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ZNTERACTICN OF ERGOSINE AND ERGOSININE METHANESULPHONATES WITH
CALF THYMUS DECXYRTBONUCLEIC ACID IN VITRO
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Interaction of ergosine methanesulphonete (Em3) and ergosinine
methanesulphonate (Enm3) with double-sgtranded and denatured calf
thymus DNA wes studied under in vitro conditions.

Chenges in absorption spectra of hoth ergot alkaloid derivatives
after addition of DNA, together with the data of spactrophotome—
tric titrations of these substences with DNA and an incresse in
thermal DNA stability in the presence of thess compounds pointed
to the precigely determined reactipns. Intrinsic association con-
stants were 1.6x102 M~1 and 1.4x10° M-1, while the number of bin-
ding sites per 100 moles of nucleotides was 4 for both EmS and
Enm3. Heat denaturstion of DNA did not influence the sxtent of
binding of either ergot slkaloid derivative uased.

This interaction with either double- or mingle-strended DNA was
decreased at high jonic strength, low pH or in the prescnce of

8 M urea, suggesting that electrostatic interactions and hydrogen
bonds may be involved in the formetion of the complex.

Introguction
Many of the small molecules such as engyme substrates and inhibi-

f-‘ tors, as well as numerous physiologicslly and pharmacologically

active subgtances may interact in different ways with macromole-
cular cell componshts. Thege interections are of fundamentel im-
portance in biology, because bilological effects of some of thess
molecules can be correlated with their binding to mecromolecules,
especlally to nucleic acids.

Ergot elkaloids end many related compounds have been used for de-
cades es pharmecologically active agents. Recently published date
~f3/ concerning pharmacological effects of EmS (Fig. 1, graph 4)
ard Enm& (Pig. 1, graph B) suggest the possibility of their usege
in migraine treatment.

A number of authors /5, 8, 11/ have reported thet a related com-
pound, lygergic ecid diethylemide (L3D)}, causes chromosomsal
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PIG. 1 Structure of EmS
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needs further experimental
evidaence, the results sug-
gest the possibility thet
this substance may inter-
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H W 0 QH N act with some chromosomal
s, ,N components. SMYTIES end

E ﬁr“ ANTUN /16/, WAGNER /18/,

end YIELDING and STERNGLANZ

/19/ found connections bet-
ween the interasction of
this agent with DNA and birth deffects.
The investigations described in this paper have been performed
with the aim to shed more light on the mechanism of mction of EmS
and EnmS at the molecular level. Accordingly, purified DNA,
poly(U}, poly(a), sRNi and GMF have been examined for thelr ebili-
ty to bind these ergot alkeloid derivatives. On the basis of the-
ge results obtained by in vitro studies of interaciion of these
compounds with the native calf thymus DA, one could speculate
ebout the possibllities of side effects in the therapeutical
application of both lysergic and iso-lysergic acid derivatives.

)
{8) CHg

Material snd Methods

EmS and EnmS were & gift of "LEK" Pharmeceutical and Chemical In=-
dqustry, Lyublyamns Yugoslavia. Concentration of stock solutiong of
both EmS end FnmS, prepared in 0.01 M Ne-phosphate buffer, pl 6.1,
were 0.5x1072 M. They were determined on the basis of the molar
absorption in methsnol at 312 nm, according to SMITH and TIMNIS
/14/ end STALL et al. /17/.

Sodium galt of native calf thymus DNA (& "SIGMA" product) wag dis-
golved in 0.01 M Na-phosphate buffer, pH 6.1, to B concentration
of 1.7x10_3 M. To get @ homogeneous solution (o enable the use
of high DA concentrations without excessive viscosity /12/) it
wag three timeg passed through the G-25 injection needle. Diffe-
rent volumes of DNA sBolution were added to either EmS oy EnmS,
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the final concentration of either ergot alkeloid derivatives being
0.5210™% 1, total volume of experimentel mixture 10 ml.
Absorption gpectra were recorded from 290-360 nm at 25 OC. againat
corresponding ILNA solution.
Spectrophotometric titrations of both ergot alkaloid derivatives
with DNA were performed at 312 nm, using e combination of Beclman
DU monechremator end Gilford detection gystem. EmS or EnmS
O.5x10_4 M solutions were titrated with the graded DNA solutione
from 1.7x10'4 - 34.6x10_4 M. The date were further proceased es
suggested by BLAKE and PEACOCKE /3/. If the absorption of the free
alkaloid (tobtal concentration °t) is Dy, abaorption of totelly
bound alkeloid is D, . For a system with clear isosbestic point,
coefficient o is:

. B %

o D - D,
were D, represents absorption of alkaloid in the mixture.
Concentration of free, unbound alkaloid (cfiJ and mols of bound
alkal&i?cger mol of nucleotide (ri) are: Cps = {1 —gxi}-ct and

L= , where S is concentration of nueleotidea.
Binding parameters were obtained by the graphic method of SCAT-
CHARD /13/. In this way it wae possible to eslculate intrinsic
gagociation conatants, as well as the number of binding sites.
Thermal stability of DNA before and after ergot alkalold deriva-
tivea addition was determined messuring abscrption changes et

260 nm. Samples were heated in thermocuvettes connected to a ther-
mopregremmer, Gilford model 2527, at a constent rete of 1 2% per
minute. Reference golutions contained corresponding concentration
of ergot elkaloid derivative. Changes of ergot aslkalold derivative
abgorption were subtracted from these of INA-alkaloid derivative
mixture.

Pxamination of interaction of both Em3 and EnmS with denatured
DNA, a2 well as the influence of ionic strength of the medium on
thig process, were performed by determination of E}nding coeffi-
cient £y, defined by ARYA and YARG /1/, as: £, = -mc—.llc—n, or accor-
ding to BLAKE and PEACOCKE /3/: f, = g=, where f, represents a
fraction of alksloid bound per mole of nucleotide, Gy, concentra-
tiong of hound alkaloid, cy total alkalold concentration, and ¢y
concentration of nucleotides. These data were cobtained by spectro-
photometric titration at 312 mm. Denatured DNA was prepared hee-
ting DNA solution for 10 min et 100 °C and rapid cooling.




186 studia biophysica g5 {2083)

Resulis

Absorption apectra of pure EmS and EnmS dissolved in Q.01 M Na-
phogphate buffer, pH 6.1, together with the spectra of their mix-
tures with DNA and the specira of completely bound ligand to DHA
are presented in Fig. 2. From this figure it can be seen that the

solutions of pure ergot alkaloid derivetives displey one sbsorp-
tion maximum at 312 nm, which is decreased after sddition of DNA,
In the case of completely bound alkaloid, resclution of this mexi-
mum gccurs, and two maxime at 293 and 320 nm appear. Clear isca-
beatic pointa for the mixtures studied were at 350 and 345 nm for
EmS and EnmS, respectively.

3
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FIG. 2 Absorption spectrs of EmS {0.49x10~4 M, graph 4) and Enm3
{0.44x10=4 M, graph B) beforse (solid line) and affer (dashed line)
addition of DNA (3.36x10~% M), or after addition of 35.6x10~4 M
of DNA {dotted line)

Spectrophotometric ftitretions of both EmS and EnmS were performed

at 312 nm, because this wavelength corresponds to one of the cha-

racteristic abgorption maxims of ergot alkaloids and their deriva-
tives. DNA ebaorption et 312 mm, although low, was always subtrac
ted from the absorption of the mixture. The deta obtained for the

light absorption of both EmS end EmmS, in = defined concentration,
light absorption of tetally bound alkeloid end that of the mixtu-

reg of these compounds and DNA were used for SCATCHARD /13/ plot

enalysis of their interaction with DNA {Table 1). These results
are presented in Pig. 3.
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T4B. 1 Binding perameters of EwS and EnmS interaction with the
native cealf thymus DHA

Bindirg parameter EmS Enms3
i s _ 5 1
Intrinsic association (1.6&0.1}_‘(105 ™M 1 (1.4%0.1)x10° M
constant, K,
No. of binding s:nes per 0.04 0.04
mole of nucleotides, n

Standard free energy 30.14 kJM_l 29.72 kJ M-l
change (—500) * *
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~ PFIG. 3 SCATCHARD /13/ plot mnelysis of interaction of EmS {graph
4) end EnmS (graph B) with the native calf thymus DNA, T = moles
of alkeloid derivative bound per mol of nucleoctides. ¢ = concen-
tretion of unhound alkeloid.

From the deta presented in Fig. 3 snd Tab. 1, it can be concluded
that both EmS and FnmdS interact with the native calf thymug DNA
in a similar manner.

Fig. 4 repregents derivetive melting curves of DNA kefore and af-
ter addition of EmS (graph A} and EnmS {graph B). Mild stabilise-
tion of DINA double helical atructure in the presence of either
substance used can be seen., The degres of thims stabilisation wes
proportional to the amount of bound erget alkaleid derivative. The
differences of INA melting polnts (Tm) resulting from its inter-
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FIG. 4 Derivative thermal denaturation curves of DNA before and
after mddition of ergot alkaloid derivatives.

Graph & - Solid line ~ 0.86x107™4% M DNA; daeshed line - after addi-
tion of EmS (final concentration 0.5x10~% M); dotted line - after
addition of the Bsme compound to a final concentration of 1.1 x
107% M.

Greph B - The details ars the seme as given in caeption of greph A,
only EnmS wes used instesd of EmS.

TAB. 2 Effect of binding of EmS end EnmS to DNA on ita thermal
stability

Ratio EmS/DNA . m Ratio EnmS/DNA Tm
increase increase
0.58 0.9°C 0.58 0.5°C
1.28 Lok e 1.28 2.2°C

action with ergot slkaloid derivatives are given in Table 2.

The affects of ionic atrength (p) of the medium, of polynuclecti-
de structure, and presence of denaturing esgents, such as 8 I ures,
end very low pH, on the interaction of the compounds exemined are
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presented in Table 3. It cen be seen that the increasse of‘p gig-
nificantly decreases binding coefficients of both EmS and EnmS.
However, denaturastion of DNA did not affect this process, while

8 M ures, or low pH values, influenced partially decreesed infter-
aotion of both ergot alkaleid derivaetives with DNA as can he seen
from the binding ceefficients given in Table 3.

TaB., 3 Effect of iornic strength end denaturation of DNA on its
interaction with ergot alkelold derivatives

Polynuclectide P pH f‘f’;::: )T-l fl(’ﬁﬁ?ST:
DoubleD-If;randed 0.02 6.1 12 12
DoubleD l\;s‘:'::*anded 0.24 6.1 2 2
DNA I 88 urea 0702 ‘! ' ’
Heat ES::tured 0.02 6,1 14 13
lowerion i D02 24 ’ )

®Rinding coefficients (f.) were oa%culﬁted gocording to ARYA and
YANG /1/. Experimentsl ePror £1xz10° M-1.

The binding of EmS and EnmS to poly(U}, poly{a), yeast sRNA and
GMP was very low and in the renge of experimentsl error. This was
egtimated by considering their hypochromic effects. These wffaects
amount to about 0.5%, 1%, 5% snd 0% for polyl{a), poly(U), yeast
@RNA and GMP, respectively, while for INA or denatured INKA to 33%.

Digecugsion

Interaction of biolegically active molecules with nucleic acida
has been usually investigated in order to get 2 better insight in-
to the conformation which nucleic acids are capeble of adopting,
or to contribute to our knowledge of the mecharism of action of
bicactive moleculeg. Severasl classes of different compounds such
as dyes /10/, antibietics /12, 15/, carcinogenie hydrocerbons /2,
4, 7/, elkaloids /6, 20/, etc. bind to nucleic acids. They often
ghow the preference for perticular conformation and base apecifi-
city. However, only in a limited numbher of instances has the
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interaction of elksloids and their derivatives with DN4 been ine
vestigated. This prompted us to study the formation of a complex
with DMA of two aynthetic ergot alkaloids, EmS end EnmS, with pre-
sumed antimigrainic activity /9/.

The resulta obtained show thet native calf thymus DNA slters the
ebgorption spectra of both alkaleid derivatives used and intensi-
ty of absorption bands was decreased after mddition of DNA. These
results could be connected to earlier findings of other authors
who have studied the intersction of double-stranded DHA with acti-
nomycin /12, 15/ and chlexoguincne /6, 20/, as well as to analo-
gous intercalating of LSD with DNa /19/.

Different steric structure and the presence of the peptide part

of the molscule in comparison with the simpler lysergic acid deri-
vatives, led to different interaction of both EmS and EnmS with
DNA. Receptor sitea for these compounds ere much more specific
then in the case of diethylamide of lysergic acid {binding ratio
for the latter being 1 : 1 /13/). Different mode of intersctiop

of ergot alkasloid derivatives and DNA (double- or single-stranded)
in comparison with that of LSD or 2-Br-L3D might be the result of
the presence of carboxamide (peptidic -NH) groups in srgot alka-
loids.

The results obtained at high ionic strength, or in the presence

of 8 M urea, as well ms at low pH, support the idese thet alkaloid
derivatives studied request the oxygen of decxyrihose ring to in-
tersct with their peptidie -NH groups, forming hydrogen bonds, si-
miler to interaction of c¢cyclic peptides with INA /12/. Tow extent
of intersction of both EmS end EnmS with poly(4), poly(U), sR¥A
and GMP indicete that ribonucleosides are not capable of Torming
the complex with either ergot alkaloid derivetive used.

If we presume, in accordance with already known deta for LSD and
L8D=-25 f2/, that an intercaletion model is wvalid {which is neither
confirmed nor rejected by our results), the lower number of bin-
ding sites for EmS and EnmS on INA molecule then for LSD could be
related to the steric hindrance of the bulky side group of the
formers. The proncunced influence of incressing ionic strergth on
this process points to the same direction.

Hypochromic and bathochromic effect of DNA on ergot alkelojd deri-
vatives ehsorption eould result from atacking of elkaloid molecu-
les between DNA bases in a polymeric esrrey /21/. Howsver, it
should be teken into account that solely spesctroscopie arguments
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cannot leed to definite conelusions concerning the type of inter-
action, hecause ebsorption gpectra merely reflect the electronic

"

environment of the molecule and do not give sgpecific information

about the type of intersction.
Binding coefficients obtained in experiments with double- and

. aingle-gtranded IN4 were about the seme, meaning that, for inter-
agetion of EmS and Enm3 with DNA, double helical structure of DNA
ig not neceasary.

»~~0ur results demonstrate that interaction of ergot alkaeloid deriva-~
tives studied cccurs even &t very low concentretions of thesge sub=-
gtances. Thig can be settributed to the presence of the receptor
gite on DNA molecule, which enables F=electron layer interaction
ag well aa the formation of hydrogen honds. The analysis of this
interaction under in vivo conditions will be sleng the line of
pur further interest.
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In vitro u#syvanachk HMHTEpaKIHA eproIMH MeTaHCynsdoHaTa
{EMC) ¥ eprosueMH MeTaHcoynbdoHaTta {EumC) © OBYXCTMPaNBHON H He-
meHarypupoeanHon JHK,

H3Menenre B AnNcOoplUyOHHHK CMeKTRax IBYX AJIKANCHOHHX IepHEa-
TOB npH nonydeHui#r NHEK, noTtoMm pesynrTaTH cnekKTpodoToMETPHUYECKHX
THTPAUHEX THX BemectTs ¢ JIHK Kak B NopHmesHe TepMHYECKOR cTrabd-
neHocTH JHK B HadudHil 2THX aNKANOHAHHX BellacTRE, JaNT TAYHO onpe-

nenésHbe peaxuuit. BHYTePHHRE KOHCTAHTH acoOLWanWi l,GxIOSM_1 M

1,4x105M-1. HoMep CBAZHBAaKMUX MecT 100 MONMOR HYXIeOoTHOAa CcOCTak-—
4 pna BMC H gna EWMC. Tennoeasa meHaTrypauus JHK me okasupaer

BIAAHHA HAa OObBEM CBR3HBAHMA ANKANOHOHHKX EemecTE.

HATepaKuua © OOHOR MM OBYXCHHpanseoR JHK yMeHmaeTcR npH
BHCGKON HOHOF CHAe, ManeHsKEM PH H B npHeycTBHH 8M ypee. 370
O3HauaaTr, 4YTO OOOPMneHHé KOMIIEKCA - MPHYHHA eNeKTPOCTATHYECKHX
HHTEPaKUHE B HOOODONHHX CBA3eH.
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