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VHTS Funnel

* VHTS pipelines typically

Hit
pounds e

have multiple steps, but
performance is usually

evaluated for the entire
pipeline.

Performance metrics are
hard to specify because

the random base rate for
the initial set is unknown.

Unproductive or even
counterproductive steps
or elements can easily
avoid detection.



Recovery Analysis at Every Step

Step A recovery
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* Using sets of known
binders and decoys,

Step A

Step B

Step C

performance should be
evaluated at every step.

* When using stochastic
or quasi-stochastic
techniques, estimates
for ranking variation
should be provided.




Negative Data From Ligand
Randomization

* Randomizing ligands
across curated 3D
structures provides
ample negative data
all the while ensuring
a perfect match in
properties between
actives and decoys.

* No other means of
decoy selection can
provide such a
match.




Negative Data From Ligand
Isomerization

ligand from crystal  isomers, likely isomers , likely library ligands
structure obdes bdes
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Negative Data From Ligand
Isomerization
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Negative Data From Ligand
Isomerlzatlon
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Molecular weight distributions for cxcr4
pl =0.026,p2 =1

Property Matching

Molecular weight distributions for comt
pl=0.249,p2 =1

Molecular weight distributions for fabp4

pl =0.185,p2 =1

Molecular weight distributions for pur2
pl=0.0,p2=1

Molecular weight distributions for glcm

pl =0.605,p2=1 [

= experimental actives 0.007 [ experimental actives L =3 experimental actives 0,007 3 experimental actives
0002 experimental decoys experimental decoys. 0.007 experimental decoys experimental decoys
isomerization decoys 0.006 isomerization decoys 0.020 isomerization decoys isomerization decoys
o005 0.006
0006
0005
19908 > ,0.005 5.,0015 S
2 20004 2 = B oo0s
8 0004 g 2 0,004 @ g
[ [ [
0 0003 Qoo Biooos B0 Q 0003
0.002 0:002] 0.002 0.002
3 experimental actives 0003
0.001 0.001 0.001 experimental decoys 0.001
isomerization decoys
o 0000
0000 350 w00 500 &0 10 130 200 20 300 B0 40 430 0000 w0 o w0 o a0 o s 0% 350 w0 0 00 550 150 260 3%0 S5
Molecular weiaht. [a/moll Molecular weight, [g/mol] Molecular weiaht. fa/moll Molecular weiaht. fa/moll Molecular weight, [g/moll
Molecular weight distributions for sahh Molecular weight distributions for pygm Molecular weight distributions for hs90a Molecular weight distributions for hxk4 Molecular weight distributions for ada
pl =0.413,p2=1 pl =0.319, p2 = pl = 0.06, p2 = pl =0.131,p2 = pl=0.753,p2 =1
0.0175 =1 experimental actives =3 experimental actives o) =1 experimental actives
experimental decoys 0.007 experimental decoys 900 e experimental decoys
T isomerization decoys isomerization decoys ilooe isomerization decoys
0006
00125 0005
:  oons < 0008 0006
3 0.0100 & = 1 experimental actives 2 2z
3 @ 0004 o0 experimental decoys @ [
b 9] [7) isomerization decoys [} o3
3 0.0075 Bl Q 0.003 e a
00050 e 0002
0002 1 experimental actives e
00025 o 0001 experimental decoys
isomerization decoys
00000 S 0000 0000 0.000 !
200 250 3%0 350 %0 260 3% %0 w00 30 300 30 40 430 500 00 300 350 00 450 0 20 0 350 B0 s00 550
Molecular weight, [g/mol] Molecular welght [g/mol] Molecular weight, [g/mol] Molecular weight, [g/mol] Molecular welght [g/mol]
Molecular weight distributions for mcr Molecular weight distributions for nram Molecular weight distributions for pa2g Molecular welght dlstrlbutlons for fakl Molecular weight distributions for hivint
pl=0.413,p2=1 pl = 0.085, p2 = pl=0.779,p2 =1 pl=0.22,p2=
0010 1 experimental actives 1 experimental actives 0.008{ [ experimental actives 0.006 1 == experimental actives
0.012 experimental decoys eexperimental decoys experimental decoys experimental decoys
isomerization decoys 0.008 isomerization decoys 0.007 isomerization decoys 0.005 isomerization decoys
0:009) 0.010
0006
0.004
Zoo0s Zrooos S Zrooos >
@ @ k] @ @
q:) 5 0.006 5 qC) 0.004 5 0.003
0 o00s a (=2 (=l fa}
oy 0002
0002
0.002 1 experimental actives . G002 i
experimental decoys 0001
tion d
- isomerization decoys . - e e ®
B 25 o & 25 00 250 300 30 400 430 0 30 30 40 40 500 550 600 350 00 100 200 300 00 500 500
Molecular weiaht. [a/moll Molecular weight, [g/mol] Molecular weight, [g/mol] Molecular wexght [g/mol] Molecular weight, [g/mol]
Molecular weight distributions for nos1 Molecular weight distributions for rockl Molecular weight distributions for grikl Molecular weight distributions for mapk2 Molecular weight distributions for def
pl=0.114,p2 =1 pl = 0.566, p2 = 1 pl = 0.064,p2 =1 o pl=0.077,p2=1 pl =0.749, p2 =1
0.008 1 experimental actives 0.007 =1 experimental actives. 1 experimental actives 0.008 1 experimental actives
experimental decoys experimental decoys experimental decoys experimental decoys
0.004 0.007 isomerization decoys 000 isomerization decoys 0,005 isomerization decoys (X isomerization decoys
0.006
0006 0.005 0004
B 20005 = Iy 000
£ 0004
g € oo 2 2 o003 2 00
Bow 8 Bow 8 8
0.003 0.002 0.003
0.002 ooz 0.002
0oL =1 experimental actives 0.001
experimental decoys 0.001 0.001 0.001
isomerization decoys
o0 0000 0000 0000 0.000
200 230 300 30 400 40 500 550 100 200 200 200

200 30 450
Molecular weight, [a/mol]

Molecular weight, [g/mol]

Molecular weught [g/mol]

350 00 550
Molecular weight, [g/mol]

300 50 500
Molecular weight, [g/mol]

Simple but
Important
properties such as
molecular weight,
numbers of HBA,
HBD, rotatable
bonds, TPSA or
total surface area
can be more finely
controlled and
matched.

Existing sets can
have considerable
mismatches
between actives
and decoys.



HBA distributions for cxcr4

Property Matching
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* Property
matching and
filtering can also
be applied to
existing
collections.

* |somerization
preserves atomic
composition and
thereby offers a
“shortcut” in
property
hyperspace to
better matched
decoys.



Rotatable bonds distributions for cxcr4

Property Matching

Rotatable bonds distributions for comt

Rotatable bonds distributions for fabp4

Rotatable bonds distributions for pur2

Rotatable bonds distributions for glcm
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Molecular weight distributions
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Matchin

g

Isomers perfectly match actives in
molecular weight (MW) and are
similarly or better matched in HBA,
HBD, rotatable bonds, and molecular
surface.

Different properties vary in how
strongly they depend on atomic
connectivity. This work shows that for
MW, TPSA, and LabuteASA, the
ordering is MW < TPSA < LabuteASA.

Crucially, isomers are more similar to
the actives as evidenced by the
Tanimoto distributions.

Around half of isomers lie in a
“Tanimoto Goldilocks zone’ between
0.4 and 0.8 whereas DUD-E decoys
are often completely unrelated to the
actives. This increases the risk of
inflating performance metrics.
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P Plots

pur2 UMAP plot

fabp4 UMAP plot

glcm UMAP plot
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In reality, there are
single-digit numbers
of active data points
per target, slight
variations of no
more than a handful
of scaffolds.

Decoys are little
better in this regard,
often clustering
closely in a narrow
patch of property
hyperspace.

Isomer decoys tend
to be much more
diverse, i.e. much
more spread out
over that same
hyperspace.
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Implications for Method Development

* Do iImprovements to
water models, force
fields, or property
estimates (e.g.
entropy, solvation,
RDFs, etc.) translate
INto Improvements in
VHTS? Why?

* Recovery is

s § = orthogonal to (most)

1 Pipeline A Pipeline B parameters USEd In
method development.
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Implications for Metaphysics

Actives' ranks

500000

* How Iinterdependent
are different
properties with each
other and with
recovery?

400000

300000

Rank

200000

* |s there more than

one algorythm to
obtain AG?

100000}

Pipel‘ine A

e |s there more than
S = | one algorythm to

correctly rank ligands
by affinity to a target?
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