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The long-wavelength positive CD bands of poly[d(A) • d(T)] and poly[d(A-T)-d(A-T)] be­
come inverted upon the addition of Hg(C104)2. Poly[d(A)-d(T)] requires higher levels of mer­
cury to undergo inversion than poly[d(A-T)-d(A-T)]\ Mercurated poly[d(A) d(T)] is digested 
more rapidly than the control by DNase I or staphylococcal nuclease at low levels of 
Hg(C104)2. Let r =  [Hg(C104)2]added/[DNA-P]. A 4- to 5-fold rate increase occurs with DNase I 
at r = 0.25; a 2-fold increase with staphylococcal nuclease at r = 0.2. By contrast, digestion of 
poly[d(A-T) d(A-T)] decreases immediately with increasing r. The noted rate increases appear 
to be due to a modification of poly[d(A)-d(T)] helix structure prior to the chiroptical conver­
sion. The modification is interpreted as a widening of the minor groove, permitting, thus, a 
better binding of DNase I to its substrate. The overall changes in CD as well as enzymatic 
digestion rates are taken to signal mercury-induced alterations in helix screwness from right- 
to-left. They are totally reversible subsequent to the removal o f mercury.

Introduction

As shown in previous com m unications [1 -4 ], 
Hg(C104)2 (denoted Hg(II)) induces conform a­
tional alterations in B-form nucleic acids tha t, on 
the basis o f the accom panying changes in their cir­
cular dichroism  (CD), support the notion  o f tra n ­
sitions taking place from  the right-handed form  to 
one with a left-handed screw sense. The chiroptical 
changes were observed with calf thym us D N A  [1, 
3] as well as with the synthetic nucleic acids 
poly[d(A-T) • d(A-T)], poly[d(G-C) • d(G-C)] [2], 
and poly[d(T-G) d(C-A)] [4], It was further found 
that the reversible inversion o f the long-wave­
length C otton  band of m ercurated calf thym us 
D N A  (maximum at 273 nm) from  positive to neg­
ative chirality is accom panied by an equally revers­
ible decrease in the rate o f digestion o f the D N A  
by staphylococcal nuclease [3], The enzyme is 
known not to digest left-handed D N A  [5].

In this com m unication, we report on the differ­
ential effect o f Hg(II) on the conform ation of 
poly[d(A-T) • d(A-T)] and poly[d(A) • d(T)] as m on­
itored via circular dichroism m easurem ents and
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enzym atic digestion studies, employing the two 
endonucleases D N ase I and staphylococcal nu ­
clease. D N ase I was additionally selected since it, 
too, does not digest left-handed D N A  [5].

Materials and Methods
Poly[d(A)-d(T)], poly[d(A-T)-d(A-T)], and 

D N ase I (bovine pancreas, EC 3.1.21.1, lot 
70 H 9605, activity 2000 units/mg o f protein) were 
purchased from Sigma. Staphylococcal nuclease, 
Foggi strain  (EC 3.1.31.1, lot 4798), was a product 
o f W orthington. Its activity was 17,278 units/m g 
o f protein. Inform ation regarding the commercial 
suppliers as well as analytical properties o f the 
other chemicals used in this work can be found 
elsewhere [1-4],

C ircular dichroism  measurements were per­
form ed at 25 °C as described [1-4], The polymers, 
dissolved in 0.1 m N aC 104, 5 mM cacodylic acid 
buffer, pH  6.9, were at a final concentration near 
0.84 ,4260-units (about 42 (ig/ml). Polymer concen­
trations were evaluated by using the m olar absorp- 
tivities o f 6000 and 6650 (l/mol(P)/cm) at 260 nm 
for poly[d(A) • d(T)] [6] and poly[d(A-T) • d(A-T)] 
[7], respectively. In the case o f poly[d(A-T)- 
d(A-T)], Hg(C104)2 was always added to a fresh 
sample; this kept volume dilution well below 1% 
and volum e corrections were not necessary. To
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save m aterial, poly[d(A) • d(T)] was titra ted  with 
H g(C104)2. The volume dilution, am ounting m axi­
mally to  3.2% , was taken into consideration when 
calculating m olar circular dichroism Ae =  e L -  
e R. e L and e R are, as usual, the m olar absorp- 
tivities o f left-handed and right-handed circularly 
polarized light. H g(II) levels are given as r  =  
([Hg(C104)2]added/[DNA-P]). The brackets repre­
sent m olar concentrations.

The m ethodology o f the enzymatic digestion ex­
perim ents has been described in detail elsewhere 
[3], D N ase I hydrolysis rates were determ ined in 
0.1 m N aC 104, 5 mM cacodylic acid buffer, pH  6.9 
(37 °C); staphylococcal nuclease rates were m eas­
ured in 0.1m  N aC104, 5 mM boric acid buffer, 
pH  8.9 (37 °C). Final com ponent concentrations in 
the salt solvents am ounted to: polymers, 50 (ig/ml; 
D N ase I, 100 units/ml w ith poly[d(A) • d(T)] and 
10 units/m l with poly[d(A-T) • d(A-T)] (in presence 
o f 4.2 mM M g(C104)2); staphylococcal nuclease, 
1 -2  units/m l for either polym er (in presence of 
2 mM Ca(C104)2). A bsolute rates o f enzym atic 
digestion (R lr = 0)) are given in terms o f A 260 units o f 
released oligonucleotides m in-1 u n it-1 o f enzyme. 
They were found to be as follows (rates o f the con­
trol r = 0): staphylococcal nuclease 
(poly[d(A )• d(T)], R(r=0)- 104 = 270.3; 
poly[d(A-T) • d(A-T)], R (r=0)- 104 = 559.8);
D N ase I (poly[d(A )d(T )], R (r = 0)- \0 4 = 0.63; 
poly[d(A -T )• d(A-T)], R (r = 0)- 104 = 23.8). Relative 
digestion rates are given by Rrel =  R (r>0)/R (r = 0).

Results
Circular dichroism measurements

The CD  spectra of the Hg(II) complexes o f the 
two synthetic nucleic acids are displayed in Fig. 1 
(poly[d(A) • d(T)] and 2 (poly[d(A-T) • d(A-T)]). A l­
though o f identical chemical overall com position, 
the polynucleotides differ in base sequence and, 
hence, also in their stacking interactions. Conse­
quently, their spectra bear no resemblance to one 
another. The spectrum o f untreated 
poly[d(A) • d(T)] (r = 0) consists o f three positive 
and three negative C o tton  effects in the wave­
length range 360-200  nm: going in the direction o f 
shorter wavelengths, the m axim a o f the three posi­
tive bands are located at 281 ( A e max =  +1.925), 
258 ( A e max =  +3.377), and 216 nm ( A e max =  
+ 9.388). The three negative bands are a t 267

Wavelength [nm]
Fig. 1. Circular dichroism spectra of poly[d(A) d(T)] in 
presence of Hg(C104)2 in 0.1 m  NaC104, 5 mM cacodylic 
acid buffer, pH 6.9. The numbers with the curves are 
/-values whereby r =  [Hg(C104)2]added/[DNA-P]. The 
brackets refer to molar concentration. To avoid over­
crowding of the figure, not all r-values are shown. How­
ever, their progression (sequence: 0; 0.01; 0.03; 0.05; 
0.07; 0.09; 0.12; 0.15; 0.20; 0.30; 0.40; 0.50) becomes ob­
vious when perusing the changes of the 258 nm band. 
Spectra were recorded at 25 °C in a 1 cm pathlength cu­
vette. All spectra are solvent as well as cuvette corrected. 
For further details, consult text.

Wavelength [nm]
Fig. 2. Circular dichroism spectra of poly[d(A-T)- 
d(A-T)] in presence of Hg(C104)2 in 0.1 m  NaC104, 5 mM  
cacodylic acid buffer, pH 6.9. The numbers with the 
curves are r-values. For further information, consult the 
legend of Fig. 1 as well as text.



490 S. R. Ok and D. W. Gruenwedel • Effect of Hg(II) on [d(A)n-d(T)J and [d(A-T)n • d(A-T)n] Sequences

(A emax = -0 .933), 247 (A emax = -11 .390), and 
205 nm (A emax = -4 .247). Positive and negative 
bands are separated from  one ano ther by cross­
over points at 273, 264, 254, 234, 209, and 200 nm.

A brief report on the m ercury-induced CD 
changes of poly[d(A -T )d(A -T )] has already ap ­
peared [2]. The polym er was reinvestigated, how ­
ever, so as to have a com m on basis with the 
poly[d(A) • d(T)] data. The CD spectrum  o f un ­
treated poly[d(A-T) • d(A-T)] (r = 0) is som ew hat 
m ore complex than tha t o f poly[d(A)-d(T)]: at 
first glance, there are only two positive and one 
negative C otton  effects: a m ajor positive band at
261 nm (A emax = +4.501) and a m inor positive 
band at 224 nm (A emax = +2.436). The negative 
band has its extreme value at 246 nm  (A emax = 
-6 .346). It will be noted, however, th a t the 261 nm 
band has a shoulder a t 277 nm  (A emax = +2.309) 
and that there is a “trough” at 217 nm  in the re­
gion of positive chirality. Lastly, the shoulder 
stretching tow ards 200 nm  belongs to  a  strong 
positive band at 194 nm  with A e max = +15.010 
(not shown). Positive and negative bands are sep­
arated  by the cross-over points a t 253 and 233 nm.

Fig. 1 and 2 also show that each polynucleotide 
responds differently to Hg(II). Since m ercury lev­
els were raised in each case in the sequence r = 0; 
0.01; 0.03; 0.05; 0.07; 0.09; 0.12; 0.15; 0.20; 0.30;
0.40; 0.50, the spectra can be com pared with one 
another. H igher r-levels (e.g., r = 0.75, 1.00, and 
2.00) have been om itted from the figures because 
neither D N ase I nor staphylococcal nuclease d i­
gest the associated complexes (vide infra). Also, 
the corresponding CD  spectra do no t differ m uch 
from  the r = 0.5 spectra.

Both poly[d(A) • d(T)] and poly[d(A-T) • d(A-T)] 
see their long-wavelength positive CD  bands u lti­
mately converted to bands of large negative chiral­
ity. However, higher levels o f H g(II) are needed 
with the form er than  with the latter to  bring about 
inversion. Thus, the 281 and 258 nm  bands o f 
poly[d(A) • d(T)] are “pushed” below the zero CD 
line at r >  0.12 and loose their “positive” appear­
ance at r >  0.30 while with poly[d(A-T) • d(A-T)] 
equivalent shifts occur a t r >  0.05 and r >  0.15, re­
spectively (261 nm band and 277 nm  shoulder). 
Perusal o f Fig. 1 reveals tha t the following iso- 
dichroic points are generated during the addition 
of Hg(II): two come into being at 240 and  250 nm 
from  r = 0 to r = 0.12 and a third exists in the

range 0 <  r <  0.5 at 295 nm; the two isodichroic 
points at 240 and 250 nm vanish at r >  0.12 and 
are replaced by a point at 245 nm in the range
0.3 <  r <  0.5. F o r poly[d(A-T) • d(A-T)] (Fig. 2), 
the following relations hold: isodichroic points ex­
ist a t 294 and 220 nm  up to r <  0.3; they disappear 
thereafter and three new ones form  at 275, 225, 
and  215 in the range 0.3 <  r <  0.5. The fact tha t 
bo th  poly[d(A) • d(T)] and poly[d(A-T) • d(A-T)] 
possess m ore than  one set o f isodichroic points 
when titrated  w ith Hg(II) shows that there are 
m inim ally two equilibria operative: (1) right-hand­
ed <-»• modified right-handed and (2) modified 
right-handed <-* left-handed. A dditional points o f 
interest are the following: (1) poly[d(A) • d(T)], at 
r = 0.5, develops a positive band at 308 nm with 
A e max = +3.135 and a shoulder at 317 nm  with 
A emax = +2.651, while poly[d(A-T) -d(A-T)], at 
the same r-level, does not. In fact, the spectrum  of 
the latter enters here a region o f negative chirality;
(2) the negative C D  signals o f poly[d(A) • d(T)] in­
crease in strength from, say, A e205 ~  -4 .1  (r = 0) 
to A e 205 ~  -8 .3  (r = 0.3), while the signals o f 
poly[d(A -T )• d(A-T)] progress from  A e205 ~  +5.7 
(r = 0) to A e205~  -10 .8  (r = 0.3), i.e., undergo inver­
sion. C uriously enough, mercury, at r = 0.5, tends 
to  shift the signals back to m ore “positive” values: 
thus, A e205 ~  -3 .2  with poly[d(A )• d(T)] and 
A e 205 ~  -7 .5  in the case o f poly[d(A -T)• d(A-T)];
(3) the negative 247 nm  band o f poly[d(A) • d(T)] is 
quite invariant with Hg(II) in the range 0 <  r <  0.2 
(although it merges at r >  0.3 with the inverted 
258 nm signal), while the negative 246 nm CD sig­
nal o f poly[d(A-T) • d(A-T)] deepens and is increas­
ingly red-shifted w ith increasing m ercury levels.

Finally, all C D  changes are completely reversi­
ble upon  the rem oval o f H g(II) from  the polymers. 
This can be done by adding N aC N  (up to a 10-fold 
m olar excess) o r K I (up to a 4-fold m olar excess; 
higher K I levels tend to distort the spectra at low 
wavelengths). The CD  reversibility dem onstrates 
th a t Hg(II), upon  binding to D N A , keeps all bases 
in register. This, incidentally, holds whether the 
D N A  is a mixed sequence polym er (e.g., calf 
thym us D N A ) or consists o f non-random , regular 
sequences (e.g., the substances used here).

Enzymatic studies

In Fig. 3 is shown the variation of the relative 
rates o f digestion (Rrei) o f poly[d(A)-d(T)] and



S. R. Ok and D. W. Gruenwedel • Effect of Hg(II) on [d(A)n d(T)n] and [d(A-T)n • d(A-T)J Sequences 491

r - V a l u e s

Fig. 3. Relative rates of endonucleolytic digestion 
of poly[d(A) d(T)] (open symbols, [A]/[T]) and 
poly[d(A-T)d(A-T)] (closed symbols, [AT]/[AT]) by 
staphylococcal nuclease (triangles) or DNase I (circles) 
as a function of Hg(C104)2 concentration (r-values). 
Rate o f the control = 1. Staphylococcal nuclease hydro­
lysis rates were determined at 37 °C in 0.1 M NaC104, 
5 mM  boric acid buffer, pH 8.9; DNase I hydrolysis rates 
at 37 °C in 0.1 m  NaC104, 5 mM cacodylic acid buffer, 
pH 6.9. Please note that the rates along the rate axis are 
not uniform. For further details, consult text.

poly[d(A-T) • d(A-T)] by D N ase I or staphylococ­
cal nuclease as a function o f mercury concentra­
tion. B oth staphylococcal nuclease and D N ase I 
cease hydrolyzing poly[d(A-T) • d(A-T)] at or near 
r = 0.2; the corresponding situation exists with 
poly[d(A) • d(T)] a t r = 0.35 and r = 0.5, respective­
ly. In no instance was there enzymatic activity at 
r >  0.5. It is o f interest to note that the rate o f 
digestion o f poly[d(A) • d(T)] by staphylococcal 
nuclease increases w ith increasing m ercury con­
cen tration  in the range 0 <  r <  0.25, reaching a 
m axim um  at r = 0.2, and tha t an even m ore form i­
dable increase in endonucleolysis is observed with 
D N ase I in the range 0 <  r <  0.35. A m axim um  
exists here at r = 0.25. By contrast, no such rate 
increases are found with poly[d(A-T)-d(A-T)]: 
D N ase I ’s rate o f digestion declines immediately 
upon the addition o f H g(II) while the digestion by 
staphylococcal nuclease remains first unaffected 
up to r = 0.05 and then declines with increasing 
values o f r (cf. Fig. 3).

As w ith CD, the enzymatic rate changes can be 
reversed by removing Hg(II) with the aid o f strong 
com plexing reagents. Both cyanide (up to a 
10-fold m olar excess) and iodide (up to a 4-fold 
m olar excess) can be employed in the case o f sta­

phylococcal nuclease; w ith D N ase I, only iodide 
can be used since cyanide inhibits irreversibly the 
enzyme. High levels o f K I tend to inhibit the en­
zyme, too. R ate recovery is complete and yields 
Rr = 0 (within ± 7 %  or lower).

Discussion

H g(II) is know n to interact strongly and yet re- 
versibly with the nitrogen-binding sites o f purines 
and pyrim idines [8-13]. It is believed tha t with 
duplex D N A  the m etal is chelated between the 
W atson-C rick base pairs, form ing strong bonds to 
the a  electron pairs o f nitrogen atom s in a linear 
= N —H g - N =  configuration (sp-hybridization) 
[10, 13, 14]. S trand cross-linking does no t appear 
to d isturb  the alignm ent o f opposing bases too sev­
erely because rem oval o f the mercuric ions with 
suitable strong complexing reagents fully restores 
the biological activity o f  previously m ercurated 
D N A  [15].

W ith free nucleosides, the affinity o f m ercury to 
nitrogen decreases in the sequence N 3 (T) >  N 1 
(G) §> N other (A, C, G) [12]. In polynucleotides, 
bonding to N 7  (or N 3) o f (G) plays a role, too [16], 
M ercury binding to N 7  can, in principle, induce 
Z-form  D N A . W ith m ercurated poly[d(G-C)- 
d(G-C)], the left-handed Z-form  is know n to exist 
[2, 16]. The da ta  o f this w ork, as well as the results 
o f previous w ork [1 -4 ], would indicate that m er­
cury-induced left-handed conform ations can also 
be generated in AT-polym ers, or in mixed se­
quence nucleic acids such as calf thym us D N A . In ­
cidentally, calf thym us D N A  is know n to convert 
to the Z-form  upon  brom ination  [17].

The changes seen in C D , as well as in the suscep­
tibility to  digestion by endonucleases, subsequent 
to the addition  o f H g(II) to  poly[d(A) • d(T)] and 
poly[d(A-T) • d(A-T)] strongly support the notion 
o f conform ational alterations occurring in helix 
structure from  right-handed to  left-handed screw- 
ness:

(1) both  staphylococcal nuclease and D N ase I 
do not digest left-handed D N A  [5], and endonu­
cleolysis o f the two polynucleotides studied here 
ceases a t the points o f chiroptical r i g h t s  left in­
version (Fig. 1 -3 );

(2) right —»left transitions are reversible (e.g., 
B<^Z transitions), and reversible are the CD  and 
enzym atic changes caused by Hg(II);
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(3) the fact that the rate o f endonucleolysis first 
increases with increasing r in the case of 
poly[d(A) • d(T)], but not po ly[d(A -T )d(A -T )], is 
p roo f that the observed enzyme effects are sub­
strate-related and have nothing to do with inhibi­
tion o f the endonucleases. It should be m entioned 
in this context that nucleic acids, quite in general, 
have a high affinity for H g2+. Polyfd(A-T)- 
d(A-T)], in particular, binds H g2+ so tightly that 
the concentration o f unbound m ercury is in the vi­
cinity of [Hg(II)]free = 10“23-  10“19 m  at 0 <  r <  0.5 
[13]. A lthough r has been defined here in term s of 
mercury “added” it is, in reality, identical with rb, 
the base-equivalent am ount o f  “b ound” mercury;

(4) last but not least, from  the fact tha t neither 
poly[d(A) • d(T)] nor poly[d(A-T) • d(A-T)] absorb 
(ordinary) electrom agnetic radiation  at wave­
lengths above 330 nm at 0 <  r <  0.5 (not shown) 
we conclude that m ercuration does no t generate 
polynucleotide aggregates. D N A  condensates are 
noted through light scattering in the 7 00 -460  nm 
range; they are know n to  be induced in, for in­
stance, calf thym us D N A  by trivalent cations such 
as hexamine cobalt(III) [18, 19]. D N A  condensates 
(e.g., o f vy-type structure) can produce seemingly 
left-handed conform ations although the individual 
D N A  helices in a condensate are believed to re­
m ain in the right-handed B-form. A condensed 
v|/-type structure had been proposed for H g(II) calf 
thym us D N A  [20] but was rejected by others based 
on the results o f electric dichroism  and sedim enta­
tion velocity experiments [21] as well as flow linear 
dichroism  m easurem ents [22]. The slight red-shift, 
then, noted with the polynucleotides upon m ercu­
ration  (e.g., A.max o f poly[d(A )-d(T)] changes from  
260 (r = 0) to 274 nm (r = 1.0)) can be explained 
fully on the basis o f the sim ilar red-shifts found 
with the trim er d(TpTpT) (A.max 266 nm a t r = 0 
and 272 nm at r = 1.0) or dim er d(A pT) (^max 
262 nm at r = 0 and 274 at r = 1.0) as well as with 
other dimers and trimers o f the AT- and G C-type 
(Gruenwedel and C ruikshank, publication in 
preparation). These small molecules are not 
known to undergo aggregation in the presence of 
Hg(II). A lthough there can be little doub t tha t the 
CD  inversions noted here represent true chiral 
( r ig h ts le f t )  changes it rem ains to be seen w heth­
er they represent B-^-Z transitions or changes 
between (righ t-handed )B ^(left-handed )non-B  
forms.

W hy would Hg(II) at (approxim ately) 0.05 <  
r <  0.35 lead to an increase in endonucleolytic 
activity with poly[d(A )d(T )] but not with 
poly[d(A-T)-d(A-T)]? A definitive answer can be 
given in the case o f D N ase I. The enzyme is know n 
to bind to B-form D N A  by extending an exposed 
loop region into the m inor groove [23], C utting 
frequency is governed by groove size and helix 
flexibility. Poly[d(A-T) d(A-T)] is extremely flexi­
ble and is endowed with the norm al m inor groove 
width o f 12—13 Ä [24], By contrast, poly[d(A)- 
d(T)] is a very stiff molecule and has a m inor 
groove width o f only about 9 A [25], An extensive 
review o f its structure (“non-standard  B”) and so­
lution properties has been presented by H errera 
and Chairs [26]. Poly[d(A) d(T)] is thus a poor 
substrate for D N ase I while poly[d(A-T)-d(A-T)] 
is an excellent one. This is shown by our finding 
tha t /?rr»w[(AT)-(AT)]//?^r=0J[(A)-(T)] = 37.8. 
Hg(II), then, a t low levels, m ust lead to a widening 
o f the m inor groove of poly[d(A) d(T)]; i.e., it in­
duces a better fit between enzyme and substrate, 
and the rate o f digestion increases. It is quite possi­
ble th a t m ercuration in the range 0.05 <  r <  0.35 
affects (indirectly) the spine of hydration in the m i­
nor groove, changing thereby its conform ation 
from  a non-standard  B (narrow  m inor groove) to 
the standard  B form  [26], Since the non-standard  B 
conform ation is believed to be stabilized by pu- 
rine-purine base stacking interactions as well as 
additional hydrogen bonds, both arising from the 
high propeller twist o f the base pairs [25], the ad d ­
ing on o f Hg(II) to  the various N -binding sites o f 
the bases could easily alter their stacking in terac­
tions as well as hydrogen bonding pattern  and, 
hence, also the base pair propeller twist. In view o f 
the conform ational flexibility o f the deoxyribose 
ring it is reasonable that such Hg(II) base in terac­
tions should have an immediate effect not only on 
the structure o f the sugar-phosphate backbone but 
also on its solvation properties. Once the polym er 
undergoes the righ t—»left inversion, the enzyme- 
substrate binding weakens and the cutting fre­
quency declines.

Regarding staphylococcal nuclease, the enzyme 
cuts preferentially A or T at their 5'-sides. A hy­
drophobic pocket o f the enzyme appears to be p a r­
ticularly suited to accept T and A but not C or G 
[27]. It appears that widening of the m inor groove 
o f poly[d(A) • d(T)] by Hg(II) causes its T and /o r A
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strands to fit better onto  the D N A -binding surface 
o f the enzyme, which is a long, narrow  cleft [27]. 
As found in our study, the enzym e’s cutting fre­
quency on poly[d(A-T) d(A-T)] is about twice the 
one holding for poly[d(A) • d(T)] in absence o f m er­
cury. Fig. 3 shows th a t Hg(II), a t r = 0.2, causes 
the two rates to become equal.

One last point. The base sequence of 
poly[d(A -T)• d(A-T)] is self-com plem entary, i.e., 
in addition to in terstrand base pairing (form ation 
o f perfect duplexes) in trastrand base pairing can 
also occur. The latter leads to the form ation o f 
hairpin helices or loops [28-30]. The question aris­
es w hat influence, if any, do these structures have 
on both the CD and the enzymatic digestion o f the 
polymer in the absence as well as presence o f 
Hg(II)? To be sure, H g(II) should be able to insert 
itself readily into a loop. If it is assum ed that four 
nucleotides suffice to form a hairp in  helix [29], the 
loop diam eter will be approxim ately 9 Ä (taking 
7 A as the in trastrand  p h o sp h a te -p h o sp h a te  dis­
tance o f a B-family chain [31]) and, therefore, large 
enough to accom m odate divalent m ercury [32].

We are unaw are o f work th a t has looked in a 
systematic m anner a t possible effects o f hairpin 
form ation or branching on the C D  o f nucleic 
acids. However, from  the data collected by Greve 
et al. [6], one may deduce that branched or looped 
structures, if present, are o f little consequence 
to the overall CD. F o r instance, they com pared 
the C D  difference spectra (C D single_stranded-  
C D double_stranded) o f poly[d(A-T) • d(A-T)], 
poly[d(A)-d(T)], crab  satellite D N A  (ranging in 
base com position from  9 7 -9 2 %  AT), and AT-rich
D. melanogaster satellite D N A  to  one ano ther and 
found them  to be similar with respect to the wave­
length position o f their transition extrem a. Since 
the satellite D N A s contain G C  base pairs that 
make chain slippage or hairpin form ation  unlikely, 
this similarity appears to rule ou t in trastrand  base 
pairing as a determ ining factor in the m ake-up o f 
the CD  o f highly polymerized (long-chain) nucleic 
acids such as poly[d(A-T)-d(A-T)]. The situation 
may o f course be quite different in the case o f oli­
gonucleotides with self-com plem entary short- 
chain strands.

We believe tha t poly[d(A-T) d(A-T)] in 0.1 m 
N aC 104, 5 mM cacodylic acid buffer, pH  6.9, has 
few, if any, looped structures. We infer this from  
the following: the polym er’s helix-to-random  coil

transition m idpoint tem perature, m easured spec- 
trophotom etrically with ordinary UV, is at Tm = 
60.1 °C and the slope (d 0 /d 7 )rm o f the denatura- 
tion curve am ounts to about 0.3/°C. 0 is the frac­
tion o f hydrogen-bonded bases (Lopez and G ruen­
wedel, unpublished observation). A lm ost identical 
values are obtained when the same polym er is 
heat-denatured in 47.5 mM N a2S 0 4, 5 mM cacodyl­
ic acid, pH 6.8 (M -N a  ~  0.1); to wit: Tm = 
58.8 °C and (d 0 /d rm)rm = 0.37/°C [33], M ost im ­
portantly , however, when heat denatu ration  is fol­
lowed calorimetrically in the 47.5 mM N a2S 0 4 sol­
vent (M -N a  ~  0.1), employing an adiabatic twin 
calorim eter, the transition curve does no t contain 
a “prem elting” zone. It resembles, in appearance, 
the curve m easured, for instance, in 0.013 m (mo- 
lal) N a2S 0 4 (see Fig. 1 o f ref. [33]). This curve is 
void o f a “prem elting” region and it shows an ab ­
sorbed energy distribution curve tha t is highly 
Gaussian. Definite “prem elting” , however, is no t­
ed with poly[d(A-T) d(A-T)] in 0.907 m (molal) 
N a2S 0 4 (see Fig. 2 in ref. [33]). Poly[d(A-T)- 
d(A-T)] is thought to  engage in looping and 
branching at high salt levels [28]. Incidentally, the 
average helix length Lh (cooperative length) o f the 
polymer in the 47.5 mM N a2S 0 4 m edium  and at Tm 
is 42 base pairs, with a nucleation param eter o f 
<y = 5 .7 0 -10“4. H errera and C hairs [26] quote 
30 base pairs for the length o f the cooperative unit 
o f poly[d(A-T) • d(A-T)] at Tm, which is in good 
agreement with our findings. Thus, we are quite 
certain that poly[d(A-T) • d(A-T)] in buffered 0.1 m 
N aC 104 has no or only m arginal levels o f highly 
branched hairpin structures.

A lthough there exists a vast am ount o f literature 
concerning the action o f D N ase I and staphylo­
coccal (micrococcal) nuclease on poly[d(A-T) • 
d(A-T)] as well as AT-rich oligonucleotides (cf. 
[34]) no studies seem to have been undertaken  that 
have looked specifically at loop structure effects 
on the rate of digestion. In view o f the fact tha t oli­
gonucleotides with self-com plem entary short- 
chain strands tend to undergo extensive b ranch­
ing, a determ ination o f the cutting frequency and 
cutting specificity o f the two endonucleases on the 
mercury complexes o f such oligonucleotides w ould 
be highly desirable.

In conclusion, based on the results obtained in 
this study, we predict tha t long stretches of 
[d(A)n d(T)n], containing, on the average, one
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bound m ercury every three-to-five base pairs, are 
hydrolyzed by endonucleases such as D N ase I or 
staphylococcal nuclease at rates very m uch larger 
than  the ones to be expected for [d(A-T)n • d(A-T)n] 
sequences at the same degree o f m ercuration. The 
biological consequences o f this are unclear at'pres- 
ent although it should be pointed out that 
[d(A)n • d(T)n] oligonucleotide tracts are involved 
in D N A  bending (c j . [26]).

We have started  investigating, along similar 
lines, the effect o f H g(II) on [d(G)n • d(C )n] and 
[d(G-C)n • d(G -C )n] sequences.
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