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Abstract 

. The central prohlem ~n drug design is ;he lack n i  understanding of the molecular strnrtu~al features of 
receptors. In thlb work. a new self-conststent molecular rnodellmg approach, bared on drug-(model) receptor 
interaitron atudles, is devclaped to aid ~n thc ldentificatmn of reccpror's activc xte struaurc and rhc design ol 
dlugs. For a given molecule, be lt d drug. nutllent, model receptor. biornolccule or moiety lkuly lo Corm part of 
an active site structure o l  28 rcceptor model, the data hase holds rhc following information- thf carlesian 
coordm;ttcs and ner chargcs on all the atoms tncludmg hydrogens, complete all-valence electron (CNDO) 
wavefunctions and energies in a coordmate system fixed at a cunvenlcnt pomt on the molecule. Thc 
methodology can also be employed to understand, at thc moleculnr lcvcl, drugdrug, drug-nutricnt interactions 
and the molrcular origin of adverse effect5 of drugs 
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1. Introduction 

Biological activity of a drug is the result of its interaction with receptor(s). All drugs 
taken in higher dosages or for longer duration have adverse effects. Something like the 
Newton's third law of motion, the beneficial effect of any drug is always accompanied by 
its side elfects. It is the dream of every drug deaign group to develop ideal drugs-those 
with none or least side or adverse effects. The advent of modern computers, be it PCs 01- 

minis or work stations or supers, coupled with sophisticated 3D-graphic systems, has led 
to the era of molecular modelling. Here one picturcs, on thc video graphic terminal, the 
possible mode of binding of drugs at fhe receptor sites in cascs where the receptor 
structures are known. Receptor models considered in these cases arc usua!ly enzymes or 
proteins whose crystal structures have already been solved. It is reported1 that significant 
reductions in research and development costs are possible in thc chemical and drug 
industry by the application of a molecular modelling approach. Almost all the leading 
chemical and pharmaceutical industries in the west have groups actively involved in u s i ~ g  
computers and molecular orbital methods. Many successes have been reported in 
obtaining newer candidate dlugs, whose discovery would not have been possible without 
the aid of molecular modelling2-'. Although drug design is essentially an experimental 
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wence, molecular modelling procedures demand scientists with a theoretical back- 
groilnd to interact kith the experimentalists. Thus, the role of theoreti~ians is beginning 
to gain its due place in this vital sector. In tact. a molecular theorkt has co-authored the 
patent of a recent pl~~rrnaceutical product in Europe7. Ilouever. in India there appears 
to he no adi\-e group either In the industry or In research mtitutions in this area. The 
little that is attempted in acxicmic institutluns is said to he often desultory in natul-es. 

Our  approach envisages a self-consistent molecular modelling. based on drug- 
(mode1)receptor interaction studies. Before going into an outlinc of our approach, it is 
qpropriate to mentinn here the cost and time involved in b r ~ n g ~ n g  a new drug to market 
and some facts about drug actisn. I t  costs about US $ 40 to 90 million, according to 1986 
estimates. together with an initial mvestment of US $ 50 to 150 milhon. The time 
consumed belng arou11d 7-10 years. after a lead is found. Only one out of nearly 10,000 
newly sinthesized compounds is likely to become a drug! Further satisfactory therapy is 
a\ailable to only about one-third of all ailments!. i.e. for 66% of ailments we have no 
drugs of choice. Some facts on drug action are that a majority of drugs blr 3 reversibly at 
the rcceptor sites, wit11 weak binding energies, their moleculal mechanism of action not 
being understood. Further. the molecular and structural features ot a niajority of 
receptors arc unknown. As an analogy, we can compare the current undcrstanding of 
receptors to. something vimilar to, the description of an elephant by a group of blind 
persons. Despite intcnse efforts'!', receptors are today where enzymes were 25 years 
ago! It is th~s  lack of understanding of the molecular structural teatures of receptors 
that constitutes the central problem in drug design and the consequential high costs and 
delay in the arrival of safer drugs to the market. 

2. The approach 

We have initiated a n  entirely different approach, based on the following premises, to 
solve the dilemma. 

7.1. All drug-receptor interacfions carz essentially be regarded ns an exercise in quailrum 
?nrc/z~znicrd intermolecular perturbutron theory. 

As an analogy to drug-receptor interaction, we can look upon ~t as a clap by hands, the 
sound being related t o  the strength of interaction. No matter how well wc look at one of 
the hands, which incidentally can assume any alloued shape, we cannot say anything 
ahout $he sound or srrength of the clap (fig. 1). We have to look at both the partners, if 
w e  have to  arrive a t  any understanding of the drug action. Quantum mechanics is the 
only theory which has many successes in the understanding of the molecular structure 
and  activities of atoms and molecules. It also provides an ideal tool, the perturbation 
method, to  study the weak interactions between two systems. We apply this tool in the 
understanding of drug-receptor interactions as a majority of drug-receptor bindings are 
weak and the prucerises are reversible. 

It is fairly easy to understand that as the molecule approaches its receptor site, there is 
s ~ m e  opti~nal distance at  which a weak (reversible) complex is formed (fig. 2) where. 
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\?I\ Sound f rom a claoolna 
fi;y 

Individual partners can assume any allowed shape 

FIG. 1. An analogy to drug-rcceptor intcractmns, the sound being d a t e d  to the strength ot mtrraclmn viz.  
biological activity (i), and no mattcr haw wcll wc look at one of the partners (ii), wc cannot say anything ahout 
thc strengthlsaund of a clap. Hrncc. m y  corrclrtmn of n~tivlty to irructure or propelty of eithcr onc uf the 
partner, 1s less effectwe to\*nrds understandmg thc mechanism o l  action. 

there is a net balance between the repulsive and attractive forces. with the latter in a 
dominant role. Thus. the drug-receptor binding refers to the interactions in the 
medium-range, with a small intermolecular overlap and a mixed combination of energies 
of repulsive and attractive kinds. 

According to the quantum mechanical theory of intermolecular forces in regions of 
small o rb~ ta l ' ove r l a~ '~ ,  the binding energy of a drug-receptor complex (fig. 3) can be 
split into the following components. 

1. Electrostatic energy-the interaction energy between net charges on various atoms 
of the two molecules. In an MO picture, the situation refers to interaction between 
electrons in the occupied orbitals of the two molecules. The net effect could either be 
attractive or repulsive and the effect is operative at all intermolecular separations-i.e. at 
all ranges. 

2. Exchange repulsion energy, 

3. Polarmtion energy, 
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Fm. 2. A typical spherically averaged intermolecular potential energy curve, together with the common 
terminologies employed in discussion on intermolecular affairs. The drug-receptor binding process falls in the 
category of interactions in the medium range. 

4. Dispersion energy, and 

5. Charge transfer energy. 

The interaction energy program in FORTRAN, developed by us, computes these 
terms for any given geometry of the complex, thus facilitating an explicit analysis of the 
relative role played by various terms in the binding process. 

2.2. Starting with a crude model for a receptor, with the repeated use of the interaction 
energy program and varying the geometry and composition of the model receptor a 
se[f-consistent (refined) model for the receptor can be achieved! 

Although the receptor as a whole could be a complex molecule, as far as the drug 
activity is concerned. only a portion of the molecule will be involved in the interaction 
with the drug. In fact, our experience with large molecules clearly suggests that at 
distances greater than 7 8, no significant interaction occurs between molecules, or pairs 
of atoms or functional groups. This important factor reduces the complexities of the 
systems (drug or receptor) to manageable sizes when computing their interaction 
energies, thereby facilitating this modelling approach. 

Smaller molecular units like nucleic ac~d bases, free amino acids, small peptides and 
nucleotides, likewise, can be employed as models for the active site of the receptor. 
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DRUG 
(hi 

MODEL RECEP7DR. 
another  Drug, Nutrient 

Type Range Attractive1 Painuise 
repulsive additive 

1. Electrostatic long either yes 
2. Exchange short repulsive* nearly 
3. Polarisation long attractive no 
4. Dispersion long attractive yes 
5. Charge-transfer short attractive nearly 

*Except possibly for the interaction between two anions. 

FIG. 3. Features of the various components of molecular interaction, (a) in terms of interaction and mixing of 
Molecular Orbitals (MOs) and (b) their characteristic properties. Highest Occupied Molecular Orbital 
(HOMO), its immediate neighbours-Subjacent Occupied Molecular Orbitals (SOMO-1 & SOMO-2) and the 
Lowest Unoccupied Molecular Orbital (LUMO), its immediate neighbours-Subjacent Unoccupied Orbitals 
(SUMO-1 & SUMO-2), play a dominant role in interaction studies. 
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Consequently, a feature of the approach, is that the computational exercise forces one to 
think (or enhance one's understanding) of the structural features necessary for the 
drug as  well its effector-receptor, concurrently and on equal footing. Such an advantage 
is non-existent in any of the currently followed drug design  effort^'^.'^. 

The approach in quest of receptor(s) consists of two stages: 

2.2.1. In the first stage, as outlined in scheme 1, the wavefunctions and energies of 
drugs, their derivatives or metabolites and model receptors are generated which form the 
zeroth order basis set for the intermolecular perturbative interaction energy calculations. 
These data are stored in the data base. 

Another feature of the approach is that the data is computed only once and can be 
reused. No repetition of computations is necessary and results in a big saving in 
computational cost and time. This feature is essential in view of the fact that a functional 
group or a moiety appears in a variety of positionslsituations, in the search for receptor 
identity. 

2.2.2. In the second stage (scheme 2) the interaction energy calculations between a given 
drug and a set of models for the active site structure of a receptor are carried out to arrive 
a t  a self-consistent model of the receptor which can lead to a new classification of 
receptors based on their own identity. 

2.3. Not only drug-receptor interactions but also drug-mteractions, drug-nutrient 
inreructions and toxicities can be analysed using the same methodologylprogmm. 

This is feasible in view of the plausibility that a given active site structure acting as a 
therapeutic site for one drug, could as well act as a toxicity or an antagonist or an inactive 
centre for another drug, its derivative(s) or metabolite(s). One can easily perform a 
computationalexercise to see how a given receptor site interacts with various other drugs 
and vice versa. Such an effort may suggest newer experiments as a challenge to the 
experimentalists o r  can act as a complementary tool, something Like Raman spectroscopy 
complementing infrared spectroscopy. So, as an added bonus, the approach opens the 
door t o  understanding the molecular origin of adverse effects of drugs1"", drug 
i n t e r d c t i ~ n ' ~ ~ ' ,  etc.. all under the umbrella of the data stored in the data bank and the 
interaction energy program. Further, in the future it may become possible to answer 
questions like whether a given receptor for a drug is same in the infectious or disease 
state and in the normal state, i .e. the methodology may help in characterising, at the 
molecular level, the disease state and the mechanism of drug (especially antibiotics) 
resistance. 

2.4. The methodology in relation to drug achon and drug desgn 

Our efforts are concerned with the phannacodynamic phase in drug action (scheme 3), 
the phase wherein the drug is purely or exclusively mvolved in interaction with the 
receptor. This is something similar to the interaction between two molecules in the gas 
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Construct geometiy from Petform molecular orb~tal 
1) standard bond lengths. calculations to arr~ve at 

angles, and dihedrals 1. Net charges on atoms. 
2) cn/stal structure data. - 2. HOMOfLUMO energies. - Store data for further 

3) protein structure data. wavefunctions stud~es ~n the data base 
nucleic ac~d sequences. 3. Front~er orbital's 

4) solut~on NMR studies. densty, symmetry 
(need no? only be the 4. All orb~tals energles 
m~nimum energy confor- and wavefunct~ons 
rnat~onl) 

Scheme 1. The sequence of steps involved in generation and storage of molecular wavefunctions and energies 
of drugs, their derivatives or metabolites, nutrients and model receptors i n  the data base. 

n the same 
Drug's CNDO coord~nate model receptor's 
vvavefunctlons ................................................... wavefunctions and 
and energies framework1 energles ICNDO) 

Compute the interaction 
energy for the complex. 
using our program 

i 
Compare the results with 
b~oact~vity dataforher data 

needs reasonable 

go to stage-1 
refine receptor 
model 

Store the model 
receptor structure 
in the data base 

Active s t e  of the 
receptor identified! 

Scheme 2. The sequence of steps involved i n  arriving at the active site structure of a receptor i n  our approach. 

phase without any interference of either media or other molecules. Although, 
interactions do occur in vivo, the classification of the term or situation - pharmacodyna- 
mic phase -refers solely to that part of events where the drug actually meets the 
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Drug 

I 
Phase 1 

Phase 2 

Phase 3 

1 D~sintegratlon of dosage Pharmaceutical 
form phase 

2 Release of bloact~ve 
substance 

drug avalldble for adsorption 
-pharmaceutical ava~lability. 

1. Absorption 
2 Distribution Pharmaco~ 
3. Metabolism and klneric phase 
4 Excietlon 

drug ava~lable for actlon 
- bioava~labiiity 

1. Drug-Receptor lnteractlons Pharmaco- 

OUR EFFORTS IN QUEST OF RECEPTOR 
IDENTITYi 

Effect 

Schcme 3. Role of our methodology in relation to the vanous phases of diug action 

receptor. It is to thisvitalzone in drug action that the outlined theoretical methodologies 
apply. 

What IS provided here is an alfernative tool to the conventional computational methods 
Q~,&2,23 extensively used in drug design. Current QSAR methods require a series 

of test compounds with determined biological activity data known before hand and use 
complicated statisti~u?~ to arrive at a better candidate drug. They tell nothing about the 
receptor's molecular siructural features. On the other hand, in the approach outlined 
here. it is possible to get at thc active site structure of a receptor. Once this is done, it is 
obvlous that the enormous cost and time involved in drug design efforts is reduced. 
Hence, the approach has the potential to aid in drug design efforts. 

3. The data base 

We have begun constructing a &ah base consisting of molecular geometries, net charges, 
conipiete CND02%avefunctions and energies for a numbcr of compounds. drugs, 
and biornolecules likely to act as receptors. Currently we have the data for the following 
communds: 
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Table 1 
Cartesian coordinates of atoms in aspirin and paracetamol (fig. 4) 

Drug Aspirin Paracetarnol 

Atom no. X Y Z X Y Z  

I - 1.400 nouo n.ooo - 1.400 0.000 0.000 
2 -0.700 1.212 0.000 -0.700 1.212 0.000 
3 0.700 1.212 0.000 0.711C 1.212 0.000 
4 1.400 0.U00 0.000 1.400 (1.000 0.000 
5 0.700 - 1.212 0.I100 0.700 - 1.212 11.000 
6 -0.700 - 1.212 0.000 -0.700 - 1.212 0.000 
7 2.76C 0.000 0.000 2.830 0.000 0.000 
8 3.440 - 1.178 0.000 3.539 - 1.227 0.000 
9 4 960 - 1.178 0.000 5 065 - 1.227 Ll.00U 

10 2 830 -2.233 0.000 2 924 -2.292 0.000 
I1 1.430 2.477 0.000 -2.760 . 0.000 0.000 
12 0 820 3.533 0.000 - 1.240 2.148 0.U00 
13 2.790 2.477 0.0W 1.240 2.148 0.000 
14 1 240 -2,148 0.0W 1.240 -2.148 0.000 
15 - 1.240 -2.148 0.W0 - 1.240 - 2. 148 0.000 
16 -2.480 0.000 0.000 - 3  300 - 0.935 O.O(H1 
17 - 1.240 2.148 0.000 3 335 0.875 0.110U 
18 3.103 1.569 0.000 5.427 - 0. 199 0.000 
19 5.323 - 0.664 O.890 5 427 - 1.741 0.890 
20 5.323 -2.206 0.000 5.427 - 1.741 0.890 
21 5.323 -0.664 -0.890 

1. Paracetamol, C8H9N02, antipyreticlanalgesiclanti-inflammatory. 
2. Acetylsalicylic acid, C904H8, antipyreticlanalgesiclanti-inflammatory. 
3. Phenacetin, CI,,H13N02, anti-inflammatory. 
4. Naproxen, Cl4HI4O3, anti-inflammatory: 
5. Ibuprofen, C13HIROZ, anti-inflammatory. 
6. Mefenamic acid, C15H15N02, anti-inflammatory. 
7. Flufenamic acid, C,4HI~lF3N02, anti-inflammatory. 
8. Enfenamic acid*. C15H1SN02, anti-inflammatory. 
9. Naphthalene nitrenium ion, CI,,H,N, model aromaticamine carcinogen. 

10. Porphin, C2,,HI4N4, model for heme ring current. 
11. Benzene, C,H6, a model for aromatic ring. 
12. Guanine, 
13. Adenine, 
14. Thymine, components of DNAIRNA, for modelling the 'active sites' of 
15. Uracil, receptor(s). 
16. Cytosine. 1 
'This drug is an Indian contribution in recent times. I t  was synthesized by Raiz Hashim and P. B. Sattur a t  the 
Regional Research Laboratory, Hyderabad, in 19M. After extensive clinical trials, it was released to the 
market, under the trade name TROMARIL by Unichem in 1981. Like the fenamates, its side effects are skin 
rashes, itching and diarrhoea. Many other contributions are in the offing8. 
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Presenting a complete data file for each of the above molecules, consisting of Cartesian 
coordinates in a convenient moiecule-fixed eoordinate system, complete CNDO 
wavefunctions and energies (not just the HOMOILUMOs), and the net charges on all 
the atoms including hydrogens, would become too unwieldy to be included here". 
Consequently, only a partial set of data for drugs mentioned above is given. The data 
given are: (a) the net charges on all the atoms (fig. 4), (b) the cartesian coordinates 
(Tables I-IV) and the corresponding highest occupied and lowest vacant molecular 
orbitals (Tables V-VIII). 

Table I1 
Cartesian coordinates of atoms in ibuprofen and phenacetin 
(fig. 4) 

Drug Ibuprofen Phenacetin 

Atom no. X Y Z X Y Z  

'Lunited copls of the data can be had from the author on request 
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Table 111 
Cartesian coordinates of atoms in mefenamic acid and enfenamic 
acid (fig. 4) 

Drug Mefenamic acid Enfenamic acid 

Atom no. 

Many more are in the process of being added to the above list. These include: (a) all 
the amino acids. (b) model di-, tri-, and penta-peptides relevant to CNS activity, 
(c) models of A-. B-. Z- Dh'As. as possible models for receptor sites, (d) models of 
receptors built from amino acid sequences, (e) all the possible 200 essential drugs, 
(f) newer model anticarcinogens, antivirals, antibacterial drugs, etc. 

With the protein data base and the nucleic acid sequence data base becoming available 
in India, under the National Biotechnology Board (KBTB) program. many more 



Table IV 
Cartesian coordinates of atoms in Wufenamic acid and nagroxen 
(fig. 4) 

Drug Rufenamic acid Naproxen 

Atom no. X Y Z X Y Z  

2.237 2 100 0 000 

interesting ser of model receptor geometries can be built In the near future. So ue  
foresee the need and growth of the data base for drug design in the imminent future, to a 
h e 1  something similar to the currentl) popular Cambridge crystallograph~c data base. 
The latter data base started in the 60s with crystal structure data for about 200 organic 
molecules, greu" to about 2000 entries by 1975 and currently to around 50.000 entries. 
This represents a collection of ciata from worldwide publications in the area. 

Some interestin8 observations are nored from the datd given in f ~ g  4. Consider rhe net 
charges on the \,arious functional groups (Table IX) .  The charges on these groups are 
nearly constant, especially on the herero atoms. independent of the position or  group to 
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Table V 
HOMO and EUMO wavefunctions and energies (CNDO) in aspirin and 
paracetarnol 

Drug Asprio Peracetamtil 

MO-Energ (ev)  - 12 XI 2.318 

Atom no AOs Atom HOMO LUMO 
- 

- 10 782 

Atom HOMO 
- 

.3.838 

LUMO 

(1 000 
0.000 
0.000 

- 0 0911 

- 0.000 
0.000 

- 0.l100 
- 0.449 

0 Ill10 
(1 OOl1 ' 

0.000 
(1 545 

-;.ocro 
0.000 
0.000 

-11.110 

0.000 
0.000 

- O.~IOU 
- 0.430 

- ~l.oull 
0.000 
0.0110 
0.523 

- 0.~l0~1 
- 0.OOIl 

0.OlIO 
- 0.OOt: 

0.l100 
0.000 
0.000 
0.113 

- 0.000 
0.000 
O.O(KI 
0.023 

0.000 
- 0.000 
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Table V(c0ntd.l 
p. . . - 

Drug A y w "  dr.~ictdmoI 
- 

MO-Energy (ev) - 12 2811 2 118 - 111 782 3 SJX 
- .- 

Atom no. A 0 5  Atom HOMO ISJMO Arm l l O M O  L l l M O  
-- 

PY - 0.170 0.000 0 000 - 0.000 
PZ - O.000 0 079 (1 259 -0.075 

I1 S C - 0.065 0.0110 0 0.000 0.00(1 
PX 0.076 o.ouo 0 000 o.ooo 
PY (1.185 -0.IKKl - 0.00(1 - 0.0011 
P Z  0 (NXI - 0.351 0315 0.1125 

I? S 0 -0.004 -0.000 H -0.000 0.1100 
PX - 0  190 -0.000 
PY - 0.277 0.OUO 
P Z  0.000 0 3hl 

13 S 0 -0.OIi4 l1.000 11 11.000 -0  (1011 
PX -0.116 -0.0110 
P Y  -0.141 O.Ili10 
P Z  - 1 1 K  0.126 

I4 F H 0.277 - l I . l l  H - i . O l l  -O.UIllJ 

15 S H -0152 -0.UIKI II 0.000 11000 

16 S H - 0.034 - O K  H -0.000 -0  000 

17 S H 0.169 -0.UOO H -1.0110 -0000 

I R  S H 0.059 0.000 H 0.0110 l1001l 

I Y  S H 0.028 0032 H 1).009 -1IU39 

20 S H 0.016 1JOOO H -0.009 0.0YJ 

21 S H 0.028 -0.032 

For hydrogens is thc 1s atomic orbital; for atoms S, PX, PY and PZ r c f a  to tlrc 2s. 20,. 2y> 
and 2p: valence atomic orbitals respectively. 

which they are atrached to in the various drugs. This result suggests that during 
interaction with a given receptor, the above groups interact with nearly the samc strcngth 
in all the above drugs. As electrostatic interactions are of long range and as hydrogen 
bonds are  predominantly electrostatic in nature, it is reasonable to expect that the above 
observation can play a significant role in simplifying the search of receptor identity. 

Preliminary analysis of interaction of the above drugs with guanine as a posshle active 
site of a receptor. indicates the possibility of formation of a rotated sandwich complex 
u,ith weak binding energy. Based on this apriori information, we looked for possible 
binding of ibuprofen with DNA. It was gratifying to  observe that this drug binds in a 
unique manner with DNA, unlike the well established minor or  major groove binding 
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Ding Ibup;ofcn Pnmacciin 

M3-Enzrg (evj - 1;.,?57 3.724 - 10.671 3 901 
- 

Alaa i  no A3q Atom HO.MO LUMG A:om HOMO LUMO 

I S C 0.0 1 0.002 C -O.O(Ki -d.OlW 
PX -0 .09 -0.iK14 0 -d.01)0 
?I' U.007 0000 - 0.000 - 0.OW 
PZ -0.445 -0 .5~7  0 .3~1  0.092 

7 S C 0 lV? 0 IN3 C 0.!UJ0 0.000 
P X  U'J23 -0.002 -0.0W -O.(KKI 
PY 0.NE -0.002 0.000 0 OIKI 
PZ - 0  257 0.298 0 228 0.4d9 

3 S C 0 . m  0 . m  C - 0  000 -0.0011 
PX -0.025 0.001 -0 O K  -0.UOU 
PY -0.005 -0.00! -0 OW -0.000 
PZ 0.240 0.243 -11.281 -0.549 

S C -0000 0.001 C - 0 . m  0.000 
PX U 020 0.001 -ow0 -u.m 
PY 0.006 - 0 . W  0 U(W -0.LhK) 
PZ 0.440 -0.550 -0  381 0.118 

S C 0.OU1 0.001 C 0000 -0 000 
PX -0.038 - 0.002 0 000 -0.W 
PY - 0 . m  - 0.002 0.000 0 . w  
PZ 0.255 0.311 - 0  257 0.324 

S C -0.006 -0.003 C -0.000 0.W 
PX 0.038 0.003 -0.UOO - 0 . W  
PY -0.012 -0.wc 0 000 -0.000 
PZ -0.253 0 236 0.245 -0.526 

S C -0.013 -0.C09 N -O.O!K) O.MU 
PX -0.038 -0.005 0.000 0.000 
PY - 0.W - 0 . W  O.X)!i -0.000 
PZ - 0.227 - 0.039 0.465 0.006 

S C -0.089 0 114 C 0.000 -0.000 
PX 0.063 - 0  Ch95 - 0 . N  - 0 . W  
PY 0.083 - 0.U48 0.000 -0.000 
PZ 0.159 - 0.073 0.021 -0 !W 

S 0 -0.W1 -0.023 C 0MW) 0.oOO 
PX -0.101 0.052 -0.000 -0.000 
PY -0.059 0.016 :OW0 -0,000 
PY -0.059 0.016 -0.000 -0000 
PZ -0  103 0 024 - 0.013 - 0.021 



Table VI ( ~ ~ ~ r r d .  ) 

Drug Ibuprofen Phcn:ircm 
- - 
MO-Energy (cv) - 1 5 7  3 72Y - -  lO.67l 3 ,Wl  

.- .. - 
Atml no AOs Atam HOMO LUMO ArwIl HOMO LUMO 



DRUG DESIGN AND RECEPTOR IDENTIFICATION-DATA BASE 

Table VI (contd.) 

DW Ibuprofen Phenacetin 

MO-Energy (ev) - 11.857 3.729 - 10.671 3.901 

Atom no. AOs Atom HOMO LUMO Atom HOMO LUMO 

Table VII 
HOMO and LUMO wavefunctions and energies (CNDO) in mefenamie acid 
and enfenamie acid 

Drug Mefenamic acid Enfenamic acid 

MO-Energy (ev) - 10.533 2.510 -11.111 2.485 

Atom no. AOs Atom HOMO LUMO Atom HOMO LUMO 

1 S C -0.009 -0.004 C -0.000 0.000 
PX -0.010 -0.005 -0.WO 0,000 
PY 0.012 0.003 -0.000 0.000 
PZ -0.225 0.259 0.412 -0.081 

2 S C -0.004 0.000 C 0.000 -0.oOO 
PX -0.012 0.000 -0.000 0.000 
PY -0.012 -0.001 0 . m  -0.000 
PZ -0.314 0.277 0.119 -0.408 

3 S C 0.001 -0.000 C -O .m 0.000 
PX 0.004 -0.001 -0.000 0 . m  
PY 0.004 0.000 -0.000 0.003 
PZ 0.087 -0.'481 -0.344 0 383 

4 s c -0.002 -0.000 c -0.000 - 0 . m  
PX -0.005 -0.MM -0.000 -0.000 
PY -0.006 0.000 0.000 0.000 
PZ 0.376 0.071 - 0.282 -0.262 

5 S C -0.002 -0.001 C 0.000 0.000 
PX -0.003 -0.001 0.000 0.000 
PY 0.005 0.001 -0.000 -0.000 
PZ 0.115 0.412 -0.312 -0.268 
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Table VII (contd.) 

Drup Mefenamic acid Enlenamic acid 

MO-Energy (ev) - 10.533 2.510 -11.111 2.485 

Atom no. AOs Atom HOMO LUMO Atom HOMO LUMO 
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Table VIP (contd.) 

Drug Mefenamic acid Enfenamic acid 

MO-Energy (ev) - 10.533 2.510 - 11.111 2.485 

Atom no. AOs Atom HOMO LUMO Atom HOMO LUMO 

drugs. Further studies are underway to elucidate the exact nature. strength and geometry 
of this binding process. 

4. Other features 

Apart from its use in receptor identification and drug design, the data base can also be 
profitably utilised in a variety of situations, some of which are: 



Table VSPI 
HOMO and LUMO wavefursctions and energies (CMllO) in filafenamle acid 
anal arsgroxen 

D r u ~  Flulenam~c m d  N;rproxcn 

MO-Energv (ev) - 10.884 2 - 3 9  - 10.4l I 2.1118 
-- 
Atom no. AOs Atom HOMO LLIMO Alorn HOMO 1.UMO 
.- - 

0.007 - O.lKM) 0.IXlI 
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'fable VIBI (contd.) 

Drug Flufenamic acid Naproxen 

MO-Energy (ev) - 10.884 2.289 - 10.411 2.018 

Aiom no. AOs Atom HOMO LUMO Atom HOMO LUMO 



24 BORAY S. SUDWlNDRA 

Table VIII (contd.) 

Drug Flufenamic aud Naproxen 

MO-Energy (ev) - 10.884 2.289 - 10.411 2.018 

A t o m  no. AOs Atom HOMO LUMO Atom HOMO LUMO 

For a given drugimodel receptor, in a given geometry, one can have from the data 
hase the following information: 
(i) Cartesian coordinates of all the atoms, including hydrogens. 
(ii) The net charges on all atoms, which enables one to guess the electrophilic 01 
nucleophilic sites of attack. 

(iii) The energies of HOMO (SOMO1, SOM02) and LUMO (SUMO1, SUM02) data 
enables us  to make predictions regarding the relative propensities of involvement of 
these orbitals with other molecules. It may be recalled here that much of the success of 
the now famous Woodward-Hoffmann rules on conservation of orbital symmetry during 
reacrjons in organic chemistry, is essentially based on the symmetries of the 
HOMOILUMOs. I t  may be useful to apply the HOMO, 1,UMO data available from the 
point of the above rules, to understand the mechanism of drug-receptor interactions at 
the molecular level. 

(iv) The availability of all the MOs of molecules, from the data base facilitates us to set 
up easily molecular orbital interaction patterns with any other drug or receptor molecule. 
Questions like stereoselectivity (d/l isomer binding), o r  specificities of interaction in 
complex formation, of which hydrogen bonding is a popular case, can be analysed using 
the data bank and the interaction energy program. 



DRUG DESIGN AND RECEPTOR IDEhTIFlCATION-DATA BASE 

Table IX 
The net charges on the various functional groups in the given series 
of drugs 

(i) the - C - 0 - R  group 
Drug - C  -0 - R  
Paracetamoi 0.167 -0.245 0.127(H) 
Naproxen 0.181 -0.218 0.l23(CH3) 
Phenacetin 0.163 -0.227 0.162(CH2) 
Aspirin 0.202 -0.245 0.400(C = 0) 

(ii) the -COOH group 

Drug - C (ar) - C(C0)- O ( C 0 )  - O(OH) - H(0H) 
Asprin - 0.091 0.388 -0.317 -0.295 0.179 
Enienamic acid -0.101 0.396 -0.351 -0.277 0.162 
Meienamic acid - 0.113 0.403 -0.372 - 0.265 0.167 
Naproxen - 0.026(CH2) 0.393 -0.334 -0.273 0.167 
Ibuprofen - 0.033 0.393 -0.312 -0.270 0.160 

(iii) rhe - NH- group 

Drug - C  -N(H) H(N) - C  
Paraceromol 0.120 -0.215 0.106 0 347(Cc-,) 
Phenacetin 0.121 -0.186 0.104 0.3621Cc.,) 
Enfenamic acid 0.182 -0.233 0.153 0.119(C,,) 
Mefenamic acid 0.199 -0.219 0.154 0.124(C,,) 

(v) The data base can serve as an educational aid as well. It can help biochemists. 
pharmacologists, chemists and molecular physicists to understand the concepts and 
features of molecular orbital theory and methods. 

5. Conclusions 

We have outlined a new computational molecular modelling approach, based on 
dmg-(model) receptor interaction studies, to arrive at a self-consistent model for the 
active site structure of a receptor. Unlike the current QSAR methods, our approach is 
based on a sound theory, viz. quantum mechanics, and possesses the potential to provide 
a molecular level interpretation of drug action, interaction and design. The need and 
features of the associated data base are also highlighted. Our own results utilizing the 
data base will be discussed elsewhere. 
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