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The intcraction of sanguinarinc wi th ri ght-handcd (l3-form), left-handcd (Z- form) and left-handcd (J-IL- form) structures 
of poly(dG-dC) .poly(dG-dC) has bc'cn investigated by measuring thc circu lar dichroism (CD) and UV-absorvtion spec tral 
anJ lysis. Sanguinarinc binds strongly to thc l3-fol'ln 0 A Jnd does not bind to Z-form or J-IL-form, bu t it convc rts the Z­
form and thc J-I L- form back to the bound ri ght hJndcd form as evidenccd from CD spectroscopy. Sanguinarine inhibits thc 
rate of 13 to Z tran sition undcr ion ic conditions th at otherw isc favour the left-handed conformation of the poIYIlLH:lcotides. 
UV ~l bsorpti o n kinctic studi es show that the Z-form rcverses bJck to l3-forlll on binding to sangui narinc. B ind ing iso therms 
obtained fro m spcc troplmtomctri c da ta show that sangu inarinc binds strongly to the l3 - form polymer in a non-cooperativc 
manner. in slwrp con trast to the high ly cooperati vc intcrJc tion undcr Z- fol'ln and I-/L-fol'ln polynuclcotides. These studi es rc­
vca l th at the alternat ing GC scq ucnce undcrgocs defincd conrorm JtionJI changcs and interacts with sJnguinarine which Illay 
bc an important aspect in undcrstandin g it s cx tensivc biolog ica l ac ti viti es . 

It is known that B-fonn DNA can adopt a variety 
of unusual conformations depending on the nucl eotide 
sequence and environmental condi tions I. Of the 
unusua l structures so far known, perhaps, the most 
striking example is the Z-DNA, wh ich is al ert-handed 
du pl ex conformati on with Watson-Crick base pairs 
and can be generated in alternating purine-py rimidine 
seq uences under a variety of solution conditions2

.
5

. 

X-ray nys tal structure an alys is of oligonucleotide 
crystals has further confirmed the left- ha nded Z-form 
structu re(' . Although, a precise biologica l role of z­
ONA has not yet been unambi guously ident ified 7

, 

ev idence fo r the ex istence of Z-DNA ill \'il'o has been 
provideds.ll . Both right-handed B-form and left­
handed Z-form coex ist in p l a~ mids of Escherichia coli 
and, they have also been detected in chromosomes of 
Drosophila and in metaboli cally active mammalian 
ce ll s Ill. 

Protonation of DNA has been studied for several 
1'·1(, b I . I ' 1 tl . 'f' years - , ut las ga l nee cons lc era) e slgnl Icance 

from the observa tion of Chen 17 that a left-handed (Z­
I ike) conformat ion could be generated in poly(dG­
dC) .poly(dG-dC) at acid pH , From extens ive UV­
spectroscopy and CD studies , the author's labora tory 
has ad va nced a model of left-handed structure lS wi th 
the formation of Hoogsteen base pairing at low pH . It 
is yet another polymorphic fo rm of DNA and its name 
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has been coined as H L- fo rll1l ~, This model of H'--fonn 
DNA has recently been confi rmed by the FTIR 
studies of Tajmir-Raiahi and co-worke rs20 and by the 
Raman spectroscopic studies of Otto and co­
workers"I, The biological relevance of the protonali on 
induced conformational study of nucleic acids with 
respect to biologica l systems has al 0 been reportee! 
b 

')')·'14 
Y several authors-- - . 

The foc us of the prese nt study is the interac ti on of 
a bi olog ica ll y important be nzophenanthr idi ne plant 
al kal oid, sanguinari ne (Fi.g. I) wi th the three major 
polymorphic form of DN A, namely the righ t-handed 
B-form, the left-handed Z-form and the left handed 
HL-fonn of poly(dG-dC).poly(dG-dC) polymer. 
Sanguinarine is a planar phenanth rid ine fu see! 
aromatic ring system which is ex tensively di stributed 
in plant species and has di spl ayed excellent 
antimicrobial, antitubulin , anti plaque and antilumour 
act ivities25

.
28

. Using extensive uv-vrs spectroscopy, 
nuorescence spectroscopy, CD spectroscopy, N M R 
spectroscopy, thermal melting, viscometric and 
thennodynamic studi es, the author's laboratory has 

o 
Lo 

Fig. I-{:hcmical structure of sangui llar ine 
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demonstrated for the first time that sanouinarine 
(iminium form) binds to DNA by a mech~nism of 
inte.r~~~~tion . wi~h a high p~'e ference to GC base 
pails ,whde ItS alkanolamll1e form does not bind 
to B-form DNA's. The present study provides 
information on the natu(e of the conformational 
transition induced by this alkaloid in the three .... 
polymorph ic forms of DNA, B, Z and HL-form of 
poly(dG-dC).poly(dG-dC) in so lution. 

Materials and Methods 
Sanguinarine chloride was obtained from Aldrich 

(Milwaukee, WI , USA) and was used without further 
purification as no detectable impuriti es were observed 
by thin layer chromatography and proton-NMR 
pectroscopy. The solution of sanguinarine was 

freshly prepared each day and was always kept 
protected in dark to prevent any li ght induced 
changes. A molar extinction coefficient (E) 30,700 
MI cm-I at 327 nm in 0.1 N HCI was used for 
determining its concentrat ion'S_ No deviation from 
Beer's law was seen in the concentration ran<te <:> 

empl oyed in thi s study . 
Poly(dG-dC).poly(dG-dC), hereafter poly[d(G-C)), 

was a product of Sigma Chemical Co. (MO, USA ) 
and was used as such after checking its nativeness by 
UV and CD spect ral measurements. The 
concentration of the polymer was estimated 
spectrophotometrically by usin g a molar extinction 
coefficient of 8400 M-I cm-I at 254 nm'~AO. Citrate­
phosphate (CP) buffer containing 5 mM a2HPO~ 

was adjusted to the specified pH using citric acid 
following the method of Gomori~l. This buffer 
provided constant sodi um molarity of 10 mM. CP 
buffer. pH 5.2, was used for stud ies with the B-form 
and Z-form DNA structures and its interaction with 
sanguinarine. This is because sanguinarine persis ts 
fully as charged iminium form '(>.37 at thi s pH at 20°e. 
Formation of HL-fonn structure and its in terac tion 
with sanguinarine were performed at IODC in CP 
bufrer of pH 3.4. Analytica l grade reagents and glass 
distilled deioni zed water were used throughout. 

Spectmp!lOtolll et ric stlldy 

All UV-V IS absorbance stud ies were performed on 
a Shimadzu Model UV-260 au tomatic recordi no 
double-beam spectrophotometer (Shi mJdz~ 
Corporation, Japan) eq uipped wi th a 
thermoelectrically controlled cell holder using a 1 cm 
path length in a matched quartz cuvette as described 

. I 1') prev Ious y" . 

Circlllar dichroic (CD) stlldy 
CD measurements were carried out on a Jasco J-

720 spectropolarimeter (J ASCO International Co. 
Ltd ., Japan) equipped with a Jasco temperature 
controller, Model PTC-343 as described39.4o. 

Forlllation oJ2-JOI"/11 alld HL-JOnll 
The B to Z and B to HL transition were measured 

by absorption and CD spectroscopy. For B to Z 
transition potential , the poly[d(G-C)] polymer was 
treated with 40 ~M hexamine cobJlt ch loride under 
continuous stirring of the so lution as reported4

-
6

. 1'). An 
equ ilibrium time of 20 min was genera ll y allowed 
after initiating the conformational transition. The ratio 
of absorbance at 260 nm to that at 295 nm was used 
as a measure of the B to Z transition. The formation 
of HL-fonn from B-form was shown to occur by 
slowly adding thc polymer into 10 mM CP buffer, pH 
3.4 at 10DC under constant st irring_ Dry nitrogen gas 
was purged through the sample chamber to avoid 
mois ture condensation on the optical windows_ The 
transi tion from B to HL form fo llowed very fast 
"inet ics and was founel to be complete within a 
second. The hypochromicity change at 255 nm was 
generally about 23% during B to HL transition 
resulting in a characteristic UV spectrum for the HL_ 
form of poly[d(G-C)]. This result is in conformity 
with our earlier observation IS.19

. Duplex nature of the 
HL structure wa. also confirmed by Tm 
measurement29 

. .10 and the Tm value was found to be 
40.5De. The secondary structure of HL-form was 
further generated on a Pentium II computer using 
Chem-Window programme_ 

Spectrophotollletric titration stlldy 

The absorption spectra of the alkaloid mixed with 
or without the B, Z and HL-form D A structures were 
obtained using the same Shimadzu UV -260 
pectrophotometer fo llowing the method described 

earlierl9 _ The binding studies with the B- and Z-form 
DNAs were performed at 20°C, while that with the 
HL-form was done at 10°e. Sufficient stock of the 
polymer was added to the buffer in a I cm path length 
cuvette to yield a concentration of 40 ,uM. Successive 
aliquots from a stock solution of sanguinarine were 
added to the cuvette at 20 min interval s_ The amount 
of free (Cr) and bound sanguinarine (rb) was 
determined fo llowi ng the method described by 
Chaires et a/~2. The total alkaloid concentration CT 
and the amount of bound alkaloid (CB) were 
calculated using Em (bound) = 15,430 M-I cm-I and 
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£35) = 14,520 M·I cm- I
, at the iso bestic point for 

sanguinarine as described earlier. 

Results 
Characteristic oj 8, Z and HL-JOrJll 

The CD spectrum of the B-form poly[d(G-C)] is 
characterized by a positive band in the 275 nm ' 
followed by a large negative band in the 250 nm 
region. This CD spectrum undergoes large changes as 
the polymer switches from the right-handed B to 
either left-handed Watson-Crick base paired Z-form 
or to the left-handed Hoogsteen base paired HL-fonn. 
The Z-fonn CD spectrum generated presently under 
conditions of 40 11M hexamine cobalt chloride is in 
good agreement with that reported in the literature by 
previous workers4

.
6

_ In the B to HL transition, a weak 
negative band appears around 300 nm, followed by a 
broad posi tive ellipticity in the 250-280 nm region . 
The formation of Z-form and HI. form is shown in 
Fig. 2. These three polymorphic forms exhibit a single 
isoelliptic point at 277 nm, indicating a complete 
transition equi li brium of each form of the polymer. 
The computer generated complementary hydrogen­
bonded base pairs of B-form and HL-form poly [d(G­
C)] are depicted in Fig. 3A and B respectively. 
However, the hydrogen-bonded base pairs of Z-form 
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Fig. 2-CD spectra of 40.33 ~IM po ly [d(G-C)J of l3-form (curve 
I) in 10 mM CP buffer. pH 5.2. 20°C; Z-form (curve 2) in 10 mM 
CP buffer contain ing 40 ~IM hexamine coba lt chloride, pH 5.2. 
20°C and HL-form (c urve 3) in 10 mM CP buffer, pH 3.4, 10°C. 
Inset: UV spectra of 13-, Z- and HL_ forms of 14.0 ~IM poly [d(G­
C)] in identical buffer condili on as above. 

B 

5'-Phosphate 3'-Hydroxyl 

Fig. 3-A computer genera ted comp lementary hydrogen-bonded base pairs of the secondary structure of B-fonn (A) and HL-form (B) of 
the polymer poly [d(G-C)]. 
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poly [d(G-C)] could not be generated two­
dimensionally as it follows the zig-zag path of its 
phosphate backbone '. Fig. 3B clearly demonstrates 
the formation of secondary structure of HL-form with 
Hoogsteen base pairs at acidic pH which results from 
the protonation of the N7-!Josi ti on of guanine bases 
and subsequent sw ing to syn-conformati on from anti­
conformation (B-form) to share the proton with the 
N3 of cytosine in alternating GC polymer. 

CD spectral changes of B-forln, Z-/onn and HL-/onn 
DNA interaction lVith sanglfinarine 

The CD spectral changes associated with the 
interact ion of sangui narine with the B, Z and HL-form 
of poly[d(G-C)] are shown in Fi g. 4. Fig. 4A shows 
that on binding to sanguinarine, the CD spectrum of 
B-form structure remarkabl y perturbs producing 
pronou nced enhancement of the 275 nm long 
wavelength band ellipticity. The changes in the 250 
nm negative CD band were considerably less. An 
isoelliptic point was observed at 255 nm indicating an 
equilibrium in the binding process. Although 
sangu inarine is an optically inactive alkaloid, it 
acquires optical acti vi ty on binding to DNA. This is 
manifested by the CD spectral band arising out of the 
320-370 nm region wl~re sanguinarine has an 
absorbance band at around 327 nm. As the binding 
progresses, the ell ipticity of thi s band also increases 
and later, attains a saturati on at DIP of 0.38. The 
generat ion of thi s extrin sic band is due to assymetric 
arrangement of sanguinarine molecules on binding to 
DNA structure. The CD spectral change on binding of 
sanguinarine to Z-form poly [d(G-C)] structure is 
depicted in Fi g. 4B. The ellipticity of the 295 nm 
negati ve band decreases and crosses over to the 
positive side and increases in intensity as the 
concentration of the alkaloid increases. A saturation 
in the CD spectral changes was attained at a DIP of 
0.38 and the generation of ex trinsic CD band was also 
observed in the region 320-370 nm. At thi s point, the 
CD spectrulll lias fea tures identical to the 
sanguinarine bound B-form of the polymer (curve No. 
5 of Fig. 4A) indicating clearly that sanguinarine 
could convert the Z-form structure of poly[d(G-C)] to 
bound B-form structure. The effect of sanguinarine 
with HL-form of poly[dCG-C)] is depicted in Fig. 4C. 
The spectral changes, essentiall y show simil ar 
features as the Z-form of the polymer. At saturati on 
(DIP of 0.35), the CD spectral features of the 
sanguinarine bound polymer were similar to the 
bound B-form (curve No. 5 of Fig. 4A) but the 
ellipticity nature was a little lower. 

Effect of sanglfinarine on the kin etics of B to Z 
transition 

The kinetic experiments were performed 
spectrophotometrically monitoring the change in 
absorbance at 295 nm, which is generally considered 
to be a diagnostic feature of the B to Z transition. The 
variation of absorbance with time is shown in Fi g. 5. 
The reaction was initiated by adding poly[d(G-C)] to 
a buffer solution containing 40~M hexamine cobalt 
chloride in presence and absence of sanguinarine. At 
DIP of 0.28, complete inhibition of B to Z transition 
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Fig. 4-CD spectra resulting from the interac ti on o f 40.33 ~tM 

poly [(d(G-C)] in 13-. Z- a nd HL-forllls w ith sa nguinarine : (A) 
c urves ( I to 5) deno te the B-form polymer trea ted with 0, 4. 63, 

7.71, 10.77 and 15.34 ~tM of sang uin arine; (13) curves( 1 to 4) 
denote the Z-fonn polymer treated with O. 3.92, 7.83 and 15.60 

~IM of sanguinarine; (C) c urves ( I to 4) denote the HL- rorlll po ly­

mer tr..:a ted w ith O. 4.77, 9 .52 and 14 .25 ~IM o f sanguinari ne. 
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Fig. 5-Effect of sanguinarine on the k inetics of B to Z transition 
of 50.0 ~lM poly [d (G-C)) polymer in absence (curve I ) and in 
presence (curve 2) of 14.2 flM sanguinarine. The reaction was 
initiated by adding the polymer to the buffer containing with and 
without sanguinarine. The transition was interrupted by addition 
of 14.2 pM sanguinarine at the po ints indicated by the arrows. 

was observed as indicated in Fig. 5 (curve No.2). The 
reversa l of Z to B transition was interrupted by the 
addition of the same amount of alkaloid at time 
intervals as indicated by arrows (Fig. 5). The kinetics 
of B to HL transition followed a very fast kinetics 
which could not be monitored in the time scale of 
UV-VIS spectrophotometer. However, in a separate 
CD experiment, a complex of sanguinarine-B form 
poly[d(G-C)] was prepared and thi s was then 
transferred to CP buffer at pH 3.4. Under these 
ex peri mental conditions, formation of HL -form 
structure was not observed indicating that the alkaloid 
binds strongly to B-fonn structure and prevents its 
convers ion to the HL-form structure. 

Binding studies of sanguinarine lVith B-, Z- and HL_ 
fa rills 

To understand the nature of the conformational 
transitions, spectrophotometric binding studies of the 
alkaloid wi th the th ree forms was performed. The 
bind ing isotherms of sanguinarine on B-fonn, Z-fo rm 
and HL.-form of poly[d(G-C)] are shown in Fig. 6. 
Significant differences are observed between the two 
left-handed forms (Z- and HL-forms) in con trast to the 
results for B-form. The nature of binding isotherm for 
B-form DNA is indicative of a non-cooperative type 
of binding, while that of Z-form and HL-form DNA is 
cooperative. The results show that sanguinarine 
interacts with Z-fonn and HL-fonn DNA in a 
cooperat ive manner to convert both the polymorphic 
structures to bound B-form structures. 

Discussion 
The results presented here demonstrate that 

sanguinarine converts the left-handed Z-form and left­
handed HL-form of poly[d(G-C)] to the right-handed 
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Fig. 6--I3 inding iso therms for sanguinari ne on the interact ion 
w ith B-form (e - e ), Z-forlll (0- 0 ) and HL- fonn (+ - + ) of poly 
[d(G -C)j. 

bound B-form, in cond itions otherwise favouring the 
ex istence of Z- and HL-forms. The present data is 
restri cted only to the Z-form in 40 IlM hexamine 
cobalt ch loride. In fact, attempts have been made to 
perform simi lar kinetic and CD studies under 
conditions of 4.5 M NaCI and 1.0 M MgCl2, the other 
two ideal conditions favouring Z-form4

.
6. Since 

sanguinarine itself gets aggregated at those hi gh salt 
conditions, such studi es could not be performed 
unambiguously. Nevertheless, the studies with the Z­
form of poly[d(G-C)] generated with 40 IlM 
hexamine cobalt chlori de is sufficient to demonstrate 
and generalize the ability of sanguinari ne to induce Z 
to B transitions as [CO(NH,)6]3+ ion has shown to be 
the best stab il ization of Z-form, five order of more 
effective than [Na+] ions and four order of magnitude 
more effective than [Mg2+] ion respectivel / J

. 

CD spectra presented in Fig. 4 show the nature of 
the conformational transition assoc iated with the 
conversion of the Z- and HL-fonns to the bound B­
form in presence of the alkaloid. The spectral changes 
from Z- and HL-forms directly towards a 
characteristic right-handed B-fonn DNA-sanguinarine 
complex, is without any indica tion of intermediate 
structu res. Similar kind of CD spectral changes have 
been reported in the literature with other DNA 
intercalating ligands44

.45. Therefore, it is li kely that the 
binding site of sanguinarine is a right-handed 
intercalation site. Formation of alternate binding sites 
such as left-handed intercalation site is not required to 
explain the binding under the Z-forms structure. 
Although the complex may form Fia intercalation into 
left-handed DNA with subsequent change in 
handed ness of the intercalation site. Intercalators like 

I 'd' 46· . 0 45 d d . 44 I et 11 1 urn , actll1omycll1 an an nomycln lave 
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been shown to induce cooperative binding effects 
with left handed Z-form of poly[d(G-C)] . In case of 
the recently studied antibiotic, elsamicin, similar 
effects have been reported47

. Sanguinarine inhibits the 
rate of B to Z transiti on. Similar kinetic data fo r 
several intercalators has been reported by Mirau and 
Kearn48 who have suggested that the effectiveness of 
inhibition of B to Z transition of an intercalator is 
related to its binding kinetics rather than the binding 
constant. Earlier studies from the author's laboratory 
have revealed th at sanguinarine intercalates to B-form 
DNA and exhi bits a remarkably hi gh GC specificity 
in the binding29

.
38

. This affinity fo r GC specific B­
confo rmati on is practically responsible for effec ti vely 
inhi biting the B to Z transiti on in poly[d(G-C)] and 
inducing Z to B transiti on in thi s polymer. 

It has been clearly demonstrated that poly[d(G-C)] 
structure is also the ideal model fo r B to HL 
equilibrium transformati on (Fig. 2). In solution at pH 
3.4 at IO°C, the fo rmation of a characteri stic negati ve 
CD band around 300 nm in thi s polymer is considered 
to be the diagnostic feature for the isomeri zati on of 
the poly mer to the left-h anded HL-confo nnati on . 
These data are in conformity wi th the earlier 
observat ions'9 . Th is conformational isomerization 
under the inll uence of low p H ex hi bits an isoel liptic 
point with the B-form that indi cates that the two 
conformations of the polymers coexist under these 
experimental conditions. Further support to the Ieft­
handed type helical conforma ti on under the influence 
of low p H comes from the absorbance data, where 
hypochromic effect of the band around 280 nm and in 
isosbest ic point similar to the B to Z isomeriza ti on 
was observed. Agai n, computer generated secondary 
structure of HI.-form of poly [d(G-C)] clearly shows 
that it form s guanine-cytosine base pairi ng with 
double hydrogen bonds, while triple hydrogen bonds 
occurs in B-rorm structure. It has been found that in 
some biological systems, certain biological fu nctions 
are relatively favoured at low pH. A pH dependent 
en hancemen t or DNA binding by the ultra biothorax 
homeo domain has been studied by Li e( a l .22

. This 
report high li gh ts the rel evance of the protonation 
induced conformational study of nucleic acids wi th 
respect to biological systems. Robert-N icou rd e( a l .oj!) 

had found that the anti-Z-ONA antibody binding to 
the polytene chromosome isolated from the salivary 
gland of CllirollOlllllS llillllll/ii larvae is enhanced when 
o A is exposed to low pH as revealed from the 
dramati c increase in the immunorill(l rcscence 
intensi ti es of the left-handed DNA im l1 11"l ( ·~lllb ulin . 

A recent Raman spectroscopic study of low p H 
induced changes in DNA structure of polytene 
chromosomes has revealed that left handed DN A 
strueture50 is present at low pH . There are also many 
other reports that describe various cell processes at 
low pH conditions in several biological systems that 
draws considerable attention to pH regul ated gene 
express ion and related environmental influences over 
DNA topology and subsequent effect on selected gene 
ex pression24

.5o.51 . Thus, as DNA undergoes defined 
confo rmati onal changes under the influence of low 
pH, the ability of these conformati onal status to 
interact with sanguinarine may convey some specified 
meaning fo r its regul atory role leading to its 
usefulness as an anti-tumour agent. 
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