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Abstract. The avarone/avarol quinone/hydroquinone couple, as well as their derivatives
show considerable antitumor activity. In this work, covalent modifications of [3-lactoglo-
bulin, isolated from cow milk, by avarone, its model compound 2-terz-butyl-1,4-benzoqui-
none, and several of their alkylthio derivatives were studied. The techniques applied for as-
saying the modifications were: UV/VIS spectrophotometry, SDS PAGE and isoelectrofo-
cusing. The results of the SDS PAGE suggest that polymerisation of the protein occurs. The
shift of the pl of the protein upon modification toward lower values indicates that lysine
amino groups are the principal site of the reaction of -lactoglobulin with the quinones.
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INTRODUCTION

Avarol/avarone is a sesquiterpenoid hydroquinone/quinone couple with a pronounced
antitumor activity.!~4 Two mechanisms of action of quinones can be considered in the cell:
generation of oxygen radicals® and alkylation of cellular nucleophiles. Based on studies of
the chemical reactivity and biological activity of avarone I, its model compounds, and
many of their derivatives, we suggested that the addition of cellular nucleophiles to
avarone and its derivatives is important for biological activity.®

In order to test this hypothesis, it is necessary to show that biomolecules undergo
chemical reactions with avarone and its derivatives with the formation of covalent bonds.
In this work, covalent modifications of -lactoglobulin (B-LG), a protein of 18 kDa iso-
lated from cow milk, by quinones avarone, 2-tert-butyl-1,4-benzoquinone II and several
alkylthio-derivatives were studied. This protein was chosen because it is readily available,
and can be isolated in a very pure state.

* Dedicated to Professor Miroslav J. Gasi¢ on the occasion of his 70t birthday.
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EXPERIMENTAL

Avarol was isolated from the marine sponge Dysidea avara, and oxidised to avarone with silver oxide.”
Alkylthio-derivatives of avarone and its model compound 2-zert-butyl-1,4-benzoquinone were synthesized
by nucleophilic addition of thiols to quinones.®

B-Lactoglobulin was isolated from cow milk by a standard procedure.® The obtained protein solution
was concentrated by ultrafiltration and then lyophilized. From 2L of cow milk, 976 mg of pure 3-lacto-
globulin were obtained.

Modification of B-lactoglobulin were performed in 20 % EtOH containing 50 mM NaHCOs. The con-
centration of the protein was 5 mg/mL and the concentration of the quinones was 2 mg/mL. The final volume
was 1.2 mL. Upon modification, the protein was desalted on a Sephadex G-50 Medium column (length 6 cm
and diameter 9 mm). The protein eluted in the void volume.

The chemical modification of B-lactoglobulin was assayed by UV/VIS spectrophotometry (Beckman
DU-50 spectrophotometer), SDS PAGE!? and isoelectrofocusing. !!

RESULTS AND DISCUSSION

The alkylthio-derivatives of I and Il were obtained by nucleophilic addition of thiols
to the quinones (Schemes 1 and 2).8
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Scheme 1.

-Lactoglobulin was modified in 20 % ethanol at a moderately basic pH. The modifi-
cations of the protein were visible immediately. The colour of the reaction mixture changed
immediately after mixing the quinones with the protein.

Spectral changes were visible for all the tested compounds, except for the ethylene-
dithio-derivatives of the quinones (Fig. 1).

The protein modification was further investigated by SDS PAGE (Fig. 2). The derivati-
ves 2-tert-butyl-5-isopropylthio-1,4-benzoquinone Ilb, 2-tert-butyl-5-propylthio-1,4-benzo-
quinone Ila and 4’-tert-butylthioavarone Ie¢ modified the protein and gave very sharp bands
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Fig. 1. UV/VIS spectra of avarone and of a mixture of B-lactoglobulin and avarone.
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Fig. 2. SDS PAGE electrophoregram of [3-lactoglobulin upon modification with the quinones.

of 36 kDa and 64 kDa. The derivatives 4’-isopropylthioavarone Ib, 4’-propylthioavarone Ia
and 2-tert-butyl-5-tert-butylthio-1,4-benzoquinone Ilc gave a sharp band of 36 kDa and a
weak band of 64 kDa. The most prominent changes were observed for the unsubstituted
compounds I and II (bands of 36kDa, 64 kDa, 128 kDa). The derivatives 3’,4’-cthy-
lendithioavarone Id and 2-tert-butyl-5,6- ethylendithio—l,4—benzoquinone IId did not modify
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Fig. 3. Cross-linking of the protein molecules by quinones.
the protein. These results suggest that polymerisation of the protein occurs. The most likely
reaction is the Michael addition of the lysine NH,-groups to the quinone nucleus (Fig. 3).
As expected, derivatives Id and IId were not shown to modify 3-lactoglobulin. With
these derivatives Michael addition is possible only at the least reacrive position of the
quinone nucleus adjacent to the alkyl group.
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Fig. 4. Isoelectrofocusing gel.

B-Lactoglobulin contains four disulphide bonds!2 and one cysteine residue, which is
not reactive because it is situated in the interior of the molecule. On the other hand, the pro-
tein contains 15 reactive e-amino groups of lysine residues.!3 In order to ascertain whether
the g-amino groups of lysine were the target of modification, the system was studied by
isoelectrofocusing (Fig. 4). The shift of the pl of the protein (pl = 5.4) upon modification
toward lower values (5.1; 4.5; 4.3; 4.1; 3.9), as determined by isoelectrofocusing, indicates
that the lysine amino groups of the protein are indeed the principal sites of the reaction with
the quinones.

CONCLUSION

In conclusion, these results show that avarone, its derivatives and model systems are
capable of covalent modification of -lactoglobulin by reaction with the lysine amino
groups. The results provide evidence that the biological activity of avarone is, at least in
part, caused by its reaction with cellular nucleophiles. This conclusion is strongly suppor-
ted by preliminary results of the biological activity of avarone and its derivatives, which
show that derivative Id, which does not modify -lactoglobulin, has a much weaker bio-
logical activity than either avarone or its monosubstituted alkylthio-derivatives.14
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U3BOJ

XEMMJCKE MOJIN®NKALWNIE B-TAKTOITIOBYJIIMHA XUHOHNMA

WPEHA HOBAKOBUR!, 30PAH BYJUWEZ, TATJAHA BOXWB2, HATAIIA BOXWRZ, HEHAL
MUWIOCABWE? 1 YIIAH CIIATW B2

Iyxtm Lenttiap 3a xemujy, bezowesa 12, i. tip. 473, 11001 Beozpao u 2XeMujcrcu ¢haxyattieiti, Ynusep3auitieiti y bBeozpaoy,
Ciuyoeniticku wipz 16, . ap. 158, 11001 Beozpao

XMHOHCKO/XUIPOXUHOHCKY T1ap aBapOH/aBapoJl U HbUXOBH JIEPUBATH NTOKA3Y]y 3HAYajHy aHTH-
TYMOPCKY aKTUBHOCT. Y OBOM pajly IIpOyYaBaHe Cy KOBaJICHTHE MOfM(UKaLyje B-TaKToro0ym-
Ha, M30JI0BAHOT U3 KPaBJbET MIIEKa, aBAPOHOM, H-eTOBIUM MOJIET-jeIUbCHeM 2-fert-0yTii-1,4-0eH-
30XMHOHOM W FHUXOBUM AJIKWITHO-IEPUBAaTIMA. 3a MCIUTHBAKE MOA(UKaIja KOpUItheHe cy
UV/VIS cnexrpodoromerpuja, SDS PAGE u usoenekrpodokycupamwe. Pesynrat SDS PAGE yka-
3yje fa ce mpoTenH noauMmepusyje. [Tomepame pl BpegHOCTH MpOTerHAa HAKOH MOAU(QUKaIje Ka
HIDKAM BPEJTHOCTHMA TIOKa3yje Jia Cy aMUHO T'pyIe JIM3KMHA TJIaBHA MECTa peakiyje 3-1akTormnooy-
JIMHA Ca XUHOHMMA.

(TTpiumybeno 31. penemGpa 2002)
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