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Intensive wbxk has been done on the binding of
simpler“ﬁolecules to cellular;macromolécnles and thelr
biological effects. Small orgamic molecules, denoted
as ligands, are used as 'probe’' to study the finer
ehéngeé And distértién in the étructure-of‘ﬁhe macro- - |
molecaieé (Paaeaeke,'1973). These smali 1Lgands includé
dyes and\some-antibioties which usually eie?t soﬁe sort
of pharmacological effeet.(aléomfield et.al., 1974) and

hence may be considered under a common heading of tdrug?.

Diseases like cancer are believed to. be accompa-

nied by éhanges in genetic code, amd this can be induced

by chemicals as well as radiations in the enviromment
and also by bacterial, fungal, viral intefactions.
Looking from a molecular'point of view} thie information
coﬁtaineﬂ by DNA is either alteredrer suppressed during
the above processes so that there is error}in the gene-
tic message transferred which affectis the entire biclo~
gical process. Also»there are chemical compounds which
eah resist the abnormal growth of living cells or the
distortion of information contained by DNA, known as
antibacterial, aﬁtiviral agents. The bioidgieal effe~
ctiveness of éll‘thése.agents‘aepends on'the extent to
which they are associated with genetic-material. There-
fore, study éf'binding of these agenis‘with DNA is

inmportant.



‘Mode of Binding

) " In the drug DNA complex formation two types
of bind;ng are found :

1) ' a weak binding mode that takes place when
number of_drug;mplegules'houndvper nucleotide (r)
is équal’or,greatér than!ﬁ,ﬁ (1'2;0.2), and

11)  a strong primary mode of binding that pre-
ﬁaﬁihgxtes tiu'r'.gu.z {Peacocke and $¢kerré§t. 1956);
The weak binding is an external attachuent

- of the d@ug‘molecule to the DNA rodlike chain, |
'éhére;arug in its cationic state is éleetrostatim
célly%héld by the‘négati#ely charged phosphates
(Peacpéke and Skerrett, 1956;‘Brad1ey an& Wolf,
"1959§,Stone anﬂ Bradley, 1961). This process is_
’ealléd stacking and may be 'partiall or total!
depending on the ratio of moles of DNA 1s to moles
of diug present., However, it has been inferred
that the compiex is stabilised by Van der Waal's
forces between the ligand molecules. It shonld be
nqted that fhe bfndihg can occur as an interaction
with either ligand molecule which only contribute
to this mode of binding or cationiec part ef the

drug molecule (which has already formed a strong
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bond with DNA) projecting out as a branch on the
DNA surface. The sctivation energy is only a few

(2 to 3) Kcals/male of aerldine.

| The strong binding 13, frem ehemical paint
_’of view menameric in nature and has essentially
‘.resulted from the interaetion of electron clauld
7 ,aI purine and pyrimidine bases ef the nnclotides
 :rand the cansequent charge—transfar. abvionsly 1n :
such an 1nteractian a'specifze geometry of the
_nalecular system is ﬁemanded. Hydrophobic intera-
ctions betwéen the base pairs and the dye rings
stabiiise’the complex {Lochmann ané Micheler, 1§73).
The free energy change is abant 6 to 8 Kcal/mole of
| the drug.

Kinetic meaéure@ents (L1 -and Crothers, i969)
show that strong binaing.occurs in two stepst: first
the cation §s rapidly ana‘electrostétiqally attra-
cted towards the e#teinal phosphate groubs; This
process reduirésflittle activation energy gnﬂ is
almost tétally diffusion controlled. Next, the base
- pairs near the cqtion is geometrically strained, |
without breaking the hydrogen bonds to create a
channel, and the drug molecules move in from a state

of external binding. This gives rise to a sandgiéhed



eamﬁlex‘where the drug molecule 1s_h¢1d'x1§1d1y
between the base-pairs with cationic ring’agéb
located centrally above and hel@w the hydrogen
bonds of the bases. This enables maximum intera-
ctieﬁ of the TTweiectrons‘ The aétféatiéé eneréy
'is required mainly to dissaciate the externally _
bound drug and to overcome the ‘stacking Ioreea R

betueen the neighbouring base~pairs.

1 For the double-stranded DNA, this mode of

'binding corresponﬂs to an intercalatiou of the

ligand molecule made possible by a contanr extene
tion (Freifeléef@ 1971; Dasgupta and Dasgupta,
1973) énd local unﬁinding of the helix {Lerman, |
1961). The di stance between the bases is.agproxi-
mately'doubled from 3.4 ﬂ_to 6.8 3 and the ligand
molecule, in Van der Waal's contact with the adja-
cent base-pairs, is maximally protected from con-
tact with the surrounding medium {Waring, 1975).
The planes of the drug~rings are held nore.perpenﬁ
dicular than parallel to the helix axis, bat -
deviates to within £30* of the BﬁA bases (Lerman,
1963; Nagata et al., 1966) forcinmg the bases to-
ti1t slightly to accommodate the ligand. The

tendency of the drug-molecules to bind externally -



is enhanced by (a) dematuration of the DNA, and
(n) &ecreasg in ionic strength.

’ »auno? cin As a Li'and

~ Antibiotics have been found to inhibit tumour
'growth. Since 1670'8 {(Lissaner) study of antibiotic
took a definite turn with the discovery of A&tinomycin
D (Wakemann and Woodruff, 1940) thefiirst,of a series
of prot@type drugs, followed by:identificatidn-of |
anﬂhraéyolines«chraﬁoﬁyeins, anﬁinomycins etc. (review

by Gottlieb and Shaw, 1967).

| @hese'antibioticé come inte action via inter-
action with cellular macromolecules, e.8. espeeially
DNA (Rabon et al., 1960; Kersten and Kersten, 1965;
Newton, 1970; Horwitz, 197i;vﬁolletein, 1973). 1inve-
stigation showg that compounds derivable from the
three ring anthracene like system either planner and
aromatic and heteroeyclic, 6r’part£ally saturated
non-polar form, form stable complexes with DNA and
1nﬁibition 0of DNA dependent RNA synthegis. Again, the
anthracyciine group bears the strongest resemblance
to the meridine dyes. Cinerubin, Nogalamycin and
Daunomyecin helong to this group of antibiotic anti-

carcinogens.,



In the present studies, the antibiotic
Daunomyc¢in has been used as a ligand for complexa-

tion with DNA.

Radi@tianAEigeegugﬁjﬁémplex Formation

In meaical,pfaetiQe chemotherapy and réﬁiawi
tien therapy arékashally combined in treating cancér;
Kukhobadhyay»and,ﬁoakerjee (1976))hav; shown the .
effect of gamma%ir:adiation on the binding pattern
of DNA with Acridine Orange, Proflavine and Daunomy-

cin at various stages.lﬁefoxe and éxter complex forma~-

tion. .

;The surface activity of biopolymers like
‘nucleic acids._proﬁeins and enzymes has been a
snbject_of much investigation (Bnll, 1956; 1957;
McLeren, 1954, 1958; Zittle, 1953; Chattoraj,
Chowrashi, Chakrabarty, 1967, 1968; Upadhyay and
Chattoraj, 1970; 1974, 1972) as an increasing number
of biulogieal phenomena invelve adserptionlot surface.
active molecules and fons at interféeese Pirect
adsorption exsperiments with DNA onto alumina-water
_'interfaeé have‘alsa been carried out by different
workers (Upaﬁhyay'ana»chatioraj,'1968; Chari and
Mookerjee, 1975; Upadhyay and Mookerjee, 1977).
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Systematic study on the adsorption of macromolecules
from solution on to solid surfaces began aho#t o
decades ago but most of the work invelved use of
non-biological polymers. The helical secondary and
tertiary strﬁctureé,of the biopoiymersvare rigidv_
.roéalike~sur£aee with pa;yeleetrolyte and aré‘usﬁally
more inflexible than the non-biological oness Like

. in DNA, firstly the imherent polyfunctionality of
the‘polymer suggestﬁ_thé§ if one seggent of the mole-
cule adsorbs on a solid surface, the ppobability @f.
adsorption of neighhourigg gegmgnt(will be great1y 
“énhancéd;'seconﬂlyg the unusual eanfigurational bela-

viour of' a macromolecule like DNA as evidenced by the

- properties of polymer solutes, suggests that the

intramolecular configuration oz the adsorbed molecules

- will be an imporﬁant aspect of the adsorption proééss.

 :Fromuer and Miller observed that denatured

DNA adsorbs much faster than native DNA probably
because of the higher diffusion coefficient of the

denatured DFA., Chari and Mookerjee {1975) found that
' the qaantiiy of gamma~-irradiated DNA adsorbed on
aliinina was much greater than native and heat dena;
tured DNA. Correspondingly, the adsorption of gamma-
irradiated DNA was faster than the other férms of DNA
studied. |



e

Miller studied the interaction of DNA with a
charged mercury surface by measuring the effect of
DNA on the differemt capacity of the electrical
double layer between the polarised mercury surface
and 0.1 N sodium chleride solution aentainiag'Vary~
ing eaheentrations‘éf DRA. The lowering of the
differential oagaﬁity by adsorbed DNA gave aﬁtiaea}
" of the adhesion of £hé'difteren€ molecular residues
viz, sugar, purines;.pyri&idines to the surface,
The lowsering of the differential capacity varied
with surface cangentratien at partially covered
Suriaee‘eaacentratien at partially covered surfaces
and reached a constant value when the surface was h
fully covered. ‘Hiiler also suggested that DNA
preserves its double helix at.a negatively charged
surface while unfalding occurred at a positively |
charged surface. He also has suggested a mechanisgm
for the unxaléing of the double helix at a positi~
vely charged sérfaee, which is presumed to be a
?ery fast process. According to Miller, ome can
speculate that unfolding of the DNA, double helix

in bioclogical system takes place a% positive surfaces.



‘ﬁiiler xalloﬁed up this work with p@s@rgtion
studies on DNA on surfaces of copolymers of 4-vinyl
pyridine and styrene, He studled the electrophore-~
tic mobiliﬁy of the particles coated with either
native or heat¢ denatured DNA adsorbed from aqueous
solution of different salt eoncentratign. He obsef@
ved‘thét\the electréphoretie mobility of the coateé
particles ﬂepenééd only on the sai§ concentration .
and the state of DNA molecules in solution and not
on theicomyositioﬁ ofkthe}sarfaee 0of the copolymeg'
‘particles before DNA adsorption. The shape of DNA
molecu;es interacting with monclayers of copalyméré
with different surface éharacterisatien was deter-
mined by electron microséopy (Gordon, 1970). The
influence of surface charge on adsorbent on the &
-extent of adsorption and structural changes of adsor~
- bed DNA was studied. The amount of DNA adsorbed was
found to Ye depend both on copolymer concentration
and surface treatment but mnot on’the concentration

" 0f DNA remaining in solution. The interaction between
DNA and electropositive or weakly electronegative
copolymer surfaces were strong enough to break the

structure of adsorbed DNA.



’i" Chattoraj and ﬂpaﬂhyay (1963) have studied
the adsorption of BNA and RNA at alumina—ﬂ 0.
interface. They have used native, heat denatnred:
and alkéli_and acid denatured DNA as aﬁsorbaies.
The nature and shape of the adsorption versqg |
concentration of DNA curve for native DNA iﬁdiééted
Langmuiritype adsorptien. Frommer and Miller (1966)
standardized e'meihod for measuring the adsorptiqé
of %ritigm labeiieﬂ‘camponnds to study Dﬁ§ aﬁsarpf
tinﬁ‘on ; p@lypeptide monnlayer. Gordon'studieﬂ.'
- the adsorptien ¢f DNA on mice after replacing the
cation by a3 through ion-exchange. The adsorp-
tion process monitered by eleetron microscopic

~observation showed that the amount of DNA adsorbed
N incieased with fonic strength of solution., Of
several gulﬁi‘valeﬂf cation tried only Al*j was
effective in cauging adsorption. Chattoraj and
Chaurashi studied the electrophoretic mobility of
calfthymus DNA adéorbed‘on charged particlesy
Other studies on adsorption of nucleohistone by
Upadhyay and Chattoraj (1972), Fasman (1970) and
co~workers; Bpadhyay and Mookerjee (1976) and
Akinrimisi et al. (1965) are also of much signifi-

_ cance,
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Thé present work has been undertaken with
a view to elucidate the adsorption prﬁfile*at ;
complexed DNA before and after gamma-irradiation
at solid liquié-intarface; The drug used for bind-
ing is Daunomycin and the solid:surface is that of

alumina.

’



_MATERIALS AND METHODS

~%. - -DNA3 ,
“Bighly polymeriaed calf thymus. DNA Typeux.
obtaiaed from Sigma Chemicals, U.S.A., was used for.

all experimen%s. -

2; “« o

| Daunem aia:ﬂ.drﬁahlaride* |
'Bauaomyezn ﬁas obtained in the form of 2
hydrochloride from 'Calbiochen' under the trade name
of Bannorubicine. Since this was available in the
analytical grade, it did not require further purllia

cation.

3. _Snaium Ghloride:
Analar qnality NaCl from B.D.H. was used.

lnmiﬁ s

z“v' }
| Alumina supplied by B.D.H. had already been
standardized for chromatographic adsorption analysis.

5. Glassware:
Corning glasswares were used throughout the
experiments. |
 Source of Radiation:
Gamma chamber %000 A (Cogg Isotope) sapplied
by the Isotopes division of Bhabha Atomic Research

Centre (BARC) Bombay was used as the source of gamma
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radiation. Frick Ferrous Sulphate dosimetry was
used for the determination of dose. The dose was
127 rads/sec,

The graph of time of irradiatien Vs, 0.D.
is given herewith(ﬁ’:r I}

- From graph

Slope of the plet of time of irradiation ve. 0.D.
AB:D, = &g%é raiis,/minute.,

Hence,
Dose = 2.774 x 10%

= 2,774 x 10%

X A 0390’
X .275

'7628.5 rads/minute

L]

= 127 rads/sec.

| §2'étrdéhbtémgter
The aptical den31ties in the U.V. range at
260 and 320 nm were measured in Karl Zeiss PMQ IX
- 95358 and EGIL Spectrophetometers. The absorption

spectra were taken in Shimadzu.

Preparation of Different DNA Samples
1) | Native UNA: A stock solution of DNA at a
concentration of 20 mgm/4100 mi in 0;0023 NaCl was

prepareﬁ% This stock solution was then diluted to



,coneehtfatiens‘ranging f:om 1 mgm to 7 mgm/100 ml
and the‘dilnted seclutions used for adsorption

studies.

2.  Gamma-Irradiated DNA;

The stock solution
of native DFA was diluted to required concentration.
20 ml of the solution was taken in each case im
‘test tubes of diameter 1.8 ems. and irradiated for
4 minutes.. A totgl dose of 30.45 Krads was nsed.'

The drug ‘'Daunomycin' was bound'to DNA by
mixing the tﬁo_sclutiongin e test tube and gently
shaking or rotating the test-~tube between the two
yalms?for 10_minutés followed bi an interval of
30 ninutes for the praee59'to attain a steady state
The macromolecule to ligand ratio, henceforth wri-
tten P/D, was determined as followss

It P_, pM = Stock conc. of DNA of total volume
Vp.ml.

st PH = 8Stoek cone, of Daunomycin solution
of total volume V ml,

P pﬂ = concentration of DNA in the complex.
D pM = concentration of 'drug' in the complex

then, for a required ratio of (P/D), the volame af

DNA to be taken from stock = V? ; F”"
» ’ st

“heey

VLI
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[AEN

Véléme of"drng' to be'taken =V, X =2
" : b Dst
If the required final volume is ¥V ml, = then,

. : . be taKen: )
volume of buffer solvent t%{_wa”

It vf»é»vy = V, thep

volume of buffer solvent. to be taken gf

?giticle;81ze
" The ‘average size of alumina was measured
using a micrometer and microscope. The diameter of

‘Alumina particles ranged from 4 to 6 micronms.

'Procedure for Aﬂsﬁrgt1on'of‘Free:gpd Complexed DNA

“At _Alumina-HoO Interface

.  Unirradiated Sawples: The solutions of
diffefent concentrations were adjusted to pH 7.0

and regquired fonic strength by addition of requisite
amount of HCL. and NaCl respectively. 10 ml of the
SQIatioﬁ'in each case were added to 1 gn. of Alumina
in 50 ml stoppered conical flasks and shaken inter-
mittently for 4 hours at 20°C. and the solution left
undisturbed for another 20 hours. The supernatant-
free or complexed DNA-solution was then decaﬁted off.

Optical densities of the free or complexed DNA



solutions were me»éSured at 260 nm. The lower values
ot the optical densities were indicative of the fact
tﬁat some macromolecules have been adsorbed by the
alumina surface. The present_decrease in optical
densi ty was e?aluated inveaéh case., This value corre-
Spends to the pereentage of macremeleeules getting

\

adsorhed.

_ Gptieal ﬂe331ty meésurements_were recorded in
spectrophotometer using 4 cm. guartz cuvettes with . -
i cem. path length; Ahsorptian was élao measured at
320 nm to sce whether any of the adsorbent particles

interfered.

A gigph giving the % fall in 0.D. versus
initlal coneentration of free or complaxed DNA was
plottea( Fig 1Y 12D%

iI.  Adsorption of Gamma-Irradiated free or Conplexed
DNA.-on Alumina: Adsorption was carried out as in the
case of native samples after adjustment of pH to 7.0
and ionic strength with Gamma iiraﬂiated samples.,
Optical denéityfmeasurements 0f the samples were recor-
ded before and after irradiation, and also after
adsorption, Graphs of per eeﬁt fall in 0.D. vs. thni-

Divh
ti al/\com:entrati on of DNA were plotteda( ¥ o4 V6~>
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_BESULTS

Adsorption of DNA at Alumina - Hs0 Interface

I)‘; Adéargtian,af:Nétivehﬂﬁéwcn[é}nmiﬂa,- S

Native DNA was adsorbed on Alumina as described
earlier. Table I{a) gives the amounts of DNA adsorbed and
~ the equilibrium concemtration of DNA at iomic strength 0.05M
and pH 7. | '

Toitial " Initial Fibal  Equilibrium Ghange — DNA

concentration 0.D.  0,D. conc. of in DNA adsorbed
of DNA mg/ml. (Pofeve (After PNA Conc.  (pg/gm

. ‘Wei.ghed sdcoe.  adsor-  {pgm/ml] | 1) - of
' (gzgczléted) . g%;:)v ;tfg;) "?i?/m ) Ezfi? ) XIumina)

{a) ‘at equi<
, _ ,;vbtigm o
20 (17.5)  0.3&  0.08 5.00 © 135 135
40 (33.5) 0.67 0.36 18.00 15.5 155
50 (42.5)  0.85 0.52 .  26.00 16.5 165
60 (54.5) 1.09  0.70  35.00 19.5 195
80 (68.0): 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 E® em, 1 nl = 200 are given in Table I(a) in

brackets. Fig. II shows the variations in the amount of DNA

absorbed (pg/mg of Alumina) with equilibrium concentration



of DNA. The graph shows an initi al steep rise in
adsorption with concemtration. ‘With further rise in .
.cancenmratiéh, the amount of DNA adsorbed Qng/gm of
Alnminé) tends to reach a constant value, i.e., .a
saturation point; At an eguilibrium concentration ¢f

4 pg/ml the weight of DNA adsorbed is 135 pg/gm Alumina,
whereas the amount of DNA adsorbed at an equilibrinm
concén&?ation of 18vpg/mz is 155 pgm, the correspond-
ing figure at an eguilibrium concentration of 35 pg/ml
is only 195 Pgm/gm of Alumina.

In ar&er to stuﬂy what fracﬁian of the ipitial
amount of macromolecule (DNA) is adsorbed on solid-
surface one prefers to tabulate initial concentration
of DNA with the values of psrcent change in optical
densities at 260 nm, We define

: Initial OaD.

(wabie.x(b))'

, In Fig. 111, initial DNA concentrations vs.
4 0. D.% have been plotted. The graph shows approxi-

‘mately an exponential fall with increased concentration.
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Table I(b)

Initial o -

Concentration Calculated - 40 I’):-%

of DNA (ng/ml pe/ml «Be

 weighed) L - I |

20 175 . 761.‘471'
0. 33,5 16.269
50 | 42.5 38.824
60 | o 545 ' 35.780
80 . © 68,0 29 .412
100 T 86,0 . 23.256

- ﬁ)Ad,sorption of Free _?a,na-comﬁexéd DNA on Alumina-Ho0

‘Interface
a)v ' At Ionic Strength 0.05M:  Daunomycin-DNA |
eompléxes were prepared as described earlier. Both

free and éomplé‘x'éd_ DNA were adsorbed a;i alumina.,

Table 1I shows the pe‘rcentage' changes in optical

densities at 260‘ nm (:equi:v*alent to % of molecules adso-
'rbed) of free DNA and Daumomycin bound DNA at different
concentrations of DNA at fomic strength 0.05M and pH
‘equal to 7. ' Micromolar ratio of DNA to drug was kept
approximately at eight -‘(‘P/D= 8) in all the samples. P,
stands for DNA at apparent concentration i}vpg/m.l and

€; stands for complex with the same concentration of



DNA Keeping !P/D:as. Qalculated concentration in )
pg/ml of DNA (m‘om 0.D.) is written in braekets.

1Pt ranges from 10 to 70 pg/mL

T ‘ble»:_ 11

Samples — 0.D. before oD, after —A0D % “Difference
(DNA and  adsorption adsorptiom (a- 100) in A0.D.%
Complexed (a) (‘b)' of P; and
DNA e i Ciy sample
Pyg (11.00)  0.33 0.048  78.180
€0 0.34 0.055  77.083 = 1997
P.. (19.25)  0.385 0.141 63,377

20 S H , | 0.581
€y ( 0.465 0.173 62.796 -
P., (30.00) 0.60 0.265 55.833

30 ° ] | | 0.042
C39 0.69 0.305  55.791
2,, (37.8 - 0.75 0.41 45.333
Cuo 0.885 0.480  45.763

P.., (52.5] 1.05 0.65 v~,3e 096

5o (32:3) B 1.325

Cso 1.24 0.765 36.77
P (65.0)-  1.30 0.88 32,308

060 1.57 1.07 31.847

Table II indicates mo sigunificant difference

im the 4 0,D.% values of complex with the correspond-

- ing O 0.D.% value of free DHNaA at various concentrations.



B) At Ionic Stremgth 0.002M: Tables III (a),

11X (b) ana Iva(a)_show'tné percentage changes
iﬁ apticalldﬁnSities at 260 nm {(equivalent to %
of molecules adsoﬁbed) 6f free DNA and Daunomyciﬁ
bound DNA at different concentrations of DNA aﬁ4"
iénic étrength G.QQQM and pH = 7, P/D = 8. Pi gﬁa
‘Gi stand as in Téhie II. Concentration of pﬁA. |
rénges from 10 pg/ﬁl to 70 pgiml as wéigheﬁs

T9

N



Sample
(DRA and
Complexed
DNA)

“TEItTal

‘aﬁni
(before

, adsqtf‘_ptip@

.

Final 0.D.

(agter

‘adsorp tiba)

IKQQB@%

Difference

ind 0.D.%
of Pi and

_C; samples

Pyq (14.50)
10
Pgo (22.75)
€20

Py (30.75)

€30

Py (42.75)

ro

P50 (46.75)

50 |
.

%60

Ppo (63.25)

C7Of

‘0.290 |
Gm37~ ‘:
.9;455 

0,58

1.100

1.345
1_265"
‘1.56

”9.103
9;150
0.20
0.28
0.35
0.455
0.490

0.58

- .0.65

 0.68
Viiozs'
0.96

1.2

63.79

59.46

56.04
51.72
43.09

40.13

42,69

30.48

25?22

27.27

23,79

24.11

19.87

4.33
4,32
2.96
3.11
5.26
3.8

4 .24




_Taple III (b)

Samples

{DNA and

Complexed
DNA

(after

Toitial 0.0, Fimal 0.0,
- {Betore
adsorption) adsorption)

A Oo})@%

“Difference

€y samples

Pio (14575)
10
P, (22.50)

Ca0

030

¢

Pyo (42.25)
Cho.

956

+

Pgo (5%.00)
Cs0
?70~(62.50)

070

4

S 0.295

S 0«380

£ 0.450 |
0.58
0.620
0.765
- 0.485
~ 0.950
-0.93
s
.08
132
1,250

1.545

0.095

0.135
0.20

0.29

04320

0.445

. 0.49

0.59

. 0.65

. . 0.855

. 67.80
55.56
© 50,00
48.39

41,8%

42,01

)‘737f89

 50.14

25.65

28,70

24,94

24,00

19 .42

 3,30':;.'

556

- 6,56
Wy
4.46

| 4.46

4.58

oD
59



samples
{DNA and
complexed
DNA

(before o
‘adsorption) -

T Final 0.0,
(atter
aﬂsorptinn}

X

4nifierence
in 4 0.D0,%
of Py and
Cy samples

P o (14.25)

Cio
Pyo (23.00)

Pyo (31.00)

030

Pyo (82.75)

Pgq (47.25)

Pgo (55.75)

€60 -

Pag (64.00)

70

rare—

"é.2957’"
9L36§l‘t
0.460

. 6:5855 _

0.620

0.760

0.855
0965
9;945‘
1.16
1.115
1.360
1,08

1.575°

'0.105

0.145

e E 210

0;285

| 96335- 
. 0.450
{a.aés'
0.59

0.65

0.88

0.815 |
1.070
10495’

S 1.215

54,35
51.28

' h5.97.

40.79

43.27
L g
38.86 |

31.22

24,14
26;51'

21.32
- 25.78

22.86

2.89

3.07

~ 5.48

5.59

2,92

9

=3
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%23%?;&2?15“@/4. of 4 0.D.%
P (14;50) o | | 65;92:
€40 i | 61.40
Pyo (22.75) o | . 55,32
oo o 51.00
by (092, as.es
¢ o
Po (h258)  uaes
Cho | 38.f$v
Py (46.83) - ' 30.60
Cgo 25,00
Pgo (54.92) P o 27;65
C40 A L | 23,12
Po (63.25) 2463
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, 'fhe a‘ﬁove ia?:les indicate decrease tn A 0.D.%
value due to comploxetion. The graphe (Fig. IV) of
"initial concentration of DNA vs. 4 0.D.% have been

:pleﬁﬁéd both for free and conplexed DEA.

faf). At Xomic Stx?ezsgth 0.002M: DNA solutions (20 to
70 ﬁm;gj/:mi) aud "tim wwasyommg complexes with bwnomy-
¢in were gamm*gairmﬂﬁa,teé as given in Materials m:d
'Ketima:a and aﬁsarhaé‘- o alunina ‘surfaa‘fe‘ at fonic strenm-
‘gth a.eeém. The exect eanéantmt ions of DNA were calcu-
lated., TableIV(a) shows aifferent values of irradiated
samples (DNA and complexed DNA) at various -
imxﬁeentratiéns of DNA ang fixed P/D value ..et 8 for

complexes,



Table IV(a)

Samples  O.D, before O.D. after O.D, aiter A O0.D.% =
- (DNA and  Irradiation Irrediation’ adsorption  db-c . .4
complexed - - : o , D

pNA) o fa) . (b) e}

P, (14.75) '0;295  ’f' 9‘305 ’ *' 0.035  . 73.81
50 °~5§5 ;“’-0.3§5' o o.ovo,’ 82.28
- Poo (22.75) 0;555;? ‘ 6.366 - 0i135 ; | éz.so
Cy0 | d;Séjf, " 0.56 0;69 | 83.93
Py (50.75) , 0.6;$ j" 0.695 o a.ih '. 764&6

Eseﬁ |

0.76  0.78 © 0.135 | 82.69
_?&o,(;2‘75) ?;855 © 0.780 0.16 29.49
°a§ '; ,t* o;gaf 'ii 'o.gsq 0.18 | 81.65
350‘(§6.75) §s9;5 - 1.@83 " 0.205 81.11
1c50' 1.15  1.23  0.495 60.00 .
péé'(ss.oé) %.ioo - 1.145 ; . 0.225 80.35
060‘ - 1.5&5“”“ 1§38§ Q' 0.525 : 62,09
P20 (63.25) 1.265 - 1,335 . 0.28  79.05
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The above results show an increased value of
A 0.D.% than the corresponding unirradiated sample

for each concentration of BHA,

Tha graphs of initial concentration ot DNA vs.
A 0.D.% have been plotted in Fig. Vw for both the
un&rradiated xree and complexed DNA samples and irra-
CCim iR fewe Seade
di ated free and complexed 'DNA samples, ”Lrafﬁwékﬁv ﬁ&ﬁg,

6.3 y}-nmé.m?a,d FNA o ivvediale) Mend i el ANA e aliad e - ), Evn

o o AT ok . iyradialed éqrmwx@ adnoy MF vel i Tl
bye given in fsle ¥ ¢ 33‘:&?"”&5 Z«% Ao 2 A %3 w%(e) ¥ go pretdve M “el enenbroit

b) At Ionic strength 0.05M: ‘Pable IV(Db) shows

dizferent values of 4 0.D.% for gamma-irradiated free
- and complgxﬁbné samgles at different concentrations

of DNA (10 to 70 pg/ml) at iomic ’strengi;n 0.05M due

to adsorptiom on Alumina surface.



“(éagxzies-’ T0.5. Tefore 0.D. after  0.D. after A0.D.%
DNA and  Irradiation Irradiation adsorptionm bec . ..

couplexed _ R | 5% 100
byva) 0 o (a) . (w)  (e) |

Pio (11.00) 0,22  0.18 0.095  47.22

Cho . - 0.22 0.5  © 0.08  67.35
Pyo (19.25) 0}355 w_;0-315 0.0  68.25
020, x c e.&ég‘l . 047 - ﬁgeg?;'v ’ 82.98
Pso (3é.09)” '9;66 .'bfss ' ; f 0.142 75§52
LIS 0.9 Hlot7§ - 0.085 . 88.51
Puo (57.50)‘7 0.75. . [ 9479 | '§=a.148- 81.27
_ﬂﬂaé-__; . 0,885 ,"oﬁggsﬁ'hi.fwtn.is . 85.94
o Pgy (5?.5e)fo, 1{65:r¥, 1.0 :-.@.205 81.36

Cso i ‘~, s7ia.§a é  ! 1.25 . 0.190 = 84.80
P (65.09)', 1.30 . 1.40 0.22 84 .28

Ceo 157 70 - [0.435 74 .41

e



A OPTICAL DENSITY %

90

80

70

40

30

O——C DNA
&—0 COMPLEXED DNA

1 1 L ! 1 1 L
10 20 30 40 50 60 70

INITIAL CONCENTRATION OF ONA (pg/mt)

FIGYL ADSORPTION OF >-IRRADIATED DNA AND
COMPLEXED DNA ON ALUMINA SURFACE
(IONIC STRENGTH 0.05M.)

4.2

0——0 FREE DNA

387 A—N COMPLEXED DNA

3.4

3.0 A

A 1 1 - A L

O.D.AFTER ADSORPTION/(O.D.BEFORE ADSORPTION-0.D. AFTER ADSORPTION)

2 4 6 8 10 12
OPTICAL DENSITY AFTER ADSORPTION
FIGELLANGMUIR PLOT

o)



: 'ihe abnvé'tahie indicates th&t there is appre-
ciable ehang@'inﬂégaaegnrﬁ in each ¥~i£rad1ated
sample althengh there was insignifiéant éhangé in

AQ.B.% in case of unirradiated sampleg at O.GEH
jonic strength._ The graphs of initial cancentration
of DNA va., A 0. B.% at 0.05M ionic strength, for both_
irradiated free and eemplexad BkA, have been shewn in

Fig. VI. R
%he gtaphshare the tallnwiag feature&z

i) 1 The values af Iree DRA rises with 1ncrease 1n
DNA eoneantrati@n, wbereas that of the cample-
xed DNA initially rises and then falls with

increase iniaaneentration;

ii) V:The tyo nurves iatersect each other at a point

carrespanfing to BEA @oneen;ration 52*5_pg/m1.

Langmuir Plot: -
‘Longmuir plot is the plot of equilibrium con-

sentration of DHA ve. (e‘gglibriqa concentration of ﬂKA)

f.e.p € vs.'g
where, ¢ = equilibrium concentration of DNA |
X = DNA adsorbed.
But, eqnalihrium concentration € is prapartiﬂnal to

O.,P. after aﬂserptian and DNA adaarhed is pmagartianal



H
%)
D -

toe & 0.D., i.e., (0.D. befere adsorption - 0,D. after
' adsorption)

Hence,

g . ' ~ 0.D. after adsorption -
X {c.D. betore adsorption - 0.D. after adserption)

| &ence, the plot of 0.D. after adsorption VSe

e 0.D. aiter adsorption
(ETE. bef ré adsorption - 0.

. after adsorption)
shenld~1ollow'the same nature as € vs. g»plat.

In order té-amoia celculation of exact values of
€ and X in ease af eomplexed DNA, we plot 0. D. atter

'adserption vs.c

0.D. after adsorption
(6.5, betotg a sorption ~ 0.0, after adsorption)

(Fig. VII) whieh is'equivalent to Langmuir plot.
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 DISCUSSION

Adsorption phenomenan at salid»liquid.iﬁter;ﬂl
~faces are controlled in most cases by the electrical
double . layerb Hence, the charge on the solid surface
'is 1mportant as far as the behaviour of 1ans that
adsorh as counter 1ons are. coacerned. In our work,
the adsorption of DNA on a positively charged surface
like that of Alumina has been studied. - The point of
zero charge of Aluﬁina.is at pﬂAé;Q._ Hence, below
this pH value ‘Alumina particles will bg'positiveli_
_charged. The importance of the point of‘zero chaigé
is that the sign ‘0of the surface charge has a major
effect on the aésorptlon of all ather ions. For
~oxides, hydrogen and hydroxyl ions have been cgnsi--
dered to be potential determining (VWood, 1946). A
hydroxy;ated surface is usually formeéd when axidé
minerals come in contact with water vapour. Hencé,
it is assumed that a hydroxylaied surface is formed
whep the solid exide (e.g. Alumina)‘is eqnilibréted
with an aqueous solution, Adsérpiion or dissociation
of hydrogen ions from £he hydroxylatéd surface can
account for the surface charge on the oxide by the

following mechanism (Healy and Fuerstenan, 1965)

W,



MOH (surface) ';:i_ M0~ {surface) + H *(aq)
MOH (surface) + H *(aq) = MOK* (Surface)

where, ﬁ'represents the metal, Parké and deBruyn
(1962) have postulated a different mechanism for the
chargiﬂg ot‘oxide ﬂérfaces invdlving partial dissolu-
tion of the oxide,.ﬁermation of hydroxyl complexes in
selntieh and snbsequént adsorption of these cempiéxes.
Thus, Alumina particles can be éxpectg& to get a £bsi-

tive charge in contact with water.
oA

The physical state of the dissolved DNA 1is very
important as in adsorption studies, the equilibrinm

processs:
Polymer in Solutionm ==  Polymer adsorbed at surface

is being considered. ?hg interaction of the DNA mole«
cule with the seivent (in&thxs'cése, water) determines
the state of DNA in solutiem and this is also refle-
cted iﬁ some .way in the adsorbed state. The unique
physical properties of DNA molecules in solution or

at an intertace ére a result of their flexibility.
Thus, DNA, being a'long, chain-like molecule eontaining
several hundreds of bonds in the backbone can assume a
number of di fferent configuratiens. Thus, the DNA

molecule will have a very large configurational
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entropy/mele., This has been confirmed by imtrinsic
viscosity and sedimentation coefficient measurements
of the DNA solutién whiéh indi cate that the ﬁNA stra-
cture ih solution is intermediate between the rod

_and theArén&om‘eoil; For a DNA maleéule of ﬁ1gh\‘
‘molecular weight-there exist 200 to 450>statisticgl
segments of length ranging from 1400 to'2706
(Gordon, 1970). Further refined anaiysistqf hydréa
dynamic data and electron micrographs supyeré théj
worm-like nature of DNA molecule in solution. Bowé
ever, adsarptien'at solid surface or the influencé,.

of other exteréalvférces can cause drastic conforma-
tional alteration in the DNA structure. The majority
.ot forces requnsible for biokolymer conformation'is
due to hydrbphobié 1nteractioﬁs (Bpadhyay and Chattoraj,
1972). Tais is due to the presence of H,0 éll round
the DNA molecaie. Any change in the aqueous environ-
ment during adsorption at a solid surface-may cause
a change in the conformation, of the molecule. Selvént'
water eﬁleshed in the maerombleculat DNA coil is consi-
‘dered to be virtually trapped and carried along dﬁring
fotational or translational motion of the DNA molecule.
Hence, the voluminosity or degree of swelling of the

DNA molecule will be deteéermined by the degree of
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interaction with the solvent. Since H,0 is being
carried along with thé DNA molecule, it may‘contiﬁhﬁte
to the binding of the DNA té the solid surface. It

is suggested that the portion of the adsorbed DNA
molecule, in close eontact ﬁith salid-snrféeé,'may
have a rigid and campac€ struc ture to which the béund.
'solvent.aeo molecule alsd contributes. fhe rigidity
of the structure at interface inhibits relative motion
of solid and liquid in this region. The residual

part of the DNA molecule, which, in view of its -
distance from the adsorbent, is not bound to the solid
surface is largely surrounded by H,0 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 significant role
in determining 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 determﬁuing the

extent of adsorption.

It has already been mentioned in Intrédnction
that drug molecules can bind with DNA in two ways,
weak binding or stacking and strong binding or inter-
calation. On ihe other hand,xit has been indicated
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that the adsorﬁtien of DNA on Alumina surface is
nainly due to.eleetrostatic interaction between the
negatively charged phosphate groups on tﬁe outer re
‘gion of the macromolecular chain and the positively
charged Alumina surface. Hemnce, the adsorptiom on
Alupina surface is a function of the number of nega~
tively charged sites on the DNA template.

Keepihg'in view the two types of binding
modes, one can logically speculate that when the.
DRA is complexed with a ligand, specially when the
 drug molecules are stacked to DNA, then the number
of negatively charged phosphate sites remaining va-
cant for adserption is reducéd. And hence the adsor-
ptionVén Aluming surface should be comparatively
less inm the case of the complexed DNA than that of
free DNA. As the adsorption profile of complexed
DNA is not known, this work was undertaken on the

above mentioned assumptions.

Aﬂsorptian‘proeess is depehdent on the fonic .
environment, Initially the experiments were carried
out in a selvent of 0.05M sodium chloride (Chattoraj
and Upadhyay, 1968; Chari and Mookerjee, 1975). But,



in case of unirradiated Daunomycin-DNA complex no
significant difference between the adsorption of
pure DNA at P/D ratio equal to 8 was found. This

is justified as follows.

Peacocke and Skerrett (1956) have shown in
case of Proflavin-DNA complex that with increase in
ionic strength number of dye-molecules bound per
phosphate molecule (r) decreases. It has alse been -
pointed out that in general, low values of r mainly
correspond to intercalations and stacking takes place
at higher r-values (r >, 0.02). | But due to lack of_
any other'data it has beén assumed that it is only
the stacking,thét i'siaffecting the adsorption process.
Therefore, it may be concluded that at an ionic
strength 0.05M there has not been sufficient stack-
ing to show slgnificant dif ference in adsérptian
patterns betveen the free-DNA and the complexed DNA.

Next, a lower ionmic strength 0.002M was chosen
.in order to get gﬁgniiicant difference in stacking
be tween freefandvcomplexed'DNA. The UV adsorption
sbectra of DaunomycinbeA.complex and free-DNA with
the same concentration as in complex were observed. (;;33@5)
Comparison of these two spectra shows that although
the optical density differs there is little change



4“1n their'eonteur patterns excepting a humb_hear 240
nm and a blue shift of the DNA peak at 260 nm by 2 nm
due.to.compleXation. This leads to the comclusion
that due to stacking the molecular structure of DNA -
(the p T and_dtﬂ' orbitals) remains more_orlless?ﬁn-
changed.-'lnteféélation leads to the changes inm f
molecular strdcture (Peacocke and Skerrett, 1956_)'t
changing the UV ahéorption,gpectra whereas stacking
does mnot. Thefeforg, it is wise to censidervthét_in
the above case stacking is dominant and 1n$efca1ation
is reduced considerably. Under such circamstanceé;
“when both the freé;aﬁd’@eﬁﬁlexed DNA give absorptiom

\ - _ at 260 nm
maxima near 260 nm, the optical density measurementgA
can be taken to be proportional to the concenﬁration

or number of molecules per ml.

In case of DNA adsorption isotherms and adsor-
ption models, Chaitoraj-and Upadhyay have shown that
for native calf thymus DNA the Langmuir plot (C/X'vsg
- C) gives a straight line, and later this was shown
to hold yfor heat, U.V. and ¥-irradiated DNA by Chari
and Mookerjee (1975)(Fig. VII), Although for gamma-
irradiated DNA there are two distinct linear regions
which indicated the formation of tﬂo types of mono-

layers. this clearly shows that the adsorption of a



polyelectrolyte like DNA takes place through the
‘same process as in Langmuir model. In fact, this
mddel with modification in case of a polymer fits

the adsorption of polynucleotides om solid surface.

Before“adsorbtion‘of the polymer the small
‘molecules and.electfolytes occupy the'aﬁsorption
sites on the solid surface and cover it bf molecular
la?er formatioh; By means of continuous shaking with
\\thg polymef solution, the pievious equilibrium is
di sturbed whilefthe adsorption sites are more and
mére exposed te'thg polyelectrolytes. This enables
the polyelectrolytes to get adsorbed till equilibrium
is attained. :

Let, on the average ¥ moles of solvent be

displaced by 1 mole of phosphate,
if, A = polymer in solution of mole-fraction Né

B,= solvent adsorbed of mole-fraction Nf

(Y

A= polymer adsorbed of moleutraétien.ﬁé
B ='solvent in solution of mole-fraction N1
then, A+ V.Bs = A.s + V.B | » . ' s (1)
The equilibrium constant for the process at the
' experimental temperature is given by
NS Y . :
()78 |

e
3
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where a, and a, are the solvent and solute activi-

ties in solution. For dilute solutions a, = N,;

ay = N,«
Let us apply modified Langmuir wmodel for

adsorption of polymer*m; s0lid surfaces. (AJOW\SO?D

‘ We consider DNA as the chain of phosphate
uhits whiéh are negatively ehdrged and adsorbed via
electrostatic interaction on the positively charged
Alumina snrfacé. wnén undergoing adsorption a part
of the chain remains in the solution unadsorbed.
This means only a fraction of the total phosphate
" is bound to the solid surface. Howéver, this takes
place by replacement of solvent molecules already

adsorbed on the solid surface.
Then, we have from modified Langﬁuir mo del

/v . K.C,

(1-6") ;#=. c,” e e e o (3)

where, O = fraction of surface covered by the
macromolecule

c1 = concentration of sclvent in mole~-fraction

h)

concentratian of solute (maerohoiecule)
4in mole fraction.

a
]



Now,

no, of moles of solute molecules a&sarbed“(ng)

B =

no, of moles ef'salvent melecules(hdserbed(né)

o o . E | o
Now, far‘ our system n9>>n2 and vé 1, hence ve can

write, 1 - év:rﬂi

. . . » . & (ll)

Now, Gi = maléﬁfraetion-of solvent.

The;fgﬁxgpt in'fhe present set of experiments
is 0.002M Kacge The function of NaCl is mainly to
stabilise DNA. The role of solvent in adsorption
1s_maiﬂ1y played by water molecules and one can nege-

. leet the rﬁle of éedium'and chloride ions in adsor-
ption, However, the experimental solutions are dilute
s0 that mole-fraction of water remains constant for

all practical purposes.
- Therefore, ciy 1

Agaih, 02 = mole~-fraction of macromolecule in solu-
tion at equilibrium

"moles of macromolecule in soln,
‘moles of macromolecule ¢+ moles
of vwater in soln.

{at equilibrium)




5]
D

For dilute solutionmns,

moles of macromolecules {< moles of water present.
(of the order of 10~%M) -

moles of macromolecule in soln.
moles of water in soiln.

Hence, C,= {at equilibrium)

Therefore, from eq.(4),

' ns,

2 = K, ¥. moles of macromolecule in soln.

ng moles of water in soln.
vng
or, moles of macromolecule in soin.
~ moles of water in soln. x ¥
Writing  ~Gyesof macromelecule im soim, =
‘ 4Ki ng
we have £ = - x VYV .. (5)

moles of water im soln.

The term £ is eqﬁél to the ratio of moles of
macromolecule adsorbed on solid surface to moles of
macromolecule present in solution at equilibrium,
But, the total velume of solntioﬁ 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 solution at
eqﬁiiibriaﬁ_cqxresp@nds to the equilibrium-cencen-

tration of the ma@rnmaieculé 1n>301ution

wherfe, - -( is a canstant at a ?articular wavelength.

and 1 is chasen to be a constant.

Then, macromolecule takeh'aut/ml

= Initial cancenﬁraﬁion:s Final concentration

Tnerefate,_fraetion of macremolecule taken oﬁt'té”

k(\ﬁ D’Iﬁiti B n'Final) where k:.!_..

solid surfaee/ml R‘G‘D‘Initi ) €\

- Q.B.

9*9&1nitiai' Finai x 100 ord0.D, %

Cdsesy .
\ 9.Beynitial

By using this method of calculation, evalua-
tion of 'kﬁ may be avoided which is hot known for
Eaunomye1n~BNA complex.,

Initial 0.D, =~ Final 0.D=
Finﬂl 0 D.

Ag o1 rv, f=

and this is determined from experimental UV adsor-

ption data.

We .reurite from (5) for free«DNA:



, , K, n “
T = ~Heles of water in solns‘?’ .0 .. (6)
| for complexed DNA: | !
| | K; . n . ' -
£ = moles of water in soln.’ b4 .« A7)

deviding (7).hy‘(5)a

£ KV v

considering-K and K' td beof the same order,

Koy
so that,
| b A A f - £t vV a.y!
T cyD T Ty
We consider the term 7;” - to be the measure of the

frattion of phosphates stacked by Daunomycin.

' The following tables (V(a), V(b), V(¢)) give
‘the c'alcnla‘;ted values of i;fz‘x 100 for different

samples {free and complexed DNA).



Sample.lu

© 0.D. before 0.D, after
adsorption ' adsorption

‘fb&'fi
values:

L2t
T

x 100

Pi0 (1&;75)
€10 |
Py (22.50)
Co0 |

P30 (31.00)

. N -

€30

P, (42.25)

Cs0

‘Vpsd (46;59}‘

059"
Peo (54;00)
Ceo
| r?a iéz,so)

 0.295

0.380

0.450
0.58

. 0.620

0.845 -

- 0.900

1508

1,32

1.250

1,545

0.765

0.93 -

1.5

0.095
0:135

0.77

1.00

9.95

1.245

 2.1053
>108i&é
1,25

:.1{99'

0.9375

0.7191
'0;7245
1 0.6102
' 0.4308
10,3450

0.4026

0.3200

0.3158

0.2410 o

.;357955
29{00

,2‘35.’#96
15,7764
1§¢9164
20.5166

23.6858

,_;9 od



_Tabie-V(h)

Sample adsorption  adsorption 731“93_ _

Poo (14.25) - 0.285 = 0.105  1.7142

| | | . 11.4922
. : . : | o 11.58634

Coo 0.585 - 0.285  1.0526

P,o (31.00) - 0.620 - 0.335  0.8507

| o S | - 19.0796

Cso 0.760 - 0.450  0.6889 - .

By (82.75) 0.855 . 0.485  0.7629

~ o o . 16.6863

.

Py (47.25) - 0,945 - 0.65 0.4538

. 4 o - 25.881
Pg, (55.75) - 1.115 0.815  0.3681
L | . - 26.3787
Pago (64.00) 1.28 0.95 0.3475
14,7338

Ca 'i'j 1.575 1:215  0.2963

S



Table V(e)

T 0D, Befere 0.0, after T & IT LI

Sauple adscrption  adsorption values £ 100

Pyo (14,50) 0.290 0.105 1.7613
L , ' 16,7357

P, (22.75)  0.455 0.20 1.275 | }

A . . 15.9686

Cog. 0.58 0.28 1,0714%

Pzo (30.75)  0.615 0.35  0.7571 |

, . , ' ' 11.4648

030 0. 76 0 t‘l! 55 0, 6705 S

Pyo (42.75)  0.855 0.490  0.74%9 |

o _ C o - 12,0419

Poo (46.75  0.935 0.65  0.4385

. , ‘ 23.1015

Cso 1.45 0.86 0.3372

PGQ ( 55 000) 1 . 160 0; 80 | 0.375 . .
- S ’ . ‘ 16,7467

6’60 1 ~.3’15 1 5025 Q;ﬂaz '

P, (63.25)  1.265 0.96 0.3177

Cao 1.56 1,25 0.2480




Yha,  gverasd voakuia Frma

A bl
Table VX

Goncentration ot
macromolecule (DNA)

Average values ot
in ug/ml as weighed/

f - !

tabtler TR0 LR oar

(calculateé) e N * 100
10 (14.50) 14,0088
20 (22.75) 15.8203
30 (30.92) 17.9268
40 (42.58) 14,8344
50 (u46.83) 24,2996
60 (54.92) 21,2140
70 (63.25) 20.1125

The values of % of phosphaies stacked by
wf? .
naunomycin as equated to the —?g- values, lead

"to the following inferences:

1) At the specific ionic strength of 0.,002M and
P/D = 8, percentage of phosphates (conc. 10 to 70

pg/ml) ranges fromik to 25%.
2)  While calculating the % of u.:.lc: .y binding
sites stacked 35—* is evaluated.

the basis of that even if the binding of the drugle

DNA c¢hain is not a random process, DNA chain can be

considered to cons8ist of regions of binding sites

This'is done on

[ £
RN
3 AW



and these regions are random1y distributed over the

DNA chain.

This allows us to conclude that the numé

ber of segments of the macromolecular chain getting

adsorbed on the solid surface will de éfrandon T

ss. The same also holds in case of complexed DNA

with bound phosphate sites due to drug interaction.

3)

The values of stacked phosphate sites per 100

phosphates (Table VI) seems to be distribated around

certain mean value (18.3166).

This indicates that

in the range of comcentrations of DNA (10 pgm/ml to

70 pgm/ml) in 0.002M NaCl solution, where P/D ratio

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

fraction of phosphates stacked by Daunomycin is

roughly a constant, given by the mean value., This

is quite likely in the sense that throughout all the

concentrations, the drug molecules are exposed to

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

_fPable VII

'Eéncéntratioﬁ % §

Average values nﬁan:ﬁyfvalues

o hamad s weighes/ < SFx 400 of 5 a00
{ealculated) 7
10 (14.50) 14.0088
20 (22.75) 15.8203
30 (30.92) 17.9268 18.3166
40 (42.58) 14,8344 7
50 (46.83) 24,2996 134935
60 (54.92) 21.2140

0

(65.25)

20.1125
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The second phase of the experiment was to
study thevadsarption patterns of gaﬁﬁa&radiated
native and complexed DNA, The significant increase
- in the value of A 0.D.% due tohradiation"at each
concentration of DNA indicates the imcrease iﬁ
number of sites to be aﬂsorbe@. This may be due
‘to strand«separation and Strand sigsion, which
increase the number of openings for interaction.:
These are ﬁsnally eXpegted'when DNA is exposed té
gamma-radiation (Chari and Haokééjee,vi975). Boﬁu
é’éer, unlike the case ‘ef native DA, A 0.D.% vs. |
concentration 6i DNA curve for 1?radiated DHA shows
a rise at the ieginning and then,a'soﬁewhat flat
portion with increase in concentration. Th;s
means with increase in concentration the number of
openings and hence the number of available adsorb&bh{
sites increases s0 that more and more fraction of
molecules undergo adsorption. Again, comparison of
thevradiatian dehatured curves for free DNA and
complexed DNA ﬁﬁ%ﬁ;}%ﬁt at a lower cancentration
fraction of moleeules adsorhed is higher but it falls
with increase in concentration and finally becones
-%ower than that of free irradiated DNA. ThﬁslleadS‘

%p the conclusion that with increase in concentration



57!

drug binding protects the mécramoleeule from éenau
turation, which is expected also, feor the hound
drugs resist the radiation daﬁage to DNA.

However, beyond afeértain conﬁentratibn,vfhe
curve shovs further rise indicating greater fractian
of molecules adsorbed. The plausible reason- may be
that of detachment of bound drug molecules Irom-
phosphate chain hence exposing %he macromolecules
more to the positivetchargéé of the solid surface for

adsoerption.

-The calculatian for irradiated native ané

complex DNA aze being done.



_SUMMARY

The adsorption profile of free and Bann@mycin
bound DNA at Alumina-ngo interface have been studied.
Proper experimental conditions were maintaiped to
reduce intercalation comsiderably and to make elgctro~
static binding predominant in the DNA-Daunomycin
cbmplex. Adsorption of ﬁrug bound DNA was less than
that of free DNA. Similar studies have also been
done after 1rradiating thé samples by Gamma-radiation..
The qnantiiies,of gama-irradiated free and compiexed
DNA were much gréater than the corresponding unirra-
diated free and complexed DNA. Model for adsorption
of polymers was used to calculate average value of

percent of phosphates stacked by Daunomycin,
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