluorescence measurements were recorded with a n  Aminco- 
Bowman spectrofluorometer. 

Mensurenieni o/' Binding Parunieters. Except of fluorescence 
measurements, binding data were obtained by equilibrium 
dialysis, as described previouslj (Cohen and Kidson, 1969b). 
using polymethylmethacrylate cells of 100 or 500 p1 each 
side, separated by pretreated Visking dialysis tubing. Binding 
data have been expressed in terms of nK (M-') (Cohen and 
Kidson, 1969b) or have been treated by the method of 
Scatchard (1949) (Cohen et ul.? 1969). 

Results and Discussion 

Binding qf Steroids to Circular Single-Stranded DNA. The 
most straightforward test of the possibility that the ends of 
polynucleotide chains are necessary for binding steroids is 
the use of circular DNA. Since steroids require single-stranded 
regions of D N A  for binding, DNA in the form of single- 
stranded circles was chosen, namely, from coliphages M13 
and 4x174. 

BINDING TO MZ3 DNA. The circularity of M I 3  DNA was 
assessed as follows. Centrifugation in a linear alkaline CsCl 
gradient gave a single peak which sedimented just ahead of a 
3HH-labeled circular 4x1'74 DNA marker in a parallel gradient 
(Figure 1). After incubation with exonuclease I, MI3 D N A  
sedimented in the same position, whereas after incubation 
with pancreatic DNAse there was a marked change in sedimen- 
tation properties (Figure I). Exonuclease I degrades single- 
stranded D N A  from a free 3'-OH end (Lehman, 1960); 
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FIGURE 1 : Determination of circularity of M13 DNA. Sedimentation 
on preformed CsCl density gradients, p 1.20-1.35, pH 12.8, at 15"  at 
46,000 rpm in the Spinco SW50 rotor for 80 min. Absorbancy was 
read at 260 mp; radioactive fractions were precipitated with 5 %  
trichloroacetic acid, collected on Millipore filters, and counted by 
liquid scintillation spectrometry. (a) (-0-) Circular and (-A-) 
mixed linear and circular 3H-labeled @X174 DNA markers, (b) 
M13 DNA; (c) M13 DNA incubated with 4 units of exonuclease I 
at 37" for 30 min, followed by extraction with phenol, then ether to 
remove enzyme; (d) MI3 DNA incubated with pancreatic DNase 
(0.1 pg/ml) for 3 min at 20", followed by extraction with phenol, 
then ether; and (e) M13 DNA recovered from equilibrium dialysis 
experiment. 

assay of the preparation used in these experiments with 
radiolabeled, native and denatured E .  coli D N A  showed the 
enzyme to be essentially free of endonuclease activity. Resis- 
tance of MI3  D N A  to exonuclease I may, therefore, be 
taken as  a n  indication of circularity. Equilibrium dialysis 
with progesterone, testosterone, and estradiol showed that 
all three steroids bind to  the circular, single-stranded D N A  
(Table I). Gradient sedimentation of MI3 D N A  recovered 
from the cells after dialysis showed that circularity was not 
lost during the experiment (Figure 1). 

BINDING TO 4x174 DNA. Linear, alkaline CsCl gradient 
sedimentation of 4x174 D N A  showed the presence mainly 
of circular, but also of some linear forms (Figure 2a), the 
latter being lost following incubation with exonuclease I 
(Figure 2b). Equilibrium dialysis showed binding of all three 
steroids to  occur to  D N A  both before and after treatment 
with exonuclease I (Table I), with little difference in the 
respective comparative nK values for each steroid. High salt 
increased the nK values (Table I), as reported previously with 
linear D N A  (Cohen and Kidson, 1969b). 

Together these data indicate that binding of steroids can 
occur in the absence of D N A  chain ends, implying that the 
latter are not essential for these associations, 

Binding of Steroids to Linear DNA Lacking Terminal 
Guanine Residues. The binding of steroids to  deoxypolynu- 

1 0 2 0 3 0 4 0  
FRACTION NUMBER 

FIGURE 2: Determination of circularity of 4x174 DNA. Sedimenta- 
tion as in legend to Figure 1. (a) (-0-) Circular and (-A-) 
mixed circular and linear, 3H-labeled $XI74 DNA markers; (b) 
6x174 DNA; (c) 6x174 incubated with 4 units of exonuclease I at 
37" for 30 min, followed by extraction with phenol, then ether; and 
(d) 4x174 DNA, pretreated with exonuclease I, recovered from 
equilibrium dialysis experiment. 

cleotides requires guanine residues (Cohen and Kidson, 
1969b). The 5'-terminal residues of T, D N A  are dA and T,  
respectively, the corresponding complementary 3 '-terminal 
residues must, therefore, be T and dA (Richardson, 1966). 
Denatured T7 D N A  is thus a suitable model with which to  
examine binding to  linear D N A  molecules lacking terminal 
guanine residues, provided the strands are essentially intact. 
The native T7 D N A  isolated in the present experiments was 
found by analytical centrifugation to  be homogeneous 
(Figure 3a) and to have a n  s&,, = 34.3 S. Analytical centrifu- 
gation in a1k:tli gave evidence of some heterogeneity of size 
of single strands (Figure 3b) but >SO% sedimented homo- 

TABLE I :  Relative Affinities of Steroids for Circular Single- 
Stranded MI3  D N A  and 4x1 74 DNA. 

nK (M-~) 

4 XI 74 D N A  

After Ex- 
onuclease I 

Steroid (HMP) (HMP) NaC1) 0.5 M NaC1) 

Before Exonuclease I 

MI3  D N A  (HMP-0.5 M (HMP- 

Progesterone 168 240 502 45 5 
Testosterone 87 89 174 180 
Estradiol 102 104 125 110 
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FIGURE 3: Analytical centrifugation of T,  DNA. (a) Photometric 
trace of ultraviolet absorption photograph of sedimenting T7 DNA 
(14 &ml) in HMP-0.75 M NaCl (pH 6.8), 24 min after reaching 
34,250 rpm; (b) photometric trace of ultraviolet absorption photo- 
graph of sedimenting Ti DNA (15 pg/ml) in HMP-0.75 M NaCl 
(pH 12.8) 32 min after reaching 34,250 rpm; and (c) sedimentation 
of Ti DNA in a 5-20z sucrose gradient (pH 12.8) containing 1 M 
NaCI, at 4" at 45,000 rpm for 3 hr in a Spinco SW50 rotor. 

geneously with a n  = 40.0 S. Sedimentation in a linear, 
alkaline sucrose gradient showed a pattern consistent with 
homogeneity of size of the strands (Figure 3c). These proper- 
ties are in agreement with the observations of Davison et af. 
(1964) and of Studier (1965) that a high proportion of the in- 
dividual strands of the duplex molecules are free of interrup- 
tions. 

Equilibrium dialysis of denatured Ti DNA showed binding 
with progesterone, testosterone, and estradiol (Table II), 
suggesting that terminal guanine residues are not essential 
for binding of steroids to  linear denatured DNA. Analysis 
of the binding isotherm for testosterone with denatured Ti 
DNA (Figure 4) showed a biphasic curve similar to  those 
reported previously (Cohen et a/., 1969), suggesting that 
binding of the steroid in  this case is not dissimilar in principle 
to that where D N A  strand breaks may be presumed to be 
essentially random (with a proportion of terminal guanine 
residues). A simplified resolution of the binding isotherm 
into two components gave numbers of binding sites (Table 111) 
which would correspond, respectively, to  one or two sites 

I \ 

I 
I ---J 
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FIGURE 4: Scatchard plot of testosterone binding to denatured T; 
DNA in HMP buffer. Equilibrium dialysis at 4" for 48 hr. 

TABLE 11: Relative Affinity of Steroids for Denatured T7 D N A  
in H M P  Buffer. 

Steroid n K ( M- I) 

Progesterone 
Testosterone 
Estradiol 

112 
65 
44 

( n l )  and 10-20 sites (n2) per T7 D N A  molecule. Even the 
number ( n l )  corresponding to  the higher binding constant, 
K I ,  is greater than could be expected if a high proportion of 
the few nicks (Figure 3b) present had guanine termini which 
bound steroid, The magnitude of the higher number, n2, 
corresponding to the lesser binding constant, K2, certainly 
indicated the presence of steroid binding sites situated 
internally in 7; DNA chains. Binding of steroid to  guanine 
residues near chain termini cannot be excluded, however, 
since subterminal guanine residues exist in Ti D N A  (Weiss 
and Richardson, 1967). 

Binding of Steroids to Po/)~-7-methylguanylic Acid. The 
binding of steroids to circular single-stranded D N A  means 
that ends of polynucleotide chains are not essential for these 
associations. The binding of steroids to linear single-stranded 
DNA lacking guanine termini implies that the latter are not 
essential for associations with noncircular DNA. However, 
it is still possible that terminal guanine residues, when they 
occur, may form preferred binding sites, e .g . ,  in poly G. 
When the guanine residues in poly G are methylated at  
position 7, the polymer can fluoresce; the quantum yield is 
less than that of the monomer (Pochon et a/., 1968; Leng 
et a/., 1968), suggesting that emission occurs a t  the ends of 
chains. It should be possible, then, to detect a change in 
quantum yield, or (in the case of estradiol which can fluoresce 
under certain conditions) a shift in A,,, of the emitted fluores- 
cence if  steroids bind to the ends of poly-7-methyl G chains. 
Equilibrium dialysis showed that only estradiol binds to  the 
methylated polymer (Table IV). The fluorescence absorption 
and emission spectra were identical with those reported by 
Pochon et ai. (1968) and were unchanged in the presence of 
up to lo-" hi estradiol, indicating that end binding of the 
steroid is unlikely. If it does occur, any quenching of fluores- 
cence by the steroid or energy transfer to  the steroid are not 
measurable by this method. 

The lack of binding of progesterone and testosterone t o  

TABLE 111: Binding Constantsa and Numbers of Binding 
Sites. Derived from Binding Isotherm in Figure 4. 

__ - ___ __._ ____. 

111 2 x 10-5 
KI 6 . 0  x 106 (td-1) 

2 x 10-4 
3 6 X lo5 (Mu') 

112 
K 2  

5 These values are derived from a simplified resolution 
of the binding isotherm into two main components. 
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TABLE iv : Binding of Steroids to Poly G and Poly-7-methyl G 
in H M P  Buffer. 

nK (h4-l) 

Poly- 
Steroid Poly G 7-methyl G 

Progesterone 1100 0 
Testosterone 221 0 
Estradiol 280 82 

methylated poly G is of interest in itself. A positive charge 
is introduced by methylation at  N-7; the only change in 
optical rotatory dispersion, due to introduction of the methyl 
group, observed in the present studies was a negative rotation 
of the Cotton peak at  228 mp. It is possible that relatively 
small changes in stacking of guanine residues in poly-7- 
methyl G are sufficient to exclude binding of testosterone and 
progesterone but that the altered polymer structure to  some 
extent still meets the less stringent requirements for estradiol 
binding. However, the altered purine electronic structure, 
per se, may be responsible in part for the altered binding 
properties. 

Effects of DNA Secondary Structure on Binding ofsteroids. 
Although binding of steroids to  the ends of polynucleotide 
chains is now seen to be unlikely, there remains the perplexing 
observation that the number of steroid binding sites, on 
polynucleotides, corresponding to  maximum binding con- 
stants is less than ljl0,OOO nucleotide residues (Cohen et al., 
1969). In a n  attempt to interpret these observations, studies 
were carried out with Ps. aeruginosa D N A  of varying size, 
denatured under differing conditions. In a series of initial 
experiments using different Ps. aeruginosa D N A  preparations, 
considerable variation was observed in nK values for a given 
steroid binding to heat-denatured D N A ;  this was also true 
for a given steroid with aliquots of a single preparation of 
D N A  denatured separately on different occasions. Ps. 
aeruginosa D N A  has a high G + C content ( 6 7 x )  and these 
variable nK values undoubtedly reflect the variable extent of 
denaturation and renaturation, as evidenced by somewhat 
variable values for residual hyperchromicity after heating 
and rapid cooling. More reproducible data were obtained with 
alkali-denatured DNA : the results of a comparative experi- 
ment are shown in Table V. In  general, nK values were found 
to  be higher with alkali-denatured than with heat-denatured 
DNA. Shearing of the DNA by sonication increased the nK 
values in both cases, which could reflect either preferential 
binding to  ends of chains or more complete denaturation 
of the shorter molecules. Binding isotherms with testosterone, 
for example, were similar for sheared and unsheared, alkali- 
denatured D N A  (Figure 5), the number of binding sites 
corresponding to the maximal binding constant being of the 
order of 10-j. The number of binding sites corresponding 
to the lesser slope of the binding isotherm was at  least two 
orders of magnitude greater; saturation of these binding 
sites would occur only near the solubility limits of the steroid 
in aqueous buffer. 
These observations on  the binding of steroids to Ps. aerugi- 

FIGURE 5 : Scatchard plots of testosterone binding to alkali-denatured' 
sheared (--O-), and unsheared (-@--) Ps. aeruginosa DNA in 
HMP buffer. Equilibrium dialysis at 4" for 48 hr. 

nosa D N A  suggest that the extent of binding is dependent on 
the extent of denaturation, i .e. ,  optimal binding sites can be 
limited in number. At the same time, where denaturation 
was the more satisfactory (alkali-denatured DNA), a 50-fold 
reduction in size of D N A  did not greatly alter the binding 
properties of the polymer as judged from the binding iso- 
therms, despite some differences in nK values a t  a single 
steroid concentration. Since a 50-fold increase in the number 
of the chain ends occurred in  this case, these data further 
indicate that end binding of the steroids is unlikely. 

General Comment 

On the basis of these and previous experiments, it is 
possible to  draw a number of conclusions about the role of 
polymer structure in associations of steroids with polynucleo- 
tides. First, there is a requirement for single-stranded regions 
(Cohen and Kidson, 1969b) in both rib0 and deoxyribo 
series. These regions may be located either on  linear or  on 

TABLE v :  Relation of Ps. aeruginosa DNAa Structure to  
Steroid Binding in H M P  Buffer. 

nK (M-') 

Heat-Denatured Alkali-Denatured 
D N A  D N A  

Un- Un- 
Steroid sheared Sheared sheared Sheared 

Testosterone 28 58 149 203 
Progesterone 67 145 305 41 6 

~ 

5 A single batch of native D N A  in H M P  buffer was sheared 
by sonication, then half of the batch of sheared D N A  was 
denatured by heat, the other half by alkali. Sedimentation 
constants were determined in the analytical ultracentrifuge 
on the native D N A  before and after shearing. For unsheared 
DNA, s&w = 28.6 S (18 X lo6 mol wt) and for sheared DNA, 

= 7.1 S (3.2 X lo5 mol wt). 
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circular molecules in the case of D N A :  in both instances, 
the influence of ionic strength suggests that base stacking is 
important for interactions with progesterone and testosterone 
but less so for interactions with estradiol. Similarly, with 
poly G ,  the extent of base stacking is important, as evidenced 
by the effects of protonation (Cohen et a/., 1969) or methyla- 
tion of guanine residues a t  N-7 (Table V), although here the 
effects due to altered electronic structure of the purine may 
also play a role. The observations that increased stacking is 
favorable to  the binding of progesterone and testosterone 
but less so to the binding of estradiol is compatible with 
association between each steroid and a short nucleotide 
sequence as demonstrated by model building (Cohen et ul., 
1969). The idea that steroid associations are likely to  occur 
along polynucleotide chains is supported by the present 
data excluding end binding: binding to  circular DNA,  
binding to T7 D N A  which lacks terminal guanine residues, 
the similarity of binding to  sheared and unsheared Ps. aerugi- 
nosa DNA, the absence of evidence of altered fluorescence 
of poly-7-methyl G in the presence of estradiol. In retrospect, 
additional support for this conclusion can be drawn from 
certain of the previous data: the absence of steroid binding 
to native DNA,  which should contain a proportion of ter- 
minal guanine residues; the absence of binding to native 
poly d G  :dC, which does contain terminal guanine residues; 
the absence of binding to  poly (C,G), which should contain 
some available guanine termini, even though others may be 
masked by excess cytosine residues. In  addition, the virtual 
absence of binding of desoxy derivatives of the three steroids 
(Cohen et a/., 1969) would be surprising if end binding due 
to hydrophobic interactions were the rule, since these deriva- 
tives are more hydrophobic than the parent steroids. Finally, 
except in the case of ring A of estradiol the nonplanar steroid 
structures do not favor associations with the planar surface 
of a terminal guanine residue. One alternative to binding of 
the steroid along a nucleotide sequence which is not excluded 
by the data is association with a G :G pair. However, it is not 
clear from model building how this could occur. 

There remains the important question of the low number 
of optimal binding sites. The free energy of binding at  these 
sites is of the order of 7-10 kcal/mole of steroid bound (Cohen 
et a/ . ,  1969), which is rather high for two hydrogen bonds in 
water. It is conceivable, then, that optimal binding sites in 
single-stranded polynucleotides are provided by relatively 
hydrophobic, coiled regions where there is partial exclusion of 
water. Sites where the free energy of binding is less thus 
might reflect less protected regions of the polynucleotide 
where water molecules compete more favorably in the forma- 
tion of hydrogen bonds with functional groups of both 
steroid and purine. It is possible, of coiirse, that high energy 
binding sites reflect steroid associations with a contaminant 
such as protein, even though the protein content of the DNA 
and polynucleotide preparations used were below the level 
of detection. However, the homopolymer and copolymer 
specificity, and the absence of binding to native DNA (Cohen 
and Kidson, 1969b) make this unlikely. Binding to a n  unusual 
base in DNA or even in poly G or  poly I cannot be excluded. 

In a homspolymer such as poly G, the great majority of 
guanine residues are involved in hydrogen-bonded, multi- 
strand structures (Pochon and Michelson, 1965), so that the 
low number of binding sites might largely reflect the availa- 

bility of suitable single-stranded regions. In denatured DNA 
the occurrence of a certain amount of random base pairing 
will tend to restrict the number of binding sites available: 
The present data do indeed indicate that the number of 
optimal binding sites depends on the extent of denaturation 
(Table V). However, it is important to note that a much greater 
number of suboptimal binding sites exists (Figure 5 )  and it 
is possible that for a given steroid all binding sites are chem- 
ically identical but that the free energy of binding varies with 
the extent of exposure to water of different regions of the 
polymer. This certainly should be true in the coiled structures 
assumed by denatured DNA. Binding does not occur to 
random guanine residues and there is good reason to believe 
that a pentanucleotide of restricted sequence may be necessbry 
to define a steroid binding site (Kidson e f  ul., 1970). Such 
requirements would further restrict the expected number of 
binding sites on a given polynucleotide. These conclusions 
can be tested by analysis of steroid binding to oligonucleo- 
tides or to particular regions of nucleic acids which are 
known to be more exposed to water. 
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