J. Chem. <ci., Vol. 116, No. 4, July 2004, pp. 221-226. © Indian Academy of Sciences.

I nteraction of zinc and cobalt with dipeptides and their DNA binding

studies

P RABINDRA REDDY*, M RADHIKA and K SRINIVAS RAO
Department of Chemistry, Osmania University, Hyderabad 500 007, India

e-mail: rabi_pr@rediffmail.com

MS received 21 April 2003; revised 18 May 2004

Abstract.

Interactions of zinc and cobalt with peptides cysteinylglycine and histidylglycine have been

studied. The binding modes were identified and geometry assigned. Stabilities of these complexes and
their ability to bind DNA have been investigated. It is demonstrated that only zinc complexes bind DNA

as compared to cobalt complexes.
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1. Introduction

Recent interest in zinc finger chemistry*™ has been
oriented towards synthesis, characterization and solu-
tion studies of complexes mimicking the zinc corein
zinc fingers and establishing the DNA binding.***®
As part of our efforts to create a ssmple small mole-
cule model and its ability to recognize DNA, the in-
teraction of metal ions with dipeptides was initiated.

Here the interactions of Zn(Il) and Co(ll) with
cysteinylglycine and histidylglycine have been stud-
ied as models for the zinc core. Stabilities of the
complexes, binding modes and their ability to bind
DNA have been investigated.

2. Experimental

The ligands cysteinylglycine (CysGly) and histidyl-
glycine (HisGly) were obtained from Sigma Chemi-
cal Company (USA). Zinc nitrate and cobalt nitrate
were of analar grade from E Merck. Calf thymus
DNA (CT DNA) was obtained from Fluka (Switzer-
land). They were used as supplied.

Concentrated CT DNA stock solutions were pre-
pared in tris buffer (5 mM Tris-HCI/50 mM NaCl in
water at pH = 7>6) and its concentration was deter-
mined by UV absorbance at 260 nm on a Shimadzu
UV-160 A UV-Vis spectrophotometer using micro-
cuvettes with a path length of 1 cm.

*For correspondence

Zinc; cobalt; cysteinylglycine; histidylglycine; DNA.

The molar absorption coefficient was taken as
6600 M~ cm™.* Solutions of calf thymus DNA in
5mM TrisHCI/50 mM NaCl (pH=7%) gave a
ratio of UV absorption at 260 and 280 nm Aogo/Azso
of » 1819, which indicates that the DNA was
sufficiently free of protein.® Stock solutions were
stored at 4°C and were used within a week. Double-
distilled water was used to prepare all solutions.

2.1 Potentiometric pH titrations

The experimental method consisted of potentiometric
titration of ligands at 35°C in the absence and pres-
ence of metal ions under the experimental condi-
tions. For every titration fresh solid ligand was
weighed out into the reaction cell to avoid possible
hydrolysis. Stock solutions of analytically pure zinc
nitrate and cobalt nitrate were prepared and standar-
dized volumetrically by titrating against the disodium
salt of EDTA in the presence of a suitable indicator
as outlined by Schwarzenbach.?* Carbonate-free so-
dium hydroxide was prepared by the method of Sch-
warzenbach and Biederman® and was standardized
by titration against potassium hydrogen phthalate.
The ionic strength was maintained constant using
04M KNO; as supporting electrolyte and relatively
low concentration of ligand and metal ion (1~ 107)
were used. During the course of titration a steam of
oxygen-free nitrogen was passed through the reaction
cell to eliminate the adverse effect of atmospheric
CO.. A Digison model DI 707 digital pH meter fitted
with combined micro glass electrode was used to
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determine hydrogen ion concentration. The pH re-
gions below 3%6 and above 106 were calibrated by
measurements in HCl and NaOH solutions respecti-
vely. Each experiment was repeated at least twice for
accuracy. Further details can be found elsewhere.?®
The proton dissociation constants of ligands, Cys-
Gly and HisGly were determined from experimental
data by the computer program PKAS* and the for-
mation constants were determined by using computer
program BEST.” The data are given in table 1.

2.2 'H-NMR spectra

The *H NMR spectra of the ligands in the absence
and presence of zinc ion were recorded at room
temperature (25°C) on a Varian Gemini 200 MHz
pulsed FTNMR spectrometer in D,O. TMS was
used as an internal standard. The values are given in
table 2.

2.3 C NMR spectra
The **C NMR spectra were recorded in D,O at room
temperature (25°C) on a Varian 200 MHz spectro-

Table 1. Stability constants* of [M(I1)(CysGly)(His-
Gly)] systems at 35°C (m= 0xL mol dm™ KNO5).

Composition of

Complex the complex Log byia

[Co(I1)(CysGly)(HisGly)] 1:1:1logbyya 1523

[Zn(11)(CysGly)(HisGly)] 1:1:1logbwia 1702

pKa values at 35°C

Ligand COOH SH NH3
CysGly 321 640 949
HisGly 2585 5538 748

*The values are accurate to = 0°02 units

meter in FT mode with 1,4-dioxane as an internal
standard with a chemical shift of d 66’6. The data
are givenintable 2.

2.4 DNA recognition measurements

For DNA binding studies an increasing known
amount of [Co(ll)(CysGly)(HisGly)] and [Zn(Il)
(CysGly)(HisGly)] complexes were added to CT
DNA until the ratio of these complexes with DNA
reached ~1: 1. The experiments were carried out at
room temperature (25°C) and at pH 76 in 5mM
NaCl.50 mM Tris HCI. After each addition, the mix-
ture was shaken and kept for ~5 min and then the
absorbance was recorded.

2.5 Electrospray ionization MS measurements

Typicaly a 10 m portion of [Zn(l1)(CysGly)(His-
Gly)] solution, loaded into the injection valve of the
Micromass Electrospray mass spectrometer Quat-
troL C unit, was injected into the mobile-phase solu-
tion (50% agueous methanol) and then carried
through the electrospray interface into the mass ana-
lyser at arate of 60 m min™. The potential employed
at the electrospray was 40 kV, and the capilliary
was heated to 100°C. The positive-ion mass spe-
ctrum was then obtained. Determination of the
charge of the species was made by using the iso-
topic pattern.

3. Resultsand discussion

Since the zinc core in zinc fingers is present in ter-
nary mode, the interactions of metal ions in the
presence of two dipeptides have been investigated.
The proton dissociation constants of CysGly and

Table2. 'H and *C-NMR chemical shiftsin [Zn(I1)(CysGly)(HisGly)] system (at pH ~ 6).

System CH(a) CHx(b) CH(d) CH(e) CHyx@a® CH(a;) CHi(b;) CHyaf
'H-NMR
[(CysGly)(HisGly)] 3%65 200 600 7565 3%0 382 2570 3%5
[Zn(11)(CysGly)(HisGly)] 440 345 745 865 380 340 382 305
BC-NMR
COO™ CO-NH CH(a) CHyb) C(g CH(d) CH(e) CH(a;) CHy(b;) CHi(a
[(CysGly)(HisGly)] 178% 172 5488 2609 1322 12001 13749 5481 2985 4024
[Zn(11)(CysGly)(HisGly)] 178% 172 5005  24%2 124%6 1177 13321 53R1 2495 4024
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HisGly were determined which correspond to the
dissociation of protons from COOH, SH, NH3 and
COOH, NH*, NH3 respectively.

The experimental titration curve of [M(I1)(Cys-
Gly)(HisGly)] systemsinal:1:1 ratio at 35°C (not
shown) showed an inflection at m=2 and m=6,
where m is the moles of base added per mole of
metal ion. In the buffer region between m=0 and
m= 2 the titration curves of both the free ligands
overlapped with that of mixed ligand complexes, in-
dicating no interaction in this region. Since this re-
gion happens to be the region of carboxylate proton
dissociation, it was assumed that the carboxylate
groups are not involved in metal coordination. Cou-
pled with this the trends of titration curves in the
buffer region between m=2 and m= 6 suggested a
bidentate coordination of HisGly and CysGly with
metal ions involving two protons from each of these
ligands. Accordingly the thiosulphur, amino nitrogen,
imidazole and amino nitrogen of CysGly and His
Gly respectively, are proposed in metal coordination.

The following equations were used (omitting
charges except for H*) in the buffer region between
m=2 and 6.

M + H,A + HsL = MLA + 4H", 1)
M+L+A = MLA,

M _ [MLA]
bMLA = [M]LTIAT" 2

where M = Zn(Il), and Co(ll), and H,L, and H,A are
CysGly and HisGly respectively.

The formation constants were subjected to refine-
ment considering all possible speciesin solution, us-
ing computer program BEST. The error limits in
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these constants were minimized (sigma fit = 0001
to 00001). BEST was also used to generate the
complete species distribution curves as a function of
pH. The data show the formation of mixed ligand
complexes to the extent of 95% at biological pH,
suggesting their exclusive formation. The constants
arelisted in table 1.

To further confirm these coordination modes the
'H NMR and **C NMR spectra of free ligands and
the ternary complex were recorded (figures 1 and 2).
The data are compiled in table 2. The free ligand
spectral values agree well with the literature.?® Since
the SH, NH and NH; hydrogen exchange with D,O
the changes in the chemical shifts were monitored
for the neighbouring CH(a,), CH(b)) of the cysteine
residue and CH(a) CH(e) and CH(d) of histidine
residue and CHy(a ¢ of the glycine residue. In the
3C NMR spectra of HisGly and CysGly the reso-
nances due to C(a), C(b), C(g), C(d), C(e) of his-
tidine residue, C(a 9§ of glycine residue and C(a)),
C(b)) of cysteine residue were monitored. The data
confirm the non-involvement of carboxylate groups,
and involvement of thiosulphur, amino nitrogen and
imidazole nitrogen, amino nitrogen of CysGly and
HisGly respectively in metal coordination. Thus a
tetra-coordination around zinc was assumed (struc-
ture 1). Based on chemistry of the metal ions, a tet-
rahedral geometry was proposed.”’

Since Zn(l1) is a spectroscopically silent ion with
electronic configuration of d' Co(Il) was used as a
spectroscopic probe for Zn(11). The UV-Vis spectral
data exhibited an intense absorption bands at 275
and 380 nm, which is indicative of the L ® Co(ll)
LMCT bands (here L = S). The d—d transition bands
observed at 620 and 580 nm is indicative of typical
tetrahedral geometry.?®
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'H NMR spectra of [(CysGly)(HisGly)] (a) in the absence and (b) in the presence of zinc.
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Figure2. *C NMR spectra of [(CysGly)(HisGly)] (a) in the absence and (b) in the presence of zinc.
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Figure 3. UV hypochromicity profile of interaction of
DNA with (a) [Zn(I1)(CysGly)(HisGly)], (b) [Co(I1)(Cys-
Gly)(HisGly)], (c) free [Co(I1)], (d) [(CysGly)(HisGly)],
(e) free [Zn(11)].

After establishing binding modes and geometry,
which are known to play a critical role in DNA
binding in vivo, DNA binding studies with these
small molecule models have been investigated.
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Structure 1. Geometry of the [Zn(I1)(CysGly)(HisGly)]
complex.

The changes in the hypochromicity profile are
presented in figure 3. The initial increase in absorp-
tion is due to electrostatic interaction between DNA
and metal complexes. The decrease in absorbance,
which is an index of the interaction between the
DNA and metal complex® was observed only in the
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Figure4. ESI mass spectrum of [Zn(I1)(CysGly)(HisGly)] in agueous solution.

case of zinc complex with the saturation point at
02863. This was reached when the ligand concentra-
tion matched with that of DNA that is, at a ligand/
DNA-phosphate ratio of 1:1. Virtually no effect
was observed on the addition of free ligands and
free zinc ion to DNA solution. Since the extent of
hypochromicity®** is a fairly accurate reflection of
the extent of ordered secondary structure in DNA,
the results obtained from the UV-Vis studies are
significant and demonstrate that the zinc complexes
bind to DNA leading to saturation of ~1:1 com-
plexes through an interaction involving the amino
group of zinc complex with the guanine base of

DNA. It is presumed that the primary binding is bet-
ween the phosphate oxygens and imdizole nitrogen
through hydrogen bonding (N-H). The next step
seems to involve the amine group of the zinc com-
plex and the G (N-7) of the DNA. The assumption is
based on X-ray crystallography data of zinc fingers.*

In the case of free cobalt ion there was slight de-
crease in the absorbance. This phenomenon, which
was not observed in the case of free zinc ion, may
be due to the preference of cobalt towards the phos-
phate backbone of DNA. However, in the case of
cobalt complex, the extent of decrease was exactly
similar to that observed in the case of free cobalt
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ion. To make sure that the changes observed were
not due to a competitive absorption by the complex,
experiments were conducted by taking the same
concentration of the complex in the reference cell.
However, no appreciable changes were observed.
This clearly indicates that there is no binding of co-
balt complex with DNA.

Thus, it is interesting to note that the preference
of zinc over other metals like cobalt seems to be
governed by the basic principles involved in the
selection of metal ions by nature.®

Since ESI-MS is a powerful new approach for
analysing biomolecular complexes, the method was
used for distinguishing among different types of
chemical species that are present in solution that
effect DNA binding. The spectrum of [Zn(II)(Cys-
Gly)(HisGly)] in agueous solution is given in figure
4. The peak at myz 456 is the molecular ion peak.
The peak at m/z 213 is that of HisGly and the peak
at m/z 197 is of CysGly with water molecule. Re-
maining peaks are impurities. These observations
suggest that the main species that were present in
agueous solution were from the [Zn(I1)(CysGly)
(HisGly)] complex. Thus, it is clear from this inves-
tigation that the ternary zinc complex binds with
DNA.
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