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ABSTRACT

In the present work the pH-induced formation of double stranded
poly(inosinic)—poly(cytidylic) acid has been studied by means of the hard
modelling method based on the results of multivariate data analysis soft
modelling method. The equilibrium model, describing species distribution
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changes as functions of solution acidity has been proposed. Proposed
approach has been used to determine intrinsic protonation constants of
poly(l-)-poly(C) polynucleotide system in aqueous solutions such as
cooperativity coefficient (o = 6.0) and a proton binding constant (IgKg =

8.92). © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Extraction of quantitativeinformation for solution
equilibriasystemswith help of chemometric methods
based on Factor Anadysis(FA), isvery dtractive because
they arefreefrom mass-action law constraintsand do
not requireaninitia postulation of achemica mode.
Oneof thefirst worksinthisareaweredevoted to the
application of Evolving Factor Analysis(EFA)*2. It has
been demongtrated for severa systemshow to build up
abstract concentration profilesof speciesat equilibrium
and how to calculaeequilibrium congtantsdirectly from
the concentration profiles obtained by EFA, after
assigning the proper stoi chiometric coefficientstothe
individua speciesby meansof chemical reasoningttl.

Subsequent systematic studieshave reveal ed that
theAlternating Least Squares(ALS) Multivariate Curve
Resolution (MCR) methodi*", based on FA® can be
easi|y adapted to the anal ysis of spectrometric dataof
equilibriasystems. In these works the emphasiswas

mainly devoted to show the scope of the recovery
without ambiguities of the concentration and spectra
profilesof thespectrally active speciesin solution.

To determine equilibrium parameters such as
cooperativity coefficient and aproton binding constant
toapolymer ahard model should beused that require
meass-action law congtraintsand aninitid postulation of
achemica modd.

Inthe present work the combination of MCR which
is soft modeling method and M c-Ghee-von Hippel
(GH) hard modd for study of equilibriacf biopolymer-
ligand interactionin solutionsisconsidered. Thetandem
of soft and hard modelling for study of equilibriawitha
polymersisperformedinthesameway asinprevioudy
described cal culations of equilibrium constantsand
stoi chiometric coefficientsfor ordinary nonpolymeric
equilibriasystemd®9, Proposed M CR-GH method has
been appliedfor evaluation of protonation constants of
deprotonated poly(inosinic)—poly(cytidylic) acid,
{ poly(l-)-poly(C)} inagueous solution.
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Computational details

Themathematica decompasition of spectrophoto-
metrically measured matrices of absorption A, into
concentration and spectramatrices, C@¢and ST¢is
carried out using the singular value decomposition
(SVD) method™Y. The SVD gives a mathematical
abstract decomposition of the original datamatrix A,
for the selected number of contributionsor components
which best reproducethe origina datamatrix withina
certainnoiselevel.

A=U:SVT+1=A*+1 (@)
wherediagona matrix S, of the same dimension asA
and with nonnegativediagonal elementsindecreasing
order, U and V," are unitary matrices™ and t isthe
residual error matrix containing therest of variance not
explained by U, and V™. A* isthe reproduced data
matrix using the sdected number of components. Some
of thenoisepresent intheorigina datamatricesA, (that
whichisnot correl ated with the estimated components
in score and loading matrices) is removed in the
reproduced datamatricesA *. Score (U)) and loading
(SV,") matrices obtained by eq. (1) are usualy very
different tothoseredly responsble of thedatavariance
inmatricesA,. Infact, thereare aninfinite number of
possiblematrix decomposition using eg. (1) and there
IS not an unique solution. There are rotational and
intengity ambiguitiesinamatrix decompositionsuch as
that describedineg. (1). Principd ComponentAndysis
(PCA) findsthat solutionswhich explain maximum
varianceand areorthonormal . Under these constraints
the solution found by PCA isunique. However, this
solutionisrarely thetrueonesincethesetwo conditions
arenot fulfilled by most of the physicd systems, suchas
the chemical equilibrium systemsunder study inthe
present work. The PCA solutions have not a direct
physical meaning; they are only pure mathematical
solutions. Astheinterest of thedataanadyssinthiswork
istheobtaining of the set of profileswhichredly caused
the observed datavariance of the datamatricesA, the
PCA reproduced data matrices A * is further
decomposed as.

A¥ = C@e.GTee )

Thiseq. (2) issolved iteratively by anALS. Inthe
present study theiterative optimization of theestimations
of C#°and S™**matricesis performedin two steps.
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Aninitial estimation of the concentration matrix is
available, Ccfrom EFA, the corresponding spectra
metrix isestimated by Least Squares(LS)™. Afterinitia
estimation of the speci es spectramatrix we can solved
equation for C. SinceA * arenoisefiltered for the
particular number of principa components, theiterative
caculationsare more stablethanusingtheoriginal A,
matrices. Eq. (2) iteratively solved under thecongtraints
of nonnegativity, unimodality and closure asdescribed
in®712, Theset of possiblesolutionsishighly restricted
in this way. However, the correct resolution of the
system canonly beachieved without ambiguities(within
noiselevel) when sdlectivity or loca rank conditiong”*
arepresent. The gpplication of theALS-MCR method
to each datamatrix A, givesanew set of matrices S™°
and C#<. If ambiguitiesweretotally solved, the set of
S and C @ matrices calculated in thisway, would
beasat of normaly distributed estimation matriceswith
mathematical expectations STt and C . Once
convergence of the iterative ALS optimization is
achieved, datafitting can betested using theexpresson
for the percentage of datalack of fit:

lof = Tracd (A5 —A)-(A*S-A)T]
TracdA-AT]

where A and A”S are respectively the input and
reproduced databy the AL Soptimization, Traceisthe
sum of diagonal elements of a matrices. When
convergenceisachievedatafitting should givelof vaues
closetothenoiselevels.

For therecovering of thetheoretical model govern
thematrix of concentration profileswehavetofit C@°
with matrices of species fractions were formed by
polymer and a ligand X. For an equilibria with a
polymeric component the gppropriate model function
can beobtained using statistical or matrix methods, as
it hasbeen shown previoud y*¢22, |n the present study
McGhee-von Hippe conditiona probabilitiesmode 2
was used to calcul ate the fractions of infinite polymer
species. Inaccordancewith GH modd theligand-ligand
interactionisonly alowed between nearest neighbours,
bound without intervening freelatticeresidues. This
restriction resultsinthreedistinguishabletypesof ligand
binding sitesand consequently four spectrally different
speciesof monomers. Toisolated site (1) aligand binds
with an intrinsic association constant K g 10 singly
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contiguoussite (2) ligand bindswith constant K o. And
to double contiguous site (3) thebinding constant is
Kg(;)Z. Theequilibrium constant of moving ligand from
anisolated steto Singly contiguoussiteand fromsingly
contiguous siteto double contiguous siteisso called
cooperdtivity parameter .

Asit was shown in? the matrix of fractions of
spectroscopicd ly distingui shableformsof monomer in
polymer may be expressed as
Crn~[Cron(®; € (D); C1i(D); C, (3] 4
then, under the above conditions, the components of
thismatrix C__can befind with help of the method of
conditiona probabilities.

C o (0) = 1, = [Mon] ©
Con (D) ={%}mﬁgmm ©
cmon(2>={%}cf Vo @
Cren (3)={g($;;}cf(2)m ®

Hereg] X], [Mon]- equilibrium concentration of free
ligand and monomer; the conditiona probabilitiesare
determined by thefollowing expressions.

(b.f)= (m—_l)ﬁg -1+@
n,(0-1)
(m-1)n, -1+@

(fb,)= 2n (@ —1)[Mon] ;

(2o-1)[Mon]+n, —®

T

(I)=\/(1—(m+1)ﬁg)2+40)ﬁg[Mon] .

Using the common data of potentiometry and
spectrofotometry, it is possible to find in each
experimental point j of titration curve the value of
gpparent dability congtant of complex monomer-ligand
whichisconvenient for fitting procedure

lgK =Ig(M, /(1-7,))—Ig[X ] ©)
where degree of saturation of monomers can be
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Crnon (P)
expressed by: = _ pzl
[¢]

m
fractions of all monomer species connected with a
ligand, m-average numbers of monomersoccupied by
aligand.

: summation runs over

Theprocedureof fitting

Inthepresent study theintringc binding parameters
are estimated by ordinary LS. Standard Marquardt
dgorithm® isusad tofind minimum of objectivefunction
M. FunctionM inmatrix notationis

M = Tracq(ngexp - ngcalc)x(IgKexp - ngcalc)T]
Tracd (19K o, X 19K ¢) ]

here IgKexp-experi mental data, IgK , -calculated in
accordance with eqg. (9). The assumption of equal
popul ation varianceswere checked using standard F-
test?4,

Thereliability of the proposed MCR-GH method
for simulated numerical examples was shown
previoudy!®.,

(10)

RESULTSAND DISCUSSION

Calculations of protonation constants of poly(l-)-
poly(C) from experimenta data. Dataof spectrofoto-
metric study of acid-basetitration of poly(l)-poly(C)
system, published inf?® has been used as an
experimenta example. Concentration profilesC#°was
calculated with help of ALS-MCR from measured
changes of spectrum of poly(l-)-poly(C) agueous
solution asfunction of pH. In the present work these
profiles has been analysed with the aim to calcul ate
intring c binding constant and parameter of cooperativity
of formation of poly(I)-poly(C)-complex. Plot of IgKap
asfunction of pH cal culated in accordancewith eg. (9)
Is shown on figure 1. It can be seen, that apparent
constant correlated with the degree of protonation of
polymer. As was shown in? changes UV and CD
spectra can be explained by acid-base equilibrium
involving hypoxantine nitrogen basei.e. formation of
complex Mon (I-H*). The parameters of McGhee &
von Hippel model calculated from full set of
experimental data by means of OLS are given in
TABLE. But parameter m for thisforma model has
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Figurel: Experimental apparer?t binding congtant asfunction
of pH of aqueous solution of poly(l)-poly(C). The stars
cor respondstotheexperimental data (calculated with help of
ALSMCR); Solid lineisobtained from fitting accor ding GH
model ( IgKgh =9.21; o = 1.44; m = 0.65) Dotted lineis
obtained from fitting according GH model (IgKgh =8.66; ®
=13.7; m, ,=1); Dashed lineobtained asleast noisesensitive
part of IgK@(p =f (pH), allocated using F-test and fitting
according GH mode ( IgKgh =8.92; ®=6.0;m__=1)
unsuitable physica meaning. Most probably that ligand
(H") interactswith singlemonomeric unit. Inthiscase
parameter m should be equal to 1. With using of this
congtraint asit seen from figure 1 theoretica function
sgnificantly disagreewith experimenta curvemostly a
low pH. Allocation of pH interval of equa population
variances|eads to new parameters of protonationin
thisregion. Ascan be seen fromfigure 1 difference of
experimental and designed functionslgk p:f(pH) less
for new parameters. The value of lack of fit between
simulated and experimental curvesis rather small,
thereforewe can conclude, that model of protonation
of poly(I-)-poly(C) in agueous solution from formal
dtatistica point of view hasbeen adequately recogni sed
indetermined pH intervad . Morecomplex, thaninchosen
model, behaviour poly(1)-poly(C) at high degree of
saturation by theligand H* can bedueto, for example,
beginning of thefollowing step of protonation.

The values of intrinsic protonation constants
logarithms|gK_ for poly(l-)-poly(C) and poly(l-)" are
nearly thesameascanbeseenin TABLE. Intheprevious
study of the acid-base equilibriaof the poly(1)-poly(C)
acid in wide pH range were shown the existence of
four different species, depending on the degree of
protonation of thedifferent kindsof nitrogenated bases.
The specieswhich appearsat pH > 9isreated to the

fixed
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Figure2: Nitrogenated base pairingin poly(l)-poly(C)

TABLE 1: Intrinsic protonation parameter sof poly(l-) and
poly(l-)-poly(C)

Polymer pH Model IgKkg* @ m PE (%) ref.
6+11 - 9.05 063 1 138 [2627
Poly(l-) 26,27
7.3:11 + 899 079 1 0.28 [2627
Poly(l-)- 9.1+10.5 921 144 061 06 *
9.1:10.5 866 13.7 1(f) 21 *
-Poly(C)
9.2:10.2  + 892 6.0 1(f) 062 *

*present work, f - the parameter isfixed, (+)- exclusion of noise
sensitive interval of pH

mixture of poly(l-) and poly(C), inthe pH range 5-9,
the double stranded poly(l)-poly(C) species
predominates. As has been proposed previously2
such specieshasastructure similar to that of natural
doubl e stranded nucleic acid stabilised because of the
formation of protonated inos ne-deprotonated cytosine
base pairsaspresented onfigure 2.

CONCLUSIONS

It is well established that poly(A)-poly(U)
cooperativezipper mechanismof doublehdix formation
requiresthreebase pair nucleus®. Based ontheresults
presented hereit is possibleto proposethat the same
mechanism governdoublehelix formationinthecourse
of decreasing pH in the system poly(l-)-poly(C) in
aqueous solution. Thefirst stepisassociation of single
basepair. A protontrapsby poly(I-) molecular Sructures
first leadsto single protonated complexes(with neutral
inosinic base) were formed simply by statistical
occupation of the free bases as a result of random
distribution. Observed protonation constant value
comparablewith corresponding value of pure poly(l-)
inaqueoussolution. Theneutrd inosinicbaseformspair
with cytidylic base of poly(C) asshown onfigure 2.
Isolated base pair israther unstable, but addition of

—r—,  \lBCromolecules
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another, neighbouring and stacked base pair follows
withincreasing stability. Thisconformthehigh vaueof
cooperativity coefficient. A third base-pair is stacked
ontop of thefirst two and creates asuitable nucleus
fromwhichfurther addition of stacked basepairsleads
to stepwise construction of ahelix. Theformation of
triple stacked base pairs has been | oaded in themodel
asdoublecontiguoussteformation. Thecontiguoussite
formation in the poly(l)-poly(C) provides by high
cooperativity. That iswhy growth of the double helix
thesameasfor poly(A)-poly(U) can be proposed as
spontaneous due mainly to geometrical constraints of
sugar-phosphate backbone.
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