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BIOLOGICAL ACTIVITY OF BACTERIAL
LECTINS AND THEIR MOLECULAR COMPLEXES
WITH HETEROCYCLIC BIS-ADDUCTS

A new convenient method for the preparation of heterocyclic bis-adducts: of imidazole
benzimidazole, uracile with 1,1, 1-trifluoro-2-bromo-2-chloroethane is described. The reactions
are catalysed by the 18-crown-6-complex.

The critical toxicity and antitumour activity of saprophytic strains Bacillus genus
(B. subtilis 668 IMV and B. polymyxa 102 KSU ) extracellular lectins were studies. It was
discovered that these substances apply to a few toxic preparations and have a expression
antitumour action on the tumours: Walker carcinosarcoma 256, Pliss’ lymphosarcoma and
Sarcoma 45.

The new molecular complexes were created with bacterial lectins and the same
heterocyclic bis-adducts of unsubstituted benzimidazole and 6-methyluracile. A strongly anti

tumour effect of these complexes has been discovered: of growth relaxation of Pliss’
lymphosarcoma tumour mass was 62.5—82.01 9.

Key words: bacterial lectins, heterocyclic bis-adducts, biological activity.

Lectins are a group of proteins which interact with polysaccharides and
glycoproteins by binding to specific carbohydrate residues; they are present in
many plants, bacteria and inverterbrates [10]. In spite of the ubiquitous presence
of lectins in nature (over 100 plants lectins have already been isolated and their
carbohydrate binding properties at least partially characterized), relatively few
have been characterized as specific for sialic acid [1, 8].

The ability for lectin secretion of saprophyte strains of sporeform bacteria
of the Bacillus genus has been elegantly shown by us before [10]. These lectins
have a specificity to sialic acid; they are inductors of y-interferon and antitumour
agents as well [6, 10]. It is known that the heterocyclic systems such as: uraciles,
benzimidazole and imidazole are main components of antitumour drugs, anxiolytic
agents or bactericides [3, 9, 11, 15].
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The construction of new in principle medical preparations on the basis of
the saprophytic strains of bacterial lectins and heterocyclic bis-adducts is rather
promising.

In this paper we inform about the synthesis and characterization of
heterocyclic bis-adducts, the toxicity and antitumour activity of bacterial lectins
from Bacillus saprophytic strains (B. subtilis 668 IMV and B. polymyxa 102
KSU) and antitumour activity of new molecular complexes bacterial lectins with
the same heterocyclic bis-adducts.

Materials and methods. The bis-adducts 3a—f of unsubstituted
benzimidazole, imidazole and substituted uraciles with 1,1,1-trifluoro-2-bromo-
2-chloroethane are obtained under phase-transfer conditions in alkaline medium
[5]. The reactions are catalysed by the 18-crown-6-complex [16].

The method reported for the synthesis of bis-adducts 3a—f is based on the
reactions which involve elimination of fluorine hydride, formation of the
mtermediate 1,1-difluoro-2-bromo-2-chloroethane which react with nucleophilic
molecules [5].

The majority of the organic solvents (benzole, dimethylformamide, hexane,
ethyl ether) employed in the present studies were distilled before use. Organic
solvents were dried over anhydrous magnesium sulfate or metallic sodium.

IR spectra were recorded in a UR-20 spectrometer (“Charles Ceise Hena”,
Germany). The PMR (proton-magnitic resonance) spectra were recorded in
DMCO-d6 (dimethylsulfoxide-deuterium 6) on a 200 MHz Bruker WP-200

“Bruker”, Switzerland) or Varian T-60 spectrometer (“Varian”, USA).

The lectin preparations were obtained by treatment of culture liquid of two
saprophytic strains Bacillus from Ukrainian Collection of Microorganisms of
fastitute of Microbiology and Virology (IMV): B. subtilis 668 IMV and
& polymyxa 102 KSU (Kiev State University); in future: lectin 668 and lectin
102 clarified by treatment with ammonium sulfate (70 % concentration of a
saturated solution); the precipitate containing the lectin was dissolved in water,
tuzlvzed against water and freeze dried as described elsewhere [6, 10].

The express-method of definition of LD, by Prozorovsky et al. was used
' 12]. The investigation of the critical toxicity of bacterial lectins 668 and 102
»2s conducted on the white inbred mice with mass 20.0 = 2.0 g and rats with
mass 150.0 £20.0g with standard food-ration. There were four ways of
scministration of physiological solutions of bacterial lectins: intramuscular,
sebcutaneous, intraperitoneal and intravenous.

White inbred mice and rats (300 animals) and experimental models of
szmour growth (Walker carcinosarcoma 256, Pliss’ lymphosarcoma and Sarcoma
<50 were used following published procedures [2, 4, 7]. The mixture of lectin
932 with heterocyclic bis-adducts 3¢ and 3e was introduced. The efficiency
sarameter: growth inhibition of the mass of these tumours was 50 % [4, 14].

There were 6 administrations of the physiological solutions of bacterial lectins
v molecular complexes of heterocyclic bis-adducts with bacterial lectins (1 : 1)
=werv other day. The dosage of the preparations corresponded to 1 /4—1 /6 of
LD_ There were six animals in group.

The results were assessed by standard methods of statistical analysis [13].

Results and their discussion. 1.C h e m i s t r y. The general synthesis
procedures used for the preparation are illustrated in Scheme. Analytical data
%r adducts 3a—f are shown in Table 1.

1.1. General procedure for the preparation of 1,1'-(2"-bromo-2"chloroethenyl)
ns4{ 5-bromouracile) 3a ?
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The synthetic procedures used for bis-adducts preparation

A mixture of potassium hydroxide (3 g, 0,054 mol) and dibenzo-18-crow:
6-ether (0,3 g, 0,054 mol) in 40 ml of dry benzole was heated under reflux
60 —80 °C for 15 min.

The cooled solution was mixed with 1,1,1-trifluoro-2-bromo-2-chloroetha
(4,68 g, 0,024 mol) in dry ethyl ether. A solution 1 of 1,1,1-trifluoro-2-brom
2-chloroethane and potassium complex of dibenzo-18-crown-6-ether was heat
under reflux at 60 —80 °C for 15 min. After that cooled solution 1 was mixed wi
solution 2 (5-bromouracile (5.5 g, 0.0288 mol) in 40 ml of dry dimethylformamic
and the heat under reflux at 60—80 °C for 12 h.

Tabl
Analytical data for adducts 3a—f
Elemental analysis, %
Adduct Melting point, C BB H [ N
v Found (calculated)
3a 270275 22.8 1.02 11.01
(23.13) (0.77) (10.78)
3b 290295 27.0 1.03 17.98
(26.6) (0.9) (18.61)
3c 265 37.05 3.08 16.99
(36.9) (2.58) (16.55)
3d 280 —285 37.0 3.05 15.97
(36.9) (2.58) (16.55)
3e 222 -225 51.5 3.0 14.83
(51.43) (2.7) (14.9)
3f 107 —110 34.89 2.50 20.39
(35.12) (2.2) (20.48.
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The heated solution was filtered. The precipitate was washed with 30 ml of
saueous methyl alcohol, 10 ml of ethyl ether, and the solvent removed under re-
swced pressure. The adduct 3a is a cream-coloured solid (30 %); v,  (KBr), em™':
750, 1710, 695, 550; & H 7.66 (2 x C;,H), 4.048 (2 x N, H in H,0).

1.2. 1,1-(2"-bromo-2"-chloroethenyl)-bis-(5-nitrouracile) 3b. The adduct was
wrepared according to the general procedure. The adduct 3b is a yellow solid

36.5%); v, (KBr), em™: 1750, 1710, 1580, 690, 550; 8H 10.32(2 x N, H),
838 (2 x C H).

1.3. 1,1-(2"-bromo-2"-chloroethenyl)-bis-(5 (or 6)-methyluracile) 3¢, 3d.
The adducts were prepared according to the general procedure. There are white
wiads (2630 %). The precipitates were washed with 25—30 ml of hexane, and
e solvent removed under reduced pressure. For the adduct of 5-methyluracile,
% v_ (KBr), cm™': 3000, 2800, 1750, 1710, 615, 515; 8H 11.0 (2 x N, H),
T35 (2xC,H), 1.73 (2x Me). For the adduct of 6-methyluracile, 3d: v,

£8r), em™': 3000, 2800, 1750, 1710, 615, 598, 515; 8H 10.83 (2 x N, H), 5.31
2+ C, H), 2.01 (2x Me).

1.4, 1(2-bromo-1', 1'-difluoro-2"-chloroethyl)-benzimidazole 3e and 1-(2'-bro-
w17 1'-difluoro-2'-chloroethyl)-imidazole 3f.

The adducts were prepared according to the general procedure. However,
2 solution 2 of heterocyclic compounds in dry benzole was prepared. The
pecipitate was washed with 30 ml of hot acetonitrile. The cooled solution was

Table 2
The median-lethal doses (LD,,) of bacterial lectins
A The way of LDjq, mkg/ kg
aammals PIRIAK A
administration Lectin 668 l Lectin 102
Mice Intramuscular 68 (46— 101) 294 (210—318)
Subcutaneous 71 (59—84) 248 (195-301)
Intraperitoneal 89 (75—106) 2000154 — 246)
Intravenous 37 (26 —54) Non determined
Rats Intraperitoneal 71 (62 -80) 60 (52 -68)
Intravenous 52 (45-59) Non determined
Table 3

The antitumour activity of bacterial lectins and their molecular complexes
with adducts 3e and 3c

Doie Middle mass of Middle mass of % of growth Effecti
Lecta ; tumour of control | tumour of experi- | inhibition of . ":l ve Spl,“_'“
mkg /kg animals, g mental animals, g | the tumour S coefficient
Walker carcinosarcoma 256
e 16 325 +0.21 15.5 £ 0.21 52.3 2.09 0.76
R 20 325021 16.2 = 0.25 50.0 - -
Pliss’ lymphosarcoma
s 16 420=277 380 =3.22 9.0 1.1 1.1
2 20 420 =277 21.0 = 0.80 50.0 1.1 -
2 - 24 139193 25=130 62.5 2.67 0.71
HE =~ 3e 35 139=183 18=009 82.01 5.56 0.71
Sarcoma 45
S 17 MNi14=19 $2=017 £29 By 1.04
S D A Mapwiuse x2S T £5 % ”



MERCITE. BT PROCPDELIES Tas Bashed Sl 10 B of 2 coad waler. O Wil of
acetomitrile and the solvent removed smnder reduced pressase The adducts 3e
3f are yellow solids (48 —-33%): v__ (KBr)., cm™' 3100, 325, 1258, 1170 . 8H

8.91, 7.29 (2 x Ph) (for adduct 3e): v_,_(KBr). cm™: 3050, 3065
8.914, 7.282 (2 x Ph), 7.27 (2 x H in (BrCICH-) (for adduct 37)

2.Biology. The determination one of the main pharmacological indexes
of medical preparations — the critical toxicity on two species of animals under
different ways of administration was shown that the investigated lectins concern
to low toxic substances (Table 2). We found that lectin 668 is more toxic (LD,
at different ways of administration was 37 — 89 mkg /kg) than lectin 102 (LD,
of this lectin was 200 —294 mkg /kg).

The obtained parameters of the bacterial lectins toxicity show that LD,
under different ways of administration is similar. This evidences for the lectins’
capability to pass quickly through the histo-haematic barriers.

A strong antitumour effect has been discovered for lectins 668 and 102 on
Walker carcinosarcoma 256: growth inhibition of the tumour was 52.3 % and
50.0 %, accordingly (Table 3). Lectin 102 is more active as to Pliss’
lymphosarcoma than lectin 668: growth inhibition of this tumour was as the
efficiency parameter (50.0 %). The antitumour effect of lectin 668 on Sarcoma 45
was a bit lower (42.9 %). Percentage of primary recovery and destruction is “0”.

The molecular complexes of lectin 102 with bis-adducts 3e and 3¢ were tested
on Pliss’ lymphosarcoma (Table 3). A strongly antitumour effect has been
discovered for these complexes: growth inhibition of the tumour was 62.6 % and
82.01 % according. The complex of adduct 3e with lectin 102 is non-toxic and
more activity as to this tumour.

Finally, we wish to stress that these primary investigations are rather
promising. These results may be used for creation of new antitumour drugs.
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BIOJIOTIYHA AKTUBHICTb BAKTEPIAJILHMX JTEKTUHIB
TA IX MOJIEKYJIAPHUX KOMIVIEKCIB
3 TETEPOINKIITYHUMH BIC-AJIYKTAMHU

Peswowme

Onncano Hosuil penapaTHBHKIL METO OJICPIKAUHSA TeTCPOIMKATYHUX Gic-aqyKTiB — iMita-
30y, Gensuminaszony, ypaumais ta 1,1,1-tpudrop-2-6pom-2-xaopetany npu Mixdazosomy
Karaniai 18-kpayn-6-komiaekcom.

Busueno roctpy TOKCHYHICTD Ta NPOTHNYXAMHHY aKTHBHICTD NO3aKAITHHHHX JEKTHHIB
canpoditnux mramis 6aktepiii poay Bacillus (B. subtilis 668 IMB ta B. polymyxa 102 K/1Y).
Beranosaeno, wo wi pevoBuit BiAHOCATHCA 10 MATOTOKCHYHUX PENAPATIB i MAIOTL BHPAKE-
HY HPOTHIYXAMHIY Ai10 Vv Bignomeni kapuunocapkomu Yokepa 256, aimgocapkomu [laica
Ta capkomu 45.

CTBOpEHO HOBI MOJEKYJISIPHI KOMTIJICKCH OAKTEPiaibHHX JEKTHHIB 3 JICAKUMH TCTEPOLHK-
JuHMMH Gic-alyKTaMin — HOXiAHUMH He3aMinlenoro Gensumigasoay ta 6-mernaypaunay. Bu-
ABACHO BHCOKHIT NPOTHITYXAHHHHN eeKT UHX KOMIIIEKCIB: raabMyBanus pocty simdocapko-
mu Ilaica cranosuao 62,5 82,01 %.

KawuwoBi cxnosa: 6akrepiasbii JCKTHHI, reTepoiHKAiuni Gic-aaykrn, 6iojoridna
AKTHBHICTb.
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BUOJIOTMYECKASA AKTHBHOCTD BAKTEPHAJIbHbBIX
JIEKTUHOB U UX MOJIEKVJIAPHBIX KOMIIVIEKCOB
C TETEPOIMK/IMHECKUMHW BUC-AJUIYKTAMU

Peswme

Onucan HOBBIK NPENAPATHBHDI METOA NOAYYEHHA FCTCPOUHKINICCKIX GHC-A/IYKTOB —
“MKAa30aa, Gensumuaasona, ypannaos u 1,1, 1-tpuprop-2-6pom-2-xaopatana npn mexdas-
noM Katasmae 18-kpayn-6-koMiaeKcoM.

Hayyena octpasi TOKCHYHOCTD M TIPOTHBOOIYXOACBAs AKTHBHOCTH BHEKJIETOMHBIX JIEKTH-
HOB canpouTHLIX WTaMMOB Gaktepuii posa Bacillus (B. subtilis 668 UMB n B. polymyxa
102 KI'Y). YetanoB/ieHo, YTo 9TH BEHIECTBA OTHOCATCS K MAJOTOKCHYHBIM fipenapataM v o6a-
20T BbIPAXKECHHBIM IPOTHBOOIYX0JIEBLIM JeHCTBHEM B OTHOMIEHWH KapUMHOCAPKOMbI YoKepa
256, anmdocaprombl Ilnncca n capkombr 45.

Co3aanbl HOBbIE MOJIEKYJIAPHBIE KOMILIEKChl GaKTEPHAJIBHBIX JEKTHHOB € HEKOTOPHIMH
TETCPOUMKANYCCKHUMI GHC-aIYKTaMi — NPON3BOJAHBIMH HE3aMEIEHHOT0 GEH3NMHAA301a H
S-meTnaypannaa. Boissaen cnabnpii npornsoonyxosessiii ahdexT aTnX KoMizekcos: TopMo-
=enne pocra aumdocapkomnl Ilancca cocraBasao 62,5-82,01 %.

Kawuenbie ¢ a0 B a: Gakrepuaablibie JEKTHIIDbI, TETEPOIIKANYCcKue GHe-a/ulyKThi,
SHOJ0MHYCCKAA AKTHBHOCTD.

1. Ahmed H., Chatterjee B.P., Kelm S., Schauer R. Purification of sialic acid-specific lectin
from the lggian scorpion Heterometrus granulomanus //J. Biol.Chem. — 1986. — 367. -
P. 501 - 506.

2. Bloknin N.N., Perevodchikova N.I. Chemotherapy of cancerous diseases. — Moscow:
Medicina, 1984. — 304 p. (In Russian).

3. Bruce E. Maryanoff, Winston H., Mc Cosly D.F. et al. Potential anxiolytic agents. Pyrido
[1, 2-a] benzimidazoles. A new structural class of ligands for the benzodiazepine binding
site on GABA-a receptors //J. Med. Chem. — 1995. — 38. — P. 16-20.

. The experimental value of the antitumour drugs in USSR and USA / Ed. by Z.P. Sophinov,
A.B. Sophina (USSR), A. Goldina, A. Kmeina (USA). — Moscow: Medicina, 1979. —
286 p. (In Russian).

5. Gerus 1., Kolicheva M., Yagupolsky G., Kukchar V.P. Alkoxy (aryloxy)-1,1-difluoro-2-
chloro-2)-bromocthancs /7). grg. hem. — 1989. — 25, N9. — P.2020-2021. (In
Russian).

5 Kovalenko E.A. Extracellular bacterial lectins // Microbiol. Zhurn. - 1990. — 3,

N 3. — P.92-99. (In Russian).

Lariono/'f L.F. Chemotherapy of cancer. — Moscow: Medgiz, 1962. — 464 p. (In Russian).

% Mandal C. Sialic acid binding bacterial lectins //Experientia. — 1990. — 46. — P, 433 -
441.

S Mndzoyan A.L., Ter-Zacharyan G.Z., Paronikgan G.M. et al. Biological properties of
chemical compounds. — Erevan, 1962. — P. 235~ 246. (In Russian).

‘0. Podgorsky V.S., Kovalenko E.A., Simonenko L.A. Bacterial lectins. — Kyiv: Naukova
d m{a. 1992, — 203 p. (In Russian).

‘1 Preobrazenskaya M.N. Search of molecular tarﬁc s of chemical therapy of tumour //
J. Vsesouzniy Soc. D. Mendeleev. — 1973. — 18. — P. 643—-656. (In l{ussian).

Prozorousky V.B., Prozorovskaya V.P. Express-metod of middle effective dose

determination and its mistake //Pharm. and toxicol. — 1978. — N4. — P.473-502.

(In Russian).

3. Senetlyaev D. The statistical methods in scientific investigations. — Moscow: Medicina,
1971. — 419 p. (In Russian).

4 Sidorov K.K. Toxicology of new industrial substances. — M.: Medicina, 1973. —
Vol. 13. — P.47. (In Russian).

5 Utpal S., Saktimoyee M., Prasum P., Chakraborty S.K. New a-methylene gamma-lactone
derivatives of substituted nucleic acid bases as potential anticancer agents //

J. Med. Chem. — 1986. — 29(5). — P. 595—599.

Welchinskaya H., Kuzmenko 1., Iichenko A. Heterocyclic compounds with pharmacophore

halogensubstituted group /7 J. Heterocycl. Chem. — 1997. — N7. — P.967-971. (In

Russian)

1)

Oaepxano 16.04.2002



