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1 Introduction

Bcl-2 is an apoptosis regulating protein, overexpression of which is associated with chemotherapy resistant
disease, aggressive clinical course, and poor survival in patients with B-cell lymphoproliferaive disorders.
The human bci-2 gene which encodes this oncoprotein has two promoters, designated P1 and P2, which
control its transcriptional initiation. Promoter P1 is a DNA region rich in guanine and cytosine bases.
Recently, it has been shown tha guaninerich DNA regions can form complex structures known as G-
quadr uplex, whereas cytosine-rich regions can form i-motif dructures (Figure 1) [1].

Figure 1 — G-quadruplex and i-matif grucuresformed by the guaninerich and cytosine-rich regionsin bck-2
P1promoter. G, C, A andT standsfor guanine, cytosine, adenineandtymine respectively.

Researchers sugpect tha hundreds of thousands of DNA sequences sprinkled throughout the human genome
are potential quadruplex-forming sites[2]. Quadruplex DNA displays a diversity of structures andtha seem
to contributeto diverse biological functions, such asthetelomere-ends or several promaoters, such as bcl-2 or
c-myc. Diretting drugs to these sites might be away of artificially regulating gene expresson and thus
providing medicinal benefits such as aticancer activity.

Here, we show the results obtained in the gudy of the lution equilibria of the guaninerich region in the
promoter region of bcl-2 by means of multivariae data analyss methods. T he goal isthe charaderizaion of



the acid-base and conformational equilibria of this sequence, as well as the study of its interation with
several porphyrinrbased ligands and with the C-rich complemettary strand. To achieve the proposed
objectives, spettrosocopictechniques as well as Qurface Plasmon Resonance have been used. Soectroscopic
data recorded along acid-base, melting and moleraio expaimentts have been analyzed by means of
approprigde multivariate daa analysis methods [3-5].

2 Material and methods

2.1 Experimental

24-bases longoligonucleatides with sequences 5'-CGG GCG CGG GA G GAA GGG GGC GGG-3' (BCL2)
and 5'CCC GCC CCC TTC CT C CCG CGC CCG-3' (BCL2c) were prepared using standard 2-cyanoethyl
phogphoramidites (Cruachem Ltd.). DNA grand concentraion was determined by absorbance measurements
using the neareg-neighbour method. TmPyP4 was purchased from Porphyrin Sysems Ghr (L ibeck,
Germany) and used withou further purificaion.

Absorbance spectra were recorded on an Agilent HP8453 diode array gpectrophotometer. Temperaure was
controlled by a 89090A Agilent peltier device. Circular dichroisn (CD) spedtra were recorded on a Jasco J
810 specropolarimeter equipped with Julabo F-25/HD temperat ure control unit. Fluorescence measurements
were done on an Aminco-Bowman AB2 spectrofluorimee. pH measuremats were performed with an
Orion SA 720 pH/ISE mee and micro combinaion pH eledrode (Thermo).

2.2 Spectroscopic data analysis

Soectrarecorded in acid-base titrations, melting experiments or mole raio sudieswere arranged in atable or
data marix D. Two multivariade dataanalysis methods were appliedto analyze matrix D: thehard modeling-
based EQUISPEC program [3] and the soft modeling-based MCR-ALS method [4]. Both approaches
calculate concentration profiles and pure specira for all specroscopically acive speciespresat inthe sysem
from the decomposition of the expaimatal data marix D acoording to equation:

D=CS"+E (1)

Wheae C andS" ae, respectively, the datamatrices of the concentration profiles and of the pure spectrafor
each one of the spedroscopically adive speciesor conformaions present in the experiment. E is the data
matrix of residuals not explained by the proposed species or conformationsin C andS™.

Decompostion of data marix D according to equation 1 with EQUISPEC requires the fulfilmet of a
previoudy proposed smple chemical model. This model is defined by the goichiomeries of all species
involved in the considered equilibria, and by approximae values of the equilibrium congants (K.). In the
case of the interaction of a ligand with aDNA sequence, this equilibrium congtant can be written as.

DNA + nligand——> PNAdigand,] K, — [ONAtigand,| 2

°  [DNA]Jligand]’

EQUISPEC assumestha thevalue of the equilibrium congtants do not vary upon advance of the considered
readion.Hard modeling-based programs, like EQUISPEC, are especialy adequate for the study of chemical
equilibria involving monomers (or porphyrins) or short DNA sequences which do not show secondary
effeds relaed to polymeric drucures, like polyeledrolyte effects or conformaiona changes. On the
contrary, for large DNA sequences or when analyzing data from melting expeimeans, it is known tha the
equilibrium condants vary upon advance of the consdered reacion or conformaional change. In these
cases, application of hard modeling-based methods is rather difficult or even impossble since it isdifficult to
propose a smple species model describing the spedral behavior observed. In these cases, the analyss of
multivaride data is possble by applying soft modeling-based methods because they do not require the
previous proposal or compliance of any gecies model. Multivariate Curve Resolution usng Alternating



Least Squares (MCR-ALYS is a soft modeling-based method that has been already widely applied in the
study of acid-base and conformational transitionsof DNAs and proteins[5-6].

All EQUISPEC and MCR-ALS calculations were performed usng MATLAB routines (verson 6, The
Mathworks Inc, Natick, MA).

3 Results and discussion

Firg, we have charadeized the acid-base properties of BCL2 in the pH range 3 - 8. The analyss of
expaimetal datarecorded along an acid-base titration of BCL2 with Equispec allowed the calculaion of
the digribution diagram and of the pure spedtra for each one of the species considered. The model which
provided the best results was the one with pH transtion midpoint values equal to 5.2 £ 0.2, and 3.1 £ 0.2
(Figure 2). Thefirst value has been relaedto the protonaion of cytosines, whereas the second one has been
related to the protonaion of adenine bases. T he resolved CD spectrum for the neutral species show postive
maxima near 260 nm and near 290 nm. The 260 nm band has been assigned to the parallel srand quartes
and the 290 nm band to the external loop resdues. The reolved CD spedra show tha the G-quadr uplex
sruaure iswell maintained in the pH range studied, probably because protonaion of cytosnes and adenines
tekesplaced the loops(Figure 1).

Molar absorfivity/omz moi’! -
Ellipﬁcity/cmz moi’ —

L L v 1 L L L
250 300 350 220 240 260 280 300 320
Wavelength/nm — Wavelength/nm —

Figure 2. Calculated molecular absorption and CD spedraforthethree acid-base species considered in the
acid-base titration of BCL2. Inset: calculated distribution diagram. Theseresults were oltained ater
smultaneous analysisof molecular absoprtion and CD data with EQUI SPEC.

Molecular absorption and CD monitored melting expeimetsof BCL2 & several pH intherange 4 - 7 were
also carried ou and data enalyzed with MCR-ALS At pH 7.1, the deermined T ,, value for the disruption of
the G-quadruplex structure formed by BCL2 was 76 + 1 °C. T he melting tempera ure isindependent of the
concentraion, indicaingthe formation of a monomeric gructure.

The interadiions of BCL2 with the porphyrin TmPy4 have been studied by mole-raio, Surface Plasmon
Resonance and melting expeiments. Figure 3 showsthe results obtained after the smultaneous analysis of
molecular absorption and CD datarecorded along a mole-raio expeiment. The analyss of the whole data
st with EQUISPEC showed tha only an interaction complex isformed between TmPyP4 and BCL2. T he



caculated soichiomery and the value for the equilibrium congant for this complex were 1:2
(BCL2:TmPyP4) and K, = 5.0 (+ 2.3) » 10" M™ The relved pure molecular absorption and CD spedra
give some idea about the nature of the complex. T he red shift of the absorption band from 422 nm (free
TmPyP4) to 444 nm (complex), the appearance of a weak negative induced CD band around 450 nm andthe
maintenance of the CD bands at 263 and 240 nm suggest an end-stacking mechanism, where the G-
quadr uplex structureis retained.

T
=
s 2
2
£
S
21
S
S
- 0
4] 200 400 600 0.5 1 1.5 2 25
GCTmPy,D 4:C(PC"L2 ratio —
T x 10
S T8
£ -
[SN] =
£ g 4
Q
3 y
= &
= S 2
E >
) 8
s 5o
5 \ iy,
S
= 300 400 500 300 400 500
Wavelength/nm — Wavelength/nm—

Figure 3. Interaction of BCL2 with TmPyP4. (a) Experimental data (absorbance values have been multiplied
by 25); (b) Calculaed digribution diagram. (¢) Resolved pure molecular absorption spedra (d) Resolved
pure CD spedra. Solid line: BCL2 G-quadruplex, Dotted line: T mPyP4, Dashed line: interaction complex.

Melting experiments of the ligand:BCL2 mixtures provide informaion about the relaive &finity of the
ligand for the G-quadruplex and unfolded conformations of BCL2. T he calculated T ,, value for the melting
of amixtureof BCL2 and TmPyP4 (dter data analysiswith MCR-ALS was 81 (+ 1) °C, i.e, the presence of
TmPyPA4 clearly dabilizesthe G-quadruplex strudcture.

In vivo, theregion updream of the P1 promaoter on thehuman bci-2 gene contains both guanine and cytosine
rich strands. In addition to the studies carried out with the guanine-rich region (BCL2), the cytosinerich
sequence (BCL2c) has been already studied recently [6]. In an equimolar mixture of BCL2 and BCL2c &
biological conditions of pH and ionic drengh, it is expected a competition between quadruplex structures
(Figure 1) versus 24-base pair Wason-Crick duplex. In order to havea quantitaive plot of this competition,
mole-ratio, acid -base and melting experimentsof BCL2:BCL 2c mixtures have been carriedout.

Here we show the formaion of duplex dructure & neural pH and the possble presence of minor
concentrations of BCL2 and BCL 2 isolaed strands. Figure 4 shows the results oltained from the titration of
a BCL2c sample with inareasing concentraionsof BCL2 a pH 7.1. Expeaimeatal spectrawere fitted with a
smple model which described the duplex formation from the isolaed BCL2 and BCL2c strands yielding an
equilibrium constat (K. equal to 6.3 (+ 2.9)10" M™. The proposed distribution diagram denotes the
exisence of minor concentraions of BCL2 G-quadruplex and BCL 2¢ hairpin & pH 7.13 in the equimolar
mixture.
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Figure 4. Interaction of BCL2cwith BCL2. (8 Expeaimental daa (absorbance values have been multiplied
by 25); (b) Calculaed digribution diagram. (¢) Resolved pure CD gectra (d) Resolved pure molecular
absorption spectra. Dadh-dot line: BCL2c hairpin, solie line: BCL2 G-quadruplex, dotted line: Wa son-Crick
24 base pair duplex. Cygoe - 35 uM, pH 7.1.

4 Conclusion

M ultivariate methods have been shown to be a powerful tool in the anadysis of gpectroscopic data
recorded dong DNA conformationd changes. Appropriate sdection of hard- or soft-modelling
methods provide rdiable results which can be compared with those obtained from complementary
techniques, such as PAGE or SPR. In this work, the conformationa and acid-base equilibria and the
interaction of TmPyP4 withthe guanine-rich region in bc/-2 gene have been described.
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