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INTERACTION OF SEVERAL ERGOPEPTINES WITH CALF THYMUS DNA
IN VITRO
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Interactlon of eroosine {(ESMN), ergosinine (ESNN} and dihydroergosine (DHESN) me-
thanesulphonates with native and single-stranded DNA was studied by equilibrium
dialysis method at 87C. [t was found that the interaction of these ergot zlkaloids
with native DNA is a rather complex process for ESN and ESNMN.  Two different ty-
pes of binding sites on DMA, with intrinsic association constants of the same order
of magnitude, but with very different Hill coefficients for the cooperativity were

identified. Parameters for bindlna of alkaloids to native DNA were K = 17950 M_I,
1:

n=0.050, n, =0.67, K,=17530 M~ fye0.035, n_5=12.0 for ESN, K +}1000 M, n
0.066, n =100, K,=15000 M'l. Ny =0,022, =150 for ESNN.  Binding parameters
for interaction of native DNA with DHESN were: k=870 M_]., n=0.150, nH=1.II.

The extent of binding of ergopeptines was higher when single stranded DNA was
used in comparison with that obtained with the native DNA, High ionic strength of
the medium, diminished interaction of ergopeptines with DNA, similar to the data
pbtained in the presence of 8M urea or when binding of ergot alkaloids with wheat
germ mRNA was examined. Derivative melting curves of calf thymus DNA befare
end after addition of DHESN demonstrated change in stabilisation of double helical
DA structure which was proportional to DHESN concentration.

INTROBUCTION

Numeros hinlpgically and pharmacologically active compounds interact with doub-
le-stranded DINA with different affinities, different specificities and in a variety of
ways /2Z{ and it was suggested that biological activity is directly dependent on both
specific affinities and the particular mode of binding f/B/. In conneclion with the
aformentioned facts, it is obviously very important tno define and characterize the
nature of drug-DNA interactions, not oniy in order to understand better molecular
mechanisms underlying their pharmacological activities, but alsa to check whether
such interactions lead to the damzge of genetic material.

It is well documented that lyseraic scid diethylamide {LSD} causes chromgsomal
breaks both in vivd and In vitro /4,10,16/ and several authors /2],23/ demonstrated
connactions between the interaction cf this agent with DNA and birth defects,

In our previcus work 11/, we observed specific imteractions of two synthetic eroo-
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peptines, ergosine (ESM, derivative of lysergic acid) and ergosinine (ESNM, derivati-
ve of iso-lysegiz acid) and denatured ONNA under in vwitro conditions by spectropha-
tometric analyses. In this paper the modes of pinding of ESN, ESNN and dihydro-
ergosine (DHESM, derivative of dihydralysergic acid) to native and denatured DNA
were comparatively studied by the equilibrium dialysis methed and it was shown that
mgdifications of poth steric ang chemical structure of ergopeptines examined, influ-
enced the extent of their binding.

MATERIAL AND METHODS

ESH, ESNN, and DHESN methanesulphanates were kindly donated by "Lek™ Chemi-
zal and Pharmaceutical Industry, Ljubljana, Yugusiavia. They were dried over anhy-
drous CaCl, for 74 his, weig:aed, and dissolved in 0.01 M Na-phosphate buffer (NaPB),
oH &.1, to give 1.0-2.8x10° M stock selutions, Molar absorptivities of ESN and
ESidt solutions were determined at 31Z2nm {‘EEIDE, solution in D.01M NaPB, pH 6.1}
on the basis of corresponding molar absorption in methanol at 312em /18,20/. W™Mo-
lar absorptivity coefficient of DHESMN was determined at 2¥9mnm (under the same
conditions). All ergopeptines examined obey Beer’s law within the concentration
range applied.

Sodium salt of native calf thymus DNA {a "Sigma" product] was dissolved in 0.01M
MaPB, pH 6&.1, to give a concentration of about l-4x1077 M, Single-stranded DMNA,
was prepared by thermal denaturation of native DNA solution {10min, 100°C) folla-
wed by rapid cooling in an ice bath, or ty 8M urea, or by lowering pH of the solu-
tion.

Wheat germ mRNA solution {a "Calbiochem" product] was prepared in an identical
manner with ONA solution.

Interactions of ergot alkajoids examined with the native and denatured DMNA, as well
as with mMRMNA were studied by optical and equilibrium dialysis methods. Spectro-
photometric analyses were performed using 2 combination of Beckman DU monochro-
malor and Gilford detection system,

Equilibrium dialysis was carried out in 4.01 M MNaPB, pH 6], at 8°C as recommended
by KLOTZ et al. f13/. The data ocbtained for the interaction of the denatured DINA
were further processed using Scatchard eguation: rfc=K{n-r) where r represents mo-
les of ergot alkaloids bound per mole of nucleotides, K is intrinsic assoclation cons-
tarit, © i5 concentration of unbound alkalpids amd n, rumber of binding sltes {moles
of alkalpid bound per mole of nucleotides at saturation).

To evaluate binding patameters for the interaction of native DMNA, experimental da-
ta were fitted with the Hill equation for a system having different types of binding sl-
tes, which do not involve multiple contacts, as (L was discussed by SCHWARZ [l14/f:
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where n represents Hill's coefficient of cooperativity for a system with single or

ric)=n
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two types of binding sites. K represents intrinsic assaciation constants, ang n is the
fumber of binding sites. All these parameters were optimized using our computer
prugram based on Davidon-Fletcher-Powell method [15%f,

Thermal stability of DNA before and after addition of DHESN was determined as
descripen previously for ESN and ESNN fL11

RESULTS

The absorption spectrumn of pure DHESMN-methanesulphonate dissolved in 0.01M
akE, pH 6.1, is presented (n Fig.l.
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FIG. | Absorption spectrum of OHESN {l.ﬂx][]-& M MaFB, oH 6.1}

As seen from Figul, DHESN displays one absorption maximum at 279 nm, where
DA splution expresses a strong apsorption, as well. Due to this interference, it
was not possible tc examine the interaction of DMESMN with DNA hy simple spec-
trophotometric titration.  Therefore, the data obtained by equtlibrium gialysis were
used for direct plot analysis (r=f/c/], depicted in Fig.2.

The data presented in Fio.Z2 show that the extent of [nteracticn of ergot alkaloids
15 higher when single-stranged DNA was used Lhan when native DNA was applied.
Migh lonic strenyth dimimshed the extent of DNS interaction with ergopeptines
examined, Similar results were obtained in the presence of BM urea, or when in-
tetsction with wheat germ mRMNA was studied, Binding parameters obtained by
curye fitting of the Hill eguation are listed in Table 1. Derivative melting curves of
UNA pefore angd after addition of DHESN are presented in Fig.d A certain effect
on double-helical DMNA structure aftet addition of DHESMN can ke seen.
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FIC. 2 Direct plot analysic for the interaction of ESM (A}, ESNN (B) ang
DHESMN (C) with the native calf thymus DNA in 0.0IM NaPB, pk 6.1 (@),
Foints falling out of the curve represent r=f(c} values for interaction of ergo-
peptines examined with native DNA at high jonic stremgth (), u=0.24; heat
denatured DNA (&3 [(high values of r are not plotted); DNA in the presence
of BM urea (A}; interaction with wheat oerm mRNA (@)
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FIG., 3 Derivative melting curves of DNG before {solid line) and after ad-
dition of OHESMN (dasked line] tc a fimal concentration of L5x107 "M, and
after adaoiticn of DHHESKN {dotted lire) ta a finel concentration of 1.0x]10-4%.
DA concentration was 0.86x10 7%
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TABLE 1 Binding parameters for the interaction of ESN, ESNN DHESN with
the native calf thymus DNA calculated by direct plot analysis at 8°C and equili-
brium conditions

Ergopeptine
Binding parameter ESN ESNIMN CHESN

- - R T b e - - -

Intrinsic association

Cﬂﬂﬂ.ﬂﬁfﬁ ;H-i* - - -
K, 17950-2510 11000-450 8870-615

K, 1 7530-2450 150002620 -

MNumber of binding sites
per male of nucleotide

" 0.050%0.007 0.066-0.003 0.15070.001
N, 0.035-0.0D5 0.022=0.002 -
Hiil coefficient of
cooperativity
"Hl 0.67 1.08 1.11
N 12.0 15.0 -
DISCUSSION

it is well known thal ergot alkaloids and their synthelic derivatives exert diverse
pharmacoicgical effects in relation to small changes of their chemical structure /5/.
This group of compounds affects the central mervous system by interaction with
plasma membrane receptors for a number of monoamines /1-3,6,9/. However, al-
though LSD is known to interact with DNA [25/, and ergot alkalcids can be con-
sidered as derivatives of lysergic acid, the data concerning possible interactions of
these compounds with DNA are missing in the available literature. Our previous
studies /11/ demonstrated that ESN and ESNN bind to calf thymus DNA under in
vitre conditions in a speclfic way and characteristic binding parameters were determi-
ned. In this work these examinalions were extended, and besides ESN and ESNIN,
interaction of DHESM with double- and single-stranded DNA as weli as with wheat
germ mRNA was  [rwesligated, using the equilibrium dialysis method. It was found
that the interaction of these ergot alkalcids with the native DNA is rather comgplex
for ESN and ESNN and two different types of binding sites on the DNA, with the
intrinsic association constants of the same order of magnitude and very diffe-
rent Hili's coefficients of cooperativity were identified.

Binding parameters were ntzﬁ.ﬂ‘.‘rﬂ, ﬂ'-!?ﬁﬂ M'l. "‘Ht'ﬂ'ﬁ? for ESIN and nl=ﬂ.{ﬁﬁ.
K, =11000 " MNy1=1.00 for ESNN indicating the reactive sites with mild negative
or no l:unperaltivily. anc n,=0.035, K,=17530 M-l Myp=12.6 for ESN ang n,=0.022,
szlﬁmn M~ nl_‘?rlﬁ.ﬂ for ESNMN Indicating the other group of binding sites with
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very high cooperativity. Binding parameters for the [nteraction of DHESN with na-
tive DNA were nz0,150, K=8870M"', n_-1.11 which indicates a process with mild co-
operaltivity.

Mumbers of binding sites for ESN and for ESNMN per mote of nucleotide at saturati-

on calculated on the basis of data obtained by the eruilibrium dialysis method for the
process with low cooperativity were practically identical with those obtained when the
spectrophotometric method was used (n=0.06 and 0.04, respectively}).

Equilibrium dialysis method enabled to perforrn the amalysis with higher alkalpid
concentrations.  Lnder these conditions it was possibie to obtain  higher values of
parameter r for the intersction of alkalsids with DNA, In this way the existence

ot binding sites on DMA with high cooperativity, which were less involved in the re-
action at lower alkaloid concentrations (as in spectrophotometric experiments fi1/),
was observed

Denatured DNA& reacts with the aforementioned alkaloids in?hithy cooperative manner
{Scatchard plot is represented hy rela?iun rfe=Kxt f14/). Veﬁﬁes of inttinsle associ-
atlon constants calculated on the basis of Scatchard plot analysis of binding data

i {E$M?=h5.5D[EIiIIEIDM'I, H{ESNNFET?DFHDDM'I, IH{DHESHFIEB?DfE_}ﬂ

M . Intrinsic binding constants, K, were higher for the interaction of exarnined
alkaloids with the denatured than with the native DNA. The number of binding si-

were: K

tes, n, for the Interaction with dematured DA was not evaluated because of limij-
ted solubility of alkaloids, so that it was not possible to approach experimentally
complete saturation of denatured ONA.  (Semilogarithmic anmalysis of binding data
far the interaction with the native DNA indicates that the primary binding process
of negative or very low cooperativity might create some parts of denatured regions
on DNA reacting in a highly cooperative manner).

It was found that dematuration of DNA& atolishes interaction with either LED or
2-Br-L50 /2%/. Our results suggest additional imteraction with single-stranded DNA,
which accordingly could mean that it involves hydrogen from carboxarmide or some
ather active group(s) of the peptide part of the ergot alkaloid molecule.

Decreased extent of ergot alkaleid binding to DNA in the presence of BM urea sug-
gests the Importance of hydrogen tond formation for this interaction. Low binding
of ergopeptines examined with wheat germ mRMA {differences were within experi-
mental errer] could mean that deoxyribose or deoxyribonuclentides are invelved in
this interaction. High ionic strength of the medium diminisbed also the extent of
ergot alkaloids binding to DINA very probably because of electrostatic repulsion of
alkaloid cations, preventing their approach to the active sites on DNA moiecule,

KIDRIC et al. {12/ and WEBER et al. /23/ dermonstrated a dependence of steric con-
figuration on D-ring conformation. We propose that the steric conformation of er-
got alkalolds influences their interaction with DNA molecules. Substituents in posi-
tion C-B are oriented pseudoeguatorlally and pseudoaxially for ESM and ESNM mole-
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cules, respectively. Due to the interaction of carboxamide group hwdrogen in posi-
tion & of the maolecule, the orientation of this substituent could be easlly changed to
corresponding beta- i.e. alphaaxial. In this way the peptide part gets closer to
the heterocyclic moiety of the molecule and the entire molecule becomes more glo-
bularly shaped, rendering approach to individual active ergopeptine groups more dif-
ficult, which results in a relatively low number of binding sites registered throughout
our work for both ESN and ESNIN. Interaction of carboxamide hydrogen with N-6
would reguire transition of the D-ring from stable to less stable boat conformation
and, connected to that, this molecule retains an elongated s.hape enabling all active
groups to interact with DNA without more serious steric interferences. These con-
siderations could explain the more efficient binding of DHESN to DNA in compari-
son with that observed for both ESN and ESNN during our studies.

Lower association constant values for ESN and ESNN interaction with the native
ONA at 8%C than at 25°C observed earlier /11/ indicate the positive change of tha
enthalpy of the process. This finding together with a more efficient ergopeptine inte-
raction with single-stranded DMA could be interpreted as a result of partial denatu-
ration of the native DNA molecule during the interaction of ergot alkaloids with
DNa {17/,
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HoccnepoBaHa HHTEPAKUMA METONOM RABHOBECHOIO OHANHZa Ha EDE
ApProavH - (2CH); 2pro3adHdH - (3CHH) u nBxumposprosyy - (IX3CH)
METAHCYNBPOHATA ¢ HATHEHOR M onHOUenouddHoR JHE. [DoxkazaHo, YTO
HHTEeDAKUMA ABJASTCH OYeHH cIoMHOoH. Ha IHK onpenenedHn DBa pa’s—
JIHYHEX MEeCTaX CHASEBAHMA CO CHEOHCTEBRSHHRMH KOHCTAHTAMHE accouda-
LK CaMoro nopapKa pasmepa, HOo COoBCeM RASAHYHEME KoaddHuMeHTa-
MK Hoonepaudy XuAna. NapameTpd CBASHBAHMA aflKaloHOo® o JHK:

X, = 17950 M ", n, = 0.050, n.. = 0.67, ®, = 17530 ¥}, n. =

1 X Hl L1 2 2
0.035, By = 12.0 E? 3CH; Ry = 11000 M 7, n1 = D.065, nHl =
1.00, HE = 15000 M ., n2 = D.22, nH2 = 15.0 3a 3ICHH. Napamerp#

CBAIHBAHHE QXDCH ¢ HaTHBHoBR HHK: k = BB70 H_l, ¥ = 0.1%0, n
| i

H

B cnyuyae npHUMeHenHs ofHouenouydHoro OHK ofpem CBEBRImBaHER ORUt
SOAELUMM [0 OTHONEHHK Ha HaTHUEHER [JHK. BHCOOKad HOHHas cHna
YMEHBUAERT MHTepaKUHHK 3prornenTHHa M HHEK. HonyvyeHs HMOXORHEe
PE3¥NbTaTe TIRpH HWCCASOOBAHMU CBAZHBAMMA SRIOT alKaiowoa o PHE
NMUeHHYHOTO 3apoiRma. JepubaldOHHLEe KEMBME NnaBleHHs JHK Ttumyca
TENEHKA npexnae H hoche poGanneHpA JH3ICH moxazany Hexoropoe
HIMCHEHHE CTafWMU3AUNH CTRYKTYPDH OBOHHOTO XenNHMKCa, HOTOPpDe
QKAIANACE TMPONCOPUHOHANEHHM ¢ KOHUEHTRaUHeR IX3CH,
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