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Figure 3. Comparison of the extrapolated scaffold ranking 50ܥܫ  of each library  

(SR, shown as red stars), and the harmonic means of the extrapolated ݏ50ܥܫ of each position 

of the positional scanning libraries samples (P1, P2, P3 and P4, shown as blue circles). 

 

2.2. Analysis of Positional Scanning Profiles  

As shown above, scaffold ranking is equally capable of gauging the overall activity of a given 

library. However, when the assay throughput rate allows, there is a wealth of additional information 

present in a full screening of all positional scanning libraries that can aid in choosing the most 

promising libraries to deconvolute. One of the most important aspects of a positional scanning activity 

profile is the level of activity differentiation of samples at each position. Given the same overall library 

activity, a positional scanning activity profile that shows few mixtures at each position that are much 

more active than the rest is likelier to have compounds that are more active than one with little 



Molecules 2013, 18 6417 

 

differentiation. To see why this is the case, consider a library with a scaffold ranking sample 50ܥܫ of 

100 μM containing inactive compounds with ݏ50ܥܫ of 1,000 μM and an unknown percentage of active 

compounds of fixed unknown activity. Under the assumptions of the Harmonic Mean model, such a 

library could theoretically have a composition of compounds ranging from 100% of compounds with ݏ50ܥܫ  of 100 μM each, to 0.01% of compounds with an 50ܥܫ  of 11 nM each, to even smaller 

percentages of even more active compounds. If, in such a library, a position contained only one 

mixture that exhibited activity higher than that of an inactive compound (therefore being a well-

differentiated profile), then that mixture would need to have a very high relative activity (so that the 

harmonic mean of that position would come out to 100 μM), and thus the vast majority of the active 

compounds would be mathematically required to be within that mixture. Since that mixture represents 

only a fraction of the total library, this in turn puts an upper bound on the percentage of active 

compounds that could be in the library; as presented above, the lower the percentage of active 

compounds, the greater the required activity of each active compound. In contrast, if a position 

contained mixtures all with approximately the same activity, then these mixtures’ ݏ50ܥܫ  must be 

approximately 100 μM each in order for their harmonic mean to be 100 μM. Thus each mixture would 

be required to have approximately the same number of active compounds, and so no upper bound can 

be placed on the overall percentage of active compounds. 

In an effort to quantify the activity profile of a positional scanning library position that models activity 

differentiation, the following procedure was developed. For a given position with ݊ functional groups, 

let ሼݔ௞ሽ௞ୀଵ௡  be the rank-ordered activities of the mixtures in that position, so that ݔଵ is the most active 

mixture’s activity, ݔଶ is the second-most active mixture’s activity, etc. In this study, percentage inhibition 

values were used for the activities; since we are attempting to compare the differentiation of positional 

scanning profiles within a single study, absolute scaling issues are irrelevant so long as they are consistent, 

and so long as higher numbers correspond to greater activity. Next, the maximum drop in activity: ݉ ൌ max௞ୀଵ,…,௡ିଵሺݔ௞ െ ௞ାଵሻ (3)ݔ

was calculated. This represents the maximum sequential activity difference within the position; clearly, 

the more difference between active and inactive mixtures, the greater ݉. The value of ݇ for which the 

largest drop occurs, ܭ, is calculated as well:  ܭ ൌ argmax௞ୀଵ,…,௡ିଵሺݔ௞ െ ௞ାଵሻ (4)ݔ

For an ideally differentiated positional scanning library activity profile, then, one would see high 

activity differences between active and inactive mixtures (i.e., a high value of ݉) in a relatively small 

number of mixtures (i.e., a low value of ܭ). To this end, the index of differentiation of a positional 

scanning position’s profile is defined as: ܫ஽ூிி ؠ ݉2௄ିଵ (5)

The values of ܫ஽ூிி for each position of each of the 32 libraries in this study are shown in Table 2. 

Selected profiles illustrating high and low differentiation are shown in Figure 4. Note that ܫ஽ூிி can 

vary greatly from position to position in a given library; this is unsurprising, since specific 

functionalities at certain positions will inevitably be more important to the activity potential of a 

compound than others. Library 32 exhibited by far the highest average index of differentiation for 
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FPR1, having the highest single position ܫ஽ூிி , and two remaining positions ranking 6th and 11th. 

Libraries 20, 21, and 24 showed relatively high differentiation in some positions, but not all, and had 

the next highest average ܫ஽ூிி. For FPR2, library 19 had the highest average ܫ஽ூிி, followed closely by 

libraries 20 and 29; all three exhibited high-ranking differentiation in two of their positions. 

Table 2. Indices of Differentiation and Deconvolutability for the 32 libraries against both 

targets. The most differentiated positions and the most deconvolutable libraries are shown 

in red. 

Library 

FPR1 FPR2 

IDIFF 
IDECON 

IDIFF 
IDECON 

P1 P2 P3 P4 AVG P1 P2 P3 P4 AVG 

1 4.55 1.01 NA NA 2.78 5.41 2.55 2.05 NA NA 2.30 6.56 
2 3.70 0.65 0.80 NA 1.72 2.85 10.60 1.00 1.40 NA 4.33 12.47 
3 0.15 1.00 1.30 NA 0.82 1.90 1.80 4.10 0.55 NA 2.15 6.77 
4 3.60 3.30 1.70 NA 2.87 4.76 4.50 1.40 0.09 NA 2.00 4.95 
5 6.00 0.26 0.15 6.10 3.13 8.64 0.80 0.38 0.70 0.13 0.50 1.37 
6 1.85 15.20 14.10 4.70 8.96 35.82 1.65 4.60 15.70 9.50 7.86 26.03 
7 0.09 1.15 1.40 NA 0.88 1.64 9.10 0.26 10.95 NA 6.77 38.33 
8 0.07 0.58 0.00 NA 0.21 1.27 8.30 0.68 0.44 NA 3.14 22.89 
9 1.80 1.50 1.00 NA 1.43 2.67 1.05 0.15 2.20 NA 1.13 1.60 

10 0.90 2.30 7.00 NA 3.40 4.91 0.60 3.70 10.50 NA 4.93 6.38 
11 0.04 2.70 0.00 NA 0.91 1.45 0.03 0.43 0.70 NA 0.38 1.07 
12 1.30 0.00 0.00 NA 0.43 0.70 0.17 0.12 3.80 NA 1.36 3.84 
13 0.18 2.85 0.58 NA 1.20 3.09 1.45 0.00 5.05 NA 2.17 8.14 
14 0.48 0.00 3.55 NA 1.34 2.70 4.85 4.80 0.23 NA 3.29 10.57 
15 0.00 0.11 2.05 NA 0.72 1.42 0.03 0.53 0.31 NA 0.29 0.46 
16 1.65 0.16 0.83 NA 0.88 1.66 2.60 0.95 0.20 NA 1.25 1.91 
17 2.75 1.85 5.23 NA 3.28 4.43 3.60 1.80 0.00 NA 1.80 3.31 
18 0.05 2.55 0.00 0.44 0.76 1.04 2.05 0.00 0.29 0.00 0.58 1.50 
19 15.23 0.10 5.38 1.29 5.50 67.09 41.45 36.85 0.74 0.18 19.81 201.44
20 25.05 0.85 0.90 19.70 11.63 30.00 36.35 0.00 0.01 23.50 14.96 47.54 
21 4.25 43.85 0.00 0.63 12.18 39.72 0.03 24.95 1.15 0.14 6.57 20.30 
22 8.38 0.02 1.70 1.75 2.96 6.49 13.78 0.56 2.75 1.05 4.53 10.43 
23 3.65 0.01 1.30 NA 1.65 3.30 0.01 0.80 2.70 NA 1.17 3.02 
24 21.95 4.30 13.20 NA 13.15 62.15 2.45 0.02 1.25 NA 1.24 2.36 
25 4.60 1.70 0.88 NA 2.39 5.37 2.10 0.00 0.01 NA 0.70 1.40 
26 2.75 0.65 0.07 NA 1.16 1.32 0.93 0.04 1.50 NA 0.82 2.17 
27 0.02 0.46 0.53 NA 0.34 0.54 0.40 0.00 0.02 NA 0.14 0.36 
28 0.19 0.00 0.85 NA 0.35 0.64 1.70 1.60 0.00 NA 1.10 2.17 
29 1.45 1.60 0.63 NA 1.23 2.79 41.00 1.45 7.35 NA 16.60 46.00 
30 2.80 0.09 0.85 NA 1.25 1.67 0.04 0.68 4.50 NA 1.74 3.40 
31 0.20 0.00 0.80 NA 0.33 0.55 2.30 0.01 2.85 NA 1.72 4.92 
32 12.35 57.70 18.40 NA 29.48 287.89 3.00 0.74 0.60 NA 1.45 3.94 
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Figure 4. Examples of very high differentiation (Library 32, Position 2, for FPR1) and 

little differentiation (Library 19, Position 2, for FPR1) in positional scanning profiles, as 

defined in Equation (5). Note that overall, Library 19 exhibits more activity, but Library 32 

is clearly more well-differentiated. Additional zero percent inhibition values have been 

removed from Library 32’s profile for clarity. 

 

As reasoned above, high differentiation is very important for potentiating the discovery of highly 

active compounds in a positional scanning screening profile. Such differentiation in the absence of 

overall activity, however, may only result in varying degrees of inactive compounds. Therefore, the 

overall potentiation index of deconvolutability of a library is better quantified as: ܫ஽ா஼ைே ؠ ݁݃ܽݎ݁ݒܣ ஽ூிிܫ ݎ݁ݒܱ ݈݈ܣ ܿ݅݊݋݉ݎܽܪ ݁݃ܽݎ݁ݒܣݏ݊݋݅ݐ݅ݏ݋ܲ ݊ܽ݁ܯ ݂݋ ݏ50ܥܫݔ ݎ݁ݒܱ ݈݈ܣ (6) ݏ݊݋݅ݐ݅ݏ݋ܲ

The values of ܫ஽ா஼ைே for each library are in Table 2 and graphed in Figure 5. As is evident, each 

receptor has one standout library: library 32 for FPR1, because of high relative activity and very high 

relative differentiation, and library 19 for FPR2 (which had the second highest score in FPR1 as well), 

because of very high relative activity and high relative differentiation. Indeed, these libraries were the 

two chosen in this study for deconvolution, and both proved to lead to the identification of highly 

active individual compounds with nanomolar Ki values [14]. 
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Figure 5. Indices of Deconvolutability for each library, as defined in Equation (6), against 

both targets. 
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2.3. Selectivity in Scaffold Ranking and Positional Scanning  

In the event that selectivity is a desirable endpoint in a study, as it was in this study, additional 

important lessons can be learned about the relative utility of screening scaffold ranking libraries versus 

complete positional scanning libraries. As has already been noted, library 19 showed the highest level 

of overall scaffold ranking activity in both receptors. Library 32, in contrast, only showed substantial 

scaffold ranking activity against the FPR1 target. Using this information to infer that library 19 could 

not include selective compounds, however, would not be an appropriate use of the activity of the 

scaffold ranking samples. The absence of activity in FPR2 for library 32 did indeed imply, both in its 

positional scanning profile and its eventual deconvolution, an absence of FPR2-active individual 

compounds. The reverse, however, proved not to be true, as is evident from a closer inspection of 

library 19’s positional scanning activity profile (Figure 6). Although library 19 exhibits overall high 

activity against both targets, the mixtures at each position that exhibit that activity vary greatly; FPR2 

shows greater differentiation in the first two positions (as evidenced by its higher index of 

differentiation as described above), and the mixtures of maximum activity do not correspond to those 

of FPR1. These patterns persisted when individual compounds were tested. Thus, positional scanning 

libraries should be selected and screened even if the scaffold ranking screening does not show the 

desired selectivity. Positional scanning libraries offer a window into the possibility of additional 

selectivity of individual compounds that would not be evident in the analysis of the scaffold ranking 

library’s activity alone. 

Figure 6. The full positional scanning profile of Library 19. Notice that there are many 

instances of different mixtures among the most active at the FPR1 target not being active at the 

FPR2 target, and vice versa. This indicates the potential selectivity that was eventually found. 
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Figure 6. Cont. 

 

 

3. Conclusions  

In the past, scaffold ranking has been used as a first step for determining which library will be tested 

using positional scanning. With the side-by-side data presented in this study, we have shown for the 

first time that scaffold ranking is indeed sufficient for accurately demonstrating the overall activity of a 

library, with each library presenting essentially the same activity levels in its scaffold ranking format 

as in its full positional scanning format. However, we have also demonstrated that, when feasible, 

complete screening of all positional scanning libraries allows for additional analyses of the 

differentiation and selectivity that can drastically increase the likelihood of a successful deconvolution. 

If only the scaffold ranking samples had been tested, library 19 surely would have been chosen, based 

on the basis of its activity, to screen the complete positional scanning library; as we have shown in this 

study, to exclude a library on the grounds of selectivity using only scaffold ranking information is a 

mistake. The potential of identifying selective compounds is only revealed from analysis of its 

positional scanning profile. As will be presented in a complementary study, 106 individual compounds 

were synthesized and tested from library 19 [14]. Nineteen compounds had Ki values ≤ 100 nM for 

FPR1, of which 15 were FPR1 selective (Ki values for FPR2 are more than 100-fold greater); 23 

compounds had Ki values ≤ 100 nM for FPR2, of which 12 were selective for FPR2. Furthermore, 

Library 32, with less activity exhibited in the scaffold ranking than other libraries, may not have been 

explored at all, had its impressively differentiated profile not been determined through screening its 

positional scanning library. Deconvolution of library 32 resulted in the synthesis of only eight 

individual compounds, of which four had Ki values ≤ 20 nM in FPR1 and were highly selective. 

Additional libraries (library 24 for FPR1, and libraries 20 and 29 for FPR2) that have not yet been 
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deconvoluted show about the same indices of deconvolutability as the successfully deconvoluted 

library 19 for FPR1; these are clearly a possible direction for future research. By having the scaffold 

ranking data in tandem with the positional scanning data, one is better able to see the strengths and 

weaknesses of each approach, and use this knowledge to further increase the effectiveness of already-

effective mixture-based combinatorial library screening.  
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