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ABSTRACT

Metalloproteinases (MM P) are zinc-containing enzymes, that mediate the
break down of connective tissue. The therapeutic inhibitors are chelating
agents such as hydroxamates (RNHOH). The interaction between enzyme
and the inhibitor is two fold. The nitrogen of RNHOH chelates with zinc,
whereas the R substituent has polar interaction with histidine part of the
enzyme. The chelating ability of the RNHOH has been studied with the help
of transfer of charge AN and and lowering of energy AE on interaction of
RNHOH with Zn**. The magnitude of interaction has been evaluated by
equation AN = (x°,- x°%)/ 2(n,*+ ng) and AE = -(x°,- x°,) */ 4(n,*+n,,). Based
on DFT principles the interaction energy E  between Zn** of MMP and
nitrogen of RNHOH has also been calculated by using the values of
softness, chemical potential and number of electrons. The results of AN,
AE and E,  have been compared. Theinteraction between R of RNHOH and
histidine of the enzymes has been studied by identifying the sites of
hydrogen bonding between hydrogen of histidine and sulphonyl, ester
and carbonyl oxygen of inhibitors and vice versa. The study provides new
descriptors, AN, AE, E,  for applicationin biological system.
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INTRODUCTION

Themagnitudeof interaction between adonor mol-
ecule(B) and acceptor (A) hasbeen measuredinterms
of transfer of energy (AN) from B to A and lowering
of energy (AE) on the formation of A-B!. Theinter-
action has also been measured intermsof interaction
energy (E, )*?. Theessential requirementsfor mea-
surement are el ectronegativity, absolute hardness, of
A and B for AE, and AN, where as for interaction
energy chemical potential and number of electrons of
A and B arerequired. Therelevant equation of AE,

AN and E, are described under material and method.
The applications of these energies have never been
made in biological system, though donor-acceptor
strength between inhibitor and receptor iswell known
in metall oprotei nases®# and carbonic anlydrase®. In
this paper we have eva uated AN, AE and interaction
energy (E, ) between the receptor zinc of
metal loproteinases (MM P) and hydroxamate inhibi-
tors(RNHOH) and have d so identified site of hydro-
gen bonding between enzyme and inhibitors. Onthe
basisof resultsof these energiestheactivity of inhibi-
tors has been proposed.
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MATERIALAND METHOD

The study materials of this paper areten deriva-
tives of hydroxylamine (RNHOH), which have been
used assyntheticinhibitorsof MM P8, Thegeometry
of these compounds has been optimized with thehelp
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of CAChe software by PM3 method. The optimized
structuresareshownin TABLE 1. Thevauesof elec-
tronegativity, chemicd potentia (u), absolute hardness
(m), number of eectrons(N) and Lambda () havea so
been eval uated with the same software by solving the
equationsgiven bel ow:

TABLE 1: List of compoundsand their structures

Comp. Structure

Comp. Structure

EC1

EC3

EC5

EC7

EC9

Histidine

EC2

EC4

EC6

ECS8

EC10
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I nteraction between astablemoleculeA formed by
thebonding of K atom with atotal number of eectrons
N, and astablemolecule B formed by thebonding of L
atomwithatotal number of electrons N interms of
interaction energy isgiven by equation-1 accordingto
density functional theory'?.

AE, =Elp,.] - Elp,] - Elp;] €

It hasbeen shown that if theinteraction energy is

divided into two steps and one makes use of the prop-

ertiesof the hardness and softnessfunctions, then the
equation-1 can bewrittenintheform:

AE,, =AE, +AEp @
Where

AE =~ -[(, +1,)/ 2S,+S,)] X (S,S)) 3
And

AEp~ - A/ 2(S,+S,) %)

S = softness, u = Chemical potential
Chargetransfer (AN) and energy lowing (AE)

When Lewisacid (electrophile) reactswith Lewis
base (nucleophile) or whenthereismetal ligand inter-
action, thereisashift of dectronsfromthe Lewisbase
to Lewisacid, until thechemica potentia sof both be-
comeequd®. The condition of equilibriumisthat the
chemica potentid, u, and ., becomeequal. Thisleads
to shiftincharge, AN, from less electronegative base
(B) tomoredectronegativeacid (A).

AN= (- %%) 2, t ) ©)
Electron transfer leadsto an energy lowering given by
equation 7.
AE =-(°,- 1%) */ 4, t ) (6)
Where y = Electronegativity, n = Absolute hardness

In equations 5 and 6 the el ectronegativity differ-

encederivethedectron transfer, and thesum of hard-
nessparametersinhibitsiti?,

RESULT AND DISCUSSION

Matrix metalloproteinases (MMPs), also called
matrixinsareafamily of structurally related zinc con-
taining enzymes(Figure 1) that mediatethe breakdown
of connectivetissuesand arethereforetargetsfor thera-
peutic inhibitorsin many inflammatory, malignant and
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degenerativediseases' 3., In normd conditiontheen-
zyme and the substrate exist without causing any deg-
radation of substrate because the naturally occurring
inhibitors(specific-TIM P, nonspecific-a.-macrogl obu-
lins) keep acheck over the degrading character of the
enzymes. Animbalance between MM Psand naturally
occurring MMP- inhibitorsmay cause excessextracel -
lular matrix destruction. When endogenousinhibitors
cannot control the over expression of MMPs, synthetic
inhibitorsarerequired. The principa approachfor the
design of aneffectiveinhibitor issubstratebased design
andaZBGwhich hasability of chelatingtheactivesite
Zn (1) present in the enzyme. Hydroxamicacidisone
such example, (Figure 2) which haschelating property
and itspeptide derivatives have been recognized assuc-
cessful inhibitorg®. The Zn** of the MMP acts as
€l ectrophile and the hydroxamates as nucleophiles.

Theinhibitor- receptor interactionisbasicaly adonor
acceptor interaction; the peptide part provides hydro-
gen bonding and polar interaction. Inthe present case
we havedivided our discussionintwo parts. Thedo-
nor acceptor interaction between Zn** and nitrogen of
RNHOH and theinteraction between histidineand the
peptidic part (R) of RNHOH. The parent structure of
MMPisgivenin Figure 1, and that of hydroxamate
inhibitorsin Fgure2.

OH
h NHMe

{0

Figure2

Iz
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Inadonor acceptor interaction the el ectronegativ-
ity, absolute hardness, chemica potential and number
of electrons of donor and acceptor play an important
role. The values of these parameters have been ob-
tained withthe help of CAChesoftware. Withthehelp
of these values equations-1, 5 and 6 have been solved
for eva uating the magnitude of interaction between ac-
ceptor metdloproteinases (MM P) and hydroxamatein-
hibitors(RNHOH). Theresultsof solution of equations,
have provided thevaluesof AN and AEwhicharein-
cludedin TABLE 2 and of energy interaction (E, ) in
TABLE 3. Areferenceto TABLE 2, indicatethat there
isashift of chargefrom|essd ectronegetive hydroxamete
inhibitors (B) to more el ectronegative Zn++ receptor
(A). The AN valuesindicatethat the magnitude of in-
teraction ismaximum with EC-2, and minimum with
EC-3. The sequenceis EC2 > EC1 > EC6 > EC7 >
EC10 > EC8 > EC9 > EC5 > EC4 > EC3. The AE
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a s0 showsthe same order of magnitude of interaction,
with only one change in case of EC-10. The results
show that lower isthe value of electronegativity of
RNHOH, better will betheinhibitor.

TABLE 2: AN and AE values in eV obtained by interaction of
hydroxamatesand Zn**

Compound %A 18 s Na AN AE
EC1 -26.344 -8.683 -2.960 -4.027 -1.263847 11.160402
EC2 -26.344 -8.008 -2527 -4.027 -1.398985 12.826247
EC3 -26.344 -9.168 -3.954 -4.027 -1.076056 9.241166
EC4 -26.344 -9.297 -3.278 -4.027 -1.166918 9.946514
EC5 -26.344 -9.133 -2.790 -4.027 -1.262488 10.864657
EC6 -26.344 -8.324 -2.688 -4.027 -1.341909 12.090938
EC7 -26.344 -8.536 -2.913 -4.027 -1.282997 11.423806
EC8 -26.344 -8.814 -3.729 -4.027 -1.130198 9.906467
EC9 -26.344 -9.061 -3.901 -4.027 -1.090098 9.420352
EC10 -26.344 -8991 -3.928 -4.027 -1.090698 9.463438

A=Zn**, B=Inhibitor (Hydroxamate), y=Electronegativity,
n=Absolute hardness, AN=Charge transfer, AE=Energy lowering

TABLE 3: Interaction energy in eV for interaction ener gy of Aand B

Comp. ts S 1 Sa Ne  Nj A Ev Ep Eint
EC1 8.683 0.338 26.344 0.248 160 0 25.600 -22.321 -21.837 -44.158
EC2 8.008 0.396 26.344 0.248 166 0 27.556 -25.652 -21.390 -47.043
EC3 9.168 0.253 26.344 0.248 142 0 20.164 -18.482 -20.114 -38.597
EC4 9.297 0.305 26.344 0.248 136 0 18.496 -19.893 -16.710 -36.603
EC5 9.133 0.358 26.344 0.248 148 0 21.904 -21.729 -18.048 -39.778
EC6 8.324 0.372 26.344 0.248 136 0 18.496 -24.182 -14.906 -39.088
EC7 8.536 0.343 26.344 0.248 162 0 26.244 -22.848 -22.180 -45.028
EC8 8.814 0.268 26.344 0.248 140 0 19.600 -19.813 -18.973 -38.786
EC9 9.061 0.256 26.344 0.248 126 0 15.876 -18.841 -15.728 -34.569

EC10 8.991 0.255 26.344 0.248 142 0 20.164 -18.927 -20.047 -38.974

A=Zn**, B=Inhibitor (Hydroxamate), S=Softness, p=Chemical potential, N=Number of electrons

Theinteractionenergy (E,,) calculated for recep-
tor- inhibitor interaction ispresented inTABLE 3. A
referenceto thisTableindicatesthat smilar to AN and
AE the best interaction is shown by compound EC-2.
Themagnitude of interaction measured by interaction
energy isnot exactly similar to the sequence shown by
AN and AE, but inrespect of trend it can a so provide
useful information.

HOMO energy of baseand LUMO energy of acid
a so provideuseful information about themagnitude of
interaction between metd and ligand. Whenareaction
takes place between acid and basetransfer of electron
from HOMO of baseto LUMO of acid takes place.

Soft base hashigh energy of HOM O and soft acid has
low energy of LUMO and their reaction with each other
isfast?l. Thelower isthevaueof difference between
theenergy of HOMO and LUMO greater will bethe
stability!*>28,

Inthe present case LUMO energy of the receptor
Zn**and HOM O energy of theinhibitor and thediffer-
ence between them has been evaluated and are pre-
sentedin TABLE 4. The ALH(E) values suggest the
following order for donor acceptor strength.
2>7>6>10>8>9>5>7>4>3. Thisorder isamost Smi-
lar to the order derived from AN and AE.
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TABLE4: Energy HOMO and LUMO and ALH(E)

HOMO LUMO
Compound energy(eV) Energy(eV) ALH(E)
Of Hydroxamates of Zn™"
EC1 -9.023 -22.317 13.294
EC2 -8.717 -22.317 13.6
EC3 -9.972 -22.317 12.345
EC4 -9.937 -22.317 12.38
ECS -9.886 -22.317 12.431
EC6 -9.113 -22.317 13.204
EC7 -9.911 -22.317 12.406
ECS8 -9.715 -22.317 12.602
EC9 -9.725 -22.317 12.592
EC10 -9.44 -22.317 12.877

Theresultsof AN, AE, E, , and ALH(E) indicate
that hydroxamate derivatives, which havelow va ueof
number of electrons, are better chelating agents. Aro-
matic ringsin the substituents-R of RNHOH a so pro-
vide better interaction.

Hydrogen bonding: Thereceptor Zn** isattached
tothree-histidinemolecules. Histidineisapolar anino
acid®¥, Theinhibitor hydroxamates are peptidederiva
tivesof hydroxamic acid (RNHOH). Thegroup(R) at-
tached to NH,OH hasalso number of polar sites. The
interaction between polar sitesof receptor histidineand
the polar sitesof RNHOH has also been examinedin
respect of their polar interaction in termsof hydrogen
bonding. Hydrogen bondingismost likely an essential
reguirement for many drug-receptor interactions. A
singlehydrogenbondisreatively wesk, hencemultiple
hydrogen bonding has been recognized asmorefavor-
able?2, |n earlier reviewsit is pointed out that the
hydroxamate nitrogen after protonation formsahydro-
gen bond with acarbonyl oxygen of the enzyme back-
bone of neutrophil collagenase®??. Thesiteof hydro-
gen bonding has not been mentioned in earlier work.
For the purpose of finding the possible sitesthat are
involved inhydrogen bonding theva uesof partid charge
on each atom of inhibitors (EC-1-EC-10) has been
evaluated and are presented in TABLES 5-14. The
possible atomsthat involvein hydrogen bonding are
oxygen and nitrogen hence partia chargeson oxygen
and nitrogen of R of RNHOH havebeenidentified and
areincludedinTABLE 15. Thevauesindicatethat al
oxygen aomshave negative charge and nitrogen atoms
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have positive charge, hence oxygen atomshave been
consdered for possible hydrogen bonding.

TABLE5: Partial chargeof atomsof thecompound EC1

Atom Partial Charge  Atom Partial Charge
C3 0.255 018 -0.351
04 -0.081 N19 0.006
C5 -0.102 C20 -0.073
C6 -0.222 c21 -0.088
C7 -0.64 Cc22 -0.092
S8 0.416 C23 -0.093
C9 -0.18 C24 -0.086
C10 -0.143 C25 -0.105
Cl1 0.072 C26 -0.125
C12 -0.127 Cc27 -0.136
C13 -0.114 C28 0.223
Cl14 -0.077 029 -0.353
C15 -0.12 N30 -0.051
C16 -0.114 C31 -0.08
C17 0.23 S32 0.616

TABLE 6: Partial chargeof atomsof thecompound EC2

Atom Partial Charge @ Atom Partial Charge
C3 0.367 N19 0.38
04 -0.185 C20 -0.158
C5 -0.124 c21 0
C6 -0.227 Cc22 -0.071
C7 -0.167 C23 -0.08
N8 0.269 C24 -0.098
C9 -0.109 C25 -0.082
C10 -0.122 C26 -0.08
C11 -0.102 c27 -0.148
C12 -0.065 C28 0.206
C13 -0.109 029 -0.375
Cl4 -0.07 N30 0.006
C15 -0.124 C31 -0.092
C16 -0.119 C32 -0.122
C17 0.081 C33 -0.093
018 -0.206

TABLE 7: Partial chargeof atomsof thecompound EC3

Atom Partial Charge @ Atom Partial Charge
C3 0.368 C16 -0.119
o4 -0.182 C17 0.095
C5 -0.124 018 -0.205
C6 0.359 N19 0.373
o7 -0.404 C20 -0.144
08 -0.245 c21 -0.078
C9 0.083 Cc22 -0.116
C10 -0.149 Cc23 -0.117
Ccl1 -0.136 C28 0.223
C12 -0.065 029 -0.36
C13 -0.108 N30 0.032
Cl4 -0.07 C31 -0.1
C15 -0.124 C31 -0.1
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TABLE 8: Partial chargeof atomsof thecompound EC4 TABLE 11: Partial char geof atomsof thecompound EC7

Atom  Partial Charge  Atom  Partial Charge Atom  Partial Charge Atom  Partial Charge
c3 0.513 C16 -0.117 c3 0.368 Cis -0.117
04 0.115 c17 0.239 04 -0.168 C19 -0.113
C6 0.356 018 -0.348 C5 -0.047 C20 0.232
o7 -0.394 N19 0.056 Cc6 -0.55 021 -0.347
08 -0.253 C20 -0.106 S7 2243 N22 -0.01
Co 0.083 c21 -0.071 08 -0.695 €23 -0.085
c10 -0.149 C22 -0.123 09 -0.513 c24 0.23
c11 -0.118 c23 -0.117 C10 -0.922 025 -0.36
c12 -0.073 c28 0.229 cii 0.039 N26 -0.018
C13 -0.129 029 -0.411 C12 -0.144 car -0.089
c14 0.084 N30 0.01 c13 -0.191 c28 -0.056
C15 0121 c31 -0.094 Sl 0.57 c29 0.133

C15 -0.124 C30 -0.12

TABLE 9: Partial chargeof atomsof thecompound EC5 16 -0.126 €31 0129

c17 -0.101 H32 0.146

Atom  Partial Charge  Atom  Partial Charge
c3 0.493 Cc16 -0.128 TABLE 12: Partial char geof atomsof thecompound EC8
04 0.108 C17 0.241 Atom  Partial Charge  Atom  Partial Charge
c5 -0.086 018 -0.358 c3 0.362 c18 -0.116
C6 0.354 N19 -0.004 04 -0.181 C19 -0.119
o7 -0.39 C20 -0.1 c5 -0.071 C20 0.124
08 -0.257 c21 -0.074 Cc6 -0.067 021 -0.196
C9 0.083 c22 -0.123 c7 -0.195 N22 0.362
C10 -0.149 c23 -0.116 c8 -0.089 c23 -0.14
c11 -0.114 c24 -0.089 co -0.088 C24 0.212
C12 -0.119 c28 0.229 C10 -0.1 025 -0.371
C13 -0.137 029 -0.396 C11 -0.146 N26 0.022
Ci14 -0.058 N30 -0.012 Ci12 -0.06 c27 -0.09
Cc15 -0.12 C31 -0.091 Ci15 -0.097 Cc28 -0.082

C16 -0.113 C30 -0.098
TABLE 10: Partial char geof atomsof thecompound EC6 C17 -0.084 C31 -0.071

Atom  Partial Charge Atom  Partial Charge TABLE 13: Partial char geof atomsof thecompound EC9
C3 0.497 C16 -0.117

Atom Partial Charge  Atom Partial Charge

04 0.126 C17 0.235 c3 0.335 c18 -0.115
C5 -0.062 Ols -0.371 04 -0.174 C19 -0.122
C6 -0.139 N19 0.035 C5 0.083 C20 0.107
C7 0.11 C20 -0.071 06 -0.239 021 -0.202
c8 -0.178 C21 -0.15 c7 0.054 N22 0.356
09 -0.182 Cc22 -0.051 c8 -0.125 c23 -0.144
C10 0.049 c23 -0.061 co 013 C24 0.207
cl1 -0.042 C28 0.225 ci1 -0.132 025 -0.367
C12 -0.11 029 -0.49 c12 -0.043 N26 0.024
c13 -0.109 N30 0.032 C15 -0.115 c27 -0.093
Cl4 -0.08 C31 -0.088 C16 -0.094 N26 0.024
C15 -0.112 c17 -0.075 c27 -0.093
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TABLE 14 : Partial char geof atomsof thecompound EC10

A referenceto TABLE 15 indicatesthat the com-
poundsEC-1, EC-2, EC-6, EC-8, EC-9, EC-10 have

Atom Partial Charge  Atom Partial Charge . . .
o3 0.368 g cl6 0.131 g maximum negative charge at carbonyl oxygen, thesite
oa 0'184 oL 0'067 being O-29, in EC-1, EC-2 and EC-6 and O-25 in

' ' EC-8, EC-9 and EC- 10. The presence of ester group
C5 -0.072 c18 -0.124 . o . .
inthe molecule changesthe situation, the site of maxi-
C6 -0.086 C19 -0.119 .
mum negetive charge changesfrom carbonyl oxygento
C7 -0.099 C20 0.105
ester oxygen. Such compoundsare EC-3, EC-4 and
C8 -0.125 021 -0.207 L :
EC-5. ThesiteisO-7. In compoundsEC-7, the high-
C9 -0.132 N22 0.336 ) S : .
c10 0.101 . 014 estvalueisat S=0, thesiteisO-8. It isalso evident
' ) that the highest negative chargeisexhibited by sulphonyl
Cl1 -0.132 C24 0.207 .
oxygen, thevalue being -0.693, the ester groups are
C12 -0.043 025 -0.364 : : :
next highest which have valuesin between 0.39to -
C13 -0.095 N26 0.022 : :
c1a 0.095 o7 0,093 0.404. Therest of the compounds havetheir valuesin
' ' between -0.353 t0 0.49. All theinhibitors can be ar-
C15 -0.091 : . ) :
ranged inthefollowing order in respect of their values
TABLE 15: Partial char geon oxygen, nitrogen and hydrogen atoms
EC-1 EC-2 EC-3 EC-4 EC-5 EC-6

Atom Partial Atom Partial Atom Partial Atom Partial Atom Partial Atom Partial

site  charge site  charge site charge site charge site charge site charge

0O-18 -0351 O4 -0185 04 -0182 O4 0.115 O-4 0.108 O-4 0.126

029 -0353 N-8  0.269 o7 -0404 O-7 -03%4 O7 -0.39 09  -0182

O-4 -0081 018 -0206 O8 -0245 08 -0253 O8 -0257 O-18 -0371

N-19 0006 N-19  0.38 0-18 -0205 O-18 -0348 O0O-18 -0358 N-19 0.035

N-30 -0051 029 -0375 N-19 0373 0O-19 0056 N-19 -0004 ©0-29 -0.49

H-49 0068 N-30 0006 029 -036 029 -0411 029 -039 N-30 0.032

H-58 0112 H-53 0112 N-30 0032  N-30 0.01 N-30 -0012 H-57  0.047

H-61 0112 H-51 0.11 H-49 0.09 H-51 008 H-55 0.085
H-60 008 H-58 0097 H-62  0.095
EC-7 EC-8 EC-9 EC-10 Histidine

Atom Partial Atom Partial Atom Partial Atom Partial Atom  Partial
site charge site charge site charge site charge site charge
O-4 -0.168 O-4 -0.181 0-4 -0.174 O-4 -0.184 0-9 -0.39
0-8 -0.695 0-21 -0.196 0-6 -0.239 0-21 -0.207 H-19  0.043
0-9 -0.513 N-22 0.362 0-21 -0.202 N-22 0.336 H-20  0.043

0-21 -0.347 0-25 -0.371 N-22 0.356 0-25 -0.364 H-14  0.073
N-22 -0.01 N-26 0.022 0-25 -0.367 N-26 0.022

0-25 -0.36 H-52 0.098 N-26 0.024 H-57 0.133

N-26 -0.018 H-54 0.081 H-51 0.123 H-59 0.081

H-48 0.095 H-53 0.082

H-50 0.071

of partial charges-
EC-7>EC-6 >EC-4>EC-3>EC-5>EC-2>
EC-8 > EC-9> EC-10
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The oxygen of sulphonyl hasthehighest negative
charge, hencemost favorablestefor hydrogen bonding.
Histidinehas20 atomsasshownin TABLE 1. Thepar-
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tial chargeson each atom have beenevauated and are
included in TABLE 16. Nitrogensat site N-3, and N-
11, have wesk negative val ues hence are not the pos-
siblesitefor hydrogen bonding. Theoxygen at site O-9
and O-10 have negative charge of the order 0.39 and
0.30 hencecan play important rolein hydrogen bonding.
Thepartid charge on hydrogen atomsattached to nitro-
genatomsof inhibitors (EC-1to EC-10) and histidine
areincludedin TABLE 15. Thepartid chargesonH-19,
H-20 and H-14 of higtidine arelower than the partial
charges on hydrogen atomsof inhibitors. Thisimplies
that hydrogen bonding will be between hydrogen of in-
hibitorsand carbonyl oxygen (O-9) of hisitidinebecause
it has higher negative partia charge (-0.392) than the
negetive chargeon carbonyl oxygen of inhibitors(EC-1,
EC-2, EC-5, EC-9 and EC-10). The negative partial
charge on ester oxygen of EC-4 (O-7), EC-5(0O-7) on
sulphonyl oxygen of EC-7 (O-8) and carbonyl oxygen
of EC-6 (O-29) are higher as compared to negative
charge on carbonyl oxygen(O-9) of histidine. Itismost
likely that hydrogen bonding in these casesinvolve hy-
drogen of hitidine (H-14). Hencethehydrogen bondings
areof twotypes: In one case the hydrogen of inhibitor
and oxygen of histidineareinvolved andin other case
wherehydrogen of histidineand oxygen of inhibitorsare
involved. Boththesetypesof hydrogenbondingareshown
iINTABLE 17and TABLE 17A.

TABLE 16: Partial charge of atomsof Higidene

Atom  Partial Charge Atom  Partial Charge
Cl -0.309 c7 -0.071
Cc2 -0.134 C8 0.382
N3 -0.115 09 -0.392
Cc4 -0.247 010 -0.306
N5 0.317 N11 -0.034
C6 -0.04

TABLE 17 : Hydrogen bonding between hydrogen of
inhibitor sand oxygen of histidine

Atom Partial Atom Partial

Inhibitor ste  charge Receptor ste  charge Difference
EC-1 H-58 0112 Histidine 0-29 -0.392 0.504
EC-2 H-61 0.112 0.504
EC-5 H-62  0.095 0.487
EC-8 H-52  0.098 0.490
EC-9 H-51 0.123 0.515

EC-10 H-57 0133 0.525

Sequence: - EC-10>EC-9>EC-1>EC-2>EC-8>EC-5

= Fyl| Peper

TABLE 17A : Hydrogen bonding between hydrogen of
histidineand oxygen of inhibitor

Atom Partial Atom Partial

Receptor - Inhibitor - Difference
site  charge site  charge

Histidine H-57 0.123 EC-3 O-7 -0.404 0.527

EC-4 O-7 -0.3%4 0.517

EC-6 0-29 -0.490 0.613

EC-7 0-8 -0.695 0.695

Sequence: - EC-7>EC-6>EC-3>EC-4

CONCLUSION

1. AN, AE, E_ and HOMO-LUMO gap indicate
that EC-2 isthestrongest and EC-3isthe weak-
est chelating agent.

2. Hydroxamateswhich havelower number of elec-
tronsand havelower va ueof e ectronegativity are
better chelating agents

3. Twotypesof hydrogen bonding exist
I.  Hydrogen of histidineand oxygen of inhibitor

areinvolved.
[1. Hydrogen of inhibitor and oxygen of higtidine
areinvolved.

4.  Sulphonyl oxygenshavethehighest vaueof nega-
tivecharge, nextisoxygensof ester andthelastis
oxygensof carbonyl.

5. Most favorable site for hydrogen bonding is
sulphonyl oxygen where partia chargeis-0.695
and the hydrogen where partia chargeis0.133 or
0.123.
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