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Interaction of sanguinarine with double stranded RNA structures 
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Interaction of sanguinarine with A-form RNA structures of poly(rI)poly(rC) and poly(rA).poly(rU) has been studied by 
spectrophotometric, spectrofluorimetric, UV melting profiles, circular dichroism and viscometric analysis. The binding of 
sanguinarine to A-form duplex RNA structures is characterised by the typical bathochromic and hypochromic effects in the 
absorption spectrum, increasing steady state fluorescence intensity, an increase in fluorescence quantum yield of 
sanguinarine, an increase in fluorescence polarization anisotropy, an increase of thermal transition temperature, an increase 
in the contour length of sonicated rod-like RNA structure and perturbation in circular dichroic spectrum. Scatchard analysis 
incJ.icates that sanguinarine binds to each polymer in a non-cooperative manner. Comparative binding parameters determined 
from absorbance titration by Scatchard analysis, employing the excluded site model, indicate a higher binding affinity of 
sanguinarine to poly(rI).poly(rC) structure than to poly(rA).poly(rU) structure. On the basis of these observations, it is 
~oncluded that the alkaloid binds to both the RNA structures by a mechanism of intercalation. 

Interaction of naturally occurring and synthetic 
biologically active organic compounds with nucleic 
acid structures are an active area of research. One 
important class of these compounds binds to DNA by 
a mechanism of intercalation. Such compounds are 
important tools in molecular biology, and some are 
used for the treatment of cancer in man 1 ,2. Although 
there have been a few detailed studies on RNA 
binding mode of organic compounds3

-
"

, very little is 
known about how alkaloid interacts with various 
structures of RNA. Because of the serious human 
diseases are caused by RNA viruses, such as HIV and 
Hemmoragic fever viruses such as dengue, west nile 
and ebola l2

, attempts have been made to design drugs 
. h . 12-14 agalllst t ese vIruses . 

Sanguinarine (Fig. 1), a naturally occurring 
benzophenanthridine plant alkaloid has been the focus 
of recent attention from the standpoint of its diverse 
biological, DNA binding and photophysical 
properties 15-32. It exhibits excellent antimicrobial, 
antiplaque, antitubulin and antitumour activities I6

-
2o

. 

At the same time, the alkaloid is photo toxic and 
produces hydrogen peroxide and singlet oxygen2I

,22. 

We have demonstrated that sanguinarine iminium 
form binds to B-form duplex DNA by the mechanism 
of intercalation with a high preference to GC base 
pairs24

-
32

, while the sanguinarine alkonalamine form 
does not bind to DNA31

. The mode, mechanism and 
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Fig. I-Chemical structure of sanguinarine 

specificity of binding of sanguinarine to DNA 
structures is now clearly esta.blished, but its 
interactions with RNA structures have been still 
unexplored. In this paper we have elucidated various 
spectroscopic and hydrodynamic aspects of 
sanguinarine-RNA interactions. 

Materials and Methods 
Sanguinarine chloride was purchased from Aldrich 

Chemical Co., Milwaukee, WI, USA, and was used 
after checking its purity by thin layer chromatography 
and melting point determination and characterizing by 
mass and NMR spectrum. The alkaloid solution was 
freshly prepared by dissolving appropriate amounts in 
acidic buffer and the concentration was obtained 
spectrophotometrically using a molar extinction 
coefficient (E) of 30,700 M1cm- 1 at 327 nm in 0.1 N 
HC133

. The alkaloid obeyed Beer's law in the 
concentration range used. 

The RNA polymers poly(rI).poly(rC) and 
poly(rA).poly(rU) were purchased from Sigma 
Chemical Co., St. Louis, MO, USA. Each duplex 
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polynucleotide was sonicated in a Labsonic 2000 
sonicator (B. Braun Swiss) by using a needle probe of 
4 mm diameter. After sonication, the polymer was 
extensively dialyzed under sterile conditions. The 
average length of sonicated polynucleotide was found 
to be 280±40 base pairs determined from viscometric 
measurements as described by Maiti et al. 24 Their 
nativeness and purity were tested by using UV 
spectral characteristics, circular dichroic and Tm 
analysis25 . Their concentrations in terms of nucleotide 
phosphate were estimated spectrophotometrically34.35 
using known molar extinction coefficients (E) 5300 
M'cm-' at 264 nm for poly(rI).poly(rC) and 7140 
M'cm-' at 260 nm for poly(rA).poly(rU). Binding 
experiments were performed in citrate-phosphate­
EDT A (CPE) buffer (4.254 mM citric acid 
monohydrate, 9.75 mM Na2HP04 anhydrous purified, 
0.25 mM EDTA, pH 5.2±0.01).Deionized triple 
distilled water and analytical grade reagents were 
used throughout spectrophotometric study. 

Absorption spectral studies were performed on a 
Shimadzu UV-260 spectrophotometer (Shimadzu 
Corporation, Japan) in matched quartz cells of 1 cm 
path length as described earlier32.36.37. The decrease in 
absorbance at 327 nm of sanguinarine on binding to 
RNA polymers was used to calculate the equilibrium 
concentrations of free and bound alkaloid. Binding 
data were cast into the form of Scatchard ploes of r/Cf 

versus r, where r is the number of alkaloid molecules 
bound per mole of nucleotide and Cf is the molar 
concentration of the free alkaloid. The data were fitted 
to a theoretical curve, which is drawn according to the 
excluded site model39 developed by Mc Ghee and von 
Hippel4o. 

~=K'(l-nr) (I-nr) [ j
<n-'l 

er {l- (n -1)r} 
... (1) 

where K' is the binding constant to an isolated RNA 
binding site and n is the exclusion parameters in 
nucleotides. To analyze the binding data the 
programme SCATPLOT, Version 1.24' was used 
which works on an algorithm as described in Nandy et 
al. 42 to determine the best fit parameters for a 
nonlinear noncooperative ligand binding system. 

Thermal melting study 
Melting profiles were also recorded on the 

Shimadzu UV-260 unit equipped with a temperature 
programmer (KPC-5) and controller (SPR-5) in 

stoppered quartz cells of 1 cm path length, monitoring 
the absorbance change at each maximum of RNA 
polymers. The thermal transition temperature, Tm 
was determined from the first derivative plots of the 
transition profiles. 

SpectroJluorimetric study 
Fluorescence measurements were recorded at 22°C 

on a Hitachi-F-4010 spectrofluorimeter (Hitachi Ltd., 
Tokyo, Japan) equipped with a thermoelectric 
temperature controller model EYELA UNICOOL 
UC-55 (Tokyo Rika Kikai Co. Ltd., Tokyo, Japan). 
Measurements were made in fluorescence free quartz 
cells of 1 cm path length as described Nandi et a1. 36

. 

Uncorrected fluorescence spectra are reported. 
Quantum yields were calculated as described23. 

Fluorescence polarisation anisotropy measurements 
were carried out as described by Larsson et al.43 

using: 

A = (Ivv - IvHG)I(Ivv + 2 IVH G) ... (2) 

where G is the ratio IHvllHH used for instrumental 
correction. Ivv, IVH' IHV and IHH represent the 
fluorescence signal for excitation and emission with 
the polarizer set at (0°, 0°), (0°, 90°), (90°, 0°) and 
(90°, 90°) respectively. 

Spectropolarimetric study 
Circular dichroism (CD) spectra were recorded on a 

JASCO J-720 CD spectropolarimeter attached with a 
temperature controller and thermal programmer 
model PTC-343 interfaced with a COMPAQ PC-486 
in a rectangular quartz cuvette of 1 cm path length as 
reported earlier36.37 . Spectral measurements were 
carried out at 20°C and the reported CD spectra were 
averages of four scans. The ellipticities were 
expressed in terms of per nucleotide phosphate and 
the molar ellipticity (8) was expressed In 

deg.cm2.dmor'. 

Results 
Absorption spectral analysis of the sanguinarine-RNA 
complex 

The absorption spectrum of sanguinarine iminium 
form (Fig. 2) shows three peaks at 327, 340 and 475 
nm respectively, with a kink at 351 nm in 20 mM 

CPE buffer at 20°e. The effect of increasing the 
concentration of A-form RNA duplexes on the 
absorption spectrum of sanguinarine shows 
hypochromism and bathochromism in these bands 
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until saturation was reached in each case. The 
observed spectral changes are illustrated in Fig. 2A 
and B respectively. Three clear isosbestic points are 
observed at 303, 365 and 498 nm respectively and are 
indicative of equilibrium between bound and fr~ 
alkaloid molecules. 

Evaluation of binding parameters 
The Scatchard plots derived from equilibrium 

concentrations of free and bound alkaloid in all A­
form RNAs were concave upwards and represent 
more than one type of binding mode. Since we found 
no sign of sigmoidal behaviour for the occurrence of 
cooperativity in our system, we adopted the neighbour 
exclusion modeI39

,40 for noncooperative binding 
phenomena to fit our experimental data. We have also 
found that such a model adequately fits the data 
within the regions of Scatchard plot corresponding to 
the range 30% (lower) to 95% (upper) of each 
polynucleotide bound alkaloid. Representative 
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Fig. 2-Representative absorption spectrum of sanguinarine (9.36 
iJ.M, curve I) treated with (A) 9.86, 19.7, 29 .6, 39.4, 49.3, 59.2, 
78.9 and 98.6 iJ.M of poly(r1).poly(rC) (curves 2-9) and (B) 9.86, 
19.7, 29.6, 39.4, 59.0, 78.5 , 98.6 and 118.0 iJ.M of 
poly(rA).poly(rU) (curves 2-9) respecti vely in 20 mM CPE buffer 
pH 5.2 at 20°C 

binding isotherms for A-form RNAs are illustrated in 
Fig. 3. The quantitative binding parameters presented 
on Table 1 indicate that the value of Kt for 
poly(rI).poly(rC) is higher than that of 
poly(rA).poly(rU) structure. 

Fluorescence spectral analysis of the sanguinarine­
RNA complex 

The characteristic steady-state emission spectrum 
of sanguinarine iminium form in the region 500 to 
650 nm has an emission maximum at 577 nm when 
excited at 475 nm. A progressive enhancement of the 
steady state fluorescence of sanguinarine with 
increasing concentrations of double stranded A-form 
RNAs was observed (Fig. 4A and B). The relative 
quantum yield data (<1>/<1>0) calculated for each 
sanguinarine-RNA complex at a fixed P/D ratio are 
presented in Table 2. The data indicate that 
enhancement in quantum yield value upon interaction 
with RNA structures. 

Fluorescence anisotropy or polarization 
measurements reveal the time-average rotational 
motion of fluorescent molecules. When the 
benzophenanthrene chromophore of sanguinarine 
intercalates into the RNA helix, its rotational motion 

Table I-Binding parameters for the interaction of sanguinarine 
with RNA structures 

[Data represent average of five determinations each] 

RNA K'x IO'SCM') n 

Poly(rI).Poly(rC) 9.42 ± 0.5 3.25±0.12 

Poly(rA) .Poly(rU) 5.16±0.4 3.12±0.1l 
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Fig. 3-Representative Scatchard plots of sanguinarine binding to 
poly(rT) .poly(rC) (6-6) and poly( rA) .poly( rU) (0 - 0 ) in 20 
mM CPE buffer pH 5.2 at 20°C. [K ' and n values are presented in 
Table 1] 
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IS restricted and hence fluorescence from bound 
chromophore is polarized. The fluorescence from 
sanguinarine iminium form in solution is weakly 
polarized (the value is 0.0332), owing to the rapid 
tumbling motion of the chromophore in the aqueous 
medium. The values of anisotropy (A) were evaluated 
from equation (2) at a particular PlO ratio and are 
listed in Table 2. The data show a large increase of 
polarization which indicate restricted orientation of 
planar aromatic ring of the alkaloid and larger 
anisotropy suggests better orientation to the binding 
site. This is possible if the alkaloid is intercalated in 
the nucleic acid helix. 

Circular dichroic spectral analysis of sanguinarine­
RNA complex 

RNA polymers used showed their respective 
characteristic dichroic features under the experimental 
conditions and matched with existing reports44

-
46

. The 
effects of increasing concentrations of sanguinarine 
on the CD spectrum RNA structure are shown in 
Fig. SA and Fig. SB respectively. Increase in the 
positive ellipticity of both the RNA structures upon 
interaction with sanguinarine was observed. 
Poly(rI).poly(rC) structure exhibited only one 
isodichroic point at 210 nm (Fig. SA), while 
poly(rA).poly(rU) structure showed three isodichroic 
point at 238, 2S0 and 302 nm respectively (Fig. SB). 
Extrinsic CD band at 340 nm appeared in both the 
double-stranded RNA structures. 
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Fig. 4-Representative steady state fluorescence emiSSIOn 
spectrum of sanguinarine (9.26 IlM, curve I) treated wiMl (A), 9.2 
to 204 IlM of poly(rl).poly(rC) (curves 2-23) and (B) 9.2 to 187 
IlM of poly(rA).poly(rU) (curves 2-19), respectively in 20 mM 
CPE buffer pH 5.2 at 20°C [Arrow indicates the addition of 
increasing concentration of RNA . The excitation was fixed at 475 
nm. The excitation and emission band passes were 1.5 and 20 nm 
respectively] 

Thermal stabilization of sanguinarine-RNA complex 
Further evidence to the strong interaction of the 

alkaloid to double stranded RNA is obtained from the 
measurement of the thermal denaturation temperature 
of the RNA in presence of the alkaloid . The thermal 
melting profiles (data not shown) show enhancement 
of thermal melting stability of the alkaloid. The Tm 
value was determined from the first derivative of each 

Table 2-Binding data for the sanguinarine complexation with the 
RNAs obtained from relative quantum yield values, fluorescence 

polarization anisotropy values and thermal melting analysis 

[Data presented from 5 determination in each case. "Relative 
quantum yield and fluorescence polarization anisotropy monitored 
at PlO = 8.0. The molecular weight of the sonicated RNA is in the 
range 2 - 2.5x105 dalton. Average anisotropy for the free alkaloid 
is (3.32 ± 0.02)xlO·3; bb.Tm is the [Tm of bound - Tm of native 
RNA]. Tm of poly(rl).poly(rC) and poly(rA).poly(rU) and 37.5 
and 41°C respectively in 20 mM CPE buffer, pH 5.2. Melting 
studies in presence of sanguinarine were performed for a DIP ratio 
of 0.2 in both the cases I 

RNA <1>/<1>33 Aa 
Poly(rl).Poly(rC) 3.6 ± 0.3 0.17 ± 0.02 

Poly(rA).Poly(rU) 4.5 ± 0.3 0.15 ± 0.02 
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Fig. 5-Representative CD spectrum resulting from the 
interaction of (A) poly(rI).poly(rC) (38.5 IlM, curve I) treated 
with 1.14,2.2,3.4,4.46,5.8 and 7.25 IlM of sanguinarine (curves 
2-7); and (B) poly(rA).poly(rU) (42.7 IlM, curve I) treated with 
1.78, 3.85,9.0, 14.1 , 19.3 and 24.5 IlM of sanguinarine (curves 2-
7) in 20 mM CPE buffer pH 5.2 at 20°C [The expressed molar 
e llipticity is based on the RNA concentration] 
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melting profile (data not shown). Melting profiles 
indicate a cooperative melting transItIOn with 
percentage hyperchromicity changes within the 
normal range of A-form RNA at pH 5.2. At saturation 
(D/P-0.2) the Tm's of the A-form poly(rI).poly(rC) 
and of poly(rA).poly(rU) were increased by 13.5° and 
16.SoC respectively (Table 2). It was observed that 
melting profile of each polymer was identical for a 
heating rate of either l.0 or O.s oC indicating that 
enough time was allowed for thermal equilibration. 

Hydrodynamic properties of sanguinarine-RNA 
complex 

The effect of sanguinarine on the viscosity of linear 
RNA duplexes is reflected by the ULo versus r plots 
(Fig. 6) which show rise in LILo values with 
increasing r. The ~ values evaluated from the slopes 
of plots of Fig. 6 are presented in Table 3. Extent of 
length enhancement of RNA duplexes upon binding 
of sanguinarine was estimated with respect to a 
standard value (~ = 2 corresponds to a length 
enhancement of 0.34 nm) and are presented in 
Table 3. The percent length enhancement is greater in 
the complex formation with poly(rI) .poly(rC) 
structure compared to poly(rA).poly(rU) structure. 
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Fig. 6-Plot of increase in helix contour length (ULo) versus r for 
the complexation of (A), poly(rI).poly(rC); and (B), 
poly(rA).poly(rU) with sanguinarine in 20 mM CPE buffer pH 5.2 
at 20°C. [The theoretical line ( - - - -) represents a slope (13) of 2 
predicted for perfect monofunctional intercalator) 

Discussion 
The spectroscopic aspects of sanguinarine-RNA 

complexation show the following quantitative 
behaviours - the hypochromism and bathochromism 
of alkaloid absorption spectra, increase in 
fluorescence quantum yield and polarization 
anisotropy, perturbation to CD spectra in analogy 
with earlier reports8

-
IO. The quantitative data of 

binding are higher than those reported for ethidium­
RNA interaction. Several drugs like ethidium, 
propidium, DAPI (4/6-Diamidino-2-phenylindole) 
have been shown to intercalate with RNA 
duplexeslO,1I and models for RNA binding models 
relative to DNA have been proposed, The major and 
minor grooves of A-form RNA duplexes, however, 
differ very significantly from those of B-form DNA 4,8 . 

The grooves in RNA have distinctive steric and 
chemical characteristics, different relative molecular 
electrostatic potentials4

,44-46, The minor groove in the 
A-form family is shallow and wide, while the major 
groove is narrow and deep relative to the 
corresponding DNA grooves. Additionally the unique 
structural folds present in RNA but not in DNA offer 
the possibility of much higher recognition specificity 
by small molecules than that ofDNA8

, 

It is known that intercalation of many ligands 
between neighbouring base pairs changes the 
secondary structure of nucleic acid and causes an 
increase in thermal stability of the duplexes 1.2. There 
are various factors that contribute to the stabilizing 
ability of the ligand on the duplex helical structures. 
There are: (i), molecular shape of the complex; (ii), 
van der Waals interaction between ligand with base 
pairs; (iii), the formation of H-bonded structure by the 
ligand with base pairs or to the groove of the helix. 

The thermal denaturation studies showed that 
sanguinarine enhanced Tm of poly(rI).poly(rC) and 
poly(rA).poly(rU). Further, the cooperativity of the 

Table 3-Viscometric properties of the binding of sanguinarine 
with RNA structures 

[Data presented from 5 determination in each case. "Length 
enhancement per intercalation site, L = 0.34 nm corresponds to 
the standard value of 13 is 2 (Lerman 1961); bpercent heli x length 
enhancement at rmax of each polymer (Lp %). Relative length 
enhancement !1ULo is given by !1ULo = f3r and hence, Lp is 
calculated from (Mmaxf!1Lo) x 100 = (f3rmax) x 100) 

RNA 13 L(nm)" Lp(%)b 

Poly(rI) .Poly(rC) 1.37 ± 0.02 0.23 ± 0.005 19.2 

Poly(rA) .Poly(rU) 1.20 ± 0.015 0.20 ± 0.002 14.0 
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melting transition of RNA was unaffected in presence 
of the alkaloid but a larger hypochromicity of the 
RNA-sanguinarine complexes as compared to RNA 
alone was observed, which indicated a contribution of 
the liberated sanguinarine to the overall absorbance at 
260 nm. The value of ~Tm (Tm of complex-Tm of 
native RNA) was dependent on the DIP ratio. Table 2 
illustrated the values of ~Tm at DIP of 0.2 for each 
complex. The results indicated that the alkaloid 
stabilized poly(rA).poly(rC) more as compared to 
poly(rI).poly(rU) polymer. The extent of stabilization 
is well in the range of intercalators binding to 
poly(rA).poly(rU) studied by Tanious et al. 10 and 
Wilson et al. 11. Thermal denaturation study adds 
support to the spectroscopic data indicating 
intercalative binding mode. 

The viscometric technique is well established as a 
method for investigating the extension of the nucleic 
acid helix associated with intercalation 1.2. The slope ~ 
of the VLo versus r plot is a parameter related to the 
fractional increase in the contour length of the rod­
like RNA molecule induced by intercalative agents. 
The intercalation model given by Lerman47 requires 
that the helix should be extended by an amount equal 
to the thickness of an alkaloid molecule (0.34 nm) for 
each intercalation event. So it is reasonable to assume 
that each intercalated alkaloid molecule makes a 
contribution of a 0.34 nm to the RNA contour length, 
equivalent to 0.28 nm for the distance between two 
base pairs of RNA 10.45.46. Generation of an 
intercalation site in the A-form of RNA structures is 
quite straight forward and the geometry of the site is 
similar to DNA intercalation sites 10. 

Present data show that the ~ values and calculated 
values for helix extension per bound alkaloid 
(Table 3) for each complex lie well within the range 
of values (i.e., 0.15 to 0.37 nm) reported for other 
intercalating ligands 11, indicating that sanguinarine 
binds to these polymers by a mechanism of 
intercalation. However, recently we have 
demonstrated that sanguinarine binds to 
poly(rG).poly(rC) structure in a nonintercalative 
mechanism under identical experimental conditions48

. 
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