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A powerful new approach emerging in drug discovery 

research combines computational screening of virtual 

combinatorial libraries against a therapeutic target and 

targeted combinatorial library synthesis. This new 

approach includes positive features from both structure- 

based design and combinatorial chemistry. It has the 

potential of producing combinatorial libraries with a high 

hit rate, and hence accelerates the generation of quality 

lead compounds. The effectiveness of this novel 

approach has been shown by the design and synthesis 

of potent inhibitors for serine and aspartyl proteases. 

A 
n important step in drug discovery is the cost- 

effective identification of lead molecules. In 

recent years, combinatorial clnemical synthesis 

methods have been developed :0 the stage where 

large libraries of compounds  can be synthesized and tested 

w-ith moderate cost and effort 1-3. In particular, very large 

libraries of peptides and peptoids have been synthesized, 

leading to the identification of novel, active compounds4-L 

As peptide-like molecules often display unsuitable pharmaco- 

kinetics for oral dosing, there is considerable interest in 

extending combinatorial libraries to a wider range of pep-  

toid structures and especially to small[ organic molecules ~-1°. 

A combinatorial library of small organic molecules typi- 

cally consists of a common central template or scaffold onto 

which different sets of substituents are attached at several 

substituent positions (Figure 1). The substituents will be 

derived from available chemical reagents, and the template 

is either an available reagent, or is easily synthesized, or is 

formed in the synthesis of library members. Large libraries 

are necessary in random screening applications because a 

wide diversity of chemical compounds is needed to ensure 

that there is an adequate number  of high-quality hits. In 

many cases, the synthesis of full libraries may be problema- 

tic because of the enormous numbers of library members. 

Diversity analysis of the substituents is used to reduce the 

library to a more manageable size 11q4. 

Figure 2 illustrates the basic concepts underlying diversity 

analysis. Chemical compounds  can be classified according 

to the values of calculated molecular properties (descrip- 

tors), such as chemical functionality, shape, physicochemi- 

cal properties and the pharmacophores  a molecule can 

matchlL Molecules with similar values of relevant molecular 

descriptors are likely to have similar biological activities. In 
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practice, it is found that substituents 

that make up a combinatorial library tend 

to cluster in molecular descriptor space 

(Figure 2). If synthetic resource consid- 

erations mean that only some of the 

available substituents can be used in 

synthesis, the chances of finding good 

hits will be maximized if substituents 

encompassing a broad range of molecu- 

lar descriptor values are preferentially 

chosen. Similarly, if an active molecule 

is found in the library, diversity analysis 

can be used to locate substituents with 

similar properties to the active sub- 

stituents, and target or direct subse- 

quent combinatorial synthesis towards 

molecules more likely to be active. 

Practical p roblems with diversity 

analysis are that it can still lead to the 
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Figure 1. Schematic illustration 
of  a combinatorial libra W. Each 
member o f  the libratw consists of  a 
common template or scaflbld 
(black) connected via template 
attachment sites (grey) to different 
lists of  substituents. In this 
example, there are lOO possible 
substituents at three sites, leading 
to a libra O, of I million compounds. 

design of libraries that are too large or in which the molecu- 

lar property space may be sampled too coarsely or in the 

wrong areas. To illustrate this, Figure 3 :gives the structures 

of three inhibitors of thrombin, together with their super- 
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figure 2. Schematic illustration of  diversity within a 
combinatorial library. The molecules in the full  
l ibra,,  are marked as circles according to two 
computational molecular descriptors For a molecule 
to be active, it must lie in a grey area on the graph. 
The red circles indicate the elements of  a diverse 
sublibrary. The gold circles show how a directed 
sublibrary can be expanded around an active library 

member. 

imposed  crystallographically deter- 

mined binding geometries 15. It can be 

seen that they share a common mode 

of molecular recognition despite hav- 

ing different molecular frameworks. 

These inhibitors will not be close 

neighbours in many descriptors of 

molecular similarity,, and, if diversity 

space is sampled too coarsely or in 

inappropriate regions, they and their 

close analogues could be missed. 

Structure-based drug design 
An alternative paradigm for lead iden- 

tification is s tructure-based drug 

design (SBDD), which is the rational 

design of molecules based on the 3D 

structure of the target receptor, usually 

an enzyme 1<1r. Table 1 gives a selec- 

tion of enzyme families together with their associated areas 

of therapeutic interest and the 3D structural information 

available. The goal of SBDD is to identify, or design mol- 

ecules with 3D complementarity to the target enzyme. A 

well-known method that has been shown to identify." active 

compounds is DOCK (Ref. 18); this method screens chemi- 

cal compound databases on the basis of complementarity" to 

the active site. Manual design techniques are also successful 

- here there is a reliance upon good graphical and interpre- 

tative tools such as GRID (Ref. 19). This has spurred a great 

deal of interest in the automated generation and assessment 

of molecular designs, as exemplified by the de novo design 

program LUDI (Ref. 20). A major difficuhy with automated 

and manual design is ensuring that designed molecules are 

relatively easy to synthesize. The problem is exacerbated by 

the inaccuracies of the computational methods used for the 

assessment of binding affinity, the prediction of binding 

modes and the treatment of receptor flexibility'. This means 

that significant synthetic effort can be wasted on weakly 

active molecules. 

Recently, powerful new approaches have emerged that 

utilize the 3D structure of target: enzymes (or enzymes 

structurally related to the target) to customize the design 

of combinatorial libraries. Virtual combinatorial libraries 

are constructed in the computer and are screened compu- 

tationally for 3D complementarity to the target enzyme 21.z-'. 

The advantage of this is that diversity can be focused to 

relevant areas of molecular property, space. This allows 
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Figure  3, (a) The chemical structure of  three inbibitors ( f  thrombin. ( b) The superimposed, crystallographically 
determined structures of  the same thr~e inhibitors. The molecules share a common mode c f  molecular recognition 
despite differences in chemical structure. PPACK {green), ,~MPAP (ted). argatroban (blue). 

much smaller libraries to be constructed with the potential 

to deliver improved hit rates and hence accelerate 

the process of drug discovery. Another advantage over 

existing SBDD methods is that designed molecules are 

chosen to be members of a virtual combinatorial library 

and are therefore amenable to synthesis. Furthermore, 

because it is possible to synthesize, a considerable 

number of designs quickly to explore different aspects of 

molecular recognition, the inherent inaccuracies of the 

computational methods become less of a liabilig,. Also, the 

process can efficiently yield QSAR sets to stimulate further 

design. 

This review describes receptor-targeted combinatorial 

methods and in particular focuses on those that have been 

applied to real-life drug design applications. The issues 

raised by the methods are discussed and a perspective on 

future development is provided. 

Virtual combinatorial libraries 
Figure 1 schematically illustrates a vi11:ual combinatorial 

library. In combinatorial chemistry., the choice of library is 

dictated by practical synthetic constraints. For example: 

• What chemical reagents are available for constructing the 

library? 

• What reactions are amenable to high-throughput 

synthesis? 

• How difficult are the reactions? 

In receptor-targeted applications, the choice of virtual 

libra W is also constrained by knowledge of the 3D struc- 

ture of the receptor. The definition of the template or 

scaffold is an important consideration. A varie D" of compu- 

tational tools can be used to identi~" templates that make 

good contacts with the enzyme. The most reliable method 

is to define some portion of a known inhibitor as the 

template. This is especially useful if the cwstal structure 

for the enzyme (or a member of tile enzyme family) with 

the inhibitor (or a related inhibitor) is available. Otherwise, 

molecular modelling can be used i:o suggest more novel 

templates. Important criteria in the choice of templates 

include: 

• The template should make favourable contacts with the 

receptor (not always possible). 

• Substituent attachment points should target binding 

pockets of interest. 

• The mode of binding of an ideally functionalized tem- 

plate should be stable when subjected to molecular 

dynamics. 

• The virtual libra W associated with the template should be 

capable of delivering relevant diversiD'. 

Some of these issues are illustrated schematically in 

Figure 4. As is generally true within combinatorial chem- 

istw, tile choice of template can to a large extent determine 

tile success of the libra W. 
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Table 1. A representative list of enzyme families and the related targets. 

Families 

Serine proteases 

Aspartic proteases 

Cysteine proteases 

Metalloproteases 
Tyrosine kinases 
MAP kinases 

Therapeutic areas Available 3D structures 

Thrombosis Thrombin, Factor Xa, Factor Vlla, etc. 
Emphysema Elastase 
Cancer Urokinase 
Hepatitis C HCV protease 
HIV treatment HIV protease 
Hypertension Renin 
Cancer Cathepsin D 
Inflammation ICE 
Osteoporosis Cathepsin K 
Cancer Cathepsin B 
Cancer Various MMPs 
Cancer FGFR1 
AIzheimer's disease ERK2 
Cancer P38 

aTargets homologous to available 3D structures are excluded, as well as many enzymes that do not belong to 
well-known homologous families (e.g. thymidylate synthase, purine nucleoside phosphorylase). 
ERK, extracellular-signal-regulated kinase; FGFR, fibroblast growth factor receptor; HCV, hepatitis C virus; 
ICE, interleukin 16-converting enzyme; MAP kinase~, mitogen-activated protein kinases; MMP, matrix 
metalloprotease. 

The problem of combinatorial explosion 
Combinatorial methods  give rise to an explosion in the num- 

ber of  library members  as more  reactions, and more chemi- 

cals in those reactions, are used. For example, there are 

about  9,000 primary amines in the Available Chemicals 

(a) Site 1 (b) Site 1 

Receptor Receptor 

i ! ii 
C ~  Site ~ ~  Site Good oor 

2 2 
template ..... v template 

Site 3 Site 3 

Figure  4. (a) The well-positioned template binds u,ell 
to site 2 of  the receptor, and  the substituent 
attachment sites (in grey) are well situated to allow 
substituents to enter easily into sites I and  3 of  the 
receptor and  make favourable interactions. (b) The 
poorly positioned template does not make favourable 
interactions with the receptor and  does not have its 
substituent at tachment sites well positioned with 
respect to the receptor. Substituents attached to this 
template will not be able to enter site 3 easily. 

Directo~ ,23 and 4,000 carbox3qic acids. 

If three reactions are used, two involving 

amines and one  using carboxTlic acids, 

the full virtual library will contain 3 X 1011 

molecules. Even if only 10% of  each list 

of  starting materials is relevant, the vir- 

tual library will still contain 3 X 10 ~ mol- 

ecules. To put this in perspective, if a 

program on a powerful  computer  (or set 

of  computers)  spends 1 s assessing each 

molecule in this smaller library, it will 

still take over 10 years to screen it. 

Furthermore, it is ve W difficult to see 

how" current  computa t iona l  me thods  

could reliably reject one  molecule over 

another, if only 1 s is available for the 

assessment .  This is especial ly true, 

because  the analysis has a l ready 

assumed that a generous  90% of the 

starting materials can be rejected on the 

basis of simple considerations such as molecular  weight, 

duplicates or synthetic chemistry constraints. Clearly some 

approximations are required, but what  should they be? 

Two groups have applied and experimentally validated a 

receplor-based screening of  virtual libraries 21.=, and both 

have adopted  essentially the same approximation:  that the 

template is assumed to be fixed in the active site and each 

substituent position is evaluated in isolation. In this case, it 

is possible to perform a reasonably detailed conformat ional  

search of  each substituent. If there are substantial corre- 

lations be tween  substituents attached at one  site and sub- 

stituents attached to a different site, these cannot be taken into 

account  properly until a later stage. Using this approximation, 

the scaling of  the computational  cost is given by the sum of  

the sizes of  the substituent lists rather than by their multipli- 

cation. In the earlier example, this means that about 20 s can 

be spent analysing each substituent in a 12 h run instead of  

1 s per libra W member  in a 10-year run. It is worth adding 

that it is the separate treatment of  the substituent lists, rather 

than the fixing of the template, that leads to this time saving. 

It is possible to attach the template to each substituent and 

screen the template substituent molecule against the recep- 

tor without  fixing the template position. This is an important 

strategy when  the template makes little specific contact with 

the receptor. An alternative strategy might be to concentrate 

entirely on  the substituents without considering the template 

but, as yet, there are no practical demonstrat ions of  this. 
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Selection of synthesis candidates 
In receptor-based screening of virtual libraries, those sub- 

stituents that cannot fit into the targeted region of the active 

site are rejected. Those that pass this test will comprise lists 

of potential candidates for inclusion in a synthesis program. 

However, the lists may still be too large for full combinator- 

ial synthesis. The following criteria have been used to 

diminish the substituent lists: 

• Empirical estimates of binding affinity; 

• Forcefield scores; 

• Diversity analysis; 

• Practical synthetic chemistry considerations (cost, feasibility). 

Accurate scoring of substiments is a major problem, which 

is why it is important to use diversity analysis to sample 2D 

and 3D chemk:al structures. In the PRO_SELECT program 

(Ref. 21; S.C. Young et  al., unpublished), two types of scor- 

ing are used. One uses a molecular mechanics forcefield to 

assess the strain on a substituent in the conformation predicted 

by the conformational searching algorithm. Using molecular 

mechanics in this way to score substituents is only an 

approximation, especially without a good treatment of sol- 

vation. The second scoring is based on an empirical function 

that has been calibrated to give the experimental binding 

affinity for a large database of 82 ligand-receptor crystallo- 

graphic complexes z4,25. The scoring func':ion is accurate to 

al-xmt 1.5 orders of magnitude in binding affinity for the train- 

ing set and related test sets of complexes. Given a putative 

binding mode for the complex, five simple, physically based 

terms are calculated to give an estimate of the binding affinity: 

Z~Gbinding = A g  O + AGH_bond + /~Gmeta I - "  AGlipo + AGile x 

These terms are, respectively, a constant term, a weighted 

count on hydrogen bonds (and their qt.ality), a weighted 

count on contacts with metals, an estimale of the lipophilic 

contact energy, and a term to punish ligand flexibility. The 

scoring function implicitly takes into account solvation and 

entropy effects but is clearly a severe approximation to the 

complicated molecular recognition process. However, the 

quality of the scoring function can be iml:,roved in response 

to assay data on synthesized molecules. 

Once the substituent lists have been reduced to a manageable 

number, it is possible to enumerate the full library (or a selected 

portion of it) and subject individual library members to further 

computational screening (Ref. 21; S.C. Young et al., unpublished). 

Applications and results 
The following two examples apply a receptor-based screen- 

ing of virtual combinatorial libraries and give experimental 

validation of the approach. Methods that target diversity 

using QSAR information will be discussed below. 

Serine protease inhibition 
By applying the PRO_SELECT program to the inhibition 

of thrombin and other serine proteases, three templates 

have been explored in an initial validation exercise of the 

receptor-targeted method. 

The first template and its position in the active site were 

based on the crystallographic structure of PPACK (D-Phe- 

Pro-Arg-CH2C1) in thrombin:S. The structure and the key 

interactions are shown schematically in Figure 5. In this 

example, reversible inhibitors were designed based around 

proline as the central template. Primary amines were to be 

attached to the C-terminus of proline and it was required 

that these amines also form hydrogen bonds in the $1 sub- 

site (see Figure 5). Carboxylic acids or sulphonic acids were 

to be attached to the N-terminus of proline and it was 

required that these substituents form contacts with the 

hydrophobic D pocket of thrombin. 

The full technical details of the working of PRO_SELECT 

are given elsewhere 2:. In brief, the definition of a template 

and the design criteria define a virtual library, and then a 3D 

database searching program is used to identiD appropriate 

substituents at each position. The virtual library can be 

extended through the specification of virtual molecular 

transformations that correspond to synthetically simple 

chemical steps on available chemicals. Substituents are then 

screened thoroughly against the receptor using a fast con- 

formational searching strategy. Substituent conformations 

that pass this screen are minimized in the receptor using a 

forcefield and then empirically scored, as described earlier. 

More recent versions of PRO_SELECT allow' direct mini- 

mization of the empirical scoring function, taking into 

account substituent and template flexibility. 

Table 2 describes the efficiency of the screening process 

for one of the virtual libraries constructed with the proline 

template. It can be seen how the use of 3D structural con- 

straints rapidly reduced the size of the library in this case. 

The final library was clustered on 2D and 3D diversity and 

high scoring representatives of different clusters were put 

forward for synthesis. Table 3 shows a summary of results 

from the proline template for inhibition against thrombin. 

The method yields good hit rates and the SAR from these 
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Figure  5. Schematic illustration of  the binding of  
PPACK (D-Phe-Pro-Arg-CH2CI) to thro,qbin. Note that 
PPACK is covalentl 3, attached to thrombin at X. 

results could have been used to target related chemistries to 

yield improved activity, and selectivib" profiles. 

The next stage in validating receptor-targeted diversity" was 

the design of libraries based on novel templates (B. Waszkov%~cz 

et aL, unpublished). This is important bec2~use the generation 

of novel chemical entities is the goal of most drug discovery 

programmes. Two templates, which are novel in the context 

of serine-protease inhibition, have been explored. The first 

(Figure 6a) was based around diketopiperazines (DKPs). 

This template occupies part of the P pocket and forms a 

hydrogen-bonding network ([3-sheet) with Gly216 (Figure 5). 

The R 1 substituent binds to the D pocket the R 2 substituent 

is targeted towards the $1 subsite and the R 3 substituent 

explores the P pocket. The other novel template was an imi- 

dazolinone (Figure 6b), which explores a similar region of 

the active site forming a [~-sheet with G1~216. (R> R 2 and R 3 

substituents are aimed at the D, $1 and P sites, respectively.) 

The templates were identified by searching reaction data- 

bases for heterocycles that could form tile desired [3-sheet, 

had suitable substituent positions, and were relatively easy 

to synthesize. Subsequent modelling of candidate templates 

with idealized substituents identified templates that retained 

good interactions with the enzyme during simulation. 

There were concerns that both these templates were too 

polar for thrombin, but it was felt that they would be good 

for other serine proteases and that they were particularly 

easy to synthesize. Table 3 shows an ow:rview of the results 

for the two templates against trypsin. The results against 

thrombin were poor, although a few DKP molecules had 

activity, in the low micromolar range. Only a small number  

of compounds  were made for each template, yet in both 

cases micromolarhits  were identified and, in the case of the 

DKP template, a submicromolar compound  was discovered. 

This molecule was subsequently cwstallized in trypsin and 

shown to have the same binding mode to that predicted by 

the modelling. These results demonstrate that active mol- 

ecules can be located around novel templates, but highlight 

the need to identify good templates. Nevertheless, better 

affinities would have probably resulted if more molecules 

had been synthesized. 

Aspartic protease inhibition 

Kick et al. 22 have reported the application of receptor- 

targeted diversity to the inhibition of cathepsin D. Figure 7 

gives the virtual library used in this work. It is based around 

the cwstal structure for pepstatin 2'~ and known SAR on 

statine-like inhibitors. The template show's reliability, in both 

its position and contribution to activib,, and is comparable to 

the proline template above. 

Initial 2D database screening for suitable acylating 

agents and amines led to lists of 1,900 and 700 compounds,  

(a) o 
H 

D pocket o P pocket R1 ,,.I~IQOH 
/ 

,. / NH2 
~ N ~  NH2 0 

"O'g n O. 
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D pocket P pocket 

HorN O ~  n 
° . . ~ -  o 
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R3-- CHO 
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H O ~ n O  OH 
O 
R2--NH 2 
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Figure 6. The novel templates used for seHne protease 
inhibition. (a) The diketopiperazine library and  (b) the 
imidazolinone library,, with their associated starting 
materials illustrated in a retrosl,nthetic analysis. 
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Table 2. Number  of molecules remaining after application of successive 
screens to substituent lists A and B 

Filtering stage 

2D database screen 
3D database screen 
PRO_SELECT receptor screen 
Binding affinity filter 
Strain energy filter 
Selected synthesis candidates 

No. of No. of 
substituents at substituents at 

A position a B position b 

8,803 4,262 
437 894 
1 z.5 144 
81 65 
71 53 

8 9 

and made an important comparison with 

a conventional diverse library. The work 

demonstrates the improved hit rates that 
Size of full 

libraryc receptor-targeted methods provide. In the 

serine protease example, molecules were 

synthesized individually. Although this 
37,518,386 

390,678 approach has the disadvantage that rela- 

20,880 tively few compounds can be made, it 

5,265 has the important advantage that a multi- 

3,763 plicity of synthetic protocols can be 

72 employed so that diversib~ in the original 

virtual library is not hampered by the 

need to conform to a rigid synthetic proto- 

col. In practice, manual and automated 

synthetic methods are best used in a 

complementary manner. The serine protease example is 

also interesting because it examines the use of novel tem- 

plates. The results are successful, but indicate the difficulty 

of designing novel templates. The two templates presented 

do inhibit serine proteases but are not particularly good for 

thrombin, which was the main target of the design. Current 

research is focusing on strategies for the identification of 

good lemplates. 

aBisamines targeted at the Sl subsite and attached to the C-terminus of proline. 
UCarboxylic acids targeted at the D pocket and attached to N-terminus of proline. 
cCorresponding theoretical virtual library. 

respectively, and to a full virtual library containing over 

1 billion compounds.  Ten reagents at each position were 

chosen using receptor-based combinatorial screening. The 

methodology used a rule-based conformational search algo- 

rithm to identi~7 substituent conformations not clashing with 

the receptor. Since the R 1 and R 2 positions are quite close, 

R 1 conformations that significantly encroached the R 2 space 

were removed and vice versa. Substituent conformers were 

minimized and scored using a forcefield grid er. The sub- 

stituents were clustered on the grounds of diversity, and 

the ten best-scoring substituents in different clusters were 

chosen as synthesis candidates. A thousand molecules were 

made in the library. 

Kick e t  al .  = compared the performance of this libraw 

against a diverse libraw chosen from the original list without 

regard to the 3D structure of the enzyme. The results are 

shown in Table 4. It can be seen that the targeted libraw has 

a substantially better hit rate, especially irL the high potency 

range. A highly directed library, based on the SAR from 

the receptor-targeted libra W was also constructed. This 

contained only 39 compounds,  of which seven inhibited 

at 100 nM. The most active compound was in the low 

nanomolar range. This follow-up library indicates how the 

SAR from the first library, and a knowledge of the binding 

site interactions, can be used to generate very potent 

compounds.  

Discussion 
The two examples above illustrate the power  of receptor- 

targeted combinatorial approaches and demonstrate the 

general applicability of these methods. Kick e t  al .  22 used 

automated synthetic methods to synthesize full sublibraries 

Table 3. Summary  of biological activities of molecules 
synthesized based on different templates 

Proline a DKP b Imidazolinone b 

Number of compounds 34 25 11 
synthesized 

K < 100 I*M 27 15 3 
K <10 I*M 18 7 1 
K < I  t~M 9 1 0 
Best K i (nM) 41 800 4,000 

aActivity against thrombin. 
eActivity against trypsin. 
DKP, diketopiperazine. 

Table 4. Results of biological activities against 
cathepsin D for the receptor-targeted library and the 

diverse libraries 

Number of compounds 
synthesized 

IC5o <1 #M 
IC5o <0.33 #M 
IC5o <0.1 IzM 
Best K, (nM) 

Receptor-targeted Diverse library 
library 
1,000 1,000 

67 26 
23 3 

7 1 
73 356 
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This r ev iew has  c o n c e n t r a t e d  on  

me thods  that explici t ly use  the structural 

informat ion on  the enzyme  to screen virtual 

l ibraries compu ta t i ona l l y  and  that have 

been  va l ida ted  in realistic appl icat ions.  A 

related set of  methods  has been  used  to 

focus combina tor ia l  l ibraries using only  

QSAR information.  Sher idan and  Kears ley 28 

e x a m i n e d  the use of  a genet ic  a lgori thm 

(GA) to analyse a virtual libra W of  pep to ids  

us ing QSAR informat ion to control  the 

analysis. In separa te  works,  Weber  et  al .  29 

and Singh et  al.  > have app l ied  a GA to 

direct  the synthesis of  sublibraries  of  a 

large virtual library. Here  the GA uses the 

activities of  c o m p o u n d s  in p rev ious  sub-  

l ibrar ies  to de f ine  w h i c h  c o m p o u n d s  

H HO IRI 

0 "~'Ph 0 

R~--NH2 OH 

R2_COOH N3 .v~-~ /ONos 

R 3 -  COOH ~" Ph 

F i g u r e  7. The  l i b ra  O, a n d  

a s s o c i a t e d  s t a r t i n g  

m a t e r i a l s ,  i l l u s t r a t e d  in  a 

r e t r o s y n t h e t i c  analys ' is ,  

u s e d  f o r  t h e  i n h i b i t i o n  o f  

c a t h e p s i n  D. 

shou ld  be  synthes ized  in the next subl ibra  W. Weber ' s  

g r o u p  have  d e m o n s t r a t e d  progress ive  i m p r o v e m e n t  in 

inhibi tory activity against  thrombin ,  using a l ibrary fo rmed  

from the Ugi reaction, and  Singh e t  al .  have s h o w e d  the 

potent ia l  of  this a p p r o a c h  by  opt imizing the substrate  

po tency  of  h e x a p e p t i d e s  against  strornelysin, a metal lo-  

protease .  An article by  Salemme et  al .  31 descr ibes  the 

use of  QSAR to direct  combina tor ia l  l ibraries iteratively. 

They also ment ion  the use  of  da tabase  searching,  e m p l o y i n g  

r ecep to r -de r ived  p h a r m a c o p h o r e s  to select substi tuents.  

There  is no deta i led  descr ipt ion of  thei ,  app roach  or  data 

on their method ,  but  the article does  indicate the interest  

and  potent ia l  of  r ecep to r - t a rge ted  combinator ia l  libraries. 

A brief  descr ip t ion  of  s t ruc ture-based  library des ign  has 

been  writ ten by  Martin e t  al .  ~3 while,  Zhe:ag and Kyle 32 have  

desc r ibed  the use of  the simulat ion me thod  - mult iple  copy  

s imul taneous  sampl ing  - to dock  pep t ides  into receptors ,  

and  have no ted  its potent ia l  in combinator ia l  design.  It is 

expec t ed  that more  papers  on  theoret ical  a p p r o a c h e s  to 

recep tor - ta rge ted  libra W design will a p p e a r  in the future and 

that there  will be  more  practical appl ica t ions  of  these 

methods .  

The use of  QSAR on a target can be  r e g a r d e d  as 

c omp lemen ta ry  to the use of  3D structural information.  

QSAR provides  k n o w l e d g e  of  which  inte: 'actions are impor-  

tant to activity and can be  used  to improve  the scoring 

funct ion for future rounds  of  synthesis  and  design.  One  

of  the reasons  recep to r - t a rge ted  combinator ia l  chemist  U 

is attractive as an acce lera ted  m e t h o d  o:: lead  d iscovery  is 

that it can p roduce  QSAR sets quickly. In the same way, 

c w s t a l l o g r a p h i c  ana lys i s  o f  m o l e c u l e s  

found  by  combinator ia l  synthesis  can be  

used  in future cycles of  s t ruc ture-based  

design and /o r  combinatorial  chemistryh~,33. 

This rev iew has cons ide red  the compu-  

ta t ional  s c r e e n i n g  of  vir tual  l ibrar ies  

against  enzyme  targets using the 3D struc- 

tural informat ion on  the enzyme.  The 

m e t h o d  has been  a pp l i ed  successful ly to 

ser ine p ro teases  and  aspart ic pro teases .  

More examples  of  the me thod  are n e e d e d  

to establish fully the usefulness  of  the 

approach ;  however ,  w e  bel ieve that it has 

great  potent ia l  in the d iscove W of  po ten t  

small  organic molecu le  inhibitors against  

a w ide  varie D" of  enzymes.  
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