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Abstract

The binding data for the interaction of SDS with Hl, in aqueous solution at various
ionic strengths have been measured by equlibrium dialysis, and investigated
spectroscopically. The effect of charge density on the interaction is shown to be of
considerable interest. The presence of NaCl causes conformational changes on the
structure of HI; whereas this phenomena seems to become more intensified upon
contact with SDS. The existence and the importance of charge density which cause
additional forces in the macromolecular structures at identical ionic strengths is

reported.

Introduction

All Lysine-rich histones studied thus far possess
three - domain structural characterstics consistingofa -
short basic random - coiled in the N- terminal region .
( nose }, a polar globular central region { head )anda
flexible highly basicc-terminalregion{1]. The globular:
part of Hl occupies a position close tothe entry and exit
points of the DNA in the nucleosome [2], while the C-_
terminus extends over the linker DNA. It is the C-tail.
of the molecule that is responsible for the folding of the -
fiber into higher - order structure [3]. '

A number of studies on the interaction between
sodium n - dodecyl sulphate (SDS) and proteins were
reported [4-9]. These reportsindicated that the binding.
of detergents to globular proteins in buffered solutions
were often pH dependent {10-11]. We have previously
reported a number of studies on the interaction of SDS
with histones at various pH and temperature {12-14].

We would like toshow, our studies on the interaction
of SDS and histone Hi which were carried outusing the
technique of equilibrium dialysis to obtain the Gibbs
free energy. . :

Hill and Scatchard plots as well as spectroscopy
analysis at various ionic strengths in phosphate buffer,
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solution pH 6.4 and 27°C, show that the magnitude of
interaction between SDS and Hl is greatly dependent
on the charge density whichis produced at the presence
of sodium chloride.

Experimental Section

Histone preparation

Histone HI was extracted from calf thymus glands
prepared from Tehran (Ziaran) slaughter - house by
the method of Johns [15].

Materials

The buffer (phosphate) was prepared in double
distilled water in various ionic strengths 3.75mM (I =
8.82 X 10, 5mM (I = 10.73 x 107),6.25mM (I =
12.64 x 107),7.5mM (I =14.55 X 10-)and 10mM (I =
18.38 x 10™") at pH 6.4. The second type of buffer (1:1
concentration of phosphate and sodium chloride) was
prepared as above with identical ionic strengths. Each
of the buffer solutions contained 0.02% (.\_&’_} sodium
azide contributing 0.0031 to theionicstrength. Sodium
n-dodecyl sulphate (especially pure grade) was from
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the Merck company. Rosaniline hydrochloride dye .
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- wasusedas suppliedby B. D. H. Visking dialysistubing -
(MW cut off 10000 - 14000) was from SIC (East Leigh)

Hampshire, U. K. All other chemicals used in this:
study were reagent grade.

Methods

Equilibrium dialysis was carried out at 27°C as

previously described [13-14] using a Hl concentration

of 0.019% W/V. The free surfactant concentrations in -

equlibrium with the complexes were assayed by the
~ Rosaniline hydrochloride method [16].

U, V. spectroscopy measurements were made atthe

" maximum wavelength of 225 nm with a Shimadzu

instrument ‘model 260 double - beam recording
spectrophotometer. The instrument reading was ad-

justed to zero with buffer solutionin both cuvettes, and

difference spectra were obtained for various HI-
concentrations (0.005% to 0.05%) in absence of SDS. -

- Difference spectra of the interaction of SDS and Hl
~ were also obtained by adding portions of SDS solutions
~in the range of 0.1 mM to 1 mM to the sample cuvette.
~ In all measurements of the interaction of SDS and Hl,
the Hil concentration was taken 0.01% (W/V). Correc-
" tions for inequalities arising from Donnan effects are
 negligible at the ionic strengthtpsed. o
~In‘all calculations the molécular weight of HI was
“taken as 21,000 [17].
The CMC value obtained 7.5 upto S mM for ionic
strengths of 8.82 X 10 t0 18.38 X 10 respectively. Itis
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changes in Figures 4and 3 arise upon the interaction of
SDS and HI with and without the presence of NaCl at
identical ionic strengths respectively.

The Figures (3 and 4) show the large effect of SDS on
Hl structure especially in the presence of NaCl. It is
important to note, that at a similar ionic strength (I =
10.73 x 10) the spectralchanges are highly intensified
again.

_ The binding isotherms (The number, g, of SDSions
bound per protein molecule as a function of the
logarithm of the free SDS concentration), [S;] for SDS
on histone Hl as a function of ionic strengths in
phosphate buffer, pH 6.4 and 27 °C are shown in figure

- 5. These binding isotherms show a dependence onionic

strengths suggesting the initial interaction of SDS is
ionic, subsequent binding being hydrophobicandnon-

©specific except for’S mM concentration of phosphate

~buffer (I =

10.73 x 10™*) which does not show a

- hydrophobic binding region (f ig. 5a) [18].

The calculation of the Gibbs energies of binding

- which can be applied to the entire binding isotherm is

based on the Wyman binding potential concept {19].
The binding potential is calculated from the areaunder

- the binding isotherm according to.the equation:

- important to note that the concentrationsof SDSwhich

~were used were below the CMC.
Results and Discussion

- Figure 1 indicates the effects of ionicstrength caused
" by phosphate ions on the absorption spectra (A, =

- 225 nm) of different concentrations of Hl at pH 6.4,

27 C. A distinct variation was observed in H1at0.025%
~ concentration in 5 mM phosphate buffer at the ionic
strength. of 10.73° x 107, Progressive variations
occurred with increasing HI concentrations especially
atanionic strength of 10.73 X" 10™.

vi _
a=r1[." GidLals) o
anditisrelated to an apparent binding constant KM,p
follows:

m=RTLn(1+ Ky, (ST 2)

The values of K, ; were determined by application of

app -

: - equations (1)and (2) are used todetermine the value of
AGg {20}

 [SDS]rotu

AG,p
0

7 AGp

)

RT

G LnK,,
Fxgures 6 and 7 show AG and AGy as a function of
and ¥ at varlous ionic strengths in

phosphate buffer pH 6.4 and 27 C These suggest the

interaction of SDS and Hl at an ionic strength equal to

10.73 % 107, being the more ionicinteraction than the -

‘ other ionic strengths. The valuesof - AG at b = 10are

~ Figure 2 shows the effects of sodium chlorideonthe -

absorption spectra for different concentrations of Hl
which are intensified at the variation point (I =10.73 X
10 Thisfprobablysuggests thatachargeeffect, dueto
the -influence of sodium chloride changes the confor-
‘mational stability of Hl molécule. The absorbance

equal to 240, 230, 215, 195 Kj mol " forSmM(I 10.73

% 10%),3.75mM (1=8.82 X 107)6.25mM (I = 12.64 X

254

10*) and 7.5 mM (I = 14.55 X 107) respectively.
Fig.8shows the cooperative binding isotherms ationic

strength of 10.73 % 107 with and without the presence

of NaClin phosphate buffer pH 6.4, 27°C. Binding
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Figure 1- The effect of ionic strength caused by phosphate ionson the
absorption spectra ( O D max = 225nm) of different concentrations
(W/V ) of Hlat pH 6.4.
a) 0.005% b) 0.0075% ¢) 0.01% d)0.0125% ¢) 0.015% £)0.0175% g)
0.02% h})0.025% i) 0.03% j) 0.035% k) 0.05%

isotherms in the presence of NaCl are shifted to
lower concentrations of free SDS and have a higher
binding affinity including some hydrophobic interac-
tion.

Fig 7bshowsthe comparisonof free energy change of
interaction of SDS and HIl with and without the
presence of NaCl.

Figures 9, 10 and 11 showthe analysisof binding data
which were used in terms of the Scatchard and Hill
equations [21- 22].

v

(Si)
Where [S;] is the free SDS concentration, K is the
binding association constant and n, the number of
independent binding site in the Scatchard equation. If
this equation is followed by a plot of —B_ s,

(S

=K(n-v) 4

v
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Figure 2- The effect of identical ionic strength caused by phosphate
and NaCl ions on the absorption spectra (OD max = 225 nm) of
different concentrations (W/V %) of Hl at pH 6.4

2)0.005% b)0.0075% ¢) 0.01% 4)0.0125% €)0.0125%)C.015% g}
0.0175% h) 0.02%

should be linear withaslope of Kand anintercept when
v
=Q0ofn.

(S

Fig. 9b shows the Scatchard plots are linear at lower
values of  (i.e. the specific binding region and the
intercepts of the x-axis (n) are 20 and 30 for interaction
with and without the presence of NaCl respectively.
Inspite of normal binding isotherm in the presence of
NaCl which are given in Fig. 8, the Scatchard plot has
an unusual shape. In fact there is no theoretical model
which would give Scatchard plots with minima as
shown in Fig. 9b, except perhaps a combination of
negatively cooperative binding sites and a set of
positively cooperative binding sites with binding con-
stants differing by perhaps severalordersof magnitude.
Fig. 9a shows the Scatchard plots in the highly
cooperative. Fig. 10 and 11 show an analysis of the
binding data in terms of the Hill equation:
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Figure 4- The effectof SDS on Hl at various ionic strength caused by
phesphate and NaCl ions at constant concentration of Hl (0.01%
WiV}

a) 1.0mM, SDSb) 0.9mM, SDS¢) 0.8 mM, SDS d) 0.7 mM, SDS e)
0.6 mM, SDS £) 0.5 mM, SDS g) 0.4 mM, SDS

Figure 5- Binding isotherms for SDS on the interaction with Hi at
phosphate buffer, pH 6.4 and 27°C

a) 3.75 mM phosphate (I = 8.82 x 10%)

b} 5 mM phosphate (I = 10.73 x 10)

¢).6.25 mM phosphate (I = 12.64 x 10%)

d) 7.5 mM phosphate (I = 14.55 x 107)
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Figure 6- Apparent Gibbs energy change as a function of final
concentration of SDS

a)3.75 mM phosphate  b) 5 mM phosphate
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Figure 8- Binding isotherms for SDS on the interaction with Hlat I =
10.73 x 10°
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Figure 7- Apparent Gibbs energy change per SDS bound (AGv) as
a function of .

a} @, 3.75 mM phosphate; 0, 6.25 mM phosphate; x, 7.5 mM
phosphate

b) 0, 5 mM phosphate (I=10.73 x 10°); ®,1 =10 73 x 10 *causedby
phosphate and NaCl ions

Ny

1+ (K[

where g is the maximum value of &, nythe Hill
coefficient (a measure of the cooperativity of the
interaction) and K the mean binding constant.

In order to fit the data to the Hillequation, a value of
g is equal to 100 which are based on the binding of 1.4
2% of protein(23).The determination of K and nyfrom
Hill plots based on the linear form of equation (5):

Log ( ”5——) =ny Log [S]] + ny Log K (6)

Fig. 12 shows the ngHill cooperativity coeffientsas a
function of phosphte buffer concentrations without the
presence of NaCl, indicating negative cooperativity
(Ny< 1) at 5 mM phosphate buffer (I = 10.75 x 10%),
nevertheless, other ionic strengths are positively
cooperative (ny> 1).

Fig. 11 shows biphasic Hill plots for the interaction of
SDS and HI at the presence of NaCl, indicating a two
step interaction, specific and cooperative binding. Atd
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Figure 9- Scatchard plots for SDS on interaction with Hi at 27°Cand
pH6.4.

a)®, 3.75mM phosphate (I = 8.82 x 10-%); 0,6.25mM phosphate (1
= 12.64 x 10); x, 7.5 mM phosphate (I = 14.55 x 10

b) O,5 mM phosphate (I =10.73 X 10); @,1= 10.73 X 10 caused by
phosphate and NaCl ions

Figure 10- Hill plots for SDS on interaction with Hl at phosphase
buffer, pH 6.4 and 27°C. g = 100
a)5mM b)3.75mM ¢)6.25mM  d)7.5mM

Log [SDS]krec 258
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Figure 11- Biphasic Hill plot for SDS on interaction with Hl in the
presence of NaCl (I = 10.73 X 10"} at pH6.4and 27 C. g = 100

-4

< 30 and b > 30 the interactions are specific and
cooperative respectively, which are confirmed by the
Scatchard plots (Fig 9b).

Moosavi-Movahedi and Razeghifard

Vol. 1, No.4

Summer, 1990
1.6
14 |
ny

1.2 |
1.0
0.8 -
0.6 i { i 1 1

2.5 5 7.5

[Phosphate] mM

The free energy for b = 30isequalto-610or AGys

20.3 KJ mol™ as the boundary between the specificand
cooperative region. The numbers of binding sites for

interaction of SDS and HI with and without NaCl are

equal to 30 and 20 which are shown in Figure9b. Fig.11
indicates the cooperativity occurs at b > 30 in the
presence of NaCl, But cooperativity is not observed
without the presence of NaCl (Fig 10).

Finally, we can propose that the smaller ions with a
higher charge desity causing difference in electrostatic
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Figare 12- Hill coefficents as a function of various concentration of
phosphate buffer.

and hydrophobic interactions. The charge density
probably affects the water of solvation and solute
stablization. These observations confirm that charge
density is a very important factor in the interaction of
protein - protein and protein - surfactant complexes.
The state of charge at a concentration of S mM (I=
10.75 x 10*') indicates unshielding which compactsthe
structure of HI. Hl- Hlinteraction may be intensifiedin
this case. The results lead to the belief that the presence
of charge density cause additional forces in the mac~
romolecule structure.
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