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ABSTRACT: The ability of a specific complex of humamt-lactalbumin with oleic acid (HAMLET) to induce cell

death with selectivity for tumor and undifferentiated cells was shown recently to be mediated by interaction of
HAMLET with histone proteins irreversibly disrupting chromatin structure [Duringeretl. (2003)J. Biol. Chem.

278 42131-42135]. Here we show that monomedidactalbumin {-LA) in the absence of fatty acids is also able

to bind efficiently to the primary target of HAMLET, histone HllI, regardless of Ceontent. Thus, the modification

of a-LA by oleic acid is not required for binding to histones. We suggest that interaction of negatively charged
a-LA with the basic histone stabilizes apetA and destabilizes the €&bound protein due to compensation for
excess negative charge@fLA’s Ca?*-binding loop by positively charged residues of the histone. Spectrofluorimetric
curves of titration ofx-LA by histone H3 were well approximated by a scheme of cooperative binding otdduy
molecules per molecule of histone, with an equilibrium dissociation constant @fM.(®uch a stoichiometry of
binding implies that the binding process is not site-specific with respect to histone and likely is driven by just
electrostatic interactions. Co-incubation of positively charged poly-amino acids (poly-Lys and poly-Arg)-ukh
resulted in effects which were similar to those caused by histone Hlll, confirming the electrostatic nature of the
o-LA —histone interaction. In all cases that were studied, the binding was accompanied by aggregation. The data
indicate thati-lactalbumin can be used as a basis for the design of antitumor agents, acting through disorganization
of chromatin structure due to interaction betweehA and histone proteins.

o-Lactalbumin @-LA)?! is a classical object of numerous review, see refl). This is a relatively simple protein, which
studies due to a unique combination of features (for a recentis small M, = 14.2 kDa, 123 residues) and has a well-studied
globular structure. The protein possesses one strodg Ca
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the so-called molten globule state at acidic pH or at neutral Like the HAMLET state ofa-LA, monomeric C&"-loaded

pH at elevated temperatures in the absence of cati®ns ( o-LA or apo-a-LA is also able to bind to the histone.
Interest ina-lactalbumin over the past several years has Furthermore, both bovine and huma.As can interact with
grown due to several reports thed A itself or its fragments charged disordered polypeptides, resembling histones: polyl-
possess bactericidal or antitumor activity §). In particular, ysine and polyarginine of various molecular masses. The data
Hakanssoret al. (7) have found that a multimeric human justify the electrostatic nature of tleeLA —histone interac-
o-LA derivative (MAL), isolated from the casein fraction tion and allow us to considex-lactalbumin as a basis for

of milk, is a potent C&"-elevating and apoptosis-inducing the design of antitumor agents, acting through disorganization
agent with broad, yet selective, cytotoxic activity. In fact, of chromatin structure due to the interaction with histone
MAL was shown to kill all transformed, embryonic, and proteins.

lymphoid cells that were tested, but spare mature cells. It

was shown that the apoptosis-inducing fractionoet.A EXPERIMENTAL PROCEDURES

containsa-LA oligomers that underwent a conformational
change toward a molten globule-like sta®. Furthermore,

it has been established that direct interaction of MAL with
mitochondria led to the release of cytochroméollowed

by activation of the caspase cascati@)(MAL crosses the
plasma membrane and cytosol and enters the cell nucleus
where it induces DNA fragmentation through a direct effect
at the nuclear levelld).

Materials. o-Lactalbumin from bovine milk (lot no.
60K7002), histone type llI-S from calf thymus (Lys-rich
fraction) (lot no. 10K7435), poly-arginine hydrochloride,
poly-L-lysine hydrobromide, and the sodium salt of poly-
glutamic acid with an average molecular mass of 45 600 Da
(lot no. 79H5918) were purchased from Sigma Chemical Co.
(St. Louis, MO). Humano-lactalbumin was isolated and
. _ . purified from milk as described in rdf6. Protein concentra-

Similar re_sults were obtained with HAMLET (human tions were evaluated spectrophotometrically, using an extinc-
a-lactalbumin made lethal to tumor cells) or BAMLET tion coefficientE; o 2500f 20.1 for bovineo-lactalbumin and

(bc:ylne()tl-lai:t?gbumln made :efihal t? tu:notrhcells), V\;h'c.h IS an Ei9,280 0f 18.2 for human proteinl(7) (18.4 there). The
native a-lactalbumin convertean vItro to the apoplosis- molar extinction coefficient for bovine histone IlI-S was

ind:j"Cilnzg gd"&%\ﬁﬁé_ﬁ‘f of thehprotei? i? _complex Witth (_)Ie_ic calculated using its amino acids conteh8,(19) according
?C' a2 q ). ‘ V}llass tO\rllvn I?h rlggﬁr apoptosis Itn tto the method described in r@0 (e250 = 4595 Mt cm™3).
thﬁirsa:ﬁe'can;;gft:ﬁ“;' HUAMI(_EIEEIT )p/);sies dvzﬁ:gurgslfhaen All solutions were prepared using distilled, deionized water.
cytoplasm to the nucleus and accumulated in the cell nucleus. Method's Fluorescence studies were carried out on a
In tumor cellsin vizo. HAMLET colocalized with histones computerized and automated lab-built spectrofluorimeter
and perturbed the chromatin structufiel), HAMLET was de_scribed previously2(). Protein ﬂuore_scence was excited
found to bind histone HIll strongly and to lesser extent using a 296.7 nm Hg lamp Sp‘?‘?tfa' line. AI_I spectra were
histones HIV and HIIB. The binding of the histones by qorrected for the spectral sensmyny of the mstrument. and
HAMLET impaired their.de osition on DNA. On the basis fitted to log-normal curves2) using nonlinear regression
of these obsgrvations it han), been conclude'd that HAMLET analysis £9). The positions of fluorescence spectrum maxima
is able to interact with histones and chromatin in tumor cell (Amar) Were Obta'ned from the fits. Temperature scans weré
nuclei, locking the cells into the death pathway by the performed stepwise, allowing the _sample to equilibrate at
' each temperature for at least 5 min. The temperature was

irreversible disruption of chromatin organizatiot4). The . . S i .
; . monitored directly inside the cell. The fraction of conversion
conformational behavior of BAMLET has recently been ; :
from the native to thermally denatured protein state was

analy;ed using limited proteolysis and CD spectrospopy, calculated from the plots of temperature dependence of
showing that BAMLET possessed structural properties of ~~ " =~ . . ' .
emission intensity at a fixed wavelength as previously

the classical molten globulel®). In fact, it has been . oo :
established that the far- and near-UV CD spectra of BAM- de_scnbed 24, 25). Al titration experiments were performed
using a lab-made automatic titrator. Estimation of parameters

LET were essentially identical to those of the most studied of theoretical models was carried out according to the method
molten globule ofa-LA at pH 2.0 (so-called A state)L). described in reR3. The calcium binding affinity of-LA

Proteolysis of the 123-residue chain of BAMLET by pro- . . .
. . L was measured using a spectrofluorimetric GHAEIDTA
teinase K occurs in a manner similar to that of apbA o g .
: : . titration method described previous|g26).
with moderate heating, @r-LA in the presence of 15% TFE, in all f . ts thelactalbumin il
i.e., under conditions known to stabilize the molten globule n all iuorescence expenments, actalbumin 1
lumination time and the UV irradiation power level were

state in this protein. In this study, proteinase K was shown . : .
to preferentially cleave BAMLET at the Ser3Gly35, minimized to avoid the UV-induced structural rearrange-

GIN39-Alad0, GIn43-Asn44, Phe53GIn54, and Asnse  MeNts in the protein moleculey, 28).

Asn57 peptide bonds. Interestingly, all these peptide bonds

are located within theg-subdomain of the protein (chain RESULTS AND DISCUSSION

region of residues 3457) (15). Taken together, these results To facilitate presentation of the results that were obtained,

for BAMLET or HAMLET suggest that the interaction of mostly data for bovine-LA are depicted herein. The bovine

o-LA with oleic acid might induce structural transformation protein was chosen mainly due to the fact that interaction of

of the protein into the molten globule-like conformation, humana-LA with histone and poly-amino acids leads to

which, in its turn, binds histone HIll and induces apoptosis. extensive aggregation, precluding the protein from the
In the work presented here, we show that modification by quantitative analysis of experimental data. The results for

oleic acid is not necessary for the efficient interaction of the human protein will be mentioned to emphasize principal

o-LA with the primary target of HAMLET, histone HiIIl. differences in the behavior of both forms @fLA.
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Ficure 1: Thermal denaturation of apo [1 mM EDTA@ndA)]
and C&"-saturated [L mM CaG(® anda)] a-LA in the presence
of histone HIll vs melting of nativea-LA, as followed by
tryptophan fluorescence af-LA (pH 7.6 and 10 mM HEPES-
KOH). The excitation wavelength was 296.7 nm. TheLA
concentration was-36 uM, and the histone to protein molar ratio
was 5. Circles represent data for nativdA; triangles represent
data for thea-LA —HIll complex. Amax is the tryptophan fluores-
cence spectrum maximum position.

Table 1: Half-Transition Temperaturg§) of Thermal Denaturation
of Apo and Cé&*-Saturatedh-LA (3—8 uM) in the Presence or
Absence of Histone HIll or Basic Poly-Amino Acids (substance to
o-LA molar ratio of ~5—9), As Measured by the Tryptophan
Fluorescence ofi-LA (pH 7.6 and 10 mM HEPES)

ty2 (°C) t12 (°C)

substance in1mM EDTA in1mM CaC}
nativea-LA 22.6 65.1
o-LA and histone Hill 24.0 58.4
o-LA and poly+-Arg 28.0 45.3
(molecular mass of 10 750 Da)
o-LA and poly+-Lys 34.1 56.4

(molecular mass of 11 450 Da)

o-LA—Histone HIll Interaction.To examine the possibility
of interaction between-lactalbumin and histone Hlll, a set
of thermal denaturation curves forLA was measured at
various concentrations of the histone andGans. Figure
1 depicts the thermal denaturation @fLA at pH 7.6 as
followed by its tryptophan fluorescence selectively excited
using a 296.7 nm Hg lamp line. As bovine histone HIIl does
not contain Trp residueslg, 19), only tryptophan chro-
mophores ofx-LA are excited under these conditions. It is
clearly seen that addition of histone HIll taLA results in
a notable £7 °C) decrease in the thermal stability of Ca
loaded bovinea-LA and causes just a minor {2 °C)
increase in the thermal stability in the case of apbA (see
Table 1). Destabilization of CGabound humana-LA
induced by the histone was even more pronounced(@3

Biochemistry, Vol. 43, No. 19, 20046577

It should be noted that the binding of histone HIll to native
or denatured apa-LA causes a small but reproducible blue
shift in the fluorescence spectrum of-3 nm (Figure 1),
indicating that the environment of somelLA tryptophan
residues became less polar or/and less mobile (indicative of
their immersion into the protein interior). The opposite effect,
a red shift in the fluorescence spectrum ef3lnm, was
observed in the case of the histone binding to nativé’Ca
saturatech-LA. Thus, a good correlation between changes
in the fluorescence spectrum position and the thermal stability
of o-LA is observed, showing that a more red-shifted
fluorescence spectrum corresponds to a more mobile or
disordered and less stable protein state.

Examination of Figure 1 shows that at 5 and°@ao-LA
is sufficiently far from its thermal transitions for the histone
titration experiments to be carried out. Figure 2 demonstrates
results of the fluorimetric titrations of apm-LA (panel A)
and the C& -saturated protein (panel B) at 5 and 4D as
followed by changes in emission at 340 nm. At 4D, the
apo form ofa-LA is known to represent the classical molten
globule state®). The binding of histone to the molten globule
state ofa-LA causes a slight43 nm) blue shift in the
fluorescence spectrum af-LA (see Figure 1) which is
accompanied by the dramatic changes in the fluorescence
guantum vyield, as manifested by the changes in emission
intensity at 340 nm (Figure 2A). The first bend of the titration
curve is achieved at a very low histoneded A molar ratio
(~1/30), which can be caused by aggregatiomtdfA due
to supersaturation of the histone withLA molecules. This
conclusion is fully supported by the increase in intensity of
the scattered Hg lamp spectral line at 365 nm (Figure 2A).
The rest of the titration curve is approximated well by a
simple cooperative scheme of bindingrofi-LA molecules
to a molecule of histone:

Ke .
histone+ na-LA —— histone(a-LA),, 1)

whereKgs is an effective equilibrium association constant.
Estimation ofn and Ke¢ values using the nonlinear least-
squares method gave arof 3.9 (Table 2) and & of 1.0

x 10° M1 (dissociation constant of 1,6M). Analogous
analysis of humano-LA gave similar values, although
experiments were accompanied with severe aggregation and
precipitation.

At the same time, the binding of histone HIll to native
apoa-lactalbumin at 5C was characterized by the negligible
(~1 nm) blue shift in the fluorescence spectrumoef.A
(see Figure 1) and by the much less complicated changes in
the fluorescence quantum yield (Figure 2A). In fact, the
titration curve in this case lacked the first sharp phase with
a stoichiometry of binding around 1/30 and demonstrated a
single peak in the region of relative histone ¢tGLA
concentrations around 1/4.2. This peak is likely to imply that

data not shown). These data clearly emphasize the existencéne formation of the histonea-LA complex is followed by

of an effective interaction betweertLA and histone HllI,

its partial dissociation due to the redistribution @fLA

which occurs regardless of calcium content. The observedmolecules over the increasing number of histone molecules.

binding of the basic histone protein [net charget#0 at
pH 8 (18, 19)] to acidica-LA (net charge of-7 at pH 8) is

Thus, interaction betweea-LA and histone in this case
cannot be approximated by the simple cooperative binding

accompanied by thermal stability changes, characteristic of scheme (eq 1).

compensation of excessive negative charge of th&'-Ca
binding loop ofa-LA, as observed in re29.

Fluorescent titration of native €asaturatedr-lactalbumin
with histone HIll at 40°C did not reveal the evident changes
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Ficure 2: Spectrofluorimetric titration of apo (1 mM EDTA, A) and €asaturated (1 mM CaglB) a-LA by histone Hlll at 5 and 40

°C (pH 7.6 and 10 mM HEPES-KOH). The excitation wavelength was 296.7 nmodlb& concentration was 35 uM. Empty circles

represent the fluorescence intensity at 340 nm in arbitrary units. Filled circles represent the intensity of the scattered Hg lamp spectral line
at 365 nm in arbitrary units. The solid curve fitted to the experimental points is calculated from a simple cooperative scheme of the binding
of n a-LA molecules to a molecule of histone [historena-LA < histone(a-LA),].

Table 2: Change in the Stoichiometry of Bindinaf Histone HIIl _hiSFone (see Table 1) implies that the high-affinity pi_”qing
or Basic Poly-Amino Acids to Apax-LA (1 mM EDTA) upon is likely to be masked due to the decreased sensitivity of
Conversion ofa-LA to the Molten Globule State (pH 7.6 and 10 fluorescence to the binding of histone. A similar situation is
mM HEPES) observed for native apa-LA at 5 °C, where strong binding
substance nat5°C nat40°C of the histone is accompanied by an onh8% change in
histone HIlI 4.2 3.9 the fluorescence intensity (Figure 2A).
poly-L-Arg (molecular mass of 10 750 Da) 2.6 5.4 Interaction betweenr-Lactalbumin and Charged Poly-
poly-L-Lys _(m(_)lecmar mas_s O_f 11450 Da) 33 4.4 Amino AcidsWe assume that the observed specific binding
aThe stoichiometry of bindingn) represents the number ofLA of approximately four molecules of apoLA per histone

molecules bound per molecule of substance. The stoichiometry values

were evaluated from the spectrofluorimetric titrations. HIIl molecule indicates that the binding process is likely to

be not site-specific with respect to histone, but is driven by
at low histone concentrations. i.e.. when histonextbA electrostatic attraction of negative-LA molecules (net

molar ratios were less than 1 (Figure 2B), but demonstrated €harge of—=7) to positively charged histone molecules (net
a slow increaseX20%) in the fluorescence quantum yield charge of+20).

and a red shift$2 nm) in thea-LA fluorescence spectrum It has been established previously that naturally folded and
at higher histone ta-LA molar ratios (see Figure 2B). These intrinsically unstructured (or natively unfolded) proteins
changes were accompanied by a gradual increase in sampleccupy nonoverlapping regions in the charfygdrophobic-
scattering (Figure 2B), indicative of the activation of ity plots (30). This means that folded and natively unfolded
aggregation processes. A similar situation was observed atproteins could be distinguished on the basis of their amino
5 °C (Figure 2B). Thus, the fluorescence titrations did not acid composition 30—32). Analysis of the amino acid
reveal high-affinity binding of histone Hlll to C&-loaded sequences of bovine histone HIll showed that this protein,
a-lactalbumin. Nevertheless, the observed prominent shift as well as the majority of other core histones, is characterized
in thermal stability of Ca™-bounda-LA upon addition of by the amino acid composition typical for the natively
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Ficure 3: Spectrofluorimetric titration of apo (1 mM EDTA, A) and €asaturated (1 mM CaglB) a-LA by poly-Arg (molecular mass
of 10 750 Da) at 5, 40, or 55C (pH 7.6 and 10 mM HEPES-KOH). The excitation wavelength was 296.7 nmoilb& concentration
was 4-6 uM. Empty circles represent the area under the fluorescence spectrum (arbitrary units), which is proportional to fluorescence
quantum yieldQr. Filled circles represent the intensity of the scattered Hg lamp spectral line at 365 nm in arbitrary units. The solid curve
fitted to the experimental points is calculated from a simple cooperative scheme of the bindirg-loA molecules to a molecule of
histone [histonet na-LA < histone(a-LA) ).

unfolded proteins. This predicts that bovine histone HIIl at pH 7.6, were analogous to those observed for histone Hlll
should have a low content of ordered structu@8)( (Table 1), but their magnitude was larger. The interaction
Furthermore, using a variety of biophysical techniques, it stabilizes the apo form af-LA by 5—6 °C, while the C&"-
has been recently established that all bovine core histonessaturated protein becomes less stable by @0Similarly,
(HIIA, HIB, HIIl, and HIV) possess little or no ordered changes in the fluorescence spectrum maximum position
structure under physiological conditions, thus demonstrating caused by the binding af-LA to poly-Arg resemble those
clear signs of natively unstructured protei@8)( This is in induced by the histone binding, being, however, even more
good agreement with earlier studies, where it has been showrpronounced. In fact, the poly-Arg-induced blue shift in the
that pure histones dissolved in water with no added salt arefluorescence spectrum for the molten globule state of apo-
in an “extended loose form”3@—38); however, in the o-LA was ~5 nm versus an-3 nm shift induced by histone
presence of salt, they adopt a folded conformat®h-38). HIll binding. The more pronounced changes in the structural
To test the possibility of the electrostatic nature of the properties and thermal stability of LA correlate well with
interactions betweern-LA and histone HIIl, we have  a higher net charge of the poly-Arg moleculé:55 versus
performed a set of titrations af-LA with charged poly- +20 for histone HIII.
amino acids possessing molecular masses similar to that of Interaction of thex-lactalbumin molten globule state (apo
histone HIll. Poly-Arg and poly-Lys molecules are positively form at 40°C) with poly-Arg (molecular mass of 10 750
charged at neutral pH and are known to resemble randomDa), as followed by the tryptophan fluorescencecseffL A,
coil structures at low ionic strength89—41), which makes exhibited a single maximum of fluorescence intensity at an
them a simple model of a highly positively charged histone a-LA to poly-Arg molar ratio of~5.4 (Figure 3A). This
molecule. indicates that the binding of five to six moleculeswi A
Changes in the thermal stability af-LA, caused by to a molecule of poly-Arg was not cooperative. Formation
interaction with polye-Arg (molecular mass of 10 750 Da)  of the a-LA —poly-Arg complex was followed by its partial
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dissociation after an increase in the poly-Arg concentration
due to the redistribution aft-LA molecules over the poly-
Arg molecules.

The analysis of the spectrofluorimetric titration of native
apoo-LA with poly-Arg (molecular mass of 10 750 Da) at
a low temperature (8C) (Figure 3A) using the cooperative
scheme (eq 1) gave a stoichiometry of binding of 2.5
molecules ofo-LA per poly-Arg molecule and an effective
equilibrium association constant of 2610° M~ (dissocia-
tion constant of 0.3&M). The light scattering changes of
the sample during the titration experiment indicated that
formation of thea-LA —poly-Arg complex was accompanied

Accelerated Publications

which was absent in the case of titrationooL A with poly-
Lys. Nevertheless, the same relation between the stoichi-
ometries (4.0 for poly-Lys vs 2.3 for poly-Arg) remained
in the case of the binding to native €asaturatedx-LA at
5 °C, despite the absence of any accompanying aggrega-
tion.

An interesting feature common to all titrations @fLA
with the positively charged poly-amino acids is the increase
in the stoichiometry of binding upon thermal denaturation
of a-LA (see Table 2). Thus, the loss of the rigid tertiary
structure ofa-LA promotes the binding of more molecules
to poly-amino acids. Surprisingly, this phenomenon was not

by the irreversible aggregation, as the decrease in scatteringpbserved for the binding of histone HIll, demonstrating

at elevated concentrations of poly-Arg was not observed in
this case. The irreversibility of aggregation probably results

virtually the same stoichiometry of binding regardless of the
o-LA state.

in the disappearance of the phase of partial dissociation of As expected, the analysis of the interactioroef A with

the a-LA —poly-Arg complex.

Interestingly, according to the data presented in Table 1,
the binding of Ca"-saturatedo-LA to poly-Arg at 55°C
converted native.-LA to an unfolded state (Figure 3B). As
expected for-LA unfolding, the binding of poly-Arg causes
a pronounced+12 nm) red shift in the protein fluorescence
spectrum and a significant-@-fold) increase in the fluo-
rescence quantum yield. The stoichiometry of binding in this
case equals 3.8 molecules@iLA per poly-Arg molecule.
Analogous experiments with native Ceasaturatedr-lactal-
bumin at 5°C did not reveal noticeable aggregation effects

poly-L-Arg and polyt-Lys with different molecular masses
has shown that changes in theLA thermal stability
accompanying the binding process were virtually independent
of the molecular mass, whereas the binding stoichiometries
were nearly proportional to the charged molecule surface
area, estimated as an area of a sphere with a radius equal to
the hydrodynamic radius of the random coil structure (data
not shown).

Spectrofluorimetric experiments on binding of negatively
charged poly--Glu (molecular mass of 45 600 Da) t6LA
did not reveal any spectral or thermal stability changes in

and demonstrated both formation and dissociation of the a-LA (data not shown), indicating the lack of direct

o-LA —poly-Arg complex (Figure 3B), with-2.3 molecules
of a-LA being bound per poly-Arg molecule.
Interaction ofa-lactalbumin with polye-Lys (molecular

interactions between the homopolymer antA in this case.
Taking into account the fact that like poly-Arg and poly-
Lys, the polyt-Glu molecule at neutral pH is a random caoill

mass of 11 450 Da) shares many common features with that(39), we find that the absence of binding of palyGlu to

for histone HIIl and poly:-Arg (molecular mass of 10 750

o-LA confirms that the interaction between charged poly-

Da) but shows some differences. For example, the binding amino acids and-LA is driven by electrostatic interactions

of poly-Lys caused similar changes in the thermal stability
of a-LA, but the magnitude of these changes was quite
surprising. Despite the similarity in structures and the
identical average degree of polymerization {%®), the
destabilization of C#-saturatedo-LA by poly-Lys was
twice as weak as that of poly-Arg~@ °C vs ~20 °C for
poly-Arg), resembling the effect of histone HIH-{ °C; see
Table 1). At the same time, stabilization of apd-A upon

the binding of poly-Lys £11—12 °C) was twice as strong
as that induced by the poly-Arg binding~5—6 °C).

between negatively chargettLA and positively charged
side chains of poly-amino acids, and excludes the possibility
that this interaction is primarily due to formation of hydrogen
bonds between the-LA molecule and the backbone of poly-
amino acids.

Since formation of the complex betweerl A and histone
HIll shares many common features with the analogous
interaction of a protein with poly-Arg and poly-Lys (stoi-
chiometry of binding, interaction-induced spectral and
thermal stability changes @f-LA, and the tendency of the

Furthermore, the fluorescence spectrum maximum position complexes to aggregate), it can be concluded that the nature

of a-LA turned out to be sensitive to the binding of poly-
Lys only in the case of the apo form, demonstrating-dn-3
nm blue shift.

The titration of the molten globule af-LA (apo form at
40 °C) with poly-Lys resulted in spectral changes indistin-
guishable from those induced by poly-Arg, demonstrating a
slightly smaller stoichiometry of binding (4.4 vs 5.4 for poly-
Arg). This difference may result from the shorter hydrody-

of the interaction in both cases is the same. The electrostatic
nature of the interaction betweenL A and histone HIll was
also corroborated by titration experiments performed under
high-ionic strength conditions. Addition of 100 mM KCI
results in essential reduction of all the spectral effects upon
titration of a-LA with histone HIIl (data not shown).

The fact that several molecules @fLA bind to a single
histone HIll, poly-Arg, or poly-Lys molecule and not vice

namic radius of the poly-Lys chain due to the shortened and versa suggests that the bindingoeL. A occurs via a single

less bulky side chain of lysine, compared to that of the
arginine residue. On the contrary, the binding of poly-Lys
to native apoa-LA at 5 °C demonstrated a higher stoichi-
ometry of binding: 3.3 versus 2.6 for poly-Arg. This
contradiction could be explained by the distortion of the poly-
Arg titration curve due to the irreversible aggregation of the
o-LA —poly-amino acid complex that is evident from con-
sideration of scattering changes, accompanying titration,

negatively charged site. Most likely, this site consists of
carboxylic groups of the G&-coordinating loop of the strong
o-LA calcium-binding site (D82, D83, D84, D87, and D88)
along with some other nearby negative groups (for example,
E7, D37, and D78)42). This idea is supported by the
character ofa-LA thermal stability changes caused by
histone HIll and poly-Arg and poly-Lys binding (see Table
1). The stabilization of the:-LA apo form is likely to result
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from a compensation of excessive negative charge in the Overall, the data indicate thatLA can be used as a basis
Ca&*-binding loop of the protein, which destabilizes apo-  for design of antitumor agents, acting through disorganization

LA (43). The destabilization of CGa-saturatedx-LA upon of chromatin structure due to electrostatic interaction between
the binding of histone HIll and poly-Arg and poly-Lys seems o-LA and histone proteins. Oleic acid modification@fLA
to reflect a decrease in the affinity afLA for calcium ions is probably just a first successful step to creation of medicinal

caused by a competition between the positively charged preparations of this kind.
compounds and Ca ions for the same site. Indeed, an
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