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The nu--,*)aL of this- vorh 1-5 'Wo :I~nd 1nt the-1.-odyntmic
*function- oý thu DXA moicculQus. T -ýodyn~aiuc function may
*bo readily CalculttCd if' rO 1z0o-7 the, Z;ati--Li0csl 3UM9 In Or-

der to calculate the lbtatistical zwe should adopt a de-
finite modoel

1. Via zhall nrocoed from tho W)ataon and Crick model~l).

In this .c.:lthe DI:, zzlecu.Lo3 tiavc the form of two counter
Csp 4,'als lii3*:cd by hy'd:'o-rn bonda. The lengthe of the hydrogen
bon:..ý are rScLy Icd =.nd, accordiný- to numerou~s experiments.,

* ~ cio.~flbo,.='. by ro, Tho .cnorý7r of. tho hydrogen bonds mcl be
Lio~u1'od .Lccordixkr,,to a~ 3poctro~r~rai. In fact,, when the bond
iý, 'jo,ýj thee radiates a uavo %7h-ose length is uriambiGuously

"12Iccd vii,ýh tho bond onergy. The bond energy depends, In turn
* ~on the boz-.d ic:nth. The spootrograms obtained during the breafc

12g, of tha hydr'of-cn bonds- of IAmolooules have one clear line
without any blurrizx;. This moans that the potential bond emk-

*orGy i3 fixod very 3trictly and the bond potential has the form
of a narrow alit: it is; equal to inXinity overywihere, except
v~hen the bond lenath is equal to ro, At this lonath. dp(io)=

U 0const.

T~ho uolccule zpirals consist of succesaivdly connected
li1cs of four' typo&. The differenoes in the types of tho lInks
are due to tho presence of four cdiffor'ezt radicals$ adeninev

tjmin , 0a.iead yoio The link.- of the spirals of
o,. quilibrItud Molecule perform thern-al vibrations* However,

t:-.e nature o,' the Interaction potential2 between the bonds in-
poscs substantial limitations on this r.ove3rents as gtzq orgaullo
polymors, tho DNHA hraS fliXcd vale0nce -3e I.e., anglosi be-
twocon ;!lo neighboring liunks in the planes passing; throUgh

* these links. Thus, pairs of neighborina links represent s0&0-
thine like riald triangle~cr c thermal vibrations A"e nothiag



but the ahanlozo o-' anc;Xez b'Le. :- n ouch tian&j:les. In more
paLular ter.aa, it in 0uztoL'_vy7 to iy hL7t theG+)-hln
.otatea alon% a coao In '.i;o* .. t, k:-th lirn.k and an

_21 2althe Gone Is c~allc-d her~to calo about '%-ho k-th
b0=5 The lizn len-tan arr .. to be conctant (not
neceezarily idenricral). It is lacviond-- tht tho constancy of
tho link lons;hz =-41 val.. co .a innrle degree ofA~e•(anlea )• th,10 t:. iz. ozscntilaly, a one-di-
mensidnal system,, although~ t-he reel0U ' 0•. is •iutdin the

cul~ting tho th-orzdyna_•ic fvnqt;1on.n of tho DNA =olcculese

Por oxwaplo, in Ziaml' vorkc(3) the dizcuz3ion is rcduocd to
the @•e-dimnnonalaIrZ u xlzdol.

Lot us also note tha a qualitative explanation of the
spiral torsion of the chain'z oonzictii of a sequence of links=a only be Siven in a coir.plotely Cenoeral caso(4). In thiz
cLaseO, the potentials •t{') of int-;action between the noighbor-InG triangles may be qyzatr'ical and it is only necesasry that.
t here should bo a cortain force f>-{ 0 applied to the ends of
the chain. Ir the tensile force di-sappears, then the spirals
ma 37hmge Into a ball; ho,..ravor thia 1a provented by the pro-
sonco of friction. S--rictly zpeak12ngr, the zpiral-liko storuO-
ture at f 0 0 is a rMoult OI' the cor'rolationz between the ro-
tations of the links and represents a collective effect.

I .. Vo shall al.co consader'o.2lr the Interaction-between
the naighborfr. triantlea as essentil!. Generally speaking,
the form of t•w interaction potentials is not knoviM at the
present time; however, there is no basis to assuMe that the
"interaction is of a long-ran.Go nature arnd therefore, tho
Vppr*oahin_ of the nearect neiShborz should optiofy all the
reazonable reouirqmenta. Moreover, lot us suppose, as it is
Vaually eono(v,b), that Hamiltona function of the system May
be represented in the form of a sun of two addends one of which
depends only on the coordinates And the other only on the Im-
pulses.

Str.ct examination indicates that in the polymeric chain
H3a.dltonian, there is a third, addend, where the impulses and
the coordinates are mixed. This cddond .may be ignorca only
v.hon the Interaction potentials of th9 "triangles" have a shape
or -uffiOintly ,arroi and deep wellst 1. Naturally, this re-
quiroment Us more strict than the approaching of the nearest
neihbores, however, it is still a generally accepted require-,
ment and we shall leave it in force. Thus, we assume that
Imiltonis f•mtica of the DMA molecule may be written in the
fetm o

Nm.(P+U(, .(1)
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* wh~eand~ ~ o t0x ~ vor toentireo phase space

IfltcZr,-2tion ovor i-k, -.-.'U:z Wz~r ti h o azzzumptions that
have been =d 13 dio.-,,-'~~nr() therefore,

vj-. h, all, thea .. ... - .-•...•, - ' " $. C:,.: .l z ! i,.u s • • h

then shall iO ... ".... of the statistical
cum -or. as thG Day, th, coi',. don integral

Lr)'

lhero inteZr.A;;aon L -porfor..ied, over theo ntire confiGuration
opacaS

Lot C I- Y1Ck.l.EE: Cýj~ 1b taao zolid angle between the
rigid trinan:cloni f o ri Oi, V.127iu. 13i constructed on the
(k+a)-vh mand ',-th and li:, .. a e:; -oor•d on the k-th and the
(k-l).th linki-. Thon

ax 2x

Qm. S d.l.. d~pv,d9p.. dyv. eqp[f- (Usp 1 .. YN+

+ U,*~ (3 5a)

1us"o r , the unahceentod 4belonr- to the am* spiral
and the accented (p, -- to the other apii-al; K1 + 1 and N12 +.
I aro the n•i•b4os 0o links of the first and the second spirals,
rotspoctivc3.y& and 1J - is a potential Interaction energy of
the opirals.

3, Lot u- mlakl a few remarko regarding V; If the DNA
r.olocAdle Is lzolotod and th num'ber oo the hydrogen bonds of
tho linkir aspirals Is equal to k o, then on the basis of the
ro rks in Paragraph 1.

"- . . W (4%.

The situation is different If the molecule Is placed
lan a solution, Following the c~amplo of Frank-1Xamonetasciy( 7 )
let ua call a tie any factor that ochpaes the difference of
t ree eargica of the bound and free states of the nud ootlde
pair* if there are ties for the pare of the confi ation

•3m

0h iu~o sdfeeti h oeue•Spae

in asoltio. Fllo~nc he mupo o •an-Ka~neeki(•)
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int. Hall +on1, ctUd , tZo z tcct, r. (-3v1)9 eS,~~Z. NA . F,, +o,()

" (- F2); i' . the di'feroiioo cf the free onofle oa of
"t uncoup••.d and couplod pai:.,- if It 15 follOvlod by a coup-
led pair , 1 + • iz thj for a "air with a tie, F2
is the value subtractcd tro:•i 7 L the coupled pair is followed
%7 an uncoupled pair and, finally, A and A are the character-
Latie nmubers of the matrix

Eprozzion (4) rac. obtarinod rith ce•r'ain assmptions
f@o 1oated in %-ork(7). In the sae work a nore general case
is considered when the tiea r.%7 =eve from one pair of baaos
to anotb. .

We shall ignore the mochaalnm faotconing the spirals,
'ut will concentrate our attention on the role of thermal mo-
tion of the links makcing up the 'spiral. Loreover, keeping in
min the rigid nature at the hydrogen borns between the spirals
(ae" Parawpr I), let us oonsider that these mechanism are
SboM . the (3a) will asaume the ;'olloving forms

Q-2.N(AN , )S ... , ,... d . ... X
• ' (3•b)

X # ex )+ -s(4x d •,2p (-PI1 lU a, * . ., 9 ,V) +U,(9t..... 9x)|) (

We have assumed here that N=111 + l=N2 + Il, and thus,
integration fr 0 to 2ir In of a 2 N-multiple nature.

4. Ra.1 that has been s aid above may be summed up in
t he follovineg way. The configuration intogral of the DNA solo-
enia has the form of (sb) if the folloving assumptions are true:
&) Hamilton's function may be preaented in the form of (1) which
is & erwrslly accept6d assumption; b) the correlation betweeon
the forcos coupling the spirals and the tbermal motion of the
spirals' links Is swill.

All f•rther calculations are of a .emplaeely preoise,

4 -
0OO.

OA

4- 5 -; U



In order to mask this prdblem,, fozual3. a unfAlten-
slcoal one let us nalm the tollowing substatilon of' h
varlablel L thI e InteSruds we amme

'a ' hg• (5).
144(bl

whero • ". .

Arl+# = tea N)

I Is the distanoc between the geometrioal centers of the 1-th
and the (1+l)-th trliangle, and w is the value or the anglo
suppIOeNOifa the V020ot one to 7T Po1mla (0) :.8 obtasned
t•rod mloV~ S.omotri•Wal Cons•d4ertLons (tor nore £oetalla seoe

it Is seen from foramla (&a) that the values of Aa
are located botwes.

Ar. - u/-mwo.

On the stremgth of the oorrespondwewo (6), we aau pv-
aoged tm the potentlals of the In M•,tIon between the trim

Loags 4b ((#) to the potentials of. ).Zatainsfo
top and bo1ttm by the values AzIk •bsalt In thoe reqremom

.6•-|o•st 3(*4(3"
.. I-. at ,>u....'

Wboro 0(m) is a f~untion which Is obtained from .h.n () we
Tia subatltuW 1 X a ooowd4N In foVNlda (W).e

2 !esasi (&sb) b after tho above substiLttles, timo-

.2N -D

.. . , . * " .,.,..e) , .

•"- - -g-t !ALI
T, • . . 0 Arm/ ,

n r1n

• " .• ;.. • • j ,.+.7; , • . , ., .
.. ~ ~ -1 V,; ";, ., . ,,.. I m p . " 7.



Pastor RN In foimula (30. has appeared because of the
=644palty of the correspondence' between Cf and dx. In fact,p ~ta in616 4F differingC by 180G correspond to one value of the
"Stan" 43L between the centers of the neighboring triangle&,,
40# thez'fbot' 2N different methods of the distribution of
dw ebaaf Sma passe orrespond. to one definition of the .oor-

M~tea(iio, 32, *eep zN) at the ssme value of total potential

fts ealoulation of the jacoblan of the transition from
esoolIates St 'p,,(e, ) to Oo*rdinates (33, Z2v ... ) Is

111010 if n sAleentar 17wayt Inasmch as, according toS (0 and(Sa),t only the elements on the main diagonal
av wwe the asia diagonal are nonzeroo

As a result of this, we. obtain.

do% .xlf(* 14 .,..D...u

Lg6 us substitute (6) In 3cI) Introducing, for brevity,

* , M. a(66) Winl ass=*n the tom otfI
L

0J..wjAwaau~I (3d)

* .Zanuasme as integration In (3d) by the UnaGaOented
ad the "oeeted oeovdinaaes Is dome sepawatelyp It Is suffim-

ebt s 6uat te ntgrl



Let Us take advant age of the method used earlier In
* work(9)0 Let uas depote the Laplabian forms of the function

Let us Introduce a sequence of functions

where each Pgi is obtained as a convolution of Pg... with 0M,
Using the convolution theorem (the Laplacian form of convolu-
tion of two ~nCtiOW s 1 equal to the product of their Lapla-
cain forms),. lot us perform N times In sequence the Laplace

*transfer& Of the. ezpresiQn of q. As a result, we shall ob-

and nw the calculation of q is reduced to the.integral

ftpression (7) permits further simplification,, since
only four types of links can occur In the DNA molecules (ade-
nine, thymine. isanine, and cytosine). inasmuch as potentials
;k depend on the mutual distribution of two neighboring trim.

angles Oor Lu other words, on three consecutive links,, the Wnm-
bor of potentials of various nature Is determnend by the num-
ber of combinations of four elements .in. groups of three differ-
jog either in the elements themselves or in their order with
an additional coonitions when the direct order of one combin-
ation coincides with the reverse order of the other, the crn-
binations are considered to be Identical* Let us explain this
by an exzples sequence (adeinine,, thymine,, isanize) results
ia a diffeorent po tenti al than se quence (thyuine adenine, isa-
amie),* however the potential corresponding to it s the 9`00e
as for seiqueues (isanine, taqmine, adeanue).

A sim03- GaleUlAtio81 ftsQlts*IA a conclusion that the
aember of variou sembintious at the abovemmentioned-tge is
64s"i to so*.,two$ the moor of variess funetieas of 'it s

equinltoget.,

:777 7
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Xt the 00oe of the Molecule is known,, then it is kniown
VbW portion of the 'yo groups of three& of the links belongs
w am& of the possible o.pes

It to ov t.ent that

" !hes*• o ozpssioa (7) mq be written as

I (8)

In ezda~v to calcula te the Integala (8) In e"qaitotio

,~ ~ ~ ~ avM so U• . .®.®,..I•),,

Ut u vmWthe, maadl Point aethod.

We- sbell: amit the oalia3osa thy ezaot17 repeat'
se e - e lSn d 1 a w o rks 9

Lat as give the f inal "esult

"%ftee fli force applied to the ends of the chain 3Is 1.b.
,er. teM.wa~ae, N Is the 'mber of lks 9 and Is deter-

slaml fom••8s). -and (8a).

Xf TSVIOS R1%9 '11 and LS, N correspond to differen
d* epSual the& the ezpveseon for Q asaMes the following tow.I

md Ze vdlh am equl

, , •

a to - Wadrn (be. ,n•ati or i,).e
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(10)
'I

where 0. ) are the factors which are unessential during
further transition to InQ4

In order to obtain the total statistical sumF_ , it Is
necessary to multiply Q further by the part of the statistical

.sum connected with space integrason of the Impulses. If ,10
Up, Ia, and 14 a" moments of inertia, and r•1, r 2 , r3,, and

r4 are the radii of inertia of the links belonging to four
different types, then the Impulse part of the statistical aim
has the form

0 M[ 04 1 ]?,, S (11)

where h Is the Planok constant an d4 are the portions of
links of each kind in the spirals

Thus now we can writ* an expression for the btatisti-
al anm of tohe molecule (lot N;= Ng)

where expressions for J and are given by formulas (11) aMn(4).

Theroodynamie fuo3tions uq be ealOulated by the ste•-
dard foimuass 6f statisticaol pkiyaoso

... Mo.. . .I.... ........- . -

-. .. +.'v. p~a - '



Utropy

eta*

Samming vip the above, we see that thermodynamic funa-
tions of the DNA molecule In a solution may be -calculated if
the assumptions brief ly formulated in the beginning of para-
graph 4 are true., For concrete calculations It Is necessary
to have explicit expressions for the interaction potentials
of the links I groups of three 0 k(x), to know the codes of
the moleculesa, i.ea.,. numbers Y. and Tý. Formally, f rm the
thermodynamic point of view,, molecules can only differ In
their diff erent sets of numbers Y* (k ý1# 2, o..o., 20). The
calculations themselves sre reduceid to very simple quadratic-
foinulas (Ba) which are considerably simpler than the problem
of finding the fundmantsl functions and fundamental values
of lntegro-:Ufferentlal equations In a method using the Markoy's
processes. Moreover, methods connected with Markoy' chains

* require the aassvtion of the spirals' homogeneit~yT65 J, i9e.,
*thW do' not take into consideration the ir coded nature and

* annt Odisarriaints' the nolecules of different nature*

' In conclusion, I express qW gratit~ude to So V. Tyabli-
kove V1.1 . VaMOT n the late No Le Tsetlin for their valu-.
able 4IsctwsaIffl5.
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