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‘l’hio’ binnolinng ouf Ionntinimlotaruboh 8-Ionuunuooluminuo)hinne’s (iunchnc!inng Primmmlnoluninue anud pe’nutaejuniumu’)

_sonnmmt’ of tltt’in’ h000tenutiltt nmmt’tabotites, anmd ciuloiroqumiumo’ toi lIN�\,, ItN’A, amme! various

o!n’onxyribon- bouuel ��olynibeonuincleotidt’s hulls bet’uu stueliet! by eiumilibriummi dililysis bmnmd direct

slit’O’t ro)pinoot(uummt’t-ry. ‘FIne’ exteimt ouf binndiimg of pm’inmlio�uninme, j)enmtaqutiune, and clulom’o)quinte to

nubitiye o’tnli thu�’nmmus l)NA.,, 11.5 tmme’asum’ed by t’quihibi’iunm oliah�’sis, dooes mnot- �‘aiy inn time ranmge’ ul

1011 6,0-SO. �\. tmubijuor l)t)t’ti0tm 0)1 t’bid’hu 6-Im�’e!rouxy e!erivbotive of time S-ttmumintoquinmohiunes binmois to
I)N.’t, althtonughu, inn time’ tw’eo exbummptt’s studied, tine extent of binding is sonnew’lmItt lt’ss than for

time’ en nm’n’esj)(onmduuug ()-nmmt’thuoxy I0btt�t’tmt- co)ummj)olmnut!. I�enu(ovInl oif the l)ruotonmatee! tei’nminal imitro-

go’nm oul time S-o!ibinmminno siole’ dm1-hum dt’cme’ast’s time binmoling of the S-anminmoquinolitmes to very low

1e’�’t’ls. The structum’t’ Ionic! coumupositioti of �)oolynmumclo’otid!t’s Inflect timeir binmdinmg of the S-anmminmo-

qomiuno ohmic’s tonuol chubonooilmilno’. l)atbi fronmu t’d1uiilibtuuntml dialysis show’ t-lmat- time extent (of binmdimmg

oil S-toiuimmooojuninmolinmt’s is greate’st too tilttivo’ limit! ol(’tnat-uiro’oI l)NA, followed, itt order, by solu-

bit’ R N,:\.� lintel J)hnI’utme-counntaunnimmg h)onl�m’ibonnucle’otiolt’s (jxuly rI, huohY � poily rC�), jooly rU’. tutd

h00)h� m’C. The mtumc!eot-itle seo1ume’nuce blind! commmpositionn also affect time po)lyntucleotide-iumd!uced de-
(‘t’e’IOSt’ inn tIme’ Iibst nmbbtnmce oil ant bimmminn000lumiuno)liune’. ‘[hums, doubhe’-st-ranele’d huonmopol\’tmme’rs like

hmonhY oiAe!T bini(l iioul� d(’,e!(’ (‘bounse oinul� a slight tlecm’e’ase (less timant 3 � ) inn the absorbannce of

l)t’tntti0l1iitit�, bunt- the oiooumbho’-strbonme!u’d lilte’rniatinmg ceo�)olynmo’n’ poly dAT causes a ummajor de-
Ct’t’btSt’ (ummore t-Iubnnn :3.) �‘ ; sinmiilam’ too timu’ (le’crease’ cbnumsecl by native DINA,) in time bibsorblnnice of

tiun’ sammmo’ binmiun0101uunnonhnte. Exte’ttsive biuntlinug of ant anmiumoqunuitolirme to Ii polynucleotide may

onccomm’ wuthonuut a nmuarked contcoummut-auut tlu’crease’ itt time absorbaumce of the binminoquinuo!ine. In

equniiihn’iunnm dialysis expen’inmmemnts, time’ inese�utct’ of prinmatluinme’ dtoes mmout decrease the binding

oil t’hmloou’ooiuiute to uuative calf tluymums 1)�\A, evo’ti at- a nmoibir rtot-iooil pm’imaquine to) cimloro-

quitmo’ no]’ 5: 1. Flouw’ever, cimlonroojuninuet!e’creases time’ biniding of primmmoluinme to native l)XA. Al-
thuuongio timeme is bonn aI)parernt inmtu’n’lictiount bet-w’e’enu tln(’rinmg systemmms oilbound prinuaquuinte antd

time’ umumo’!e’ic lucid bases, prinmubtt1uninme dues umot- appebor t-oi intten’calate into time l)NA structure to

II- sufficiemmt ext-emnt to be tlt’tectable by ant increase itt the yisccosit-y of native DXA.

NTmton)u(’Tmox be’e’nm sumggu’sted that time nmecimaunism of the

.\n ut ummualarubol lomintotluinuohinme’s, tluimmlocriume, anmtimalaria[ILctivit�’ may be m’e’lated to mu-
:onnd o 1uninninne binnd too I)NA (1-6), loud! it- hIts 1)3’ the Umoil eol States Amuimv Medical Research timid

l)evebobonuuennt Coonutmanoel (Conntmact 1)Al)A 17-69-

This st Inch)’ wtos sonpporleo! ho3’ hue Umniteoh States (‘-9075). Timis is conntmiioimliooo 686 from the Army

Pith nIit’ I Ie’til thu So’n’viu’e I huroonngh Nat iomotil I most it tote Mtnlan’ia lbesean’u’hi Program.

of ( ; to oo’n’tnl Men Ii o’tol Scio’uoo’o’s � out 1:5606 (I) u’. #{176}Ton whotmu reqonests for n’epm’inits amid mm ii n’ies

Thio onno:is C. Bonn ben’, Primno’ipal I novest igtmt nor), tonul shononld l)e dined ed
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huibitiont of tIme luumction oil 1)XA iuu pooly-

ummemase reactio)nns 10.5 a result ol binmdinmg o�l tint’

drug. Sonmo’ I)ro)b)(’rtit’s (of thmt’ bindinmg of 5-

runnno)oluinio!ines td) I) :#{176}‘s,Aitave’ be’ent repoort e’e!

PreviouslY (2).
‘Fime binidiumg oil time 5-anminmoquninmoohiunes too

1)XA is (a) accompanied by a t!ecn’ease

itt rubsorbance of time ligand, (b) (lecreliseel by

nut inicrease itt ioonmic strenmgtln, IoniC! (c) ele’-

creased by \Igt+ to ru greatu’r e’xt(’utt titboun

w’ounld be expected broom time’ u’ffe’cts of ionnic

streumgth alone.

A(lditiolmal stumolies by e’qutitibn’iumumm oliatysis
anne! direct spectrophmotomo’t-ry ave utow’ been n

carrie(l out onn time bindinng of anntinmalan’uol

S-anmiutoquinio!ines (primaquinte’, peuntlioluminut’,

plasummoocid, antel �)ltnmaqutinme), soome of thme’in’
potenitial nuetabolites, amid time butt inlualbirial

4-aminoquinoline cimloroquinme. Tino’ �zohynimers

studied include l)NA from call thynmus bond

Clostridium perjrin-qens, yeast sonlub!e RXA,

nut! various polydeoxyribo- Ii nno! polyribo-

nucleotides. A prehirninmary repoort of timis in-

vestigation Imas beeni made (7).

MATERIALS ANt) METt-IODS

Time experimetmtal met imothology was t’ssenu-

tially the satmue aS previounsly reportet! (2).

Time aminoquinmolines stumdieol �ve’ru’ nmot tb’-

tectably adsorbed to) time dinulysis t-unbinmg inn

time concentrtutionn ramiges of fru’e binminoi-

quinolines used itt timese stunolies. Tito’ struic-

tures, pK8 values (edluivale’nmt to the joN,,2),

and time molar absorptivities of prinmaolunituu’,

pentaquitme, plasmocid, anmd panmlntluinte’

Imave beeni presermted (2). Time PKs values liunol

the molar lubsorptivities (nmeasured at- pH

6.0 itt 0.01 M potassiun’n l)htospitlito’ w’ithuinu

time ranmge o)f 310-470 mj�) of otiuer anmuunoo-

quinolines are given as bootniotes too tIme

tables. 1mm some experiments, binmdinmg WIO5

n’neasured by time distributiont of chloroo1uinme-

or primao�uinme-3H ut edluihibriumnm dialysis

cehis; botim radioactive aminuooluinmo!inues we’re’

manmufactured by New Enuglanmd Nuclear

Corporatiotm. Aminmoquninmoh mit’s nmot prevu -

oushv described and time radioactive pm’ima-

iuiume were kindly supp!ie’d by time Arummy
#{176}ulaiariaIlesearcim Progranmu througin tine’

courtesy of I)r. David P. .Jacobins of tine’

\Valte’r Heed Arms’ Inmstitute oil Hesearcim.

Tine polyri ucleotides used! lo)r equilibriunm

eliat’sis w’e’re oubtainme’t! I’roouum Ilioi it ulymmme’rs

Lbib0)t�litt it�’, lund! i)ol�’nuun(’lt’t utie!e’s unst’d loon’

ohiro’ct s� )t’Oi’t n’Opluo)to)tumt’t-t’\’ \vo’mt’ 0 ibt ti I nnt’o I

froonm I3ieipo)lynmmers LliboOrlitomn’\’ out’ !i’oonmi 1\libt’s

(‘hmenuical (1onmpbinn\’ ; time’ I)N2� oil o’tnhl’thy-

nmmuis, iroumu Signna (1ime’nmicbih (‘onnimpbouny : tint’

I)N’�\,. (Of C’. /)eu’Ji’inqe-uus’, imtummt \\‘oorthminngtouu

Biocime’mical (“oorpo)rationu ; tIme 1)N.� of

.lliCI’OCOCCUS l/,/SO(IC1I-m’IjCOIS, iroitum .\lites (‘hmt’nmmi-

cal (1onupanv ; :ontol tue \‘O’ast- sooluble (t n’bonus-

fe’r) HNA, fronmm Schw’arz 1lionllt’searchm. ‘!‘hnt’

nmolbir cooutceumtratiomms oil I ) N’;\, bittol 0 nt iut’n’

l)(olYttumclt’ot-i(ieS Itt.t’ t’Xi)mt’ss(’(b iii tt’mnms of time

conuncenit n’ationms to! l)N2� huhionsl)hmtmrtls o nn’

�oooiynntnclo’oitide j)hmosphu(omnns, uvhuichu tort’
o’oiunivatt’nnt too tint-’ couuuct’nnt mItt joonu tnt tint’ nut nnnou-

unumciu’ootiole ununits of time i)ool�’nmmt’rs.

\‘iscoosities mvt’n’e’ nmt’loshnrt’(t mu a ( ann nutnun-

tbbeldoint!t’ foitr-bumhb simt’tor oiihumtiomm viscoonmm-

ete’r. l”u’oonmmIt j)!(ot of ‘i1_�, tour e’achm DNA connn-

ce’ntt-l’bitiOuni W’itiu t’O’sj)e’ct tom t-iit’ siie’bit’ strc’ss

cbol(’umhote’oh froonm olbitbo stnj)jihi(’o! �m’it in tine

�‘iscootmme’ter aund t’xtrlipo)ibnti(onu too zt’mo� shuo’ar

stm’o’ss, time 71’n’ vlolume’ bit- zo’roo shuear wtos ole-

t-t’mum’uitteelfor cInch 1)NA coonucenmtratiouu.

Inn thmo)se experimemuts imu which time’ hinntlinng

was stuuc!ie’d oovu’r 10 sutfficio’nntly m�iole’ tango’ oil

jooAyumme’r coutceuntrationnis, tint’ binnolinug oinlor-

acte’m’istics w’em’e’ e’vatumatett (8) inmunmt tint’

tlootnble’-m’eciproocal johont ool I u bogboinust 1 c,

��‘hero’ u’ = tine’ nmontbor coinnce’nnt rat it nun oil

bonminnoot 1ominmooiiuue bonunno! lbt’r nmnoian’ connnet’nnt n’ti-

tioum oil polymer nnumcletotie!e’ 101101 c tine’

nmoullir coonnce’nmtrbotionu (of tIne umuubuunnnol bonmminuo)-

0(llitioOiitn(’. h’ro)nm such a 1)hOot , t hit’ inmte’rct’j it tint

time verticbih axis is t’oltmal ho 1,- ii, whue’mo’ ii

tine mmmaximunnmm nuunmbo’r oof aummiunooquinuoutinut’s

boumud pt’r polymmme’r nnucle’otiole. ‘l’hmo’lossooo’ia-

tiotu cootnstattt, Ii’,was calcuutato’ol im’ommmtim’ ne-

tbotioonn shoojie 1 ‘nK. IAinuebon rt’grt’ssio nnn linus

w’ert’ obo’ten’nmine(! with thut’ bit! tot’ bitt ( )hiyo’tti

IJnmder�voooe! Prougrlinmmmnma 101 (‘onflmloutt’r.

RESULTS ANI) t)t5t’USStON

Binuo!inng studies we’n’e’ roumtinmo’Iy carrio’d (ant

itt 0.01 11 potassimmnmm phospinbito’ (minnie

strenugt-in 0.012) at p11 6.0, nnmilt’ss uthie’mwise

stated. At pH 6, tiuo’ auutinmloian’ial 8-toumoinuon-

quminmolinmo’s (ph2 3.0-3.2) occur as umuonuuoo-

va!eumt cbitioonus ano! tIne’ 4-anmminnoon1oninuohiune’

clmlorooiumnte (iK2 7.8) e’xists pretlounuminmbonutby

as a doubly protonmateob, olivlolenut clotionnn (2).
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lit nwe’\’er, witimnu thno’ 1)H maunge’ of 5.9-8.0,

huo’m’e’is essennt ially nnoo cluannge inn tine’ (‘xt(’nut oil

binudinug cub tint’ lonmminu000flninnootinne’s umueasumeu! by

o’o1uihihriiunmu olibohysis witiu chubnnngu’s inn pH if

(‘0 nnnst�nn it ionnnio st n’e’nugtim is mlninutloitte’el ( l”ig.

1). Ahtlunimgiu tine’lomo)tu)nmbmtiontmof tine’ S-lnnmminuo-

oiimituonhinues t!out’s unont cinanuge’ signuiiit’atntk mu

this iol1 m’a-umge, f-lit’ tlijit’oot-e)nnlit(’d! fornim oil

oh ito tnt ot luuinne �‘bon’mt’s iroummm nmuore t-huann 98 #{176} tot

lit’ Itnw’en’ \‘boltne’ ton bqohoreoxirmmlit t’I�’4() at t hut’

tnloioem’ pH \‘Ii!nmt’. ‘lime’ binidiung resumlts are’ tuoot

inn count mboohct-ioinm toi thio’ n’t’ponrt- by Coiiuenu a-nd

\‘it’hhinug (3) that it is tint’ ohivale’tmt ftornm out’

(‘hiltnit nojuminie whuich u binnds too I)NA. Tine’u’t’ is

tnnuuiolo’tinime’ olurinug tint’ 20-iou’ t’oiuilibm’iunnmu

01 itt tv’is m’oo’t’tlun’o’ font’ re-t’stabhishm nmmo’nntoil tint’

to1 onilibi’iunm i)t’t-wt’t’nu t’re’o’ nmtoonuovalt’nmt anio!

moe’ o livtolennt o’iulonnntuinnt’, 105 e!iva!ennt- cioltim’eo-

olin it’ is, inn n’i’ft’o’t , m’o’mmmouve’t! t’ro ommmsolut iootu by

l)ininlitugton 1 )NA, tonu(lmonre’ tinbinm 90 out’ tint’

toottot o’iuhnnn’ono1oninuo’inntint’oii:nt�’sisd’o’hlis hooonnuh

ton I )\‘A Itt e’o1tnihibn’iunumu.

Rinnotinig tot tint’ Iom’unmmbtoiuniunebimmo!ioenmtaqumiuie

too unto! iyt’ bonnel o!t’n nat unto! I )NA 0)1 C’. pci’-

tot no/en .� is t’o nnmu� ito n’o’ol wit ho tint’ binuohinug too calf

1ivutmons i ) NA inn l”ig. 210 tonnoth. Tint’ Io(lt’nninne

1�un;, 1. l’ereo’intaqo- of 0110irn(n(/000lnonlOin(’ 1000010(1 to

ito/not calf I/oyin us l).\’i ott t(tO’iOOo.’/ p11 0(11040’S (1 md

at 01 comnst(lmnI 00)10 OC .‘tlt’ounql/tof 0.025 (in pota.ssiounu

p/tons p/oatc to otffet’.’t (of 0(1/0(0008 110(01(1 to Ito’s )‘

Tine I )NA-P to tnnotimitnoitninionbimnt’mmtn)ltin’ n’tntinns

we’re 10-12:1; I lie’ 1 0NA _P e’ounu’ennt mtit inonus m’anngee!

fm’noniu 4.3 to) 5.0 muM. � . o’hnbonn’onqooimne; C Ioo’mot ttoltuinne

lom’inimtnonooiune.
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l)1U5 titynmiume ct)ntenmt is conmsiderably imighner
jut time DXA 0)f C. perfi’i-nqens (73 � ) timanm

in DXA of cliii tlmu’mus (56 #{182}�) : time

(A + T) : (G + C) ratios are 2.7 lintel 1.3

for the DNA of C. pei’fi’ingens atmd calf thy-

mus, respectively.

At low 1)NA i)imospino)rums te anminto)oluiumo)-

linne ratios, time biutdinmg ton umative bacterial

DNA exceeds the bindinmg to) native call thy -

mu.s DNA. However, at hugh 1)XA-i� to

anmunmoquinohute ratios, binndintg to tine tilt-

tive calf timymims DNA exceeds time binn!iumg

to time nativt’ bacteriah I)XA. Sinmmilar re’-

suits were obtained wlteut two other aunti-

malarial S-anmintod1uinnohi ties (p!asmocid anud

pamaoiuine) ��‘ere studie’d inn the saumme syste’nmi

(1’ig. 2c anud d). Timese resunlts are coomusistetut

with time existenuce of a larger uuunmber of

stronug binmdinmg sites anmd few’er w’eak binmdinng

sites witimin time cliii timymums DNA co)nmpare’oI

to time bacterial DNA. Coiment anmd Yit’helinmg

(3) huave shown time lreseumce of at- least two

(a strong lintel a weak) bindinmg site’s br time

irtteractiomt betweemm DNA lintel cimloroquminne’.

Time occurrence of two sumcim sites, as inmle’n’n’e’d
from Scatcltan’d plots ammd broom the existeunce
of two spectrally distitmct bonnuud bornmms oil tine

anntimalariat 8-aminmo �uniunoohiume’s, ii as bee’n

fonmnnd inn this laboratory (2). Thuns, at

hmigin DNA-P to) anuuintootuinmeotinme’ m’atioos, it

appears timat mmmore S-anmminmotiuinmeohinut’is bounnntl

to time calf timvmm’nus I)NA be’caumse oul its

larger uuunmber of stronmg biundinmg sites. Inn

contrast, at ldow 1)NA-P to anminmoqiminmunhuno’

ratios (timat is, at- relatively hugim amuuinnoo-

quitmolimme to DNA-P ratios), timere is 10

tendeumcy too saturate bill ol tine stroinug binudinug

sites limit! an ulmcreasinmg pro)peon’tuomi oil time

weaker binmdinmg site’s. Native’ DNA of .11.

lysooIeikticus [A + T equal to) 203 C’ of t hue

base conmpousitiotn; time (A + ‘F): (G + (‘)

ratio 0)1 0.41 �s’as studied inn eojumilibriunnmt

dialysis u’xperinmenmts sinmilar to tlmose simow’n

itt Fig. 211 boor prinmmao1unmnme. Time bitndinug oil

2 TIme ahoh)reviationns onsee! tire: 1)NA-P, l)NA

pinosphorons or I)NA nnono’leotides; PN-P, pnnb3’nnon-
cbeot i(!e l)Imoosphmorus; nnmolar ai)sonrptivitv oof

free, onnnhuooonnoolatitinnonoinninonobinne ; tIne rihoocopo!vnume’n’s

(pol3’ rAU, �onl3’ rAC, tumidpnol3’ rAC) are I)onbYuuon-

cleotide st ranmds wit hi rtnundoirnmly oust u’ihtmteoh noon-

cleoosides wit hino I he desigmmtiled st rtouod. TIme sI n’onc-
t onres oof I Ime deonxyriioon�oo olvimuers to ro’ (1iSdOm5seo1 inn

the text annd Fig. 3.

1)rinmundhuminne to nmatiye’ ca!l tlm�mmmus 1)NA is

less thuanu time binmdimmg too e’itinu’r oif time’ nuativo’

bacto’rial DNAs at how’ 1)NA-P to toumminuoo-
dfiIittO)iinie mohbor ratious (.m 1 -7: 1). ‘FIne’

extenut oil biumdinug oof j)m’mnmmbi(1umnme to tnbiti\’t’

1)NA. 0)1 dill tin�nmmuus tound if. ly,s’odei1�1ieuts is

ai)l)ruuxinmatelv t’t lutbol at in ighu 1)N_� - I � to

anuirncotiuniumoilinme’ ratito’ ( 13 : 1-I S : 1) , boltiotnugln
the bltse ccnnlpo)sitiu)nms oi timo’ 1)NAs olifl’t’r
nmtukediv. �Finus, tine binnolinug 01111-a do mont- sug-

gest that time nmummmuhe’r oil stmiunng (or wo’tok)

binuoling sites foot’ prinmmbnquminno’ (or i)enmttoolounno’)

inn Ii I)INA sanmi)ie is directly ioreupo)rtionnnboh too

time prt’st’nce’ of It specific base our bust’ pain’

witimiut time’ 1)NA. Huow’ever, it is mmot jnonssibhe

to excluohe conmmpletc’lv Ii possible e’t’t’t’ct oil

tFbiCe anmmoitmumts ol counntlnnmmiunatitmg I)routt’inu inn

the 1)NA sanmj)les tint time (ubso’rvee! lt’�’o’lo oil

biumehinmg.

Time coonmunmmoonnbouutiummlihlnm’ialS-Itntinuonolonin000-

hinmes inlove 10 6-mimt’timonxy groump which, tot

he’ast itt soinmue s�)t’cies, umnott’rgtoes exto’nnsi�’e’

O-denmuetiu\’llot ioun bonu(! subst’o1une’nnt toxin lInt ioonn

at pousitioum S too yio’h(l time S , 6-(hiiuvn tnt nxy

olerivatives (9, 10). It was oil iunterest, thit’m’o’-

fore, td) stut!’ tint’ biuutliumg ho I)NA biunolout men’
poilyniuncleotic!es by tiut’se’ hioutt’nntibil tnt’tihtn-

lito’s of several 6-mmme’timoxy-S-aminnnnn1uiunou-
linmes. I )ata frinuim t’qunilihriumnmm t li:nl sis ton tine

perct’nntlogo’ cii hinnohinug too muat io,’e to nun1 ott’-

nmatured cliii timvnmmius I)NA i)\’ j)t’nnttoo1(ninut’

(time 6-tmmetimooxy (‘tnmmmpoummmtb) boumol timo’ 5,6-

diiuytlrouxy annul “n, 6-dinmmethuouxy ele’riytotiye’s

lit�’ givo’nn inn lIobIt’ I (!eit-Inbonuol �ot nrtioonn).

.�\.l! thmre’e conmpoumnnols have’ tint’ sammmt’ siole

chboiun tout timo’ 8-bonulinno umitrogt’ui. .“S. nmuajoim

port ioonn tot’ tine’ poote’nntibo! 5, 6-dihuoln’oux

metbibohite’ binuds too mubituye’ ammo! o!euutotun’o’d

calf thnvnuums DNA, lo!tinotngiu time exte’nut oni

binuo!inug is ounhv tw’oo-tinirelsoil tint’ binmobiuug b’

po’nmtboo�uminut’.Tine’ 5. 6-ohinimt’tlnonxv obo’n’ivlntive

binuebs to calf t Invnmmus I)NA to to stonnuewhnat

lessen extenmt- tiutoni flue’ ‘u, G-uhihtyutn’ooxy eit’n’iva-

tivt’, A sec(unmo! connmu�u�im’istinm oil tInt’ i)innotinng of

anttutine’r 6-numetInonxy-S-�onmuinnouo1utinnouiinne’ Innno! its

corres�uouneiinmg 6-iuyolroxv ohe’riylotivo’ is give’nn

in time riglnt-lmamuoi uoom’tioun ott’ Table 1 . Inn t Imis

case boisto, tino’ bitmobinng oil flue 6-hmytln’ouxy

demivatiye to 1)N.� is siummittor too, bumt shighotl’

less timaun, time binuelinug oil tint’ 6-mmmt’thnonx’

oleriyat ive.

‘lint’ spt’cific (‘-iuthm’oox’- Innuo! 5 , 6-nliiuy-



‘I’.noo.u.. 1

Polymer

4810 tnt 455 uim�,
3520 at 370 nmi,�.

2480 at 347 umu��.

5970 tit :3:57 nmt,�.

TABLL 2

Binding to D.V.-t of noun inoqooion-olint’s wit/n VOO’iOUS

8-anunino soobstitooent,s’

The nmethodoubttgy wtls the stonue as itu Table 1.

Binding
Aminoquinoline to native

DNA

<5

<15
15
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Biml(ll FO(/ onf -nietloo,ry- and In�idoox�i-8-anoi mnoqooonolines to D,\.1

Thou’ Ioerc’t’m it togo’ of’ i)innelinng was mmmeastnred Ii)’ eqinib ibritnnum dialysis wit It u’tn!f t hymnus I )NA inn 0.01 M

pont :issi000nu iohoosiohoate, ph tn, tnt a I )NA-P too amintoqcnimionbinne ratio of 10:1. The 1)NA-P conucenntrationos

raongo’oi from 2.2 to 4.4 nt�n.

8-NH---(CH2)5-- NH-CH(CH3)2 8-NH -CH2--CH2---CH2---NH2 -

6 OCH3a 5,6�di�OHt 5,6�di�OCHac 6-OCH3” 6�OHe

(_
(�

C iC

(�

( /(_

58 46 89 76
51 41 82 72

Ntotmve I)NA 84

1)uti:oooureu! I)NA 84

Pt’oit Imohtninno’.

I01�� < 1.0; =

b01\., = 3.2; =

� I01�. si =

Iu1� = :S.2; =

dn’onxvanmminuoooitninuoohinne’s di’cumsst’ol bibouve’ lom.e’

ro’t:ot i�’t’lv stbib!t’ unne!e’r tint’ o’oonue!itioonis (of

0’O 1unihibm’iummi olibolysis (pH (‘n at- roionm te’nmi)e’rli-

t-unn’o’ ft in’ 20 --24 inn) . C1onmmjoan’isoinm of tint’ ab-

soon� ot ioutu 5j)t’d’t m’unimuimmmuume’o!ibott’hy aft-em iim’ti)bi

m’botioomuonf time’ aumminuoqunintootiunesd)lIitioIi annd

loft en’ 24 imr lot roouotmm tetmmpe’ratunre inmdicate’d

thobot toss thulium ,‘O�-; Ol t’lid’inoil f-he two iiy-

ol m’oux � Itot ee! bnnmminnooeiuiumoiliu ut’s innne!o’rgoe’s do’-

(‘(onmmloonsitioonu, ‘Fine o!ihuytlm’onxypenntao1uinte

unnuoln’m’gone’s u’bopio!loe’renbic de’coitmmpositioinn inn

bolkbnhinne’ soohutionm (11), title! tine’ 6-hnydroox’-$-

butylammminnooo�uninmolinme (coum’re’spoimndinmg too the

invtln’o nxv eIe’u’i�-’at-ive’ tub flit’ second cooumupounnmti

cot’Ttohit’ 2) unnudergoes very rlnpic! eleconmjiosi-

t ion n (nm-toone’ t I uann 60 ) mu 24 hum’ at pH 6. The

t’bojoio I ult’coinmmpositiouun out’ the latt-o’r Inummiumo-

u1uninuoolinue’pre’�’eunt-ee!tint’stundy ouf its binndiumg

ton I)NA by t’(1unihibt’iunnmt ehial’s’sis.

)t men’ attt’n’tot ioonus itt time strunctumre’s oil tine

8-tonmuinnooquninuonhinnu’s afl’e’ct tine’ binneliung oil tinese’

ligtonuds ton I )NA as numo’astmred by eqonilibriunu

ohio lvsis (Table 2). 1 ti soititt’ specie’s, f-lie’

te’n’nmminntol aumminnoo groinp oil time siele’ ciuainm oil

(‘ii tonnono mi nit’ inn nde’rgo ne’s ,V-deethuvhtnt it out (9,

12), :nltlnoummgiu thuis rebictiuuni appears too be

ro’tlotivt’h’ s!owt’m’ thuanu tint’ O-denimet ht\’llitiditt

inn ioe’nntaoiuninne’ (9). ‘flue sumbstitutionn of bitt 8-

pn’inmmary aumminuo gm’ouimp tour time S-ohiaumiinmuu sidt’
ci utoiun boholisint’s bolnumoost lilt oil’ the binnc!iumg to)

�I ) N,�. Tine’ tobse’nnce’ ont a te’rummiunbol annunmo

got nonp onuntint’sunbstitmnte’olS-Iumtinno siole cimaint

10150 n dt’cn’e’bise’s f-hut’ jot’n’ct’tmtboge’ oil biunoIiumg too

I )N.� ton very how’ le’ve’hs.

6-OCI 13, S-NIl2” <5
6-0C113, S-NI!- (It�- Cl12- CII2---C11

6-0(113, S-Nil Cl!3---Chh -C112011

6-0C11, 8-NIl- (‘112 CII CII2OII

011

PI\o = 3.10; = :5070 \1t o’nir’ al 357 nrn�.

i #{176}oolynmucleoutiole st n’uctmmu’o’ ammo! conmupoositioum

atsoo ummarkedhy loftect time binmding oil time S-

aflminnO(1lliutohitit’s tiunol elm bom’oquine too umucleic

bociols autd ptohynnunc!e’ot-ides. Tho’ 8-aummiuno-

ojmnitto!iumes biumo! cltlorooitnitme binmc! to both
jioutyo!eoixyribo- Ionic! polyribomtincleootit!e’s. ‘fime

biumotinug cub time’ S-anminmooc1umiumohinies t-oi various

jsohynmuncleot-it!es (i’ = mmmoles 0)1 aimmintoqunino-
hinue bouno! ler uuioole oil PN-P) as Ii funuction

ouf time fm’ee anmiumouuiuiunohinne contce’unt-ratiomt (c)

is pbtut-teol foot’ iiritmuaohinumme, pentaoiimiume, and

olihuydrooxypenmtao�uninue3 mi Fig. 3. I”u’onm such

2 The (‘onummpoonnnne! referreul to as ‘‘dihvdronxv-

I�#{176}’t toouonimoe’’ is time 5, 6-dihm3’e!rox\’aminuoon ni nnobine,
whmk’hm has the stonmue 5-olitmnminno side chaino as penotft-

qominne; its systenoual ic mitmnuot is 5,6-dihvolroixy-8-

(5-isno�un’nopylanminnopeuit ylauutiuin)qtmiuoonhinne



data tine’ relative order of binmdinmg of time

8-aummittooquitmolinmes to van’mouus polyuiuncleoo-

tides \\‘I05 deternmitteol. Time percenmtages into!i-

cated abten’ time varioins poolynners lire tine

(a)

0.05

PR

r

0,05

d CT
0.I 0

perco’umtages oil bonmminmouquniuuoohinnc’bumnumot ton tine

t’o’spe’ctive’ joooiytmme’rs at a PN-P ton tonumitno-

c1umutolmtme mumooltom’ m’bitioo ouf 10: 1, whit’n’t’ f-hue

total PN-P coonucennt-rtotioouns were 2.0-4.4 nmi.\1.

it) )

PE

,dCT

nCT

dCP/R/ rA G

rAC�

�f�rU

.-�- r C

.0 2.0 3.0

c x I � M

d C P

�sR
0.05

�rA

�4frrU

3.0

( o:

DHPE

0 2.0

C X i04 M

0.t5

r

0.00

0.05

CT

�rA

I I
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.0 2.0 3.0

c x � M
Fm a. 3. Binding of 8-ti mnznoq 01 imoolines to en rico 018 polyn nlclo’(nlido’s

For each polymer, time inmelimied linne is tIme ctilconbtoted least-sqonares regressictnn line (plot of o’ togaimtst c)

of data from equibibrinnn’n dialysis measonremenits; u’ = moles of tonminooquinioolinoe I)otnnnd per mole nof I ONA-P

or PN -P; c = molar conio’ennt ratio)ni ouf free anomi ninnqmniniolinie. Inn order ho initlio’tote I hue experinmemil tol varia -

tioun anmonug stmnmples fnr each polymer, the mactoni of the differenices loo’tweeni observed torid ctnbctultited

(from regressiomu linue) r is intdicated as a vertical binne plotted at the mactoni c of the exboo’rimenutah stinuiobes.

Ann average u)f 11 (rannge, 6-17) deternminutitioonns were numade wit-h o’tocht poolynmier annul anmminnonoitnimioline o’onm-

binnationi. Polynumncletit ides: miCT tinio! dCT, until ive antd hetot -o!enutit onred o’tobf tImvnmons I )NA, resboo’et ive’lv

nnCP aund dCP, nuative annuldenatured C-’, perfo’ingens I)NA, u’espeo’tivehy; sli, yeast sobonhile HNA; rA, rC,
rG, ri, and rU, poolyribonnntno’leot ides of 1 he i nuc!ietit ed nnoncleoside. A nuui nu00010n i nun! i ties : Ph! , lorinlutoqoni no’ PE,

penutaquitme; 1)11 PE, dihydroxypenit loemoninue.
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toot’ hnt’nntliotunmnme’, tint’ m’e’hlotive oom’tlt’u’ tot’ binnotiung

ton \‘tOI’�O nuns Ptot�’nmtnctt’totie!t’s \\‘IiS 115 bolloows

nntntivn’ tiunol OIt’tilittmt’t’olo’tnhi thuyuumtms 1)\’.-�

(�“�() s,.”u #{176} ) > �)ooIy m’A( , I)0il�’ ml , \‘t’list

souttnbtn’HNA > I)0)l�’l’( � ioonl�’ mA (45 � ; )

>> inoh�’ miI (25 #{176}; ) > j�uly m’(�. I”oom’ l)t’ittmbi
ohmnitue’,time’re’lboti\’e’ooro!e’m’ ol binmo!iung w’tos biS

t’oohhonw’s : tibit ii’t’ lintel Oletibitun’eoi o’tihf t hm\’ummins

I)N.-� (75� ) >> yeast sHNA > pooly i’A �

juoot�’ n’l (20 � ) . l”uon’ dihtyo!m’ooxypenmtliquminme,
t I no’ m’t’ttot ive ou’ole’n’ cii biuno!inug \\‘IiS as fohloow’s

tntot i\.t’ tntioi e!e’tntitttt’e’d ctnlf tinynmuims 1)’�’��

(�“u0- too #{176}; ) :2�� h)00l�’ ml, i)00lY m{� > i)0l�’ �

(25#{176}

‘Flit’ binmo!inug (Of tine 8-Ionmmiluooqtninnontinne’s

ono’o’un’� too tint’ gm’e’ate’st e’xtenut to) nubitive’

(cit ntnh)to’-st t’bituOit’o! ) tonut! oie’nutotonn’eo! (siumgie’-

st nt ounoheel ) 1) \.� , tt)t ton�ve’oI , inn 0 nt’tle’n’, by \‘t’bist

stitlnl)lt’ l� \‘�� (sinogle’-stm’bonuole’ol, wit-in m’e’giounts

out’ mit n’tinuioole’cunla m’ o!oumb!e’-’t r�o unobo’ot st rune-

tout’), flit’ purmnme’-o’onnnttoinninng iueuuumo)pouhynmme’l’ic

l)onlY n’ibo nnnuncle’ontieit’s (p#{176}ntv ml, �iooly mA, iio1�,’
m’( ), ponhy i’I, 101101 �(0l� i’(’. Eaclo (it tine

m’ibn hittnmmonpol\’umme’m’s is siumgle-st raumc!ed at pT1

6. Inn time’ close’ of peunttou1mninne’, the’ binuolinug to

the’ n’tnnnolonnmmm’iboo’oupoul’o’nmme’n’ptily rA( (51

todt’mnn ositie nmumo’lo’ooti!e’) exo’n’o’obs flue binmolinmg too

tiut’ n’mhouhunonuuoojoohvnmmt’rs �)tul� mA Inmuoi P0IY m’(,

tos �vo’li as too soolimble’ II NA.

Th it’ binmu!in ng not’ o’Imlonunuu�o ni nut’ to) tint’se-’ i uoly-

numuu’to’nnt iule’s e’xo’t’e’cls tint’ binnolnnug oil lott�\’ oni time

8-tommminuono1uinnonhinno’s, aunol it wtos mnout Ixussible

ton obn’nmuoumust rbott’ se’le’t’t i\’ity tom’ j)ol�’mnum0’lo’outio1e

I)ituulinug itmiolt’n’ thie’st’ t’Xpt’n’immmt’nttbll conmmo!itionms

(ttt \‘t’n’v bow’ iuunnio’ stn’enugthn tinnol bit- Ii nmmcolar

n’tntioo nof PN-P ton touumiunoo(1uniuuo)hinme oil 10: 1).

I um 0,01 \t ionottossimmtmu holioslihutot(’, pH 6,

o’hulnnn’onu1mminne’is bootnnmd e’xtt’nosiyo’ly (nmmonm’etinant

ton mtatiyt’ annul do’nubutmnm’eo! ctili t iuynmmus

I) N.�, poly m’.�, �ototy m’AU, �iooly m’A(’i, and

vo’:ost sHN,� tot to PN-h� too chihon’ooqiniune

lint olton’ nation nf 10: 1 (to uttol i N-P counuu’enntra-

tin no not’3.7--.5.()nmmu ) . Inn tI ne’se’ 1)ini(titig stutlies,

joo’n’t’nnn’uno’o! tnt- iolI Ii, o’hultnn’ono1uiune’ e’xists pn’o’-

uionnmminutomuti is tt divtoto’uut (‘litioul autol tine’ 8-

tonuuiuuonn 1tninnootit it’s exist tos tmmootto)pt’tnttntitite’Ol

o’totio ntis (2). Thus, tot ton�v humnic stm’e’nugtims,

n’ln’et no nstat ic i unto‘tact in uti i� I om’onbtobhy to (‘Omi-

n’ibtutitig ftiu’t non’ t nu flit’ gm’o’bott’r 1)itnolmtmg oil’

o’l in toot mimic’ too tint’ tonnmonnuic hool��numnolt�tut-ie!c�s.

.\ui iuucu’easo’ inn tint’ ioutuic stn’e’nmgthu (mvimich

nmutom’kn’nihv ul o’o’n’o’to’o’so’lt’o’tn’nnsttoticinmtc’rtictieott)

to 0. 15 n’e’sumlts inn a oiecreaso’o! bunt equal binmd-

ittg-nmanmmely 25 #{182}‘---oil cimloroquine, j)etnt1t��

qmniume, bound j)Iasfluocid too mulotive calf thymus

I)NA bit 11 Immolbor m’bitio) 0)1 1)NA-P to boummino-

quinmoihune ol 10: 1 (2). Elt’ctrostatic inter-

bnct-uomn is nmut time’ otily, oir u’veum the immajor,

nmetimcue! oil binudinug tol time’ 8-aimmiumoquimnohiumes

to) po)lynmumcle’out io!es immeasure’d by et1uilibrium
dialysis. If elt’ctroistatic immte’raction ��‘ere time

onmlv ummetimooch cob binmc!ing, (otit’ w’ommbcl expect

a�)pro)xinmat(’lv u’oiunal biumo!inng oof Ii sinmgle

clitiottiC S-amuminmooquiumoliumo’ f-a t’btCii cob tine

aumiomnic �)di!ynuumclt’ootides (lit- a siumgle coit-

ceimtm’botion expm’t’ssu’o! 115 PN-P), and sucim is

c!ebou’ly muot tine’ case’.

Binmolinng I)Iorboumuc’te’rs foot’ time’ innterltct-iolm tub

I)l’itmlboquinne, h)t’nntbi(luiitme,Ionic! diimvdroxv-

l)eunttooluinmet too \‘lil’iO)Os nmucheic acids are givo’n

inn ‘ibible’ 3. Ploots oil i-c vs. 1’ (‘‘Scatcimard

plots’’) cob time-’ olata fm’uuumuu’qumiiibriuumi dlilolysis
fbiilt’O!too sinoomv atm tip�)l’t’0’iab1e cinanuge’ ium

51001)0’, litmd thins ut! umo)t inodiconte time ire’se’nce

of ummore’ tiutium tonic binuelinug site w’it-imiim time

limmmito’ol coumcenmtrat-iouun n’binmges st-uchieol. Flow’-

eve’m’, tonm e’am’lier commupbin’isoonm oil elIot-li fronm

e’o�uihibriuumm olialysis loud direct ‘pecti’o-

iohuoohnimue’t my shuoweo! that- bintdintg occmnrs by
ImmOFO’ thilotn (itit’ umm(’t-huod cub int-eractionu (2).

‘limo’ nnuloxinmmummulnuuummbem’ ol Inumuloquninmoliunc’-

biuuo!inng site’s lien’ iut ilynuumcleot-ide 1ihcos-

piuo)rums is unsunall in time’ ranmge oil 0.12-0.20,
as n’e’peit’tt’o! t’lit’lie’t’ (2). A 2-bold intcre’aso’

inn tine’ iuunuio’ strenugtim, ito inn 0.012 too 0.024 (mm
0.01 amid 0.02 M p(utbtssiunnmm phouspiulite, PH

6.0, rt’spe’o’tiyehy), mmman’keo!lv olecreliso’s the

assonc’itit moonu o’oonmsttinit ul pI’i�m�loqumi��o’ bontd

lot’notboc!uuiume’��‘it hi mittt il’t’ I)NA W’itino)Ut Ii sig-

muufic’aumt- c’hntinuge’ mi time’ iumtcxinmuuumn uuumnmber oif

birnelinig sit(’s li(’n’ nnumcleot mole’. Binmcbinng IoI�tnn-

e’te’n’s of iilasnmmenciol ammo! pbolmmaquinme were n =

0.14 antI K = 2S,S00, aumol ii = 0.12 amtd

K = 9500, m’t’sjot’ctive’ly, foot’ the iunte’u’Itctionm

\Vithi tibiti\’t’ O’bitf thuvummus l)\A imu 0.01 .M

poutassimnuim Phuoisphlote (p1-1 6). ‘fite 105500cm-

tiounu o’outst aunts, w’iuichu tboke inmtou conusio!era-

tioonu time toc’tutol uuunnmmbe’n’ oil fre’e biuudinng sites

o onu flue’ i onhvnu tl(’lt’out ide’s, tiu.e greaten’ tiulili

tinoose c’oonusttonntsm’o’hooorto’olpro’vioommsly (2),

�vhuichi o’ounmsitle’re’ohoinnhv tint’ umumbouumuno!1)’s��

in unc’le’ of ic!e’s.

‘Flue’ binuu!inug tot’ tint’ tiuumimnoqmninuoihinue’stoo

I) NA is ao’co nim1010 nmieu! by to dhecn’eboso’ itt tib-
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I�i,o o-ling pa un ion eteu’.s fonr inteu’act no to onf (10000 noq too no/u ono’.� 010 tin pol,n tie/toni jolts

Biniu!inug was st ondiee! by etiuilibrimnnt dialysis inn(JO! M linottossionnmt lohuosbohutOte, 1)11 6.0. omunless speu’itied

oothterwjse. Time valunes of K are expressed inn hiters �er mottle,

Polvniers

Ntot ive’ o’tolf I Iuvnmmnns I )NA

I )enntot tnret! calf t huvmttnns 1 )N.-\.
NIot ive (‘. peu’fo’iongt’n.i I )NA
l)o’nntet onreo! (‘. peo’fringo’n.i I )NA
NtiI ive ctolf I Iuvnitns I )N,\.�

l)enitottnretl calf tlmvmmns I)NA

Pooh’ rA

\‘etust sb!NA

Ponb�’ r(;

Ponk’ ri

Primaquiuue

in = 0.15”

K = !0,(XX)

in > 0.11#{176}

to > 0.12#{176}’

to > 0.07#{176}

on = 0.14”
K = 5,:3X)
on = 0.!!”

K = 5,9(X)

on = 0.09’

K = 1,6(X)

on = 0.12”

K = 3,4(X)

Pen taquine 1)ih� (!rooxv�ocntaquine

= 0.20’ = 0.13”

K = 11,7(M) K = 7,2(X)
on > 0.14#{176}’ on > 0(X)0’

00 > 0.16#{176}

00 > 0,090

on = 0.22”
K

00 >‘ 0.10#{176}’

ot = 0.17”

K = 2,9(X)

00 > 0.12#{176}

n = 0.15”

K = 1,2(X)

0 > 0.09#{176}

\‘tohouo’s nb n (tound K) tleternminmeoh from the dootuhie n’eo’iprnoo’tol bibiot of 1 o’ vs. I e (\nu’rn:nnn.u n.s mx�
Mn:THonos),

Fronm F’ig. 3. ‘l’hese valones (Of n are the minuinmonm valones, i.e., I he’ highest vtolmnes onf r nmhuservo’e! onundo’r

tIme expeu’initemnl tub comuo!i t ionus.
Inn 0.02 \1 Ponttissionttt plmnusphate, 1)11 6.0.
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sorbannce’ oil tine’ aumnuumoioiunimmolitme, as w’ell a as

small blitlmociuroonmic shilt. Wlmc’reas muueasmmrc’-

mumenmts by ecjunihibn’iunmm olialvsis yield oimot-a oouo

time toita! biumdinmg cob aminoquinmolirmes too poly-

umucleout-ides, time’ poo!ynuumc!e’otide-inmc!unceo! ole-

crease inn tine’ bibso)m’bbu.umct’ oil atm binmminnoujtninmoo-

linme is genmeratly biccepte’cb as ittdicativt’ oil att

unnteractmont betw’e’enm tine’ m’ing svstenmm oil tine

anminuoqunimmolinme atno! time ring systt’nmus oil tint’

po)lyntmicbe’o)tide’ base’s (2, 13-iS). Sioectrcu-

pimotoummc’t-m’ic o’vidence imas been i’eport eul four
ant inite’ractionn betw’eenn cimboi’ooiuinne’ lonnol

RXA (1), innclumditmg scolunble om’ transbu’m’ RNA

(16) littO! �omnm’inme’-coumtaiuninug p0lyt’ibtitutit’tt’oi

f-ides (14).

‘fime o!e’cm’elises jut flit’ Iobsom’banmce oil iot’nnta-

qu�e, prmrnaqumunu’, lund cimbon’oqumine’ inn tint’

presenuce oil the van’mootns jooolynmuicleout io!es I nave
beent exa-nmminmed (TIible’ 4). Since’ time 8-auniuno-

o1uninmoohinmes uundergco oum!y a snmbohl btotiuo-

citroummic shift (unsulil!y 2-S nmm�o) inn binto!inmg too

DNA species anmd simoo��’ esseumtiably nnoo (‘imanuge’

itt binuebinmg too ribcuhuonmoopcohynmem’s, tint’ ott’-

crease’ itt lnbso)rbanmce oil timo’ S-Innmuinm0001uiunoo-

hinnes with vborioums i)0I�’flte’t’s is dune to) Inviucu-

cium’oonimicitv rat hio’n’ thnann too ati appreciboble’

shit’t inn time w’tive’lc’umgth oil mmmtoxn’ummmummlobsoom’p-

ti(inm tub tint’ 8-aummmnuooo1umnnouimnne. ‘flue w’to\’t’-

lengthm oni tint’ uultoxiuummmnmmtobsonm’ptioonm oil

cim!uon’(ot 1uninnt’ ttnnde’rgoc’s 10 sounmme’winbot gre’liter

shift, unanimt’hv, 4--S nmu/1, umioounn mnutem’actioun witim

I)NA s� oe’o’it’s bound! nmmoost poolym’iboonmucht’outiotes.

Native bonnotolt’nntittmt’o’o!I)NA o’toonsetint’110mg-

est ult’cn’eloso’ (umsumahty 30 ; tnt’ gm’e’ate’r) mm time

absou’hboumo’e’ oil tine’ 8-tinmmiunoooiuninuohinmes. Soluble

� bonuoi time’ t’ibohoummopuolytmmen’s- pooly rA,

Pol�’ ml, pol�’ mU, totid juohy K’ -elicit little’ or
alnuoust moo o’hnanuge (unsumbihly6’ out’lo’ss) mm time

abson’hanuce’ out’ i)euntaoltninn(’ lonmul boriumulooluiumt’.

Thn(’ stn’un(’tunm’e’s oil titree oil tint’ four po1�’-

o!o’ox�’n’ihtnnuono’leotides stimobie’o! lore simouwun itt

Fig. 4. PouR’ dAcIT is a o!unplt’x tub omit’ Stt’bttntl

oil t’o’joetntmnng obt’onxytioleniuositme’ tnnnits iuyohi’(ugenn-

boumo!e’e! too a strbluttl oil rept’atiuug thmytiniditit’

ummits; pooh’ ol(oiC is to simmmiltot’o!mnplex ol

stt’amto!s tub i nonntmonh000lyummen’s of e!eoxvgunatmosinne

amid o!e’onx�’o’vtiolinte’.Pooh’ thAT, hunwevem’, is

a o!ooubhe-stm’tiunolc’clcoiooolvummen’ inn w’iuio’im

c!o’oxvticte’nnoosinue binmd timvumii(lmnue’ mnnmit-s alto’n’-

muate’ inn e’boch u St t’Ilntd, lounel t w’tu st rauuc!s tire



huyeln’ogo’ni-bonuolt’d tooge’tinc’i’to) feoi’rn time

eboiumblc’-stm’anmcit’cl ccoummimlex. Thtm’ee polyclc’oxy-

n’ibomntumcleot-io!e’s, i umclumolinug tine 1)NA-!ike

doiumble’-stm’anmo!e’d jicoly cL\.ciT timid!p�ly e!GdC,

out! nnoit caunse’ Ii sigumifmclnuut dlecrt’bise imm time

TAnnu�n: 4

J#{176}co’ee ontage doe ‘ease ion ab.s’o ‘/0(0 OnC(’ of

(t0010 oootjtttonolone.s toi- i/nt’ p1(5(00CC (Of

pol!/nttCleot t (lu’s

SIoee’l n’nnbohin nt motel my wtns o’ton’riet! ootU ito 0.01 M

loot assionnuo iou ostohutot 0’, p11 (‘tO, tit I he �vtnvelenigt im

of ntutixirmuonnui tobusonm’pt inoun wit mimi I lie’ m’tnonge 34:3-

I)ecrease in ahtsonrltance

Penta- Prinima’ (‘hioro-

(10oiolC jnniome ctuiouc

((

:352 11mM.

Ikolvnmer

Ntnt ive o’tolfI hmvnouoos

I)NA
I )emutut onn’eo! o’tnbf

thuynumons 1)NA

Yeast sIINA

Ponl�’ rA

PonI�’ rI
Ptol�’ rLT

PonI�’ rC

Po�olv dA

I�ol\’ o!(io!C
Potl�’ h.ko!’F

P(olv oL&’F

Pnnlv rAtT

Ponl�’ rAC

Pnn1�’ rA(
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COPOLYM ERS DUPLEX POLYMERS

dAT dAdT dGdC
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rAC
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� ,�P
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P P
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P P
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-

rA

P”
“rC

P

“rC
f)”

“rC

p�

248 MORRIS ET AL.

I’m. 4. ,Stt’to(’t hO’S of P#{176}#{176}1!!(1.-I 7’, pol�� tl.’t di, poly dGd(’, (001(1 a rcprcseontatit’e o’andooon copolyooo-cric poly-

o’iboin tiC/eott(/e, P0/!! i’.l C’

lobsom’baumce’ cub pu’tmtaqumimme (‘fable 4). Iii

co)ntrlnst, imcmwevem’, time’ olouble-sti’aimded

altermtatiimg co)polynmel’ po)Iy dAT cloumsed a-

nmam’kc’d decrease (nioi’e tlulonn 3) #{182}) in time

absorbaumce oil peuttliquine, atn extu’nmt sinmilar

to the decrease caused by I)NA.

Tue lau’gest ciuanges in time’ bibsoorbbnnce of

j)etmtliqulitme iOI)I)CIIF t-o omecum’ mm time iresence

of t-imose po!ynucbeotides couumt-ainniumg, withium

cInch stranmch, sec1uenees of It iium’inue’ bmdljbtcemmt

to a pyi’immmioiiume (DNA, i�#{176}#{176}�:’�’elA’f, bunc! PO1Y

rAE, bunt less w’ith sRNA), loumdl lesser

chmanmges inn absorbbiumce occumi’ in t-hmoose’ i)oby-

unucle’otidc’s coinmtlnilming se’o1umenmces cob t-w’oi

differenmt- bourinmes (polv i’A( �).

Time P0)lY1 nucleot ide-indunco’d chiatuges ium

the Inbso)rblinmcc’ oil cimloroquinme we’m’e coontsidei’-

ably gn’eat-c’r timaim ti-me abscum’banice cimartges

observed for penmtaqumc’ for enocit of time

polynmers tested. How’eveu’, f-hue relative cx-

43 39 57 f-emit cob tine total binmoiinmg eof liti aummiunoquino-
limo’ too IL 5(’i’i(�5 oil po)lyttuclt’otidlt’s, as metns-

30 20 52 ured by equmilibriuni dibuhsis, caummuot be

8 4 31 inmbern’eei fronu the exteumt oil time poilynmucleo-

tide-imudunced decreases mm bobsoorbanuco’ tof t-Imat
7 <3 30 aminmooquiumolinme. Soluble FlXA, peoly rA,

<3 <3 22 I)oly rAG, antcl poly nT lilt binmol chtouroioiuiume
<‘3 <3 10 niore thani 90 �‘ lund also de’crease time’ ab-

6 <,5 S sorbannce of cimboroquninme by at least 30 �,

<‘3 witim time exceptioni cob poly rU, w’imicim clnuses

<3 <3 � contly a 10 “ decrease in time’ absorbtommce uf
� <5 chnbom’ooiuniume. ‘flue back of ccot’n’c’hatioium bc’tw’eemm

time e’xto’nnt- 0)1 bindinmg of cimton’ooqumiuue anmd time

>35 >50 ohecrease in time absom’blmuuce oul this bimiuno-

quiniolinne is ut agreo’meunt- wit-in time u’eport- cob

1() <3 28 B!oc!gett antd Vieldintg (14). They reporteo!

timat- time’ decrease mm absoom’bantce of chbcoro-
- c�uinme lti the pi’esennce- of p0iy rA W’ItS ontly



qsp,

06 REDUCED VOSCOSOTY

4 of zero shear

02

to

.040 .0�0 .JZO ,ubo
C (mg/mt)

BINDiNG OF AMINOQI,TINOLINES TO POLYNU(’LEOTtDES 249

OOIne-itli-ll tine’ de’crease caused by poit�’ m’G,

event timoiungh time cimlorooiuine was buntly bounnol

t(O time polynmumclt’otide inn elicit case. Poiy

e!GdC onto! i)0lY dAT cause large’ deereloses,

and I)0lY dAdT causes essenntiallv undo cimatmgo’,

mm time absorbanmce oil cimloroquiite (Table’ 4),

ill agreenmermt w’itln result-s iiublislme’d c’arhit’r

Ion poiv dGdC (3, 13), P#{176}1Y(lAd!!” (13), lintel

l)0iY (bAT (3). Alt-imoughm botim I)olYnumers Iim�e
double-stranded lund imave the satmme baso’

compositio)tm, time’ interaction ol cimhorotiuuinuo’

ur pt’nntao1uninme w’ithm time’ alte’rtnating copooly-

n’ner (pol�’ dAT) is acconmpanuied by a Iborge

decrease inn time absorbatnce of the anmimnou-

(luittohitt(’, whero’as Ii possible’ iumte’ract-iooum cub
cit-her of these aminmoquinmoliumes with time’

iiorno)po)h’nmer duplex (pooly dAdT) canmnmot be’

detected spectr(ijoitOtometricaltv. We’lls (17)

hilts rel)o)rt-ed time’ importaunce cii time’ tin-

cleotide sequetmce ob guaimine-cconntainminng

l)o)tYdle�o)xYniboImuncle’o)t ide’s i no time bi nmdinmg oil
actinnonmycium D.

Sample’s of dlo’xtrorotlitory atm(l Io’vom’ot a -

tory citloirox1uinme shuow’eol time’ sanie e!e’cre’ase’s

ml absorbanmce upo�tm binndinng to unative calf

timvn’nus 1)NA. Time cimloroqunme was n’esoohvu’cl

(aimd kindly supplied by Dr. K. H. I)udlo’v
of this Cermte’r) too time extenmt of time’ n’otatioonus
reported (1$), altinougim tine absohunte optical

punit-ies are still uimknnow’n.
TIme’ ilmten’ca!ationm ol a conmpoounnncl inmt(o

DNA is accompbumie’d! by cimamiges itt time

pimysical properties ooi time DNA, iuuchnncliuug
ant inmcrease itt viscosity (;, 19). Ciuloorou1uminuo’

has beeim simoowtn to inncrease time yiscoosity oil

native DNA (). Pnimmuaquirme, however, oboes

umot cause an observable inmcreast’ on the’

viscousitv of ntative call t-imvmus 1)NA at a

I)XA-P too aminoquinoline molar ratioo of

S: I (to’ig. 5). For coumuparisoim, tine itmcn’ease inn

viscoosity oil DNA in time presermce 0)1 citloorom-

quinne’ is simnw’tu (Fig. 5). Pniunaquirto’ atson

did unot affe’ct time chmluin’o)quitme-inndunco’d inn-

cre’ase inn flit’ viscousity of DNA; timt’ ao!ditiouun

of (‘0 iuimcolar anmounmt-s oil Pnmnmmlioluninnc’ limuol

cimlom’ooqunirme (each at a DNA-P to anminnou-

otuinnolinme nuoular ratio of 5: 1) resutlte’o! itt nmoo

cinanmge mm tine’ cimlorooiuiume-inmduct’o! increase’

in tine viscosity oil l)NA (as simow’nn inn tine

toul)ummo)st hinme of Fig. 5). The absenuce of atm

increase itt tint’ viscosity oil DNA iii time’ pro’s-

enuco’ of pn’imaoluninmo’ is conusisteint- w’ithn a back

F’n o; , 5. EfJ’eci of c/u loo’o(/otioo(’ a ond pu’o 000(0/oh 0 00’ 000

vis(’onsiiy (nf onaiin’e calf i/n yont us l).\’. I

lleolono’e’d viscnusit ies (o�.�,/e ) tire exboressed inn

nmiblilito’rslo�’r ntilbigroonitoof I)�N’A.; time initrinisic

visc(nsitv, the redtu(’e(l viscoositv extralotnitoted Io
zerno I)NA cnnuno’enitrlntinont (c) oof t lie 1)NA wtis 4.8

nil, nmtg, eoiunivtilenmt to) 4� dl -g, inn 0.01 �i loot tissitnlfl

l)imonsloittote (p11 6) tot 37#{176}.#{149},l)NA with noon tonmtinoeo-
cmli nnonlmoe ; 0 , lot Ii ntolbor rtit in) of I )N,’�,-1-� t en o’hboorou-

omtniuue (of 5: 1 ; )< , bit tO nmnolar rtit ito of I)NA-P ton

�orinmmaquinne onf 5:1.

of bitt a�ipn’eciable innto’n’caltotioonn oil pu’itmmt��uninme

mm time unativo’ l)XA structunre. ‘Fine’ llock 0)1 a

nmeasumrab!o’ iuncm’ease’ itt time’ viscoisit-v tub nuative’

DNA inuo!uceo! by prinmmao�unune’ does ntot corn-

PtO’tt’hy m’u!e tiunt time hiuuoliumg oil a nminor pot’-
tion of prinmaquinne too DNA by inmte’u’catatiotm.

How’ei’o’r, it appears fruommutime’ spect- u’onphmoto-
ummetm’ic stune!ie’s t-imat titere’ is ann innto’ractionn

betwt’t’tm the m’iumg syste’nmms oil honunuol 1)nilmmbo-

o1uumnne’anmc! the’ nuuncle’ic aciol base’s.

Inn e’o1umilibn’iunnmm dialysis e’xpe’rinmme’ntts inn

0.01 M potlossiunnm piuospiiat-e (pFI 6) ttt

DN��-P to cimloin’ooiumuto’ t’lititns oil 8: 1 our 4:1,

time’ additio)um oil nneunnm’beoliouact mve’ priummaoiuinne

olid utemt affe’ct- time’ binmelinug oil rlto!iOluetive

cimle)rcuolunilne too tnativt’ calf tinynmmus l)XA,

evett at a tmmoular n’atioo of prinmaquninme too
cimboiu’uooiumine’ oil S: 1. Inn conmve’m’se e’xpenmnmmeumts,

time aotctitionm of nciumradioactive chmbo)rodluiume’

decreased time’ binuoling ob radioubnct-ive iormrnbo-
dluitme to 1)NA. ‘fine biumo!inug of prmnuaotuinnt’

w’lms decro’Insec! by approxinmatehv ounue-thuiro!
anmol tw’u-timirc!s by tine ad(!mtio)nn of ciutooro-

quminme at- imloulbon’ rat-ioos tub (‘hnl(ut’dioluinne too

pn’inmloo1utmnme of 0.5: 1 anuo! 1.3 1, respectively.
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1�iunctinng tot’chuleom’ooo1uminue’,tine’ bonntimmmbotltrilil

S-binninnouohuninnootinues, biuuol sounue’ oni time P0)tt’tmtibm!

mmme’tabooiites uf flue 8-binmminooottmiuuoolinmes ooccuiu’s

too 10- ctitisid!e’t’bibhe exte’uut tom I)NA, souluble

I� �‘m’A,, bitiul Vtit’iOiLtS �ooolym’ibouuuumche’otie!e’s.

1)o’spite’ time’in’ gn’eate’r boffinuity boom’b)0bYmmunt!t’tO-

tide’s f-hIlt cuonmtbunt iiunt’iunc’S, binuolinug of time

bttmt-ilm’tbi-lbim’iltl aummimmomoiuninnoolino’s oboes umot- i’c’-

o1unin’e f-hue’ pn’e’st’nnce oni specific imunn’inme’ ununcle’oi-

tiu!es, a o!ouble-stn’bmnmote’ol �mohyumucle’otiek’, or a

sime’cific bbise pboit’ inn to olouumble’-sti’amne!ec!

iioib�’nm’ner.

‘lime’ biumolinug oil time bountiummbotbiu’ial binmmiutoo-

0 iuminnolinme’s too peih’m’ibouiunclu’ot-ie!es sumggests
tiutit Ii i)�t’t-it0tt of tine’ bonntinmmlolarial tictivit-y

ammo! drug touxicity oil tiue’se cooummpouummeitnmay

be’ e’fbt’cted by atte’m’tttiounns inn tine iumumctiuonn oil

vau’i(ouns i:� NA. fn’boctioonns itt pm’oote’inm synnt huesis.

‘I1hnis iot’OiPoosbOt is inn biddlitiouti too tine’ pn’t’�’i-

ounsiv Pt’OOP(iSt’Ol nmme’chitinmisnim (4, 20) that unum-

t’he’io’ liciel svnntine’sis is innhuibite’ul by binudinmg

too 1) NA.. ‘line’ sungge’st monun t-iubot anntinmbilbim’ial

coouulh0001mnmo!s numbly lmfle’ct pn’omtt’inn svnmthuesis as

welt as nnumcle’ic acid �mtuhynmmt’n’tost’s 115 a t’e’-

suIt oil inute’n’actioinn wit ho unumcle’ic bLCiO!5 intis

toison he’e’nu umitoote’ loon’ time’ binntinmlbotbiu’ibol c1uminma-

cm’inme’ (21).

It nmunst- be’ t’ImmbihiliSizt’el thitit tint’ biundinng

oil binmtinulitbom’ilil bonuinn000luiuuoohinues too 1)\’_\.,

� “�‘A., anuet n’t’ltoted �ototyumutc’he’tot ide’s ItS umneas-

unn’ee! by physical te’chmnnioiine’s pouinnts onnmly to a

potential loon’ tine’ bituttngictoh Immt’chmlinnisnmus oil

ac’t monn, spe’cifid’billy tint’ tonntiummtolan’ial tictii’ity

touno! time’ tooxic e’fl’e’cts cof these oln’ugs itt anmi-

mmitols. Time 8-tonminuooiuminuoiinues bound! 4-auuuiiteo-

qoniunoobitte’s (inncluo!inng elm loon’ouquniuue) act at

olitlem’entt St-loge’s in f-hut’ life’ cy(’le’ tub jolasnmmoodia.

l”om’ time siuumi!ai’ binudinug ooi 8-binmminn000honilueuliumes

auto! cimhuu’outiuniune ton nuuncte’ic ao’icls tno ho’ of

biotoigictil signuificatn(’e’, it mmmunst be’ lossunmue’el

that ontimen’ ftocliors tore’ inmvonlve’ul inn fine’ se’!e’c-

tive’ 1octivitv ont’ time’ 4-anuuinnooojuimmonhinne’s toutol

tint’ 8-tinmminuo no1tniumoohinue’s togtiinust ctiffe’n’eumt

sttoge’s mm flit’ lilt’ o’yo’le’ of flue’ joanasife’. Suncin

ftocfoim’s nmmigiut inuo’hnolt’ (to ) o’iuanmge’S mt time’

umat unre’ oil’ tint’ nuuctt’io’ tooiots ton’ t hue’im’ hon’oiteinn

0,0 unmmjole’xe’s that wonuhol to it t’n’ tine’ binnolinug, ton’

tint’ f’imnuctinonutoh t’t’sum!ts not’ sonchu binnolinng, ounn

uuuu’hn’ic too’iot tom’ hom’omft’inusvnntiue’sis uttnm’inug

vbom’ioous stage’s inn tIne’ imtim’asife’ tile cycle, ammol

( b) diffeu’e’umces bet-w’eeum tint’ 4- binto! S-aminmeo-

quiinnoliunes with regard too distn’ibutioonn w’itimium

time \‘aniouis im(ist tissume’s anmd tIme’ pei’nme’ability

(if time parlmsmt-e at oliffo’m’e’umt life’ stboges.
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