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Abstract

The multiphasic nature of transition in Netropsieef and Netropsin bound in virgin reference
mixture as well as in oligomers (dAX-(dT)12-X-(dT)12 with and without salt surroundings has
been successfully interpreted within the theoréticamework of Zimm and Bragg theory of
helix to coil transition. The phenomenon of dedtasiion and stabilization of triplex and duplex
due to the binding of Netropsin, in all cases hasnbsuccessfully explained in terms of the
nucleation parameter and enthalpy changédd. The Netropsin binding to the triplex leads to
the decrease in the cooperativity of triptexduplex and duplex> random coil melting and the
increase in the enthalpy of both triplexduplex and duplex random coil transition

Key Words: Cooperativity, Nucleation parameter, Enthalpyplex, Duplex.

Introduction

The importance of short synthetic oligonucleotidg#ems from the fact that, these can be
designed to form local triple helices on long deustranded DNA target sequences and have
many potential applications including the regulataf gene expression [1-5]. The triple helix
forming oligonucleotides [T.F.O.] are highly seqoenspecific DNA — binding ligands and
present the possibility of producing the designeslatules with extremely high degree of
specificity towards recognition of binding sitestla¢ target. In biotechnology, The DNA helices
are found to undergo order to order and order $order reversible transitions under different
environmental conditions and also when bound taygirlike Netropsin, Ethidium bromide,
Actinomycin ligands with known sequence preferenée$4]. Netropsin (Net) is an oligomer
isolated from streptomyces netropsis and has beefotus of various antifungal, antibacterial
and antiviral targeted studies. The study repoote®rivastava et al.[15], regarding the effect of
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Netropsin on DNA triplex of varying length usinbet spectroscopic and calorimetric data
published by Plum et.al [16 ] and Park et. al. [§&¢ms to be incomplete as it lacks to explain
the attributes of short synthetic oligonucleotidddaurice and others [18] have reported the
thermal denaturation and circular dichroism speciopic studies on interaction of Net, a minor
groove binding drug with triple helix and doublelikeand found that Net always destabilizes
triplex whereas it stabilizes duplex. The preseommunication deals with the theoretical
interpretation of the experimental data using tiard and Bragg model [19] of helix. coil
transition (modified suitably), the work revealsathNet binding to the triplex leads to the
decrease in the cooperativity of triplex duplex and duplex» random coil melting and the
increase in the enthalpy of both triplex duplex and duplex random coil transition. This
work is in continuation to our ongoing research kvon phase transition, vibrational analysis,
phonon dispersion and DFT technique [20-39] im@aety of macromolecules,

Results and Discussion

We report here an extension of the Zimm and Braggleh[19] to explain the temperature
induced order— order transition in DNA triplex and ordes disorder transition in DNA duplex.
The melting is represented by the following steps:

triplex < duplex + strand (order-order transition)
duplex < strand +strand(order«disorder transition)

Theoretical transition curves for a polymer chaifemgth N have been obtained from equation
(6) to equation (8) [given in theory section]. Tévepression for the calculation of crystallinity
(degree of order), is given by equation (6). Thasees are found to be linear in the transition
region. In general the sharpness of the transde@pends upon the value of enthalpy change, and
the fluctuations around the transition point. Thaidtic effect of these is reflected in the
magnitude of &’ and the half width of transition profile. The shea the value ofo, sharper is
the transition.

In contrast to the significant variation walues of growth parameter ‘s’ with temperature,
the nucleation parameter’‘has a weak dependence on it, hence for all thieate purposes
the values of nucleation parameter are assuntedbe constant and independent of
temperature as well as other surrounding ractens.

Order - Order Transition

The denaturation of DNA triplex being a highly ceogtive process, is characterized by a large
number of segments of DNA chain that undergo ttemmstogether. During the melting of Net-
bound DNA triplex, it is only the third strand thgets expelled and the Netropsin remains bound
to the Watson-crik duplex. The values of nucleatpamameters and enthalpy changes which
result in the best fit to the experimental datatfee Net-free reference mixture (d4A) 2(dTh.

and in case of Net-bound modified-oligomer (gA%-(dT);2-X-(dT)12 both in 1M NaCl salt are
listed in the Table 1.
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Table 1. Variousinput parametersfor Order-Order transition in DNA triplex in 1M NaCl
Salt

S. Transition| Transition| AH in X o1 G2 c
No temp. (K) | Kcal-mol* =615
base pair

01. | Net-free reference
mixture (dA), -| 293 3.3 1.5 | 1x10* | 1Xx10* 1X10°
2(dThe

02. | Net-bound
modified- 308 3.9 1.5 | 1X10* | 6X10% 6X10°

oligomer (dA).
X-(dT)12-X-(dT)12

Theoretical transition curves corresponding to Nhage been obtained by using equations (6)
to (8) and are drawn in fig. 1 and 2.

Fig.1. Schematic representation of degree of order asa function of temperature
(Triplex —Duplex transition).
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Fig.2. Schematic representation of degree of order asa function of temperature
(Triplex —Duplex transition).
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The consequence of the requiremenicef o; for best fit implies that within the chain, the
nucleation of form II (DNA duplex) is more probabilean the nucleation of form | (DNA
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triplex). The role of end parameter ‘X’ and its ionfance in case of the finite chains is

manifested by the deviation of its value from urdy an infinite chain. The assignment of value

of end parameter X’ (x=1.5) for best fit also ingd that nucleation of duplex at the ends is more
probable than the nucleation of triplex. As obvidt@m the figures 1 and 2 that order-order

transition in reference mixture Net-free (dA) 2(dT), is sharper than case of Net-bound
modified DNA triplex (dA)>X-(dT)1-X-(dT)12 both in 1M NaCl. The above experimental

observation is supported by the order of the thexéy calculated values of the nucleation

parameters in the two casesNet-free [(dA), - 2(dT),] ( o Net-bound [(dA)-X-(dT)1-X-

(dThal.

The smaller the value o0&, the larger will be the free energy penalty inatireg the
transition/boundary interface, consequently smaliue ofc reflects larger cooperativity as
well as greater sharpnesBhe increase in value af (refer table 1), attributed to netropsin
binding in case of the Net-bound reference (dA)2(dTh, mixture, concomitantly results in
decrease of both the co-operativity of the DNA lexpomelting event and the sharpness in
transition profile. As evident from the table 1, i clear that the Net-bound DNA triplex
duplex transition requires a roughly 20% greateha&pic cost (3.90 kcal for Net-bound vs 3.30
kcal for Net-free). This result suggests that tletrdpsin binding increases the enthalpy of DNA
triplex — duplex transition (more endothermic).

The ionic interactions arising due to the presen€esalt seem to reduce the degree of
destabilization of DNA triplex and thereby compdmrsaup to a certain extent for the
destabilization of triplex form induced by NetrapsiThis is also reflected by the fact that Net-
bound DNA triplex to duplex transition in 1 M salblution takes place at higher temperature
(308 K) as compared to the melting temperatureatifieee Net-bound DNA triplex—> duplex
melting temperature (well below 293 K).

The implications of the nature of Net binding e tminor groove of DNA triplex along with its
structural details are given by Haq et al.[40],nNwet al.[41], and Tabernero et al. [42]. The
destabilization of DNA triplex due to Netropsin @ing, occurs possibly due to the repulsion
between non bonded atoms and the weakening of Hsbawsing from redistribution of charges
and also due to the change in base pair propeitges [38,39].

Order-Disorder transition

The order— disorder transition (duplex random coil) has also been explained by same yheor
The transition curves in these cases are obtaigading equations (12) and (13). The order
disorder transitions occurring at higher tempeeguare found to be sharper as compared to
order— order transition (triplex to duplex), as thesensiton involve the thermal disruption of
the duplex into its constituents in the randomestatd theoretically correspond to a single
whereas order-order transitions are generated bytwalues, namelyg; ando; .

The enthalpy changes in Net-bound reference mixdsreompared to Net-free reference mixture
(refer table 2), are indicative of the stabilityisang due to the binding of Netropsin at the DNA
minor groove site. The stability is further refledtin the increase of transition temperature of
duplex to coil transition from 315K to 335K. The nophasic nature of order-disorder transition
in Net- bound reference mixture, could be relatedhe fact that Netropsin molecule when
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bound to its minority groove destabilizes the Di#lex consequently the DNA triplex>
duplex transition takes place well below the lovVimit of temperature range.

Table2.Variousinput parametersfor Order-disorder transition in DNA duplex in the
different environmental surroundings

S.No. Transition Transition| AH in c
temp. (K) | Kcal-mor*
base pair
01 Net-free reference mixture (dAd) (dT).» 315.0 06.0 1.50X10
in 1 M NaCl Salt
02 Net-bound reference mixture (dA)(dT)2| 335.0 11.0 2.80X10
in 1 M NaCl Salt
03 Net-free  modified-oligomer  (dAgX- | 344.0 08.0 1.00X10°
(dT)12 in 1 M NaCl Salt
04 Net-bound modified-oligomer (df&)X- | 358.0 14.0 2.50X10
(dT)2 in 1 M NaCl Salt
05 Net-free  modified-oligomer (dAgX- | 310.8 05.5 1.75X10
(dT);2 in Salt free medium
06 Net-bound modified-oligomer (df&)X- | 361.0 16.0 2.00X10
(dT);2 in Salt free medium

The values of enthalpy changes in case of NetdrekNet-bound modified oligomer (dA9X-
(dT).2 in salt free case are also given in the table T2le transitions are characterized by
monophasic duplex to coil, with complete absencetriplex to duplex thermal transition.
Increase in enthalpy changes, reflecting the stalibn of Net-bound duplex, has been
calculated theoretically. The theoretically preeéicstability is further manifested by the shift in
transition temperature i.e. 361K with Net-bounglex as compared to 310.8 K in case Net-free

duplex.

(Duplex — Caoil transition).
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Fig.3. Schematic representation of degree of disorder asa function of temperature
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Fig.4. Schematic representation of degree of disorder asa function of temperature
(Duplex — Caoil transition).
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Fig.5. Schematic representation of degree of disorder asafunction of temperature
(Duplex — Caoil transition).
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Fig.6. Schematic representation of degree of disorder asa function of temperature
(Duplex — Cail transition).
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Fig.7. Schematic representation of degree of disorder as a function of temperature
(Duplex — Caoil transition).
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Fig.8. Schematic representation of degree of disorder asa function of temperature
(Duplex — Caoil transition).
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In case of all the Net-bound DNA Duplex oligomeitsjs found that irrespective of their
environmental surroundings the thermal stabilitgréases and the sharpness of the order
disorder transitions decreases as compared tothesponding pair of Net-free oligomers (refer
to table 2). Further the relative degree of stgbilh Net-bound cases increases in the reverse
order of corresponding nucleation parametersgildet-bound [(dA)2- (dT).2 reference mixture

in salt] >c Net-bound [(dA), -X- (dT) in salt] >c Net-bound(dA)-X-(dT); salt-free] and

is also reflected in the shift of transition temgderes. The theoretically calculated values (refer
table 2) are well supported by the experimentah @Big. 3-8). For the sake of comparison, table
2 comprises of nucleation parameters and enthapyfor Net free DNA duplex as well as their
corresponding Net bound DNA duplex under the samwr@mental surroundings. As evident
from theoretically calculated transition parametéest like the Net binding in DNA triplex, the
Net binding in DNA duplex also causes the decreasecooperativity of the transition and
increase in enthalpic input as a consequence ofrmmgurate rise in both the values of
nucleation parameters and the enthalpy changesr (teble 2) during the melting of DNA
duplex. The similar results have been reported kgrkiyl et. al. in their calorimetric and
spectroscopic investigation of drug DNA interaci¢h3].
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Materials and M ethods

Thermal denaturation of triplex has been treatee las two state phase system and involves
both the order-order as well as order-disordersitexms. The Zimm and Bragg model [19] for
helix « coil (order< disorder) transition has been modified to expthi@ melting of triplex.
The present theoretical approach has earlier beed loy our group to explain an orderorder
transition in the case of PBLAsp and it's copolyrf@opoly(SLAsp-BLAsp)] as well as in poly-
L-proline [31,34] and order~ disorder transition in the case of collagen, polgne-
polybutadiene and polyethylene [31-33,36]. The meétinvolves the construction of grand
partition function for the entire chain which givas expression for degree of order ‘Q’ in terms
of nucleation parameter.

Order-order transition
Taking into account the nearest - neighbor intévast the basic transition matrix ‘M’ in case of
order-order transition is given below:

hy k k h

1h ) 0 029 0

M = ik ] 0 0 0
2k 0 0 0 5

2h 0 01 S 0 2S

The segments in form | and the form Il have besgresented by;tand h. Whereas kand k

are the boundary states which is the first of tgusnce of the segments in states | and Il
respectively. The nucleation and growth paramdiaxe been represented dyand o, and s
and s respectively. The variation af; and 6, means the variation of the probabilities of
nucleation of form | in a sequence of segment aihldl the nucleation of form Il in a sequence of
segment of | respectively

The eigen roots are given by secular equation,
| M-AL [ =0 1)
N A-s)\-s) - c1029°S%" = 0 ()

The four eigen roots of the Eq. (2) depend onlylenproduct; 62 ( = o say). Ifo1 62= 0, the
eigen roots are;s$ 0,0 and if product; o2 {(( 1, the two smaller eigenroots are of the order of
V(o1 o2) and the larger eigenroots are of the order;pfard s that is unity in the transition
range. Thus the contribution of smaller eigenrdotthe partition function is negligible and the
main contribution comes from the larger eigenratgsoted by\; andA,. These eigenroots can
be obtained on iteration and are given by the Yalhg relations:

A = § +[01025° % N2 (\-5)] (3)
and
A2 = 9 +[0102 57257 N (A\-51)] 4)
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The partition function Z of a chain of N segmeistthen given by

Z =’ YAN" (i=1to 4) (5)
A= { N(1+X) - N (3+ 5X) + 5 S(oxtor) {4N7 - 3N (si+ 9) + 25 )
With X =o'l ¢

Factor x is defined as the end parameter. The pesni andc” give the interaction of the end
segments in the statesdnd h with the surroundings.

Hence Q the fraction of the state in form | can thus bkglated as following;

Q = (1/N)@In Z /oln s1)

= (LIN)(s/2) (0 Z 10 =)

= [(sY/A1) (OA110 1)+ ((8/A2) (OA2 10 1)B +

(UIN){('s1/ A1) (AL 10 1) + (1s/ A) (OA1 10 s1)BY] / (1+B) (6)
where B = (& A)( A/ )"

The equilibrium constant s and nucleation parametir transition are given by
s=s/% sss=1landc =010 (7)
where

Since the growth parameter s and subsequently=vs) depend on the temperature T as given
by eq. (8). The variation in values of s @marameter is reflected by the corresponding change
in temperature T. Hence the variation of one patamtakes care of the othefAH is the molar
change in enthalpy,:Ts the transition temperature and R is the congfiaen by 2 cal/ mol.

Order-disorder transition
The basic transition matrix ‘M’ in case of ordesdider transition is given below:

r Kk h

ro Vi, Vie/fi 0
M = k \/fk\/fr 0 \/fk\/fh
h Vin Vi, 0 ViVt

Where r, k and h are segments, whergdgdnd f, denote the segment partition functions
in disordered, boundary and ordered regions ofitaeromolecular chain respectively.

The eigenroots of M, determined by the seculaaggn
| M-AL | =0 (9)

are as follows:

M= (L[ +f) + {(f, -f)®> + 4ff}]

A2 = (L2)[(F +f) - V{(f, -fn)®> + 4ff}]

A3 =0 (10)
wherel is a 3x3 unity matrix.
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The grand partition function ‘Z’ for a chain of Mgments is

Z @)\1N + G )\ZN

L+ & 11

The fraction of disordered ‘r segmentsn>= (n)/ N

<n> = (UN)[@InZ)/ @Inf,)]
= [f/(N2)][(02)/ (of)] (12)

For an infinite chain the fraction of disorderedsents is calculated by the following equation:
<n> = QA1- ) A1-A2)
The fraction of segments in the ordered phase ddrimt ‘Q’ is given by

Q

1<n>
(1/2)[(s-1) ¥{(s-1)* + 4os )} [V{(s-1)* + 4os}] (13)
where s =/ f, ando = fx/ f, are the growth and nucleation parameters resbgti

Conclusion

The multiphasic nature of transition in Net freedddet bound in virgin reference mixture as
well as in oligomers (dA}X-(dT)12-X-(dT)12 with and without salt surroundings has been
successfully interpreted within the theoreticahfeavork of Zimm and Bragg theory of helix to
coil transition and the phenomenon of destabilaratind stabilization of triplex and duplex in all
cases has been successfully explained in termieohticleation parameter and enthalpy
changesAH. It seems that the ionic interactions arising tlu¢he presence of salt reduces the
degree of destabilization of triplex and therebynpensates up to a certain extent for the
destabilization of DNA triplex produced by bindin§the drug Netropsin. In this regard further
experiments need to be performed to ascertain diee af different salt surroundings on the
attributes of Netropsin binding or any other druggh the biological systems. The evolution of
new tools for the study of sequence and structehdetivdigand binding are important for the
better understanding of drug-receptor binding meigdma and as a whole may lead to the
efficient drug discovery.
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