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The biological activity of D(-)-threo-isomer of Ewycetin is connected with presence of hy-
drogen bonding between hydroxyl groups of its alicyform. When grafted on silica surface (via
impregnation), levomycetin increases its antimicablzapability. Adsorption-induced changes in
the structure and energy parameters of levomycetiecules probably responsible of its activity
have been studied by means of quantum chemistnaslibeen found that descriptors of levomycetin
bioactivity can be values of the LUMO energy andHO-O hydrogen bond length within the pro-

panediol fragment of the molecule.

INTRODUCTION

High disperse silica can act as a pronounced

detoxicant and promotes bioactivity of a row of
remedies [1], so their adsorption grafting on ailic

surface open a way to create a new generation of

composite antibiotic-resistent medical products [2]

The effect was studied in [3] of a silica-
levomycetin composite on development of
E. colicells and it was shown that in the solution
containing levomycetin grafted on silica surface
the E. coli cells number was 3.75 times lesser
than that in the solution of pure antibiotic of the
same concentration.

Levomycetin is an antibiotic of a wide
spectrum of action concerning both gram-
positive and gram-negative microorganisms. Its
molecule (LV) (Fig. 1) contains-nitrophenyl
radical (I), propanediol group (II), and di-
chloroacetamide group (l11).

Fig. 1. Structural formula of the bioactive faor of
levomycetin { — n-nitrophenyl radical/l — pro-
panediol groupiil — dichloroacetamide group)

* Corresponding authderavchenko@zeos.net
242

n-Nitrophenyl radical (Fig. 1)) has a con-
siderable effect on the antibiotic activity bothedu
to its electronic nature and strong polarization of
the propanediol group, geometric size of this part
of the molecule having no key significance. When
the nitrogroup of LV molecule is substituted for by
less electronegative radicals (CN, Cl, ¢H; and
S0 on), an essential decrease in bioactivity ohsuc
forms or even its loss takes place [4].

The propanediol part of LV molecule (its has
a D(-)-threo-configuration at € and G carbon
atoms) play an essential role in the specific inter
action between LV and target (Fig. ). This
configuration secures a close stationing of hy-
droxyl groups with hydrogen bonds between them
what, according to [5—7], conditions formation of a
bioactive closed alicyclic configuration of LV
molecule. Such a configuration is not realized for
other stereocisomers [4]. The loss of di-
chloroacetamide fragment of the molecule results
in the complete loss in its bioactivity [7].

Thus, the propanediol and dichloroacetamide
fragments of LV molecule form active sites pro-
viding addition of this molecule to specific sites
of some bacterial proteins so exclusing the latter
from the normal exchange of microbial cells. Ac-
cording to [4-7], the antibiotic action of LV is
controlled by three factors: (1) strong acceptor
capability of n-nitrophenyl radical; (2) strongly
defined geometry size and relative conformation
of the propanediol chain; (3) strong polarizing
effect of the dichloroacetamide group which
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should simultaneously satisfy definite geometry 6-31G**. The models for silica surface were
conditions. The superposition of these effects polysilicate acids clusters containing 4, 8, and 13
causes a strong interaction between antibioticsilicon-oxygen tetrahedra. Taking into account
molecule and specific peptide groups of some the result obtained experimentally that the LV
ensimes what results in the dysbolism in micro- amount adsorbed on silica surface from alcohol
organisms. is more than that adsorbed from aqueous me-
Unfortunately, there are few articles in the dium [3], we also have carried out calculations
literature concerning studies on the effect of the on the adsorption energy of the complexes of LV
spatial and electronic structures of levomycetin molecule—solvent—silica (5 alcohol molecules
molecules as well as of their energy characteris-and/or 15 water molecules) stationed between
tics on their antimicrobial activity. As the eluci- LV molecule and silica surface. The direct con-
dation of interrelations between structural char- tact has been also examined between levomy-
acteristics, bioactivity, and electron density re- cetin molecule and silica surface.
distribution due to changes in the electronegativ-
ity of substituent of the functional groups of free RESULTS AND DISCUSSION
and adsorbed LV molecules is rather compli-
cated experimentally, quantum chemical studies
on these systems are rather relevant.

Quantum chemical calculations have been
carried out on equilibrium spatial structure ofrfou
LV isomers D(-)-threo, L(-)-threo, D(-)-erythro,

OBJECTS AND METHODS D(-)-erythrg). The alicyclic form ofD(-)-threo-

_ _ isomer (Fig. 2) appears to be the most stable one
~ The object under study was levomycetin. It \here a hydrogen bond is formed between hy-
cerning both gram-positive and gram-negative II). The hydrogen bond length Qd...O) be-
microorganisms. Levomycetin has four spatial tween hydroxyl groups is of 1.694 A as compared
isomers but onlyD(-)-threc-isomer in closed  py density functional theory method (B3LYP, 3-
alicyclic form has an antibacterial activity. The 21G**). When nitrogroup irD(-)-threcisomer is
restL(-)-threo-, D(-)-erythro, andL(-)-erythro-  gypstituted for groupsCN, —CI, —H, or €Hj,
isomers have activities of 0.4, 0.4, and 1 t0 2% thjs value increases and equals to 1.696, 1.700,
respectively of that oD(-)-threcisomer [5-7]. 1 706, and 1.707 Aespectively (see Table) what
According to the level of effect on the anti- testifies an effect of the substituent electronega-
microbial activity, functional derivatives with tjyity on the electronic structure of the models of
substituted nitrogroup can be arranged into ajeyomycetin derivatives. The same dependence in
row where their positions are qualitatively rele- gOH...0) calculations has been found in case of
vant to decrease in their electronegativities [4] | se of DFT method (B3LYP, 6-31G**) with the

correlation coefficient between d(3-21G**) and
NO,>CN>CQOMe>Cl(Br)>SQMe>SQNHz>H>Me. d(6-31G**) values of 0.998. Analogous correla-

Thus, the bioactivities db(-)-threo-R-isomers tions have been obtained due to comparison of
(R — functional groups —CN, —Cl, andi}-are the energies of the frontier orbitals (HOMO and

of 95, 20, and 0% respectively of that Df-)- LUMO) found with these basis sets. This fact
threo-nitro-isomer. gives us a reason, in order to reduce the comput-
In order to clarify the effect of adsorption Ing time, to use the lesser basis set for studies o

on the antibiotic properties, quantum chemical the models including large silica clusters.
calculations have been carried out on spatial and ~ Characterizing frontier molecular orbitals
electronic structure as well as on thermodynamic (HOMO, LUMO) gives us an opportunity to
characteristics of levomycetin 1{E1,Cl,N,0s forecast the probable reaction route involving
molecules and its adsorption Comp|exes at the Ievomycetin and to determine the sites of elec-
silica—water interface. All the calculations have trophilic and nucleophilic attacks. Thus, an
been carried out by means of PC GAMESS pro- electrophil should attack the LV atoms with
gram package (version 7.1 F) withab initio orbitals paying the maximum income into the
Hatree-Fock method and density functional the- HOMO whereas the site of the most probable
ory method (B3LYP) with basis set 3-21G**. nhucleophil attack should be the LV atoms with
Separated results were checked with basis setorbitals paying the maximum income into the
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LUMO. A graphic image is presented in Fig. 3
of the frontier orbitals of thé®(-)-threo-NO,-
isomer of LV molecule in the alicyclic form
along with those of relativeD(-)-threo-R-
isomers (R= €N, —Cl, —H, —CH).
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Fig. 2. Equilibrium spatial structure of the alicyc
form of D(-)-threoisomer of LV molecule ¢
calculated by density functional theory met
(B3LYP/3-21G**)

The results of calculations testify that the
HOMO is practically equally localized at the at-
oms of aromatic nucleus (Fig. 1), as independ-
ent on the nature of the substituent functional
groups what can point out the absence of the ef-
fect of definite group on the specific interaction
with a biological target. Nevertheless it should be
taken into consideration that for levomycetins
with the great biological activity (R = N@r CN,
see Table) the HOMO is localized also at the
oxygen and nitrogen atoms of dichloroacetamide
group (Fig. 171I). At the same time, the oxygen
atom of carbonyl group oD-(-)threo-NO,-LV
has the largest value of LCAO coefficient in the
HOMO (Fig. 3). This fact can testify that the bio-
logical activity of levomycetin is conditioned by
specific bonding of these atoms with electrophilic
areas of biological objects.

It is seen also from Fig. 3 that in biologically
active molecules db(-)-threa-NO,-isomer and its
analogue withCN-group, the LUMO is localized
at n-NO,- and n-CN-aromatic fragments whereas
in the rest (biologically inert) molecules with +-Cl
—H, and —CH groups, the LUMO is localized at
dichloroacetamide fragment. So, levomycetin
molecule can realize bonding with nucleophilic
areas of biological systems via aromatic system.
The greater LUMO energy, the lesser both electron
acceptor capability of levomycetin analogues and
their biological activities (see Table). At the sam
time, the lesser LUMO energy, the greater LCAO
coefficients at the aromatic system of relative
levomycetin. So, the LUMO energy can be an
electron descriptor of levomycetin molecular struc-
ture and biological activity [8].
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Fig. 3. Graphic image of the HOMO and LUMO
the molecules of D(-)-threo-R-isomers of
levomycetin (R = — N@ -CN,—Cl, -H, —-CH
B3LYP/6-31G**)

An analysis of the values of hydrogen
bond lengths in the propanediol fragment of
LV molecule (Fig. 1]I) with substituted func-
tional group (see Table) performs a clear cor-
relation with the biological activity

biological activity = -8203*(d) +13992,

r=0.945, n=5. *
It is remarkable that even little increase in hy-
drogen bond length results in the practical loss
of the biological activity of LV.

The results of calculations on the interaction of
isolated hydroxyl group of the tetrahedral cluster
containing 4 silicon-oxygen tetrahedra, with groups
—-NGO,, —C=0, —NH, - of the alicyclic form
of D(-)-threoisomer of levomycetin molecule
have shown that the lowest energy relates to the
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Table. Calculated data for isolated and adsorbed levotiry

ogolecule on silica surface

d — hydrogen bond Bioactivity of
HOMO energies, eV LUMO enrgies, eV length between compounds,
Complex —OH groups, A %, (E.coli
6-31G** | 3-21G** | 6-31G** | 3-21G** | 6-31G** | 3-21G** being an
example) [6]
Isolated LV molecule
LVD()-threo(NO)) | 7546 | 7012 | 2324 | -254| 1818  1.694 100
(alicyclic form)
LV D(-)-threo (CN) -6.980 -6.838 -1.385 -1.197 1.818 1.69¢6 95
LV D(-)-threo(Cl) -6.525 -6.482 -0.999 -1.039 1.83( 1.70( 20
LV D(-)-threo(H) -6.523 -6.425 -0.884 -0.92(Q 1.834 1.706 0
LV D(-)-threo(CHs) -6.275 -6.212 -0.857 -0.893 1.8386 1.707 0
Adsorption complexes
LV D(-)-threo{NO,) ) i 375 [7]
+ silica (Fig. 4) 7532 3494 1673 1,70 (calculated)
LV D(-)-threo{NO,) ) i ~20
+ silica (Fig. 4) 6.768 3.453 1700 1 caiculated)

structure including two hydrogen bonds between
the oxygen atom of hydroxyl group and the hy-
drogen atom of the NH group of levomycetine
molecule along with that between the hydrogen
atom of hydroxyl group and the oxygen atom of
levomycetin carbonyl group.

The adsorption complex built of the ali-
cyclic form of D(-)-threo-isomer of LV mole-
cule and of the model of silica surface contain-
ing 8 silicon-oxygen tetrahedra is for
57 kJ/mol more favorable than the adsorption
complex involving the non-cyclic form
whereas the energy of free LV molecule in
alicyclic form differs from that of non-cyclic
one only for 22 kd/mol. The calculation of the
AG value as dependent on the temperature
within 1 to 450 K shows that the temperature
when the alicyclic form ofD(-)-threoisomer
of levomycetin molecule becomes more favor-
able than non-cyclic one at about 129 K
whereas the interaction with a silica nanopar-
ticle shifts this value to about 136 K. This can
testify an effect of silica surface on the favor-
able form of D(-)-threcisomer and justifies
the adsorption of LV on silica surface pre-
dominantly in the biologically active form.

Adsorption complexes of LV molecule in-
teracting with a molecular model of silica sur-
face containing 13 silicon-oxygen tetrahedra
are shown in Fig. 4. It is seen that a bonding
can be realized due to forming hydrogen bonds
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O-H...O and O-H...N between hydrogen at-
oms of silanol groups of silica with oxygen
atoms of nitro- and/or carbonyl groups as well
as with nitrogen atom of —NH group of LV
molecule (Fig. 4). In such an adsorption
complex, hydrogen bond length (d) is of
1.700 A what corresponds to the bioactivity of
about 20% as calculated according to the
equation (*). Nevertheless, more probable (for
38 kJ/mol than previous one) is an adsorption
complex where &-H...O hydrogen bond is
formed between silanol groups and oxygen
atoms of —NQ@ and —CH groups of LV mole-
cule (Fig. 4). The hydrogen bond length be-
tween -CH groups in the complex is somewhat
lesser (1.673 A) than that in free levomycetin
molecule (1.694 A). The calculated value of
biological activity is close to that found ex-
perimentally (375%) and is of 270%.

Fig. 4 shows the isolines of the LCAO co-
efficients of frontier orbitals of respective ad-
sorption complexes. The distribution of the
HOMO and LUMO over levomycetin molecule
on silica surface is seen to be similar to that of
free LV molecule (Fig. 3) with marked biologi-
cal activity. At the same time, the LCAO value
of the oxygen atom of carboxyl group for the
HOMO is greater for thd complex as com-
pared with that of tha one what can testify the
greater biological activity of LV molecule ad-
sorbed on silica surface.
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Fig. 4. Equilibrium spatial structures of probable ad-
sorption complexes of levomycetin on si
surface realized due to forming hpden bond
O-H...O and O-H...N between hydrogen at-
oms of silanol groups with oxygen atoms of ni-
tro- and/or carbonyl groups as well as with ni-
trogen atom of —NH group of LV molecule)(
and oxygen atoms of -N@nd -1 groups @

LV molecule p), and the LCAOcoefficient:
distribution over their frontier orbitals
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The LUMO for both complexes is stationed
at the nitrophenyl fragment. The analysis of the
frontier orbitals testifies the greater biological
activity of theb complex as compared with that
of a one.

The position of levomycetin molecule on sili-
ca surface (simulated by eight silicon-oxygen
tetrahedra) surrounded by fifteen water mole-
cules is less favorable energetically if it dirgctl
contacts with silanol groups than that where wa-
ter molecules are stationed between levomycetin
molecule and silica surface (the Gibbs adsorp-
tion energy is of 296 kJ/mol). Unlike that from
water, the adsorption from alcohol should be
favorable energetically (the Gibbs adsorption
energy is of -39.5 kJ/mol). This result is proved
by experimental data [3].

A correlation is seen from the Table between
the biological activity of LV and the energies of
the frontier orbitals of both free and adsorbed LV
on silica surface. A correlation also takes place
between the biological activity of LV and the hy-
drogen bond length betwee®H groups.

CONCLUSIONS

It has been found that the descriptors of bio-
logical activity of LV molecules can be the hy-
drogen bond length and the energy and electron
density distribution of the frontier molecular
orbitals.

When alicyclic form of levomycetin mole-
cule is adsorbed on silica surface, a strengthen-
ing takes place of intramolecular hydrogen
bond in the propanediol fragment of levomy-
cetin molecule what causes an increase in its
bioactivity.

The interaction between levomycetin mole-
cule and silica surface is realized via proton do-
nor groups —OH and nitrogroup what is character-
ized by somewhat higher value of the formation
energy as compared with that in case of interac-
tion via groups >NH, >C=0, and —-NO

The adsorption of levomycetin from alcohol is
more favorable thermodynamically than that from
aqueous solution what agrees with experimental
data.

REFERENCES
1. Medicinal Chemistry and Clinical
Application of Silicon Dioxide / Ed.
A.A. Chuiko. — Kyiv: Naukova Dumka,

2003. — 415 p. (in Russian).

X®TI12010. T. 1. Ne 3



A Quantum Chemical Study on Levomycetin Interaction with Silica Surface

2. KrupskaT.V., Barvinchenko W/., Kas- 5. Mechanism of Antibiotics Action / Ed.

peskiy V.A. etal. Adsorption fixing G.F. Gause. Moscow: Mir, 1969. — 720 p.
levomycetin  on high disperse silica (in Russian).
surface /[ Farm. Zhurn. — 2006. — N 2. — 6. Molecular Principles of Antibiotics Action /
P. 59-63. (in Ukrainian). Ed. G.F. Gause. Moscow: Mir, 1975. —
3. Krupskarl.v., Barvinchenk®.M., 500 p. (in Russian).
GrigoryevaM.A. etal. Study on vital 7. Chemistry of  Antibiotics / Ed.
activity and growth of biomass of M.M. Shemyakin. -Moscow: Publisher&\S
unicellular microorganisms in presence of SSSR, 1961. - V. 1 -616 p. (in Russian).
high disperse silica and modified silicas // 8. lIvanov V.V, Sleta 4. Computing Methods of
Farm. Zhurn. — 2008. — N 1. - P. 59-64. Prognosis of Biological Activity of Organic
(in Ukrainian). Compounds. — Kharkov: KNU, 2003. — 71 p.
4. Chemistry and Biology: at the Joint of Two (in Russain).

Sciences / Ed. Y. Ilvanov. — Moscow:
Nauka, 2006. — 264 p. (in Russian).

Received 15.07.2010, accepted 17.08.2010

KBaHTOBOXIMiUHE T0CTiIKEHHS B32€MO/i JIeBOMIlleTHHY
3 MOBEPXHEI0 KpeMHe3eMy

A.A. KpaBuenko, T.B. Kpynceka, €.M. lem’ sinenxo, A.I'. I'peGeHIOK,
B.C. Kyus, B.B. JIo0aHoB

Inemumym ximii nogsepxui im. 0.0. Yyiika Hayionanvnoi akademii nayx Yxpainu
eyn. Ienepana Haymoea 17,Kuie 03164,Vkpaina, kravchenko@zeos.net

Bionoziuny axmusnicmo D(-)-mpeo-izomepa resomiyemuny nog' a3yioms 3 RPUCYMHICIIO 8 U020 ANIYUKITUHIU
Gopmi 600He6020 38’ A3KY Midc 2IOpOKCUNbHUMU 2pynamu. Adcopbyiino 3axpinienuil (WIAXOM iIMRpecHY8aHs)
JIeOMIYemut Ha NOBEPXHI KpeMHe3eMy Ni0GUUYe anmuMikpoony 30amuicms. Memodamu keanmoeoi ximii docii-
02ICEHO 3MIHU CMPYKIMYPHUX MA eHePpeemuyHUX napamempie MoAeKy 1e6oMiyemuty, 00ymMoeieHi adcopoyiero, aKi
MOJHCYmb 8ION0GI0amu 3a 1020 aKmuericmy. Busigneno, wo deckpunmopamu 0ion02i4HOi akmueHocmi iesomiye-
muHy moocyms oymu enepzis HBMO ma odoeoicuna 600negoeo 36 sa3xy O-H...Oe6 nponandionohomy gpacmenmi
MONEKYIU.

KBaHTOBOXHMHYECKOE HccaeI0BaAHNE B3AUMOACHCTBHS JIEeBOMUIIETHHA
C IIOBEPXHOCTBIO KPEMHE3EMA

A.A. KpaBuenko, T.B. Kpynckasn, E.H. lemsinenko, A.I'. I'pedeHI0K,
B.C. Kyn, B.B. Jlo6anos

Hnemumym xumuu nosepxnocmu um. A.A. Yyixo Hayuonanvnou akademuu Hayk Yxpaunoi
ya. lenepana Haymosa 17, Kuee 03164,Vkpauna, kravchenko@zeos.net

Buonocuueckyio axmusnocme D(-)-mpeo-uzomepa nesomuyemuna ca3vleaiom ¢ npucymcmeuem 6 e2o auu-
YUKIUUECKOU (hopme 8000POOHOU C653U MeHcOy 2UOPOKCULbHLIMU 2pynnamu. Aocopbyuonno saxpeniennuvlii (ny-
mem UMNPecHUPOBAHUS) TeGOMUYEMUH HA NOGEPXHOCU KPeMHe3eMa NOGbIUAEeN AHMUMUKPOOHYIO CROCOOHOCHTDb.
Memooamu K6anmogou Xumuu u3y4eHvl USMEHEeHUs CMPYKMYPHLIX U SHEP2eMUYeCKUx napamempos MoieKky ie-
somuyemuna, ooyciosientvle adcopbyuell, Komopvle MOZym omseeuams 3a e20 akmusHocms. ObHaApysHCceHo, Ymo
deckpunmopamu OUuoI02UYeCKOl AaKMUBHOCMU 1esomMuyemuna mocym ovims snepeus HBMO u oauna 600opoonoi
cesizu O-H...O6 nponanouonvrom gppazmenme monexyol.
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