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Abstract

The Synthesis and Nucleic Acid Interactions of
an Acridine-Porphyrin Heterodimer.
by
Alex Scarborough
Adviser: Prof. David K. Lavallee

Two nucleic acid-interacting compounds were synthesized;
binding modes on DNA were evaluated by circular dichroism, UV-
visible absorption and fluorescence spectroscopy; equilibrium
conatanta for binding were determined by ethidium bromide
competitive binding.

The indicated mode of binding of meso-[tetra{(N-[tri-
methylammoniumethyl] -4-benzamidyl) ] porphine (TAP) to poly(dA-
dT) . (dA-dT) is non-intercalative, external binding. Inter-
action with poly{dG-dC).(dG-dC) is indicated to be by inter-
calation. With calf thymus DNA, there is a combination of the
two modes.

A molecule with two domains capable of nucleic acid
interactions, an acridine-porphyrin heterodimer, 5-(4-(N-[9-
acridinyl] -3 -aminopropoxy)phenyl]-10,15,20-tri[4-(N-[tri-
methylammoniumethyl] Jbenzamidyl] porphine (ATB) produces CD,
UV-viegible and fluorescence emission spectra that are similar.

Equilibrium constants for binding to poly(dA-dT) . (dA-4T),
poly (dG-dC) . (dG-dC) and calf thymus DNA reveal that TAP binds
to the nucleic acids with strong affinities, while ATB has

much weaker affinities. The data are consistent with a mode of



binding for ATB that is dominated by an intercalated acridine

moiety and an externally bound porphyrin macrocycle.
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Chapter One

Intreduction

Porphyrins are metal-ion coordinating heterocycles that
have many functicons in nature; as the oxygen binder in hemo-
globin, the prosthetic group heme, Fe(II)-protoporphyrin IX,
is crucial for respiration. In plants and in other photosyn-
thetic organismse, the porphyrin chlorophyll is used to harness
the energy of light. As part of the cytochrome proteins, heme
is necessary for electron transfer in aerobic organisms.

In addition to research designed to understand the mech-
anisms of action of such prosthetic groups, a class of syn-
thetic porphyrin, the cationic, tetraaryl porphyrins, have
generated interest because of their ability to bind to and
modify polynucleotides. This property, and their spectroscopic
characteristica, has led to their use as probes of nucleic
acid conformation in sclution: one application has been to
estimate the width of the minor groove of DNA in solution (1).
These synthetic porphyrins, and the naturally occuring ones,
also sBhow great promise as chemotherapeutic and diagnostic
agents: haematoporphyrin has already been employed in photo-
dynamic therapy to detect and destroy neoplastic cells (2).
Some '"'Indium-labelled porphyrins have found use as lymph node
imaging reagents (3)}.

The porphyrins which can bind to and interact with DNA-
those with cationic aryl groups in the mesc position- have a

variety of properties which make them of value in the study of



DNA structure and its modification. Fiel and coworkers (4) re-
ported that meso-[tetra{4-N-methylpyridyl)]porphine (TMPyYP,
Figure 1-1) can intercalate into calf thymus DNA. The same
porphyrin can alsoc intercalate into pely(dG-dC). (dG-d4dC) or
bind externally, by electrostatic interaction, to poly(dA-
dT) . {dA-dT) (5): the interactions of this porphyrin with the
synthetic polynucleotides indicate its mode of binding to GC
and AT rich regions in natural DNA. It was also shown in this
study that metalloporphyrins with axial ligands, which pro-
ject outward at an angle perpendicular to the plane of the
porphyrin, do not intercalate while those without such ligands
do; the bulk of the axial ligands prevents intercalation.

Another property of these porphyrins is their ability to
induce DNA strand breakage. The Co(III}, Fe(III}) and Mn{III)}
TMPYP complexes have been shown to cleave a 139 base pair re-
striction fragment of plasmid pBR322 in the presence of the
oxidizing agent, oxone, KHSO,; a redox mechanism of action is
thought to occur (6,7}. The complexes prefer to bind in the
minor groove of trinucleotide regions having only adenine and
thymine.

Porphyrins can be alkylated at the nitrogen of the pyrro-
lenine ring by a wide variety of funtional groups e.g. methyl,
pPhenyl or benzyl groups. These N-alkyl porphyrins, when cer-
tain metal ions are coordinated at the center of the porphyrin
ring, are able to donate the alkyl group to nucleophiles (8-
10). Cationic, N-alkylated tetraaryl metalloporphyrine may

thus be able to alkylate nucleophilic DNA bases, such as guan-



Figure 1-1: The molecular structure of mesco-[tetra{4-N-
methylpyridyl) ] porphine, showing meso positions (*) and b-
pyrrole positions (b).






ine. A candidate for such s8tudies is the N-alkylated porphyrin

N-methyl meso- [tetra(4-aminomethylphenyl) ] porphine (NM-TAMPP)

(Figure 1-2). NM-TAMPP is able to intercalate into poly(dG-
dC), (11) and may be able to alkylate GC rich sites at the N-7
atom of guanine when complexed with a metal ion, for example,
PA(II).

The many and diverse spectroscopic properties of these
kinds of porphyrin have enabled their nucleic acid interac-
tions to be elucidated. There are distinct changes in the cir-
cular dichreoism, ultravioclet-visible and fluorescence spectra
of these compounds when interaction occurs (5,12).

The ability of these compounds to bind externally to,
intercalate into, cut and possibly alkylate nucleic acide has
produced interest in the application of these properties in
order to probe DNA conformation and DNA-ligand binding. One
potential application of the ability of metalloporphyrins to
cut DNA is in their use as footprinting reagents to probe DNA-
protein and DNA-drug interactions and dynamics. Applications
of the alkylation process would be to examine the relaxation
of base-pairing in a variety of oligo- and peolynucleotides
under different conditione of pH, ionic strength and similar
variables, as alkylation would proceed more readily when the
bases are more available to soclution. A fourth, possible use
of porphyrin chemistry might be to retard DNA replication in
vivo. In any case, the process of porphyrin binding and inter-
calation must be examined in depth.

There is little doubt that the cationic nature of the



Figure 1-2: The molecular structure of N-methyl meso- [tetra-
(aminomethylphenyl] ) porphine (NM-TAMPP).
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aryl groups haa an important role in binding. Sari and cowor-
kers (13) as well as Bromley and coworkers (14} examined the
effect of total peripheral charge- its number and position- on
binding. Sari found that TMPyP analogues with only two and
three positive charges could intercalate, but with slightly
lower association constants in comparison with that of TMPyP.
Bromley assessed binding ability by determining the extent of
DNA cleavage. It was found that altering the total charge on
the Mn(1III) complexes from 3+ to 1+ produced lower affinity
constante, as implied by the reduced degree of cutting. When
rotation about the bond linking the aryl group to the meso
carbon was inhibited by placing bulky groups at the phenyl
peositions (e.g. Figure 1-3), a series of isomers with four
positive charges distributed above and below the flat plane of
the central region of the porphyrin macrocycle was obtained.
The Mn(III} complexes of these igsomers varied, to a lesser
degree, in their ability to cut DNA, but in an order consis-
tent with the magnitude of their permanent net dipoles. This
shows that electrostatic attraction between cationic porphyrin
and the phosphate groups of DNA is important for binding.

In order for intercalation, which is seen mainly in GC
rich sites, to occur, there is no doubt that the base pairs of
DNA must unstack in the region where the porphyrin will inter-
calate in order to accomodate such a large molecule; there
must also be a modification of porphyrin structure: the 4-N-
methylpyridyl groups of TMPYP {(Figure 1-1) are normally found

perpendicular to the plane of the porphyrin core (15), in or-



Figure 1-3: Analogues of TMPyP differing in position of charge
above or below the plane of the porphyrin ring.
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der to expedite intercalation it is necessary for the pyridyl
rings to rotate toward a coplanar posgsition. It is expected
that a bulky group in the ortho position on the pyridyl rings
will hinder rotation and thus intercalation. This is the ef-
fect seen when an analogue of TMPyP having 2-N-methylpyridyl
groups instead of 4-N-methylpyridyl groups is placed in solu-
tion with poly(dG-dC),. The bulky methyl group is in the ortho
peosition on the pyridyl ring and hinders rotation to give a
relatively flat molecule (Figure 1-4). There is no evidence of
intercalation (5).

External binding, as opposed to intercalation, is usually
associated with AT rich sites and has provided evidence that
groove binding may be a major mode (l16). Other forms of bind-
ing may be a direct interaction between the cationic porphyrin
and the anionic phosphate groups and self-stacking along the
phoaphate backbone.

The size of groups located in a position other than the
ortho positions of the aryl groups of porphyrins also plays a
role in determining the mode of binding. Meso- [tetra{4-tri-
methylammoniumbenzyl) ]l porphine has bulky trimethylammonium
groups in the para position of its phenyl ring and forms a
complex with DNA in which it is externally bound (17). The
non-N-methylated form of NM-TAMPP, which has an aminomethyl
group in the para position on the phenyl ring, also binds
externally (11}.

By synthesizing and using a series of porphyrins which

differ by having a variety of DNA intercalators bonded to the
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Figure 1-4: (a) The molecular structure of meso- (2-N-methyl-
pyridyl)porphine. (b) A schematic diagram showing the orien-
tation of meso-aryl groups (diamonds and thin line) perpen-
dicular to the plane of the porphyrin core (heavy lines).



(b)
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perphyrin and also by varying the distance between intercala-
tor and porphyrin, we expect to create a new series of foot-
printing reagents to be used as nucleic acid structural probes
these might bind to DNA in a mode similar to that of bleo-
mycin. The DNA intercalator acridine has been well charac-
terized in its synthetic chemistry (18) and modes of DNA
interaction (19-21). As a first step, a water-soluble,
porphyrin-acridine conjugate was made with the goal of deter-
mining the effect of the presence of the acridine on the bin-
ding of a cationic tetraarylporphyrin to DNA. This was accom-
plished by synthesizing both the conjugate and the porphyrin
without acridine and then comparing their modes of interaction
with calf thymus DNA and the synthetic peolynucleotides poly-
(dG-dC), and poly(dA-dT),. The equilibrium constants derived
from these interactions were also determined by a competitive
binding method.

Of primary importance was to design a molecule that would
be scluble in agqueocus buffer at neutral pH. Surprisingly, the
ammonium group - bearing porphyrin, meso- [tetra(4-aminomethyl-
phenyl) )porphine (TAMPP} is not scluble at pH 7.0, but only at
pH 5.5 or lower (11); meso-[tetra{(4-anilino)]porphine is ex-
tremely insoluble at neutral pH (12) and there has been no way
found to N-alkylate TMPyP, hindering any alkylation studies
using this compound. Also of importance was to design a syn-
thetic route to give a tether whose length could be altered in
later syntheses.

This work describes the synthesis of a heterodimer with
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two nucleic acid - interacting domains, an acridine-porphyrin
hybrid, the compound 5-[4-(N-[9-acridinyl] -3-aminopropoxy) -
phenyl]l -10,15,20-tri[4- (N-[trimethylammoniumethyl] )benzami-
dyl]lporphine (ATB) and its analogue (no acridine) meso- [tetra-
(4-[N-(trimethylammoniumethyl)}]benzamidyl) ]porphine (TAP) .
These reactions are outlined in schemes 1 and 2, respectively.
Their modes of interaction with the aforementioned nucleic
acids and the equilibrium constants for binding at pH 7.2, and

in 0.1 M NaCl, 26 mM phosphate and 1 mM EDTA are reported.



l6

Scheme One: A series of reactions leading to the synthesis of
the acridine-porphyrin conjugate.
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Scheme 2: Synthesis of meso- [tetra (4
ethyl)]}benzamidyl) ] porphine (TAP).
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Chapter 2

Synthesis of ATB and TAP

2.1 Introduction

The primary difficulty encountered in our attempts to
synthesize the tricationic porphyrin-acridine conjugate was,
as stated before, related to the need for agqueocus solubility.
In addition, it was desired at certain stages of the sayn-
thetic route to obtain solubility in certain organic seclvents.
Although the solubility of tetraaryl porphyrins is usually
determined by the nature (usually polarity) of the the peri-
pheral aryl groups, any prediction of scolubility based on this
alone does not always hold true, Therefore, determination of
sclubility was often a matter of trial and error.

Another requirement was the attachment of the quaternary
ammonium groups, which provide solubility, in the presence of
acridine. Usually, these groups are produced under harsh con-
ditions that would affect the acridine e.g. by a reaction be-
twaen alkyl halides functions on the porphyrin and trimethyl-
amine under strongly alkaline conditions (l1); the synthesis of
alkyl halide functions on porphyrins alone often requires the
use of harsh reagents such as thionyl chloride {l) or chloro-
Bulfenic acid (2) which would degrade the acridine moiety. It
may be asked why it is not possible to attach acridine after

the attachment of the gquaternary ammonium groups, but to do
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Bo, it would be necegsary to carry ocut reactions requiring the
dissolution of a polycationic species of porphyrin in low-
polarity organic solvents. This has been experimentally shown
to be not feasible. In addition, alkylating amino functions on
the porphyrin could not be undertaken, due to the insolubili-
ty of common amino porphyrins in many organic solvents and the
likelihood of alkylating the heterocyclic nitrogen of the
acridine. Attaching the charges to the precurscor of the conju-
gate was accomplished by using carbodiimide to form amide
bonds between carboxyl groups on the porphyrin and a cationic
amine. This reaction is a mild process that can be undertaken
at neutral pH.

Another one of the important concepts in the synthetic
route was the use of an asymmetric porphyrin (all four aryl
groupse not alike). This allowed easier attachment of the ali-
phatic tether and of the acridine by providing functional
groups that were specific for the reactions involved {(Schemes
1l and 2).

A fourth requirement of the synthetic work was the need
tc use a methodology that would give a tether whose length
could be altered in subsequent syntheses. This has been accom-
prlished by using a straight-chain amino-alcohol as precursor;
thia type of compound is available in different aliphatic car-
bon chain length e.g. 3-aminopropanol, 6-aminohexancl and 8-

aminooctanol.
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2.2 Materials and Instruments.

All reagents, except where noted, were used without
further purification.

Starting materials for HTP synthesis (refer to scheme 1
for reactions) were pyrrole, 4-formylmethylbenzoate, propionic
acid and calcium hydride. All except propioniec acid were
obtained from Aldrich Chemical Company. Propionic acid was
obtained from Fisher Scientific.

Pyrrole was freed from oxidation products and dried by
allowing it to be Btirred with granulated calcium hydride
overnight followed by distillation in an nitrogen atmosphere
and under reduced pressure.

For PPT synthesis, phthalic anhydride was purchased from
J.T.Baker Chemical Company; 3-aminopropancl and phosphorus
tribromide were obtained from Aldrich.

For NATP synthesis, phenol, previously distilled in an
all glass apparatus and stored under nitrogen, was used. It
was obtained from Aldrich. 9-chlorocacridine was also obtained
from Aldrich,

In the synthesis of ATB, 2-bromoethylamine hydrobromide,
25%% trimethylamine in water (25% wt./vol.), dicyclohexyl-
carbodiimide and N-hydroxysuccinimide were purchased £from
Aldrich.

Spectrapor cellulose dialysis membrane with a molecular
weight cut-0ff of 1000 daltons was obtained from Fisher
Scientific.

Tetra(4-carboxyphenyl)porphine (TCPP) for TAP synthesis
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(scheme 2) was bought from Midcentury Chemical Company.

All golvents were cobtained from Fisher Scientific. N,N-
DMF, when used as a solvent for reactions, was dried with 4 :
Davidson-type molecular sieves by gently stirring the solvent
and beads for at least three days, the sieves were alsoc ob-
tained from Fisher.

A 300 MHz General Electric QE-300 spectrometer wag used
for NMR spectroscopy; deuterated solvents were bought from
Aldrich. Solutions for NMR spectroscopy were at a concentra-
tion of 5 % (weight/volume).

Visible absorption spectra were obtained from a Cary 13

Spectrophotometer.
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2.3 Regults and digcussion

The reactione leading to synthesis of the conjugate are
shown in Scheme 1. The first step was the formation of the
asymmetric porphyrin 5- (4-hydroxyphenyl)-10,15,20-tri{(4-car-
bomethoxyphenyl)porphine (HTP). The reaction is a modificatioen
of the Adler-Longo procedure (4) commonly used to make tetra-
phenylporphyrins. The modification is the uge of two different
benzaldehydes instead of one. Figure 2-1 is the proton NMR
spectrum of HTP in deuterochloroform {(CDCl;}). A comparison of
this spectrum with that of a symmetric porphyrin such as meso-
[tetra(4-carboxyphenyl) ) porphine (TCPP, shown in Figure 2-2)
shows that the gignal from the hydrogen atoms at the beta-
pyrrole positions of HTP has been converted from a singlet,
such as that seen in the TCPP spectrum at 8.85 ppm, to a doub-
let and a gsinglet at 8.90 and 8.78 ppm. This is caused by the
asymmetry produced by having three methylbenzoate aryl groups
and one phenolic aryl group. This configurationm is indicated
by the presence of two doublets at 8.44 and B.29 ppm integra-
ting to twelve hydrogens and representing the arcmatic protons
of the methyl benzoate aryl groups. Two smaller doublets at
8.06 and 7.22 ppm integrate to four protons and come from the
aromatic phenolic protons.

With no nearby protons for spin-spin coupling, the methyl
groups of the ester functions of HTP produce a singlet inte-
grating teo nine protons in the non-aromatic region of the NMR
spectrum at 4.11 ppm.

The next step was the addition of the tether that would
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Figure 2-1: The 300 MHz proton NMR spectrum of 5-{4-hydroxy-
phenyl)-10,15,20-tri (4-carbomethoxyphenyl)porphine (HTP).
All NMR soclutions were at a 5 % (5 mg/l mL solvent) concen-
tration; spectra were taken at room temperature.
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Figure 2-2: The 300 MHz proton NMR spectrum of meso- [tetra(4-
carboxyphenyl) ] porphine (TCPP).
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link the porphyrin to the acridine molecule; of prime impor-
tance was the design of a synthetic route that would enable
alteration of the length of this tether in subsequent experi-
ments. N- (3-bromopropyl)phthalimide was made according to a
literature method (5). The nucleophilic attack ¢f the phenox-
ide ion on the carbon bearing the bromine was then employed to
form an ether bond between HTP and the propyl group of the
phthalimide.

Figure 2-3 is the proton NMR spectrum of the ether deriv-
ative of HTP in CDCl,. The linkage of the phthalimide to HTP,
forming 5-[4- (3-phthalimidopropoxy)phenyl]-10,15,20-tri[4-car-
bomethoxyphenylporphine (PPT), can be detected by the pres-
ence, in the PPT spectrum, of signals which are similar, in
type and location, to those of the bromide. In the spectrum of
the bromide (Figure 2-3(a)), a multiplet at 7.70 ppm and an
identical one at 7.90 ppm, integrate to four protons and are
the standard resonances for phthalimide groups (6)}; the trip-
lets at 3.80 and 3.35 ppm and the gquintuplet at 2.25 ppm inte-
grate to two protons each and come from the propyl group.

Similar resonances are found when the gpectrum of PFPT is
examined: two multiplets, M, and M,, at 7.91 and 7.74 ppm inte-
grate to a total of four protons and come from the phthalimide
of PPT. The signals triplet T, and quintuplet Q,, at 4.34 and
2.3% ppm, integrate to two protons each and arise from the
methylene group next to oxygen and the methylene group in the
center of the chain, respectively. Methyl ester protons give

a singlet, S,, at 4.11 ppm which partially obacures the trip-
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Figure 2-3: The 300 MHz proton NMR spectrum of 5-[4-(3-phthal-
imidopropoxy)phenyl] -10,15,20-tri[4-carbomethoxyphenyl] -
porphine (PPT).
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Figure 2-3(a): The 300 MHz proton NMR spectrum of N-(3-bromo-
propyl)phthalimide.
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let produced by the third methylene group (adjacent to the
nitrogen of the phthalimide group}.

The next procedure was the removal of the phthalimide and
methyl protecting groups. Basic hydrolysis converted the
methyl ester groups to carboxylate salts (7) and the phthal-
imide groups to the open ring ortho-carboxyl benzamides (8).
Hydrolysis under acidic conditions degrades the latter to the
corresponding ammonium salt (9). When these reactions were
carried out on PPT, 5-[4-(3-aminopropoxy)}phenyl]-10,15,20-
tri(4-carboxyphenyl]lporphine (ACP}) was formed.

The proton NMR spectrum of ACP in DMSO-d,/acetic acid-d4d,
(5/1, volume/volume) is given in Fig. 2-4. The multiplets, at
7.91 and 7.74 ppm, of the phthalimide group seen in the PPT
spectrum are no longer present in the ACP spectrum. The
singlet seen at 4.11 ppm in the PPT spectrum, representing the
methyl ester protons of the methyl benzcate groups, is also no
longer present in the ACP spectrum.

There are, however, signals in the spectrum of ACP which
are similar to seignals in the spectrum of the precursor com-
pound, PPT. Triplets T, and T, , at the chemical shift values
of 4.38 and 3.16 ppm and multiplet M,. at 2.22 ppm, integrate
to two protons each and are in the aliphatic region of the
spectrum. These are from the propyl section of the tether,
which ise still present. The signals in the aromatic portion of
the spectrum are, asg they were in the case of HTP and PPT,
from the tetraphenyl macrocycle of the compound.

In order to attach acridine to ACP, the latter was dis-
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Figure 2-4: The 300 MHz proton NMR spectrum of 5- (4-(3-amino-
propoxy)phenyl)] -10,15,20-tri[4-carboxyphenyl]porphine (ACP).
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solved in agueous, dilute sodium hydroxide solution and then
precipitated with concentrated hydrochloric acid. The hydro-
chloride galt thus obtained was dissolved in phenol and heated
with 9-phenoxyacridine prepared from sodium phenoxide and 9-
chloro-acridine (10). The subsegquent reaction, a nucleophilic
subatitution of the free amine of ACP for the phenoxide group
of 9-phenoxyacridine, resulted in the formation of 5-(4- (N-{9-
acridinyl] -3-aminopropoxy)phenyl]-10,15,20-trif[d4-carboxy-
phenyllporphine (NATP). Figure 2-5 is the proton NMR spectrum
of NATP in DMSO-d,. The outstanding feature of this spectrum
is the presence of additional signals in the downfield part of
the spectrum in comparison to the spectrum of the precursor
ACP. Signals D,, M, and T, at 8.61, 7.77 and 7.53 ppm respec-
tively, are due to the presence of newly attached acridine;
they integrate to two, four and two protons reegpectively for
a total of eight. Doublet D,, at greateast chemical shift,
arises from those protons nearest the heterocyclic nitrogen
(at positions 4- and 5-, see Figure 2-5{(a}); they experience
the electron-withdrawing effect of the electronegative and
electron-delocalizing aromatic nitrogen. The other pair of
protons that would give a doublet are some distance from the
nitrogen atom attached to the acridine 9- position and, in
addition, this nitrogen is not aromatic. Triplet T, is at the
smallest chemical shift and arises from the protons at the 2-
and 7- positions. These protons are two of four whose spin-
spin coupling with nearby protons could give a triplet and are

the most distant from both nitrogen atoms when compared tec the
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Figure 2-5: The 300 MHz proton NMR spectrum of 5-{4-(N-[9-
acridinyl] -3-aminopropoxy)phenyl] -10,15,20-tri [4-carbomethoxy-
phenyl] porphine (NATP)}.
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Figure 2-5{a): The numerical gystem used to specify the posi-
tion of substituents on the acridine ring.
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other acridine protons. Multiplet M, is more complex, it is a
fusion of two signals, a triplet and a doublet, which are from
the protons in the 3-, 6-, 1- and 8- positions . These two
pairs of protons are approximately equidistant from the two
electronegative nitrogen atoms of the acridine system; thus a
triplet and doublet are obtained which are very close in chem-
ical shift and are intermediate, also in terms of shift, be-
tween D,, whose protons are closest to an aromatic nitrogen
and are thus most deshielded and T,, whose protons are farth-
est away from the two nitrogen atoms and are most shielded.

The resonances from the propyl chain are found at 4.44
and 4.37 ppm in the NATP spectrum; The signal from DMSO-d, at
2.49 obscures the resonance given by the central methylene
group.

The final reaction was the attachment of the cationic
free (unprotonated at basic nitrogen) amine N,N,N-trimethyl-
ethylene diamine bromide to each of the three carboxylic
groups. A relatively high-energy ester was made first using N-
hydroxysuccinimide (NHS} and the dehydrating agent, dicyclo-
hexylcarbodiimide (DCC). Amide bond formation was then carried
out by reaction between the charged amine and the labile
ester.

The conjugate, ATB, was purified by extensive dialysis
using a membrane with a molecular weight cut-off of 1000 dal-
tons. Figure 2-6 illustrates the proton NMR spectrum of ATB in
DMSO-d,/acetic acid-d, (5/1, volume/volume). The aromatic

portion of the spectrum reveals the presence of the porphyrin



Figure 2-6: The 300 MHz proton NMR spectrum of 5-[4- (N-[9-
acridinyl] -3-aminopropoxy)}phenyl}-10,15,20-tri4- (N-[tri-
methylammoniumethyl] )benzamidyl]l porphine (ATB).

16
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macrocycle as well as the acridine appendage. Figure 2-6(a) is
an enlargement of this region. Singlet S,, eight protons, at
8.87 ppm, comes from the beta-pyrrole hydrogen atoms and is in
a pesition at which resonances for these atoms are usually
found (11,12). The large singlet S,, twelve protons, at B.37
ppm, represents the protons bound to the three phenyl groups
bearing positive charges. It is not a true singlet, but is a
union of the two doublets that often arise from these protons;
Doublets D, and D,, produced by two protons each, are at B.1ll
and 7.32 ppm; they are derived from the phenyl group bearing
the ether function and are upfield due tc the electron-
releasing effect of the ether function; their positions are
congistent with those produced by aromatic ethers (13). The
amide functions have no such effect.

The other signals in the aromatic region, D,, D,, T, and

T at 8.76, 7.99, 7.91 and 7.63 ppm respectively, integrate

Y
to two protons each for a total of eight, and are from the ac-
ridine and can be asigned in the same way as with NATP.

The signals in the aliphatiec part of the spectrum origin-
ate from the propyl and quaternary ammonium groups. Signals S,
and M,, at 4.47 and 2.20 ppm, integrate to four and two pro-
tons respectively and come from the propyl chain. The signal
at 2.20 ppm is in a location typical for the central methylene
protons of the propyl chain (14) (e.g. see spectrum of N-(3-
bromopropyl)phthalimide). S; is from the peripheral methylene

groups of the chain and is a union of the two triplets usually

seen for these groups and conseguently integrates to four pro-
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Figure 2-6(a): A magnification of the aromatic portion of the
ATB spectrum.
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tons. Triplets T, and T,, at 3.89 and 3.69% ppm, integrate to
Bix protons each and are derived from the ethyl group of the
quaternary ammonium functions.

N,N,N-trimethylethylene diamine bromide was obtained from
2-bromoethylamine hydrobromide and aquecus trimethylamine; its
proton NMR spectrum, taken from D,0 scolution, is given in Fig-
ure 2-7. Signals from the ethyl group of this compound should
integrate to two protons per signal, with a total of two sig-
nals. As expected, two multiplets, at 3.69 and 3.54 ppm, are
obtained which integrate to two protons each, These chemical
shift values for the unattached amine are close to those ob-
tained for the same group in ATB (3.89 and 3.69 ppm}). The tri-
methylammonium protons of the unattached amine are represented
by a massive singlet at 3.21 ppm integrating to nine protons.
These hydrogen nuclei give rise to a large singlet also, at
3.28 ppm, integrating to twenty-seven protons in the spectrum
of the conjugate.

The second cationic porphyrin synthesized, differing from
ATB by having ne tethered acridine and four positive charges,
was made from meso- [tetra(4-carboxyphenyl) | porphine {(TCPP) and
the charged amine by the same method used to link the amine to
NATP. This reaction is shown in Scheme 2.

Figure 2-8 is the proton NMR spectrum of the main reac-
tion product, meso-[tetra(N-[trimethylammoniumethyl)] -4-benz-
amidyl) ]porphine (TAP) in DMSC-d, solution. This NMR spectrum,
like that of ATB, may also be divided into two partse: the res-

onances in the aromatic section above 7.00 ppm are from pro-



Figure 2-7: The 300 MHz proton NMR spectrum of N,N,N-tri-
methylethylenediamine bromide.
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Figure 2-8: The 300 MHz proton NMR spectrum of meso- [tetra (N-
trimethylammoniumethyl] -4-benzamidyl)} )l porphine {(TAP}.
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tons linked to the tetraphenylporphyrin macrocycle and its
amide bonds, while signals in the aromatic region below 7.00
ppm are from protons associated with the quaternary ammonium
groups. A compariscon with the NMR of the precursor compound
TCPP, shown in Figure 2-2, further illustrates this point.
There are only two signals obtained from TCPP: a singlet and
a large c¢uadruplet at 8.82 and 8.32 ppm integrating to eight
and sixteen protons, respectively; these are due to the beta-
pyrrole protons and the phenyl protons; there are no signals
coming from TCPP in the aliphatic region. TAP has addition
resonancee in this region however, and thesge must originate
from the gquaternary ammonium groups.

The four additional signals are a triplet, T,, represen-
ting four protons, at 9.27 ppm; a doublet, D,, representing
eight protons, at 3.89% ppm; a triplet, T,, at 3.68 ppm, inte-
grating to eight protons and a large singlet, S,, representing
36 protons; T, lies within the region where amide N-H protons
absorb (16); the multiplicity of this signal implies that it
couples with two nearby protong, this signal therefore arises
from the four N-H protons of the benzamide groupa. Amides ex-
hibit slow rates of N-H chemical exchange (17), this is re-
sponsible for an observable resonance and its triplet nature.
Signals D, and T,, integrating to eight protons each, have
chemical shifts of 3.89 and 3.68 ppm respectively, which are
not unlike those of the ethyl group of the charged amine (3.69
and 3.54 ppm). Singlet S,, at 3.27 ppm, integrates to 36 pro-

tons and signals the presence of the quaternary methyl groups.
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2.4 Experimental Section

Synthesis of 5-[4-{(N-[9-acridinvl]}3-aminopropoxyl}phenyl] -

10,15,20-tri[4- (N-[trimethylammoniumethyl] }benzamidyl] porphine

ATB
The procedures for the synthesis of ATB are given in

scheme 1.

Synthegig of 5-(4-hydroxyphenyl)-10,15,20-tri{4-carbo-

methoxyphenyl)porphine: 4-formylmethylbenzoate and 4-hydroxy-
benzaldehyde at a molar ratio of 3/1 were dissolved in pro-
pionic acid (250 mL/0.05S mole of 4-hydroxybenzaldehyde) by
vigorous stirring. The stirring acid was brought to 100%,
pyrrole added at a ratio of 4 moles of pyrrole/l mole of 4-
hydroxybenzaldehyde, and the temperature raised to reflux for
0.5 hra.

The propionic acid soclution was allowed to cool to room
temperature and as much propionic acid removed as poasible,
without inducing sclidification, by vacuum distillation. The
cocol propionic acid solution was then poured into methanol to
obtain a tarry precipitate. The precipitate was stirred in the
methanol, allowed to settle overnight and removed by decanta-
tion. The residue was thoroughly dried in a vacuum oven, keep-
ing the temperature at 90°C. A black-purple, brittle solid was
ocbtained.

The c¢rude porphyrin was subjected to silica gel chromato-
graphy, using 800 mL of gravity-packed gel per 10 g of impure

porphyrin. Methylene chloride was at first used to dissocolve
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the impure porphyrins and to elute off most of the tar.
Shortwave UV light was used to make porphyrin bands vis-
ible; they were eluted with 2 % and then 5 % ethyl acetate in
methylene chloride. HTP was the second of three bands of
scarlet-colored material. A second chromatography was carried
out to further increase the HTP purity, but only 2 % and then
5 % ethyl acetate in methylene chleoride were used to elute the
desired porphyrin. Yield: 3 %. The proton NMR spectrum of HTP
is given in Figure 2-1 and peaks were assigned in the follow-
ing manner: the doublet and singlet at 8.90 and 8.80 ppm
representing eight protons (8H), assigned to the beta-pyrrole
protons; two doublets at B.44 and 8.29 ppm (6H each}), assigned
to the phenyl protons of the benzoate group; two doublets at
8.06 and 7.22 ppm (2H each), assigned to the phenyl protons of
the 4-hydroxyphenyl group; a s8inglet at 4.11 ppm (9H),
assigned to the methyl protons of the methyl benzoate group.
The calculated elemental composition of HTP (C,H,,N,O,) is: C,
74.6; H, 4.5; N, 7.0; O, 13.9 %. Elemental Analysis of HTP

gave C, 73.9; H, 4.%; N, 6.8; 0, 13.7 %.

Syntheais of 5-[4-(3-phthalimidopropoxy)phenyl]-10,15,20-

tri[4-carbomethoxyphenyl]lporphine from HTP: HTP and N-{(3-

bromopropyl)phthalimide (synthesized as previously mentioned
(7)) in a ratioc of 1 mole of HTP/1l.4 mole of phthalimide were
dissolved in dry N,N-DMF (30 mL/0.5 g HTP}. Anhydrous, finely
ground potassium carbonate (1.6 g/0.5 g HTP) was then added.

The suspension was vigorously stirred for 24 hrs., followed by
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heating to 100°C, also with vigorous satirring. The solution
was maintained at this temperature for 1 hr to ensure complete
reaction. To obtain product, an amount of glacial acetic acid
was added that was egquimolar to the amount of carbonate used
earlier. A few mL of water were added to aid neutralization.
The reaction mixture was reduced in volume by evaporation
under reduced presure until a volume of N,N-DMF equal to only
15-20 mL remained. Water was added to the residue to preci-
pitate the porphyrin. The PPT was filtered on a glass frit,
crushed with a glase rod and washed with water; it was dried
by drawing air over it.

Completion of the reaction was checked by silica gel
thin-layer chromatography (TLC) using 2 % ethyl acetate in
methylene chloride as the solvent. R, values are: HTP, 0.42;
PPT, 0.87. TLC and NMR indicated no further purification was
necessary. Yield: 81 %.

The proton NMR spectrum of PPT is shown in Figure 2-3.
Signal assignments are as follows: doublet and singlet at 8.50
and 8.80 ppm (8H), from the beta-pyrrole protons; two doublets
at 8.44 and 8.30 ppm (6H each), assigned to the phenyl! protons
of the benzoate groups; doublets at 8.06 and 7.19 ppm (2H
each), assigned to the protons of the phenyl ether group; two
multiplets at 7.91 and 7.74 ppm (2H each), asigned to the pro-
tons of the phthalimide group; triplet at 4.34 ppm (2H), from
the methylene group next to oxygen; singlet at 4.11 ppm (9H},
from the methyl protons c¢f the methyl benzoate groups; quin-

tuplet at 2.39 ppm (2H), from the central methylene group of



gave the following composition: C, 73.2; H, 4.8; N, 6.9; O,

14.3 %.

Synthesis of 5- [4- (3-aminopropoxyphenyl] -10,15,20-tri{4-

carboxyphenyl] porphine (ACP) from PPT: 0.4-0.6 g of PPT was
digsolved in 250 mL of 1,4-dioxane. The solution was heated to
reflux, after which 84 mL of a 1/1 mixture of methanol and
water was slowly added; this was followed by the dropwise ad-
dition of 3B.5 mL of 5 N NaOH to give a final hydroxide
concentration of 0.5 N. The reflux was continued for 1.5 hrs.
with vigorous stirring.

The soclution was allowed to cool to room temperature be-
fore the organic solvent was removed by rotary evaporation.
Acidification of the remaining aqueous solution with glacial
acetic acid gave a brown precipitate that was filtered on a
glass frit, washed with water and heated until just dry in a
vacuum oven. The porphyrin was then placed in 100 mL of meth-
anol and dissolved by rapid stirring: 60 mL of water was ad-

ded followed by the slow, dropwise addition of 40 mL of con-

centrated sulfuric acid. The green solution was refluxed for
at least 16 hrs.

After c¢ooling to room temperature, the solution was
chilled by placing the flask in an ice-water bath; a 10 N
aqueous sodium hydroxide solution was added dropwise until pH
5.0 was reached, a 1.0 N hydroxide solution was then used
until a brown, flocculent precipitate appeared (at pH 5.5

approximately) . The precipitate wag filtered on a glasse frit,
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washed with water and dried in a vacuum oven. It was possible
to further purify it by dissolving in dilute, agqueous sodium
hydroxide and precipitating with glacial acetic acid, but this
step, in general, was found to be unnecessary. Yield: 34 %.
The proton NMR spectrum of ACP is shown in Figure 2-5.
Signal assignments are as follows: a broad singlet at 8.87 ppm
{8H), derived from the beta-pyrrole protons; a guadruplet at
8.38 ppm (12H), derived from the phenyl protons of the 4-car-
boxyphenyl groupe; two small doublets at 8.16 and 7.40 ppm (2H
each), derived from the phenyl ether group; a triplet at 4.39
ppm {2H), asseigned to the methylene group adjacent to nitro-
gen; quintuplet at 2.16 ppm (2H), originating from the central
methylene group of the propyl chain. The theoretical elemental
composition of Na,ACP.3H,0 (C, H,O,NNa;) is C, 63.9; H, 4.26;
O, 17.0; N, 7.4; Na, 7.4 %. Analysis gave the following re-

sults: C, 64.7; H, 4.3; O, 17.3; N, 6.6; Na, 7.2 %.

Synthesis of 5-[4- (N-[%9-acridinyl] -3-aminopropoxy) -phen-

v1l] -10,15,20-tri[4-carboxyphenyvl]porphine {NATP) from ACP:

0.2-0.5 g of ACP wasg dissclved in a mixture of 50 mL of 1 N
sodium hydroxide and 100 mL of methancl by stirring for 16
hrs. The methancl was removed by rotoevaporation and 50 mL of
concentrated hydrochloric acid added to induce feormation and
precipitation of the trihydrochloride galt of ACP. The green
precipitate was filtered on a frit, washed with water and
dried in a vacuum oven.

The ACP trihydrochloride was disgsclved in phenol (0.6 g/
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12 mL, of phencl) by rapid stirring and then heating to B0°C in
an oil bath. 9-phenoxyacridine (10) was added at a ratio of
2.8 moles of acridine/1 mole of ACP and the oil bath tempera-
ture raised to 120°C, with continued rapid stirring. After 1.5
hrs. the sclution was cooled to 40°C it was then poured into
anhydrous ethyl ether (200 mL/0.6 g of ACP). The precipitate
obtained was collected on a frit and washed with ether.

In order to purify the product, it was dissolved in meth-
anol (50 mL/1 g of product) and dilute ammonia (1 volume conc.
ammonia/l0 volumes water) added dropwise until the green
solution had just turned to a brown-purple color. Water was
added slowly to induce precipitation and the precipitate
collected on a frit and repetitively washed with cold water.
It was then dried in a vacuum oven. Yield: 70 %.

Fig. 2-5 is the proton NMR apectrum of NATP. Signal
assignments are as follows: doublet (2H), multiplet (4H) and
triplet (2HB) at 8.61, 7.77 and 7.53 ppm respactively, assigned
to the acridine protons; singlet at 8.84 ppm (8H), assigned to
beta-pyrrole protons; large quadruplet at 8.36 ppm (12H),
assigned to the phenyl protons of the 4-carboxyphenyl groups;
two doublets at 8.08 and 7.20 ppm (2H each), apsigned to the
protons of the phenyl ether group; triplet at 4.44 ppm (2H),
assigned to the protons of the methylene group next to nitro-
gen; triplet at 4.37 ppm {2H), derived from the protons of the
methylene group next toc oxygen.

The theoretical elemental composition for NATP dihydro-

chloride monohydrate (C N,O,.2HC1.H,0) ia: C, 69.5; H, 4.4;

681{44
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N, 7.7; O, 11.8; Cl, 6.5 %. Analysis produced the following

results: C, 69.4; H, 4.8; N, 7.5; 0, 12.0; C1l, 6.3 %.

Synthesis of N, N, N-trimethyl-l,2-diaminoethane bromide

TDR) : 2-bromoethylamine hydrobromide and trimethylamine, in
a molar ratio of 1/1.25 respectively (trimethylamine in ac¢ue-
ous solution)., were dissolved in a 1/1 mixture of methanol and
water (50 mL MeCH-water/4.0 g 2-bromoethylamine.HBr). The
sclution was stirred for 16 hrs at room temperature in a stop-
pered container.

As much methanol and water as posBsible were removed by
rotoevaporation; further drying was done in a vacuum oven. It
was recrystallized from 15 % methanol in 1l,4-djioxane; more
crystals were obtained by cooling the mother-ligquor in an ice-
bath. Yield: 42 %.

Fig. 2-7 is the proton NMR spectrum of the quaternary
ammonium salt. Signal assignments are: two multiplets at 3.689
and 3.54 ppm (2H each), assigned to the ethyl methylene
groups; singlet at 3.21 ppm (9H), assigned to the trimethyl-

ammonium protons.

Synthesis of ATB (conjugate) from NATP: N-hydroxysuccin-

imide and NATP, in a ratioc of 5 moles of succinimide/l mole of
NATP, were dissolved in dry N,N-DMF (20 mL N,N-DMF/0.5 g NATP)
by stirring, and dicyclohexylcarbodiimide (DCC)} added (5 moles
of DCC/)Y mole of NATP). The mixture was kept free of moisture

and stirred at room temperature for 16 hras. During this time,
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TDB hydrobromide was treated with sodium hydroxide (1 mole of
the amine/0.7 mole of hydroxide) in 3-5 mL of water. After
dissclution, as much water as possible was removed by roto-
evaporation and drying in a vacuum oven. After 16 hre., the
N,N-DMF solution was mixed with a quantity of deprotonated
amine corresponding to 5 moles of amine/l mole of NATP. The
mixture was vigorously stirred for 2-3 days.

To isolate and purify the ATB, the byproduct, dicyclo-
hexylurea, was removed by filtration through a glass frit and
exceps N,N-DMF removed by vacuum distillation until only 20 mL
of solution was left. Precipitation of crude conjugate was in-
duced by adding dry tetrahydrofuran (100 mL/0.5 g of NATP)
with rapid stirring.

Purification of ATB was by extensive dialyeis of crude
material against water, using an agqueous sBolution of ATB and
a cellulose membrane with a molecular weight cut-off of 1000
daltons. After dialysis, ATB was recovered by lyophilization.
Yield: 31 %.

The proton NMR spectrum of ATB is in Figure 2-6. The com-
plete signal assignments for ATB have been previcusly given in
the results and discussion section. The extinction coefficient
for ATB in 100 mM NaCl, 26 mM sodium phosphate and 1 mM EDTA,
pH 7.2, is 1.05 x 10° M' em' at 421 nm.

The theoretical elemental composition for ATB nonahydrate
(C,gHy,N,,0, Bry . 9H,0) is C, 56.7; H, 6.1; N, 10.2; O, 12.6; Br,
l14.4 %. Analysis gave the following results: C, 55.4; H, 6.0;

N, 10.6; O, 13.0; Br, 15.0 %.
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Synthesis of meso-[tetra(4-[N(trimethylammoniumethyl)]benza-

midyl) lporphine {(TAP).

The reaction for the synthesis of TAP is given in Scheme

Synthesis of TAP from meso- [Tetra{4-carboxyphenyl)]por-
phine (TCPP): TCPP was dissolved in dry N,N-DMF by vigorous
stirring and at a ratio of 15 mL of N,N-DMF/0.5 g of TCPP.
NHS, at a ratio of 3 moles of NHS/0.6 moles of TCPP, was added
to the mixture and allowed to dissolve. This was followed by
an equimolar amount of DCC. The solution was stirred at room
temperature for at least 3.5 hrs.. During this time, N,N,N-
trimethyl-1,2-diaminocethane.HBr, at a ratio of 5 moles of the
amine/0.6 moles of TCPP, was treated with hydroxide as prev-
icualy described. At the end of the time alloted for the TCPP-
succinimide conjugation, the porphyrin mixture was poured into
the flask containing dried deprotonated amine and the suspen-
Bion was stirred vigorously for two days after dissoclution had
occcurred,

The desired product wasa obtained by filtering off the
urea and obtaining a precipitate by pouring the N,N-DMF solu-
tion into methylene chloride once the solution volume was be-
low 20 mL. For larger volumes, the N,N-DMF was first removed
by vacuum distillation. The precipitate was allowed to Bettls
and the solution removed by decantation.

The desired product was purified by three recrystall”

tions from 1 % water in ethanol (volume/volume). Yield:
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The proton NMR spectrum of TAP is presented in Figure 2-
8. signals are assigned as follows: triplet at 9.27 ppm (4H),
derived from the amide N-H protons; singlet at 8.86 ppm (BH),
derived from the beta-pyrrole protons; large triplet at B8.36
ppm {(16H), assigned to the phenyl protona; a doublet at 3.89
ppm {8H), assigned to the protons of the methylene groups next
to the amide functions; a triplet at 3.68 ppm (8H), assigned
to the protons of the methylene groups next to quaternary ni-
trogen; singlet at 3.27 ppm (36H), assigned to the methyl
quaternary ammonium protons.

The extinction coefficient of TAP in buffer composed of
0.1 M NaCL, 26 mM sodium phosphate and 1 mM EDTA at pH 7.2 is

2.11 x 10° M' at 414 nm (the Soret maximum).
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Chapter Three

Spectroscopic Studies of the Interactions of ATB and TAP with

Nucleic Acids.

3.1 Intreoduction.

Circular dichreoism, UV-visible absorption and fluores-
cence emission spectra have been used extensively to gather
information about the binding sites of catiocnic porphyrinse on
nucleic acide. These studies have incontrovertibly shown that
binding mode is dependent on the structural geometry of the
porphyrin, the ratio of porphyrin molecules to nucleic acid
base pairs (the binding ratio, r ) and on the nucleic acid
base sequence and conformation (1-1i0}.

Circular dichroism is based upon the differential absorp-
tion of right- and left-handed circularly polarized light by
chiral molecules and polymers. Light with its electric field
resonating in one plane of space (see Figure 3-1) is composed
of right- and left- handed electric field vectors which may be
abgorbed to different extents by chiral molecules giving rise
to a resultant electric field that traces out an ellipse. Al-
though a molecule may be totally achiral in solution alone, it
may acquire chirality upon binding in the chiral environment
of a macromolecule and thus cobtain a circular dichroism spec-
trum where there was none before, this is termed induced cir-

cular dichroism (CD). CD spectra are measured as either the
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Figure 3-1: (a) Light polarized in a single plane may be divi-
ded into left- and right- handed electric field vector compo-
nents. (b) After passage through an optically active scolution,
the right-handed circularly polarized electric field vectors
are absorbed and also rotated; the resulting combined vectors
{center) trace out an ellipse.
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change in absorbance or extinction coefficient for left- and
right- circularly polarized light vs. wavelength. Beer’s law
holde for these values and allows for interconversion between

these terms:

AR =A - A, =€bc -€bc = (A€)bc. (1)

Equation I gives the relationship between change in ab-
sorbance and change in extinction coefficient.

Although porphyrins are achiral, upon binding at a chiral
site on DNA, an induced CD is observed. Pasternack and co-
workers {(7) demonstrated that the sign of the induced CD band
in the Soret region {(region of maximum optical density} can be
used to determine the mode of binding. Intercalated complexes
are characterized by a negative CD band, whereas external (i.e
non-intercalated) complexes are marked by a positive CD band.
Pasternack’s CD work was done at r; = 0.03 (the ratic of [por-
phyrin} /[nucleic acid base pairs]}:; ionic strength = 0.2 and
ph = 6.8.

Metal chelatescf meso- [tetra(4-N-methylpyridyl) ]l porphine
(TMPYP, see Fig. 1-1) without axial ligands, such as Cu(IT)
and Ni(II) derivatives as well as unmetallated TMPyP therefore
showed negative CD bands with calf thymus DNA and poly(dG-4C) -
(dG-dC) pcsitive bands were seen with poly(dA-dT) . (dA-dT) Che-
lates with axial ligands such as Co(IIXI), Fe(III) and zZn(II),
showed a positive band with CTDNA and poly (dA-dT) . (dA-dT); no

bands or small positive bands were seen with poly(dG-dcC). (dG-
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dC). Axial ligands therefore hinder intercalation. TMPYP also
gives a positive band with CTDNA and poly (dA-dT) . (dA-dT); this
indicates that it is able to bind to stretches of DNA contain-
ing both kinds of basepairs.

The relationship between the sign of the CD spectrum and
the binding mode has been confirmed by Pasternack in experi-
ments such as DNA unwinding assays and by’1H and 'P NMR spec-
troscopy (7-10}). This relationship has alsoc been confirmed in
work done by Fiel and coworkers (1-3,5,6).

Evidence for external or intercalative binding can be
ocbtained from changes in the UV-vieible absocrption (non-CD)
spectrum as well. Pasternack also found that meso-[tetra(4-N-
methylpyridyl) l porphine (TMPyP) and its metallocomplexes in-
tercalated into poly(dG-dC).(dG-4C) produced a substantial
decrease in intensity or hypochromicity cof the porphyrin’s
absorption maximum in the visgible region (the Soret band) of
approximately 35 % or more and a corresponding shift of the
Soret band to longer wavelength: a bathochromic shift of 15 nm
or more. Although other intercalating cationic porphyrinse dis-
play differing hypochromicities and bathochromic shifts, the
general rule obtained from these kinds of studies (7-9) is
that intercalation is characterized by large_hypochromicity
relative to unbound porphyrin.

Externally bound complexes of TMPyP, such as axially
ligated Zn(IXI)TMPyP, are marked by either a small hypochro-

micity (10 % or less) or an increase in intensity (hyperchro-

micity) of the Soret absorption band. The bathochromic shift
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is often smaller (B nm or less). Again, the general rule for
porphyrins is that AT/porphyrin complexes are characterized by
small hypochromicity or by hyperchromicity of the Soret band.

Fluorescence emission spectra have been used to indicate
where porphyrin binding sites are on DNA. Whether binding is
electrostatic, in the major or minor groove, or is caused by
intercalation, the electronic environment of the porphyrin has
changed when compared to free porphyrin in solution. Excita-
tion is at the wavelength of maximum absorption (the Soret
band) and the emission spectrum of porphyrin alone in solution
is compared with that of the porphyrin when it is in the pres-
ence of DNA (at fixed r,, pH and ionic strength).

Hypochromicity in the fluorescence emission spectrum of
a porphyrin in the presence of nucleic acid, signals either
the formation of an externally bound, electrostatic complex
{not bound in a groove) or intercalation. Hypochromicity when
an electrostatic complex is formed can be caused by radiation-
less deactivation of excited moclecules (l1ll). Hypochromicity
upon intercalation into DNA is a common phenomenon (12,13) and
ia considered to be the result of the deactivation of the ex-
cited state by an interaction between the excited intercalator
and the base guanine (13,14).

The extent of fluorescence emission hypochromism can be
used to distinguish between intercalation or electrostatic,
external binding. That produced by intercalaticn is extensive,
e.g. for meso-[tetra(4-N-methylpyridyl)]porphine (TMPyP) and

poly (dG-dC) . {(dG-d4C) it igs a 75 % reduction (16); whereas, in
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the case of electrostatic interaction, it is usually much less
profound, e.g. for Zn{(II)TMPyP and poly(dG-dC). (dG-dC), it is
a 25 % reduction of intensity (15).

By contrast, hyperchromicity is promoted by the absence
of water from the solvation shell of the molecule; the inhib-
ition of deactivation by proton transfer to water (11} may be
a mechanism of action for this effect. Hyperchromicity is al-
sc favored in molecules with a rigid structure compared to
those that have a more flexible structure (l16); both of these
conditions are encountered when a porphyrin is bound in the
minor groove of DNA. Therefore, hyperchromicity is used as
evidence for the insertion of a positive periphery porphyrin
into the minor groove of DNA.

In order to examine the contribution of the acridine
chromophore to the CD, absorbance and fluorescence spectra of
the conjugate, the compound 9- (propylamino)-acridine was syn-
thesized as an analogue of the acridine chromophore of the
conjugate. 9- (propylamino) -acridine possesses the same propyl-
amino chain as the acridine chromophore ¢f the conjugate and
this chain is in the Bame 9- position on the acridine func-
tion. A comparison of the absorbance spectra of 9-(propyl-
amino) -acridine and the porphyrin-acridine conjugate reveals
that they absorb in the same region of the spectrum (Figure 3-
2{b)) and that the ratio between the extinction coefficient of
meso- [tetra-(4- [N- (trimethylammoniumethyl)lbenzamidyl)} ]por-
phine (TAP), and 9- (propylamino)-acridine is 25.7 at the Scret

maximum of TAP, 414 nm, which is close to the maximum of the
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acridine, which is at 409 nm. Therefore, in the absorbance and
CD spectra of the conjugate, any change in the absorbance of
the acridine would have a negligible effect on the absorbance
of the conjugate. In essence, changes in the spectrum of the
conjugate reflect changes in the spectrum of the porphyrin
portion of this molecule.

The flucreacence spectrum of the conjugate also requires
similar consideration. 9- {propylamino) -acridine has a maximum
absorbance at 409 nm, which is close to the maximum for TAP
(414 nm}. When 9- (propylamino) -acridine is excited at 414 nm,
its emission spectrum yields a band very close to the excita-
tion wavelength with a maximum at 447 nm (Figure 3-2(a)). How-
ever, TAP excited at 414 nm produces an emission band at much
lower frequency with a maximum at 644 nm. The fluocorescence
emission spectrum of the conjugate therefore contains two sep-
arate emission bands from different parts of the molecule. The
application of these fluorescence phenomena will be discussed
in the following sections.

The techniques discussed above were used to determine the
nature of the binding sites for the porphyrin-acridine conju-

gate and its analogue TAP.
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Figure 3-2: (A) The fluorescence emission spectrum of 9-
{propylamino) -acridine {(concentration = 30 M). Excitation at
414 nm. The peak due to light-scattering is indicated by an
arrow. (B} The absorbance of TAP (1), conjugate {(2) and 9-
(propylamino) -acridine (3) at concentrations of 1, 2 and 30
MM respectively. All compounds were dissolved in buffer
composed of 0.1 M NaCl, 26 mM NaH,PO, and 1 mM EDTA, pH = 7.2.
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3.2 Materials and Methods

Calf Thymus DNA (CTDNA), poly{(dA-dT). (dA-dT) and poly(dG-
dC) . (dG-dC) were purchased from Sigma Chemical Company. CTDNA
was treated to remove protein as described by Pasternack (7)
with a few changes. A sufficient volume of buffer, composed of
0.1 M NaCl, 26 mM NaHZPOQ/NazHPOI. and 1 mM EDTA, pH = 7.2, was
added to CTDNA to give a final concentration of 1 mg/mlL. Dis-
solution was achieved by stirring for 40 hrs at 4°C. Protein
was removed from the CTDNA by repeated extraction with a soclu-
tion of chloroform and iscamyl alcohol (24/1, volume/volume) ;
the crganic and aqueous layers were separated by centrifuga-
tion. The protein content of the agueous layer was monitored
by the uge of Bradford reagent (obtained from Biorad). After
the final centrifugation, the top two-thirds of the DNA solu-
tion was carefully pipetted off and then subjected to dialysis
against the pH 7.2 buffer at 4°C. All buffers were made using
digtilled and deiocnized water.

Poly (dA-dT) . (dA-dT) and poly(dG-dC). (dG-dC) were used
without further purification. Stock solutionse were made by
adding the pH 7.2 buffer to these polynucleotides at room
temperature. All DNA sclutions were sBtored below 0c.

The integrity of the DNA was determined by comparing
their molar extinction coefficients with published results
(17-19). Concentrations were determined spectrophotometric-
ally, as moles of base pairs/litre (M), using extinction
coefficients of 1.31 x 10° M' cm' at 260 nm for Calf Thymus

DNA (CTDNA) (19); 1.32 x 10° M' em'' at 262 nm for poly (dA-dT),
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(17) and a value of 1.68 x 10° M' cm'' at 254 nm for poly(dG-

dc), (18}).

9- (propylamino) -acridine was synthesized by a literature
procedure (20) and its identity and purity verified by NMR
spectrogscopy and by melting point determination. The n-propyl-
ammonium chloride necessary for the reaction was prepared by
dissolving n-propylamine in methanol; this was added to dilute
hydrochloric acid using a 1/1.1 molar ratio of amine to acid.
The aquecus methanol solution was thoroughly mixed.

The hydrochloride was cobtained by removing as much solu-
tion as possible from the reaction flask by rotary evaporation
and heating the viscous residue under reduced pressure in an
Erlenmeyer flask lightly covered with aluminum foil at 110°C.
The salt sublimed and was obtained as a white flake on the
upper walls of the flask.

All other chemicals and buffer components were molecular
biclogy grade and were purchased from Fisher Scientific.

Circular dichroism spectra were obtained from a Jobin
Yvon spectropolarimeter ueing a spectral band pass of 20 :.
Absorption spectra were obtained from a Cary 13 spectrophoto-
meter. Fluorescence emission spectra were obtained using an
Aminco-Bowman 125 spectrophotofluorometer. The reference,
exit, entrance and signal PM tube s8lit widths were 0.5, 1.0,
0.5 and 2.0 mm respectively. The wavelength of excitation was

414 nm and emission spectra were cobtained from 200 teo 800 nm.
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3.3 Regults and Discugsion

The interactions of the newly synthesized, water-scluble
porphyrins, meso- [tetra{(4-N- [trimethylammoniumethyl])benzami-
dyllporphine (TAP) and 5-[4- (N-[9-acridinyl] -3 -aminopropoxy) -
phenyl] -10,15,20-tri[4- (N- {trimethylammoniumethyl])benzami -
dyllporphine (ATB)}, with natural and synthetic DNA were moni-
tored with c¢ircular dichroism, visible absorption and fluores-
cence emission spectroscopy. The nucleic acids used were calf
thymus DNA, poly(dG-4cC) . (dG-dC) and poly(dA-dT). (dA-dT).

Figure 3-3 is a plot of absorbance (at the Soret maximum)
vs. concentration for ATB through the range of concentrations
used in the experiments. This graph is linear, indicating
there ie no stacking of conjugate in this range. Figure 3-4
shows the absorbance spectrum of the conjugate at pH 7.2 and
2.5. The large shift to lower frequency and hyperchromism in
the Soret band at pH 2.5 is characteristic of non-N-alkylated
porphyrins protonated at the pyrrolenic nitrogens {21-24). At
pH 7.2, the porphyrin macrocycle of the conjugate is unproton-
ated. The pKa values for 9-(propylamino)-acridine are pKa, =
9.2 and pKa, = 5.5 (23) at the positions indicated in Figure
3-5(a); therefore, at pH = 7.2, the monoprotconated species
(Fig. 3-5(a)) exists. Considering the structural similarity of
the acridine moiety of the conjugate to 9-(propylamino)-
acridine, a similar state of ionization exists in the former.
This gives a structure at pH 7.2 that is shown in Figure 3-

5(b}.
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Figure 3-3: A plot of absorbance vs. concentration for the
acridine-porphyrin conjugate over the concentration range used
in the experiments.
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Figure 3-4: The absorbance spectrum of the acridine-porphyrin
conjugate at pH = 7.2 (8clid line} and pH = 2.5 (dashed line).
Buffer at pH 2.5 was composed of 0.1 M NaCl and 25 mM
potaesium acid phthalate.
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3.3.1 Circular Dichroism Spectra of The Porphyvrin-DNA

Complexes.

Figures 3-6 and 3-7 show the CD spectra obtained when TAP
and ATB, respectively, are in the presence of poly{(dA-dT) . (dA-
dT), calf thymus DNA (CTDNA) and poly{dG-dC). (dG-dC). The drug
/base-pair ratio (r)) was 0.004 and the porphyrin concentra-
tion was 1 PM. Buffer composition was 0.1 M NaCl, 26 mM NaH,PO,
/NaHPO2 and 1 mM EDTA, pH = 7.2.

The CD spectra of TAP with poly(dG-d4dC). {(dG-dC)} shows a
pronounced negative band with a maximum at 425 nm while that
of poly (dA-dT) . (dA-dT) contains two positive bands with maxima
at 418 and 449 nm; the latter is the greatest in amplitude of
the two. In the case of calf thymus DNA, there is a negative
and a poeitive band in the Soret region. These bands overlap,
with maxima at 429 and 442 nm respectively: they indicate that
in calf thymus DNA there is interaction with both GC and AT
sites.

The conjugate, on the other hand, yields CD spectra with
calf thymus DNA, poly(dG-dC).(dG-dC) and poly (dA-dT) . {dA-d4T)
that are markedly similar. The spectrum of poly(dG-dC) . (dG-dcC)
yields adjacent negative and positive CD bands centered at 405
and 433 nm respectively. The spectrum of poly(dA-d4T). (dA-4T)
alaso contains bands centered at the same wavelengths, although
the amplitudes are greater. The spectrum of ATB with CTDNA
shows a similar negative and a positive band ©f much smaller
amplitude; one of the bande is shifted toc longer wavelength-

450 nm instead of 433 nm.
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Figure 3-6: The circular dichroism spectrum of TAP in the

presence of {(A) poly(dG-dC). (dG-dcC)

(B) poly{(dA-dT) . (dA-4T)

and (c) calf thymus DNA. The porphyrin concentration was 1pYM
and the DNA concentration was 264 UM. The buffer consisted of
0.1 M NaCl, 26 mM NaH,PO, and 1 mM EDTA, pH = 7.2.



(C)

A L

420

440

460

420 440

wavelength (nm)

460

420

440

460

88



89

Figure 3-7: The circular dichroism spectrum of ATB in the
presence of (A) poly{(dA-4T). (dA-4T) (B) calf thymus DNA and
{(C) poly(dG-dC}.(dG-dC). The porphyrin concentration was 1M
and the DNA concentration was 264 PM. The buffer was composed
of 0.1 M NaCl, 26 mM NaH,PO, and 1 mM EDTA, pH = 7.2.
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These results could be due to dipole-dipole interaction
between electric dipole-allowed transitions in electronically
isolated, degenerate chromophores (degenerate chromophores
have absorbance maxima at the same wavelength) with a chiral
orientation relative to each other (porphyrin and acridine).
This would produce an "exciton couplet”. The results could
also be due to a different mode of interaction of the por-
phyrin chromophore with the nucleic acids. However, when the
extinction coefficient of the porphyrin meso-[tetra(4-[N-
{({trimethylammoniumethyl) ] benzamidyl) ] porphine {TAP)} and of 9-
(propylamino) -acridine are compared, such dipole-dipole inter-
action is improbable. Using TAP as the model for the porphyrin
macrocycle of the porphyrin-acridine conjugate, and 9- (propyl-
aminco) -acridine as an analogue for the acridine moiety, this
becomes apparent. The extinction coefficient for TAP is 2.11
x 10° M' em' at the Soret maximum, while that for 9- (propyl-
amino) -acridine, also at 414 nm, is 8.20 x 10° M' cm' at, the
ratio of the extinction coefficient for TAP/the extinction
coefficient (E ) for 9-(propylaminoc)-acridine is 25.7 (spectra
shown in Figure 3-2). This number indicates that the acridine
moiety is too weak an oscillator to significantly influence
the absorbance properties and hence the CD spectrum of the
porphyrin. Normally, such dipole-dipole interactions occur at
an E  value of 1 (e.g. between identical drug molecules bound
on DNA).

The CD spectra of the conjugate therefore reveal the in-

teractions of the porphyrin macrocycle of the conjugate. The
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existence of similar negative and positive bands in the CD
spectra of the conjugate indicates that the conjugate is
capable of interaction with both GC and AT base pairs in a
mode that is not observed with TAP. This new mode of inter-

action may be caused by the presence of the acridine moiety.

3.3.2 Absorption Spectra of the Porphyrin-DNA Complexes.

Figure 3-8 illustrates the red shifts and changes in the
intensity of the Soret band that occur when the optical den-
sity spectrum of meso-[tetra{(4- [N- (trimethylammoniumethyl)]) -
benzamidyl) ] porphine (TAP) is scanned in the absence and then
in the presence of the three types of DNA, using the same buf-
fer and concentrations as in the CD work. Also, as in the CD
experiments, due to the large difference in extinction coeffi-
cient between porphyrin and acridine chromophores (the por-
phyrin absorbs, at 414 nm, 25.7 times more than the acridine)
the interactions of the porphyrin chromophore are, in essence,
been probed.

In the presence of poly(dA-d4dT).{(dA-dT), the Scoret band
normally found at 414 nm was displaced to 422 nm, a shift of
8 nm, with a hyperchromic change in absorbance. Change in

abeorbance (C) was defined as:

C = [(A, - A)/A,] x 100 % (11)

where A, = maximum absorbance of the Soret band in the absence

of DNA and A, = maximum absorbance of the Scoret band in the
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Figure 3-8: The absorbance spectrum of TAP in the absgence
{sclid line) and presence (dashed line) of (A) poly(dAa-d4T)

. (dAa-dT) (B} calf thymus DNA and (C) poly(dG-d4dC). (dG-d4C).
The porphyrin and the DNA concentrations were 1 and 264 PM,
respectively. The buffer was compcocsed of 0.1 M NaCl, 26 mM
NaH,PO, and 1 mM EDTA, pH = 7.2.
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presence of DNA. The value for TAP and poly (dA-dT) . (dA-dT) was
11.4 %.

For poly{dG-dC).{(dG-dC) and TAP, there was also a red
shift of the Soret band, but to 418 nm, a change of 4 nm. The
noteworthy feature of this spectrum was the -37.8 % change in
Soret band intensity, a marked hypochromic effect. With calf-
thymus DNA the Soret produced a maximum absorbance at 423 nm,
a change of 9 nm and a large, hypochromic -31.$ % change in
the Soret intensity.

An examination of the spectrum of the TAP/calf thymus DNA
complex shows that the band is produced by a combination of
binding modes. The marked hypochromicity is significantly sim-
ilar to that produced by the TAP/poly(dG-dC) . (dG-dC) complex
(-37.8 and -31.9 %, respectively), but the shift to longer
wavelength is more like that ocbserved with the TAP/poly (dA-dT)
. (dA-d4dT) complex (9 and 8 nm respectively). Therefore, with
calf thymus DNA, binding to both GC and AT sites occurs; the
hyperchromic effect with AT binding seites is consistent with
groove binding and the markedly hypochromic effect with GC
Bites is consistent with intercalation into GC-rich eites.

The absocrption spectra of the conjugate, 5-[4- (N-[9-acri-
dinyl] -3 -aminopropoxy)phenyl] -10,15,20-tri[4~ (N-[trimethyl-
ammoniumethyl] )benzamidyl] porphine (ATB) varied in the pres-
ence of the three types of DNA to a smaller extent (see Figure
3-9). The complex formed with poly(dG-dC). (dG-dC) possessed an
absorbance maximum that was shifted to longer wavelength, from

415 nm to 420 nm, a 5 nm shift. The change in absorbance was
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Figure 3-9:The absorbance spectrum of ATB in the absence
{(golid line) and presence (dashed line) of (A) poly(dA-d4T)

. (dA-4dT) (B) calf thymus DNA and (C) poly(dG-dC) . {(dG-d4C}.
The porphyrin and the DNA concentrations were 1 and 264 PM,
respectively. The buffer consisted of 0.1 M NaCl, 26 mM NaH,PO,
and 1 mM EDTA, pH = 7.2.
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8.85 %, a small hypochromic effect. For poly(dA-4T). (dA-dT),
the shift was from 415 nm to 421 nm, a 6nm difference. Of sig-
nificance, the change in absorbance was 10.6 %, which is sim-
ilar to that obtained with this kind of DNA and TAP (11.4 %).
For calf thymus DNA, the red shift was from 422 to 415 nm, a
difference of 7 nm; the change in abgorbance was a hyperchro-
mic 6.33 %.

These data, summarized in Table 3-A, indicate that the
porphyrin moiety of the conjugate does not intercalate. The
small hypochromicity observed when the conjugate is in the
presence of GC base pairs alone {-8.85 % change in optical
denegity) is by no means close to the -31.8 % obtained when TAP
(without acridine) interacts with GC base pairs. In addition,
a hyperchromic change in absorbance is observed when the por-
phyrin-acridine conjugate is in the presence of poly {(dA-dT)
. {dA-dT) (10.6 %) and calf thymus DNA (6.33 %). The similarity
of the former value to that obtained with TAP and poly (dA-dT)
.{dA-dT) (11.4 %) implies that the porphyrin macrocycle of the
conjugate is not intercalated into the nucleic acid. This mode
of binding is also obtained with calf thymus DNA and poly(dG-
dc) . (dG-4C) .

The optical density data gives no indication that the
conjugate is able to intercalate into DNA, whereas the por-
phyrin without the acridine (TAP) has provided evidence that
it intercalates. This may be due to the larger bulk of the

conjugate as compared to TAP.



Table 3-A

Absorbance Maxima Foxr TAP/ATB - DNA Complexes

TAP ATB
Wmax Amax Wmax Amax
( O A) (L A)
Nucleic Acid
None 414 .207 415 .120
{0%) (0%)
Poly{dG—dC)2 418 .141 420 .115
{-32%) {(-4.16%)
CTDNA 423 .154 420 .128
(-25.5%) (6.33%)
Poly(dA—dT)2 422 .253 421 .133
(21.8%) {10.6%)
Wmax = Wavelength of maximum absorbance {(nm)
Amax = Maximum absorbance
A A = Change in absorbance

CTDNA = Calf thymus DNA
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3.3.3 The Fluoresgscence Emigsion Spectra of the Porphyrin-DNA

Complexes.

Buffer composition and porphyrin and DNA concentrations
in the fluorescence experiments were the same as in the CD and
the absorbance experiments. Solutions of meso-[tetra(4- [N-
{trimethylammoniumethyl) )benzamidyl) ]l porphine and the conju-
gate 5-{4-{N-[9-acridinyl]-3-aminopropoxy)phenyl]-10,15,20-
tri-{4- (N- [trimethylammoniumethyl] )benzamidyl) porphine (ATB)
as well as their nucleic acid complexes were irradiated at 414
nm and the emission spectra scanned from 200 to 800 nm. The
spectra are reproduced in Figures 3-10 (TAP) and 3-11 (ATB)}.

Tables 3-B and 3-C are ligtings of the position and in-
tensity of fluorescence emission band maxima, as well as the
changes seen in the characteristicse of these maxima.

The data indicate that TAP interacts with poly(dG-dC)-
{(dG-dC) and poly(dA-dT).{(dA-dT) in different ways. The hypo-
chromicity of poly(dG-dC). (d4G-dC) is large while that of poly-
(dA-4dT) . (dA-dT) is small. Calf thymus DNA is intermediate in
its hypochromicity when compared to these two types of DNA.
However, the red shift of calf thymus DNA is more like that of
poly {(dG-4C) . (dG-dC). These data indicate a preference for GC
rich sites on the natural DNA, but also that binding is occur-
ing at both AT and GC rich sites.

The spectra for the ATB complexes were remarkably differ-
ent from those for TAP. The synthetic polynucleotide complexes
had similar hypochromicities, while calf thymus DNA had

slightly less. There were almost no red shifts. The spectra
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Figure 3-10: The fluorescence emission spectrum of TAP in the
absence (thin line) and in the presence {(thicker line) of (A)
poly (dA-dT) . (dA-dT) (B} calf thymus DNA (C) poly{(dG-d4C). {(dG-
dC) . The porphyrin concentration was 1 MM and the DNA concen-
tration was 264 pM. Buffer composition was 0.1 M NaCl, 26 mM
NaH,PO, and 1 mM EDTA; pH = 7.2. Excitation was at 414 nm.
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Figure 3-11: The fluorescence emission spectrum cf ATB in the
absence (solid line) and in the presence {(dotted line) of (A)
poly (dA-8T) . (AA-d4T) (B) calf thymus DNA and (C) poly(dG-dC)
. (dG-dC) . The buffer was composed of 0.1 M NaCl, 26 mM NaH,PO,
and 1 mM EDTA, pH = 7.2. The porphyrin and DNA concentrations
were 1 and 264 pM, respectively. Excitation was at 414 nm.
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Table 3-B

Fluorescence Maxima For TAP-DNA Complexes

W, I, A1, W,
Nucleic Acid
None 644 21.0 - 681
Poly (dG-dC), 656 11.5 -45,2% 713
CTDNA 658 15.4 -26.7% 749
Poly (dA-4dT), 649 17.8 -15.2% 713

Wavelength of maximum intensity
. Maximum intensity

I, = Change in intensity

, = Wavelength of secondary maximum
TDNA = calf thymus DNA
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Table 3-C

Fluorescence Maxima For ATB-DNA Complexeg

W, I, A1, W,
Nucleic Acid

None 657 24.8 - 687
Poly (dG-4C), 659 15.2 -3B.7% 690
CTDNA 659 17.8 -28.2% 690
Poly (dA-dT), 656 16.2 -34.7% 711

Wavelength of maximum intensity
i Maximum intensity

I, = Change in intensity

, = Wavelength of secondary maximum
TDNA = calf thymus DNA

Wn
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indicate that the mode of interaction in all three cases are
very similar, with no distinct preference for GC or AT rich
areas on calf thymus DNA. The data are consistent with the CD,
and to a legser extent, with the absorbance results. The por-
phyrin no longer distinguishes between different kinds of DNA
ag before (as in the case of TAP); this is the effect of the
acridine and may be an effect caused by the size of the con-
jugate or by the binding mode of the conjugate (possibly by
intercalation at the acridine).

The fluorescence emission sepectra of the acridine are
seen as a small shoulder located at a slightly longer wave-
length relative to the band produced by light-scattering at
the wavelength of excitation (Figure 3-12). It is noteworthy
that a similar situation occurs with 9- (propylamino) -acridine.
The band produced by light-scattering makes the solicitation
of data on the acridine from these gpectra impossible. In-
stead, information on acridine intercalaticon as the mode of
interaction of the conjugate may be obtained from the equi-

librium binding data discussed in chapter four.
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Figure 3-12: The shoulder observed (indicated by arrow) in the
fluorescence emission spectrum of the acridine-porphyrin con-
jugate in the presence of calf thymus DNA. Excitation was at
414 nm. The porphyrin concentration was 1 PM and the DNA con-
centration was 264 PM. The buffer consisted of 0.1 M NaCl, 26

mM NaH,PC, and 1 mM EDTA, pH = 7.2.
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Chapter Four

Affinity Constants for Porphyrin-DNA Binding

4.1 Introduction

The determination of affinity constants for pcecrphyrin-
nucleic acid binding is of great importance in the application
of these ligands as probes of nucleic acid structure and dy-
namics and also in the posgible use of these molecules as po-
tent DNA alkylators. It is necessary toc know what base sequen-
ces or types of DNA the porphyrin has a preference for binding
to, the strength of the binding and alsc what structural fac-
tors enhance or diminish binding.

A variety of factors should be considered in order to
select a method that will accurately provide affinity con-
stants for the binding of this class of heterocyclic drug to
DNA. The use of UV-visible titration is severely limited, it
is difficult to accurately determine the extinction coeffi-
cient of porphyrin bound toc nucleic acid (1,2); in addition,
the Soret band of a porphyrin is greatly modified usually when
only intercalation occurs (3,4,5).

Equilibrium dialysis has also been used to measure equi-
librium constants for porphyrin binding (6,7); in order to do
B0, it is necessary to incubate the porphyrin solution in the
dialysis chamber for a few days. During this period, precip-
itation of the porphyrin may be observed or there may be ad-
sorption to the walls of the dialysis chamber; the DNA may

also be degraded because the DNA solution is incubated at 25°C
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during this time. The occurrence of the first twoc events is
primarily controlled by the solubility properties of the por-
phyrin.

Binding analyses carried out by the direct fluorescence
gquenching method or the UV-viseible titration methoed, would be
complicated by the possible binding of the conjugate to DNA
only at the acridine moiety, for which it would be difficult
to measure changes in fluorescence intensity {(Chapter Three)},

By contrast, measurement of apparent affinity constants
by the ethidium bromide competitive binding method does not
depend on the mode of binding of the porphyrin or the conju-
gate and does not require the time necessary for the equili-
brium dialysis method. The proportional decrease of the mag-
nitude of the affinity constant for ethidium bromide interca-
lation into DNA as the concentration of an inhibitor of that
binding increases, is used to obtain the affinity constant for
the inhibitor according to the classical method of LePecqg and
Pacletti (B). A plot of the reciprocal of the ethidium bromide
affinity constant versus the concentration of inhibitecr (here,
a porphyrin or the acridine-porphyrin conjugate) produces a
straight line from whose slope the equilibrium constant of the

inhibitor can be obtained as indicated by equation (I).

1 Kpor {Por)}

(1)
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In equation (I), K, = the affinity constant of ethidium
bromide in the presence of porphyrin, K., = the affinity con-
stant of ethidium bromide in the absence of porphyrin, Koor
= the affinity constant of porphyrin and (Por) = the concen-
tration of porphyrin. The ethidium bromide affinity constant
is obtained by the construction of a Scatchard plot {(9); the
concentration of bound ethidium bromide is determined by the
use of spectrofluorometry according to Lepecq and Paoletti (8)
(see reference (8) for the derivation of an equation yielding
this quantity).

One of the first uses of the ethidium bromide competitive
binding technigque was to determine affinity constants for the
binding of quinacrine, a trypanocidal acridine, to calf thymus
DNA (8) and since then, it has become a standard method in nu-
cleic acid chemistry {(e.g. to determine the affinity constants
for the binding of a series of acridine-purine and acridine-
pyrimidine conjugates to DNA (10)). This method has alsc been

used to examine the binding cof the porphyrins meso-[tetra-

(aminomethylphenyl) ] porphyrin {TAMPP) (11) and meso- [tetra{4-

N-methylpyridyl)lporphine (TMPyP) (12}, and some of their met-
al ion complexes. The independence of this method from the
mode of binding of the porphyrin has enabled Sari and collab-
orators to examine the magnitude of binding tc calf thymus DNA
as a function of charge and structure for several porphyrins
and metalloporphyrins (13). Sari demonstrated that for a given
symmetrical tetracationic porphyrin such as TMPyP (Figure 4-

1}, the ability to bind to calf thymus DNA decreased as the
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total number of charges were decreased. In addition, shifting
the positive charges from the para to the meta and then to the
ortho pesitionsa, resulted in a decrease in the affinity con-
stant {(holding the total number of charges constant for the
three isomers). It would therefore be expected that the conju-
gate which has four positive charges should experience no

decrease in affinity constant, when compared to its tetracat-

ionic analogue that has no acridine, if the charge and its
position alone determines magnitude of binding. Any decrease
or increase in affinity constant would thus be due to steric
factors or a new mode of binding.

The resultse obtained by Sari for meso- [tetra(4-N-methyl-
pyridyl) ] porphine (TMPyP) and its meta isomer (Figure 4-1) are
similar to those determined by Fiel (14) and Dougherty (15)
using UV-vigible spectrophoctometry. This chapter describes the
methods used to obtain affinity constants for meso- [tetra(4-
[N-{trimethylammoniumethyl) | benzamidyl) ] porphine (TAP)} and the
acridine-porphyrin conjugate, 5-[4-(N-[9-acridinyl]-3-amino-
propoxy)phenyl] -10,15,20-tri[4-(N-[trimethylammoniumethyl]) -
benzamidyl]porphine (ATB), as they interact with poly(dG-
dC} . (dG-dC), poly(dA-dT) . (dA-dT) and calf thymus DNA in buffer
at pH 7.2 and composed of 0.1 M NaCl, 26 mM sodium phosphate
and 1 mM EDTA.

The results will be discussed with regard to the findings
of the spectroscopic studies and with regard to possible modes

of binding of ATB to the polynuclecotides.
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Figure 4-1: Isomers of mego- [tetra(4-N-methylpyridyl)porphine
{TMPYP) .
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4.2 Materials and Methods

Reagents and instruments for the fluorometric determina-
tion of affinity constants were the same as those used in the
CD, UV-Vigible and flucrescence gpectroscopic work (section 3~
2), but with the following additions: ethidium bromide was
purchased from Aldrich Chemical Company: silica fluorescence
cells with a range of 300 - 700 nm were used for intensity
measurements; the wavelength of excitation was 520 nm and that
of emigeion was set at 600 nm. The temperature was held con-
stant at 25°C.

Determination of the affinity binding constant for ethid-
ium bromide (EB} binding to a polynucleotide (either calf thy-
mug DNA, poly{(dG-d4dC). (dG-dC) or poly{(dA-dT) . (dA-dT)) was per-
formed as follows: 30 PL of EB stock solution was added to 2
mL of plain buffer in a cuvette. The flucorescence intensity
was read using the previously listed excitation and emission
wavelengths. 10 PL aliquots were then added until the total
volume of added EB was 120 pPL.

The titration was repeated with the buffer containing DNA
and porphyrin {or no porphyrin}, but with the toctal wvolume
kept at 2 mL and all other conditions the same as before. The
procedure was repeated with a total of eight different values
of TAP concentration and seven values of conjugate (ATB) con-
centration for each of the three types of DNA,

In order to calculate the concentration of EB bound to

DNA, it was necessary to determine K,, the slope of a straight
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line obtained when a plot of EB concentration versus fluores-
cence intensity is made for the titration of EB into plain
buffer. It was also necessary to obtain K, the slope of the
straight-line obtained when a similar titration of EB into
buffer is carried out, but with DNA present at a concentration
greater than or equal to 100 times the maximum EB concentra-
tion in the cuvette. The ratio K /K, defines the value v which
is necessary to calculate the concentration of ethidium

bromide bound to DNA, given by equation (II}:

Ie - Ip
EBb = ———— (II)
(V - 1)Kf
Where I, = the EB fluorescence intensity in the presence of

DNA and porphyrin and I = the EB fluorescence intensity of EB
in plain buffer. A Scatchard plot is then constructed by plot-
ting r/c vs. r, where r = EBb/total DNA concentration and ¢ =
the concentration of free (unbound) EB. The slope of such a
plot is the negative value of the affinity constant.

Competition occurs when there is a proportional decrease
of the magnitude of the glope of the Scatchard plot (EB affin-
ity constant decreasing) as the concentration of competitor
(here TAP or the conjugate) is increased (in separate titra-
tions) .

DNA and porphyrin concentrations were determined by the
use of spectrophotometry as previously described (section 3-
2). Computations associated with these plots are reported in

the Appendix (A-1}). A typical Scatchard plot ise illustrated in
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Figure 4-2, the computations necessary to obtain it are shown
in Table 4-2(a).

A modification was made in the computation of the Scatch-
ard plots in order to account for the negative cooperativity
encountered when EB binds to DNA; the concentration of free EB
(c) which is used to calculate r/c, was replaced with the to-
tal concentration of ethidium bromide (bound and free). This
modification vields the minimum binding constant for ethidium
bromide; use of the free EB concentration as c¢ in r/c yields
a curved plot that is caused by negative cooperative binding
(Figure 4-3), replacement of the free EB concentration with
the total concentration of EB gives a straight line that is a
tangent to the curve. This straight line represents the lowest
slope of the curve and hence the smallest equilibrium con-
stant (Figure 4-3).

The addition of aligquots of ethidium bromide stock solu-
tion to the cuvettes containing DNA and porphyrin resulted in
a small, gradual decline in the concentration of the porphyrin
{see computations accompanying Figure 4-3). In the plots of
the reciprocal of the EB binding constant vs. porphyrin con-
centration, the latter value was taken from the porphyrin

concentration at the midpoint of the titration.
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Figure 4-2: Scatchard plot for ethidium bromide binding to
calf thymus DNA in the presence of TAP.
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Table 4-2(a): Computations necessary to obtain Scatchard plot
shown in Figure 4-2.

Veb = Volume of ethidium bromide (EB}.

Io =z Fluoregscence intensity of EB in plain buffer.

It = Fluorescence Intensgity of EB in the presence of DNA
and porphyrin.

EBt = Total concentraticon (bound and unbound) of ethidium
bromide.

DNAt = Total DNA concentration.

EBb = Concentration of EB bound to DNA.

PORt = Total (bound and unbound) concentration of porphyrin.
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Figure 4-3: Scatchard plots for ethidium bromide binding to
calf thymus DNA; the curved line (triangles}) is produced by
negative cooperative binding; the straight line (squares) is
obtained when the unbound ethidium bromide concentration is
replaced by the total concentration {bound and unbound) of
ethidium bromide in the scatchard equation and represents the
minimum affinity constant obtainable from the curved plot.
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Results and discussgion

Tables 4-A and 4-B list the affinity conastants derived
for mesc-[tetra(4-([N-({trimethylammoniumethyl)benzamidyll)] -
porphine {(TAP) and the porphyrin-acridine conjugate, respec-
tively, in 0.1 M NaCl, 26 mM sodium phosphate and 1 mM EDTA,
rH = 7.2 as measured by the method of Lepecq and Paoletti (8).

An examination cf Figure 4-4 shows that TAP binds to all
three types of DNA with two types of binding: low (small
slope) and high (large slope) affinity binding over the con-
centration of porphyrin indicated. It is possible that the
high affinity binding represents a kind of saturative binding
in which the ethidium bromide cannot displace any more por-
phyrin from the polynucleotide. This phenomencn clearly occurs
above a (DNA)/(Porphyrin) ratio (1/r,) of 8.72, 6€.71 and 3.82
for poly(dA-dT) . (dA-AdT), calf thymus DNA and poly(dG-dC) . (4dG-
dC) respectively. These values represent a much higher propor-
tion of porphyrin/DNA than those used in the CD, UV-visgible
and flucorescence spectroscopic gtudies [(DNA)/ (Porphyrin) ra-
tio, 1/r,, = 264], the affinity constantse for binding in the
spectroscopic work may be therefore be extrapolated from the
low affinity binding conditions (the Porphyrin concentration
would be close to zero to obtain 1/r, = 264 in the Scatchard
analysis) .

The low affinity binding is therefore of preferential
interest and it is this that will be primarily referred to
hereafter; the data clearly shows that TAP binds preferen-

tially to AT basge pair rich regions in DNA and rather weakly
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Tible 4-A

Aftinity Constants *
FFor TAP Binding 1o DNA

IDNA K

pAT 1LOOF +07
3401 +07

T 240+ 06

8.20L+06

pGC 430E +05
1.SOE+06

*Aftimity constants arc for two
tvpes of binding: tow affinity (1st
number) and high atfinity binding

(2nd number).

pAT: POIV(AA-dT).(dA-dT)
pGC: Poly(dG-dC)(dG-dCy
T Calt Thymus DNA

K: Affinity Constant (M=)
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Table 4-B

Affinity Constants
tor ATB Binding to DNA

DNA K

pAT 3.20E+05
CT [.40E +03
pGC 2.70E+05

pAT: Poly(dA-dT).(dA-dT)
pGC: Poly(dG-dC).(dG-d(C)
CT: Calt Thymus DNA

K: Affinity Constant (M-h
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Figure 4-4: Plots of 1/slope (i.e. l/affinity constant) vs.
TAP concentration for ethidium bromide binding to DNA with TAP
as inhibitor. All compounds and nucleic acids were dissolved
in 0.1 M NaCl, 26 mM NaH,PO, and 1 mM EDTA, H = 7.2. The
temperature of the cuvette was maintained at 25°C. Concentra-

tions of reagents and nucleic acids are reported in appendix
A-1.
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Figures 4-5 and 4-6: Plots of 1l/slope (i.e. l/affinity con-
stant) vs. ATB concentration for ethidium bromide binding to
DNA with ATB as inhibitor. All compounds and nucleic acids
were dissolved in 0.1 M NaCl, 26 mM NaH,PO, and 1 mM EDTA, pH
= 7.2. The temperature of the cuvette was maintained at 25°C.
Concentrations of reagents and nucleic acids are reported in
appendix A-1.
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to GC rich areas (1 x 10’ and 4.3 x 10° M') respectively.
Binding to calf thymus DNA is intermediate between these two
values (2.4 x 10° M").

The affinity constants for the binding of the conjugate
to the three kinds of nucleic acid show no such variation at
the porphyrin concentrations tested (up to 1 pM, 1/r, as low
as 4.36) (Figures 4-% and 4-6). In addition, the magnitude of
the constants have undergone a marked decrease (especially in
the case of binding to poly{(dA-dT}.{(dA-dT)) and are now 3.2 x
10°, 1.4 x 10" and 2.7 x 10° M'' for poly{(dA-4T).(dA-dT), calf
thymus DNA and poly(dG-d4dC) .(dG-dC). These figures indicate no
preference for binding toc one of the two base pairs, another
significant difference between the conjugate and TAP. Appendix
A-1 contains the data points for construction of the graphs in
Figures 4-4, 4-5 and 4-6.

These results are, however, remarkably consistent with
the UV-visible, CD and fluorescence results for the binding of
the conjugate to the three kinds of nucleic acid, which gave
nearly equivalent spectroscopic signatures for binding of the
conjugate to the three kinds of DNA. It is noteworthy that the
amplitudes of the CD bands for binding of the conjugate to
poly (dA-dT) . (dA-dT) and poly(dG-dC). (dG-dC) are nearly equal,
while those for conjugate binding to calf thymus DNA are much
weaker. These amplitudes represent the atrength of the inter-
action and are consistent with the results obtained here.

The equilibrium constant data are therefore indicators

that the binding of the conjugate is not directed by the por-
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phyrin macrocycle, but is influenced by the acridine moiety
toward modes that are similar or identical for all three types

of nucleic acid studied.
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Conclusgion

The binding of 9-amincacridines to DNA has been well de-
fined (16,17); intercalation is the major mode of interaction
of these flat, heterocyclic molecules. Intercalation of the
acridine moiety of molecules analogous to the porphyrin-acri-
dine conjugate, such as hemin-acridine and acodazole-hemin
metallocomplexes has also being observed (18}). The altered
binding constants and spectrosgcopic data of the conjugate, as
compared to the untethered porphyrin {(TAP), matches the bind-
ing characteristics and expected spectroscopic properties of
the conjugate if the acridine had intercalated between the
base pairs of all three types of DNA and the porphyrin was
projected outward from the intercalation site. 9-aminocacridine
exhibits almost equal eguilibrium constants for intercalation
into poly (dA-dT). (dA-dT) and poly(dG-dC) . {(dG-dC) (19); in ad-
dition, there has been no evidence pf identical spectroscopic
properties and equilibrium constants for cationic porphyrins
interacting with poly (dA-dT) . {(dA-dT) and poly(dG-dcC) . (dG-dC)
and calf thymus DNA.

The data gathered here therefore shows that the prime
factor in the binding of the conjugate to DNA is the acridine
portion ©of the molecule and not the porphyrin and that the
mode of binding indicated is intercalation.

These studies form the foundation for more advanced stud-
ies into possible DNA footprinting and alkylating applications

for cationic acridine-porphyrin heterodimers. The synthetic
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route used provides relatively large amounts of precursors and
conjugate to aid the synthesis of various conformational iso-
mers, structural derivatives and their metalloderivatives. It
ie hoped that these compounds will provide insight into the
molecular gecometry of nucleic acids and that they will be of

use in the modification of nucleic acid structure.
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Appendix A-1: Determination of Porphyrin / Nucleic Acid
Affinity Constants.



DNA

DAT

pGC

CTDNA

Determination of Affinity Constants for

Slope

443000
147Q00
123000
12800
67200
45000
31000
26900

258000
252000
238000
173000
169000
135000
114000
105000

364000
149000
133000
151000
130000

91200

I

pPAT
pGC
CTDNA
Slope

It

PORM

TAP Binding toc DNA

1/M PORM
2.3E-06 ¢
6.8BE-06 1.9E-Q7
8.1E-06 2.9E-07
1.4E-0% 4,1E-07
1.5E-05% 5.4E-07
2.2E-05% 6.5E-07
3J.2E-05% 7.2E-07
1.7E-05 B.4E-07
1.9E-06 4]

4E-06 2 .2E-Q7
4.2E-06 5.8E-07
5.8BE-06 9. 3E-07
5.9E-06 1.1lE-06
7.4E-~06 1.4E-06
B.BE-06 1.7E-06
9.5E-06 1.BE-06
2.7E-06 0
6.7E-06 4.6E-07
7.%E-06 S.9E-07
6.6E-06 6,4E-07
7.7E-06 7.1E-07
1.1E-05 8.4E-07
Poly{dA-dT) . (dA-dT)

Poly(dG~-dC) . (dG-dC)
= Calf Thymus DNA

= slope of the
scatchard Plot

(EB/DNA Binding)
= Porphyrin concen-

tration at the
midpoint of the

titration

Padge

139
140
141
142
143
144
145
146

147
148
149
150
151
152
153
154

155
156
157
158
159
160

Table

AT1
ATZ
AT3
AT4
ATS
ATé&
AT7
ATS

GC1
GC?2
GC3
GC4
GC5
GC6
GC7
GC8

CT1
CT2
CT3
CT4
CTS
CT6
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DNA

pAT

pGC

CTDNA

Determination of Affinity Constants

for ATB Binding to DNA

Slop 1/m PORm Page
443000 2.,3E-06 o 139
405000 2.5E-06 2.2E-07 161
375000 2.7E-06 4E-07 162
377000 2.7E-06 5.4E-07 163
371000 2.7E-06 6.6E-07 164
336000 3E-06 7.7E-07 165
329000 3E-06 8,7E-07 166
258000 3.9E-06 0 147
253000 4E-06 2.2E-07 167
25C000 4E-06 3.2E-07 168
227000 4.4E-06 5,2E-07 169
212000 4.7E-06 6.5E-07 170
236000 4.,2E-06 7.5E-07 171
214000 4.7E-06 B,6E-07 172
364000 2.7E-06 0 155
376000 2.7E-06 2.5E-07 173
347000 2.9E-06 5.53E-07 174
282000 3.5E-06 lE-06 175
308000 3.2E-06 1.2E-06 176
333000 3E-06 1.3E-06 177
341000 2.9E-06 8,2E-07 178

pAT = Poly{dA-dT).(dA-dT)
pGC = Poly(dG-dC}).(dG-dC)
CTDNA = Calf Thymus DNA
Slope = Slope ©f the Scatch-
ard Pl (EB/DNA
Binding)
PORm = Porphyrin concen-
at the midpoint
of the titration

Table

AT1

ATY9

ATI1O0
AT11
AT12
AT13
AT14

GCl

GC9

GC10
GC11
GC12
GC1l3
GCl4

CT1
CT?
CT8
CT9
CcT10
CcTll
CT12
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30
40
50
60

-

7
g0
30

100

1160

120

Io

L137
.183
. 225
.271
.313
2.36
J.41
0.451
.49
£.53

L= R v B o B = T o |

It EBt DNAtL

1.44 2.1E-06 4.45E-06
1.71 2.78E-06 4.43E-06
1.88 3.46E-06 4.4E-06

2.05% 4.14E-06 4.38E-06
2.18 4.8E-06 4.36E-06
2.28 5.46E-06 4.34E-0¢
2.37 6.11E-06 4.32E~06

2.335% 6.76E-06 4.3E-06
2.5 7.4E-06 4.ZBE-06
2.55 B.04E-06 4.26E-06
Regression OQutput:
Constant
5td Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
X Coefficient(s) -443010
Std Err of Coef. 2041317.66

EBb

B.6E-07
1.01E-0Q6
1.0%E~06
1.17E-06
1.23E-06
1.27E-06
1.29E-0¢
1.31E-06
1.33E-06
1.33E-06

181105.4
2432.286
0.983259
10

8

r
.193404%
.227769
.248072
.267959
.282579
.292005
.299521
0.30464
g.3l0101

(=T & R o N o N T e T o |

0.313121

r/c
92162.
B1B04.
71626.
64788.
54846.
53465.
48982.
450352.
4188%.

07
14
13
23
35
65
74
33
51

38956.4

TINY

6ET



30
40
50
60
70
BG
30
la0
110
120

Io
0.028
0.02365
0.046
¢.057
0.06435
0.073
0.0B35
0.091
0.059
0.108

0

o oD 0 O O O O

it
.226
0.28
.331
.37%
-409
441
-473
.495
-523
0.54

EBt

.13E-06
.B2E~06
.51E~Q6
.13E-06b
.BTE-06
- 94E-06
€.2E-06

W e e Lo R RS

6.86E-06
7.51E-0¢&
8.15E-04%

Constant

DNAt
4.45E-06
4.43E-06
4.4E-0¢6
.IBE-06
.36E-0B
.34E-06
.32E-0¢6

- -

4.3E-06
4.28E-06
4.26E-06

EBb
6.58E-07
8.09E-07
9.47E-07
1.06E-06
1.14E-0%
1.22E-06
1.29E-06
1.34E-06
1.41E-06
1.43E-06

Regression Output:

Std Err of Y Est

R Squared

No. of Observations

Degrees of Freedom

X Coefficient({s)

S5td Err cf Coef.

-147488
3817.187

PORt
V96E-07
1.95E-07
1.%4E~07
1.93E-07
1.92E-07
1.92E-07

[

1.91E-07

1.9E-07
1.89E-07
1.88E-07

52113.98
727.8897
0.99467
19

B

r
.147852
.182724
.214914
. 240969
.262317
. 281565
. 299448
.312081
0.32%09
0.336889

[ T T o N o A v B o N = I =]

r/ic

69476
64714
61190

57453.
53868.
50838,
48290.

45511
13837
41331

.91
.83
.93
28
68
06
53
.85
.18
.27

LY

(ER -



30
40
SC
60
70
80
30
100
110
126

Io
0.03¢6
0.048
0.059
06.071
0.083
0.094
3.105
0.1145
0.125
0.138

It
0.226
0.285

0.34
0.389
0.428
0.465
0.501

¢.53

0.55
0.578

EBtL DNAL EBRD
2.1E-06 4.45E-06 4.93E-Q7
2.78BE-06 4.43E-06 6.1BE-07
3.46E-06 4.4E-06 7.33E-07
4.14E-06 4.38BE-06 8.Z9E-0Q07
4.8E~-06 4.36E-C6 9E-07
5.46E-06 4.34E-06 $9.67E-07
6,l1E-06 4.32E-06 1.C3E-06
6.76E-06 4.3E-06 1.C08E-06
7.4E-06 4.28BE-06 1.11E-06
8.04E-06 4.26E-06 1.l15E-06

Regression output:
Constant
Std Err of Y Est
R sSguared
No. of Observations
Degrees of Freedom
X coefficlent(s) -122702
Std Err of Coef., 5676.151

PORT
Z2.93%E-07
2.93E-07
2.92E-07
2.9E-07
2.89E-07
2.8BE-07
2.86E-07
2.85E-37
2.83E-07
Z.B2E-07

67765.98
906.6645
0.%83168
10
8

0.

r

0.111371
0.139605
0.
0
]
G

166334

.189154
.206211
.222823

238981l

0.251949

g.
G.

2589137
269346

rre

53071.09
50139.77
48026.14

45734.5

42943.3

4079B8.5
39082.19
37260.03
34977.98
33%510.18

£ELY

I%1



36
40
50
&0
70
BG
SC
106
1i0
120

0.
0.
0.
071
-082
.093

== R R = o N =)

Io

Q38
047
058

104
-116
-127

0.1374

It
0.197
0.253

0.3
. 355
L4G2
431
L4686
0.51

Do O O

0.541
0.565

EBt DNAL
Z2.1E-06 4.45E-0¢6
2.7BE-06& 4.43E-06
3.46E-06 i.4E-06
4.14E-06 4.3BE-Q6
4.8E-06 4,36E-06
5.46E-06 4.34E-06
6.11E-086 4.32E-06
6.76E-06 4.3E-06
7.4E-06 4.28E-06

B.O4E-06 4.26E-06

W @ D - Oh U 4

1

EBb
.16E-07
L32E-07
.25E-07
-34E-07
.27E-07
.74E-07
-36E-G7
.02E-0&
LO0TE-06
-11E-06

Regression Cutput:

Constant

Std Err of Y Est

R Squared

Ne. of Observations
Degrees of Freedeom
X Coefficient(s)

S5td Err of Coef.

-72763.9
4430,957

PCORL
15E-07
.13E-07
-11E-07
.09E-07
L07E~07
.Q5E-07
-03E-07

ds e e e ke e

L01E-07
JE-CT
3.98E-07

51865.19
746.3894
0.971189
10

B

Q
0
0

oo o O O

r
093545
-120281
141994
0.16745
. 189592
.201224
.216548
.236818
.250025
.25%462

r/ec

4457€.75
43199.55

40998.2
40486.78
39482.37
36842.86
35413.62
3s022.4%
33774.14
32280.47

¥V
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3¢
40
50
B0
70
80
90
100
110
126

0.152
0.22
0.249
.298
. 345
. 397
<447
0.493
0.538
0.583

Lo ]

[ T |

It
0.79
1.015
1.235
1.4%
1.6825
1.775
1.92
2.0%
2.19
2.31

EBt DNAT
2.1E-06 4.45E-06
2.78E-06 4.43E-06
3.46E-06 4.4E-06
4.14E-06 4.38E-06
4.BE-06 4.36E-06
5.46E-06 4.34E-06
6.11E-06 4.32E-06
6.76E-06 4.3E-06
7.4E-06 4.28E-06
B.04E-06 4.26E-06

EBD PORL
3.93E-07 5.54E-07
4.9E-07 5.51E-07
€.07E-07 5.48E-07
7.09E-07 5.46E-07
7.88E-07 5.43E-07
8.49E-07 5.4E-07
9.07E-07 5.,38E-07
9.59%E-07 3.33%E-07
1.02E-06 5.33E-07
1.06E-06 5,3E-07

Regression Output:

Constant 48532.67
Std Err of Y Est 955.70C84
R Sguared 0.942511
No. of Observations 10
Degrees cf Freedom 8
X Coefficlent(s)y -67244.6

5td Err of Coef. 5871.694

r
c.088318
0.110594
0.137837
0.161828
G.igos6g2
0.195455
0.209934
0.222968
0.237699
0.249668

r/c

42086.
39720.
39797,
39127.
37626
35787.
34332.
32974.
32109.
31061.

J2
42
98

95
58
01
15
14
98

SLVY
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10
40
50
60
70
B8O
90
100
110
120

o o D o o 0o o o O O

Io

.02%
.38
. 047
.057
.065
.076
.084
.093
.102
111

0
o

Lo R s B o B oo BRI o BN ]

It
.148
.191
0.23
.267
.308
.38
.371
.403
-433
0.46

EBt DRAL EBb
2.13E-06 4.45E-06 3.78E-07
2.82E-06 4.43E-06 4.B6E-07
3.51lE-06 4.4E-06 5.BLlE-07
4.19E-06 4.38E-06 6.67E-07
4.87E-06 4.36E-06 7.72E-%7
5.54E-06 4.34E-06 B.32E-07
&.2E-06 4.32E-06 9.11E-07
6.86E-06 4.3E-06 9.B4E-07
7.951E-06 4.2BE-06 l.05E-06
8.15E-06 4.26E-06 1.1lE-06

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees 0f Freedom
X Coefficient(s) -45048.2
Std Err of Coef. 1954.591

PORL
6.62E-07
6.59E-07
6.56E-C7
6.53E-07
6.5E-07
6.46E-07
6.43E-07
6.4E-07
6.37E-07
6.34E~07

43633.49
345.6772
0.9851613
10
8

OO0 o O o o o o o O

T

.084545
.108754
131917
.1521189
.176878
.191629
.210924
.228%17
.245588
260171

r/c
39916.47
38871.04
37559.79
36269.1
36321.13
3459%.7
34014.€7
33383.71
32714.07
31919.07

9LV
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30
40
50
60
70
80
90

100

110

120

O o o o oo o O O O o

Ic

-029
.038
.047
. 057
.065
.076
-084
.093
.102
111

It

0.1235

0.

164
0.2

0.2355

| o T e T v B oo N o T - |

.265
301
.333
. 355
. 385
.403

EBt

.13E-06
.B2E-06
.91E-06
. 19E-06
.87E-06
.D4E-086
6€.2E-06
6.86E-06
7.51E-06
8.15E-086

LV B U L T S

Constant

DNAL
4.45E-06
4.43E-06
4.4E-06
4.38E-06
4.36E-06
4.34E-06
4.32E-06
4.3E-06
4.2BE-06
4.26E-06

Regression

5td Err of Y Est

R Sguared

No, of Observations

Degrees of Freedom

X Coefficient(s)
std Err of Coef.

EBb
3E-07
4E-07

4.86E-07
5.67E-07
6.35E-07
7.
7
8
8
9

14E-0Q7

-31E-07
-32E-07
.99E-07
-43E-07
Output:

~31014.9
2948B.957

PORL
7.36E-07
7.32E-07
7.2%E-07
7.25E-07
7.22E~-07
7.1BE-07
7.15E-07
7.11E-07
7.0BE-07
7.05E-07

34540.98
459.2684
0.932554
10
8

o oo o O DD O O O o

r

.067457
.090385
.110292
.1293¢01
.145578
.164567
.182996
.193472
.209974
.221406

rfc
11698,
32011.
31402.
i0828.
29895.
29713.
29510.
2B8214.
279740,
27163,

37
44
45
74
58
18
99
62
03
22

LLY
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30
40
50
60
70
80
90
100
1i0
120

Io
0.028
0.0365
0.046
0.057
0.0645
0.073
0.0835
0.091
0.09%9
0.108

It EBt
0.104 13E-06
0.13¢6
0.171

2.
2.BZE-06
3.51E-06
0.2085 4.19E-06

0.2445 4.
0.28B2 5.54E-06
0.31 6.2E-06
0.332 6.B6E-0¢
0.3159 7.51E-06
0.385 8.15E-06

87E-06

Constant

DNAt
§.45E-06
4.43E-06

i.4E-06
4.3BE-06
4.36E-06
§4.34E-08
4.32E-06

§.3E-0¢6
4.2BE-06
4.26E-06

L= Y RV R

~d

@ o

EBL
.52E-07
.31E-07
.15E-07
.Q3E-07
.9BE-07
L94E-Q7
- 32E-Q7
LO1E-07
.64E~07
9.2E-07

Regression Qutput:

S5td Err of Y Est

R Squared
No. of Cbservations

Degrees of Freedom

X Coafficient{s)

5td Err of Coef.

26862.8
B296.35

PCRT
8.59E-07
8.54E-07
8.5E-07
-46E-Q7
.4ZE-G7
.3BE-07
.34E-07
8.3E-07
B.26E-07
8.22E-07

oo W o @

32418.8
530.4605
0.723834

6
3

r
.056751
.07466¢6
.094261
.114801
0.13706
0.15991
0.174133
0.186167
0.201801
0.216014

Lo T o N o T &=

ric
26667,
26444.
26B38.
27371.
2B8146.

51
05
13
61
19

28872.7

2BOB1.
27149,
26881.
26501.

66
39
23
76

8LV
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30
40
50
&0
70
80
30
lo0
1190
12¢

Io
0.037
0.049
0.063
0.075
0,086
0.098
0.111
0,123
0.134
0.148

.
0.
e.
0.
.509
.539
.563
0.

[os T o B e |

a.
0.

It

301
364
419
464

587
€09
€31

Constant

EBt DNAt
2.1E-06 4.43E-06
Z.78E-06 4.43E-06
3.46E-06 4.4E-06
4.14E-06 4.3BE-06
4.BE-06 4.36E-08
5.46E-06 4.34E-06
6.11E-06 4.32E-06
6.76E-06 4.3E-06
7.4E-06 4.28E-06
8.04E~06 4.Z6E-06

Regression Output:

Std Err of Y Est

R Squared

No. of Cbservations

Degrees of Freedom

X Coefficient{s)
Std Err of Coef.

-257531
11161.8

o bed e d

1

EBb

.78E-07
LITE-06
.32E-0f
-44E-0¢6
.BTE-06
.63E-0¢6
.67E-06
.72E-06
1.
1.

76E-06&
T9E-06

163121.2
2248.242

0.

985195
10
8

o oooa D o o O o o O

r

.219765
.263511
. 299269
.328606
. 359061
.376149
.387385%
.399572
.410993
.419835

r/e
104723.¢
34641.29

86408.7
79451.58
74774.37
€8872.37

£3351.7
59091.68
55518.213
52240.5

T3D
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30
40
50
60
70
80
90
100
110
120

Ic
.017
.023
.029
.035
0.0405

0.046
0.051
0.0565
0.0615
0.066

Lo T e B i T v |

It
0.14
g.1686
0.189
G.21
0.228
0.245
0.257
0.27
0.28
0.29

EBt
2.13E-08
2.82E-06
3.5]E-06
4.19E-06
4.87E-06
5.54E-06
6.2E-06
6.8B6E-06
7.51E-06
8.15E-06

Constant

DNAL EBb
4.44E-06 1.03E-06
4.42E~06 1.2E-06
4.4E-06 1.34E-06
4.37E-06 1.47E-06
4.3%E-06 1.57E-06
4.33E-06 1.67E~-06
4.31E-06 1.73E-06
4.29E-06 1.79E-06
4.27E~06 1.B3E-06
4.25E-06 1.EBBE-06
Regression Output:

std Err of ¥ Est

R Squared

No. of Observations

Degqrees of Freedom

X Coefficlent(s)
Std Err cof coef.

-252850
5613.651

PORL

.19E-07
.18E-07
.11E-07
.16E-07
. 15E-07
. 14E-07
.13E-07
. 12E-0Q7
.11E-0Q7
2.1E-07

LS S SR S T T S

165809.9
1187.386
£.996072
10
8

Lo T o S o TR o B o B wnc N o T e B o B e ]

r

.232385%
.271502
.305267
.33551%
.361225
.385233
.400701
.417276
.429082
.4419¢4

r/c
109199%.4
96156.91
86916.42
79995.47
74180.21
69555.89
64619.18
60B52.8
57156.79
54222.89%

ZJo
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30
40
50
60
70
80
90
100
110
120

O o o o o o O O o O

Ic
L0117
.023
.028
.034
.039
.044
. 049
.G55
.058
L0265

It
g.128
0.15%
0.177
. 1986
211
.226
0.24
0.254
0.262

0.27

Loe DR o B e}

EBt DNAL EBD PORL
2.13E-06 4.45E-06 9.66E-07 5.89E-Q7
2.82E-06 4.43E-06 1.1SE-06 5.B6E-Q7
3.351E-36 4.4E-06 1.3E-06 5.83E-07
4,19E-06 4.3BE-06 1.41E-06 5.BE-C07
4.87E-06 4.36E-06 1.5E-06 5.77E-07
5.54E~06 4.34E-06 1.5BE-06 5.75E-07
6.2E-06 4.32E-06 1.66E-06 5.72E-07
6.B6E-06 4.3E-06 1.73E-06 5.63E-07
7.51E-06 4.¢8E-06 1.77E-06 5.66E-07
B.15E-06 4.26E-06 1.78E-06 5.64E-07

Regression output:
Constant 153583.5
std Err of Y Est 811.7513
R Squared 0.997544
Noc. of Observations 8
Degrees of Freedom 6

X Coefficlient(s) -238472
std Err of Coef. 4831.166

I
6.217144
0.259498
G.294354
0.321597
0.343106
0.364808
0.384688
0.402719
0.41217
0.418812

r/c
102037.7
91905.45
B38$9.06
16677.01
70459.46
65868.09
62036.3%
58729.82
54983.86
51382.04

£0D
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30
40
50
60
70
80
94Q
100
110
126G

Io
. 148
.192
.242
.289
. 339
.387
.434
0.48
0.52
6.571

[o N - T o B o E o N o B o |

It
1.22
.57
.81
.03
.24
2.4
2.5
2.675

2.81
2.91

L N R e

EBtL DNATL EBb
2.19E-06 7.59E-06 1.02E-06
2.9E-36 7.55E-06 1.31E-06
3.61E-06 7.51E-96 1.49E-06
4.3]1E-06 7.4BE-06 ].65E-06

SE-0€6 7.44E-06 ]1.BlE-06
5.69E-06 7.4E-06 1.91E-C6
6.37E-06 7.37E-06 1.96E-06
7.05E-C6 7.33E-06 2.08E-06
7.72E-06 7.3E-06 2.17E-06
8B.38E-06 7.26E-06 2.22E-06

Regressicn Output:
Canstant
std Err of ¥ Est
R Squared
No. of Observations
Degrees of Freedom
X Coerfficlent(s) -173414
std Zrr of Coef. 6286.921

PCRL
9.44E-07
9.4E-C7
9.35E-07
$.31E-07
9.26E-07
9.22E-G7
9.17E-0Q7
9.13E-0Q7
9.09E-G7
$.04E-07

B9655.12

804.1558

0.9508813
9
7

r
C.134455
0.173363
D.198233
0.221178
0.242677
0.25B21¢6
0.266289
0.28427
0.297985
¢.305804

r/c
61473.8]
59739.91
54915.99
51309.4
48488.62
45362.34
41782.59
40335.56
3BE20.93
36503.6

?OD

0s1



Ve

3

1C
15
28
2%
3¢
3%
40
45
54

Io
G.047
G.094

Q.14
0.185
0.23
0.274
6.317
0.365
0.41
0.457

It
0.32
c.:z8
C.82
i.02
i.18
1.34
i.48

1.68

1.748

EBL DNAT EBL
7.1€E-C7 4.5E-06 1.42E-07
1.43E-GE 4.49E-06 2.53E-07
2.14E-06 4.48BE-06 3.5%4E-07
Z.B84E-CE 4.47E-06 4.35E-0Q7
3.5%4E-06 4.46E-06 4.94E-07
4.264E-06 4.45E-06 53.53%E-07
4.94E-06 4.44E-06 6.05E-Q7
S.63E-06 4.43E-06 6.37E-07
6.32E-06 4.42E-06 6.66E-07

7E-06 4.4E-06 6.8BE-(7

Regression Output:
Constant
Std Err of Y Est
R Sguared
o. of Observations
Degrees of Freedom
X Coefficient(s) -16%8214
Std Err of Coef. 5400.634

PORL
1.16E-06
1.15E-06
1.15E-06
1.15E-06
1.14E-0¢
1.14E-06
1.14E-06
1.14E-06
1.13E-06
l.13E-08

49924 .37
682.5237
6.991817
1
8

L}

[t i T s e i B N

-

031542
.056294
.Q078961
0.0972
-110861
. 124705
.136387
144013
. 150846
. 156294

rfc
44072.61
39425.37
16958.57
34206, 34
31288.23
29401.9
27630.44
25590.8
23885.34
22327.75

Sob

TST



[Py

10
15
20
25
3¢
35
40
45
50

0.047
0.094

0.14
0.185

0.213
0.274
0.317
0.365

0.41
0.457

It
0.27
0.5
0.71

1.44

1.64

EBL DNAL EBb PORL

7.16E-37 4.5E-06 1.l1€6E-07 1.42E-06
1.43E-06 4.49E-06 2.11E-07 1.41E-06
2.14E-06 4.48BE-06 2.97E-07 :.41E-C6€
2.8B4E-06 4.47E-06 3.41E-07 1.4E-(C6
3.54E-06 4.46E-06 4.11E-07 1.4E-0¢
4.24E-06 4.45E-06 4.71E-07 1.4E-06
4.94E-06 4.44E-06 S5.22E-Q07 1.39E-06
5.63E-06 4.43E-06 S5.59E-07 1.39E-06
6.32E-06 4.42E-06 S.BBE-C7 [.38E-06

TE-06 4.4E-0& 6.16E-07 1.3BE-{6

Regression Quiput:

Constant 39101.71
Std Err aof ¥ Est B50.7047
R Squared G.976829
No. of Observations 10
Degrees of Freedom 8
X Coefficlent(s) -135353

std Err of Coef. 7370.278

o o o O O o G O O O

r

.025766
.047027
.066188
.076247
.0982189
.105987
117624
126377
.133168
. 139755

r/c

36Q00G.7

32635,
30979.
26B32.
264018
24988.
23829,
22457
21086,
19965,

59
97
52

.63

Bé
18

.23

28

90D

FASN



30
40
50
60
70
80
90
100
110
120

Io
017
023
.028
.034
.039
.044
.049
0.055
0.05%
0.065

Qo o o o O o O

Lo e N o B o B v N o B o B = N o B =]

It

.08¢
-106
. 127
. 146
.16l
.175
.185
.195
.201
.209

EBt

. 13E-06
.82E-06
-21E-06
. 19E-06
.B7E-06

[V, R SO S

-S4E-06
6.2E-06
6.86E-06
7.51E-06
8.15E-06

Constant

DNAT
4.43E-06
4.43E-06

4.4E-06
4.3BE-06
4.36E-06
4.34E-0¢6
4.32E-06

4.3E-0¢6
4.2BE-06
4.26E-06

LY =T« + B N ¥ )

[ T T

EBE

.83E-07
. 22E-07
.61lE-07
. 75E-07
.06E-D6
. 14E-06
-18E-06
.22E-086
.24E-06
.25E-06

Regression Cutput:

S5td Err ¢f Y Est

R Squared

Ko. of Observations

Degrees of Freedom

X Coefficient{s)

std Err of Coef.

-113661

BA42.662

PORt
1.72E-06
1.71E-06

1.7E-06
1.69E-06
1.68E-06
1.68BE-06
1.67E-0¢
l1.66E-06
1.65E-06
1.64E~06

77031.45
1141.975
0.970625
3
5

T
.131069
.163169
. 195577
.222339
-24336¢
.262581
.273514

oD o o O O O

0.28313¢
0.288736
0.29419

ric
61590.
57789.
55685,
531011.
49576,
47410.

34
03
22
27
92
55

44172.9

41317.
384e]l.
ie092.

4¢
62
78

LOD

£51T



6C
74a
8o
90
160
11i4Q
129
130
140
15¢

Io
0.31
0.136
0.41

0.455
0.5
0.55
0.585
0.635
0.68
0.725

It
1.07
i.25
1.36

1.5
1.6
1.7
1.77
1.8¢6
1.94
2.01

EBt DNAT EBL
4.31E-C6 4.39E-06 7.61E-G7
SE-06 4.37E-06 B.91E-07
5.69E-06 4.35%E-06 9.5]E-07
€.37E-06 4.33E-06 ].05E-06
7.05E-06 4.31E-06 1.lE-06
7.72E-06& 4.29E-06 |.l5E-06
B.3BE-06 4.27E-06 1.19E-06
9.03E-06 4.25E-0& 1.23E-06
9.68E-G6 4.23E-06 1.26E-06
1.03E-05 4.21E-06 !.29E-(Q6
Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom
X Coefficient(s) -105224
td Err of Coef. £923.434

PORL
1.81E-06
.. BE-0B
1.79E-C6
1.78E-06
1.77E-06
1.76E-06
1.75E-06
1.73E-06
1.74E-06
1.73E-06

62445.64

690.9952

0.870587
9
7

r
173263
.203885
.21B681
.241706
-255645
.268538
.278022
.28B762
-£98407
0.30575

(o R e T o 2 o T B D = TR -

r/c

40193
40737
igq17

37925,
16273,
34804.
3zie7.
31967.
30820.
29610,

-89
LES
L01
35
93
34
32
985
5
93

¥S 1



5
10
15
20
25
30
35
40
45
50

Io
0.13
0.235
0.3
0.48
G.59%

0.96
1.03

It

%)

.25
.66
12
.45
1.7

b ko

3.93
4.15
4.5

Constant

EBt
7.08BE-G7
1.31E-0¢6
2.11E-0é
2.81E-06
3.51E-08

4.2E-06
4.88E~06
5.57E-06
6.23E-06
6.93E-06

DNAt
4.44E-06
4.43E-06
4.42E-06
4.41F-06

4.4E-06
4.38E-06
4.37E-06
4.36E-06
4.35E-0¢6
4.34E-06

Regressicon Output:

Std Err of ¥ Est

R Squared

No. of Cbservations

Degrees of Freedom

X Coefficlient{s)

Std Err of Coef.

-363678
24983.862

EBL
LO06E-07
L27E-07
.09E-07
LO3E-07
. 14E-07
LB83E-07
L22E-07
LSTE-07
LO1E-06

[l < T+ R - < B ~ R B A A ]

3

L07E-06

120701.9
4203.402
0.963619
10

8

[ S e S e e = =

o

.
4

-068874
119004
L1375%07
.159462
.185155
.201416
.210755
.21939%

0.231045

.247199%

r/ec

97389

B422%.
65230.
56709,
52808,
47950,
43147,
33399,
36974,

35687

.52
76
47
93
19
0e
€1
13
78
.15

T.LD

SST



¢
40
50
&0
70
80
50
Lco
1.0
126

0.
0.
0.
L3301
. 35%
.409
.458
.503
. 556
.595

oD O O o O

Io

154
205
255

It
.59
.74
.87
.99
1.1

i1.21

1.3

o o o O

EBt
2.11E-06
2.8E-06
3. 49E-0¢
4.17E-06
4.84E-06
S.5E-06
.16E-06
.BlE-06
.45E-06

w -4 o th

.Q%E-06

Constant

DRAt
4.45E-068
4.43E-08

4.4E-06
§4.38E-06
4.36E~06
4.34E-06
4.32E-06

q4.3E-086
4.28E~-06
4.26E-06

EBb
.15E-07
.B7E-07
LA45E-07
.9BE-07
.39E-07
5.8E-07

W od o e

6.09E-07
£.42E-07
6€.63E-07
6.98E-07

Regression Output:

Std Err of Y Est

R Squared
No. of Observations

Degrees of Freedom

X Coefficientis)

S5td Err cf Coef.

~149244
1614.847

PORt
1.67E-07
4.65E-07
4.63E-07
§4.6E-07
.5BE-Q7
.56E-Q07
L54E-07

" TR I T Y

.92E-07
4.5E-07
i.47E-07

44141.86
131.8822
0.99518l
9
7

LI o T o B o D o D o T o N o N v B ]

r

.070915
.08743436
161015
113721
.123561
.1334391
. 140998
149245
156211
.163915

r/e
331556
jllg’s
289612,
27303,
25551
24271
22837,
21917.
20951,
20250.

.55
.03

28
75

.64
.08

18
G5
g6
59

LD

98T



30
40
50
60
70
80
90
100
110
120

Io
0.159
0.227

0.28
C.339
0.39%5

0.45
0.503
0.555

0.6

.65

It
0.54
0.675
G.79
0.92
1.02
1.125
1.24
1.32
1.41
1.49

EBt DNAt
2.11E-06 3.45E-0¢
2.8E-06 4.43E-06
3.49E-C6 4.4E-06
4.17E-06 4.3BE-06
4.B84E-06 4.36E-06
5.5E-06 d4.34E-06
6.16E-06 4.32E-06
6.81E-06 4.3E-06
7.45%E-C6 4.2BE-06
B.09E-06 4J.26E-06

EBD

2.52E-07
2.96E-07
3.38E-07
3.84E-07
4.14E-Q7
4.
4
5
5
5

47E-07

.B8E-07
.06E-07
.A6E-07
.56E-07

Regression Output:

Constant

Std Err cf Y Est

R Squared

No. of Cbservations
Degrees of Freedom
X Coefficilent{s]

Std Err of Coef.

-132525

9643.3434

PORL
.97E-07
.94E-07

unooownon

-91E-07
5.B88E-07
S.86E-07
5.83E-07

5.8E-07
5.77E-07
S.74E-07
S.72E-07

32942.84
726.2042
0.959362
10

8

o o o o o o O o o

r
056683
.066979
L076622
L0B7715
.094B16
102896
.112887
117736
. 125256
0.13051

r/c

26821.92

23887.¢6
21%68.58
2105%9.76
19607.25
18708.31
18332.07
17289.96
16801.613
16123.67

ELD

LST



30
4G
50
6C
70

. —_
[ [ Ared
Lo ] o [ [

[ TR o RN o T o N oo N o N o |

Io

. 152
.202
. 252
.305
. 3586
. 405
. 455

0.5

.551
.595

It
0.58
0.73

¢.245
0.97
1.08
1.175
1.275
L.37
1.445
1.53

PORL
6.49E-07

4.3E-07 6.43E-07

6.4E-07
6.3BE-07
6.33E-07

6.3E-07
6.27E-07
6.24E-07
€.21E-C7

43322.94
432.3803
0.991758
1G
g

EBt DNAL EBRb
2.11E-06 4.45E-06 3.1E-37
2.8E-06 4.43E-06 3.83E-07 &.46E-07
31.49E-06 4.4E-06
4.17E-06 4.38E-06 4.BZE-07
4.84E-06 4.36E-06 S5.25E-07
5.5E-06 4.34E-06 5.59E-07
6.16E-06 4.32E-06 5.%5E-07
€.81E-06 4.3E-06 6.31E-07
7.45E-06 4.28BE-06 6.49E-07
8.09E-0€6 4.26E-06 6.78E-07

Regressicn Qutput:
Constant
std Err of ¥ Est
R Squared
No. of Observations
bDegrees of Freedom
X Coefficlent(s) -151210
std Err of Coef. 4873.704

r
0.068799
0.086531
0.0%9766
0.110052
G.120397
0.128666
0.137679
0.146773
0.1515%4
0.1%9241

r/c

33028
30860
28000

248397
23393
22358
21554
20327
196713

.36
L7

-44
26422.

7

.38
.75
.17
.12
.42
.18

¥LO

85T



30
40
54Q
60
70
BO
90
100
110
120

Io
0.159
0.227

0.28
0.339
0.395

0.45
0.503
0.555

C.6

0.65

0.6
0
O

1.

——

1
1.
1

It
125
.77
.91

05

.18

29

.39

.48

.59

67

EBt DNAT
2.11E-06 4.45E-06
2.BE-06 4.43E-06

3.49E-06 41.4E-06
4.17E-06 4.3BE-06
4.84E-06 4.36E-06
5.5E-06 ¢.34E-0¢6
6.16E-06 4.32E-06
6.81E-06 4.3E-06

7.45E-06 4.2BE-06
B.09E-06 4.26E-06

EBb

JE-07
3.59E-07
4,17E-07
4.71E-07
5.2E-07
5.56E-07
5.87E-07
6.12E-07
6.55E-07
6.75E-07

Regressicn Qutput:

Constant

5td Err of Y Est

R Squared

No. of Observations
Degrees of Freedom
X Ceefficient{s)

Stad Err of Coef.

-128720

5022.971

PCRtL
7.27E-07
7.23E-07

T.2E-07
7.16E-07
7.13E-07
L09E-07
.0BE-Q7
LO3E-07
.99E-07
.96E-07

P S ST R R |

J9883.17
461.6329
0.388147
10

8

T
.067469
.081182
.094651
2107341
-11%089
.128048
.135863
-142361
0.15309
0.158477

o o O O OO o O o

r/c
31925.83
28953.04
271137.66
25771.93
24626.71
23281.45
22063.16
20%06.17
20535.132
19578.74

SID

68T



kv
40
50
&0
710
80
30
100
110
120

(= e B o D = o o B o B - B ]

Io

. 154
. 205
. 255
.30l
. 355
.409
- 458
-503
- 556
.595

it
0.39
0.52%
0.64
0.738
0.838
0.931

EBt

Z.11E-06

2.BE-06
3.49E-06
4.17E-06
4.B84E-06%
5.5E-0¢
.16E-08
.81E-0é&
.45E-06
.G9E-06

a ~d o th

Constant

DNAL
4.45E-06
4.43E~-06
4.4E-06
.38E-06
.36E-06
. 34E-0¢&
.32E-06

P

4.3E-Cé6
4.28E-06
4.26E-06

1.
2.
2.
3.
3.

3.

3.

4.
1.
4.

EBb
71E-07
34E-07
7%E-07
16E-07
49E-07
78E-07
885E-07
39E-0Q7
51E-07
96E-07

Regression Output:

Std Err of ¥ Est

R Squared

No. of Observations

Degrees of Freedom

X Coefficient{s)

Std Err of Coef.

-91172.6

11076&.99

FORL
8.37E-07
B8.53E-07
8.48E-07
8.44E-07

8.4E-07
B,36E-Q7
8.32E-07
8.28-07
8.24E-07
8.2E-07

23723.94
534.3498
0.91864
8

€

L= s N = I s v D = - o = ]

r

.038385
.052958
.063237
.072128
.0B0log
.0BE594
-089087
.102132
.105493
-116354

r’c
18163.62
18887.1
18130.86
17317.47
16565.7
15817.11
14467.1
14998.48
14150.66
14374.77

9LO

097



30
40
50
60
10
80
50
100
110
120

Ic
L017
.023
.029
.035
0.0405

0.046
0.951
0.0565
C.0615
0.066

o O o o

It
. 158
. 185
.208
.425
0.24
.253
.265
274
.282
.289

L T - T we T ]

o O o O O

EBL
.13E-086
.BZE-06
.51E-06
.1%E-06
.87E-06
.54E-06
6.2E-0Q68
6.B6E~06
7.%1E-08
B.15E-06

L B L O N O

Constant

Std Err o
R Sguared
No. cf Ob
Deqrees o
X Coeffic
std Err o

DNAL

4.45E-06 7.
4.43E-06 8.
4.4E-06 9.
1.03E-06
1.08E-0Q6
1.12E-0¢6
.32E-06 1.
1
1
1

4.3BE-06
4.36E-06
4-.34E-06
4

4.3E-06
4.28E-0¢
4.26E-06

Regression
f Y Est
servations

f Freedom

ient(s)

EBb
64E-Q7
78E-~-Q7

TE-Q7

lEE~QE

.1BE-06
.19E-06
.21E-08

Qutput:

-404890

f Coef. 6931.823

PORL

<19E-07
.18E-Q7
-17E-Q7
.16E-07
.15E-07
- 14E-07
.13E-07
L12E-07
2.11E-07
2.1E-07

LSRN NI ST S

[ S S S

o8]

150860.2
774.4605
0.997661
10
8

r
.171713
.198259
.220138
.234806
.247743
.258298
.268317
0.27401
0.279112
0.283615%

o0 o O O O O

r/c
B0689.
70216.
62678.
59983.
50875.
46637,
43270
39959.
37175,
34795,

22
79
17

79
22

.25

81l
75
33

6LV

9T



30
40
50
60
70
80
90
130
110
120

Io

G.0185%
G.024
0.63
0.036
0.C43
0.0385%
0.0%4
.06
0D.066
0.071

O O O O o o oo O O o

It

17T
.207
.233
.253
.272
.284
.296
.311
.315
.326

EBt
.13E-06
.BZE-0€
.51E-06
.19E-06
-87E-06
.54E-086
6.2E-06
&.86E-06
7.51E-06
8.15E-06

L L DR <O - O I S N

Constant
std Err o
R Squared

DNAY
4.45E-06
4.43E-06
4.4E-06
.38E-C6
.36E-C6
.34E-0¢
.32E-08
4.3E-06
4.2BE-06
4.26E-06

4
4
4
4

Regression Output:

f Y Est

EBb
8.02E-07
9.26E-07
1.G3E-06
1.1E-086
1.16E-C6
1.24E-06
1.22E-06
1.27E-36
1.26E-06
1.29E-06

Ho. of Observations

Degrees of Freedom

¥ coefflc
std Err o

lent(s)

f coef.

-374768

21518.03

PORL
4.17E-C7
4.149E-0Q7
4.12E-07
4.1E-07
LO0BE-0Q7
.0BE-C7
L.O05E-07
.0Q3E-07
L.01E-07
.9GE-07

(PR - A

153137.4
2660.677
0.974304
1C
8

r

0.18033
0.20923

J.
g.
G.
G.
283469
.295418
.294459
.302984

o

[ R - B s ]

233235
250536
265674
286192

r/c

84738,

74102.

66407,

59734.

54558,
516713,
45713.
43081.
39224.
37171.

53
4
11
3
07
64
65
73

~
%)

62

0TLVY

29T



v
30
40
50
60
70
80
20

100
110
120

Ic

0.0185
0.024
G6.03
0.03%6
0.043
0.338%
0.054
G.06
0.066
0.071

0.
0.
g.
Q.
Q.

it
171
199
225
246
261

0.2775

0.
0.
0.
0.

288
298
306
311

EBt
.13E-06
.B2E-06
.51E-06
.19E-C6
.B7E~06
.54E-06
6.2E-06
6.B6E-0Cb
7.51E-06
8.15E-06

W B W ke R

Constant

std Err of Y Est
R Sguared

DNAT EBb PORL
4.45E-06 7.72E-07 5.48E-07
4.43E-06 B8.BEE-07 5.45E-07
4.4E-06 9.87E-07 5.43E-07
4.38E-06 1.06E-06 5.4E-07
4.36E-06 1.1E-06 5.37E-07
4.34E-06 1.21E-06 5.35E-07
4.32E-06 1.lBE-06 5.32E-317
4.3E-06 1.2E-06 5.3E-07
4.28E-06 1.21=2-06 5.27E-07
4.26E-06 1.21E-06 5.2%E-17
Regressicn Output:
147531.9
3540.223
0.951321

No. of Observations 1¢

Degrees c<f Freedom 8

X coefficient(s)

-377280

Std Err of Coef. 30173.38

OO o O O O o o O O

r

. 173504
.200084
.224043
.242454
.252912
.278615
.274058
.280117
-283816
.285161

r/c
B1l330.7¢6
70862.95
63790.08
57807.35
51937.37
50305.49
44202.49
40850.41
37B06.31
34985.05

TILVY

£91



30
40
50
60
70
BO
3¢
100G
116
120

(= B o s = T D = R & N

Ic
.041
.06l
.078
.091
.107
.119
. 137
. 153
166
0.18

It
0.415
0.495
0.564
g.61
0.65
-685
.719
744
.174
793

Lo B o B o N o ]

EBL DNAL
2.1E-06 4.45E-06
2.7BE-06 4.43E~06
3J.46E-06 4.4E-06
4.14E-06 4.38BE-06
4.BE-06 -36E-06
5.46E-06 4.34E-06
6.11E-06 4.32E-06
6.76E-06 4.3E-06
7.4E-06 4.2BE-06
8.04E-06 4.26E-06

4
4
4
4

Regression

Constant

std Err of Y Est

R Squared

No. of Cbservation
Degrees ot Freedom
X Coefficient(s)
5td Err of Ccecef.

EBb
7.17E-07
8.33E~-07
9.32E-07
9.96E-07
1.04E-06
1.0%E-06
1.12E-08
1.13E-0C6
1.17E-08
1.1BE-06

5

-370576
9603.481

Output:

PORL
L11E-07
.68E-07
.64E-07
.61lE-07
.58E-0Q7
.55E-07
.52E-07
.49E-0Q7
.45E-07
L32E-07

Lo TR o LUN » (S o SO « (TR o I = L = S = U o

137830.7
1092.746
0.994656
10
8

r

0.16128
.188076
211642
.227116
.238772
.250088
.25839%4
.263645

0.27252
0.276064

[+ R T o N o T o B o B o |

r/c
76854,

67548.

61108.
54%iz2.
49724,
45790.
42256.
38989.
36812.
34345.

g5
3
04
97
09
12
88
75
91
93

ZTLY

¥oT



ig
490
50
60
70
80
90
100
il0
120

Io
0.041
0.061
0.078
0.091
0.107
0.119
0.137
0.153
0.166

0.18

It
0.36
0.432
0.48%
0.3534
G.573
0.604
0.641
0.67
0.696
0.72

EBL DNAT EBDb

PORtL

2.1E-06 4.45E-06 6.,12E-07 7.83E-0Q7

2.78E-06 4.43E-06 7,12E-47

3.46E-06 4.4E-06 7,8B8E-07

4.14E-06 4.3BE-06 B8.5%E-07

4.8E-CE 4.36E-06 8.94E-07

5.46E-06 4.34E-06 9.3E-07

6.11E-06 4.32E-06 9.67E-07

6.76E-06 4.3E-06 S.92E-07

7_4E-06 4.28E-06 1.02E-06

8.04E-C6 4.26E-06 1.04E-06
Regression Cutput:

Ccenstant

Std Err of Y Est

R Squared

No. of Observaticns

Degrees of Freedom

-33613%

233%.11

X Coefficient(s)

s5td Err of Coef.

7

!

- = ]

.7%E-07
7.75E-07
L71E-07
.EBE-07
.64E-07

7.6E-07

7.
7.

57E-07
S53E-07

7.5E-07

111766.2
243.7505%

a.

999613
1G
8

Do o O O O O O O O O

r

.137562
160774
.1789B2
.193858
.204913
.214298
.223764
.230634
.237559
.243188

ric

65551.

57742.
.78
.76

51677
46871
42672,
39237.
36593.
34107.

32090.
30255.

99
9

97
63
58
78
pi
8

ETLIY

S9T1



30
40
50
&0
70
BO
%0
1066
110
120

Io
L0131
.041
.051
.062
.072
0.08
¢.09
0.099
0.1069
0.119

o o o 9 o

[ =R = N o ]

[~ v v I I = = I = |

It

L 331
. 399
.451
. 194
.526
.557
.576
.594
.615
.633

EBt
2.1E~06
2.78E-06
3.46E-06
4.14E-06
4.8E-0¢
5.46E-06
6.11E-06
6.76E-086
7.4E-06
8.04E-06

Constant

DNAL
4.45E-06
4.43E-06

4.4E-06
4.3BE-06
4.36E-06
4.34E-08
4.32E-06

4.3E-06
4.2BE-06
4.26E-06

EBL
9.03E-07
1.0BE~06

1.2E-06

1.3E-G¢6
1.37E-0¢
1.44E-06
1.46E-06
1.49E-06
1.52E-06
1.55E-06

Regression OQutput:

Std Err of Y Est

R Squared

No. of Observations

Degrees of Freedom

X Coefficient(s)

Sta Err of Coef.

-328636
14217.29

PORU

8.95E-07

§.3E-07
8.86E-07
§.82E-07
B.77E-07
B.73E-07
B.69E-07
B.65E-07
8.61E-07
8.57E-07

166798.1
2239.638
0.985248
10

8

I
. 203045
243494
273394
. 296706
0.31333
. 330793
. 338655
. 346577
. 355966
.363307

Lo TR o B o S = ]

Lo T o T o B v B = }

r/c
96756.21
87452.08

78937.7
71738.73
65250.72

60567.8
55382.57
51254.33
43084.99

45200.2

PILY

99T



30
40
50
60
70
80
90

100

110

120

0.Q017
c.0223
J0.029
0.03%
0.0405
C.046
c.051
0.0565
0.0615
C.066

It
.14
O.166
gd.189
0.21
G.2z8
0.245
0.257
.27
0.28
0.29

EBt
2.13E-06
2.8B2E-06
3.51E-06
4.193E-06
4.87E-06
5.54E-06
6 .2E-08B
£E.EOE-UG6&
T.51E-06
83.1%E-06

Constant

DNAT
4.44E-06
4.42E-06
4.4E-0¢6
4.37E-086
4.35E-06
4.33E-06
4.31E~-Q0%
3.29E-06
4.27E~-0686
4 .25E-06

Regression

std Err of ¥ Est

R sSguared

Ho .

Degrees of Freedom

X Coefficlent(s)
std Err of Coef.

EBDb
1.C3E-06
1.2E-06
1.34E-06
1.47E-06
1.57E-0C6
1.67E-06
1.73E-06
1.79E-06
1.82E-06
1.88E-06

of Observations

—-252850

5613.651

output:

PORT
2.19E-Q7
2.18E-07
2.17E-07
2.16E-07
Z2.15E-07
Z2.14E-07
2.13E-07F
Z2.12E-0G7
2.11E-07
Z.1E-07

165809 .9
1187 .386
0.996072
19
B

r
0.232385
Q0.271502
0.305267
0.335515
C.361225
-.385%232
4006701
-417276
Q.429082
0.4415%68

o o Q

1091
3615
8691
7999
7418
6955
5461
608¢
5715
5422



30
40
20
60
70
BQ
90
ico
110
120

(=T v o o I = =+ B = |

Ic

.029
.038
047
. 057
.065
076
.094
.093
102
111

It
.222
.262
.298
.329
L3585
0.38

0.4
0.422
0.443
0.458

Lo T i R s T ot T |

EBt DNAL EBD
2.13E-06 4.44E-06 9.49E-07
2.B2E-06 4.42E-06 1.lE-06
3.51E-06 4.4E-06 1.23E-06
4.19E-06 4.37E-06 1.34E-06
4.B7E-06 4.35E-C6 1.43E-06
5.54E-06 4.33E-06 1.45%E-0C6
£€.2E-06 4.31E-06 1.5E-06
6.B6E-06 4.2%5E-06 1.62E-C¢
7.51E-06 4.27E-06 1.6BE-06
B.1S5E-06 4.25E-06 1.71E-06

Regression Qutput:
Constant
Std Err of ¥ Est
R Sguared
Nc. of Observations
Degrees of Freedom
X coefficient(s}) -249633
std Err of Cocef. 21255.75

PORL
.29E-07
L27E-G7
.26E-07
.24E-07
.22E-07
L.21E-07
.19E-07
.18E-07
.16E-07
.15E-07

L Ll o e LD L L L

148583.2

2367.625

0.95B313
8
6

o

o o O o o O O

r
.213732
.249284
0.2807
.305€65
.32747%
.344947
.348886
-3764904
.392511
L401311

r/c
100434
88287
79921,
72879,
67250.
62282.
56263,
54965.
52285
49234.

.1

.91

63
413
19
09
19
14

.29

87

0TO9

89T



36
40
50
60
70
80
90
100
110
120

Ic
.036
047
-059
.069
0.08
.091
.103
-114
<121
-135

Low TR o B o B o ]

o O O o o

It
0.256
0.31
. 355
. 394
.428
.4¢e1l
.488
.512
0.53
0.553

Lo T R v S v N o B o ]

EBt DNAL

.13E-06 4.45E-06
.B82E-06 4.43E-C6
.51E-06 4.4E-06
.19E-06 4.3BE-(6
.87E-06 4.36E-06
.54E-06 4.34E-C6
6.2E-06 4.32E-06
6.86E-06 4.3E-06
7.51E-06 4.2BE-0Q6
8§.15E-06 4.26E-06

B o e MM

in

Regression

Constant
Std Err cf ¥ Est
R Squared

No. of Observations

Degrees of Freedom

X Ccefficlent(s)
std Err of Coef.

EBb

8.72E-07
1.04E-G6
1.17E-06
1.29E-06
1.
1
1
1
1
1

38E-06

.47E-06
.53E-06
-58E-06
.62E-0Q6
.66E-C6

output:

-227218

2495.317

PORt
5.34E-07
2.31E-07
5.29E-07
5.26E-07
5.24E-07
5.21E~07
5.19E-07
5.16E-07
5.14E-07
5.11E-07

i36808.3
483.0774
0.999036
10
8

Lon S B o B o T o }

o D o O

r

-196043
.235515
.266366
-293889
-.316215
.33783
.353216
.366889
.378825%
.388996

r/c

92122.

11

83411.6

75840.
70070.
64937.
60997.
56961
53504.
504€2.
47724.

26
78
a1
04

.47

71
17
a3

T159

691



30
10
50
€0
70
8@
g0
100
1i0
120

Lo B o B o B = N =]

Io

017
.023
.029
.035
.041

0.0475

oD o O

.054
.059
.066
.072

OO o O O o O O O D

It

.136
.164
.189
211
229
.246
.262
L2717
.291
.304

EBt DNAL EBb
2.13E-06 4.44E-06 8.9Z2E-07
2.82E-06 4.42E-06 1.06E-06
3.51E-06 4.4E-06 1.ZE-06
4.19E-06 4.37E-06 1.32E-06
4.87E-06 4.33E-06 1.41E-06
5.54E-06 4.33E-06 1.49E-06
6.2E-06 4.31E-06 !.RBE-06
6.86E-06 4.29E-06 1._63E-06
7.51E-06 4.27E-06 1.69%E-06
8.15E-06 4.25E-06 1.74E-06

Regression Output:
Constant
Std Err of ¥ Est
R Squared
Nc. cof observations
begrees of Freedom
X Coefficient(s) -211975
std Err of Coef. 4036.923

PORL
.58E-07
.94E-07
.51E-07
.48E-G7
.45E-07
.42E-07
.39E-07
.36E~07
.33E-07
6.3E-Q7

h & th th 4 h O th o

135772.5
B34.1239
0.997107
10
8

oo o O O O o0 O O O

r

.200874
.239183
272744
.301482
.323601
.343325
. 361485
.380677
. 394772
. 408983

r/c
94392.
847106,
77656 .
71881.
66453,
£1989.
58295,
55515.
52586 .
50176.

27
67
24
06

17

43

39
12

ZToD

OLT



30
40
50
60
70
80
30
100
110
120

It
.126
. 146
164
.182
.139
0.2125
0.226
0.237
0.25
0.263

o oo o o O

EBt
2.13E-06
2.8ZE-06
3.51E-06
§.19E-06
4.87E-08
S.54E-06

£.2E-06
6.86E-06
7.51E-08
8.15E-06

Constant

DHAt
4.44E-06
4.42E-06
4.4E-06
-37E-Q8
.35E-06
.33E-06
.31E-06
. 29E-06
.2TE-06
. 25E-06

L I - O O . - -

B.
9.
1.

EBD
17E-07
22E-07
QlE-06

1.1E-06
.18E-06
.Z4E-06
.29E-06
1.
1.
1.

33E-0Cé
3BE-06
43E-06

Regression Qutput:

5td Err of Y Est

R Squared

No. of Observations

Degrees of Freedom

X Coefficient{s)

Std Err of Coef.

-236018

8210.41¢

PORL
7.67E~07
7.63E-07
7.6E-07
.56E-07
.52E-0C7
.49E-07
.45E-07
7.42E-07
7.3BE-07
7.3%E-07

e

119456
785.2363
0.992791

8
&

LT = R B o T = = )

0.
0.
0.

r

.183994
.20B649
.230128
.251B06
271962
-2B5383
-298921

3lo828
3228138
336706

r/c
BE4ED.
73896.
65522.
60037,
55849.
51527,
4B205.
45329.
43003.

41308,

15
54
15
03
38
52
56
11
98
79

£ETOD

TLT



30
40
50
&0
79
80
90
100
110
120

Io
.017
.023
.029
.035
0.0405
0.046
0.051
0.0565
0.0615

0.066

o O o O

It
114
129
.153
.168
. 187
.198
0.21
0.221
0.231

0.24

o o O O O O

EBt DRAL EBb
2.13E-06 4.44E-06 8.13E-07
2.82E-06 4.42E-06 8.8B9E-Q7
3.51E~06 4.4E-06 1.04E-06
4.19E-06 4.37E-06 1.12E-06
4.87E-06 ¢.35E-06 1.23E-06
5.54E-06 4.33E-06 1.27E-06
6.2E-06 4.31E-06 1.33E-06
€ .86E-06 4.29E-06 1.3BE-06
7.51E-06 4.27E-06 1.42E-0¢
8.1%E-06 4.25E-06 1.46E-06

Regression Ouatput:
Constant
std Err of Y Est
R Squared
Nc. of Observations
Degrees of Freedom
X Coefficient(s) -213999
std Err of coef. 10169.81

o 00 oo oo

PORL

.17E-07
. 73E-07
.68E~Q7
.64E-07
.6E-07
B.56E-0Q7
8.
8
B

52E-07

.48E-07
-44E-07

B.4E--07

116118

1362.549

0.

9844137
9
7

o O o O O O 0 0 o o

r

-183263
.201253
.236582
.2454991
282237
-494%248
-309279
.321508
-332858
-343314

r/c
B6116.
71277.
67360.
60796.
5795%
53128.
49875.
46886 .
44339.
42119.

56
135
23
5%

.47

i1
97
59
02
56

PIOD

ZLT



30
40
50
60
70
80
90
100
ilo
120

L= TR o B o= B e |

LD o B o B = B = ]

Io

.131
172
.218
264

0.3

. 345
.387
. 425
.465
.307

It
0.835
0.97
1.1
1.21
1.2%
1.375
1.45
1.53
1.58
1.64

EBt
.13E-06
.B2E-06
.51E-06
.19E-06
.87E-06
.34E-Q6
&.2E-06

LS B - T I ¥ N

€.B6E-06
7.51E-06
8.15E-06

Constant

DHAt
4.45E-086
4.43E-06

4.4E-0¢6
4.3BE-0¢&
4.36E~-0¢%
4.34E-0Q6
4.32E-06

4.3E-0686
4.28E-0¢
4.26E-0¢

£
7

B

B8
9
9.
9
9

EBb
6.1E-07
.92E-07
-65E-07
§.2E-07
.SBE-07
.93E-07
.21E-07
SEE-07
LE7E-07
.B2E-07

Regression Output:

Std Err of Y Est

R Squared

No. of Observaticns

Degrees of Freedom

X Coefficient(s)

S5td Err cf Coef.

7

-375912
887.804

PORt
2.6E-07
.58E-07
.57E-07
.56E-07
.55E-07
.53E-07
L52E-07

LS R S T I U S

.51E-07
2.5E-07
Z2-49E-07

114927.7
740.0403
0.99649
1¢

8

r
137193
.156277
.173574
.187077
.196729
.205666
.213276
.222763
0.22585
0.230582

o o o o o o o o

r/c
64467,
55348.
49420.
44604,
401399.
37134,
34394
3z48e6.
30084
28289.

B6
14
38
03
65
17

L03

33

.78

17

LLD

ELT



34
40
50
60
70
80O
90
100
11¢
120

o O O O

[o- B o o B o B = )

Io

.038
. 047
L0587
.069
0.08
L0092
.102
.113
.124
.134

it
. 185
.234
L2861
.292
314
. 333
. 355
0.37
G.388

C.4

Lo o S o Y o B o B o B o |

EBt DNAt EBb
2.11E-06 4.45E-06 5.13E-07
2.8E-06 4.43E-06 6E-Q7
3.49E-06 4.4E-06 6.55E-07
4.17E-06 4.3BE-06 7.16E-07
4.84E-06 4.36E-06 7.51E-07
5.9E-06 4.34E-06 7.73E-07
6.16E-06 4.32E-06 8.12E-07
6.8BlE-06 4.3E-06 B8.25E-07
7.45E-06 4.2BE-06 8.47E-Q7
B.0O9E-06 4.26E-06 B.534E-07

Regression Cutput:
Constant
std Err of Y Est
R Sgquared
No. of Observations
Degrees cf Freedom
X Coefficient(s) -346662
s5td Err of Coef. 7799.55%7

PORt
.59E-07
.57E-07
.54E-CV
.51E-07
.49E-07
.46E-07
.43E-07
.41E-07
.3BE-07
.36E-07

v b o oo un i oun N

94899.62
€63.2401
0.995967
i6
8

r
0.115421
0.135563
0.1486]2
0.163246
0.172113
0.178135
0.187904
0.191788
0.19795
G.200395

r/c
54616.55%
48347 .66

42609
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