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llfT&ODUOTlOtf , 

Intensive work has been done on the binding of 

simplermolocu.les to cellular macromolecules and their 

biological .effects. Small ·organic molecules, denoted 

as ligands, are used as 'probe' to study the t'.iner 
; 

Changes and distortion in the structure Of the macro

molecules (Peacocke, 1973). 'fhese small ligands include 

dyes and some antibiotics which usually exe..-t some sort 

ot pharmacological effect (Bloomfield et a.l., 1974) and 
' 

hence may be considered under a common beadiag of 'drug'. 

Diseases like cancer are belt eved to. be accomp.a------.. -.... oir.r-- W T~liJlA>I .. l'f-1":' 5"111 _ Wi-IIIIQM,jg:AJ 

Died by ~banges in geneti.C COde, aid this CaD be induced 

by chemicals as well as radiations in the environment 

and also .by bacterial, fungal, v.iral interactions • 

. Looking from a molecular point of view, tbe information 

contained by DNA is e1 ther altered or suppressed duriug 

the above processes so that there is error in the gene

tic message transferred which ~tects the. entire biolo.

gical process.. Also there are chend.cal compound$ which 

can re.sist the abnormal growth ot ltvirag cells or the 

distortion of information contained bf DNA; known as 

anti bacterial, anti viral agents. The biological effe

ctiveness of all these agents depends on the extent to 

which they are associated with genetic material. There

tore, study of binding of these agents w1 th DNA is 

important. 



·!ode ot.Bindig 

· In ihe drug DNA co.mplex formation two· types 

' ot bi.nd1ng are found t 

1). a weak binding mode :that takes place when 

number ot drug, molecules bound per nucleotide (r) 

i.s equal or greater than o .2 (r ),/ 0.2), aJlcl 

11} a strong primary mode ot binding that pre-
' 

dominates till i:""'0.2 (Peacocke and Skerre~t. 1956) .• 

The weak binding is an external attitchment 

of the ctt:ug molecule to the DNA rodlike chaint 

where 'aru.g in it's cationic state is electrostati

cally 'held by the uegatlvely charged phosphates 

(Peacocke and Skerrett, 1956; Bradley aDd Wolft 

·1959; .Stone and Bxoadley, 1961). This process is 

· called stacking and may be 'partiall or total' 

depending on tbe ratio of moles of DNA is to moles 

of drug present. Boweve.r, it has been inferred 

that the complex is stabilised by Van der Waal's 

forces between the ligand molecules. It should be 

nottJd that the bi:nding can occur as an lnteraoti~n 

with either ligalld molecule which only contribute 

to this mode of 'binding or cationic part o:t the 
. 

drug molecule (which bas already formed a strong 



boD.d with DNA) projecting out. as a branch on the 

DNA surface. The .activation energy is only ,a few 

(2 to. S) lCcals/~le of. acridine. 

The strong binding is, from ebe~ical poi·nt 

of view monomeric ta nature and has essentially 

resulted trom the interaction of electron clould. 
' ' ~ . . . . 

ot purine and pyrimidine bases of the Dllclotides 

and the consequent charge ... transter.. Obrtou.sly i.n 
' 

such an interaction a specific geometry of the 

•olecular system is demanded. Hydrophobic intera

ctions between the ba$e pairs and the dye ·rings 

stabi;l.ise the complex (Locbmann and Mich$ler, 197l). 

The :free energy change is about 6 to J Kcal/mole ot 

tbe ~UI· 
~. - . 

IC1net.ic JGeasurements (L1 ;.and Crothers., 1969) 

show tbat strong binding. occurs in two steps: tirst 

the catio.n t:s r.apidly and electrostatically attl"a• 
~. . ~ . . ~ . \ 

ctecl towards the external phosphate groups. This 

process requires, 11 ttle activation energy t1Bd is 

almost total.ly dittusion controlled. Next, the base 

pairs near tbe cation i.s geometrically strained, 

without breaking the hydrogen bonds to cretite a 

channel, aDd tile drug molecules move in t.rom a state 

of external bindiag. This gives rise to a sandtdcbed 

'· 



complex where the drug molecul·e ls held rigidly 

between the base-pairs w1 tb catloDic ring and 

loca·ted ce.ntrally above and below 't;he ~ydrogen 

bouds o.f the bases. This enables maximum 1ntera-. ' 

ct:loo of the 1T •electrons. The activati·on euergy 

. is r~quired mainly to di ssoclate the externally 

bound drug and to overcome the ., stacking forces 

betwe~n the nei.ghbouring base-pairs. 
'• 

For the double-stranded DNA, this mode of . 
' \ . . 

bindiJlg . correspo~ds to an intercalation of tbe 

ligand molecule made possible 'by a contotu· exten<!"! 

tion (Freifelder. 1971,; Dasgupta alid Dasgupta, 

1973) and local unwinding of the helix (Lenlan, 

1961). the di stanee between the bases is approxi

mately doubled trom :3.4 i to 6.8 1 and the ligand 

molecule 1 in Van d.er Waal' s contact w1 th the adja• 

cent base-pairs, is maximally protected from eon

tact with tbe surrounding medium (Waring, 1975) • 
. 

The planes of tbe drug-rings are held more perpen-

dicular than parallel to the helix axis, bat 

deviates to w1 thin ~3o- of the DNA bases (Lerman,, 

1963; Nagata et a1 .• , 1966) forcing the bases to · 

tilt slightly to accommodate the ligand. The 

tendency of the drug-molecules to bind externally ·~ 

5 



is eDhaneed by (a) deaaturation of the DNA, anti 

(b) decrease in 1oD1c strength~" 

,Daunof!JYcln As a Ligand 

Antibiotics have been ~ound to inhibit tumour 

growth. Since 1870's (Lissaner) study of antibiotic 

took a definite turn with the discovery of Actinomycin 

D (Wakemann and Woodruff; 1940) the fi.rst of a series 

o.f prototype drugs, followed by. identification o'f 

anthraoyolt.nes chroino:mycins, aotinomyclns otc ~ (review 

by Gottlieb and Shaw, 1967)-. 

These anti blotics come into action via inter

action with cellular macromolecules, e.g. especially 

DNA (Ranon et al •. , 1960; .Kersten and Kersten, 196$,; 

Newton, 1970; Borwi tz, 1971; Hollstein, 1973). Xnve

stlgatio.n shows that co~poun4s derivable from the 

three ring anthracene li.ke system either planner· and 

aromatica.rid heterocyclic, or partially saturated 

non-polar form, .form stable complexes wi tb DNA and 

inhibition. of DNA dependent RNA qnthesis. Again, the 

anthracycline group bears the strongest re.semblance 

to the ao.-idine dyes. Cinerubin, Nogalamycin and 

Daunomycin belong to this group of antibiotic anti"!'" 

carcinogens. 



In the p.resent studies, the antibiotic 

Daun~m:ycin has been used as a ligand tor complexa

tioh, with DNA. 

Badia tio.n Eft'eet on. Comply For111atioJJ 

In medical .practice chemotherapy and radia

tion :therapy are usually combined in treatiag cancer.; 
' 

Mukhopadhyay and .MookerJee (1976} have shown the 

etfeot ot gamma-irradiation o·n the binding pattern 

of DNA with ACridine Orange, Proflavine and Daunomy

cin at various stages,, befoJ"e and after complex torma• 

tion. 

The surface activity of biopolymers llke 

·nucleic acids, proteins and enzymes has been a 

subject of much investigation (Bull, 1956.; 1957J 

HcLeren. 1954,, J.95$J Zi ttle, 1953; ChattoraJ, 

Chowrash~, Chakrabarty, 1967, 1968; Vpadhyay and 

Chattoraj, 1970, 1974, 1972) as an incre.asing number 

of biological phenomena involve adsorption ot surtace. 
' 

activ-e mol~cules and ions at 1Aterfaces. Direct 

adsorption expex-iments w1tb DNA onto alumina-water 

interface have also 'been carried out by ditterent 

workers (Upadhyay and ChattoraJ, 1968; Chari and 

Mookerjee, .19·75; Up.adhyay and Mookerjee, .1977). 

7 



Systematic EJtudy oa the adsorption of macromoleeu.les 

from solution on to solid surfaces be~an about two 

decades ago b11t most of the work involved use ot 
I 

n~n-biolog'ical polymers. · The helical secondal"y and 

tertiary structures of the biopoiymers are rtgid 

rod-like surface ~~tb poly.electrolyte and. are usually 

mo.re 1n:flexi ble than the aon-))i(>logical one~· Like 
. ' .. 

in .DNA, firstly the inberent poly.tunctionali ty o.t 

the polymer suggest·s that if one segmeut ot the mol:e-, 

culo adsorbs on a .solid st.trface, .tbe p~obabtlity o.1 
adsorption of neigh:bouri.og segment will be greatly 

' . ' I 

· enha~ct:td; $econdly• the unusual configurational be:Jq ... 

vlour .of~ a macromolecule like DNA. as eVidenced by the 

properties of polymer so lutes; sug$ests that the 

intramolecular configuration ot the adsorbed ,mQlecules 

will be an important aspect ot the adsorption process. 

Fro~er and Hiller observed that denatured 

DNA, adsorbs much :t.aster than native DNA probably 

because of the high~r di:ffusion coefficient of the 

denatured DNA. Cbari and Mookerjee (197.5) found that 

the quantity of gamma-irradiated DNA adsorbed on 

allimina was much greater than native and beat dena"'"' 

tured DNA. Correspondingly • the adsorption ot gamma

irradiated DNA was faster thu the other torms of DBA 

studied. 



' ' 

Mtlle.r stQdted the interaction of DNA td. th a 

charged mercu.ry $Ul"faoe lJy measuring the effect of 
' 

DNA on the di fterellt oapaci ty of the electrical 

double layer between the polarised me reury seu-t ace 

aad 0.1 N soclium ehl·oriae solutioJt con:ta1n1ng vary

ing coneeJ1trations of DNA. the lowering of the

di:ffereatial capacity by adsorbed DNA gave an idea 

· ot tbe adn~sion oif the diff.ertu'lt molecular re'sldues 

viz,- sugar.; purines, pyrtmidi.aes to the surface. 

The low.ering of the dit:terential capacity vaned 

with surface concentration at partially covered 

sur.tace concentration at partially covered surtaces 

and reached a constant value when the surface was 

tally covered. Hiller also suggested tbat DNA 

preserves its double helix at. a aegatively charged 

surface while untolditlg occurred at a positively 

charged surface. He also has suggested a Dlechanism 

tor the unfolding of the double helix at a posi t1..o 

vely charged su:rfa<H~. whick ts presumed to be a 

very fast process.. According to Miller, one can 

speculate that unfoldiflg of the DNA, double heli.x 

in biological system takes pla.ce at positive surfaces. 



Miller f.ollowed up th18 work with adsorption 
:, '. 

studies on DNA on surfaces of ·copolymers of %-vinyl 

pyridine and styrene, He studied the electrophore

tic mo'tt1lity ot the p.articles coated with el~her 

native. or heat; denatured DNA adsorbed fro~ t:~.qD;eOUS 

solution o1 different salt. c~ncentration. Be obser

ved that the eleetropho.retie mobility ot the coated 

particles depended only on the salt coacentr.atioa 

and the state o:f DNA molecules in solution and not' 

on the 1eom,posit1on of.the surface ot the copolymer 

particles before DNA adsorptiop. The shape of DNA 

molecules interacting with monolayers of copolymers 

with different surface characterisation was deter

mined 'by electron microscopy (Gordon, 1970). The 

influence ot surf ace charge on adsorbent on the fi 
·extent of adsorption and structural ehauges .of ll,dsor ... 

bed DNA. was studied. The amount of DNA adsorb~d was 

found tQ lp'e depend b<ttb on copolymer coooentration 

and surt ace treatment but not ou;}the concentration 

o:t DNA remaining ln solution. The interactio.n between 

DNA and electropositive or weakly electronegatil"e 

co polymer surfaces were strong enough to break the 

structure ·o:f adsorbed DNA. 



Chattor.aj and Upadhyay (19,9) have st.udied 

the adsorption of DNA and RNA at alum1na-u2o 

interface. They have used native, beat den~tured . 

and alkali and •cid denatured DNA as adsorbates. 

The nature and shape of the adsorption versus 

concentratio.ll ot DNA curve for nati v.e DNA indicated 

Langmuir type adso~pti<Uh Frommer and Miller (1966) 

standa.rcUzed a method for measuring the adsorption 
' 

of tritium labelled .compounds to .study DNA adsorp-
~ . 

tiOD on a polypeptide monolayer. Gordon studied 
' 

the adsorption o'£ DNA on mice after replacing the 

eatio11 by Al +3 through ion-exchange. The adsorp• 

tion process mont tored by electron m1croscop1c 

observation showed that the amount of DNA adsorbed. 

increa.secl with ionic strength of solution. Of 

several mal tivalent cation tried only Al +:S was 

eff·eetive in causing adsorption. Chattora.1 an4 

Chaurashi studied the electrophoretic mobility oZ 

caltthymus DNA adsorbed on charged particles. 

Otber studies on adsorption o.f nucleohistone by 

Vpadhyay and ChattoraJ (1972), Fasman (1970) and 

eo-workers; Upadhyay alld Mookerjee (1976) and 

Aklnrlmisi et al .. ( 196S} are a1. so of much signifi• 

cance. 



The pre$ent work has been udertakeo with 

a view to elucidate the adsorption prottle '01 

compl·exed .DNA ~e:fore and after gamma-irradiation 

at solid liquid interface. The drug used :for bind-

1.ng 1 s Daunomycin and the solid surface is •hat o~ 

alumina. 



. M4TBRIA,LS ,AJlD METHODS 

t. ·DNA:· 

Highly polymerlsed oalt thymu$.· DNA Type l 

obtained trom Sigma Chemicals, u.s.A •. , was use4 :tor. 

all experiments.>·· 

2·.·· ·., '' 'Daunomycin. Btdroobloride: 

Daunomycin was obtained in the .form of a 

hydrochloride trom "Cal'biochem• under the trade name 

ot Daunorubicine. · Since this was available in the 

analytt;cal grade, lt did not require tartber purifi

cation •. 

:3. :Sodium Chloride: 

Ana.lar q':lailty Nael f.rom B.D.B. was used. 
I . 

4. )Alumisl 

Alumina supplied by B.D.B. had already beea 

standardized :for cb;l"omatographic adsorptioll analysts. 

S • 6la§srwge;, 

Corning gl.asswar.es were ·used throughout the 

experiments. 

SOurce of Radiat.ioa: 

Gamma ch8Jilber 4000 A (Co6o Isotope) supplied 

by the Isotopes division ·Of Bhabha Atomic Research 

Centre (~ARC) Bombay was used as the source of gamma 



radiation. Frick Ferrous Sulphate dosimetry was 

used tor the determinatio11 of dose. The dose wa·s 

1~7 rads/ sec. · 

The graph of time o.f irradiation vs. o.D. 
!'\ 

is, given herewith( PiS· I) 

PrQm graph 

Bence, 

.·1· 

.Slope ;of t.he plot of time of irradiation vs. o.n • 

. .:.11.2 . I t A o.n .• = 1 rads. m nute. 

Dose = 2.7711 x 104 x ~ 0 .D. 
·-= 2,.774 X 10

4 
X .27.5 

= ?628.5 rads/minu.te

. = 127 rads/ sec. 

§aee tro photometer: 

The optical densities in the u.v. range at 

260 and 320 nm were measured in Karl Ze.i ss P.MQ II 

· 95158 and EClL Speetrophotometers. The absorption 

spectra were taken in Sllimad·zu. 

Preparat1,onuot D&fferent DNA Samples 

1). Nati,-e,DN;A: A stock solution ot DNA at .a 

concentration of 20 mgm/100 ml in 0.002Jf NaCl was 

prepared. This stock solution was then diluted to 



concentr~tions ranging from 1 mgm to 7 .mgm/100 JPl 

and the diluted solutions used tor adsorption 

studies. 

2. GamiDa.lrradiated DNA!. The .stock ~olutiob 

of native DNA was 'diluted to requlr~d concentration. 

20 ml of the solution was taken in each case la 

test tubes of diameter 1.8 ems. and irradiated for 

4 minutes •. A total dose of J0.%5 Krads was used. 

The drug 'Daunomycia* was bound to DNA by 

mixing the two solution} in a test tube and gently 

sbaki~g or rotating the test•tube between the two 
. . 

palms·for 10 minutes followed by an interval of 

30 minutes for the process to attaia a steady state . 
The macromolecule to ligand ratio, hencetortb wri• 

tten P/D, was determined as tollowsa 

lt P st p;H ::: Stock cone. of DNA ot to.tal volume 

vP al. 

»
8

t JlM =Stock cone. o:f Daunomycin,.solution 
of total volume VD ml. 

P pH = concentration of DNA in the complex. 

D pM = concentration ot •ctnog' ih the co11plex 

then .• fo.r a required ratio ·ot (.P/D), the volt~me of 

DNA to be taken from stock = Vp x ~ 
st 



Volume of • drug' to 1le taken = VD a :0:, 
l:f the required final volume is V 11l 1 then, ... 

., 

(,.t ted(l!.'l\: . ', ' 

volume ot butter solvent to~( j.,y -~tO,~' : .:;~y "x'i' lfDAlir~--
, -~"/ ... · P -- 'sit , -- ,~·--- D~tj~j > 

<"'P.l ... ' ~ . ) \ '·. ,•d 
~ ,. . ....... 

. / . 
It Vp = VD = V, then ~ J ' --~~-"'----_,._~--

'Volume ot butter solvent. to be taken·' v~~ 
I 
I 

Partic~e_S1ze 

The average size ot alumina was measured 

us.ing a __ crometer and microscope. The diameter ot 

Alamlna partiel0s :ranged trom 4 to 6 microns • 

. -Procedure tor Ads_orption ot Free ~d Oomplextd DNA 

-',!t ,.Al~111ina-R20 I:nterfa9,~ 

!. Unirr.adiated Samples: The solutions of 

diffe.rent concentrations were adjusted to pll 7.0 

and required ioDic streQgth by addition ot requlsi te 

amount o.t HCl. and NaCl respectively. .10 ml of the 

sol11tion' in each case were added to 1 gill• of Alumina 

in 50 ml stoppered conical flasks and shak,en i.nter

mittently tor 4 hours at j!O•C. and the solution le.ft 

undisturbed tor another 20 hours. The supernatant

free or complexed DNA ... solution was then decanted off. 

Optical densities of the tree or c:omp.lesed DNA 



solutions were measured at 260 nm. The lower values 

of the optical densities were indicative of the tact 

that some macromolecules ht1Ve been a.dsorbe<l 'by the 

alumina surface. The present decrease in optical 

dens1 ty was evaluated in each ease. . ?!his value corre

sponds to the percentage of macromolecules gettin& 

adsorbed. 

Optical densl ty measurements were reoorde4 in 

spectropbotometer using It em. quartz cuvettes witb

t em. path length. Absorption was also measured at 

120 lim to see whether a.liY of the adsorbent particles 

interfered. 

A graph giving the " fall in o.:b. versus 
i>trk 

initial ,..concentration of tree or oomples:ed DNA wa$ 

plotted ( F ~[it ) . 

II. Adsorption of Gamma-Irradiated tree o.r Complexed 

DNk on .Alumina: Adsorption was carried out as •n the 

case o:t native samples after adJUstment of pB to 7.0 

and iolli·c strength w1 tb Gamma irradiated sample.s. 

Optical density measurements ·Of the samples were recor

ded before and after irra.diation_, and also ~ter 

adsorption, Graphs ot per oeni fall in O.D. vs. 1!11-
P~& r 

tial f\ooncentratic.tn of DNA were plotted( t= -.:~r~e-.) 

1- ry 
.1. ~ 
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I) Adsoretion of Na;tive DNA on Alumina 

Native· DNA WaS adsorbed on Alumina as described 

earlier. Table l(a) .gi:ves the aJDounts ot DNA adsorbed and. 

the equilibrium concentration of DNA. at ionic strength, 0~05M 

and pH 7. 

.f§hle. _I( a} 

Initial IJ~it1ia. ·· Bquili bri um Change 
. "li, 

Final DNA 
conc·en tra:tion O.D. . ().D .• COllC.t. Of to DNA adsorbed 
·Of. DNA JJ:g/tal. (&t.l (After DNA Cone. (pg/gm J (1-'f( 

adsor .... · of 

1f.' > ;·.) 
.r- ~ 

Weighed/ p;_J..!: aY'· (Jigm/ml) (Jl&/lfil) 
(Calculated) H.;o:~) ptlon) (b) (.a•b) Alumina} 

·. (a) . 'at equi-_. 

'.- libri.um 

20 (17.5) o.J4 o.oe 4.00 ' 13.5 135 

49 <:s:s.s> 0.6~7 o.;so 18.00 ts.s ' 155 

so (42 .s> o.ss 0.52 26.00 16.5 t6S 

60 (54.5) .1.09 0.70 ss .. oo 19.5 195 

80 (68.Q,,r 1-.36 0.96 48.00 20.0 200 

100 (86.0) 1.72 1.32 66.00 20.0 200 

the concentrations of DNA calculated by using the 

relation s:~ em. 1 ml = 200 are given i.n Table l(a) tn 

brackets. Fig. II shows tbe variations in the amount ot DNA 

absorbed (puimg ot Alumina) with equilibrium concentration 



of DNA. The graph shows an initial steep rise in 

adsorption with concentration. With 1'urtber ris& in , 

concentration, the amount o:r DNA adsorbed (pgjgm of 

Alwnina) tends to reach a constant value, i.e •• .a 

saturation point. At an equillbr1um ooacentra:tion of 

4 pg/ml the ~eight of DNA adsorbed is tlS pg/gm Alullina; 

whereas the amount of DNA adsorbed at an equ111 briwa 

concentJ>ation of 18 pg/m.l 1$ 155 )tgm, the correspond• 

ing figore, at aD equil·tbrium coacelitration of JS pg/ml 

is only: 195 ]igta/gm ot Aluadna~ 
In order to study what fraction ot. the 1Di tial 
' 

amotu1t of macromolecule (DNA} is adsorbed on solid-

sur.face one prefers to tabulate int tial concentration 

of DNA with the values of PJJJ'Cent change in optical 

densities at 260 am. 

A O.D •. ~ = 

(Table l(b)) · 

We de.ftne 

Jnitial O.D~ - .Finai o.n. x 100 
lniti al O.D. 

In Fig. lilt initial DNA concentrations vs • 

.1 0. D.~ have been plotted. The graph shows app.roxt ... 

· mately an exponential tall with increased concentration. 
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Initial 
Concentration 
of DNA (lla/ml 
weighed} · . 

2~ 

40. 

.so. 

6o 

80 

100 

.,fable X(b) 

Calculated · 
Jl&/al 

17·S 
:s:;.s 
42.5 

$4.'5 

6,8.0 

86.0 

r:. 

4 o.n." 

76.471 

46.269 

)8.82% 

35-780 

29.4U! 

23.256 

•~Adsorption of Free ai14·Comelexed DNA on Alttm1na-Ba,2 

·Interface 

a} At .Ionic st·rength () .OSK: Daunomycin-DNA 

oomplexe's were prepared as described' earll er. Both 

tree and complexed. .DNA wer'e adsorbed· on alumina. 
. ~ . . . . 

Table 11 sbQws the percentage changes in, optical 

densi t1 es at 260 nm (equivalent to " of molecules adso-

. rbed) o:f free DNA· and, Dau.ao·myciD bound DNA at different 

concentrations ot DNA at ionic strength o.OSM and pH 

'equal· to 7. Mlcro.mo:lar ratio of DNA to dr~g was kept 

approxi.inately at ·eight ·(P/D ':. 8) in all the samples. P1 
stands for DNA at apparent concentration .1 Jlg/ml and 

c1 stands for complex with the same conceatratiou of. 



DNA keeping P/»=8. Calealated .eoacent.-atton ill 

Jlg/ml of DN'A (:froiQ o.n.) .is written ia brackets. 
. . 

tpt ranges :trom 10 to 70 pa/ml. 

··samples 
(DNA and 
Complexed. 
DNA} 

'to (11.00) 

c,o 

Pao (19 .• 25) 

0 20 ( 
I 

p)O (JO.,OO) 

c,o· 

'·~jo (37.8) 

c4o 

Pso (S2.S) 

Cso 

P6o (65.0)-

C6o 

o.o. be.tore O.D. · atter ~ O.'J>. o/. Dt:tferenoe· 
adsorption adsorpttoa (a_-)]stoo\ 111 ~-o .o~" 

(a) · (b) a 'J of P1 and 
Cit sample 

o.;s3 0.048 78.180 

o.2tl o.oss 77.083 1.097 .. ,., 0.141 .6),377 
o.sst 

o.46S o.t?l. .62.796 

o.6o 0.265 SS.Sl3 
0.042 

o.69 0.:305 55.?91 

0.7? 0.41 ''·''' - 0.4)0 
o.sss 0.480 45.763 

1 .• os o.os ]8,09$ 
1.325 

1 •. 21 0.765 36.77 

1~30 o.ss 32.)08 
0.461 

.t.s? 1.07 31.847 

Table II indicates no signi:ficant difference 

1n the A o.~.- values ot QOJUplei lilltb the correspond

ill&· 6 O.D.~ value ot :tree DNA at various concentrations. 



b) At loliic strengtn o.ooaM: fables lil (a),. 

lii (b) and Ill (c) show tbe percentage changes 

ill optical densities at 260 ma (equtv.alent to " 

of molecales adsorbed) .of free DNA and Daunomycin 

hound DNA at ditf.erent conceDtrations ot DNA at 

ionic str.ength 0.002M and pB = 7t P/D = 8• P1 fl.D,d 

· c1 stand as in fable II. Co'u.c::en;tration of DNA 

ranges from 10 pg/ml to 70 ,g/ml as weighed. . 



Sample 
(DNA Bl;ld 
Complexe4 
DNA) 

Pto ( ~4. 50) 

0 to 

.PIO (22.75) 
', 

e2o 
: 

PlO (J0.,7S) 

c,o 

p~i() (42~75) 

0~to 

P . .50 (46.
1

75) 
'' I 

0 so 
I . 

P6o (5S.Oo) 

coo 

p 0 7 (6:3.25) 

c70 

... 'l'altl!. Ill( a~ 

,IDittal 
o.n. 
( l'letore 

. adsor~t19~ 

0.290 

o.:s?. ' 

0,;435 

:o.,:ss 

o.6tS 

o.76 

.o.ass 

0.96 

0.935 

1.15 

1.100 

1.3%5 

1 .• 2GS 

t.S6 

· r · _ · •n 
·ftllal O.D. . O D Ill 

·(after · A • ~,. 
·. ads~rpttoa) 

0.105 6:3.79 

Ch150 59.46 

0.20 56.04 

o •. 2s $1.72 

O.o:3S 43.09 

:0.4$$ 40.13 

0 .• 490 42.69 

.o .• ss )9.~8 

.o.o; )0.48 

0.68 2$.22 

o.so 27,27 

1 •. 025 2.3.79 

o.96 24.11 

1.25 19.87 

Dlf't ere nee ' 
1Jt ~: O.D.% 
of P1 and 
ci samples 

3.11 

!).26 



•amples. 
t"DNA and 
Co .. mplexed 
DNA) 

p10 ( 14. 75) 

c 0 1 

I 

p 0 2 (22.Sp) 

e2o 
.. 

P:;o (31.00) 
. " 

c,o 
.r 

' 

P~to (42.25) 

c~ao. 

P50 . (46.5o) 

c,o 

P6o ($4.00) 

069 

p70' (62.50) 

e,o· 
-

" table .III (b} . 

Initial o.o. Final o.u. 
(lietore · (after 
adsorp"C;ion) adsorp tioll) 

: 0~29.5 0~095 

O.JSO o.tSS 

'0·.4.50 0.·20 

o.ss 0.29 

o.62o 0~0320 

0.765 0.445 

o,%'85 0.49 

·0.950 o.s9 

··0.93 o.65 

1.15 .o .. sss 

'1.08 0.27 

1'.:52 1.00 

1..250 o .• gs 

1.545 1.245 

· · Di.tfereace 
.l 0 n·· l1l in -A o.n.~ 
~ · · • •7'1 ot P

1 
ancl 

·C:a: samples 

a?.. so ;_ ·t 

64.47 

ss.so 
5.56 ... ' 

50'.00 

4~.39 

41.81 

42.01 

37.89 

30i!11 

25 .• 65 

28.70 

24.gJ4 

24.00 

19.42 

26 



Samples· 
(DNA and 
complexed 
DNA 

p10 (11t.2S) 

cto : 

,20 (23.00) 

0 20 

•,o ()1.00) 

c, .o 

PIJO (42.75) 

'~o 

Pso (47.25) 

c so 

P6o <ss. 7S) 

C6o 

'p70 (64.00) 

c?o 

.. Table .lii (c) 

ln:l.ti'al· o.JJ. · ·· F.lnal O.D. 
( betor.e · · · · .·· ( at'ter 
.adsorption) adsorption) 

o.·2s;· ·o·~to5 

' 

o.;J6; o.t,.S 

0.460 0 .. 2.10 

0.5.8$: .· 0.~285 

.. 
0.620 o.:Jl!i 

0•760 0~450 

o.sss o.lfBS 

0~96$ 0~59 

0.945 o.6s . 
1.16 0~$8 

1.115 o.sts 

1.:560 1~070 

1.28 o.;s 

1.575' 1~2tS 

A 0. D:,,. . :D1:ft.e~ence 
in 4 o.n." 
ot Pt and 
Ct sam~les 

63.16. 
2.89 

6o.27 

S4.:SS 
:s.o7 

$1.28 

45~97. 
s.,;s 

40.79 

43.27 
'4.41 

18.86 

31.22 
7.08 

24.tli 

26.91 
$.59 

21.32 

25.78 
2.92 

22.86. 

27 



Concentration e"t· 
macromolecule (J)NA) 
in ug/ml. Weighed/ · 
(calculated) · · . 

p10 ~14.50) 

0 to 

c2o 

p30 (30~92) .. 

c,o 

p%0 (42.58) .. 

c,.o 

P50 ·(46·.as') 

C;o 

P60 (54.92) 

06o 

p70 ( 6.3. 25) 

C7o . 

Average Values 
ot 4 O.D.~ 

61.40 

55.32 

51.00 

40.92 

42.66 . 

::sa.is 

:;o.6o 

25.00 

27 .6.3 

23.12 

24.63 

20.72 
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• 
l'be above tables 1ad1eate decrease 111 A o.D." 

Yalue due to compleaatioa. !be graphs (Fig. IV) ot 

, lnitial coDcoatratloD ol DNA Vth A 0 !iD.f' bave been 

, plotted both £or free end complesed ,DBA. 

i 

. III. .A4g!J;lloa, Qf ,;G§!!a:.ll't'a~l.f!~!)d ,'DNA. o,.,.Algmtna 

I. ') 'a . At louie streu&tb o.ooaa ·DBA' soluttoaa (20 to 

. 10 pg/ml) .and ·the co-rrespoll41ng complexes wttt1 Daunomy ... . 
cin_ were gam11a-trrad1a.ted as given l:n .iater1 als and 

. ' 

' . 

'gtb o.oop. the exact concentrations of DN,A. were calcu-

; 

lated., liablelY(a) shows dltterent ·values ot 1rradtate4 

samples (DNA aDd oomplexH DNA) at Yarlous 

· concentrattoos of DNA aact tixed P/D value o1 8 tor 

complexes. 
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fable .JV~ 111 
. . -. .. . . -

A O.D.J Samples o.D. befor-e: o.D,. after o.D. after. = (DBA and Irradlat:f.on . Irradiation· adsor.ptton b-cz:100 
comtlexed b 

(a) (b) Col DNA · --, 

Pio (14 .75) o.a9s o.;sos 
/' o.oss 7.3.81 

c10 o.380 o.:s;s 0.070 82.28 
. . --~-

?' 

P:o (~2 .• 75) o.~Ass ···· 0.360 o.t·:;s 62.50 2 .. 

' c 

cao o.sa •· .. o.s6 0.09 83.93 

p· 
30 <1so. 75) 0.615 o.6os 0.14 '7'6-.86 

.:e,o 0.7~ 0.78 o.tlS 82.69 

'4o (42.75) 0.855 0.780 o.t6· '19 .49 

clto 0~96 0.98~ 0.18 81.63 

pri 0 (~6.75) 0.93.5 t.oss 0.205 81.11 

'cso 1.15 1 .• 23 0.495 6o.oo. 

P6o (55 .00) 1.100 1.145 0.225 80.35 

c6o 1.345 t.)e; o.·$25 62.09 

p70 (63.25) 1.265 1.}~5 0.28 79.03 

C7o 1.56 1.60 0.-51 68.13 
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The above results $how an increased value of 

A O.D.~ than the corresponding unlrradiated sample 

~or eacll: concei'ltration of DNA~ 

The· graphs of initial eoaeentration o.f. DNA vs • 

. 6. o.D.~ have been plotted in F.ig. ~4<J:for botb. the 
' . 

unirrad1a.ted free and comp.lexed DNA samples and irra-
. . .• cr •• a;;e. 1'~'-'.t.·.:ttAk 1 . · 11 
diated free and c.omplexed DNA samples. ;;~.lJ. ~7t~AM:'V ~lr 'f 
t;.j) fl} J\t~tr..\'A14~· J.N$ .(l;·:·i~~Mt1'~:}.tJ ~p&;it,,'l; ~N? ~. ;~dJ#A .'~ · l/,.~~'v~1 

~ ... n ,.; li ;"'·.~11Yii,q.c 'i~ &>..!'1'>61'~'1<;. ~$· ... ~rrt..eb.t\i.~ .Sf'ttf.~·.tf\'.,~!f. ~. t!J .l;JVI4 ".· ~u""""".,. to\li..t r ~f.:_ ~~ "(~t) (('t\tt· fv:~i: 
.,.,, 17 ~ \ jl.,,~~: . . ~} f~Nil .1\cHt f~ pU>/fC-1· '" :r>J • ,V!.td) ¥-'},~) y,e_o~~ ~'/( v(f • ' ~ . ' 

b) .At Ionic .Strength 0 .05M: . ·Table lV{ b) :ahows 

d.iffe.rent Values Of A. O.D.·~ for gamma.-irrad.iated :free 
'· ' ' ·;:· 

and compleX;(~DNA samples at di.fferent. conceotratio.ns 

o:f D~ ( 10 to 70 pg/ml) at ionic strength o .• 05f.t due 

to ad.sorption on .Al:Umina surface. 



Samples 
(DNA and 
c.•.omplexed 
DNAJ 

p10 (11-.00) 

cto 

o .• D. before o .n~ atter 
lrradia tton lrradia tion 

(a) ·. (b) 

o.2e· 0 .•. 18 

0.24 ·0.245 

p20 (19.25)' o.,., 0.]15 

0 2'0 0.465 0 .• 41 

•,o (]0.00) ·o.·6o o.sa 

c 0 
' 

0.69 o. 7'-

Pt.to (:J?.SO) o .• _?.S. 0.79 

/,c,,o. o.~ass ... 0.925 
\ 

p ( s2 .so) ' 1~05 .. 1.10 . 50 . I . 
0 so 1.21 1.2$ 

p . 60 (65.00) t.lO . t.lfo 

c,o 1.$7 1.70 

' . 

O.D. dter u A O.fi.J~~ 
adso.rption P;c. ~ 100 

.(c) 

0;;095 47.22 

o.os 67.35 

0:.10 6s.ts 

o·.o&'!-.- 82.98 

' 
0-.142 75.$2 

o.oss 88.51 

~·0..148 81.27 

0.13 85.94 

0.205 81.)6 

0.190 8lA.80 

.0.22 84.28 

·o.435 74.41 
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_.;., 

fhe aboVe table indicates tilat there _is appre-

ciable ebange tu ··9,;At,'-O.D,.,& in each "•irradiated 

sample although there was 1ns1gniticaat ehaDge 1n. 
' . 

A O.D.~ in case ot unirradiated sampl<?s at o.oSM 

.ionic strongth. The gr.apbs of initial eo,ncentratton 

ot lUfA v.a~ A O,ll•S' at o.oSM ionic strength, tor tioth 

1rraliiated tree and Coliplex:ed DNA, have been shown in 

Fig. 'VI • 

The crap.bjbfive the following features: 
.~ '.' .; 

t) flle 'Vala•:s:ot tree DMA ri·ses with increase· iD 

DNA,eoJ2centratien, whereas tilat ot the comple

xed DNA initially rises and then falls with 

increase tn concentration. 

11) The two o~ves intersect each other at a p(#int 

eorrespond_tlig to DNA concentration 52. S )1&/ml. 

Langmuir Plot.: ·· 

Lang11uir plot is ·tbe pl&t of efluil1 brium con

centration of DNA vs. reg,uilibr"j,:iA CHi:~::tioJl of D.N~) 

e c vs. i 

where,. 0 = equilibrium concentration ot DNA 

X • DNA adsorbed. 

But, equilibria• concentration ·C 1.& proporiloaal to 

0. D. after ad.sorption and DNA adsorbed 1 s pro portic.uaal 



to £'1 O.D., i.e .• , (O.D. before adsorption .. O.,D. after 
adsorption} 

Bence, 

g = O.D •. afteJ" adsor tion · 
• · o.o. before adsorpti,on- O.D. after adsorption 

Hence, the plot ofO.D. after adsorption vs. 

·(u· iJ fo.D. atter,adeorptlgn li _ (f . , ) 
- • · • tie ore adsorp ion .., o .D. a er a sorpti,on 

Should ~ollow the Salle nature as C Ys. i, plot. 

l,n order to avoid calculation of exaet values of 

C and X in ease of' complexed DN,a, we plot o.n. after 

adsorption vs •. · · 
! ' \·,. ,. 

(O.D. befo:r~ :a sorption - O.tD. after ad.sorpt1on) 

(Fig~ VII) which ':is equivaleat· to .Langlnl1r plot. 
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. DISCUSSION 

Adsorption phenomenon at solid-liquid inter

faces are controlled in most cases 'by the electrical 

do.ubl,e . layer. Hen~e, the .charge on. the. so lid surface 

.is important as tar, as the behav.iour «:J.f io~s that 

adsorb as counter· ions are. ooilce:r:-ned. In our work• 
'· .. 

the adsorption ot ll:NA on a posi ttV:ely charged surface 

like that of Alumi!la bas been .stUdied. · The point of 

zero charge of Alamina is at pH .9 .o. Hence, below 

this pH· value ·Alu~na particles , will bt;! po~i ~ively . 

. charged. Th~ importance of the point of zero charge 

is that the sign.of the surface charge has a major 

effect· on the adsorption of all . other ions. For 

. ox~des, hydrogen and hydroxyl ions have been co.nsi

dered to be potential determining (Wood, -1946). A 

hydroxylated surface is u.sually formed when oxide 

minerals come in contact wi tb water v apouf. Hence, 

it is assumed that a hydroxylated surface is formed 

when the solid oxid.e (e.g. Alumina) is equilibrated 

with an aqueous solution. Adsorption or dissociation 

of hydrogen ions from the bydroxylated surface can 

account for the surf ace charge on the oxide by the 

following mechanism (Healy and Fuerstenan; 1965) 



MOB ( surf ace) ,.... (surface) + ll •c aq) 

MOll (s.arfaee) + 11 •(aq) MDI+ (surface) 

where, M represents the metal. Parks and deB~u 

( 196.2) have pos.tulated a diffe~ent mechanism for the 

ebarging; ot oxide surfaces involv.ing partial dissolu

tion of the oxide, formation of llydro!qfl complexes in 

solution and subsequent adsor.ption of these coiDplexes. 
-~ 

Thus, Alumina particles can be expected to get a posi

tive charge tn eontact with water. 
. \ ' 

The· physical state of the dissolved DNA is very 

important as in adsorption studies, the e.quilt brium 

process: 

Polymer in Solutio:n Polymer adsorbed at suriace 

is being considered. The interaction ot the DNA mole ... 

cule with the solvent (in.this case, water) determines 

the state of DNA in solution and this is also refle

cted in .some. way in tb.e adsorbed state. The unique 

physical properties of DNA molecules ill solution or 

at an intertace are a result of their flex1b111 ty. 

Thus• DNA, being a long. chain-like molecule containing 

several hundreds of bonds in the backbone can assume a 

number of di ffer.ent configurati'o.ns. Thus, the DNA 

molecule will have .a_ very large oontigurati,onal 



entropy/mole. This has been confir.med by intrinf:Jic 
, 

viscosity and sedimentation coefficient measurements 

of the i>NA .solution which in.di cate that the DNA stru

cture in solution is intermediate between the rod 

. and the random' coil it For a DNA molecule ot 'high 

· molecular weight there exist 200 to 450 statisti~al 

segments of length ranging from 1400 to 2700 .l 
(Gordon, 1970). Further refined analysis of hydro• 

dynamic data and electron micrographs ·suppOJ"t the 

worm-like nature ot DNA molecule in Solution. Bow

ever, adsorption at solid surface or the tntlu.enee_ . 
' of other external forces can cause drastic conforma• 

tiona! alteration in the DNA structure. The majority 

of forces responsible for biopolymer conformation is 

due to hydrophobic interacti-ons (Upadhyay and ChattoraJ, 

1972). Th1 s is due to the presence of ~0 all round 

the DNA molecule. Any change in the aqueous environ

ment during adsorption at a solid surface may cause 

a change in the conformation, of the molecule. Solvent 

water euesned in the 11acromol ecular DNA coil 1 s consi• 

dered to be virtually trapped and carried along dtiring 

totational or translatioaal motion of the DNA molecule. 

Bence, the volwninosity or degree of swelling of the 

DNA molecule will be determined by the degree of 



interaction with the solvent.. Since' H20 is being 

carried along with the. DNA molecule, 1 t mai · coratri.Jtawte 

to the binding of the DNA to the solid surface. It 

is suggested that the portion of the adsorbed DNA 

molecule, in close contact with solid surface, ·may 

have a ri.gid and compact structure to which the bound 

solvent H2o molecule also contributes. 'l'be rigidity 

of the structure at interface inhibits relative motion 

of solid and liquid in this region. The re~tidual 

part of the DNA molecule, which, 1n view of its 

di.sta.nee from the adsorbent, is not bound to the solid 

surface is largely surround.ed by 1120 molecules which 

results in swelling of these regions and the confor

mation is more extended. The charge and structure of 

the adsorbent molecules will play a signi.ficant role 

in dete.rmining the structural balance between the rigid 

part and the free or expanded part of the DNA molecule. 

Electrostatic interactions between DNA and the adsor .... 

bent particles .are also important in determining the 

extent of adsorption. 

It has already been mentioned in Introd.u.etion 

tllat drug molecules can bind w~th ~NA in two ways, 

weak binding or· stacking and strong binding or inter

calation. On the other hand, it has been indicated 



that the adsorption of DNA on Alumina Stlrface is 

mainly due to electrostatic interaction between the 

negatively charged pllospllate groups on tlie outer re-

. gion of ·tne macromolecular chain and the positively 

charged Alumina surface. Hence, the adsorption on 

Alumina surfac,e is a tunctioa ot the number ot nega• 
. . 

tively charged sites on the DNA template. 

Keeping in view t.he two types of binding 

modes, one can logically speculate that when the 

DNA is complexed with a ligand, specially when th~ 

drug molecules are stacked to DNA, then the number 

of negatively charg•d phosphate sites remaining va

cant for adsorption is reduced. And hence the adsor

ption on Alumina surface should be comparatively 

less in the case ot the complexed DNA than that of 

tree DNA. .As the adsorption profile of eomplexed 

DNA 1 s not known, this worlt was undertaken on the 

above mention~d asswuptions. 

Adsorption proee.ss is .dependent on the ionic 

environment~ ln1 ti ally the experiment ·s were carried 

oat in a solvent ot o.05M sodiu.m chloride (Cbattoraj 

and flpadhyay, 1968; Chari and Mooker.Jee• 1975) • But, 



in case of unirradiated Daunomyein-PNA complex no 

significant difference between the adsorption of 

pure DN'A at P/D ratio equal to e ·-· was fount!. This 

is justified as to llows. 

Peacocke and Skerrett (1956) hav.e shown in 

case of Protlavi n ... DNA complex tba t :with increase in 

ionic strength number of d)'e•molecules bound per 

phosphate molecule (r) decreases. lt has also been · 

pointed out that in general, low values of r mainly 

correspond to intercalations and stack.ing takes place 

at higher r-values (r 5,., 0.02). But d.ue to lack of 

any other data lt has been assumed that 1 t 1 s only 
' the stacking that 1s:affec.ting the adsorption process. 

Therefore, it mq be concluded that at an, ionic 

strength o.0.5H there bas not been sufficient stack

ing to show signifi·cant difference in adsorption 

patterns betwee~ ihe free-DNA and the oomplexed DNA. 

Next. a lower ionic strength 0.002M was chosen 

. in order to get ~gn1ticant difference in stacking 

between free and eomplexed DNA. The UV adsorption 

spectra of Daunomycin~D.NA complex and tree-DNA with 

the same concentration as 1n complex were obse~ved. (i=; 9.w) 

•Gompari son of these two spectra shows that although 

the optical density differs there 1 s little change 



in their ·contour patterns exc~ptin.g a hump near 240 

mn and a blue shift of the DNA peak at 260 nm by 2 nm 

due to complexation. This leads to the conclusi.on 

that due to stacking the molecular structure of DNA· 

(the p 1T and ct 1T orbitals} remains more or less a

changed. Intercalation leads to the changes ta . 

molecular structurf) (Peacocke and Skerretit 19 56) 

changing the ·UV absorption 'pectra wbereas stacking 

does not. The rei: ore • 1 t is wise to consider that in 
' 

the above case stack~ng is deinant and intercalation 

1 s reduced eonsi derably. Under such circumstances·, 

·when both the free an(i complexed DNA give absorption· 
CA-t 2 6 o 1't ·m 

maxima near 260 um. the optical density measurements A 

can be taken to be pro,portional to the concentration 

or !lumber of moleeul.es per ml. 

In case of DNA adsorption isotherms and adsor

ption models, Chattoraj and Vpadhyay have shown that 

.. for native calf thymus DNA the Langmuir plot (C/X vs. 

c). gives. a straigbt line, and later this was shown 

to hold for beat, u.v. and ~-irra~di~ted DNA by Chari 

and Mookerjee (1975)(Fig. Vll) •. Although for gamma-

irradiated DNA there are two distinct li.near regions 
' 

which indicated the formatio~ of two types of mono-

layers. tM s clearly shows. that. the adsorptiGll of a 



'-

polyelectrolyte like DNA takes place through the 

same process as in Langmuir model. In fact, this 

model with moditlcation in case of a polymer fits 

the adsorption of polynucleotides on so lid surface. 

Before adsorption of the polymer the small 

molecules and electrolytes occupy the adsorption 

sites on the s·oiid surface and cover-it by molecular 

layer formation. By means of continuous .shaking with 

the polymer sol·atio.n,, the previous equilibrium is 

disturbed while. the adsorption sites are more and 

more exposed to the polyelectrolytes. '!'his enables 

the polyelectrolytes to get adsorbed till equilibriuia 

is attained. 

Let, ·on the average 'V moles of solvent be 

displaced by .1 mole ot phosphate, 

if, A = polymer in solution ot mole•fract1on H2 

8 8 : solvent adsorbed of ale-traction ~ 

A
8
= polymer adsorbed of mole-traction Nf 

B = solvent in solution of mole-fraetion N1 

then, A+ v.B8 = A8 + y.B • • 

t'be equili br.iwn constant for the process at the 

experimental temperature. 

.... Ts --:J 
K = "2 a1 

... .a ., 
(aj) ~ 

is given by 

. . ·• • • 

(t) 

(2) 



wbere a1 and ~ are the solvent alld solute acttvi

tie.$ in solution. For dilute solutions a1 = N1; · 

a2 = N2. 

Let u.s ap&}ly .modi.fied Langmuir model .fo.r 

adsorption of polymer ·on solid f;Urfaces. (AcfOI.mSo'n.) 

We consi.der DNA as the chain of phosphate 

uili ts which are negatively charged and adsorbed. via 

electrostatic interaction on the positively charged 

Alumina surface. 'When undergoing adsorption a part 

of the chain remains in the solution u.nadsorbed. 

This means only a fraction of the total phosphate 

is bound to the .solid siarface. However, this takes 

place by replacement of solvent molecules already 

adsorbed on the solid surface. 

Then; we have :from mo(lified Langmuir model 

. . ·• • CJ) 

where, e = fraction of surface covered by the 

macromolecule 

c1 = concentration of solvent in mole-fracti.on 

c2 = concentration ot solute (macromolecule) 
ln mole f:r.aotion. 



Now• 

_9 = 
no. o.t moles ot solute molec":les adsorbed <n:> 
118. of moles of solvent molecules. adsorbed(ns) 

Now, tor :our system u
8 
>.>U: and "fJ !:,. 1 1 hence we ean 

write, 1 • $'\1::: ... t 

a:.c Ilene e, · 9 _ . · .. :j 
~- c . 

or, 
n• 

2 
D s 

1 

1t • ., • o2 
eY 

. 1 
• • • • • • (4), 

Now, c1 = mole ... fractton of solvent. 

The solvent in the present set of experiments 
;,. eJdll'Y' 

is 0.002M NaCl,. The function of .RaCl 1 s .Plainly to ,.. 
stabilise DNA. The role of solvent in adsorption 

1 s mainly played by water molecules and one can .neg ... 

lect the role of sodium and chloride ions in adsor-

ption. However, the ~peri.mental solutions are dilute 

so that mole-traction o.f water remains constant tor 

all pra~tical purposes. 

Theretore, c1 ~ 1 

Again. c2 = mGle-fraction of macromolecule tu sol.u .... 
tton at equlU. brlum 

moles of macromolecule in soln. (a· t 8. qui·· l.-ibri.··-.. ) 
"moles or macromolecule + mole.s . -

ot \tater in soln. 



For dilute solutioQs, 

moles ot macromolecules (..<..moles of water present. 
(o~ the order of to-4M) 

Bence, 0_
2
= _!()les _of macromolecule in .so ln.( t equil.ibrium) 

moles of water In· so ln. a 

Therefore. from -eq.(4), 

or, 

moles ot macromolecule in sola. 
· · moies of water ln soln. · 

DB 
2 " 

moles of macromolecule in sofn. 

= K. Ds _ · X 'V 
moles ot water i.n soin. 

Writing ' moles of macromolecule in soin. = t. 

K. n
8 

we .have f = ·moles of water in- soln. :x 'V ll ·• ( .5} 

'l'he term t i.s equal to the ratio ot .-ol es of 

macromolecule adsorbed on solid surface to moles ot 

macromolecule pre.sent in solution at equilibrium. 

But, tbe total valume ot solution in contact with 

1 gm solid was 10 ml. hence mole of macromolecule 

adsorbed is proportional to change in concentration. 



And, moles .of macromolecule in sol'tltion at 

equilibrium corresponds to the equilibriu.m~·concen

tratio.n of the macromolecule 1.11 solution 

C :c 1 •. O.D.· f.l 
•. 

where; · f is a const~t at a particular WaYe~ngt~. 
::£· 

Then, macromolecule taken ou.t/ml· 

=Initial conce.ntration- Final. concentration 

.(v, .tj ·O.D. initial. ... ~··~ .1) o.o. tinal,. 

Therefore, :traction ot maeromctleeule .taken out tO 

solid sur:face/ml 

O.D.lnitial • O.D.Final X tOO 
0 .D.Ini tial 

or•o.D.~ · 

By using this method of calculation, ev-alua ... 

tion of •k,, may be avoided which is not known for 

Dauno.mycin ... D.NA complex. 

Ag o.:i:"', t = lnitiat,O.D .... ~inal o.D, 
:Final o.n. 

and this is cletermi¥ted :f.rom experimental UV adsor• 

ption data. 



f = _ K. _ a8 
·moles of water in so ln." Jl -· . 

for complexed VNAI 

K' -*· • Ds , -
f' = moles 'o:r water in so ln.· y • • 

considering K and K' to ~Q.of the same order• 

so that. 

t• yt 
f = y, or, :f .... t• 

. . t = 11 - v• ., 

• (6) 

.(7) 

• We consider the term "";v ·to be the mea sure of the 

fraction ot phosphates s:tacked by Da~nomyctn. 

· ~e following tables (V(a) • V'(b), V(c)) give 

the c_alcula~ed values of t;t'x 100 for different 

samples (free and complexed DNA). 



, .• C) 

Jcl 

Table V{a} . 

o.D. before o.D. afte.r .f & .t• t"if~ x 100 . 
adsorption. adsorption val•es. f. . 



Sample 

Table V(b) 

o.n.- be1ore o.n. after f &. .:f~ f-..t• x 100 adsorption adsorption values 



r.; ·~ 
f.j. ~i 

.Table Y(c) - .. 

b.D. t'll' f ... f, 
Sample o.D. bdore fdter 100 .adsorption adsorption values f ~ 

Pto (14 .• $0) 0 .• 290 0.105 '· 761.3 
16 .• 7357 

'0 to 0.37' 0.150' 1.4667 

p20 ( 22 •·75) 0 .• 4$5 .0.20 1-~75 

15 .• 9686 
c . 

20· o.ss 0.28 1.0714 

Pso (:S0.7Sl o.6tS .o.:;s o.7S71 
11.4648 

C:so 0.76 0.455 0.·670:5 

p40 (42.75) 0.855 o.490 0.7449 

04o o .• 96 o.;s 0.6552. 
12.0419 

P50 . (46 .• 75. 0.935 o.6s 0.4!585. 

23.1015 
0 so 1.15 0.86' o. 3372 ' .. 

P6o (55 .00) 1 .. ·160 o.so 0.375 
16 .. 74tf/ 

06o 1.3taS 1.025 o.in2a 
L 

p70 ( 63.25) 1.265 0,96 0.'}177 

c,o 1.56 1.25 
21.9389 

0.2480 

_....,_..·-
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Table V.l 

c'oncelltraito.tt .of 
macromolecule (DNA) 
in JJ.g/ml as weighed/ 
( caleula ted) . . . • . 

10 (14.$0) 

20 (22.75) 

:so ()0.92) 

40 .(42.58) 

so (46.83)' 

60 ($4.92) 

70 ( 6:; .• 2$) 

F1 

Average values o t 
t ... t• . 100 t . X 

. 14.0088 

1$.8203 

i 7.9268 

14.831t4 

24~2996 

21.21§0 

20.1125 

-------------------------------------------· ---
The values of ~ of phosphates stacked by 

Daunomycin as· equated to tbe fit.' values, lead 

to the following inferences: 

1) At the specific ionic strength of o.002M and 

P/D = 8., percentage ot phosphates (cone. 10 to 70 

pg/ml) r.ang~s from14 to 2.5~. 

2) While calculating the ~ of .u .. d:•:i· ... -;~· binding 

sites stacked !;lt~ is evaluated. This 1s done on 

the basis 9l. that even if the bindi'ng of the drugtc 

DNA Chain is not a random process, DNA chain can- be 

considered to ~oonst·st ot regions ot binding sites 



\ 

and these regions are randomly distributed over the 

DNA chain. 1-'hi s al'lows us to conclude that the num

ber of segments of the macromolecular chain getting 

"adsorbed on the solid surface will be atrandom ; 

£;_;;.;,. The same also holds in case of complexed DNA ' 

with bound phosphate sites due to drug interaction. 

3) The values of stacked phosphate site$ per .100 

phosphates (Table VI) seems to be distributed .around 

certain mean value (18.3166). t'hls indicates that 

in the range of concentrations of .DNA (10 pgm/ml to 

70 p.gm/ml) in o.002M NaCl solution, where P/D ratio 

is maintained to be equal to a constant (P/D=8) • the 

fraction of phospha.te s stacked by Daunomycin is 

roughly a constant, given by the mean value. This 

.1 s quite likely 1n the sense that throughout all the 

concentrat~ons, the drug molecules are exposed to 

DNA molecules in a constant proportio.n (P/D ~ 8). 

-!!!!le VII 

concentration o.t 
macromolecule (DNA) 
in ugm/ml .. as weighed/: 
(calculated) 

10 ( 14.50) 
20 (2~. 75) 
30 (30.92) 

40 (42.58) 

.50 (1&6.83) 
60 (54.92) 
70 (6J..25) 

Average values·· ltee.a.~lr;;:, values 
of fi.t':x .100 of t~~':x 100 

14.0088 
15.820:S 
17.9268 
14~8344 

24.2996 
21.2140 

20.1125 

18.}166 

.tl-4935 



The seco.r.td phase ot the experiment was to 
study the ad$orption patterns of gaimtlaf.vradiated 

native and eemplexed DNA~ The slgnific~nt increase 

, in the Value of ..6 O.D.1' due toi-rradiation at eaeh 

concentration of .DNA indicates the increase in 

number of · sites to be adsorbed. 'Thi s may be due 
I . . 

to strand. separation and strand sission, which 

increase the 11umber of openings 'l~r interaction. 

These are usually expected when DNA i.s exposed to 

gamma-radt·ation (Chart· and Mooke.rjee, 1975). Bow

ever, unlike the ·Case ot native DNA., AO.D.~ vs. 

eoncentratiol1 of DNA cun-e for irradiated DNA shows 

a rise at the beginning and then a somewhat tlat 

portion wi tb increase :in concentration. This 

means ·with increase in con.centration the number of 

openings and hence the number of available adsor~t,.:o~. 

sites increases so that more and more traction of 

molecules undergo adsorption.. Again, comparison of 

" tbe,. radiation denatured curves for tree DNA an,d 

complexed DNA show tha.t at a lower concentration 
UVM~fce.~.t 1st 

fr.action off\ molecules adsorbed is higher but it falls 

\with increase in concentration and finally bec.omes 

~ower than that of :free irradiated DNA. This leads 
\ . 

't',o the conclusion that with increase in concentration 



drug binding protects the •acromolecule from dena

turation, which is expected also, for the bound 

drugs resist the radiation damage to DNA. 

However, beyond a certain ccmcentration, the 

curve shoW$ further rise indicating greater traction 

of molecules adsorbed. 'fbe plausible reason may be 

that of d.eta.cbmeut of bound l'frug molecules trom 

phospba te chain hence exposing the macromolect.tltis 
" 

more to the positive· chaJ"ges of tbe solid surface for 

adsorption. 

The calculation ,:;-tor irradiated native and 

complex DNA .~e being done. 



SUMMARY 

The adsorption profile of tree and Daunomycin 

bound DNA at Alum1na-H20 ~nterface have been studied. 

Proper experimental conditions were maintaiued to 

reduce intercalation considerably and to make electro• 

static binding predominant in the DNA-Daunomycin 

complex. Adsorption of drug bound DNA was less than 

that of free DNA. Similar· studies have also been 

done after irradiatiug the samples by Gamma-radiation •. 

The quanti ti~s of gamma-irradiated free aad compl~xed 

DNA were much greater than the corresponding unirra• 

d1ated f.ree 8nd complexed DNA. · Model for adsorption 

of poly,mers was used to calculate average value of 

percent of phosphates stacked by Daunomycin. 
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