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AßERgtrI¡AfIOt$
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MHEITLÀflBE áÐ AßERHTTAIIONS OT lEE TASE RDSISUES

B¡se F:'¡cleoeíde ft¡cleotfile
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1. Thero abbr.rvlstLonr rleo .pply to the polynreleotldca poly Ar psll Gt

FolI I, poly C, foly {.¡, polT f ürd poly rT, crg. pol} A, reprcotote
polyrdenyl{e sctd (5t).

2, the 2t n it and 5r n¡rcl¡oclda phoeph¡tea sre comcreLel*ly ¿vafl¡blc*
Eule¡s othsr¡rl,eo rpecffld, Èho 5r lsoner ury bc ae¡r¡[lad.

3. The dsoxy* terra le gcoerally ocrltËcd.
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gulofÅ3tr

three dlst!.act ùypes o.t ül{A-Gfr* eoaplexee hevc prwl.oualy been

dkti.agu{¡'ired ae natfve Ð}h-Cus, efngle strand DI{A-C{¡{+ and D[4.

deo¡tured iu tire pteÊeËc,Ê of tu$ ioûe, and trave been stuól.d

lndcpendently f.n the ¡mrk preaeated 1n thLE thes{s. The netíve

Ðì{A-Cu++ Íntcractloa eer fwestfgatd eateûcfvely by dcÈtrilfnfûS thè

blndtüg parsnet.rs ue{¡rg the techaf"que-s of, gel rc¡cluslon chroutop

raphy and Cu# lotr poteßËf@etr'', an*l b;* folloufng the âccmpauytng

coufornational changes (l¡y vLecouett:y ard ulÈracentrffugatlon) ¡¡d

apectropbotoEctrfc changes. the dep:ndcnce of the bfndfng Far¡fatcrr

of tbe aåtfve ÐÌq.{*Cr¡# lutereetlop rlltb ionfc str€Egth was eonf,Írued,

sad. a depeudence of t¡¡o t:tpêõ. of Ínteractions i¡lth the (G + C)

contclrt of ÞI{A rlas e¡t¡bltshd. Thc biudlng púnnctars for thë othcr

trrc Èypec of $H*l:Cu# coæpl.e*ea r¡ere ¿lEo deternfued, those forr thc

srngl@ ctr¡sd Ð¡¡a*cu# LaÈetaetlæ befug the aæc as for the nrtfve

DW,t-Cuf lrrteract l-or¡ .

AAI of the bfnd'füS pêrsroctera FrGre çlete¡*lned fro¡ Scatchr¡if pLot.

by ncane of an obJectlvc gêoretrfcal annlysfs, llre preøcnco of ærc

than one type of sl.te vae tadlceted by cuwatr¡re of an eloetroetat!,cslly

correcter¡ Scatchard plot, frør rhLch an appeËent Lntrlaef.c conctant,

F", wae obÈafned and cmpared to K" deteníucd by en Lndopeodcnt

proeed.rrreo thereby conflrnfng thc accurscy of tb€ ex.eetroatetlc

Gorröetfou funeÈfo¡.



ff

fre Ínterpretatioa of the latr¡rê of thc lndlvldual ccplcxer

f-wslvcd ln Èhe verloc¡¡ Dl¡A-cu# conprecc was clartfLcd fræ
hyperchrønfclty ead btndfug etudica of sore afsple atrucü¡rGs

reamblfng D[À (rhe hoao-polynueleotldcn, poly G, pslf I, poly C

end poly a) and frø detersfnatlon¡ of Êl¡e atablll,ty eot¡ctr$t¡ for
thr oltgo- aod oono-ouclcotlde coaátltnwt¡ of Dtsa aad sfnller
cøpünde .
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l.

The role of ÐltÄ fa the phyefology and blocheofetry of eelle bae

recefved greåt atteatton durlng the lset thlrty yesra, and ft Ls aæ

well eetablLshd, thåt Dl{Á, Etotês the geaetle faforu¿Èloo of lfvfng
I

cel.le.' The nechanfm of the transfer of thls l¡forn¡ttou fs ctLll
the aubJccË of fntensive Btudy, althorgh the basfs of the transX,atlon

nqd traoscrfptlon pÍoccases h¿e beeo clar$fed.l'Z Beea¡¡ce of tho

loportance of the btologlcal role of DNA Ênd the I B¡ìy related queatf.oDt

attll uneûaïerd, the 1nit1a1 Lrnpetus for fuad¡peoÈal reae¡rcb on D![A

bss Dot dfnisished.

fhe phyelco-chcnfc¿l properties of Dl{å, have bceu extc,¡slvcly

documcutcdr3'4 *d coufltr the lfstaon-Crfck double helleal Ëtnreture

(as detemfued from 3-ray dlffrec¡fou atudfe¡ of ÐflÄ fibres) lritb.

stfght aodff!.cs¿Loûe.5 n*y atudice have Lndlcated th¡t thlE structrrË

ls üÂlntafaed 1a aolutlonr6 
"o¿ 

the "Brt forrz fe aæ emonly uead

for noleeular aodcl"S of DNA when consldcrtng the strucËure ead

resctloÉs of D![A 1a eolutfoa.

A læer 1t.ult e¡rfate to the cotrerntraÊlou of addcd cleetrolyÈc

regulred to nef¡tain ÐilÀ fn tbe ordared dqrblc hellcal fo*9'10 1.rtt"*
DNÀ)" I:f the D[Á, eoncsntüttfon 1e ouffLetently htrgh, Íte aecondary

sttucture enn be n¡l.uÈalned wcn ln the abeesße of added electrolyte.l¡'nl2

Theae effects idfeate Èb¡t the repulolon beË,ween adJaeeat ch*rged

phoaphate gro¡ps (pK*), Ía df"uiniehed by thc prerence of ehlcldfug

eaÉfoac, rnd allow tho heUx Etêbllfslng forceel3'16-19 Go dmluaÈe.

(

vug9



2.

Ftou a knowledge of Ð!{A mlcleotfde coupoeltfotr tbê ultrad.olet
ah,norptLou of varlous D!ùaf a has bcen predfcËcd aasun{ñg Ëh¿t the

DottmGr constf.tuentc of Dl{Á' do aot LuÈeract Ln suy way to affaet thelr
optlcal ProPcrttes. The predicÈcd valuee ¡rre typl.eelly 30X e¡¡llet tbáú

thoge obeerned et the Ðl{Á abeorbance !Êårfna near 260 u. lhe decreasc

of the predlcted abøorption, termed hypochronfcfty, hss bêco

attrlbr¡tcdl3'16-20 pr{nar{ly to baee otacklng f,orcea ard parcf.ally to

hydrogen boadfng between base pafrc, both of wtrich tend to orlGntâte

the b¿se tesldueË. åny effect which parturbs the orlentaËfon of the

baee reaLduGa Gaüaes an f.Derease of ÐllÂ, abeotbanc,e aod Le l*amrn gg

hyperehronlcíty"

Collapse of the hydrogaa boaded atn¡cture of ÐI{A fe accoupanl.ed

by a large h¡ryerchrømf-c effect although e reelduat hypoehræfcLty of

the order of l0ã rem¿lne esea when all of, the hydrogen bonda hsve bean

6€yered. lhfe h¡rpochrcmfefty ie due to basc Btackl¡g of, adJaccnt

reoldueerl6-19 and focreasee wl.th ebaín trnsth (to s Lfratttag value

et e dtgrce of, polyuerlaatlon greater th¿s l0) ¡o¡ grnglr Etrand,

poryuueleotÍdes. 2l'22

HyperchrouLcity fa readily luduced lu ÐEÁ. by ralclug the

È€sPeraturer the chan8a oco,rrrlug êver c n¡rrrorr t€operature range. The

pofut. et uhfch ebc DIIA eacondary rtructure fe ¡.ost ({n.tlcated by a rapld

fncreanc in hyperchroufctùy) lc knoryn rs the rueltfng tepêErhrre (Tr),

and Ía deffnd ae the t€opcrature at shfcl¡ the trypcrchroafclÈy Ls helf
that of the totar absorb¡ne€ lncreE¡G. At Trr Èhetr¡l eocrgy ls Juat



J.

sufflcfen.t Ëo overcoñe the hyrírogee bondfng ând b88e EtackÍng forcee.

couseçueatly, Ëhe T, 1s a üree8üre of the 8Ê8b111ty of the DNA

secondary strucÈrire.

DliA exl,lbitlng naxtsuu h¡¡perchronJ-clty (aLout 4SZ at the

sbeorbance æcxf¡na for DliA v:f.th. 50fr (G + C) conËec.t), ie terned

de¿ctured Ë'Wj-. noweva.r, 1t Ís fmportaat to d1øtfngul-oh befreen t*o

types of denatured EHA. Dlìlì, heatd at (T! + t0)oc for ten fs¡tcar

results iu caxlurm tiyperetrræfcfËy, aud 1s accoripo"tfeé by coüPleÈe strnd

eeparatlon,z3 Such Ðlî¿t fs refcrred Èo tn all subeequeut dfeerteaÍons

as singl-e serand den¿tured ÐhÀ, ar.d fe geuerally characterfsd þy the

lack of a nornal T. cutrr'e. fdsrerer, by heatlng DIIA at f, for short

perlods of tù¡e (leae than ten u,fnute¡), hydrogen Þoodlng nay be

dlenrpted, causlng !,arge hyperchronlc ehanges rrltbqlt caralng stfand

oeparatloo.z4 frle ts refèned to s{rqply ag deaatured DD¡À.

l4etal ion interactfon r¡tth ouclele aefelE hsa beeu lndlceted by

tlre dete¿tLon of metal foas (cas, IIE#, Hi*, c*#, z#, F"#, uo+)

Ls DDîA end ïì1{¡r lsolated frø btoLogleal totr"."u.2}33 În all euch

æËudles precåull.ollE ráere taken, to preveot netal foa coutaûlnåtlou of

tt¡e nuclelc aci¿ts durÍag Ehe feoletLou proeedute. Hseterètrr åB EgR study

has ladicated t?¡ar the preaenee af Fe# lons fn DDIA uay be dr¡e to

cootasln¿tloo.34 fnese and ottret studleg lndfeete Èhe probcble

bfological tole of ûetal lons fu blologlcel eysteüs. A errmar¡r of
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Èhe ¡¡Í¡ cooclucfong follow.

ê. fre blologtcât activlty of ¡uclefc aclds de¡rendr lergcly on the

trace erenent eontenÈ.ät35'36

b. DI{A eoataf.nlng netal lons posseoaea a large degrea of resLetêüÊe

to cell r¡d1atloa. 2

G. &e eoryraÈl,c eynüheaf¡ of DNA requt.t¿e tbe Freseüee of xg++.37

d. Ihe ebtllty of urrcleic ¡eído to be lnfected ia lnfluen¡eeô by

traece of, net¿l fone.28"36

Partfenl¡r Loas eúc rcqufred for Èhe grwÈb rlrl a¡tt{plLe¡tfo

of organlan'.38t39

€.

f . EperLaccts -ot ålteeÉ4Û'41 Lodl*ate ti¡at prtticurar nctal íons

are tscsrporet@d loto DilÀ durl.ng lte eynÈbêslo.

f,r lbe blologlcsl role botwacn the u¡clefe acf.d¡ md protcln¡ l¡

sffcßtcd by netel 1u-.42

The oany etudl.es nestfoned ei¡ovr iadlc¡ted e L[uk betweoû uetrl ls¡¡

ed a¡¡clefe ecÍ.de, aod gronpted fr¡¡ther apectûl,c stuð1ßE oû the cúf,ec,t

of netal l'ons on DNA. 'Ihe u¡tlve Dl{A atabllf.ty, ôa rneasured by Îrr



å.

¡las far¡nd to depend oD tbe logerfttn of, thê lonlc strc6gth'43-ô6 vbile

d.lvaleot cétlons weEe fouDd Èo be slgnl'ficantly oore effectlve then

BoEoyatre¡¡È lous ln theÍr ablltÈy Èo ståbfliee the n8tÍvG DNA Etnrcturc.9

Syetcnatfc stgdlee of the effect of dlvalent eatlons on Ðl{À

flrst f¡dlcated that three groups eonrld l¡e dlstfnguf.ehed. fliey rero

claeslfled r¡rfth resFect to theLr effect on Èhe stablllty, the

reaaturablllty of DlTl{ on coolfng{7 trrd ou tncreaslng the loníc

atrength.4S ûne group coneißts of the lone Yg#, cJ+, 3*#, uo#,

Co++, Ni# eûd Zn# whlc!¡ ctabfllse the DFÁ. seconúart etructore. Ibe

effecÈ has been a¡ttf.buÊed to scÍeesfng of the phoephate charges.47t48

lhe hypoehrorlctty of DHA. denatured Ln the Presenee of tfueee netal f.ouc

fs pc¡tfally redueed on eoollng. A eeçonü groulr contaÍns Cd#, Pb#

aad Cu* loos ¡shlch deetab{tlse }114, nost narkedly 1n the csse of

Ct¡# ions. It iras been euggeeted that tlÌls fs due to lnteraction of

Ëhe loas rdth Ehe Bl[Å. base resl¡lues, causlng a çea]-anfÊg of the bydrogen

boud".47'ð8 A€ Cr¡'l+ ions cause Ëhe largesÈ dec¡eese of ÐìÉ sÈabtllÈy'

!t has beeu the nost e¡tÉaslvely etud.id. RenaËuratlcn of ÐNA

denatured 1c tha Freseûce of CuS lons does Êot occur oo eooLtog unlees

the fonfc Btfen3th af tì:re solutÍon is sul"sßentfally t-i.creaeed,

euggestJ-ng that Ëhê interacEfor: of CuS fons s:i-tir ths L'8,8e resLduet fa

eapable of holdfng the t¡ro sÈranCs togetiier la scce vay. fhe thÍrd

group contalue eÈhet foas such ao F.6+, ag+, r*# an'I FeÏ wi¡fch
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cü¡se substäctlal chauges Ëo the prop€ttlee of ÞN/r. I;g+ 
"o¿ 

*g+

i"nÈcract çftt¡ tl¡e basçs of n¿tfve Dt{t, and cauce large spectral

"hfft*.4F52 TIie tlrerual, deneturaËfou of ûtlA In tiie preeeace of

Se# Lose fs aaomalous ag the lr¡rperchr@tcfty lncreaeea on 
"oolro$r4T

fn coutraet Fl.tb Èlre effecÈ of e1l other lons.

å unf"fyiqg expLanatlou of theee f,¡cte hcs been presontcd by

Elcl¡lrorn ¡nd Shfn.53 Ttrey euggest that th€ propêrÈfes of all tbe

neÈal lorDl{A complexee reeüIt frm the relstlve abtllty Ef tire

ueûel foÉE to fnteract with the phocphate grqrps, coapered Flth

Èhefr ablllty to fncerâct rrfth the baac rssldues, Thlo proposêl bas

beeo eupport€d by tbermal gtablLity ¡rrd npectrophotcnetrlc gtr¡dlee for

I renge of .etfoo*.53

The ualçre propartfes of tha Ð¡tâ-G¡{+ cæplex 1s thc oefo ressos

for the ussy studfea on the effeet of û¡* fooe on the grlnary,

rêcondtry and ttrtfat7 strûcture of ÐlÍ.4. Interest fn these ¡tudle¡

hac åleo st@cd frm the lncreaclag s¡nber of lndfeatfonc th^at qt{+

toue play sone Frrt Ír" the blologf'cal rale of ÐSA. Ao outlfae of thfe

wldeace f,r pretentcd belær"

Hany ctudfea h*e todlccted that Ctr# font ¡re preaeût 1n E!(A

obÈ¡lncd frm bl.ologlcal sourcë¡. Trscer studies Uy *1tuan40 h"r* ehowtr

Èhåt Èhfs Ls not due to contalrfuatlon durfng the recoçêr? groceee of,

Dl{Å, lfueleoprotefse vera facubated fa an exeeÐa of labe1l€d û¡+} f.ons,

e¡d on Í¡ol¡tfon of tÌ¡e ÐlIA, sll of the labellcd &¡# fona sers dcteetd

fa Ehe prote1n fr¡.tfoo.40 ThÍs fndtcate¡ ttr¡t coût¡nlnstfon cor¡ld not
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accouÊt fcr the Cu* Lcne úetecÈed 1n Þllf., and that theit presencc le

controll-e*l b;r blologf-cal Frocessee. Other atudLes her¡c ehown that thc

f¡resence of û\# Íons rendere ttie *lIÀ lees eosl-Iy attacked by

nueleases54 t55 and aleo deerea.çes the affects of radfstLon døage to

the Dtr¡\,32'56"5T Fr¡rthennore, tiro lndepcndent eñrdJ.es58'59 t"o"

conffuuertr tlrat DldA eiynthesfeed fn the ptesêrree of &r* lone producce

ao lncre¿se of (ß * G) conteot of up to ?3?" lhct thê formetlon of

such qrtante is acconpanled by an lncreaae of the (C + C) cont@tt of

ÐÌüA h^ds al¡o been deteeted by Boll¡¡nr60 *ho fan¡ad th¡t tlre te'-

duplfeatlon of ultra-nlolet lrradfated DNA r¡as aeeoopanfed by an

lncrcsae of gu¡q{ue resldues.

The above erfdencc fot tbe Lster¡ctlon of ûr# fo¡s Ìrlth DNA hes

led sme rprkcra to propose a sch.Ee to c*plefa not oaly the phyal.co-

ehælcel fact*, tn¡t also thc bLologlcel etudfea. A, tedøx tol.e hrs becn

euggauted for O¡# åons *etfng ee e ssltchlqg mochanlsm for strad

dupllcatfoû.61'61 The preaance of, crr* loue 1n Dltli et¿btlf¡cs the

helfrr62t63 u"a rvhen orl.úleed to clr* lons de-etabfllaee the holf¡:

by weakeulag ttc hydrogen bonde, tfoire eourrert{ag the DUA f¡to a ütate

fa r¡hich ft can be dupllcsted tf, ln the rlglrt co.dftforra.64 åftcr

rluplfcaÈfon, Èhe cyclfc procasfl fc cmpleted by reductfon of G¡#

Lon¡ to A.+ fonc, theËeby re-etabLltsfag the lrclfx.

the preoent st$dy of Èhe DlgÅ-&¡+ lntcrectfone haa been

undcrt¡kem prfnaflLy for tt¡ree rêeaonea the Lntcractlon fÈself t.e a

frmdmental area of otudy la f.Èa orrc rtght. Sec.ondly, eny trnmledgc
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of the fntereetl.o,¡ furthers tlie understandlng of th€. ÉaEutre end

propêrtf.ee of nNA. Ffna1ly, any phyaf.co-cheæfccl studlee of 
,,thG 

I'oËer-

actlon uey a*sfst fn eXnrlfyfag 1Èo bfol"ogfeal afgnfficatce.

InteractLoa Etudl.ee of tbíe natufo requlre snewers to tbe quê8t1oût

pood Þy 6ceÈchard:65 "Eow uan¡r? EorB¡ ttgbttyl lthcre? gbyî tb¡ü of

It?t' Âs re-stated by otheroo66 1n ordef te have e eoûPlete u¡üet¡trnd-

lag of tbe fnteraetloc, we m¡at dctottJ.¡a tbe muber of sltsa sraflâblot

the atsbllf.ty conetaoÈs fot the var:loue sl.tell or grs$Ps of ¡ltGar ÈhG

aaturc and poeltloa of tbe eltc¡, afd the *Lgalflcanee of the latrp

actlo¡. åttanpts hsVe bacn n¡de Ls th6 Presêût. etudy to a.osser Èbe'

fLrtt fol¡r ef thege queetloac. El,ologLcel aegects of Èhc DUA-G¡++

iaterretfsas t{11 alco be dfecu¡scd brtafly.
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t. nm'orluerûlT

oHå*cus conpleæes uray be forned by three u,ethodr, eaeh prodec{o8

a cmpound r'rfrb characterlstlc preFertfeß. The nethode of

preparatlon Éire:

Ê. f;tr# lons added to natlve Þl{À Et tcon teqEet¿tutae (f.e. I << I ),
!.-

b. DÌ{l! denatr¡red, fn the preee:ce of cu# fono (1.e, I > TE).

c. û¡s loas added to slngle etrand Dl¡A,

Ás the propertf.cs of the three tlTlas of DliA.ûr# ".npl** vary wlth

¡¡ethod of fot'¡ratfon, f.Ë 1o probable that eo¡ne of the aftc¡ of f.ntcr-

sctlon nay aleo dlffer. For ttrls reaao¡rr Èhese thrcc typee of,

conpcrsda have beeu discuescd eeparately 1n tbLs thesfs.

Ttre fateractlou of G¡# aail othcr Lsne ${.th DÌ{A fsvolvs

esecrntlally t'ro types of teaetive elte¡ ou Èhe Dl{A nacrsooleculc: the

extcrosl çt:arged phoepbotc gEouÞs, and the fatetual baal.e uftrogen

¡ttee of ttre basc reeldues. It 1e rrececsary to el¡rtfy hera that the

b¿stc{ty of the nitrogcn sfteen end uot the cherge, t'a laportant fn

dcterafnlüg the netel lon lntenctftrg ¡ltes (ees $æt. II.3).

Meny etudles lrith Cu# loo hsne att€rpted to deflna tl¡e raletlve

Laportance of the baee and phosphrte cites of Ðl{4, rnd the nntr¡ta of

the lnter¡et1on. M.dence bao bcen preasutcd to t"ndlcate thet 3hc

lotoractl.on of Ct¡# fons rl.th uetfvc IltÀ occr¡rs ïlth tbe pborpheta

1-20grorrp¡, or rfth tfte base rcsfdues.4'5'10n12'14'16tL7-29 Emc

¡tr¡dfcs lndfcete that botb sftec a¡e f.svolved.4"5'10'12'lôt16 'L'ï-20

A wLdo rrÉge of techfquce haa been usGd fn thaee ctudfc¡: cpectral



13.

techtrfque"s ('i 7 aEtì vfeÍbIe abeorb¡nce, IIi, ÈûIR, EgRr oRD' @)

conforuatl.ou aÈr¡diee (vlEco¡1ty, Llghl 8c8Èter{û9, denefty gredl'aat

a¡td ul tra-cerÀt ttfugettoa), úlroct bindlng etudÍea (gel cirrø^etograPhy r

equl..llbrfuu, dlalyalr, polarogrephy, coductence' labctld eopouods),

pE tlttatt"on a¡rd Dl{¿{ ueltiûg Èanperaturê.

Dala for tire tnterectÍoo of C¡¡* l"one uLtb tono-narclætfdee 1e

dfecr¡eeed Lulepeodent of the DI{A-GI# fnËerectl.oûr 8¡¡ strch lnÈorrctfonr

can only lndicate the poaefbtl.I'ty of a sÍËl.Iar intaraeËl,ou ¡rf'th ÐEÀ.

lhls Íe dr¡e to tlre e@Þleteiy dlfferent cnvl¡ouent (cleetronfeally

euó stçreoeiramically) fu which tl¡e u¡cleotfde¡ ocsur 1n DHÀr aa

couparøf rtith tire [ouo-sueleotfdae tl¡cosGlvca.

The ayntlretfc polyxucleotLdee¡ poLY dËldc end poly dAI' are

fucluded 1n ðlecuseíone of ÐÈIÄ, as thcy poJaess double bclfcal ottuc-

ü¡ree ard sr€ therefore dtrectly conprr¡blc rfth tatlve ÐlI¿1. HovGvort

the pol¡rrlbon¡¡cLeotfdee oftea occur as aia8l6 strtñd ttñuetuaeerZ9t3g

and ere therefore cøpcrable vfth a{ngl"c ¡Èrrnd deneturd DldÀ. Ag

detelled refetence l¡ ¡edc thron¡but thia thc¡le to r retrge of barer'

be¡e fe¡fdue8, ørcleoslder rsd nueleotfdcs, the structurc end

ruubcrlng systæ of thesa coapoundc f.e prcrcnted he¡'c. Tbe mnber{n8

ByËË@ uecd f¡ that adoPted by t'CheoLcel AbËtråßttil tnd uoet cupent

bfochenfcel Joumale, and fs lndfcsted 1u Pfg. II-t' &rerern lt

dffferc fËûfu Ëh¡t uaGd fn toqÊ Garlíer tcxt¡ ou pytfüldl¡tc.3l

l:Lc etn¡cturêa of tbe ba¡a rc¡ldue¡ rafctreô to ln Èhir tberl.¡
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are lndlcate.i, ln Flg. II-2. lhe hydrogea bondfng eltea of thc, bcse

realdues fn Ðti¿l are referred to frequeutl.y and are shøca Ln Flg. II-3.

3. Fropr*TrEs ûF frE Þ$a*cu{+ ccFtplærns

el,. Tne Natlve ÐIÀ-G¡# Corople:r

(f) IlltraryfoleL and VlsÍble Spectrophor@etry

f;¿teractl.on of û¡# lons rrlth Ëhe base resldcee of lll{A le

e:rpecte*i Êo perturb,Èire e¡¡erg/ Lqzcle of the base reslduee, produerog

sþgnges ln tlle ultra*¡¡loleÈ spectrrna of DIIÀ. ïlre exte¿t of the

rzaveleagth sillft of the aþeorbance naxfna, ¿s rf,€.ll ae hypo- or

bypercirrælc changee, rßay be uecd aa a ¡ûeaatrre of the degree of

LnÈcr¿ctfon. The lack ef any ulËra-nlolÊ.t Bpectral cbangce of ngtfye

DI{å ln ttre preaence of cu* ioo* hsE bee¡r lnterareted ac fndtcett-ng

tbat cu# fons are uoË bound to the bsee reelduea of ÁEÈryü Dt[a.7-9'[3

Eoúever, otber uore recent sÈud.lee ï¡eve ¡horn th¡t a cpectral cblfÊ

to lotget t'avelengthg doee occur.l2'14t16 '19'23'?2'33 B¡¡d' solery on

ultra-vfolet dlff etrence apcctrrl aeeguræe¡t$, latsr¡laskll ånd trrlarr12

'nd Bryan aqd Frid*rl6 hgtle detcrnLned ¡saocloÈlon csaateats for tbc

uatfve DltÀ-cu{+ eonplesea (rÈ }or lonlc strGagtho, r ( 0.01u), nhlÊ,b

sgte€ well ul.th velues deternLncd by tæhnrquco aùf,slrrllg tbc total 0¡*
{on¡ bor¡ud to oåtlvê ÐNA.l5-17 Thfc rûdlcates thÂt ce¡æt1¡lly rl1 of

ti¡e cu# f.ons bound to Dlta perturb the cncrgy lwele of tba b¡¡¡

raalduee. Ihwcver, these spoctral chaagc-c aay be dua to dfract 6r#
fotr l¡t€rsctton rrÍÈh the b¡re r:ef.duer, or to rerorfsntaÈÍon of the
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haßr resfiir¡€Í'; duü to 6r* lon lntcrsctfon nrith the pb"ospheto tFflFs,

or bctÌ.. rrr.t hågî. toolc stren$th (I t Ð.ttl) drrre tbe elocttast¡rttÉ

effcct of tla ptnrplrate ßEg[lps 1s ütBf!.lahed., tho r¡ltrr-vlolat

diffcre¡ce spûßtrß rtsdles of $chfeber tDú Dn"o*19 Í¡átaatc thst fr++

foû lrrLcráßtfo¿E çÍtT¡ G,Le l¡seo resfdsts 6eeor¡[t for ell of tbs

epcctral cLengø eË hJ.gtr loud.c aÈrcurgthr tüd üBy sscouÊt fof at lc¡rt

sore of the chan6e ßt 10$ l,oale ctreugÈh.

Zf.ser *üd îou#r27 h*"* rsltottêd hypertf,rontcfÈy etudLea (at

lorr lorlc eËren&Elr) * ufth i)trtÀ cont*folani ¡, Ë¡¡¡ge of (G * C) coatrot.

lirey corictt¡Álcx¡ tÏ¡et Èho lutetectlon of üt¡* ions wlth sgtfvê ÐUû,

occùaa nsluly trlttr Èh¡ gu¡¡¡dne 6nd ÊYeoslue re¡Ldsclr lüA le Brobebtry

ærê Êpssf.flc for the U¡rrnfne leelåues.

Iiry¡s o'xi I'rfod*lfi olrt"*€d thlt thc nrXl¡n¡¡¡ apectral et¡ng¡¡

lgluesd Uy U^* lc¡s to Bsglv6 DII& votc the ssm ¡s Ghoo¡ f,¡q¡ ÐHA

dø¿tsred 1û cÌ¡rÞ prsrønce of &¡* fone, åltbûr¡gh d{fferent t.crear*

Èfüôs ssd ftr++ lon cs¡rcmtr*tlsaa u¡rt Ícqafr.ó. O¡her cpdfètlz'lôt2tttt

do roÈ úuppoËt areb e lrrßt hyprrchrætelty for Èhc natfva Ðïl!p0q#

i¡t.f,åßtlôu, and sgÈSûtt th¡È tbo Ü};t or¡d by tryan end grleå3¡lt6

urf bo pætlrlly d¡¡¡sturcd.

Thc f¡st ti¡¿t r¿rller rcrk¿r¡ dld ast obarrvt sÞ.Ggrrl chrng..

of ¡ntlve &Ì{A fn th¿ prc¡æc of Gr¡* Loul, i¡ uudalb}dly åuc to
l9

üblGo flctora. ås t¡o¡bastfc polnt h'+ blen drÈrrutnrd rË lóO nt

the nrtlvr IitäA Ebsorblueè Ðr*irr ead ühc vweknStb urtd fOf ræ¡
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earll.er hyperehræl.c1ty atudies. Secondly, the more eensLtive

Èechulque of d.lifereac€ spectroaeopy ¡ras not, used Ln earlfer studfag.

Fiually, irfgh Gus ion 'n¡l DilÀ coacenÈrrtfona are reç¡lred" co produee

sraIl byperehrmfc .h*ig.",19 to*re\rer, uader thcee eoadLtioa¡, Dl{A-

or+ aggtegatcs are foaaed ,7 
jL6'19 

"*í nret ba elluiu¿tod, or allowed

for, to gvoLd lfgtrt scattcrfug ôüor8 l¡ abeo,rba,nce stu¿lel.lg

vtelble abeorbance studfee of Gr* Íone fn the precence of natlve

Dl{a e.re contradíctory. coates et e1"8 deduced that the¡e wa¡ ¡!o

ef,fectfve l¡rtercctfon bet¡rsca cr¡# fonc and Datlve Dlda, although s

sagll epectral chtft rs€.s ewt"d.eûÈ. Zfnner and Venner2T doroad ,
spætral stllft frq st8 rmr to 77-q ¡m for cu* loa.s fn the preecnce of

72Í (ç * G) content nstfve DHA. 1Î¡te ohlfÈ Èo lo¡ser wavelcngthr hsa

prwlouely beæ detected for Ct# foo" bound to nltrcgea Ugaudar34

end fudfcatec ûr* fon fnteractfoû ç1th the bege realduee of n¡tfve

Dt{A. Ít¡e rilffermee bet¡scen the tr*o atud,l.cs hrs baen attrfbuted2T to

the dfffereat (G * G) eoateßt of the DHA uaed, lnpllcatfug thc suúûfnc

and cytoefne reefdues aÉ¡ sftea for qr$ Íon luteraetfoû Ín aatlve DI{À.

(fr1 Thenal Stablllty

8Ínco Elehborn35 ff.rra rceognfacd thst the prercÉcr of q¡#

foae loncrs the aelÈfng pofnt of DñA, nlreroua other sf¡nllar ¡tr¡dles hrva

been repoËtedr6-9'11t 18 )19'23'25,.36..37 dl conffrnfng Èhe dc.trb{t l¡etLon

of Dl{À fn the preseuec of G¡* fonr. .å ña11, faitrd lnctaaae of
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6'rl stant I 7 '9'37 at 1ow gu# lo* to 'l¡gse reefduea;r' or¿coE n

coueeûtretlons (1or¡ R valuea), hae beea lnterçrctcd35 ee stsbflfsatfon

of the hêlf.:E due to ür# fou LnËcractLon n¡1th the plrospbatG groupE,

thereby acreeolog the ptrorphate e-nerges and reducfng the repulafon

forcee betncen thege gror¡pe. At hlgi:et Cu* luu co¡¡eentratfous,

1ûteracË1oû rrl.Éi¡ the b¿se resld,uea le aesuned. to predoafnate"Ss

destebtlfsf.ng the hdllx. Tk¡fE lnterpret¡rtÍor i¡¿s received added

sr¡pport fros Elchhora anrl Slil.nrl8 tho eetabll.shed that the lnterecÈfou

of, uct¿I fonE wfth the phosph¿te end baee groupe of DllA f¡ e t€I.¿tlve

eff,ceË, ssd explatus thc balsÐeln¡¡ of destabilfelag anó et¿t¡ílfr{og

eff,ecte of the loaLc sud covsl-cßÈ LntêrÉctlor¡e of G¡# fons. lte

ståbflfsrtLon of Dt{À at 1æ total Cu* foa to beee re¡ldue raûfoa (8,)

at lo¡¡ fonl,c etreugth d.oee not occür at blgh foalc streogtheræ

rtrpportfrig the propoc€d eleetrostatl.c phoaphnte0r¡# ion Lnterrctlo¿.

Iv¡nov snd ldlneh-ok*"37 traye offered ¡n alternetfve erplanatf.on

for the lnftfrl steÏrllf¡at,1on. They have sl¡o¡rn tlÉt the 1, of DHA

focreaaee ln bhe prGaence of O¡* ioua, and atrggeat th¿t oxldfel.og cor

ta¡¡l-nants ÍD DHÁ, nay rcduce so&e û¡# fone to G¡+, thüt stebfllalag tha

DHA. Eowwcr, Èhls suggertLon hae not bcea cupporteil by any othcr

erperhcntrl Etudfac.

The altarnat{ûg cûpol¡mer polydAÎ Íe atabllfe€d fn the presenc€

of G¡# lonerT'll ,*r"rea poty(À + u) {e da*rebll-feed by Gr# ioorr3t

ruggeeting th¡t the ptfaary Btauetusc of polyo,rcleotlde¡ rnd Dl{A ury

be vlt¡lly fuporÈrnt fn deter¡fi¡hg the affecÈ of thc¡c G¡* f.on
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l¡.teraetioue

(1ff) lertiary Structure

liauy sÈu,ilies heve Lndtcstsd thsÈ natlve tl'[d¡ 1n solutLon ctt
be adequateJ"y rlescrlbed aa poaeeseLag a flexlble, rod-l{ke structurc.3gt4o

Ibe preeence of â¡# f.or¡e csr¡aere È-ne tertlarÏ- structurtu of n¡È1ve DltÀ

to collspse all.ghtly. Thls has been lndfcated by a decreace of

vÍacosftyrl'l6t19 uo lncreese of the sêdfnertetfoa coefflcfcntr16t19'2E

ond by llght eeettering studfesnl9 et both hlgl,l'lg and 1oul6t28 foulc

stroûgths. The llgtrt scatteFfng atudylg cl"eerly fndfcrtes e decrcare

of, the radl¡rs of gyratfoa of nntlve DllA, froo 3100 I to ?960 f,,

Tbese cotrfoürattorral chetgee have becn deqonstratGd st hfgb loul.c

strêngtl¡s, I t 19 rùere electroEtrtf.c C¡¡*-pliosphate fnteraettoris arô

euppressed, fdfcatlng that tbc cbaqßcß âre due to Cu# 1o., Íntor¡ctfot

vlth the b¡sc reelduae. Thfe hea beeo coaflr¡ed by dlfferêncc spcetrt

studfec at hfgh louf.c etrengtha,l9 *d b¿e 1ed to the concloeto¡l9

thc.t the conforu¿tfos,al ehan¡ce ¿rc c¿uaed by local flerlbtltty of the

DHA. chd.u¡ fduccd by CuS foa faterecÈfon rrlth the baee reelduø¡.

AggregaË1oD st þl"gh Gr# Loo to bece resLdue retloe hec becn attrlhtdl tt

to Íotcratta¡rd br1dgfn3 ¡y On* foa¡ betveen phoeplrate groupa of

dlffcreut ÐI{å. noleculee.

Fro hydrodynalc studlca, Bryan ¡nd Fr!.ed*o16 h"". co,ncluded thet

t¡¡ò eftea of û¡* lon Lntaractf.on exfat fn a¡tfve Dl{À, ea v{scorLty rpd

aedfneaÈrtlon changes occut at dlffercot R rÊtfce.
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- (fv) Otber Propertlan

Ct trgll h¡c rhorm thet the ultte--nlolet roÈrrÍ dloparsfon le

rrch rore scarltlv. to thc füt.mctl.an of Çus fore wlth n¡tlyr ÞHÂ

th¡n uLtrr*lolet eb¡orbsnco rtr¡dfm. û.s the GüÞ spÊetrq of ÐEA, h¿¡

bern ttplrl¡ed fu t¡nt of, drlocdlactl"oa of th+ c*cltd sßaÈae of the

bage rs¡{du**r4l lt apgcets tbrt Êhô tccbnlçre of sltraqiotrt oüD le

*trenaly rcurltlvc to ths lntcr¿ctþn of, G¡++ foun rclth thc br¡c

rç¡Xdue¡ of nrtlve SIfÁ. Ttrfc hs¡ born cæftrücd by Êføtt ct *1,18 ¡t

rrtrcrncly lou ftr* lor concsrÈr¡tl.on¡ (R r ü.0?)n rnd eoü8rrstü rltb

tbc ltr¡Þflfty of, i+g* {ons, vbtch fut¿rrcË ctreotlrlly rrfth tbc phorphrto

"ít."rll'1trt5¡42-44 ao ¡ltor tbc oRD ûpcetûË of r¡tlvr DsÅ, ¿t n¡ch

hfghtr concüûÈrrtton¡ (It r 0.2)" ThG rmiu¡n change of th¡ ûrtlv€

ÐHå-Co++ oRD cpccË?uü occutr¡ at R - 0.i. {Indct tb€ É@o condttåoüt

(I - 0.09óH) r¡xtmlo tt¡crprl ctabfllceßto¡ .t B - 0.1 h¡ç bo¡n

srt¡Þll¡hod,lt todt"rtfr¡g thrs Õ¡# 1oa fntc¡rretlon vÍth thß phorpbetc

gtolgpt ($act. tl-lr(tll)) ¡rd polllbX,y rlro nlth ËhG bæT rrülduoe,

nry br fuvolvrd ln thc ¡Ëebllfu¡tÍ.ou of tbe hcltx aü lory R r¡ttoe.6'll

Cf,rcolrr diehrofc tÈüð{år wLth ¡ rrngr of (G * C) coaÊ$t Ðnô,

fdúe¡tr thrt qr++ foae lnÈor¡cÈ sÍth the O - C b¡¡e prfra ol n¡tlvc

DEÂ.?g

rntrr-rod rpccËrrl 
"h"oß-lô'1t'45 

fufrr ¡ {h¡* loa fatrrrctloq

sith th* brsr rútfduar of nrßlre IIU& rad *rt¡blf¡h ÈÞrt thc guralar

rnd cytoslsr rr¡ld$et ¡rr pmdo,tnrntly fwolvcd,

Otb¡r proF.atf.r o! cfßhrr ür* f.onr or ü¡tfy. DI{â,> ebfcb brre
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teen foun¡l to change sfter the fomatlon of a oatlve Ði{A-ûr{+ cqtex,

i¡clude ttls^ etudtes of the ehorteû1sß of relaxatfotr tÍ-aêe of vatsr

protoûÊ bou¡rd to C1# fo*,?n3 ESR Etudlee of the landé epltttln6

factor14'5Ê10u2CI pE tftratioo"l3 ao¿ condustance etudlea'1 rh.t"

studfee are srcælaed lo deÈ¿ll 1n Sectlon II.3e r¡trere they af,e Eorc

pertlsent Lo dlscusefoas of ttre site of Cu# ion {qteractloa rrl-tb

n¿tlve ÐïIA.

h. DIIÀ ilenatured 1u tlre ?r€genee of Cu# Ions

ï'laoy studf.n"6-9'11'18'35037 hsr¡e indfcsted thåt there Ís ue

decreane of iryperchroæielty on eoollng Dl{A ¡+rricb, hae been den¿tutd

ln the preee¡tce of f,u# iotxs. Ivansn end !{lnch.ok*r"37 fol¡frl thst

thle occure only i;i ìi. > 1.3, the eondítloo fortuit'ausly enployed fn

earlfer etudles. By cmperieou r¡fth tire effect of foraaldehyde on

4lt¡Jria, creavage sf the hydrogco bonds haa beeI¡ ehorm to accæpe^[t ühlE

te&F€Ëature lndepenrienÈ hyperehronieity.T Howwer, eompl-ate reverr¿l

of the iryperctiræ.ielty oceurs 1f the loafe strength of the eolutLon f¡

rel-eed to gireater then O.Ll'í by the rddttlon of lll electrolytea. Urlng

a w1de vertety of techalquee (vfa"oufty,7 aedlnentatfon eocfffcfcoËr6

deasfty gradfent16 optfcat rotatlourt o*r2s w ¡beorbaneo16'7'9

tÉracforxfag actlvfÈ]r,6 chronatogtaphic pattern6 and neltlug
À

È{grperrture"'} " 1t hæ bean dæonãtrstcd thçt tbe Lonle sÛrGngth lrduc¡d

rcnaturaülon proees¡ fortg DNÀ poeccesfqg all of Ëhe proPcrEfct of,

n¡tfve DHA. Ëfu16 hrs lndfcatod thtt Èhe t€ûoYal of Cr¡# fons (by
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dfalyela or by conrploring wlth EU[A) ls thc fundmental atcp f,or thc

renaturstÍon procena.

It h¿e teen shøeß that Ðt{A denatr¡red La the preseÈeG of útr# lonsn

1s riot connpletaly rcvereed by raf.alag the fo'ale rtr€rigth of tbG solutfon

if the desraturlng temBereture waa eubstastíelly gfeater ttran 1r, t,28

orggeetfqg that eoro.e reg{ona of atrand separatloa oecuE. If, th* Ct#

lon eoncætråtlori fs flrfffcf.cntly kw, eou¡lete çtraad eeparetfon û8y

oceur at hf.gh tæperatut.r.26

Íhe IIV absorbence maxt¡la of DIIÀ fn the pr€astrce of or# loas

ohf.fta to longer wavelengthe oo raf.slng the solut!.oa tcrûpêraturerS'I3

¡nd fs cecmpanled by up to 55? hyperehrmfcLty. theac sffests have

bae¡¡ attrlbuted to perturbêtfoû of the all,oçed Gnergy lsrele of the

b¡ae resi.duee by LnteaÁcÈloE wftb cu# fons.8'13 fr1o fntcrpretatLon

ha¡ been conflrned by vLefbLe abeorbance etudl.es fu whlch thc Cu{+

loa absorbaoce nexl¡ra shifte fron 800 ru to 740 m aftcr hectiug the

DI{A-Cu+} "yut.^.8'32 such a ehlft fe ldontlca.l to that oboc¡ved for

the forcstl.ou of tcu(N%XBe0)SJ#, vihtch hse ¿n abso¡baûce ilnrl¡ûa, et

740 m, nuf fs slnl.16r to otber altrogeo lrgrd-gu++ lon comp1"o"".34

tta eahanced hyperchrmfcfty of tbe dea¡tured nnA-Cu* cysten t¡a

been atÈrlbute¿ll prlaarlly to Èhe dfsorl€ntatfos of the ¡techd base

pt!¡s (es obaewed, for den¡tured DNA alonc)ô7 .o¿ partly to pertr¡rbstlon

of tha êléctr@lc structure of the ba¡e rcsldues. Tbfs hås been

supported by mla11 hyperctrroufc changec obsewcd by flmer ¿ad Veonc¡?7

fot the fnteracÈLon of Cu* lons vfÈh deoxynonorucleotf.des. AnoÊhet
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NlrplanËtfoî for thfs enhaoced hypcrchroaf.ctty haa becs propoacd by

grtherlenal and ßutherlend.26 thcy auggect that the GatË¡ hypar-

chrmielty (1O-.151) ralatfve to deaatureil DITA fdfeates thtt Cü#

foas hold the basc resfduce further aparÈ and altow lese stackfag of

baaes than fa þl{A denatured fn the absence of Cr¡# loaa. Eovavor,

dl.rect $¡pport for thl.s proposal {s stlll laelrlng.

the granílre and eytosfne residuec tr^Eve been lnpllceteé by

aweral the¡¡lal sÈudfoo 8s th€ eÍte of Cufi lon lntcractlon. Tbc

decrease of T lu È}¡e presence of Gu* lwre f.s proportlon^rl to Èhea
(C + c) content of nNA.7'11 Ðisparsfon a¡glyces of the hyperchrælc

cffeetl9'ff h""* ldfcated Èh8t G¡++ Íons ere boútrd eeaentlålly to Êhe

6 - C baoe paíre. ft" N, poeftfon of guenfne reelduee has beeu

fndfcated aE â rpecÍflc sfte of gu# fon fnteractloû by theraal

etu.dfae uslng DïÍA conË¿lnftrg N, methflated guanfne rcsfdu*",zg

ltre tertÍarT sÈructuto of Dt$,, denehtred 1s the prescnce of Cu*

loae (¡È low f.oal.c eÈrength) fe slgnfffcantly altered to an extrecnely

collapaed and cmpact coaflguratlon, aad har been lndLcetêd by

vfscoaftyrT lfgrra seatÈerfngT æd s€rtfneritatfon etudf"".6,28

c. G.r# Ioo¡ âdd€d to Denatured ÐùIA

IÎre conplex forned Þy the addttlon of Crr# fo,trÉ to denatured D$trL

erhfbite propertl.es lnt€rÈGdlate bet¡reen tbese of, the nstlve DNÀ-ftJ+

eonplex and the conplex forued by denaturtng DFÀ {u the preeeoee of

Q¡# loae. The latter couplex haa becn abbrcvlated to danatrrred
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6nwl-cu+l for futute referenee.
+

The addftion of &r* fon¡ to elogle etrand dcn¡tured DltA

(abbrerviated to (denaËured Ð!lA)*Cu{+) can¡oes ¡ aaall ultr¿-vfolct

spectral ehf.ft to louger wavelengtr'*9tl3 (not obaerved for the nstlve

D¡IA-û¡{+ coqpler), and ¡n Enhanced Syperctrronlcfty relatfve to

deaaürred 9I{À.7'9'13'28 f¡e6e affc,cts conff¡¡û the abilfty of Grr*

Íons to fDtefaer w1th the bese resfdue¡ of, ilcnetured Dl{A, aad Ltdfc¡te

tbe esEætl"tl dtfferenceo bet*sen thle emp1"ç rnd the nÊtfve Dl{A-

ftr# emplenr,

.å,e efnglc strend -lre¿È denstureå Ðl{A le ouly partf¿lly rerereLble

on coollng ,1fi-49 tbe addttfon of Ou# lone capeble of foml4 c.onPld€s

yf.Êh the t¡aee realdue¡ Ls eapccted to futther ilfufnlsh the abflfty of

tha (denatured ÐN¿f)-å¡{+ coaBlex to r€n¿Èure otr coollng. lbe conpletc

laeh of reverslbtllty of, tïrls couplex oa cooUugT f¡ elallar to th.Ê

of the desaËurcd (UNA-Cu#) eornplex (eee Sect. II.?b). Bowe$8tr the

de¡oetured (ÐNA*Cu{+) couplcs¡ can -oe conpletely Eênatured at btsb foûtc

strangtiw, whereae ao hydrogen bonda are refotned fo the (deneturd

Ðl¡À)-G¡{+ cmplex by the addltloû of as electrolyte. A dLfference

bEtweeo these two DNÀ-Cr¡* conple*es Ls therefore aPpålent.

Fsr¡ studiee of the (dcnstured ÐlIA)-ü¡++ cmplex bevc bcen rcporÈsd

¡s tbe poraLble blol.ogfcal elgalfLcaace öf the natlvc DllÀ-&r* and

denEtured (Ðt{A-Cu++) eonple*ee hee conffned no8t studfas to thege tvo

Ëypes of eoupleree.

A df"seueefoa of G¡# io¡ latersctfon rø1th po cLeotides L¡ relcvant
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to thls aectlo[. Eouwet, as @oat of the lnforråtl'o[ froo theee

sf¡rdles fs dlreeted nore tütaçds the cpælffe eÍtc of the û¡* Lon

futeractlon, they are beet dl.aeueaêd Lu that conEest ln Seetton II.3b.

Coafonn¿tlon Etudles fndf.eate that the reLaÈtvely opeû sttr¡ctute

of elngle atrand denatured D$,À, l¡ecomes rlorô eoûptct th*n n¡tlve ÐllA

wtron ln the pt€sence of co* Loo".28

3, grrE$ sB INTmÂCTI0N OF Iru &¡{+ rON eOþfPLËE$

The tSflE t'Eoao4erstt is ueed hefe to repreccnt collectlvely tbe

tudtvfdual basas, thelr correapondlng aueleosidea aud ar¡elcotfdee (boÈh

rlbo- and deo4yrfbo-). Auy dfeeueeton of Cu# Loa l¡Èersctfons lùl.th

the uoqo¡¡ers requl.reê a knowledge of the beelc eltes of, the æoilotret¡at

as ËhÊae are the proirable cu+ urn¿1ng sltes.t0-só Hith resp€ct to

the nunber sf basfe aiteeo the bases are cheüleally df-etiûßt froru tbe

rn¡cleosl¿es trrd n¡¡cleotLdes' sB the Ecådtc f¡afno hydrogen on the baset

f.s replaced by s rlboÐ€ group fn the aucleosldeo and nucleoÈl'dee.

Tl¡eref,ote¡ aa ütiey l)oaae6a one l.ese reactfve efte than the baseet

eubataûtl"al rltfferencèn betlreen Êbege t¡m claseee of rcnoders uey be

expected wfth respec,t to the sfte and etabiLlty of Cu# tos l.aterccttor¡.

ås Ëhe cbarged phôephate group 1e s1so e efte of cr¡# lon fatcnctioo,

cfnfla¡ dífferencee of tire sfte and etabllfty of CuÏ i-on lutor¡ctLo¡¡

aay aleo a¡r{eÈ betr¡e.eo the n¡¡cleoEfdes end the ¡rucLeotfder.
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â¡ llonomerg

For slmpllctty rnd elarfty of conpar{ro¿ È}¡e cu# ion bfdfng

studfee of the floÊclr€.rs Ìrave beeu tabulated wltb respeet to Èire beees

(Table rr-r) end mrcleoetdes and nueleorides (tabte rr-2). Froa

Table rr-1 Lt fs appareaÈ rhat rbc laÈersctioo of tu* fone ulth
guanfue, ldenine, cytoofne and xanthfne bae bE¡s ertablfehdr'end

tbåt tbe N, of the purlaee has been subatanti¿tcd ¡s the prtuary

cu# ttn¿ing sfte, especlally by the dlrect etud{es of E¡rkf¡o ¡¡d

Frfeeer5t and 11¡ and Frfd*rleb.6l

I'lany uetal lon î;rfndfrg etudiee of tbe nrc,lr¡osldea and aucleotidee

have been udertskeû to prwtde lnforr¿tlon on the :Lutersctfon fteelf ,
whflc others have been prtnarfly concernd v'rth elucfdrt{rg the

uatr¡re of, Èhe uetal fon lnÊeractfon ¡rftt¡ jjl{a.. Fsr theec r?¡ßone ,

üeny 6tüdl-ee of the lntesactfon sf G¡# foars ¡-tth nuelecside¡ and

rnrcleotídee heee bem reportËd (Tat¡le II-Z).
liany düfercnt techuÍquee h¡ve been ueed to eoEf,r¡in the

LsterectLon of cu# torre r*{.tb guenoôfne, dewy-gueaolLna, GûÉp ¡nd

dGI{P (ses Teble rr-2), a¡¡d fndieate the ry pos{tloa rs a Bpccfffc sftc
of aÈtaebs"oÈ.fl'13t61'80-83 Gheratrcu of cu# to tb' eror!,ecd 0u

gtoup of guanoalne has ofBcn been fnd,fcatcdlonllt32,61t78,82t83 s'd

haa beea fu¡Èher suÞported by Blgelr83 rho deteeted th¡t thcill, protoae

of rrP erid GrP îrere Eore scldfe ln tbo prêacocå of cu# f.os¡.

towæetr ePest fron o¡e btlef, ¡rrd fuconclusfve 1af,rs-rcd rbrorbence
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rtudyr6l there 1s Eo æfdtneÊ to ruggart cn cnol-typc chalÊte fû GllPi

n¡if," 
3lp rêLa¡atlos. etudfeg l¡d,feate tbat Or# foca are û;EocfaÊ6d rrlth

the phoapbate &r'or¡pe of nr¡cleotldearl3 ."d 3u88ect th¡t e ür# chelatc

b€tween l} *d the pborphate grorp Eay aceor¡nÈ fol the stebülty of thetc

compløree (SecÈ. II.4e).

Mueh wfdence hae been preaanted chÍch fndlcatee thG fornatfoc

of c q¡# cfrplcE wlth adenoeluarlo'l!t20t21 '70'72'8tt87 altbough uany

etudles trave f¡lled to dctect a coapleg.9'24'27 '52t53'69'73'83 Egrrcrvern

theÍe fs clear esÍdence of a cu* conPlea wlth åPIF ¿nd

då¡ü.9'13'20,65'73'77t?g'87 E:l"cirborn at a1.13 ott" cooclu cd thst G¡{+

fs chelatd bettreæ ìI, of .[ÞfP (end då]1P] ¿nd the phocpbate SrouP' 5úd

lreve beêr euppotted by other studica.6T'7t'7L'14'79 llrf'¡ coucluel'oa

hac al¡o been fdfcstcd hy the emhrnecd strbf.tlty conÉtantÉ for the

blndfng of 6¡# fsns to AL{P, lr cmpcreil rrlth edeno¡fne (eee Table¡

II-3 súd II-4).

StgcltT dctectad a û¡+f chelata, of, the type propostd gbtre, wlth

At{F(sr), but luvolvfng Èbe N, grq¡p of AHP(3!). EovGver, rGqcût dctrl'lod

Nl4D" studf."87 btt* cleerly fndtccteil thst tbe n, alto i¡ fwolvcd ln

botb ieooere, and hac ¿leo f.ndlcst€¿ th¿t for åHP(sr) tnc N, afte fc

chelsted to tlre phosphatÊ Brorrp of ¿nother mrclaotfda, eud ¡ot slth tbe

pbosphate groüp of tha srne rucleoÈfde.

Cytfdfae ¡nd Cl4P (enú the deory- coapotrnde) fo¡u c@PlêEes lrfth

cr¡# lons.l0tl3 '21'24'2'l'72'75'86 The l{, ¡{te hae becn fnilfe¿tcdr ¡¡

sa1! aa the phorphe.tc ßroup of the illclcötld"¡rl3 ¡¡ ¡1t*a of atÈ¡cluent.
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there hae beea ooly oa*98 todto*afou of a cu# cæpl* favolvl.ag

tbe bese resÍdue of thynldfne, uridl.ne or the coneaponding rlbo- end

dær¡'rfbo-nuclcotldes (cee labla II-2), aIÈhough l*{R. aud ESR technlquar
{+fudlcate tbaË a Qr

13occlur.

fr¡# fon fnËeractlon rlth any of the d1* arrd Èrl.*phoephaËe

n¡eleotides tppears to b¿ easeûtlally with the phoephate grorpur67r74

aa thêre 1e a Esrked depcndence of the etabl.lfty coüstatat on pboophttc

ehafn 1mgtb,.76 Hosever, sæe atudfes Lûd{crte ths eæfatence of a

chelete brËçyeeu the bsse recfdt¡e end the phoephate Eroup .7Þ72179

Schnefder et a1"70 have euggeetd tlrat rn eçrf.lfbrfuu of tbe type

c,r'l+.
{+

üzo

fou lutcractLcr¡ wltb tl¡e phosphate grurB doce

-'6! . (a-r) E?G

A
+¡,+ + rKr04

G

2 -0-Po3P02 -0-Fo3

rcul.d cnplaln the dl.screpafircy of neny reportr rcgrrdtnt the eltc of

ettaehnênÈr ¡a Ðtoy ne¡surablc propêrtlGs d6têc,t oaly oae of the e*trcne¡

of tl¡e equf.lltrrfi,u, depeadlûg on eoncentr¿tfona snd other condlÈlona.

scveral etudLea hrvc fndfcâted tbat cu* ione do not bfud to thc

deory-rfbo¿e reeidue of nr¡clcorJ.des or nr¡c1eotidea.5316lr83t84 ËowcryÊr,

nqrG acmalËlve technLquee (EBR and ÎItfR) lravo rccêútly dctcctd r ver¡

fnter¡etlon.20t88

For corparf¡o¡ ¡rfÈb etudíor of ßr# fon bldlng to tlNA, thG

fnücrrctfoa of crr# Loor ï"lth Èhê dcorry-aoaonrcl-eoÈldèa üre tbe noat

relevrnt lf couductcd at r pE at rrhich the phoaphetc groupe poeaasr ouly
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ono ûêgatfve chctje, 8E fu DI{A. It appears that thG !{, gfoup of

d@rP, grobably the N, ßroup of daF{P ad poaeibly the }T3 grd¡p of üGfp,

are lnvolved, fn Ol¡s cmpluea, T[¡ê phoøphate group of ¡lI of the

rnrcleoÊfdcs h¡s been lnplfc¿ted. the eefdcûce sugtest¡ e Gr* ehalote

bctnrcen the base regldue aûd ÈhG pho¡ph¡te group. A cheletc luvolvfng

the \ of ÁrYP çrdth tha pbocphete gr:oup of arcther AlfF ¡olecu1o, b¡¡

bern sst¿blfehed, suggoaÈfng that ¡i¡ll¿t cbcl¡tes üåy occür ïfth Gl,lP

ad. 6{P.

b. Polyulcleotfdes

$sera1 etudlec of the q¡s ioo fntaractfsn wÍtb the ryntbettc.

hoaopolynrclcotldec havc rec€ntly been undertekemn ae ln ÊLther thG

elngle etrrd or dmble tttånd fotr thccc uødcl polyncra prølde larlgbÈ

fnto the Cu* Íon fnterectl.m¡ wtth Dl[À.

The preeemce of ft¡Ë Íons lohlbftü thc forr¡atlon of, dqrble ltraod

poly(A + t)89 and poly(I + C),tO ." r¡e1l ag iileatroylag the orderrd

Etructure of theee co-polyrera, lndlrectry iudtcatfng thst ths ür{+

lon cmpler¡ nay lnvolve the hydrogæ bû¡dlog eftee. Brfdgfng of c\r#

betüeên, the sÈtEnda of poly A aud poly II hec been fndleated by the fsrfR

st¡rdfcE of Berger and Etchhøtu.88

Tt¡c lnt,ct¡ctlou of âr# fon¡ vfth psly A (csaentLally efngle str¡¡d

ncar nertral pg)29'30 h"" becn ahom by h¡pachrmfcftyrs8 esn20 .od

mfR87'88 etudiec. Itc N, sf.t"e of Èhc sd¿ufac regldue Lr clcarly

luvqlvGd fn en faÈer¿ctfoa vfÈh âr# fooc.87t88 fhe cmplcx rpBeera to
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2Ð
be of a alxed covaleat-foofc tYPc,

chelate.

É. ft¡{+ lon fnteraetlon occurð rtth poly 138'88 and poly G.20'91

lhe tertlery Btr¡¡cture of Èheae polyoerr Ls not uell deflne¿r30'92

although poly I âppears to ecfet aø e ÈrfpLe helfx frear ûcuÈral pH.30'93

lhe l{, posltf-on of poly I fs Ínvolved ta a ûr# 
"*p1u*88 

and ¿ cbelate

w1Ëh e phoeplreÈe group, ef¡n1lar Èo poly A, has Ï:een auggeated.SS

lhe &¡# ion lnteractlon wfth poly C (essentfally ef.ngle stra¡d

aear Êentral pg)94'95 h*" Þeen '¡¡e11 eubstantl atedr2o'28'38t86t88 *od

appêara to be nore fnvolved than the othe¡ polynucleotfdae. the order

of hypercbrcnlcLtiee, poly(5 nethyl t)- > potry C > poly(4'5 dlnethyl C)'

for tbe lnteractlon wftb both G¡# foue and poly In eetabllabed that &r*

lons lnteract r¡fth the hydrogeu børClng aitea of Roly C.86 Receat lt4R

etudfes f.ndicate the \ grouF ¡e the epeclflc efte of Cu# lnteractlon.8

Tro Èypes of conplex tuve beea tndfcated by ESR sttdfes.2o One eppeera

ro be coopletely covaleat ln arture and sLallat to the covalent cytÍdtne

ûr# cøplex detected.zo Î*¡e other appears to be partlally fotfc and

covaleatf tßd üey tcpresent the base rcsldue-pbosphate chelate

dfscueecd prwlcrely, (Seet. II.3a).

fhere Ls eryldcneè to show tbat Cu# looe do not lnteract slth tbe

bage reslduea of pofy d8 or poly 1.96 Eottever, 8 recegt ¡Mß etudy hee

lndlcatcd thåt q¡{+ loae Ínteract rrlth the N, ø1te of poly U, IllfP and

8E An EgR utrdyzo hae Lodlcat

ls forueé Yltb thyofdlne,

ad auggeats aD ür-PhoaFhate

urfdiue, ag well as rrlth the rLboae group.

that au eeseutfally lonLe couplex of Ct¡#



33.

urfdl,Be, poly U and rlboee. Thie euggeets e veahly ¿¡gocÍstd coupltx'

and nry esplalu wh¡r a CuS Íoa lnteractlon nlth the uonmera (Î¡ble II-2)

¿nd polynut"SS'96 of urldlue, tiiyaf.dlcc eûd rfboryltbynfdlna hae rcmrfn¡d

essentl.Elly undetectad cpart froa a phoøptrate ítter¡ctloo.l3

gu* loqe J¡dded to Deuatrured þNÀc

ttre laÈeractÍon of ttr# ions w1Èh Èhê baat toefduar of dcn¡turd

Dl{A producee byperchroslcfty *bfch f.e f.rrwerctblo on coollng qr oD

++
raf.elug 3he louLc stfength (Sect. II.?c). TLrle tutg€-att rhat û¡ loa¡

trtêract vfth Ghc bydrogco bodfng ¡ftec of donatr¡rad SìIÀ. lte rL¡flrt

ultta*Lol,at dfffetËnce 6pectra of rPyrtefdl.nlc sef.d?7 rnd poLy C'91

wtcn ln Ëhe preacnce of Gr# foas, St¡ggast¡ tltåt Cu# ion lntcrt'ctf,oü

wlth the gusrlloe roslduGa Prd6lsåts3.

lb otber dlreet stûélee hsve been Eeporttd of the fnÈ¿tcctfon of

ft.# fooe vlth aiuglo etrmd DldÂ. bvwct, un¡eh Ínfot'n¡tloa h¿s be*q

galned froa C.t* íon fnter¡ctlæ etudfes of the eynÈhetle hocopoly-

nucleoÈfilee ($eet. II.3b) as these polynera tfG cttGnÈlally aon-ordcrcd

noår BGutfel pE, rnd aa such are dlroctly cæpttrbtc wlttr olagla ðtraüd

Dl¡À. thcrçfore, conelualæe regerdfng thc ¡ftc of, fnterrctlon of ft¡*

fon* vlth the non-ordered polywcleotfdoe nay aleo apply to sl4glc

sÈraud Dl{A.

d,. OldÀ ÐeÊetured la tbc Preaeuce of Cus lon¡

l{auy vfolblc rnd ultr¡-vlolcÈ ebeorbræc studler hrve ldfcrtod tbrt
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the base resl.duea are lnvolved fn tbÊ delatured (DIIA-Cu*) couplex

(Sect. II.zb). Ttremal studlee (Scct. II.Za and $ect. II.Zb), er

wal1 r¡ dfepersfon aoalyees of the hyperchrolc effeet (gcct. II.2b),

1¡dfcete that ttre guaaLne aaú eytoolne resLduea ¿rre preferenËf¡lly

favolved fa the conplan. Thf.s eonct"r¡¡1on h¿ç llso bcen rcrchcd

rcc€nËly frwt rmaÈuraÈLon studies by Sfuner eË d"28 fhe \ poa{tfun

of the guanine residrree has becn i¡¡dÍcstd ae a Cu# bfndf.ng slte by

thatt¿l and ¡lfffereûce speetrå studl.es uslug Dt{A contei.niDg ld, lethylatd

guarfue resfd.rea.28

the uany ¡tudies conftrnf.ng that DNA de'ratured fn the prerencE of,

q¡# lone le eoupletely renahr¡ed ou rafeir.g the loutc etrengtb (gcet.

II.zb) prcnfde tbe nogt substeütÍal crl.de¡ce regrrdÍng thls eæplex,

¡nd lndlctte thEt Crr# lu the eonglex holdE the tro rÈr¿¡dc euffl.cl"øtly

cloae together (end also cloae to the eotplcoeatary base psin), to el,lm

a repfd and eonpleta üepåturstfon procêoo to oceut. A¡ no rcn¡turrtfou

occt¡rs on coolfng Èbe conple*, as fadlcatad by Èhe eonetaat hypuchrmlefty,

Gr* loo lnteractfon r¡fth the hydrogen bondfng sf.ter üpporrã fft¿yft7'll'3i
et thfa would prð¡eßt tefonuaElon of the hydrogea bo¡rded double etr¡rd

atúuetrrte of, Ðl{4, the fiterstrs¡¡d fluS chelate betr¡eên thc guarriae ad

cytocl¡e baee pafrs accou[ts fo¡ ell of tha facÈe mêntLoned above, rnd

hae prerlouoly beezr suggeeted by Ef.chhorn rnd Clerk.6 A elall,ar cmp1ex

bag ræmtly been propoaed by Ziumrer et ¡1,128 *to condueted extenelvr

IR, ORD aud CD studies 1o suppart of tbefr nodel.
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F.luetlc studfeo of the rGû8Èuratlon process at hfgh feafc

EtEcsEthB f.ndlcete that thc reectlos 1s aseêotially fltet otdt 97-100

(althougtr a sr¡mber of coøpllcating flctors r,ake tl¡e reer¡lts atfffleült

Ëo J.nt,erpret) anC Eil¡ggest Chat the d,euatured (DHA'-CI¡{+) coo¡P1e5 lo rn

lategrel unÍt, la sccorda¡ce with the rodels dfs'cur¡ed lbgrye.

€. the lb.Ëive Ðtçf^-G¡# Conplex

Tbe quertÍon of the epeefflc sltes of, lnteractlon of t¡¡# lous wlth

DlìÅ, 1e oot coæpletely resolved. llany uÈuôLes have lndicaËe-d Èhat orly

the pboaphate groupo fu¡teract wlth Cu# tonerl-2CI 
"*,f1e 

öttxerÉ lndLcote

that only thc taee reelduee ¿re ir.olveri.4'5'ltl'lt'14tlót17-98 oËr¡er

etudf"es irdfcate that both eLtes are fueolved.4t5nl0'12'14'16'17-20 tbe

dfocrepancl,ea appare¡t fræ nany ultra-vXeleÈ sbsorbaoce re¡ulte brve

been *Êtribütcdlg to tire hlgh Cu* lon and Dli/l eonceatrctlons reçrlrd

to produce sßall h¡rperciroolc clungee (Sect. If-24)-

Sweral 1lucs of evldenc€ suggeet thÊt tlie phosphete groupo of DüÀ

are lnvolved fn aû luteraeLlon wLth Crr* fone. The relatfve sÈabfl1Èy

of I at low fu# loo Èo base rerldue ratfoe6'7'9'11'37 h¿" eeßsrrllyË

been éttrlbuted to ecreenfns of the phospheÉe chs¡goa (Sect. If,Xr(ff)).

It¡rthcraoren the l$rï. relcxaËlon of Crr* lon r¡s.têr ptoÈotls ldfcatea th¡t
.l+

Ctr'' Lone ere bound to the outeida of DIIA, eppsrently 1.¿¿6¿s3{ag vfth

tbe phosBhsÈc grou pr,2'3 ltife ls Bupported, by ttie detectÍoa ty råf,5t10'2(

of loolc lntcractloue betreen Cu# fous ard nrtÍve DHA' lnd by ths 31P

t${R relssstLo¡r etudfce of the u¡cleotÍd.".I3 CIo the basi¡ of eevertl
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üüübatantlrted asermptt.ona, kLnetlcl2'l4 aad pE tltretlonl3 
"tudla¡

hsve also lndicetd thaÈ tbc phosphatc groupo are lwolved La thc

lntaractL,on.

Early kinetfc fnhlbftfon EËå¡rurGnaûts indfcate that the adon{ne

ead guaolne reefdusa lûtaraet Ìrlth Cu# 1orr". $l.gnfflc¡st cpecttll

shtftt (boÈh ultre-vlolet ad vlstble) h^we clcerly fnËfeated thEt &¡#

fooa fntaract ¡rrth tha base raatdues of nltfve nHa.12'14'16tl9'!2'33

The ctebL!.l.ty eonetar¡te for the fnteraction, detemlned solely fræ

ebeorbanee chægecr16'19 r!ÍGe ufth those dcteraLned by other

technlq¡ucrols-l? aad coaff!¡il thrt base fntu¡ctf.on oceura. tba tost

convlncfag ultra-¡rÍolat apectral evldeoce hae betn at htgh lontc

strørgthrl9 ohrtu cherge effects of the phoephete groups arc dlsfnfahd,

and decl.efvely lnplfcate the bage reafdues aa Cu* bfndfog ¡fÈce.

Ualng labelled Gr# ad uE# fone ålÈu¿q .t 
"1,101 

lrrye ehor¡n thrt

these tçÐ Lsrls do not cornpete vl.th each othèr for Þlndlng cl.tc¡ oa

natlve Dl{A. es Ug+ f"one appear to fnterect only rrith the phoephste

g.tfl¡pe,1ltl8'35t42-ôtt cu# fon fnÈeraetlon Gaa€ûtiaaly ¡rfth the base

realdues ls LndÍeated.

The nosÈ emeltlve technlques whlch conffica tbe l¡tcrlctl¡n of ft¡#

Íons wfth the traae resÍdues arê thoae of oRD2?t28 *rd cÐ.28 Theee ;tudler

ft¡:lfcste thaË the guacfnc arrd eytoafnc reeliluê{r rrG Brtnerlly 1¡volvcd

fn Èhe f.ntcractloo,28

Serveral ESR studfes heee lndfeated that both phosphate rnd baee

bfldlnç of, cu# f.oaa oceur vfÈh n¡tfve Ðt4,4'5'10'20 cupportfng s{urtlar
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ffodlags frou btndíog[6'17 
"o¿ 

other egudies.26 scbriebar end

Ð".ro"19'101 hr". detecÈed a coupLex Índependent of fouLc streûgth ¡nd

co¡clude the forn¿tfoa of an excluslvely base resldse ebelate of G¡S

loug. UrLs chelatc. appcere to depead oE ci¡e (t + C) contcnÈ of tba

ÐHA.l02

À sLnllrr (G + C) dependæce h*e beeu four¡d for the 1o¡r f.oafc

rtrcûgth coaplcx fræ lnfra-red studÍ.*.27'?$ Ult¡e-viol.et dfffcr¡tcr

spccttal EÈudie¡ of fltllA Bethylated at Èha N7 i¡oslttoaa of Ëhe guenlne

¡esfduea conffru th€ later¿ctfoû of 0u# lou¡ wLth th¿t cfte.28

To ¡rm¡cfee the results of theee ctudf.ee , ft epperre thnt ¿

.tÀ
ehalatc of Cu" occ¡¡ra exclueively rltb the base reelduee at trlgh lonÍc

sÈreagths. Át low fonfe 6¡¡antÈh8r ÞoÈb tbe phoephate gror¡pu aad, the

bage resfduce baye beeo fnplleatd. The hi of the guanfnc teoLduc

eppcari Èo be a apecific slte of Cr¡# fater¿ctlon. Tbaga eonclugLo¡s

are based ouJ.y on erperf.nental reeulta of the üßtlyê Dt¡A-Gt++ ayatea.

Fr¡rther Lndirect wider¡ce {e ancl.La'u].e frø etudiea on the other

DIIA*cu'f+ complerree, End tl¡e i¡terecÈfo¡r of Cu# ions Ìfll.th úoar and poly-

a.relcoÈidee. Theae r¡fll be eonsldcrGd l"¡ter (Sect, II.5).

4" STOITHIOMEIHT AilD ETÅBITITY OF Tffi &I{+ IOH COHPLgËES

&o Honouera

Âs uentfoued earlfer (Sect" II.3), there are fuuduental

dlffercncc¡ betrreen the rblllÈles of tbc baees, the cortccpondfug

ucho¡{dea and tr,he nrcløtfdca to rccept protoûr. frercforc,
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¡ubstastLal dfffereûces nay be erpæ.ted, ¡nd are fu fact obaewerl'

(Teliles II-3 arid II-4), ln the abtlfty of tbege tbree t¡rpee of uonomêra

to bfnd Cu# long. T7pÍcal apparenÈ stsbfllÈy conßtånts for adenÍne,

adenoEfue and ¿ltP2- are 1og K - 8, 0.7 and 3 fesPcctlYely (Tablee II-3

and II-4). Theee trendÉ correlate wlth Cu# lnteractfoû åt ttre baele

fmlno afte of adenÍne, aeglfgfble tnteractloo vhen Èbe basLc elte fa

aot avaf}able (aa fa sdenoeloe) o and enl¡aaecd stabLllty of AMP reLatfve

to the nrcleocíde due ta ttre pr'esence. of a charged phoaphate g¡oup.

The relatfve afffal.ty of a Íange of uoocmere for Cu# I'osB hae long

been estsb11ehedr2l a,rcrxrgy > GMprdcttp > Grdcr¿"A]tPrd.alÐ > darcMP >

TUpld,G{P, aod has beea coafffsred Uy nSnlo and vlsfble abeorbance

etudl.ee.¿7'86 The great effialÈy of trre basce A'G,)i'Ëy (1og K - 6-7)

for ûr# fona hae beea well esÈablfshed (Tgble II-3).

l{ear neutral pE, 1og K valuee for thc a.rcleoslde-&r# fntcractfori

are 2.1 (guanosfne), 1.6 (cytl-dine) and 0.7 (adenosloe), fa agreeeent

rrtth tbe eerles llated ebove. 16 etabtllty cotrstents are av¡llable

for the f¡terectl.oa of ûr# fon¡ wfth GHP gr GlP.

b. Dt{A and Folynucleotfdec

lte fateractloa of varloue neÈal loas lt-Ith Dt{À hre reemtly beea

rovfe*redlO5 *¿ fdfcatee Èhåt dffferent functfonal grcntps of DI{A oay

fnteract nfth Crr# fon6. The¡cfore¡ the stolchlffietfy end stabtllty

cou8tants detersLaed for lnterrctfoDa of uetal loaa ç1th DHA repreaæt

averaged values for groups of alutlar typer of eltes. Á11 atabllLty
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teehnlque

pH titratlon

pä Èltration

X-ray dfffractfos

cosductance and IIY

pE tftretloB

I pH t(çc) Ref.8tol.ch.+G¡ ¡Easa

L¡l 20 5e

(&)
l¡å

1:2

I rl

l¡?

98r.

0.tl

væ. 7

0.05 7-10

6-S 25 53

6û

63

62

6t

a3

AI

Ëy

Fsriue

ct

Cr

^¡¿1

Hy

N'

ct

ltt

9Ï'fe Ey

g.g

7.6

6.9

-, f .4*

7,0r?.7r

6.5r1.9*

5.1

5.4

L;2 pII tftraÈl"on <0.t1 3-6 25 59

1¡l aad l:2 aaalyois of cmplex

pE titretfon

L:2 and UV û.05 >6r<6* 25

23

25

Table rr-!' þpareut eteblllty consÈants for th.c iateraetioa of &r*
lone wÍth thê bag€s.

K1 *d K., refer to the apparcnt Btåbillty coust¡nts for thc

addttlon of tbe first ¡n.t secod ligande to Cu#.
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C\¡:l,Iononer

Tecbslque I pE T(o) Rcf.

crlrx

*tr2-1g' ) ,Rup2-(s'
t- ?-

aI¡P- ,ADP-
t-

i[rP-

A

AÍP¿-rm".Tp4-

af 0r0

Grlrt¡

nnFratp4-

dG

c

am3-rtm4-

Atr3-refn&

6rIrGÈfPrXHP

-6, -5r3.4

) 2.9ó,3. lE

2.63 r5.90

, 3.12

0.94

6.216.3

0.711.6r¿.L

4.314,7,4.2

3.0r6.4

5. 6,5.4

l:1

pB tftretlon

pII ttÈratfon

l¡l pt tLtratfon

tiv

pII tftratfon

VtE.

{r. I

20

25

25

20

20

25

25

25

30

7,5

ú. I 3-g

YlÍ.

3-9

2-4

10

<6

7-t0

3-5,4

I

a.o
a

52

65

66

70

72

lll

l¡l

l:l

Yêtr

1.0

1.0

0.1

.05

0.1

0.1

vêf.

79

83

78

r03

rCI4

6t

pH tltretfon

pE tltratlon

TR

pE tftraËLon

pll tftrrtfon
cotrductoneÈrLc ård W

3,12r6.13

3.97r6.93

l¡1

Tobla II-4. dgparcut eÈebllfty coilÈ¡ntt for ttra lnter¡ctfoa of cu$ lo¡e ¡rfth nsno-u¡cleorldcc
ead æno-anclcotldc¡.
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(E¡eoclatfoa) ccnstants, K" referred to &te spparcnt stabíliËy eoart¡¡te

as tkêy b¡ve been celculated uef.ng eoûcentratton te¡¡s. lto eÊtmpt

haç been aade to a1J.or¡ for actlvlÈy eoeffLcLe¡¡ts.

KLnetíc studfep of cu++ fon catalyels of verloue rerctionr ln thÊ

plese¡rcc of Ð}IÀ fsd{e¡,te tbet K o 1.5.1û7 f,or tbe n¡tlve Ot{A-Cr¡#

lntercctlon at 1oç Loafe strcsgth, snd ir^as beeo attrlhrted, vfthout

snpportrr¡g avidenee, to a pboaphate-cu* iutcrectlos.l2rl4 cu# ios

l¡toracË1on witii tire base reslduea hac beeu detec,ted by dtffere¡lce speeÈra

stud,lee ¡i 1o¡ iorlc etrength and ldfc"t"*l4 that K . 1.3.104.

ilsLng aa experÈaentally deuetrloed value for the etoichlooetry

of thc ¡¿tlve ¡t¿¿-Ëu# iuteraetfon at 1or ioufc sÈresgth (n r 0.5 Cu#

1oa bLnd{ng oítes per mrcleotlde reeldue), valuea of K - 2.104 and

K - 1.104 lrsna been calcutat€d froa gel-fl.ltration anrí dlffere¡¡c€ spcctrs

etr¡dlcs reepectiv¿y.l6 Tnese tvo ¡lnilar values indfeate that ¡,11 of

the bq¡nd ù¡# is assoc¿ated 'dlth th€ base residuee, fn coutr¿st, to

thae obaerred by otilers.lz'l¿l Ëolrcrver, eoranln¿tlon of the bidrng

curre of Bryan aud s?1ed.o16 Lrdlcates rro typeg of i¡teractlon
(n'r 0.25, K > 1.3.105 arll a.u 0.1,5, trí - 2,104) at 1o¿ fonlc Êtr€ngth.

At 1o¡r loalc streosth, efnllsr velues have bees obtalned for the

Dative Dì¡A-G\¡++ aeaocfarlon Ìry pol.arographfc analycfs (K = É.104)115'17

rû!.1e tïo sltes irarre becu fndlcatd by dtfferenee cÞcctra atr¡dlecl9

(n - 0.07¡ I( - t"l,û6'and n ' Ð.4, K - 5.103, caJ"culated us{ßg the nethod

outllned tu Gbapc" IV).

Fron poterogrephle studtee et hlgh {onfc a¡¡antttr (r >- 0.1}l), oBlT
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one s¿te haE bepn fndiested for tÞ-e fnter¿etlon of ftr* fons vlth
natfve Dl{À (n - O.û4, K = 2.1fJ5),102 aud a eolâll (C + C) dependeæe

of thê stofchlonetry $aE ob"**ud.102 Ottrere have al¡o deteeted onl¡r orc

efte of lnterecsfoìi at trtgh footc otreagtb., although arrbetantlally

díffereut ataÞtlfty constantÈ have boec deteraf¡ed by fl$S. (CI.07,

K * l,3.1c41rtn r" equllfbrlun,clfalygla (assurnlag ¿ - I.0, K -
1-3.103),23 *od ï:y polarographf.e analysls (K r 1.5.103¡.15t1'7 rt ft
funportsut to noÈe È;mt the Lnteractfoa. occr¡rrl-ng at hfgh tonLc eÈrengths

(n = 0,04, K = z.to5¡10? elso appeers to e¡fst at lou foaf.c strångtbt

(u * 0.079 H - l.l.î6),19 rnirun* aË leaat ene othcr coruplea lïas also

been Ludl.cated.

TF¿e therrroitynænl-e sËaÊ.ll{Ëy of th.e (Ceuarured ÐttA)-Cu++ corrpleu

(x - 3.1û4 ead 1.1t3) appears to jre alullar Ëo tlie nâelve Dtv-A-Cus

couplerr (K - 6.104 and 1.1,..3) at -Þot.n Low asd hfgh l-outc sÈrÊrrgt!ì$

rea¡reeÈfvely"ls'l7 ard ls also sfu{Lar to üi{A deaatr¡red Ín the prescneÊ

ef cu# foag.15'17 fiows\res, others ì¡sve determiaed ¿ 4ffferent stebilfty

co$scênt for sn uudeflued CeÊatured ÐNÀ-eu++ cmplex (f = 1"105¡ fa

cootraeÈ to tbe nåtive DtlÀ-tu# coup1ex (K - 1,104).16

So t*eraodynem.fc stablllty etudf-ee lrrvolvfag C# tona and

polynucleoef.dee have beea reported" although the dependance of the

etaÞfllty eosstant oo the phoephate chain legÊh for the lrrter¿etfou

of ¡¡eta1 c.oas ,.siÈh nononucleotfdee65'66'76 rod DNÅt06 hae been

esÈablÍshed. lI¡e f*.teractlon of Ag+ fooe rrfth olLgæera haa been ¡brrn

to depend oa the nucleotfde chafa leogthrl0T aod, rc fnter¡etfon of ag+
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fons w"Ith the base reei.duee has been coaffruedrlo8-lI0 suggeote tha'È e

eLüflar chala tcngtir dependenee n¿y occur for cu* Lntrrectloo !,rlttr

ollgornrcleotfdes.

5. I4ODELS OF lTE ÐTTA.CU# CO}ÍpLF.FRS

¡r. Cr¡* Ioae ¿\dded to lTative or Denatured Ðl{.å,

Three sites of û¡# Loa lute¡actlon ¡u'tth n¿tÍve Ðl¡tA or slugle

strsad deÐEtured Ðl{À have been L¡¡dlcated by prevLouc atudfea.

(f) Phoephate Sfte

thfs eesmtlally electrostatfc laterûcÈfon hsa be€n suggettd

by dlrect studfes of the bfndlng of ûr# lone r,o ôrthophospbsÈ€lg'lll

end by ESB atuclieer4o5'10'20 3lr **,' rele¡atf.oa etudiae of mno-

u¡elaotfd""rl3 aod by dtrect eouparleon of themal. strrdies of poly rT

ia tbè preaeÉce of o¡# and phoephate apeeífle 1ons.96 oÈh€r leee dlÌGct

emfdence has aleo been prceented La Seet. II.3.

SÈudtes ou tire fater¿ctl.oa of otller metal tone ?.rfËir polyru,icleoaf¿.Ilz

fndlcete that l¡oth l-on-atmosphere (domstn)lr3 urorrr* ae well ap aLte

bf.ndLng, m¿y occur. 1'¡lß studfes Índic¿te tl¡et 6f.te blndfng of Cr¡* l'ots

predoefnaÈa".2'3'114 co* foas aesocÍ¿ted wf.tb tbe phoepb-ete groupe

of RIIA coataln only flve coordlnated ¡¡eÈer mleculesrtlt *r*eBtflg

tÞ¿at a alsLlar speclflc loterac¿fon of cu# lous vj-th the phoephate

groups of Ð1{A ûay occr¡E (FÍg. II-4a). In vles of t}re appareat

eÈoichLmetry of uetaL foue fnÈeract{ng ultb the phosphete gEor¡ps (see

Soct. II.6), such a coinplex uay lnvolve a rapld exctraage of Or#.fUrO
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between tæo adJacent plroephate groups, as tirey ate only I 8. "p"tt.
o!trA, nodel sEudíes have ehown that oÈher Btructur€e ùwolvlng hydrogen

bonde are poesfb-le (sfg, rr-4'unc). severar of cheee gÈructuÌec hsve

prevlously been sr¡ggested to eglafn Ëhé epparent bindfng of ooe &r#
ion per tnp baee ru"fd,r*",116

(U¡ Bese Reefdue-phosphÈe SLtes

the ìüt grouF of the guaoinc resfdue {n natlve ÐNA brc becn

luplfcated ae a epecffic sfte of cu# fon rnteraction (sect. rr.3e)

oupportlgg a olnllar coaeluslcu for.GHp eod êi,Íp- (sect, rr.3a).

Howffer, it ls lnportaot to renenber thÊt the basJ.cfty of the beec

resfduca nay ba altcred ln ÐfiA and, aeempanied by the effeetE of a

dlffermt etereoehcæle¿l emtrorurent i.n DI.IA, EaJr caüÐG cfgulficant

dfffereoces to the c\¡s ton bl¡dLoe abrllty of the. nonsr¡êrgr

À chclaËe of ft# between N, of the guanine (al"eo adenlae) rcsfdua,
13,ó7,70,71 ,74r77 ,lgaod the phoaphate group eFpeare probable la tbe nononuclcotÍdca,

a¡d has been rupportcd hy the enhanced etabfllty coneteu.tg of thc

n¡cleotLde¡ aa eonpared ¡rlth the uucleosldes (s€ct. rr.aa). il{B

broadcufng etudfeallT o"fng 35ct roatrte a sfÐLlar type of eolplex of

Zn# chalated bebseen the base reeldue aud the phoephatê grotrpa of AD .
A sf¡Èflar type of chelaÈc lavolvfag the l{^ posftton of Èhe cyÈo3ù¡G

rcslduee of (ÞIP har been fndfcatad frør }ÐlR. grrotçn broadenfng ctudles.l3

Eoweeer, studles of the -:rFA :godel have shov¡a É1lnt tllfs type cf cnpla
tuvolvfng thc N3 ¡cef.tfon of tha eyroafue ree{.due ir atorfcerly
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{naeceealble ín netlve I¡}tÅ- 1f Crr# ts chel.ateC to the phospbate granrp

of the e@a mrclaotlde. Subetaattål base re*arrsr¡$enenÈ nay oceur in
the polynucleot!"dea ç,'hleÞ åre not orleatateC by hyd.rogen bondfug or

ether foreee, to aecomoodete Buch a ehelate lrnrolvlng the phoaphate

grdrpg of edJaeent m¡cleotl'Jes. Such r¡sslve re-orfeotatfoa of the

b¿¡e rerfduas fe ualfkely la sr.ngle rtrand Dt{,å. ff cu# ehslates

luvolvfaç the phoaptrate gtoup açrd the guanlü.e or edenfae reeí,iluee ¿re

Frcse[t, as tbese âre e*pec.ted to supply a baee orfent¿tlng cf,facÈ on

ÈhG Poly8¡cLeotide. qB^ thls basJ.s, gucir a complex fe rþt ptecluded for
poly c rt"irere, ap;rrt fron baEe etackfng force¡, ao eddltl.on¿l bese

orf.entatlng forcee oecur.

cu# cc,plexeø fwolvla¡¡ the thyutue resrdue irave ooË bem

ftdfcsted. The baae reafduc-phoaphrte chelaßeÊ proposed, havc prarrfomlT

bcen ouggeatedl4,16,32rtl6rll8 fo, the nntfvc Ðt¡À-cu# intcractlon et
1o¡r ÍonLe Btrêagth, aud ere lndlcated fn Ffg. II-S"

Ao euch cæplexee lwolve au electrcatatl.c interactlon bct¡reau the

cu# ion ard the phoenhaÈe Êroup, an foalc strength depcrdencc la erpce-

tad for thls lnter¿ctfon. sreh a dependenca has been ob¡cnved f,or the

n¡tive Dl{À-Gr++ lntersctlonrlsrlT,lg uopportlÊg the proposa!" for thc

oÊaurE8r¡ce of the abone type 6f ch€latGs fn the nctfve ptsÂ-cu* cmprg.
At hlßh fonfc etrengtha, where the electrogtåtLc affeet of the

phoephatc group 1* dlntnlahedn e f;u# lon interactj.on ¡rlth the ladlvfdual
bsËe rcsfducs nry replaee the bree reaidua-pboephate chel¡tc. $ucb

cmplexae are c!ßpcßted Èo be efoflar to the nuclærldc-cb* cmplerce
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(Ffs. Tr-c') dfEeuesec ea¡lfer (seer. rr.3a). Thè fonfe eÈrægth

Índependeat eomplex et hfgh fonfe sttcrigtb (log K - 3)17 fe erpacted

to Posgesn a allghtly larger gtal-.íllty eonsts¡'t cban the ar¡cleosfrle-Oo#

eonpla<er (loa K * 2), as th€ preseaee of adJaeent baeLe sltee 1e

expected to aÈabüLse the saøe comFlerrce tn DNI-. Frou a ÐHà lodel 1t
aFpêrfs thåt stêreoehenrícel faetora nay precluüe the for¡atfun of c
cytosf$e-cu* ccmplex fn natfve Dl{å, aud posaibly also fn sfugle sttard
Ð![4.

(fff) Eese Reafdue Sfres

1r¡o sucl'¡ co'apl.exes have beea ahosn to arfst rt hfgh lontc

otrengtbe " Ttre retativrty u'eak (log K - 3) c\r++ ion latencrlons ¡rl.th
fndlvldual bace resl.dues (Frg, rr*6) have bcen diecueaad ¿bñe.

A ¡ore ¡trÞ1ê conplox (1og K - 5.1) aÈ s few cf.teg (n - 0.05)

has been aËÈrrbuted to a baee reardue-cu# intereeÈroalg'I0z oe rt ha¡

beec ¡¡ell substaottatedl9'Z8 thet tbe base realdueg are lrwolved ct Læ

cus fon to beac recfùre ra¡foe. A chelate of cu# ÞaËween adJaccot

guanlne reetduas haa been suggest'dlgrrl6 (Ftg. rr.-7) on tha b¡sle of thc

hnmm rGaetfvfty of guanÍne reclduee Ìrfth eu* fona, erú frøu ¡u¡dlcs of
the actfve ÐlfA nodcl whfch f.adfcate Èhct of ell of the coubin¡tdo¡¡ of
rdJreent bese reeidurs, adJaeent gunnlae recfduee provfde the four uost
probab'le llgande capatnle of f,ornlng ¿ terdentate conprex vrrth cr¡s fon¡.
aø n¡eh a roaadr{cht conplex fwolves the }il, Roøltlon of gruaa!.nc, Èhe

guanÍne-pbosphate ehelata, of loncr etebflÍty, also fæolvfng tha \
poaftfoo, 1a probably exeluded ¡.t Èhc fcr¡ ¡tte¡ fworvfng adJecoo,È
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guenfue Eesfduea.

I¡. vLe¡¡ of the cmÞLete cscalest character of the poly C-G¡#

eorpleorzo sLnllar types of conplexes fnvolving adiac€nt cytosl.ûe

resfduea uey al-eo be poeelble. Ëolterçet, uuch bese realdue tæ

o¡'fentatlon Ls esvlsaged and uould oaly occur lf no orleataÈ1ng foreee

were preserit, Ti:erefore, aueh co,nplexes uray not ogcur Ln slagle gtrand

Ðl{4, where thc Crr# beee reâlduæFhoephate chelgtes of guanlae and

edenoelne are e*?ected ta provfde a base orfentatl.ng effect. Ihe annber

of adJaceot guan!.ne residuee deternLned by aearest nelghbour aaalyui"ll9

fe of a efuûfla¡ order of magaitude to the nr¡aber of sLtec deternloed

by bfndfng gtudlesrloz ptotlding soqe supPort for Èbe terdestste

cheLate proposed.

Ao alteroatfve explanatíon aegtÍtes the for¡atlon of an fÉtêr-

BtrËDd cøplen betl¡een G - C baee pafrt (to be diecused Ln Sect'

II.5b) ar a few elt@s oaly, rnd tl¡at aone local strañd sepåretloû occltrs¡

Sme of ttrese cornplexes uay exlet at hlgb foufc etrengÈhe (fn coutrast

rlth r,he den¿tured (Ðl{A-cu{+) a¡ c¡¡# loas nay be trepped -by adjaccnt

hydrogeo bonded baae pafre. ffotr€rer, ar læge ultre-vlolet epecËnl

cb^eoges 6re noG obseryed for the natfve DNA-Cu# cmplcn, gueh c¡

lnter¡ctÍon ls unllkely.

llre electrootatfc pboephate luteractlon, the guanloe eud sde¡roefne

base resfdue-phoephste chetstêB (snd aleo the guanoslnß, adenoafne md

perhaps cytLdlne t¡rpe Gr# lon eonplexes ¡t hfgh fonle attength) ¿nd the

û¡# chelste betweea adJacent guanlae baee reelduee, aEe all expectêd to
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occur f-n sfagle strs¡ad densÊr¡red Dllå, ¡s ¡'ell ae la nstlve Dt¡Â. The

esÊ€'otlal dlffereuce bEhr'eea these csnplexes ånd nÊtive Ðlü{ l"s th^at

the base resfdues are Eo longer orfentatci by irydrogen bond{qg.

Coasequeatly, nrch larger BpæËral- perturbatlone and coaforn¿tfo''nl

changes are otserved tu sfngle stra¡¿d dcns,tur€ê DliA on the add{tlon

"t g.J+ loæ ($€eÈ, r:[.?a and sect. Ir.Ze).

b. Dt{A Densturd Ln the hesenac of Crr# Ios,s

rbe abfll-ty of the deuarured (Dlia-crr*) coapler to be cenpletely

tenstûrcd at hlgtr lonfc strengtlie" bnrt not at ¿11 oa eoollng, r¡lreress

the (dsr¿turcd Dli/')-Cu'f+ emplcx Le pertlally rcverstble La both catGE,

ctearly lndf.caËae thst Cus Lolds tbe cæpl{aentrry s¡rende togetlrcr

la ¡me way fn the denatured (DtiA-c"{+) conplcrc, aod that dffferout

conpleree are luyolved la theae tvc 6Èsteo.

The preferentLal dêstÊblllßatton of the G - c baee pafrsT'll'l$t2s

índlcstcs cu# lnt*ractlon vlüh these resfdues. Thla ia further ÊuppoEtêd

by Èhe reserulble hyperclrronnfcfty (on cooling) of denatured (poly dAT-

crr#),7 ,, no G - c pafre cen be lnvolved. ThE bydrogeo boa*llng efÈes

of the eytogùre resfduee hsr¡e been deeisfvely fnpllcated ln thfc

o-np1u*r86 
"oppotal.ng 

ea futer-¡trand Ë - c\r't+ - c Èype eonplaú.

Effiever, the conpl€x fniË{¡r ly propoe"d6 l* not supported by ooles¡¡ler

rcdel studles.

stüdles on Dl{A, ueÈhylated ¿t rhe \ nosftfon of guaalue rcllduoa,

tndfc.¿te thsÈ the \ noeltfon Le lnvolved fu air" cu*.o.pl*.28 0n Èhl¡
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baelc, a nodel has been presentcd whlch lwolve¡ "flippfag" of the

guanfne repldues to accomodate the s, lo;1tloa 1¡ a cooplæ r¡lth tbe

cytoafae realése hydrogan boading 
"Íteu.28 Howover, ac tha ,,flfppfaçr,

q¡et bc ræcrsed at roou tcDpcmtl¡rca to {1lol.' reü8turutiæ at hlgh

loolc atren¡¡the, thls nod¿l, appearlr unÈen¡b1c.

The coaples propoaed (Frg. rr*8) ia olgnlffcantly dfrtfncË fro¡
thsec euggeeÈed by otbæs6t?8 ând f.nvolve¡ ro.-orlertatfon of the gl¡rnlue

and eyËoei.ne resfdues, I¡ccsupaaled by e eouplcte bree&¡lo*¡ of hydrogcn

bondlng and baae ctack{ng. rÞo atage¡ of reorlcotâtton &?G cavlcegd

rnd hæa been outllaed fn Flg. rr-8. at thLa etage lt le not clear ff
thË lII goaftlon of the guanÍae raslduer fa dfrectly twolved fn anreh

a ccnpler ¡ø lte Lnplleetloa froa N, rceßhvlatloo rtodle"28 nay aleo bc

lnterptetcd la terus of a eËereochenÍesl effect l{aitínß bssa rcsldu¡

ræorÍentstloa.

lbe coæmt-tant collapee of the eecoodary ¡st tcrÈfaty strr¡etr¡taa,

aecoapanf.ed by aggrcgatloa at hfgh tcnpercturea, ro bcco nnl1 docr¡ncuted

(Sect. II"2b).

The other typcs of fntcrsctf,o¡¡¡ propoacd for thc n¡tlvo uqa-cu#

eoupler aleo oecur fn thc dcortured (fnn-Or*¡ coaplc. er$ lon

f.nteractfoa Lr cxpectcd rrfth tbe phoephats groqps, the guanfne rnd

rdcal.nc-phorphate rltc*, and Èhè adJaccnt guanlne sftca" rt Ís uot

rerdfly eppeaêût tf thc lûtGr-Etrand ß - cu++ - c cæpls affrcta thê

for¡¡tloa of the othGr tro cæplexec fsvolvlag thc gurnlac rc¡idu€s.
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c. The DÈÀ-Cr¡# Conplox ßcactfon Schane

Â ¡chcnatfc representstlon of tha fornetl.oa of the three dlstfnct

typês of IIWÀ-Gu# coCIpla*es !.c prcsentd ln Flg. II-9. Tltreê typac of

Cu* Loa frteractloû rrlÈh tratfvê DIIA (cmplex 1I) have beco l¡dleattd

(Sect . !L.5a), tr¡o of whlch nay fnvolvc Étêßfc811y hldcrad al'Èeg.

Ptoton exehange sü¡dfes hgve etp¡rn thrt Èhe hydrogea boads ale cGD*

ãtantly belng broken ard refo¡aed at rooa Èenperaturcs.l2o'l2l ftfu

'breathlng' proeeaß lnay be the nech¿al,eü lwolved 1n tl¡e l"nte¡aetfon

of Gr* Íona nfth partfally htdorad b¡ee rerÍdue sltes of ostivc DtrA.

Srrcb cæplsee world eccouüË for thc spectË.e^l perturbatfoue obeewcd

(Sect. II.ea).

The I'breath.fngt' procêßB Lnerea¡cã at hlglier tenperÊCurca, and müld

allonr the fo¡m¡Èfon of both n¿tÍve Ðl{¡t-Grr# type lnteractlma, and elæ

sore Cu# l¡rt¿mctlon Et thc G - C hydrogen booding alteor wea at

teNnperaturea below Tr. Both typae of coulplex are c¡spectcd Èo dfaruPt

hydrogen hnding aüd bese stackftrg and so deetaÞill.Êc thc hclfu. ltc

hydrogou bondfrg clrsr¿eter of thc e - C peirr fe loat rbove a ctl.tfcel

G"* lon to br¡e rcaldue reËlo, aüd t co-operrtlvç I, ttaurltf,on

o*"ot"7'9'11'35 .or"æponddug o6sèntf¡11y w1Èh thet of only A - T ba¡c

pelr¡.7'11 The resültant product (Ftg. Ir-9, conpler uI) pocstseaa

thc three type-s of tu* cmpl*ee propooed for natlve DSÀ Lu Éddttton to

the intcr-etrrod cmplæ whfeh ío reeponef.ble for the uuLgue

trnsturabtltty propottlcs (see Sect. II.zb) of emplcx IV.

At hlgh tonle rtrcngths thê dstftrc=plulphrte Cu# lay be
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dftntnfshed.o favotrrlng rhe weaker adenlse-cu# type chelate (Flg" rr-6).
Trre n¡cleosfde-eu# cmplexae Ln gnanrre and cytldtue (lfe. rr-6) are

üot €ù.rrected Ëo oeeur tf the sa$e sltes Þ.re occupl"ed by the {*ter-etrr¡d

cmpls"

rn ddftfon, the lnter*etraad rype c,.r+ 
"orprex 

ls excluded as th3

hell¡ etabllfsfqe forc** Þeeorne aorc dmrlna¡t. the product then fs DHA

(gtîUctur€ I) poeeesstag all of the proT'erttee of natfve ÞÌ{A (gecÈ.

II.?b), but perhaps contalnfng eoæe cu$ conplenres r¡îrtch are lndepÊDdcnt

of losie etreagÈh. The relatfvely weak guanosinæcu# type cmplex

(Fig. II-6) may also oesur, although there ls ao experlneoËal evfdenc:

to euggeet thaË thls conplex fs able to reform wben thei Ð,TA. ls tu a

cübet¿atfally altered confornatlon at bf.gh ioalc Btreûgth. The cøplc*cr

¡amaf¡{a$ J-n renatured DM b¿ve t¡eea lgnored ln recent reftrtufatfon

kfnetLc studfe¡l@ as fes taee reelduês appear capable of be{ng lnvolved,

and becauge tl':ere fs no Cfrect errldenee of tt¡efr e¡rfst€ùce ln thG

rcnatured Ðl{á,.

The Cu# fon cmple¡ros lriÈh flËÈtve ÐNA sppear to t,e s{r{ls¡ to thore

of clngle strand deaatured Ð!{A (conFle¡< vr) sr the "breath{ogt' effect

of nstfve DF/\ uay sfsulats emall regl.one of non-Tryelrogen boncied DNÀ.

ltn propoeed schæe (Fig. II-g) coutraÊt¡ lrfth that suggeeted by

Dryan ¿nrl Frl.ed*r 16 l¡here conryl* rr le aesrÍÂed ts foru complex rrr at

rooE tcÐPGråÈure lf ltfÌ for a eufftcl*ßt pcrfod of tlse åt h{th 6r¡# loq

corccntratlonr, a eotelusfon t¡hfch hag bocû cqnttsdicted by the fel.lgre

of other etrdfee Ëo obeetre a large h¡¡perclrrourfc chrre,gr csÉoelatêd sfth

coçÉca If (¡oa gcet. II.Z8).
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6. I¡ffER.ACTIOÀ. 0f CEÊiE i'lET¿L IOI{S Ì{t1fi Bl'1â, ¡å¡t\ R.EL,1IÏS EOþFOUAD$

â. l{onotiets

f1¡e Lstersctfo¡r of aeËaL ions (Id+, îr+, L1+, 1lg*, c*#, S"#,

!*#, coT l:t'I zo*) ¡,i1th adeaosfne auÁ tLe adecÍne ûucleot{dee har

beæ revl.eweri by rhi1lipe.7ú M'etnl lone ç{rLch bave ll-ttle nftrogen

chclrtfug teuleûcy Cr{g#, C"#) fo¡:n eeeentlally ptrosplrate eooplares.

Thoee tone $fuÍch l-oter¿ct electrostattcs.lll, and whlch also have a etrolg

nftrogen ehe1ating t,ædeæ¡', (t',h{+, to#, zo*) terd to forn brLdge

atrucÈr¡r6e (or are ls equílibriru beÈ¡seau the tço sLtes) ,122 orl.û.

Ehoee l¡fth a Etroug teuieney to chelate nl.troge¡r forn esseÐËft1l1'beae

rerldue eomplexes (¡S+).

Oth€r 'bs¡e regld¡¡es 1uterg,ct fn s ei.uüer nar$ler vÍth seta.l

bns.123-126 Howwer, relaÊfvely f€n, etudlee irsve bcen underteken, lr

met etudfee utlllse ÂÎF and {cs relatcd *ompouude beceuce of thelr

bfolog!.cal fnportance.

b, DHA aod PoLynuoleotfdcs

Effost¡ of eeltc oû the prcperttcs of, DÎ{A' have beea rcvlew€Á i}t

ÞÍtchcleonrl2T *htle othcre insve rcrrferyed the lnter¡ctfon of ¡eÈ41 lon¡ rltl

DNå fa têrEB of tbc propsttlêsi atn¡cture ard etablllty of the 
"*p1o.105

Sae stüdfee Lrúl.ceÈe tliet ug# and "*in* loae are bound to Ehe phospbatc

glroupe by r specfflc lntcractfoa.3'll5tlz8 P,.owwer, othcra b¡vt obtalnd

wfdeoee l¡dlc,aÈ{ng electtoststte lôn at¡ospber€ typc blnding.4s'I29t130

Hany cerly .ctrl forpolynuol.eotLdo sÈudle¡ væe conductmÊtr{ct
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anÉi wêre eonpLLeeted by the fnstabfllty of polynreleotl¡le¡ ¡¡¡d, ¡¡tlvo
Ðl{À ¿t the lorE foaie strengthe requl,reri, ead 'uy the dffficulty of

lnterpretlng reaultn. lhese snd otirffi etr¡dLes fudf"cate rpproxinataly

stoici:lo,¡aetrfc bfodlng (n o 0.5) of fa#, ìig# and ¡in{+ ion¡ to

poly Á,133 p"ly ü132 
"od 

na,tlve Þi.[a.l'43'l3l'133 rte ¡fnfr¿r blndlag

of Ca# anrl ltg# íous to aynthetic polynucJ.eoGldee a¡¡d ÐHA (t'oth n¡tlv€

¿ad den¿tured) f.ndfcates f¡¡terecÈf.ou wfth the phoaphste grmrpe. thf¡
hee aloo been eoncludcd fro¡o rwl.eçs of tbe lnterec,È1o¡ of ,onon"1"rtl34

aad d1ve1.ot134'135 lo* nlth eyntheÈxc potynreleotf.dee and ÐNA. Theca

resulÈe flrßgest that one cetlon neutrall.ses ËrÐ phosphate eh.ergcs.

IIowever, ae the phoepbete chargee are 7 ß "p.rt, end the exact nrtr¡rc of

Che loteråctfon le not re*olved, t detafled pfcturs of thÍc lp,tcrectfot

te not yet poeeible.

$Íauy etudles of natal lon toteE¿ctlone rfÈh polynuelætfdc¡ ¡nd

nstfve DllA h¿ve appearcd ln thc 1l,t€r¡lturo ¡fnce the laat ..lv1,on105

oo thfs topic. Iha¡e ctudl.a¡ hava bcm tabrrlatcd Ln tcrils of tbe Ecttl

loae and polynucleotfdea stuð1ed, ¡nd the tectftfque of fuwc¡tigatloa uacd

(fable II-5), T'ypfcel apperent etabfllttr eon.tents rångc fro,n â.8.162

for the û6tfye Ðl{A-ug+ fatrractfon (at 0"2}í l¡nfæ strcngÈh)rlrl38 to

2.4.106 for the n¡tfvc Daa-Af lnrscct{on (at 0.1}i ionfc stren¡th)rlæ

rod reryrescnt the predæinaatLy phosphate cnd baee resfúue nat¡l fou

lntcraeÈlotra reapcetívely.

Elct¡horn aod shinls b"t" præfded e unlfyl.ng crplanetfou of thc

v¡rÍo¡a effeetc of a reagc of astel fou laËeracÈtoaa vlth ÐNÀ. Ihcy



Hst¡l lon Pol¡mueleotlde Tcchnfqgc Rcfcreæc

Is"+, Lf+, c"*, K+rolg#, c.s rHo#, zr,#, co*
lü#rr*#rfu#, uo#rlg#,ft#rh#
Èfn*, cr#, Fe#, re+, Hf{+, co{+

aquillbrltn dfrlyale
trrceË studfes

ffitlß ç,roton relex¿Èfon

DIÍA'ItÌ11,.

DAå,rRAAI.

DHÀrRl{hrpoXy At
po19 I, poly G'
poly U

RT{4,

RIr,.å

ÐsA

D¡¡À

DI{4"

DflA,po1-y Árpoly ü

Ð!{Arpoly dAT

131 
" 
136- 139

137 i lô0

3,11ô

xJ,H*,c.+rusfzuJ+
,ßå++*{+
r!ê "+

rÁ8
J,

tre'

{+
++

,.ùr¡*, co*, ñl{+, zÉ+ù

ìftlR 3lP ralaxettoa
iìì{R protou ehift
vfaeoatty
UY Epcctrsl shlfte
UV abEorb¿ace and
dfffercnce epectre

eonduetancc

neltlo¡ pol.at rad other
Ëherual sËu¿fes

r4l
115

10g,l3l,142
log,110,142-145,l5t
1t7,Lo8,14ô,146 ó 147

148

18r35r43 ,129,
149-153

105

42,1 06

154,155

156

I 10, lz8

r5?

lsl
l5E

..- ++'{.n

(¡
^û.o

PcH
4

Ag'

ag+

'JtF- l

c.#,i.rg+

DKA

OHA.

ilnA

DlqA

ÐNA

DEA

¡)t{a

poly À,poly U

fnfrc-red
ilfrec,t bfndtag sÈudfea

elætrophoreEfe
klnetl.cæ

denslty gredf-caÈ
ultracentrlfugetlea
c{rcula¡ dlchrol¡n
pH t.ltratlon
dlrect blædtng studfes

,l€#

^,cu'
Ag+

u8++

îrblc II-5. llcÈal loq Lntrrectl.ong w1Èh ÐilA ard polyuucleotfdce.



55.

cpac&¡dG thEt th€ eh'nge of propertl.ca reaultfng fr* üetrl ioa

fnterscÈlon rLth DtlÂ fa due to thc rcletlve aÈflltf of the foac to

fotersct çftb tha eharged phosphete groups empcred rrÍth ËhcÍr úfl1tt
to fon etrplæea sith thê b¡se recldues. lo order of lnc,rcaa{ng

relatfve abfllfy tô fntcraet wlth the Þaac re¡f-ðuee hae bcen

eetebt.lahd:18

Gr{+

str¡dies oE Èhe 49+ to"107t1o8tll0tl5l ¡r,a Eg{+ iool42-L44 int¡tsetlos

ulth Dlû[ lndf"e¡te th¿t tbßy cooplex Etrongly vlth the b¡ee tecfduee

end produeê å¡r ordercd strueturc 1n sb:tch Ebe Lous erc held beÈuecn

the couplenentary stranda ûh1eh d.o not appÊar to sêpa'rate af.gnfffcrntly,

thercfore thece lons have becn pleecd Êo tbe right of Cu# l'a thc

above 
"o1.".16

< co* < tf{'l} . }h++ . gr* . cd++ <lrg++
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1. IttrB,OÐÐCTIog

Ttre equatfoae dlacuee€d fn thtc scctloa wcro fotu¡latcd to

descrlbe the hfndfng of am¿L[ nolecnlaa ar¡it lon¡ to ü¡croælecule¡

(and aacro-lona) eontalnLag nrry blrrðlog af.tes. Thls ves uæålaåry

becalrse lÈ bcc@e6 lncrcaelqgly dfffieult to detcnfnc æpcrlncntally

the rtrbflfÈy eooatantr for nore than s frs aftea on lreroñolcculta.

ftre tbeotT of uútfpla cçflfbrft rÈt€üpt¡ Èo tcducc Èhe u¡¡bcr of

pôrüËtGra requlred to deccrtbe strch cmplcx eçrflLbrfun htcractfoul

rrd Ls partlèularly euccsrcfr¡l rrhea aeny of the bfndl¡g stÈôt trc

Ldentfcel.

I\ru fundrqætll prrcuctctr oao be dcdtrced frm ã¡ch f¡Èrrectfons

by ¿hle ÈGehDlquct tho st.blll"tt caÊ8Èant6 for grorrps of Ld€aÈla¿l

sfÈês end the n¡nbcr of intcarctfng cltcc of elch grñP oB the

aacrouolccula. lhl,c toplc har bein ê*tðnalvely tr:vl.cwcd by &trcll rd
t,ì

llyrEen' and by Tæford.'

2. TTE BINDI}ÌC PåNåME[E&8

8¡ Indepcodcnt Sltca

Thc ayetca u¡cd lu thf.. ttr¡dy to rcpr¿scnt tha asctorolccule-aart-l

uolacu!"c f¡tcrrctfon, te ttrc n¡tfve DI[A-$¡# foa lntqactLoa' nhl.ch

ury be rËprGaented by tùc eqtretloa

(Dp)E- + ar#.6xro t [c,r++.(ó-r)ur0 - oFI*z + rnro rrr.l
rtræc one ftr# lou btndfng ¡Ltc co¡cf¡t¡ of t b¡s¡ tetldues.

For lutêractloq¡ of thls typç, thË theotî of XLot¡3*5 fr cpÉlc¡blc
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arï^l h¿s been eucceeefully uad by KLotu r3-5 So*achardrF9 end

othqsrlo*I? to ileter¡iae trle nuraber of bindlng sltes and tho
IR

appercåÈ-' *Ë.aT¡illÊy coastauta for Èhe irrteraet{øne of emoll ooL.eetrla¡

(dyer a¡ri netel lose) !ãfth polyners (proteåirs and ar¡clefc acfds).

If t'irg associaÊfon of ooe Qr* l"on ¡aiÈh a e1Èe on a*tlve Dl{À

doe¡ not alger che e'Þ'lllty of, other efÈec on tbe üsf,r or othor rnolccole¡

to blnd û¡# Loae, such sf.tee sre sEf.d ta be ldepsudcüË of c¿cb othet.

lf theee lndopenóeûÈ 6ltee are also ldeatf.cel io thsfr sbtllÈy to

l¡t¿rect '.rlth û¡* loaa, they are geoerally temad equlvaleut and

lndepandent Elts.s. l' 2

TIre apparaaÊ etabf.llty coaatæt (f) for sueb ¡a {atcractl.on may

be rcpreeûetcd ss

rr c =.å III.2(n-r)Ct

shere t tepreseüts tha ruuþcr of Gus Lo{oc bor¡ûd per baae roridue, n

ls the totaL urnber of sftea pef bare rcefdue, end C, 1e t"he fræ gu#

loa eoacenËratlon at e$r1lfbf,fiu.

Ie prlacfplu, a should be dÍrectly ohtalucd lrø tbê urfûra v¡-lus

of, r at hlgh Cu+ lon coneontratloa$. ktmyctr, e eletr platoan rcgfon

frm a plot of r agefnet thG totsl ffisll qelEcnle coaecotrtÈfon f¡

t¡rc1y obcewdrz ,od nececoltat€rr rn e*Èrapolatfo! procdurc to

dêüemfnß u.

Eqgatfon III.2 haa been rerrrangod by Klotur3 to glve

III.3+1.
n

I
r rt,



(:''J '

Â plot of I agarnsÈ ! )nields n floü Èhe Ítrtercelt *)
and Il fron the slope ,kr'

1-ae;-+ U'*f

An af"Èernatlve re*affangæent, has beeu Près€tted by Scatchard'

r - Xn - Kr III.4
üt

ard fros a plot "f F agalaet r, yfelds n frsg t¡>e fntercept astf
j- * 0, end K frou tire elope (-K). The Seatcherd ploE Le geoerallytf
used 1n prefereace to the Klotz plot fot seversl reaaoÉe-

(ii E*periuentel. va.lues are nore eveuly apaced graphfcally

torrerdc the linlting conditrou | * 0.1uf

(ff¡ ü¡rrraÈure of ttre Scate¡rard plot cen Þe readlly laterpreted

fa terna of Lnteraetioûs "betweec rftea, or i;y the praaeaee

of aore t'l¡an ooe type of oite, or both.

'honerer, ls the cgse of ûr# lon loteractf.on r¡itb DlùA ¡nd e{r11ar

eøpotrnds, the etríngeot csndltlons of egufvaleot snd Íudependeut slte8

¿re rot €![peeted to apply. If sore thaD ooe type of lndcpendent sÍte

cxi.ets (1.e. n sltas), the bindlng equetLon eao be ao.pretsedl as

i-l I * Kiüf

6

rII.5

III.5a

TII.5b

r-
cf

ü
rf,

o1Kr.

therefore

and

1{m{È r
ce{ ç

t
t[

rf,
f-1

ntxt

m

ltslt r = E

cf,n l-l
n.

I.
rß



Ec,Ëc,e, for t¡ro Ë¡roe of tadapeodæt ¡ttu,

I-- +
Gf

¡d frm a tertchard plot ef þ rgrfnot r1tf

Ll¡l,t rcF-E-"t*t*ozxa

68.

tl *oa

ItrI.õ

ftrI.ór

ITT.6Þ

E¿
lloft r É
cf*

enabrtng the permetenã al , iz, q, t to be deteta{aed by solvttg
llfqrr efültaneous aqnetfonn. (e$¡atlonfl IIf.úe, IrI.6b and trw srtr

of ouperÛnental veluea of r and Cf h equat{õn fII.6), or by

gtephÍerl rrrglr¡ais (rcc Soct. W.5).

b. Interactlng 8l.tes

In uany mscronoloculee Lt 1a probaÞl€ ttraÈ the l¡tsractlo¡ of

me aft¡ wf.th a ryall foa or ¡oolecule rrlll produee efÈher E

c.6-oPerrÈfve or an antl-co*operatlve effect fo¡ errbse$rcnt addtÈleür

Èo aeÍgbbstrr{F'g cltea beceuse of ctersochcr:lcEl or confornettoral

changes. rf only oqe tfpê of eftc fs pre*ent, the v¡rfatlon of thr
aPPårênt stabllJ.ty coDÊtarlt (K) çr¿te the extenÈ ôf thÊ inrer¡GÈfø[ c,m

be mken lnto eccq¡nt.?

fr - 
n..-f(t) (rr) = [ (rrr) rtt.,

lb.,



69.

Ko - K..-f(r) lrr'7r
vbcrc l(r) fg ¡ functlon of Èhe ef,tGñt of bfndlns, and Ío 1e tbe

lotrlûafc etabil{ty consteût, thc ¡teblllty eonetaût at r - O rrheÌc

lntcractfsr betweau ¡ftac (s¡ a ra¡ult of biadfng), h¡¡ ¡ot occurrcd"

lf lstæectfon o€cots bctsøca dfff,cent typês of aftoc"

Þ ,r.tr (1)..-lr(r)
I-- y I o

Ç 
-rI, ì rrr'E

o

vhe'rc la(r) ucy be diffcrent fi¡nctfona of, tr.

Fot tbe e¿se of Cr¡# fon lnteÉåctloue with ÐHA or cblrgad

polynrcleoÈfdee thc lntersctLoa bctween dtfferent el.Ëes fr uprctcd to

be 1¡rgaly electro¡Èrtl.e fû nlture. 'Ihercfore, the lntereftc

fatetaetfor psreettt, Í(r), fe a funeÈfoa of ciiErgc 9(i,r, where ã l¿

tbc æGrage charge of tho lll{A noleculc" For eJ'ecËroetatlc íat€mÊtfon¡

thc lntrln¡lc ¡tabtlfty consËent of a slte fÊ thet duc to the

lntrürctlou, lndepcr¡denË of the pot€utigl of the nacro-lon (!..o.

vhen E . 0). frcrGforc, electroeÈsÈlc LnÈ,ersctl¡na csú e allgrcd, tor

by equctlone ar¡logotra rf.Ëh eqartton^e trII.7, EII"7a .nd 1II.8. For ooc

typc of elte FIth rn clectrortatfe futerac,tlon,

*- - *-,e-É(ã)(rr) - K(rr) rrr.9('- o
T

T'¡rug

F, - It .e-t(ã)
o

ubsrc K^ süd a aÉe obteluod fro¡r the elope qad lnterccpt ¡a bcforc (¡ae
o

III.9a



and anslogous wfth equatLons III.Sa,

díscussion of equatlon III.4). For mere thas osre qnpe of síte ùn¡olviag

eLectrostatíc fnteractlon,

E o-r (f) .-0{z)f _- 10
G- r-r III.10-f Í=!. I + K.(í) ;Éi(z).6,

III.108

It le Lnportant to ûote here that under these conditLons of elecËroetatLc

lnteraetloa betveen msre th¿n oue type of sLte,

lirnitt -f -E(f);ú{Ê)Gr{ Ç 
=r1, or-o

lln{t ü
È-=E n

l-1
Én III"5aGf* f

r¡hfch Le the sæè ss the ll¡ftlug coadÍtfou for blodlng to nore thao

one type of tndgpeÎl¿eat elte (eçratfon 1II.5). therefore, the

lnterpretatlon of bfnding data by ef-tber equatlors rrr.5, rrr.8 or

III.10 rrill yleld the sæe value of n, the total nrmber of Cu# lon

blndlng BLtes per baae resldue of DldA.

serveral ¡¿ethods have been preøented fn the lLterature for Èhe

esaluatÍo¡ ot, 0(Z) and these are dfeeueeed Ln the followtng EeÆtloaa.

3. TEE ELMIROSTATIC FTINCTION

8. TtreoreÊlcal lfacro-lou Poteotral
2,

Iaaford bas preeented e dertyatlon of the equatfon for the

electrosÈatic futeraction parstreter

9(z) = h{z'tí III.11
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hy usfag a general equaÈ1on for the elecÈrostatLc ffee encrgy of, a

elngle ¡¡scro-fon (W*f).

IIT. 11

r*¡sro thc c,on:ttnt

IIT.13

*trcta A !s ¡ proportfoarllty fcetor L'hfch depeoda only oa the Ëodcl

urcd to Ëcptèt€tt thc nrcro-fon, md, r, 1c tbe cherge of thc latcnactlng

fon.

üalng thc inffnLtcly long cyllndrlcel aodel for DHA ptopoccd by

Bütlg Ëo cg6F¡ÈÊ ÈhG Foteûtlål on th¡ Í1¡faeG of Ðll¡' eud he¡cc

It* (m ts*l . .f T,,dq),'o * aolutloo ¡or l(ã) is obt¡lncd'

i&) - lst rrr.l4

¡rhcre L is the cher6c per bese rr¡fdue of ÐHÀ. Eovav:trr cugh aa

o$rttfo¡ fnpltca tnpoaetbly hfgh Crr# foc conßGntrrtloar elo¡e to tbê

DNA su¡faca. Ífif¡ fs due çseentfa1l.y to Èhc êlet¡sptloa th¡t the

Bolt¡n¡n dfstrfb¡¡tfoa ff << I rhleh, 4 h¡g b..ß prrcvloucly Pofntcd

o,rt,Z1'32 {" not applfcrble to hfghly ehergod maßro-ions. lhorrfore,

other estLsÈÊE o¡ Û(Êt are reqnired.

b" Zete PotentL¡l

À dfffcrent rpBroaeå hae beca ured by Bot¡ and scn aglæt?4 to

cll¡rr for ths electroatatlc effect. lbe sffccÈlfq coscætretfou of
¿¿

er- lons" (Ce)*¡1, t¡ßrr the il;Å nolecul¡ c¡n be glvon by the cptcrrlo

al

- /r(f)*$-EI

Ar..1

HI
atf
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ET-f
3sg"

KT(c ) .(È III.15f
"ff

Bhua, fu effect,

$(ãt - ff$ nr.l6

th¡t the alectroetatle pocenrt¿l ($) c¡a be cquated ro tbô rGtl
ptcntful (E) at th€ Dl{A surface,

û - ç rrr.l7
h¿s been aho$a theoretfc*ryZS and b¡s been e¡rperfncntalry

eonflrsed .26¡27

lhc ¡eta potesrtfel fe glven by Henqyt* nqu"t*oJ8

C.Ð.8Ì, - -ñ- III.16

¡¡hcra y fe the êlectroÞhoretlc robflfty, D a"td e ¿re the dfclætrlc
eoÉtÈrÉß r¡d vf¡coaÍÈy of tbe eolvent, rnd C fE o conßüæt ühlßh dcaenúc

on' Èb€ ¡1¡o of Èhe n¡cro-lon¡ fts ayuletry rd the lorlc 6¡¡+ntthr

r¡d fs gfveo by Got{nta EqrratLo¡r2gt3o

-lü " r-TiãË' IrI.l9

rf ft la eaarraed that n¡tfve DITÁ. cen be approx{mated by a rauðæly

orlamtated cylfndc of radfus 8.S ,1.129 Fo (ra) = 6.5ð.28 For Ê rrnffornly

charged eylluder reudonly o'ríentated',ïLth respecr to Ëh: fisld, lt bre

bcca ¡howo28 ah"a

1eu -T III.20

çhcre f rnd t ¡rc thc chrrgc rnd frfctlon fretor per bacc retldue.

Coubrat+t eq¡åÈfou¡ III.17 to III.19,



7r"

o - fl-(e)"nç¡t orge/eetr rrr.2lv\Ilf

Sobetftutfng thl vclueo Ft(ra) - 6.58r* n ' 0'0c895 pof""r3l D ' 78132

(for a 1¡1 elæ,trol¡e, tbe dÍelectrfc coastært le thG ùÚn ¡¡ thrt

of ¡r¡ter) ,3' n s 2.0.t0-9 gn/sec (ea extrapolated vatue ¿t 5¡ùf I'oÀt€

Btrcosth)Z4 *t 298or fnto cquatloa III.tr6, ylelde

9(î, - 13.4 i rrl.22

Aaeruln6 1 - -0,20 Ëor ñßtiTe DIS¿. l:r 5u(1 KX03 (eae Sect, III.3d)t

të"t '-2.7 Lf, res¡otable s$reeÉenÈ \t1th t-ne veluc É(ã) - -¡.á

obt¡Xncd f,rqË elætroplroretfc nobl.Llty studíÊs by Hathfaeon c¡d

ultryS3 rt pE 6 åEd 0.lií looj-c attetEth.

It ilrrt be emph¡sleed that €qt¡¡ttou III.¿¿ epPllee otly to retlva

DNÀ, ar aelverrl of thc par&Gtêrs var¡ vith the lll{å. confot'¡eÈl'ol.

0thcr v¿lueo of the frlctlon factor per beee reeldue f - t.70.10*9

gn/r*33 a¡d f - C.g?.10-9 gg/"*c34 sÈ tlg 6 ad 56r¡ fonic strcngth

p'rov14e subst8atlally dlfforGnt soluËloua to eçlatfol trII'I6t

Í(E) * 2?"5 I aø Ú(2) - 3fl.1 i reepectfvoly. As gußb a¡Èfnrtec of

thc clsct¡:oeÈaÈlc eff€r,t lnply Loposalbly htgll ðu* lon coËccqttltloaa

nc¡r thc Dl$À aurface (Erc e$¡tËfon III.15) they eu aot bl coa¡ld¡red

¡a tßcetltrblc docer{pgLons of ortive ÐìüÀ.

€. Othcr Electm¡t8tlc CorrecÈ{on¡

A eorrectlon mrtllned by Ábrmaon et á1.
2? ¿1l*re for thc flnftc

sfse of the lÈt€úaetlng mrll Íonsr büt al¡f,fcr¡ fræ thc Deþyæd¡ckGl
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1f.¡ultatlcns.

$e¡¡eral theoretJ-cal caleulaÈf.one of !.on btndlag to rod-lfkc

nsero*loûa, vfthout nat.fng the Ðcbye*.dickel aeerraptfon that

#.. 1, have b,een ptrtr!.1si.:ed.35-38 Ïhe noeg ert€rislye treaüiant htl
been glven by L{fsonr38 *hr coneiderðd trearest nefghbour fnÈetactlone

as w@J-l as Èire el-eetrostaÈlc potentlâl. P,ose and So*gg*13 h¡ve ehosn

tl-¡st sË¿l)flfty consËante for mono-n¡alent lon fateracÈloas wlth ûatlvr

Ðl{A are ¡tlr'llar (approxtrrnately tvru thfrds of the value) to thoae

calcuJ.etsd usfng sn alectrostatfc correcÈfÐa tern derivcd frc tbe ¡et¿

potentfal, tüd sr¡ppostr thr velfdtty of the cata potent{.al nodcl ueed

fn the presenE 6tudy.

d. VarÍ¡tfou of thc Pfospbate Charge of DSA. wLth Cu# Ion Eladfng

A¡ no experLnentel fnforuatfon fe ay*flable for the vül¿tton of

DIIå phosphetc ehrge wlth Cu{+ fon coæeetraÈf,oa, I nodel s.uãt be

e¡trblÍ.ghGd tû order to cøtl¡¿te ttrle varlsEfon.

üe Dl{A eharge per bere retLdue, ! (f.e, thc cbarga of esch

phoepbete Srûup), ee deterulnd by nembraue potential end elcctrc-

phorctlc robtllty studtea3T c,vca a ra¡¡ge of pB ond fo¡rle rtrcngthc

oonally enptoyd ln Dl{À ctudfeen Lc gæaelly to the r+pge -0,2 Êo

-0.4. Ac pH 6 ed 5mÞÍ foatc etremgth, tba condftloae mploycd ln

thfe ¡tudy, tha date of l,faÈhfesûtr and Þlctt3r33 
"oggruÈs 

thrÊ l. - -0.20.

thfs v¡1ue thctr provfder e boundaty cordftfo¡ f,or tbe phoephatc rhuga

t¡ the ebaeuce of Cu# fons (1.e. sh€r r - 0).



¡.s no other experfnentaL boundary comdltlon fe aval,lcþlcr thLc

Value rqúst ile esÈlnated , î,f. one Çu# lon le, bound per baee raet'du6 Of

O* (r - 1.0) the phocphate cl¡a:rge !s aenrtrelfsed" ¡8d the u¡¡fu¡n

v81uê of f o +1.0. ff a sfEzüsr D]ì'Â counter*lon, ecreening effect óêcEro

for thfe Fosftlve eharge as fo¡ the aegatlve phosphate etrarger Êhea au

effectfve charge at t = l.t fs l. = tt"1'0.

Aseunl*g e llnear depeuCecce of caarge (1) n¡ith CuS lone bouud to

ON¿\ (r) Þettrsen theee Ëvo boundaty condftioûs, the varistfon of I q¿y

be cxpreeoed es

. f -0.4r-9.2 III.2il

?lhercfore, substlÈuting for I tn egr¡attoa III.22, arú coabtnlng

1¡.tÈh Gqua¡lon III.9, Froduees an equetloa r¡hlch ôaacrlÞea tha bt¡dfug

of C¡r# lone to ouè EyPG of afte oa Drtive DUÀr asd rll-ov¡ for thc

alegtroctatlc lntêtåctÍoa Þetrccen t'heee 81Èe¡.

r -Kn-Rn IIL24oo
.è-13.¿(0.4 r - û.2.)

cf

lf tha cpreeeíoa ueed for caleulat{on of (o for thG llt€Ésctdon of eu#

l.ons wf.th n¿tive ÐHÀ (ChaPt. V)"

ålth,ottgh equrtlon III.23 lc Þaaêd ou eevçra! casuapÈÍona, 1t I'e

neuerthelesg eoualderd to be e sLgalf{cant ftçúür&eÊt oa tboea tûdlGa

rdrleh, Þy fporlDg ÈhG coutrtGr.-loa t€rssnlpt effcet oD ËhG pboephete end

¡ot¿l fOn ehatgoa, slkc the alslesd"{ng Spproxlfißtlsüs thst f - -1.0115

æ thrt eaeh bq¡d cttxon reduees the offcctfvc ¡ßg¡tfvG Ghslge of DHÀ

þ fta øn eharge,l5'{o
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tt. ÁLÎERNAïTTE DmË$IHAtIOt{ OF Ko

Assuñfug tbtt the lnternactf.on betweer tåe &r# loa bfodlng

sitêô of DI{A md polyurelcotides La esseútl¡lly olectroctatl.c, then the

genrrel Gquâtfer* f,sr the L¡¡tersctlon (equ.etfon III.ll) pey bq usaú lr
cçntfma fII.9 or IIX.I0. lkerefore, før onc type of Cr¡# fo¿ bf-dl¡g

elten

+ . r^.ê-lttsfã(a.r) rrr.i5sfo

ubtab caa bc rFacr¡ngc¿ to

t"etqft;6t o los Ko - vrl ITI.16

rlrTbr, r ploÈ of Lot 'c, (ær)' cgalnrt t ytcldr tbc rprpetcùl fatr!üslß

rtebl.llty Gon¡trnÊ Ko (rùca I - 0), tsd -vr (fron thc olopc).
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1. m'ni,oDitcrioN

To elvaLuate tire ÊaraüêËers u aud X (by EeåBa of, the equetLoroa

dfecusqsi ln t'eept. III) for Ëhe interaetlon, of, Cu* loa¡ rrtth

nucleotidfe rnqterlale, Èhe fundaneutal exner{nentål quåÉtLty Cf (thG

f,rec 6t¡# l-ou coneeutrstÍon at cqutllbrlr¡¡u), üuat be detcrnflcd.

thfe qgantfty bae generally been deternlaed Ít tha paat ftor

eqnllfbriun dfa-lysfs studles, the e,u# fon eoneentr¿tfoa ¡ubpoqucntly

betng deternlned by tltratfag wfth e cmple*fug foa, polerographfc

analyel*, or -ry spectrophotonetrlc rie.ËrtrE after coæple¡1ng vfth anoßber

speclèa. Smrervst, Èh€ technlquo fr conplfcstcd by thc Do¡¡an

cqpfllbrluu and thç dffflculÈy of renovfng sll trêces of plestfcls€r

fron the mæbraae (thte ney be serfotrp ea ÐtiÀ La.têncts wl.th such

natetfalel). Further:æoren tha amourit of ÐlíÀ and Cus bousd Èo thc

aem$rane fs e.*pected to var.v wítli the eon¿errtrattan of eoch speelas,

a¡d ae thle {e dtfflcult to oyereo$e or predfct eecuretely, large

errsÉl frm thfs sof,rrce nay be íntsoduçcd. Iü the laet fsn ycarc the

ÈechûÍ$rc of gal flltratl.oa bne bcæ srccee¡fully u¡ê¿ l.¡ varlour

rrrye (ace $ect. V.?) to oyGf,:ceuo thê dÍfflcgltle* EenÈloned ¡boya,

IIatL[ vert recently, reverslble Grr# íoa alectrodes lle¡e l{ç{tcd

by Èhelt reapoase chEractcrfstfcr and the coadftloag ncceraery for

thclr ,ru*,Î and h¡ve rarely been uncd for dílute Cu# Loa tyctae.S

Ecraver, the edvcmt of solfd rtste rwergfhle Gr* loa clcctrodGr{-6

lttttcb are eowc¡taßl to usc and harc aeccpteblc rerpolÉG chÐracÈGflsttcr

for dflute Cr¡# foo ayatcor, bls prwfded r dlræ.t nrÊü¡É for rcrnrrlag
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C, for a v;ltla raÞ8e of Gu
+} ".++lon systæð. ii€aþra¡Àô t tl Loa alaetrode¡

are also avaÍ1ab1.er4-6 *oa are st¡batsßtl'a1ly frfe¡lor go tùe eoltd

stata elÊcÈro¿e for two ËeapoÊs. Thelr regponÉ¡e le ¡æittlcly lfnl'tcd

by tha pre.sence of other louc (ircludf-ag ff ar¡ Ctf fuas) aui the

etabflfty of the reeÞo¡tðe fr pootrl'? popetl¡es bef¡S sô úr8tlc ti¡¡ü

rny reøulte ,sre umrseslrle.T For theee tre,aeonc the ncnbfaac Cu# lOn

eleettode hee teet $fpefeed6d by the solfd stâte Cu* ion eleetrode,4

It f6 0f fnterest to neatÍou here tirat dlrect ft¡{+ 10n etr¡dfe¡

can only üe carrlerl out fo a llnlted pH raü.Elc Ês the aolubilfty product

of Or¡(0H), fornrs arr upper lfnft of pH 6 for a tO-3¡t Cu# fon soluËlon.

L TriE soLID sTårE asvERsrßLE c¡r{+ IoE ÀcÍrvrrÍ ELEcTRoDE

8r Reepoare

lhe re*ponee of the electrode to lt * lon aolutfoûÐ f¡ 5üÞi Kü03

çee fm¡d to dcpend oa the ãtltting tste' the Ëf¡ae of Étaûdfng rfter

ottrring, end oa thc æbfeot Lfght lat€nßfty. Th€ áependcoca of tl¡e

f,cf,ponÉG on the aÈlrrftg ratc rret [ot düÊ Èo Eoraqr¡llfbtatfon, a¡

ið:r¡tf.cs1 reepo¡ße ehaErcterfaticr cq¡1d bo obeervcd for the systsn lJ

loft for aqtreral days. To eorf¡letely overcme thLe effectn the goteutl

v¡¡ recorded for the non-¡tlrrcd solutlou ffvc nfuutc¡ efte¡ crritcblng

off the ettrtcrr. ttrÍs tme ff,rud to ptoduee a rcproducfble rcepO'nae

(3 0.4 nT) for the fu1l ¡mgG of üu* fou çonccntrrtfont cüÞloycd

(10-fu to t0-3f:) " frrcrpcctlve of th@ tf¡Êe of atfrrfag. Fot dctallg

of the appatatu¡ aad aetboó used for s€cof,dlsg Potêntf¡.lc, tQ. SGGt'
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VIII.4,

Fluctuatlons of the llght Lntanelty e¡ueed changcs of the

elecÈrode reËponae up to l-2 cV, thLe effccË wåa ellnfoeted by

cocpletel"y eeallag off .e11 vlrulowE ln the roæ egafnsÈ strsaßüui ll$Et

and vorkLng ln a cou¡tenÈ lfgbt oourc€ ptcfv{de¿ by cfghtocn AÛtl

couercÍal fluoreacent tubee. ünder these sonttftlor¡e, a reproducíblo

respo¡¡se could þe obt¿{ued for hoth day and nlgb.È-tlne sh¡dlar.

It¡e atabttfty of the reepotrøe $at + 0.? mV, and wae quLtc edcqpr,te

€s the readtag €úrot' of tha erpandal seale potenËfæater tras i 0.1

¡Y. lhe fr# {on clect¡ode núe coüpleË€ly ahfeldod f,rolr¡ elætrfcal

fnÊerference (apatt fron thc cfyscåI at Èhé bs*e of tht al*ctrude)'

to eûsura esch a sÈab1e rËÉporlser

To tær the aff,ect of the lnÈroduct{ou of ËeÈurat€d i(Cl f,ra¡ the

cålmcl el,ectrode, thc e,Iectrodee wefe alLor¡ed to ¡tsnd ln r atfrrd

Cu# eolutfon ¡ul reedfngr werÊ tahÊD one hour üd Httßty fot¡g lroúts

afte¡ fntroduei.ng ttre electtrqdes fnto the. solutfoa. lbe trso DotGtll.li

vere l-dênticel (t'r¡.ctiln the rc?rodr¡efbtllty teage of i Û.4 nV for

fndtç!.du¡l rcadlnge) wfth respceÈ to e stândtad aolutfoan aqd eonfl¡red

that any changeø of fon{e strcngth wcte rreElfgiblc ¡nd tnen¡fflcicû.t to

rffect the Gb# âctlvity at 5úÈt loulc ttr€ogth. Ttrlç te¡t ¡1go

lndleaÈed that largø ?ot.flÈlal ôrtfts dld not oceur fn ruch a tl¡c

psri.od. lhøeforc, lu the efght houre requlred for s Cu* !.on blE¿tDS

¡Êt¡dyr lrrgc drffte r¡arc ¡ot ccpccted.
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b. C¡llbreÈfon

lll1e e-lcetrode w¿s eüpæt€d to Provlde a l{craot t¡rgê tegpl¡sgt

E - Eo - å+ 1Ê acu{+ 111.1

For tha purpones of, callbratJoe, the no6t dflute Cu* Loa ¡olrrtlo¡ us€d

-Ârye.c l.lo-ot¿ âs eo&Èg¡nfn¿nte froa the etr ¿od glaaavare can øtgsfftcmtl:

f.nfluçnce tlre reoponae of uore dtluta solutlong. eu* loa ¡oluÈ{onc

-&lese tirsn 1.10-*¡{ ¡sere dlh¡ted froc I stoch aolutlon on tha day of use

to mfnf¡lÍse tlio adntrpÈfoa of CuS l^ons to glt"t*"t*.1'8 Sol¡¡tfoaa¡

buffered triÈh renpect to Cu# lons werc used to eatlu¡¡tËa the elcctroör

frsl¡oûse tt GStr{tsly low Cu# Íoo actfsitiea. ü¡+'|" !'on cetlvftf.cs

rrce cal-eul¡ted fron the data of F'Lelland.2

Ey revrftfng equatloa III'I a¡

E' Eo log a*++ rg'2

!t can Þa re¡u thåt thc Èhoôtotlcal elopc of cuch a rcrpoarc ft

, rhfch fs 0,0295E rt 25oC. À calfbratf'o¡ of tbe clectrodc

rËrpo¡rsc (F1g. IV-l) lndf.ceÈar r tbcorctfcel llornat, rcnpoaita fir thc

qr# 1oo actfvlÈy rrgge -l'10-7lt to -1.10-3M, n, thc rlopo of ühG 1lûÉ

fs thf¡ taËgê lo -0.029. In thc unbcff,er¡d Gu# loa actlvlÈy trqo fro
-? -çlg-'H to le¡o than l0 "H, tbe laa¡t aqutsêt ËLopG of tbe l:l,ns 1c 0.0295

volËs per tèn-fold chragc of Cs# loa ¡etlvlty, ln excCllcnt aßrc6ëût

rfth thåt cpætd.

[,s ¡11 *ork rlÈb, the elcctrode wee eonductoé tt I eonat¡rû totrfe

6tr€ngth, the elætrode cotrld bs caltbrrted dlractly f.u t€tts of ûr#
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fon concentrat,loa" Celfbretloûa verë cerrfed out at a ttr# lon

conecntraÈ¿ori on each efde of the range expected for each experLnent,

both before end after all bf,nrl.fag studlea,

c. Conpa.rf*on rrlth Lfterature Stablll"ty Conetaata

To coaffnn that the eleetrode +raa fn faet reeponding to Gr++

lonÉ* ar.d that the G&rc beh*çlmrr occurred Ln the prcccnêc of Gt*
lfgcnd.s, a teat blrdtng c'ur¡ve r,ree !¡ridertakcp. wtth ualonic aclil, ac the

stabtllÈy constartt rrfth C\¡# Lons ie s{&{frr to ths,t enFected ¡rlÈt:

netfve llldÀ, For th¿ purpose cf conft¡u¡{ng the valtdl.ty of th.e technfque

as appllød to Ðl{ô^ and aasocfsÈed eo4ounda, tl¡e condftfonr mployed rerc

Èhoec undar rvhLch thr alectrode rzsÉ to ba eubcequently urd, naely 5ul{

lontc ctrcngth colstlors at 25"0sC"

û¡* foue were tÍtraÈed fnto a ¡,slonfc rcfd, eoluttotr (botb aolutlo,n¡

sÈ PA 6.4) urlag c¿lfbtated nl.ero-oyrlngec. To tcsÈ the rcsereXbfltty

of the ryetco, nelonfc acld ras eleo afnflarly tftr¿ted i.nto e cu# fon

¡oluBúeo. The rcsults h¡"e becn plottcd (Ffp. rv-¿) cod walr¡stod fa

teÍDE of cçratfon III.4¡ *nd l¡dlcste that ths rppercnt atebflfty conat¿¡l

for the fo¡n¡tlon of ¡ lcl D¿loaf,ta--&r# cooplex under the¡e condltl.ona

tr 1o¡ E--- - 5.45 + 0.04. Drm ç¡tla¡tes of åctrvlty cocffl.eiente ,2- aFp

log K - 5'64, rhfch aßrcÊt uell sfth veluee dêtæìnfaed by other author¡

uøLng dtff*cnt techniquee unåer sltghtly dlffa¡cnt eonditlona (Írble

IV-l) r âsd fndlcrtca the vclfdfty of thâ GlÊctrode es a tochnl.çra for
the detanf¡¡tlon of Cu# foo aÊeblll,Èy conctants.
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3. MPM,DíüWT¿L PROCMTIRES

&. Cu# lon Potentlonetrte $tudl.es

â11 ntrclcstfde rollltlane ¡¡ere dÍc¡olved 1u Sul'f Klfit to øslut¿ft

I eonstrst lonfe atrength for cøupariaon t¡fth afnfLar etudLee oa Ðl{Àt

eod were adJuated to Ëhe epproprl-ate pH (ree Sect. W.5) by rdtltttou

cf 0.1M HaOE to lg0 or 25Û nl etock oolutlone. fu411 gortfone wcre

thcn treaBfcrted fcr pE aeaÈr¡rcmGnÈt, Èo alvoid contenLn¡tlorr of the

stock eoluËfoa by RCl fro¡E the eatuteted KCl calsûtel electÏode. Ttre

pE of eLt aono-, ol1go- and ¡oly-nucleotLde solutfote ¡¡as foutd to be

eaeef,rtlally conatant durlug the C\r# fon bludtng otudlas, thereby

ellntnatlng tba aeod f,or a pE buffs strlch ¡mr1d h¡ve fncreaeed thc

dtfffculty of lntergrretlng the rasr¡Lte , anr Eßore poË@Dtl.el 6r# loa

bfdlng eÍtee Hsuld b¡ve beec PreEûÊÈ.

Inedfatcly prtor to ¡LL bladfng et¡d1ea, the eloc,troóc rves

calLbrated ¡¡1th tr¡o Cu# lon rolutlona of kaornr GonceÊtretfott. Tb{s

proccdure haa beerr clercribd lo detall fn Sect. VIII'4. Onc eolutÍon

waã tilaÈ r¡oed fa the tttreÈfoÉr and not-nally provtded the hfgher år#

lon concenttatLoa potnt (e¡1' 1). The æte dllute aoluÈÍon vss

dfluged 6¡¡ the dey requírod frou a gtpsrtte etock eolutlon, erd pro-

vfd6d e ür* fou coocentrttfoa esllbratlon Polst (c41. ?) at the

oEher Grtr€¡ûG of the 0\r# fon eo$c,€[¡tf:atl.on rânge to be obscsvtd ln

thê bfDdiug stûaly, tbereby ctrecklng the electrode reaponcç É.e wåL[ as

provld{ng a chæk or thc âr# loo conc,ætrstloq ueed f¡ the tittet!.oo.

I'¡c auClsotf.de solußLsn of kno&'n eoæGüüratfou (datorulnpd
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spoctropbotmetrlcdly; aee Is,bla VIII-3) aae welgbed lnto the

tftratlng veasel (Ffg. VIII-?) a¡d tltrated Ì¡-itl¡ küoß vqltiles of a

Cu# 1oo, solutlon of, k¡ouu corßentEsttroo, recordlag thE cell pottotfrl

after ¿ach adilftlou of C*r# foo (sae 8ect. VIII.4). After aach

bl.adf.g study had been completed¡ the eleettodæ ¡cae ze'-ealÍbrated

(cal. 3) uefng the Cu# lon eoJ.uclon ueed for tltraÈÍn&. Åa the

ffnal C,r# ioa solution of the tftrated nuclcotide Eolutlotr tt&F

usuaL1.v glnilar fn coneentratfou te tr'rat rrue<l for cal. 3, tlrfs

provfded aû accurete conpartson.
J-t ¡l

ALt fu -- bfnrSfng studlêö vere carrted out i:y tltratlrry Cu#

lone fnto the u¡cleotlde oolutfon, and thea rorersíng thic FÉoctdutc

to teet tlre reversll¡f11ty of the ínË€asctfon.

b" Hyperchræ1elty $tudlee

iEt¡e ¡rucleotldic eolutLon (2-3 û1) of kmm eÐneeuttrêtion rai

waJ.gb,eii feto I cu spectroplroËoneÈer eelle. lbe eü¡ê€ntratfoo rnae

suclr thaC ßhe absorborc,e of tlre ¡slutlon Ltcclf tlas Êè'ar 0.4 rt tha

rnvetength of, ¡¡¡l+'"n absorptLot. Srlt volr¡esg of cetcenttrted Qr*

fon aolr¡Êfons wrc rdd€d ead thc csll rc-welth€d. lbo çrantity R, tho

totú¡l u¡rlbcr of rol.ce of Cu# fon prereat per role of, basc rer{dua,

rse¡ e¿lcul¡td froo the rcfghtr and consø¡trstioÊs of both ¡olutlon¡

ueed, neetnfog thst thc drnel.ty of each solutl.ou rras eçral to tbat of

ülter.

fnoyfsg thG dllrrtfoa fector of thr nr¡clsstfdfc rolutfon rrd thc



88

ultra-vloleË spectn¡n of tÏ¡e nueleotldfc aol¡¡tlon fn Èhe sbeeûce of

Cu# ions n tire enrpecËecl absorbance at eaeir wavelength (Âa) r*ae

caLeul-ated assuning tirat the abeorl¡ance vas uuctlaaged by the presence

of gr# LoaE. Fromr the aeÊual abscrbance of the nucleotidfc-&¡#

soluËion at varfou,q ;¡avelengths (AoU), the h¡rperchrornfclÈ7 (E) uas

calculated at each lravelength studied fn the salne "$aJ¡ as that used

for tbe calculatlorr of the hypercirtornlclty of denatured Dl{å-

g[ r .100 W.3

4. CALCüLÀTION Or C- âND r

UsLng the ffncl eallbratloa poÍnt (c¿1. 3) aa the uoet aceurate

callbretlon pofat, a graph slafl.ar to Fig. IT-1 (but ln te¡us of

qr# ioo concentt,atioa), Ifas conatructed for each bfndlog sËudy uelng

the theoretical slope ot 29.58 nV at 25oG, as conftrted earlfer

(Sect. IV.2). åny snaJ"l drlft of poteotfel (usually leaa Èhan 2 uV)

detËrmin€d by the eallbratlons before and after the tlÈratlon (cal. I

and cal. 3) waa eonpensåted for Lu aLI tltratl.oa potcctlal

neasur€ments by correctfng the poÈentfal relatÍve to the ftual

callbratton (cal. 3) te nLnLnfae errota. The oËher fafÈlal celfbratlou

point (cal. 2) wae alwaye ¡rlthln t C't.8 mV of the theoretfcal reapoDae.

ûr# lon concentratlona (Cr) correspondl.ng to the tf"tratioo

potentLala $ere read dlreetly frø the callbratfon Flot of eell

potentfal againet the logarLth of the free Cu* lon conceûtrat,foq.
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Snowtng thc CoÈ¡1 vol¡nc of, the aolutfoan tba m¡aber of uolcs of

G¡# foos f,tee et equlJ,lbrftra ca.s be detstulned. ftercfore, by

at¡btrect{ng fron the tot¡l u¡uber of uoleg of Cr¡# fo¡s added, the

ulraber of ¡olec of Cu# lon¡ bæd Èo tha m¡clcottdes (orf+) dg buu.

As the dearl.ty of dÏLuÈe m¡claotfilc eolutLoac !"4 effecttvely thst of,

uttGrrl2 aba volrne and henea tbe orsber of ¡ole¡ of nueleotfde prcrcnt

f¡ l¡noru ftO)" ltcrefore¡ the othËr fuudncntol blndtag patoetc r
(the nrruber of ælee of Ce# fo¡r bouûd gcr mclcotlde) can be eúcsl¡Ès

tg

rv.4

Slnilar calcul¿tfpûa are u¡cd fsr the reversê Èleratlon procdurc.

fu Cf atrd r a¡e kuor¡n for ¿ råÉ!!e of Cu* ion eonecnÈraÈl.sas, !

Scatcbard pLot nay t¡e drsr¡a for the fnteractlon of Cu# lon¡ vlth

aech of thê nöns-nuclcotfdes, Ae only on€ type of Cu# bludtng efto

le exprct€d ard no 1nËGraetloa, €lectroãtatlc or sth.erylse, occufa

betveea tirese eÍtee , tlle plote uay bc fntæpretêd fû termc of

tquetloÉ III.4. El¡e Lntet¡ctl.oa of C,u# lonc r¡ith polyuucleotfdc¡

le norc lavolved, aD lore than o¡c ty¡e øi, Cu* {oa bfudfug :f.te nry

exfst, ¡a well ¡s eleetrostr,t{c fntcractlonE betsreen the Elta!.

Xowevcr, euch lûtcrsetÍoÃs ese st,Lll readfly luÈ€rpreted ftm thc aaaa

Scatct¡¡rd plot of f- agataat r.*f
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5. çR.AFBICåL "åT{ÀLY8I$ OF ßC.ATCüARD SISTS

Ffg. IV-3 tepreserrts a typfcal bfodlng cutrê fqr the lÊtêErctfon

of Cu# long w!.th teo typec of bfndfng stte¡ oa Dl{A or polynrcleotldcr.

The two rlopcs of the btndtng cure ¡rd tbelr correapondlng iatcrc€ptg

on tho X-axfe p¡orlde apgrorfnate eßtfEate¡ of the q¡¡åotltfes \, L,
\r oA (aee Soct. IfI.z), rû,ere the En¡bgetfpts I anú 2 rcfer to the

åtÌoßgar and ¡realier of the È!Ð û¡++ lon foterectfous. Ëovcver, thfa

proeadure fe ofÈos arrbJcctlvê, pårtlcrrlarly ff Èhe trro c.tropeø are

¡ot wcll dqflnad. For thlg toaaon the Eoto obJectlve ü€thod prcaented

by Daachln 'qü Guorool3 hr* bçeo nodiflod and uøcd to aaalyee r11

ScaÈchard Þlota Índfcr,tfng thc pr€scñce of tt¡o or úEr typos of &r#

lou Latcreetfng ßftcg.

the po{nte A, B a¡d D of Ff.g. IV-3 are obt¿laed dfrectly by

extrapoletl.on of, the ll.uc¡¡ portl"onc of the bfndlag curÌre fltted by

Èbe nctbod of lcrst sguârGa of, e polynmfrl (for cæTlr¡Èsr progrm,

aee þpandr¡ 1) to the expcrf.qcutal polnte. Ás A - nr\ (aec

equatlon IfI.6a) fa r good rpprc¡fratlou ff q r 10L¡ rnil B -
aZRZ + ol\, thea B - A - gt - ol\. Uefog the cxperl¡ental rlope

of the stroügßr lrtGftctlon, G ls obtalned aB ËhG Lntereept oE thG

E-¡¡f¡ rnd repreatatr n, (sce oqu¿tion III.6b). ftercfotcn ar

D-ol *oZ, Dr C-Dr -ÉA. fh*elopeof FDI(K2) fudcterofned

by [, tha lnterscctfon of BtG !r1Èh Èhe nl.dpofat of o)\r vhcrc xr f"
e pofnt ÕE the btodfag curtrc. The laÈcreêpt F tc ¡ nore tcûuraÈe

cletetutar,tl.on thaa A of the valuc "e\.
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To epprcclate thfg procedute, ft nnrct be understood that BtC

ad FDt rêpresêût the sÈroroger and waaker Cu# ion bfndfng

cotnponcnte of, the total blndlng c$lree. À11 poluts on the s1ope Ef Ð&

âf,e at the ÊËm€ equftrfbtLr:n frce cu# lon concentratlons, æ tbe alopo

Ëfcular Cf , OEI + OfZ * O\r aa

enÈc of the trc ÈypGo of bfodlng

urat equal Èbe tctal bfnri.fug. therefore, wti€n tXl -,)1, OE -å,*rr,
cld ll.lustratee wby E, tl¡e fatersêctloË of the ttro btadlng coutr]oE€ßta,

l"s a eonvenfrat polat to dctcrnlne Ehe elope of PDt.

If nore thsn trfo ty?êt of Cr¡* fon bfrdfirg üftés ¡rre FEcsGat,

OXI + AXZ t o\ over thc whole bfndfng eur\re, proyldfng a corpletcly

obJectlve basfe for detenlnfng lf noro than firo tt?Gs of ftr# lou

b1ûd{ñg clÈes ¿tËe pregcnt.

6. RESüIT$ .å¡gD DISfirs8IOù

a. Ilonomrclootfde¡

Th.e ¿onon¡elcotÍdes rcre edJteted to a pH fotornedf¡te betsecu tüe

pK* of tbe secondatT pbocph¡te group rnd thc pK* of the ne¡t uoet

¡cldfc gror¡p. lte FK* trluee üd thc pE of tho nucleoÈÍde úolutfon¡

used alc lfstcd, ln T¿ble W-2. thc Cu# foa colutf.ons wera adJu¡tcd to

thr pE of the u¡clcsÈlJc rolutlo¡ r¡¡dêr ctudy. rt !üE neeêsgrrjr Èo

sdJu¡t tba pE of these eolutfons ln order to 6Èudy cus lon blndlag to

uucleotlde¡ coutrlnlng açt¡gler-chrrgcd pl¡ospb¡ta sro¡¡pßr a¡ fn DIEA.

Bfndlng atudlae of &r# loae Èo thcec rcnsßc.lætlda¡ arê rGIlrèåcûÈG
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l{omer

çMP

dG¡.{P

dG¡{P*

dAI{F

dCHF

I}{P

ørtho-pbspbate

gurælaø

dcox¡r-
gurmetne

oß-e
Scconåery Neutt Aeldlc
FhoøBhatc Group

Rcf. pH n E

-5.9

6.4

6.4

ó.4

6.6

6.5

7.1

-4 ¡J

2.9

?.9

4,{

4.6

L.6

'¿.L

1.6

14 4,5

15r16 4.t

l5r16 ô.5

15 5.4

15r¡6 5.ó

15,16 5.O

L7 ¡[.6

t8 5.5

1.0 + 0.1

0.97 + 0,09

1.0 s¡snsd,

1.û aeamed

l.O ¡eslncd

1.0 srlÐd .

1,0 ¡¡eæed

(t.o t 0.2).10tr

(1.7 t 0.2).lo!

(o.t + o.¡).lol

5mt30
¿20 I l0

50Ê10

+ t03Z

l.6ti 5.3

f¡ble !F-2. Bindlrg psraeterÉ for the latc¡rrctton of fr¡#

lot¡sr/era fu 5nlf KÌß3 at 15oc"

t fn 0.l$t KtS,

tt aselnßd equ6"1 to grnooel¡e

Ls¡s sr!.th
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ln the foæ of ScaÈchard plote fn Flg. fV-4. Ttre bfdllg FerreñÈtcrs

n and E have bee¡r celculeted fn ter¡as equatfon III.4 fron a leaet

rqr¡sres plat of the data, and l:ave beea llatd fn Table W-1.

ElectroeËatfc fnteractloa pËrameters are îot Eeceseary for these

studlee ¿s the uoromera do nnt affect the Þf"ndlae of Cu# lone Èo

e¿ch oÈhcr.

To obtaLn experfnental polnts at hf.gb r valuet" hfgh uoamcr

aorl cfu# ion coscentratfonÊ $€te requl.red, resultlog fn m.sl!.

Lncre¿se¡ (up to 2nÌ,f) of the Íonfe atrengtb. Ae the ûr# fos

eleßtrodc roeposds to Co# íon aetivlËyn but r¡ae calfbrated 1n

terrm of Cus ion conceatret!.o1s' Eilfrall actfvfty coefflclett

cotaectfo*2 **"u neeeaa&ry ¡t È.hese blgher fo¡ic etrægtho'

åpart fron the Cos Íou lnter¡eÈfon wLth GMP ¡d dGlmr eoqleto

Scrtchard plote of the othcr n¡¡eleotldee eoüld uoÈ be obtrltrsd ìrltbnË

usLns e*Ëræely coÊceutrated aolutlonÇ¡ and these ûete preveated by

Èbc preelpltatfon of oucleotf.de-Cu# couplexea. ,!J1 ea¡lfer Etr¡dle¡ of

û¡{+ toû f.ntetaêÈiou r¡tth Êhe nononuel"eotides (Tsbtrrc II-4) tndtceÈe

¡ l¡l cøplex (s - 1.0). As tiaÍs ha¡ bee¡¡ conflr:ncd for the &r++

cooplexeø of $s? ¡ad dGl4P (ptg. IV-4) n Èhr stofchløetty of the Crr{+

emplcxes rrith the othcr anæm¡eleottdeË (and orthophoophlte) n¡c

been e¡sr¡ned to be l¡1.

Maay attcapts f¡rl€d Êo dete¡,È any efguLfl.e¡¿t fsterectfoo of Cu#

lon¡ tdth of.thc,r gueroelue ot deory-grrcaoalne. As therc l's clerr

cvLdencc of e cøplcx wfth GltP eud d@fP, a corperÍcoÊ of thcaÊ etúdfog



fl.g. IY*ê. Scatcherd plot for thê fûtefrcÈfon sf Cu* fone wlËh muo-nuelcotfde¡

fa int{ EHo, (eæcêpt lrhcrc oÊfr,errlce {nd{catcd *} sË 25oC.

I dGMP, pE 4.7

X dßMF' gtl 4.5, 0.l$i Km3*

^ 
CHP, pH 4.5

. dÁlÞ{P¡ 9Ë 5.4 (ln¡et}

0 dC!{F, pTì 5.6 (facet}

I ÞfF, pl{ 5.0 (fneet)

l u2Pt4-rPIt 4.5 (ln¡et)
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furylfcates the pbosphate g:roup çf tho ar¡cleotLdae la a conplæ vLth

Cü++, tbereùy provldfûg furÈher Buppott for tbe gusnlne resfdueGl#-

phocptr,ate chelate eornpler< iod,fcated by earl'fer studtêg (rec Fl'g '
II-5 aDd Sect. fl,3a). Sucb e cmplex l¡os reccßtl'y becn dírectly

ludÍcatedtt t, l,W¡ß. etualfes of åì{P. ¡\ elallar couple* luvslvlng thÊ N3

posltíon fe cxBected fot d(!tP ta conÈrrst to the çvfôcúcc Ergse8tfirg

the role of the þ øranfe fn dGMP and dAÞiF (eee Sect'. II.3*). the

fnebfltty to detæt a eonp|cx rrlth guanosl.ne cogÈreets rlÈh thc

studf.ea by Ttr and Frlcdertcu20 who detected what appcarcd to bc e

teLaËlvely BËron¡i conplex. Eowgvel, fÈ appæra Ehet eo¡e dor¡bt

uay be caÉt oû Ëhes€ re¡utte20 ct tha electrode uceó was extrcncily

err8tlc 1u responee ead no lntcrectlon sea dctccted os ¡evètgl

occ""ion".7

Ihe epperæÈ ateb{llty conetauta ¿re fn ttre ordcr

itËË{P- > e{P > då}fP- > dG{P- > fÈ[P ' fa agr*eoeat !Íftb tha ozdcr tor

Ëhê strbtLlty of C\r# Íou lÊterácttoor vfth üonôaera dctectrd by othcr

Èechnlquee .21-21 lbrcr€r, æ othcr ctr¡alr"cs b¿ve ¡ctsally dctcr¡tnd

strbftlty eoD¡rtcres for thesa lutcr¿ctfooß, aFert fræ tho A}çÞ-Or#

cmplerrz5 ,rtt"t, Ío not dlrectly eoqareble rrtth thG Át{P--Gr* coqlet

Lo thG prerGr¡t attdy. Thc rpl¡Èfve rtabflftfce of ghc Cu# eoryler¿¡

of dcÙîP(K o l,?.103) and GlfP(K - l.0.lO3) cupportr r prevl.otre ob¡or-

vrtl'oa thst the dcoxy- aerfac btde Cü# Looe Eorê strongly then the

rfbo- "*tf..".21 The luportåût f.aÞllca¡fon 1¡ th¡t ft sppcats tbst

the prccence of tha 2rOE gronp fn GlfP doee ¡ot eolrsact ltr rteblltty
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++trLth reepect to tbe tu Lon foteractlou vtth dGÞtp. Is, fact, thc

rtebllLty of, G14P-Cu# f* rllgbtly redued .bur elcsrly of ¿ clÉ{lar

ordar og --gnftuile to the dGIIP-G¡# conpJ.s. Ia vlep of, the large

errota ec¡ocfatcr! wfth the detemJ¡¿t1on of theac sË8bl1lty GoEsÈar¡È3,

it nay be coacludsd thst ühe preøeoc€ or abaeûce of the 2rOE group

Êppaars to hsne lfttle effect on the afftnlty of Cu# loue for Gß(P

¡ad dÊþIF. ã{n{l¡r etudlee $€re ast etteoptd Ìrtth A}fP ¡nd CÞ{P es

the order of the atebflLty consteate for the Cn# foa' lntoractloûa

¡rltb theea cmpornds årG iroown to bê allnLl¿r to thoae fot dAllP rnd

d6ær2l the fntcracülo¡e of rhlch bordor on rhÊ 1{rtt sf, dotectloû

hy tha nethod uacd.

$evcral other slgnLffcent factors emarge fram theae saluêa.

Tho dG¡îP--Glu++ conplex l.e st8nlf,feantly lmre thÊrnÐdynaurtcally âtrble

than eæplesee of, the otts Ðl{A nonms cûastfÈucnts, provldfng oue

ørplanatlon of the clerf,ly ectabllshd prefercntl¿l fnteractfon of

o¡* tons wlth the guanlna reeldue¡ of Dl{Á. (see $ecta. rr.2 å¡á rr,3).
Aleô, the slnllar values of, thê apparcnt stabllfÇ conÊtantr ftt
thc î{P-*cu# aad HAPc4--G\r{'il" conplenea suggÊËrs ther rhe Tkp--cu{+

conplcr {nrolves on exelu*lvaly phoøphate i"ntcraetfoa. Thle hil g1¡o

been concludd fron proton and 3lt t*. relasatfen etudles.26

Ttrc rpparent stahlllty eonntant for the fonatfon of ¡ dGlæ--O¡*

corylæ fs halved by fncreaclng the fo¡r1c stro.qgrh frcm c.005 to 0.1sf.

A ¡ftl.I¡r docre¡¡c ern þe prodfetcd for tbe da¡o--cu+l'eøple¡ on tba

b¡rls of fatcrpolatfon of thê dats collered by ph1ufpe"268 lbe valn¡¡
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of K for tbe dGi.jP -Co* cæTplenr at the fc'o fonlc strcngtbts usçd src

pertleülarly stgt'fficrnf wheu conparéd ra{Eh eja{l¿¡ valuee fwulvlog the

nativô D¡¡A-6u++ cæpJ-e, Theee results are dÍecussed further in tlrat

qontü{t tn Seet. V,4a.

b. Oll.go- and Þoly*türcleotld"es

(f) tl¡æt cu# Ioa Elndlng Srudfes

All polyoucleotldes atudle¡f uere adJu*ted to a apectffc pB

¿t wh{cb tirc sùrt!ßture and coafornaÈ{oa hsì/e prwfously beeq üvratf¡arod

1o altuln¿te ¡D:r tend effectgt duc to the preËlcrrce of double chargcd

pfroephate groupr ou the end of thc olfgonucleotidee, all euch solutf.ors

wete adJusted to th"e pll of the cot:eapoalÍqr uoøo*r¡eleotldes

Scatchard ptrote of thc û¡# åon fnÈcr¿cctoa wlth these olfgo. rnd,

pol¡*rucleotlde¡ are ll.lustr¿tod Lu. ?l,ge. fv-5"6r7"8, .Aa they erc

noællaeer plots, ft ls ÌrecG,saary tô deteml.ae 1f iateraetfon

(eeacatlallv el-eetrostatle 1n Èhe es¡e of chaqed polynucleotfrlec)

betveen. tlle sltes aecountë for the curratlrre" or whether ft f¡ duc tg

the presence of mre th.sn orìe type af site" Foly I fe uead as aû

exrøple es ttre Cl¡# lon blodfag data lsr thf.s f.Etccactloü sbws tbc

leact cur¡vature (Pfg. fV-s) of the polyuueleotider sa¡df.d. Thorcf,ore,

ff thÍs ma11 cursature Ls aot alfunrnated b-v allowfag fot eu

cl.ectroatettc fnteraetion, the presence of nore Èhaa onc tyge of cltc

fa ladfcetcd.



Pig. IS-5. Scateh¿rd plote for the fnteactloa of

Cu* lons Br¡.th poly C and poly f la

H{ EtÐg 8r ?5oc.

I Foly I, pE 5.9 (lnaet)

t pôlÍ C, pE 5.6 (fnset)

A Foly C, pE 4.3

B poly G, pH 6.0, I - 0.151{
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Fig. fV-6. scatctrüd. plots for the lnteractlou of Çt¡#

loos çtth poly À la 5¡nli E[8, (æcept ubere

othst.o{.se lndtcated t) et 25oC'

I cu# fato poly A, PË É'4

! poly A fnto cu#, PE 6.4

l poly A*ct¡#, PH 4 '6 (laeet)

0 Cu* fnto poly A, pH 6.6' 0.154 Eli63*
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Ås poly I haæ an ordered atrucËure Beer ueirtrel pErlT-29 rod

eppGars to be a trtple helf:rr?S'z9 a}r" electroctatlc fatGrr&ctfoû

furct{cr (eguetlon III.22) uay be & relsoneble e¡pror{rrtlon to that

applLcable to nstfve DNÀ. Asanntng only oue type of, fnteraetfoo ¡nd

apply{ng tbfe alactroetatle correctlou to the hfndlng data of poly I,
f.t cau be eeen fron Flg. tT-9 thot a lfnear plot does not result.

Iïre preeence of ære than one type of efte fe thtrefore lndfc.atd,

provfded thet the electroetatlc correctfon uaed r¡aç a reaeonsble

spgrofifnstloa and thet eonfotnrtlon¡l changas are not e1¡¡offlcant,

lhe veltdfÈy of thlr appro:l"uetfoc caa br test€¿ by ræplo¡¿{ng Èhe

orlgrn¡l bfndfng date of Ffg. IS*5 accordfr¡F to cqr¡etfon III.26, ee

aho¡¡t fa Ffg. IJI-10, FrsÉ thfß Sfeph, wr .6.3 aad K- - 7.5.105. K^00
1e dlræÈly cmpcrablc wfth tbe v¡luc of Ko o 3.6.105 obt¡Íued

unnfug wt - 13.4 (Flg. IV-g)n ånd conffrua that thê Êstl¡r.tc of the

clcctro¡trtfe cffect of poly I {s acceptable. The experlftabtsl

dctc¡af¡¿tfon of wr ls ü. üeeaure of boÈh elætrostaÈfc and othcr

futeracÈLon¡, ad usy dtffer frør tha theoretle"l ss¡lÐetc of tbe

eloctrottltLc lnteracÈI.ou alone. TÍre eanre e*lculåtfoûa csn be rpplfed

to other pol¡urclcoÈlde¡. Howevæ, thfs L6 uanËceararJr es othÊr studfes

h¡ra ehoyr th¿t wf doe¡ uot yary grGatly rrtth the confornstfoa of

polynueleo3tdasr30 
"od 

fndicates thrt for $catchard, plots erhlbttfng

curyåtuÌe gtoatcr Èhen th¿t of poly f, uore Êhsn one type of Cu# fon

bdnêfng olta crfatr on thc polynrcleotl.de.

Tl¡e Scetchariit plot¡ of thc Crr# Lon latcract!'on rlth olf.go- and





+Fig. IV-10. Data for the interacËion of Cu ions v¡ith po1-y I (Fig. IV-5) re-plotted to

determine K for Ëhe weaker interaction.
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poly-mcleotl.dee have been aaelyaød grephfcally ee decerfbed

earller (Eect. w.5)" a¡:d lrrdtcaÈe thet fn ¿11 casea the fnterrc,tLou

la adequstely deecrlhed Ln ter:as of a aarfar¡s of tvo types of G¡#
fsn bfndfng sftes. lbe fnteractfon pårrmeËere arê llgted fn Table

rv-3. rt fõ lmportaat to realLee thnt the lfmlt¿tt-onr of tbe

tæhGiqoe are such that eoûe weake¡ lriteractfonE uay ûoE be

deùected, eepecfall¡" ff they oceur ln the Drea€nce of onc oE æÌe
ttroîger interactl.oae. an æræp1e fllueÈrstirg thÍe pofnt is thc

fute¡eeËl.on fu¡olvl*g poly t (Flg. I1l-g).

Ttc fnteractlor¡ of cu# ioae nftt pely r end poly c wa¡

sr¡fflcf¡ntljr sÈrong f,or an aetu¿l tftratfaa ead-pofriÈ (Flg. w-lr)
Èo Èe uÈtlfaecl I'n detefiDfefng the sto!,chløetry of the lrrtcraçtioa.

fhi.s lc often not pooclblc eø hlgh etabtlfty concÈ¡üts fot ¡o Luter-

rcÈ1on atc reçrfred to obtefn a Eufflefently clccfsfve end-pol"at.31

The valuee obtel.oed, for tl¡e etolch{oeetry of ihÈ Ínteractlona ¿¡e

slightly noEe aceurate than those obÈaLned fros $cateh¡rrl plota, wLtb

rhlch good a¡¡resßent h¿s been obeaf.nod (Table W-l).
(ff) Eypereiuomfclry Srr¡dfes

The hyperchræl.citlee (E) of rha polynucleotfdes scre

deÈettrfned (see Sect. rV.3'Þ) for ¿ range of tu* l.oa corrcemtratfon¡ to

cctablf-sh tbet the bese resÍduea w€re frpolved fn che fateraetlou, ad
to relate to tlie dlrect b{ndlag .studle-e. For euch a cøparlron, R urct
be deÈer¡fned re a functÍoo of r (nolee of û¿# Íon bound pcr bore

recfdue) or B (total aoles of ûr# lon preeeat per baøe rcrfdue),



PolynucleoÈlde pB tftratfon
Snd*po1ut

(or)

Klól nz Ir.

poly I
Poly It
polY I.*
psly G

poly C

polyC (I-0.15M)
poly G

poly at
¿¡.

poly A"
PoIYA(I-0.151'l)
poly A

(an)r&l
ApAp!

fpTpÞrp

0.21 + û.02

0.13û + fì.0t)7

0.lL + 0.01

Q.122 +' 0.004

0.24 t $.t3
s.22 + 0.03

f).oß t û.02

Ð.t4 i o.ol
Õ.12 + 0"01

0.13 t í].ûl
0.20 + CI"03

0,1ç + i].02

_i].ôl
_tj.03

0.lf) + 0.05

0.5 + 0.2

(1.g + o.g)"t08
(ó.s ! 3.0).107

0.40 + 0.oE

o.4B i 0.07

0.17 + t.03

(6.g I 2.3),105
(3.6 t 1.0).I05
(7.5 t 1.6),1G5
(2,4 t 1.t).105

-1. lG5

5.9

5.9

5,9

:i.5

5.6
6.0

4.2

6.4

6.4

ñ,6

4.6

5,2

5.3

4,1

I(1.0 t t.3).10
(4 "t 2). ro8

-1. 1t8

-1. 108

(1,r: + ii.2).106
(1. f] ! 0,2) . 106

-3.1 C6

-2.1o5
(3 + l),1s4
(1.3 t 0.6).104

0.55 + 0.15

0.65 t 0.15

0.16 + 0.0t

-0.7

(4.4 t l,rr.roo
(3.3 t l.l).1û4
(3 t r).104

â

-1.5.10"

r&
\o

îeb1e Iv-3. SlrrdÍng paræ€ters f,or the {ntetectLon of Cu# fona rlth o1{go- enit paly-nucleotfdee fn
SGll Klio3 ¡t 25oC.

* ^ÀIlorfng for a theoretlcrl electtosÈrtfe iutsraetlon (ecc Fig. IY-9).
** Atlo*1ng for the acturl totel lntcrecùloa (¡ee Flg' Ill*l0).
'h TltntíîS ¡ C,¡# fon soluÈioo fnto poly A'

tt Tltratfng poly A fi¡to a Cr¡* fon solutfoÞ.
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Fig. IV-ll. Titration of 13.85 ml. of 5.84.10 -5M poly C, pH 5.6, with
p

L237.I0-4¡l crr#, pH 5.6, both 5nll KNo3 end at ZS9c,
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IÈ h¿a been found usre lnfornaÈlve to relate the hypæehroalcfÈy of

the polymrcleotfd¿s to R (Flge. IV-12r13)r end fron a ploÊ of t agalnrt

R for cech of the pol¡rnucleotÍd¿s (Ffg. IT'-14) ' r'clatGd to r ¡nd thc

btndtug parect€ra (Tab[e fV-3), fhe r8nge of theae etudlas vgs

l{nfted by the for¡rnatÍon of, olæly preclpftating but ûot vLslble

aggregat6a rrhen R > 1.4 for poly A, ffi by vleibla preel'pltatlon wlreo

R > 2.3 for poly G.

Ttre trend of hyperchrælelty and r rylth ühe total co# fons

conc€ntfttfon (Flgs. IV-12r13r14) ahows a u¿rkcd elallerl'ty f,or all

of, ttre polyuueleotÍilee studfed, and clcarly lndlcatcs that thc

blndfng of 6r¡# fone cause¡ a ef¡ulùatcors perturbatlo¡r Èo thr bace

reefduce. .Ae thc staongor of the tmo Ëft€t 1ø conplaÈely occupÍcd

rsheu E - ol - 0.1 - 0.1 (fabl¿ fV-3), then for R > 0.1 - 0.3¡

(fro¡r Flg. rv-14), only the seeker of the fgÈêasetfag 51ts8 a¡Ë

be{rrg tftraÈGd. Tlrercfote, ts the hyparchroofClty of ¡"11 four

pollurcleotldes contfnuee to fncreeso eftar the atronger lnterrct{ng

rl"Èes fu¿ve been tl.tretod, tt fe apPât@nÈ ths,t the ú\l# ,.on fnteasêtl0s

s1Èh the waakar sfte¡ fs etaentially rGtponsfbla fot thl"e cffsct.

Eoncver, basc retidue perturb¡tÍon due to the øtronger f-ntaAcÊfoa

nry also coßtrlbute to the hyperchrooLcfty, ae tt 1orrr r (hcnce 1ov

R) valuae, the hlDetehrouicfty f5 erell, cud øvcs uafag tha ¡cBhd of

dl.ffarcuce ßpactrophotoaetry lt voqld be dffftcult to detoct Ê

acF¡rat0 þpcrehronlclÈy depmdeoce of Èhe Etroü8øt l.ntcrrctloû' al

dtctl"nÊt fron tha r¡erker lateraetfos.
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+Fig. IV-13. Hyperchromicities of the polynucleotide-Cu complexes
R

at Èhe wavelength of maximurn absorption of Ëhe poly-
nucleotides in the absence of Cu# iorrs (À-^--) , two days af te:'max
mixing.
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poly A, pH 6.4, 270 wn
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Variation of the number of moles of Cu# bound per residue
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/--Ãì\
_.1-{ vf --.
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\sy.itl
a tlee cffect, of tha hyperctrøfclty hæ beeo obeeñred for

FolI I, poly G and poly C, bur nor sfth poly A (aee Flg. Iy-l?). A

el¡Ller tLue cffeet has beea aoted Þy orhers32 ,¿at poly r and poly c,

¡e rqell ac the lack of, any ouch cffect lrtth Foly a. ltc abrorb¡nce

rnas found to be eoûãÊent sftæ 48 hotrre for poly rn polr G ed poly c.

AtËeopte to ¡eletc thf,a tf,¡ne cffcct to vsrratfoas sf the .@q¡ot of

Gr# bouod to thc polynnrcleotl.dee (r) dr¡rfng thfe tlne t¡teftal
wêre nggatlve as fdcntlcal valuea of r sere dcterntaed one hor¡r cûd

48 hor¡¡e after nfxtng the fntsacÈfng epeciee at z5oc. rhfu idfclÈog

that the sEåLl ctrange of hypetchrmfcfty nay be duc eolery to bacc

resfdue re-orf€rtaüion, ÞÈrheps due to elfght cter€oehcofe¡l ræ

aaraûgenêfÌt of the crr# fon blndfag eitea d,urfng the bese rceldua
fbreethfngr proeese (ree sect. rr.5). $inflar tlne effæt¡ h¡re beeu

obaÉfired by otåena wfth Dfi4..33t34 No cpactral ¡hlfts vcrc obacwed

vith any of the polynucleotldee.

the hyperchroufcÍÊy stuilÍes of poly c dlffe¡ ¡uberentlålty frm
thoËe of ztrmer and sserË rño failed to detect any hypcreirrøl,cl.ty

untÍl R " 3.5. Bowe$er, they have ob¡erved a pl-eteau regfou of tha

hypetchrøfefty (35-40t et 2?s rn) erd.ler ro rhåt fndicated f¿

Flg. XV*13.

(fff) habablc Cmplueø

l?on the bfndlng psrûEetere lleted in Tcbl¿ w-3, it rppeen

th,aË e tardontate ehclatc of ft# betweeq edJacent fnorfnc rerfduee

(afnflar to Ítg. rx-7) ¡od an fnoerne-cr¡#-phoaphate(Fr) type chel¡tr
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on the ræ¡åfn{qg 50f; of the rEelduee (stntl.ar to Ffg. rr-j) are

proba.bla ae guch eæpleree eccount for the cbeerrred etoLehlmetzy

and etebillty. The lnlrolvæent of the }} rosftfoo of trlpleettf,sd
poly r has been codfrred fron lrffr, relaxatfon str¡dfee35 *" a slte

of Or# Lon lnteractlon,

Thare Ie sme wldet"36 ah*a cu* Ls frrvolved f.n a cqlsx rrtth

the phoephate and 2t0I{ groupo of Foly I, poly tr, poly C and poly U,

the lest thrçe of r¡hleh are degraded (at ø+cc) ñrch faatsr th¡n poly r.
It le extroely el.gn{ftcsut that agyerål ctudlas hcvc falled to obsçlve

any fotereetfou of frr# ion¡ vlrir Ïr¡fpr2or37,38 poly f?.r poly rr38

(although a week loufc ÍEteractfon irac bren detectd wltb pory u39).

rh:[g lsdtcacas that sny eonplex lunolvfng the 2foH group of uÞIp,

poly u or poLy rT fe relatlve.ly thernodynanically unetrblc and, es the

rate of degradatlon of poly ll, poly c end poly ti tc aftnl.Ier, auggacta

enal'! stabllity conatarts for the coapluee that arc reepoaetble for

the degrodgtl.on of therc pol5raerr et, rom tcnper&turêr. IE fs thê!€foúe

apparcnt tbst súch lnterretfona ¡rG unlfkely to be neaeurablß us{ñg

thê cu++ fo¡ ectlvity erectrode, eapccralry fa tha prcaenee of othcr

¡taoDtct Cu# i.nteraetl-oÊa that occur wfth these polynucleotlde¡, For

thÍe teason, auetr lnÈcr¡ctloûa ere not diecused further r¡lth rcspeet

to poly € ead Foly À. ae pol"y r te degrsded úrch nore slowly than

polr c, poly Å, and poly ur36 tt ie ptobrble thar rhê aroþtus-p¡o"phata

conplcx fe uc¡h¡nad, probrbly ae g reeult of Cu# bq¡nd ln ¡ucb a eæplcn

bolng porc lnvolveó fn thc r¿eldue-Cb*-pb,oephrÈe coaplex. Such ¡ v1enr
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ls eupported by Èl¡e obsg\'ed stabflity conatant of eæ-cu{+ rsl,stlvc

to tlre other rcnourcleotfdes (Table fq'*z).

rhc efflslty of ü¡# lone for ¡roly G grg. w-7) fe expected to be

et¡ûüs¡ to tirat of poly r 1n vlew of tbe s{m{.1er1¡y of guem¡fne end

iæsíne ¡nrl ¡þs fact thet poly ç clso rãçlcÈe fn an orderd for¡ ¡par

pH 5. 5.27 '29 îhe order of atcbtlfry for the two typss of eftcs of

poly ú 1s sfm{lar to poly L Eowevetr, the nr¡nber of eLÈe¡ Le

s¡l¡etantl¿Lly redued dnd nay reflect illffereacee of thê sccoudrry

and Ëertfary atn¡cture of theee polyæers aa the nnber of strcndr

fwolvød la the çrde¡ed foru of ¡roly G le [ot k*wor.27

Poly c'nas been uhor*40'ôl to exiet as a siugle strad trea¡

netrtral pfi. lhe large s'Erbil¿ty cosstaDt for tble alngte strand

poly C-tu# coplcx (\ - f .fOE¡ at¡ggeets å t€rdeûtåÊe couplênc

(FÍ9. rv-15). The \ noaftron of poly c has prwr,ouely been f.npllcetd

frou l,tlÌÃ ctüdlës ea a tl-tc of Õr* ion ínËeraetlon.3s Furtirernore, no

latcrectl.sa vfth tha *r{,¡o group he¡ been detecterl.S5 sucb a couplex

wool¡i fsvolve a large dogree of baea raefdue re-ørfcatt?fon, ant try
åeeount for tbe 1o¡r etoichionetry obsercd (oae o¡# lon hcund Ber

efghÈ tccfduer). f¡ weaker fntctretÍon ¡J.co oecurs, and has prevLorr*ly

beea dstocted by otlrerø.23 üowver, th¿ natr¡re of thiF lûBÉrtetloa l,a

aot clerr aa eolçcurar nodcl etudfc¡ fndfcate that a eytoelue-ç"#-

pboopbatc tlÞê eoüplcx (elthar 3r or 5r phospheta) ls sËcrfeclly

unllkcly. FurÊbemore, re dlecuasød above, tbe afffolty of cr¡* lon¡

for the 2tOE group sppears to be qulte r¡e¡k ad unltkely to êesotmt f,or
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thc stabtllty constaut obearved for tha seaker lnteraetlou

(K - 1.105¡,

îhe foroaÈfon of Èhe sÊrongcr couplex wlth poly t eppcrrr Èo b*,

largely unaffected by htgh fonf.c rtr€ß,gths or the doublc atr¡¡d foea of

poly c (et pII - 4.5),41-4ó ercn thor¡gh tbe double atrend (¡cfd) forn

coat*fna a goaftfv* "ot".47 fhe hfgh loalc sÈ'rertgth 1o c*pceted to

ell¡fuate any weak cytoofne rcefdue-C'u#-phoapbate type chelate¡ þrr¡t

EAy not af,fect the etnoager fatersctfoa ualeas large eonfomctfonal

chaagca or baee reeldue re-orfantetloa; oeeur. Aa th¿ acld forr of

poly C contains a poeltlv" 
"or*r47 

end thê aftea er¡af-IEble for the

etrong lnÈcractfon of C,r# lo¡s trlth srngr ê strao;l po!.y C are LãYolvcd

ln hyrlrogen boadfng rùen la the acf.d fo¡qrô8'49 lt fs dl"fffculÈ to

see why the nr¡sber of etrong"r Gr# Lon l¡tstrecÈlag sftes fe trCIÈ d,t¡f¡r

Leired ln tho double etr¡úd rcLd forq of poly Ç coapard flfth thÇ

efngla atrsnd fora.

the uoû-orderad fo:cro of poly ¿\ srÍate ne¡r aeirtrsl PBSO and

eri¡fblte Lrrwesslble charecterfctfc¡ of tbc dtronger bfndrng sfte

(Fig. Iv-6). It 1s thetefore urfgue snoag the polyaucleotfdeE fn tbl.¡

rsspect, frs rc¡roa for tbls Lrrescrelbla bchæfoqrr ls oot clelr,
althougb. onc suggerÈlou f.s offered belor. frere sppeæ6 to be oue

strongly lntc,ractlag aÍÈe pcr forr recl.dueç and ¿ l:l coæpler, probably

Èhe adrafne-Or#-phoepJrrtc(5t) type ehcl¿ta dfscugacd eerlfer (ace

flg. II-5), for the rcüsfnlug raeÍdues. The *trorger Lntoractl,ag eÍte

can be cxpl¡lued fn teras of a chelete (FLg. W-15). ftc ñ, poeftlon
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hae been deoonstrated ae a cfte of 6r# ion lnteraction ln poly 4.19

Eovwetr, there hes been, oo evÍdence to al¡gg€st thåt the anfao group Ls

lnvolved ln a terdentate cæp1ex. lte coøpl€fi Êuggcsted çould lavolve

eubetanti¡l base residue re-orfettatloua lrhfch nay be the catrae of the

lr¡æerslb1llty of the titratfoa.

ËÍgh f.oaLc Btrer¡Sth ellnLnatee 90ã of the Ftronger interactfng

eÍtes and eupports th€ sr¡ggeatfon that efgolficaat baee resl'due

re-orientatlone are aeeessary for the fornatlos of such sitee, as Èhe

fonfc strength fs knoua to be capable of atrougly laf,luenciag the

confor.netl.o,n of eharged polynucleutld*s.50'51 Tbe decreeee fn the

nr¡mber of weaker Luteractf.ng sl.tes sÍth ¿n fncresse of fonf.c eÈrength

agrèea wÍth the PertLally lonf.c cøpleu propoeed. The dotrble straûd

forn of poly ^å, at 1or¡ pn50 p...ludee Èhe fordåtLon of efther conpl-ex,

although s feìr ef.Èee stfll appear capable of Laterectlng trttb ür# loae.

Ttre aÈabfll-ty conatant obÈaiaed probably represents Ê¡r averege of the

tno lriteraetlona beear¡ae of the lLuttêd acc¡¡recy of such slnl"ual binilfng

the fe¡y interactfng sl-tes nay be attrfbuted to euall reglons of sLagle

sÈraad eheln ends.

Sgch a regult with poly Á, fe not uuerpected as the acLd fonu con-

talne a posf.tfv. 
"ot*.47 

Io addiÈlon, hydtogen bondf.ng bettleen thê

strand*S2 reduces the dagree of beee resldue re-orfentatfon requl'red

for forrn¿tfon of the bLdenteÈe conpt-cx and ûN8y also ftrhfbl't the

for¡atl.on of the seaker couplex. Tiraec results contrest wl'th poly C'

both at. hl.gh lonlc Etretrgth anó for the dmrble ctratrd fot¡. The reaeon
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for m¡cb e dLcpartty of effcct¡ llvolvllg gLoller typar of

futereeßfouc Le mt undar¡tood h¡t r¡ay favolve coafornatfonal effectc.

Bludlng date for tbc olLgo À-Cu{+ fntereetLon¡ suPPorta tbÊ

terdcotatc coaplcx ptopoecd for poly A a¡ s cmplately dtffcraat

eæpX.c* tppc6.fs to bc forocd rrlth the adtal-ne arclootldc dlnat

(n r 0.5, K - 1.104) ¡r conparcal wttb tbe roumcr (r tgstûGd to be

1.0, K - 300). Putthen¡orc, r dcpedence of the et¡bLl1ty concttnt oü

ehaf'n lerçth le apparenÈ (E'['104, 3'104 snd l'106 fot Ap'Àpl,

(Àp)-çAp! crd afogle atrad poly A raspGctfvclt¡ H,'3.102, 2.103

a¡ut 4"104 tor AÞ{F-e (Ap}S¡,p! ¡nd ¡tnglLe strand poly A resp6ctlvêly}.

fi¡ch a daperdeace has al¡o becn obe€úîcd fot tbc bladfag of Ag+ fons

to a¡i o!.lgo A ¡ctfes.3o Tha døpdcnce fs attrihlted tÕ thê cffeet

of r fnÈeraetloss altcrfng the berlcfty of thc re¡fúue*. Tttls

explanatl-on føt the ollgo À-Âg+ lntcr¡ctim¡ has been ¡rrppotttd by

a alnLls deperdance of lor* of the ulttaryfolet ¿bcorblocc" sDd TB

of the ualÈ1ng cu¡1¡Gt, on th@ ch¿fn l"ength of, vsrfosa edeslne

ollgomrcleoÈfdce.53

As ûr# Lone do not lnÈcract 1rrlÈh thlulna buccr qr¡clcosfdas o'r

nucleoÈldea (aee Seet. II-3)n an olf.go T (the tetr¡no,r) rr¿e selocÈcd

ae a nodel eon¡round to üscctigato the btnding of Cu# foac to phoephatr

groups u¡dcr tdeatfe¿l stereochcnleal coadftlooß ae ta polynrcleotlda¡

and DNÂ.. lqø ft¡{+ fon btadlfng could be dctccted et Èhe co¡ceatratl.oae

uß¡d. Uufortuqstcly greaËer coæeûttstloût could aot b¿ u¡d ac Ëhaao
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mtcrfols yGrG oüly prGpúêd fn lt¡fted quantftfcc. Eowett 1t

fa griüe e¡vldcot theÈ the ¡t¿bllfüy of any fu* fon latcr¡cGla rrlth

thc Èhyüúdlaa tatræcr l.¡ not c¡,haætd tet¡tÍve Ês thtt of tha ql*

fon lat¿ractio¡ lrfth tndtvldurl rragle chrrgod pbaph¡te grurpa of

î{P- oa E?*o*- (t¡bla w-2), rtæcffre, lf a eæplu lwolvfng ûr#

fo¡s be{dgcd beÈwaen trre *tJrcGút PhørphåtG grgl¡Pc Gslstr f¡ the

thyaLdlno tatrns (or polyn¡cleotldcs or DnA.), ft casoot bc

ôlett4r¡fahaú by aû ôahå'weed steblltÈy tslatfve to thct of, tbç lll

ÈIpË rasociatlon.

lhe ctudloe aod eonclusfoû ¡rrcsmtcd 1n tbla ehagts fot tha

intæactloo of Q¡S f-out yf'th !otp*, ollgo- rnd pol¡uretreotldee

h¡ve bcen dieeuracd furthar fa Ghapt. VI 1n' ts¡attôû ta ttre Ce#

lon l"nta¡etlon¡ rtth Dl{A praeeatd tB Ghlpt. V.
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I. ISTRODTTCIIO}I

Tno of tfue noet dlrect tecbnlques posnible f,or Èhe study of

Cu# ion Lnteractl"ons at equlllbriuæ h,eve been used 1n tb{e

lweetlgation of the fo¡u¿tt.on of i;NA.-Cu* cørpleares. ltre technl$¡es

lsrrolve the uee of a apecffle Ou# lon actlvlty eleetrode (dfscuaaed

earlÍer in Sects. IY,z 8nd I9.3) and gel $rclusåon chroeåtog¡âPhY'

-ooÈh en¿bJ"1ng ttre dete¡Elrleflon of tire btndtng Fara,&.eters" n €Éd K.

The teehnlque utllfelng geJ- ciiroretography enablea uote reproduelble

CeterÐLnatLous of C* and Èherefore of n and gr hüt Ls a¡¡ co¡træe1y

tlaa coner¡r¡íng 1rrocosö. for tlils rÞaaoBr Èhfe teclmlque liae bêên

ueed essentLally te e coarparfson w1Èh the nore efflcíent pfocese

lavolvång tire Cu# fon electrode.

lime ,ryperch¡o¡nlclty sËudies werc a.lso undertnlqen to establLch

aboolute valuee for øpectral ehanges of aattve Ðl{A ln the pra*ence

of ùr# loun, an¡l to ÍovectlgaÈe the snlsEeûce of feoebeet{c pofntc

uuder the coudltlons used fn thls stuéy. As æost of Èhe erfdeoCe

regudlog the cosfornÀtLoa of the natfve DIIA-&¡{+ cøplæ fa

cenflictlngrl't t qrre ¡ùccurate l-svestfgation of eoafof¡EaÈlauÊl

sþ¡ €E appeared desírsbl,c. ÊT ealptoyfrg the coudf.tlo'nr ueal for

tbe bindrng ard hyBerct¡ro&fcfty strdles¡ the bsee rcsldue perËutbetlou

ssd the Ðl{Á, eoufornatLon Esy be directly comp€¡s€d lrlÈh thä €¡rtcilÈ

of, Gu# lor¡ br-nd{ss'

A¡ Ehe pU of DNÀ aolutlons r¿a.s unalteted by the PaÊs6ric6 of &¡++

1oas, 1t r¡s uôÈ Bece6sasy to buffcr thcsc eolutfo¡e. Tbo qtrcte
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ri.esirsbllÍ.t3 of belng ¿ble to undertske *ny Ct+ Íon laterectlou

gtudles ln tlre absence. of potenttally eæplicetlng btrffere hae

been d!.ecussed ea¡lLer (Sect. IV,3a).

2. GHL F:CT,USIÛT{ CHP"OßiATOGRåPT1Y

Br Foseitl"e l'Íethoåe of Use

rï eephadex cofu:¡rn mr..ï tre used ln three GesentLelly dfffer*rt

veya Èo etrdy læge uolecule..sûall nolecule lntcrrctfons euch ¡¡s thc

:i¡r¡I-Gr'f+ B¡ia tr.r¡, .

(f) Fre-eqr.r.ii{i:ratfan of, tha col¡¡n¡a r*Itli ttre solvenÈ arrd subaeqrrant

addit.l.oü of a Dliii.'ft¡++ nr"{eture enablea Ehe analyef"s of thê

Leadlrrg *oundarlee of the platenr rogfone of the tr¡o separateð

açecies. fl:ls ¡retho<l iras recelved sui¡etantfal tt¡eoretfcal3-5

anr{ øcperineatalfS attcotfon a¡d !,as Þeen used sueceesfully

f,or tt¡e study of, the s¿Llrre ÐN¡^-fu{+ fnteractlon.9

(¿f) The s¡erhod used þy lÌ¡¡urnel pnd Tlreyarl0 i*o,l*rês præêqulltbr¡tÍo¡

of the colrnn r¡ff,h E k¡ræn Cu# fuu corÉ€úrtrrtfon. Ac th¿

elutf.on o:l a *m¡11 voh¡nø of ûÎiÅ. fs accmpâsled by bound Co*,

a peak, iollor¡ed by a trougtr of Cu# fon concenttr¡tlon, can bc

deÈccted. fh{s uetlrocl þias beca used eucceeefuAly by Bryeu

oad Ë'rledu"l fo. the otudy of the nstiye ÐtlA-Cu* !.ateractLoa.

(1X{) A ooriff,icatf.on of, uethod (1d} lnyolvea the uge of suffl.efeut

Dl{Ä to produee o plateao reglon tnstÊsd of, a paak of DdÀ.
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ior cør¡eral reasone tire tl-rÍr¡i uetirod r¿aa the one E¿gptcd for tbl¡
Btudy. lietlto<i (f) fu coryilrxËeri by tt¡e fact that ae¡;ireris rataf¡s
^ {+ 9.ttiit¡ ione n-'--t¡¡err¡liy iutro<lucfng aerloûs errûrs, erpecially at loy
_{+i¡¡ lon couceûtrat,Inae. ÌÍethød (ii) fm¡olvee the qleto¡¡rfn¿tlo¡ cf,

thê Èc,tal ra¡nber of ¡poles of cu# lons &6aocfat@d ç*Itt¡ the ÐNA psrk.

(TLe sccæpenyfng trougL riiLL generally be of ilttle eesisÈaece for
aû åeËrêglng procedure aa tire Gr¡# ion concentr¿tio¡¡Ë rlil ususlly be

eu¿l1 a¡rd r.tfflcult to analyec aßcu¡atcly.) rn sddttfon, a llrgc

r¡¡¡sher of tsteJ. cu# foa concGrlÈratfone (hence et¡. aceurlt€ ryerage

toÈ¿l cu* iao eaucoútrstioa) can be detctulned f¿ the ÐNA platcau

regLou for varfoue Dlia coneentreÈlons. as thç cslusû fs tnitl.atly

equllfbratsd rrLËh a coûatc¡¡,t ç,r* fon conccntratf.on, aoy cu+ loo

blrding Êitea oi Èl¡e eepbedein {r€ E¿turetcd ¿t, thrt co¡canttretloo,

therelry elfæirratfng Èhe ¡or¡rce of error eqc.or¡ntered la noth¿¿ (t).

b. SpectroplrotæeErf.c ÐeteruLustLoa of Cu# Io¡ C.ouccnEr¿tfoßs

Bef,ore effieíent revsrsible Cr,# Íon electrodcs becae rvailabla
(ece sect. rv.l), cnr# ion coaeentrútlons çera gsually deterrfnd

rpecÈrophotæetrlcally. Thc ucrrt recGnt opêctrophototêütfc ncthod¡

h*vc bean b¿sed on the forßrtÍon of a couplcx ulth blc-(cycrohcuac)-

oxelyJ*iihydraaoue (cuprfaoa). The cuprfuon-cu# cmpler h¡¡ ¡ lrrsrr
ertf¡ctlon coeff,ÍcLsnt th¡n othffi cflri.l¿r ccp!.e*aerl2 aod cån thercforG

bc ued for ti¡e dGter¡fså.tlon of Lower cu# ton conecstaltfoae, Íhla
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nethod he¿ þeen found to glve anmeloue resultsl3 unlese boÈb PU

and +n'*Õnlun lon conceuEraEforg are carefully controlled. Seireral

aodlffcatlonsl2-l4 of l{llita¡ast and i:iotgaatsls nethod i¡sve 'becn te-

quired to o'i¡CaI'u tire opÈf.urur eoudftl,oaa. The Eethod ussd saa

ecseutiål-ly ti¡e 6&e 8e tbat uad by $mera 
"nd 

Ça.teta7.13

rr¡rproxl":asteJ.y I o1 of ûr# fsn aoluÈ1on was roefghed Íuto ¿

preueigaed I cu epectrop'not@eter cell"' 0.15 tÈl of 1üã ttl-

@trirrg cltrate (diH, ÂB gtade) was then ådded' follor¡cd by one

drop of ãl NsüE to aet¡traliee the eol.utlon snd Eheo 0.5 &1 of borate

i¡trffer, pE 7,96 (prepared by the addltiou of lûO mL of ü.5þí ìbOE to

5t0 !d. of 0,.Si'oorlc acid). lhe cell r¡ae carefully ab¡keu afÈer e¡ch

sddlÈlou to asefet nl,siog. Flrrnlly, 0,15 u1 of fresbly prePar€d 0.5t

cu¡rfzon (AG Fluka, $wl.tzorlaf,d" pt¡tias pe grsde) fû 50U etisuol wrse

added asl the aolutlon rarde up to approri¡¡stÊIy e.5 el by tire addltfou

of Snl{ Kû3. fi¡e cçll wra ttrea reæfgLed, !.werted tmüty Èl¡e¡ slth

pcrafltn beld over the top, aüd the absorbsnea rerd Et 595 m at 20oG,

l0 afnrte¡ after nl¡rlng, ff¡rrerü ¡bsorbsncG'waË ¡cbiwcd af,tar 5

nl"nr¡ten and r¿c cosstsnt for [5 sLnuÈcs for eLL Cu# ion conÊentta-

tfonrs nssaurcd.) Tte refer@ce ceIl ras prop*cd ¿la¡lt¡¡aously {u en

fdentfc¿l tsaoner etartfng froa I al of 5ú'¡i XNOI. tsutlly ei.x sr søyeu

detemlu^etlons $€r& c&rried ant eÈ tbo Bee tLõG. Cortrectlone Ð€aç

ncúa to tlrc ab¡orba¡ee letatrr@eßta for ceJ.l' peth lengthn ¡od ccll

¡beorb¿naes.

Usfng tbie tcchnfquc to obt¡fn the absorbance of k¡mn Cu#
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foo concentratloûs" Èhe ealf.l:ratlon graph (FfB. V-1) f¡rovlded an

acer¡.rete deternloat!.or¡ of tt¿e extfncËlon eoafffeieat of the ecnpl*t
-t 

"r-1. 
Tha &¡# ioa corree,'ttatLoû.5g5 - (1i¡, 4GC t 101) 1. no!-e '

of the ÍûLt{å1 I nI- of Èest soluÈlon cå,8 be readlly calculatad fræ

the dllutlon f¿ctor, Ëhe absorbenee and the ertf.uctlon cocfffefent.

llhe denelty of cr* ioo solutl.one haa beeÊ s"asumûd egr¡al to Èhe

dens!.ty of the cuprlzon-Cr¿# solutloas as, for tlre rang€ of Cu*

fon concsrtratfone stud{ed, ft hAe teen conf,fnt€dg thst êËrotc fræ

thls aesunBtlon rrould be lees tha¡r 0"13. E\reporstfon. frm ttre

a¡rect:ophotometer celLs was checke.l snd t¡dLç,atd a 0.45U loss of

rrelght pæ iiour. T!rcrefore, for the Èlne ÍnÈervale us6d Ln thfs

sÈud.y, ttio merl¡m¡o crror frorn thfe source æuld be 0.1'd.28.

The a"uove ieclmfqt¡e wa¡l usd sscceEsfully for ¿nf,tist (u¡d!.lutod)

ür# 1,m, soncêntratfoas lo the Eänge 2.1$4rt to 1.1ú-5t"{. Fot 1nltl81

soucêsÈtråtfons less thea 4.10-5tí, 2 co and 4 crn celte scre r¡ad, I eo

eelle being uaed for the uore coûcentr'ated solutions. Á,bsorbenee

Esaatrr€n$ts Ttere 4ccurBÈo and reptoducÍble to {4.003 for al-l

absorbaûcea up to 0.4. Therefore, EoaÈ corlcentrations vere accrrt¡tc.

tr +1U.

Spectroptrotonetric DeBer:qfostf.on of n # A th€ Pres€N¡ce of

ÐHA

Gr

The usc of gel e*clusfun chronatography fot thc detêml.natlon of

btd.lng påraüÊÈGrfe for DlfÀ-û¡++ lutcrtetlscs taqufttil Ìhe dotørain¿tlon



Ffg. V-1. Call"uraÈi.ûD of ebaorbaace ¡t 595 m of the

euprfron*t¡r# cøplex, rrl'Èh cu# fo¡

cof,c.6trttl.os.



Fig. V-I.
1

A
S95nnn '

1.0

CI.5

l.t 2.A 3.0 t".0 5.0 s.0 7.0 8.CI 9' 0 1ü'0fi

|"cu**1.'ln5 mrt



116.

of thÊ totrl G¡# fon concafitÍatlon (both frce qnd bouad) ln the

pre6sDcc öf ûf,tlvc Ûl{À, ar neu a8 DI{å. den*tr¡ted ln the ptea¡nce of

Cu* for¡. lÉ wrs therefore n.ccasary to eback thst the cuprfzon

nethod ¡letæted the toÊal Cu# pr"seuÈ ln both ayetena'

(no¡rn @unts of Cus fons nere cdded to Dl&å eolutf-one of flnsl

eoúcêûtretf.on l.t0-4U",¡eae eolutfone bcl¡S dæ¿turcd at ?5oC for

l0 ufnrtes. The Cu# lpn concenÈr¿tfone of theee eolutfols rrôfa

thcn deterafncd by tha ncthod ouÈllned above. the tefirItË tre

8|¡üEarfeêd fa TabLe v-l- ¿¡rd tadfcate tb¿t fn both caec5, thc cuprlzon

¡rethod û6aauree the total mouût of CuS fn colutlous eoûttlnlng DNAI

rcbether 1t be Estf?c ÐñtA or DHA, d,eoaturcd fu the prcBGûce of ft¡* loû8.

d. E¡rpér!.ûtúttel Procedure

rhe rcphadex colur¡r (sec 8ect. YIII.3) tuae elutGd æcrnfght

at eft Eutrr îrlth 400 nl of degaøaed Gt¡# Íoo eslutlon of kno¡in

eoqcentratfoa. cere wae take!¡ not to dl'sturb thß toP of ths sëphrdta

bcd by earefully pfpcttlng tbc flrst 10 El ÍaÈo tha colrm" TbG

rrnaf.ning aoluÈfon tras sdd@d droprfee ßo the top of thts l0 dl

¡oü¡È1on by neaus of a droppfng futnel and pipettc st'f8ng€ümt (8sê

Flg. VIII-1). Uefng thl.s ¡cthod tha top of the rephedcx wea

eotrtffü8lly ua{ntafned, 1avel, enøurfug ohsrP eluclou profflee.

A bfndtog run rrrc fnltt¡tcd by stðPpl[8 tha coluun elutfon Juet

es the l¿ct fr¡etfon of Ct* 1on eoluÈfon Êatêrßd the repbrdGÍrt ônd
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errefully pfpetÈrqg l0 nl of degaøasd ÞHÀ (uaually approrfoately

1.10*4 M*) onto the *ophadex. Flftecn ülñ¡tca we¡ *lloved for

thrr¡al equfllbratfou to 25.0oC btforc clntfou waa begun. Ås tle

l¡ct fractfon of Dl{A Gûtc;r€d thê oaphadex, l$ ul Of the Crr# loa

colutlon w¡r carefully pfpetÈcé onto Èhc colr¡ø¡, lnd tbc Çr¡# foa

fqaer3olr coûûëCted" For' a1t bfding rUE r the Êlutlot retc n'ûs

coütrollcd to epprøInately 20 ul/hr bt the ffne control rFluott

tap at the bottm of the coltil¡s.

Thc colr¡¡'o wtg corrnggted by PIFE tubfry to a eoûtimrously rccordfrg

flow epectrçphototneter (lçco, rcdel IIå., Inetnrumtatlo!¡ Speclalflts

Co. Inc., û.S.Å.) vlil.ch enelyced for Ðl{A rt 2,t5 m. Thfs sr¡ ln tura

coDDOGtcd to a rdrop typcr f,r¡ctfm èoll€ctor ¡onLtorad by o pboto-

electrlc eelI. UcuaLlT sbot¡t I rL of elscnt r¡rs coll'actd ln each

tube whfch ¡ûaB then rr¡rnedletrly seald vith paraflrq. All tr¡be¡

l¡ the DltA pl.etrau rotloa, rs çcll a8 otlrcrË fnodtatcly Prlnr to a¡d

follonlag Èhls regton, werÊ enalyaed for the tot*l Cr¡# loa csnccûtrltfol

Å t;ypfcal elutton proffle ls llluatrttod lt Ffg. V-2.

G. Celeulstlon of r

Ihe fr:e Cu# Lon coæ€rtrntfon (Cr) lr the conccntrâtlon of Gu#

1n the preequllfbreted colr¡no and tres tshcn to be tht concenÈratfoa

of the e4ulllbratLng Cu# fon colutloa. thle lrss cbecked by eualyalng

threc trrbee on crch eldc of thc Dl{A plaËGåu reglon after all erpæflent¡

the eoaccntr¡tloa¡ clreye a8s'cLnt rd{'thfû lU'
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Fron the total C,r# fon coneëDtratton (Cr) Ís the DNA pletean

reglou, the concectrctlou of Cu# boutd to ÐHA, (ct CU), ean bo

readlly ervelucted. The cosceûttatloa of D!{4, (ni)' f.a the Plateau

regfoa (dete¡nfnd by coatlnuoue aualysls et 254 m) vas elways wfthla

0.51 of the conccatratton of D¡¡À added to the eoft¡nn (deternfoed

apectrophotæcÈrically aÈ I"r*). Ttrê latter value wae alreya uaed es

thla r¡as detemlned ¡¿ith far greater accuree¡r atd reproducfbllf.ty

uef.og a Z,etse spectroPhotoneter.

Knorlog tbe tvo quanÈl.tfe" (Ct * Ct) and \' r, the nu¡nbet of
.¡.L

molee of G¡-- bouad pet boee reeÍdue can be calculated as

(cr _ cf)
Y.l

M"?

3. ULIß.ACET{ÎRIrIIGATTOÌT

Erperlnental valuca of the eedl¡nentatfon coefflefeot, Sr'are

ueua|ly extrapolated to aero cotrcentr¿tlou (So) as Èhe laterpreÈatfo¡r

of Èerne fu the equatfon

$= li(t v.2- vo)
Nf

1e vslLd only under theee condlÈ1oçs, lu and, f repreeent thê molecular

wefght and frLctl,onal coefffclect of the øedlmeetLng partfcle, i lE

tbe themodynamfc partfal speelflc volrme of the golute end p fe Èhe

denslty of the sotrveot. However, tt ig poselble to conduct relaÈfve

adlna¡tatfon eÈudl.ee of Dliå, ff the DNÀ Ls uefntafsed at a contta¡E
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conceutratlon, Èhereby eneuring thaÈ there 1e uo varlation of any

iuter-atrarid Luteract{ona dependtng oa concentråt1oe. Tbe eecond

proeedure wae the one adopted for the Presant study as thls enabled

coryarieone wfth earller etudiee and alao prwfded gr6ater accuracy

for emparlng actual erperlnental voluesr rather Èhan cmparLng

Grtrepolated values of So'

Fro¡r s least squeres plot of, ln x egafnat tf.ùe the aedLqentatLoa

eøefffcfeota lrere ealculated directly (see ccmp¡ter progrant Appendlx

2) frm the equatLoÉ

* = J= gg = 1= çt(ln -) - v.3Ú- zdr 2 ð.t 'fl¡¡ l$

vhcre x fe the dl.¡tance of the aedlnent{ng burndary froo the eentre

of tbe rotor a¡d o fs the angular veloclty of the rotolr the

godtüentetion eoefffcfents rere eorrectcd to stendard coodltf.onr usl.ng

the equatlon

s
(l - upt5,*)

v.4
2.5

ïaa
!S.3.

n25 
rn (1 - uPzs)

vhe¡e n* and n'5r, are tba viecoal-tfee of tÞe soluÈion aud Ìt¡ter at

25oC. It ls receaaary Èo euaphaefee here that st So values rere rct

deteref.nêd, the vlacoaity of the eolutl.oa and not that of the solvelrt

was requLr*dl6 (".. Sect. ÌIII..5). lhe rstlo

(t - ipzs,*)

(t - uorr)

was aallno{ to be unfty aa tbe deuelty of the Dl[A eolutfonc uscd is
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L7cffcctlvely Èhrt of ¡rster, ¡nd v doae noÈ chmge rpprecf¿bly vtth

changaa of Èbc DNA coaforrnatfoa.lT

88s11 volrnE¡ (0.05 to 0.10 Bl) of coneentr¿ted Crr# lou

¡plutLon¡ wers addcd rcfÈh callbrated eyrLbßee to wof¡bed ãñGratr of

1.10-4 {p E. Colf. Illttacentrtfugatlon rae lnatfgctd one hørr cfter

ntrlng thc solutlont. The aedLncotatfon cocfff"cients ç€EG calculatad

by cubst!.tuüfag valuec for r, t" ür, næ d nz',* t"utr equ¿tlon Y.4.

To c¿leul¿ta x, i.t l.s Biêcasaary to knor the nrgalf{catlon ftctor, H,

of the ultr¡centrffu¡e optfcr. Aa Èhe acrnsrer (rae Sect. VIIf.Se)

lorvea dorrn the ecLl, thc relatfvc abeorb¿nce of the cell's 1s

rutæ¡tLcelly ræ,oriled agaluøt Èhe dlataace travalld by the GcrñnGr.

the ra8'tflcatlon facÈor uust be dctcrnl.aed fræ Èhe recorded distatrc¿s

thtangh ïhlch the eeanner pasaes for cacb ctrart rpeed, es tbl.¡ dlctaßce

!"¡ obvl.otraly a functlou of the chart rpced. ltre Rost accr¡rstcly

deffnad dfetaûceer both *ctual an:! aagnl,ffec! on th.e chart (cce Flge.

V-3arb) erc thore betreen the edEG of th.e outer referenee noh Qfu)

and the outer edge of thû ln¡rer referenee hole (X..) " The v¡lue

rupplled bv Beeknan for thl* dlstenee l* 15.CI rm" Therefore, tbc

nrgnlffcatfon factor la
(x1 _ xn)

*t-ff-5"20

foz a ehart epeed of I ca/mi¡r at, scaar.rc.r speal of "4.75:i".

Tlie veiues for x r*ere deterrfne¡I froa tbe 50Í concantrttfol

po!.at of Èbe eedfucnÈfng boundary. lbe ¿ctr¡¡l ¿lfstrßcc a wnc

calcr¡lattd by readÍog ftcn the chart (sec Fí9. V-3b) thc il{¡trsce
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of the loundary f¡m the fnslde er-l"ge of the ot¡ter referencc hofe $) '
anil subetftutlug th{s velue lnËo thc eguatfon

ir-r"(_#) _E-
*'G+l#l v'5

144

Thcrefore t
3.gt * \.,¡-6.50+ I 5.20 r GD

whate the dlstaaEe ftoæ Èhe cdtre of tte rotot to the úld-polnÈ

of the celIç, C, R'46 supp1le.ð hy Becknan'

4. RESrr¿tS .ôNn SISCXISSI0N

å. $æparleos of Seyeral lecbatquca Ured fot Dfndlng $tr¡ðfe¡

Á¡ tbe tcchnlque of equfllbrfi¡ur dlalyaÍs cen be epplfed to thê

ctudy of û¡# lon lnteraetfous wlth DIIá,,18-20 the ncthod wae to be

uoed for eoue hígh tæparêture etud{e¡ and for the purpotc of ceoperf.rol

wtth blûdfng nÈudfes by other teehnÍquee. Prelfulrrary studfeo varo

conducted to deÈermlne tha eutent of Gu* btadfng to the ilfolysle bag.

Iï¡e total û¡# foo conceûtråttoa wae nar¡ured both fi¡sldc (-5 ul)

and ontafdo (*20 ul) the diglyels b¡g by coqlcrlng trlÈh euprl¡ou e¡d

rnelyrlog epectrophotoactrf.celly (¡ce 8sct. V.zb) 8ft.1 tochl.ug fot

96 hstrrc et 25oG. lbc extent of ür# fone bound Èo the dfelyefn

tubfng ycried flø 22&.a " Cu* fou conceutratlon of 1.5.104 u,

to 38X f,or e 3.10-5 H colutfon. Às ctr¡dleE of ths blndfue of gu#

lons to DXA funolve the dltferonce botryeên the toÈ¡l ed e$¡ü1brft¡p

Cu# lon corceuttrrtloûs, thf.s dlffeËeDee of,tes bclng eodl¡ ltt€rPtt
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to allor for thc €¡<tent of Q¡# bornd to the dfelyate Èubfng rorrld

obvlansly t{aJ! th@ reage of tu{+ foo cotcentraÈ1oûE tùfch eould /

be uacd ¡nd Èbe tccur,ac:r of any velues obtafned. For these teaßo6o'

and ÈhoeE dlccueacd f¡ $ect. F.1, thfe techntque lras dfecardGd âs

a üean¡ of dcternítfag btudfng ParmctGEs'

ltm other Èeehalqrrcc used ln thl.s study to ùrvestfgate thc

Ërtfve Dltå-fu{+ tntErectlonc $¿tre gel-aelusfou ehroæetograpby rnd

go# fos poteû.Èlouttry. The Cu# coaplcncs of natlve B. Cene and

E. Colf Ð!lÀ, ae nelL ¿s Èhe donetured (E. Colt-çu{+) cmpkx nere

Etudtd by both tcebntques, amd tre conpeted iu Fig. V-4. ft i¡

âpp¡rant thet the two Cec,hnfquer yle1d etrl-lâr reeultc, rltlough

the chrm¡tograpble aÈudiee Íwolvfnç uative B. Cen¡e *nd natfva E.

Colt show a conefstcntly m¡ller extcnt of G\¡# fon fntertcÊto! over

the rangc of, frce c\r# loa ctoceütr¡rtfona etudfed. Íbls dfffcro:EßG

1c further tlluctratd J.n Ffge. V*5n6 by SeaÈehard plota of, the

firteracttog of Gr¡# lons wfth a¡tfvc lllilÄ. Studlas of tha deuatured

(D!üÀ-CIJ+) cornpler by elther techuLque Éelile rfnllæ rerr¡lte (Ftg.

V,5) o although any pocolble dfaparlty betn€eo Èhe c¡¡o technfqraa Lr

n¡skcd by the latge reatÈer of tenrlta. The re¡aoa for thc eürü but

detcctcbla dffference bet¡seen the bfndfag studfea deteEillncd by the

trm têcbnfqure fs not clear, but mty bo due to Ðom¡n equlllbrlua

effccta rùlch oceur ln gel-cxcluefon chronatogtaphl encn though

e¿leulatlons fndf.cate thst thfs cffect Íe nagllglble 8t Èhê

cotrcGûËretfon¡ aad eoad{tfona uaed tn those studfas,



Dlg. Y-4. ËÍliltag of Cr¡# Íons to D!{A fq ht{ KIW3, at 25oC.

I$¡tlve B. terua s potcûtfaaetry
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Ffg. T-!. 8e¡tch*rt plote for thc f.ot€m€tloa of ft{+

foat rltb B. Cel1 DHA fn H{ ßml ¡t 15oC'

Potcctlæ¿Ërlc atnillec of a¡tfvc E' Coll,, It

rorl tÍqglc rtrr¡d dæatur¡d B. Colf (hc¿È

døea¡r¡d, carðfcd at Zoc, 0; df.luËlot

ücn¿turcd, rtudicd et t5oc, g¡.

I¡tct ü.

b.

CorparfcoÊ of potoûtlonatrfc, l, ¡d

chroratogrephlc, I, ÊtËdlcr of qrÈ1vc

E. Co11 DE[.

Coryrrtreoa of potcatÍæGttlç, ¡, rnd

chaoB¡Ëogsephfe, *, atudle* of, tha

dea*Èurcd (8. cog-Ct#) eæpla,





Fig. V-6. ScaËchard plot for Ëhe inËeraction of Cu#

ions wiËh native B. Cerus Dl{A in 5nl"l KNO3

at 25oc,

0, studied by Cu+ ion poËenËiometry,

+, studied by ge1 exclusíon chromatography

and sÍngle-strand B. Cerus DNA ín 5roM KNO3

at 2oC (O), studied by Cu# íoo potentiometry.
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Gr# fon potentLmetrlc stu¡lLçe wcre uaed in preferenee to

chrøatogrrphlc ¡Èudfcs for ce\retal Ì€aeoae. Thc æcthod of enelyefa

for total cu# fone fo¡aed a lo¡Eer f{alf of, cr¡# {sn coaßcntrat!.orß

-Rof l.tO-¡lt uafng the c,træatographfc uethod" whfle the Cu* fon

clectrodc €ateúdd tbf.s la¡Eer lf¡Dlt to l. ta'7u of free eu# fone,

thercby enabllaEr a ûorc cooFlete Ståtchtrd plot to be obtefaed (eee

Ffga. V-5'6). ThLs 1e ao lnportaut pofqt ae thß accurec¡¡ of euelyelc

of theec Sc¿tch¡rd plota fncreases efgnfficantly thê r¡lder the reuge

of bfndfug that fe ßtudled, Efffcfency $aF thc eecod dectdlng fssur

¡s 20-30 deya w*re raqufred to obtai.c chrmatographf.c btndiug dlta

conpareble nrLÈh thêÈ obÈÊ:tned !u one day uslng the Cu# f.on cleettrode,

b. lhe Blndlng Patcoetere

Potentfotctrl.c stud,las of tbe stcút of cu* lon bfndlug to e
¡rnßê of varlouc (G + C) conteat ül{Àts h¡re beeu pteeented Ín Flg.

v-7, rt. crn be sesn that the naÈfve DNAra nay be broadly clo¡atffcd

ae poly dGrdG, ll. Lycodêlktlcr¡s > E. Colf , B. Canrt > pol¡ d^à1,

wfth reopcct to thefr afflnlty for Cu# fqaÊ.

lte C¡r* foo bladfng data for the dlffercat Dt{Ar a hna bcen

prcseot€d ln terns of Scotch¡rd plots {n Flge. v-5r6"8r9. Ilbere there

1a eny clril¡tutre of a $c¡tchard plot, ft ls ÉeeeÉaaty to e¡tabll,sh

r¡f,¡cûher thie 1e due to aa ftÈer¡ctfon bcÈrsaan norr-Índep*rdeat lltar,
or Èo the prceeace of oore thaa one type of ¡ltè. For tbfg roaaon

thr d¡ts for the u¿tfvc E. ColÍ-Cu# and nrtlvc poly dG:dC-Cb#
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íntcractfons ln 5ûM KlllOa (FÍge. V*5,9) heve bcen re-plotted (Ffg.

V-f0) w:tth an alectrostatfe correctfon functlon {aec Chapt. III)¡

acawúag that any Lrteractfon betwaea the eftcc la conpletely

€lecÈtostatfc 1n uEture.

llre electroetatl.cally corrected Scatchard, plot for É. Ccl1

l.s eleasly non-lÍnear, vhfle Èhe plot for poly dG¡-dC ic l{aear. If

¡þs {a{ffcl aaarmpttons regerdÍng tha f.nÈsrscÈfon ¡rG adequete (1..e.

th¡t thé Lntet¡ctfon betw€ep' the sltec l.r solely electroptatfc Ín

EaÊurc and that tbc €16ßt¡o¡tatlc funcËfon uscd f¿ rccurate), thm

Flg. Y-I0 f¡dÍcatea that poly dG¡dC cor¡tal.Bs only one typo of ft#

f.ou fatcreetfng uftc, tùfle E. CoLf contalug Èrco or sorè ttpea of *ft¡a.

To cheek tbcse eeørngtfone, Èho gme data for E. Goll ¡nd poXy dGldG

(Flgr. V-5r9) h¿vc bee¿ rc-ploÈted ln Ffç. V*ll ¡ccordÍug to equrttoa

rrr,26. at f - 0, Ko . l.6.to4 arø 1.6.105 f,or E. Golf aud poly dGtdc

reepecttvely, l.n cxcellæt ¡greørËnÈ rrLth the values Ko - 1.2.104 e¡¿

1,3.105 detcrntned by an*lyefng the clectroatatfcally corrêctêd dat¿

(Flg, V-f0) aceordlog to tbe aethod outlfnd ln Scct. IT.5. The elopa

of tbc ltnc¡r plote ln Fl.g. V-ll, r,øt, (8.0 and 5,5 for E, 0olf aud

poly dGsdG teapeettvely) lc e parmetGr repreeentLng r1l of tha ty¡rre

of fater¡etfon¡ bct$G€n Èhe eftca, aúd c¡n bc eourptred vlÈh tbr v¿lËc

of 13.4 u¡cd rreinlog rn apÞtor{q"etG cxpteealoa for eloetro¡t¡tLc

fntatectloa cxelusfvely. &e escellent egre€acût of thG t$þ

dctcrnf.¡atfons for Kor åd thê approxfûsÈe rgrGacnt for the ordcr of

ragaltude for tbo l,oteractLoa Far.letar coaffrn¡ thÀÈ the $c¡teh¡rd
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plots of n¿tLve poly d"G:d,Ç ar¡å uatfve E. tolí uay be loterprcted fn

teros of one and uore thsn one È1Ae of Cu+ btndlug ette recpectlvaLy

t¡hen !c Sn¡t KIm3 at 25oC. å- eimflsr rnalysLo bae been *ndertekæ to

conffiro Èhe preseúce of no¡e tb¡n one type of Cu# Loo futeaactfug ¡ftc

on L Cenrs and lI. Lysodefktlcus" bsttr of rhlch exhlbit u¡rkcd errFyaÈuae

of et¡e Scatchard plot.

thc Sc¡tcherrt plote tcrß analysed accor,tlfng to the uethod or¡tltûsd

fn Sæt. IV.5 a¡d f.od{eatc tboÈ all of thc Eatíva DtïÀ-q/+ lntcractf,ons

eas, be eccounted for by r r¡xfun¡a of t$o t¡lpee of ¡ite¡. tbs bfudrng

parsneters fot thcee lstarscÈfoas heve beea ll.eted tn Tabla Y-2.

The rost scctrr¡ttG {ctera{natfon for a, thc nu¡¡bct of elteå pcr reeldue,

Le obtafnd frm fhe clsctroetatfcally corre€tcd Scrtchard plota ea

thGy psstecs 1a3e curatüro ttraa the uûcorÍectcd plota, thercby cnebltng

r @ra ¡ccurste e*trapolrtlon to obt¡la a. the apprelmcÈfou f,ot the

clectroetrtle functloa úoes ¡ot lnfluaacê thè runbet of sftes

det¿n¡facd fræ euet¿ plots (see Ghapt. III). O Ro value for the

sürongar ß. Col¿ ÞEA-ft¡++ conplecr eould not be obtetucd as ühs rangÊ

of the phoaphaÈe cbarga 1e llnftst by the r&rge of r v¿I"ues for rhfch

th{e lutGrectlon ocotrrg (Ffg. V-ll),

îhcac ctudlec cleerly fndÍcote that natlvo DliA fa Snþf KtÐ, cmtalnc

trro typca of Ctr# blndfog eltce, aapportfng the eonclu¡Lon resehed by

rm¿ eerller *tudissrl'2'21-25 *n fn co¡fltct vfth other eridoncc

fadlcetrsg ouJ,y oae typc of ¡fÈe.26-28 Tbe totrl unbcr cf ¡itc¡

deterplsnd for E. Goll (n o 0,48) eonfine the rpprrorlncÈe valuc
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FÍg,T-tO 0.42

ll.g.Y-ll

rtz b Eo

tz. l0ô

s.5. loÓ

g.0.104

Eo, l.A.lot

ßo, l.6.104

g.0.104

l2l.

\

J.t0;
23.106

15.10

-10. I

6

CI6

g r 1.3.
o

Ru, lr6.

0.[]
0.43

o.¡10
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detGrülg¡¡! by Sryen anil Erfed"ol ¡n - 0,5). The eppaleût stabfllty

eonctant for the weaker ß. C{t!.f complex (K - 8.tCI4) fe alao ¡lnllar Ëo

valuee itetemlne¡i by ßach and ì4111er27'28 (K o 6'1c4), by Bryca aud

Frfeilenl (l-3.ttt4) and by Yatefurfreletf et a1.24 (* - l.3.to{¡, elt

uefng different teehnlquee. the on-e deter¡rinatlon for the øtrongGr

fnteraetloJ4'2g (K * l.5.Ut7¡ ågrÉG6 part!.cnr1arly well wlth thc

value detemlned ftom the present otudy (K - 2.3.107¡.

lbe fntetprêtetLon of the cæpleres aseoclaÈed rJ.th tbese

fnÈeractf.me l-s dlecueeåd la detall la the followfng accttoa.

c. Dependence of the Bl.ndfng Peraneters sü thc (G + C) Coateat

of l{atlve DNA.

Ttre sr¡nlet of altea Fer realdue, n, fo,r thè fuËelactfon of Cu#

Looc wÍth natlve ÐF,Å (Table V*21, anrd the fractfoa of adJacent guantre

reslduee {n the DEA (deterenfured by Joaae ct a1.30 by ncareet nåltt}bor¡t

eaalyces), hnve been plotted 1a Ifg. V-12 agaÍnat tbe (G * G) conteuË

of thc Dl{À. The staflarfty of the f¡actfon of eÈrongcr fnËcr¿ctlng

elteg end the fractlon of GpG groups euggeste that ûnÊ Cu# bhAfug

sitce Ber resfdue corrtrpnds to €rery GpG group' fdlcatlug e

tss¡rdç-Lcht type coopler prcpoeed by Schtfebcr ¡nd Deusc (lae fl.g.

II-7). $uch cmplexee 8rë rêpreeeated bclor¡ for poly dGldC, f,or

rhfch n çurld be 0.5. Ëoræet, fron an e¡ca"'lnaÈ1ou of e ¡oleqrlsr

del of DNÁ,, lt appeare th*t tt fe eterêoch€úcfcelly unfe¡efbla for



Flg. V-12. Vrrlatfon of the rr¡utrcr of Cu* bfrrdfag sltes per Dl{A teel.due rclch thc

(G + c) contcnt ¡nd thc {ipG sontent sf Ðt{4.

StrodgGr frterretloa,
30Fr¿ctien of GpG recfdues' #)-

Wcrker fntcractiea¡ cxperloenÈal datar A

catrculetodr ------

loteL ruaber of aftae; expertneatål datÊrtr

calculated t'
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cuch Cu# conpleree to forn ou bsth afdæ of r guanÍae residue ¡rbere

€pG grouplt .t€ edJacent to each oÈher, tþe ue¡tnsn nuaber af staonger

fntcrrctfng sfÈeç of poly dG¡dc ie theraforc Ð.15 per re¡iilue df

each guarrfae reslcue ls Í[eolved fa only one rcandvfeht type cooprex.

Âs cu# cæplexea betweoa adJocent cytorfne resf.dueg havc bc¿n

fndfeated fron cu# bludlng ¡tudtae of por.y c ($Gct. ff.6b), it
appeats probable that e afn{lar tçaodwfcht type cøplex LuvolvÍug cpc

gtoupË wqlld accouat for aa addltlon¡r 0.15 sLtes pGr rceÍdue of

poly dGrdc, the total nr¡uber of eußh etrong interactfoae befng 0.5

per reeldue, oinllar to thst deterqrrned æperlneotquy (0.42) for
poly dGrdc. rhe ûu* bfadiag slree rhcr*forc propoacd for poly dG¡dc

&.rc reprsEested below,

{+

-c
c-c
\*-

The n¡nber of ¡f¡1lrr coæple¡ea fn otber (G + c) cootaat DNA

h¡s been lfetcd fa Table V-3, esünlng scl*ctcd hypothet!.cel Dl{¡lrs

contaLnflg rapeeting groupr of tfrrenty bcoc pefrs (Í.e. A0 rcrlduse), tru

r¡hfch occur tbe GpG sequgnß*s lndfeatcd Ln the table. thaea values
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Selectod cqtleEGt¡ P€f tfrÊDty
bear pofrt

"-4G---*
--c0---

00
@--æ

---€GGf,r**cccc-

Ftr¿tlon ef,
GpG gro¡¡p¡

0.025

0,05

0.o75

0.03

0.10

0.50

ìtnbor ot
¡ltGB pla
rceldsc

0.05

0.05

0.10

0.10

0. l0

0.50GG@GGGûGG etc.
cccccccccc

(poly rlG:dC)

lcÞle T*3, 4Ër¡Èfoa bemec thc f,rretlon of GpG grorpr ¡nd tba

umbrr of fnuúrrlcbr typr ft# eelplrma proilfctod.
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ahctr thåt there 1c a close çfoflarlty, but ûot a dfreet co¡rcl¡tlon

bet¡reen the fractfoa of Gpê groups aod the u¡u,ber of sites Flth a

Xerge afflnfty for &r# foes, The sßå1l ercece of thc ¡¡sber of

theee cftes th.an Èhe fractlon of GpG grqrps, eepaefally for DlIAre

eoutalnlag few OpG reafduÇr, hae alsç been datected erperfsmtrlly

(sec Få9. V*12), suFportfug the isterpretâtlon ebsne of twc t5rpcs of
tgardwlchr coaplexe$.

IChether oae ot tvo t¡rpea of rsand¡rfchr cmplcorea oecur fa u¡tfvc

DtÍÂ. nay later be uaablguouoly reaolved frc, Ct¡# btndtng etudfc* of

pCpG ard FCpC, a6 emparcd rEfth pGpcpG rnd pCpCpC, the l-arter trro of

¡rblch are {*rpêcted to ÈoûtsftE the ssøe m¡nber of atroagly fuÈoraeËfng

eoarplexe.a as the f,ltst Ëhror a6 ¡sell ca one guaaiac-ül#-phoephate

t)rpe complcr for each guanl$e ttfucr. rf e &r# cc,nplc= foraç beÊvêËû

all GpG Eroups, thc pCpGpG grouF contafûa twf"ee r8 nåtry rtroagly

fûteractiu$ cøplaec sa th€ pÊpG group.

lbe faÈerpreÊettonn. aborye of çæ typ€e of raendnLehr cqlcrcc
for tbe Ëttonger Later¿etlon fs aceøpteÞle onlt ff tne wru luteractlona

h¿se sluflsr afffu{tlee. Ü tUls fc trot the ceae, seprr{rße fnÈcractloo

rrould be ældaat frss the &r# lo¡, tltratío,r¡s (l:E oae Êtabiltty eonstflt

wae n¡rch gteêtêr the¡ tbc other) or fro* tbe Seatchard ploÈr. Stuilfes

of ttrc ûr* ,"on lnÈerectlon r¡lth polyrucleotf.des i¡óie¡te that tbe tuo

ctabLllty aonctaûts arc of a afuller order of uagaltude (f,rm raþlc

IY-3, K - 108 ¿nd 1Q7 for thc ccnplcuee of poly C ¡d poly c

rGspcctlvely), s¡rpportlsg the ¿bove latetlpreÈstion of the stroagcr âr#
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Ínter¿ctíng aftee of D}lÀ.

An l¡terstrend coæplex trrldgcd bctrùGat eåßh G - C beee prLr

l-g exCluded fcr two feåtots. S¡Ch e cmpl+:< lg not co$s{atÊnt rrttb

Èhc obactvd nuuber of etrongêt fuÈc'tactfng sltes e¡ the copla

çqrld forn betryeen ell ç - C bcse palrl, and nor¡ld thcrefore noÈ bc

proportLo'ßâl to the lE¡nber of, adJacerrt guanLne resfdue¡. Secondlyt

cooplesee çlth afftnftlag efn{1ar to thût obgewd, for Èhe atrong

G¡* Los fate¡aetlon rÉÈh DI{À oceur wlth singlc-strand. poly G eud

poly C (Chrpt" fV), lrdfest{n$ tha fotaatlon of fntra-straüd tsd

l¡ot ÍnÈer-etrand conplc*ee.

T[rc rreeker Lr¡Ècractl"oo nay aleo bc latcrprotd fn tet!¡ of the

(G + C) content of llltl. SÍuee G¡* loue fnteract wltb n¿tfve

(doqble strand) poly dAT (Flg' V-8) 'rtth rn sffLofty ttaflar to

that for Ìhc weaher fnteractfon rrlth other DìtAr s (Tabl.e V-2) r å¡dl

slncc ft fs knøro that Çu* los¡ fefl to fnteract eÍgnlf,lc¡ntly rftb

thG th¡¡Dfnè or urfdfne resldues of Ít{F, llHPo poly U or poly rI (cec

Sect. IL3a,b), Lt áppaare th¡t tha lnteraetloa vlth Pol¡r dllJ[ f.¿ due

excluaf.vely to an fnterâeÈfon wlth the adrnlne rc¡fduae. ås poly

d.å! la en eltera¡tfüg eo-pol¡æer of edenfne aad thyllne rcslducs, tha

coaplw ap¡reats to be thc edenl.ne resldue-uhoephate tyPê chclate

(Rtg. rI-5) ladlcaùed bv etudfea of the fnteraetlon of Cu# fone

v{,th d.û}Tp (8ect. IY.6a). The sæe motmer sf,udica lndla¿t¿ the

predæfnanÈ eff tnlty of or+ lona for dGHF (Table IF-Z) ¡ *rggelÈ{ng

thet å at¡¡flar guanlae reaféue-phocphate type chetatc (Flg. II-5)
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Eay also cccur tn DNÀ. hanlnatlon of a moleeul¡r ¡aodel of Ðl{å.

shove Èhat sr¡ch eo'uplexes fuvolvl,ag tba Il, groups of the guenfue and

adenfne reeídues, aad the 5t phoephate groupr¡, are poosfble. There le

no en¡ldence frm soy sqlrce to suggeet that ladivlduel cytosine

resfduee are fuvolved ín the saaker ûr# f¡teractlon wfÈh ÐHÅ. In

facËo tEolecular ¡sodel atudles fndlcate that a sfmLlar cytoaíDe regldue

phoephatel(3r or 5t) type chelate fnvolvlng rhe N3 group (eee secÊ.

II.3a) fa unshle to fo:m due to t,lle stereochemletry of the groups

tnvolved,

If the guanlne and. adenlne conplexes Errggeeted by thê abwa

evldence cougtitute the weaker aatlve DNÀ-fu{+ coruplex, then the obeerved

lnteraetlon froaa the ScsËcherd. plot repreeenÈÊ the everagÊ efffniÈte€

of the trilo laterect,loas whfch nuet Èherefore lxlsaeas e{mflar stabflLtfcs.

3he apparenÈ stebÍlLty constante for the eæplexes of Cu# rrlth dG!'rp

and dAùIP are 1.7.1$3 and 0.3.103 recpecÈively. an enhanced etablrfty

of sucb eoupleres fn D!IÁ. (K - s.lo4) fs aot unexpected ln vfew of the

electrostatlc effect of the DldA pollmer, the effect of r boadLng

groupÊ of the bese resl.duea both abæe end, bel,qw the cu# couplex, end

changes of the baeÍcfty of the reactllre sftea of the Eononers nhe¿ 1a

DILå.,

If the Qr# f.on fnteractÍone oceuûlug rdth nstf\re DNÄ are the

four typea of eonpLcxes dlscr¡eee¿ above, theû the expected. nr¡uber of

Cu# bfndfng eftes can be eal.euLeted ae a funcÈfou of tbe (C + C)

coûteot of tÞ¿e DNA, (Î¿ble V-4). FÍg. V-12 ehor¡a that the
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FreeÈf,ou of $fte¡
GpG cpG G

Ila D n +firar
åepc

ar

23

50

7S

&7.5

100

Tablc ü-4.

0

0.04

0.05

0.15

0.25

0.5

0

û.02

0.025

0,075

0.125

a.25

0

0.02

0.025

0.075

0.125

0.25

0

0,0s5

0,10

û.1?5

0.1875

0

0.5

0.375

0.25

0,125

0,06e5

c

0

0.04

0,05

0.15

0.25

G.5

0,5

0.ô6

0.å5

0.35

0.25

c

0.5

0.5

0.5

0.5

o.E

0.5

Celculstf"ou¡ of the atronç (n")r veah (n ) ad total

(a, + Ç lunbcr of Cu# btsdfag eLtee of ûrtfvÊ DA¡l

at lü0 fonf.c strecgth, esætng ttlat elf gpG â,d cPC

græps are able to fora aËrong emplete* rlth &r#.

t See dfeenrsÊfoa on p. 129.
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espeElfleutally daÈernlned p¿ü&etera fft tha theorêËÍcal curva for

eIL of the DlTAts studLed eÍcêpü poly dAÎ. ffslecul¿r nodel studles

fndLcatc thet Èha ueÈhyl groups of the ttr¡ræfne rasl.due* both above

rnd belo¡r tach adenfne reeldur provfdc s EterËochø'lcal banlcn to

the forn¡Èlon of, a Cu# conplex at thc Ai Uoeltfon of the d€ofn€.

rcsfdues. Complexes rrè thetefore Lfkely to f,ota only lf eec@prnlcd

or ¡rteceded by ¡ufffcieuÈ þase recfdue r¿-orleutatÍon to raotc tits

thynlne ucthyl g oupr frso thefr poeitfou adJaceut È6 ths N7 tFoup

of gdenlna. 8r¡ch a lla{tatlon probably accouat¡ for the prs3cncc of

only e fractto4 (0.15), of the oxpccted u.¡uber of eftes, (0.50)'

pcr recldue of såtlve poly d-àf.

fhe fit of the experLnentål data to the calculaÈcd rtqrl.cr ¿f

ãftßr provLdee dlrect at¡pport for the fout typee of Ca# complcxcr

Euggested fron theee sÈudlae for t1¡e ü¡Èfve Dt{å-fu++ lnÈcracÈion.

The apprrent lnabÍllty of Crr# to fo¡:¡n a rs¿6fri*!.eht typt complæ

"oet¡reea adJeeeut adenlne reefduea ln uatfve Ð¡TÀ ilåy be accotratd for

Þy the rrrabllfty of sneh couplexes to fo¡n wlth double BÈrmd

poly À (Sæt. IV.6)¡ and the f¡ct th¡t coaforratíotr¡l chrngea

acÉ,orlpauylng Èhe otbef lnteractfoac nay also preelude tbe fotrrtlæ

of such eocplæes.

the prenf.oue fndLeatfons of thc füport¡ncc of Ètre (g * G) cottaaË

of Ðtla lu DXA-cr¡s corpleoree (t4,31-34 w,32 orD33'35 .o¿ cp33) apÞåár

to ba due to the apparenË dep€adence sf the waaker fnter*ctl¡n on the

guenlne reeldua eoßtsûÈ sf Þl{À t!, thê (G + C) eontent r.sgÊ fror 15
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to 75f (aee TaÞJ-e V-4), the reglou urually lnroerlgat¿d becåre¡

of the (G + C) rnnge of Ðt{Ars oornaAly Enailable. Iû addiÈ{,oa,

Éhe stro[get fateracÈlou appc¡rt to l¡rvolve both guanfne and e¡rÈocfne

reglduëg.

The LnterprctaËlôn of the stEonger aud rsaaker typc8 of eltcg

contrsats wlth ttre aeslgæcut by Y.etsLufrskfl- ct aI.24 of the coupre*

cesÐcfEted wÍth e¿ch of theee fnteract,loss. Oa. Èka hasLe of kLoeÈfc

etudÍes they have coucluded that the atrotrgeï íntereetlo¡ l"uivolvee

tbe phoapbate gïoüpE, hrt agrec wlth the pîeõênt study tï¡ot the

¡reakor {uter¿ctLon fnvrolve¡ thr beso residue¡" rt lú sfgnlflcent

thet Èhelr fnterpretetlon of Èhê sÈrongGr fnter*ctlug eon¡rlex waa

based ou egvera"l agsr¡Epttons rrÅthar¡t a¡Êy supportLoE vslflcatfon.
fireir valuec for cbe aFparenÈ eEeÞflfty couatantg for thc tno typce

of cmplex fotaed with natÍve üNiÀ, 1.5.107 an 1,9.104, sgree

reasonably vell wtth the v¿lue¡ cletmlucd in the prêEe¡¡t etudy for

¡nÈfve E. coll Dl{A, 2,3.107 an¿ 10,104, irrespeetfvc of, ttie osetgment

to partLculrr typea of complexee.

Theee results üupport the ob¡ewatf.on by altøcn36 that rrbelled

Cu# snd ug# tr* doaa not appee.r Ëo e@pêtê Ëftsh c¿ch other for

bladlng efÊes on saÈlye D1(Â,. rt fã ûow apprrent thrt alnoet .ll G¡{+

1trtÕËrßtfoû slth netfve DttA Ínvolves the bsse resfduee, vhflc orly a

¡lnste ¡nqrnt (cpparent K - 50, eec $Gct. rv.6) cmpeÈes facffactivaly

vlth ugs loue (apgerêat K - 2.rc4)37 for the phospharc sttes ¡r Mt#

Loas are know:n ta fnterrcË eaaentlally ¡rlth thc phoaphete Srorrps
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(eee Secù. II.6).

d. roafc g¡sengtrr Dependenee of the ßlnding paroeÈcrs

Ae a@e eryldence has beeu preaorÈcd in thts ard othcr eÈudfcr

fudl.cating the l-uportsûÊê of the charged phoaphatc groupr ln ûr# ioo

l^ateractioae wlth n¡ttvê Ðl{a (eea sect. rr.g), Lt wae aeceasrry to

Íweetlgate the veriat,fon of thc btud{ot pat¡¡netera rrlth foulc rtrength,

PotentLæeÈrfe etudLee of the co# {ou fntcrectfoa r*fth n¡tiva DNÀ

et varloua lonl.c ËtreDgths have been llluetrated ln FLg. y-13. The

btûd{rrg prr@GËere deterala¡d fræ the preeeut aEd other fuvestl-

gati.oEú ara llatd f.u Teble v*5, ônd lrc plottd agefnrt fonlc g¡¡áñgth

ln F1g. V-14.

rt f¡ ¡ppârcnt tbat oné type of slte eppears to bc fndcpendent

of the fonfc etrengthr eonflrrtng ef&Íl¡r reaults obtalned uefrg othêr

tecirnlquc6.2'28 lùoveyer, tbe m¡obcr of er"Ècr at bigh fonLc rtraûgth

dfffers concl.darcbly fron thst dêterrtucd by $cbrfeber.rud Ðarrne? ud,
although the fonfe stgeogth depcndence lc s{!i{lar (Ffg. V-l+)r the

appatcnt Etrbllfty coosta¡rËÉ dfffer uarhadly (tcble V-j),

Flou lable v-5 f-t can be ea€û thåt tha lr'.itfug v¡Lucc of K

dcte*-u{aed by dtffercnt proceduree aÊ hfgh toaic Btre$gthø very frcn

1.103 to -2.105, the valuc dcternLned. fn the prcEest rtudy belw

-1. lt4.

rt ha¡ becn concludGd fn the prevlrue seetl.oû thaÈ tbc Etrongca

l¡tcrrctton consistc of reandwf.chr Êypc coaploaec Lavolvtag adJecennt
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guüût$c réBldrres aad adtaeent cytcal¡E rerldueu, nbl.le thc ryrakar

fntcråctton fs ¿ttribut€d to guanlnc-&r+-phosphate and ¡denfne&¡++-

phoaphete ehcl.atee. As thê atronoger fatarectfou ls elfofnsted at hfgh

fouf.c strengths (lable 1'-5), oaly tbe weeksr type of eæplexca exist"

Tirls fs ptobtbLy due to conforu¡tlon¡l changee that occur to DñÀ on

ftcreesrng tbe torf'c dÊEe¡rgthr33 ." stuallcs of tbe llttå, ædel LnÁlcrte

that tbo t¡and¡slchn Èype couplex wflt be Eota susceptl.ble to

coaforqatlonsl chaagee thau tha monmer typc lntêreetfot¡. gueh ¿

eoncluaLoa le oppoelte to thst propoecd. by Sebrleber snd Ðartucz sho

fnfer that the feendslcht Ëyp. empla reu¿1ns eÈ h,fgb fonfc atreugthe.

Eæwer, the above propoeel cen be cupporÈcd by seúæa1 Lfaes of

èsldcnee. tlectrogboretfc uobllLty stu fae40 of aatfve DttA havc sbürn

thrt the efteetfve cbarge oa the phoepbete Eroups Le noÈ altercd

apprecl.ably on Íncreaelng ühe loulc strength from 0.02 to 0.21t. It
fe therefore probabl-c that tbe base rcsl.due-phoephate altec wlll poeacse

t{l,llar afflnlÈLes for ûr# Lons at boÈh 1s¡r aod hfgh lonLe etrægthr

es lt ha¡ been Eho¡ru thet the phoaphato grqtpt appeer Èo be lwolvcd

ln ¡uch eøplexea (see Scct, II.3a). lte obsew€d stabllfty coasÈsnts

for the d$f--cu++ lntcraetfon, l.7.fd aad 0.8.103 fÊ 0.005 åsá 0.I5!t

KlÐ, recpcetfvcLy Bupport the Froposale sbove. In addl.tfoû, ertlEf,têe

frou the daÈg collated by Phfltlps{l *dl""ae th¿t e sLallst decrc¡sc

of the atabfllry coDsÈant ôecura for the dáI{P--Cu{+ ecnple. the

telatlvc decresee of K for theae uoaooucleottdc¡ le efallar to tho

decrel:e of K frm 8.0.104 ta 2.4.1t4 fot the tlecker fatcractlo¡ of
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$¡# fons wLth a¡tfve DHÀ tu 0.005 o'd, 0.1$'t W3, elecrly

fi¡pporttag Èhe propocal th¿t tbe weaker n¿tfve UltþCu# fntaraetlon

tlçolve¡ the beee reafdue-phoeghete type Ctr# chelatee. IÎ¡a reason

for the dlfferencc of the afflafty of û¡# fous for the uo¡lo-

n¡rclestl.dea, effiFaEed t¡fÈh thÊ saae elte fq aÊÈ1ve DNÀ, haa been

df.ecüseed earlfe¡ fn Sect. Vr4e'

lrs tho phoophote charge of DtcA doee aot vsry apPreclably vltb

loo{e otrength ln tbe fo¡¡l.c strcügtt¡ rêagÊ ðtudledr40 tho stabtllty

cosßtârrt for tlre weaker fnEeraetlou wlll vrry only ¡rfth the

alecÈroctatLc poteati¡l of Dl{Â, provI"dGd thr.t no confonatloüsl

changee occur to Dl{å. 6s a result of lonfc strmgth chtngee. Iû thLn

epectfle eate, tt can be eeen frcm cquatfor¡ III'9a t'h¿t å8 I + *,

K + 8,. B¿ch and llf11et27 ttr. dete¡a{ned a K- valus us{ËB Ê,hLsoo
procedure. EowwÊr, ae 1È fe kno$rr that thc DÎ{A c.oaf,or¡sstion fe

altercd by a¡ lncrease of the fonlc atren&thr33 tue eÊcrrâcy of arch
{

a Ko velur (1.5.10') Ls unkno¡cn, but doae not coap¡Lré rell wlth Èbe

value (2.2,104) dete¡atne¿ usfug an dectroetatfc funcÈlon corrcctlon

(Flg. V-lfÌ) and a velue (1.6.104) deternl.ned by e graBhleal Btoeedure

al.lowlng for at.l typeo of fnteractlo¡¡ between sttc.c (FfB. V-11)'

ê. Eyperchrmlefty SËudfes

lbcge aü¡dlc¡ rpere udettåkco La an rtt€npt to rclate the blndln¡

pan$et€ra for tbe aetive Dltå-ûr# lateractLoa to hJrperchtmie end

aedf.scsÈettron chargee" Tbe proeedure used for the deteruln¿tl.on of the
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hyperchrøaicltlee s¡a ldentlcil to thrt doscribeü for ctnflar ctüdfe¡

lwolvfag bmo-polymrclaotfdee (Scct' IV.3b). the det¡ hre beeo

ar¡¡narfncd ia F1g. V-15 f-n the foru of a plot ef thø hyporclrmicfÈy,

E" r$alnet R. The h¡rperch¡ælcfty etrdy f.nvolvf.ag poly dGcdC wse

llnfted by eggregetlon (uhea R > l) ¡drlch t¿ss deÈectd by a decrerring

rbsorbæcc otr stand1ug, but çt¡fch cor¡ld bc ragwretated *È any Ëfne by

:hakÍag the ¡olutfoa. åggfcgattou ras sleo detectd by thle ncthod for

E. Coll and if. tyeodelktfctrs lll{ , when R > 4.

Th^e hypcrchromlcltf.ee of tlreee futerectfooe vere fndspendaut of

tlne, fn agreemcnt ¡rttb all earlLÊt rêDorte (aee Sçct. II.2a) erccPt

for that of Bryan ¡nd &ledan"l Åe ¡ tlne depe¡dence doee oceur wfttr

the slnglo etrrßd polynnrcleotfder (see 8act. IY.6b), 1t uay be tbet

thc DHÀ ueed by Bryeo anqt Frlcdeu. porgesa.a aoÉe al4gle-etrard

c,lræscÈer, r possfbtltty úgo lqdfc¡td by aumalously hlgb

byperchræfcftl.ce of thefr r'Éltlvc" DüA-Cu# eæp1eu (diacuted 1a

Sect, II.2â).

There doee not appe¿r to b6 rny oÛvioue relntfou betweea the

hyperchrouf.cfty of Èbe platcetr regiou rnd the (G + C) eorËG=nt of DNA

la coatra¡t rfth Èhat obaend by Sfnner .od vuno.r.32 The value of

l0-20I for thc plaÈeatr teglon of Ì4. Lyeodelktfeur ls of r ef.nflar ædcr

of legnftr,rde to thrt obrewsd by otbere3z et 260 m ulth the ¡uc DHA

tn 6d{ E[0, aÈ 25oc. Ttre a¡tfvo E. ColÍ-G¡{+ cmple e¡rtrlbl.ta an

l"soabe¡Èfc pofst at 259 n¡ coaffruln8 carll* fêpottr of thfs
Iphcnøæn.-



Flg. V-15. ãypctrcbronfclÈy of DHA, fs 5oI{ Kffi, for v¡rÍæ¡ totel &rs foq pcr barc rsrtduc

artfo¡f 3O nfuncc¡ rul ¿E hotrrr rftor rt=tag rG 2OsC.
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lbe deÈr fn Ffg. T-15 {ndLcatee thst thê hypcrchrmtclrT 0f the

Dl{å.f s ctudLed lncre¿see coatfnuotrsly ct t vsrlcg frsn 0 to 2" ås thê

mnber of EtroDgar fnteractlrrg Êiteg ir 0, 0.08 rEd 0.[j for poly dar,

E. co1f. snd M. tyrodefktfcua reepcct{vely (r¡ble v-2), ft ls clegr

fræ Fig. v-16 thst for R grråtcr tban 0, o.0g ¡nd 0.1ó tha re¿hcr

l¡Èçrect{n8 8ltcs are befrg tftreted, asd ¿re therefo¡ê racponrfblc

for the obs¡trrcd facrce¡e of hypcrchroctcfty up to R - 2, thtË

eonclusfot Ls cooglçtent rrftb prev{ot¡¡ obecwrtLoa¡ Èhrt th6 ctr,bfllty
eonatants deterlûl.red for the n¡tfve ÐaÀ-cr¡'l+ Ínteractlor by dfrcet
bfdlng atudfesl ¡¡era slnllrr ts thoae dctc¡mtaed fræ u1tra..\rfolÊ.t

dfjferenc,G ol¡€ctrel ne¡¡urun*or"rl {udf"crttûg thsË c¡eëflntfally ell
of thÊ cu# lone bq¡ntl Èo Di\rå lnËffiact ìrtth ÈhÊ ba¡c reEfduea ln
EÉne lfaJr. a alsi.ler conelucloü h¡c al8o be.n reechod ln thept, rv
froo attrúfea of tbe polytr¡clætLde-Ct¡# fot"a.ctfos8.

f. $edfnentatloa StudLee

sedlsentatfoa coefftcfa¡rts of nstlve E. colt ÐflÀ ln the preeeæt

of, a range of cu# ton coaccntratl,o¡e lr¡ve beea plottcd ln Ffg. y-l7

egafnaÈ R, t'tse totel m¡sber of ¡olee of c¡.r# ion pterant per bace

r€Bfduc. The sadlnentstlon eoef,flefente were eorrccted to o ÌrltGr

aÈ¡ndard et 25oC (equatÍoa V.4).

?hc $ttnv¡ yâluee f.ncrcasa llnearly ae F. vcrf.ce frø f) to 1.2 rnd

lncrra¡c raptdly ¡ihen R > 2.5. The fnftl,al ao¡ll fner¿e¡e of s¿5rl¡

aÈ lo¡E B teluea her prcrvLouely beco obeGrv€d by Scbrleb*r ¡rd Daguerz



F1g. V*17. Vf.eeoalty (l ) and sedlqeatatfoa (fmedfaÈe1y

aftar rolxing, 13 one week aftar ntxfng, 0)

dets for the E. Coli ÐNA-Crr# lnteraetfon la

5oM KNO, at 25oc. ÐNÁ, eoneoutretlotr -1.10-4 \-
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but conÈrestE wi.th thaÈ obeenred by Bryaa and Ërfed"arl *ho falled

to detect aay lacrease of S* rcben R < 1. As the partfal apecfffe

volrrue of Ð1{4, T, do.e uot change apprecfably even vlth nasÈfve

changes of Ðl{A cosformatf"orlT the Lncrease of SZ5r, nay be

attrlbuted to eÍther a chanrge of the molecular welght of the DIIA

aol.ecr¡l-ea, or to a change of the frictÍonsl coefffeient (ece

equatlon V.2) . .{s the oolecula¡ wefght of Ðl{A renaÍ¡a eff eetlvely

coostaat at all Cu# foo eoncentratfonE uaed, and atrand eeparatÍon

doeø not occur (fndfcated fa Fig. Y-15 by a leck of hyperchroofefty

of E. Colf at 259 m)r aDI changer of Sl5r* appear to be due eolcly

to eonforuatlonal ehanges of tbe nstfve Ðù4.

As R Lncrearea fror 0 to 1, the extent of bouod Cu# fnerÊaaea

up Èo r - 0.4 (see FLg. V-f6), resulting fo a decreace of the effecË1ve

phosphaÈe charge per reeldue froo -0.2 to -0.04 (sce equatÍon IfL23).

An lnerease of the sedf¡aenßatl.oo coeffl.efeat ean not be oxplelned ln

teros of the prlnary salt effect, 8s thte wor¡ld produce a decreaae of

S as the DìÌA phosphate charge fc redueed. It apeears therefore that

Ehe faerease of SZSrn ie due to a eotrpaetfng of the DNA nolcculee as

the reprlaloa betlreen the phosphate gronps ls reduced wl¡en Cr¡# La

bd¡nd to Dl{A, decreaefng the phoephate cbarge. Thfs coacluaf.on fs

flrpported by recent CD and ORD studL.*33 *tl"h detected cooforua¿1enal

cbanges of natfve D!{A ¡rhen 1o the presence of Cu* {one at R valueg

as lorr as 0.02, and by Èhe l{ght ccatterfng and vl.acø€try rtudles

of Sehrleber a¡d Ðaun.rz ¡¡hea R > 0.01,
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Á. conJormational chenge 1e al.eo fndÍcated by the ehange of relaÈive

vfscoelty of the Datlve E. Colf-eu++ solutfon Lrr the regfon fa

whtch Euall eedftnentatÍon changÊs occur (F1g. V-17).

the s¡nall lacrease of SZ5r* occurs fn the sare ranEe of B for

¡rhfch hyperchromlelty changes oceur (Flg. V-fs), lndl"cating that

Ëhe presence of 6u# lone not only fnduces base residue re-orfeatatícoa,

but aleo causeâ enåll eonfornatlonal changea. Further:¡ore, both of

theee changea can be aeeocl.ated with tbe weaher of the two typea of

ínteraetÍon detected by the bfndtng studles dlacuesed fn ttrls ctrapter,

ae both E and S25r, are proportlonal to R Ín the raûge of R in whlch

the wegker fateractl.on oceu¡s. A dfreet couparieos of theee four

EtudLes (bfndtng peranetsre , h¡rperehræleLty, vleeoelty and

eedl^Eeotetlon) Ís posslble as al.l '¡ere cooducted r¡nder tha eæc

condftloos (5ñùr KN03 at 25oC).

The rapfd, lserease of S25r, whea R > e.5 cao be ¿ttrlbüted to

aggregatlon between ÐlTA mlecu1ee, aad hac prenfously l¡een deteetcd

by vÍacooetryrl8 w abeorb"o*.42 (F. > 4), h¡perelrromlcttyl (ß > z.S),

eedl-nentatfoal (R > 1.5) , lû{R43 rod df.rect ehromatographlc btndfug

studlesl'9 (p. > 2). TbÍs eff,ect la of llttle fntrfeefc LnteresÈ Èo

the preeent sÈudy as all bfndtng and cedfnee.tatfon etudles were

conducted at R values lese thas ? to svofd aay rnLnÌeadfng reaults

fron the preseace of such aggregatlon, although vf.sible precipltatlon

does sot occur untll mreh larger R valucg. As erpeeted, aggregatfon

aud pracfpl.gat!.oa e,ppsar to deped oa botb the DNA. and total ftr# fon
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conßentÎat10ng.

t*. u25ro velueø were deternfned one rreek after ufxlng the

Eatlve B. col{ a¡d Grs'fon solutfone. Froo Ffg. v-17 tt 1¡ evLdcnt

thet for low R value soù¡tl'ons the srrr, dot* mt ehaD8e ef.gaif,Í€âatly

$lth Èhê ttme sftet aírfag, althorgh aggfegstlo'n doee appear to

lncrease w"ith tf.ne of etaedfag for Èhe uore eo¿c€ntrstcd Cu{+

solutfoosryhenR)2.5.
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1. ITTTRODTÍCTTO}I

A f,ul1 underrtrndtng of the Ð3IA-6r* fnÈ,rractlon requlteo a

knøntedge of aL[ the typeæ of conplexea lovolveit¡ the net!.ve D!íA*Gb++

couBlex, tbe (rf"ngle ptrand ol{À)-ft¡{+ eqlex ard tlre eotrryler forned

wlrea DSA f¡ dea¡turd Ln tha prceence of &¡* fane. Efndfag parmetere

for tha lattar Èuo eomglef,Gs are reporÊ+d 1n thfs chêpË€r and are

coryered ç'ltb. vel¡ee for tbe natÍve DñÂ-ú1t# empl.cr.

2. REt¡til.ffs .sfiÐ DISCUSSTO¡í

8. Ttre Siagle SÈrand Ð¡IÂ-ft¡++ Cæplox

geâtehå¡d plote f cr tt¡ese cæplaxes fwolvtng poty dAî (Ffg. V-8),

Ë, Colf (F1g. V*5) ¡nd E. Cen¡g ÞllA (Ffg. V-6) are cæpared ¡si.th the

lnter¡etfon lwolving Ëhe correapoadfng oatlvc ÐlfÂ. The bfndlng par@eters

h*ve bcm an*lyecd aecord,f.ag to the ncth'od qrtlfned ln Sect. Il,5 and

harr¡ becn ltsted 1n Table W-1, togeÈhcr wff,li thG valuee for lXl74 ÞlllÀ

(81g. VI-l).

Ihe s{ngLe strand fotn of E" Colf ûHÀ wea prepared +p''"redlately prfor

to r¡le by heat deo¿tr¡rstfoal (t0 nf.nutcs at 75oC, folløed by abock

coolfq) and by dflutlon, ¡de¡at¡¡rattau (rtrao beeted to 75oC for 10 nfmrtes,

thcn rhock eooled, thereby eo.eurLng eouplcte atr¡nd sêparåÈfon aa dfstl¡ct

fræ Èhe dcnau¡red hut stlll parttally double..etrand DIIA forned by dLlutlon

daoeturrtÍm g.loûet), .*d vas tfttrÈed lr'tth cu* lon¡ at 25oC and 2oc

rGsp€ctivcly. Tbe ¿bcorbance of all efngl€-stræd D!{A ¡çrs follor¡ed

thrqlgt¡out, the tfne of thÊ tftratfoa (4-8 troure), rnd ro rtgaLfLernt itrand
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re-cffitrfu¡aËlon w&B detected fa thfs tlúe lntcnsl.

t1re Cu* Loa tf.trat¿onÂ of single et¡aud 8. Colf D A at zoC eod

25oC sre &tentlceL r¡'l-tr*i oach other s¡d çritb the tLtratLoa -stth a¡tlve

E, Co!.f DII,A, (P1g. V*5) frrdlcatfng that the sfngle strard D!{A produced

by efther deneturLng proc@sÊ fe the 68ßIe, aud th¿t the såDe n¡obet

aud Èypee of Cr¡# lûteraetl.ng sftes are waflable ln efther Ëhe sl.ng!.e-

atrand or dorble strarul fome cf E. GoLf DHA, both of wh{ch ¡¡E¡o studfed

fn sBM K!{CI, at 25oC. $uch a conelusÍos fs conffrsed by the e{ntlsttty

of the C\r* lon lntersctiooe rrfth elngle straod aad netlve B. Cenrs

DNÁ. (Fl.g. V-6 ¿nd Tablee V-2 aud IfI-l). X1r@ efsll¡rlty of thc titraÈfon

et ZoC (vüere æy atranð re-ccnbíattlon 1e a ulnLuuu) øltb the afnglc

rÈrff, Ë. Coll titretÍon at 25oC aoË or'ly provldee e further ta¡t of, tho

val"tdLty of the elngle-atrsûded uatr¡re of E. Col1 DIIA ln the 15oC

ctudy, but alEo f¡dl.catc¡ ÈbaÈ ÂB for the rråctfoü 1r acgllgfble. A

sl¡{lar conclu¡ioa b¿e l1co beea teachsd frcn norc c*tcnsfve cÈudfes of

tbe trnpereÈura lndepandcoec of the tppar€nt 8t8bt11ty coûEtaûËE f,oa

the oatlve Ðl{A-&r# lotorsetlon.S

As a ñ¡rtber teet of tha etugleetraded Eatufe of the dourÈurcd

DHA, ø174 DltA, et¡tch Le kn¡twn to be efngle etrcndedr4 o", t1È¡eÈrd

$Lth G¡{+ funr (Flg, VI-t), Âe tha t¡tlvs DNA-ctr# fnttrqctl.or bü¡ r

tmrn (G + C) depcndenec ($*t. V.4c), ld tht r¡rnbar rnd stabfllty of

Ëhrec nLtce epperrs Èo be uacharged for the eluglc-etraod Ðl{4, the

ncber ad srabflfry of thcr€ ¡Lrea for Íx17{ Dl{,A (439 (c + c) coatcût),

ury be predfcÈed frm Flg. V-12 aad Trble V-2. It Ía crrpcûtcd thst ÈÌ¡o
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tJlpêe of sl.têü wfl1 be avafl¡ble with stebflftlas fatar¡adi¡te bêt¡te€n

tboee for E. Goll. arvl B, Cernrs f,[tÁ, awil thet the Èotûl mnber of cftc¡

wfll be 0.5 per DNA rerfdua. Thfs ls ln fact obseffed (frble VI-l),

aupporttag the proposal that the mrnher and stå,bll1Èy of Ar* btnetng

efÈc¡ of natlve end sl.ngl.a atrani DllA arc fdentlcal.

Tt¡a bindfng parsletera for the poly d.AÎ-C\¡++ fûteractfotrs flrpport

the above propoaal as E o 12.1CI4 for both the n¡tlye (n o 0.15) afld

clagle-strad comples (n - 0.13). Eowtr€r, the a¡m¿loue behavlour of

poly dAT detected Brenfoualy (Sect. V.Ac), fa further lllu¡trrt€d by

the fornetÍon of a ferç stron€er conpleree (n - 0.02, & - 3.106) not

obeerred wfth nattve poly dAT. Any fnÈæpretati.on of the cmplex

Luvolved vor¡"ld be eonJactural at thfs rtagc, hrt ney be related. to the

loaa of besc stacklng foreea at 50oC, tho teûpatÉtürc of tbe ¡{ngle

sÈnud poly dÀT-crr# tftrrtloa.

lhe rlnllarfty of the arr¡ber ead strbfllty of the Gu# btudfng

sltae for rlngle-etraod ad dot¡blc-aÈrcnd Dl{A f,urther rupporÈc Èhe

aeefgnneat sf the Etronger fnteractlag elter of aaÈlvc DtdA to r¡udrlebl

type cæple¡rcc on fodivldua-l strandg ({ndlcsted by the blndtug pareaetcrr

for the elaglæatrand polynucleotfdea), rathar thao lnter-çÈraad cæ
plaxae Luvolvlng thc guanfne ad cytoafua reefduce.

b. thc llcnatured (DEA-OI*) Conplce

tt f.s tnonr th"aÈ rtrand sepemtfoa of thc denetured (DllÀ-Cn+\

ccnplcr reey oeeur ¡t low Cu# f.oa coucentretlonsrs althougb ft hae b€eû
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vell dostnne¡rted that there ta no decrease of rhe hypæchroufclty of tbe

cøpl.ex 1f R > ?.,6-l?' Tlrereforen ¿;rf.or to lnvestigattng the bfndlug

påraoetele of the complex forned i;y deoaÈurfng DÌùÀ -l"n tlìe presêûee

of Qr# ionåo 1t ¡ras nêees€ary to eetablfsh Lbe nlal¡lr.un total Cu*

lon coneentratfon requf.red to üalnÈafa the conpf.eri at 25oC, E. Colt Dfrf

(f.l$-4 !!) vas denstured. at 75oc for 10 uoluutes 1n the preaerrcc of

varying cotal Cu# fon coacentratlous. lhe ¡rfnlur¡n rrt{o of ftrS Lo¡rs

to hEse reeiduae wlrfch rsalntainqi a cotrsÈant hyperctreonlclty on coolfng

frm 75oC to 25o(:, ¡¡as R o û.75, eígnfflcautly lorer th+n Èl¡e value of

1.3 deÈol*lned by lvaow end tünch*rrlror",l2 Á. conetant hyperchronicfrf

cn coolfng wag nafnÈ¿ined for all R veluea up to 2.0r vhlch vne

eclected ¡s the uppGr ]tüft for blndfng etudlee fn vtetù of, the fon¿tlon

of aggregetes and precfpfËatas of natfve ÐNA-Cu# when R ls n¡ch greåtcr

thÁn z.13'14

tht de¡stured (8. Golt-Cu#) fuÊeraetfon wae ¡tudl.ed urfrg the

tcchnfquss of gel erelu¿don cbrmauograpby snd Cuì+ ton potmÈlmctry,

degcrlbed fn Secte. V,2 aud W.3, us{ilg lndlvfduatly d.o,'aturcd (?5o for

l0 ¡¡f.nute¡) Dl{A-Cu* ¡olutlons of known conc@¡rÈraÈloac, !Íorklag r¡Íttr:Lu

the l{r¡rto of R fron t.75-9.0, ft nag Ju*t poscible to obtaln $c¿tchard

plote o{¡Gr €r aufflcienÈ range to e¡teblfah the bladf,ng pta€oêtcra. Thc

dete ha¡ been preeerted ln Ffg. V-5 for coqarl*on nl,th tbe nstfve ß*

Coll-Chr4+ lnteractlon. It fs apparert fron F!.g, V-5 that ttre data

deterained by Èhe tro tGÈhû!.quca agace partfeul¡rly r¡clln ¡ad that oae

type of efte 1s irdlcatcd¡ the bfudfng psraûcÈers of vhI.c,t¡ are n r 0.51
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B¡ed K = ó.4.105.

,Ås a r@aült of the Li¡q'ïted rarrge of Gr* íon couceutrstÍctg

attef¡:¿i¡le for thie st¡rdl, iÈ r¡aE nst poaoible to deÈernioe r¡hetber aay

stroüger fnteractiug sftee 'r¡ere gfesent, thereby iucreaslug the altfftculty

of LuterpreË'rng ¡he l¡ter¡ct{ou Ln te¡:Ea of ¡etual eltee of cmplcx

formetl.on. The rsaadwieht typ* of couplex t¡etrreea adJecent guanise

eui adJacGat eytosioe realdue¡ 1n natlve DNÀ oay be able to fotm, btrt can

uot be detætd c$ Er¡ch coupleres foro beJ.ow the lower lru{t ef R - 11.75.

lbvevet, ¡e eû811 confornstloq¡l ehanges appeår to prevent ruch

lntcrsctlone f.n ûttlve llt{À (eee Sect. V.4d) , Lt. i8 probeble thet theee

corpleuee ere lacap¿ble of, fot'nftrg fu Èhs denatured (DNA-fu++) coplcx

ar lerge eonfor¡natf.osnl chrngee ¡re knovn to accmpauy tbfs proceca.st8

11¡¡r u¡xÍu¡o usbsr of trnter-strand G - Cu+{- - C typc eøpLcaa per

re¡fdr¡c for E, Colt DilA l.g thcrc,fore esrpGctd to ba 0.35, ¡ltbouth thlt

v¡lue eanld pocufbly be 0.20 rrlÊh tbo other CI,05 e1gos per rcsLdue

occupfcri by tbe ?eendsleht type cæple'ee. It le epectcd tb¡t sIL

¡deaf"ue resldues fn E. Colf ÐÌ¡A are crpaÞle of, fomlng adauluephorphate

type chelntr¡ vttb Cr¡* ee tur û¡tlvË Ðl{A (oee Flg. II-5 end SccÈ. ìL4),

the nrnirer of ¡ftea bel¡g û.15 pcr reaidue. Tbe prcdfctcd total nnbcr

of sl.te6 pcr reefdue (n - 0.50) egr€Gs $lth thåt d¿tcrrl.ued for E. Coli

DñÀ (a - 0.51), elthorgh thG EtabÍlfty coactant of, the rdealno-pho¡phete

chel¡te of cr¡# Le 6,4.105, nhlch can BoÈ be readlly tæmcflcd Ìftth thG

vaLue of (0.5-1.2),105 for tt¡e ¡¡sc co4le fn the n¡tiye E. coll,-6r{+
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coüplüÀ. t\e,ly 1f both tbie ond the lnter-sÈrand coüp3"ea PosEeBs 8f.Df1a1

stebftitfes of the order of 6.1G5 cao thete reaults be loterptettd fo

terilrc of t:tro dietlnct tyFes of sftes"

ft ic c].ear tliat the above luÈerpretatfon fe tentatfve and tliat

Èhe denatureri (ÐiL{-Ar#) coraplc¡r nuet be lnvestfgated lefth e r¡¡rge of

(G + C) contênt DNAts to detertaûre the enaet nÉture of the eourplenee

J-uvolve-d. Eowever, a[y other lnterpreÈ8ßl.oa ffir6t a]"so tske f.sto ae.eqlut

tlrc l¡rorn d.ependence of the cmpLe< on the (C + C) conteut of ttre ÐNrlt

frdLeated by Ìr3'perci:rorafcfty dfepersloor15'16 th*rtal úenstu¡¡tfoa8t[0

arÉ renaturaÈ1ons end. conforuatlou.al utudlerrs ¡11 of whleh havc l¡eeq

discueaed fa dete11 fn SeeÈ. II.2b elxd Sect. II.3d.

Tte Ëodel for the later-Êtrand Cu# ccnplex fnd.fcated f.a Flg'

II-8 t¡ae beea cuggested from eerllêr fnveatigatloua of, thc ctEPlG¡r ünd

h^ae bee.[ discüEecd ln 8eet. II.sb.

.l+
Dependence of tbe T, of poLy dAf on the Preeetrce of Gt¡ Ionsc

lon8.

The T, ef poly dAT ia knoun to fncresee tE the preøence of G¡#
Itl0 The actusl vsri¿tforr of T, rrith the tots.l cu* lon eoncentraÈf.o

haa beeo plotted fu Ffg. TI-âa. ls tl:e form sf \ aeafnst ß (th€ ratf.o

of tot¡!. Cu# i.ous pcr base reeldue), afuflar to the presentet!.on of I,

data for otbea ÞliÁ.tE f-u the pr€aeüßG of cu# foas.7'10'17 Eonerer, Ëbe

fnterprct¡tion of tbe dato preseutod 1s thfe üay can be refeleadlnE rs

the T- of Dt{A ls e*pected to vary wlth Ëhe e*tctrt of Cf¡* botrnd to Dl{At
n

but Dog stth the total, G¡# lon eoacrnttratfåu. 8c thic raåooo thc dat¡
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h¿¡ been replotted ln Ffg. VI-zb egalnat r, vhero r ha¡ bcsa detetmincd

f,ron the bû¡dlag date fn Ff.g. V-16 araunfng th¡È the sitËs of ft¡{+

Lntcreetfor are slnllar to thoee ln natlve poly d.ÀT end that

thG e¡rtent of bfudf.ng does Dot aXter apprecl"ably tn the smsll ÊcopGrature

rangc Ladieeted. Suct¡ tû åsrnmptÍon 1a rcseoneblc ¡s the only t¡rpae of

Co* Lateractlone rl1tb poly dAT tI¡et hsve bcen fndlcated froû the prcÐ€nt

etudy rtrG rn sdenlnc reaidue-phoephate cholete of, Grr# (Sect" V"4) rnd a

snrll nunber of undaffnad emplexca* Futtharore, the hyperehtælclty of

poly dAT denatr¡sed, Ln tbe presencc of gr¡* foos t{&ß found to be lnet¿Et1y

erd coaplêtely rererslble on coollag (lu costrtrÊ ¡rtth thrt aotd by

xfef8¡, lndlcatin¡¡ tbe Leck of any ioterstrad oú oÈhet ouch coaplerec

reeponcfbla for the ÍrrenrerelbÍllty of ttre hyperchræfctty ou ceollng

othcr dcn¡tuted (Unn-Cuft) ccnpl.c*ca (see Seit. II.5b).

The bra¡dth of the neltisg polnt trsnc1tfoû, rcptre8entcd bV o* (the

breadth of th! 251 to 75Í hyperchrølctty change), hac rlao beeo plottcd

¡gattrst R (Flg. V-2e), The trsûrltfon breedth decreares to e Llnl.tlng

valua naarly hdf tf¡at fr the ¡baeuce of âr# tour, fndlcating ß co-opsúatl,

trensftfou uhlch h¡n al"¡o be+n dateeted for oËher DlIArg fn thc preaoocs of

Gì¡# ione.8'lot17

Tha Lfne¡r ralatfo¡ betrGÈrr Á\ end t fa Ftg. VI-zb lnplfcc that. thc

Cr¡# lnteractlor ufth thc adenlne re¡fdnc Le rcopon¡lble for tbe Í¡creaee

of therual 3tabllfty ae tbe bfndfng rnd hyperchronicfty data prcrentcd ln

thapt. V hrs lndlcaËed Ehe ptereuce of sucb foter¡ctlone wlth poly dAT.

Ttrfs eonclusfon Íg not fn agreaocnt wfth, Èhrt of Elchhora ct "1.6'7'1I .rt o
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ßuggêst Èhet Èhc ¡t¡bflfraÈfon of DI{À t¡ drrc to a photphate chetge

neutrrllaatfon, rihereae the de-et¡bfllsatfon Ls ¿ttrfbutd to r, bsae

te¿fduo-âr# lnteractfou. Thle lnterpreÈ¡tton ney be further challengcd

beeau¡e ln Sol¡i ENCI3r ¡ùere thc ÐNå phooÞhate charge fg aereened to e

largo c¡rtcntrl8 any effect oa the D!{å eherge dsc to a puretry eXGctro-

statl.c phoephate-&r# Lnteråctl.oû te negltglble at lss R v¿lue¡ becru¡c

of Èhe sn¡It- afftalty for euch lnterectfone (K. - 50' sGc $Êct. ff.ó).

An rlteraatlve cxplaútÈlou, lr poceíble for the verfatfoa of T,

of Dt{A fn thc prcaeûc,Ê of asall cqneeatt¡tloas of frr# Lot*. If the

predcmfnaut fnterectlon¡ fa tbe dencturcd (ÐllA-tu++) cmplex. ¡te Ghe

adonlnc-phoepbatc chclste of O¡S and the futer-atrend guaufn"-Gt#-

cyÈosfaG cæplcxes¡ and lt appcars frm the poly dAf-Ct* t- d¿Èa th¡ü
E

an ¿dculn*Cu# cøplex otabtlfcea the hel.Lx, the fnter-ttÍsßd conplcr

uay well dc-etabflf¡e the hrlts, aecountfÊg for the knotm (G + C)

depcrrdence of ôt-.8t10 Fr¡ttrre fuvaattgatlone on thÍs top{e cau readlly
E

tÊrt thl.s propoeal as the T* of poly dÇrdC fc noË expectd to bc

stebilfçed ¡t all v&cn la th€ Þres€[ee of &r# trons at low R vduGs.

tffi€ryGr, fn the presenco of lerga eoncentratlons of cu# fon¡ a

*ereanfng effect of the phocphate grouptt fu e*pectede thc cffact bcfng

emrperabla rrlth otheE eatfoas. Sueh an eff eet hss beeu shotn Èo occnt

lrtth poly tT.19

3. I DEPTHDE!|CE OF Dt{À O}l C\r++ IOfl COilCEIfTRAITOn
E

Ás*lrnl.ng th¡t the €rtcat of Cu# bound to E. Coll DltA l.e lergoly
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fmrarl-ast of teuperatr¡rc, the Esltlúg tøaperaËure data of E:lchhorn

rsd ClerhT has been replotted ln l'fg. VI-3 agalnst t¿e exteac of

hsund Cu# (froo the bíndlog data et 25oü, {LlueÊrated 1u Flg. 'J-16).

It rppears that the äei1:t 1s stabfliae¡l trhen ¡ i 0.3, supportllg thê

proposal íu Sect. VI.Zc tl¡at the ,et¡bfllsatlon uay be due to Cu*

conplexes fnvolvfag the adenfne rceldueE (u o û.25 for E. gol"l.)'

Fr¡rthet-¡¡ore, the t¡reak of the *rr*7 at htgb Cu* f.on coneeutratfo¡s

when plotteé agÊluÊÈ R 16 ao longer ervldeaÈ" 1¡dl"cnÈfng t-hat sueb e

broak Ls aot releted to stof.ehlmetrtc bfndfag of Cu# to ÐNÅ. ltrfa

coufltme a slnllar obeersatlon by Bseh ¡ad ufltrcr.zo

4. REilAnIR.errON OF TEE EEÌ{AfURED cDnA-û¡{+) CoþîFLEE

P.en¿turatfon of Èhe denatur€d (iJl{A-Cu++) coaPleôr at hlgh foalc

otreng¡tha apparüs to produce Dl{Â exhlbftlng ell of the FÌopertfas of

n¡tfve Ð1{A (see Sect. II.zb). Hfrrever, enfderrce hse been preee.stod 1n

Chapt. VI suggastfng that ths denaturcd (Dl{A*Ctr*¡ .o*plex coatefne

ao adednæpbosphate chelate of år* as w&L[ Eã en lnter-atrand eouplex.

lbe later-strand coeplcx sppeü6 to be ellmlnated at hfgh lonlc sttcutßh

(as tte hypcrehrælcfty reverta to tbat of the natÍve Ðl{A)r allortug tine

for¡¿tlou of a guaulnepb,oaphate clrelate of CoS, ¡e fi¡ nstlve ÐldA" Such

cmplexea do cxf.st 1o native Ðl{A ae the $e€kcr lutetsctl.on persi.Ets fo

0.15M trlÐ, (see Sect. V.4it) ae well as ln a GllP--Cu# cmpl"x fo 0.lS{

XlÍO, (eee T¿bl'e IV-2), åûd tlrcy are qpceted to bc aecoaprnted by

hyperchrmlc ¡nd conforotlaûål changaa of, DldA, as fn 56ft{ ßN03. fra
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t¡sudwlch' Èype emplexeo $hfeh occar ln naÈfvc DnA-úb+û at 1ø toal,c

strËogth ¡re aot exgected to bo preeeot fn ühe U$14 res¡tured at hfth

lonlc etrengtha ae nrch cmple*ec hsve mt baea obeewd rlth natfve DIA

rt hfgh Lo¡lc etrengtha (ece Sect, V.4d).

Aa hyperehroafc end coaf,ornrtlonsl ahaagee have çot bem re¡rortcd

fot Dl{A renatured at bl.gh lonfc streagtha fton ttre dea¡tr¡rcd (DAÀ-GI{+}

Btåte, further lwastfgrÈtons are tequlrd ou thls aøgrct of Ut{A-GuS

fnteractLoas aã a beÈter undcrstandlng of sueb latsractlona ls da¡ttabla

under theac physlologfeal eoadltlone.
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t. SIJllliARY OF CONCT"USTOHS

The fnvestfgetfoas Þteserted fn thfe thêÉfÉ have led to a6o

dcf,tnftc coaclusloae regardlng the ûetlve DHÀ-Cu# coaplex, ad b¡ça

províded the baefs for eeveral theorfes regardfag the sLagle-ctred

Dli,A-Cu{+ ¿¡d the deaeÈured CDNA-Cü{+) cæPlexee.

Three dLatlsct types of eu{+ coaplexes heve baen deternfned fut thG

aatlye DNA-cu{+ cæplw. Â Bttong tsaadçLeht tyPc cæ91ex of cu*

betçeen adJaeent 6uanl.ne and adJacent eyfosfne resldues (K - 3-23.106)

h¿¡ bees l¡dlcated by a êírect relatloü betwêo-o the fçaeËlon of GpG

sltea and the nrmÞer of elÈet posaeesl4g a largo rfftnlty fot Crr*

lons. I{eeker type couple=es (K - 6*f2.1t14) apPeår to lwolva the 5r

pboephate group aud tha N, eÍtes sf the guaniac a¡rd adeuÍue tcslduea'

and ssuae lryperclironLc and confarp¿tl6npl changee. /t tblrd €xtreaêlt

r¡eak Lnteråctlon (n - SO) has be-en detacted fræ nmoaucl.¿otldc-C1¡#

etudfe*, and appears tõ be an esceriÈtally eleetrostatfc l-nteraetfoa

iretweea c\r# for.s a¡d the phosphate groups. ThLe electrostatlc

lnteraetioD sppeaEs to be the only Eype whfeh {r:yolves Èhe thynfdlne

groups. A rtlme effecÈt of the natlve ÐllA-cu++ lnte¡aetfonl rrs¡ not

deÈected by efbh¿r hyperchronleityn eedfiaentatlon ot direet btndlng

strrdlas, although a Enall :tncrease of, the s+dtrnontaÈLon coçfflctçnt

¡cftb ttae of standfng ?tas detected et hfgh Ct 
# Ito coucëBÈratÍsas'

the totsl nr¡mber of tb€ two strong€r types of lntcraetfon¡

occutrtr¡S ls uatlve Dl{A fs 0.5 pcr reefdue for ell (G + C) eônËünt DI{À.

At hfgb tualc *Èrmgth only the baoe re¡lduc-phoophate tt?c ehGlstÊl
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werê detectable, lndfcatfng tho probabl"c dependeoce of the rs8a6ltLehr

type conpleres on DldÀ conflguratLo:r. I1rc ll.ult{ag valuee fot thc

lateractLotr ât fonlc eÈteagthe gteaÈer th¡n 0.1M ¡scre n - 0.2 s¡d

R - 1.104.

Sfng1e-eÈrand SñA oppcars ta be ldentle¿l wfth a¡tfve DHA ln rerpoct

to the nr¡nber and etabflfty of tbe Êftes of lateraetloor thê Ëtsbfltty

couatants for the strongatt lnteråctfon teiug aluflar to thosc for tbe

ofngleetrand boaopolynuclestfdee poly G and poly C.

Prelf"aiuary studfee of the denetured (DñA*Ctr++) eo,nplen {adieate

the preaeaee of eompletely dlfferent Cus compleree which are aeer¡rd

to tucvolve the lntcr-strand brldgfng of Cu# betveen G - C bage pnlre,

ag ¡rell ea an odeutae-phoaphrte chclete of Cu#. Il¡e nrnber of al.tcs

av¡llcble fe agafn S.-q pÊr tÌ¡.4 resfdue.

Ae the poly dÀT-Crrs fot"ractlon appèare to be auonalou* 1u ¡svsel

respects åo extenelve otudy oa thle fûteraetfon le oLvlooal-y requtrd.

The m¡¡rber of Cu* L.Lndlng cttee fa poly dj-T te subctanÈl.ally loncr thæ

ex¡reeteri, although eteric hiudrence by adJeeeut eethyl greups nÈy aceouûÈ

for thfe obe*rvetfon. Ëoruwer, there ls no ohfoua expln¡s,tLon for tho

eo¡,ll awrber of altee fa elngle-serand poly dAf exblbfting a high

afffnfty fo,r Cu# fon6. Furthernorë, the l* fncrease of poly dÀf Ín tbo

Ilreaence of ct¡# fons ls dlfffcult to rel-ate to tho decreaee of tbc

etablll.ty of poly (A + U), although the poaelble Lnportsnce of the ptlr¡ry

sÈrueturc of, these bfopolyncrc Lø auggested.
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It has becoae elesr fron chese

dmrestLgatlons are also reguired. on

for a wlde raqge of (G + C) coûtert

strengths *Èere they a:a1r be related

esd other studfes that furÈhe¡r

the deuatured (Dlüt-c.-,{+) couplexoa

DllÂ." ae ç¡el1 an at hfgh fon{e

to physfolog!-cal processês.

2. SrOLO0rCAr "LSpECrS OF THE] ÐtCÀ-Cu{+ nSE$.ÀCTIONS

.As the total aloouut of Crr* detected fn tnrnan adults fs apprcrf.rate.ly

0.1 gn,2 the x¡eån conceatrat{oa of co* rn the body ls uear 2.10-+4,

fn agraenent ¡vfth the conceatratlon of 3.10-fo ln blcod *.tr*2 *d

?.10-5¡t aa a rlean corieeûtratlon ln v¿rlous sdult orgetrs (breúnn urrclo,

blood rcrrn, lÍver, faÈeetlûê, lungs, kldney, heart and splecu).t frm

the DNA c,onceÊtratlon ln blood 
".rr-rl 3.1C-5 \, tfr," total cu# Ëo

bcee tegfdue ratfo, î, appears Èo be uear 1, lÏr{r"e\¡er, due to thc prcSe[ac

of stl¡, (4.g et,¡/f00 u.1)2 and toÈ¿l protelng (7 r,,æ/r00 ¡1)Z fa blood acmr

the effective velue of R vfth reapect to DïA ís of the order of 0"1-0.2,

the anouut of Or# bour¡d per Ðt{å base resldue therefore 'befng

approxfrnately 0.C5 Èo 0.15, sfrllÊr to that detected by Altnan êt ¡1.3

(0.05) fn the uuclelc aclds of yea,et.

Such a value fudlcates that for DHA near physfologfcal eondltdoas

(I - 0.1, FH - 7), ell of the strafLable sf.Èee nay be bi.ndfag Co# 1n -

0.06 to 0.2, oee Table V-3) and rnÅy eccouat for the ruauy ehangcr rodr¡ccd

fi¡ D!ilA ln vlvo r¡hen lo the presence of tu# four (øee thapt. I). Elafngcr

cË ¡1.4 hrve ¡rdc alaLlar caleul¡tfons fot brctrrl¡l DI{A, rfld coælr¡üc
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thaË only the., atror¡gc-lÈ fnteracti,Êg sftes Ì¡oulé be eon¡:lexd by dtvelent

ioas

l:r stteÎlit r¡â8 ¡sece fn the ¡-.teeeut otuilS to luveatlgate ttre

proposal t,i' Ïvaro.r5 ah*a Cu* toond to llì'lÀ 1.n vfvo provftiee a srftchfng

uechanfem for !ÈdA strsÉ.d dupX.leation hy eean$ of ¿ û¡# redor rcåctlor.
ÞIeltfng tæg,erature and blnd.Lng stud{es ef Eh.e cenatured (ÐIfa-fu{+)

eoeapl-u et hlgh for:fc streaBth a¡e cbvfously tequlrd to te€t such I
propooal.
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1. GÊuER.åL fECiSIlQtrES

8r Frecautiors TåiËe¡i to .{vofd Gontæfn¿Êlon of $o1ut10n¡

/rs ti¡e sín of the praj ect ,*as to fuveeÈigaüe the lnteractfóa of

ûn* fone !ü:tth DÑA and relaÈed conpounde, ft î{sÊ n.eesgary thåt ths

u¡cleotfdfc cøpouadc thcnselveE ba fn!'tl;ally free of aÊy sPéciea capeblo

of fnterferiag l;.fth euch ðtudf€E ðnd that no c,oatanl-natlotr be allosed

Go occî¡r f.u th¿ euboec¿uent usc of tbeee aolutloÃe. for thlã feason all

EINA, ånd varlotrE eynthetlc polyuucleotldes E€rc treeted vlth EÐTÀr ae

dlgcuaeed in $ect. SIII.2a. All nono-, oll'go- and poly-n¡releotLdco

scro c¡raråcterlse¿ epeetrophotæetrlc¿lly befere uøe (Îables VIII-I1213),

aud were checkcd for eny ü¡# Loa couÈeol't¡tfon ulth the epeclflc Ar#

1o¡ elættode.

The fol1o¡s"iûg preesr¡t1oüa were adhered to thtongbant the

fmreatågetlon.

(i) Âil" re¿geots wlticb eese fsto contsEct f.* any way wlth any of thc

sclr¡ÈLo¡¡s snder study were of enelytf.cal reogent grede or bcÈt€r.

(ll) ¿111 r¡ater ueed rsse dfstdlled, deÍonlsed ï.ater t¡ftþ! e spcctfic

conductirrfty leee than 2.t$*6 oto-l "t-1 at 20oÛr ¡la úeaeürad by r

Ilrtllpe conductivfÈy -"irtrdge' ÈyFe PR 95Qß.

(fli) .Ê"1-I- apparatus that ean,s in¿o conÈact rrf-th any of the soluËlo¡s

under stud.y Èr¿r,ë alrays rígoroualy cleaaed. .1r!l- vohmettfe ¡sd

optÍeal" glase'aare w¿e cleanerl ¡rftt¡, a speclal acld solutlon (aee

sGet. VIII.5¡). All othet glaeeeare vflâ L€ft ovcrnfuht fn ¡n

alkrlfne potasüfiñ PêNillåûgtntt¿ bêÈhr rfa¡çd fcP.ftÊdly rfth
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delonLaecl erater ¡¡¡l {¡m6¡¡sêd fa a 0.011 rsetabfsulphlte ¡olutfoa

fot th¡ee ha¡re bcforc befag rluged aad left overnfght fo

def.oníecd -ratër. Ffnally, they were rfaaed repcaÈedly wtÈh

dl¡ttLld, defoafeed uater qnd dralned overnfght, AlL ctock

solutlone wcre stored fn gla¡a ve¡eels clccnêd by ttre above

proeedure ad furthcr cleaned by gtea"n4ng for one hst¡r to rcoovê

â8y trseec of Lof,,fc coataorlnaats.

AII Ëubftç rùÍcÞ ras to cme Ls conts.ct wfth. nrcleotfdfc eøporude

waa PÍFE tubtng *bfch h¿d been þollcd clean.. Polythæe rubflg

contafalng plastfclsere sùfch fnteract wfth ËnAl $aÊ Eot useó.

fll thffdln* and cfildLne ûoTrû-, olfgc- and poly-nrcleotfdee wqe

protected. frm photochæfcal ¡ctlv¿tlooz'3 by henÀL{pg in a

darkaned roon llh¡nlneted ouly Èy a 1o¡r Ìrattege tungstcÉ læp.

b. Tbernal De¡atu¡¿tfon

Tbree epccÈrophoto$eterß were used for the deÈetul-naÈfon of D!{À

neltras t@p€rstules, dependlag on the temperature raûge reçrlrd. A

G¡rl Zofss gMQ ll spactrophotouetêr vå,8 ueed up to 50oC for poly dJlif

detetrfnatloflß. A. d.etafled, deeerl-ptfon of th.e tèrn[,erature corrtrolr for

thf-s fnetrrmrent le glven ln Se.ct. VIII.5a.

A Gllford Model ?00G apectrophotoreter ff.tted rrltb a Becknan ÐII

æaocbrooator and equfpped wfth a teûperature chart reeorder rrftb butlt-fu

tæPetrtüra c¡llbr¡tfgo¡ uae uaed up to SOoC for I, deteruLnatlone ot

B. tcrut, E. Colf rod M. Lyeodefktlcue. 1þo ¡Ldea of the eell coapartuent
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îref,e cfreulated rstth therurostattcd sater' and vere eurrosadcd with other

layers Ehfch ¡¿ere nalntafned at 20oC to proteet the datector asd othet

eJ.ectronlc ee.ulpnent f1ml p¡'olotigetl erpo¡11re to hlgh teilPÊtelurçs- fha

cell cølpartseït rdérs surrrundecr sttt one füe-h tbfck PolyEttrcûô t'o

nLnlnlse heat loscee. By uefng an accurete l¡bartatoûè bridte (Ellcot

fypq SILQ!) tc meaeure th,e resfetenea of a calfbrated thernf¡tor

(see $e.ct, TIII.Sa) eet Lnalde a spectrophototet¿r ce11' thêsüal

e$rj-lfbrfirn r¡aa foufd to be conplctc tcn ûtlilrte¡ after co!8tE'tË

abaorbances were obta{ned. 1'[ìe cell Bolutfon t€operâttlleg raeordad

at thla tlc,€ werè ecctlreta to .l+'2oC'

A Ualcu sP 500 sFectloPhotomêter ¡rfÈh a tab-ge.ar Poær snPPly'

lype 115 D" equfpped wfttr an electronfcelly heatd eell bloek wes

ueed for thermal atudlee of poly dG:dC t¡p to 1O0oC' Sra cenrfUç darvlee

wå3 s bead Èhs*nfetor hor¡.eed fn the ecll b10ch and rr*r ctl:Lbrrtcd

usfag a callbrated. therafstor (cee saet, vIII.Sa) sct {naíd'e a

specttophoto6eter cell' ltre cell eolutJ'on t6toP€trâtürÊa r9tÍß åsg¡¡tatt

to +0.2oC, fÍfteen nfm¡tßg after conataat absorbencß3 ïere obÈel'ned'

For tempertturee Sfeatef than 50oC thê mÉt offective nGtbod of

aeallng tire calls to prevent vapour losees us found to bè Èhe usa of

I|IFE etoppers. .û,s Èhe codffcfent of upenalos of IXrFE ts grert€r thsa

thst of qnartz, the stopPers ilere rldged to sllolt fcr vertlcel EPtî¡fou

Beca¡¡se cf tþe df"ff etcnt enpansl-oa rltes, the hfgher thc tenperatutc

the ¡ore efffcLmt waa thc eeal obtalne4' Even sfter ptoloa8ed bcatfag

et gSoC ¡olution loeeec were lere thaa 0.5ã by voight.
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À11 solutLonr ¡rh.fch s'e-re tö be heated to greater than 50oC waro

degasecd r,-Lth helfun (Eee $ect. VIII.le). The cotdltJ"ona coPloyed ¡rere

found to l:e Eatl-Ëfectory f,ot reducLng tl¡e forrre-tfoa of elr bubbles f,or

all themal" studies up te 95oC.

e. EegaeeÍ*g of Solutlons

^0,11 solutfonç to t e ueed for therraal deraturatfor: ctu'dlles tb€rVe

50oC and for all chroiÊaÈographlc ¡¡ork ¡eere ttegaesd w'tËtz helfr¡. thLe

tcchnlque rrae fq¡nd to be effeetlve 1f, the hclit¡a tres bubbleil thrcrgh

the solutfooe foÊ E totel of 2 nfautos Fcr nl of eolutloa. Inßdl¿tely

prtor to use Èhe hcllun waç bubbled through trro contaíaer* of il1et1lled'

delonieed ltraÈer to ßattrr&te the gaa vlth watGr vlPour.

2. PRgprnåTr0Ti oF solr}lrol{s

&. K{û, $olutl,oue

All aolutÍons uaed fn th{s eÈudy vrere nrde up fn 5ú!{ K!Vt3 u¡lc¡r

aÈated othetre"lse. the Itt{O, used trac of analyÈfeal teageat grede (Drltl¡b

Ilnrg Ëouce* útd.) atrd r¡ac used witl:out futther purfflertfon. ÐLrt{lld¡

deionfeed çater ¡ras ueed for all ff'l0, eolutfons.

b. PreparatLoa, Purf.ffeatLon asd fha.recEcri-satlon of Ð!{A Solutlour

the b¿cteÉla-l DNArs B, Ceü¡e, E. C.olt ß12, and 14. Lyaodelktlcua uaro

prepared fa thie laboratory by Er. I"F. G¡llen uÊ{ag the uathod of

^ilEril¡r." Thls nethod lcrrolve¡ awerel prccfpf.tatfooc of DEA frol EüDf,
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solutlons, thereby eaaurfng thrt the DI{å 1a free of any foufc

contæln¿nte. theee Ðl{Ara werc further precfpftated tu'l,ce fræ ¿

phenol solutloa to rcuroya any t'racÈa of proteln.

Stoek solutl.ona of approxtnately 1.10-3 PL were prcp€rcd by.P
dfsælvfng tha DNA 1n 5ulÍ KEO, Ln a eoalcal flask and rockfng at 50

rF at 4oC f,or oue r¡eek, Tb.a soluÈfone ççre then centrtfuged for oac

hout at 18,00fJ g to sedfn€ût any undfssolved ÐNÀ and the top gCIX of

caeb Èube ¡ues carefulþ plpetted off . frlorofora (rpactrophotoetrfe

grade solveot, Uslllnckrodt Ghemlcal TÍotka, St. Louis, I'llesourl, II.6,A.)

was edd€d (approxtaately 0.2S) and the aolut{oas sÈored at 4oC.

¿J-l D!'lAr s $ëre cheracÈerfeed by thernål deneturetlon Etudles yhieh

provfded TE" thc h¡perctrronfcfty H, aud oOr the breadth of the trâarLtl.or

bcwaen 237 eú. 75I hyperclvcrulcity. Tteea val¡rea tra¡e beæ lfstGd 1n

leblc ltlI-l. the ÐItÏrl,f a were further chas¡cterfeed epectrophotoætrlcaXly

urlng¡ tbç rnethod of Hlr*etmsn and, Fc'leenfelds tn conbl,natlor rritb a

cæputer progran for the aaslyela of the data (Appedlx 3). Thle

analysfe provLded the (O * C) conÈent of the Dl{Ä" ae ¡¡ell as tbe

conccntratlon. Tlre valuee for the (G * G) conÈsnt hcve beea lfståd t-û

leble Vfll-l and are accurete to *32.

the ø¡tthetfe polynnreleotides poly d^AT and poty dG¡dC rerc obt¡lncd

froa bf{.144 r.¿boratorlee, rnc, Elkhart, rndÍana, u,$.Â. $tocL colutlons

Fre prepared as deecribed absve. Therual deaaÈuråtfon aaolyeea ÍdfcêtËd

the ueed for prrfflcatÍoa as the T, for each polyn¡¡claotfde vec

¡¡rbatantfålly hfgher than the llteraÈurê valuee, rad{s¡f{ng the ptecauca
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of l-oslc Lnç,urit1es. Ihe eoJ.utlons were therefore oade ui: to 0.01þf

{u EÐï.S. ae¡l 3û*4t) nl of tiiÍe sol.utfon di.alyser] €xbaustiveJ.y agalnsÈ

2.5 litres of 5$¡( IffrJ, for- eight daye, ctrang{ng t,he ext,er¡¡¿l soluÈion

€vcry two daye. Precautfons ware taken wfth the dlalysl8 tubfng

¿EISZ Vfsklag Conpaay, Unfon Carbfde, thicago, U.S"À.) to prevent any

coatamfnatÍon of the eolutf.one by aay specles whleh nlght be capable of

birdf.ng to the polyuucleotfdee (see Sect. VIII.Sf)" The coocentrstfoû

of FJ)TA ûr the ¿.xternal solutlon rüae dGtelrûtnd by FoteatfouctrLc tlÈra-

tioo with s kno'rr¡ ct¡# ton eolutloo usfng the speclflc ûr# fon

electrode descrfbed fu Sectfoo VIII.4. lfhe EDTA. concentratlou Tdaa

detemioed ervery two days, enabllng a df.rect est{mate of, tlre tlne

wheu all EDTA cq¡ld be aesumed to hrye been removed fron the poly*

nucleotlde solutfon. Sr¡bseauent apectrophotcmetrf.c aod thetaal

de¡¡aturatfoo etudleø (Tahle VIII-I) fndlcated ttraÈ the fnpurttLes håd

been renoved. pç1'¡ dAT r'¿¡ further cheracterfeed by lte abtllty to

conpletely reûature on coolfng, whereas poly dG;dC dfd not rensture at

all Creo cooled elo'oúy overnLght. Theee tryo e.ffeete heve prcvl.ouoly

been obeerned by Innan and ßs1d¡r1o7t8 
"rrd 

further chåracterfee tbe

¡rnrtfffed poly dß:dC sæple used.

The 0X174 DliA was a Seneroue gfft from Profearor B.L. SLnshelmer,

Caltfornfa Isetltute of Teehnology. The sacple ltaa treated r1Ëh ED|rÂ fa

the eane T,rey as described abarye for poly dAT and poly dG:óC.

All stock eolutlons were dfluted w'fth 5rÞ1 X3Ð3. The co¡cantratlon

of g11 DIIA solutloas lree deterol.ned speetrophotouetricelly urfng the
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ect,fnctLoa eoefffcieat or rgetbod list€{i f.n teÍrle îIII-2.

Ircedlqtely prfor to use, all eolutioos were teeEd rltir the

apecfffc CuS Loo eJ,ectrode spsl rere f,ound te contsfn aegl-lglbly s¡all
quaatÍtíee of Cu# Íon.

c" The :,fonp-n 011go* aad Fol.y*l{r¡cleotide Solutlone

Trre asnoners dGi',1Ì,(st), då,ì,iP(St) end dcMP(5') tere purchared fron

Scl¡warz Blo¡esearch, Isc., Àiour¡t Verilon, Ne* Tork, TJ.8."&. Cft{P(sr),

T!ü(5t), gr¡ariosfne, deoxt-guauoafoe and poly E were purehased fron P-L

Eioehemleal's¡ Inc., }lf.luaukee, hleconatu, 8.5.4. Á,pAp!, (åp)SÃp!,

poly A, poly C and poly I rere prrciraøett fros !Íf.les tal¡oratorlcrr Inc.,

Elî{hart,, Indfana, i¡.S.A. 'Iire thymidLae totrsner TpTpfpÏp ras preparcd

by B,s, Ct¡arú1**10 fo theee labor¿torfas uslng the neÈhod of Teucr

ct eL,ll

Å11 of these eæpounde wcre dlesolvad la S,nll Klþ3 st 4oC for

perfodc of tl¡e vrryfug uÞ to one neeb. pH adJusËraonts wctre Eåde

by addLtfone of 0.lH ¡htH or t.li.f HN03. .å,11 pF. deÈeruLsstf.onr mrc

pcrfoned oa ¿o¡L[ allquota of tbe stock øoluÈfo¡c to ayold thc

íntroductJ.on of EGI to the nr¡cleoÈfde ¡olutfoûe.

The coacenÈrctlons of all eolutlon¡ were deternfncd urlag Èhc

eo¡¡dLt{ona a¡d valuee of the cxtlnctloa coeüf,lcfcnÈs 118tGd fn Î¡bla

VIII-3. tire revelcogth of qart¡n¡u absorptlor rras detemfned uodor the

ase condltions ¡¡d sra f,qrnd to ba wfttd¡ I m of Èhc lLtcraturG v¡IuG

for all colutf.onE uaeð. Áll aolutlon¿ wcre for¡nd to cont.lp neglfgf.bh
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detcrnÍnatforw of Dl{A ta sdf NHO3'

* Crlcr¡l¡ted fræ the es¡ßætratfon detstnfued by thc

specttophotæetrlc analyeia of rerforcucs 5.
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e (?) at t'.r(E) t r* pñ ñrf.
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quanÈitíes of Cu# lon Ee úetectÊá Þy the epeclff.e Cu* lon elecÈ:ode,

a¡d llere ueed ul.thout further purf.ftcatloa.

tt. The çu# Ion Solutlone

Analytteal, reagent grsde Cu(IiD3)2.3IIrt (i.Jay e¿¡I B¡ker Ltd.,

Ë¡rgl¿nd) ua,s tr¡Lce teerysÈallfeed frm dletfll€d, deloniecd vetêt aûd

drfd uder vecuun Ëo Épproxføatel-y cCIoctanÈ :re1gbt. ftro lÍËres of a

sÈoek soLution of approx{ñstel}- t.S2¡Y eoûc€r¡tratlotr rra.c prepered ln

5B¡í ¡{l{03, uslug dtstfllai, del.ooleed uator.

ån sccur¡te dete::Efnatloa of the ftr# lo¡' concentratfoû of

rhe egock eolstlon nras aÅde by t-tre nethod of elætrogravfnetrÍc

depocitlo:r oû to a platfntrn e"lectro<le. A potent{al of I V and eurcreut

of, 0.2 ennpa wao epplfcd for two hour¡ to a weigired eolution of

¡ppro:ßlrutcly I00 nl of stock aoluttoa. The cofultlon rear etfrud

eostln¡orraly by a rotat{ng platlarn anodÈ. Takfng the dooel.ty of thr¡

eolrrtf.on eÊ th"et of ¡rater n tlrrea deternl.satlons of ths Cu# lon

ssüccnÈratlon (CI,02111, 0.t2l06 aDd 0.0å100"*I) provlded an aversge

c'oüß€ßtrrtfon of û" 0?105U.

Ihe solutfor wee atofd ¿t 20gC 1n e trc lftre voh¡rctrtc flaak,

thr polythcne stoppet being eealed v1tb prrrfiln, A¡¡ dff¡¡tlon¡ rerc

nedc by rel.ght usrng 5DH X¡{03 snd werc ¡tored fn polythodê conÈtlnerg

to ¡vofd eo[ccr¡tratLon chaagts due ao Co# loa adsorptlon ooto gllec.

Sueh cffeete raach detectabl-e proporttenr for n¡lll vo&¡uec of G\r*

fon solutíoasl bclæ lCI-3 to lo-4 M. solutfons of r.10-5 Èf or le¡s ¡rera
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PrePtrad a¡rd ueed on thc dry reqrrfrcd to nf,nlnfaa rny coatæl¡atLou

froa thc ¡fr or glaenrvare"

3. GEL EECTUSIOU CENO}TÀTOCR,APEY

i, Stre Gol¡¡¡¡n

Ä Jackctad gleac colr¡¡n 70 co lor€, I en fntern¡l dfæctet, ¡rlth ¿

sLntar€d glece rupport (Etg. vI,II-l] ¡raa used for all chronato¡r¡phtc

sù¡dlea" À therulstoË rras {ue€trted half-way along the coÛ.un üo record

tha colrm tgüpcrrturc. Tt¡e reefetance of the Ëbo*-afetor was detar-afncd

uclag e $argent tbcrnlstor brldgc, cataloguc l,b. s-Bl60l, aad thc

tæpcraturc datertfned froa e calLbratloo graph of Èhc logarlth of

the tbcmÍdËor re8frtrnße egnlnet te4.pGilture. the therruistôr saa

celf.bnted a¡ dercrtbed fn $ecÈ. vrrr.5a. Irater wes c{.rerrlatd

eround the coluns frm a tlremçetÊttèd bath and rrrafnÈafnd the cofu¡ns

ct e Ëcnpcmture of 25.0 t 0.0SoC for all studl.es.

the vofu¡ue fmedl¡tcly beïow the cfntered glees srrpport niùE

flllc¿ wfth glees ehLps Èo nfnlnÍae the nJ*fng volume. TF,e elutfoa

ntê ïEi controlled by e glase fnpregnatêd FTFE (rFluont) tap vitb s
flae f,ler r¡te eontrol (Ç. sprfnghan anti f¡., Ltd., Temple Fleldc,

Errlon, Elecr, Bugla¡d) whfeh vae capahle of ualntel.nÍng a coûgtæt flow

rrte f,or cweral dara"

b. Packfug the Colrnn

.À dfl¡rte urspensfon of Sephadex G25, coerËG (phanscir, tppaala,



A

B

A. PTTE tap

B Therrnistor

C SÍntered glass support

D Híxing volume packed wíth glass chíps

E FÍne control rFluonf tap

c
D

E

Fig. VIII-I. SchemaÈíc diagram of the sephadex column useti.
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$neden) rcas equflfbrated La degaecad 5rúr mg03 (eee,gect. Yrrl.le) for

trro höurs, eË suggestsd by Aoden.l6 lhc superoatant !r8r iloeæted ¡ud

¡ ¡Ínflar voh¡ae of dcgaard 5ñ XNO, fntmduccd, ttle Sepbadu etfrr¡d

rnd then allæed to equl.llbratè ând scdlñ€nt for anothor tm hor¡ra, thfu

procedurc trìas r€peêtd e further threc tlces. The Sephedex auapæsl,oa

r¡as thßn poured Íato the cohmn (tharnoatrtted at ?5oc) vtrl-ch b¡d bceD

stcnd€d threc-fold by tha use of glaer tuht"ng of the cåüe dfestcr,

and eonnectcd by a qrrlckfft gfourd glasø Joint, C¡re ¡Íae ta&,en rltb
r pluab-linc to enfllre thct the coltrsa *ua Berfectly vettical. .Af,tar

I cn had been allowedl to eettle out the colunn ¡raa EllorËd to Glüt€

slorly. hall addLttons of the Sephadæ suepenrfon r6c artded coatfulo1rel¡

to the large volu¡ne of eedl¡eotlag Seuhedec<, ThJ.e Èectnlque produced a

very erenly packed eolsutr bed.

The coL¡ur¡ r¡eg then eluted alorrly fot 12 ha¡rs ro:l"th dagaared $aH

KNO, to renove any ultra-vl"olet abeorbfrg sÞeelea and other solubta

contæfnanta and to allow the eoluon to ftred firt. lhe abeorbanee of tha

cluent !t!ls üeaeured at Lutan¡als ln thia tltrre at 24C to 280 nrn, eod s¡r

f,ound to be *ero ¿fter a sbort elutfng perfod. T'lie ftnal trøit height stt
60 o.

Al1 solutl-ons used for packLng the eoltnu a¡d all aolutLona

oubecquently paøsed thtotrgh the coltmn for bindínc studLe¡ were dcgeaesd

to prcfcnt thc formatlon of afr b'ubbles ln the Seohadex Þed,
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4. cu# roF PotmlfrourttsY

The electmdee ueed rrere e rwarelble, solfd rtato opeefflc

orprfe Íon aetfvfty elêctrode (orfon Regcsreb Ine., C'abrl.dge,

Hrs¡achueetta, ü.S.4., Iþpe 94-29, end a ¡atutated ßCtr" porouc pfn-type

calmel electrode (9,adÍonaÈer, T¡rye e 4CIf ) aE Èhe refercrrce electrode,

Tbe Junctlon poteatl.als vcre rufftcfmtly eoüstant Èo ensble aceiurate

readings oyer Eany hours. F¿ctore affectfng the eleetroda reeponse ¡¡d

the uethods tsken to enaure reproduclble potent{rlc han* beeu CLtcsssGd

fa Sect. IV.2å.

The veseels used fot poteatlmeÈr:lc analyale (F19. VIII-2) wert

destgaed aE a cotr¡præl-¡e bet¡seen tbe deslrc to etlr ulnl¡nal volrnee of

aolutfon, ard the nced ta heve the reactíve seetÍoo of both electrodt¡

rell- {rmersed to al1ow good therual conteeÈ slth the theraosüâttGd bath.

Ihe eLectrodes were housed tn PTFE çleevea Èaper@d to fft the ground

glarc Jofnts of the analyef.r veaeels. Ttre eleevee could b'e uwed cfong

the elect=odes Èo enahle the hel¡¡ht of the electrodea to be adJueted

rrhlle aÈtlr uefntal-ofng en efficlerrt seel to rrlnl¡rfee vopqrr lo¡sea.

Prlor to a tÍtratlor etudy the anqlyels veasel lrith electrodes

'hmereêd fq the test soXutd,ou wee thernostatÈcd ln one hour to €.05oC,

ttrE solutiou befng stlrred cooËffi¡ously by a ernell PffE eoctd lqaguctf.c

stlfier fa conJunctton wLth an undenrater uegnetfe stfrrer. Ttre colutlon

was theo al.lowed to stend unrtlrretl for five ¡lmrtes before rêcotdlng the

cell potmtlal fron a R¡dfoueter pH rôtetr, tlpe 2588, fftted wlth a ¡cale

cxpandar. Thc solutÍou naç stlrt€d f,or ¿ further ffve ulnrtes, left



Fig. vrrr-2. The type of vessel used for the determination of ce1l

potentials of Cu# ion soluticns of knor¿n concentration.
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uûetfrred for five r¿.lnutes then a duplfcetc cell potentÍal roted,

$uccesslve urêreurm'ents by Êhte procedufe werc alrayr wi.thfn;!0.5 nV

a¡d oftco Rrlthl.n !9.1 aY, the readfag Gßtor of the potcntf.on€tet, The

calonel electrode wac preÊqullfbrated et 2oC for two deyalT pracedlag

tsy neasureú0êût8 at th¡t t4srpârature.

For atudlce of the extoût of bladf.ag of C.r# lo¡e to nucleotLdtc

ustcrfale¡ the nucleotlde of, kno¡n coûcertratfon wss wef.gbed fato the

Êfttatfng veaeel. Thfs ¡¡a¡ sffitlar to thc vaasel fu Fig. VIII-2 but

cont¿fucd trro alde EEaB, tbe caeond befng ued for tl¡e rddt"tfon of

k¡orû Qr* lon cmcentratlon solutlon¡ froæ calfbratod ayrlagee

(E¡nflton aud Co. Inc., IftrftÈ1er, tal!.fornta, S.S.A.). the eyrfsgee

u¡d (0.05, 0.25 rnd 0.5 El) were flttGd vtth adJuetable rtopBere whlch

¿neblcd the volune of eolutlon trenafcrred to be aecrrrate and

reproducfblc to.*O.00OZ nI'. After each rddftfoa tha eolutloa ¡pac

stfrred for 10-20 uluutes to elloç ther¡¡l equLlLbra¡lon and tben

ellowed to ütånd uneÈfrred for r further f,1vc aLnutee be(ota recordfug

thc cell potentlal " À dupllcate ùaesurcûert ïrls also dete¡rÉlaed a¡

dercrtbcd sbcrê.

5. PEYSIffiEU{ICÂX, rEcB}vrqirrc

ro ültre-Vfolet Ê.bcorptfon Spèctroplætoatry

A Cssl Zelas PlfQ 11 nenual epectrophotometer rca¡ ued exeluafvcly

f,or rccur¿te ulÈre*lolat ebaorpttoE^ þåes¡rta@Ès. ÀlEo used for

them¿l denetur¿tfon eÈr¡áÍGa lrere e õflford Frodel 2000 End ¿ llnfcau
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SP 500 rômrc,l spectrop¡þtoteË€r, both of whieb hsve been dessrfbed la

detefl fn SeeÈ. VIII.lb.

lbe nnrel¿r,Eth ccêle of, theec spêatroPhÈouetete rsa eheckod

ennrolly uelag th€ @16efon apeetnm of c lCr¡ Pr@afl¡rê uercury læD

posftLoued for aæls¡u tßt€ûtfty at tbt ettram.e allts of tba f.a¡tmenta

At reguJ"ar fatetvale s check on the roeve.leugth acala wâs esrrled out

usfurg the anfssloa epecÈno of tbE fubr¡tlt dcuÈerfi¡u Lmp of the Uals6

spætrophotostter.

Thc lccur¡cy of the pbotmetrfc scale of thece 1n¡Èrr¡ueuts ln tbe

IrûgG 22A to 400 rn was clr6cked enuually urfn¡¡ fteahly prepared

steaðerd út<¡lfne poÈcfsítot eb¡mate eolottonl.l8 Aaslytlcsl rcagert

grade ß08 (Uuiv¡r) ard potassl¡rn chron¡ta (Stand¡rd. Laborrtorlea Pty.

Ltd., Melbogrue, Australle) coluÈfonE were aade wltb freahly dfstl1lcd'

det"onf.cd vatôt rfrleh ses also ueed aE thc ref,erÊDee.

The optÍcal peths of both quattz and gleaø I cn opecttopbotoEeter

eells rüere üèaaured to +0.0001 cn uelog Startett geall hoLc gougee and

¡ caX.ibrated rrfcronet@t.

The celle vere claend ¡nd us€d 1n r atnfler ïry for ¡11 rb¡orbansa

ttudlcc to €lrrr¡tre reproducLblo reault¡. Af,ter ucø the coll¡ ne¡e rl.n¡ed

sall t¡lth dfatllled, delon{red watcr snd drfud ln ¡ v¡tl GffGû. lAe ðry

cells nera tben lmer*ed for eevsr¿l hours in a epeefelly preprred

clcaafng nfxÈure of couceutrf,tcd mlphur{c ecld (/rB' grede, Âdeln{de

Gtæfcrl ¡r¡û Fertl.llser Co" ttd.), 2X aodiuu aftrrte (.åR gr¡de, Ilniver)

end 23 anhydrotr* sodtur petehloretc (Âf.gÍlÁe, Unlv¡t). åftçr betag
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rineed aud dralaed repeatedly rlth d.ef.onlsed then dlgttllad,

deloaleed rraÈetr, ttrey were lcft to aoak ovcrnlgbt lu thc latter.

ImÊdf^stcly before rrse tha calls ¡rcra rfasad aereral tieee rrfÈh

dtstlll.ed, delonf"sed w*È€r ¿nd drfed ln ¡ v¿tt o.vên. lbe abaorbance

ûe"sr the rlsç{tr waa rccotdsd lmdfetely the solutlon ead reference

were placsd t! the spectrophotmeter rûd, ff efücr 30 o1.sutce ths

abeorbance nËe uachangcd, Ëhe epproprfate values vsre rccordcd. Åfter

mearurenents Tseüe compleÊcd the cellc were rfnsd repeatdly rrlth

dlet!.lled, deloníscd rEatar od the cell correctfsna äctetnfncd wlth

d1ctfllcd, dcloolard rreter ta both cells.

The eoncentrrtÍonn usu811y øployed r¡erc cr¡ch th¿t aa ebaorb¡acc

of rbouÈ 0.4 wac aesgured. Under Èhesa eo¡dftfon¡ the sbaorbence

qerßursbêDtÊ lrcre eccurote ad teproducLble to *0,002.

The Zalss spccÊrophotoaeter ¡ras ue€d Ln thc teüperaturs ¡.rrte OoC

to 50oC. A 251 etbyleae glyeol and water nl¡turo srs e{rculeted Gbrough

ttre cell block used" A slllca gcl comp*rtnem.t adJrccnt to the ccll btoc!

prøvented eo¡denestLon of ælEturc oa the ccX.ls at lors t@perltures. For

lor tenperâ,tr¡Ec atudfce, the cell cmprrtuert våB cov€red rttb one lnch

thl.ek polyttyrsna fom to prcvenÈ ûofstute condousing on the outsfdc of

the apcctrophoto¡rGtcr and to ¡nfn{qi.se thc tr¡n¡fer of heat to thc eell

coaptrÈûent.

The teaperature of thc cell eæpartlrËßt vas calcul¡td f,rsn the

resistülce of a be¡d Èhetalator ($ft FSZ) wh,fch n¿s pcr-nraently ftttad

throlgh a PfîE etopper f¡to e calr fflled rfth dlettlldn deloulaed vater
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1I¡e reafsÊaûce of the therq{etor vas rneasured to i ln rrltt¡ eo ¿ccr¡r¿te

Ifheetctone bridge (Ëileo, XYpe 6401). Frm a callbretlon grapb of thc

logari.thm of the th¡ütslstot resfstrnce age{ns¡ t€mpêratur¿ (rneaeurd

rlttb Bolcb f"alorlnetor theÍûmetera, Brooklyn fire¡rnopeter Co., lOoC

raF$e 1B 0.0lot gËâdr¡stloo"l, aO* tê!ûp6rá,tt¡re of the eella cor¡ld ba

resd off to +0.02oC. Tberu¡l equiltbrlrrn wae assured 1f the resfatåncc

rersf.nèd conltaût s\¡er 15 tl¡¡¡Èce, and physfco-eheofeel cqglllbrfun wee

¿s¡r¡n6å fÉ the ab¡orba¡cc re¡ralned coÉaÈaût for a furthc 15 lLastce.

b. Vfelble Âbeorptf.on Spectropbotooetry

the Crrl Z,ef-se PþiQ lt rtpcêËropbotæetsr reE uaed excluafvely for

rIL vlcible abaotlptfon Bpectral nrgctrrenGr¡ta. A epcc,{ally conatructed

tresãl.atoftrad DC power cupply produclog ¡ very 1ør rlpple volt*ga rce

usGd to faprova the stebùlfÈy of Èhêce readiags.

â. ch,eck of the rnaveleagth seale ¡nd noeeur@,ont of the eell petb

longÈhr sare deüemlaed es deecrf.bed tn Sect. VIII.5a. The accurrcy

of the photonetrle ¡cale s¡e checkd anmrally usfog ctanderd neutral

glaes ff.ltcrç (Cl¡¿nee-Pflhfngton Optleal lbrk¡) $trtch h¡d beæ

ce.lfbreteô sÈ the wrvelc*gtha 505 m, 595 m, and ót0 m by the lüatlo¡¡l

staadatda Laboratory" Dtvl.eloo of Phyalce, c,s.x.R.0., Syduey, .åuretrall,r.

ltra eccuraey of callbretlon sü¡ ctatd to b€ +'10.002 oa tha Ëraûßal.tt.nßa

sct1c. Tlre Catl Zetas epecÈrophotmctêr opcratcd FlÈhfu these lfnÍt¡ for

the pcrfod of th1¡ eÈudy.
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c¡ pE Ûèternlnatlons

aJ1 pB neasureuenta lilete perforsed !Ëtth s Btdfcnater PH 25sE

netcrr The ecale callbratf.on Eee carrle.d out uslng t'¡¡o et¡aderd btlffer

SolutÍooc r¡{¡leh enco¡0P¿ssed the expeeted pE v¿1ue to be dete¡tLned.

Decauee nost of tbe soluÈfoae to b* tested rerc aot bufferedr 1t

¡res found Ueeful to earry otrt pH EeÉBurerneÉts to a tftßê ochedule'

rêeofdfurg the value t¡p nfnrrÊEa after the olectrodes ¡ss¡s {rr83¡3cd-

ßsíng thfs teclì.n1qre, readLngs were reproduclble to 1{.05 of a pE

u¡lt on cucceaslve eæples of tbe eue eoluÈtot,.

Â conbLned glaee erd calonel mlcro-elecÈrode (lftron Inetnrnentr'

TÍctotLe, Auetralla) wae uscd for all ueaeur'c&ents and ellored aa

lfttlc ¿s 0"5 nl of eolutiou to be uced. Ae the tbyu.ldlne tetrarer

wae requlred f.ot rè-use because of the ulanrte quaatftlec avallablet

coaÈæl.o¿tlon frm thc enall but fLnlte leakage of saturatd ECI frou

tbe celæel electrode had to be coaeidered. ConductooeÈrfc atudl"ee by

Chsadlerl0 wlth the sane cs¡ubiued electrode al¡oved that legs than 1 Ug

of KG1 ent,era tbe eolutLoa ln thc trm nfsgte¡ requLreð for pE

detenninetfo¿s. Thatcfore, EtY locresse of the fonfc etrength lraa

aegllgible,

d. Vlecouetry

Thc vfecoelty of ûrtlve Dl{A-Cu# solutioas sae deterufaød at

?5.000oC + 0.002oC ío a apeclally deslgged 1o¡ ehear auapeaded level

Ifbbelobde vLsc@eter fn rçtrl.ch tho caplIl¡ry (f Detre of I m laternal
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d,lameter) r¡es uror¡nd in a spiral, fre fJ.ow tl¡e of dtattlldn dcionfsed

Þ-ater ree 2û¡i.C7 + C.û5 seconde.

Tbe viacouete¡ was cleaned overnl.gbt wlSh au ael¡i colution used

for clea¡¡rng optfeal glase aurfacee (aee Sect. VIII.Sa)' thea rlnsed

repeaÈerlly with dfetillcd, deloul.aed rrater 1n whfeh ft wag allorred to

so¿k overnlght. Flnally, lt ¡¡as draÍaeri aud thea drfed *fth Afi, ecetone

by attaclilng to a vêeur¡a ¡n¡mp. ÀL1 aolutlons were ffltered through

a fiue sintered glsee fuanel attached to the vfacoaeter to slaLniee the

eûtry of, any dusË partlcleo LuÈo the eaplllary. IE a eftn{lar way, ell

sl.r suckod laÈo tlie visconeter llhen under vacur¡D peeeed tbrough a ffae

slntcrcd gless ff.lter.

For the viecoslÈy atudy of D!ùA in the preseDce of Cu# foua a Ðt{Â

aoluËÍoa rgaa tra¡rsferrd to the vLecoüeter rr¿th s callbrated 5 uI ayrfugt

fttËGd sfth a large laternel dl¡ûeter needle (tar¡ge 20). The Dl{À

eolutfon wae puuped slowl.y ísto the top, eentte bulb where fncreomts

of coocentrated Cu# lon Eolutfon were ¡dded l¡lth a calibrated 0.05 &1

aSrr{nge. The solutfons ¡rere thefl puoseú alowly fíve tf¡ee froa the top,

c€¡rtre bulb, thrcugtr the capfllary to the bulb ebove the cap111at7.

Tble proceas etrsured the eouplete nfxlng of all of thc sohrtÍon. To

nersure the flow ttne, eact¡ eolutfon ¡rac puuped elouiy fato Èhe caplllar¡

until 1t Juet resehed the bulb abwe. Uaf'¡B a 3-eecosd per 3600 ctoP-

ratch, flow tfoes were thêE recorded Ln trLpllcste 1n ths nor¡al ostner,

aad rcere elwaye r¡lthfn *0.2 gecond.
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G. üLtraceutrffugatfon

À Beckn¿a Uodel E analytfcal ultraceatrtfugc equl.pped wLth ultrs-

vlolet optfcs r¡aa uEed to naaaure sedf@entatfon coofffelent¡ of the

natlve DI{A-Gu{+ GyFÈeû. À11 ueasur€n€ûta wetc made at 301000 rpn 1n

a 12 m dor.rble sector r8t11ed Epont ccll uelng eapphire yfndowe. Ttre

^årF analytícal rotor used wìas themoetatted at 25.0 + O.loC ead

enabled Èbree cells to be anelysed almulÈanaously. The advantage of

the aultl-cell rotor ls thåt the cel1s arc srposed to the eaüa

condftfooe of tenperature aud cenÈrtfugal force, ar"d enable strlct

cøparf.eons to be DEde. The rderence eolutfon 1n each ee1l vaa Sutrf

am3 '
The ultracentrifuge !ùaa equlpped rLth a hfgh fntensity Xcoon Ðrc

lop rhlch e¡abled a Beckmaa pbotoelectrfc ec¡ûû{ng syctco (acenner}

to be used. Ttrê scaaner reeordcd the abeorba¡ree of the test Bolutloû

fo the leadfag Gector wlth reepcct to the refeteace eolutlon i.n the

tralllng Bector of the eell, the abeorbsace vas plotted autærtlcally

on e chart at e functl.on of the dÍct¿æe the scanaer noved along the cell

A Becløan mrltlplcxor &cceasoty fox the scanneß vas ueed to

urtonrtlcally eoatrol the eucceg¡fye aeannlag of cclla. tsfng the

¡nlufnr¡u tÍne for re-Ecannfog, each cell corld ba rn¡lyced about efght

tl¡eE before the sedinentl.ng boradary reached the centre of the ccll.

Thfa pofot ¡vas coneldered e coæeníent tf¡ne to stop recordfag results

ae the accuracy and reproducfbf.lfCy of further readLnga decresecd after

thet tLme.
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f . Ble.i.ysis

lhe meti¡od of, dtaLyafs was used for purlfying poly d^AT end poly

dG:d,C as: weLl, as for a prelJ-ultÊry s,tud.y of tiie Éåtlve nnÀ-Cu#

fnÈeractloa. In ?:oËie c&seÉ¡ ft was aêcesaary to Éoaure that the dlalyalc

tubfng {8lZz Víeklug Company, ünfon Carbfde, Chlcago, u.s..À.) dtd æt

conÈaln auy plastfclser or ultta-vlolet absorbfag epecLee a.e cuch

compounrls sre spected to fnteract slth Dl# and sq¡Id, æoa la the

absence of any interaetfon, lntroduce aa error f.n any ultr¡-violet
absorbance ¡ûeasures¡ents. For thfs reaßorr alt dla1yefs tubÍng wae boLled

fn a 5ã bfcarl¡ouate solutfon for 3úl ninutec, twlee bÕfI€d la dletllled,
delonl-eed rraÈer after rlnslng repeaÈed1yr åûd soaked 8t 4oC fn dføtf.lled,

deloslsed water for a further four days, the a7êter being ehanged d¿íly.

Iu a üesÈ experlmenÈ Llre epectrol properties of E. Coll Dl{A yere found

to be eølpletely unsltered after dialyelog agaLnrt 5Eú{ RN03 for one

ree&. at 25oc. thlo fdlcated'that the uublng treated la the üa¡raetr

deecrlbed above appeared to be free of any conple¡rlng or ultra-{rlolet

abaorbfng contanlnaûte.

Each end of Èhe dfalyele bag was tfed ç¡f-th two oeparate knots

as thta waa fdmd to provl.de a nost slnple and. ef,fæ,tlve ses-l. Tt¡e

dfa,lycLa veceel was rocked contfnuoq¡aly fa å see-sav ¡anner Bt 4oc

throrgtrout the purff fcatLon proceeo"
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APPE1OIX I
Fortrâa Coupter Progræ: Le¿st Squarc* of a polynod.al.

PROGRAIf LSQP (I¡tPüÎ, OUIPüT)
Dr!{Er{8ron x(50) 

"Y(50),E(50)coËo{o¡r A,c (21) ,D (20O) ,T[1LE(8)
99 REâI¡ l9, (TIfl.E(J) ,Jrl,S)
19 FoRlfaT (EAIO)

rF (TXr7,8(r).Eg.t0E )SmP
M T8 lHE I{TII{DER OF YALT'ES OF r ^åÑD Y20 READI,r0

1 roRMÀr(rz)
BBIDI, (X(I) ,Y(I) ,I-l ,1t))

2, F0R{À1(2E10.2}
DO 21 I-l rlft)

2l r(I)-l.o
DO 30 lnnDEBFl,4
caLL ISQPOL (IÐ rt.rÌ, ¡I,0 r30 r4, l, ñ)BÐEß., O)
caLL QIXptl(Írtr-lrmrlrl4$ruc EIIIL.r r5E t/R*)

_ cfi.t QIXptl(XrD,-lrlÐ,lrl4E*l/C !EDOß.* r5HlrllX*¡
30 comrtrE

cÐ ro gg

E}ID

G
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APPEIIDIX 2

Fortran Coa.rErter Prograor: Calculatfou of szs

PROCRAIÍ SEDUN(IIIPrJT, OtlTPttr)
rrlfm{sroN lffi(50),T(50),xL(50) ,J-(50) ,8(50), cou(8) ,DL(5c),DT(50),w(50

r50) ,wB(50) ,R (50) ,cD (50) ,RN(50) ,S (30) , SS(50) ,pE(50) , SE(50) ,8X8 (50) ,
*sPS(5C),RV(50)
READ3,ìtF
ÐO16L=l,ÌTF
READzTCoM

2 FORlfAr(8Alo)
READ3TH

3 Fomfar(i2)
RBI)4, (XB(I) ,T(I) ,I=l "N)4 F0RMAï(F10. o,F1{1.0)
xLR-39.00 i Ctr=5.20
DG5I=1,1{
À(I)-ç3¡çI)-eR)/cE
A(I)'¿11¡ /10.0
E(I)-f.5-A(I)

5 xL(I)=Ar¡oG(B(I))
READ6,n(t) ,R(L) , CÐ(r) ,Rlr(L) nRVG)

DR (t)- (s(L) **2¡ *g 
' 01097å

cALt tsQ(ÎrlÍ,,1{, zr E)
SE3-0.0
Iþ7I-1rtl
Dt(I)rs*1(I)+z
ÐI(I)-n (I)-Ðt(I)
SE(I)rl¡1¡I)*r2

7 SES-SaS+Sß(I)
ufi-FlrnÀr(N)
SDF-SES/ (ZT{-1.0)
SDF-SQRT(SÐF)
PRnq[8,CO!{

8 FOBIIAT(IEI,l | | l r40N,*SEDF]ÎASïAÎION pBocRAI,t 

^*,11,30X,8.û,10)PRI}N9
9 FORIíÀT( I | | ,zAX.,ttX. ßOulfDâRY*rloX,*TnfE (sgCS)*,10N,*g VALUß*,l0x,r¡
r (-6.5-C¡*r10Xrra¡¡¡ f.rrrl ll
rBnwlCI, (:{B(I) nÎ(I) "Â(I) ,B(r) ,3r.(I} , tr=l,1{)

10 FOË,íAT(22X, F6 . 2 n l3N, F7 . I, l3t, F8 . 5, 10XrF7 .4, 1 1X?F7 . 5)
PRIMI3

13 FORI{AÎ< I lll,20X,*Lt{ N*,lOX,rTI}tE (SECS)*rlox,*@RREGTÐ LN X*,loxr*
*[ON, *REsIÐUAL tN X*//)
PRIllTl4, (Xt(I) ,r(I) ,rrt(I) ,Dt(I) nI-l rN)

(contd. )

Jä
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^âPPENDUK ? (contd.)

14 FOBIfAT (20X rF7 . 5, loE, F7. 1, I 2Í- n F7 . 5, l7X, F8 . 5)
S(t)'¡7¡¡'46,
sxs (t )- 1 ç (Dt (ñ)+(1 . o*sDr) ) -Dt (1 ) ) / (1 (N) tnR(r) ) )-s (¿)
sxs (t)r (sxs (L) / I . flE-t] ) *nY 6¡.¡
s(L)-s (t)*Rv(t)
IfR(L)r$qs1(IrR(t) )
SD(L)-s (t) lr " 0F-13
sPs (L)- (sxs (L)i100. 0) /sB (L)
FRIt¡Tt5,Rlr(L) ,T{(r) ,tlF.(t) , E,s,sDF, S (L) , SB(L) , SXS (t) , SP8 (L)

15 FORUÀI(lll rZAXr*RUtI ilo.t, Æ ,ll r2oN,*¡glOR SPEED Er.8 *,F10.1,r(RP
rbt) çp. *rFlo.lr* RÁDI¿Ns/sEc*r//rz0x,*g¡.opE Is *rEl2.5rloxr*
2IItTERCEPI 15 *1810.5rll rZgX,*É. l{. D. 0F FIl f¡ .rnl2.5rl/r2OXrrgg
3DElrntTAÍIC'N CCEFFICIEITÎ IS *,E12.5rfr 69 *rF12.7r* SVEDBEßGS*
4ERGS*,II,2OZ,*9TA!¡DAßD ERROR OF SEDIdI{ COEEFICIEITI IS + OR - *,8I2
5"5r* SVmBERGS ng *rF7.3r* P/C*)
caLL QIXPTT(T,KL,-N, I, l3EqrIME (SECS)*, 6U*LN X*)

16 cotfrIMiE
PRrñr[8,ìiF

18 F0RMAT(*I*, l l l l ,3*X,*SIJ!0{ARY CF RESULTSil"I I,3ÛX,*miUBgR 0r RIINS IS
1â, B,lll l rt$x,*RuN No*rloxr*co¡¡cN p¡¡¡¡ür10xr*Roloß tpgprtrloxrrR vA
SALTIEÊ r I 0N, *SVEDBffiGS*, I 0X, tSTÀlqDÂrÐ ERRoR* r /, 2 6X, * (i{otES/Lr, I 8, * (
4RP!{)r,29Xr¡(10-13 SECS)*r¡.4X,*OF S*, /)
PRII$I9, (B.T(I) ,cD (I) ,ll(I) ,B(I) 

'SB 
(I) ,SXS(I) ,I-l,NF)

19 FOBXAT (l l rlOX, A5, llx,Fg.7, I [N,Flo. I, llXrFT . 4, ION,FE. 5, 12xrtr10. 7)
STOP
EIID
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AFPgNDTK 3

Fortren Conpt¡têr Prograor SpeetrophoÈæetrfc Aaelysla of DNA.

PROGRAIT cC DNÀ (rNmn,OUrPU1)
DrilB[SrOr{ OD (r5),rrrl.E(8)
RE¿îD I , (TIÏLE(I) ,I-[,8) ,H, (OD(I) ,I-l nN)

I tìoRlfÂT (8A10/r2, 15F5.3)
cåtl. t{À1rv3 (oÐ,1I1LE)
READ I, (lln E(I) ,I-[,8) ,N, (OD(I) ,I-l nl{)
c,aLL DE!¡A13 (ODrlIlLE)
BEAD I, (TITLE(I) , I-l ,E) ,N, (OD (I) , I-l ,N)
c,alt HrPER.2(0DrlIrLE)
REAII I , (îIIT,E(I) ,I-l ,E) nil, (OD(I) ,I-l ,l{)
END

STIBR0TTINE tUfrws(a,urrE)
DrHElrsroH a(l2),Il(t2),ÎrrrE(B)
Il(l)rl!5.
DO I I-lrll

I w(I+l)-w(I)+5.
S1-9,329E-08 ú S2-2.0631E-07 ú 53-6.1988-08 i S4=2.7928-08
s5-2.1248-08 É s6=8.5138-08
IIl--2026. *A(l )-1889 . *A(2)-1390. *A(3)+43 . tÀ(4)-319 . *Â (5)-608. *A(ó)+

225L5,*À(7 X.{171. tÀ(8)-386. ¡tA(9)+1159. rtÀ(10)+¡797. *A(11)+1187 . *A(12)
U2-656. *A(f )-1251. *A(?)-lI17. *A(3)-2830. *A(4)-1807. tA(5)-114I. *A(

26)-3379.rA(7)-1409. *A(8)-154 . *Â(9)-1558,*A(1$>-2424.*L(11)-2099. *.â,

3 (r2)
U3-3952. *A (f)+5031. rA(2)+6338. *A(3)+7480 

" 
*A(4)+7616. *A(5)+7307. *A(

261+7 052.rA (7 )+5740. rÂ (8 ) +4587 . *A (9 )+3938. *A(1 0)+3 1 64. *¡, ( l t ) +2tt8 . *
3a(r2)

coNc-u I * s4{t 2* s3flI3 *s 5
ÎHffiÂ-tl *S1{,t2*s2+It3*S3
TffETA-TEEIA/COT¡C
eC- (1.-1H81Á,)*100.
E-Ul r36{112IS l+{J3*S4
BEB / COIIC-TEETAfq$5STA
DnTA_B/:IIEIA
PBIITT 2, (TIîLE(I) ,I-1,8) , ((If (I), A(I)) ,I=1r 12) ,f,CrCO¡IC,DELTA

2 F0BHAÎ (lfil,ssX,*ÐTSA, CALCtTLATIO1[S*/55X,17(rE*) ,f l3.6F,8Á.l1llISOX,*
Zì{AVEIENGTH s ABSOF*EANCE* I 12( 55iF3 o 3X* I rl5XF6 . 3 / )
? lll[SxrtuoLE, pEp"cEÌil g6 - *,F6.Lrlll4'x,*coNcEmtA:t
+IOU ÐÌlA - *,f10.gryol.Es. TqUCLEOTIDE/IITRB|I//45x'*pgtn'. *rF7.3)
RETIIR}I T NTO

(contd.)
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APPENDIX 3 (coaÊd.)

suBRot¡T I¡¡E DEìIÀT3 (4, rrrt,E)
Dr¡4EI{SXOI{ A(5), W(5),TIIÏ.E(E)
tt(1)-249. úw(Z)-250. f il(g)-ee0. $ $r(4)-270. $ t¡(5)-280.
sl-5.473E-08 t S2-t.28t6E-07 f S3-3.8978-08 t S4'8-97Ë-09
S5'1.55F,-08 $ S6'7.62tr-08
rlL-27 54. rA( I )+23 54 . *A(2) +1 090 . *A(3 )+30 95 

" 
tA( 4 ) +1705 . *A(5)

u2-1 545. *A( I )-4786. *A(2) -1263. *A (3) -3849 . *A(4) -442f "'tÀ(5)
$3-7 210 . *Â( I ) +10 154. *A( 2) +9606 " 

!tA(3 ) +8930 . *A ( 4) +0942. *A (5)
cÛltc-u I *s4t.t2*s3+u3 *S 5
ÎHË[A-U I *g l+{¡ ztS 2{{I3 *S3
IUErA-ItsE1vCCINC
GCr(1.-tUgtÀ)*100.
E-UItS6*Ü2fg1+ii3*S4
trs / coNC- rEETA*TtEEf,À
DELTA.B/TTß14
pRrilr 2) (TrrtE(r),r*1,8) , ((Ì{ (r), À(r)) nr=1, 5) 

'GC¡ÇONC'DELTA'2 ro8ìrAÏ (Ifil,55X, *DHA CALCULATTONS*/55X,17 (tU*¡ , l l26Nr8ALÛl I lSoX"*
2$AVELEIËTn . ABSORBAIÏGETS/ 5 (55p3,3X*. *5XI6. 3/)
2 lll45X'rrüOtE.PERCE!ÛT gg - rtrF6.Lrlll4SX''*@ÌtCENlß.df
+IO![ DNA - *,F10. 9*]íOLBS. ]ÍIISLEOTIDE/LrIR.E*/ | h1K,*DEL1A = *rF7.3)
REflIRN $ ElÐ

SIIBROImTNE ETPERz(Drlrrr,E)
DrlrENsrol{ D(4),I{(ô),TrrLE(8)
!f(I)-259. ú W12¡-25,9. $ W13¡*279. É Wlr+¡-299.
s1-3.435g8-0g t Sr-4.ó5568-ûe t 53=1,474558-07
U2-43. *D ( 1 ) +I 3 88 . *D (2) -629 . tD ( 3 ) - 2422.úD (4)
uþ.2261. *D ( I ) +1 I I I . tD (2) +289 2 . *D ( 3) +2920 . *t ( 4 )
c0Nc-l]2*slfii3*s2
tp14- (u2*s3+r¡3 *s I ) / CONC

GC¡(1.-IEEÍA)*100.
DETTA-I.0
pBr!$ 2, (lritE(r),r-1,8), ((tù (r), D(r)),r-1, 4),GC,COIqC,ÐELTA

2 FOBHÀT (tEl r55X,*DNA CALCür.ATrgg5*/55Xr l7(rE*), I l26X',8^LAl I lSOX,t
2WAVELEUcTH : ABSORBAFCE+I 4(55)G3,3X*:*sXFú, 3/)
2 lll45X,t'4ALß. PERCEÀ¡T 6g ' *,F6.L'|í|45X"*CONCEIÛRAI
+IOA DIIA - *rFlo. 9NMOLES. NUCLE0TIDEILÍTEE'|i| I lSXrttDELTA - *.F7.3)
RETITRN f gND
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