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Preface

wn

Two principles are necessary so that life shall succeed:
Cne consists of proteins, the other of nucleic acids." These
statements were made by Dr. J. Theorell while introducing the
Nobel Prize winners in Physiology and ledicine in 1959. They
approoriately characterize the significance of these cell con-
stituents which must be present for any cell to function. Z=e-
cause of their vital importance to 1life, any prove into the
further understanding of their properties and functional char-
acteristics is gquite Justified. The importance of proteins as
related to living systems has long been appreciated, while the
importance of the nucleic zcids has only besn appreciated in
recent times.

Nucleic azcids were discovered in 1869 by Friedrich Kiescher,
who isolated a material from pus-containing bandages which con-

n .

e

sisted largely of nuclei. He named the substance, "nucle
In his studies, he found that the materizal contained large
amounts of phcsphate and was acidic in character. He also found
that nuclein was soluble in alkali but insoluble in acid.

The term "nucleic acids” was introduced by Altman in 1889
and in subsequent years several of the nucleic zcid constituents

were isolated and identified. *<The most distinguishing feature

~7=



~ne

which seemed to separate two different types of nucleic acids
which were isolated was the sugar moiety. In 1909, Levene and
Jacobs identified the sugar in nucleic acids to te the aldopen-
tose, ribose. In further studies they found that the sugar,
deoxyribose, was present in some nucleic acids which were iso-
lated. <The sugar moiety was thus used to classiiy these

nar
Ri

types of nucleic acids, RNA (nucleic zcids containing ribose)
and DNA (nucleic acids containing deoxyribvose).

It was first believed that RINA was found only in plants,
while DNA was found only in animals. 7This was shown to be in-
correct as it was firmly established that toth types of nucleic
acids occur in 211 livingz cells.

In 1940, Caspersson developed a procedtre vhereby the pre-
sence of nucleic acids could be detected by observing an abscr-
bance in the ultraviolet range of the light spectrum (around
260nm). 7This proved to be a valuable analytical tool in some
of the continued studies of nucleic zcid chemistry.

Turther research on the nucleic zcids showed that DNA was

the important type of nucleic zcid with regard to information

4

carrying ability and that it was an intezral part of the chromo-
some. iiia was found to play a decisive role in protein
thesis (Casversson & 3rachet, 1574). INumerous studies on viruses
further substantiated the vital biological role of Dii.

As biologiczl studies were being carried out, severzl

chemical investigztions by such workers as Chargsff, Todd, and



iiilkins, laid the groundwork for the structural model of DNA
provosed by dWatson and Crick in 1953.
This dissertation is written to present some of the inves-

tigations which I have carried out in sezrch of a better under-
standing of a small, although significant (a2t least academically),
area of nucleic acid chemistry. The dissertation is divided into
three varts, each vart closely related to the others. The first
part deals with the polynucleotide around which the entire study
revolves, the conformational znd physical proverties of poly-
cytidylic zcid. The second vart deals with the complexes formed
between Poly C and deoxyguanosine, and between Poly U and adenosine
as a function of pHE, Part three dezls with the affects of chem-
ical modification of Poly C (with the mutagenic agents hydroxyl-
amine and nitrous acid) on deoxyzuanosine and adenosine binding
properties. These studies were carrizd out in order to get a
better understanding of the action of mutazens in a defined

volynuclsotide system.
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PART 1
THE PHYSICAL AND CONFORMATICNAL PROPERTIES
OF POLYCYTIDYLIC ACID



PART I
THE PHYSICAL AND CONFCRMATICNAL PRCPERTIES
CF POLYCYTIDYLIC ACID

CHAPTER I
INTRODUCTION AND LITERATURE REVIEW

The biopolymer around which this entire research project
revolves, is the homoribopolynucleotide, polycytidylic acid.
Polycytidylic acid (Poly C) is a synthetic RNA molecule which
is composed solely of cytosine residues as the constituent
pyrimidine nitrogen bases. Synthetic polynucleotides are of
considerable interest because of their close relation to the
naturally occurring nucleic acids. Both the natural and synthe-
tic polymers are oftén capable of assuming more than one con-
formation.1 The structures and hydrogen bonding schemes of the
homohelices formed by Poly C and Poly U (polyuridylic acid)
are of great interest in view of the fact that they are both
biochemically active in the synthesis of polypeptides by the

ribosomal system of E. coli. 2 ¥
Poly C has been shown to be a good model for the study

of the conformations of polynucleotides in solu‘l:ion.5 This
homopolymér has been shown to exist in one of two principal
conformational states under certain physiological conditions.
At acid pH (pH 3.5-5.5) Poly C has been shown to exist in a

double helical conformation stabilized by cytosine base stacking

-1-



interactions and by the formation of three hydrogen bonds between
each cytosine base ;pair.l"'-13 At pH values near neutrality, Poly
C has been shown to exist as a single-stranded helix stabilized

primarily by cytosine base stacking interactions along the poly-

14

mer chain. Under conditions of extreme alkaline or acid pH,

Poly C assumes no régularity in its conforma‘tion.ls’16

The Double Helical Form of Poly C

The double stranded helical form of Poly C exists in solu-

tion under conditions of acid pH (oH 3.5-5.5) as evidenced by

29polarimetric;%)optical rotatory dispersion,s’12

7+,9,13

hydrodynamic,

circular dichroism,6 ultraviolet absoroption, acid-base

11,21 11 10,13

titration, infrared absorption, and Raman spectral studies.
The evidence supports the model of Poly C at acid pH as a double
helical polynucleotide in which two strands are stabilized by

the formation of three hydrogen bonds between each adjacent

pair of cytosine residues existing in a parallel configuration.
The suggested binding scheme for a cytosine base pair under
conditions of acid pH is shown in Figure 1. %he single most
important factor in bringing about this conformation is the pro-

tonation of the N3 endocyclic nitrogen.

a=ray Diffraction Evidence Supvorting Duvlex Poly C

Langridge and Rich1 reported an x-ray diffraction study of
Poly C at acid ph which strongly supports its existence as a

double helical polynucleotide. The diffraction pattern has

-2



c—c¢C Ye—n
H—c< >N----.-H-"N/ c—H
/N— C\G----H——-N>G -G NH
. ...

chain
Figure 1. Suggested base-pairing scheme between two cytosine 1
bases in polycytidylic acid under conditions of acid pH.

17

characteristic features which suggest a helical conformation~”
and there appear to be 12 cytosine residues per turn of the helix.
The diameter of the helix is approximately 13.5 &, suggesting

a duplex structuré (based on the known diameter of double-stranded
DNA, having a purine-pyrimidine base-pair diameter of ca. 20 AJ.
The strands appear to be parallel to each other and are related
by a two-fold axis of rotation. The cytidylic acid residues

are approximately 3.1 A apart and same-strand neighboring resi-
dues are rotated by 30 degrees. The data strongly supports the
proposed cytosine base-pairing scheme as shown in Figure 1.

This type of base pairing has been observed in the structure of
cytosine-5-acetic acid.zo
The addition of protons apparently is the single most im-
portant factor in bringing about this ordered form of the polymer.
Three hydrogen bonds result as a consequence of the additian
of one proton for every two cytosine residues. TIhis type of
hydrogen bonding explains the need for an increased level of

protonation in the formation amd stabilization of the double

helical form of Poly C. It was found that altering the pH from

-3=



5.5 to 3.0 resulted in a drastic disorder in the x-ray patterns,
suggesting that protonation of both cytosine residues in each
base pair of the double helix caused a break-up of the two-fold
rotation axis of symmetry due to like-charge repulsion. The

resulting structure probably exists as a disordered coil.

The Single-Helical Form of Poly C

In 1976 Arnott et al¥+presented x-ray fibre diffraction
data that shows Poly C to exist as a single-stranded, right-
handed €-fold helical structure at pH 7.0. There appears to
be no hydrogen bonding between bases and the molecular structure
iz apparently stabilized primarily by base-stacking interactions.
In this single helical form of Poly C, the ring nitrogen of one
base lies over the center of the preceeding ring.” There appear
to be no direct interactions between bases of neighboring mole-
cules. The only intermolecular interactions are seen in the
hydrogen bonding potential of ribose hydroxyl groups on alter-
nate cytidine residues. .

Fasman et al? deduced from optical rotatory dispersion
measurements that the conformation of Poly C at neutral pH
ishighly ordered. IThese workers proposed a single-stranded
helical structure which was stabilized by cytosine stacking

interactions along the polymer chain.

C.D., 0.R.D., and UV Absorvtion Studies on Polv C

In 1967, Brahms et al.5 presented circular dichroism and

ultraviolet absorption data on Poly C solutions at pH 4.5 and 7.0.

he



At pH 4.5, the C.D. curve is composed of a positive and a
negitive band with a Amax at 287nm and a2 Amin at 265nm (see
Figure 2). The inflection point is at A27%4, which agrees with
the wavelength of the UV absorption max of the main band of Poly
C at this pd. At pH 7.0, the C.D. spectrum is composed of one
@ain band centered at 27énm. It can be readily seen that the
spectrum of Poly C at pH 7.0 is quite different from that seen
at pH 4.5. The UV spectrum at neutral pH can also be easily
distinguished from the spectrum of Poly C at the acid pH value.
At pH 7.0, the UV absorption spectrum has one main band centered
at 268nm with a shoulder at 225nm. As can be seen, the position
of the maximum of the C.D. band is shifted to shorter wavelengths

parallel with the shift of the absorption band maxima.

CD

2L

20t

£ x 1077

O » D W FWun ONN

.

2107250 290 330 210 250 290 330

Wavelength A (nm) Wavelength A (nm)

Figure 2. Circular dichroic and UV absorption spectra of Poly C
at pH 4.0 (in 0.1 & NaCl, 0.05 ¥ acetate) and at pH 7.5
(in 0.1 ¥ K, 0.01 K TRIS); C.D. spectra at 0°C, UV absorp-
tion spectra at 25°C. (Brahms 1967). )
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One can generally use the shape of the UV and/or C.D. spectra
to predict the major form of Poly C present in solution. The
C.D. spectrum shifted to the longer wavelengths is character-
istic of the protonated form of cytidine compounds, and the
presence of adjacent positive and negitive circular dichroic
bands reflect the formation of the double-stranded helical form
of Poly C. The UV spectra at the two pH values are character-
istically different in Amax, Amin, amplitude, and in the presence
or absence of the shoulder at A225.

rfhese circular dichroic spvectra are in general agreement
with the ooptical rotatory dispersion data observed for Poly C

by Fasman et al.? Sarocchi et al.,22 and Guschlbauer?‘3

These
studies suggest that Poly C at pH 7.1 and 4.1 exist- as highly
ordered asymmetric helical structures. The helical structure
at the neutral pH is apparently maintained in the absence of
hydrogen bonding.

The anomalous rotatory dispersion (the Cotton effect) is
known to occur near (optically.active) absorption bands; thus
any chromophore may exhibit a Cotton effect when located in a

disymmetric environment. 2k

Helical polymers have been shown

to display Cotton effects which are lost when the helix is de-
natured or destroyed.25’27 Similar Cotton effects are observed
with Poly C solutions, suggesting a high degree of asymmetry

and a highly ordered secondary structure both at pH 4.1 and 7.1.8
The optical rotatory dispersion- of Poly C and CNP are shown in
Figure 3. A positive Cotton effect is observed at both pH 4.1

and 7.1, indicating highly ordered asymmetric structures. However,
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Figure 3. Optical rotatory dispersion on Foly C and CkP. Poly
C: at pH 7.1 {citrate buffer), curve i; at pH 4.1 (0.1 N
acetate buffer), curve D. CMP: at pH 7.1 (citrate buffer),

curve B; at vH 4.1 (6.1 M acetate buffer), curve C. [m']
is the mean residue rotation. (Fasman et al. 1964).

the ORD spectral patterns are indeed different at the two pH
values, indicating that the two samples contain differing con-
formations of Poly C. These studies suggest that solutions of
Poly C, under conditions of neutral and acid pH, exist as highly
ordered asymmetric structures {probably helical, although
different helical species). These findings support the x-ray
diffraction studies which show double helical and single heli-

cal conformations of Poly C at pH 4.5 and 7.0, respectively.



Eyvpochromism in Poly C

The change in light aﬁsorption which occurs when a polynucleotide

such as Poly C, undergoes a conformational change from an ordered
(native) state to a less ordered (denatured) state, is a result
of dipole-dipole interactions induced in the chromovhores

31

(nitrogen bases) by the incident light. The decrease in ab-
sorbance (per chromophore) observed in an ordered polynucleotide
as compared to that exhibited by its constituent chromophores,
is known as hypochromism. Conversely, the increase in absor-
bance (per chromophore) observed upon denaturation of an ordered
volymer is known as hyperchromism.

The hypochromism phenomenon in polynucleotides has been
explained in terms of dipole interactions among the stacked
nitrogen bases,35 overlap of pi orbitals of the stacked bases,36
tautomeric base shifts,37"38 physical shielding of the bases

39 and geometrical orientation of the pases. YO-¥1

from one another,
Hypochromism in Poly C is thought to be primarily the result

of cytosine base stacking interactions along the polymer chain.
The UV spectrum of Poly C shows the absorption at the main ab-
sorption band (270nm) to be considerably less than the sum of

the absorptions of the constituent nucleotides (ChP's). Upon
structuring an ordered polymer from a group of randomly ordered
monomer molecules, there is a decrease in the oscillator strength
of the pi—»pi* electronic transition.9 In a solution of unordered
monomeric units, the transition moments are randomly oriented

with respect to each other and consequently, there is no effect

on the spectrum. If these transition moments happened to be .

-8~



co%inear, the result would be an increase in absorption (hyper-
chromism). However, in polynucleotides, parallel stacking of
the moments causes a decrease in absorption (hypochromism).
Hypochromism in FPoly C has been reported to be as large
as 47%. Disruption of the ordered polymer by various denatura-
tion procedures (i.e. thermal denaturation, organic solvent
denaturation, alkaline hydrolysis, e'I:c.)L"2 is performed in
ordered to determine such values. It has been reported that
thermal denaturation of polynucleotides seldom results in total

denaturation.7

Therefore, accurate hypochromism data must be
obtained using alternate procedures (such as acid or alkaline
hydrolysis which hydrolyzes the polynucleotide to mononucleotide
units). In this way, the ordered polymer spectrum can be direétly
compared to the spectrum of the hydrolyzed polymer (constituent

nucleotide spectrum), and accurate hypochromism data can then

be obtained.

Thermal Denaturation Studies on Poly C

Ultraviolet absorption-temperature orofiles of Poly C at
various pH values and ionic strengths have been reported by sev-

4,8,11,21-23 ap. results of these studies

eral investigators.
lend evidence to further support the existence of the two
different helical forms of Poly C under certain rhysiological
conéitions. The thermal denaturation of Poly C from an ordered
helical structure to a less ordered structure can be seen in

both UV and CKD spectra as the temperature is elevated. The UV

~0-



absorption vs temper;ture profile of Poly C at. pH 4.1 (in 0.1 X
Ma acetate) presented by Fasman et al.8 shows a cooperative-type
melting (denaturation) with a Im~81°C, while the melting curve
at pH 7.0 (in 0.1 M Na citrate) shows a gradual, non-cooperative
type transition with a Tm~41°C.

Brahms et a.l.5 have shown that at pH 4.0, cooperative

changes, indicating an ordered temperature-dependent secondary

structure, are quite evident at the level of the heptamer (Tm=20°C)

'ds can be seen in the UV absorption vs temperature profiles of
a series of oligocytidylates and Poly C. These melting profiles
are shown in Figure 4. The proposed doubie helical conformation
of Poly C at pH 4.0 suggests the stability of the polymer at
“his pH-is due to contributions not only from vertical cytosine
base stacking interactions, but also from horizontal hydrogen

4,8,29

bonding interactions between the two strands. This three

dimensional network of interactions greatly hinders denaturation

003‘ [-
AO.D. at
0.21cC c8
280nm :;,, €2 Poly F
cé 10
0.1 c7
0 20 Lo €0 80

°
Temperature C

Figure 4. Ultraviolet absorption-temperature profiles of 3'—s5"'
oligocytidylates in 0.1 ¥ NaCl, 0.05 M Na acetate (pH 4.0)
Changes in optical density recorded at 280nm for solutions

ca. 2x10-% K with respect to nucleoside residue. (Brahms et al.

-10-
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£ the double helix until a critical <emperature is reached.

The three hydrogen bonds formed beiween cytosine residues adds

- -

a significant stabilization force beoth 1p nuliiple-hydrogsn

bond strensgth a2nd in the aliznment of cytosine bases so as to

allow for maximum svacking interaction w“hen the thermzl
enerzgy is great enough, hydrogen bonds brezk cooperatively,
cytosine bases unstack, and a cooverative melting profile is
observed.

Studies showing the influence of X and ionic sirenzth

on the Tm of protcnated Poly C has been demonstrated dy several
5,22,23  m civi1ien af che

workers. Zne stability of the homopolymer under 2z

given set of conditions is reflected in the melting texmp-

erature (Tm). Zhe changes in Tm as a function of »H and ionic

. s o s ~ . 2 s ss s L <
strength as reported by Suschlbauer, 3 Akinrimisi et al.,  and

22

-
~

Sarocchi et al. are shown below in Figures below. Z2ased on

these data, the most stable form of Foly C appears to exist

J'

a2t

g2

T 4,1 2nd~0.1 ¥ Na'. Fhe Tm under these conditions is ca.

Dependence of mm of Poly C on DX at diffsrent icnic
Strengtns. o, 0.9 & Na¥; ®, 0.13 L ¥a™; x, 0.04 ¥ Ha".
All sclutions in sodium acetate buffer. (C uscnloauer},nd

{Szrocchi et 21.)

-11-
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tory. The results of some of these studies are reported in the

following chapter.
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CHAPTER 1II

EXPERIMENTAL METHODS AND MATERIALS

UV_Absorption Spectra of Polvecytidylic Acid

The potassium salt of polyribocytidylic acid was obtained
from Miles Laboratories (Elkhart, IN). UV absorption spectra of
Poly C at various pH values (in 0.1 M Na') were obtained by
preparing aqueous solutions of Poly C (ca. 1 mM) and scanning
the UV spectral range, 200-320nm using the Perkin-Elmer Double
Beam Spectrophotometer (Coleman, Model 124). In most cases 1 mm
pathlength cuvettes were used so that relatively high (1-10 mM)
concentrations of the polymer could be detected. Extinction
coefficient values of Poly C under various conditions are on the
order of ca. 7x103.

Poly C spectra at pH 4.1 (in 0.1 M Na acetate buffer) and
7.1 (in 0.1 M Na phosphate buffer) are shown in Figure 5. Figure
€ shows Poly C spectra at four acid pHE values (3.1, 4.1, 5.1, and
6.0). TFigure 7 shows spectral patterns of Poly C at three alkaline
pH values (7.1, 8.0, and 9.0).

Cytidine, CMF Svectra; Extinction Coeffiéient Determinations

Cytidine, 5'-CMP, and 2'&3'-CMF (mixed isomers) were purchased
from Sigma Chemical Company (St. Louis, M0). 1.0 mM agueous solutions
of these compounds were prepared at pH 2.5, 4.5, and 7.0 in 0.1 N

Na® buffers for UV spectral analysis. These spectra are shown in

-14-



Figures 8-10. Extinction coefficient values of these compocunds
were determined by carefully preparing known concentrations of
each at the various pH values . The absorbance value at a
given wavelength for a specific concentration was used to cal-
culate £ using the Beer-Lambert relationship (A=£Cl). The results
of this work is shown in Tables 1-3. In each case, 1 mm cuvettes
were used. The extinction coefficient values determined for
2'&3'-CMP at the various pH values are used to calculate Poly C
concentrations (expressed in CMP units), since upon alkaline
hydrolysis, Foly C is degraded to monomeric 2'&3'-CMP isomers.
Alkaline hydrglysis of Poly C is carried out by incubating
Poly C in 0.3 N KOH for 22 hours at 37°C. The spectra of four
such Poly C hydrolysates at different pH values are shown in

Figure 11.

Poly C Hypochromism Studies

The hypochromism of Poly C was determined via alkaline hydrolysis
of the polynucleotide to monomeric CMP units as described earlier.
The absorbance of the solution before (Poly C) and after (CMP)
treatment with KOH reveals the hyvochromic effect of the structured
polymer. Generally, the greater the increase in absorbance of
the hydrolysate over the initial polymer solution, the greater
the secondary structure of the polymer.

The scheme used for Poly C hypochromism studies is shown in
the following chapter (Results). Two sets of hypochromism data
on Poly C at pH 4.1 and 7.1 are shown in Figures 12-15. Appropriate

controls were run in each case. In addition, treatment of 2'&3'-CMP

-15-



with 0.3 N KOH was carried out to insure a non-hypochromic effect

of the mononucleotide solution.

Thermal Denaturation

Thermal denaturation profiles of Poly C at pH 4.1 and 7.0
(in 0.1 M Na® buffers) were obtained by determining the change
in absorbance (at a given wavelength) with increasing temperature.
The Cary 118 Spectrophotometer, equiped with a jacketed curvette
holder was utilized. Temperature control was accomplished by
water flow through the Jjacket using an external variable-temper-
ature water bath. Temperatures were taken directly in the reference
cell and were recorded to the nearest degree. Data reported is
at five degree intervals. At the pH values near neutrality,
absorbance readings were recorded at 268nm (dmax), while at pH
.1 and 4.5 optical density readings were recorded at 273nm (Amax).
The midpoint of the changes of the optical properties was taken
as the Tm (melting or denaturation temperature). Tm is presumably

the temperature at which 100% of the polymer is 50% denatured.

Acid-Base Titration .

A 1.0 mM solution of Poly C (expressed in CMP units) was pre-
pared in 0.1 M NaCl at pH 7.0. Into exactly 5.0 ml of this solution
was titrated, drop by drop, a 0.001 N HC1l solution. After each
drop, the pH of the solution was recorded, using the digital
Corning pH meter (Model 125). Titration was terminated after 5.0
ml of the diluted HC1l had been added. Acid titration data and the

curve to which they correspond, are shown in Table 6 and Figure 18.

-16-



CHAPTER II

RESULTS



Figure 5. Absorption Spectra of Poly C at pH 4.1 and 7.1.

Conditions: Temp. = 26°¢c; Poly C in 0.1 M Na acetate (pH 4.1)
and in 0.1 N Na phosphate (pH 7.1).

260 280

Wavelength (nm)
-18-



Figure 6. Absorption Spectra of Poly C at Acid »H Values
Conditions: remp. = 24°C; Foly C in 0.1 I Na acetate buffer.

0.94

C.D.

220 210 260 280 300

Wavelength (nm)
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1.01

0.8+

Abs.

0.61¢

8. UV Absorption Spectra of 1.0 mi Cytidine.

2.5: Cytidine in 0.1 [ NaCl, adjusted to pH 2.5 with 1 N HC1.
L.5: Cytidine in 0.1 K Na acetate buffer.

7.0: Cytidine in 0.1 i phosphate buffer.

200 220 240 260 280 300

Wavelength (nm)
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Table 1. Extinction Coefficient Determinations for Cytidine.

PH 2.5: Cytidine in 0.1 I NaCl, adjusted to pH 2.5 with 1 N HCl.

{Cytidine) By0m £x 167
1x107 ¥ 1.19 11.90
7x107% & 0.83 11.85
5x1o“LP Ii 0.60 12.00
3x107% M 0.35 11.66

Spectral Data: Amax=277mm; Amin=239nm; E=11,900

pE 4.5: Cytidine in 0.1 ¥ Na acetate buffer.

[Cy"cidine] Bono €x 16°
1x107° & 0.96 $.60
7x107% ¥ 0.67 9.56

:,,_10-4 M 0.48 9.60
3x10‘4 M 0.29 9.66

Svectral Data: Amax=272 nm; Amin=241 nm; E=9,6OO

pH 7.0: Cytidine in 0.1 ¥ Na phosphate buffer.

(cytidine) Bogg Ex 16°
1x1070 K 0.86 8.60
8x107% 1A 0.69 8.62
53107 u 0.43 3.60
3x107F ¥ 0.26 5.66

Spectral Data: /{max=268 mm; Amin=246 nm; _E£=8,600

22w



Figure 9. UV Absorption Spectra of 1.0 mf 5°'-CLP.

pH 2.5: C¥P in 0.1 ¥ NaCl, adjusted to pKE 2.5 with 1 } HCl.
PH 4.1: CEF in 0.1 } Na acetate buffer.
pH 7.0: CKP in 0.1 I Na phosphate buffer.

1-2"
1.0
0.8}
ADs.

0. 64

0.4

e 220 . 280 260 280 300

Wavelength (nm)
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Table 2. Extinction Coefficient Determinations for 5'-CKP.

pE 2.5: 5'-C¥P in 0.1 I NaCl, adjusted to pE 2.5 with 1 N HC1.

[5'-cur) - £€x 1073
1x1072 ¥ 1.17 11.70
7x10”% 1 0.82 11.71
5x10”% 1 0.58 11,60
3x10”% 1 0.35 11.66

Spectral Data: Amax=277 nm; Amin=239 nm; £ =11,700

pH 4.1: 5'-CKEP in 0.1 K Ha acetate buffer.

(5'-cup) Ay F£x 107
11073 i 0.99 9.90
7x10”% 1 0.69 9.85
5x1o‘4 A 0.50 10.00
3x10™% & 0.29 9.66

Spectral Data: Amax=273 nm; Amin=241 nm; € =9,900

(5'-ciz) Acq £x 1072
1x107° ¥ 0.83 8.30
8x10™% & 0.66 8.25
5x107% B 0.541 8.20
3x107™% & 0.25 8.33

Spectral Data: /Imax=268 nm; Amin=247 nm; E=8,j§00

-2l



Figure 10.

1.24

1.0,

UV Absorption Spectra of 1.0 mhi 2'&3'-CiP (Mixed Iscrers)

2.5: CKP in 0.1
4.5: C¥P in 0.1
7.0: CKP in 0.1

NaCl, adjusted to pH 2.5 with 1 N HC1.
MNa acetate buffer.

o Pl
l Y l "

(<
’.’:\

Na phosphate buffer.

200

r 13 g ™

220 __ 2Lo 260 280 300

davelength (nm)
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Table 3. ZExtinction Coeffecient Determinations for 2'&3'-CiiF.

pH 2.5: 2'&3'-CHP in 0.1 [ NaCl, adjusted to vH 2.5 with 1 N HCl.
(2re3'-crz) Bpng Ex 1072
1x1072 & 1.19 11.90
71077 & 0.83 11.85
5x107% ¥ 0.60 12.00
3x10™% & 0.35 11.66

Spectral Data: Amax=276 mm; Amin=238 nm;

pH 4,5: 2'&3'-ClP in 0.1 I Na acetate buffer.

& =11,900

(2'&3' -cip) F. Ex 1073
1x107° & 0.98 9.80
7x107% K 0.69 9.85
5x10‘LP M 0.49 9.80
3x107% 1 0.29 9.66

Spectral Data: Amax=272 nm; Anin=242 nm;

£=2,800

oH 7.0: 2'&3'-CNP in 0.1 X Na phosphate buffer.

Qa3 -cus) Bogs £x 1073
1x10”3 ¥ 0.88 8.80
8x10™* & 0.70 8.75
sx10™Y & 0.4 8.80
3x107% & 0.27 9.00
Spectral Data: Amax=268 nm;  Amin=247 nm; £-8,800

-26-
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General Experimental Scheme For Folv C Hyvpochromism Study

Poly C Solution
(under given conditions of pH and ionic strength)

SN\

1:1 (V:V) PolyC :0.& N XKCH

incubate for
22 hours at
37°¢

y

Adjust solution to initizl pH
with volume, V, of 0.1 N HC1

(in 0.1 I NaCl).

Hvdrolvzed Fely C = CKP

Abs at Amax_of

1:1 (V:V) Poly C:0.8 I KC1

incubate
22 hours at
37°C

Y

Add volume, V, ot

of 0.1 & Na
buffer a2t initizl pE value.

Tolv C

CEE

Abs at Amax of Foly C

-28 -
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Poly C Hypochromism Data at oH 4.5

---Hypochromism of Poly C in 0.1 M Na acetate buffer at oH 4,5---

(1) Initial Poly C: Amax=273nm 8557102

(2) 2 ml Poly C + 2 ml 0.6 N KOH (pH 12.5): A max=267 85677049
(3) 2ml Poly C + 2 ml 0.6 & KC1 (pH &.5): Amax=273 A575=0.51
incubation of (2) and (3) for 22 hours at 37°C.

adjustment of (2) to pHE 4.5 with 0.1 ¥ HC1 (in 0.1 I KaCl):
Amax=273 4,,,=0.28
273

added equal volume of 0.1 I Na acetate buffer to (3):
Amax=273 85937020

P = = 1,40 - 1.00 = 0.40 or 40# Hvoochromicitv

(see Figure 1€)

---Hyvochromism of Folv C in 0.1 ¥ Na acetate buffer at o5 4.5---

(1) Initial Poly C: Amax=272 8575=0.97
(2) 2 ml Foly C + 2 ml 0.6 N KOH (pH 12.5): Amax=268 4,.5=0.47

(3) 2 ml Poly C + 2 ml 0.6 K KC1 (o 4.5): Amax=272  4,,,=C.49

27
incubation of (2) for 22 hours at 37°C (pH 12.5):
Amax=2€8 A,.0=0.67

?%%%‘C = %f%% = 1.42-1.00 = 0.42 or 42% hvpochrcmicity

(see Figure 17)
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Figure 12. Hypochromism of Poly C in 0.1 N Na*, pH 4.5

Poly C in 0.1 IX Na acetate buffer, TH 4.5.

Initial Poly C: Amax=273 A,0571.02

L0% hyovochromicity

2ml Poly C + 2 ml 0.6 N KOH (pH 12.5)

0.74
7 Amax=267nm A267=0.49
2 ml Poly C + 2 m1 0.6 1 KC1 (oH 4.5)
Amax=273nm 25,5%0.51
0.6

initial Poly C A273=1.02

0.5 \\
\
\
Abs. '
\
0.k \

Poly C
hydrglysate

7\

0.11
\\
-
. N . . . ‘\‘
200 . 220 T 240 260 280 300

davelength (nm)
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Figure 13. Hypochromism of Poly C in 0.1 ¥ Na+, DH 4.5

Foly C in 0.1 K Na acetate buffer, pH 4.5
Initial Poly C: Amax=272 A272=O.97

42% Hvoochromicity

2ml Poly C + 2 ml 0.6 I KCH (pH 12.5)
Amax=268nm Ay gg=0.47

2 ml Poly C + 2 ml 0.6 1 KC1 (pX &.5)

1.2 Amax=272nm A272=0.49

\ initial Foly C A,..=0.97

0.8
Abs.
0-6 9
0.4 4
OGZJ
) v \\
200 220 240 260 280 300

Wavelength (nm)

-31~



Poly C Hyvochromism Data a2t »H 7.1 and 6.8

---Hypochromism of Poly C in 0.1 ¥ Nz vhosvhate buffer a2t vH

(1) Initial Poly C: Amax=268nm A,.5=0.65
(2) 2wl Poly C + 2 ml 0.6 N KOH (pH 12.5): Amax=267 A,6,=0.33
(3) 2 ml Poly C + 2 ml 0.6 ¥ KC1 (pH 7.1): Amax=268 A,.5=0.32
incubation of (2) and (3) for 22 hours at 3700.
adjustment of (2) to pH 7.1 with 0.1 M HCL (in 0.1 ¥ NaCl):
Amax=268 A,.5=0.28

added equal volume of 0.1 ¥ Na phosphate buffer to (3):
Amax=268 A,.5=0.21

CNP__ _ 0.28
Poly C _ 0.21

=1.33 - 1.00 = 0.33 or 33% Evpochromicityv

(see Figure 18)

---Hyvochromism of Polw C in 0.1 M Na vhosvhate buffer at pE 6.8---
(2) 2 m1 Poly C + 2 ml1 0.6 N KOH (pH~12.5): .4max=267 A

(1) Initizl Poly C: Amax=268nm A
267=0+32
(3) 2wl Poly C + 2 ml 0.6 I KC1 (pH 6.8): Amax=268 A,=0.32
incubation of (2) and (3) for 22 hours at 37°C.

After incubation, (2): Amax=267nm A =0,L41

267
(3) : Amax=268nm Aspg=0.32

1 ) . .
é = 1,29-1.00=0.29 or 29% Hvpochromicity

(see Figure 19)

=32~



Figure 14. Hypochromism of Poly C in 0.1 K Ya+. oH 7.1

Poly C in 0.1 ¥ Na phosphate buffer, pH 7.1
Initial Poly C: Amax=268nm A,pg=0.€5

33% Hyoochromicity

0.71%
initial Poly C A268=0.65
0.6
0.514
Abs. \
) ‘\
o.4% v\
[}
v\
\\ \
v\ Poly C A,,.=0.28
0.34 \\ “ hydrolysate 268
\ e~ //‘—\\
N *\\\ / \
-
N \""//Pl c \ 0.21
O =.
0.2 J \\\ ,/"‘y““\\ \ 68
SSsol.e’ \ \
\
v\
Ocl‘
A
200 226 20 T 260 280 300

davelength (nm)
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Figure 15. Hypochromism of Poly C in 0.1 I 1‘-Ia+, oH 6.8

Poly C in 0.1 ii Na phosphate buffer, pH £.8
Initial Poly C: Amax=268nm A, o=0.6k

T

29% Hyvpochromicityv

0.7‘
initial Poly C A268=O.64

0'6" 1 %

1

Ous‘ \ “
1
A
4

. Poly C Appe=0.41
o.L \ . hydrolysate
\ ‘~\\ // \‘\
AbS. \ ‘\\' ’,l’ \‘
~ ~eue Poly C A A ,0=0.32
. N S C 268
« 31 /7
\ VA
N\ 7 \ \
~_ \
0.2.
0.1
200 220 240 260 280 300

Jdavelength (nm)
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2' & 3'- CHP Hyvochromism Data a2t pH &4.5 znd 7.1

--Eypochromism of 2'&3'-CHP in 0.1 M Na acetate buffer at vH 4,.5--

(1) Initial CKP: Amax=272mm 85n5=0.76
(2) 2ml C¥P + 2 ml 0.6 N KCH (pH 12.5): A max=267nm 3267=o.36
(3) 2ml CMP + 2 ml 0.6 M KC1 (pH 4.5): Amax=272nm 32?2=0.38

jncubation of (2) and (3) for 22 hours at 37°C.

Adjustment of (2) to pH 4.5 with 0.1 N HC1L (in 0.1 I NaCl):

Amax=272nm 2,0,=0.25

added ecual volume of 0.1 ¥ Na acetate buffer to (3):

Amax=272nm B,,5=0.25

No Hypochromism

--Hypochromism of 2'&3'-CKP in 0.1 i Na phosvhate buffer at tH 7.1--

(1) Initial CHP: Amax=268nm A,.g=0.71
(2) 2ml CHP + 2 ml 0.6 K KOE (pH 12.5): Amax=267nm  A,4,=0.35
(3) 2 ml CHP + 2 ml 0.6 & KC1 (pE 7.1): Amax=268nm 4,.5=0.36
incubation of (2) and (3) for 22 nours at 37 C.

Adjustment of (2) %o PE 7.1 with 0.1 N HC1 (in 0.1 ¥ NaCl):

Amax=268nm A268=0.26

added equal volume of 0.1 ¥ Na phosphate buffer to (3):
A max=268nm A268=O.26

No Hvvnochromism

-35-



~

Table 4. Melting Curve Jata on Foly C at pE €.8 and 7.0.

Foly C in 0.1 & Ha phosphate buffer at pH €.8 and 7.0.

) . pH €.8 pi 7.0
Temperature, °C fogs 2268
15 0.70 0.52

20 0.70 0.52

25 0.70 0.53

30 0.71 0.5k

35 0.72 0.5€

4o 0.73 0.57

L5 0.74 0.58

" 50 0.75 0.59

55 0.76 0.59

0 0.77 0.60

65 0.77 0.€0

20 0.77 0.61

25 0.78 0.62

20 0.79 0.62

85 0.79 0.€3
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Figure 16.

Kelting Curves of Poly C at vE 6.8 and 7.1
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Poly C in 0.1 ¥ Na phosphate buffer pH €.8 and 7.1.
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fable 5. Melting Curve Data on FPolv C 2t oH 4.1 and L.5.

Poly C in 0.1 ¥ Na acetate buffer at pH 4.1 and 4.5

] o DE 4.1 DH 4.5

Temperature, C _5223_ _ﬁZZE_
15 0.724 1.31
20 0.721 1.31
25 0.719 1.30
30 0.715 1.30
35 0.711 1.30
4o 0.710 1.30
ks 0.706 1.30
50 0.702 1.30
55 0.698 1.30
€0 0.698 1.30
€5 0.698 1.30
70 0.698 1.30
75 0.841 1.30
80 0.842 1.41
85 0.842 1.43
90 0.843 1.43
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Figure 17.

felting Curves of Poly C at oH 4.1 and 4.5

Poly C in 0.1 ¥ Ha acetate buffer pH L.1 and 4.5.
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Table 6. Acid-base Titration Data on Folwv C.

mE_HC1/CMP

pH of solution

mE HC1/CMP

oH of solution

0.00 7.0 0.48 4.5
0.02 6.3 0.50 L.2
0.04 €.1 0.52 4.0
0.06 6.0 0.54 3.9
0.08 5.9 0.56 3.9
0.10 5.9 0.58 3.8
0.14 5.9 0.62 3.7
0.16 5.8 0.€8 3.6
0.18 5.8 0.72 3.5
0.22 5.7 0.74 3.4
0.24 5.7 0.78 3.3
0.28 5.7 0.82 3.3
0.30 5.7 0.86 3.3
0.34 5.7 0.90 3.3
0.38 5.7 0.92 3.3
0.540 5.6 0.94 3.2
0.42 5.4 0.96 3.2
0.4 5.0 0.98 3.2
0.46 k.7 1.00 3.1
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Figure 18, Acid-base Titration Curve of Polv C.

1.0 mM Foly C in 0.1 ¥ NaCl at 25°C.
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CHAPTER III

CONCLUSIONS AND DISCUSSION

Absorption Spectra of Poly C

The absorption spectra of Poly C solutions at various pH
values show two major spectral patterns. The pH values at
which these are observed correspond to the two principal con-
formations of Poly C suggested by other investigators. The
transition from one major spectral pattern to the other occurs
at about pH 5.7. At pH values beitween 3.1 and 5.7 (the pH range
in which Poly C has been shown to exist primarily as a double
stranded helix), Poly C UV spectral patterns show a2 Amax
near 274nm and a Amin near 240nm. At pH 3.0 Poly C precipitation
is observed. Above pH 5.7 (near neutrality where Poly C has
been shown to exist in a single stranded confermation), the
spectral patterns show a Amax near 267nm, a Amin near 247nm, and
a prominent shoulder at about 228nm. The amplitude observed in
the spectra of Poly C under acidic conditions is more than twice
that observed at pH values near neutrality. Knowing these UV
spectral characteristics of Poly C, one can easily identify the
major form of the polymer present in solution. Spectra at pH 4.1
and 7.1 (in 0.1 M Na+), exemplifying these characteristics, are

shown in Figure 5.
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Absorption spectra of Poly C at four different acid pH values
are seen in Figure 6. The transition from one conformation to
the other can be seen in the comparison of the spectrum at pH
5.1 with that at pH 6.0. Poly C spectra at three alkaline pH
values are shown in Figure 7. No significant difference in the
spectra can be seen, suggesting that the single stranded confor-

mation is the prominent conformation at each of the three pH values.

Cytidine, CMP Spectra:; Extinction Coefficient Determinations

Cytidine, 5'-CMP, and 2'&3'-CMFP UV absorption spectra were
obtained in order that a comparison might be made between the
nucleoside and the nucleotides. In each case, a 1.0 mM solution
was carefully prepared in 0.1 M Na© at pH 2.5, 4.5, and 7.1. It
can be seen in Figures 8-10 that the spectra of the nucleoside
(Figure 8) compares very closely with both the 5'-CMP (Figure 9)
and 2'&3'-CVP (Figure 10). All three spectra are very similar
to Poly C spectra at comparable pH values. These data suggest
that neither the ribose sugar moiety nor the phosphate group
contribute to, or significantly alter the spectral pattern. Appar-
ently the cytosine pyrimidine base chromophore is not significantly
affected by the presence or absence of the phosphate group.

Extinction coefficient values for cytidine, 5'-CMP, and 2'&3"
CMP were determined at pH 2.5, 4.5, and 7.0. For cytidine: 6277
at pH 2.5 was found to be 11,900; 8272 at pH 4.5 = 9,600; 5.0 at
pH 7.0 = 8,600. TFor 5'-CNP: Eé7? at pH 2.5 = 11,700; 6273 at oH
4.1 = 9,900; 8268 at pH 7.0 = 8,300, For 2'&3'-CMF (mixed isomers)
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5276 at pH 2.5 = 11,900; 8272 at oH 4.5 = 9,800; and 5268 at oH
7.0 = 8,800.

The extinction coefficient values determined for 2'&3'-CMP
are used to estimate Poly C concentrations (expressed in mono-
meric CMF units) since polyribonucleotides are hydrolyzed, via
treatment with mild alkali, to a mixture of 2'&3'-mononucleotide
isomers. In each case an aliquot of a particular Poly C solution
is hydrolyzed with 0.3 N KOH for 22 hours at 37°C. The resulting
hydrolysate is adjusted to pH 7.0, 4.5, or 2.5 and the extinction
coefficient value of 2'&3'-ChF at the proper pH value is used to

express the Poly C concentration in monomeric CMP units.

Polvy C Hyvochromism Studies

"The degradation of Poly C via alkaline hydrolysis is nét
only a useful method for the spectrophotcmetric determination of
Poly C concentrations (expressed in monomeric units), but is also
a useful method for hypochromism studies on the homopolymer.
Hypochromism in Poly C was found to be slightly variable from
sample to sample. This variation was minimal with samples at
compzazrable pH values. In all cases, the hypochromic effect was
found to be greatest at pH values near 4.0 where hypochremism
values approached 45%. It is at this pH where Poly C exists pri-
marily as a double-stranded helix and hydrogen bonding between
cytosine residues allows for maximum base stacking interactions.
The overlap of pi orbitals of the stacked bases has been suggested

to be the primary hypochromism factor in polynucleotides.
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At pH values near neutrality, the hypochromism was found to
be lower (ca. 30%), though still quite significant, suggesting
a great deal of secondary structure at neutral pH. The primary
conformation of Poly C at this pH ié a single-stranded helix
stabilized by cytosine base stacking interactions along the
polymer chain.

Figures 12-15 show UV spectra of various Poly C solutions
before and after alkaline hydrolysis with appropriate controls
of diluted Foly C. The increase in absorbance of the hydroly-
sate over the diluted polymer reveals the hypochromism effect
of the polymer. The hydrolysate (2'&3'-CMP) was examined and
found to show no hypochromic effects due to non-interaction
of the CMP residues.

Thermal Denaturation Studies

UV zbsorption-temperature profiles of Poly C were performed
in order that melting (denaturation) characteristics and Tm
(melting temperature) values could be evaluated. These melting
vrofiles were carried out at pH values near neutraliity and near
pH 4.1 in 0.1 W Na® aqueous buffer solutions. The melting curve
data on Poly C at pH 6.8 and 7.0 (in 0.1 M Na phosphate buffer)
is shown in Table 4. The melting profile (see Figure 16) shows
a gradual non-cooperative denaturation of the polymer with a
Tm = 50°C. This data lends evidence to support the proposed
single helical conformation of Poly C at this pH. This is shown

by the gradual, constant, increase in absorption (at 268nm) with
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increasing temperature, suggesting non-cooperative base-unstacking
actions as would be expected of such a single-stranded structure.

The denaturation data at pH 4.1 and 4.5 show a very diff-
erent melting profile. The results (see Table 5 and Figure 17)
show an initial decrease in absorption at dmax (273nm), 2 stabili-
zation, then a sudden increase in absorption near 75°C. This
melting profile is indicative of cooperative-type melting and
can be explained on the basis of the proposed double-helical
conformation of the polymer at these pH values. The initial
decrease in absorption at 273nm is apparently due to the forma-
tion of a more perfect helix (a more ordered conformation). The
structure then apparently enters a phase of stabilization as
no optical property changes are observed. This stabilization
phase is followed by a sudden increase in absorbance at 273nm,
indicative of a nucleation event which involves cooperative
hydrogen bond breakage with the concomitant unstacking of cytosine
bases.

It should.be noted that in none of the denaturation profiles
is there observed an increase in absorption which can be compared
to that seen upon alkaline hydrolysis. This indicates that even
at very high temperatures a certain degree of secondary structure
still exists. This should not be surprising for homopolymers
such as Poly C where total denaturation (no base stacking inter-

actions) would be highly unlikely.
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Acid-Base Titration of Polv C

Poly C exhibits two pK values in the acid range, one at
approximately 5.7 and the other at about 3.3. Each of these
involves the protonation of the cytosine endocyclic nitrogen.

The acid-base titration curve, shown in Figure 18, portrays a
two-step process. The first step occurs at about pH 5.9 (point
A). At this pH there is an abrupt uptake of protons by the
polymer (endocyclic nitrogen protonation) without any signi-
ficant change in the pH of the solution. It is at this pH where
Tthe proposed conformational transition from the single-helical
form tc the double-helical form is thought to occur. ¥hen
approximately 0.38 protons/CHP are present (point B) the pH of
the solution graduzlly decreases with a concomitant gradual up-
take of protons by the polymer. t point C, 0.5 protons/CNP

are present. At this point, the hemiprotenated duplex form of
Poly C should, theoretically, be in its most stable form, with
regard to the proposed hydrogen bonding scheme. The pH at point
C is about 4.5.

At point D, a second transition occurs in which an increased
rate of proton uptake by the polymer occurs with little change
in the pH of the solution. Finally, when the proton:CMP ratio
equals one, it is assumed that all the endocyclic nitrogens of
the cytosine residues have been protonated. This occurs at about
pH 3.1. Continued addition of HCl results in the precipitation
of the Foly C.

These results agree fairly well with those reported by Hartman

11

et al. and are consistent with the suggestion that the double
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helical conformation of Poly C begins to form upon protonation

of the cytosine endocyclic nitrogen (which begins at approximately
pH 5.7). This conformation is stabilized by the addition of one
proton per base palr as evidenced by the curve which shows a gradual
pH change in the region around 0.5 proton/CNMP. The continued
protonation of the endocyclic nitrogen between points B and D

(pH 5.6 and 3.7) is resisted somewhat until, at point D, the rate of
protonation increases. Upon further protonation the double helix
probably splits apart due to like-charge repulsiocn and precipita-

tion finally occurs at ca. pH 3.0.
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PART II

BASE PAIRING BETWEEN PCLYNUCLECTIDES
AND COMPLEMENTARY NUCLEOSIDES

CHAPTER 1

INTRODUCTICN AND LITEKATURE REVIEA

The property of nucleic acids which is directly involved in
the storage, translation and expression of genetic information in

living systems, is the specific interaction between the purine

and pyrimidine bases.aj‘u&

b5

This property, first proposed by
Watson and Crick, is explained by the specific hydrogen bonding
complementarity of adenine with thymine or uracil and of guanine
with cytosine. In this manner, the base sequence of DNA is
replicated "semiconservatively" and the genetic information (ex-
pressed as the base sequence) is thereby conserved and can ultimately
be translated into protein via RNA mediation.u6-47
Evidence for complementary base pairing has been demonstrated
in many nucleic acid model systems. Among the studies reported,
complementary homopolynucleotide systems have received the most
attention. Complexes formed between homopolynucleotides and their
complementary nucleosides, however, have received little attention

in past years, but seem to provide simple and flexible systems for

investigations of base pairing and complex formation. OCf major



interest to this study are the base pairing interactions between
guanosine and Poly C, and between adenosine and Poly U. A variety
of investigations regarding these interactions have been repbrted
in the literature.ué’ 48-66
Interactions between Poly U and adenosine were studied in

59465 Using the technigue

considerable detail by Huang and Ts'o.
of equilibrium dialysis, they showed a critical threshhold concen-
tration of adenosine was essential for initial complexing to Poly U.
Upon nucleation, binding of the nucleoside to the polymer was

found to occur in a cooperative fashion. At saturation of binding
sites (when complex formation failed to increase) the stoichiometry
of the complex was found to be ca. 2U:1A. Further investigations

66 were carried out in order to stﬁdy-

of this system by Burr et al.
certain thermodynamic parameters of complex formation. In their
study a thermodynamic model was developed to represent the entire
binding isotherm for the cooperative binding of adenosine to Poly U.
The studies of the Poly U:Adenosine system encouraged inves-
tigations into the analogous Poly C:Guanosine system. Investigations

63

in this specific area have been reported by Saroccchi et al. and

Davies et al.éu

Lipsett57’6o reported a 1:1 G:C complex between
guanine trinucleotide and Poly C at dilute concentrations of re-
actants ( 0.1 mM) and pH 7.4. The stability of the complex (evidenced
by Tm studies) was found to be highly dependent upon the concentra-
tion of the trimer. An increase in the GpGpG concentration markedly

stabilized the complex. A 2:1 Poly C:oligo G complex was found

when pH conditions were in the range 5.0-6.0. The degree of proton-
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ation of the polymer which occurs in this pH range seems important
in the formation of the C+G+C complex. The Tm of the 2:1 complex,
as reported by Lipsett?7 was ca. 42°C, considerably greater than
that observed for the 1:1 complex (Tm = 23 °c), indicating greater
stability of the triplex over the duplex. Below are shown the

proposed structures of the complexes as suggested by Lipsett.

H
(1) HTL\ o—---h—N
. -w----ﬁ
N—
~H-----
/
H
g A
(II) " /""'fi 0 —> SUGAR PHOSPHATE CHAIN
H'g H g g

Figure 19. Poly C:Guanine complexes as suggested by Llpsett.57
(I) 1:1 complex; (II)-2:1 C:G complex.

In 1968, Huang and Ts'o reported the formation of insoluble
complexes of Poly C with guanine mono- and triphosphates under
conditions of high nucleotide concentration (0.01-0.02 ¥), low
Mg++ (4.0 mM) and low temperature. As the complex formed the
nucleosides were said to become "polymer-like" and a phase transition

occurred which resulted in the precipitation or gelation of the
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complex near 0°C. The stoichiometry of the complex was found to
67-69

be ca. 1C:1G. Guanine base stacking interactions were suggested
as the primary factors involved in the cooperative complexing effect
which was observed.

Pochon et al.56 found that a stable 1:1 Poly C:Poly G complex
forms rapidly at low temperature, in 0.1 M NaCl at pH 7.1. Further
studies showed that when Poly G was treated with alkali to cause
partial degradation to oligo G and short chain Poly G, a 2:1 complex
was formed with Poly C. The stoichiometry of this complex was
2G:1C and was assumed to be triple stranded with G+G+C-type inter-
actions.

61 reported investigations of complexes

Howard and coworkers
formed between Poly C and a variety of guanyl monomers. It was
found that complex formation between a homopolymer and its com-
plementary monomer (be it the nucleotide; nucleoside, or the lone
nitrogen base) occurs in a well-defined stoichiometry under certain
conditions. These studies show that helix formation involving
specific pairing between bases is possible even when one of the
components lacks both internucleotide linkages (phosphate groups)
and sugar moieties. The comparable stabilities of the complexes
formed in each case provide information into forces responsible
for stabilization of these and other polynucleotide helices.

The formation of monomer:polymer complexes apparently occurs
at the expense of the polymer (Poly C) self-structure which would
otherwise be quite stable. At slightly acid pH, the 2C:1G complex

is generally preferred (more stable) over the 1C:1G complex (pH

?.U)?B In these triplexes, it appears necessary for the monomeric
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component {guanyl monomer) to occupy the central strand and
thereby be bonded on two sides by polymer (Poly C) chains.

This is probably the case since pyrimidine nucleosides lack an
N-7 acceptor position and thus cannot receive a third strand;
nor do they appear to be able to serve as outside strands. It
also appears likely that the smaller planar area of az pyrimidine
would result in less overlap of the bases and as a conseguence,
less stabilization by base stacking interactions. The 2C:1G
complexes were found to have a Tm = 36°C (in 0.1 M Na®, acid pH),
while the 1:1 Poly C:5°'-GMP complex at pH 7.4 was found to have
am= 14°C.61 The 1:1 complex was explained on the basis of

lack of protonation of half the C's in Poly C which is necessary

for the attachment of the third strand.

Miles7° has suggested that these monomer:polymer interactions
may represent one possible mechanism for the control of the expression
of genetic information. Such control could occur at the level of
translation of mRNA to protein where certain portions of the mRNA
might be converted to helical regions and thus be unavailable

for binding to the ribosome.

Complex Formation Between Polv C and Guznosine

Complex formation between Poly C and the guanyl monomers,
guanosine and deoxyguanosine has been investigated by Sarocchi.63
Results of these studies showed that binding of the monomer to the
polynucleotide was concentration dependent, i.e. complex formation
did not occur until a critical concentration of the monomer was

reached. Upon initiation of complex formation, cooperative-type
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binding followed until saturation was reached. At pH 4.5, in 0.1
M Na+ acetate buffer, a 2C:1G stoichiometry was found to exist at
the saturation point, the complex having a Tm = 36°c. At pH 6.6,
in 0.1 M Na acetate, a 1:1 complex was formed. In the latter case
the presence of magnesium ion and higher monomer concentration was
found necessary for stable complex formation. The 1C:1G complex
was found to have a Tm = 14°C.

In order to investigate the sités involved in the 2C:1G complex,
chemical substitutions were made on guanosine monomers in selected
locations. It was found that substituting at positions supposedly
involved in the triplex interaction resulted in no complex formation.
This was found to be the case in the interaction of Foly C with
7-methyl guanosine, 6-chloropurine riboside, 6-thio guanocsine,
2,6-diaminopurine riboside, and adenosine.63 .

Complex formation between Poly C and guanosine demonstrates
that these mononucleosides can stack and form pseudo-polymers
upon the template (Poly C). The CRD and CD spectra of these Poly
C:guanosine complexes closely resemble those spectra reported
for Foly C:Poly G complexes at acid pH.71'72

The triple stranded complex (2C:1G) at acid pH values presents
the possibility for two different binding schemes between the
three bases. Morgan and Wells73 in their studies of hybrid triple
helices favor a structure shown in Figure 204, implying a Watson-
Crick and Hoogsteen pair with a second cytosine residue complexed

via a shared proton to N7 of guanine. Lipsett,57’60 h

owever,
favors a triplex involving a reverse Hoogsteen pair. This complex

initially appears less probable for steric reasons. However, the
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structure suggested by Lipsett (Figure 20B) would better account
for the denaturation and renaturation of the complex, since in this
arrangement the two Poly C strands are parallel as in the acid form

of Poly C.

A

Figure 20. Possible binding schemes for the 2C:1G triplex.
A-proposed by Morgan and Wells; B-proposed by Lipsett.

The method of equilibrium dialysis has been used to measure
the actual degree of binding of a monomer to a homopolymer at
equilibrium (by measuring the amount of uncomplexed monomer
present at equilibrium). This method was used in the Poly U:
Adenosine system65 and in the Poly C:Guanosine63 and Poly C:Deoxy-
guanosine sys*l:emsé.l+ This technigue, combined with melting prcfiles
help provide detailed information about the stoichiometry and
stability of polynucleotide:monomer complexes.éu

The binding isotherms for the Poly U:gdenosine and Poly C:
Deoxyguanosine systems, as repcrted by Davies and Davidson64 are
shown in Figure 25. These binding isotherms show three principal
things: (1) a concentration dependence of the monomer for binding,

(2) a strongly cooperative binding process which occurs upon nu-

cleation, and (3) an approximate 2:1 polymer:monomer stoichiometry
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which is evident 2zt saturation.

In contrast to those reports

of other investigators, they reported a 2:1 polymer:monomer

stoichiometry at pH 7.1 which had a Tm of 17°C.

The stability

of the complex was found to increase (higher Tm) at lower pH values.
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complex at 5 C, pH 7.1, 0.15 ¥ Na¥ (a) 0.0033 M, (b) 0.128 M
anosine complex at 4 C, pH 7.1,
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This part of the study was performed in order that the Poly C:

Deoxyguanosine complex could be clearly defined experimentally.

Upon finding the appropriate conditions for complex formation, the

thermodynamic model used to describe the binding of the Poly U:
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Adenosine system (as described by Burr et al.éé) will be applied
to the Poly C:Deoxyguanosine system for thermodynamic parameter

analysis.
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CHAPTER 1I

EXPERIMENTAL
METHODS AND MATERIALS

Extinction Coefficient Determinations for Nucleosides

Molar extinction coefficients were experimentally determined
for the nucleosidés, deoxyguanosine, guanosine, adenosine, 6-N
methyl adenosine, and l-methyl adenosine. These compounds were
purchased from Sigma Chemical Company and P&L Laboratories. The
Perkin-Elmer UV Spectrophotometer {Coleman Model 124) was used
to measure optical density values of precise concentrations of
these nuclecsides. The absorbance data were then used to caicu-
late extinction coefficient values (using Beer's Law) at a given
wavelength (dmax) under specific conditions cf pH, ionic strength,
and temperature. In most cases a2 1 mm CD pathlength curvette was

utilized.

Equilibrium Dialysis

Equilibrium dialysis experiments were performed with Plexiglas
acrylic plastic discs. ZEach disc (dialysis cell) had a small

cylindrical depression of volume approximating 200 pl. A narrow



orafice leading from the side of the depression to the outside
surface of the dialysis cell allowed access to each depression
chamber with the use of a hypodermic syringe. These dialysis cells
were constructed in the Physics Department Workshop (C.U.), each hav-

ing the following dimensions:

‘/,1 mm -%F?m
s
—— D e
2.54 em 0.95 cm

The apparatus for dialysis experiments was assembled by placing
two of the diaiysis cells face to face, separated by a prepared
dialysis membrane (see next section). The two cells were held
together with a "C" clamp. The apparatus arrangement is shown
below. The dialysis cells were readied for use by washing with

ethanol followed by complete drying in a warm oven for ca. 0.5 hour.

N

-Equilibrium Dialysis Apparatus-
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Dialysis Membrane Selection and Preparation

For the equilibrium dialysis experiments which are to be des-
cribed shortly, a dialysis membrane had to be selected which had
certain characteristics. It had to be semipermeable, allowing re-
latively small molecules (nucleosides) to pass through freely, while
not allowing larger molecules (polynucleotides) to pass through at
all. The membrane had to allow relatively fast equilibration time
(24-48 hours) and be easily manipulated. After several attempts to
find a dialysis membrane to meet these criteria, one was found--
Technicon Dialysis Membrane (Type C). This particular type of mem-
brane is most often used in auto-analyzer experiments for the sep-
aration of small polypeptides in protein purification dialysis work.
This dialysis membrane has a molecular weight cutoff of approximately
3000 daltons.

Dialysis membranes were prepared as described by Huang and
Ts'o.65 The preparation is initiated by cutting the dialysis sheet
to the circular dimensions of the flat surface of the dialysis‘cell.
The circular membranes are then placed in cocld distilled water and
allowed to swell for 24 hours. The membranes are then rinsed in a
1% EDTA solution for ca. 0.5 hour; placed in boiling distilled water
for about 10 minutes; transferred to a boiling solution of 5% NaHCO3
for about 10 minutes; washed briefly in distilled water; washed
briefly in 50% ethanol; then finally placed in cold distilled
water and kept covered until ready for use. This membrane prepar-
ation was performed in order to remove trace amounts of UV-absorbing
materials which may have been in contact with the membrane, which

could cause interferences in the UV spectral data.
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Equilibrium Dialysis Experiments

Equilibrium Dialysis experiments were carried out by injecting
180 pl of a known concentration of the homopolymer (Poly C or Poly
'U) in one chamber and 180 pl of a known concentration of nucleo-
side (deoxyguanosine or adenosine) in the opposite chamber. The
injection ports were then sealed and the dialysis apparatus was
then emmersed in a constant temperature water bath (Forma Scientific
Model 2095) which was initially allowed to cool from room tempera-
ture to 2°C. The temperature was then held constant at 2°C for
48 hours. EQuilibrium was generally established after ca. 24 hrs.
at this temperature (2°C), but dialysis was continued for 48 hrs.
to insure that equilibrium had been reached. Equilibration time
was determined by injecting a solution of known concentration of
nucleoside {adenosine or deoxyguanosine) in one chamber and buffer
in the opposite chamber of a dialysis apparatus. After 24 or 48
hours, samples from each chamber were extracted and a spectrum of
each was.recorded. The matching of the two spectra (especially
the 0.D. reading at Amax) was indication that equilibration had
been reached.

This technique of equilibrium dialysis was utilized in order
to investigate the binding of deoxyguanosine to Poly C and of
adenosine to Poly U under varing conditions of pH. In each experi-
ment controls were run to ensure equilibration of the nucleoside
(nucleoside vs buffer) and to ensure that no migration of the
polynucleotide across the membrane occurred {(polymer vs buffer).

For a given experiment, a2 polynucleotide solution was prepared
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and placed in a dialysis sac (Spectropor #3; Markson Science Inc.)
and dialyzed in identical buffer solution at 5°C. The polynucleo-
tide in the dialysis sac was placed in fresh buffer solution twice
a day for three days. This procedure was performed in order to
remove small oligonucleotides from the polymer solution. To insure
that the removal of the small fragments was complete, the polymer
solution was dialyzed against buffer in an equilibrium dialysis
apparatus (as described earlier) tor 48 hours at 2°C. After 48
hours, a UV spectrum was recorded from the solution in each chamber.
The migration of polymer fragments across the membrane could be
easily detected by observing absorption near 250nm on the buffer
side and/or a decrease in the absorption near 250nm on the polymer
side (as compared with the initial absorption readings).
Concentrations of polymer solutions were determined via alkaline
hydrolysis (polynucleotide in 0.6 N KOH for 22 hours at 37°C). A
series of nucleoside solutions (all of known concentration) were
dialyzed against a prepared polynucleotide solution for 48 hours
at 2°C. t equilibrium, UV spectra were taken from solutions of
nucleoside present in the chamber which was initially injected with
a known concentration of nucleoside. This solution represents
the concentration of nucleoside which is "free" or unbound aﬁd
in equilibrium with itself on both sides of the membrane. This
concentration of free nucleoside, multiplied by two (assuming equil-
ibrium) and subtracted from the initial concentration of nucleoside
will be a direct measure of the concentration of nucleoside bound
or complexed *to the polymer. See equation (1).

(1Y {Ni]- 2[Nf) = [Nb] , Where [N1.J= initial nucleotide con-
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centration, (ﬁf]= free or uncomplexed nucleoside concentration at

equilibrium, and [Nﬁ)= bound or complexed nucleoside concentration.

Data regarding the binding of deoxysuanosine to polycytidylic

66 for the

acid was fitted to a model developed by Burr et al.
analogous adenosine:Poly uridylic acid complex. This model views
the association of the purine nucleoside with the pyrimidine poly-
nucleotide, as a series of small complexes which expand until the
polymer reaches a binding saturation point.

Using mass action relationships, the total concentration of
bound deoxyguanosine (Gb) (i.e. deoxyguanosine bound to Poly C)
can be written in terms of the equilibrium constants in each of
these smg;ler regions of complex formation based on the concentration

of free (unbound) deoxyguanosine (Gf) in the bulk solution. From

this the following expression can be written:

(k¢ )n[————n +_ K48y ]
S (SR 1Y (1K,G )2

0=%p =
S
n
1+ (KGy) n + %Gy
(1-K,Gp) (1-K,G.)?

where 8= fraction of binding sites on Poly C to which deoxyguanosine
is boﬁnd; K1 is the equilibrium constant for the binding of

ocne purine nucleoside to one site on the polymer; n is the number

of purine residues stacked together in interaction with the
polynucleotide for stable complex formation. The values of Gb

(bound deoxyguanosine) and G (free deoxyguanosine)-are exper-
imentally determined values. S represents the concentration of

polymer binding sites occupied by dG on saturation; thus it too
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is an experimentally determined value. The best values of Kl and
n are fitted to these experimental data via a non-linear least
squares program.66 From the value of K1 the value of the free
energy of binding, 4% can be calculated. From the value of the
slope of the isotherm at the midpoint :the base stacking free
energy of the 4G residues in the complex can be estimated. From
the difference between the total free energy and the free energy
of base stacking, the value for the hydrogen bonding energy

in the complex can be approximated.
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Chapter III

RESULTS



Figure 22. UV Absorption Spectra of Deoxyguanosine, Guanosine,
3'-GMP, and 5°'-GNP.

conditions: 0.1 M Na acetate buffer, pH 4.5, 24.%c,
-only spectral patterns shown; concentrations not

determined.
801
70
5'-GMP
Guanosine
60}

Deoxyguanosine

"

50%

Abs.

40-\1
30, \

\\/

10 4

200 220 240 260 280 300

Wavelength (nm)
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Figure 23. UV Absorption Spectra of Deoxyguanosine, Guanosine
3'-GMP, arld 5'-GMP'

(-}
conditions: 0.1 M Na phosphate buffer, »H 7.0, 24 C.

-only spectral patterns shown; concentrations nct
determined.

70

5 -GVP
60 |
50 ﬁ\ Guanosine
Abs.
Deoxyguanosine
B\ \
30 1 \ X 3'-GNP

,—/'/

20 4 \
/

w - L v

220 240 260 280 300
wavelength (nm)
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Extinction Coefficient Determination of Deoxvszuanosine at
DH 4.5 and 6.9.

Deoxyguanosine in 0.1 N Na acetate buffer, pH 4.5, 24°C;
and in 0.1 ¥ Na phosphate buffer, pH 6.9, 24°C.

i
Hglkﬁf4%;ﬁ
CH,0H

L/:\ =
i

Deoxvgua_nosine

(Deoxyguanosine) ) A, 50 8250 x 1073

oH 4.5: Amax = 250nm Amin = 219nm B,y = 13,000

I

1x 107" M 0.13 13.0
3x 107t N 0.39 13.0
5x 107t 0.65 13.0
7 x 107 M 0.91 13.0
8 x 107 %M 1.03 12.9
1x 107N 1.30 13.0

pH 6.9: Amax = 250nm Amin = 219nm 8250 = 13,000

1 x 107% m 0.13 13.0
3x 107 N 0.38 12.7
5x 107" M 0.6k 12.8
7 x 107 N 0.91 13.0
8§ x 10°* N 1.03 12.9
1x 1070 ¥ 1.29 12.9
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xtinction Coefficient Determination of DeoX osine.

Figure 24. E

conditions: in 0,1 M Na acetate buffer, pH 4.5, 24°C;
and in 0.1 M Na phosphate buffer, pH 6.9, 24’ ¢c.

1.4‘

103 T ' P

1.21 /////
1.13 /
1.0 o
A250 ,///
009
0.8 /
0.7 ////
€,50= 13,000

0.6 % /
O.S‘L /

o'b‘ a

ol S
|/

o.1~////

L)

v T §o - e
* P
g > > Y
-+

[Deoxyguanosine) x10% M
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Extinction Coefficient Determination of Guanosine at pH 4.5 & 6.8.

conditions: in 0.1 M Na acetate buffer, pH 4.5, 24 C;
and in 0.1 ¥ Na phosphate buffer, pH 6.8, 24°C.

o
N1
o b
Guanosine
(Guanosine] Azs0 €50 % 107
off b.5; Amax = 250nm  Amin = 220nm &5 = 12,800

1 x 1o'LP M 0.13 13.0
3 x 107 N 0.38 12.6
5 x 107 N 0.6k 12.8
7 x 107 0.90 12.8
8 x 10““ M 1.02 12.7
1x 102w 1.29 12.9

pH 6.8: Amax = 251inm Amin = 220nm g£-,z4 = 12,800

1x 107%w 0.125 12.5
3 x 107% 0.38 12.6
5x 107w 0.635 12.7
7 x 107%m 0.89 12.7
8 x 107% i 1.03 12.8
1x 1070 K 1.28 12.8
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Figure 25. Extinction Coefficient Determination for Guznosine.

conditions: in 0.1 M Na acetate buffer, pH 4.5, 24°¢;
and in 0.1 M Na phosphate buffer, pH 6.8, 24°C.

1 ' )

103’
o

1.} /

1.1

1.0 °
250 /

0.9t o

\\\\\

0.4 //// ;
£ = 12,800
0.5 / 250

0.4
Q
003' /
O.2 /
Q
0.1]
1 2 3 4 5 6 7 8 9 10 11

[Guancsine] xlob' M
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Figure 26. UV Absorption Spectra of Adenosine and 5'-ANP.

conditions: 0.1 M Na acetate buffer, pH 4.5, 24 C.

80 ¢
70 ¢ Adenosine
— 5 -anP
60 ¢
\
50(
Abs.
40 ¢
30 ¢
20 ¢ \
10 \\

200 220 240 260 280 300

Wavelength (nm)

-72-



Figure 27. UV Absorption Spectra of Adenosine and 5'-AMP.

conditions: 0.1 M Na phosphate buffer, pH 7.0, 24.°¢,
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60 1
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Extinction Coefficient Determination of Adenosine at pH 4.5 & 6.8.

Adenosine in 0.1 M Na acetate buffer, pH 4.5, 24°C and
in 0.1 M NaCl, 1.0 mM NgCl,, 0.025 ¥ Na,HPC,, 0.025 M
NaH,P0,, pH 6.8, 2u°c.
T
\(r:/N
é H

CH OH
/°\ /
Hﬁ\d__dé
du bu
Adenosine
@.denosine) A_25_'Z EZJ? x 1073
DH 4.5: Amax = 257nm  Amin = 221nm €257 = 14,600
1x 1074w 0.14 14.0
3x 1077 K 0.4k 14.6
5x 1077 N 0.75 15.0
6 x 1077 M 0.88 14.6
7x 1077 N 1.03 14.7
8 x 107 M 1.16 14.5
1x 107N 1.43 4.3
pH 6.8 : Amax = 258nm  Amin = 220nm = Ep5g = 14,800
1x 107 u 0.15 15.0
3x 10°F N 0.45 15.0
5x 1077 M 0.75 ' 15.0
6x 107" M 0.87 14.5
8 x 107" N 1.17 14.6
1x 100K 1.47 14,7
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Figure 28. Extinction Coefficient Determination of Adenosine.

conditions: in 0.1 M Na acetate buffer, pH 4.5, 24°C;

and in 0.1 M NaCl, 1.0 mM MgCl,, 0.025 M NaH,PO,,
0.025 M Na,HPO,, pH 6.8, 24°c,

1.’4"[

1.21 . '

[ ]
i}

Apsm /
0.8 Y 8257 = 14,700

0. 67

0.4 /

@,
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1 > 3 L 5 6 7
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Figure 29. UV Absorption Spectra of Deoxyguanosine, Guanosine,
and Adenosine.
conditions; 0.1 M Na acetate buffer, pH 4.5, 24°¢c,

-spectral patterns for comparison purposes-

o]

— Adenosine

604 .
it~ Deoxyguanosine
50%
Abs.
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40¢

201

"N
\

220 240 260 3%0 350
davelength (nm)
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Figure 30. UV Absorption Spectrum of 1-Methyl Adenosine.

conditions: in 0.1 M NaCl, 1.0 mh MgCl,, 0.025 M Na,HPO,,
0.025 M NaH,P0, , pH 6.8, 24°C.
80 |

70 1

60 ¢

504
Abs.

304

20+

101

200 220 240 - 260 280 300

Wavelength (nm)
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Extinction Coefficient Determination of 1-Methvl Adenosine.

1-Methyl Adenosine in 0.1 M NaCl, 1.0 mM MgClZ, 0.025 M NazHPOu,

0.025 ¥ Nal,P0,, pH 6.8, 24°C.

NHZ

f5C NN \C/N
CHZOH hh\ &\\/

1-Methvl Adenosine

(1-Methyl Adenosing) Apee €55 X 1073
3 x 107% ¥ 0.32 10.7
5 x 10'“ 0.53 10.6
2 x 1c-% M 0.74 10.5
8 x 107 % m 0.84 10,5
1x 1077 N 1.07 10.7
Amax = 255nm Amin = 228nn

8255 for 1-Methyl Adenosine = 10,700

-78-



Figure 31. Extinction Coefficient Determination of 1-Methyl Adenosine.

1.

009'

0.8t

0.7

255
0.6

0.51

OnL,'"

0.34

0.21

0.1 9

conditions: in 0.1 M NaCl, 1.0 mM MgClz. 9/

0.025 M Na,HPO,, 0.025 M NaH,PO, , pH 6.8 ////
24°¢,

/ 8255= 10, ?00

P P

-~ T * T

1 2 3 4 5 6 7 8 9 10
(1-Methy1 Adenosine] xlou' M
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Figure 32. UV _Absorvotion Svectrum of 6-N-Methvl Adenosine.

conditions: in 0.1 M NaCl, 1.0 mM MgClz, 0.025 M NaZHPou,
0.025 M NaH,P0,, pH 6.8, 2u°c.

60 T
50 ¢
40 }
Abs.

301

20¢p

10t

200 220 240 260 280 300
Wavelength (nm)
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Extinction Coefficient Determination of 6-N-Methvl Adenosine.

6-N-Methyl Adenosine in 0.1 M NaCl, 1.0 mM MgClz, 0.025 W NaZHPOu,
0.025 M NaH,PC,, pH 6.8, 24°¢c,

H.CNH
37 1

CH OH b:/B

N
H\d_é/ }lz

|
OH OH

N

6-N-Methvl Adenosine

(6-N-tiethyl Adenosine) 2567 €,¢5 X 1077
3 x 107% 0.46 15.3
5% 10°F N 0.77 15.4
6 x 107 0.94 15.6
7 x 107 N 1.07 15.2
8 x 1077 N 1.26 15.7
1x 1070 N 1.53 15.3

/lmax = 263nm Amin = 227mn

?AQB for 6-N-Methyl Adenosine = 135,300
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Figure 33. Extinction Coefficient Determination for 6-N-Methyl

Adenosine.

w conditions: in 0.1 M NaCl, 1.0 mi MgCl,, . °
0.025 M NaH,P0,, 0.025 M Na,HPO,, pH 6.8, ////
24°¢,

Q

1.2' /

/o
0.9 /°
Ao63
-
2263 = 15,300
0.6¢
(-}
0. 31
1 2 3 It 5 6 7 8 9 10

[ﬁ-N-Methyl Adenosine xlo4 M
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Figure 34. UV Absorotion Svectrum of Polvuridylic Acid

in 0.1 M NaCl, 0.025 M NazHPOQ, 0.025 M NaH2P04, 0.1 mM MgCl2

at pH 6.8. 3258 for UMP = 9,100

Poly U shows 8% hypochromicity under these
1.64 conditions (23°C).

initial Poly U

Amax = 258mm

1.4 258

1.2

Abs.

1.0

0.8 4

0.6 = 0.66
\

0.4

0.27

200 220 2140 260 280 300
Wavelength (nm)
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Table 7. Binding of Deoxvsuanosine to Polyeytidylic Acigd.
Equilibrium Dialysis Data

conditions: in 0.1 ¥ Na acetate buffer, pH 4.1

equilibration after 48 hrs. at 2°c.

initial [Poly C) = 1.7 x 1072 & 4,,5=1.11
E250 for deoxyguanosine = 13,000
Poly C showed 41% hypochromicity

4G, -A e, E@silxlo“ B dGe-Ayg [de]xlo“ ¥ [ac, Jx10" &
0.26 2.00 0.13 1.00 0.00
0.38 2.92 0.19 1.46 0.00
0.68 5.23 0.27 2,07 1.08
0.81 6.23 0.31 2.38 1.47
0.92 7.07 0.33 2.53 2.00
1.06 8.15 0.35 2.69 2.77
1.33 10.23 0.41 3.15 3.93
1.83 14.07 0.49 3.76 © 6.54
2.61 20.07 0.82 6.30 7.47
3.68 28.30 1.34 10.30 7.69

Migration Check: Poly C vs buffer A273= 1.11 : 0.00

Equilibration Check: 2.0 mM 4G vs buffer AZSO =1.31 : 1.29

dGi = 1initial deoxyguanosine
dG, = free or unbound deoxyguanosine
d"b = Dbound or complexed deoxyguanosine

-8l—



Table 8. Binding of Deoxyguznosine to Polvecytidylic Acid

Computer Data

Conditions: in 0.1 M Na acetate buffer, pH 4.1

n s K RMSD
3 7.85x107% 1 1691 8.03x10™7
7.78x107% 1852 6.24x107>

%5 7.66x10"% 1986 5.47%10™7
6 7.53x10"% o 2098 5.51%1077

7 7.41x10"% ¥ 2195 6.01x10"7

** best value of n based on lowest RMSD

RMSD = root mean square deviation

for n=5

fac, Jexp x 10% M [ﬁcblfalc x 107 i dG, /ClP
0.00 0.00 0.000
0.00 0.01 0.000
1.08 0.78 0.063
1.47 1.60 0.086
2.00 2.13 0.117
2.77 2.79 0.163
3.93 4.83 | 0.231
6.54 6.74 0.38%4
7,47 7.66 0.439
7.69 7.66 0.452
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Figure 35. 3Binding Isotherms for Deoxvguanosine:Poly C Complex

conditions: in 0.1 M Na acetate buffer, pH 4.1

0.5

{p)

£ W

[dcb)x 10% m

by

L
(ae = 10% u [de]x 107 |

(a) binding isotherm showing bound deoxyguanosine vs free
deoxyguanosine at equilibrium

(b) binding isotherm showing ratio of bound deoxyguanosine per
CMP residue vs free deoxyguanosine at equilibrium
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Table 9. Binding of Deoxyguanosine to Polveytidvlic Acigd

Equilibrium Dialysis Data

conditions: in 0.1 M Na acetate buffer, pH 4.1 + 1.0 mM NgCl,
equilibration after 48 hrs. at 2°c.

initial {Poly €} = 1.2 x 1077 & 85037067

E250 for deoxyguanosine = 13,000

Poly C showed 42% hypochromicity

de; -2, 0 [déi]xi'oE M dG Ao g0 acg) x10° I [deblxiol‘ M

0.26 2.00 0.13 1.00 0.00
0.38 2.92 0.18 1.38 0.16
0.68 5.23 0.28 2.15 0.93
0.81 6.23 0.31 2.38 1.47
0.92 7.07 0.34 2.61 1.84
1.06 8.15 0.39 2.84 2.46
1.33 10.23 7 0.47 3.30 3.62
1.83 14.07 0.60 L.38 5.31
2.61 20.07 0.93 7.15 5.77
3.68 28.30 1.46 11.23 5.84

Migration Check: Poly C vs buffer A273 = 0.66 : 0.00

Equilibration Check: 1.0 mM dG vs buffer A250 = 0.63 : 0.62
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Table 10, Binding of Deoxvsuanosine to Polvevtidylic Acid

Computer Data

conditions: in 0.1 M Na acetate buffer, pH 4.1 + 1.0 mM Mg012

n 5 K, RWSD
2 5.94x10™% i 1420 4.06%1075
3 5.86x107% M 1636 1.36%107
ol 5.75x10™% M 1819 8.15x107°
5 5.65x10™ M 1970 2.18%1077
6 5.57x10"% 1 2093 3.33x107°

** best value of n based on lowest RMSD

for n=4:

[?Ggliexp x 10% u [@Gé} calc x 107 K d@, /CNP
0.00 0.03 0.000
0.16 0.12 0.013
0.93 0.87 0.077
1.47 1.31 0.122
1.84 1.85 0.153
2.46 2,46 0.205
3.62 3.69 0.301
5.31 5.41 0.442
5.77 5.75 0.480
5.84 5.75 0.486
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Figure 36. Binding Isotherms for Deoxyguanosine:Polyv C Complex

~ conditions: in 0.1 M Na acetate buffer, pH 4.1 + 1.0 mM MeCl,

6 (2)
(v)
0.5t
0.4¢
003'
Py
=
O
>
2 0.2
0.1%
Y N
2 4 6 8 10 12
L__‘—A-;kﬁ. .f‘L'X: 9 -
2 4 6 8 10 12 [deJxm‘*m

CEAE: 10% M

(2) binding isotherm showing bound deoxyguanosine vs free
deoxyguanosine at egquilibrium

{b) binding isotherm showing ratio of bound deoxyguanosine per
CMP residue vs free deoxyguénosine at equilibrium
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Table 11. Bindinz of Deoxyguanosine to Polyeytidylic Acid.
Equilibrium Dialysis Data

conditions: in 0.1 M Na acetate buffer, pH 4.6
equilibration after 48 hrs at 2°C.

initial (Poly €} = 1.4 x 1072 1 4,,,=1.01
E250 for deoxyguanosine = 13,000
- T T n
ae; -Asey [dui} x107 ¥ A=A, ., (ee X107 N [dGb] x10F M
0,26 2.00 0.13 1.00 0.00
0.41 3.15 0.21 1.61 0.00
0.68 5.23 0.28 2.15 0.97
0.82 6.30 0.31 2.38 1.54
0.93 7.15 0.36 2.76 1.63
1.07 8.23 0.38 2.92 2.39
1.20 9.23 0.40 3.07 3.09
1.33 10.23 0.41 3.15 3.93
1.88 14,46 0.59 4.53 5.40
2.64 20.30 0.95 7.30 5.69

3.44 26.46 1.37 10.53 5.39

Migration Check: Poly C vs buffer A272 = 1,00 : 0,01
Equilibration Check: 2.0 mM dG vs buffer A25O =1.30 : 1.32



Table 12. 3Binding of Deoxvguanosine to Polycytidvlic Acid.

Computer Data

conditions: in 0.1 M Na acetate buffer, oH 4.6.

n S K, RMSD
4 5.88x107% M 1833 3.42x10™7

®%5 5.53x10‘“ M 1968 3.31x1o‘5
6 5.50x10" ¥ M 2073 3.54x10™°

*% pest value of n based on lowest RMSD

forn = 5

ESEpJexp x 10% M [Efblfalc x 10% M ae, /CHP
0.00 0.00 0.000
0.00 0.13 0.000
0.93 0.65 0.069
1.54 1.10 0.110
1,62 2.16 0.116
2.39 2.67 0.170
3.08 3.15 0.220
3.93 3.40 0.280
5.39 5.45 0.385
5.69 5.53 | 0.406
5.39 5.53 0.385
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Figure 37. 3Binding Isotherms for Deoxvsuanosine:Polv C Complex.

conditions: in 0.1 M Na acetate buffer at pH 4.6.

(2)

0-5

(v)

dG, /CNP

L g *

2 4 6 8 10

2 4 6 8 10

fae) x 10¥
lae ) = 10* w

(a) binding isotherm showing bound deoxyguanosine vs free deoxy-
guanosine at equilibrium

(b) binding isotherm showing ratio of bound deoxyguas:osine per
P residue vs free deoxyguanosine at equilibrium
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Table 13. Binding of Deoxyguanosine to Polycytidylic Acid.

Equilibrium Dialysis Data

conditions: in 0.1 M NaCl at pH 4.6

equilibration after 48 hours at 2°C.

Equilibration Check: 2.0 mlM 4G vs buffer A

-93-

273

25

S 2 - -3 5 .
initial (Poly C) = 1.5 x 1070 ¥ 85957102
EZSO for deoxyguanosine = 13,000
. v gk o L 4o o Taro¥ 1
68, -8 54 Eiuijxlo % 68,4, [ac Jx10" @ub!no _1\;
0.26 2.00 0.13 1.00 0.00
0.40 3.07 0.19 1.46 0.16
© 0.67 5.15 0.26 2.00 1.15
0.80 6.15 0.32 2.46 1.23
0.92 7.07 0.33 2.53 2.00
1.02 7.84 0.35 2.69 2.46
1.30 10.00 0.36 2.76 4,47
2.64 20.30 0.92 7.07 6.15
3.46 26.61 1.34 10.30 6.01
Migration Check: Poly C vs buffer A = 1.02: 0.00

0o = 1.31:1.30



Figure 38, Binding Isotherms for Deoxysuanosine:Poly C Complex.

conditions: in 0.1 M NaCl at pH 4.6.

[dGb) x 10" M
(W}

(2)

(b)

(v)

> ad r 2 ' 2

5 L 6 B 1o 2 BT 67 B 1o
Edc;f) x 10% Ede] x 10% u

binding isotherm showing bound deoxyguanosine vs free
deoxyguanosine at equilibrium

binding isotherm showing ratio of bound deoxyguanosine per
CMP residue vs free deoxyguanosine at equilibrium
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Table 14. Binding of Deoxyguanosine to Polveytidylic Acid.

Equilibrium Dialysis Data

conditions: in 0.1 M NaCl, 0.025 N NaHZPob, 0.025 M NaZHPOQ.
1.0 mi MgCl, at pH 6.8.

equilibration after 48 hrs. at 2°C.

sosas - -3 =
initial (Poly €} = 1.5 x 107w  a,.,=0.99
E250 for deoxyguancsine = 13,000

a6 -, Emsi]xlon M R S [&Gf]x1o4 N [?Gé)xioh'm
0.40 3.07 0.20 1.53 0.00
0.68 5.35 0.3k 2,61 0.00
0.82 6.30 0.41 3.51 0.00
0.88 6.76 0.k 3.38 0.00
1.02 7.84 0.51 3.92 0.00
1.24 9.53 0.61 4.69 0.15
1.82 14.00 0.85 6.53 0.93
2.52 19.38 0.99 7.61 4,15
3.68 28.30 1.34 10.30 7.70
5.52 42.46 1.88 14,46 13.54
6.46 - 49,69 2.30 17.69 14,31

Migration Check: Poly C vs buffer A267 = 0.98:0.00

Equilibration Check: 3.0 mM 4G vs Poly C A250 =1.81:1.83

Poly C showed 3€é% hypochromicity under these conditions
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Table 15. Binding of Deoxyguanosine to Polveytidvlic Acid.

Computer Data

conditions: in 0.1 M NaCl, 0.025 M NaHzPoh. 0.025 M NazHPCQ,
1.0 mM MgCl, at pH 6.8.

) —5 K, RRSD

2 15.71x10°% & 382 1.05x10™%

3 14.95x10™% N 592 5.79x10">
*xly 14.27x10 % u 555 4,88x10™

5 13.98x10~% u 599 6.41x10™3

**best value of n based on lowest RKNSD

for n=4
{égblgxp x 10% M (g, Jeale x 1% aG, /CHP
0.00 0.00 0.000
0.00 0.03 0.000
0.00 0.06 0.000
0.00 0.09 0.000
0.00 0.17 0.000
0.15 0.37 0.010
0.93 1.57 0.062
b.15 2.96 0.276
7.70 8.16 0.513
13.54 13.48 0.902
14,31 14,27 - 0.954
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Figure 39. Binding Isotherms for Deoxvsguanosine:Polv C Complex.

conditions: in 0.1 M NaCl, 0.025 NaHZPou, 0.025 M NaZHPOQ,
1.0 mM MgCl, at pH 6.8.

€ 9 li 15 18 3 é 9 lé 13 18
[de] x 10" ¥ (de)x 10%

(a) binding isotherm showing bound deoxyguanosine vs free
deoxyguanosine at equilibrium

(o) binding isotherm showing ratio of bound deoxyguanosine per
CMP residue vs free deoxyguanosine at equilibrium
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Table 16 . Binding of Adenosine to Polveytidylic Acid.

Equilibrium Dialysis Data

conditions: in 0.1 M Na acetate buffer at pH 4.1.

equilibration after 48 hrs. at 2°%.

. s _ -3 =
initial (Poly €} = 1.7x107> Byny = 1.11
E257 for Adenosine = 14,200
- L L L
As-Aysn (a;)x10" m Aet,., [(Bg)xto’m  [ag)xto”
0,43 . 3.02 0.21 1.51 0.00
0.71 5.00 0.35 2.50 0.00
0.99 6.97 0.50 3.52 0.00
1.35 9.50 0.68 4,78 0.00
2.66 18.73 1.33 9.36 0.00
3.74 26.33 1.87 13,16 0.00
Migration Check: Poly C vs buffer A273 = 1.10:0.00
Equilibration Check: 2.0 mM A vs buffer A = 1,31:1.34

257
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Table 17. Binding of Adenosine to Polyuridvlic Acid.

Equilibrium Dialysis Data

conditions: in 0.1 M Na ‘acetate buffer + 1.0 mM NgCl,
at pH 4.1; equilibration after 48 hrs. at 2°cC.
initial (Poly U) = 2.1 x 1072 w0 4,4=1.63
E257 for adenosine = 14,200

Poly U showed 8% hypochromicity

Ai-Bye,  (B])x107 B BeBoe  (A7)x107 K (apjx10* &
0.43 3.02 0.22 1.54 0.00
0.72 5.07 0.36 2.53 0.00
0.86 6.05 0.43 3.02 0.00
0.99 6.97 0.49 3.45 0.07
1.12 7.88 0.55 3,87 0.14
1.35 9.50 0.66 4,64 0.21
2.66 18.73 1.22 8.59 1.55
3.74 26.33 1.67 11.76 2.81
S.44 38.30 2.16 15.21 7.88
6.70 47.18 2.70 19.01 9.16
7.80 54,92 3.24 22.81 9.29

13.60 95.77 6.10 42.95 9.86

Migration Check: Poly U vs buffer A258 = 1,63:0.00

Equilibration Check: Adenosine vs buffer A257 = 1,84:1.83

A. = initial adenosine
Af = free or unbound adenosine

A, = bound or complexed adenosine
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Table 18, Binding of Adenosine to Polyuridylic Acid.

conditions: in 0.1 M Na acetate buffer + 1.0 mM MgCl

Computer Data

2
at pH 4.1

n S K, RMSD

3 9.88x10™% N 388 5.23x107°

9.69x10™% 1 423 4.15%1077

*%5 9.58x10™% W 151 3.85x1075

6 9.50x10™% 473 4.,00x107

7 9.43x10“p M 493 4.36x1077

*%*best value of n based on lowest RMSD
for n=5
(aexe x 10* (ap)eale x 10 u A /UNE
0.00 0.00 0.000
0.08 0.00 0.000
0.00 0.00 0.000
0.07 0.00 0.003
0.14 0.00 0.007_
0.21 0.02 0.010
1.55 0.71 0.073
2.81 3.39 0.133
7.88 7.45 0.375

9.16 9.32 0.436
9.29 9.58 0.442
9.86 9.58 0.469
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Figure 40. Binding Isotherms for Adenosine:Polv U Complex.

conditions: in 0.1 M Na acetate buffer + 1.0 mM MgC12

at pH 4.1.
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(a2) binding isotherm showing bound adenosine vs free adenosine
at equilibrium.

(b) ©binding isotherm showing ratio of bound adenocsine ver UNP
residue vs free adenosine at equilibrium.
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Table 19. Binding of Adenosine to Polvuridvlic Acid.

Equilibrium Dialysis Data

conditions: in 0.1 M NaCl, 0.025 M NaZHPO4, 0.025 M NaHZPOQ,
1.0 mM Mg012 at pH 6.8.
equilibration after 48 hrs. at 2°C.
initial (Poly U} = 2.0 x 103 8,571, 5k
E257 for Adenosine = 14,200
Poly U showed 7% hypochromicity

As-Bysn (’A].JxloLP M Aehyen [géaxloa M Eag)xio” M
0.43 3.02 0.21 1.51 0.00
0.72 5.07 0.36  2.53 0.00
0.86 6.05 0.43 3.02 0.00
0.97 6.83 0.48 3.38 0.07
1.12 7.88 0.55 3.87 0.14
1.38 9.71 0.67 4,71 0.28
2.76 19.43 1.28 9.01 1.41
3.74 2€.33 1.66 11.69 2.95
5.44 38.30 2.36 16.61 5.07
6.80 47,88 2.85" 20.07 7.74
8.10° 57.04 3.36 23.66 9.72

13.60 95.77 6.11 43,02 9.72

Migration Check: Poly U vs buffer A258 = 1.52:0.01

Equilibration Check: 3.0 mM Aden A = 1.86:1.84

257
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Table 20. 3Binding of Adenosine to Polvuridylic Acid.

Computer Data
conditions: in 0.1 M NaCl, 0.025 M NazHP04, 0.025 M NaH2P°4'
1.0 mM MgCl2 at pH 6.8.

n S K, RMSD
2 10.19x10™% § 289 4.45%107
xx3 9.94x10™% N 322 3.69x10°°
4 9.71x10~% ¥ 348 5.44x107°
5 9.57x10™% X 366 7.10x107°

**best value of n based on lowest RMSD

for n=3
(2 exo x 10* 1 (4 cale x 10% u A /UNP
0.00 0.00 0.000
0.00 0.01 0.000
0.00 0.03 0.000
0.07 0.04 0.003
0.14 0.06 0.006
0.28 0.12 0.014
1.41 1.04 0.070
2.85 2.35 0.147
5.07 5.75 0.253
774 7.83 0.387
9.72 9.15 0.486
9.72 9.94 0.486

=103~



Figure 41, Binding Isotherms for Adenosine:Foly U Complex.

conditions: in 0.1 M NaCl, -0.025 M NaZHPoh' 0.025 K NaHzPOb,
1.0 mM MgCl, at pH 6.8.
10%

Wn

[pg)xio” M
=

5 10 15 20 25 30 35 Lo 45

A > P

(Af)xw‘*m | 5 10 1‘5 20 25 30 35 %0
[Aé)xlou M

(2) binding isotherm showing bound adenosine vs free adenosine
at equilibrium.

(b) binding isotherm showing ratio of bound adenosine per UMP
residue vs free adenosine at equilibrium.
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Table 21, 3Binding of Deoxyguanosine to Polyuridylic Acid.

Equilibrium Dialysis Data
conditions: in 0.1 M NaCl, 0.025 W NazHPou. 0.025 M NaHzPOa,

1.0 mM MgCl, at pH 6.8.

2
equilibration after 48 hrs. at 2°C.
Initial (Poly U) = 2.0 x 102 Ayeg=t.5%

E25O for deoxyguanosine = 13,000

465 ~A g (a&,]x10" m 4 g-A g (gGﬁJx104 uo (as)x10" n
0.38 2.92 0.19 2.92 0.00
0.67 5.15 0.34 2.62 0.00
0.92 7.07 0.46 3.53 0.00
1.30 10.00 0.65 5.00 0.00
2. 64 20.30 1.32 10.15 0.00
3.46 26.61 1.73 13.30 0.00

Migration Check: Poly U vs buffer A258 = 1.53:0.00

Equilibration Check: 2.0 mM 4G vs buffer A250 = 1.30:1.30
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Table 22, (Comparison of Binding Data from Two Systems.

Complex

Poly C:dG

{(triple helix)

Polv C:d4G

(double helix)

Poly U:rad
(trivle helix)

DE n K, -G (-RTInK,)

L.1 L 1819 -4.08 kcal/mole
4.1 5 1986 -4,13 kcal/mole
L,6 5 1968 -4,12 kcal/mole
6.8 L 555 -3.43 kcal/mole
4,1 5 Ls1 -3.32 kxcal/mole
€.8 3 322 -3.14 xcal/mole
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Table 23. Binding of 1-Methyl Adenosine to Polvuridylic Acid.

conditions:

Equilibrium Dialysis Data

1.0 mM MgCl2 at pH 6.8.
equilibration after 48 hrs. at 2°C.
initial (Poly U} = 1.9x 107w &
E255 for 1-Methyl Adenosine = 10,700
Poly U showed 8% hypochromicity

258 =

in 0.1 ¥ NaCl, 0.025 M NaZHPOQ, 0.025 M NaHzPou,

1.58

ﬁmﬂxmuM md @mgxmam

[@Ab]xio“ ¥

mas -A2ss £5255
0.35 3.27 0.17 1.63 0.00
0.56 5.23 0.28 2,61 0.00
0.66 6.15 0.33 3.08 0.00
0.77 7.19 0.38 3.59 0.00
0.87 8.13 0.43 4,06 0.00
1.13 10.56 0.56 5.33 0.00
2,20 20.56 1.09 10.18 - 0.00
3.10 28.97 1.54 14,39 0.19
4,08 38.13 2.04 19.06 0.00
5.05 47,19 2.52 23.55 0.09
6.10 57.75 3.08 28.78 0.19

Migration Check: Poly U vs buffer A258 = 1.57:0.00

Equilibration Check: 3.0 mM mA vs buffer A255 =1.53:1.54
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Table 24%. Binding of 6-N Methyl Adenosine to Polyuridylic Acid. -
Equilibrium Dialysis Data
conditions: in 0.1 M NaCl, 0.025 M NaZHPOQ’ 0.025 M NaHZPoh’
1.0 ml MgCl, at pH 6.8.
equilibration after 48 hrs. at 2°C.

initial [Poly UJ) = 2.25x102 ¥ A_,. = 1.90

258
E263 for 6-N Methyl Adenosine = 15,300

Poly U showed 8% hypochromicity

N, -A 65 [NmAij x10¥ N Nma B 063 (NmAf]xio“ N \:Nm.txb)xloLP M

0.45 2.94 0.23 1.50 0.00
0.95 6.20 0.47 3.07 0.06
1.27 © 8.30 0.6k 4,18 0.00
1.53 10.00 0.76 4,96 0.08
2.83 18.49 1.42 9.28 0.00
4,35 28.43 2.18 14,24 0.00
6.04 39.47 3.01 19.67 0.13
7.45 48,69 3.69 24,11 0.37
9.10 59.47 4,54 29.67 0.13

Migration Check: Poly U vs buffer A258 = 1.90:0.00
Equilibration Check: 6-~N met A vs buffer A263 = 1.41:1.43
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Table 25.

Temperature, °C

at pH 4.1, in 0.1 M Na acetate buffer
at pH 7.0, in 0.1 M Na phosphate buffer + 1.0 mM MgClZ

1.00 mM deoxyguanosine + 1.3 mM Poly C

Aony, (pH 4.1)

Azézr(pH.7.0)

Meltinz Data on Poly C:Deoxysuancsine Complex

15 ---------------------- 1.2“‘ ---------- 0079

20 ----------------------- 102“’ ---------- 0'79

25 ---------------------- 1.2“’ ---------- 0079

I 1.2 emeemeeee- 0.79

3 m e e e ———— 1.24 W oo 0.79

18, J S —— 1.2 memememeeo 0.80

R —— 1.2 ccmmmmmeee 0.81

50 --------------------- 1.23 -------- 0082

55 -------------------- 1023 --------- 0082

60 ----------------------- 1.23 -------- 0182

65 ---------------------- 1.2“’ ---------- 0'82

70 ““““““““““““““ 1.2”’ --------- 0-83

7= mrrm e m e e ————— 1.25 = ecommceae—- 0.83

80 --------------------- 1.25 -------- 0083

85 --------------------- 1.25

90 ---------------------- 1.26

. o 0. 83
1.27; — b.s2
1.26% 0.81
A
274 267
1.25 2 0.80
pH 4.1
1.214! % .0.?9
*x X
20 30 40 50 60 70 80
Temperature, °c
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. CHAPTER IV

DISCUSSION AND CONCLUSIONS

Extinction Coefficients of Nucleosides

Molar extinction coefficient values for the nucleosides,
deoxyguanosine, guanosine, adenosine, l-methyl adenosine, ahd
€6-N methyl adenosine were found to be 13.0x103, 12.8x103, 14.7x103.
10.7x102, and 15.3x10°, respectively. In each case the £ value
was determined by plotting UV absorbance measurements (at a given
wavelength) vs concentration, the resulting slope approximating
the extinction coefficient value under a specific set of conditions.
For deoxyguénosine, guanosine, and adenosine, the £ value (in each
case) was essentially unchanged at both pH 4.5 and 7.0. These
experimentally determined molar abscrptivity values were utilized
in nucleoside concentration calculations during equilibrium dialysis
experiments.

The extinction coefficient for guanosine was determined at
the onset of this research project, when the Poly C:Guanosine
system was being investigated. The low solubility of guanosine in
agueous solution (ca. 1.0 mM at 5°C) encouraged a change to the
deoxyribcnucleoside, deoxyguanosine, which was found to have a
seven-fcld greater solubility (ca. 7.0 mM) in agueous solution at

EL-66

5°C. It has been shown in previous studies that in order to



observe complex formation, the solubility of the monomer must
exceed the threshold for binding to the polymer. It was there-~
fore desirable %o use the monomer derivative with the maximum sol-
ubility under the particular experimental conditions employed.
Deoxyguanosine was thus used as the monomer nucleoside for inves-

tigations of interactions with Poly C.

Hyvochromicity in Polv U

Poly U exhibits very little secondary structure at 23°C. Upon
treating a prepared solution of Poly U with 0.3 N KOH for 22 hours
at 37°C (alkaline hy@rolysis to UMF units), only a 7-8% increase in
absorption was observed. At low temperatures (<5°C) significant
secondary structure in Poly U is apparent as can be seen by the
increase of UV zbsorption of monomer over the polymer.7u This is
probably due to the double stranded conformation of Foly U at temp-
eratures less than 5°C. In 1 K Na+ the Tm of Poly U is ca. 5.5°C
with the observed hypochromicity between nonstructured and structured

forms being approximately 23%.

Eouilibrium Dialvsis

The results of the equilibrium dialysis experiments show an
approximate 2:1 (polymer:monomer) stoichiometry for the Poly U:
adenosine complex both at pH 4.1 and 6.8 and for the Poly C:deoxy-
guanosine complex at pH 4.1 and 4.6. In contrast to the results

reported by Davies and Davidson64

a 2:1 Poly C:deoxyguanosine com-
plex was never observed at pH values near neutrality. In fact, at

pH 6.8 the Poly C:deoxyzuanosine complex showed an approximate 1:1
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polymer:monomer stoichiometry upon polymer saturation with a
definite dependence of a low concentration of Mg++ (1.0 mM) and

a higher monomer concentration than that required for complex
formation at the lower pH values (see Figure 39). At low con-
centrations of free nucleoside or in the absence of Mg++, no
complex formation was observed at this pH (6.8). The fact that
higher concentrations of the monomer is required for 1:1 C:G com-
plex formation (in the presence of 1.0 mM Mg++ at pH €.8) ‘suggests
that monomer base stacking interactions may play a major role in
the stability of this complex.

All the complexes were found to exhibit a cooperative-type
binding and were found to be stable only in the presence of a
large excess of free monomer. <These properties can be seen in the
binding isotherms. It is readily apparent that a minimal threshold
concentration of free nucleoside must be reached before complex for-
mation begins. This "nucleation" event, then, allows for subse-
quent binding of the monomer to the polymer in a cooperative
fashicn. Upon saturation of the polymer binding sites, the curve
levels off., Since the nucleosides are independent moieties (un-
poiymerized), the interaction of these units with the polynucleo-
tide is most likely governed by the secondary structure of the
polymer. A pseudo-polymerization of the nucleoside residues thus
occurs upon interaction with the polymer and the sites available
for binding on the polymer determine the resulting stoichiometry
of the saturated complex.

For the Poly C:deoxyguanosine system, the pH and the
presence or absence of Mgf+ are both critical parameters for com-

plex formation. Under conditions of acid pH (4.1-4.6), where Poly
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C exists primarily in a double helical conformation, a 2:1 (C:dG) -
stoichiometry is observed upon polymer saturation. In this system,
binding of the monomer to the polymer is initially detected at =z
free nucleoside concentration of ca. 0.2 ml. Upon formation of
this 2C:1dG triplex, the monomer probably occupies a position
between cytosine base pairs forming a2 C+dG+C triple helix, stabil-
ized both by base stacking interactions and by the formation of
hydrogen bonds as suggested in the scheme by Lipsett (see Figure
20). This hydrogen bonding scheme involves the protonation of one
of the Poly C strands, as in the double helical form of Foly C.
This degree of protonation seems important for the formation of
this complex.

At pH values near neutrality, where Poly C exists primarily
as a single stranded helix, an approximate 1:1 (C:dG) stoichio-
metry is observed upon saturation of the polymer. This complex
formation has a marked dependence on the presence of Mg++ and on
higher monomer reactant concentration, as binding is not detected
until the free nucleoside concentration has exceeded ca. 0.5 mb.

The Poly U:adenosine complexes were found to te seemingly
independent of pH (in the presence of 1.0 mhi Mg++) as 2U:14 stoi-
chiometry was observed upon saturation at both pH 4.1 and €.8.

For this system, complex formation was initially detected at a free
adenosine concentration of approximately 0.5 mM, similar to that
seen in the Poly C:deoxyguanosine system at neutral pH. In the
Poly U:adenosine triplex, as in the Poly C:deoxyguanosine triplex
the purine nucleoside probably occupies a central strand location,

bonded on two sides by uracil residues as in the scheme shown



below. The involvement of two of these binding sites were examined
by dialyzing Poly U against i-methyl adenosine and 6-N methyl

adenosine. In neither case was significant binding observed.
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The results of these studies indicate that purine nucleosides
can form complexes with complementary homopolymers in simple
stoichiometric ratios. The binding isotherms are typical of a
strongly cooperative process which show a sharp transition once
a critical threshold concentration of free nucleoside has been
reached. These studies show that hydrogen bonding cannot be the
sole force responsible for binding since no binding is detected
until a certain concentration of monomer is reached, even though
hydrogen bonding capacity is still present. The complex formation
between homopolynucleotides and complementary nucleosides appar-
ently involves an intrinsic purine base stacking energy, indepen-
dent of the contribution of the phosphate internucleoside link-

ages. Hydrogen bonding forces are most important with respect
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to base pairing specificity, while base stacking forces are most
important for complex stabilization. Both hydrogen bonding and

hydrophobic stacking interactions thus cooperate and complement

each other in providing the driving forces for complex formation
and stability.

Thermodynamic parameters have often been estimated from
binding isotherms, such as these revorted here. The thermodynamic
model developed by Burr et all.é6 to represent the binding isotherm
for the cooperative binding of adenosine to Poly U, was applied to
the Foly C:deoxyguanosine system at both pH 4.1 (C+dG+C triplex) and
pH 6.8 (C+dG duplex). “he equilibrium constant, K, (see equation
on pp. 63) for the formation of the trivle helical complex was
found to be ca. 1900 with n=5 (where n represents the number of
purine nucleoside monomer units which must interact contiguously
with Poly C -with hydrogen bonding and base stacking forces-
in order to form a stable complex). The K1 value, related to the
total free energy of formation, AG (4aG= -RTanl) corresponds
to a value of ca. -4.1 kcal/mole. The formation constant for the
Poly C:deoxygzuanosine duplex (pH €.8) is 555 with n=4. This value
corresponds to a AG of ca. -3.4 kcal/mole. For the Foly U:adenosine
triplex the K1 values were found to be ca. 400 kcal/mole with n=5,
corresponding to a AG equal to ca. -3.2 kcal/mole.

The equation model presented by Burr et al. for the Poly U:
adenosine system provides an excellent fit of binding data for the
Poly C:deoxyguanosine system. In each isotherm, the points repre-
sent the experimental data (concentration of bound nucleoside vs

concentration of free nucleoside), while the solid line is the
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calculated curve based on the experimental data. The best values
of K1 and n (based on the lowest root mean square deviation) are

fitted to these experimental data via a non-linear least squares

program.

The calculated value of S is always close to the maximum
experimental bound nucleoside. K1 was found to increase and S to
decrease as n was increased. Only integral values of n were used
in computer calculations. The method could be improved'slightly if
non-integral values of n were used. The slope of the isotherm was
found to depend only on n, i.e. all binding isotherms with the same
n value will have the same slope.

The formation constant, Kl' was found to decrease with move-
ment of unbound nucleoside on the x-axis, i.e. if complexing
begins at a low free nucleoside concentration, the formation con-
stant will be high, while initiation of complex formation at a
higher nucleoside concentration will yield a lower value of Kl'
These values of K1 are related to complex stabiiity, the Poly C;
deoxyguanosine triplex being more stable than the Poly C:deoxyguan~
osine duplex, which is, in turn, slightly more stable than the
Poly U:adenosine triplex. 3Because of the supposed involvement of
three hydrogen bonds in the base pairing scheme of the Poly C:
deoxyguanosine duplex as opposed to four hydrogen bonds in the base
pairing scheme of the Poly U:adenosine triplex, -either the three
hydrogen bonds are stronger than four, or the stacking energy of
guanosine stabilizes that complex more than the stacking energy of
adenosine in the other complex. The formation constant values
for these complexes agree nicely with the Tm data reported for the

complexes.
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PART III

- THE BINDING OF DEOXYGUANOSINE AND ADENOSINE TO
CHEMICALLY MCODIFIED FOLYCYZIDYLIC ACID

CHAPTER I

INTRODUCTION AND LITERATURE REVIEW

Mutzations

A mutation is a change in the genetic information (i.e. DNA
and RNA) which remains upon replication in the absence of the phy-
sical or chemical agent (i.e. the mutagen) responsible for the
mutagenic eventi. These genetic modification events are considered
to be among the most important biological phenomena because they
furnish the basis for evolutionary processes.

In simplest terms a mutation is an alteration or modification
of a nucleic acid. Two categories of mutations are often mentioned:
(1) induced mutations and (2) spontaneous mutations. Induced muta-
tions are those which, as a result of the action of some physical
or chemical agent or event, cause a change in the nucleic acid
properties in a defined way. Spontaneous mutations, on the other
hand, are often undefined as to their mode of action. TFor example, a
mutation may result from a mistake occurring during the replica-
tion process; the enol form of thymine may base pair with guanine

or the imino form of C may base pair with A.



The most frequent and probably the most biologically important
type of mutation is the point mutation. This type of mutation
involves action only at the site of the purine or pyrimidine nitro-
gen base. A chemical or physical modification of a nitrogen base
can be of two types: (1) transition point mutation or (2) trans-
version point mutation. A transition is characterized by a change
of one purine to another purine, or of one pyrimidine to another
pyrimidine. The outcome of such a mutational event may be the re-
plication or transcription of an "incorrect" complementary base.
The mutation need not be an exact chemical change from one known
purine or pyrimidine to another known purine or pyrimidine (respec-
tively) to be considered a transition muitation. The modification
need only result in a mis-pairing during a complementary binding
process. Transition point mutations are the best known and most
widely studied of the point mutations.

Transversion point mutations involve a change of a purine
to a pyrimidine, or vice versa. These mutations have been shown
to occur only in rare cases.75

In many instances, mutations may occur at "silent" or inactive
points in nucleic acids. In such cases, the mutations are not con-
sidered to be significant events insofar as immediate evolution-
ary processes are concerned. However, if a mutation occurs in an
active portion of the nucleic acid (i.e. a gene, mRNA, or tRNA), an
insertion of an incorrect amino acid in a protein may be the sec-
ondary result. The surest evidence that a mutation has occurred
is shown in the permanent change in the amino acid sequence of =

protein. Many cases are known (e.g. normal hemoglobin vs. sickle-
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cell hemoglobin) where a single amino acid change is attributed
to a change of a single base: in the :genetic ma.terial.76 This can
often lead to disease or death in the organism.

Because of the specificity involved in protein structure and
‘function, the misceding for a single amino acid (the possible out-
come of a mutational event) may significantly alter the polypep-
tide so as to render it inactive or alter its biclogical activity
or primary function. This inactivation or alteration of the protein
properties, brought on indirectly by the mutational event, may
prove to be a favorable or unfavorable happening. If the protein
modification is unfavorable, the organism may disease or die and
consequently the mutation will not be allowed to be passed on to
future generations. A favorable mutation, however, will continue
to be replicated (unless a back mutation or second mutation occurs).
In this way the possibility of passing this mutation to future
progeny exists. Such is the basis for evolution. HNature selects

out the unfavorable genetic seguences, while the favorable genetic

combinations survive and remain in the gene pool.

Mutazens

Mutagens are chemical or physical agents or events which cause
genetic mutations. Chemical mutagens have been used for many years
to produce known base modifications in polynucleotides.77 Among the
known chemical mutagens, nitrous acid and hydroxylamine have com-
manded special attention because of their apparent specificity and
ability to induce point mutations.78 These mutational events are
0,79

evidenced upon reported mis-replication of a polynucleotid

Nitrous acid reacts with the nucleic acid nitrogen bases containing
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a primary amino group; adenine, guanine, and cytosine, to yield the
deamination products, hypoxanthine, xanthine, and uracil, respect-

ively.so’81

For DNA none of these deamination products are normal
DNA bases and therefore mutational events must arise through the

hydrogen bonding properties of the new bases. This is tpought to
occur as hypoxanthine (in the 6-keto form), behaving like guanine,
base pairs with cytosine, and uracil, behaving like thymine, base

pairs with adenine.lo0

Xanthine, the deamination product of guan-
ine, does not seem to resemble any of the known bases in its hydro-
geﬁ base pairing propverties, and therefore is not thought to be
mutagenic. Xznthine has, in some cases, been shown to cause an
inactivation of the genetic ma‘terial.s‘?"111
Hydroxzylamine reacts only with pyrimidine nitrogen bases in
nucleic acids. This mutagen has been shown to be a powerful nucleo-
philic agent which reacts with cytosine optimally a2t pH 6 and with
uracil at pE 10.83 Cnly the reaction with the cytosine nucleus is
thought to be mutagenic.84 One or two molecules oI hydroxylamine
can react with cytosine to form two defined reaction products.
The addition of NHZOH across the 5,6 double bond followed by the
replacement of the C4 amino group with the hydroxyamino group forms
one product, 6-hydroxyamino-3,6-dihydro- 4-hydroxyaminocytosine.. The
second product of the reaction is the result of the direct dis-
placement of the C% amino group by the hydroxyamino, forming L-hydro-
Xxyaminocytosine. It has been shown that the mono-substitution
product (4-hydroxyaminocytosine) favers a tautomeric shift and thus
displays the binding properties of uracil. This product is, there-

fore, thought to be the mutational species of the reaction.85’86
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Mutagenic Action of Nitrous Acid

Nitrous acid was the first in vitrc chemical mutagen whose
action seemed to be understandable in simple mclecular terms.
It became a classical mutagen in 1958 when Schuster and Sc’nramm87
showed that sodium nitrite, at low pH (below 5), reacted with pur-
ified RNA from TIV to yield three deamination products: adenine
being converted to hypoxanthine, guanine to xanthine, and cytosine
to uracil. MNundry and Gierer88'89 further demonstrated the muta-
genic properties of nitrous acid as they reported the modified
TNV RNA preparations to be infective to tobacco plants, producing
new properties in succeeding generations. Thus nitrous acid, ad-
ministered in the form of sodium nitrite at low pH, was shown to
be a mutagen which reacted with nucleic acid nitrogen bases in =2
chemically defined way to produce defined mutations.9o

The deamination of cytosine to uracil is a self-evident mu-
tagenic event. Wittmann91 found that C—»U transitions brought
about by thé action of nitrous acid in TMV RNA, resulted in
svecific amino acid replacements in the coat protein. This find-
ing helped greatly in deciphering the genetic code.92’102

These initial investigations stimulated a grezt number of
related studies regarding the mutagenic effects of nitrous acid
on various biological systems and defined polynucleotides. These
include studies on the bacteriophages T293, T&gg, and 81394’95’10{
96

, Diplococcus nneumoniae97, Salmonella

L
103, E. coli 5s rRNAlO‘, Rhizobium

i . . . 106 ..,
, denatured DNA from Hzemovhilus influsnza , Lfobacco

Mosaic Viruslo7’108, and cultured mouse and hamster cells, 109,110

Drosoohila melanogaster

98, yeast alanine tRNA
105

tvohi

lunini
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Mutagenic Action of Hydroxylamine

Hydroxylamine and certain hydroxylamine derivatives are

111-123

mutagenic toward a variety of organisms. These mutagens

have the ability to interact specifically with pyrimidines under
specific conditions of pH, temperature, and reagent concentration.lzu
At pH near 6.0 and high NHZOH concentration, the reaction is
specific with cytosine residues in polynucleotides, resulting

in the formation of two possible cytosine derivatives, 4-hydrexyamino
cytosine and 6-hydoxyamino-5,6-dihydro-4%ndrnxmaﬁnmmtbéne;124-130
Under these conditions the cytosine nucleus readily binds hy-
droxylamine at the 5,6 double bond, which facilitates nucleo-
philic substitution of the exocyclic amino grouv. The mono substi-
tution product, 4~hydroxyaminocytosine forms as a result of a
single stage irreversible reaction. The reaction of NHZOH with

the c¢cytosine nucleus is shown below.

2
w7
ﬁ/" \.V --
. Y& L0;. NHCH
NH, o J\ MN
2 \“///’ 0 N g
7d ' 7z N

N .
1 | % NHOH l\
2Cx //f NHCH
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L

AN AN

A
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4-0H-aminocytosine has been suggested to be the species re-
sponsible for mutagenic events in living systems. This cytosine
derivative resembles uracil {(or thymine) in its hydrogen binding
vroverties and thus causes adenine instead of guanine to bind to
the altered cytosine residue. The suggested binding scheme of

pseudo U (or T), L4-CH-aminocytosine, with adenine, is shown below.

NHOH NCH
HN
hH o > '
k g
1
v

HO

N_P N

\N—(

Vutagenic Acticn and Polynucleotide Secondary Structure

In the interim between the formation of a2 modified poly-
nucleotide and its replication, transcription, or translation,
there occur a number of biological processes (primarily enzy-
matic), whose character and intensity produce a marked effect on
the genetic consequences of the mutagen's action. In addition to
these events, the biological processes of repair and recombina-
tion also come into play.

Effects of mutagens on polynucleotides is the result of non-

random interactions with certain reactive or "exposed" bases. Thus
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the secondary structure of the polynucleotide is of critical impor;
tance to the effect or attack of a given mutagenic agent. With
duplex DNA, for example, a potential mutation site consists of a
pair of bases so that the action of the mutagen is partly ob-
scured due to hydrogen bonding interactions. However, with single
stranded polynucleotides individual bases zre generally exposed
and mutagen attack is much more probable.

Often times the chemistry of base modification with a sus-
pected mutagen is determined by using nucleoside or nucleotide

132

monomer units. This affords, of course, only a general guide
as to the sites and extent of mutagen action on polynucleotides.
The reactivity of a base in a polynucleotide depends on whether
the base is hydrogen bonded in a duplex structure, whether base
stacking interactions are significant, and/or whether there is
protein interaction with the polymer. It should also be realized
that mutation mechanisms that apply to single-stranded poly-
nucleotides might not apply to duplex polynucleotides, since
base pairing may effectively block some votentially mutagenic
reactions. While mutagenic action on single stranded polynucleo-
tides occurs in a somewhat random fashion, mutagenic action on
duplex polynucleotides oécurs in a non-random fashion which is
governed primarily by "looped-out” or "hot-spot" regions which
are more susceptible to mutagenic attack.

The higher structure of polynucleotides is formed and stabil-
ized at the expense of base stacking and hydrogen bonding forces.
The distortion of base stacking interaction by the action of cer-

reey

tain mutagens (e.g. bis-product of ngOH action on cytosine) will
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cause a disérder in the structure of botﬁ single and double
stranded regions of the polynucleotide and often a distortion of
complementary hydrogen bonding interactions (affecting duplex
regions only). Modification of bases resulting in the loss of
aromaticity and violations of planarity are usually

accompanied by a general breakdown of polynucleotide secondary
structure.

Mutagenic action on nitrogen base sites involved in comple-
mentary hydrogen bonding may result in altered hydrogen bonding
interactions without affecting base stacking interactions. Such
is the case for HNO2 action on cytosine residues and of uni-
molecular action of NHZOH on cytosine. The products of these
reactions do not affect the aromaticity or planarity of the cyto-
sine base. However, in both cases, the mutagen acts tc change
the hydrogen bonding properties of cytosine. Addition of NHZOH
across the 5,6 double bond of cytosine residues results in the
loss of aromatic character ‘and diminished polymer secondary stiructure
due to decreased base stacking interactions. Substitution of the
hydroxyamino group’ for -the C4 amino group alters the functional
specificity of the cytosine and results in z C-spseudo U or T
transition mutation, while addition of NHZOH across the 5,6 double
bond causes the loss of functional activity as the secondary
structure is adversely modified.

When reacting a chemical mutagen with a2 polynucleotide, the
modification of a small fraction of the nitrogen bases may result
in a compounded structural azlteration of the polymer, due to
changes in base stacking interactions and hydrogen bonding pro-

133

perties.”
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Mutagenic Action of HN02 and NHZOH on Pclv C

The genetic consequences of the action of particﬁlar muta-
gens depends on the functional and physical state and conditions
of mutagenesis. All of the many variables involved elucidate the
complexity of mutagenic events. For investigative purposes it
is desirable to separate the direct action of mutagenic factors
on the polynucleotides from the indirect influence on enzymatic

134

processes. 70 accomplish this we used the homopolynucleotide,
polycytidylic acid, as the polynucleotide model system. Foly C
may be an excellent choice for mutagen action examination,
since this polymer exists in both single stranded and double
stranded conformations under certain conditions. &odification of
the cytosine units of Poly C by reaction with HI-EO2 and NHZOH may
reveal a promising means for studying the structure and function
of polynucleotide systems as they relate to mutagenesis. The
chegical reagents, NHZOH and HNOZ, have been shown to react with
cytosine residues in polynucleotides and be mutagenic in 1living
systems, causing C-»U or pseudo U (T) transition point mutations.
Previous studies have shown that the reaction of Poly C with
hydroxylamine is considerably slower than with the cytosine mono-
mer (free base, nucleoside, or nucleotide).135'136’139-140 It
has also been found that the reaction proceeds much more slowly
at pE 4 (duplex Poly C) than at pH € (single stranded Poly C.).J'L"3
At the lower pi there was found to be a greater preference for
the substitution reaction at C4 over the 5,6 double bond addition

reaction.85 Concomitant with the reaction of Poly C with NHZOH

~-126-



is a loss of secondary structure of the polynucleotide. This
is probably the result of the addition reaction across the 5,6
double bond which destroys the arcmaticity and planarity of
the cytosine residues and consequently disrupts cytosine base

83,138

stacking interactions. Treatment of Poly C with NI

20H
produces an inactivation of its normal template proverties as
measured by 5°'-GHP incorporation.137 The binding of 5'-AKP was
observed in some cases, suggesting that NHZOH produces in Poly C
a cytosine species which binds AMP in place of GMP and a second
species which will not base pair with either of the purine nucleo-

tides.ibl'iaz Salganik and coworkers 12?2

have shown 4-0H-amino-
cytidine to be the product species responsible for the C-»pseudo

U (T) mutagenic event in E. coli while the bis oproduct was found

to cause inactivation of the genetic material.
Few studies on the reaction of Poly C with nitrous acid have

84,135

been reported. Singer et al. reported transitions of C %o
U in Poly C when acted upon with NaN02 at DH 4.2. These studies
showed that the effectiveness of NaNO2 to act as a mutagen is
clearly pH dependent, since the reazction rate is a function of
the conceniration of the undissociated HHOZ.

The purpose here is to investigzte the effects of NHZOH and
NaNCZ on polycytidylic acid as it relates to the binding of
deoxyguanosine and adenosine. In the case of nitrous acid treai-
nent, the reaction was carried out at pH 4.1 (giving considera-
tion to the pH dependence of HI-EO2 generation from NaNO2 in solution).

The reaction of Poly C with hydroxylamine was performed at pX 6.0

due to the extremely slow rate of reazction at pE 4.1. Equilibrium
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dialysis experiments are employed to investigate the binding of
the nucleosides, deoxyguanosine and adenosine to chemically

modified Foly C.
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CHAPTER II

EXPERIMENTAL
METHODS AND MATERIALS

Reaction of Polv C YWith Hitrous Aci

Nitrous acid can easily be generated by dissolving NaNGz in

an agueous buffer solution below pH 5.5:

+
—_—— Na = N
e Na ‘ 1‘02

NaN02

NO,” + H,0 —» HNO, + OH~

In the presence of surplus ol (Low pH) the equilibrium is pushed
to the right, thereby increasing the concentration of the reactive
free acid. Undissociated HNC2 can react with the primary amino
group in cytosine residues causing deamination and chemical con-
version of cytosine to uracil.

In these experiments, equal volumes of 2 I NaNOZ (at pH b.1
in 0.1 ¥ Na acetate buffer + 1,0 mM MgClz) and Poly C sclution
(in the same buffer) were allowed tc react for various time in-
tervals (1-12 hours) a%t 37°C. Upon terminaticn of a varticular
reaction, the reaction mixture was cooled at 5°C for ca. C.5 hour.
The modified polymer was then collected via gel-filtration column
chromatography using Sevhadex G-25., Zighty, -9 ml fractions were
collected. The fractions containing the modified Poly T were de-

tected by UV absorption at 270nm. The absence of NaliC, in the

2
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polymer fractions was insured by the observation of no absorp-
tion at 356nm. ‘“he fractions containing the modified polymer were
combined and precipitated using one volume of 2.0 i. potassium
acetate buffer (pZ 5.0) and two volumes of 1007 ethanol at -20°C
for 18 hours.

‘“he polymer precipitate was then centrifuged at 15,000 ®Fk
for 30 minutes at 5°C. “he filtrate was decanted, the polymer
dried with NZ’ and finally, reconstituted by dissolving in a
small volume (usuzlly 5-7 ml) of 0.1 i NaCl solution. Following
this, the modified polymer solution was dialyzed against 0.1 i
Ma acetate buffer (pE 4.1) + 1.0 mi igCl, at 5 C. Fresh dialysis
buffer was added five times.

After dialysis, an aliquot of the modified polymer solution
was treated with 0.3 I KOH for 22 hours at 37°C to accomplish
hydrolysis of the polymer to mononucleotide units. A direct
spectrovhotometric method was then used to determine the CMP:UMP
ratio in the modified Poly C. The nucleotide reac?ion
products were separated using ascending vaper or thin-layer chrom-
atography to insure the presence of only C and U monophosphates.
The products were detected using a short-wave UV light and com-
pared against xnmown CMP and UMP solutions.

The remaining modified vpolymer soclution was used in ecquili-
brium dialysis experiments to investigate the binding of deoxy-
guanosine and adenosine %o modified Foly C. The dialysis experi-
ments were carried out at 2°C for 48 hours. In each experiment,
controls were run to ensure equilibration and non-migraticn of the

modified polymer across the membrane.
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Reacticn of Polwv C HWith Hydroxywlamine

5-3H volycytidylic acid was purchased from ¥iles Laboratories
(Elkhart, IN). The use of the radiocactively labeled vpolymer was
Tound to be the best means for the detection and guantitation
of cytidine derivatives aiter reaction of the pnolymer with NKZOH.
A direct spectrophotometric method was not found %o applicable in
this systenm.

Solutions of ~H-Poly C (in 0.1 ¥ Ka acetate buffer, pH £.0)
were mixed with equal volumes of 2 M NHZOH for various time ver-
jods (3-24 hours), after which they were cooled at 5°C for ca.

30 minutes. The modified polymer fractions were separated from
NHZOH by Sephadex G-25 gel filtration. Concentration of the »oly-
mer was accomplished via acetate buffer and ethanol prscipitation
as described earlier. For analytical purposes, an aliquet of

the modified polymer solution was treated with 0.3 N XCH for 22
hours a%t 3?°C in order %to digest the polymer %o nucleotide mcnoc-
mers. “he cyiidine and NHZGH-cytidine éerivatives were then sed-

arated by thin-layer chronatography on silica zzl, using n-butanol:

ethanol:water (80:10:25) as the solvent.

o
2
dine reaction producis) was established by comparing <the radio-

The extent of reaction (and thus the ratio of the NE.CH-cyti-
activity associated with the chromatographically separated pro-
ducts. A known C¥P solution was used as z reference to differen-
tiate between U-hydroxyaminocytidine and unmodified cytidine,
since beth were deiected via the use of a short-wave UV lanmp.
§-hydroxyamino-35, 6-dihydro-L-hydroxyaminocytidine was detected by

radioactivity association since it does not absord light in the
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UV range. =Xadioactivity was measured by scraping silica gel strips
and counting in a toluene, PPC, PCPOP scintillation cocktail (using

a Packard Scintillation Counter).
The remaining modified poliymer solution at vH 6.0 was

dialyzed against 0.1 ¥ Na acetate buffer (pH 4.1) + 1.0 mM Mgll,
at 5°C. Fresh dialysis buffer was addea three times. Upon
effective pH adjustment of the modified polymer solution, equili-
brium dialysis experiments were carried out at 2°C for 48 hours.
The binding of deoxyguanosine and adenosine to the modified
polymer was thereby investigated. In each case, appropriate
controls were run to ensure equilidbration and non-migration of

the polymer.
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CHAPTER III

RESULTS



Figure 42. Poly C Elution on Sephadex G-25 Column

Initial Poly C in 0.1 ! Na acetate buffer at pH 4.1
MM =

+ 1.0 mM MgClz. A273 1.49

Loaded 5 ml of Poly C solution on Sephadex G-25 column

and collected 80, 8.0 ml fractions using the zbove

buffer solution as the eluent.

Fraction 7 AZZ}
1-18 0.00
19 0.40
20 C.37
21 0.06
22-80 0.00
0-5 ]
0.4 A
A
,\
0.3 1 ‘I
| |
273 i 2
0.2 - [
| |
| |
|
0.1 L
| 1
\
‘ \
0.0 .———‘———-‘——--——-—-—-1 \——j————‘abilil——.—f

4 8 12 16 20 24 28 76 80
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Figure 43. Absorption Spectrum of Sodium Hitrite at pH 4.6

in 0.1 ¥ Na acetate buffer (pH 4.6) + 1.0 mi MgCl

2
0.2 I NaNC,
Bago = 0.4l 8360 = 22
- — ,,
0.6
0.5
0.4t
Absg,.
0.3
0.2
0.11%
260 280 300 320 340 340

#avelength (nm)
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Pyrimidine Nucleotide Concentration Determinatiocn

By UV Absorntion Svpectroscopyv

Beer-Lambert Relationship A=ECI,
where A=Absorbance, E=Mblar Extinction Coefficient,

C=Concentration, and 1=1ight pathlength.

For a mixture of two components, a and b (CMP and UMP);

C B Ay * Cfyhy Ady

and  CE A, + CEd, = &,

Eydiad, - B a4,

Therefore, C. =—= —_—
2 = €8y - Bl By

8aAZA'{l - 8aAlAAZ
8aA2EbAZ - Eadisbdz

It is desirable to pick wavelengths (Al and AZ) where
relatively large differences in molar extinctions of

the two components cccur.
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ChP and UMP UV Absorntion Spectroscopy Data at pH 12.5.

nucleotides in 0.1 M NaCl + 0.3 N KOHE at pH 12.5.

1 ml CMP: Amax = 267nm Aogp = 0.88 Therefore, €,4, = 8,800
Bygy = 04755 €y51 = 7:550
A278 = 0.765 8278 = 77650

1 my UMPi Amax = 257nm f,5p = 0.76 Therefore, E,g, = 7,600
A234 = 0.58 8234 = 5,800
Ayng = 0.29 . €, = 2,900

Ay = 23%mm and 4, = 278nm

isobestic points at 260 and 248nm Azéo = 0.735 8260 = 7,350

Aoug = 0.€10 8248 = £,100

1:1 Mixture of 1 md CMP + 1 mM UMP: A234 = 0.675
A278 = 0.53
- . (59800)(0-53) - (2:900)(00675) _4
onp) = = 4,96 x 1077 K

(79650)(53800) - (75550)(2s900)

(7,€50)(0:675) - (7,5507(0.53) b

UMP) = 5.17 x 107
(o) (7,€50)(5,800) - (7,550)(2,900) .

General equations for any mixture:

(cuz) = (5:80ig95 = (2:90hom | (yyp) = Le8Poqu = (7350000
2247 2247
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CliP and UMP UV Absorption Spectroscooy Data at pH 6.8.

nucleotides in 0.1 ¥ Ha acetate buffer at pH €.8.

1 mi CMP: - Amax = 268mm B, = 0.89  Therefore, €54 = 8,900
AZBO = 0.65 8280 = 6,500
1 m_ UMP: Amax = 258mm Aycg = 0.995 Therefore, €,.5 = 9,950
AZBO = 0.28 8280 = 2,800
Ai = 258nm and Az = 280nm
isobestic points at 245 and 2€énm A245 = 0.€6 8245 = 6,600
1:1 Mixture of 1 mli CMP + 1 mM UMP: Bys9 = 0.88
A280 = 0.46
(9,900)(0.48) - (2,800)(0.88) L
e =L4.8x 1077 W
(6,500)(91950) - (7114‘50)(2)80C)
(é,500)(0.88) - (7,450)(0.46) L
{omp)= =5,2x 107" u
(6,500)(9,950) - (7,450)(2,800) .
General EZEcguation for anv mixture:
(9.95)a - (2.8)a, (6.5)A - (7.45)A
(PME] - 280 258 EUMEJ - 258 280
4381 1381
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FPigure 45. CMP and UMP Spectra at pH 6.8.

nucleotides in 0.1 [ Na phosphate buffer at pH 6.8.
0.9.

0 .81
1 mM CMP
--------- 1 mM UMP
0.7 5x10'l+ ¥ CMP

+ 5x10~% 1 Uwp

Abs.

0.51

OOL“

0’3'

0.1

220 240 260 280 1300

davelength (nm)



CMP and UMP UV_Absorption Spectroscopy Data 2t pH 4.1.

nucleotides in 0.1 ¥ Na acetate buffer at pH 4.1.

1 mM CMP: Amax = 273nn Apng = 0.95
A258 = 0.61
Bopg = 0.91
1 md_UMP: Amax = 257mm Aygn = 0.92
Byeg = 0.91
Apng = 0.35

/{1 = 258nm and /12 = 278nm

isobestic points at 240 and 268nm A

210
Argg =

1:1 Mixture of 1 mil CMP < 1 mi UNP:

(9,100)(0.625) - (3,500)(0.76)

(cup) =

(9,100)(9,100) - (&,100)(3,500)
P (9,100)(0.76) - (€,100)(0.625)
ump) =

) (9,100)(9,100) - (€,100)(3,500)

General eguations for any mixture:

CMp) = = UMP} =
E ] 6146 E ]

-141-
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Figure 46, CMP and UMP Spectra at pH. 4.1.

nucleotides in 0.1 ¥ Na acetate

0.9 1 buffer at pH 4.1. : /A\
! \
l
0.8 1 mi CMP
........ 1 mi UMP
— — sx107% w cMP
0.7 £ 5x107% ¥ UMP
0.6
Abs
005 3
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\
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\ \ \
0.3 + \ \
| \ } i
l \ / \
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CMP and UMF UV Absorption Spectroscopy Data at »d 2.0.

nuclectides in 0.1 M NaCl + 0.01 N HC1l at pH 2.0.

1 m¥ CMP: A max = 276énm Aymg = 1.30 €,,¢ = 13,000
Agng = 1.30 8278 = 13,000
Aogg = D.54 8256 = 5,400
1 m¥_UMP: Amax = 258nm Bysg = 0.99 E,sg = 9,900
Aypg = 0.40 B,,g = 4,000
A256 = 0.97 8256 = 9,700

Al = 25énm and AZ = 278nm

isobestic points at 264 and 232nm Asgl =.0.89 €26h = 8,900

A232 0.28 8232 = 2,800
1:1 Mixture of 1 mti CMP + 1 mM UMP: ' A256 = 0.76
A278 = 0.8€5
(cwp) = = 5.12 x 107" K
(13,000)(9,700) - (5,400)(4,000)
(13,000)(0.76) - (5,%00)(0.865) _4
(o) = = 4,98 x 107" ¥
(13,000)(9,700) - (5,400)(%,000)
General eguations for anv mixture:
(o) = (9.7)A,,8 = (4.0)a,.¢ () - (13.0)4,50 - (5.4)4,,9

10450 10450
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Figure 47. CMP and UMP‘Spectra'at pH 2.0,

nucleotides in 0.1 M NaCl & 0.01 N HCl at pH 2.0

1 md CKP
1.4 ¢ e — 1 mM UMP

— — 5x10™% n oMP
+ 5x10™% ¥ TP

220 240 260 280 300

Wavelength (nm)
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Table 26. Binding of Deoxvgusnosine to Chemically Modified Poly C

Equilibrium Dialysis Data

modification with 1M NaNC, at pH 4,1 in 0.1 M Na acetate buffer
+ 1.0 mk NgCl, at 37 C for 1 hour.

initial [Poly €} = 1.35 x 1072 ¥

after reaction: 85% C or 1.15 x 1073 ¥ cwP
15% U or 0.20 x 1072 M UMP

dG;-A,., [@Gi]xlou L T [§G£JX104 N (ﬁsg)xio“ K
0.27 2.07 0.1k 1.07 0.00
0.41 3.15 0.22 1.69 0.00
0.68. 5.23 0.3k 2.61 0.00
0.82 6.30 0.39 3.00 0.30
0.93 7.15 0.42 3.23 0.69
1.07 8.23 0.48 3.69 0.85
1.20 9.23 0.51 3.92 1.39
2.6l 20.30 1.04 8.00 4.30
3,44 26.46 1.43 11.00 4,16

38% binding of dG to C residues
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Table 27. 3Binding of Deoxyguanosine to Chemically Modified Poly C

Computer Data

modification with 1M Nau’\IO2 at pH 4.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mk MgCl, at 37 C for 1 hour.
initial (Poly €} = 1.35 x 1077 &
after reaction: 85% C or 1.15 x 103 u cwP
154 U or 0.20 x 1072 ¥ UKP

n s K, RMSD
3 b.79x10 % M 987 1.81x10~5
L 4,39x10 -4y 11€7 1.37x10°2
¥* 5 4,38x10" 4 1303 1.19x10’5
6 4. 37x10™% 1808 1.24x1075
7 4.37%x10"% N 1493 1.41%10™5

** best value of n based on lowest RWSD

for n=5
{ac Jexp x 10% u (a5 ) cale x 10* 1 dG, /CliP
0.00 0.00 0.000
0.00 0.01 0.000
0.00 0.16 0.000
0.30 0.3k 0.026
0.69 0.50 0.060
0.85 0.99 0.073
1.39 1.31 0.120
4.30 4.38 0.373

L. 46 4.38 0.387




Figure 48, Binding Isotherm for Deoxyguanosine:Modified Poly C

modification with 1M NaNO2 at pH 4.1 in 0.1 M Na acetate buffer
+ 1.0 mM ¥gCl, at 37°C for 1 hour.
initial (Poly ¢} = 1.35 x 1073
after reaction: 85% C or 1.15 x 1073 W cuP
15% U or 0.20 x 1077 M UNP

5 0.5t

T T E 3

> 4 6 8 10
[ng) x10%
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Table 28. Binding of Adenosine to Chemically Modified Poly C.
Equilibrium Dialysis Data
modification with 1¥ NaN03 at pH 4.1 in 0.1 ¥ Na acetate buffer
+ 1.0 md MgCl, at 37°C for 1 hour.
initial (Poly ¢} = 1.35x 1073 n
after reaction: 85% C or 1.15 x 1072 ¥ cmp
15% U or 0.20 x 107> M UNP

Bi-Asen [Ai)xio“ M Ap-Bpen [gé)xio“ M (:qb]xm4 M
0.46 3.23 0.23 1.61 0.00
0.72 5.07 0.36 2.53 0.00
1.01 7.11 0.50 3.52 0.07
1.16 8.16 0.58 4,08 0.00
1,54 10.1% 0.72 5.07 0.00
2.82 19.85 1,40 " 9.85 0.14
3.92 27.60 1.95 13.73 0.14
5.08 35.77 2.53 17.81 0.1k

7% Adenosine bound ver UNP
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Table 29. 3Binding of Deoxyszuanosine to Chemically Modified Polv C.

Equilibrium Dialysis Data

modification with 1M NaNO, at pH L,1 in 0.1 ¥ Na acetate buffer

+ 1.0 mM NMgCl, at 37°C for 3 hours.

2 :
initial (Poly €} = 1.37 x 1072
after reaction: 756 C or 1.05 x 10™2 N CHE

25% U or 0.32 x 1070 M UMP

dG; -8, fac,) x10% 4G ~A, 50 e x10% & [dG.leloL" N
0.26 2.00 0.13 1.00 0.00
0.38 2.92 0.19 1.46 0.00
0.68 5.23 0.29 2.23 0.77
0.81 6.23 0.34 2,61 1.00
0.92 7.07 0.38 2,92 1.23
1.06 8.15 0.43 3.30 1.55
1.33 10.23 : 0.56 4.30 1.62
1.83 14.07 0.78 €.00 - 2,07
2.61 20.07 1.14 8.76 2.54
3.68 28.30 1.66 12,76 2.77

26% binding of dG to C residues
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Table 30, Binding of Deoxyguanosine to Chemically Modified Poly C.

Computer Data
modification with 1M NaNO2 at pH 4.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mM MgCl, at 37°C for 3 hours.
initial (Poly C} = 1.37 x 1072 ¥
after reaction: 75% C or 1.05 x 1073 ¥ cup
254 U or 0.32 x 1070 1 UMP

n S K, RMSD
1 2.63x10”% 1088 2.54x107

## 2 2.48x10™% ¥ 1413 2.41x107°
3 2.36x10"% 1702 2.75x107°

4 2.29x10"% ¥ 1911 3.10x107°

5 2.24x10™% u 2075 3.40x1077

*#% pest value of n based on lowest RMSD
for n=2

fac, Jexp x 10% m (e, )calc x 10% u 4G, /1P
0.00 0.11 0.000

0.00 0.26 0.000

0.77 0.65 0.073

1.00 0.88 0.095

1.23 1.09 0.117

1.55 1.33 0.147

1.62 1.91 0.154

2.07 2.41 0.197

2,54 2.48 0.241

2.77 2.48 : 0.263




Figure 49. Bindinz Isotherm for Deoxysuanosine:Modified Poly C

modification with 1 M Na.N02 at pH 4.1 in 0.1 & Na acetate buffer
+ 1.0 mh Mgll, at 37°C for 3 hours.
. s ¢ -3
initial {Poly ¢} = 1.37 x 1077 u
after reaction: 75% C or 1.05 x :1.0'3 ¥ CMP
25% U or 0.32 x 1077 N UMP

005

3.0 )

0.4

0.1

-

[
o
[EY
™
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Table 31. Binding of Adenosine to Chemicallv Modified Polv C.

Equilibrium Dizalysis Data
modification with 1 M NaNO2 at pH 4.1 in 0.1 M Na acetate buffer
+ 1.0 mi MgCl, at 37°C for 3 hours.
initial (Poly C} = 1.37 x 1072 &
after reaction: 75% C or 1.05 x 1072 ¥ cup
25% U or 0.32 x 107 M UMP

As-Ao ey [A.l]xio4 M Ae-dyer  [Ag x10" M [Ab':\xa.oLP M

0.4k 3.09 0.22 1.54 0.00
0.72 5.07 0.36 2.53 0.00
1.03 7.25 0.51 3.59 0.07
1.15 8.09 0.57 4.01 0.07
1.42 10.00 0.71 5.00 0.00
2.56 18.02 1.26 8.90 0.21
3.72 26.19 1.84 12.95 0.28

9% bindinz of Adenosine per UNMP
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Table 32. Binding of Deoxyszuanosine to Chemicallv Modified Polv C
Equilibrium Dialysis Data
modification with 1M NaNO2 at pH 4.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mi Mgll, at 37°C for 6 hours.
initial {(Poly €} = 2.0 x 1077 ®
after reaction: U45% C or 0.9 x 1C™> ¥ CMP

552 U or 1.1 x 1075 1 UMP

dG; A, [?Gi]xlou M dG =4, .4 (@Gé]xloa 15 E@Gﬁ)xlO“ M
0.26 2.00 0.13 1.00 0.00
0.36 2.76 0.18 1.38 0.00
0.64 4.92 0.30 2.30 0.32
0.75 5.76 0.32 | 2.46 0.84
0.86 6.61 0.36 2.76 1.08
0.98 7.53 0.41 3.15 1.23
1.23 9.46 0.53 4.07 1.32
1.82 14.00 0.82 .30 1.40
2,44 18.76 1.11 8.53 1.69
3.52 27.07 1.64 12.61 1.84
4,67 35.92 2.21 17.00 1.92

21% binding of 8G to C residues
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Table 33, 3Binding of Deoxysuanosine to Chemieallw Modified Poly C

Computer Data
modification with 1M NaNO, at pH 4,1 in 0.1 M Ha acetate buffer
*+ 1.0 md MgCl, at 37°C for 6 hours.
initial [?oly q] =2.0 x 1050 X
after reaction: L45% C or 0.9 x 1075 M CMP

55% U or 1.1 x 1072 M UMP

n S K, RMSD

3 1.68x10™% 1876 1.98x107>

*% L 1.65x107% ¥ 2071 1.96x107°
5 1.63x10"* 1 2230 1.98x107°

**best value of n based on lowest RNSD
for n=4

ac, Jexp x 10% u (a6, Jeale x 10" dG, /CNF
0.00 0.01 0.000

0.00 0.06 0.000

0.32 0.5% 0.035

0.84 0.67 0.093

1.08 0.94 0.120

1.23 1.25 0.136

1.32 1.60 0.146

1.40 1.65 0.155

1.69 1.€5 0.187

1.84 1.65 0.204

1,92 1.65 0.213
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Figure 50.

Binding Isotherm for Deoxvguznosine

:Modified Polv C

modification with 1M NaNO2 at pH 4.1 in 0.1 ¥

+ 1.0 mli MgCl, at

37°C for 6 hours.

initial (Poly €} = 2.0 x 1072 &

after reaction:

L5% C or 0.9 x 1072 N
556 C or 1.1 x 1077 m

0.4

On3

dGb/CMP

002"

CMP
UNP

Na acetate buffer

2 & € 8 10

12 % 1€ 18

(ae J=xt0" u
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Pable 3%. Bindinz of Adenosine to Chemicallv Modified Polv C

Equilibrium Dizlysis Data
modification with 1M NaNO, at pH 4.1 in 0.1 M Na acetate buffer
+ 1.0 mM MgCl, at 37°C for 6 hours.
initial (Poly C} = 2.0 x 1072 u
after reaction: 45% C or 0.9 x 10'3 I CKP

55% U or 1.1 x 1072 u vnE

Ai-Asn {Ai];«:ioLP i Arhse, [gf}xiO“ M [Ab]x104 i
0.42 2.95 0.21 1.47 0.00
0.73 5.14 0.37 2.60 0.00
0.90 6.33 0.45 3.16 0.00
1.20 8.45 0.€0 4,22 0.00
1.31 9.22 0.65 4.5 0.07
2.66 18.73 1.29 9.08 0.57
3.70 2€.05 1.79 12.60 0.84
5.35 37.67 2.60 18.30 1.06
6.80 47.88 3.30 23.23 1.41
7.80 54.92 3.79 26.69 1.54

13.20 92.95 6.49 45.70 1.55

14% binding of Adenosine to U residues



Table 35 Binding of Adenosine to Chemically Modified Poly C

Computer Data
nmodification with 1M NaNO2 at pH 4.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mM MgCl, at 37°C for 6 hours.
initial {Poly €} = 2.0 x 107
after reaction: U455 C or 0.9 x 107> M CMP

55% U or 1.1 x 1073 1 UMP

n s K, RMSD
1 1.58x10™F 1 287 1.25x107
*% 2 ) 1.Lp9x10‘Lp I 354 9.o3x10’6 W
3  1.3x107% m 127 1.27%107° K

#3* best value of n based on lowest RMSD value

for n=2

{8 )exp x 10% (2 )cale x 10% w A, /UK
0.00 0.00 0.000
0.00 0.02 0.000
0.00 0.04 0.000
0.00 0.08 0.000
0.07 0.09 0.00
0.57 0.41 0.051
0.84 0.75 0.076
1.06 1.23 0.096
1.41 1.44 0,128
1.54 1.49 0.140
1.55 1.49 0.140
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Figure 51. 3Binding Isotherm for Adenosine:liodified Poly C

modification with 1 Naﬁcz at pH 4.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mi MgCl, at 37°C for 6 hours.

initial (Poly €} = 2.0 x 1072
after reaction: 45% C or 0.9 x 10-3 M CiP

55% U or 1.1 x 1072 1 UMP

0.5¢

2.0 0.4

~158-



Table 36. 3Bindinz of Deoxyguanosine to Chemicallv Modified Polv C

Equilibrium Dialysis Data

modification with 1M NaNO2 at pH 4.1 in 0.1 ¥ Na acetate buffer

+ 1.0 mi lgCl, at 37°C for 12 hours.
initial [Poly €} = 1.59 x 1072 u
after reaction: 7% C or 0.12 x 1073 ¥ cvp

93% U or 1.47 x 10> N UMP

4, -Ayg [ae,]x10" x 66 5By [dqjgx1o” 3 idsg]xio“’m
0.43 3.30 0.21 1.65 0.00
0.64 L,92 0.32 2.L6 0.00
0.90 6.92 0.45 3.46 0.00
1.05 8.07 0.53 .07 0.00
1.30 10.00 0.65 5.00 0.00
1.92 14.76 0.95 7.30 0.16
2.56 19.69 1.27 9.76 0.16
3.78 29.07 1.88 14,46 0.15
5.12 39.38 2.55 19.61 0.15

12% binding of dG to C residues
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Table 37. 3Binding of Adenosine to Chemically Hodified Polv C

Bquilibrium Dialysis Data
modification with 1M NaNO, at pi L.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mi MgCl, at 37°C for 12 hours.
initial (Poly €} = 1.59 x 1072 ®
after reaction: 7% C or 0.12 x 1073 % cup

93% U or 1.47 x 1077 1 UNP

As-Aoen (Ai]x104 M Ap-Bsen [Aé]xlou i [‘be‘]x:LoLP M
0.71 5.00 0.36 2.53 0.00
0.96 6.76 0.48 3.38 0.00
1.38 9.71 0.48 4,78 0.1k
2.76 19.43 1.32 9.29 0.84
3.98 28.02 1.88 13.23 1.56
5.88 41.40 2.79 19.64 2.12
7.35 51.76 3.48 2k, 50 2.76
8.46 59.57 3.81 26.83 5.91

14,30 100.70 6.67 b6,97 6.76

L4s% binding of Adenosine to U residues
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Table 38. 3Binding of Adenosine to Chemically ¥odified Poly C

Computer Data
modification with 1M NaN02 at pH k.1 in 0.1 ¥ Na acetate buffer
+ 1.0 mi Kgll, at 37°C for 12 hours.
initial (Poly C} = 1.59 x 1077 ¥
after reaction: 7% C or 0.12 x 1072 M CMP

93% U or 1.47 x 1073 I UNP

n s K, RMSD

1 7.59%10™% ¥ 152 8.66 x 1075

#% 6.93x10™% u 196 7.58 x 1079
3 6.86x10™" 219 7.81 x 1070

4 6.86x10™" 1 235 8.22 x 1077

*¥% best value of n based on lowest EUSD
for n=2

(Aé]exp x 10% ¥ [Ab]calc x 107 1 5212§5
0.00 0.03 0.000

0.00 0.06 0.000

0.14 0.13 T 0.008

0.84 0.57 0.057

1.56 1.22 0.106

2.12 2.69 0.14h

2.76 3.92 0.187

5.91 I, 148 0.402

6.76 6.88 0.455
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(a,)x10" m

Figure 52. Binding Isotherm for Adencsine:Modified Poly C

modification with 1M NalO, at pH L,1 in 0.1 ¥ Na acetate buffer
+ 1.0 md ¥gCl, at 37°C for 12 hours.

initial (Poly ¢} = 1.59 x 1077 ¥
after reaction: 7% C or 0.12 x 1072 ¥ CiP

93% U or 1.47 x 1072 ¥ UMP

005

Ab/UMP
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Table 39. Binding of Deoxvsuanosine to Poly C,U Covolvmer

Copolymer from Miles Labs.

Reported C:U base ratio: 1.0 : 1.3

Zxperimentally determined base ratio: 45 C : 554 U
(ewp)= 0.6 x 102 & [wwP)= 0.7 x 102 m

Equilibrium Dialysis Data

copolymer in 0.1 M Na acetate buffer, pH 4.1 + 1.0 mi. MgCl,

de; -A, 44 [dGi] x10% u dG o~A, (e f]xioL‘ A [dG.o] x10% ¥

S ———

0.26 2.00 0.13 1.00 0.00
0.39 3.00 0.19 1.46 0.08
0.6k k.92 0.30 2.30 . 0.32
0.92 7.07 0.40 3.07 0.92
1.05 8.07 0.45 3.46 1.15
1.32 10.15 0.57 4.38 1.39
1.91 14,69 0.8¢ €.61 1.46
2.50 19.23 1.16 8.92 1.39
3.72 28.61 1.77 13.61 1.38

23% binding of deoxyguanosine to C residues
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Table 40, Binding of Deoxysuanosine to Poly C,U Covolvmer.

Copolymer from Miles Labs.

Reported C:U base ratio: 1.0 : 1.3.

Experimentally determined base ratio: 45% C : 55% U
B = 0.6 x 1072 & (wep)= 0.7 x 1072 &

Comvputer Data

copolymer in 0.1 M Na acetate buffer, pH 4.1 + 1.0 mM MgCl

.
n S K, RNSD
3 1.43x107% M 1812 6.72x10~°
4 1.41x20™% 1 1952 3.40x10~°
g 1.50x10™% 1 2067 3.24x107°
6 1.39x10"% & 2159 5.06x1077
*¥ best value of n based on lowest RMSD
for n=5
[dc;b] exp X 10% u [dc-b'j calc x 107 & 4@, /CrP
0.00 0.00 0.000
0.08 0.02 0.013
0.32 0.30 0.053
0.92 0.92 0.153
1.15 1.16 0.191
1.39 1.39 0.231
1,146 1.40 0.243
1.39 1.40 0.231
1.38 1.40 0.230
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igure 53.

Bindirng Isotherm for Deoxveuancsine:Poly C,U.

Copolymer from liiles Labs

Revorted C:U base ratio: 1.0 : 1.3

Experimentally determined base ratio: 45% C : 55%2 U

(ouEl= 0.6 x 1072 & (B = 0.7 x 1077 ¥
005*
0'4’
15t
[ )
— 3
0.3t
o
&
1.0 }
:I.O o 'Y [ ] i N
= 0.2
~2
o]
=
013‘
0.1}
2y € 8 10 12 1k 2 4 €& 8 10 12
1D
(ac Jx10" & (ac Jx10® x
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Table 41, Bindinz of Adenosine %o Folv C,U Covolvmer

Copolymer from liiles Labs

Reported C:U base ratio: 1.0 : 1.3.

Experimentally determined base ratio: 45% C : 55% U
(crE)= 0.6 x 1077 & E)= 0.7 x 1073 &

Eouilibrium Diglvsis Data

copolymer in 0.1 M Na acetate buffer, oH 4.1 + 1.0 mM Mgll,

As-hoen [Ai]x104 M Ar~Bosn [ﬁfJXIO& M (gg]xio“ %
0.4k 3.09 0.22 1.54 0.00
0.90 6.33 0.45 3.16 0.00
1.28 9.01 0.64 k.50 0.00
1.40 9.85 0.70 4.92 0.00
2.80 19.71 1.36 9.57 0.56
4,28 30.14 2.09 14,71 0.71
5.94 41.83 2.92 20.56 0.71
7.23 50.91 3.55 25.00 0.91
8.40 59.15 L1y 29.15 0.85

12% binding of Adenosine to U residues
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fable 42. 3Binding of Adenosine to Polyv C,U Covolvmer
Copolymer from Miles Labs
Reported C:U base ratio: 1.0 : 1.3
Experimenfally determined base ratio: 45%2 C : 554 U
{cep)= 0.6 x 1073 u (mE) = 0.7 x 1072 ¥

Computer Data

n s K, RMSD
L ?.98x10'5 M 642 O.69x10”5
5 7.95%x107° N 680 0.67x10"7
** g 7.95x1070 N 705 0.66x107° -
e 7.95x107° M 726 0.67x1077
#% best value of n based on lowest RMSD
for n=6
[A,)exp x 10% ¥ [Ab)calc x 10% m fpfgﬁf
0.00 0.00 0.000
0.00 0.00 0.000
0.00 0.07 0.000
0.00 0.10 0.000
0.56 0.55 0.080
0.71 ) 0.79 0.101
0.71 0.79 0.101
0.91 0.79 0.130
0.85 0.79 0.121
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Figure 5S4. 3Binding Isotherm for Adenosine:Poly C,U.

Copolymer from liles Labs
Reported C:U base ratio: 1.0 : 1.3
Experimentally determined base ratio: 45% C : 55% U

(oE) = 0.6 x 1072 (E)= 0.7 x 1077 &

1.04 0.5%

25
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Figure 55. Ccmparison 3Binding Isotherms: Binding of Deoxvzuancsine

To Chemically LKodified Folv C,

- R - . . -4 - L e
Zquilibrium dialysis at 2 C for 48 hours in C.1 L lia acetate
buffer, p¥ 4.1 .+ 1.0 mi. KgClZ.

unmodified Foly C

=

hr. Haﬁcz reaction

0.5 85% C; 15% U

--------- 3 hr. Hali, reacticn
75% C; 257 U

e 38 s e e 6 hr. I:azzc2 I‘eactiOn

ama— .o
— = T ¢ 554 U

ad b/crn P

0.3
“"“’
. ”“
0.2 1 / --- et
0.1¢
8 10 12 14

(az ) x10% &
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Figure 56. Comoparison Binding Isctherms: 3indins of Adenosine

‘To Chemicallv kodified Folwv C.

Equilibrium Dialysis at 2°C for 48 hours in 0.1 ¥ Na acetate
buffer, pH 4.1 + 1.0 =i 1gCl,.

Poly U : Adenosine

i2 hr. NaNCZ reaction.
93% U; 7% C
--------- 6 hr. Nali0, reaction. 55% U

Ls% C

0.5 1

-




Table 43. Comparison of Binding Data From NaNOZ—M dified

Polv C Svstems

Unmodified Poly C:83 (in 0.1 ¥ Na zcetate buffer, 1.0 mi Mgll,, oH L.1)

X

I3

AG(-RTanl)

Y

4 181 -4.08 keal/mole

=

hour MaNO, reaction with Poly C (same buifer as above, pH 4.1)

2

3 hour Nai0, reaction with Poly C (same btuffer as above, pH 4.1)

-3.90 kcal/mole

E

2

-3,64 ¥ezl/mole

[WY
I~
-

N

hour'NaEOZ reaction with Poly C (same buffer as above, pd 4.1)

4 201 -L4,1k kcal/mole

:

Unmodified Poly U:A (in 0.1 M Na acetate buffer, 1.0 mi ¥ gCl,, DE 4. 1)

n Ky AG(-R7InK,)
5 451 -3.32 kecal/mole

6 hour NaNQ, reacticn with Foly © C {same buffer as above, TH 4.1)
2 354 -3.19 kcal/mole
12 hour Na.O2 reaction with Poly C (same buffer ‘as above, piH L.1)

2 196 -2.87 keal/mole
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Chromatceravnic Sevaration of Reaction Products

-Nitrous Acid-
NaNOZ action on cytosine residues_in Yoly C changes some
of the cytosine reéidues to uracil residues.
(I) Solvent: 76% Ethanol
Stationary Phase: Cellulose on plastic
Chromatogravhy method: Thin Layer Ascending

Feans of Identification: Short wave UV light

Product R Vvalues: CMP: Rp = 0.46; UMP: R, = 0.60
(II) Solvent: n-butanol:ethanol:water (80:10:25)

Stationary Phase: Cellulose on plastic

Chromatographic method: Thin Layer Ascending

Prcduct Rf values: CMP: nf = 0.34; TMP: Rf = 0.50

(III) Solvent: n-tuitanol:ethanol:water (80:10:23)
Staticnary Phase: i#dhatman 3 Kl paper, ascending paper chrom.

Prcduct Rf values: CMP: = 0.28; UMP: zf = 0,40

R
£

(IV) Solvent: 7¢€% Ethanol

Stationary Phase: Whatman # 1 paper dipped in 10% una)ZSO“

Product R, values: CVP: Rf = 0.57; - UMP: Rf = 0.72

-Hydroxvlamine-

(V) Solvent: n-butanol:ethanol:water (80:10:25)

Stationary Phase: Silica Gel Flates for TLC

Product R, values: ClP: Re = 0.47; 4-CH-aminocytidine-P
Rp = 0.80; 6-hydroxyamino-5,4-dihydro-4~-0H-aminocytidine-?
R~ = 0.61.

4
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1.04

0.5]

Figure 357 3H—Polv C Elution_on Sevphadex G-25 Column.

2
5-“H polvevtidvliate from ¥iles Labs:

-specific activity: 29.2 uCi/m mole P

-concentration: 10 uCi in 0.56 ml, in 50% Z+t0H
~calculated quantity: 11.8 pg Poly C/muCi

Initial Poly C solution: 14 ml Poly C in 0.1 N Na acetate

buffer (pH 4.1) + 1.0 mi KeCl, and 0.5 ml “H-Poly C.

2
10C pl of this Foly C solution shows 87,028 com.

Loaded 8 ml of this solution on Sephadex G-25 column
and collected 80, 9 ml fractions using 0.1 M Na acetate

buffer (pH 4.1) + 1.0 mi ¥gCl, as the eluent.

Fraction # Arnsg com _for 100 ml

1-15 0.00 A -

16 0.04 I\ okl

17 0.63 18, 564

18 2.04 I \ 65,506

19 1.22 I \ 38,16%

20 0.05 1,937

21 0.05 l \ 2,251

22 0.0k l \ 816
23-20 0.00 / -

5 10 15 20 25 80

Fraction #



Mcdification of Polv C With Hvdroxvlismine at vH £€.0.

Initial 3H—Poly C in 0.1 M Na acetate buffer at pH 6.0.
/imax = 267nm A26? = 0.97 Poly C = 1.44 x 10-3 M
100 ul of Poly C solution shows 33,403 cpm

Modification with 1¥ NH2

+ 1.0 mk MgCl, at 37°C for 3 hours.

OH at pH 6.0 in 0.1 ¥ Na acetate buffer

Sevhadex G-25 Gel Filtration

Fraction # (8 ml) Ao69 com for 100 ul
1-18 0.00 -
19 0.16 5,794
20 0.34 12,440
21 0.11 4,253
22-80 0.00 -

Fractions 19-21 ccmbined and concentrated as described in text.

Kodified Poly C solution:/‘max = 267nm, A = 0.65.

267
100 pl of ¥odified Foly C solution shows 23,850 copm.

7 ml of modified Poly C dialyzed against 0.1 ¥ Ha acetate buffer

at pE 4.1 + 1.0 m¥ MgCl,. After dialysis: Amax = 273nm, Bong = 0475

100 pl of Modified Poly C solution at pH 4.1 shows 20,217 cpm.

! = "31;
;;&ﬁzzg_fg = 0.89x10 "B g4 {cytidine] + Eﬁodified cytidine)
33,403com 20,217com L
residues in polymer = 8.9 x 106 ¥

Alkaline hydrolysis o nucleotide units: 33% hypochromicity.

Silica Gel TLC reveals: 93% unmodified cvitidine; 1% H4=CH-anino-

cytidine; and 6% 6-hvdroxyemino=3,-dihvdro- 4-0H-aminecytidine.
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Table 44, 32Binding of Deoxysuanosine to Chemicallv Modified Polv C.

modification with 1 M NHZOH in 0.1 ¥ Na acetate buffer, pH 6.0
+ 1.0 mi MgCl, at 37°C for 3 hours.

Bouilibrium Dizlvsis Data
conditions: at pH 4.1 in 0.1 M Na acetate buffer + 1.0 mM MegCl,

Total {cytidine] + [modified cytidine)residues in polymer =
b K.

4 M

8.9 x 10~
93% are cytidine or 8.27x10°

€% are €-hydroxyamino-5,€é-dihydro-4-0H-aminocytidine or

0.53x10‘” ¥
1% are 4-0H-aminocytidine or o.osss:mo"L M
dG;=A,n [:clci]xio4 N dCe-Ayn s |:<ic;l,"];c1olF N [@Gé)xio“ N
0.26 2.00 0.13 1.00 0.00
0.39 3.00 0.19 1.50 0.00
0.66 5.11 0.28 2.19 6.73
0.83 €.38 0.36 2.76 0.85
0.89 €.84 0.37 2.84 1.16
1.05 8.07 o.LL 3.38 1.31
1.27 9.76 0.52 4,00 1.76
1.98 i5.23 0.79 6.07 3.08
2.42 18.61 1.00 7.69 3.23
3.44 26.46 1.50 11.53 3.40
Migration Check: 1Iiodified Poly C:buffer A273 = 0,70:0.00

cpom = 18,839 : 211
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Table 45. 3Binding of Deoxvzuanosine to Chemiczllyv lModified Polv C.

Comouter Data

modification with 1 ¥ NH,OH in 0.1 ¥ Na acetate buffer, pi 6.0

+ 1.0 m¥ ¥zCl, at 37°C for 3 hours.

2

Equilibrium dialysis carried out at oH 4.1 in 0.1 ¥ Na acetate

buffer + 1.0 mi MgClZ. ¥odification of the polymer yielded:
6% 6-hydroxyamino-5,5~-dihydro~-4-hydroxyamino cytidine or

0.53x10™ % 1

1% 4-hydroxyaminocytidine or 0.089}‘:‘104'r A

b
93% ummodified cytidine or 8.27x10 " K

n s K, RESD
1 3.48x1o“” T 96L 3.o9x10'5
*t o 3.35x10~% % 1180 1.50%x107>
3 3.25%10" % 1 1374 2.09%10 ™2
L 3.21x107% n 1516 2.93%10"°>
5 3.18x10°7 & 1620 3.63%10™>
*%* bhest value o0f n based on lowest 2MSD.
for n=2
- b P =
(g Jexp x 107 ¥ 4G jcale z 107 W i, /CHE
0.00 0.10 0.000
0.00 0.26 0.000
0.73 0.58 0.0882
1.1€ 0.9 0.150
1.31 1.38 0.158
1.76 1.8% 0.212
3.08 2.99 0.372
3.23 3.32 0.390
3.40 3.35 0.410




Figure 58. Binding Isotherm for Deoxyguanosine:Modified Poly C

modification with 1 NH,CH at pH €.0 in 0.1 ¥ Ka acetate buffer

+ 1.0 mf NgCl, at 37°C for 3 hours.

total [éytosine} in modified Poly C = 8.9 x 10’“ HA

93% unmodified cytosine residues or 8.27x10—b ¥
€% é-hydroxyamino-5,6-dihydro-4-0H-aminocytidine or
0.53}:10“’ M

. . as =L .
1% L-hydroxyaminocytidine or 0.09x10 ¥

0.5¢

3.5%

®

2.5 3

da b/CMP

(a6, ) x 10" m
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Table 4& Binding of Adenosine to Chemically Modified Folv C.

modification with 1 K NHZOH in 0.1 ¥ Na acetate buffer, pdH 6.0

+ 1.0 md ¥gCl, at 37°C for 3 hours.

2
Equilibrium Dialysis Data

conditions: at pH 4.1 in 0.1 ¥ Na acetate buffer + 1.0 mM Mgll,

Total Ecytidiné] + [modified cytidiné]residues in polymer =

8.9 x 10'“ i

&

93% are cytidine or 8.27 x 107" K

é% are 6-hydroxyamino-5,€-dihydro-4-CH-aminpocytidine or

0.53 x 10’LP M
1% are 4-OH-aminocytidine or 0.09x10"4 M.

Bs-doen [aJx10" K Beboer, (A x10* 1 (A.D]xio4 M
0.43 3.02 0.22 1.54 0.00
0.72 5.07 0.36 2.53 0.00
0.96 6.76 0.48 3.38 0.00
1.40 9.85 0.70 4,92 0.00
2.73 19.22 1.36 9.57 0.07
3.97 27.95 1.98 13.94 0.07
5.72 40,28 2.85 20.07 0.14
7.30 51.40 3.65 25.70 0.00
8.52 €0.00 4,25 29.92 0.14
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Modification of Polv C With Hvdroxvlamine at vH 6.0.

Tnitial -H-Poly C in 0.1 K Nz acetate tuffer at DE 6.0.
Amax = 267am A267 = 0.97 [Poly d] = 1.4 x 1070 &

100 pl of Poly C solution shows 3%,578 cpm

Lodification with 1 ¥ NHZOH at pH 6.0 in 0.1 ¥ Na acetate buifer

+ 1.0 m¥f MgCl, at 37°C for 12 hours.
Sevhadex G-25 Gel Filtration

Fraction # (9 ml) é269 cpm_for 100 ml
1-15 0.00 -
16 0.06 2,144
17 0.32 11,238
18 0.12 b,551
19 0.01 390
20-80 0.00 -

Fractions 16-18 combined and concentrated as described in text.

Modified Poly C solution: Amax = 267nm A =0.68

267
10C pl of mcdified Poly C solution shows 24,140 com.

7 ml of modified Poly C dialyzed against 0.1 I Na acetate buifer

at DH 4.1 + 1.0 mi NgCl,. After dialysis: Amex = 272nm, Bpnp = 0.75

100 1 of modified Poly C-solution at pH 4.1 shows 22,095 com.

1.48x1072 3 _ 0.91x1072 ¥ Zotal (cytidine) +[modified
34, 578¢cpm 22,095com

cytidiné]residues in polymer
-4

= 9-1 X lo e

Alkaline hydrolysis to nucleotide units: 24% hypochromicity.

Silica Gel TLC revezls: 8£% unmodified cytidine; 2% 4-CE-z2minc-

cvtidine; and 12% £-hvdroxvamino-5,&-dihydro-t-OH-amino e¢vtidine.




Table 47. 3Binding of Deoxysusznosine to Chemicallv Modified Polv C

modification with 1 M NHZOH in 0.1 ¥ Na acetate buffer, pH €.0

+ 1.0 ol MgCl, at 37°C for 12 hours.

Eguilibrium Dialvsis Data

conditions: at pH 4.1 in 0.1 M Na acetate buffer + 1.0 mli MgCl2

Total (cytidine] + (modified cytidine) residues in polymer =

by,

L

9.1 x 10~

8€% are cytidine or 7.82 x 10° ' I

4.

2% are 4-OH-aminocytidine or 0.18 x 10”7 I

12% are é-hydroxyamino-35,6-dihydro-4-0H-aminocytidine or

1.09 x 10‘4 .

dG;-A,z4 [dGi] x10% ¥ dG -4, [d(_}i] x10% w [dab] x10”
0.26 2.00 0.13 1.00 0.00
0.37 2.84 0.18 1.42 0.00
0.€0 4,61 0.26 1.96 0.69
0.79 €.07 0.33 2.53 1.00
0.87 6.69 0.35 2.69 1.31
1.05 8.07 0.43 3.30 1.47
1.28 9.84 0.49 3.80 2.23
3.45 26.53 1.56 12.00 2.53

Migration Check: WNodified Poly C:buffer A

272 = 0.75 : 0,00

cem = 21,965 : 330
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Table 48. 3Binding of Deoxvsuanosine to Chemiczlly Feodified Polv C.

Computer Data

modification with 1 M NHZOH at pH €.0 in 0.1 I Nz acetate buffer
- -0 >

+ 1.0 b Mg012 at 37 C for 12 hours.

Equilibrium dizlysis carried out at pE 4.1 in 0.1 ¥ Na acetate

buffer + 1.0 mi MgClZ. Modification of -the polymer yielded:
b,

12% 6-hydroxyamino-35, 6-dihydro-4hyéroxyaminocytidine, 7.82x107 X

2% 4-hydroxyaminocytidine, 0.18}:3.0""'r i

? -a - - - -',.
86% unmodifi=d cytidine, 7.82x10 . B

n s £, RSD
"L;’ ar ~ "5

1 2-57](10 o lJLP? 3.583(10
2 2.50x10" ¥ ¥ 1573 2.08%x107
*% 3 2.51x1077 ¥ 1803 1.77%2107>
3 2.40x10™% 2002 2.22x107°
5 2.20x10" % & 2181 2.72%x1070

*%* best value of n based cn lowest RN3D.

for n=3

[ﬁﬁé)exp x 10% % [@Galpalc x 107 at, /CYP
0.00 0.05 0.000
0.00 0.17 0.000
0.69 0.48 0.088
1.00 1.00 0.127
1.31 1.17 0.167
1.47 1.75 0.187
2.23 2.11 0.285
2.53 2.51 0.323
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Figure 59. Binding Isotherm for Deoxyguanosine:Modified Poly C

modification with 1H NE,CH at pH 6.0 in 0.1 ¥ Na acetate buffer

*+ 1.0 mif MgCl, at 37°C for 12 hours.

total [cytosine] in modified Poly G = 9.1 x 107+ i

86% unmodified cytosine residues or 7.82x10° " E

12% €é-hydroxyamino-5,6-dihydro-4-0H-aminocytidine, 1.09x10'& N
2% 4-OH-aminocytidine or 0.18x10'4 ¥,

205’ S 0'5'
o
2.0r 0. 4t
> 1.5 °
o 2,
~ =
= i 9
> >
g 3
1.0"
*
0.5¢

1 3 5 7 g 11 1 3 5 7 9

(e x10% ¥ (ac ) x10% ¥



Table 49. Bindinz of Adenosine to Chemically Modified Poly C.

modification with 1 ¥ NE_OH in 0.1 M Na acetate buffer, pH 6.0

)
+ 1.0 m¥ MgCl, at 37°C for 12 hours.

fZguilibrium Dislysis Datz

conditions: at pH 4.1 in 0.1 ¥ Na acetate buffer + 1.0 mli NgCl

2
Total Ecytidine] + [modified cytidine] residues in polymer =
9.1 x J.O'L'L M
86% are cytidine or ?.82x10‘4 ¥
2% are 4L-OH-aminocytidine cor O.leio'a M
12% are 6-hydroxyamino-5,€6-dihydro-4-OH-aminocytidine or
1,09x10™% H.

237450, ;] x10% m Arhoen (a ]xio (s.b]xw“' i
Cc.k2 2.95 0.21 1.L7 0.00
0.67 L.71 0.33 2.32 0.06
0.86 €.05 0.43 3.02 0.CO
1.34 9.43 0.67 L.71 0.00
2.58 18.16 1.29 2.08 0.00
3.80 26.76 1.90 13.33 0.00
5.40 39.43 2.79 19.64 0.15
6.95 48,97 3.48 2%, 50 0.00
8.22 57.88 L.12 29.01 0.00




Kodification of Polv C With Hvdroxviamine at vHd 6.0.

Initial JH-Poly C in 0.1 ¥ Na acetate buffer at pH £.0.
= o) = F = L4 -3y
Amax 2671 A267 0.97 [roly d) 1.44 x 10 7 K

100 pl of Poly C solution shows 35,837com

Modification with 1 M NH,OH at pH €.0 in 0.1 K HNa acetate buffer

+ 1.0 mi Mgll, at 37°C for 24 hours.

Sevhadex G-25 el Filtration

Fraction # (9 ml) Aogn com for 100 ml
1-16 0.00 -
17 0.05 : 3241
18 0.15 9731
19 0.05 3335
20-80 0.00 -

Fractions 17-19 combined and concentrated as described in text.
Modified Poly C solution: Amax = 267nm
€ ml of modified Poly C dialyzed against 0.1 ¥ Na acetate buffer
at pH 4.1 + 1.0 m} MgCl,. After dialysis: Amax = 272nm, Bomy = 043
100 pl of modified Poly C solution at pH 4.1 shews 20,29S8cpm.
1.bhx10 ¥ _ 8.15x10* 1
35,837com 20,298com

< as . . o . s . . .
Total [cytidine] + {modlfled cytidine] residues in volymer = 8.15x10 R

Alkaline hydrolysis *o nucleotide units.

Silica 3el YLC resveals: 51% unmodified cytidine; 13% 4-0H-amino:

cytidine; and 35% 6é-hydroxyamino-5,6-dihydro4-0H-aminocytidine.
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“able 5C. Binding of Deoxvsuanosine to Chemicallv Modified Polwv C.

modification with 1 ¥ NH,OH at pH €.C in 0.1 ¥ Na acetate buffer

+ 1.0 m¥ Kgll, at 37°C for 24 hours.

Equilibrium Diglvsis Data
conditions: at pH 4.1 in 0.1 M Na acetate buffer + 1.0 nm¥ Y.gCl,.
Total Epytidine] + [modified cytidine] residues in polymer =

8.15 x 10'4 13

N oA

\n
Low
I

are cytidine or 4.15 x 10~
L

>
W
N

are 4-0H-aminocytidine or 1.05 x 10~ ¥

35% are 6-hydroxyamino-5,6-dihydro- 4-OH-aminocytidine or

2.85 x 1077 ¥

oAy (063x10° W de-d,., (a6 Jx107 K (a8 dx10” ¥
0.26 2.00 0.13 1.00 0.00
0.36 2.76 0.18 1.38 0.00
0.60 .61 0.30 2.30 0.00
0.69 5.30 0.33 2.57 0.16
0.85 6.53 0.42 3.26 0.00
0.97 7.46 0.47 3.61 0.24
1.20 9.23 0.59 5,57 0.08
2.36 18.15 1.18 9.07 0.00
3.40 26.15 1.70 13.07 0.00




Table 51. 3Bindineg of Adenosine +to Chemiczllyv Modified Folw C.

modification with 1 ¥ NH,0H at pH 6.0 in 0.1 I Na acetate buffer

+ 1.0 m¥ ¥gCl, at 37°C for 24 hours.

2
Eauilibrium Dialvysis Data

conditions: at pH 4.1 in 0.1 ¥ Na acetate buffer + 1.0 mi Mgclz.
Total (cytidine) + {modified cytidine] residues in polymer =

8.15 x 10~ M.

& M

¢ are cytidine or 4.15 x 10~

n
[
S

13% are 4-0H-aminocytidine or 1.05 x 10-4 B

35% are 6-hydroxyamino-5,6-dihydro-4-OH-aminocytidine or

2.85 x 10" u )
diohyer  [AJXWOY K heay  [Agxi0T R [agxiotw
0.43 3.02 0.21 1.51 0.00
0.71 5.00 0.35 2.50 0.00
0.92 6.47 0.46 3.23 0.00
1.34 9.43 0.67 4,71 0.00
2.68 18.87 1.33 9.36 0.06
3.84 27.04 1.89 13.30 0.4k
5.31 37.39 2.63 18.52 0.35
6.85 48.23 3.40 23.94 0.35
8.02 56.47 3.97 27.95 0.57
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DISCUSSION AND CCONCLUSIONS

A discussion of the chemistry of poclynucleotids modifica-
tion with known mutagenic agents involves not only the reazctivity
cf the individual bases, but zlso the role of secondary structure
and conformation of the polymer. The reactivity of pariticular
chemical agents with the polynuclectide devends upon the extent
of hydrogen bonding interactions as well as base-siacking inter-
actions.

The reagents we nhave used for chemiczl mocdification of FPoly
C, nitrous acid and hydroxylamine, are kncwn to be mutagenic in
a number of diclogical systems as they react with the cytosine
nucleus in polynucleotides <o produce C —> U or pseudo U (%)
transitions. As a model system we have used this homopolynucleo-
tide (Poly C) since it has been shown %o exist in both single-
stranded and double-strznded conformations. The extension of
experiments from homopolymer:monomer complexes to chemically
nodified homopolymer:monomer complexes were performed primarily
to explore the effecis of modification on the binding properties

of deoxyguanosine and adenosine with modified Poly C.



Reaction of Nitrous Acid With Polwv C

The reaction of Poly C with NaNO, was carried out at pH L1,
At this pH Poly C exists primarily in a duplex conformation
stabilized toth by hydrogen bonding and base-stacking interactions.
Although the results of the binding of deoxyguanosine with un-
modified Poly C, and of adenosine with Poly U showed a prefer-
ence for a2 2:1 polymer:monomer stoichiometry, we thought that
modification of cytosine units in Poly C with nitrous acid might
encourage the formation of 1:1 complexes since the a2édition of the
third strand to give 2:1 complexes would be statistically low-
However, the data shows that this is probably not the case.

In control experiments (Part II), the interaction of adeno-
sine with Poly C and of deoxyguanosine with Poly U showed no
significant binding. These results convincingly demcnstrate
the hydrogsn bonding svecificity of the polymer:monomer inter-
actions.

“he modification of Poly C with nitrous acid essentizlly
acts to convert thes Poly C from a homopolymer %o a Poly C,U co-
polymer. In the course of this reaction the secondary structure
of the polynucleotide is altered since hydrogen bonding between
cytosine residues in the double helix are disturbed as uracil residues
emerge. In addition, base-stacking interactions are reduced
since uracil-uracil and uracil-cytosine stacking energies are
lower than cytosine-cytosine base-stacking energies. The general
breakdown in the seccndary structure of the rolynucleotide is

evidenced by the decreased hyvochromicity upon HNO, modificatioen.

2
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The interaction of deoxyguanosine with nitrous acid-modified
_Poly C, as evaluated by equilibrium dialysis dialysis exXperiments,
show that binding of deoxyguanosine was significant with 15%
modification of Foly C (showing 0.41 molecules of dGb/CMP at
saturation). With 25% modification, the binding of the nucleo-
side to the modified polymer decreased tc 0.21 molecules of

O/CT... With 93% modification, no significant binding of &G
to the polymer was observed.

rhe cooperative nature of the binding of dG <o the modified
polynuclectide remained guite apparent in each system, although
a higher concentration of free monomer was necessary for initiation

-

stzble complex formation, as compared to the unmodified Foly C:

th

o
d> system. Upon cbservation of the concentration of dGb at
binding saturation (all being less than O.41 m dCb/C"P) we feel
that the C+di+C triplex is probvably the predominant complex
species present. Due to the necessity (in the urmodified Poly C:
4G system) for a2 higher free monomer concentration for 1:1 com-

lex formation, the probatility of these cocmplexes would pro-

o)

bably be evident in a two-phase sigmoidal curve. <This was not
observed.

Zhe binding of adenosine to chemically modified Foly C was
not as appreciable as that found in deoxygusznosine binding. No
significant binding of adenosine was observed upon 15% modifi-
cation and very little binding upon 25% medification. ¥ith 55%
modification, 0.13 molecules of adenosine were found to bind per
U¥P and with 93% modification, the binding data showed 0.541 Ab/Lmr

at saturation. A greater free monomer concentration was reguired
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to initiate stable complex formation, similar to the findings
in the modified Poly C:dCG system. The cooperative-type sigmoidal
binding curves were again apparent in these systems.

The results of these experiments demonstrate that stable
complexes can be formed Dbetween Foly C,U copolymers (as pro-
duced through NaNGZ modification of Poly C) and their comple-
mentary monocmer nucleosides (deoxyguanosine and adenosine) under
suitable conditions. t is clear that the complexes do now
approach a 1:1 pclymer:monomer stoichiometry, although sections
of 1:1 complexes may be present. Instead, the individual nucleo-
sides appear to complex from 0.1 to 0.4 of a molecule of its
complementary base, suggesting the probzbility of 2:1 polymer:
monomer complexes as the principzl complex species. Assuming
random sequences of C and U in the ﬁodified polymer, a possible
structure for these complexes might involve regions of 2:1
C+dG+C or U+a+U complexes, and regions of non-complementarity

whare "looped-out" regions might contain 1:1 complexes.

Reaction of FPoly C uwith Hvdroxywlamine

‘“he reaction of Foly C with hydroxylamine was initially
. - - ~ 1y s L
carried out at pE 4.1. It was found that after 24 hours at 37 C,

=~

using 1 I FH,CE, the reaction ylelded only 37% modification of

(1]

L-QH-zminocytidine. Due to this extremely slow reaction it

was decided to perform the reaction at pH 6.0, since at this pH

Poly C exists primarily in a sinzgle-stranded conformation (stabil



ized primarily by cytosine base-stacking interactions). The
polynucleotide in this single-stranded conformation was thought
To be more suscedtible to chemical attack by NHZOH, as was
found to be the case.

At pH 4.0, hydroxylamine action on Foly C was found to re-
sult in the formation of the bis-droduct (6-hydroxyamine-35, 6~
dihydro-4-0H-aminocytidine ) as the predominant reaction prcduct.
The accessibility of chemical attack of h“z I on cytosine at the
5,6 double bond is apparently a characteristic of the cytosine
residues in Poly C at »H 6.0 which is not common to cytosine
residues in Poly C at pE 4.1. The additicn reaction is rapidly
followed by the disvlacement reaction at C4 to give the bis-product.
The mono-substitution product, 4-O0H-aminocytidine, Wwas also found
to be a product of the rezction, but it was formed at a sub-
stantially lower freguency.

- -

Treatment of Poly C with NH,0H at dE €.0 for 3-24 hours

[

o\

resulted in 7-49% modification, £6-33% being accounied for by the
formztion of the bis-vrocduct. Thus, under these conditions, the
formation of the bis-product dominated over the formation of the
mono-product by a factor of arproximately 5.

The formation of the bis-procduct desiroys the zromaticity of
the cytosine residues and thereby decreases or eliminates cyto-
sine base-stacking in localized regions in the polymer. This acts
tc significantly brezk-down the secondary structure as base-
stackinz interzctions are reduced and nydrogen bonding interactions

are interrupted. The decrease in functional activity of the homo-

volymer {(¥oly C) is zpparently the secondary resul®, a5 incresased
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mcdification proved to eliminate the binding of deoxyguanosine

"

to the modified polymer.
L-0H-zaminocytidine is suggested to be the mutational species
responsivdle for C -» pseudo U (T) transition mutations in living
systems, since this product displays the binding properties of
uridine. The formation of this product probably dces not alter

base stacking interactions significantly, but does cause hydro-

gen bonding interaction alterations.

b

quilibrium dialysis nmeasurements of NIZOH-modi_ied Poly C
with deoxyzuanosine and adenosine were verformed at pH 4.1.
The -results of these experiments are not easily explained due %o

Th

()

complexity of events affecting the secondary and tertiary
structure of the polynucleotide. The results generally show

a2 decrease and eventual fzilure of deoxyguanosine binding to

Zoly C as modification with IﬁZOH increased. w@ith 7% modification
(6% vis-product) 0.4 molecules of &G were found to bind per CMF,

while with 467 modification (35# bis-preoduct) no significant

binding of deoxygzuanosine to the modified polymer was observed.

ct

Adenosine was found to bind

T Acsvan wish LG 3
C 2 small degrse with 4G mod-

()]
®
0
ct
7]
_i
ry:
m
ct

ification (13% 4-0H-aminocytidine). <his finding susz
the presence of the mono-vproduct may contribute to vr be respon-
sible for the binding of the nuclesoside.

hese experiments seem to support the contention that bis-
product formation leads to inactivation of the genetic material
by destroying secondary structure and thereby interrupting base
stacking and hydrozen bond formation. In addition, the data

suggests that the presence of 4-OH-aminocytidine encourages the
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binding of adenosine residues. The complexity of this system war-
rents further investization so that additional information can

be obtained for a better explanation of the complexes formed.
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