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It is .mown that %o iyses of bonding &7 Tehireea ack :x.c...nes and DNA
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ON OF ACRTDINGS WITI DXL

[ Following is the transiation of an ariicle by G. V Gursliy
- Institute of Molecular Biology, AN USSR, ..osco.., p..xbhs..od 1‘1
the Russian-language pericdicai 3iofizim \.J*cn\ys cs) Vol X2,
"No 5, 1966, pages 7°.--.4C. T owes suliaiied on l.l. Aug 1863,
T-anslat:.o*x performied by S3/7 Cauxrles ©

/¢ - 8 w.)-\-- ""'b U&

in its native double 'r.elic‘al confizuration /a<xsl, 7The first type of bonding

- e v

15 observed at snall ratios oi’ the number of acridine molecules to the r.**.ber
D= ) , ,
£ DNA nucleotides (P/D )\, 4, vhere ? - the nuxbor. of rucleotides, D - the -

mmner of acridine molc 1es), tre seco‘.c. 1s ooscrved a:" rge concentrations
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R RN I

of molecules (acr..a.me )73. ?/D )( 3 ). We Wx..l lzm.t ouv'sclv“s o an exaza'ma.tzoq

of a complex of the f..rs‘l. "ype. ) e ‘ ‘g col
. , ‘ :
Lerman /57 proposed that the *‘ﬂrs.. type of bon d.mc corresoo*xds to thé
"sandv iching" of acridine molecules between pa...rs of D\IA. bases. “Such a

"sandwiching" of necessity is accompanied by the rotation of a large quantity

of various atomic groups of the phosphate shell arcund axes, lying, as a rule,

.in various planes, There is little foundation to assume that all these turns

are mt connected with overcoming large potential barriers and do not require
large expenditures of energy. Since, however, the model of in‘tercalation
s“e*.s from such assumptions and thereby occupies an exceptional place in

stereochemﬁtz'y, the utiiization of such a model for the D\A—acmdlne complex

requires a more "horougn i‘oxmca. tion. Tm.s is also necessa:y because oi‘ the

detect:.on of the capability to interact, by an analogous method, on the par‘t
of non-flat aromatic analogs of acridize or moiccules with lar"e side chains E

Trerefore there is intcrest in the construction of an altermative model,
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| B T 'not stemmg ai pmora. froa “;:he'ass.ux;.:p“tion trat ".:he ::é:i:ive co ’i uratica o“ Y
R is dostroyed. For resolvs.nff ‘ths nro'o]c*z it is r.a.tx.ml ‘.:o ‘examine possmle

E . types of bn‘dmg of acrldmes on modcls.

‘ >» | B Stereochems »ry o.'the D\m-acr:.d cc:l RRELTR ‘I’-:. 'Ehe foma‘tion of COonlm

ple’ces of acnd:mes w:.‘i:l? D\& a.n mportan‘c role ‘..:s p:.a;,'ca oy the elecirostatic

J— - i

—— _.;,v_; o forces o.. ~ ..no :m‘terac;:.on betxreen tlce ca‘t..o“zs o: ceridisne and the -prospha...e,;
E groups of D\A, wvhich 3... suppo*..ed oy tne de ....ency of 'the cuantity of bmznd

molecules on ionic s'treng"h f 2- -47.

"5 As 3.3 .movm, tl"e pos:.‘l:;ve charge of t1~e acridise molecules is cmcen**ated

oa the ring mtro'ren N -0 (fzgure 1).' Var us smé‘ci‘cuen‘ts may szgmf‘ican‘tly N

# change the dis .mbu'teo*l of elec tron dens:.*:y iz . ne moiegule and the value of
' . the cha.rge on the NJ.O mtrogen. In accordance m‘hn“ﬁ'] and the results of ‘}

» quan‘tum-mechamcal m.‘l.cula ion @7 R this hoios true espec:.ally for molecules

-

in which am..no- or dmetlvlammo groups are found :m the 2, Sor 8 pos:Lt:Lons

——

' of the acnd:me r:x.ng. ' Tnese molecules are cha.rac..er:.zed by the existence

of resonance struc‘cures, in which the charge is not concenirated on the Nlo
mtrogen, bua. on the m.‘trogers of the amno groups, which is confirmed by

Y - - -

the ex‘.,reme.a.y lmr bas:.c:-y of tre amino groups in ubese positions. ﬂ .

I‘l: is a.pparen’c ‘that :Ln a complex of acndmes mth D\. ; j:he atomic groups

’ of 'the acmdmes, bearmo a pOS:L tive cna.rge, ‘a.re fmmd as close as poss:mle to

[——

" ‘the phosphate groups.v Frcm a st ereochem:xcal po.;nu of' view it is most probadble

4 D : that the molecules of acnd:.ne are- msposed in a rarrow groove. '_Ln’thls case‘,“"" B

| B :m addrt:Lon to- 'the electrosta‘!::x.c :Lnterac‘h:.on w:u.h phospnatc gro.ms, the mo.x.ecules
- of acmd:me may ".:ake par‘t :Ln a van der Waals :m.erac't:.on with bases a.nd other

atom:.c groups of D\A ‘
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For a tailed CLOSCI‘:.')..:LO... of thoe cemzliox e il

v il comnese cach rucleotide i

with a smc--;c index, charzctenizing its place in the pelinucleotide chain,

and propose ihat it incrcases by a wnit upon v wasivion from the Cf atem of : :

ribosc of one nucleotide to the €

o,

o of »ibose ol Lo othc;':. Tais mekes

it possible ; »o nwmber thie nucicotides im one of the polynuclcstide chains, In

order to de..c“.ane the incdices of aucic

assume ‘.:h:.‘!: Lhe nacleotides of 'the 1wo crzins, Louzmd with each othor Ly &

ol

- axis of sbmetry of‘ thc sccond order, possess ideatical indices, I a molecule

Cof prozlav-“zg (2-8 diaminoacri a....e) is placed in ‘;he ﬁaz*o.r g-oove so that the

ring nitrogen N, . is found hall way botween the oxygen O of iae i phosphate
. ) 10 e I .

group of the first a:m ar." the oxygea OI"I of the 1 + 3 phos,na‘te group of
odn

o o < £

the second c:.am, ~thea here onc of the amino groups of proflavine twms out to

- be located noxt to the oxygen O of the 1 + 1 phosnk te greup of the first
. ) : iIT ‘
chain, and the other - next to the oz\,rgen (J,._I of the i + 2 nhosohate o“ the

second chain (figure 2).

e ——————

We condit :Lonally des*g'naye one of ‘{:A.e polynucleotlde
chains as the first, Kuranick @7 put forth he proposal on the importance of

the congruence of the d:.stance between {he amino groups and the phosphate |

" groups of DNi, The distance between the centers of gravity of the i and the j

OIII - atoms of the two polynucleot.de chains is expressed in cylindrical

' coordinates in the *olloxm.g manner &« "‘-’/97/'}[7 cos (4} %“_)]*(Z J .) &)

where r - the radial distance of OIII atoms from the axis of the helix; 7’2 > 47\; :

- ’che 2zimuth angle of the i and j atoms correspondingly; -Zf o Zj - the Z“’

cooana.tes of thcse atoms (designations of atoms and the systm of coordinates

are the same as in the paper LTQ]). TUsing the coordinates of the DX& atoms for

model TII of Langridge et al, /107 we find:

~ .' ‘ | ‘ ) ) %
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and the va.le cy anfrles from fI.17, and for the ani o ) groups of proflavwe we -

T T
*

T e T T L L I

C =3 B4
¢ z-r//zf;}_ﬂ.’_[/f?'{/" |

If for ‘-he ac*:.d:me ring we use the values for the lqu“;las of the 'bonés ‘

L ;.ccept the v'c.l.xes presented in /i_g/ Tor amlmc . ".:pe*x the Ls:ance be‘ween .ne

y centers of gran‘ty oi‘ ..he amino g:oms in 2 mo ccme o. praﬁnv; w furns out

' 7 m.trogens o; the profla.v:.ne ammo‘groups to be infy

to be equa‘l. “co 9.4 X The va.n der Va:.‘l. rad11 c'* e.cygen and m.’cro"en are

' corresponde.n‘,ly 1.4 A. a.r.d 1.5 3 Therefore ‘.:he c*.anve :m the omenta:tlon of

the i + 1 and the i + - 2 pl-ospna..e g-'oups of the t*.,'o c!—.a...ns, at x«m..ch the 0 "

1 der Waal contact v:r"h the

l(n‘

III ouwgens oi‘ the two cnanns. k-ray c:.a:l:a are .r.;ktle sensiu.ve to small

turns of a pnosnha'!:e grmp around 1’cs center [ __7 Te propose it t ‘:hese

'o:qrgens bear a s:...gle nega‘c,.ve .,harge in a neutral mediunm, P~ oabq the elcc-

trosta‘b:.c field of 'these cha.rges may :Lnduce in the molecule of proflavine ‘-hat

. ‘. dlstnbu‘t:xon of electromc dens:.‘l:y wh:.ch 15 pv'esen'ted sche:na‘t cally in f:Lgure 1

A cha.rac‘tenstzc fea.’cure of 11: :.s tha"c tl*ere is an increage in the s‘“.a.re of
Ty
resonance s‘l:ructures m.th a locahzatn.on of the dm.ble bond between the carbon

S ring and the m.'trogen of the am:x.no grcups. ' m.s is pa.rt:.cular..y ma.nzfes*ted 1n
y 'l:he fae‘t 'tha.‘t the posrt::.ve charge on the N nit ﬁogen :l.b decreased but on the '

10 2

. ‘; B
n:.trogens of the am:mo grou'zs rl: 1s :mcreased E ..ppa.rently the redls+mbut10n

of electromc dens:.ty ma.kes :.1: posalble to e*cp.._a.a.n <the reductzon m ‘the react:.on '

' »capabm‘y of am:mo groups of the bomd proﬁanne in respect *to m‘trous ac1d

the sh:.i‘t of the pH of the bound acmdine ora.nge in‘co the arca of more alkal:me

‘ ,pH values (r:;ng nitrogen N No is a _t::.’cra.te group) /14 _7. It probably is also -

- 'r-'j'oxygens are shifted ‘to t‘m sice of ‘.:ke naxTow g:o ve*;‘meS‘:t* pos::.b.:.e for t'ne o

L 4

: [‘J Aneth/,r conf:.ma:t:.on of such a red:.stribu‘t -on of electromc densu;y 13 e o

B
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" of the i and the i

responsible for the long-wave shils

Ak w O~

of prof“‘...avmc wita DXA /37, simce the
bonds .is incr ~casced,
obvious result of thc Londonov

and the bases of‘ the BNA,

favor of a medel o‘ m;.crca....aﬁ:.c“, sincc an alo*to*_s sacc’cm.. coanges

swved during com.alc:ung with DNI molecules, the imz ics '

excluded [is 2 1_(_3_7. Zvioreovcr, such
-since the absorp..:z.on spec ra do not
vhen various groups of bases are tit

Acridines,

of the acridine ing, may have a some

Toove. S1uce d“*‘a< (£4 3 !

is disposed in such a way that the N, 10 mtragen is “oux:,.. netm.en the ©

carry a negative charge, an excess of

cations, and the free space remaining

The arcmatic ring of the acridire molecule 1s“’sz.bme-gec." in t

groove and its interaction with the bhses and other

bea.rs mainiy a van der Tiaal nature,

an mteracaon are par‘.:*cularly favo«a e i

the 3 2nd 7 posn...:.ons in acridine yellow are found In comac.. w:...h 7

groups of ribose, and ihe amino group

2-3 diaminoacridinc probably interacts with the farmation o’-‘ a hydcogen bond

¥ith the carbomyl group of thymine,

action of such compounds /I7/. The

by - Kol 2.8
This change of op
e v mem Selegy
;..ub;c.w-.ko‘i Uw» teyel

4 2 2 A mends
¢ A3 eviginy

n\ Intersret

e [’1:—17-

in vhich there are no substiiu

what different

+ 2 pnospha..e groups.

.

In certain cases the cozdi®i

mechanism of mutagenesis ....ougr. acridines

s-)cc":J. o Tor

whe zdsoration

the complex

~w - - LY, n) 2
overall ..en;".:: of thoe combin

ad

o

cZ systea of

a“ sroocrties
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can be viewel &

.
-
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tion ercountors dif

el Rys(e JE-Te\ig cha%es at such pH
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2nts in the 2 and 8

orientation in %i

thea it is nore proba'alc that|the molecule

p CVE

Ye p*onose ..ha:t bota these oxygens f

ro e

el -+
which can a“"ays be ne""' 2.ized by Na

iz the narrow groove is f:.:l.‘l.ecl with water,
e narroy

AaG

atomic groups apparently

e et = m——

Zons for such

[

) For _exzzple, the methyl groups iz

iphatic '

ia ‘.:he S position in the mole

e of -

i e S

This may correlate with ‘(:n sts

[23
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The clrcums s.a.nce that acrid;nes fo:n "cl‘.w " between t he i and the 1 o+ 2

e D\R dmr:mg cwplc*.:mg m.th acrzd.m« o“...ae _[...a , 1~/ . S

is proba.b;.y cou-xcctcc. mth 1: ie m-.ch‘.ms*m of genctic recombinations, /17, 1:7.

or the :. and uhe 1 + 2 o cleotldx.s of‘ the tvo c::::.n_..s may lead to an incre:.sc

- m 'the frequency of ureve-m crossmv over with the Qe;.et..o-x or_ insertion of‘

one pa;r of bases [ _7

It nay also be resvonsxb.s.e fo* the increase in the mel i .g tcn era.tu--o oi’ i

In ‘:he descr.,.bed co*nle*c one molecuie of proz..av:me fa.u.s on 4 p..osana te

.goups, c‘x ex la:ms ’cne Lmtm" ra..lo o* the mmoer of ba.ma molecules 'to
’ D

" the nu:nbe* of nuc.s.eotldes.i Fo“ tl;xe "s‘trcng" b:.“d,..ng of pro“l‘.v:.ne it ecuals

1/4 [ y 87 Apparenﬂy “c}us 11m:c1ng ”a.t:.o should be in a1l acmd:.nes, tnoufrh

- its value.may differ ,sqmew}mkt fronm 1/4 @

- It can also be e ected that acr«dmes aecrease the flex:’.bili cf the
xp

g ,'D\A’. :nolecule and 't“xanks to tms mcrease the v*scos.;!:y of "he D\A sola tions @_7 .
- The energet:xcs of b:md,.nf of acnd:.nes aso does no’c con‘.rau.. ’che orcaosed

: model. It has been sho.m tnat for a molecule o¢ proﬂa.v:me a“i: room tempera..ure

enthalpy of bmd:mg comprises = §, 2 kcal/“ole, and entropy + 7 5 cal/mole » degrees,

..ha.'tt.:.s, the b:.mhn of proflavme is accozrpam.ed by a cons:.derab le increase of

entropy [ ] Appax‘en‘tly this increase is ‘!:he result of the dzspla.cement bv

"”prof.‘!.a.me of a szg,nlfzcant quan't:.ty of water molecules ’ found in the na.rrmf

L greerd

SHEPOVW, 'I'he breakdmm of the kwdra‘te membrane of pr of.‘.av:mﬁ tmr:.nd its b:.ndmc

—with DNA cou.:.dil.ead to a certaan Increise oﬂentroWﬁIMS a,ppa.rently-zs«‘mﬁ
‘ 'unique posszble expla.natzon for the modegg of mtercalat:.on. _ Tne plane of the B

"v-a. fae may be d:werse for chffe ent acmdmes,‘ m.'b it is alws found n‘thﬂ.n the

lmxts of 0 <0< 3 o° s vhich does not con.:adlc.. data based on the measur:.ng

B of d:.c‘xrcmsm in a stream and polamza"'ion of u.uoresce wce [ _7

8.

‘a.romatzc ring of acnd:me forms a certa...n a.ngle with ‘the pla.ne of 'the bases. Its

s e
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% vy also d....‘ma trated that o moleculy of aciinenmy c-.A is not luimed o
‘ bet - ‘t..o palr of DM Dases, sinmse the pinae of is aremciic »ing Jems an £y

angle of 23° * a with the plane of %ize bascs e A : §

a basis to propose that the mechanisa of

Peuld . * 3 ‘ - : ' t
same /13, 2',7. The propescd model can 3 ox“.‘;r be extonded o ceriain other }
PRt chres — -aet? rlene bluc, safrasi

S ar T elelby ‘10 - ete F :

. . . . L
D:Lf‘.a ion of ‘{-rays on fibars of INXX.pwoflavina, : 2

chm..n dc‘tec'ced 'bna.. a 3.4 A meridional refiexcion, corresno.‘d:.r? 'to the
3 -

s

from'oﬁented gels of DNAL.

However, the charecteri st’c distribution of the
reflexions on layer iines, corresponding to tie u\.ﬁl configzuraticn in the B-form,
disannears. Lerman interpreted this change of &iffraction pictures on the basis

of ‘the mode.x. of m«ercad.a...n.om Eowever, such n muer:re‘ta ion cannot be con-
si_dered as conclusive, since such a change of diffraction piciures may

'by'a'. nuzber ¢f reasons, In par":_m.lar a deteri *a"::.on in the packing of the

DN& molecules in the fiber, m.ﬂ*o'..t a change “of their configure

!

i

¥

!

i

1

be caused {
§

¥

i

tion, leads to :
4

the disappearance of the acute reflexions on many Iayer lices [§§7 . A certain S

c¢hange in the configuration of the phosphate f*a.re does not con*radAct the pro~-

posed model. Thus *he distance between the 1 + 1 and i+ 2 oxygens OIII of the
o B

WO chains dccreases from 13. 5 Lto ~12 LA, A cer'ta.in chenge should also be

e e

N

expected in the coordina‘.:es of the atoms of

..he dand i + 3 m;cleot:.des I

someé of these base pairs merge in the plane, perjeadicular to the axis of the

R

:molecuie, then the change in the configuration of the shell ma,; be rmore signif-

—

icant. In accordance with the proposed model the interaction with proflavine is

accompa.n.ed by the d:xs'n..,accmem of as ican':: anount of water molecules from

+he narrow groove and the formation of vacuuns in it.

e e

It is also possible that
‘ ‘ ,

‘.

o i e
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:I.S 1ess than ne mass per um"c of len'r""lﬂ and raiivs ol inér&:" "":oz $he DNI

and Qn - 1s the electroaic dens:.ty of the soivent, then in accerdance vi

B L T e R e

ﬂus prov:.dcs a ccr*a.:m commbut..on in ‘he diflraction {rom *“1: gcls.

Scattemnf* of l-rays at smail anglos. ’-.:.‘..aux, Lewran z:d Yason /= _7

‘detected that in solu.:.on the D\La—p*ofla.v: e comle\ scatters .\-re.y_ like 2

_ rod-hke par*zcle, t}*e nass per u'xmt of ...eng‘:.ﬂ. and ra:ln.s cf Inertia of :h:lch

i‘tself. The a.u'thors suggcs. ..:rt 'I:’--s rcsu...t, ard ..lso 'E:ne f.uct £ t‘ne reteniion

7‘ i;;o,. the 3.4 X uemdlonal refle.\..m ln u.-.-e"o""° re gels e\cludes a.ny "e\ueg. aln

,,o:m:mg of tne pro“la ine molecx.l ThereTore we will examing me expars .wen't

:.n more de ..ml

. o .

If 'there is a solu ion of rod-—l:.ke pariicles and Q(’X, J‘Z ) - is ’c"xe

: funct:.on descnbmg the éis »nbu :.on of electronic densily in such a ':ar".:ic.x.e ’

ith

the Ba.bn.ne pr:mczple s.xch a solut:.on w:n:l_x. scatter X-rays, s:L“ce pa.rt:.cles with

; a.n elec‘tron c’.e'zsa.‘y Q,.l ('7‘,3,‘1 )—- QQ s found in ‘the vacuum, scatter,

L.xzzatl, \1colaeff and hason showed that in actualli:y a‘t a low jonic

strength solu*lons of DNL sca..ter X~rays as rou-l:u:e pa.r‘t:Lcles, the mass per

um‘t leng'th 2nd rachus of :mer“:.a. of w‘x..ch correspond to ‘I:he Tat son-Cr:.cm

 model {75]. This means that 'the electron density of the solvent iz the vieinity

of ‘the D\IA molecule, fol e’cample, in :.ts grooves, does not d_f'fer s‘croagly
from the electron dens:.‘ty oi‘ 'I:he solvent :J.la.ng up the :Lnter-ﬁo ecule spaces,

The :mteracﬁon of profla.v:me w:Lth D\Ax may lead toa chan'fe in. ‘the ayerage

[ S

. elec"ron denszty in the grooves of TXA,

gor:..“'y ol a pmon(models/poss:ble)of “'ex-ternal" gos.m.ng of

o proflavzne 1:0 D\A ’che amphtz.de of sca‘ttenng in the 801‘..1:10“ equals the

la:nphtude of sca‘ttemg lrom t‘ae DXi~proflavin e camplex :m the vacuum minus the

ampl:.tude of scatter:mg from volmncs of DNt and proflavzne L1 Tilled with solvent,

-

m——————a s s Sy o~
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where- )/ —~-is vhe ratio of {tle- mmbe‘

not depend.n" on v . o

Ty - L B P .- . Ko PR - P, S Sl S 4t
hOhﬁVC:, 1T the moelceulics of J-G..-.L.J...Q G2 SATRANCL L TAC NArrovw

groove, the latier statement cooses to bo tiue. 4 molecule

s prefliavine ineve

ivably displaces from the narrow groove a consil.codly greatc - :

—— B B 2?4 wma e
PNk o4 - BN « DAt SR o /3 Qo A AP Ao r T

molecules than $nis ~ouid D& expected lrom ta

N
Fate> C

of proflavine,: Thcrcf‘orc even with sonll cencestroticns of

prelloving the aver-
B o < PR [ SURI - " s - PEA
age electr dc-xs*:.r of the subsiince in the narrer gomcove dXTars from 4ha
.- Sal O om el Kol - A ™Y e - -
electron density of e SO.LV\..u'L Scattering fren the DNleprollavire conplex

can be described, having assumed in
i‘or the scatiering volume

* . . )
" L)‘}.= 1/1 .tL.-L’ (J-)
vhere 7/ - is the scattering volwie of the D¥i-orollavine comnslex, "7 =
J\ © pY S b /
the volume ol INI (non-iy d*-a‘cau
2

POTEINY

- the volume of tihe nirrow groove,

¥e wiil assume that the volumes U, , 'U, nd VY are calculated

for one pair of bascs. 7Tir specific volume of the .a\n-proﬂavme com nle*{ is

o T +V ,
Q’Dg_,: . — ) . (2)
Fo+ po | | I

—

where lq’ ~ is the average eleciron demsity of DN, F)

~ the average

electron density of the substance in the narrow groove,

In the first approximat’on
app

—n.

‘1}:-0'-‘9;{1/, [ )

{-moles- of-bound profZavine ‘o the-

e ey s e ———— T ——

number of moles of the base pairs, = the positive or negative number,

e will proceed from the assumpiion thet the mass por unit lengih of the

DX itself vmwx complexed with proflavine changes insignificantly.
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Suc‘m aa a:.aurﬁncn *s "1..1:.4 “.v. "or ‘;}*.;s ox.w, s’ncc du). =g cov'"u“ exi nf; the

3. 4 2 mend:.o'xal reflouo-x is retained f [57. Tals makes it possible to obtain
the following expression for ‘.:Z‘.e nass - per vait volure of no u\.u-uro lavise

o

complex L e B L
=g Lemaxv
. 2%

I8 the mass per uait volume of u\.x (10.;- ydrated), /7 = 8.38 A

Tne :.nte*zs;‘:y of sca te“x..o f':cm a so.u'..*o.; ¢l rod<like pariis: ~es fu8, 28/ is

> ‘ : . : IR 1
[ . H
S . oo

For slotted cohma..zo-z f"'u?

J”(‘) A f’wwf—w’/"’ DIAC fc’ﬁ s°27

" where

/f'e - the radius of inertia of the particle
S _ 25l
=
: A
C’e - the concentration of scattering particles, expressed by the ratio, of the i
mmber of electrons for the particle to the Vn"*-ber of electrons for the sol.x..lon. ,

For the DXi-proflavine complex

ﬁ;v + ,’g‘z) —Awve

()

hion St e g 1 e A i e o

Aerieistha,

1 L A Lt BN o

Ampe C=p) e

FOVPT AP PRI

S At i B G S S AL

i et

(;) (/__. Pav)j' =R s I

ettt Rt s

LERTRS PR E SR g NP SRR T SN PIP L R

s i s Lt e

C’e, - concentration of D\{i- e ra’c*o of ‘me ﬁ.xmoer of electrons for 2 >, |
molecule of proflanne to the number of elec‘l:rons for the pa-‘-‘ of ba{sgs,rr-_‘_ ',

a = 0,321 /? - ratio of the nuaber of moles for p:foz"lavizme‘to the_inxn‘pcr of - f !

moles for the base pairs, o L T " t

From (2), (3), (&) and (6) we find | R, - a

10.
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e V3,303 P (f‘r&,,a, 2) (7)
Sl
Since 6(3 @?‘?é 1
{/’. —"- \ " '\/ 1 s
\ég / /“““*. =
1 V336
. ; 1Yy
o A
Us:.n,, ea:-)ermcn al volues for the mv‘.:-.h.g ol -::‘ for varsious [') N
e et PR N & . TR .. .

T
it is possibie the dependency ( \5 on F
o CI ’

The resulting experimental curve ws processed by the method of the

4 //
7\
least squarcs. It turned out that the dependency of (“_“‘ on p is Iincar
, »

(figure 3), and is satisfactorily writien by the equation

4

In comparing the experimental

wlba

tion that = ﬁ , we find JIUV = 40.6.

+hke degend

£y

curve with

czey (8) in the

The volime of the narrow groove T , linited Tty the planes Z = 0

Lo

the axis of the nolec""e, and t"xe cylindrical

Z = 3.36 i ',; pczpendicular to
Y v . . .
surface, passing through the centers of graviiy of the phosphcte groups, is
astely 300> for

()'7’ & /‘/’ '3

T asproxims —the Tangridge zodel IIT andothersy~ From here %
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¢ We now cvaluate the average deasity of sha sudstarce in “he narrow :
% groove when it is filled with proflavine, Iz the narrow goes ¢ a molecule
2N e ' ‘
% o:” profla.vine occuoies the space correspording to ivo pairs of bases, dn )
P - - examination on x{hI""O models shows That Ia thds wvolume ia the presence ol o .
- [ — molecule of pro"lav:..’xc 11: -is *)osszb 4o 2ial 1o nore thmn S-=4moleculas T
2 : : :
‘% of wa...er. The avemgc dc..arty in the nourrovw g-:oovﬂ when it Iis most densely
3 filled with proflavice is : | :
T o , : e
5 [ S S SRS VUS SNy SO SSTPRREREPRIESS S UM S, i S ) - : :
B s Sy o) R s o
= yoo . (0 -
vhere ‘ :
pr , 8 - the nun‘ber of elec‘crous of ‘the proflam.e molecule, !
. . m - ‘tne tc“'al number of electrous of the water molecules which remain ;
% s : ve £ !
N iz the volume 3‘0 after tne £ itting of the pro“]z.vme molecule i
;ﬁ v . , . |
g 770 F+ 3 / 0
, HerTve 1~
: s P = — - = 0.d3e /)
:
4 from here ){ 0 ]e
& D S
ff Th:.s eval.za‘t:.on shows ‘tha.‘k the average electron dens;.*y of tue substance :
¥
e . R H
in‘the narrow groove when it :x.s f:Llled with prof‘lav:me is less than the average I
b dens:ﬁ:y ox the solven‘!:. ‘-Ioreover, with the extremely ro-..zgh assu mptlons nade _ »_A,WL_,,___'M.
its quantitative value is found in reasonable accordance with the experiment, ; ‘
';
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he rote that for oiher models of Maxt crral" cembining ¢ prefiavize +h valize
ﬁ Ao, 41 devetomeant o £ gemel ,
“increases with deve.;o;:n av el \:.-.: 28 assumed thoet +he
— ‘/ S . :
conﬁguraylo'x of D\A is not cranged). It is lnowm tlf_a‘: sever.l {yzss of
binding of preflavine with DML exis® /= g
If this takes place u*"c“ sperimental coniitioss, then the ctserved
h . . .
o "f“’*"‘*"'value”oi" !‘i(a‘/ ) 'l"’:" 33 ;o*.»:e':cc. e R ] . o
L ¢ o ) j
. “ijg ;
“In this manner it is possibie 1o o lain the lessening of the radius of irertia,
S . 4 S
... Ia truth, for the DXi-proflavize c,om'>1°° S i
Are ' ’ -y . )
: \\) 0%+ 07 (o (0, Gl ‘33 F2 R ) s, g, 8 = n Lo
RE =m 2 - kJ .
. o Y= i o, \U\ [ 0o s 9
Ny 2 D =l o+ \W ko 00, 1 5 21
or . ¢
’ Rc. R O v""""')“(°—°u~"x'~‘-y-1 (11)

i = P, - o — P

Making use of (3) we find:

R = REH \.'xvx = 5,8;) = Duvo 33 E
C = ~

(12)

Pp-?, -0y = 2uv.y

where /Qq - is the radms of inertia of DNA (without the Na® ions},

_ﬂ‘;_ [,(5’ + 3{70 - tbe average square of the distance frcm the axis for points s

found in the space of the narrow groove \averag:.ng based on the space of 'the

_ S ol
narrow groove), Interpolating the desizaation 6 = __J}I T= v
< Py-pv, ? 1-dy
Z _] 117157 L
) Xyl e ' S
[— =L f.y
: J

and lcﬁsrega:rding the high powers

(23)
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This dependeacy is obiaired under the asswp’ion sh2t DX T, and not its sodlws
: salt, interacts with proflavine. IT \,7-" . of p:cflar:.m molecules are
. - bound with a molecule of DNY, having [ palvs of bases, “Ion ‘.I-.c,; ranlace
: v, h Of Na"' jons, Taki RIS S U IUT S as T o= h
. ‘ . Py m.\...ng LS C.a.« CVMSCaCI L0 Petiiges d.i 0. Ter the
‘ average ra.d:Lus of mcr‘tm for the campla: o;—“ 2".1 scdium gall wita profiav 'w o
SiA)wm_— o we Obta:'n [',{_3'_ Fr' - V (Pc (_ ‘)) M.Aai—“—jhhif ’ B : . »
‘ where [, o = is the rachus of inertia of DNA Na© or '
[&# <= 5% --=. : ;
Rc.=Rc—v-(Rc—Rc.)—--&/——_—i—x L, (i (14)
. - 2\ R t—dv g

<y -
Tor fﬁe' La.hg‘:idge }Iddel IiI .a.nd; ’o*vt:hers ﬁ_07 /) gy = 6..95 .8 | the experimental |
signif;iéa.jce‘of‘ the‘ v;ﬁ.ue»‘ Ke‘ = '8.4 fj ,.z»e valuc *»fa+j;3...N7.S X.
Mak:.ng use of‘ these vaiues we find

L ) o e Rc.—-Rc—léov-—O‘)____ ‘ ‘ (15)

. 7 R o N | 1—0{3sz - .

The values of the radius of mer’cla, oh‘ca:.ned from (15) under the assumpe
t:.on that V- p , are found in sa‘tmsfactozy agreement vith the expermentai
values ( see the table), The low angle sca’:'&:e*‘:m«7 from a rod-uke par'clcle '
is estabhshed by the para.meters /DI and P and 'therefore does not contradic‘;:
the proposed model S SRV a Co o o |

Luzz:a.t:. et al. [ _7 det ..ec..ed an increase in the sca.ttermg capac::.‘ty of D\A.

__in solutions of \a.Cl a.nd NaBr. It .:LS logical to assume that the additional... -
sca’c‘tering capaci‘.:y is cha.racteriied by a larger, in comna;rison vith the surround-
ing sob:.t:.on, concen»rat:.on of cations and 2 lesser conceniration of anions, An
anal gous increase of scattering capacity a:oparen‘!:ly takes place for the cesium

, salt of INX as a result of the great scat tering capability of Cs o It is 1itile
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Probable that DRI Cs in an isotrojnic soluti

| »
wtion L 2 cc::;: wration which is
: ' N v
s - LIS Mont - A=, " . - g
different from the Vatson-Criclk model /.7, Movemilioless %72 small angle ;

scattering from gels of DX Cs is found in zocd accordance wiik tais medel. /277

J.t is knom that the small angle scattoring ia

toring ia gels. inm eentiast 4o scaitering
in solutions, depends 1ittle on the vilue of the specific conneity of ire mriicle,
and therefore probably gives a mere relicble value ﬁf:;_:'”t;;, zass per uni’ length. . . .

The irieraciion of o :‘i":l:.cs with DNA is dis‘.‘ir.guishcd fram the intere

. ~ . . . ' }
action of metal cations with it by tx Tor c«- dines there exist

ol e oke i
uue iace uh&’-

additional limita ions, coanected with the paciiag of the massive organic cation,

The narrow groove corresponds to that part of the surface of {he DNi--cylinder,

o s - —

*.which is ch:.r:.cterized by the maximum suzface censity of the charged phosphate

roups, Therefore it is matural thet there should be a primzry disposition of

cations, metals and acridines,
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" Figure 1. Schematic representation of the proflzvine--DNi complex,
"Each line represents a separate polynucleotide chain, and the scquence of

-atoms in it is shown by the azrow,
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Figure 2,

Coord:.nates of the mtrogen atoms of proflavizne amino groups

The poss;blhi-y of the forma

is mt excluded
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Three chensmnal uodel of tne 210 .Lavzne--D\) complex,

Y .z S ;
52° + 3° 3.3+0,58% | | :

3°,“°7,’i.°i°-5‘2) Lo L |
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m2tion of a lvdrocen bond W:L th the z2aino groups
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