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Triangular-wave direct current (d.c.) voltammetry at a hanging mercury drop electrode and phase-selective alternating
current (a.c.) polarography at a dropping mercury electrode were used for the investigation of adsorption of double-helical
(ds) DNA at mercury electrode surfaces from neutral solutions of 0.05—-0.4 M HCOONH,4. It was found for the potential
region T (from —0.1V up to ca. —1.0 V) that the height of voltammetric peaks of ds DNA is markedly influenced by the
initial potential only at relatively low ionic strength () (from 0.05 up to ca. 0.3). Also a decrease of differential capacity
(measured by means of a.c. polarography) in the region T depended markedly on the electrode potential only at relatively
low ionic strength. The following conclusions were made concerning the interaction of ds DNA with a mercury electrode
charged to potentials of the region T in neutral medium of relatively low ionic strength (g < 0.3). (i) When ds DNA is ad-
sorbed, a significantly higher number of DNA segments is anchored in the positively charged electrode surface than in the
surface bearing a negative charge. (ii) In the region T, especially adsorbed labile regions of ds DNA are opened in the elec-

trode surface, which are present in ds DNA already in the bulk of the solution. (iii) In the narrow region of potentials in
the vicinity of the zero charge potentiai a higher number of ds DNA segments can be opened, probably as a consequence of
the strain which could act on the ds DNA molecule in the course of the segmental adsorption/desorption process.

1. Introduction

In the last twenty years the attention of several lab-
oratories has been devoted to the study of interactions
of nucleic acids with the surface of the mercury elec-
trode (see, e.g., papers [1-9]). In these investigations
the mercury electrode was employed as a model of
the electrically charged surfaces that are present in liv-
ing cells. The mercury surface differs considerably, es-
pecially by its chemical nature, from biological electri-
cally charged surfaces. However, it is inert towards
aqueous solutions of nucleic acids in a broader range
of potentials (e.g- ref. [71). Therefore the use of mer-
cury electrode enables some general information on
interactions of nucleic acids with electrically charged
surfaces to be obtained.

Resulis of our previous measurements carried out
in neutral media of ionic strength corresponding to

* Part VI, V. Brabec, Biophys. Chem. 9 (1979) 289.

0.4 M and higher concentrations of salts of monovalent
cations [7,8] showed that upon adsorption of double-
helical (ds) DNA-like polynucleotides at the mercury
electrode an opening of the double helix could take
place in dependence on the electrode potential. Ina
narrow range of potentials at about —1.2 V (against
the SCE) — in the region U — the extent of this sur-
face conformational change reaches a limiting value,
which in some cases represents nearly the whole ds
molecule [7]. A more rapid conformational change of
this type, limited, however, only to some labile regions
of the ds molecule, takes place in a time shorter than
0.5 s on an electrode charged to potentials in a broad
region around the potential of zero charge (ECM) —
i.e. in the region T [7,8].

In the present paper methods of electrochemical
analysis were used to describe how the conformation
of ds DNA was changed upon its adsorption at a mer-
cury electrode charged to potentials of the region Tina
dependence of the ionic strength of the neutral medium.
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2. Material and methods

Calf thymus DNA was isolated and characterized
as in our previous papers [7,10]. Thermal denatura-
tion and measurements of DNA concentration were
also carried out as described earlier [7,10]. The native
DNA samples at a concentration of 700 ug ml—1 were
irradiated in the presence of atmospheric oxygen in
0.015 M NaCl with 1.5 mM sodium citrate pH 7 using
y-radiation from a Co source with a dose raie of 1240
rad min—!. The adsorbed dose was measured by means
of a Fe2*/Fe3+ chemical dosimeter. The radiation dose
was 7000 rads. Irradiation of native DNA with this
dose did not cause fermation of a detectable amount
of denatured DNA [11]. Chemicals used for prepara-
tion of the supporting electrolytes were all of analyti-
cal grade. pH values were measured with a Compen-
sator E 388 Metirohm apparatus. Triangular-wave
voltammetry (TWV) at the hanging mercury drop elec-
trode (HMDE) and phase-selective alternating current
{a.c.) polarography at the dropping mercury elecirode
(DME) were used for detecting changes in the proper-
ties of the mercury/solution interphase. Differences in
values of currents recorded by means of TWV were
employed for investigating changes in ds DNA induced
by its interaction with the electrode, as described in
our preceding paper [7]. Briefly, DNA was adsorbed
at the electrode during the time 7;, when HMDE was
kept at the initial potential £] (its value was always
chosen so that it was more positive than potentials of
DNA reduction — at about —1.4V). After the time #;
the forward sweep, which was single negative rapid
and linearly changing ramp potential (scan rate 1V
s~ 1), was first applied to the HMDE. We have shown
already [7] that data giving evidence for the appearance
of conformational changesin ds DNA as a consequence’
of its interaction with the electrode were provided by
the appearance of the voltammetric peak 111 (fig. 1a).
Interaction of the mercury electrode with bases in
DNA segments that have single-stranded (s5) structuze
in the adsorbed state is responsible for the appearance
of this peak 1I1. The fact that even solutions of ds
DNA yielded the peak III was explained by surface
denaturation of DNA [7,8]. The height of peak III of
ds DNA served as a measure of the extent of surface
denaturation of ds DNA on the electrode charged toa
particular £;. It has aiso been shown in our previous
communications {7,8] that the voltammetric peak 11
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Fig. 1. Triangular-wave voltammeiry at the HMDE of DNA in
0.05 M ammoniwmn formate with 0.01 M sodium phosphate,

PH 7.0 . Ds DNA at a concentration of 100 pg mI ! and-dena-
tured DNA at a concentration of 50 pg ml™}. Curves a, c, E;=
—~0.2V;curvesb, d,Ei = ~1.2V. (a,b) Ds DNA; (c, d) thermal-
1y denmatured DNA. Waiting time at £j was 60 s.

appearing at pH 7 (fig. 1b) is connected with the exis-
tence of bases available for reaction with the electrode
in DNA segments that have ds structure in the adsorb-
ed state. After the potentijal had reached the value of
—1.70V, the voltage sweep was immediately reversed
(the scan rate was again 1V s~1) so that £; might be
reached. TWV was carried out with a GWP 673 Multi-
mode Polarographic Analyzer in connection with a
Metrohm HMDE E 410 with a surface area of 3.5 X
10—2 cm2. Voltammetric measurements were perform-
ed at the following settings: scan rate 1 V s—1; pre-
sweep delay 60 s at initial potential £]. Other settings
were the same as in our previous study [7]. Phase-ce-
fective a.c. polarography was also carried out with a
GWP 673 Multipurpose Polarographic Analyzer. A
phase angle of 90° with respect to the applied alter-
nating voltage was employed. For a.c. polarography a
d.c. ramp of 0.004 V s—1 and a modulating voltage of
80 Hz and 0.020 V peak to peak was employed in all
experiments; drop time control of the GWP 673 was
set at 4.0 s. Thus under the conditions of our a.c. po-
larographic measurements, a.c. was directly propor-
tional to the differential capacity of electrode double
layer, C [12]. C is a sensitive indicator of changes
taking place in the double layer; e.g., the adsorption



V. Brabec/Adsorption of DNA 3

of organic molecules results as a rule in a decrease of
C and an adsorption/desorption process or reorienta-
tion of the adsorbed molecules may cause the forma-
tion of peaks on curves of the dependence of C versus
the electrode potential [13,14]. The mercury flow
rate, m, of the capillary used in a.c. polarographic
measurements (measured in distilled water at open cur-
rent circuit) was 1.17 mg s—1 at a mercury column
height of 45 cm. A.c. polarographic measurements
were performed with the electrode surface not fully
covered by adsorbed DNA molecules. However, quali-
tatively identical results were obtained at the HMDE,
which made it possible to measure with the electrode
surface fully covered by DNA molecules. D.c. voltam-
metric results at the HMDE were thus qualitatively
comparable with the a.c: polarographic results obtain-
ed at the DME. All potentials quoied in the present re-
port are given versus the saturated calomel electrode
(SCE) at 25°C. All electrochemical measurements
were carried out with an electrochermical cell maintain-
ed at 25°C. Other details of the electrochemical meas-
urements reported in the present paper are given in
our preceding communication [7].

3. Results

In a neutral medium of relatively low ionic strength
(in 0 05 M ammonium formate with 0.01 M sodium
phosphate) triangular-wave voltammograms at the
HMDE were recorded for ds DNA. At E; more positive
than ca. —1.0V the forward (cathodic) sweep gives
three well distinguishable peaks I, 1T and III (fig. 1a),
similarly as in a neutral medium of higher ionicstrength
(at concentrations of ammonium formate or cesium
chloride higher than 0.4 M) used in our earlier studies
[7,8]. Fig. 1 shows that, in accord with the earlier re-
sults [7.81, even in the neutral medium of low ionic
strength peak 11 is yielded only by ds DNA, whereas
thermally denatured DNA yields only peak III (peak I
is yielded by both forms of DNA, but its nature will
not be discussed in the present paper). In the course
of the reverse part of the current—potential curve cor-
responding to the descending (anodic) branch of the
triangular sweep, only peak I has an anodic counter-
part situated about 0.1 V more positively (fig. 1). The
same result (not shown) was obtained even in the case
when the descending branch of the triangular sweep
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Fig. 2. Dependence of the voltammetric peak heights of ds
DNA on Ej (®) peak 111 of ds DNA: (2) peak 11 of ds DNA.
Medium: (a) 0.05 M HCOONH4 with 0.01 M sodium phos-
phate. pH 7.0; (b) 0.1M HCOONH,4 with 0.01 M sodium phos-
phate, pH 7.0; (¢) 0.2 M HCOONH, with 0.01 M sodium phos-
phate, pH 7.0; (d) 0.4 M HCOONH,4 with 0.01 M sodium phos-
phate, pH 7.0. Other conditions of the measurement were the
same as in fig. 1.

started at —1.43 V, i.e. at the potential corresponding
to the more negaiive foot of peak II (fig. 1a). These re-
sults suggest that the appearance of peaks II and 111
(fig. 1) is probably caused by irreversible electrochemi-
cal reduction of adenine and cytosine residues [10]
rather than only a reorientation or an adsorption/de-
sorption processes [13,14].

In a medium of 0.05 M ammonium formate, pH
7.0, dependences of the heights of peaks Il and 111 (I
and fy;) on E; were recorded for ds DNA (fig. 2a). Iy;
was nearly independent of £ in the region of Ej from
—0.1V tc —0.4V (in the region T, — fig. 2a). In the
vicinity of potential of —0.5V, i.e. in the vicinity of
the potential of zero charge é, a maximum appeared
on the dependence JFy; versus E; (in the region T, —
fig. 2a). In the region of potentials from —0.6 V to ca.
—1.0V (in the region T) Ij was again independent
of E;. At potentials more negative than ca. —1.0V (in
the region U — fig. 2a) Iy first grew markedly, and af-
ter reaching a maximum in the vicinity of —1.2V,
again decreased. Quite a different course was exhibited
by the dependence of Ij; versus Ej. In the region Tplyg
decreased with decreasing £7; in the region T peak 1I

* The potential of ECM in the DNA solutions used in the pres-
ent study measured by the drop time method {15] was in
the region of potentials of —0.5— —0.6 V.
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quite disappeared, but in the region T, ds DNA again
yielded a small peak II (fig. 2a). At E; corresponding
to the more positive end of the region U, peak 11 dis-
appeared compietely.

Increasing concentration of ammonium formate up
to the concentration of ca. 0.3 M did not infiuence
qualitatively the courses of the dependences of fy; and
Iiy; of ds DNA on £j (figs. 2a—c). The maximum on
the dependence fig; of ds DNA versus £}, located in
the vicinity of —0.5— —0.6 V, decreased with increas-
ing ionic strength; it disappeared completely in the
medium of 0.4 M ammonium formate (fig. 2d). Also
the difference in values of /i in the regions Ty and T
decreased with increasing ionic strength, since Iy de-
creased in the region T, whereas it grew in the region
T, ; in neutral medium of 0.4 M ammonium formate
both Iy and Iy of ds DNA were independent of £ in
the whole region T (fig.2d).

The behaviour of DNA at the mercury electrode
charged to the potentials of the region U (fig. 2a) was
discussed in greater detail in our previous paper [7].
Therefore this behaviour of DNA will not be described
in the present paper.

Thermally denatured DNA yielded only peak IIl in
neutral media of ammonium formate in concentra-
tions ranging from 0.05 to 0.4 M (it did not yield peak
I1). The height of peak IlI of thermally denatured
DNA was practically independent of Ej in the range
from —0.1 to ca. —1.3 V (fig. 3). Only a small increase
of this peak was observable at higher concentrations
of ammonium formate in the vicinity of £;=—-1.2V
(fig. 3b). This increase is connected with aggregation
and partial renaturation of thermally denatured DNA
[71.

The results of the above described voltammetric
measurements were compared with those of a.c. po-
larographic measurements performed in the same me-
dia (fig. 4). Ds DNA markedly decreased a.c., especial-
ly at potentials more positive than ca. —0.5 V. In the
vicinity of this potential (where a maximum appeared
on the curve of the dependence of I of ds DNA ver-
sus E; — figs. 2a—c) ds DNA yielded peak O [3] on
a.c. polarograms (figs. 4a—c). Its height decreased with
increasing ionic strength; at ammonium formate con-
centrations higher than 0.4 M peak O practically disap-
peared (fig. 4d). Increasing of ionic strength also caused
ds DNA to decrease more markedly a.c. even at poten-
tials more negative than ca. —0.6 V (figs. 4a—d).
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Fig. 3. Dependence of the voltarnmetric peak II height of
thermally denatured DNA on Ej (a): (o) 0.05 M HCOONH,4
with 0.01 M sodium phosphate, pH 7.0; (¢) 0.1 M HCOONH,4
with 0.01 M sodium phosphate, pH 7.0. (b): (2) 0.2 M
HCOONH 4 with C.01 M sodium phosphate, pH 7.0; (¢) 0.4 M
HCOONH, with 0.01 M sodium phosphate, pH 7.0. Other
conditions were the same as in fig. 1.

On the contrary, thermally denatured DNA de-
creased markedly a.c. in the range of potentials from
—0.1 to —1.0V at ammonium formate concentrations
from 0.05 to 0.4 M, without yielding peak O in the
vicinity of the potentiai of —0.5V (figs. 4e—h). The
adsorption behaviour of thermally denatured DNA in
dependence on the ionic strength of the medium was
studied in greater detail in our previous paper [3] and
will be neither fully described nor discussed here.

We also studied the influence of y-irradiation of ds
DNA on its voltammetric and a.c. polarographic be-
haviour in neutral medium of relatively low ionic
sirength, i.e. in 0.05 M ammonium formate. We found
that vy-irradiation with a dose that did not lead to the
formation of denatured DNA, but caused an increase
of the number of labile regions in ds DNA [16,17], in-
duced a marked increase of f; of ds DNA in the whole
region T (fig. 5). Even the maximum on the curve of
dependence of Iy versus E; was more pronounced. On
the contrary, I; was lower in the region Tp after the
irradiation. However, this decrease was substantially
less pronounced than the increase in Jy; of ds DNA.
The irradiated ds DNA did not vield peak 11 in the re-
gion T, (fig. 5). A.C. polarographic behaviour of ds
DNA in this medium was influenced by 7-irradiation
only at potentials more negative than ca. —0.5V.
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Fig. 4. A.c. polarograms of DNA. (a—d) ds DNA at a concen-
tration of 350 pgml™!; (e—h) thermally denatured DNA at a
concentration of 200 pg m1~L. Medium: (2), () 0.05M
HCOONH4 with 0.01 M sodium phosphate, pH 7.0; (b), (f)
0.1 M HCOONHg4 with 0.01 M sodium phosphate, pH 7.0; (c),
() 0.2 M HCOONH,4 with 0.01 M sodium phosphate, pH 7.0;
(d), (h) 0.4 M HCOONH,4 with 0.01 M sodium phosphate,

pH 7.0. (— — — ) curve of supporting electrolyte; (- ---)
curve of ~y-irradiated DNA.

Peak O was decreased, and the irradiated ds DNA also
decreased a.c. at potentials more negative than ca.
—0.6'V more markedly than non-rradiated DNA

(fig. 4a).

If the irradiated DNA was thermally denatured, it
yielded only peak 111 on voltammograms, which was
independent of E; (not shown), similarly as did not
non-irradiated thermally denatured DNA (fig. 3). The
height of peak 111 of denatured rradiated DNA was
slightly higher. The a.c. polarogram of thermali dena-
tured irradiated DNA (not shown) was qualitatively
identical with the polarogram of non-irradiated ther-
mally denatured DNA (fig. 4¢e). The decrease of a.c. in
the vicinity of the potential of ECM and also desorp-
tion peaks in the vicinity of the potential of —1.2V
were more pronounced.

We attempied to find out wheiher the changesin
ds DNA caused by iis adsorption on the mercury €lec-
trode charged to the potential of the region T, (fig. 2a)

501
< 40F
a
~
~ 307f 103
: 5
£ 20l jo2¢
8 583
165 — 2 o1 &
p }
o
[t - ) 1 3 < 40
-02 -05 -10 “14

INITIAL POTENTIAL/VOLT vs.SCE

Fig. 5. Dependence of the voltammetric peak heights of y-ir-
radiated ds DNA on £j in 0.05 M HCOONH, with 6.01 M so-
dium phosphate, pH 7.0. (2) peak 11 of y-irradiated ds DNA;
(®) peak Il of y-irradiated ds DNA; (— — — —) peak II of non-
irradiated ds DNA; (— . —) peak III of nonirradiated ds DNA.
Other conditions of measurement were the same as in fig. 1.

are reversible in a medium of relatively low ionic
strength. The mercury drop electrode was immersed
in a solution of ds DNA in 0.5 M HCOONH, with
0.01 M sodium phosphate, pH 7.0, continuously for
120 s. After this time linear sweep voltammogram was
recorded and the heights of peaks II and 111 were meas-
ured in the dependence on potentials applied to the
electrode during the preceding 120 s. If the HMDE
was kept for the whole time (120 s) only at E; =—1.4
V, ds DNA did not yield any peak. However, if the
HMDE was first kept for 60sat—0.5V (i.c. at the po-
tential of the region T,) and then potentialof —1.4V
was applied to the same drop for a further 60s, ds
DNA vyielded peak III. The height of this peak III was
slightly lower (by about 10%) than the height of peak
111 vielded by ds DNA after 120 s of HMDE prepolar-
ization only to E; = —0.5 V. In a similar experiment
the HMDE was first charged to —0.5V for 60 s and
then for a further 60 s to potential of —0.2V (i.e. to
the potential of region Tj). Ds DNA then yielded
peak I1I, the height of which was even about 15%
higher than the height of peak 11l yielded by ds DNA
under conditions, when the HMDE was prepolarized
for 120s to E; = —0.5 V. These results indicate that at
least a part of the changes resulting from ds DNA in-
teraction with the mercury electrode surface charged
to Ej of the region T, remains preserved even after
the removal of the change-inducing potential. It may
be thus concluded that the changes in ds DNA appar-
ing upon its interaction with the HMDE charged to
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E; of the region T, (in a neutral medium of relatively
low ionic strength) are at least partially irreversible. A
similar result was obtained for ds DNA upon its inter-
action with the mercury electroée charged to E; of
the region U [7].

4_ Discussion

Our preceding papers [7,8] describe the extent of
conformational changes that lead to an opening of the
DNA double helix, which were formed in ds polynu-
cleotides in the course of their adsorption on the mer-
cury electrode (the extent D). It was shown in these

studies [7,8] that in neutral media of higher ionic

sirength (higher than ca. 0.4) the extent D (monitored
by means of I1yy) did not depend on £] in the region T.
It is shown in the present study that in newviral medium
of low ionic strength (lower than ca. 0.3) the extent D
also did not practically depend on Ej in the region T
with the exception of the region T, (fig.2a), where a
axgi‘iiuwlu increase in the exient D CO‘Lﬂd be observed
(figs. 2a—c). This increase was the higher the lower the
ionic strength (foc 2a.—c). The fact that the potential
T,, is identical with potentials of a.c. polaro,:raphlc
peak O (figs. 2 and 4) points at the connection of pro-
cesses responsible for the increase of Iy of ds DNA in
the region T (figs. 2a—c) and for the appearance of
a.c. polarographic peak O. We have already shown {3]
that segmental desorption of ds DNA is responsible
for appearance of the non-faradaic capacitive a.c. po-
larographic peak O. This conclusion has been confirm-
ed by other authors more recently [18,19]. This de-
sorption takes place owing to the electrostatic nature
of ds DNA adsorption in a medium of lower ionic
strength [3,18], since the sign of the surface charge of
the electrode is changed in the vicinity of the poten-
tial of peak O formation (npnlr O appears always in the

vicinity of the potential of ECM [3] ). Thus, in the re-
gion T, a process analogous to that proceeding in the
region U [7] can take place: Under conditions of for-
mation of peak O some segments of DNA molecule are
bound to the electrode surface by adsorption forces,
whereas other non-adsorbed segments of the same

TINTA smnloa ™
DNA molecule can be repulsed from the electrode.

The different adsorbability of ds DNA segments could
be connected with the fact thai ds DNA molecules are
not homogeneous in their sequence and conformation
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[20,21]. Thus a ds DNA molecule can, under such
conditions, be exposed to a strain which could lead to
further disturbance of the regular DNA double helix.
As a consequence of this disturbance a higher number
of bases could become accessible for the reaction witk
the electrode.

We have shown by means of a.c. polarographic
measurements that in a neutral medium of lower ionic
strength (lower than ca. 0.3) ds DNA is markedly
more adsorbed at the positively charged electrode sur-
face in the region T (figs. 4a—c and ref. [3]): The dif-
ference in the ds DNA adsorbability at the positively
and negatively charged surfaces of the electrode de-
creased with increasing ionic strength of the medium.
In the licht of this markedlv different adsorbabilitv of
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ds DNA, the result showing that the extent D almost
does not depend on the sign of the surface charge of
the electrode in the region T (with the exception of
the region T,) is somewhat surprising. This voltammet
ric and a.c. polarographic behaviour of ds DNA could
be explained on the basis of an assumption according
to which the appearance of the peak 111 of ds DNA
(fig. 1a, b) is connected with the presence of the labile
regions existing in ds DNA molecules already in the
bulk of solution [20,21]. Only these labile regions
would be opened at the electrode surface charged to
the potentials of the regions T, and Ty, (fig. 2a). The
adsorbability of base residues at the mercury electrode
is markedly higher than that of other componenis of
DNA [22]. As bases in the labile regions of ds DNA
(e g_ in the vicinity of single sirand or ds break, dam-
aged base etc.) are accessible for the reaction with the
electrode [20,21], it is reasonable to expect that these
labile regions of ds DNA are adsorbed at the mercury
electrode similarly to thermally denatured DNA [3],
ie. predominantly via bases roughly in the same ex-
tent on the positively and negatively charged elecirode
surface even in the medium of relatively low icnic
strength.

The results presented in this paper make also possi-
ble to suggest which groups in ds DNA are responsible
for the appearance of the voltammetric peak 11 (fig. 1).
In the neutral medium of low ionic strength the peak
II of ds DNA was clearly dependent on the initial po-
tential of the electrode (figs. 2a—c), qualitatively in
the same way as the adsorbability of ds DNA (fig.4).
For explaining this result we suggest that the appear-
ance of the peak II is connected with the presence of
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labile regions in ds DNA, which would occur in DNA
only as a consequence of the DN A adsorption at the
electrode surface. The latter labile regions might have
a quite different character than the labile regions exist-
ing in ds DNA already in the bulk of solution. Ds struc-
ture of DNA could be labilized in the electrode sur-
face by e.g. an electric field (for review see, e.g., ref.
[231), as has already been outlined [S5,7]. The electric
field can have a strength of even 106 V cm—1 in the im-
mediate vicinity of the mercury electrode [14]. The
character of the conformational changes induced by
the electric field in intact segments of adsorbed DNA
could be of a kind that polarographically reducible
bases in DNA (adenine and cytosine) [20] would be-
come accessible for electroreduction without total sep-
aration of DNA chains in this labilized region. This ex-
planation is also in a very good agreement with the re-
sults obtained with irradiated DNA (figs. 4a, 5). The
voltammetric peak II would thus indicate the presence
of adenine and cytosine residues accessible for electro-
reduction at the mercury electrode but still present in
ds structure of DNA.

The infiuence of ionic strength on DNA adsorption
at the mercury electrode was studied recently by
Flemming [24]. He confirmed, in accord with results
published earlier [3,18]. that in the medium of rela-
tively low ionic strength ds DNA is adsorbed to a great-
er extent at the positively charged electrode surface.
He conciuded that his results excluded the possibility
of an opening of the DNA double helix in the mercury/
solution interphase. He monitored the DNA adsorp-
tion by means of a.c. voltammetry at the HMDE and
normal pulse polarography at the DME. His measure-
ments were carried out in a medium of pH about 6 un-
der conditions of incompleiely covered electrode sur-
face by the DNA molecules. However, at pH 6 under
conditions used on Flemming’s experiments [24], ds
DNA does not yield separated peaks II and 111 specific
for ds and single-stranded DNAs respectively in the
electrode surface, as in the case of our voltammetric
measurements performed at pH 7 and in the presence
of either HCOONH, or CsC1i (figs. 1, 2 and refs. [7,8]).
At pH 6 peaks Ul and 111 merge [25]1, so that it is im-
possible to decide which part of normal pulse polaro-
graphic peaks observed by Flemming corresponded to
single-stranded and ds DNA in the electrode surface.
Flemming’s paper [24] does not exclude the possibil-
ity of opening of the DNA double helix in the elec-

trode surface. It thus demonstirates that some results
of voltammetric investigations of DNA at mercury
electrodes can be interpreted even without assuming
conformational changes in adsorbed ds DNA, if the re-
sults of other authors are not taken into consideration
{5,7.8,19,26].
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