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DIFFERENT STABILITY OF RNA SECONDARY AND TERTIARY
STRUCTURES
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The goal of this article is to clarify contribution of the chain entropy in
stability of RNA secondary and tertiary structures. The Hamiltonian of the model
includes relevant interactions explicitly. We show that different stability of
secondary and tertiary structures governed by chain entropy rather than energy of
interaction.
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The RNA molecule has a remarkably versatile role in cellular processes
[1-4]. The main focus of the given article is the interplay between the secondary
and tertiary structures of RNA molecule. We examine the behavior of a RNA-like
molecule using the approach, developed recently in [5]. The melting behavior,
obtained in the framework of our model, is in a qualitative agreement with
experimental data [6].

The Model and Theory. We describe the RNA molecule with N monomers
by a random Gaussian chain, in which electrically charged “beads”, representing
the mononucleotides, are connected with elastic “springs”. The monomers are
enumerated from 1 to N. The structure of the molecule is described by introducing

two Nx N matrices: I — the complementarity matrix M =M |, where M, =1, if
the i-th and j-th bases are complementary (Watson-Crick type), and M; =0
otherwise; II — the contact matrix C =[C; |, where C; =1, if the i-th and j-th bases
are hydrogen-bonded, and Ci/ =0 otherwise. Thus, the base pair (i, j) contributes
to the secondary or tertiary structure only if M;C; =1. The spatial configuration of
the chain is defined by the set {r;},_,, , of the radius-vectors of the monomers.

Hereafter the bold roman letters indicate space vectors. The Hamiltonian of the
model reads
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where T is the temperature, o is the linear size of the Watson-Crick base pair,
& >0 is the base pair stabilization energy. In (1) the term

N
H,,(r)= %Zl(r,- —r ) @)

describes the energy due to polymeric elasticity with a being the length of the
Kuhn segment of the chain.

The term H,,, (1) in Hamiltonian (1) describes the role of the electrostatic
repulsion explicitly [7, 8] as

H,, ()=l rp > 56(r,—1,), (3)
i#j

where [, is the Bjorrum length, fis the partial charge per monomer, and 7, is the
Debye screening length.

In the case of spatially uniform monomer density o one obtains

BH,,(P)=13*1Np, “
where f=1/T, p=N/V,and Vis the volume, occupied by macromolecule.

The third term in (1) describes the energy of saturated hydrogen-bond inter-
actions. Using the replica approach [9] and the one-step replica breaking scheme
[10], variational free energy for any integer number n can be calculated [5].

Freezing and Méelting Transitions. Below the freezing temperature the
configurational space of the molecule is drastically reduced. Instead of exponen-
tially large numbers of conformations, now the state of the molecule is dominated
by only a few low-energy conformations. The molecule is found in the frozen state
[10, 11]. We get the freezing temperature as

i=lna)—2ln(1—§j, %)
T w
where S is the entropy loss per monomer, caused by chain freezing, and
w=21,fr;6".

The basic experimentally measurable quantity, describing RNA secondary
structure, is the degree of helicity €, which is defined as the average fraction of the
hydrogen-bonded base pairs:

2
O=—(>XM.C,). 6
N<§ y ll> ( )
Using Equation (6) we obtain
1
0=1- Ez\/E , (7)
where z=¢ 72,
The measure of stability of the secondary structure is so called “melting
temperature” 7, , defined as the point, where 6 =1/2. By substituting this value in

(7), one finds
T, =— ®)
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Combining with equation (5), we obtain 7, <7, and

i—i=—zm(1—§j>o. 9)
Tﬁ’. m 2

The stability difference between the secondary and tertiary structures is
usually explained by lower free energy of base pair formation in comparison with
more weak tertiary contacts. Our consideration suggests that for the different
stability of tertiary and secondary structures the entropy S necessary for 3D
structure formation is also responsible.
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NruE-h tpypopnuyghtt b Eppophughtt juenigquspubnh wwppkp Juyniunieniibp

Ushiwtnwiph tyyuwnwlj £ FULE-h Epypnpnpuyght b bppoppuyghtt junnigyuspukph
Juniinipyun Uk onpuyh Eunpnwhuyh tbkpppdwi npn-pnudp: Unwowpydus L dnnly
hhdtwljut hnpiwgpbgnipniubpp pugw-hwyn Jepyny tkpwnnn hwdhjnnthwiny: 8nyg
E nipJusd, np bppop-nuyhtt b tppnppuyghtt juenigguspubph wwpptkp juyniunipniuubp
npnoynid ki wykh owwn onpugh Eunpnu huyny, pwt thnjuwgntgnipjut Eubkpghuyny:

PaznnyHas ctabMIIbHOCTH BTOPUYHOM 1 TpeTHuHOM cTpykTyp PHK

Ienpro naHHOW PabOTHI SIBIISETCS OIpPEJEICHUE BKJIaJa DHTPOIUU IIETH B
CTaOMIBLHOCTh BTOpUYHOW U TpetuuHol crpykryp PHK. Ilpemnoxxkena mozaens c
TraMHUJIbTOHHAHOM, B SBHOM BHJC BKJIHOYAOIIECM OCHOBHBIC B331/IMOI[€I>1CTBI/I$I.
ITokazaHo, 49To pa3nuuHas CTaOWIHLHOCTh BTOPUYHOM M TPETHYHOW CTPYKTYD
ONPEACIISIETCS CKOPEE SHTPOMUEN 11T, HEXKEJIU SHEPTUEN B3aUMOIEHCTBUSI.



