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SIJUUAAY

-

thla übc¡lg fl¡r¡t ûcsorlbos tho thcraal

dcnaturatlon otr DITA firm Calf Th¡nnue and E. Coll.
Frm thc neasurcnents orf II-V ¡porotra otr DNA both ln th¡
prr6rncG and absGnoô otr ouprlo lons, ill¡reot arlûcnac !,¡

prcsGntoü that Gup¡rlo lons lnteract rtth thc nltrogüû

atoms o,f tha DNÀ basGs at btghcr tæporaturcs anû alro

at l,orer tcmpar.aturc rhÊn thc Dl{å ballx lc e¡ípoced to
thæ aftc¡r ühc hy{rogca Þon{l¡ prrGrcnt tn thc lnteot
nolccula bave becn lcrolrtûr Vtd.blc absorptlon spGetra

nGasuræcnt¡ proüuor aa eilêtttmal sttttÊnot for ¡uoü

blndllnßr

4þssrba¡oG and ¡cdllncntatlon veloc!.ty

[Ga¡uroilcnts þcforc anll aftcr dlcnaturaülon and aftor
arlilltlon Ef soltü potarËlon nltratc to thc dlenaturcû

aolutlon, clrotl that thc llcnaturatloa of I)!lA oaued Þy

or¡prlo læ; 1¡ rsvcrstbloo

ft !,¡ ob¡orvcdl that ao bsn{ltng of oupnlc loar

to hatcrooyolls nltrogoa etmt ooot¡rlt unttl thc tbcnaal

ilcnaturatlon prooüto oæur¡. At 1J5oQ, ilctarnlnatlæ

of, thc crtent of Þln¡illng of, Euprlo lon¡ to DIfå, by tha

cgulltbrlm {lla1r¡to mcthodl, rih* that blaálng lnoncåmr



tt.

rlth eoncüntllütlon aadl that thprc la only onc typc of

Þtnilhg gttc. îho sæc lt true for tfrA ilenaturct l,n

thc abscnoc of cuprlo looa anil subacqueatLy placeil ln
an cnvlronnent ooatalnlng tbaso ion¡. At 55o0r

hotcycr, tha auaùcr of bfnitlng gltse ls foundl to Þa

groatcr.

$peotrophotonatrl o ¡nå poLarogrepblc

atudlc¡ hava bccn n¡ila fop tho btnitlng of ouprptc lsae

to {llffcncnt nuelcottdlc¡ and nuolcottdrs ac prcraat ln
thc DilA 6oubX¡ hallr, ln orllcr to flad out to rä!.oh of
thc;c cuprto lon¡ ärG Eol¡c bougû.

Gcncral ülsEuaglon otr the prcccnt $nily to
an uaücrpatandltag of tha chGütrtry of pa¡slblc ¡lts¡
for b!.ndllnS d suprlo loae to Ðfå. ls Brtacntcll ln tho

oonoLudllng ohaptorpr



*blr tbnlr sætelsr no retætril,
prclosrlt nilttt.t for r ütgræ * ülpla¡
1n æ¡ Fnl,çtrrltt r¡ûr to thr ürlÊ aû lV
Inçlrtgc rnil Þatld, cætetn¡ ao rrtarhl
prsrlotrd,y rll,ttra Þy æo¡tåæ pctrüt
æcrDt rÈæ üsr rdüræü lr rdt la th¡
tr¡fr

T. [r Srfruteve
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I a

Heolcla aaldlr, Ilta protctaa andl poly¡aaobarf {lce r'
belong to e naJor group of natural ûnganlc uaoræolcoule¡

thloh errc üsscnttat oonstltuoats of llvtng or:ganlmlr

In e11, nualstro aotdls omnanêcdt tralcndous lntcrcct

iturlng tlrc p¡st fst üooadlc¡ andl holdt a lcy posltloa ta

oall phyrlox.Wy and bloahætatryï 12. îhls 1¡ bccaurc

thoy camy anô trans¡rlbc thc ganatto üütãa$tl for tha

l!f,c p¡!ocsts"o). |!Lc ganatlo !üornatlon tn tht ohrmo-

Êücs tn thc ocX.l nualcur 1r oontalaçil ln DIfÂ rhørcaa thc

tranrorlpttoa øf thc netaege to thc varloug parts olf thc

ocll ÊGæt to bs oarrlcü out bY R$åb.

tt ha¡ bscn carllcr roportcdl tl¡at nuolalo aot,il;

tsolatcll frm vürtûut tomstt oontaln oú üty lntcraot

rltb !6rcral aetalJ-lô. raay of tha þloobætoal

¡rcaetlons oû auololo aol,ds rhlah occu! ln l!.vlag ocllrn

rcqulrc dtlvalc¡t aatal. loaoe thca protcln synthccis Ia

¡tuillcil tn vltror lt tt neoccsåly to Drw!,{lc thc

rlboeual acillu[ rfth ïig*Z, eü al,¡o tharl 1¡ a nagncatun

rcqulræcat þoth ln tba cn¡yaatlo ¡yntlr¡¡l¡ of D[å anil !.n

tbc funatlon 6' Àlfp-a;rí9. Otrteln rtrpa of protatnl

ryathclts oatr utluta [n+â lon¡ lnctceal €f xr*â ?o.

It has aø bocn üæoa¡tratc{l thet sndlcr t varlGtt

oú oondltlonr, uctal lea¡ r11l roeat llth anil Þrduoc

iltffcr¡nt cffcatr on tha ¡tructurc d Þol¡rusclcotlilcr2l'Z' .



2.

lFhesc nrts]' t,one hsve becn Bhsrn to stabfLlac thc scoond-

ary anü to¡rtlar Eaürmolcoular Etrqetornc¡26, Ieþlll¡a
thcac sttuotuorrzT o¡F Grtrn Þrtng ¡bout thc ilagraitatlon

of thc prlaary atruotura2S* Rooant1y, Etolrhoou2T hr"
fourd that dlffsrcnt blvalcat actal lona cxËlrt dllffcrant
cffeot¡ on thc nelt!,ag tcryonatsno of Dfå,. ånongrt thc

varúous nctel lonr st¡i¡lr{t, ha chorùd thrt Ig*â, O"*2,

B"*?, oo*2, ro*2, f,l*2, anú za+2 lnorcasc tha aclt!.ag

tcnparatunc (u) ;hcroaa co*z, &*2, erd Fb+2 åccnea¡c

It. lfbc tnonea¡ctl h ras attrtbutcil to tha ¡tab1ll¡a-
tton of tho D[å *rsotura by uctal blnlllng to pbotphatc.

.lt tho omcnçmant of th!.a lnvcattgatlon lt ha{! bccn

ouggcetcð thrt tha daarca¡ü ln 8a re¡qltcil fræ
ooondinatlon otr thc nctal to clootron itonor gîor¡ps on tho

nueLcoaldlc¡ and that rusb ooor€ltratton roulô dll¡¡plaae tho

hyilrogan bonû¡ thåt hold togothcr tba tro Btlante of thc

ÐHA hct.1x29. Dl¡.aet a:rparturnta} proof orf thtc hy?o-

the¡ls ras horcrvc¡r Lachlngr

llÞc aaia atn of thls prcscnt lnvcrtlgettoa rr¡
to rtulty thc !,atcraetlon oû auprlo lon¡ rltb DI{å 18

Þa¡rtl.ouXar rltb B.Coll aail Calf lfh¡mur Dtå,, rnll to
c6pârc the¡c lataraotloa¡ rlth thosc ef othar lllvalcat

uatala. It ras alro hopcil that tha¡r ctudllcs alght
prcldla lnfomatlon cbost thc taormolaoulür oorf,lgura-



5.

tloa of Dl{å. la ¡olutlon ta prrasaoc of oupreto lona.

Cuprlo lsn rat oboacn ln thl¡ atudy bceanlc æong* all
the btrelant uctal loa¡ rhloh lorcrcd the lfn of 9IlA, lt
rae feunð to þG the no¡t cffcotlva,
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l. Introdqf$r.oq

Blotrhorn inil clütî inil El,e12 ì¡vc rhfrn tbet

ooppar h¡¡ a sp€elflc cffoot ln ilserêrËtng thÊ ¡tabtll,ty
of tho Dl{å hËIlr to themal dlsnatu¡rrtlon rbcrcas tbc

prôrcncc of no¡t blvclcat ratalr rtll rtebtltrs thc

nc.ttJ,ht7. lfbc dcoraatc of 1ì¡ ülth lncraatc of ooppor

ooaocotratloa at oonsteat lonlo atrangtlr 1¡ thue

nartc¡tly ôlffc¡rcnt frm tbc sffcst ob¡crvd ñth otbcr

lon¡. Furthc¡rrorc, thc dlcnaturetloa et ral.atlvaly lor
tcnpcratu¡rs lnüuaadl Þy thc ÞrrirÊ€c of ooppc! tonr hm

barn rhom by Stohhorn eaü Clertl to bc ræcrllblc þy tbc

ülldlltlo¡ o'f, ¡loetrolytc traf,OO rhlolr produEcs r btgã

lonlo rt¡pcngtb rcnaturlng thc itcnaturd III{À. Elatâ b¡¡
¡rcportcü th¡t qucnchcd euB1cr orf thc¡ually {lcaaturcll ffiA,

obtet¡cd Þy ¡il{lltloa of aonodrttatcd! ral.tr, Wfå,f sr bt
illalyrir, porsrss ¡lnllar propcrttcs to aetlvc Dft

triclgallng thc optlsal dlcarlty- tæBcraturc Þrofllcet
obraatograph!,o pattenrr endl ttanúornlag aotlvlty. fhc

æaeqptloa thet thc 1oçr af hypoçhnætalty at ralatlvcly
lot tæpsratorc ta thc pnrscnoc oû coppür toge l¡
conicqsaatltx, oa ü ilcnaturatloa plostËt, 1r euppertc6 by

thc svldlüroo thet uaülr thc ræc aonilltlonr thcrr l¡
oþscrvsi! a nar.lrcä lcsraa¡c la vlsoorltyr a loes d
blologleal ¡otlvltt ¡nil ¡ dltcrcara of aoLecule¡¡,

as¡r¡rat¡rtr.



7.

' lha¡æa1 tlenaturatlæ studlcs of Calf lhynu¡

andl E.Cotl. D$¿. ln tb¿ prascaac of oopper tona arc

reportcdt tn thla ahaptcr oonfirmlng and further cxtcnd-

Lag thc flnûlngc of Ëlohhorn anll Olartl anil of Hltt2.

Ûl,naot cvldlenoc ls prctcntadl shorlng that thorc ls
tntaraotlon bctrcon copptr !,on¡ rndl nttrogcn atoue of

Dñå. basog aftcn dcnaturatlon ta the presonoc of coppt!

tona at clcnratslt tæporaturct but not at rom tmpcnatgFsr

Saðlncntatlon vclootty noêsurÇntnt¡ anc røportell to ahsf

that rcnatu¡patlon by adliltng cxoeec of goltal mOj to tha

dlcnatulcdl DHA tppttrcntly regenclatca thc natlvc DITå.

2.
D4Êr q-JrltÌr varrtürr ooncontïihl oqs glf. çuortç
loas

Ecatlng DHA golutlon brlag¡ about a ooopGrat!.vc

tranaltloa to florlbhr cotXGil chalnlr rhlstr ln turn

ohangcs ævarrl propcrtl,cs eeoh as vleooel,tyn optlaal

rotatloa, o'ptloal ilcn¡lty, tto. îhc nld!-Polnt sf thts

t¡ranrttloû hac bccn tcruadl tha ualtlug or dlanatunatlon

tanpcraturs rbloh baE Þcca dtcnotrit by b5t6.

fhc n¡sulte af tho dlanaturat!.on of E.Colt DÑÀ

¡c oÞtalacd ln thc ptlgsctrcs of iltl^fcraat oonocntra¡-

tloas of ooppc¡r lc shorn la Ftg. l. À¡ t. ebscrvcût
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the ncltlng curves gpaðt¡ally Ehlft tarar{s l.0¡16l' ttffipcrÙ'

turo¡ îlth lncrcasc lA ooppôr coneontrltl6n. |[rhc

surve h ras obtalncil ttth Ê Û¡1 nüo oôûGaûtratlon of

ooppsttr Hlghar Coneèntrstlon3 of coppcr rorÊ avol'üt|

bccausc of tha probablllty otr pr6olltttstlng a Cg-DNA

edaplar, fhe Gurçes bAome ßtstpâr a8 oonpa¡lüd to

cury6 a (natlvo DSA) ;ttb thc lnaroaEc ln ooppo! ooûotB-

tratlon. [bo h¡æBrchrælotty alco I'nel'cascs Sradh¡ally

but flnally attalns a oonatant valuE (fræ ouFÍc al

onrardts).

Tbcpfofxlotf,orthcthcrnaldenaturatlonöú}
cllf lfhynus DHÂ src clnllar to thoso of E.Ooll DItå.

Horcyor, thc nürftEga tbtft otr the noltlng survos to

lOrcr tcnrperatsr6t ú.th O.l fl. €opp6r oõnoentratlon Lr

lcs¡ anô thc na¡lüuü hyp6r¡obromlatty La aorc a¡ cæParoü

to 3.Colt IffiA (Fig. 2).

3. Tq^rta3lpa of fa qllb-puprle toa eoÊgcntmtl94

Fræ thc pclttns or¡rvcs of 3tg. { anll 2 of thc

forogolng sôotton, thc blgþ tæpcraturG ltü1t tb'â¡) !.s

c¡tlnataü.
rhl ob

En t¡ nf, d¡dtnGd i3 tho torpcratnrt for

Þr I {rçr, + t}
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Ir glvGtr by Dove esd D¡vtdsm.l thc¡a ealeulatod h velæe

hrvc bccn plotted agal.aet R (1, r totrl æouût of coppcr per

necleotlde fn the 3oh¡t1æ' both frce lnd bosnd) and erc

¡howo La 3tg. 3. F¡a thr flgure lt 1¡ evldcat thrt vlth

R - 0.3, În of, E. Goll Nå, Ll dcercetcd to 71.0 end this

dscr¡r¡c 1a lb value bscæct vrry repld rntll l, - 1.3 ¡PPrq-

lortely ïbcre¡ftar ft daetc¡tGt ært llæly. Àt tbe hlghcat

veluc of R - 2.7, ttc Ib fs læ¡rad to ¡l5fG f,ræ ?3.5tc, thc
ob tained

valuet 1o ab¡cacc of cop¡lcr.
A

Slarl.er beh¡vlour L¡ ob¡ercd rlttt Crlf lhyurc lll{À'

at tho nsl,um velue of R - 3.3. Îhe lb v¿h¡c dccrcue¡

to 45.0' frcn 63.OtC obtelacd ln ebrencc of eoppcr.

4. Encrebrælcf,w of HA rt dlff¡rcnt te cr

Sslutloa¡ of CeLf Tbyæ¡ DtfA (2.99 ¡ fO-S u)

scp hc¡tad la thc ptilræeG of cu(tf0r), (f.O ¡ 10-4 t{) ¿t

25', 35t, 45t sad 55tC for 10 E¡,ÊBtGr æd thrn eooled by

pluagtag th¡c fato lce eold yrtetr. lbê spcctrt wr!

raeordcd ¡t 25'C æd er¡c ¡hora 1n Flg. 4. lbs t-Y

rprctru of lX[A glvar a lsl.nrc rt 258 ay (euær e]. lbc

posf,tlon of tblr nsl¡rn rrn¡tnt uacbægad by tttc rddf.tim

of eopper rt 25tC (eunc a) but on lncrcerlag
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w:ithout cupric ions); b, 75oCi c, 4jo}i d, 55oC.
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thc trycrrtnrc st ¡rblch heatlng vr¡ c¿rrteC eut thcrc is ob¡rtred

r rnr1l ¡hlf,t fn t¡c ¡t¡l,au Èæsd¡ lægtr ravclcagth (261 nr'

ecrrÊ d) and o laeroæc ln eb¡ottæcc rftb thc tnc¡csrc la

trryr.rrtuñÊ, ¡8 1¡ rhorya la Î¡blc I. In ell Gû¡.4 brordanlng

of rhot¡ldrt¡ hr¡ bccn ob¡cr¡rd tærtde longcr nvclcngthr,

1åBI¡ I

srr{f,t of the U-Y rb¡orptlon e¡rla¡a of Crlf tbruüt EA
rfteq hqrtlar rt v¡Flsrç t¡np¡relulgt 1a pnrcncç of

esorl.c Lo¡rr

tcrycreturc Poritfso of ual.¡r¡¡
rb¡otårocs

258

259

260

261

o.D. ,-- t/o.D.
. E¡¡ 25

2t

35

ó5

55

1.00

1.0å

1.45

1.55

Eoetllg r DtÂ ¡olut{on to 90oG f,or *5 d.aütc3 ed

rubrequcltly coollng by tbr æthod er darcribcd úorr, lt

rl¡ ob¡a¡td thrt tha verulrngth of tbr tsfm dtd ¡at

chsgc (ltg. 5, eurr b), ¡lthough thota rat rbout r

4{X3 lnc¡r¡¡c 1o eb¡ot'bæce. Ou eddtag copp.t to thl¡

d¡n¡ùr¡cd rolutfæ, to glvr r ¡oluttoo of, 1.0 ¡ t0{ x
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Effect of Cupric ions (.1tM-ì on the spectnrn
of Calf thymus DNA (2.99x10 'Mp). Curves a,
native DNA and' also when coppei^ad'ded to the
native ÐNA; b, DNA heated at 90-C fov 45 ninutes
and quenched; c, copper ad'd.ed to DNA treated
as ín b.

c

Fig. 1I-5.
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conoentretlon, thc apootrun aborcd a shlft ln thc

naxlmun þA q¡r ourve o) üth a llttlc broaltcning of

tbe ehouldlc¡:E torards longer ravc-lcngth.

5, Iloagt$n+tlon by rÊðlns pgJ,lcl XñO

tlcnaturpd solutlons
F-te-3b!

Ilndar oortat,n condltlona rhan hcatcil, tloublc

¡trandcô hyürogen bonâcð DI$A noleeulc¡ arc eeparatcd lnto
tro tangledl alnglc chafn¡ ln rhlch thc hydlrogcn bonds

bavo becn broken antl rhiah rhen cooled undsn optlna.l

sondltlona, are psformeö to Þrlng leoovsry of thc ortgtaal

structunc aad algo of ths blologloal acttvfty. fhla
prooera ls knorn as tbc rcnaturatlon of DfA.

fn thc prcgcnt casc [t has becn observed that

thc h¡npsraturoml.clty d DnA ðcnatuncit by heatlng la thc

prorüroe oû ooppor ls lrnworslblc upon oooltng.

Oulroa b, c andl {l of Flg. b elL behave ln the s&t r8f.
lorever¡ rbcn eolldl ffiO' 1e addlc{l to nalt tbo solqttonr

Ool t ln Xl{O3r thc abærbanoc dlacr:carc¡ anð aftcr 15

bourc all thc apoctra fol.lo,rcil tho au¡vc a (ftg. h),
rlrlah çaa obtalncdl þefora hoatlag thc solutloa.

81n11ar obacrvatlone havc bccn raoorðoû ln tha

ncrt ¡cctlon (6) rhcnc aftcr adldtng æltdl fn0t to
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rolutlonr of D[À bcet¡{l la tbü P!t3?noc of cæPcr at

iltff,crcat tæpcrtttrrcl" tt ürs sotôô th¡¡t thc eb¡epþino.

v¡lsc¡ grallualIy ürcrlafc tnd ln thc €oü¡Plc ú t5 houl¡r

all ¡olstlær attaln thr valuo rbloh thcy hall bctrorr

bcatlng. flltllç oÞrcrvattoa¡ rGrG ¡1¡o notcü by

Elehhsrn aû{l Olartt.

6.

rflo¡e É!illq+-*ol'1dl-Fl0t

Ant ohrngcl la rl¡c æ thipt of a Etotüslccul¡

ln rolutloar nay br fo}læ;dl bt tbo tGúiurõcnt of thc

rc{ttnoatetlon aooûtlLoloat (g} anû tho ¡adllroatltloa

cocfflsirat ûtrt¡'lþ¡tloa ta tura otraraotcrl¡m tbc

ü|ctftbntloa sf noloouler rolghte. Xn thc Etctrnt Gllt

æltlncatatloa vat oalty ücaturæâat ha¡ þcan ulcdl to ftnð

!,f tba¡.ç lt âa,y oonf,lgelatlosal oùæ8c thtn ffiå i'r

dl¡netsrclt by haatlag !n tho Dpt¡lao. of coppcr. tfbtl

aætrlnont rar Ecorlcltatcü bccaulo ro"aratl of abærþ-

erc. vflüt! bf edlillag üolldl ffiO' toor Bot ntst¡l¡¡{l¡r
ü3ra tbat afttr tpper6at rcacturatlon of thc ûcnatu¡roi!

ffiâ, natlve It[å hat Þcra r6tÊnoËatcü. Olrl laa t¡trcn to

!aä thtt r11 thc o{¡crtrcat¡ rcnc dloac oa pertlon¡ 6|

thc ¡so ;olutlûn a¡ ülfbcrcnt rolutlso! rty bæc
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dllffarent ilegraog orî shcsr llcgrailatlonr

Â11 thc ccdllmcntatton æefflolenta ncportcü

hcrotn rerË correoteü to a ¡taailar{l bacle aesotdfng to

the cqrratton glvcn by Ílvedbcrg and Peüeruoa8

Saorr ' g 1 solvcnt

"L Hao

(Ijlro,'
t (r - i¡),

I'l Hzo't \ /
\ 1"rtr'/ [

rhcre gZOr, 1g thc oorrcotedl sc¿llmentatlon ooofffcientt

S 1e the gcûlnent ooefflclcnt untlcr the

ooailltlona of the crPerlmnt,

'l ËeO, { solvcnt, ( aro rssltcatlvaly thc vl¡oo¡lty of

rator a¡ril solvcat¡ thc dlensity of thc

¡olvcnt at thc tampenatunc otr thc crÞclrl-

nrat (toc),
tt ge0, ( o,r, are tho €ol:rssponrllns quantltlcc for rater

at 2ooc,

i le thc Dantlal spaolfto volu¡as of DsÀ ta thc

eolvent ugad.

llhc valuas of t tnil ( tôrc talcn fræ thc Intc¡raatloaal

Orltloa1 Taþlc¡. Thc ftgurc useð fsr i las O.556 for

tbc soülun ralt of D[49.

Equax Yolr¡ncs of ÐsA ('t 'o?r to-h l) enil

ooppÊr (e¡ tO-4 I) hoatcdt ¡cparataly for {O ntnots¡ ln
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I ratG¡e batb, ¡rcr¡ nl¡cdl ln a pnehcatcü fLarlr æd lÊft

f,ol h alnutct. thc f1a¡I ;aa thcn talrsn out, ooolcdl

Þ'r plungtag t,n lec ool{l rital for neaPly 5 nlnutoe anü

thc 8r'r, d ab¡or$¡noc valuct rtra tlron rccordcdr

Soltdl HO, ra¡ all{ltdl to tho ncct of tlrt solutloa to arlc

O.1 t ¡olutton of [fO, andt tbc lo¡e¡loËËEtt ràrÇ

rcpcatadt. tlbc tæ sponetloa ¡ret ttplcil out at tt6h

tæparatürrc¡

The valus¡ ro obtalned aIlG ùorn tn Flg. 6.

It crn bc t.on that Þoth ths ab¡orbanoc and tbc ¡ctt.-

lrætrtlon valsôs lnûrcrræ rlth thc lnorüttc la thr

bcatlag tcnperaturc end ara ohçngcû ilragtloally at thc

hlghett tcmperaturc tt ,i% (at thlr tæpcraturc tho

eb¡orDaaoe bcglar to f orn ¡ Dlataau ) . thcn soltil HOt

t¡ râürlt to thcsc ælotloae, botb cf thcrÜ vahât llo

not lìarctlt c¡eotly to thc ?;.lutt f,o¡l netfvc ffiår ?hcrc

t¡ not Ytqt uush llsrlattoa l"n ths ¡brorÞtnoô vaXuas but

tha ecdllncatatlon velucc a¡lt loüc! by a fcr unlts at

thc hlghcl tæParaturclo

7. [,lpctlor of,. floaa{Fretlon

'fhc Grtcnt of itcnaturttloa ;aç folloçedl by

nc¡üllllng tha taoncaca ln tbe cb¡orbaaÛc a¡ e fuaotloa
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sf ttnc of tha ¡olutlonr of Calf thynua mÀ (O.5Or

lo-5 r ) em coDpr¡f ('trto-b r) ¡t 38.6o, b{.oo, b5.lro,

l¡8.Oor 90.â6 an{t 55.OoO. Ttrt¡ llenaturatloa rcaetlon

raa {lonc rtth a thcrq¡oragulator ohæbor ¡o as to nalntrln

e oon¡tant tc@areturc ûurlag tbo tlnc sf thß orpcrluant.

The rcsults 80 obtaiaoil a!'c shæn la RLg, 7

f,ræ rtrloh !t la oridlent tbet ln thc beglnntng thcrc 1r

a :uelðan lnor.caso ln thc ab¡orbanoc valuca lhtoh tc
¡arkedl rlth the tncroaac of tenpenaturc. Îhls raactlon

f,g ao fast that at tlra tenpenatureo of 5A.2 anð 55.OoC,

rlthtn !O ccooadl, thc abeonbanoc rcaohca to tha Bolnt

rhcrcûræ tt begtno to forn a platccu. lbough thlc

raaotloa raa ca¡rlleit out for a fur.ther 5{ hourr, e æalt

lncrearc ln thc absorÞanoô raa observcdl. In othar

ûÉ¡ra elso thcrc ls a aldlilan lnrsrca¡c ln thc abcorbmoc

ta the beglnnlng fo¡: I nlnutc andl than lnorcascc graåuaüy

up to 2 hour¡; aftclr ;hlotr pcrlodl they follor thc lamc

pattern as abæc. Thera le obgcrvoll a vctry ltttlc
itlffercnoa ln tbe flaal abcorþanEc valuel obtelncdl aftcr

5* boura at 5o.2o sad 55oc tûal lt lc Prcst¡ncal that aftsr

5O.2oO tbc dlcnaturatlon of Dl{å ts aolrylat,cdr

Dlaouralon

|[hc Þehavlour of cuprtc ton¡ la Locrlag tbc

8.
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trcltlng tcmperature of Dtlå ramalneû undctcotad prcvlous'

[y ÞccautG nêÊaur6mcntt ¡ropo aaü{t tn hlghcr Eon6ont¡ta-

tloas of cleotrolyte lolut!.on¡ (O.{ I) undlcr r}rlob

Gonilltlotr tbc fn 1ã not lmercdl. Prcönnabl'y clthar

thclc Í&a gfaaücr eornpetitlon rlth soillw f'on¡ fon bfnü-

lng tltc¡ or lt rae dltffloult for thc netal to æproaoh

blndtag ¡ltc¡ dtua to aþtaldttng affeots ppodluccdl by

eo{llun loñto flmevar, ltr Lor aoaoantratlon¡ of

clcotrolyttr they arc 1Gs3 ¡lrtalilall bf thc oountar!.or6¡

It 1g gLto knowa that loçcrlng orf, the salt conoentratlon

at aonstant tanper.aturt belor a crltloal potnt brtnge

about dlt.lutfos danaturatlonlo-'l5r but slnac thc dlouble

gtrandtcdl holtsaL oonflgt¡rattoa of DIÍA la kno¡n to rcnaln

¡tablc Ln eolutlona as lot aå O.OOI t ¡ol.utlon Ûf

claetrolft"l4 tll the aeasür€ßant3 ln the p¡eegnt oeso

rürt dlone ln O.Oi X ¡ol'utlon of trilOr.

ÂI1 the orpcrlmentø ¡ora oa¡r¡rtod out la thc

abacnoa otr any buffcr to natntatn oonstant pE bccausc of

poEelble oompXlcatlonr çhlch day arlsc dua to oontrlbu-

tton o'f aðtlcit oatton¡ to ths Þlndlag rlth DfA. Ilndcr

thosc ooaltlttont, hoÍeúorr thcro t.¡ a poeelblXlty that

thc ooppor dlcnatsratloß t¡ affootcdt by plï ohangce proôuÛËdl

Þy oupr!,c tons. Follorlng the ¡uggoatlon of tavallorl

ct rI'15 that the pÍ dtlffsrcaoag botrcen soluttsn¡ of DÑf'

¡{th andt rlthout ouprlo loa aooount¡ for a llttla ahaagp
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ln the confot¡¡tlon of Dl{A et roon t.ry¡rrtur. rnd the

¡ddltlonel crptrinrat¡l vrrlfloetloa ¡¡htch her bocn put

lowrrd by Etchhota r¡d Clettr l ¡r¡11 pã dff,forcner¡ b¡vc

baca ncglcetrd 1¡ tboe rtudlol.

lbr b¡h¡vlour of DtA frø E. Goll end C¡lf Thyut¡¡

1r qultc rl¡ller rlÈh rrgrrd to the lnero¡¡¿ ¡nd drcrceæ

fn rb¡ort¡ncc ad tn velur¡. ïh. !b of DNA dcpcndl cntlnrly

o'n Ëhc c@ecntratl,on of copDrr u¡cd æd thc etcepm¡¡ of

the euwc ruggcttr thc ladcpcndcnec of In rrlth rrrpcct to

G-G conùürt o! IIIA. ttr lect t'brt h 11 lo¡r¡t¡d luggotr

thrt d¡rtrblll¡rtlon vhfch lr dr¡¡ Èo phorphtt. blndlng .¡

hrppenr wlth ug+z üd !h+2 ¡rh¡rr Èhc !n wr¡ lor¡nd Èo bo

l¡c,reased .7 '16 But Lyo¡¡t rnd KotlulT h"". ¡t¡tcd thet

tho nr¡mtle r¡toaúc. ttudlc¡ do Bot coar¡rpoad to thr

eøa.pt of rpoclflc f,rüotretlon nlth th¡ b¡¡rr ¡¡ th¡

dtrÈrblltel.ng rf,fceÈ. ftrarc lr the polrlblllty thet thr

lrtgc qumtltlu of rø rlnplc rr1Êr n¡y e¡ur. d¡¡trbll-

l¡rtlo¡ tbrough u lndlr¡et tnflurnce oû the rtrucÈuro of

vrtrr erornd æd rrtthln thc h¡ll¡ ttr¡¡rby rrduel.ng thc

hydrophoblc bondlng bctrccn th¡ bur p.1t..18

tt¡ dccr¡e¡r ln 1o b¡¡ b¡cn notcd ln thr
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pr6s6noo orf, ffi41.1 &Iount6 of copper. At R*A.27t thc

fn ücor6aacs etgntflcantly rhtch 1s ln itt'reet eontratst to

*rat Élchhornl h"" tsportêdt. Elohhonn founü that çtth

Brr O.b thera ls obecrveil an lnorÊast'tn lfn lnttlally

rhlcb ðeoreascs wlth lnoneasing value of n. Blohhonn

alco suggceteal that a break ocaurrsd !n thc ou¡rrc aS

Rr 1.5 for calf fh¡mue Dt{Â lcadllng to thc posalblltty of

blnrtlng of one ooppcr ts pho¡phatc and thc roat to thc

nuoleoeldes on vlee voltt¡ Hcrrevc¡l', 1ñ ?ltt o'f thc

Boastblllty of thc fact that aomo otr the ooppcr moy not

bs bounil at all, dlscucslon of thLt qucltlon hat baca

l,cft untll after thte ohåpter rhoro tqull!Þrlum {ltalygls

technlqr¡o hås been er1ployeit to çork out thc pogstblo

stolohlonetrY of thc reactl'on'

llhcravo-lengtbofthcabaorbancynarlnun

rblftcit ta Z6l nF frm 258 np rhen hcateit Xq 55oC 1n

prcrotroG of ooIrBGr. ths appca¡eaaco of the ¡houlden ln

thc absonptloa Gu?vag ln tlrc regt oî 265-280 ng (Flg. h)

uey bc attrtbutcil to the porturbatlon oú¡ tho elloreil

caorgy laval.¡ sf thc ba¡ec by thc ooor{iinattng ooppc!

lonar îhla bchsYlour ls ald.Lar to tlrat obcervcdl by

ya¡nanc and! Davtdgoal9 for tha rpeotral sltlft assoctatc'â

rlth thc latcrectton of DÑA rrlth ncrour'lo lona, ;hloh

re¡ latarryretedl aa thc lntaraotlon þotlccn tha Ecrosrto
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loar end Ëhc ring nftrogcn atom¡ of ttrc hrüerocycllc

bttc¡.

l{hcn copprr se¡ rddcd, rt 25oC, to th¡ dcnrtursd

¡olutlon ol NA obtafn d by htetlng Èo 90oC Ín ¡b¡tnct o!

coppêr, tbc Lncrce¡o ln rbrottrncy vr¡ ebout 102 1r¡¡ thæ

vhca dcnrturatfon wr¡ errrlod out ln prortaec of sopper.

At 55'C, thcrc tr ¡ arrhcd lncroa¡c tn tha rbrorptlon

coupared nftb thr vah¡r et 25rC (Îeblo I). It 1¡ thur

cmclud¡d thet rt hlgber türperaturar, nhca ¡æa rrlativr
¡otloû of thc tro rtr¡ûd¡ ln thc Dt{A bolf¡ 1r porrlblr

¡ueh u oceutr¡ rt thc t'rnmrllng t ryrrator.ttrzo

pra.tr¡tloa of the hcllx by the coppcr Loo¡ cen ocer¡r

r.trich rr¡u1ß¡ ln blndflg of eopBrt lon¡ to the nitrogen

rtm. of brrer ¡ueh cr to brl,ng ¡bout anttcd dl¡tortlm

or prÈf¡I dfrnptloo of, thr hcltr to groducc doartur¡È1.oo.2l

Îb¡ lrrcvrrrlblllty ol thc hypcrchrclel.ty of

ü{A drn¡Èured l,n pr.¡.ner of, coppar lonr lndlerÈc¡ th¡t

¡t hl.thrr tqÊr¡turll, ühc eopp.r eonplrr b¡co¡r ttrong

raou¡b to cøpot rffretlvrly rnd rt thl¡ lov læle rÈrrngth

th¡ rtrblllty of thr cupl.r orrrconr thrt o! tba dor¡ble

hrlk rnd hrnco tlrs r¡formrtloo of thc n¡tlvr IXIA doe¡ not

trkr plrcr. But rtt¡r lneraulng thr fo'nlc rtrragtb by

eddlng rolld XtO3r th¡ rtrbll1Èy of thr cæpler b¡colr

1¡rr rnd tba rbrottæc¡ d¡err¡¡c¡ md çproaehu Lbr orlglnel
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y¡tr¡., frr¡r 1r rlrryr tàr porlblllç thrt ln t¡hfu

rrûrtnr.d ilA, tb. cæton¡tl,on nd ottrr proprrtlo r1¡h3

hr¡ brra rtfretrd. I¡ norlrl cua. of rrnrtr¡rrtla tht

rtrrû¿t trbtoh ul,tr lrr not nrcmr¡lly of .qul l¡-¡tb
ad o¡ chd¡ rry rrtæd beyor{ rech od l¡ o uprlrrd
rnl.r od mrqurntly thom qrtnd rsdr bre rl,trr
tor te*h¡r bur p¡trhg üüleb rr¡ lud to r¡g¡r¡rtlæ
rúla¡ lt tryo.¡lble to ¡rlca tb¡ nrtln xA.lz't3

Io obr*rr tmth¡r úrthrr cqlrtl ¡urtúntlon
br¡ t*r¡ glrcr or üot, tt¡ rdf¡¡utrtlor¡ mt urìrctt nrt
doa¡ brforr cd ¡fC¡r d¡¡¡rtrrrtloa ud rttrr ¡¡!¡tilrrtlæ.
0a ¡¡or8ua.tlæ ttr r.tùtltù of th¡ 810r, vrlu¡t to ¡lrott
tt¡ rc u tbo¡r obtrl¡ed b¡torr bmtll¡ l¡dfcrtu th¡

trct ttrt ¡rtln ilA br¡ brrn rrgrnrlrt t.
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.l TntfofqotloaI

It t3 tcll lncu th¡t nËolGlg eotdlâ btaå nctal

oat!,o,¡r on tbc acgatlvøly eharß¡dl ¡atcE of tbctn phosÞbata

8!9sÞ!r Ia+? btnlt¡ to tha Phoæhatc ßroupr of suolcls

rol.llrl rnû a13c to thc pbo;phato groups øf, ¡fPg nhloh rar

oæft¡çg| by gutatitatlYc cgutltbrl¡¡plrlr ¡nû t!¡otla
rtuülcf , Elalngcr at alf b¡r H.ü.R. tcchnl'Qotr allo

oonft¡ucû thc btalltng of In*2 to pÞorÞãatq groupl of

nsolcla aofûr6. gh¡ot? propo¡cü thc ttnt ¡tto of Düt

for tbc btaðlng of Ca*2 anû ilg+2. fbc blnittag rltb O"*?

hr¡ bcaa ¡tnü14ü bf nrat t*t"o"8-îb snit thcy proporcd!

tho blnillag d,tct to Þc cltbcr tarc¡ or Pbocphata 8¡louD!

oû aoolc!,o aElûs. By thtr tlso cYt.dcaoc bdl bccn brougbt

folçar{ tbtt norÈ oaly tho phorphltt grouga anc potantlal

bla{l!,ag rgætt ùut thc Þtndtng ooours to a larga crtcnt

et thc ntrtrogaÊogt baac¡ a¡âol5-rg.

Blnûlng of cu+e, xg*2, tg*â, c.*2, za+z anû rn+2

nctal [æ¡ to DtrA hal bacu gtndllcil prcvlourlt by

ao¡rûu atluatrtc{ ? I go t g'1, ¡Dcctropbotæctrl a?.o'22' ) cl,cotro-

phora¡!,rzt, sltrærtolct rotspt ðtspcr¡t*&n !Ða-

a¡ot angpâ5 anü cqulllbrlrn itlrlyrlrl I t?;5 nothcill' Zabay

anû trotyll raportc{t tbat tbo Þreak tn thc oæåeotlactrls

tltretlaa o{toqra rbcn O.E5 cgulvalcnt ooFBar pcr

neol.rottår h¡c þcoa ¡ådlcd rnd that eu¡n¡tc loar oh¡Iatc
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üttb pborpbatc grouÞg en thc aillaocnt DFA nq16os16.r

}ut tblB lcthoil lnvolvcs oonalüarabla GæcrinËatal lllffl-
ogltlËt a!ü aX¡o tha lntcrprctatlons a¡ta aøblguout aË

th6 ooatrl.Þutton of tht Pætlally o@Loroû Ëolêoultl

to tbc'sog¿luottvlty lc arltbo¡P ncgXlglblc nor coa¡tant.

Ae at'¡roaûy hae beon rcportað ln CbaBtcr II, Bl,obhera aaü

Ola¡È and Ht,a!, f,rø thetr øpeotrophotæatrlo olecrp7er

tlons cuggoatedl that ouprio tonl bln¡l DHÂ at thc pho;ptratc

anû tbç baecs. tuæcrr [o llcflnttc coaolurlon about

tbc stolohlmotry of tlrc ¡reactton rae glran Þy tbcsc

lorkcr¡.

ilbs lavactlgatlon 1n tbe prc¡cat Chsptar ilcaX'¡

rltb tha agut,llbrtg! dtlaly¡Xl ncthot to fl.ait out thc

posstblc ctotohlffiatry of tbc rerotlo¡. lht ¡ haa Þaoa

ilonc at to0 rai! ¡lno at 5to0, ell tn O.Ol I ¡oltrtlon of

NNO'. tho lhlft oú¡ tbc ab¡oll?tlon banll fræ tho far

rcdl tona3ûs thc nldill.c ¡rd reglon of thc v!¡lÞla gBaotnn

gly6r adldlltloa¡t Þroof of tha f,aot that thcro !c a {llrcct

lntaraettoa botnttü coppcr lonr anü attrogcn atmr of

DIÍA at tbc clovatcû teçParatü!ü¡

2o 4þüory enÇ '?cthqf qÛ Þln{lnq

ta pr!,4o1Þ1a, tho taro tbcort ant pcthode a¡
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rrggcatËü by gcatcharû26 ünit ssatohe¡rdl, Colcnea anû gùcaÊ7

for aaaly¡lng tbc lntcreotlon of langa polyacrto noLcoulrs

rtth æall uol.csslas har Þccn folloçc{t to eharaotcrl¡c

tht Èl,ndlag prooc¡¡ la tharc ttuülc¡. Xf, r rcpnrætr
tbc nsmbar. of llganilr bounit par Þoltncr uolaoulc (P) at

a frct ltganit sonocattatlo¡ d Cf nol,ca par lltrar rnd n

¡hoûe the naxlnm nuaþcr of btndlng cltce ptr Pr thcn tbc

loa asgoolatlon qsastant (x)r for thc lntanaotlm can Þc

særosgüâ aB

!
f,¡ (n- r)(a¡) (r )

rhleb on sll.ght rcarranglÊgr gf,vcs

aaaaro

taaaat (z|* - * tt.*r **
lblr rtupls rclatlon Þctçtcn r andl 0t hoX'dla 8oo{l only

unflcr thc ooadlltlon tbet atX tha blnålag rltca brvc tbc

süF6 asrod,atloa aonsùent (f) ia¡t tbat arldo frm th¡

¡tatt¡tlcal faetor, thc fræ Gacrgy ú Þltdlng to eny

partlcula¡' rltr f.r lnd;pcadlcnt of btntllag to otbcr

rttcr28rÐ, thr Broû æ 1/r t, 1/e, Éaldtr e ttralght

X!.ac rt tb an tatcrocpt el 1 /A, . or trlob tl,Ll gl;o n

tbe nuabcr of btaâlng r!,tc¡ tbnl tbc val'ut of f, oan bc

celoulatc{l f,rm tha ¡loPc. lht Ëünc n¡thoû ba¡ Þcoa



26.

fotLoréal Þy othere ln flailtng those valuatfrtl'|. fhc

prascncc o'f moro than onc olaas of blndllng ¡lta¡ raault¡

1n tbc curvaturc of l/r rr'/*, plots tnû thua nara¡

¿ocunatc llctcr¡rtnatlon of lntarocpt andl slopc !!ort

dllffloult.

lfbo f,aoto¡r¡ rhloh Eay oausc ths non-llnaarlty

ln auoà ty¡a of plote oouldl bc ðue to the posatblc

lnteraotlon betçcea bonnã uolcoulae aa6 also ilue to tha

cLactroetatis faotors beoau¡c of oælpla¡ fornetlon. ff
rll thcec faetorc aro cllralnatcür thc oha¡aotcrleatloa sf

blndltng oan bo acoæpllshcdt by tbc lcaet Equarc raethoü

rlth the aasulptton that all ranüør allrora ooour ta t h
errly. Tþe solutlæ thts obtalncdl rGpregente one ect olf

saloulatcd valuea of a anû K rbtah fits lnto thc er¡larl,-

ncatal dltar

!. tqFbcr".pf hpgqil oosftcnlonr

lfbc ¡olutl.oac of ooppÇr anll DSÀ lnrlilc thr

tltêlyßta beg tat enul.llbratadl agalaat tbc oopÞc¡ aolutl,m

d oqutvalont oonoontratloa. lf,tor tbls cqllllbratloa
parloit, tbc conocntnatlon oú thc GoÞPä! solutlon outsltc

tbo ltlelyslc bag rae dlctcrurlncil þy a6ana otr polarograÞht.

Ít La tnorn fron the llkorlo cEuattsaæ that for thc
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rotel polarographlc dlffr¡clon ourtent (l¿) tt tha droPPlng

aercüry ¡lectrodc.

DLl2
Ll6

ú1213 t709nCI I
d

nbcn n l¡ th¡ nr¡bcr of llrctronr rrqu!.r¡d for Èha

r¡ductlm of mr loo, C the eoac.ntr¡tloû ( ntl.) of tlre

roduclblr 1ol, D thc polrrog¡Ðhlc dllfu¡lon corfflefunt

of tho rrduclblr lon (cn2 ,."-1), n thl raür o! narcu¡?

-tflow (ug 
"rc-^)' t tb. drop tlnr (ree.). slne¡ al'1 tbo

oËlr¡r fector¡ lra coütút,

I a KC (4)

a a aa a (3)

aaaaa
d

lho dlflt¡¡io¡ culrcnt (1¿) vrluo of Èb¡ GoDPor

rolutÍø¡ brtoro dlelyrlr rrr¡ doüctdncd r¡d rftor nehtng

eorr¡etloa for t{ro rrldu¡l cutr.üt' r 11¡¡¡r ¡¡leÈloarhlp

s¡¡ obtrlard brtrrcr¡ Èhlr¡ detrrmlnod lu valtrcr æd th¡

eoneratrrtlo'qr of tho eopp.r rolutfou (t18. 1). å'11 (1d)

ncl¡utrnantt r.ta urdl rÈ -1.0 voltr rgrlnrt 9.€.8. (othcr

rrprrbrntrl drtrl,lr a¡d Èb. th.orT of polerogrephy hevc

be¡n dl¡su¡trd I'l Ghrytrr XY).

tbc tU vrluo of trhc rolutton ¡ltrt the dlelyrlr

r't¡r detenlnrd by tlm .ú. rrtbod r¡ ð¡ret{brd lboYl.

Qur¡tltrtlvr ædyll¡ tn thl,e cr¡r t¡ b¡rcd on th¡ chægr

l¡ Èhr nrgnftude o! the dllfurlon cr¡rr ûtt od rLnec

tbr¡r ü. p¡oPortloa¡l to thc coPp.Ë conc.ûtlrtlon., thl
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2.2a

TA

t€3

r€2

t3t

Fig. III-1.

I .ó0 -6

3
Cu* r l0

Diffusion euneat as a function of cuprio íon
concentratio¡ for a solution containing 0.01ü
KI'IO.. Ttre points repreÊênt the averggs curreht
andlwere corrected for the residual current.



unÈEûm coÞDG1l conoGatrattonc ;GrG oaloulatct illnsotly

f,ro¡¡ tba hotgÞt øf ths lava¡. åftln Inætng thc oonooa-

tratloa¡ otr GgPpGr, thc Bu¡bcr oû Þoqndl ootat6rlons ¡t

(r,n6¡ ûcflnadl ac tatio of tht uolcg of coppcr bouaü par

Eols sf DfÂ Phosphorug rat saloulat,edl by tbc folt'artng

rclatlsarhlpt

Y 
(,% - *tl

28.

!l! taaaal (l)

of aoll o, arc thc tnttlal and ftnaL aolal oooscntna-

of soppæ ¡olstlon¡ Þcfs¡rc anlt aftcr thc dllalyrlrt

total volrua of tbs ælutloo (¡otn ln¡ûûc andt outsfec)

thc totrl aolcr ssaoeat¡:etloa of D[4. (p).

P

rbcrc

tloar
V thc

anll P

lt I Bi Eá+tut Êt ß?p

Dtelyüla bagc, coatelnlng ¡olutloag ôf ÐfiÂ

( fO-b f") ana Oe*+ ( fO-5 f) all prepancdl la lffio, (tO-2 U¡,

rrt|ü plaocil ln pync¡ tuÈa¡ rltb ldlontloax conocntratlonr

of ooppcr aoluttons oetd.ilc tbo Þagar lfhcra ¡tat ao

itatcatablc btnålag 6rf oÓPpcr by tbc bag anlt alæ ctnoc thc

ålff,arcaoo ln tlrc ooppütl ooaoãntratlqn both ln¡tllc ¡nt

out¡lllo thc Þag ra¡ founil to bc rcry æalXt grcat ta¡tt

rar tahsn to aohlavc rgufltbltrn batraca thssc tro lolu-

tlonr, tfbc¡c tubc¡ ;Ç?t thaa rtoPpcrall ¡ni! Plescil on a
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Flg. III-2.

* rrosT

The plot^of 1/C"
DNÂ at 5'C. o b

10

5

06 1.0 20

versuÊ 1/r faY E. Coli
native, o o d,enatured.
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5

4
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Celf ThYmus

o

t.5

3
1

r

2

(}50 r(¡

t051

õ,x

verEus I/t fot Calf thYnus
natÍve, O O denatured.

Fig. IIf-5. The olot of 1/C^
DsA;t 5oc. o d
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usvlng ¡lralcr plaoadt ln thc {lartr at 5oO. fhc unbound

erlppr¡l ras allgçd to cgulllÞrata acrosa thc mambrang

for naarlf ?â hou!1. å.ftcr thls porloil the noasu!æatrt

sf th¡ osgo6ntrattoa of thc ooPPGr tolutlon out¡lllc the

bag rat na{le Èy thc aamo natho{l rhlob haa bcca tlceçrtbaü

tn 8catlür 5. lfhttc 6l¡Pcrl!ütnt¡ rcm üoac üth nstlr¡
ffiÅ a¡t ffiA dtoaatuncit !,n thc ab;clroü of coppat by

hcatlng at 9Oq0 for lri alnutcs enå tbtû etiltng sopPtt tG

ttls ooolrll aoluttron of dlcnaturcdl DÍå.

thr ¡rc¡ultr oû süoh crporlnaatr erc ¡hcn ln
Flgrr 2 and 3 rhtcb ¡hæ tb¡ plot æ | /r "" 

I /8, tol'

a¡tlvo asã llaaaturptð roXstloÊa ef B.Oolt en¡l Oelf !Ëúüut

Dü4. It 1¡ ætdttnt f¡ræ thc ftgurt that thc nunÈGr of

ttndlng eftcr rcelnr thc caüc aadlcr t;o dllffcrcnt

ooa!!.tloar ani! úth t;o illffsrcnt ty?c¡ of D[4. Ülth

nrl, lt lr ooaoluClcl! that €OPI)Ç; þl¡û¡ at only onc sltr
otr DtrA aad prc¡unably to tÈa Phorphdla¡tctn 8!oupr.

5. nlqt+qp e?.e$9o

ßr;rntl elll tbc nctholl

ttour af ooppc¡r r¡â Díå (r.coxl)

llomr"lbc{l la thc crrllcr æot!'oa

ts tht t oûtt tã¡ ¡to?Pr¡'cd tsþc¡

ot? ttaly¡lng thc ¡olu-
rar thc süa a¡ ba¡ Þcca

cmcpt¿sg übc fact that

rGrc lcpt la r ratcr
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bath tbornostatsd at 55oC for ncarly ll8 houre. The

tuÞec rcre thon takcn out anil thc ooaoentratlsns of tho

so!.utlonc out¡lêc thc bag rc!€ dtatcrmlnad ae bcforo.

Tha rcsuX,ta !o obtetnåd are shorn ln Flg. tl

fnoø rhtoh lt ls crldcnt that thc nunþcr of btnittng lttcl
(n) bac bcan Lacreagedl frm 1.0 to 2"3O !.n thls ûasc andl

alao thc value of the aesoalatlon aonstaat (x- t5'8bx roh)

aa{l ls Duoh hlgber than thc veluc obtalnetl ¡lth E.Colf

DtrA for bl6dltag at !ot. The nceulte have bccn surmanlaadl

ln îable fr
TABLE I

BlndllPlr.Pqf¡Mrt?Jl

55ôO

E.Coll DßÅ

2.3O

6.02¡ tob

lt.8ll x toh

Calf thyrsu s DNA

Dcnaturcô

1.00

I .25 r,l
1 .25;: 1

oll

o¡

Batlvo

l.oo

I.8l ¡ rd
5.81 ;'to4

5øa

8.Co1t D¡{A

Dcnaturod

I "oo
O.8tr ¡ tO&

o,8ll x tO4

fratlvs

l.oo
1.{2xl
l.l2r{

oll

o¿l

n

k

ß,r âI
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ó' ttrç{ r},1 ñr ôt tlln ¡rl rh r

llg. 5 sbd. tho plot of r (¡¡ obt¡lnod fro th¡

bindlng crp.rlncntr at 5' rnd 55rC) vGtst¡t lb (c¡lculeted

fræ u¡ltlng eunrr o! Chrptrr I) for B. Coll NA. Ibtr

¡howr the rclettøarblp brt¡ncn & ¡nd thc nuab¡r of bormd

eormtcrloar¡ !r ttc th dccrar¡er rrpldly vtth lncrrúlng

vrh¡c¡ of r.
It !,¡ elro ob¡rrvrd fro llt. 5 tbet r et 55oG

lr elweyr nuch ler¡rr tho rt 5rC. Ihlr rrt¡c¡ blea¡¡r

rt thlr h!.ghrr tqcratur., tbo aunb¡r of blndlng rltre

æd dro thr u¡ocletloa eonttst l,r lrtgrr thæ ¡t 5tC

(rrbxr r).

tb¡rr er. r.votd pprorln¡tlonr lryllclt La

Ëhr plot of tl¡ .grlnrt r. lbo velucr of r rl¡t d¡tcnú.¡rd

r¡ot ¡t tìu but et 50 æd 55oC, It 1l clrerly not pol¡lblc

to d¡torntût r rÈ b lor thr IXIA doublc h¡Lix ¡loac ¡¡

thr d.nrtur.d loa ¡1111 ¡1to bc prtrent 1n thr rolutf,oo.

A ponlblr rpprorch rould brvr b¡on to dct¡rmin I tt

r ¡rr1¡¡ of, üqrrrturu rnd thra .rttryohÈ. to ûl,va

tbr vdur of r for tht D{A dorùh bcllr ¡t Ia. 8ær ot

th¡ vrlur¡ of r rt hl,ghcr Gopp.l cæomGattloû. r¡¡rd ln

tbr greph vrn c¡lculrt¡d by låt lntrtpoletlon n¡thod f¡o

t'b¡ btndlnt eurrra rt 5r nd 55'C.



T¡¡ S0

70

õ0

40

30
00 f.0 t.¡&6

¡

lLig. III-5. fhe pt ot of r, Eeasured at 50 anal 55oC, Yeñtus
Tn for E. CoLi DNA.

5s'c

stc



32

the coacrntl¡tlon3 of coppcr æd slA rrrc arrengcd

to be thr ræ (rpprc!,nrtely) 1n both that¡¡L d¡nrturrttoa

rnd blnding cxpcrlusntt boel¡¡c lf the dielyrll 1¡ crrrt'cd

out rt hfghcr eon€.attrttosr of ü{4, dll'utloa of the NA

¡olutlon 9rL11 bocm¡ n ctttrt? for thc drternl'natf'on ol &

ln the ¡uftrblr optleol dcntl.ty 1ú8r and thl¡ wtll brlng

¡bout r rcduetlon ln r Ytlt¡¡¡'

7. Yf¡lblc rb¡orptlon rocctr¡ of er¡orlc loae rnd 4fA

It brt born r¡ntlo¡rd ¡rrlle¡ thet bcrting NA

¡olutlon ln l¡hr ltrar.ûc¡! of, copprr rr¡ultl I'n rn lnc¡m¡¡

ln th¡ ebrottocr, e brthochrolc ¡hlft ta thc nslnr¡n

rnd elro lncn¡¡r 1n tbc ¡r¡bor of blndlng lttcl. All

thr¡¡ rrrulÈ¡ lndleet¡ theÊ r¡¡d¡r thor condltlolr,

copp.r k bormd Ëo tbc nltrogta b¡l¡t. lo obtrin notr dlrccÈ

ovldmec to th¡ leet ttat bondlng of eopper to thc nfÈrogcn

rto¡ doe¡ trll plecr, vLrfbl¡ rblotptloa tP.etlt of thl

¡olutlEn¡ o! copper md DXA hcrtrd ¡t dltlrroût tq.r¡tu!.¡

rnr. areordrd rgrln¡t D{A ¡olutton of ldrntferl concontr¡tlon.

lor thlr putpo.. 30 ¡1l. reeb of coPP.r (8.40x fO-4 n)

r¡d IllA (1å.88 r 1O-4 llo) ell prrperrd la
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lO-2 I xXoS ¡ol,utl,on, ?ms haatcû ¡oDaratoly for tca

nlnutca ln r rator bath, Xcpt oonetent at tlrc taupcrttc!ü

of thc ograrlucat, aaû thcu nlxail ln a prcbeatct fla*,.
Af,tar drlng, thc bsatlng ;48 oonttnucil for anotlrcr foul
nlnuta¡ anâ thcn ooolcd by plunglng tnto Loc ooÏdl latsrr
Ëhsn ooolcû, tho opcetra rGrG rcoo¡rdc{l agalnst a tolutlon

of DnÂ (rb.g8:r1o-¡ r") la lo-2 r fxo, la a uatchtil ocill.

- SoLld ffiO, raa thsa aðdcil to the rcst of tbo

¡oluttrons to nalcc O.l I solutlon of ßiilO, and agala thc

*cct¡ra rcrc ¡peoorâcd t5 hour¡ af,tcr thls adilltloa.

ft ta ob¡srvcdl fræ Ftg. 6 ttrat thc tol,stloa at

zloc gtvar a ua:lam of Soo np (curyc e) tst rhtft ta thc

n¡¡lnm toçaril¡ cbortcn rravolangth talraa pX,aoc ta graûual

¡tepg çltþ the lnonoa¡a ln thc bcatlng te@craturo aadl

finally lt oonos dlo;n to TllO ap at the tenperature of

51 ,Z@O, åf,te¡r adldltng solt.dt ßI{O3r all ths solutlons

follor thc aanc our¡ro as obtatncd at ?5ot çhloh agaln

sonft¡rna thc prt?lous flndtngs that nstlvc DXÀ hal þcco

rGgênâratcü¡

Dl scu¡¡1oÊ

Fræ F!.g. 6 ft la oÞscred thst aolpor loas tn

thc prcscaoo of non-oørplcxlng aalons (e.g. íO5-) cr!¿lÞlt
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visible absorption spectra of cupric ions ( '42n¡l) in the
presence or cãtr rhynuê DNA ('?4nÙlp) heated at different
temperatures for { nín. and que,,chëá. co"o"* oa, 25oc.^ .o^
f ana also cupric ions w"ithou! DNA); b, 58.5-C; c, 40'4-C;
à, 45.2oci e, 48.4ec; f , 51.z'rc. After add'ing solid KNo.

(.1M) all the above curves folLowed' the cu:re a.

o

Fig. III-6.
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rn rbrorTtlon rpactrtm 1¡ tihc reglon ô70 to 900 nu wtth

r nrxlnr¡u rt 900 uy (llg. 6 r) vhtcb fr draractcrl¡tic of

[Cu(nr0).u]* lo". Ttrlr tpcctns 1r l1ttle etræged on

¡ddttlon of, IXIÂ rt ¡5rC. But rftcr hoatlog tbc ¡olutl,on¡

of DXA od copper rt dlffcrctrt t.rytrrttrror, for four

EJrut.r, th¡ sr¡tnrn rh!!t¡ to rhortcr wevrlcngth¡ wtttr

r n¡ttad lncrrr¡e Ln th¡ ¡b¡orbrner la r11 thc ce¡¡¡. At

tho hlghert ¡olccted tempor¡ture of 5[.5'C, thc nslnrE

1¡ rhlftrd to 740 qr (Fig. 6 f), thfc lnctGese [a

rbror'brner ¡nd rhltt of ttr n¡¡lnr¡ to rhortcr wrvrleagth

fr rLnflrr to Ëb. clf¡et ob¡crvrd on th. coordln¡cloa ot

copp.r ulth æonfr end rthylrnc-dfainc, thr rËrongar

thr llgrnd flcld dr¡c to thr nlttogra dcrivatfvc, tbr rtron¡lr

th¡ rhlfÈ ud l¡euse ln tho lntenrlty of thc abcotptlon

bæd. &¡ usfur¡ for tho ton [Cu(ÌfHr) {nrorl* occurr

at 7t0 up md for [cuG{t3)zG2o)ôl* ¡t 680 ny.33 $rc¡r

rpccËrel d¡tr thr¡¡ eflord furthrr addÍtlon¡l dlrret

¡vldcner for tbc bonding of thc copp.r Lonr to thr n{trogca

¡tmr 1¡ ¿rh¡ bctrrocycltc brt¡¡ rf,tar d¡netur¡tl.on but

ûot rt th¡ roo tGpcr¡turlr

In rddLtlon, thcro 1r elro obærved ¡n fncna¡c

ln ¡brorbrnce la tbr roglon ô70 to 520 4r, rr tr
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observsd ln the U-V naglon of 26þ280 a$ (Chaptcr II ) r

such bchavtsur nay agaln bc dcaorlbcdt ar tha fo¡matloa

of Bhoul.alcr tÊ the abeonptlôn ourÍc.

Xn thc b!.alttng etudtlcc rhtoh havc baen dlonc by

the egull,lbrlun dlalyaia methoû1 attempt¡ rene nacla to

tccp tha lonlo strcngtb aon¡tant to a ro&sonable dcgroc¡

by nsllng aXl thc soLutlons ln O.Ol I ¡olutlon of ffiOt'

lha oo¡¡rraotlon for the Donnaa effect bas not becn tatren

tnto aooount beeauee at such Lor DHA oonocntratlosr

rclatirc to KlfO' thc Donnan offcot ahoulil bç nlnlnum.

Âlao, lt bas bccn ghornn praatlcally to bc negllglblo undtn

suoh cxpcrtncatal condtttoot*.

At 25oC, the deter¡alnatton of thc cxtcnt of

blndtlng sf ooppcr to DIA shorra that there la only ono

t3rp¡ of blndlng eltc (trlgr. 2A aail 
'A), 

ths ¡amc ls
t¡rue for DIÍA dcnaturedl !.n the aþaenec Of thege lone snil

aubsequently plaoeð ln ar¡ cnvlronment ooatalnlng thcer

lonr. (rlga. ?3, 5B). Horrevcn, at 55oc, thc nuter of,

blndllag al,tes tnor.eaaer andl soaobst up to 2.5 ag hae bcon

sho¡ra ln Flg. h, |fhc value of the aesoolatlon aonstant

(f) also lnsraases andl ls p¡ch hlgher than tho valuc

obtalncit at z'ac (gaulc I),

fnoreasc ln thc nunbcr of blndllng sltea frm
onc to tro, bathoohromlo ancl h¡rpeoohronto chlfts aait
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othcr spootral cvtdcnae rhloh harc bcsn rcportcdl ln thc

toôondl ¿¡¿l thtc Chaptsrr suppæt atrongly thc vlcr that

oogpep btnã¡ to thc clcot¡lon donor groups str tbc nsoloo-

rt{tc basca at htgbcn ts@cratuncgo
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l. I¡tpi4sqtton

It rar flr¡t rhora Þy Âlucr.tt that nuclcottitar

oaa fors oouplcrc¡ rltb auÞrlo loer ttrcn ha aallc a

potcatlætr!,s ¡tuûy d thc ¡tsblllty d t ooppttF.

guanoslÊc cæPlar. EG atro æggcltcit tbc crlrtcnoc of

tbc oæplc¡c¡ of tran¡tttoa uotel !,oar rlth baclo altor

Of, thc auclcostûar. frlËilcn and ßtc¡2 oùrc¡vcdt tbat

auolco¡Ldlc and nucX.cotldlc ba¡ca lnhlblt tbc oatalyrl! by

€oppcr of tbo cn¡yurtlc o¡ldlatloa of aaoorbatc rn{l thlr
tahlbltlon tei lntcr?rctc{l Þy thæ ln tsrmc of eæPlc¡

folnatt oa by coppar rltb thc¡o lnblbltort. ¡ta tntclost-
tag oÞæratt on traa nsllo Þy la¡tln¡ anlt frf c¡cJ ;bo,

follor1'ng thc Oelyl# - ElcnulP tconnlquc, obacrtcd tbat

tha tltratloa GË¡rvû af adlcaoalr¡c anlt ooppGtt tü3 Practta-

aXly lücutloal llth the hyûrolycls outFÍG of 66ltllc¡n. |fbcy

al¡o aonel.u{lcü thgt thc llbotü g¡¡oep otr adlcno¡lnr 1¡ not

!.nvol.vcit la tbc rcaotton as tbo tltratloa cunv¡ d
D-r"lborc and ooppt! ra¡ foua{t to bc ldcntloat rlth that

of aoDgcr aaü dcno¡l.ao. Thlr vlm 1¡ al¡o bl.ll bf
tslohbora ct 116 rtro fall.tal to oÞ¡c!'rt a shtft ln tbc

potcatLmctrto tttrattoa sf nuolcoatilc¡ and! soppo!.

lfhe¡c obserYatlonl rlrr tbat auoh oqlcr folaatlm
proorcdl¡ rlthost tbo rcrorel of, tbc pl¡oteÊ frø thc

ltgcail¡. But tbc obrarvatlon of Ft¡f,la aplt DccrT tpptart

to bc tn oonfiltot rltb tlrtr soaolurilon d,aoc thcy
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¡lcpontcû thc ¡tablllttcs of ¡uoh complc¡c¡ þa¡cll on

protoa {ll¡plaoemaat ln acld ælutlon. Suol¡ Brotoa

dlltplacærcnt bar aleo Þccn obscrvc¿l Ln oascs sf oornplc:

fornratlon o,f tho nucleostðeg rlth morour.y8rgr{o.

![hcre haa bcen a oontlnuout lnterest regardtng

thc poaaible s!.tee str the auelcosldas fon ooqlerlng rtth
coppcr. Bryan and llmltal1, rlth tbc crystallogræhla

nctbodt, conflrncü ooppGr btnålag at ï., for adcnoclnc,

vhcrea¡ btndltng at t, fo¡r oytl{ltno andl IS, fon guanoslnc

rGrr proposcd andl conflrarsd on tlre basla of orystallo-
gnaphlo andl pnoton nagnctlo ttaoaanoc stuill aa72,15,lbtl5.

fa a voqf rcocnt publleatÍon, Elalrlrorn ct 
"16, 

rlth
auol¡ar. p¡gnetf,o rÇFoaaasc atudlac, luggeetadl th¡t oopprr

blnðt to I{t po¡ttlon of guanoglae and! adlcnoslno and to S,

of cytlillnc.

thle Chapter ücacrtbe¡ ¡pcctnophotomctr:la a¡¡it

poltarographle studltes of thc Þlailtng of ooppGr rltb
illffcront nlbonuolcoaldas andl dlcoryrlbonuclcostdlcl ln
ordlcr to ilatc¡ulnc to rhf oh nqeXtosl,dlcs tbrac Lont bacmc

norÊ attaaholl. l?o ütcnvc furthar tbe nolo orf phogphatc

groupr on æsh blndllage, !ûËt rpaetrophotmatrtc ob¡ctra-
tlone rttt also naôc rlth rlboauolsottdlce andl ilcoxnrlÞo-

o¡rolcotltla¡ botb ln th¡ plcacncc andl abscnor oú eoppcno
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2r Polaro{meþlo glpdåc¡

lbo aDrplloatlon of pslarogrrphla ucthod to studly

tha ætal-Brc¡,oorlðo tntcraotlon ha¡ so fer roocfvcd vttit
ltttlc attsntlo'n, prtnantly Þcoau¡c of thc lnvolvc{!

natunc of thc raûuctlon of tbo auõlco¡ldle¡ at tba itrspplag

Ëc¡rculy olcatroôà (ü.la.t. ). Coatrollcû crporlncnt¡

tcra dtonc ln tbc pra¡cnt oatG ao that thc noolcortda¡

'!rc!ð not rcduccdt at d.B.c. anil f,ol thta putpogG Þolaro-

ßlanË rcrc obtalncdl artendlng only uB to -O.5 volts aa lt
ls kawa thet bcyood thl¡ llnltr thcy ütrG founÄ to bt

rcðuocûl çl-9 .

( a) Gcqonal t¡cîrv

fbe lntcrprctstton af thr polarographlo

re?er of oonpta¡ mctal !,oar bas bccn illcûs¡lc{t by Llnganr2o.

Bï sonplc¡ fornatlon, thc ¡rcituotlon potsntials of thc

notal fon¡ ùrp6 Esutlly ¡hlftodl to Bolrc acgatlvc valuc¡

andl that by ncaar¡rcncnt sf tht¡ shlf,tr both thc foruule

indt tba llt¡s{telatloa oonttant of thc omplar o¡å bt

dotarnlnedl vory ca¡llt Prtrl{lcdl that thc ro{luctlen oû thc

lctaX loa t¡ rcvcrelblc at tha dtropþlgg ntroury clootro{lo.

Ehc gancral dtlsouagtoa ls ncstrlctall to thc caac rlhclc

thc oonpt,odng agcnt lc prorcat f,n üroGttr

Ll,nganc20 ba" oonaldtra{l ths oata rhono thc
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rc(luotloa øf â oæplor of, a ïtGtâ!. coluble !.n uarouty nty

bc rcp¡rcscstsd by tho nct rsaattos

rr o(¡- qÞ) + no + E¡¡ 
- 

I(Eg) * s f,b (r )ata..t

rhloh for oonvaal,anoc aay bc rcgar{lc{l ar thc tt¡a oû t;o
par4lal noaotlon¡

rxq(n-qÞ): rÊ*+qx-b laaaao (zl

aail rB+ + nr + Ifg- x(IIg) (r)

(;hcra f,b re tha oory1c¡ forntng ¡uÞatangt enû I(Eg) fc

thc æalgan fomcd at tho curfaoe of tþa dt.Ë.c.). ,|lbls

ô1vl¡lon ls nenely an artlftc; rhlob aeslgts ln olarlfy-
lng thc therno{t¡mantc rclattoa¡ lnvolvcü sr{l tr not

lntonilcü to lnôloata an aotual klnat!.o ncohanls. ì

If tbe ¡rates otr tll of tlrc pss¡lblc lntcrrncülato

etope 1n thc alsEtnoûa rcastlon ero Eoro napt{t than

ittffugton natae, tha dtnopplng elcotroilc tr only aubJcot

to oonccat¡patton polarlsatton. Whcn tlrle ooadltlos 1r

fulflllcil thc olcatrodc roactlon rl11 Þroccc{t rcnrcralbly

enll tha ounncnt at any potnt oa ths tav6 É11 þc ûlffu¡lou
oontro!.leit andt ean bc e4lrca¡cd ln tonn¡ otr tha ûtf,fsdon

IrrooËrsa¡ a¡pounû thc alrropplng clcctnodlc.' lFha Potcnttel

Of thc ã.1Ê.G. at ant Poiat on thc rava 6[roul{l bc gl.vcn Þy



hlr.

Ed.r.".'- e -# xo fr-
f8 (fx

oo (00 ¡ee'

Ç
ln E 1n

)
nr-ff ... (h)

rherc e ¡laoon¡tant
tso . dllasootatloa constant of tho eonpLo¡

Co" . oonoentratlon of thc nstal ln thc anal.gu

formcû at thc cilcotroilc ¡urfaoo

Co,, - eonoentratlon of oæp1cx foratng lon at thc
clcotrods ¡unfaoe

Cor, ç Gof¡Gêtrtratlon of thc petaL ooupl,c¡ at tbc

slactrodlc aurface

f"rf¡rf¡¡ ' ootrFtlponü1ng aotlvf tlel.

tha valucc orf Ed.*.". and tha varlouË oonoæt¡ratlon¡ at

thc cleetrdc rrurfaoc, yâry parldloaLly ilurf.ng thc lff¡
of caoh nGfiÐqry ðrorp, bccausc of tha pâtrlodlo ohangc ln
tha clcotroäc ãlrl ar caElr ôrop gtioll an{l fellr.

trn ordlar. to c$fresg the varlour eoncentratlsnr

at thc clcotrodtc arrfacc ln tesns of tha ourrsnt tt 1¡
a¡¡srG{l that the dllffuelon Laycl la thln andl thus thc

conssntratlon graitlcata nray bc omrldloraü l.lnccr,
€onsGquGntly

t¿-1
Ko

coûu,¡ taaata (r)

rhcrc I ts tbc avaragc oumcnt (þå) dlurlng thø llfo of a
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drop at a glvca vaLua d EAoErGe, tô tc thc llnlttng
ttlffuslon ourront and Ko 1r tho Eonetant ttcftncd Þy tbc

Ilkffilo cguatlon as

KG -60r ro"-t/enzlSr'/6 ....r¡ (6)

rharro Dr" lc the illffuslon ooafflolcnt ú thc oompla¡

(ora 
"ro-1 

), n la tho na¡¡ of thc nüloury (rng.) f1mrng

f¡ron tho eleotrdc per tsooadl aail t ls the dtrop tlnc (scs.).

8lncc thc oonocntrat!.on of malgan fomad at

the eu¡rfaec nugt bc dl.reotly pnoportlonal to thc ourncnt,

¡hara tr, la dcflae¡l ln thc srntl ratr aa Í,o e¡aapt that thc

dllffuslon ooefflclent of thc nctal ln the analgan ls urcdl.

Hæ rlnsc thc oo@lc¡ formtng sub¡tanoe :fÞ ls
r produot €tr thc alcotroüo reaotlon, lto tx)noantratlon

at thc rLootrodo surfaoc lnorcacc¡ çlth lncrearlng

eumcnt.
1-
trI

aaaaaa (z)

.aaaal (8)

rharpc ß,, 1r propotitlonal to tho squaro root sf tha ülffu-
¡lon oocff,lolaat of f,b, andt C= ta thc ooncant¡ratlsn of,

N-b tn tbc boity of tba soluttonr Xf lt la aseuncdl that

tba golntlon o¡llglnally eontalna an GxoGEB of X-Þ at a

ooaocntratlon thât !,c trelatlvcly largc eqnpared to tho

co, * tft,

Cor.ox*q
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oonoontratiaa of thc omplc¡ nstal lonr ædl nbca tblr
aon{tttton te fulflllc{t, thc quantlty q 1Â- ln cquatloa

(7) rfff ba nogltgtbly mall antl Ûo, oan bc negartledl aå

vlrtqally a cûlstant anil egual to {.}r. On aubstttutlng

thc.ea rslatlons lnto cquatlon (f¡) the equatlon of thc

ravG at A5o(l rtth an

nlggsnt ln tha ¡olutlon gan be rrlttcn as

sû.".". . Eå - g"*P rog i;Li ...... (g)

E\ ls gtvon by

Er
ã

û€ +
0.Oqql ,*+#3 r(f o.069{ loel O" f,l¡n

aaaaaa ( ro)

gincc tho conccntr.atlon of tho motal lon

aonplex dose aot entor lnto thc oxpreselon fon lts haü

rarG potentlal, E* ahoutð bc congtant andl lnilepcntleat o,f

thc cenEeatr.atlon of complex netal loar

Frm Equatlon (tO) çe flad that thc Ër dlcponüa

oa the loganlthu of the dtlcsoolatlon conatant of the

coupl¡¡ petal lon, antl lt 1g norc negatlver thc mallar
tho valsa d ßor 1.c. tbo sorc stablc ths oonplcr lon.
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Although Eu oan bc cvaluatcil fron thc observedl valuc of

tbe ß¡ lteclf, lt tt uguaLly norc acou¡:ato to dlctsrralnc

ft froru tha dllffcrenoc bctreen the E¡ valuc sf tho

oomplo¡ netal lon and that sf the oorrctpondlng clupl'r

actal lon. Llngana2l andl gtaokclb er822 havo sþorn that

Eå d a slrple netal lon l¡ e¡prasalbLc by

o.oqql
Ê

(E*). - € I 10g 
*å

aaoaaa (rt )

;here Ka ls pl'opolrtlonal to thc squaro root otr thc

dltffu¡lon cocffietent of thc almple notal lone. F'rG

aquatlons (ro) and (lt) lt follore that the shlft of D¡

by aorpXcx formatlon shouldl obcy thc rolatloa

(Eå)o- (r¿)"' o.ro?1t t"*æ - q o.oEE{ 1og C ft¡

aataaa ( ra)

aB

1n rhlah tho sub¡orlpts ttoa .nð r sü refar to thc oo¡Pltr

and elnplc ustal lone nerBoetlvely, (r¡)u ana (8.å)" aro

to bc glven thelr proper rlgne rlth rcopect to parttsul,ar

rcfercnoe cleotroilc agalnet rhlsh thcy t¡PG Ëeasureð.

lrhc ratto 
trtzto 

rhtoh ta oqual, t" tfft* ls ussarly alorc

to { and co lt nay also bc nagleotcdl. Henoc for appro¡L-

nats purpogü aguatlon (ta) oan bc slmpt!.fl€ü to
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(E*)o - (n¿).È ,-ï3 1oß I(. - n 
g*lg 1og cr

..,... (l¡)

åIro ratlo X'aßo oan þe dlctcrnl,nedt cxperimentally f¡ro
tha ratlo otr the obeervcll dllffuslon ourronts of the

Itsple and oomplcx nctal lone et thc senc conoantratlon

Ênil rttb a.ll othcr coadlltlone sonatant.

lgtgrnln*tlon of the çoe¡edllnattoF nqmïcr

From cquatlon (1O), the t¿ of the ooru¡rlcr netal

1æ shouldl shlft rlth ohangtng aotlvlty otr the oorylcx

fornlng ¡ubctaaoc accondlng to

Aßr
7t -(l o.Pãot

Alog Cxf¡ aaaaaô (tt¡)

Tblg rolatloa Lt Lryortant baoaug¡ lt cnabls¡

the rtcterfilnatlon of tha ooondlnatlon nunbc¡rr q1r o,f thc

coupLa¡ netal lon to bs naâc aatt hencc ltc fornula

tctc¡nfacd. Sor thta purpora lt t¡ usually ¡uffloiantLy
aoouratc to crploy thc oonecntnatlon o,f fÞ ln placr d
¡ntlvtty.

n

1l{ff,na|ar -¡¡t*¡n{. ¡¡ l;¡ln¡Õl¡ ¡r¡r¡¡t(r)
In polarognaptrlc Eôasurrcmentr lt l¡ e¡¡cntlal
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that thc qu¡rreat sbouLel bo dl1ffu¡loa controllcð. It har

boca polatsil out thåt polarographlo llnltlng ourrcatt

undler ccrtaln coadlttona ilo not ¡lspendl upon thc hclgbt of,

thc ncroury roservoln, rhclcaa the truc dllffualon ourncnt¡

er6 alvayE pnoporttonal to thc squarc root of, the helght

of tha re¡GryoLIZS. u"ur24 ôomonstratcd carllerr^that

lA 1s dlreotly propontlonal to the quantlty n'/t ¡'/6,
Fnom tho Polceullla nelatlont

vdrn.T r4o û P* -6r aalaaa (u)

(t fs thc ilrop tlrae, Y thc voluaa and Vdt le thc tatght

oû a rlnglo rtrop), lt fe ñlilant that the follorltrg

rcl,¡ttoa shoulel c¡lat

n-A h"ooo aaaaaa (re)

aoå ts

rblrc boooo la thc cffcattvG or eorrcctodl pncgsurü on

tbc ilropplag ncrcgr¡y ln onrl of ncrcury snil A aadt B arc

oonatants rhlah dtepen{! on thc gconatrloa.l propcnttc¡ of

thc oapllLa¡rY.

;;". ?7t-ri;t - (À h"o*,tzlt,trt"
- c h* ,..... (rg)

B
h oooo

aaaaaa (rz)
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anû hcncË l¿ - g, ør?/t r'l ft r conetant r håo*o.

fhet tc ;lth all othor factors oonatant thc {ltffuclon

ourrcnt alrouldl be proportlonal to thc squarc root of tht
cffoctlvc proasurê on tbo dlropPtng BGPotrllrr

Às pen aondttlon orf the poeltlon of egulllbrtun,

the obaorvcil cunnant nay rêItreecnt the propentlee ln
bat¡caa that of the tnuo dllffualon ocnpcnt at onç extremo

o! e puro ktnctts oumant at thc othcr. lfbls neana

that the rave hctght nay bo propontlonal to hfoorr

laür¡pcndcnt of h or nay lnerGaËo tltb lncrca¡lng h.

lbts ras testedl by neasunlng thc {ltffualon ourroats of

thø soluttæg of Or2 d. Ou+gr O.1 nU. nual,aorldlca, ln

O.Ol tr KilO, at et¡ illfforeat hclght¡ of thc mcroury

oolunns. Tha reaulta as obtalnccl src flvgn ln lleblc I
f!ü rhlch lt 1s obeelvoô that thc natlo häooo¡1' lg a

oonetant rhlch pro'Ycs that tha cunrenta ln such Ga3oa

arc dllffuelon coatnolled' 

'oÁ.Br,E 
r

tolnåor.o
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o.2o9
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o.2o9
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(E) Bffcct,of, oçeppr ggnocntr?tlop ç.n dllÎfr*
¡lon.og¡,.rcnf dcprred,l¡n ¡t oonFtant
psplaoa$l ¿ cpnapntretl.gll

Polarogrârng of vartosg oonoentrattona of sûppêrF

eolutlone tn ths raruG O.l nI. - 6.1¡ d. ln O.Ol I
rolutlong of ffO, tn thc abacnsc anû ÞrasGnoo d nuclcs-

aldtcs (O.l d.) rcrc obtalncd ¡n{l frm tbesc tha valuce

of illffurloa ounents rêr; sbta!.ncü rhloh arc glvcn l,n

lablcs fI aail IIIr lfbe cffeot of a¡oLoosl{lcr m tho

Mffualon ourrsnts sf ooppcr. ¡bor that tbc rcdh¡otlon of

thc tlffeBf,on cnrncnt¡ (ta/(lC)") ratlo of tha dtlffueton

ournant ln thc p¡rüBonsr of, nueleostdlcs (fo) to thr
iltffuslon ou*ant ln thc abssncc of nuelco¡litcc (fn)o

tn all tbcrc oasrs, cæopt rlth th¡mldltns rbarc thtc ta
ao't elgnlftsrntr ls ôsc nalnly to coppcr-nuolco¡l{lo

lntcraotlon aaô ta founil to ba ln tbo q.dcr guanoclno )
oytldltar ) adano¡lnc.

(A) &cl¡rtloa þctrcca 8t a4l!- pggLcosldta
qf,noçntrat!,onq

rt scrtcs sf Þo]larogp&r rcro obtalnct rlth
O.2 dl. Ou*2 andt vcnylng oonacatratloss of guanottnc,

eyt!.ülns, aðcaorlnc a¡rll thynldllnc. Frqn tbcsc polaro-

greü, thc balf rrrê potcnt!,alr (E*) rerc føenû Þy

ptotülnS thc logartthm æ //(ld- l) ?6tsul tbc appltcd
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potcntl,el. Ât lcaat tcn cuch Bolnta tG¡rG uË6d! aloag

tha nldl portfon of tho oureâr ft la crldlcnt fræ
cquctlon (9) that thc¡o ptote slroulä pr:odtrco a ¡tratght
ltne r!.th a slope equal to 9*& ra 25oc an¡ the potcnt-

1al rhcrc thc log tcnun bcomcr rctio ¡houLtl nca¡urc tho

half rive potcntlal.

Thc values of half rayo potenttat.s ao oþtaLaaril

are gtven ln Table IV fror rhleh t.t ls wldent that tbe

shlft tn E¿ valuec torar{t¡ negatlvo dlreetlon 1e gultc
lnalgnlfleant lltl¡ thyntdltnc aa eompard to othcr câsc!,

andl ts ln tho ordar guanoolnc ) Eytldllac > adsnoslna.

Uafontuaatcly, thc cquatlons (tE) ana (tl)
f,or ths calou],atlon of the coordtnatlo¡ nunbcrs end thc
dlLcsoelatloa oonetants, couldl aot bc eppltoll tn thc
pnceeat lnvestlgatton Þcoausc thc ncccarary oondl.tlon for
thc æplleabllity gf Llngancre eguatton20 ooqlû not bc

satlaf,tei! üua to the lw aoLublllty of purtnc nucleoeldesr

3, $ocot$lpbotpnetrlo studllo¡

ft baa bcen reported tn Cbaptcr¡ fI an{t III
that ouprtc !.one lnteraot rlth the nltr:ogen atoms of thc

nualeo¡ldlc baeer of DI{å. at hlgher tenperatures and prodluoa

þathochronlo and b¡rpaooh¡ronto aÌ¡lfte of 3 np andl 60 np
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cu++ (o.z mu. ) ¡ Et a o.o{0

ttr
\n
a

+o.006

-O.OOl

-0.O04

-O.008

-0.01O

-O.O{b

-O.O{ 6

0.5{ I
1,036

2.A72

5.180

7 ,252

9.3311

{ 8.hl¡,

+O.OO5

-O,OO2

-O'0O5

-0.O12

-O.O2l

-0.O29

-O.O}l

o.518

l'o5o

2.O7O

5.180

7 .250

9,32

"1h.4,

+O.002

-O'O06

-O.Olb

-O.025

-O.O54

-0.058

-0.0k2

O.hl¡O

o.880

1.760

l¡.hoo

6.i60

I 0.1 60

{5.56O

-0.O08

-O.Oi lt

-0.026

-O.057

-0.ObJ

-O'Ob6

-O.O5O

a.657

1.312

2.626

6,567

9.195

'11.820

15.7æ

Cono¡
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I *ErîCono.
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ã

Conor
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ErtOongr
dtr.

fhyml{llncå{!anoglno0yttdllneSuanoalno
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ln tba II-V anCl vlelblc rcg!.one rcspccttvaLy. lasc suoh

spcotra rccuLt fræ tho t¡rantltlorù of tbc aual.eosltle

batcr, lt tF t¡rpeotedl that they should ba affegtet! by thc

prosanoc crf oopper. It 1g only rlth thts aln that thc

proacnt :rpootrophotqletrlc studllts lerê nrailer

Both the ultra-vloXct anû vlolble ab¡orpttæ

ÍpGotra of nuclcosldtsa ¡rG¡rÊ rcoaråed ln tha pr6aæoc anil

abacaoa of ooppcr. Wba¡rc-cvôr nacsstary tolstlgn¡ of

illlutc HO, antl KOH prsparcð ln O.O{ I aolutlon of gfOS

rGrG tdtlcd to matata!.n tbc pË ralse¡ to tbc va!.uc rbtsh

haa bctn dlcsonlboil ln thc tc:rt.

(a)

lbc {l-V aþ¡orpttoa rycotra Ef thcst oæpoenär

ls nalnly öuc to tho Bnastnoc of tbc Pullnr anil pfilnltllnc

eqüpo¡¡ogtÊr Durtng pact ytelra üant attæpta havc bacn

pa{te toør:naX.atc thc apaotrr¡ of Dfrå çltb tts ooaatltucnt

þarcc or nuelootlüas?5. Hotclrrt¡¡?G has glvcn dtata fsr
tbc rlbosldor of, oytoslnc andl adcatnc aad hal foun{l that

thclr 6Elar e¡tlnctlon dlo not dlffçr fnæ thosa of f3oc

ba¡c¡'
lfhc gcnaral tbapGË of tho U-V ablorptlan

ourvsË o'f all the nuolcosldcs anû nuolcottdlag etudlloil

hcrcln, tGrË fonnit to be the tano as reportcdl oarLf en bt
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Doty et e¡27. âû{lttlon of ooppcr ln dtlfforcat nol¡¡'

rattss dloçc not clrenge thc sbape of, thø ourva¡ but

lnorpca¡c La thc nolar abaorÞttrvlt!,4¡.

tho result¡ rlth adeno¡lnt art ¡horvn tn Flg. I
fnæ nhloh tt ls obearvodl that ths allelttton orf espper ln

htgh nolar ratlo (lrloo) ¿lose only lncrsaae the abaorrpttoa

at tha na:rlnum. A scnlos of speotra, slth varylng uola¡p

rattoe d guanoslnc anrl €oppôr tcrt reeordlcdl at pH h.Fr
a f,cr of then aro glvcn Ln Flgr 2, In thla oaec tbc

f.ncrcasa |n the absorptlon lntcnstty 1s morc than sdano-

elne anil alco dllgttnot ¡houldler foruatlon ls obËêrYÊt

torarda longan çæc1æ8th. lfhe lnaroasc ln thc ab¡orptlon

lnten¡lty vtth oytldllne traÊ ¡Êolrc than denoelnG but l,saa

than gUanoelne a¡rdt no euc!¡ effeot¡ rê16 obgervetl rrltb

ttryratdllnc (rtgs. 5 anil h).

To obscrtc f,urther tho cffeats ant roLc playcd

by phoaphata groupg on tho ab¡orptt.oa tgtcaatt¡r of thcso

nuolcocldce, tbc ¡¡Pcatrc of lleo¡ya{lanyllo, dcorguenyllot

{lcoryoyüldlylla en{l t}r¡mldyltc aaldls üalr6 rcool'dlc{l at ÞE

4.Fr 5.6A' h.5O anå lr.50 ne$¡cotlvcly. fbo s,pcqtre to

oÞtalnc{! are gtvcn ln Flge. 5,-8. Xt I'a crl{lsnt fræ
thc¡c gnapha that tberc la an taorcaac ln thc abaor?tlsn

at thc nsxlpum botb rlth dlaoryguanyllo andl dcoxyadleayllo

acl{lr but thcre le no ittffcronac ln the gpeotra of
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cytidine, pH 4.50; O O cytiôine, 8'0x10 'M;

o o copperl'e.o1to-ãï and cytidine, 8'0x10-4u.

fig. IV-J.
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Fig. IV-4. Effect of cupric ions on the U-V. spectnu-¡f
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dlco¡yoyttdtyllo and thytul¿lylle aclts obtalned ln tba

prceancc andl absoace of ooprlo loaa.

. (u) Vt¡lllc qbsorç3loa ÇFaatna

Ylclblc absorptloa spcotra of oopBor and

goanoalnc ln illffa¡rent nolar ratloa tort obtalncdl at

pg b.3O rhloh arc cl¡oçn ln Fig. 9. thcEe curvct gtvc a

sa¡Lnun at 78O q¡ ?blol¡ le 20 u¡r Lcee than ths narL¡¡un

of ooppcr alonc (gOO q¡). ITo suob ßhtft ln thc ma¡lurm

torardt elronter ravelsngth tas obecrYcdl rlth adtcnoelne

{Flg. ,lO}. älghcr. osnocntratl.ons of guqnoalnc ani!

adlcno¡t,na oould not bc u¡cô bcEau¡c o,f thalr lor eolubl-

lttt.

Thc æestra of oytldllnc anil Goppor ae hlgh ce

lf¡l tra nolar natlo¡ a¡ril at pH b'$O rtre ¡leoordled ¡¡hleh gaYo

thc narlsup at ?60 rp (rfg. l{}. lrhyd.dtlne dlld aot

gtvc any guch shtft, (rrg. 1?).

Slnoc ttrora ta¡ ao such eoluÞtltty problen rltb
dlooryguanyllor dlcoryadlanyltor ilcorytytlityLlo ar¡dl

thyuldlylto aoldar cfforet rorê nadle to uce thcm ln
hLgher ooneantratlons ae ooffiparlcd to tbe nuoLeosldlcs.

Bet tt rae obacrvctit that about O.O, t solutlon of alL ot

thou rr6üpt tco¡yoyttilyllo aold, gã1¡c preglpttatc !n 1 ¡1

aolar mtlo ¡rlth Ggpporr fhc rpcotra ef ileorytyttdy}lo
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tn ttffcrent polar ratloe rlth oopper rere only neoo¡rdlcû

a far of then arc ehçn tn Flg. lJ. Fræ tho flgurc lt
ls €vfdlsnt that no changa ln the absonbanse and shlft la
thc naxlnua ocot¡re ln thla gâB3r

lt. Cjlne}uelo¡rg

Slaoc pho¡phate anil sugar a:rs oonooa to all
nualaosldlcs and nuoleotldlee, the spoatftolty reatdlos ln
thc varlatlon o'f purlna andl py:rlmkllne basos. In moet

oaaGü ausLcoclile¡ arc pncfclrred beeause of the phosph¡tc

noletlaa of tbe nuoleotldcg çhloh causs a ellght
nodllfloatloa of the phyaloal proportleo auch as t-V

absorptlon rnd tha illssoclatlon sonetant. thc llttlc
varlatlon rblch hro bccn obçeryaû ln thc Il-ï abco¡Ìptlon

of nuolesttiloa rtth coppæ lon¡ as offipatlcil to thc

aucXcoaldaa ls prlnanlly ûue to the oharge affoats aarrtcü

Þy thc phosphato gmupsr

Therc 1¡ obacr;dl a ¡"llght dltraorepa¡cy ln tbc

¡rc¡ults rhleh have been obtaf.netl ln thc U-V anl! vtalblo
raglons. fn thc II-V rcgtoa the lnoraagc ta tho noLar

abror?tlvttlce at thc nartaum !e ln thc ordcr guanoatnc

cytldlnc adcnoe!,nc, rheraa¡ ln the vlalblc ncglon thc

shtft crf the na¡lnun tçarte ¡horten ravclcagth aÞpcar¡
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to bc no¡rlo rltb oytlrtlnc (16o urr) ùhaa rtth guanoalno

(ZgO nr ). Dcf,lnlts ooneluelonl, horcvcr, oannot bo åram

f¡'o¡n thcac obec¡rvatlsne ae tba talgc nola¡r ratlo of o¡61-

ûlnc to coDpen oould aot bo uscä ln oaac of guano¡lar

bcoauao of tte lor ¡olubllltYr

Blntltng of aopper to tho nuelcoetdca lr greatly

iløpandleat on pE andt thctr relatfve ooncontratlong aE rat
notlocrl by Flskln and Bee¡r? vho sbeerçedl that at pE 3'O

about 90ß guanoslnc Íaa comple¡eit ïlth ooppor anå tbat

they blnrt ln the orcler guanoslnc ) oyttitlnc ) adenoclnc.

At pH b.O¡ tha Bc¡reentago of btnillng lncrcasta ln all the

orscs ;hllo tha srücn remal.nc thc täticr

Under thc ltmltedl eondltlons ln thc polaro-

grapblc gtudllcer gualltatlve appno¿ob hag becn nada aad

from thc shlft ln the half ra?c potcntlals tota"dls Bê98-

tlvc dllncotlon ar¡d aLeo from thc dlcprcsalon ln tho dllffu-

alon sunrcnts !t 1g ooneludlcd that rlth thynldtnc thaso

ohangca are qutrta lnelgnl,floant andl they vany ln thc

ordcr guaaoelno ) oytttllne ) adtanoclner

ft can þe eonaludcd that thyrnldlnc, tho oaly

auolooafdla ¡lth no ffHU BFouÞr falls to þlndl ooppor anð

d,noc adeao¡!.ne ls tba lact ln the blndlng onder, thc

sost sffectlve nuclæsldlc palr ln bfntllng eopper Ls

guanoelne-aytldlno.



l.
2.

5,

l{ a

5,

6.

7.

8.

9.

lO.

ll r

61.

5, Rofcrof¡aq¡

A. ålþcrt, Blochcm.ü., lb, 6h6, 1953.

F. Frtcdcn andt GI. Âllec, tf.Blol.Chon. , &,7gT) 1gr?,

lf. R. Hark!,n¡ cnû A. Frl.ctcr, t.åñ,Chcü.$os., !9,
l'{.52t 1958.

X' Calvln anû K. TT. Wlloon, J.årn.Chcñî.Boû., 6JL, ?fÆ'_3,

{gbt,
Í. BJc¡rrun, Füetal anlno formatlon ln aqurous

colutlonr. P. Ilaasc ar¡dl son, CopeahagËãr

lgh{.
g. L. Elohåorn, P. Clark andl E. D. Beokcr, Bloohcnr

lrtry, J, 2h5r 1966.

¡.. H. Flrkln an{l H. Bræ¡ Bloelremtatry, .b, 1289, 196r.

0. L. Etohhorn and P. Clarhr J.An.Chen.$oc., 97r lf020r

1963.

n. Fcfrctra, E. Bo*.gnlr lF. Tananc, .Ï. VaetXeretlüt

and Ìf . DaylrlloÊ, nÀdvanccs ln tlrc ahcralctry

of ooorlllaatlon ocËñpoundlrtrr tr!.ræhner, gr

cdlltlon, llcr ïork, Haotlllaa, p' 1t57.

R. B. ftlrrpaon, tl.ûn.Chcm.goc., !€,, 2O59t l9ät.
E. F. Snyan erd tr. tfmtta¡ Lota Crytt., j![, 1179t

1962.

H. l!. [tlts, R. B. Bradll'oy and B. D. Bcotar, 6otonoc,

3tt2. 1569ì 196r.

12.



,t.5.

1lt.

15,

16.

17.

18.

19r

62.

C. D. rfardetaky and O. ilardetoky, J'Am.Ohom.SoG.¡

.S3, zzz) 1960.

R. F. Bnyan and K. Tmlta, .å.sta Cnyot., $1, 1171a¡

1962.

A. U. 9obe11 an{t K. llomlta¡ .{ota Cryat.3J, 126, t96h.

J. O. Heath, Isatunc, ¿Ill, 23¡ 19b6.

tr. F. Cavallenl aadl B. A. Lo;y, å.rah.Bloohem¡

Blophye. fr,, 85¡ 1953,

B, Janlk and E. PalectÏ, Arch.Blochern.Blorpbyer,

.1Q5r 225 t 196h.

D. L. fulth andt P. J. Blvlng, ü.4¡n.Chem.9oc., .9b,,

. 1u12, 1962.

J. J. I¿lngans, Chcm.Bcvlarl, 39, 1) t9ll1.

t. t. Ltngane, J.åü.chomrsoc., É7,, ?1099, 1959.

t. gtaokelbgFgr 7,. ElcktroEhæ,r &ãr h66, 19t9.

ts. lf-l.ssncr, Ztohn. Elcotroohen.r .L?r 16la¡ 19h5.

iI, Xass, Colleot.Cseohoalov.Chsn.Cuu. !Q¡ la?, .|938.

O. t. BaÊyen, F. Br Hollitay and E. A. Jolncon, ilThe

Nuololo Aoldenr Vol. f , Aaadlsml,e Prass Xno.

Pub. l{ew Tonk, Po 493.

R. Ð. Hotchk,lsr, .l.Bto1.Chem., tb 5'i.5¡ 1948.

D. Voet, T'1. B. Snatzer., R. A. tox and P. Dotyr

Bf opol¡merar 11 193t 1965.

2O.

21 .

22.

25.

24.

25.

26.

27,



I a

À3t

5.

lt t

9.

6.

7.

8.

9.

CHAFTER V

--OEWERâT, DISCUS€TCEÍ

Effcat d osppc!. on h
(¿) Vallatlon ülth Goppê! ooaotnt!.etlon
(¡) Varlrtton rtth DI{A oouposltlon

Iaaeureücnt3 on ovcråll ÞlnallsU paramotsrc¡

Dfract cvldanoc for. thc blailtag of ooppsr to thc
ba¡a¡ Ef DI{å.

Rcvcr¡lÈlltty ff llcnaturatloa
(e) U-V ab¡orptloa andl ro¿tlüoatatloa 

"rloaLtyraluar
Dtrect cvldlcnoc tr oorspltrlûg of ooppcr to thc

nuoltoslðe ba¡lrc

(a) U-V ab¡orptlon speotla
(¡) vrglblc ebtorÐtf on ¡pcotre
(o) Polarogrcphte ttu{lla¡

lfhc ;ay ln rhtah þlnitlng of GoppGt!¡ to DtÂ lc
dl,ffcrcat to blnålng Gf coppt! to nuolaorlðtae

Xcobanlcn of rcaetlon

PosglÞlc blndtlag ¡ltar
lcforcnoce
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lbc tntcracttoa of actal ton¡ rttb DHA har

bccn a mbleot of nuoh lnpontanaa rpcolally regardlng tba

oontroværy of tbc gltas to rhtch thc ætal lona are

bounü. Therê erc nany btvelrnt natal lon¡ rhich ÞtBå

to thr Þa¡ag ar ro11 ae to tho phoçphatc¡. Ouprlo

lonr, bssldca ruEh ty?c of blnitlngar have a pcolfto
;f,fcct ln ücstabtllalng the DFA hclt¡ aadl prodtuoa othcl
tlvenso rffcot¡ rhloh arc dlecugscd aa balon.

I . ffifqat qf gorecri on Ib

( a) VaÌlatlon rtih J¡opop¡r gorul,cntratl op

Fra¡ tha thcrsal dlen¡tu¡ratfon of Dl{A fræ
Crlf lfh¡mur and E. Colt ln ths prcsonca ûf Goppc!, at

haa Þacn dlcgonlbcil la Cbaptcr IIn 1t 1s obüGr.vtü that ta
tbc pracanoc of æall anounte of eoppcr, th¡ h approashc¡

tba vaLuc obtalna{! la thc abacncc of ooppcr. It 1!

alto aotcd th¡t tba lo;â!'tng ln h 1¡ {lspcndloat on thc

oopÞür ooaccntnatloa. âs tc evldlont frm Flg. 3t tbc

fn te lo;craû slgalflcantXy rlth tnorcar!.ng R valuca

botb f,or Oalf fh¡raur and Ë. OoIt DSA up to a value oú

B- I.6 aftcr rbloh tbc dlccnoatô ln 8n rtth lnoreaaLng

valuc of n lc X.cr¡. lhlr danåturatloa otr DIïA thu¡
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alrpcrrps to bs a GooÞêratlvc prootûË.

(b) Yerta?lon ;lth PSÂ q.o@oFltton

tbc ?rcronoo of eoppor tteas to nottfy
tbc þaso Fatrlag by aasoetatlon rlth thcn. ft hat bccn

rcportadt carllor by larnu¡l andl Doty that thcrt le a

Llncar ¡rcLatloqrshlP betta¡a lfp andl (þC oontent 6f AÍAt

antt ¡lao DfÀt a ;tth hlgh {þO sontant havc hf gh În vclt¡c¡.

Xn thc A¡ragcnt atudlyr ft rac found that thc th olf,

B. oo11 Dl{A ( 75.5oa]- raa Eo¡ra than calf lt¡rmc DNÁ.

(65.5ôO) Þao¿uac of l.tc blgh s-0 oontsnt. But la thc

prcsürêc of O.1 !f,. comorr botb of thcn reoor{ad thc

raFG În values of h5.OoO. tÌhlg üyTo oû bchavlour tas

al¡o aotcd uy HlatS rho found that la thc prc¡caoc of

O.l dr osppc!, ct¡ ttffcncnt ÐITÂr¡ rsconüedl tha ltb

valucs of b5.Ooc. Etal,} algo obasrvaü that ooppGr

brtnga clcvatloa tn tbc lfn of ilÀl oopolyucr æril al¡o tha

b¡rpcrshronfclty rar rcrvcrslÞlc upoa cooltng. thts

ruggarta that tlrc lnteractloa of ooppar rttb l,-f contant

oû DBå. 1¡ vcry raak o¡r aot at e11. Xt oao th$s bc

aonoluüaû that thc llcnatu¡ratlon of DSA rlth aoppcr 1l
rclatadl âlrcctly to tt¡ (þO oontant. &olcl¡tnS of !b

val,ec te l'argcr rlth laorcarlng {}-C ooryo¡t,tlon.

cr anll zl,usrb r.1¡o rcportcdl that ln thc
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pr:csrnsc of O.1 d. coppor, baotartal DI{¡'ta shorcd

üco¡rcarlng ctablltty rtth lnoncaalag G-O osrtcnt. 8ut

thl s obrowaËloa ls uar*'çd çtth the faot that thc

cglcrlncnta r6ßG ôoac at a muoh lorar conocntnatlon of,

cloatrolytc (O.OO2 n) rhcnc G-C bladlng ÞeooæÊs Ëorc

unstablc.

Frm thc obecrvatlons eB rlcaorlbcdl abovc, lt
le oonoludlci! thet tha (þC þacc¡ otr DSÂ alc prluarlly
tnrolvat ln æsb Ê prûoGürr

2. ngasaf?nc$tr,qlr-oEçrall.båndllns oanüpçtçr¡

Ia thc eal.llar publtostlon, El,ohhonn ar¡û

tlarf5 rcpontod a braat at R o I .5 ln thc plot of lb
agalnat R andl fra thla, thay ooaoludcdl that onc toppr!

lg bound to phosphate andl thc nest to thc nuoLcoctilc

þarcg. Ío euah breal, ras obrsrvail ln tha prrecat ¡tully

andl the bchwlour raÊ ¡lnllar to the ono ;hloh ha¡

bccn ¡raportsit ¡y ElrtS* Flal5 notcd tha na¡tnun hypar-

obroulslty at R¡ 0.8 at 55oG, an{t fræ thla hc proporcâ

that oao ooppcrp na¡r bc boundl Þcr l-? nuolsottdlcç. Fræ

ths*a ob¡errattoar, lt ts dttffloult to f,ormulatc anf

¡sch oonolu¡tona, ae thore lt aleo thc pocslbtltty that

ÊÕ!o otr ühc oopptr ney not bc bounð at all. lo ro¡'ts
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o$t the po¡eiblc etolohlorlutry of thc rcaòtton, blniltag

atu{llcs üero dlonc by thc cqutl!.brtun dllalygls nathod!

rtrt.eh 1c dcscnibedl tn Chaptcr III. Fröü thccc stuiltas

lt ls notadl that,

(a) thc btn{lln6 tnorcasêa ¡lth coooontnatlon

and tbat thcra le oaly ona tnpa of blndtlng ¡ltc at

5oC, the aamo 1c trus for DlfA dcnaturcd ln th¡
abccnea of oorppcr anil thcn plaoedl fn an savh.oar

nant sontalnlng thaac tona. lorwcrr Êt 55o0,

tho nuuban of blndllng altca pcr phospbatc lncraa¡cr

to 2.1 appnortnatcllre

(¡) rrrc bfnittng conetant at 55oc te aore tha¡

at 5oC. But thc blnaltng oonetant ;tth danatunedl

D$å, ls Le¡s æ ê@percd to aatlvc DIÍå.

Thug lt oan be suggeeteil that onê ooÞpar lt
bounð pen phosph¡tE andl tha rest to the nuelcoelde Þa¡ct

ln vl.cu otr tho lnoneass ln the t¡rpe of thç blntltng ¡lte¡
ac notsd above.

5. Dlrês.t c$f cnqe for tþe ,þla{tpq of goppcr to
tbc Þaf,p¡ c6 Dl{t

Ae her bsen ilcso¡rlbcil ln Cbsptcrs If andl fII,



67.

the II-V spcat¡rum of Dt{A rcmalne unohangedl at the ¡roæ

tcrqre¡latorG¡ But at tho dlenaturatlon tcnpcratuntr thc

batboshron!.o ehlft of 5 np ln thc lI-V ¡rcgton 1g obsc¡vcdl.

81nt1ar behaviou¡r 1s al'ss obcerecd ln thc v!.sfÞlc rcgloa

rhanc a bypsoohnonlo ehtft of 6t np üas notc{!. Àlet,

fornetton of shouldert tles obserreå ln botlr thc oalsl.
lbscc obscryattonc prtec sonEluclvcly that at the

tc4eraturc above h thc bondlt ng of Eopper to tho

nltrogcn atoms of ttl¡c bascs ðoar taka pLlce'

l¡. BcvcrrtblllÈv of {lcnÇturat!.on

Thr eepcr fndluaadl hypcnahrouloltt ;a¡ founü

to bs tnrcrar¡lblc upon eooLl.ttg. lt la auggcatcd thtt
thc bonillng of oqppo¡! to the nitrogea rtonr of the bara¡

bX.ookr tha hyilrogaa bonûtng an{ alco tha longltudllnal

latan¡etlon anoag tho Þnrct rltb ths rc¡¡¡Lt that tbc

b¡porohræl,olty 1¡ aatntalncdl upon ooollng. Al1 tbc

II-V ¡nd vlatblc ;¡rcotnar e¡ üceorlbcâ abæar bobcvcil

1¡ thc stüG fashtonr

But thlr hJrpc¡:,chnonlelty dlaappecrcdl eooplstcly

at 25oC by lnorcaatng thc omscatratton of ffiO, to O.1 X.

ffbc lwcrsal of thls hy?erchrmtotty ra¡ not lnstaat-

anoour asü lt tas obscrvaû th¡t lt ;ant to aonpl¡tloa
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ln about 15 houre tlne. Ronaturatton oan gcnenally bG

echlevcü rtth baatcrlal D$Ar s by s1w aoollng Þut not

;tth Oalf lfhyuue DKn{. The renatunatlon of Calf lFhyuua

DSå. aftsr thc danaturatlon ln ths prrsrnoc of ooppcr lg
sBeclflo. lrhle uuggeste that thc eÊlan{ta arG not

¡aparateil !.n tha apparcntly tlanatunedl ctatc andl ooppar

blaôe to tha baeos by ths {ll splaosnent sf the hydlnogea

bondls. lfhus thc partlal geparatlon of the etrands talct
plaoe on dlonaturatlon ard refonn¡tloa oooult otr rcnatur*
tlon. Tbe fact that ttre hJrperohronlElty ls aoroupaalc{t

by thc.claevagc of msst of tho byilrogen bonds rar aL¡e

obaelYedl Þy tf!,at'.

(a) ü-V aUrorntton an4. acillqsatatl.oa gslgoltf
qalues

fhat aLnost cæplctc rcaaturatlon of tht
dlcnaturod aolutlon tahes plaat ts erfdeat by tho raturn

oü thc rcdlncntatlon velsotty anil abaorptton valucs ar

dc¡orlbeä ln Ctraptor ff . Thc sllght ðcvlatlon tn thc

redtpcntattoa vcloolty val.uss oan ba rcll rcnarkcdl Þy

thc fact that tha oanrplgts rcaaturatton {rf tslf flhyaul

DNA ls illffleult beoausc !,tr ¡olutLon 1¡ aot asnplctcly

honogencos3, a pnoptrty rhloh har bacn potntcil eut by

pncvf,oua ;orkars6'7.- rlrtç rcçcrdblllty of ospprt
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âenaturad DNA can aerve ae a nethod of eetlmatlng the

extcnt of clonaturatlon of thc Dl{å, golutlon.

5, Dlncot svldanoa-gf -cdripl€:rlap olco?qcg tp
nucleoÇlllc bq¡ee

Slnes tha U-V and vlslble epcotna of ÐNA ln

the preecncc Of auprlc ioag at htghcr teøpanatur.ee, result

from thc claetronlc tnanslttoa of ths auoleostda basee,

lt la c4¡eotcdl tbat lndlvlduelly thces nucleoslcle baeee

shouldt bc oowlc:soô þy euprls lona' fbia haa boea

fouaû to bc so as tas obcc¡geô by ¡Pactrophotometr!.g anil

polarographlo ncthoilc rhtoh a¡rc dcacrlbct la Chaptcr fV.

lfhe aþecncc of any ¡htft ln thc potsntlonctrle

tltratlon of oopper andl the nualeod.dles ae rspontod by

Harklns anû Fnlesen8 and Elohhorn ct af9 ghorg that suoh

eon¡llcr fornatlon pr.oocedtc ;tthout thc nemgrval of proton

fræ thc aualeosldlcs. If tblc ls ao, the blndlng

alrouldl ntrt bc affectcil by tba vantatton ln Btr valueot

becaugc sssh oonglutfon allaLaatea tha oernpatltlon otr

oopBcr fsne rrlth Brotons tu the raactlon rlth thc

nueleoeldlos. But Flelln anil gcsJO naûc oalcul'atlons

otr ths etabllltXe¡ otr thccc Goñpl6rcc ;htoh rag baccd
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on thc Þ"oton dleplaoensnt ln fihe aoli! solutlon.

(a) U:-T abeorntiqn p,sotra

fn sa¡o of tha gpaotrun of Dt{A and ooppcn,

e bathoahrælo rhlfü Ðf , qr üa6 obee¡'ycd but no auch

¡btft ras obsorveü ;hsn the q¡cctra of tbc nuolcoalilcs

anû ooppclr rcr¡c roçordcä lndltvldtually anil eaparatcly,
aLthough tbry rcrÊ rorkcdt out tn a rca*rnably hlsb norel
ratt.o. In ell cn¡oh oa;GB thc lnarcaso ln thc sola;
absorptlvttlcs at the maxlmun ças oÞsowedl rhloh rar
gooil caough to ehor tho oonplerl,ng of thcsc nuolooeldlrs

rttb ùoppo!. Fo shlft tn thc na¡fna ras algo obearvcd

úth coppcr andl nueLeotf.ðeg.

(b) Yl gtþlo aÞgorptlon$pcotra

ßlchhorn et a19 rc,portedl that at plt !, thc
na¡lnun otr t 12 nlxturc otr corpper anil guanoolne ree ct
8OO np but the aanc solutlon, at pã f !, gaffê tha ma+ln¡n

at 68O ry. At cuch a htgh pä ralner the altuatlon tg
eoqlloatet becauee of the h¡Énolyals of oupnle 1ong.

äorevc¡pr la the proscnt etudy, lt ras found that even { rl
nlxturc sf coppe¡r and guanoeine at pü l{.5or reoondcü thc
na¡lmun at 78o q¡. Such ehlft ln the aaxlna rac alsc
obserred rlth cytldllne, but adonoEtne and th¡rnidlnc eltil
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Bot glvo rhÍft ln thc maxlnsa. Íb,l¡ sb¡arvatlon agaln

glvca illrcot crldlonc¡ of o@lcrlng of coppcr ri,th
nualaoslilr¡ andl f,ræ thc oranall gpcot¡ro,photomtrls

obscratlæt, tt l,c Eoaoluilcd that thc omplexlng or{cr
lt guanoalnc cytt{llnc adæo¡lna.

(c) FohresrFehLq rÊuittcr

|fbc cvlüGûoG for tho oouplartng ablllty *
nuolcs¡l{lct ;l,th ooppæ rer alro ¡horn by uaan¡ oû

pol.arography rhlab 1¡ âascrlbüû ln ttaptcn IV. lbc
rhtft of tho hrlf rr?c pstaatlal, torarüe ncgat!,vc

dltcotlon ¡ntl tha ilaprce¡l.on ln thc dltffsrLon ourroot st
ooppc¡r la tho plras€nrc of nuelcosfdlag l¡ a dllrcot
oonrcquôaoç of thc oo4llc¡ foruatlsa bctrocn so,Bpcr anü

tha nuol,ao¡!,dcs. rt l¡ aìæ drora tbet tbc çil¡orptloa
of, nuolooalüc¡ oa thc Ecncsrt llrop eadt othor ËoB rprolflo
f,aotorc ilo aot bovc ¡ algnlflceat rola.

6, lFhc rav I rr rhl ah nål nø arP arvnncr EEtÀ { r

fba f¡r iltffcrcacrr thtsh rcrpr obrcrcû ln
€rür of btnãlng of ooDpôr to $fá. aad neoloosldcs æo
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llstcdl as bcloro

(e) CUc btndllng of ooprpôr to ÐilÀ 1¡ obaractcn-

lsadt by a Þathoohronlc sbtft tf 5 ry ln thc lI-V

rcglon but ao auoh sbtft ;es obssrncü ln caac af

ooppar bfndllng to nuo!.coeidlac.

(u) Dl{A gtvêr a dllstlaot shouldcr fornatloa

torards longcr raYo langth !.n tbc rcgloa 265 to

28O u¡r. In oaae of guanoalnc anil aytldltnc tha

fo¡:natloa of shoulalcra cxlatr ln thc taæ roglon,

þut not ao dltatlnoür rTrcncas no lnoh ahouldlcr

fornatlon lr obeorycdl rltb cûcno¡lnc andl th¡mlôlnar

7. Icahant*q of J¡cacttoa

lfhc ncehanlm by Élch oopptt dgnlf,toaatly

dcorca¡c¡ tbs tbcrual atabllttt sf DlÍÂ. 1l ob¡cun.

Elehborn aaå CtartS htvc tntcr?roted thctr dlata bt
arauul.ng that ooÞper le lntarpossû bctlscn thc oo@Lo-

ncntcry rtnandls sf DltA Þy ooordl!.natton to thc þala¡ fn

¡uch a Ëanac¡l that tbc hy{rogün bondlr arc br*cn anll tbc

aeoondary atruotur:c of cach ctraat dlcstroyail; Horæort

ln vlcç sf tho nan¡turatloa of thc llcaaturoü tllå on

laorear!,ng tbo oonccntrattoa of thc gl4la alcctpolftËr
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tt ls ae¡ured that tho oslpcr sust sffiohoü Loap thc

üasct ln raglatcr üvcn fn tha ûan¡tsrcd! ¡tate. llhl¡

vtor ls aleo ¡uppo¡rtcil þy thð ftat that thc baa¡a ln
DI{A hcltr onty btsonr avallablc for tntcraotlea rttb
üoppcr at clevatel! tæÐcraturc although thc lntsrattlon
Ean rcaðlly taka plcol at lElsr tcupcratugÊa aftcr thc

bcllx haa Þcan üluruptcd. lfl¡t¡ fæt baa also þttn

¡bocn to bc ro by [faf5 and Bf.o]rborn st at9'

t. P,glg¡lÞl? b*Pfllnc, Plla¡

Ba¡loallf thcrc üro mly tra po¡¡tÞlc tyjcr of

¡ltca rTrc¡pc espp;r¡ asulll lntcraot tlth DÍå. anã thay

ara tbc phoephatcr andl the barcs. åt rooc tcmparaturtt

horæcr, eopptr blndlr to only nnc rttc as fc G'vl¿loat f¡ra
thc bln{l!,ng crparlncnt¡ anil that ooul,ô bt dluc to thc

pbocpbata Þlaütng, ;hLoh ft caelly aooc¡slbtc to thccc

lons. Tbis faot ts also oupportcil by tha opcctral

ËGaürræant¡ þoth ln tbc U-V anå vlslblc raglonc rhcrc Bo

ohango ln tba rtpcctruu of DIfâ, on thc aðllttlon o,f ooptpcr

rts obscrvcû at 106 tcupcraturc. flat thc ouprlo lorr
Þ!.nd to tb¡ phoapbatca I c al¡o apppætcil Þy tba c¡pc¡r!.-

ncnts of Eutsæ and Slohboon{f rho notloail thc fonnatloa

û 6a11 ollgo-nuolaotlilat by bcattng eoppar aaü
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ÞoltrtbômclGottåll. fùtr ücg¡rrdati.æ taot ¡laor Þt
thr olrürrEc of tlt ptraæbltc banât a¡ te gliln by tÈr

folle;tog ¡truotnrc

ase
t
!

0clla

X"
or{

_L.

rùrrr tÞr m;E Kbürrt ohdrtr rl,ag 1r ncrt ¡ rteÞlr
Itrectert. Dl,dl¡g d roppt! ts tÞr Fhtl;pbrtt ßrou9r

nr rl¡o oætlÐd Þy Blaühorß ct rl9 rtlo nstü thr
Þorttttng ú tbr pÞoæù¡Êr ütftFrûGc t¡ ûrs'rfrilonorlal

rcnoÞhûæhrtr æd trorfthrütttt rmoBholPhrtü ln tbr
Dr{rr*æ of oEÞprr. r,rtJ3, shæl æ a¿f} hær c¡rllc
rrportd thrt blçrlrnt rrtrl læ* corbl,Er ;tth SãÀ tn I
nrlre rrtlo ql om rtrl *tæ 3¡r tro pboæhors¡ rtc
Êiûlr trt ßIrporrtüil lrts bl tbr f,Lndtner sf flrbrrç
raË tr¡lglb.
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the eltuatlon ls antlrcly tllf,fc¡rcnt rÌrcn

soluttona of DItå. andl ooppor a¡re heatedl togethcr. fnetcad¡

of dlagradatloa, as dlcgclllbcdl abova, lwcrtng tn lfb
valuos ars oÞseryedt. Îhls ls atæly beeausc tho dcgnad-

at!,on ncqulrsa thc ohelatlon of, phoaphate anâ 2t0tr

group andl alnoø tbc lattc¡r ls not prcaent ln DNÀ, thc

{lcgraûatloa {loeg not ooour. lfhus thc obvloua cholse

for goppcr f.s to fntcraot r!.th thc auclcoslüc basoa

unûcr ruch eondlltlon¡.

Xâ thc auolcaatðcl, the f,¡gar r.eslduee rlo not

oontr"lbute toçandtc the blndtlng of oopper rhl ch ha¡ bcca

dlasor!,bcll ln Chapter IV. lfhs baæB a:la, tharafona,

antlruLy ragpongible for aueh effeota. lhc dttfforcnoc¡

l,n ths gpcotral bchavlour o'f thc nusleoelðce tlth anil

rl,tbout otppo! la probably duc to bondltng oû aoppcr to
the nftrogan atonc d tho basas. 8lnec tbyutnc üoc¡

not havc any anlno ßroup attachcd to lt, no ¡uch effsot¡
havc bcan obacryadtr Guanlna andl adtanlnc suprply thc
gtcrllo oonft gnratlon tultable for nctal abclatlon, rihf oh

rcprGccatr thc no¡t staÞla oonftguratloafi ^* l,r shcrn

ln Ftg. l. fn guanlne and adlcnlne, the pogttlon l{, Le

lnportant for tha fornatlon of thecc ahelatcl. lhla
vlc; 1r u¡pplcmonteû by tbr faot that guanlne an{l
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adlcnlac úan nctbyLatc{! at F7r 1.c. oaffclnc andl thao-

bronln¡¡r failait to fo¡n oonþl,e¡cs tlth *pptol6. âpart

f¡:m thc crparlncr¡tal ratult thsü ooppt! blnå¡ nora to
guanlne tban adenlncr tbaorctloalX.y al¡o ttl¡c aupc¡rlorlty

oû guanlnc ovo¡t that of aåenlao ncatôc¡ ln tha fast that

tha baelolty ûtffcrcnoc of gnanlac (-1.6?) ¡nA aücnlna

(-l .l¡2) provtûas rn eðvanta8c to th¡ f o¡ac¡' to f,orn

atrongar soorülÊate bonds than tba 1att"ot7. Alro üol:t

bLndlng rlth tþc O atone of guanlns ta favourod þy th¡

absctce of eterlc emplteatlonl lnvolveü rlth the

prêBaros str tno protoÊa on the -fiËA gtioup of adlentnc.

Spoctroaaopls, polarognaph!.or potentlolætrlo and B.P.B.

noesurrntate bavc stræn thât aytoatne þlnüs ooppcr lon¡

rather bcttcr thül allcnlna but lcas thsn guar¡lne. fhc

[.X.R. nÊaaurencnte of Elerrhorn9 lnilloata Il, as tbs

ooordtfnatlon stte. ilonc of thc phyeloal ncthodle nentlon-

edl have revealed any ervldence for the eltghteet blndtlng

of coppen to thynlna (ffe. 1). A theorettoal eplan*'

tton of thls le not at prcecnt avallablc.

It la thn¡ oo¡olualeil tlrat ooppor blnils to tbc

phoaphatc ¡ltae oaly at ths rom tonpenaturer but at

hlghor ta@araturqÊa çhen lomc rclatlve eotl m of thc

tro stranâ¡ ln thc III{A hell¡ ls polslbler a¡oh ac

occurs at tho rannaallag tæpsratnren{8r Ponctmtlon olf

tbc hcll¡ Þy tbc soPpar oan ooour rhtah ¡rcanlt¡ la
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blnillng of thc copper to nltrogGn atons of thc Þaee¡

sueh as to brlng about narked {tletortlon or partial
dlleruptlon of the heltr to pro6ucc ðenatunatlon. Of tha

bascr, tba nost cffeetlvc basc palr for ooppcr b!.nitl,ng It
guanlnc- eytoetac.

Ítre etate of DNå noleaules ln the nDenaturcû

fornÉ pnodluecdl by heattng ln tþa preroncc of ooppan ls
chanaotcnlsed thug:

thc ooppor lonc
(t) orusË colLÊpse of tho DI{A lloublr hellr
(Z) tfn¡ to nany phoephate groups antt alao to mE

baaos

( ¡) pr.went hypoclrrontof ty
(h) holdl tha baecs tn mgtctcr la æch a ray thet

lnorcalc ln tontc strongth ¡osnlts ln ths

oryLatc rcçcr.ral of hy?crchrrcnlolty won ln
thc aaac of Oalf lfh¡mua Dllå. Îhls rereralbll-
lty otr thc by?crchronlottf ta eln!.lar to soua

cxtent to thc observatlon ma{tc Þy Oolvtll and!

Jordan{9 rhea they foundt that rlth Calf th¡mut

ÐtrÍA, denaturatton by illlutlon rae æpanently
rcreral.ble" although thcre taa a mrkcd

dllffancnec bctrcen the balravlour ú tha
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¡naterlal preparedl by sLorly or raplüly Lnoraar-

lng tho lonlc etrangth. But thls ltfð not

ooour ln oasa of heat dlcnatunatlon of Calf
' fhymss Dt{A aa rcponteü earlle¡: by Doty ct tX2O.

A suttable nodcl for ooBpoli oontalaln8 6caatur-

cil DÈ{A should aooount for all thaec featunca. It 1¡

knour that natlve DNA has a blgh dlenglty of negatlvc

oharge on tho out*Ac andl has tho non polan baecl on

the lnsldc of the dlouble heLlx, vhloh !a heltl togethcr

by hydrogen bondls andl othen aeoonðany foroes. tn thls

nativc Dl{A, coppe¡r lone btnd to thc phosphate groupc at

noü tcuBenaturo at ls chotn ln Flg. 2. But on heatlng

partlel scpanatlon of tho atranda takae plaoc a¡rd thc

aoppcr lons arc lnter?oacd þehcen thc oornplcncntary

strandla or poagtb1y aroas brldlgcil aa le úrorn ln Fl,g. 2.

Thl e oocurc ln euch a aannaF th"at all of the hyiþogcn

bondla ane Þnokcn. Às la rbæn ln the flgurâr the only

bagc thloh le not lnvolvadt ln auoh a prooGaa ts thyulacr
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l. Prg?rna3lon of lapl?¡

Oelf I'hyaul DHÀ reg p$Çparcdl Ëy tbc nathoô of
f,a1 Ëlmær rnd Do¡¡nac{ rhcrcar s. CoIt Ër prrpapcd bt
tÞc ncthoil a: ücsollÞeit by [arnur2. lhl æIutlonr torü
¡lrats n¡äo la O.Ol I potaerlm attratc. Stoet ælu-
tlonr of aÞæd.ætaly O.15Í by rclght of tbc¡c DFå

ranplct ;cro prrGpa¡icl! rhlch ;Grr thon llllutcdt rrt th O.Ol f
rolutloa of potr¡clun nftratc.

Cu (r%)e, t8"o (rnafrtfoal Rcagcat, ãqtta
enü lll.ll,anr Ltit., Englaadl) rae raoryttalX,Xrcrl trlcc
fps ;rtcr enü tricit ln yeouo to a oæ,stant rclglrt.
Solsttgn of osprlo aftratr uar allaya nadç by rctght
;ca¡ur'æaat tn O.Ol I ælutlon of potas¡lr¡n nltratc.

Oæcrolal æaplar otr thc nssloo¡lilu aná

nuojlrotldcr rcm obtalacil fræ Sahrar¡ Elorc¡aanoh tne.¡
ITæ lo¡ilr, Solutlonr otr thcra rürG ¡lso prcpard by

ratght ËæturæGrt (fn O,Ol I roluttaa qf potattlu
nltretc) ¡a¡ thc coassnt¡p¡tloar rG!Ë shact;d by opttoal
ûmct,ty Ëatürrætatar

2.,t'bæcet ârqç?pËEttæ

lfha ucltlng ourvc! m?r ilctcrnlnoü by !;cpfng
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thc rolutlon of, Dl{å aadl ooppôr ln I GBr ¡tlioa oËlt r[tb
O.Ol I nf0, ¡olutton tn a natct¡eð slllaa acIl ao rsfcr-
rnorr å ¡.äyG¡r sf, panaffln sa tlro top of thc solstlon
tn thc sllloa ecllg prwcntcd eay Loss iluo to ovaporetlon.

fhcgc oell¡ r€ra plaecd ln en eloetrloally hcatcd anà

thc¡rro¡tattaaLly Eontrollc{l oc1l hoLdar. Fon thc
ælutlona to aohlcvc equlllbrlue dten eaeh lnorcaae ln
tcnpcratwa by a deflnltc anount, tlme lnterval of 5-6

nlnutcs raa alraye ¡natntafnodl durlng rhloh panlod

oonctanoy ln tbc optloaL denslty raadtnga rss obtalaed.

å11 optlo¿l ilenalty noafl¡r€laent¡ rare nadlc uclng a
Tlaleam 6p-5OO gpeotrophoûoncts¡r aadl ;ero oo!ï¡ectall for
lao¡lcasc tn volumc rlth teun¡reratürôr

5. t¡V aìaorotloa ,æ¡otra

fbe U-V abrorptlon 4lcotna, aa doscrtbeil ln
C'lraptarc fI anô fV, 1610 {lctcrralncd uolng Gllfordl usdcl

âOOO Abgor.banco rtoor{ar. ect up rltb tscgknan Dt nono-

oh!ffiator. 2 ffi. aaü {O w. sllfoa oclla ?G?ê oomonly

uscd. å.[1 noa¡uræ¿ntr trrtpG nadlc at ZSOC andt tha

tmpcraturc ras natntalnsâ ooastant by rcgular otrcula-
tlon of ratar through an ¡naula¡, õpeo6 tn tho ccll
ooppartnsat.
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b, Tlslbl,s absolptlqn speotre

Â11 trhs vl d.blc absorptloa sprotra rc¡r€

oÞta!.ncit r!.th,a Shtpailsu gpcotrophotonctar QB 5O ugtng

lO on. ccllc, rttb e natohet! oalL d lO En. oontalnlng

fC-Z u ¡olutlon of potasclrn altrato exoept ln thc calc

of DtfA (CI¡aptcrp III) rber.c ldentloal ooncentratlon of
DI{A aolutlon üas used.

9. Ktn¿tlae of dlcnat!¡ratloq

DI{å. solutlon of hnorn volunc ( O.Ol - O,O5 Flr.)
raa plaoed Ln the ocll ædl osncr ooÞÞo¡. mlutlon la a

a¡aall tsfloa plungcr rhloh ¡at flttsû lnto tha ocll.
tt rcro tlne, tha plungcn raa uscdl to nl¡ ooppê! ælutloa
rlth IINA. The ab¡orbaaea valueg trêrÊ than reoondlcd

at dlçflntto !.ntarvala of ttuc. lhc ;rüa operatlon ras

ncpcatedl at aL1 the tençeratürüBr ft !.a obccrvad that
tho aÞeonÞaaoc bcglnr to forn platcau after absut 3
n!.nutos tlnc. tfha beattng tlnc of ll nl.nutss for othcr

orper'!.æntt ras thercforc aslectsâ rüloh raa gqfflct.ant

to corylcte dleaaturatlon.
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6. Ssdi4gntatlon Coefflclcnt¡

å splnoo nodel E lÎltraeentrifrrga aqulppod ttth
uX.travtolet optics tae uacdl to lreacure the ¡edllsrentatlon

ooefflotcnts, îha naasurement¡ ræo nado of thc

aolutlons of aopBê¡r aael D!{å (hcateit andl aoolså), at htrr

77o n.p.m. for 25.00, 58.6oC¡ at 35¡ 6oo F.p.Er. foF

lr{.Ooo arld at Zhr 650 r.p.n. for l¡Fr4o, l¡8.oê andt to.6oo.
But ln all those caaas rhcnc mO, (O.l H) ras aðdta{t

to thc abwe hcatodl ælutlonr, spccü of llb t T7A lop.!ilr

laa ugoü. fhta uGalttrcnent rag nadle uslng a {2 ln.
aluntnlun ocntrcplcca calL ln a Ð r.otor, thartmstatadl at
AO.O t o,lo0. All tbe ¡olutlons ro16 nada up Ln O.O.| I
pota¡slua nltmtc anil thc photographa rore takcn at

lntofi¡glc ôf lr nlnutos rlth en orI'ûsure tlmo oú lO aeoondrr

lbcsc pbotogçnaph¡ ;enc thea oonvertell to plot¡ of

ooneentratlon veraus dlletanoe rlth a Splnco Á.aalytrol

photodlonsltometan attacbed rtth a mie¡roanalyecn

rqulpncat. tfhc poaltton tn the oo11 oorîscpoadlng to
thc 90É oonccntratloa t¡ obtalnedl fron thc tnaolag doac

Þ¡r thc pbotodlcnd.tæetcn, anal üloh te sscå for tbc

oalsulatfon sf tho saûlnoatatlon aocf,flalcat veluag.

7 . So,ullf Þ¡rltn 44al,Jfsû ¡
Thc f 8/lz Vt rkrng tuÞlags ürtoh üær uaadt for
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the illalyd's XlurElrosa ;Grü flrat hcateil üt 8O.Oô0

approxtnatoly rlth a 50É ælutl,æ of æillun blos¡rboaatc

fon about ¿tO n!.nutea. fhc¡c tubcs rrlìr then *arhcil

rovcral tlnaa rltb trlce dtstülcð ratar æð stolrçll ln
a aoL{l plaoc at llo0.

5 nf . rolutlona of DHA aadt ooppcr f,n iO-2 X

ffiOJ otr varytng ooppcr oonecntratl,ona ;G¡ir takca lnsldlc

thc dlt,alytlr bage, ûtoh rorr than pX.aod tn a pylcr
tubo rlth f5 Ef . of tdlsntloal cspprrr oonooatratlone ln
lO-2 ü XIÍûr. Íbc¡c tr¡bcs ta!¡G flttcil rltb ¡tsppars¡

Spcotal oarc raa takcn La cclcottng tbc slsc str thc
tubca, thc ðtalyula bag andl tbc aao¡nt ef thc ¡olutlon
ln tha tubcl, ro that all tJra illalysl¡ bagt rsrr ocraraü

rlth rolutlon aad alao thc novenaat of thc roLutlon rat
frcc. lfhcaa tubeg rcrc thcn placod la hordlc¡re aadl ¡balan
gcntty fsn ?â hounr at !oO'

Fs¡r thc illalysl¡ ct 55øAr thc tuÞcs rtth
solutlons sa abwc, !Ëtla pl,aosð ln thc ratcr batb thcræo-

Itatd at ,5oç anil thc oqutllbratton ras dæc for lr8

houra.

8. ?olarosqaphtr

{e} ånnlt*ls.t
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fha tnetrupcnt ucedt fæ th! s rorü raü

son¡truotad tn thta laÞoratory and la tbc ty?o gcncnally

¡rcfarrså to E¡ a {nanual lnctruæatä. It lal dlaelgnctl

oa tha basls d thc nrnuel lastrueent iloeor{bci! bf lfogt1

üth ¡o!Ë noðlfloatlona ;hloh ls ¡bfla ta Flg. 'l .

lfho ln¡trsrÊnt conalat¡ ullnly ðf thntc
partr

(f ) lfha acLl Ënd thc dlropplng rcroury

cícatrodlc .(ê,.n.c. )

(11) |Ibs cunrcnt maer¡rtng otroult
(f ff) îho pstcntlat olncpl,t.

(r) Íhc aall üg6d mc otr thc tlDc drrn ln Flgr l.
thc bottom of thlr oall tae flllcû il.th torcury tlll
ühc beglnnlng otr thc rldla a¡n rTrlah ls uscdl for bubbllng

nltrogcn gas through tbc æLutloa. lÍcar tht top

of tlrc ocll, tbtro tc another f,nLot for Boaetng

nltrogan ov;! tbc aurtaoc of tha ¡olutlon at thq tluc
of rcsordltns polarograns. Slcotrloa1 qonnootlon

tbnei¡gh thc pooX of thc EÊloury res uË; by ln¡crtlng
platlnun dr¡'c lnottc lt" lhe 6rÉrf . of satuntail

ealorcl al.cotrdc (8.C.8.) urc¿ rat ebacLcdl agalnrt

¡tandardl normal oaloml half cclls.

t
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It hac gcnorally bccn ob¡arvcdl that thc llqutil
tunotlon prodluoc¡ a ooaelila¡rablo crror ln tbc dctarnlna-

tlon o¡f c.r.f . Carc ruc taken, thsrofolra, to uec a

üotrr roproiluolblc typc of tunotlon as Ls atroçn ln thc

flgurc. Tha qgr! Blug t¡ balil by a plcsc of ruÞbcl

t6Þ1trg Enil ta ronæod sftcr' caoh pol,anqgrau. fhc othcr

cnã of tho tubc la oonnaatsd througb a grouad fotat to
a caDl,llary rbtoh dtlpr tnÉ.itc thc ¡olutlon otr thc ocll.
In orüæ to nalc thc conacotton, thc rolutton ls sackcil

thnough tho tubc and thcn ollppcrl. Th!,t typa of

Junctlon bas bccn fouaü to gtvc a rcprduotblllty øf et

lcatt O.lt ËtÊ rnü a san¡tant potcnttal svcr a pcrtoil of
ç;üvtt.al bourü .

(ff) Thc ou¡lrcat noaaurlng airautt oæatst¡ of, ¡
rcnsttlvc galvansetc¡r (eanUrfagc Dtareonval, ht lU&/Zl

rttb an lntcrnal reslatanac of l¡5O obn.. â ¡ultaþlc
rbunt fn thc olrcult aakaa lt pos¡lbh to altor tbr
rsnd,tlvlty andl ïaa ao adJuateit thst tt gavc O.6ll ¡¿À

per lO crn. üefIçotloa,

(fff ) ft.o e¡ü.f. cl¡roult oonttstr oû a roureG sû c.B.fr
ffo'n a 6 volt reEueulato¡t. å voltagc orf 3 voltt lc
glascil acrors thc rocl rtansc aall by tbc rcan¿ of

ì
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bcllpot potantlonter, ¡4a11 laaraaata of, 16-SO nV

fron O-'1 .8 volt¡ oan bè ¡gÞÞlta{t to tha ocll, taklng

lato tha fact thât tà{t €.F.f. of 8.C.8. tr !æoo lfhus

aX.l pa¡cl¡renoat¡ rdcr to tha S.C.B. tbcsc !.Erf.
valuc¡ rcr€ thaa naarured by a portabh Ð.C. potcntlo-

ncton Cro¡rdlon typa P.Jr

(b) Geotllarr

fbo Eaplllary uocû la t!¡o¡c ürrü¡Faacats

bas an latcrnal illaaotar of O.O5 m. rrlth thc fo116r1ng

oha¡raotcrf atlar

E q I .525 trtg,. B?o.-1 ¡

t * ll.12 eac./tl'op

aea8uredl 8t -1 .O volt agalnrt 8.C.8,

(a) [a¡lngn ¡npprcgror

Ifsn-lonlc etatergent, Llaaapol Nb5O, of

aþout A"AO?{IÃ ln tha solutlon rae uasd ar a naxlaun

aUPÞFê39ôfr

( c ) ås¡tr-pitsg

gil&ll asBlllary tubc¡ (as ùorn ta FtB, l)
ro¡r? flllcil rlth tha hot solutton sf agtr gol rhlch ra¡

I)
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plcparadl þy dllesolv!.ng 2 gtr. d qar (8.Þ.H. Londoa) in
ll5 nl. of r¡atcr ln a beaker kept !,n a large bolllng
ratcr bath anil then l5 gm. of Kgt, (4.R. guallty B.D.H. )

rac sdldlaü and ctlrra¿l properly. îheÈe tubee rerG

oooledl andt then ussdl fsn mklng eonneotlon to thc

¡olutlon,

(e) 4qgryal of, û:srçn

Bceauce of the fact that oxygcn ts very

roaêlly ncduceð at the tlroBplng Ðclleuny electnodle, tt
TaË ntccerary to rlmüvc dll saolvodl orygen f ron tbe

aol,utloa. ft naa achlcrod by passlng oxygen frce
nltrogcn gaa througb a paln of Þottlas contalnlng

vanadoug ohlonldlc. Vanadoue ohlo:rtdlc ras preparcd Þy

bolllng 2.O gut. of auuon!,¡¡a uctavanadata rlth 25.0 nX.

of oonecntmte{l ãO1, illX.utlng tt to 2O0 nI. snil thon

ehak!.ng rltb a fcr gna!.ns of hcavlly analganatcdl s1no.

lfo thlr rons äonÊ oonorntnetadt ñCl ras adtlail to ürot¡rc

a claar vlolat solutlon. Thc gae @trglng f¡ron thc¡c

tro bottteo çaa passcdl th¡rægh a thtril tlnllan þott1c

oonteinlug dtoubly dtlatlllcil ;ater to rancvG any aslit

ar lqurltlac. fha gaa, aftcr paaclngl through thaec

bott!,c¡, raü allorcdl to pass thro¡gh tbe oo11 fror thc



94.

top anil þotton o,f the aolutlon for about 15 minutc¡.

The lnlct at the botton of the ocll ras aloaçô anil

altr."ogcn rac alloçeit to paeg ovtr tÞc ttvp of tho gol.utl6

rhllc ncoordllng tha polarognrmt¡

(f ) F.a.lsgFgnqFt of ;th? ttlffusl,o.E-eurront

tha avaragt otolll.atloa sf thc galvano-

sctcr Íaa uecil for waarnlag tha dlffusloa ounnant

laatceil of urlng na¡ú.nun or rulnlmtn throu. lfhtr g rae

found to bc sasentlal beoausc tba oeofllattone çhtoh a¡rc

duc to thc pcnlodtlo gnorth anit fall of the acrouny

6ropc, tlepsnrla entlrely os tbs ratlo of thc psrloat of

thc gelvanomta¡l to thc ilpoÞ tipç. $en¡nal,ly tlrc t¡rpa

of galvanoucter drleh ts escà itocg not ncspoail raplllly
ec to follæ tbc t¡ruc changa ln tha cunrcnt dlurlng tbc

l1fc of eaah Ecroury dlrop aadl tharcfonc tba ua¡lam sr

ntntmru thror dtoec not oornoEpond to tha truc na¡lnm

sn nl,nlnun ourrent. And rhon the oEollletlone a¡e not

too langc, their sverage alvaye nefcrg to tlrc trur
averags current to rhlab trlkovlo oquatlon rcfar¡.

fbcrc t,s alao oþccr"cdl a mall rasldlual

aurreat proüuocð fron traces of lnrpurttfcs ln tbc

solutlon or due to thc eupporting eX.eetnol¡rte. fhlc
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i.r orbcarrcû bcfo¡'c tha ôcomporltloa potcatlal 1¡

raachcil andl tbur to Lnæ thc valuc of tbc truc dllffurtm
cErrcnt d tbc rolutton, tt la ocscrnry to nrl,c

oorrcatloo dlue to tho rcellual oumcat.

lfhc polalogrsnr of, all tho rolotloar, tn tbr
prcræt etuily, rlror only a ¡lag1s rârG, thc æatru¡tlon
qû thc trga iltffual,oa osrræt ra¡, thæcfæa, nlt o*y

ilctcrnlalq thc rcllal¡¡aL eurront La a tqaratc c'pcrlront
Þy oÞtatalns thr polarogra¡ ü tbo rryportlng clsotrclytr
L.Gr ,f2 I ¡üO, rrloac. Tþc vaX,r¿ ¡o obt¡lacû tar
rubtraatd fron thc totr"l ülffertoa osüFto3 of thr
¡o1utloa.

lftæ utlag thl¡ ooæcstionn tho dtffortoa
ourrent ;ae fouail to bc praqtloally coastant la all tb¡
OEtOt¡
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Elohhorn (1962), Eiohhorn and olark (196ù and Hiai (1965)

have strcmn that Cu(If) ions have a spêoific effect fn clecreasirg

ttre stabilLty of the DNA helix to thernal tlenatr¡ratlon. ft¡e tlecrease

of T, rrtttr increase of Cu+i ooncentration at oonstant ionio strength

is narkedly cllJferent fron the effeot obge:rtetl with other ions entl

the clenaturatíon et relatJ.vely lov tøperatr¡reg inaluced by the

presenoe of Cu(ff) lons has been shown by EJ.chhorn ancl Clark UgeS)

and by Hia.i (1965) to be reversibl-e, aôdition of eleotro\rte (f0t,

KNO,) to protluce e high lonic strengt'h renaturi.ng tlre tlenetr.tred DI{IA.
2

The essurnption thet tl¡e loss of tSrpoohronioit¡r at relativeþ lcm

toperetures in ttre presence of Cu(rf) íons ís coasequentíal on a

tlq¡aturetl-on process is supported ly the eviitence lnfei (tge¡)] ttrat

undler the sane conclltions there is observecl e ¡oarketl clecrease in

víscosiþr, a loss of bJ.ological antivfty and e decrease in ¡¡oleou1a¡

asymetry. r

The ndohar¡im rvhereby Cu(ff) íoae speoifical\y ôecreese the tt¡e¡mal

stability cf the DltA heLix is obscure. Eiolrho¡n anô CIa¡k (196ù inter-

pret ttreir d¿te !g assuning th¿t the Cu(ff) iong ere interposeil between

the oonplenenter¡r strantla of DI{A by oo-orôinetion to t}re beseg 1n such

a nênner tl¡at the tryilrogan boncls a¡e broken a¡ô the seoondan¡r struoture

of each atrancl ôestroyetl. Hovevæ, in view of the reaQr renaturation

611
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of the clenaturect DNA on increesing the ooncentration of sinple

electro\rte, it J-s assu¡¡ecl by Eiohhorn and. Clark that the Cu(Il) ions

must sonehow keep the bases i¡ register even in ttre cleneturecl state.

This view is arso hetd. by Hiai (1965) who further consiclers that t¡he

bases j¡r tl¡e DNA herlx only beoome available for interaotton with cu(rr)

ions at erevatecl tenperatures although the interaotion ca¡r reaèiþ take

place at lcmer tenperatr¡res after the helix has been clisrupted. No

tlireot evitlence for the interactd-on or cu(il) ions ancl the bese-pairs

of DNA ras given by either o'f ürese groups of workers.

Our ex¡rerj.nents on the the¡mar stabfrity of DNA Ín Ûre presence

or cu(rr) ions Ln general cor¡fir¡¡ the experinental results of Eichhoûr

a¡rcl Clerk (196ù a¡¡cl of HÍaf ( D65). However, we wish to present

tlirect eviclence thet tl¡ere Ls interection bet¡veen cu(rr) ions ar¡d

nitrogen atoms of t'tre DNA bases after d.enatr¡¡ation in ttre gresence

of cu(rr) ions at elevatetl tenperatures, but not at roon tenperaü¡re.

Cu(ff) ione in the pnesence of non-oonplexing anLons (u.a. *j-)
edribit an absorptioa spectnrn j¡¡ the region 600 to 9oo np w.ith a

01
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Abeorption speotra o.f Cu(ff) íons ín the presence of DI'IÂ.
Conoentæations: Gu+r (as nitrate), I x 10.,4 il; DM,
7.zx 1,o-4u. KN03, 2 x 1o-, M. '.r, c"** a+ â5crci'
II, Gu++ anrt DliIA af.Z5q; III , Cu++'and DIlIA after
heetíng øt jJoC, neagr¡recl at 25%.
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Fig. 1
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naximr¡n at 8OO n¡.r (cunre I, Fr€. 1) which is charaoteristíc of the

[Cu(frro)r]** íon. Ehis spectrun is lLttle chenged, on the eòtlition

of DNA at 25oC (curve II, Fi€. 1). .After heatir¡s DNA at 55oC Ln the

presence of Cu(ff) ions for es líttle as one nJ-nute, a ¡x'oceclure

sr¡ffioient to procluce clenaturetíon, there is a narkecl i¡crease in

absorption a¡¡tt a strjft of the marci.mum to 740 n¡.r (ourve I1I, Fl€. 1).

This inoreasecl absorption ancl shift of t]re nar<l-nr¡n to shorter wave-

lengtùrs is si¡niIar to tha effect obsen¡ecl on oo-oralinatlon of Cu(ff)

rith an¡¡onia a^nd ethylene ctianine, the stronger lJgand. field due to

the nitrogen tlerlvative causing the shft a¡d the increase in lntensÍþ

cf ttre absorption bantl. Ihe na:cLnu¡u for tÌ¡e fon [Cu(Ufr)(nrO)¡]**

occurs et 740 n¡.r ancl ror [cu(lutr)r{nro¡n1 
** at 680 m¡r. fhese speotral

clata thus af,forô cl-irect evitlence for the bonrling of the Cu(ff) ions to

the nitrogen atoms in tJre heterocyclic bases after clenaturation.

The U.V. spectnrm of D[IA, as ia well known, shows a na:dmr¡m et

2j8 np,. The posítion of this maxinun remains unchangecl by the adclition

of Cu(ff) ions at 25oC tut on increesir¡g ttre tenperature there is a

small shlft in the naxi¡t¡sl towarcls longer waveleng{:trs a¡rcl a¡ inorease

in absorptiion clue to the clecreese in lryrpochromicit¡r as st¡oyn in

Table 1. Accoopar¡rÍng the shift Ln the position ofl the .absorption

fabte 1. Shif t of U.V. ebso ption nsxinuD of cal-f tÀynus DIitrA

in presence of Cu(If) ions efter heating at various
tenperatures.
(Concentrations: DI{A, 2.99 x 1o-4 lt; Cu++
O.95 x 1o-4 M)

lenperature
oc

Position of na¡dnum
absorbance n¡r

0.D. - lna;r. 'r./9.¡. 
max. 25

258

259

260

261

25

35

45

55

'l .oo

1.04

't.45

1.55
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narcimun is a change i¡r ttre absorption Ín the region 260 to !20 n¡r

towa¡cts longer fvavelengths (ttris nay be seen in Fig. 1 in the region

l¡00 to l2O n¡r) a¡rd nhioh may best be ctesoribecl as the formation of

a shoulôer in the absorption ctuve in the region 265 fo 280 u¡r. The

appearance of this shoukler nay be attributoô to the pertrrbation of

tt¡e allowect enerry levels of the bases by the co-ordinating Cu(ff)

ions. This behavíour 1s si-nila¡ to that obsenrecl by Ya'mane anô

Deviclson (gel) for the speotrêI shiJt associateô with t¡e j.nter-

action of D¡¡ with nercurlr(tt) ions, which was also interpretecl as

an interaction betçeen the Hg++ ions ancl the ring nitrogen ¿toms of

the heterooyclio bases.

It is notewortlgr that no bonôing æ Cu(ff) ions to hoterocyolio

nitrOgen atoms occurs ufrtll the theloal tleneturetion prooess oocurô.

Lt 25oc, tlete¡srinatlon of the extent of binòing of cu(ff) ions to DNA

shows thet binèing increases with concentretion anö thet there is only

one þpe of bíndlng àite, the saDe is true for DNA ilenaturecl ln the

absence of Cr{ff) ions êndl subsoquent\r plaoeô ín a¡r ènviror¡ment

oontaíning t6ese ions; however, et 55oC tSere is a narkeit l¡¡creese

in thE absorption ompareô with the values at 25oA a¡cl the number of

þi¡ding sites Ls greater (Coates, Jortlan ancl Srivestava, to be

pubtlsheð). It i¡ thua ooncluilecl that the Cu(U) ions et roeÐ

tøperature bin<I to the phospürate sites on\r, but et higher temper-

etures when soDé relative notÍon of tt¡e tno strancls ln the DI{/| heltx

is possible, such êa oco'rs et the rrannealing tenperaturer þternur,

Rownô a¡ù Schildkraut (196r)], penetration of the helix þr tfre Cu(ff)

ions oen ocour rvhloh results in bi¡d.i¡g of the Cu(ff) ions to nltro6en

etone of the beses suoh as to brtng about ne¡keð ðlstortLon or partial

cl-iaruption of the helix to procluce tleneturation.

Ðæm'nm[IAIJ

celf ttr¡rous DI\IA ¡as preparecl by the nettrotl of Kay, sLmrons anð
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Dounce (1952) anù !. gli DIIA by the methocl clescribecl by Marnur (gel).

U.V. spectr& were obtained using a Gilforcl moôel 20OO absorbance

recorder usecl in association wi-th a Becl¡man DU nonochronator ancl

visible spectra were determined with a Shinadzu spectrophotometer

model QR.5O using 10 cn. cells.
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