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SUMMARY

"The adsorption at the solution|mercury electrode interface of guanosine, adenosine and
cytidine alone and in guanosine—adenosine and guanosine-—cytidine mixtures was examined
for pH 4.0 and 7.2 solutions at 25 and 40°C; the principal index used was the a.c. polaro-
graphic quadrature current component. All of the nucleosides are adsorbed at the 1.0 mM
and lower concentrations examined. There is evidence at 25°C for:

(a) the self-association of uncharged adsorbed guanosine;

(b) formation at pH 4 of a 2 : 1 guanosine—adenosine complex, which is at least partially
positively charged, is more stable than the self-asocnated guanosine and assoclates in the
adsorbed state;

(c¢) formation at pH 7.2 of a'similar 2 : 1 but uncharged guanosine—adenosine complex;

(d) formation of a probably positively charged 1 : 1 guanosine—cytidine complex, which
adsorbs and associates at pH 4 and of a similar neutral complex at pH 7.2.

Assaciation of the adsorbed species is not seen at 40°C. The controlling factor in deter-

mining the differential capacitance at the interface is generally the presence of the most sur-
face-actwe specles guanosme

INTRODUCTION

Numerous studies of the adsorption behavior of the individual nucleic acid
bases and their nucleosides, as well as of more complex species, have been pub-
lished in the past decade; many of these have involved the use of alternating

_current (a.c.) polarography. Typical are the studies by Veiterl, Valenta, Niirn-
berg, Christian, Dryhurst and their collaborators. Most germane to the present
- study are those on adenosine [1—6], cytidine [1,2,7] and guanosine [1,2], and
Vetterl’s seminal examinations of nucleosides [1,2]; the latter papers provide
much of the basis for subsequent discussion of the pits or wells in capacitive
: current—potentlal plots Vetterl 1977 paper [8] prov1des useful background
- and references. -
The present paper descnbes a study of the complexes formed by guanosme
with adenosine and cytldme which complexes are adsorbed at the aqueous
, solutlonlmercury mterface where they can assoclate The pnmary mdlcator
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used is the variation with potential of the quadrature current component seen
on phase-selective a.c. polarography. In the absence of a faradaic process, the
quadrature current component is proportional to the double-layer capacitance
at the interface and, consequently, provides a readily obtainable index to the
adsorption of species at the interface and to the variation in their nature. - -

Guanosine and adenosine are 9-3-D-ribofuranosyl derivatives; cytldme is 3-a- .
ribosidocytosine. The generally seen order of surface activity is guanosme >
adenosine > cytldme ’

In order to minimize complications associated with reonentatlon of the
adsorbed species from the dilute adsorption layer — characterized by the spe-
cies being oriented parallel to the electrode surface —to an orientation perpen-
dicular to the surface, as the nucleoside concentration increases [4,8,91, the
concentrations of the nucleosides were kept at or below 1 mM. A minor
- advantage of working at such concentrations is that these are in the range
involved in normal polarographic and voltamimetric studies.

The present study will hopefully provide an extension of the use of phase-
selective a.c. polarography for examining adsorption to the investigation of
complexation, association and interfacial film formation at low concentrations
of nucleic acid and other biologically significant species.

EXPERIMENTAL

The pertinent theory of a.c. polarography and the isolation and measure-
ment of the quadrature current component are described in the literature
[10—13].

The pK, values for the compounds examined (where (b) indicates a basm
pK,,i.e., one for proton addition, and (a) indicates acidic pK,, i.e., one for loss
ofa proton) are as follows: adenine, 0—1 (b), 4.1 (b), 9.8 (e); adenosine, 3.5
(b), 12.5 (a); cytosine, 4.5 (b), 12.2 (a); cytidine, 4.2 (b), 12.5 (a); guanine < 0
(b), 3.2 (b), 9.6 (a), 12.4 (a); guanosine, 1.6 (b), 9.2 (a), 12.4 (a).

The pH values examined were selected on the basis that both adenosine and
cytidine produce well-formed, diffusion-controlled dropping mercury electrode
(d.m.e.) waves at pH 4.0, and that pH 7.2 is commonly used as a reference pH
for biological phenomena and reactions. .

Apparatus

Electrochemlcal measurements were made w1th a Princeton Applied. -

Research (PA'R) Model 174 polarographic unit, a Model 174/50 a.c. polaro-
graphic analyzer interface and a Model 122 lock-in amplifier, and were .
recorded cn a Hewlett—Packard (HP) Model 7005B X—Y recorder. The d.m.e.
drop time was controlled, when so desired, by a PAR -Model 172 drop timer
and knocker. Potentlals were momtored with a HP Model 3430A dlgltal volt-
meter. -

The water-]acketed cell used was kept at 25 or: 40° C. The workmg electrode
was a d.m.e. The counter electrode was a platinum spiral. “The saturated '
calomel electrode (s.c.e.), to which all potentlals cited are referred; was.a self-
contamed unit, Whose bndge end contained a coarse glass fnt and an agar—KCl o
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plug, its potentlal was penodlcally checked. :
.+ The d:m.e:, which were: lengths of Cornmg marme barometer tubmg, had

ﬂow rates and- drop times in:0.1 M KCl solution at open circuit and a’‘mercury
 haoightaf 80 om nFIn\ 1155 mes” Land 8 0s . and (A} 1 95 ma s~ an(] 290¢
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The expeumental arrangement was periodically checked by running d.m.e.
polarograms for 0.5 mM Cd(II) in 0.1 M KCl solution. Here, U,,, was always
- —0.599 + 0.001 V; the ratio of limiting current (I;) to square root of corrected
Hg head (h,f.{,z,.,.) ‘was constant

Test solutzons

The constant ionic strength McIlvaine buffers used were prepared from
reagent grade chemicals [14].

1ne reporteu analyucal aata and SPE(,IIOPHOBOHIGEIIL assay 10[ Eﬂe U&SES allu
nucleosides used (Calbiochem; Nutritional Biochemicals; P-L Biochemicals)

_indicated sufficient purity for polarographic study. In order to minimize pos-

sible base or nucleoside decompos1tlon in the dissolved state, test solutions
were freshly and individually prepared by dissolving weighted amounts of the
compounds in the buffer solution. The test solutions were of pH 4.0 or 7.2,0.1
M ionic strength, and 0.1—1.0 mM in base or nucleoside.

Nitrogen used for deoxygenating was purified and equilibrated by bubbling

it successively through acidic V(II) kept over heavily amalgamated zinc, satur-
_ated Ca(OH)z and distilled water.

Procedures

Test solutions were deoxygenated by N, purging and were then examined
with N, passing over the solution.

D.c. polarograms were recorded in the usual manner, employing a natural
drop time.

For a.c. polarography, a controlled 2 s drop time was used with a d.c. poten-

© tial scan rate of 2 mV s™! and a superimposed alternating voltage of 5 mV peak
ambplitude (2.54 mV rms) and 50 Hz freguencv. The nhase ano’]n was deter-
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mined in accordance with the recommended procedure for the PAR apparatus.
The phase angle selected for the in-phase current component measurement was
that for which the noise, as indicated on the lock-in amplifier galvanometer,
was at a minimum; the quadrature current component was recorded at a phase
angle 90° from that used to measure the in-phase current component. Quadra-

ture current measurements were made when solution/adsorbate equilibrium
had been attained (cf. subsequent discussion on effect of time).

GﬁANOSINE—AnENOSINE INTERACTION |
D.c. polarography
At pH 4 0 no dlfferences are observable in the d.c. polarographlc curves for

0 1-05mM adenosme alone and for mixtures of adenosine and guanosine up
_toa ratlo of 1 4 adenosme guanosme, where tne adenosme is 0 1—0 5mM.




526

In all cases, I, based on the maximum current for the adenosine reduction

wave, is diffusicn-controlled (linear dependence on k}/2,). The half-wave poten-
tial (U,,,) at 25°C is constant at —1.32 + 0.01 V, in agreement with a previ-: "
ously observed U,,, of —1.32 V at 0.1 M ionic strength and 25°C [15]. The dlf-
fusion current constant [I; = I;/c m*3t'/%] is ca. 13.3 at 0.25 mM adenosine
and 12.4 at 0.5 mM; the decrease with increasing concentratlon isin accor-
dance with previous reports for adenine species.

As expected, no faradaic reduction peak is seen in pH 7 2 solutions of adeno-
sine and guanosine alone or in the mixture, since the guanosine moiety is not
reducible within the available potential range in aqueous media and the adenine
moiety is reducible only when protonated at N(1) [16].

In solutions containing adenosine, the background decomposmon potential
is shifted positively owing to the effect of the adenine m01ety in lowermg the
hydrogen reduction overpotential. :

A_c. polarography

The height of the adenosine m-phase current component faradaic peak seen
at pH 4 is greatest at a phase angle of —7° to —15°; the summit potential (U, )
of —1.37 V at 25°C is unaffected by the presence of guancsine.

Over most of the available potential range there is a pronounced d1fference
in the quadrature current component between the buffer background solution
alone and such solutions containing adenosine or guanosine alone, or mixtures
of the two (Figs. 1, 2); the difference is greatest in the potential region cen-
tered at —0.6 V, which is near the electrocapillary maximum (e.c.m.) or point
of zero charge (p.z.c.). The maximum deviation is observed at a complementary
phase angle of +75° to 83° (cf. the in-phase current component phase angle of

Quadrature current component

Fig. 1. Alternating current quadrature current polarograms at pH 4.0 and 25° for: (1) 0.50
mM adenosine; (2) 0.50 mM guanosine; (3) 0.50 mM adenosine plus 0.50 mM guanosine; (4)
background buffer solution alone; (5) 0.25 mM adenosine plus 0.50 mM guanosine; (6) 0.25
mM adenosine and 0.75 mM guanosine. Some slight difference between the group of curves -
1—3 and that of curves 4 and 5-may be due to a dlfference in mstmment sensntmty. Back—
ground curve (4) refers to curves (5) and (6). : : . . :
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Quadrature current component

N ”
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Fig. 2. Alternating current quadrature current polarograms at pH 7.2 for: (1) background
buffer solution alone; (2) 0.50 m#M guanosine; (3) 0.50 mM guanosine plus 0.25 mM adeno-
sine; (4) 0.75 mM guanosine; (5) 0.75 mM guanosine plus 0.25 mM adenosine. Upper group
of curves is at 40°C; lower group is at 25°C.

—17° to —15° mentioned in the previous paragraph), and is about the same in
0.1 mM adenosine and 0.1 mM guanosine, observed separately; the deviation
for adenine is less than one-half of that for a similar adenosine concentration.
The difference does not increase linearly with guanosine concentration, for
example, it is about —0.4 uA at 0.1 mM and —0.8 pA at 0.5 mM.

At pH 4.0 and 40°C, adenosine has a U,,, of —1.33 V, an in-phase U, of
—1.38 V and a corresponding quadrature U, of —1.41 V. Addition of guano-
sine does not significantly alter these potentials_ or the corresponding currents.
Guanosine alone dbes not produce current steps at the potentials indicated.

Capacitive current pitor eil

Adsorptlon of a compound at a solutionlelectrode interface generally

lowers the magnitude of the differential capacitance of the electrical double
layer at the interface and, correspondingly, the intensity of the alternating cur-
‘rent which is involved in the charging of the double layer and which, in the
absence of a faradaic process, is reflected in the a.c: polarographic quadrature
current component. The potential at which the differential capacitance is most
reduced, compared to that in the absence of the adsorbate or surface-active

- species, defines the potential range in which the zreatest portion of the latter
species is adsorbed. Potentials, at which capacitance or current maxima appear,
are those where the most rapid adsorption and/or desorptlon processes occur;
where the current followmg the peak is below the response for background
alone, such current maxima might also indicate a reorientation of the adsor-
bate. Appearance of a more or.less sharply defined well or pit on the current—
potential or capacltance—potentlal curve is generally identified with the occur-
rence of association between adsorbed molecules to form a surface film {1,17].
For example, in. Flg. 3, adsorptton is greatest in the potential range around U,

’ where the decrease i in. f.he altematmg current (I, .. ) relatxve to that for the back-
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ground electrolyte solution alone, is greatest peaks at U* and U~ reﬂect an-
increase in [, ac ACross the interface due to aasorpuon—-aesorpuon with tne plt in
curve ¢ resulting from the association of the adsorbed solute molecules. The
walle of the nit are at the notentials at which thp surface fllm forms and hrp aks.
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Fig. 3. Dependence of the alternating current, I,;, on the electrode potential, U. Alternating
current polarograms of: (a) background electrolyte in the absence of specific adsorption; (b)
the same solution containing some surface-active substance; (¢) the same solution when
intermolecular association of adsorbed species occurs on the electrode surface. Taken from
Vetterl {1], with some modification.
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Quadratic current component phenomena

As expected from Vetterl’s studies, the nucleosides examined adsorb at the
solutionimercury interface in the region of the e.c.m. Pits (cf. pl:evu)ua para-
graph) are observed on a.c. quadrature current component polarograms of
guanosine and guanosine—adenosine mixtures (Fig. 1). Adenosine by itself pro-
duces no quadrature pits at concentrations of 1 mM or less at either pH 4.0 or
7.2 at both 25 and 40°C; the general negative displacement from the background
curve testifies to the adsorptlon of the adenosine. :

The results seen at pH 4 can be summarized as follows (the 1tems are num--
bered to facmtate subsequent reference):

(1) At 25°C and guanosine concentration of 0.2 mM or greater a sha.rply
defined minimum correspondmg toa p1t is seen in the potentlal reglon of the :

e.cm. (Fig.1).

The width of the pit in potentlal increases w1th mcreasmg guanosme concen-

+vatian aridth avantiial Aimintidian 1in affand (TG s tha rmidnaint Al +ha wid
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remains constant at —0.51-V. The depth of the pit in current and its area (cur- -

- rent depth X potent1al WIdth) increase with guanosine concentration in the
exponsantial manner characteristic of an adsorption isotherm (Figs. 4 and 5A)
The tendency of the area—concentration relation to level off at hlgher concen- -

- trations, presumably due:to. interfacial saturation with the species nemg -

adsorbed, is more evident in ‘the log—-log plot ‘of the data (Fig. 5B).:" -

(2) The n1f seen with:guanosine at: 25 Cis m'paﬂv rhml_nl_:hed Qn,z_id_d_ltn_gn Qf

adenosme, nearly vamshmg at a2: 1 molar guanosme—adenosme ratm' at the
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Fig. 4. Variation of the quadrature' current pit characteristics with guanosine concentration
at pH 4.0'and 25°C: (A) potentials at which the pit begms and ends; (B) mean depth of the
pit between its initial and final potentials.
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Flg 5. Variation of the quadrature current pit area (current depth X potential width) at ca.
—0.6 V with guanosine concentration at pH 4.0 and 25°C: (A) linear plot of data; (B) log—
log plot of data.

same time, a pit develops at more negative potential (pit midpoint is at —0.83
V) (Fig. 1). On subsequent addition of guanosine in excess of the 2 : 1 ratio the
ongmal pitat 051V redevelops (Fig. 1). : ‘
- The marked capacitive current excursion seen at ca. —1.4 V for both adenoc-
' sine alone and- adenosme—guanosme m1xtures is associated with- faradmc reduc-
tion of the adenine moiety.

(3) At 40 'C, neither of the two pits: descnbed in the precedmg paragraphs
. are seen on a.c. quadmture current polarograms of guanosme or of guanosine—
adenosme mixtures. .

‘At pH 7.2, the followmg p1t phenomena ate observed
: (4) The quadrature jo]arograms for-0.25 mM. guanosme and 0. 25 mM adeno-
jsme alone are nearly the same at 25°C: (Flg. 6); mdlcatmg almost 1dent1cal
 adsorption effects for the two.compounds over the potential range. -
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(5) At higher guanosine concentration at 25°C, e g 0 50.mM, the quadra-» -
ture polarograms have two more or less well-defined pits covering the potential
ranges of —0.20 to —0.40 V (Fig. 6). At still higher concentration (=0.75 mM),
the two pits merge into a single large pit; since the more negative pit, whose.
depth increases with increasing guanosine concentration, is the deeper at the
concentration of merging, the merged pit shows a two-step depression consist--
ing of a shallow portion centering at —0.30 V and a deeper region centering at
—0.62 V with a transition at —0.52 V which is quite close to the e.c.m. poten-
tial (Fig. 6). The pit magnitudes increase with increasing guanosine concentra- -
tion in the exponential shape characteristic of parameters related to adsorption
isotherms (Figs. 6, 7).

(6) The guanosine pits at 25°C are diminished on addition of adenosine and
disappear as such at a 2 : 1 guanosine : adenosine ratio (Figs. 2, 6). Increase in
guanosine above the 2 : 1 ratio causes a reappearance of the second pit (Fig. 2).
A pit at more negative potential similar to that centered at —0.83 V, which
appeared for guanosme-—adenosme mixtures at pH 4 at 25° C, is not seen at pH
7.2 at 25°C :

In the cases of both guanosme alone and guanosme—adenosme mixtures,
there is a marked capacitive current excursion starting at about —0.9to —1.0V
and becoming identical with the background quadrature current componert at
about —1 4 to —1.5 V (Figs. 2, 6). The peak, whose height increases exponen-
tially with increasing solution concentration of guanosine (Fig. 7), is due to
desorption of guanosine from the interface, which also produces an in-phase
current component; although adenosine itself produces a peak in this location,
the peak heights for guanosine——adenosine mixtures are essentially identical
with those for the same concentrations of guanosine alone. As previously
noted, adenosine does not produce a faradaic reduction peak at pH 7.2.

(7) At pH 7.2 and 40°C, no quadrature current pits are seen in the —0.2 to
—0.7 V range, although adsorption of guanosine and adenosine species in that
potential range is evident (Fig. 2). The current peak centered atca. —11V
behaves the same as at 25°C.

Quadrature current component

v

i : -
-16 —12 ~-08 . - —04— o0

Fig. 6. Altematmg current quadrature current polarograms at pH 7. 2 and 25°C for (1) back-
ground buffer solution alone; (2) 0.25 mM guanosine; (3) 0.50 mM guanosine; (4) 0. 75 mM .
_ guanosme, (5) 1.00 m¥ guanosme (6)0. 50 mM guanosme and 0. 25 mM adenosme el
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Fig. 7. Variation of the quadrature current and pit depths with guanosine concentration for
guanosine alone and in mixture with adenosine at pH 7.2 and 25°C: (I) pit centered at ca.
~—0.3 V; (IT) pit centered at ca. —0.6 V; (P) peak at ca. —1.1 to —1.2 V; (3T) guanosine alone;
(©) 0.25 mM adenosine alone; (O) guanosine in admixture with 0.25 mM adenosine.

" Guanosine self-association

Result (1) indicates that at pH 4 and 25°C adsorbed guanosine molecules
associate. The potential range of the resulting pit being centered at —0.51 V,
i.e.in the e.c.m. range, suggests that the association complex has an overall
uncharged structure and that the associated guanosine is less polar than guano-
sine itself. At pH 4.0, guanosine is expected to be unprotonated on the basis of
its pK, values.

Result (5) indicates formation of an uncharged guanosine association com-

- plex at pH 7.2 and 25°C similar to that at pH 4.0.

The guanosine association complex can be formulated as a dimeric species as
a result of hydrogen bonding involving the oxygens at C(6) and the hydrogens
of the amino groups at C(2), as shown for structure I of Fig. 8. Such intermole-
cular bonding might stabilize the system against proton addition or loss. While
the intermolecular interaction must be strong enough to cause association
resulting in a surface film, the relatively low degree of stability of the complex
is evident from its failure to be formed at 40°C (results 3 and 7). Analogously,
2 mM adenosine at pH 7 forms a deep p1t at room temperature but the pit dis-

appears at 35°C (Fig: 3 of ref. 2).
: Guanosme—adenosme mteractlon

The PK, values for adenosme mdlcated that adenos.me is partlally protonated
: atpH40andlsunchargedatpH72 : , , , :
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The effects resultmg from adenosine addltlon toapH4 solutlon of guano- .
sine (result 2) are explicable on the basis that the associated adsorbed guano-f —
sine species is dissociated due to the formation of a more. stable guanosme—?’ :
adenosine complex, whose stoichiometry is that of two guanosine ‘'molecules
per adenosine molecule. The adsorption and subsequent association of the - .
latter complex produces a pit at a more negative potential than the pit due to-
the guanosine complex; more importantly, while the guanosine complex is
adsorbed in the e.c.m. potential region, as shown by the pit due to it being cen-
tered in that region, the guanosine—adenosine complex is adsorbed at poten- |
tials negative to the e.c.m., as expected for a positively charged species.

The failure of the adsorbed guanosine—adenosine complex to produce a plt
at more negative potential at pH 7.2 (result 5) as it does at pH 4 could be
related to the unprotonated structure present at pH 7.2. '

The hydrogen bonding in the complex at pH 7.2 could involve electron-pair
donation from the oxygen atoms at C(6) in guanosine and from N(1) and N(7)
in adenosine, as shown in structure II in Fig. 8. At pH 4.0, the proton which
would normally reside mostly on N(1) of about one-fourth of the adenosine
molecules could also reside on N(3) of the adenosine and/or the amino groups
at C(2) of the guanosines.

The formation of a guanosme—adenosme complex had been inferred from an
apparent capacitive wave which appeared on d.m.e. polarography at ca. —1.0 to
—1.2 V [15]; such a wave was also seen in the present studies. As previously
noted, desorption of guanosine and guanosine—adenosine complexes produces
in-phase and quadrature current components in this potential region. :

It should be noted that, as a result of electronic shifts due to the intermole-
cular hydrogen bonds formed, the basicity (pK,) of the assoaatlon complexes
may differ from those of the individual nucleosides.
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' Flg 8. Possible hydrogen-bonded structures for the association complexes formed by: (I) -
two guanosme molecules; (IT) two guanosine ‘molecules with one adenosine molecule (III)
one guanosine molecule and one cytidine molecule R tepresents the nbose moxety
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' Effect. of time

: Indwldually deoxygenated buffer and stock guanosine and adenosine solu-

_ tions were mixed to prepare the test solution: Quadrature current polarograms
were then obtained at frequent intervals over a period of up to 10 h. The

-increase in depth of the pit at ca. —0.9 V- (cf. Fig. 1) with time for 2 : 1 and
3 : 1 guanosine—adenosine mixtures is evident from Fig. 9. For the 2 : 1 mix-
‘ture, an induction period of ca. 2 h was followed by a growth which levelled
off after ca. 2 h more. For the 3 : 1 mixture, the induction period was shorter,
with a steady state being reached in ca. 3 h. The current peak corresponding to
the adenosine faradaic process and the depth of the first pit were constant over
the time periods involved.

The data would seem to indicate rapid formatlon of the associated species
involving two guanosine molecules (Fig. 8: species I), followed by the much
slower formation of the more bulky species involving two guanosine molecules
and one adenosine molecule (Fig. 8: species II), as a result of adenosine react-
ing with monomeric guanosine in equilibrium with associated guanosine and/or,

_ less likely, directly with the dimeric guanosine. .
.In any event, irrespective of the mechanistic paths involved, it is advisable to
“allow the test solution to stand for about 5 h before recording the quadrature
polarogram for. the equilibrium state. This was done for all solutions for which
adsorption and association of complex species were measured.

The change in the double-layer capacitance with time may possibly involve
reorientation and/or consolidation, e.g. association, of adsorbed species. Such a
process may also account for the shght decrease after 5 h for the 3 : 1 mixture
(Fig. 9B).

The fact that guanosme itself reaches mteractlon equlhbnum relatlvely
rapidly may indicate that the guanosine moiecules have interacted even in the
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Fxg 9. Varxatlon w1th time at pH 4 Q. and 25°C of the depth of- the pxt corresponding to
adsorption of the guanosme—adenosme complex for: (A) a mixture of 0.25 mM adenosine
~and 0.50 mM guanosme, (B)a mixture of 0.25 mM adenosine and 0.75 mM guanosine. In
each case; the upper curve is for. the mltlal depth of the pit cormpondnng to adsorption of
“ the complex and the lower curve. is for desorption of the complex. :
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solid state Unfortunately, experiments Whlch mlght have shown whether an
induction penod occurs s1m11ar to those of Fig. 9 'were not carned out

GUANOSINE—CYTIDINE INTERACTION
D.c. pqlarogra_phy

At both pH 4.0 and 7.2 (0.1 M ionic strength), the cytidine reduction wave .
at the d.m.e. is diffusion-controlled (linear variation of I, with k'/2,) alone -

and in mixture with guanosine; I, values are those expected for a faradaic n.
between 2 and 3; U,,, is —1.31 to —1.35 V-at pH 4.0 and 25°C, —1.53 V.at pH _
7.2 and 25°C and —1.50 V at pH 7.2 and 40°C. These results are in conformlty
with those previously reported for cytldme [16] , ,

A.c. polarography

The in-phase a.c. polarograms for cytidine and cytidine—guanosine mixtures -
. show a peak whose height is proportional to cytidine concentration and -
independent of added guanosine..At both 25 and 40° C Usisca.—140V at pH
40and ca.—1.60VatpH7.2. '
With respect to the quadrature a.c. polarograms cytldme 1tself shows no plt
although it is adsorbed (Fig. 10). Addition at 25°C of cytidine to a pH 4.0 solu-
- tion of guanosine at a 1 : 1 molar ratio reduces the potential range covered by
the guanosine pit centered at —0.51 V from ca. 370 mV to ca. 200 mV and -
slightly reduces its depth (Fig. 10). At 40°C there is no difference between the
"quadrature patterns for guanosine alone and in mixture with cytldme, except in
the potential region beyond —1.8 V where cytidine is reduced: i
At pH 7.2 and 25°C, addition of cytidine to a guanosine solutron toa 1 1
molar ratio causes the two pits seen in the quadrature curve for guanosine alone
to diminish to barely perceptible arcs in the curve. At 40°C the quadrature
curves for guanosine alone and for its mixtures with cytidine are the same -
except in the potent1al region beyond —1.5 V where the cytldme is reduced

‘Quadrature current component

s i : (/(V)
1

' .
-16 N -oa __1-04 .0

Fig. 10 Altematmg current quadrature current polarograms at pH 4 0 and 25 C for (1)
background buffer solution alone; (2) 0 50 mM cytxdme (3)0. 50 mM guanosme, (4) 0. 50
- mM cytldme plus 0 50 mM guanosme
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Guanosine—cytidine interaction -

The data support formation of a 1-:'1 molar association complex between

~ guanosine and cytldme Based on its pK values, about half of the cytidine.
- would be protonated at. pH 4.0, but none would be at pH 7.2. Since the guano- 7

sine—cytidine complex seems to be more stable at pH 7.2 than at pH 4.0, based
on the relative changes in the guanosine pit patterns at these pH on cytidine
addltlon the complex formed at pH 7.2 could have a structure (III in Fig. 8)
similar to that postulated for the guanosine—cytidine pair on double-helix for—
mation in thenucleic acids in respect to hydrogen-bonding and bridging sites.
- AtpH40, ‘bonding in the complex would be weakened owing to competition
for bonding with N(8) in cytidine between the hydrogen on N(1) in guanosine
- and solution protons whose activity at pH 4.0 is normally sufficient, as noted,
to bond to N(3) in about half of the cytldme molecules present.
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