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ABSTRACT

Theformation of inclusion complexes between histidine amino acid and
cyclodextrin wastheoretical studied by molecular mechanicsusing MM+
forcefield implemented in Hyperchem 7.5 software. Thus, we considered
two modesto introduce the amino acid in the cyclodextrin cavity, named A
and B orientations. Wewill beinterested by the bimodal complexation and
the chiral recognition. Inthe bimodal complexation study wefound that B
orientation in which the cycle part is outside the cavity is more favorable
of 1.97 kcal.mol* in vacuum and of 12.03 kcal.mol * in water than A
orientation. Furthermore, for the chiral recognition the A orientation in
which the cycle is totally embedded in the cyclodextrin cavity is more
favorable of 7.75 kcal.mol* in vacuum and 30.92 kcal.mol* inwater than B
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orientation.

INTRODUCTION

The chiral discrimination is a subject of great
importancein fine chemistry because the biol ogical
activity of the enantiomers is often different.
Consequently, thequantitativeenantiomericcompaosition
of these drugs should be determined™. The use of
cyclodextrin for this am starts to become a very
successful tool for thechiral recognitiont@.

Cyclodextrin (CDs) are cyclique a-1, 4 linked
oligomersof D glucopyranose. Natural cyclodextrin
comprise6, 7 or 8 unitsof glucopyranose symbolized
by o, B andy cyclodextrin. In particular, B CD hasan
internal cavity shaped like atruncated coneabout 8 A
degp and 6.0-6.4 A in diameter and the cavity possesses
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hydrophobic character and relatively low polarity and
can include a variety of organic compounds in a
reversiblewayt®9.

Theformation of theinclusion complex between 3
cyclodextrin (f CD) and amino acids(AA) constitutes
anided systemto eva uatedifferent interactionin gas
phaseand in solution. Theamino acidsare molecules
having acarbon sguel eton and two functional groups,
an amine (NH,) and carboxylic acid (COOH). The
amino acidsexistin severd forms, neutral, ionicand a
2wetterionicformaccording to themedium. Theamino
acidsareinazwetterionicforminagueoussolutionin
largerange of pH. They can belocalized on principal
chain: anammoniumionin N termina and acarboxyl
groupinaCterminal.
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The two charged spice can stabilized with the
solvent. Theabsence of solvent moleculesin gas phase
does not maketo stabilize the charge of zwetterionic
form comparedto theform without separation of charge.

In the present work we have study the bimodality
in the inclusion process of the amino acidsin their
zwetterionic forminsidethecyclodextrin cavity using
molecular modelling methodsin solution andthe gas
phase. We notethat the study in the gas phase alows
knowingtheintrinscinteraction of AA zwetterionicin
complex that could be essential to understand the
interactionin solution®24,

METHODS

The determination of theinteraction between 3 CD
and histidine mol eculeswas made by the MM+ force
field implemented in Hyperchem. The energy
optimization was carried out with Polack Ribiere
agorithmuntil energy gradient of 0.01 kcal.mole™.

A Histidinestructurein dimmer form was extract
in databaseimplemented in Hyperchem. Then some
atomsof dimmer structurewereremovedtoleaveonly
onestructureof Histidinewith zwetterionicform. The
B CD structure was taken from the Cambridge
structural data base.

The3 CD/higtidineinclusioncomplex wasobtained
by placingfirstly the 3 CD structure so asto coincide
the centreof the cavity withtheorigin of thereference.
ThentheL or D histidinestructureisplacedintheorigin
according A and B orientation (Figure 1).

Figurel: Docking strategy

Thestructuresof inclusionscomplexesfor D and L
enantiomersin A and B orientations are optimized.
Theses complexes undergoes several simulated
annedingin order to find thelowest energy structure of
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each complex. Theconditionsof thesmulated annedling
areshowninTABLE 1.

TABLE 1: Condition of thesmulated annealing

Time (ps) Temperature (K)
Heattime 0.01 Starting temperature 0
Run time 0.1  Simulation temperature 200
Cool time 3.0 Final temperature 0
Steptime  0.001 Temperature step 20

In the aim to study the explicitly effect of water
moleculesweintroduced thestructuresof theinclusion
complexesinto boxeswater of 17.17.17 A dimension
which contains 98 water moleculeswitha2.3 A distance
between water and 3 CD/histidine complex. The
systemsareoptimized with Newton Rgphson adgorithm
until a0.01 kcal.mol energy gradient. A single point
calculation was determined on the complexes after
having toremoveall thewater moleculesfrom thebox
beforeapplyingtherdation 1.

RESULTSAND DISCUSSION

Thefollowing nomenclaturewill beusedinorder to
interpret the computational results obtained in the
present work. Two orientationsmodeswereused. The
first oneinwhich thecycleisingdeof the cyclodextrin
cavity isnamedA orientation, furthermore when the
cycleislocaized outside of thecyclodextrin cavity this
orientation isnamed B.

Wedaerminedbindingenergiesof L and D histidineg/
B CD inclusion complexes according A and B
orientations. Binding energy was defined as the
difference betweentheenergy of inclusoncomplex and
thesum of individual host and guest molecule.
AEbindingz EHis(idineBcd - (Epcd +E hslidine) (1)

Thevalues of binding energy (kcal.mol?) inthe
vacuum and inwater aresummarizedin TABLE 2.

TABLE 2: Binding ener gy (kcal.mol™) in vacuumand in water

D hispod_A D hisped_B L hisped_A L hisped_B
-135.35 -137.32 -143.19 -137.97
-213.29 -198.61 -24056  -231.68

Ebinding in vacuum
Epindi ng in water

We notethat thevaues of binding energiesared|
negative what showsthat al thecomplexesarestable
invacuum and inwater.
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TABLE 3: Energy detail in binding ener gy between thetwo
orientations.

D his-Bcd L his-Bcd
A (A-B) A (A-B)
vacuum water vacuum water
A bonding 1.76 -23.97 -5.71 0.28
Avaw 6.75 21.25 -2.40 -6.19
Adec -6.54 12.75 2.89 -9.16
Atinding 197 12.03 -5.22 -15.07

For each structure we represented different
contributions of bonding energy, vand der waals
interaction and e ectrostati c energy, inthedifference of
bi nding energiesbetween thetwo orientationsof D and
L histidine/ B CD complex.

The results of TABLE 3 show that the D his-pod
complex in B orientationismorefavorablein vacuum of
1.97 kcal.mol* and in water of 12.03 kcal.mol .

An detailed inspection of the obtained geometries
(Figure 2) show that in the favorabl e orientation the
ammonium group takes position in the centre of the
cavity and it establisheshydrogen bondswith glycosidic
oxygen’s while the carboxyl group and the cycle are
keeped on the wider part of the cyclodextrin cavity.
We noted that hydrogen bonds are observed between
the oxygen of the carboxyl group and the secondary
hydrogen of cyclodextrin.

However, in A orientation, we observed a total
inclusion of the cyclewhiletheammoniumgroupis
includes partialy in the cyclodextrin cavity with the
establishment of one hydrogen bond with asecondary
oxygen of the 3 CD. Thecarboxyl groupislocated on
thewider part of cyclodextrin cavity.

in B orientation

D in A orientation D his ed

his-fed

L hisgod 1N A orientation L hisgod 1N B orientation

Figure 2 : Geometrical structure of more stableinclusion
complexes.
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This preference between thetwo orientationsof D
His od complex can be explained by theestablishment of
mores gnificant number of hydrogenbondsin B thanA
orientation.

IntheL Hsp +complex, Aorientationismorefavorable
inthevacuum of 5.22 kcal.mol *andinwater of 15.97
kca .molt. Aswecan seeinthefavorable orientationthe
cycleistotaly embedded inthecyclodextrin cavity while
theammonium groupispartialy included and oneof its
hydrogen establishes hydrogen bond with glycosidic
oxygen. Thecarboxyl group remansouts dethe cavity
and one oxygen atom establi shes hydrogen bond with
secondary hydrogen. However in the unfavourable
orientation wedistinguishtheammonium groupinside
thecavity and one hydrogen atom establisheshydrogen
bond with primary oxygen of 3 cyclodextrin. Thecycle
and the carboxyl group remain onthewider part of the
cyclodextrin cavity. Inthisorientation severa hydrogen
bondsare established between oxygen of the carboxyl
group and secondary hydrogen.

According to these observationswe can estimate
that the hydrogen bond between hydrogen atom of the
ammoniumgroup and oxygen’s glycosidic, presents only
in the favorable orientation, played apparently a
determining rolein the stability of the complex and
ensures abetter adaptation of theinvited moleculein
thecyclodextrin cavity.

Theenantiomeric recognition (AE ) areexhibited
in TABLE 2, there are computed from the energy

differenceof their inclusion complexes, D andL,
ped*

AECR =E DhisBed E L hiscd 2
Where E and E arethe energies of corresponding

D his-Bed L his-ped |
D and L histidine cyclodextrin complex.

TABLE 4: Chiral recognition (E_.) and ener getic detail in
kcal.mol.

A orientation B orientation
A (D hisped - L nisped) A (D hisped — L nispea)
Vacuum Water Vacuum water
A bonding 4.44 15.98 2.70 11.74
Avew 0.94 0.24 -8.62 -21.74
Adec 2.36 14.71 592 -2.74
AEcr 7.84 30.92 0.65 -12.74

Concerningthechird recognition, A orientation has
a better recognition in the vacuum and the energy
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difference betweenthetwo isomersis7.84 kca.mol .
Inwater, the energy differencesincrease between the
two structures, it becomes 30.92 kcal.mol2.
FurthermoreintheB orientation, invacuum weobta ned
awesk energetic differencewhich doesnot exceed 0.65
kcal.mol* what meansabad chira recognition. While
inthewater the obtained recognition wasfound better
and thedifference energy between thetwo enantiomers
is12.74kcd.mol ™.

We can say in conclusion that the more stable
structureisthat which contain hydrogen bond between
hydrogen of ammonium group and glycosidic oxygen.

Findly, wedistinguished during s mulated annedling
that B cyclodextrin structure was slightly distorted
especidly inthe B orientation whenthecycleisoutside
the cavity.

CONCLUSION

Inthe bimodality casewefound that B orientation
inwhichthecycleisoutsdethecavity ismorefavorable
andthispreferenceisincreased inthe presence of water
molecules. However for the chiral recognition A
orientation givesthebest preferenceandthisisincreased
inthe presence of water molecules. Theandysisof the
obtained structures shows that the hydrogen bond
established between hydrogen of ammonium group and
glocosidic oxygen play asignificant roleinthe stability
of b CD/higtidinecomplex.
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