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Chapter 1 Introduction 

Fig. 1.3 The schematic 

diagram of ON A 

double helix. 9 

The base pairing in DNA is highly specific: the purine adenine pairs with the pyrimidine 

thymine (Fig. 1.4) and the purine guanine pairs with the pyrimidine cytosine. A 

stereochemical consequence of the way A:T and G:C base pairs form is that the sugars of 

the respective nuc1eotides have opposite orientations, and thus the sugar-phosphate 

backbones of the two chains run in opposite or "antiparallel" directions. The bases in a base 

pair are not directly across the helix axis from one another along some diameter but rather 

slightly displaced This displacement and the relative orientation of the glycosidic phosphate 

backbone, leads to differently sized grooves in the cylindrical column created by the double 

helix. The base pair portions that are exposed to the major and minor grooves afford 

specific binding affinity to different molecules. 

6 
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Chapter 1 Introduction 

Fig. 1.4 The Watson-Crick base pairs9
. 

There are several possible modes of interaction of metal ions and their complexes with DNA. 

In general these are intrastrand chelation, intercalation of planar complexes, groove binding 

and electrostatic interaction, each of which will be discussed in some detail below. 

1.2.2 Intrastrand chelation (covalent binding)- cisplatin 

When cis-[PtCh(NH3)2] enters into the bloodstream, it encounters a relatively high 

concentration of chloride ions that suppresses hydrolysis and maintains the compound in a 

neutral state. Uncharged cis-[PtChCNH3)2] complex then passes through cell membranes of 

different cells or tumour cells via passive transportl3 . It is rapidly hydrolysed due to the 

markedly lower chloride concentration in intracellular regions. Within cells, about 40% of the 

platinum are present as cis-Pt(NH3)2CI(H20t. This hydrolysis product of cisplatin is 

kinetically labile since H2O is a much better leaving group with respect to Pt(II) than ct; it is 

thus assumed that cis-Pt(NH3)2CI(H20tis a particularly active form of the cytostatic agent. 

The positive charge of this substituted complex supports such an assumption because it 

would be more likely to approach and coordinate to the negatively charged DNA. After loss 

of Ct, the cis-Pt(NH3)zCI(H20r has been shown to form coordinative bonds to nitrogen 

atoms of nucleobases; in in vitro these include bonds to N7 of guanine, Nl and N7 of 

adenine and N3 of cytosine. N 1 of adenine and N3 of cytosine are engaged in hydrogen 
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Chapter 1 Introduction 

Daunomycin and adriamycin are two anticancer drugs that clllTentiy used in the clinical 

treatment of htrrnan cancers. These molecules contain four fused rings and an amino sugar as 

seen in Fig. 1.6. 18 

Fig. 1.6 Structure of Daunomycin and its intercalation into DNA. 

It has been shown that the fused aromatic rings favourably intercalate between DNA base 

pairs. Wang, Rich and co-workers l9 determined the first crystal structure of daunomycin 

and the oligonucleotide d(CGTACG). Daunomycin binds to the DNA helix with its long axis 

almost perpendicular to the long axes of adjacent base-pairs at the intercalation site. The 

hydroxyl group 09 of a daunomycin provides a specific anchor on DNA by fonning 

hydrogen bonding with the base pairs above and below the intercalation site. 

11 
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Ele.ctrospray 
Plume 

Electrospray 
Capillary 

Desolvating 
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Skimmer 
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/ / '" 
'\ '\ "' Ion 

Optics 

Fig. 3.4 A schematic representation of an electrospray source. 

3.1.3 Nature of Self-Association: An Electrostatic Model 

Mass Analyzer 

r 
L 

Hunter and Sanders I I have proposed a model to explain the geometrical requirements for 

interactions between two 1t systems. They suggest that the geometry of the interaction is 

contributed by electrostatic interactions, while van der Waals interactions and 

solvophobic effects make the major contribution to the magnitude of the observed 

interaction. 

The energy of interaction between two molecules can be represented as: 

E toIa.I = E electrostatic + E induction + E dispersion + E repulsion 

The major contributions to the interaction energy com from the electrostatic and van der 

Waal's components. The energy of interaction between two molecules in solution 

includes association of the two molecules and displacement of solvent. The apparent 

energy of interaction between two molecules in solution includes association of the two 

molecules and displacement of solvent. In nonpolar organic solvents, the electrostatic 

interactions with the solvent will be negligible and so the dominant electrostatic 
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interaction will come from the association energy. Both the association and desolvation 

energies are likely to be associated with significant van der Waals interactions. 

For crystals, the van der Waals interaction between molecules is roughly proportional to 

the area of1t-overlap. In solution, however, solvent lowers the contribution of the van der 

Waals interactions to the total 1t-stacking energy. While van der Waals interactions can 

make some contribution to the magnitude of the 1t-1t interaction, they cannot be the force 

which controls the experimentally observed geometry of interaction. We rarely see 

structures exist with maximum 1t-overlap, a cofacial arrangement with no offset. 

Therefore there must be a large electrostatic barrier to 1t-overlap which dominates the 

geometry of interaction. By estimating the electrostatic energy for the interacting systems 

and the van der Waals energies, the geometry and a quantitative value of the 1t-1t 

interaction can be predicted. 

A simple model of a 1t-system is illustrated in Fig.3.5. It consists of a positively charged 

a-framework sandwiched between tre two negatively charged 1t-electron clouds. It is not 

difficult to see that the repulsion would be dominant for the two closet approaching 1t­

clouds. 

<=-------~~~~--------::> 

Fig. 3.5 The interaction between two face -to- face 1t -system. 
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Hunter and Sanders use a set of point cha rges to represent the electrostatic charge 

distribution of the molecules and calculate the elctrostatic interaction as the sum of the 

charge-charge interactions between two 1t-systems.11 In their studies on porpbyrin­

porphyrin interactions, it was found that the optimum geometry for this system is when 

the pyrrole ring of one porphyrin directly above the 1t-cavity of one porphyrin with the1t­

electrons of the pyrrole ring immediately above (Fig. 3.6). This arrangement rnillimizes 

1t-1t repulsion and at the same time maximizes attraction between the a-framework. When 

a metal is included into the system, the large positive charge in the central cavity of the 

porphyrin 1t-system leads to a favourable interaction with the 1t-electrons of the pyrrole of 

the other porphyrin. 

Fig. 3.6 The optinum geometry for the porphyrin-porphyrin interaction predicted. 

For a nonpolarised 1t-system, 1t-1t repulsion dominates in a face-to-face 1t-stacked 

geometry, therefore two types of preferred geometry observed are generally an edge-on 

relationship and a n offset 1t-stacked geometry since they have favourable 1t-a attraction. 
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3.2 EXPERIMENTAL 

3.2.1 J H NMR Concentration Dependence Study 

IH NMR concentration dependence experiments of [Pt(bipy)H2L]Cl, [Pt(diMebipy)­

H2L]Cl, [pt(diMebipy)H2L]Br, [Pt(di-tert-butylbipy)J-hL]Cl, [Pt(phen)H2L]Cl were 

carried out in 50% mixture of acetonitrile-d) and ~O. For the solvent dependence study, 

the composition of solvent was varied from 20% to 60% of acetonitrile-d3~O . 

A relatively concentrated solution (approximately 10-2 M) of each complex was prepared 

by weighing out an accurate mass of the complex and dissolving it in a measured volume 

of acetonitrile-d3,D20 mixture (typically 0,7 ml). 5<\11 aliquots of the more concentrated 

solution were transferred using a micropippette into the initial NMR tube. The I H NMR 

spectrum was recorded at 3ifC after each addition of the concentrated solution. 

3.2.2 ESI-Mass Spectroscopy 

The complexes, [Pt(bipy)H2L]CI, [Pt(bipy)H2L]Br, [Pt(diMebipy)H2L]CI, [Pt(diMebipy) ­

H2L]Br, [Pt(diMebipy)-H2L]CI04 and [Pt(di-tert-butylbipy)lliL]CI (3mg each) were 

dissolved in 50% (v/v) mixture of acetonitrile and water. IOIlI of each solution was 

injected using acetonitrile/water, at 20 IlVrninute, as carrier solvent. The carrier solvent 

was delivered by a LKBlPharmacia 2249 gradient pump and the sample was injected 

through a Rheodyne injection valve. The Pt(II) solution was electrospray ionized in the 

positive mode using a Micromass (Manchester, UK) Quattro -triple quadropole mass 

spectrometer. 
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3.2.3 Transmission Electron Microscopy 

This study was undertaken by the Electron Microscope Unit at the University of Cape 

Town. Carbon coated copper grids were floated on 20 JlI droplets of[Pt(diimine)H2L]CI 

samples for 10 minutes. Thereafter excess sample was removed by blotting with filter 

paper. The grids were then floated on a negative stain ( 2% uranyl acetate) for two 

minutes prior to viewing with a JEM 200CX transmission electron microscope (JEOL, 

Tokyo, Japan). 

3.3 RESULTS AND DISCUSSION 

3.3.1 IH NMR Spectroscopy 

The proton NMR spectra of [Pt(bipy)H2L]CI complex in DzO and 50% (v/v) mixture of 

DzO and acetonitrile-dJ are shown in Fig. 3.7. The resonances in the spectrum of the 

complex in pure ~O are extremely broad whilst these in the 50% (v/v) of acetonitrile 

and water are quite sharp. This suggests that the complex aggregates in water to a larger 

extent than in the mixture of acetonitrile and water. A normal proton NMR spectrum 

gives sharp peaks because small molecules tumble rapidly in solution, so that magnetic 

energy exchange with the "lattice" is inefficient which Leads to relatively long TI and T2 

times. When the molecular weight increases, the rate of tumbling decreases, so that TI 

and T2 became shorter. Since v 1/2 oc IhtT2, the smaller T2, the larger v 112 and therefore the 

peaks are broad. Large "aggregates" or "polymers" in solution show relatively slow 

molecules tumbling resulting in short 12 times, hence their vln is very large and broad 

resonance is observed. 
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A. 

-.-J~--,-. rl • " ,--.1, .. , J),...-r' ___._. ,_,A~ . 
• -.-~- • • - ' 0 - .. - • • •• , .·-~-r -.. - .. 

• !} I 
--,--. ~-~r-. --.~-.... --.--,-.,-

• T , , 

B. 

-.--~ , 

Fig 3.7 The IH NMR spectra of [Pt(diMebipy)H2L]CI in A ~O and B. 50% (v/v) 
CDJCN~O. 

The IH NMR spectrum of [Pt(bipy)H2L]CI as a freshly made sample in 50% (v/v) 

mixture of C~CN and ~O also showed some small 'spurious' peaks which were 

originally thought to be an impurity in the sample. The peaks in the spectrum were also 

rather broad. However, after approximately 6.5 hours, the I H NMR spectrum of same 

sample was again recorded showing that not only that all peaks were sharper, but that the 

'spurious' peaks had also disappeared (Fig. 3.8) 
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B. 

~ 

~4'., .... ~ .• ;I p'_.' • ...,...--., •• 1. M"".Ju~llJill 
Spurious peaks 

Fig. 3.8 The I H NMR spectra for the aromatic region of [Pt(bipy)~L ]Cl complex in 
50% CD:3CNID20 taken when A. sample was dissolved freshly. B. sample was 

left to stand for a futher 6.5 hours. (arrows showing spurious peaks) 

This observation suggested that the distribution of complexes was not completely 

homogeneous when it was dissolved freshly in the 50% (v/v) acetonitrile and water 

mixture. Evidently, the redistribution/disaggregation of [Pt( diimine )H2L ]01 complexes 

takes a surprisingly long time to reach an equilibrium state in which a truly homogeneous 

solution is obtained. A time-arrayed experiment was thus carried ott, showing that the 

spectrum of freshly made samples of [Pt(bipy)H2L]Cl contained the additional broad 

peaks. After approximately 40 minutes, all peaks became much sharper and the additional 

peaks had completely disappeared (Fig. 3.9). It appears that the [Pt(bipy)~L]Cl complex 

takes about 40 minutes to reach an equilibrium state in 50% (v/v) acetonitrile and water 
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mixture. All other experiments were thus performed after the solution had been allowed 

to reach equilibrium. 

T=40min. 

T = 10 min . 

.-------.--~-."'Ti-__ri ~-'-'i _F~'....,...._~_~~~~,........._ 

1 .1 • . ~ Ll t.a ' . 1 • • 1 '.1 1. 1 • . C I.i ,,. ' 

Fig. 3.9 A Section of IH NMR spectra for [Pt(bipy)H2L]CI complex at 10 minutes time 

intervals after making up the solution. 

A comparitive study was carried out in 50% (v/v) mixture of DMSO-d.5 and water. The 

I H NMR spectra showed no broadening or additional peaks from the freshly made sample. 

This observation suggested that [Pt(bipy)HzL]CI was wen solvated in this solvent mixture 

and an equilibrium state is reached soon after the addition of solvent. 
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3.3.2 Concentration Dependence Study by 18 NMR 

Concertration dependence studies were carried out to determine degree of intennolecular 

self-association of the [Pt(diimine)H2L]A (A = Ct, Br-, CI04-) complexes by monitoring 

the chemical shifts of the various protons. An upfield shift of proton chemical shifts with 

increasing concentration was observed in all the complexes studied. This shift trend is 

well-known for the aromatic systems and it can be attributed to anisotropic shielding 

effects of one complex molecule upon its neighbour. Due to the mobile 1t electrons, a 

large diamagnetic current is induced in the plane of the ring by an external, perpendicular 

to the external magnetic field Eo. This ring current gives rise to a small!er, secondary 

magnetic field which can be approximated by the field of a dipole opposed to Eo and 

centred in the middle of the ring. As the concentration of the complex increases and self­

association takes place, the average distance between the aromatic rings decreases. 

Moreover, the upfield shifts indicate face-to- face offset centre-to-edge association. As a 

result, the protons of one aromatic ring are increasingly exposed to the secondary 

magnetic field produced by the ring current of an adjacent molecule. 

The IH NMR chemical shift changes for [Pt(bipy)H2L]CI are given in Table 3.l (over the 

specified concentration range). The results indicated that the diimine protons of the 

mixed-ligand platinum(II) complexes exhibited the most significant up field resonance 

shifts with increasing concentration of the complex in 50% (v/v) of acetoritrile-d3 and 

~O. The total magnitude of the concentration induced shifts experienced by these 

protons ranged from 0.113 ppm for 1-4 .. to 0.389 for ~. 
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Cone. IH NMR Chemical Shifts (ppm) 
mol dni3 I 

H3 IIJ' "" "", Hs 

4J7xl(r~ u 8.06 7.99 8.16 8.09 I 7.72 

2.5Ox1o-2 b 7.75 7.68 7.93 7.88 7.50 

Llo OJI 0.31 0.23 0.21 0.22 

fu 116, I H2"IH6" HJ"IHs" lli" 

4J7x1o-~ u 

I 
8.68 8.28 7.80 7J9 7.59 

2.5Ox1o-2 b 8.29 7.91 7.49 7.24 7.47 

Llo 0.39 0.37 OJ2 0.l4 0.l1 

a: Cmin . = the lowest concentration at which I H chemical shift data is measured. 

b: Cmax. = the highest concentration at which I H chemical shift data is measured. 

M chemical shift difference 8(Cmin) - 8(Cma) 

Hs' 

7.41 

7.19 

0.22 

Table 3.1 lH NMR Chemical shift data of [Pt(bipy)HzL]Cl over the concentration range 

of 4.37xlO"3 to 2.50xlO-2 mol drri3. 

It was observed in aU [Pt(diimine)H2L]Cl complexes that the magnitude of the chemical 

shift difference for the diimine protons varies roughly with the distance of the protons 

from the platinum atom. Thus the protons ij, H3', I-\; and Iii, of the bipyridyl ring 

experienced most shifts with the change in concentration while protons ~, Hr, lIs, ~, 

experienced the least. Furthennore, the proton chemical shifts of the diinine ligands 

undergo greater changes than the phenyl ring on the N, N-(dihydroxyethy1)-N'­

benzoylthiourea moiety of the complexes. Hence only the diimine protons of the 

complexes are used for the investigation of concentration effects on the proton resonanc e 

shifts. 
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,t~ ~=j, 
6 N N 6' 

"'-Pt/ 
/"'-

~
" °\J~~OH 

J" ~ N N 

I ~ 
." 06" . ' OH 

S· 

R= H, CH3, tert-butyl ; A= Cl, Br, Cl03 

Fig. 3.10 Diagram showing the [Pt(diimine)HzLt A synthesised and their numbering 
used in characterisation 

The concentration dependence can be represented by plotting chemical shift for the 

diimine protons vs. concentration, as illustrated in Figure 3.11 - 3.15 for [Pt(bipy)HzL]CI 

[Pt(diMebipy)HzL]CI, [Pt(diMebipy)HzL]Br, [Pt(di-tert-butylbipy)HzL]Cl and [Pt(phen)­

HzL ]Cl. Table 3.2 summarizes the upfield chemical shift trends for all diirnine protons 

with increased concentration. 

Chemical Shift ( ppm ) 

8.8 -r--------------------, 
8.6 

8.4 

8.2 

8 

7.8 

7.6 

7.4 

7.2 

~ 
J: 

• 

; 
JI: 

• 
7+---~--~--~-~--~--~ 

O.OOE+OO 5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 3.00E-02 

Concentration (mol dm"' ) 

-+- H3 

H3' 

H4 

~H4' 

---4- H5 

-+- H5' 

-f-- t-fj 

- H6' 

Fig. 3.11 Graphical representation of chemical shift (ppm) vs. concentration (mol drri3) 

for [Pt(bipy)lkLtcr in 50% (v/v) mixture ofJ¥)/CD:JCN at 30°C, illustrating 

the upfield chemical shift of the diimine proton resonances. 
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Chemical Shift ( ppm ) 

8.3 

8 

7.7 

7.4 

7.1 

6.8 

6.5 

-H3 

H3 

--- H5 

• ~H5 

: ---- H6 

O.OOE+OO 1.50E-02 3.00E-02 4.50E-02 6.00E-02 

Concentration ( mol dni' ) 

Fig. 3.12 Graphical representation of chemical shift (ppm) vs. concentration (mol dni3
) 

for [Pt(diMebipy)H2Lfcr in 50% (v/v) mixture ofQO/CD:JCN at 30°C. 

Chemical Shift ( ppm ) 

8.2 ..,-------------------, 

7.9 

7.6 

7.3 

7 

6. 7 L--.------r--==::::=~~~-J 

---+-- H3 

-El-H3' 

---6-H5 

~H5' 

-*-H6 

- H6' 

O.OOE+OO 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02 

Concentration ( mol dnf' ) 

Fig.3.13 Graphical representation of chemical shift (ppm) vs. concentration (mol dni3
) 

for [Pt(diMebipy)H2LfB( in 50% (v/v) mixture of QO/CD:JCN at 30°C. 
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Chemical Shift ( ppm ) 
8.7 ~-----------------, 

8.5 

8.3 

8.1 

7.9 

7.7 

7.5 

-----.-..~----~-----­. .. 

7.3 +---,----.------,~----.---.----__i 

O.OOE+OO S.OOE-D3 1.00E-D2 1.S0E-D2 2.00E-D2 2.S0E-D2 3.00E-D2 

Concentration ( mol dnij 
) 

--+--1-0 

___e__H3' 

~HS 

- H6' 

Fig.3.14 Graphical representation of chemical shift (ppm) VS, concentration (mol dni3
) 

for [Pt(di-tert-butylbipy)H2LtCT in 50% (v/v) mixture of ThO/CThCN at 

3ifC. 

Chemical Shift ( ppm) 

8.6 .,-------------------, 

8.4 

8.2 
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7.8 

7.6 

7.4 

7.2 

7 +---~---,----~--~--~ 
O.OOE+O 5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 

o 

Concentration ( mol dni' ) 

• H2 

H3 

.. H4 

)( H7 

x H9 

• H5 

-t- H6 

- H8 

Fig.3.15 Graphical representation of chemical shift (ppm) \'s. concentratim (mol dm-3
) 

for [Pt(phen)H2LfCr in 50% (v/v) mixture of~O/CD3CN at 30°C. 
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80 0.584 0.310 0.337 0.400 00408 0.362 0.331 

'4 M 

Mi 0.313 0.313 0.233 0.208 0.219 0.389 0.368 

~ 0.247 0.299 0.368 0.454 

80 0.168 0.141 O. 59 0.138 0.252 

"5.04xI M 

a: lowest cOllcentratiOI! at which 
b. 

Table 3.2 lU NMR chemical data Ihe overall chemical shifts with increased concentration in 50% 
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optimum KD is defined as that value which give tie best straight line a'i described in 

equation 8 i = 00 - Xi ( 80 - 8~ ). 

8 .8 

8 .6 

• H3 

8.4 
H3' 

8.2 )II; H4 

+ H4' 
8 '-, 

l!I H5 

~ 
7. 8 • HS' 

)( H6 
7 .6 

- H6 ' 
7 .4 

7.2 

7 

0 . 2 0.3 004 0 .5 0.6 0 .7 

xi 

Fig 3.16 Graph showing the best fit straight line for the protons chemical shifts of 

[Pt(bipy)HiL]Cl complex after the estimation of the optimum KD value. 

The calculated dimerisation constants for [Pt(bipy)H2L]Cl, [Pt(diMebipy)H2L]Cl, 

[Pt(diMebipy)H2L]Br, [Pt(d~tert-butylbipy)H2L]Cl and [Pt(phen)H2L]Cl in 50% of QO 

and Ci>JCN are given in Table 3.3 - Table 3.7. Optimwu values for 80 (the intrinsic 

chemical shift of the monomer) and (80 - 800) are also given together with their lower and 

upper limits (with 95% confidence limits). 

Previous methods employing manual extrapolation of 80 values have assumed no error in 

measuring this quantity and used it as a reference point in detennining «)0 - cSt) and other 

parameters. However, Honnan and Dreux notice.d that there is an average error of 0.06 

Hz (maximum error of 0.3 Hz) on the dimerisation of caffeine. These minor errors can 

induce large errors in J<D, since the J<D value is indirectly proportional to ~. The J<D 

value was also found to be highly dependent on the concentration range and the number 

of data points acquired in the experiment. A larger number of data points and a wider 8i 
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Although the inductive effect appears to override the steric factor, the effect is still 

apparent. When comparing the dimerisation constants of [Pt(diMebipy)H2L]CI and 

[Pt(di-tert-butylbipy)~L]CI, it seems that the bulky tertiary butyl groups at 4,4' position 

greatly hinder the formation of dimers. The counter ions have little effect on the self 

association since the l(D value for bromide complex is not different from the chloride 

complex. 

Pt 

Fig.3.17 Schematic diagram showing the 1t-back donation of electron density from 

platinum to the aromatic ring of the diimine ligand. 

The 1 H NMR concentration dependence study and confmns tre existence of dimer 

species in 50% mixture of acetonitrile and water. Using the general rules set by the 

studies of Hunter and Sanders 11, the most favourable geometry is that when the 1t­

electron cloud is being stabilised by the positive metal charge. From this, we can propose 

possible conformations for the [Pt(diimine)~LtA" dimers (Fig. 3.l8, 3.l9). The 

structures for [Pt(bipy)H2L]CI, [Pt(diMebipy)~L]CI and [Pt(di-tert-butylbipy)~L]CI 

are proposed in which the bipyridyl rings of the two monomers overlap in an offset 

manner with one of the pyridine ring overlaps the electron deficient Pt metal centre. Since 

a single set of 1 H NMR resonances is observed, it suggests that only an average magnetic 

environment contributes to the observed resonance shift and the complexes must be 

fluctuating between the possible conformations. [Pt(phen)lliL ]CI on the other hand has 

three possible structures, however, two of which would be less favourable due to the 

steric hindrance of the extra ring stacking on the N,N-dihydroxyethyl-N' -benzoylthiourea 

ligand. 
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Chapter 3 Self-Association 

Fig. 3.20 The 3 dimensional representation of the [Pt(bipy)H2L]Cl self-association. 
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Fig. 3.22 The tubular structure of [Pt(bipy)H2 L ]CI as seen in a TEM Image 

(x 73000) 

Fig. 3.23 The tubular structure of [Pte diMebipy)H2 L ]CI as seen in a TEM Image. 

(x 73000) 
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The [Pt(di-tert-butylbipy)H2L]CI solutions were pre-heated to 5Cf, 80° and 100° to 

examine the effect of heating on the supra-molecular structure. In the photo of the 

unheated sample, many long rods were observed while in the 50° preheated sample, the 

rods became shorter with some smaller "doughnut shaped" ring structures close by (Fig. 

3.24). For the samples that were heated to 800 and 1000, there were no signs of "rod-like" 

structure, only many circular rings of various sizes were observed (Fig. 3.25). 

Fig. 3.24 The rod-like and some doughnut rings of unheated [Pt(di-tert-butylbipy)H2L]CI 
complex. (x37000) 

Fig. 3.25 Various sizes of doughnut shaped rings after [Pt(di-tert-butylbipy)H2L]CI 
complexes being heated for 80° -100°C. (x 73000) 
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These observations lead to speculation of possible modes of aggregation. The 

[Pt(diimine)~L]CI complexes consist of a hydrophilic and a hydrophobic end, with the 

diimine bgand most likely being the hydrophobic and the 2-hydroxyethyl group of the 

benzoylthiourea ligand being hydrophilic. The complex can be represented as follows: 

HO)-­

HO 

__ Pt--(OH 
OH 

= diimine ligand 

= N,N-dihydroxyethyl-N' -benzoylthiourea ligand 

= 1t-1t interaction 

By comparison, lipids are molecules which also consist of hydrophilic "heads" and long 

hydrophobic alkyl chain. 19 They have been found to selfaggregate to various different 

structures. Their "tails" always aggregate due to the hydrophobic effect, and the bilayer 

can fonn either low curvature structures such as planar sheets, twisted ribbons and scrolls 

or highly curved micelle structures such as sphere, disks and rods. 

We can suggest that these [Pt( diimine )H2L]CI complexes aggregate in similar fashion to 

these of the lipid bilyers and therefore the aggregates that fonned may be sheets that 

rolled up to be rods or disk-like structure. (Fig. 3.26) These structures are clearly evident 

from the transmission electron micrographs. 
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I'I--D Z+ 

----- /,:, pI-I ~ 
O--If 

0· 

Fig. 3.26 Schematic diagram showing the possible manner in which 

[Pt( diimine )l-kL]Cl can self associate to form ribborr like or "doughnut" like 

structure. 
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Fig.4.1 The thennal denaturation of DNA. 

The DNA molecule is a helix before the increase in temperature, as all bases are H 

bonded to their complementary base fonning a base pair and all base pairs being stacked. 

As the temperature increases, the base pairs in various segments of he molecule are 

broken and the number of broken base pairs is directly proportional to the increase in 

temperature. The unstacking of consecutive base pairs is a cooperative process, 

characteristically descri'bed by a sigmoidal curve.17 At the upper temperature plateau, 

there remain only a few base pairs holding the two strands together and eventually at a 

critical temperature, the strands are fmally separated completely. The hyperchromic 

absorbance change of DNA, as monitored at a particular wavelength (usually at 260nm), 

occurs over a narrow temperature range. The temperature at which 50% of the double 

strand DNA has dissociated into its two single strands or in other words 50% of the 

absorbance change has occurred is referred to as the melting temperature (Tm) of DNA. 

AT and GC base pairs are held together by two and three hydrogen bonds respectively 

and, therefore, higher temperature is required to disrupt GC pairs. For this reason, the 

melting temperature Tm is generally dependent linearly on the base composition of DNA. 
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4.1.2 Circular Dichroisn/8 

Light is constituted by electromagnetic wave consisting of a combination of an osciHating 

electric field (E) and a magnetic field (H). Both of them can be represented by mutually 

perpendicular vectors. The plane of E vector is called the plane of polarisation. When two 

plane-polarised wave differing in phase by one quarter wavelength, with their E vectors 

perpendicular to one another, are superimposed, the resultant E vector rotates and its tip 

follows a lElical path. The light associated with this is called circularly polarised light. 

(Fig. 4.2) 

A 

"-.-

B 

1 wavelength 

........ --, 
"-~ 

Fig. 4.2 A. Propagation of an electromagnetic wave. 

B. Generation of circularly polarized light. 

112 

----- .. 
Direction of 

propagation 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 4 Binding Studies on Biological System 

If the E vector rotates clockwise, it is referred to as being right circularly polarised and 

opposite for left circularly polarised light. When a right and left circularly polarised wave, 

both of equal amplitude, are superimposed, the E vectors will sum up to give a plane 

polarised wave. However, when they differ in amplitude, the tip of the resultant E vector 

wiU follow an elliptical path and this light is elliptically polarised. The parameter, e, 
called ellipticity, is often used to describe the elliptical polarisation. (Fig. 4.3) 

Fig. 4.3 Diagrams showing how right and left circularly polarised light combine. A. when 

two waves have equal amplitude and B. when their amplitudes differ, resulting 

in elliptically polarized light. 

When polarised light passes through a solution, its properties change. If a substance 

retards both left (L) and right (R) polarised light equally, the L and R waves will 

recombine in such a way that the light passing through fonn plane-polarised light. 

However, for an optically active compound, L and R waves travel through the substance 

at different speeds, resulting in a rotated plane of polarisation. (Fig. 4.4) Circular 

Dichroism is a measure of intensity of each or these waves that pass through an optically 

active rredia. It is defmed as .::lE, the difference of the extinction coefficients for L and R 

light. (EL and ER). Ellipticity e is nonnally plotted vs. wavelength. It is related to .::lE as e = 

3300.::lE. 
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Incident light 

Ii and fR 
retarded 

equally 

(~., 

~ R \)/) ~ remroed 

"----- more than fR 

Incident light 

Emerging light 

Emerging light 

Fig. 4.4 Diagram showing the change in polarised light after passing through optically 

inactive and active substrates. 

The rotational strength as shown in a CD curve is a measure of the degree of asymmetry 

of the solute. An agent that changes this parameter usually does so by exhibit an 

increased or decreased asymmetry. Although CD analysis rarely gives absolute 

infonnation about structure, it is extraordinarily sensitive to changes in conformational 

change. For example, it is used to determine the relative content of various secorrlary 

structures of protein: a-helical fonn, ~-sheet, and random coil. It can also be used to 

study confonnational changes of nucleic acids. Purines and pyrimidines as such are 

symmetrical chromophores. They become optically active when attached to sugar l:¥ 
means of an N- glycosidic bond. The optical activity increases even more when they 

become part of a helical structure. Circular Dichroism is therefore extremely sensitive in 
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detecting a) the loss of helicity of single-stranded polymers or double stranded DNA due 

to the influence of various agents; b) the transition from single to double stranded 

polynucleotides and vice versa; c) structural changes in helical structures introduced by 

binding of cations, pep tides and proteins etc. (Fig. 4.5) 

1. 
2. 
3. 

200 

a helix 
P sheets 

Random coil 

220 
A. 

240 

4 x lOQ 

2 x 104 

0 

-2 x lif 

-4 x lif 

Denatured 

Poly A 

Adenylic acid 

240 260 280 300 
A (run) 

Fig. 4.5 CD spectra for poly- L-Iysine in different conformations due to pH and the 

thermal denaturation of polyadenylic acid 18. 

4.1.3 DNA Binding and Topology 

Covalently closed circular plasmid DNA can be described as the double stranded DNA 

coiled on itself or being supercoiled. 19 Since left-handed twisting of right-handed, double 

stranded DNA along the helical axis tends to untwists DNA, the system compensates by 

the formation of supercoils. When one strand in supercoiled DNA is nicked by an 
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enzyme, the structure relaxes. In case that it is treated with either a covalently binding 

drug or an intercalator, the supercoils untwist step by step until it becomes a relaxed 

DNA (Fig. 4.6). If both strands of supercoiled DNA are being nicked close to each other, 

the DNA becomes linearised and loses all supercoiling. Due to the differences in 

topology and size for supercoiled, reJaxed circular and linear DNA, their mobility in 

agarose gel are very different. Quantification of drug- mediated unwinding of supercoiled 

DNA using gel electrophoresis is a useful tool for studying the effects of intercalating and 

a covalently binding molecules on DNA topology. 

nlued 

4.1.4 DNA Damage and Repair 

Fig. 4.6 

Negatively supercoiled DNA 
becomes relaxed after 

treatment of drugs 

When bacteria are exposed to radiation by UV light or ionising irradiation or they are 

exposed to various chemicals which act on their DNA, they lose the ability to form 

colonies. This loss of viability can be expressed graphically by plotting the fraction of the 

initial population that survives various doses of exposure to the radiation or the chemicals 

against some measure of exposure. Such a dose-response graph is called a survival curve. 

Some bacteria (eg. E.colz) have ability to repair DNA damage and so increase their 

chance of survival. 
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One of the major pathway for dealing with DNA damaging agents causing distortions in 

the DNA helix is caned nucleotide excision repair. In this process, the DNA in cells 

exposed to UV radiation or chemical agents was repaired in the manner which the 

damaged bases such as pyrimidine dimers and photoproducts are enzymatically excised 

from DNA as intact nucleotides. The enzyme -catalyzed incision of damaged DNA during 

nucleotide excision repair in E.coli requires three proteins: UvrA, UvrB and UvrC. Under 

physiological condition, UvrA protein associates with UvrB protein to fonn a (UvrAh 

(UvrB)l complex. This complex is responsible for the damage specific recognition 

process. It has been stggested that the role of UvrA protein in nucleotide excision repair 

is to function as a "molecular matchmaker" which delivers UvrB protein to sites of 

distortive damage in DNA by the fonnation of a transient (UvrA)2(UvrB)1-DNA 

complex. The UvrA protein then rapidly dissociates, with the aid of A TP hydrolysis, 

establishing a stable UvrBl-DNA complex. The UvrC protein binds near UvrB, activating 

the nuclease activity of UvrB. UvrB nicks the DNA about 4 nucleotides downstream 

from the damage and thus activates the nuclease activity of UvrC, possibly as a result of a 

DNA confonnational change. UvrC then nicks the DNA about 7 nucleotides upstream of 

the damage. DNA helicase II uses energy from A TP hydrolysis to unwind the 

oligonucleotide from between the two nicks, leaving a gap of about a dozen nucleotides. 

At the same time, the uvrC protein is displaced. The gap is filled in by DNA polymerase 

I or II, using the non-damaged strand as template. UvrB is now also displaced. The 

resulting nick is sealed by DNA ligase. (Fig. 4.7) Experiments have shown that bacteria 

that did not contain either uvrA, uvrB or uvrC genes, especially the uvrA and uvrB 

mutants, are defective in repairing radiation damage and many types of chemical damage. 
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Fig. 4.7 Excision repair mechanism by UvrABC. 
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Fig. 4.8 The first derivative el.A!601dT vs. T curves ofpolydA-polydT on addition of 

various Pt(II) complexes. 

Thermal melting experiments were also carried out with calf thymus DNA. Spectra were 

recorded simultaneously from 190nm to 820nm at selected temperature (Fig. 4.9a). 

Theoretical spectra (Fig. 4.9b) were calculated by manual addition of the separate 

component spectra both of calf thymus DNA and of the Pt(II) complex solutions. For 

[Pt(bipy)H2L JCl binding to calf thymus DNA, there was a distinctive change in the 

measured UV spectral profile after 90°C. At temperatures lower than 70°C, the spectral 

profiles are more "DNA like". As the temperature increases, more [Pt(bipy)aL]Cl 

characteristics were observed (the small fingerprint absorbance at wavelength 32Onm). 
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Fig.4.9a Spectra of caJfthymus DNA with 1251l.g ml- 1 [Pt(bipy).1-hL]Cl solution taken 

after various temperntures. 
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Fig.4.9b Simulated Spectra of ca1fthymus DNA with 1251l-g ml- I [Pt(bipy)J-hL]CI 

solution taken after various temperatures. 
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Fig.4.10 CD Spectra of [Pt(bipy)H2L]CI binding to polydA-dT DNA 
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Fig.4.11 CD Spectra of Ethidium bromide binding to polydAdT DNA 
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Fig. 4.15 Electrophoretogram of plasmid DNA before and after exposing it to various 

concentration of A. [Pt(bipy)H2LJCI and B. [Pt(di-tert-butylbipy)H2L]CI. lane 

1, A (Pst!) DNA digested with Pst! restriction endonuclease; lane 2-7, plasmid 

DNA after treated with A. [Pt(bipy):f-tL]Cl and B. [Pt(di-tert-butylbipy)~L]Cl, 

at the Pt / base pair ratio of 0,0.05,0.10,0.15,0.20,0.25; lane 8, plasmid 

DNA after Eco Rl digestion. 
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Fig 4.16 The surviving fraction of wtlu\!rA' E. coli cells after treatment with A. 

[Pt(bipy)HzLJCl, B. [Pt(phen)H2LJCl, C. [Pt(diMebipy)J-kLJCl and D. [Pt(di­

tert-butylbipy)H2L]Cl complex . • ~ E. coli AB1l57 (wild type) 

• ~ E. coli AB 1886 (IlvrA ') 
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Fig 5.1 The three dimensional representation of [Pt(bipy)H2L]CI complex 

intercalating into DNA double helix. 
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Fig. 5.2 The three dimensional representation showing the tertiary butyl groups on 

the bipyridyl rings poses steric hindrance for DNA intercalation. 
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