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SAMPL: Past, present and future



SAMPL was motivated by the need to compare 
predictive accuracy on a level playing field

•Originated by 
Nicholls at 
OpenEye ’07-’08 

•Unfunded 
academic 
collaboration since 
SAMPL3/2012 

•More than 100 
publications to 
date



The two most frequent kinds of challenge 
involve solvation and (simple) binding
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SAMPL focuses on challenges which 
are at the borderline of tractability

•Hydration free energies thru SAMPL4 
•Protein-ligand binding thru SAMPL4 (then D3R) 
•Host-guest SAMPL3 on 
•Usually relies on donated data and/or industry internships



Hydration free energy predictions have 
improved greatly over the years

•By around 
SAMPL4, many 
methods had 
improved 
dramatically 

•Successful 
methods saw 
broad adoption 

•Could detect 
experimental 
problems



In SAMPL5, we moved away from hydration free energies 
to related properties which are more easily* measurable

Pcyc =
[Neutral solute in cyclohexane]

[Neutral solute in water]

Dcyc =
[Solute in cyclohexane]

[Solute in water]

cyclohexane

water

Partition coefficients and distribution 
coefficients are similar, but the latter includes all 

species:

pH dependent, so we report                    at pH 7.4logD7.4



People were able to do fairly well



People were able to do fairly well



But it turns out here, the difference between 
logP and logD is crucial

Data from Pickard et al.

Including predicted 
pKa’s dramatically 

improves predicted 
values



This led us to plan SAMPL6 to focus on 
predicting logD given pKa values

cyclohexane

water

However, collection of the 
combined data set took too long, 
so we decided to run an interim 

challenge on pKa while continuing 
logD measurements



This type of data has been extremely useful in 
driving and testing new developments

Re-parameterization of GAFF to 
improve pure solvent dielectric 

constants resulted in dramatically 
better predictions (Fennell et al.) 

For more on the history of SAMPL 
and future plans, see our grant 

proposal at https://
escholarship.org/uc/item/7cf8c6cr

https://escholarship.org/uc/item/7cf8c6cr
https://escholarship.org/uc/item/7cf8c6cr


It’s also driven progress in host-guest 
binding predictionAim 2: Measure affinities of drug-like compounds in supramolecular hosts to challenge quantitative

models of binding in systems not plagued by major receptor sampling issues.

Figure 4. The best host-guest binding predic-
tions of SAMPL3 [175] and SAMPL5 [167]. Bind-
ing free energy predictions have shown clear im-
provements from SAMPL3 to SAMPL5 as the major
obstacles become understood and are treated bet-
ter by models, though a systematic offset remains
in the best SAMPL5 predictions (yellow). Dashed
lines denote errors of ±1.5 kcal/mol.

Moving beyond solution-phase physical properties, we want Challenge
data which introduces some of the additional complexity of binding in a
controlled manner. Aim 1 focuses on the behavior of small molecules in
different environments, in the absence of receptors and the associated
potential for slow sampling, strong specific interactions, and other chal-
lenges like salt effects. Binding in host-guest systems (Aim 2) retains
many of these same challenges and introduces strong specific interac-
tions and other issues like salt effects [165], while still avoiding many of
the issues with slow sampling (of protein conformational changes, ions,
and ligand binding modes) seen in biomolecular interactions. Thus,
binding in host-guest systems introduces new challenges rele-
vant to biomolecular interactions, but without the full complexity
of protein-ligand interactions, as recently reviewed [165].
Already, host-guest SAMPL Challenges have provided key tests for
modeling of binding interactions [165], resulting in new attention paid
to how co-solvents and ions modulate binding (resulting in errors of up
to 5 kcal/mol when these effects are neglected) and the importance of
adequately sampling water rearrangements [144, 146, 165, 176]. This
new attention has resulted in clear improvements (Figure 4), though
host-guest binding remains difficult to model accurately [177], in part
due to force field limitations (resulting in new force field work [169]).
Here, we design a series of SAMPL Challenges focused on two classes

of host-guest systems—cucurbiturils and analogs (SA 2.1) and Gibb’s deep-cavity cavitands (GDCCs, SA 2.2)—
both of which build on prior SAMPLs. These two sets of systems exhibit different complexities [165], with the hosts
of 2.1 bringing modest co-solvent and ion effects and some receptor sampling problems for the acyclic hosts, and
the GDCCs of 2.2 bringing profound ion and co-solvent effects as well as water sampling challenges. Methods
which perform well on one class may not perform well on the other [165] because of these distinct challenges. This
diversity and complexity is important for Challenges which seek to drive researchers to focus on all of the important
features rather than just a subset [106]. As the SAMPL community would like even more diversity in hosts and
guests [111], we will also seek to include additional host-guest systems via data donation (as in SAMPL1-5).

drug features
memantine adamantane; 1:1
saxagliptin adamantane; 1:1
premarin steroid
pancuronium steroid
varenicline 1:1 vs 1:2
valsartan pKa 4.37
omeprazole pKa 4.77
ranolazine pKa 7.17; epitopes
pradaxa pKa 3.87; epitopes
nilotinib epitopes; pKa 6.3
sensipar epitopes; folding
vyvance diamine; epitopes; folding
minocycline tetracyclin; amino aniline

Table 1. Selected drugs whose binding to
CB[n] hosts will be assayed for SAMPL7, 9,
and 11 Challenges (SA 2.1). These drugs
bind to the cucubituril-based host systems con-
sidered here, some at high affinity, so measur-
ing their affinities provides a way to test meth-
ods for predicting binding interactions absent
complexities present in protein-ligand systems.

SAMPL6 is currently in progress and includes components on GDCCs
and cucubiturils, so our plans in this section may be adjusted somewhat
depending on the outcomes of SAMPL6.
Subaim 2.1: Cucurbituril-based receptors: model binding systems
Cucurbituril derivatives for host-guest binding. Building on previous
success with cucurbit[n]uril (CB[n]) experiments for SAMPL [178–180],
we will conduct a series of new experiments on these receptors, with ex-
perimental work conducted by co-investigator Isaacs, an expert on these
systems who provided data for previous SAMPLs. CB[n] receptors are
particularly well suited to our goals because they exhibit: (1) strong bind-
ing affinities in water, comparable to protein-ligand affinities (routinely µM
to nM; occasionally pM to fM) [181–187], (2) high selectivities between
structurally related guests which translate into large ��G values [188],
(3) low molecular weights (1–2 kDa) permitting high levels of theory to
be used, and (4) highly restricted conformational degrees of freedom,
reducing conformational sampling challenges often seen in protein-ligand
binding. For SAMPL7-11, we will resynthesize a series of CB[n]-type
receptors of increasing complexity, measure Ka values, and determine
host-guest stoichiometry and geometry toward pharmaceutically relevant guests (selected drugs) in order to strin-
gently test methods for predicting binding. Figure 5 shows the chemical structures of three hosts—Me4CB[8] [189],
glycoluril hexamer [190], and acyclic CB[n]-type receptors [191–196] which span a range in terms of level of
preorganization and formal charge.



We’re trying to make more use of reference 
calculations to allow convergence, efficiency tests

For SAMPL4 hydration, methods 
which are the same agree

For HG systems, things are 
not necessarily so simple



SAMPL6 focused on pKa and host-guest binding, 
trying to work towards protein-ligand binding



There’s still a long ways to go, and people 
are still learning big lessons



SAMPL6 papers are encouraged: 
Special issue, JCAMD

• Firm June 1 submission deadline 

• Review process will be as normal, but if you submit, expect to serve 
as a reviewer 

• Paper order strongly influenced by submission order 
• Paper titles should include “SAMPL6” 
• Cover art selected from among first few submissions, so submit 

early! 
• Online publication as papers are ready 
• Will include work on pKa experiments; host-guest work published 

separately



Our plan for future SAMPL challenges involves 
three tracks: Phys props., HG binding, P-L binding

April 2018 April 2023April 2020April 2019 April 2021 April 2022

Aim 1
Physical properties

Aim 2
Host-guest binding

Aim 3
Protein-ligand binding

Cucubiturils

GDCCs

SAMPL8

SAMPL7 
challenge open

log D in octanol-water, 
and cyclohexane-water, 

providing* pKa

log D in octanol-water and 
cyclohexane-water, predicting pKa

SAMPL8 
challenge open

log D in alternate solvents, predicting pKa

SAMPL9 
challenge open

Overall events

Solubilities for drug-like compounds and fragments

SAMPL10 
challenge open

Small molecule membrane permeabilities

SAMPL11 
challenge open

Me4CB[8] binding affinities

SAMPL7 
challenge open

SAMPL8 
challenge open

SAMPL9 
challenge open

SAMPL10 
challenge open

SAMPL11 
challenge open

Affinities for hosts 1-2 Affinities for hosts 1,3 Ion effects on affinities for host 1 Ion effects on affinities for host 3 Cosolvent effects on affinities for hosts 1,2

SAMPL7 SAMPL9 SAMPL10  SAMPL11

Binding to wild type HSA Binding to mutant HSA

Binding to mutants of new system 1

Binding to mutants of new system 2

Binding to mutants of new system 3

Binding to new system 1

SAMPL7 
challenge open Binding to new system 2

SAMPL8 
challenge open Binding to new system 3

Binding in new system 4

SAMPL9 
challenge open

SAMPL10 
challenge open

SAMPL11 
challenge open

Key

Submission window

Experimental data collection SAMPL special issue preparation 
(approximate 4-5month duration)

Joint D3R/SAMPL workshopComponent-specific 
virtual meeting

New compound binding to Me4CB[8] Drug binding to glycoluril hexamer New compound binding to glycoluril hexamer Drug binding to acyclic CB[n] host

* - Our current plan is to provide pKa values, as in SAMPL6, which is currently in progress. But this may be adjusted to require prediction of pKa values, depending on SAMPL6 outcomes..

Figure 2. Timeline for SAMPL activities. Activities covered by this grant include data collection and SAMPL Challenges on our three
major components (physical properties, host-guest binding, and protein-ligand binding), with each Challenge cycle color-coded separately.
Data collection within each Aim is shown by a colored bar indicating what is measured and curated. Data collection/curation is followed by
a submission window for that Challenge component, then all results and analysis are returned to participants and posted on the SAMPL
website; this also will nucleate more detailed long-term discussion on the relevant Slack channel. At this point, we will also release the data
to the public as a high quality benchmark. Each component will then wrap up with a virtual meeting focused on lessons learned and areas
which need further exploration; these will be recorded and posted on our website to assist in rapid dissemination of new insights. Virtual
meetings precede the submission window for the next SAMPL Challenge, giving the opportunity to incorporate lessons learned for the next
Challenge. Submission windows and virtual meetings are staggered across categories so that participants can be involved in all three major
areas without multiple simultaneous deadlines. In-person meetings are co-hosted with D3R and will occur every two years, supplemented
by effort-wide virtual meetings in between. Special issues of JCAMD, where participants report lessons learned, will have deadlines shortly
after the virtual meeting on the protein-ligand Challenge for that year, and a 4-5 month timeline (based on historical experience) from the
submission deadline until the special issue appears (with the first papers appearing online substantially sooner). Rapid dissemination is
critical for rapid progress, so we encourage the use of preprints and informal reports to supplement the special issue.

innovations may come from, but Challenges draw together teams of diverse entrants, including unconventional
innovators who may apply unorthodox, risky, or radical technologies [106, 109]; progress comes both from the
usual suspects and unexpected sources. It is not necessary to decide in advance who is best positioned to solve
key problems [106]—the Challenge itself drives innovation and allows it to be recognized, regardless of source.
Crowdsourcing models for innovation have an ample track record, with the XPrize driving major headlines [108–
110], and the Netflix Prize also familiar to many [107]. While there are other Challenges in the area of biomolecular
modeling, such as D3R [112], the pKa cooperative [154], CAPRI [155] and CASP [101], no other blind Challenge
focuses specifically on datasets collected specifically to drive quantitative protein-ligand modeling.
SAMPL is designed in the spirit of the wildly successful biomedical DREAM Challenge [104–106] which had more
than 800 recent participants. As recommended by the DREAM Challenge organizers [106], SAMPL focuses on
high-quality data, decomposing complex problems into tractable but difficult component problems in order to benefit
from crowdsourcing, and drawing together diverse teams and methods to allow various solutions to be evaluated.
Our recent survey indicates SAMPL has already been important in advancing protein-ligand modeling [111];
attached testimonials highlight some specific ways SAMPL has advanced science. Several historical examples
further serve to highlight how SAMPL can foster innovation (see also Figure 3 and our SAMPL bibliography). While
the first SAMPL Challenges focusing on hydration free energies saw heterogeneous performance, they highlighted
pitfalls of existing methods and force fields which led to marked improvements in PB models [140, 156, 157],
identified some limitations of fixed-charge force fields [158, 159] that spurred their repair [158–160], and helped
motivate alternate implicit or hybrid solvent models [161–163]. Shifts in protonation state and tautomer proved
particularly important in SAMPL5’s log D Challenge [145, 164], as they will in binding. Host-guest binding Chal-

https://escholarship.org/uc/item/7cf8c6cr

https://escholarship.org/uc/item/7cf8c6cr


into an engineering science?

How do we turn drug discovery from  research 

("it sometimes works")

("it actually works")



Aim 1 
Physical properties

log D in octanol-water, and 
cyclohexane-water, 

providing* pKa

log D in octanol-water and 
cyclohexane-water, predicting pKa

log D in alternate solvents, predicting 
pKa

Solubilities for drug-like compounds 
and fragments

Small molecule membrane 
permeabilities
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SAMPL7-11 cucurbituril Challenges.

Figure 5. SAMPL7-11 host-guest Challenges will feature cucubituril hosts and analogs, including Me4CB[8], glycoluril hexamer,
and acyclic CB[n]-type receptors (SA 2.1). These receptors bind a variety of drug-like molecules, some with high affinity.
For SAMPL7, we will measure Ka and �H values, stoichiometry, and geometry for the interaction of Me4CB[8] (a
soluble CB[8] derivative) with 15 guests (selected top drugs, Table 1) by either direct or competition isothermal titra-
tion calorimetry (ITC), UV/Vis or fluorescence indicator displacement assay, or NMR competition experiments, as
previously [180–182, 197]. Our selection of Me4CB[8] binding to top drugs allows us to modulate the computational
complexity by: 1) changing host flexibility (e.g. Me4CB[8] can exhibit ellipsoidal deformation) [189], 2) allowing
the possibility of binary or ternary (e.g. 1:1 and/or 1:2 host:guest) complexes [198–200], 3) using drugs with
several potential binding epitopes or modes to induce sampling issues. Host:guest stoichiometry and geometry
(e.g., which binding epitope is complexed) will be addressed by ITC n values, Job plots monitored by UV/Vis or
NMR [201], and by 1H NMR complexation induced changes in chemical shifts [202]. All studies will be conducted
in phosphate buffered saline (pH 7.4 with physiological salt) which introduces its own complexities due to salt
competition for binding [165, 203]. SAMPL8 will revisit the same host, but use 15 different guests be selected
from commercial sources on the basis of reference calculations (on a larger set of guests) to ensure that they
cover substantial dynamic range and/or exhibit affinities that depend substantially on the force field or water model,
thus effectively testing our force fields and methods. For SAMPL9, we will focus on binding of the same 15 drugs
(Table 1), but to glycoluril hexamer. This host introduces the complication of increased conformational dynamics,
and influences the number and energy of solvating (and unusually coordinated) water molecules implicated in the
high binding constants for CB[n]-guest complexes [187, 204]. The selected drugs include several with pKa values
in the 3.8 to 7.4 range; given that CB[n]-type receptors (like biomolecular receptors) can induce pKa shifts in their
guests of up to 4 pKa units [205–207], this will test how well models can predict these effects. Additionally, it will
couple nicely with the focus on pKa values in Aim 1 – especially so given that Aim 1 compounds will include some
of the same chemical functionality. SAMPL10 will revisit glycouril hexamer with the same 15 guests from SAMPL7.
SAMPL11 will shift to acyclic CB[n]-type receptors (e.g. M1C3, M1C0, and M1PC0 that contain anionic solubilizing
groups attached via different linker lengths. As in SAMPL3 [175], these acyclic CB[n]-type receptors introduce
conformational complexity, and water interactions play a key role.
Subaim 2.2. Gibb deep cavity cavitands for host-guest studies
History of GDCC SAMPL Challenges. During SAMPL4 [208] and SAMPL5 [209] we focused on two specific
GDCC hosts: the octa-acid 1 (R = H) and another octa-acid variant with four methyl groups at the portal of the
binding pocket (1, R = Me). These studies used ITC to measure the thermodynamics of (1) host 1 (R = H) binding
a range of 9 carboxylate guests, and (2) the binding of 6 carboxylate and trimethylammonium guests to both hosts
(1, R = H and Me; Figure 6). In both cases 1H-NMR titration was also used to confirm ITC-derived free energies of
binding. Relative to cucubiturils, the GDCCs introduce new complexities because of their tight exit portal, modest
issues with host conformational sampling, slow water rearrangements, salt/buffer condition-dependence, and
protonation state complexities [146, 165]. Thus GDCC-oriented Challenges are particularly important since these
issues complicate protein-ligand interactions as well.
Novel deep cavity hosts probe the effects of binding site charge constellations. For future GDCC datasets,
we will expand on the range of hosts by including 2 and 3 in our ITC studies (Figure 6). Like cavitand 1, host 2 is an
octa-acid derivative. However, the four benzoate groups are relocated from the extreme exterior in the case of 1, to
the rim of the binding pocket in 2. This is expected to have a direct effect on the binding of charged guests as well as

Cucubiturils
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Figure 5. SAMPL7-11 host-guest Challenges will feature cucubituril hosts and analogs, including Me4CB[8], glycoluril hexamer,
and acyclic CB[n]-type receptors (SA 2.1). These receptors bind a variety of drug-like molecules, some with high affinity.
For SAMPL7, we will measure Ka and �H values, stoichiometry, and geometry for the interaction of Me4CB[8] (a
soluble CB[8] derivative) with 15 guests (selected top drugs, Table 1) by either direct or competition isothermal titra-
tion calorimetry (ITC), UV/Vis or fluorescence indicator displacement assay, or NMR competition experiments, as
previously [180–182, 197]. Our selection of Me4CB[8] binding to top drugs allows us to modulate the computational
complexity by: 1) changing host flexibility (e.g. Me4CB[8] can exhibit ellipsoidal deformation) [189], 2) allowing
the possibility of binary or ternary (e.g. 1:1 and/or 1:2 host:guest) complexes [198–200], 3) using drugs with
several potential binding epitopes or modes to induce sampling issues. Host:guest stoichiometry and geometry
(e.g., which binding epitope is complexed) will be addressed by ITC n values, Job plots monitored by UV/Vis or
NMR [201], and by 1H NMR complexation induced changes in chemical shifts [202]. All studies will be conducted
in phosphate buffered saline (pH 7.4 with physiological salt) which introduces its own complexities due to salt
competition for binding [165, 203]. SAMPL8 will revisit the same host, but use 15 different guests be selected
from commercial sources on the basis of reference calculations (on a larger set of guests) to ensure that they
cover substantial dynamic range and/or exhibit affinities that depend substantially on the force field or water model,
thus effectively testing our force fields and methods. For SAMPL9, we will focus on binding of the same 15 drugs
(Table 1), but to glycoluril hexamer. This host introduces the complication of increased conformational dynamics,
and influences the number and energy of solvating (and unusually coordinated) water molecules implicated in the
high binding constants for CB[n]-guest complexes [187, 204]. The selected drugs include several with pKa values
in the 3.8 to 7.4 range; given that CB[n]-type receptors (like biomolecular receptors) can induce pKa shifts in their
guests of up to 4 pKa units [205–207], this will test how well models can predict these effects. Additionally, it will
couple nicely with the focus on pKa values in Aim 1 – especially so given that Aim 1 compounds will include some
of the same chemical functionality. SAMPL10 will revisit glycouril hexamer with the same 15 guests from SAMPL7.
SAMPL11 will shift to acyclic CB[n]-type receptors (e.g. M1C3, M1C0, and M1PC0 that contain anionic solubilizing
groups attached via different linker lengths. As in SAMPL3 [175], these acyclic CB[n]-type receptors introduce
conformational complexity, and water interactions play a key role.
Subaim 2.2. Gibb deep cavity cavitands for host-guest studies
History of GDCC SAMPL Challenges. During SAMPL4 [208] and SAMPL5 [209] we focused on two specific
GDCC hosts: the octa-acid 1 (R = H) and another octa-acid variant with four methyl groups at the portal of the
binding pocket (1, R = Me). These studies used ITC to measure the thermodynamics of (1) host 1 (R = H) binding
a range of 9 carboxylate guests, and (2) the binding of 6 carboxylate and trimethylammonium guests to both hosts
(1, R = H and Me; Figure 6). In both cases 1H-NMR titration was also used to confirm ITC-derived free energies of
binding. Relative to cucubiturils, the GDCCs introduce new complexities because of their tight exit portal, modest
issues with host conformational sampling, slow water rearrangements, salt/buffer condition-dependence, and
protonation state complexities [146, 165]. Thus GDCC-oriented Challenges are particularly important since these
issues complicate protein-ligand interactions as well.
Novel deep cavity hosts probe the effects of binding site charge constellations. For future GDCC datasets,
we will expand on the range of hosts by including 2 and 3 in our ITC studies (Figure 6). Like cavitand 1, host 2 is an
octa-acid derivative. However, the four benzoate groups are relocated from the extreme exterior in the case of 1, to
the rim of the binding pocket in 2. This is expected to have a direct effect on the binding of charged guests as well as

Cucubiturils

an indirect effect on guest complexation via changes to the solvation of the empty host. Octa-trimethylammonuim
cavitand (“positand” 3) has the same overall architecture as host 1, but inverts the charges on the water solubilizing
exterior coat. While it is not yet clear if this switch in groups relatively remote from the pocket will directly affect
guest complexation, results from related systems suggest it can (unpublished).

Figure 6. Gibb deep cavity cavitands for the SAMPL7-11 datasets (SA 2.2). These hosts bind a variety of carboxylate and trimethy-
lammonium guests in a strongly salt-dependent manner, providing a stringent test of our ability to model salt-dependent binding.

SAMPL7-11 deep cavity cavitand datasets. Data for SAMPL7 will focus on how well the effect of host carboxy-
late substituent location can be predicted, and will involve hosts 1 and 2 with a set of at least five previously
uninvestigated guests. Guests will be selected from commercial sources on the basis of reference calculations in a
similar manner to SAMPL8 in Subaim 2.1, specifically picking guests which have broad dynamic range and, here,
have marked differences in affinities between hosts. SAMPL8 will provide a second iteration of this experiment
to test algorithmic improvements in predictive modeling following SAMPL7 by comparing hosts 1 and 3 with a
different set of guests. We anticipate that because of the relative remoteness of the charged groups in these two
hosts, the effects of switching charges will be subtler than the differences between 1 and 2. SAMPL9 will consider
the effect of common biologically-relevant counterions/salts on guest binding, comparing the effects of NaCl and
NaI on the complexation of at least five guests to 1. We have previously shown that iodide has a weak affinity for
the binding pocket of 1, while sodium ions have an affinity for the outer carboxylates [210], requiring modeling to
capture the differential affinities of these ions in addition to guest affinities to successfully model the observed
affinities. SAMPL10 will follow up on this by examining the effects of these same two salts on the complexation of at
least five guests to 3, again giving the modeling community time to incorporate algorithmic improvements following
SAMPL9. While we have not yet quantified salt affinities to host 3, we expect the iodide to have affinity for both the
pocket and the positively charged solubilizing groups. For SAMPL11 we will consider the effects of co-solvents on
the binding of five guests to 1 and 2 to probe the effect of co-solvent competition for the binding site, as well as
effects co-solvents may have on weakening the hydrophobic effect. Participants frequently request larger datasets,
so every effort will be made to include additional guests beyond the minimal number proposed if time allows or if
human time can be reduced (such as via automated calorimetry). Regardless, the total number of binding affinities
measured for the family is substantial, so the data will be of considerable value as a benchmark [165].
Aim 3: Develop model protein-ligand systems that isolate specific modeling challenges of drug targets.
To drive real improvement in quantitative modeling of protein-ligand interactions, we need to be able to revisit the
same systems again and again in order to gauge and drive progress—in much the same way as participants
in the Netflix Challenge had to genuinely improve their ability to predict user feedback to succeed [107]. While
D3R [112] evaluates the accuracy of current protein-ligand binding methods, performance in each Challenge
iteration varies widely depending on the nature of the donated pharmaceutical data and difficulty of the target. The
high complexities of D3R targets make it difficult to identify clear points of failure [112, 151–153]. For example, while
kinases are targets of great interest to drug discovery, blind Challenges involving kinase targets conflate issues
of slow protein conformational dynamics [211], protonation state effects of protein [212] and ligand [213, 214],
phosphorylation, charged ligands, and other challenges; failures on such targets are thus often unexplained.
Only by revisiting the same systems repeatedly will we benefit from the wisdom of the crowds in identifying
specific problems and validating solutions to these problems. Thus, here, we identify and develop model
protein-ligand systems to isolate specific accuracy-limiting effects in a series of SAMPL Challenges. By
developing model binding systems—biological protein-ligand systems comprised of single-domain proteins binding
to a simple ligand series free of complex phenomena—we can study systems of complexity intermediate between
completely artificial systems (like the valuable T4 lysozyme L99A model binding site [135, 165, 215]) and complex
pharmaceutical targets where multiple modeling challenges make it difficult to learn from failure (Figure 8A). This
allows Challenges focused on identifying and evaluating multiple solutions to selected accuracy-limiting effects
(such as how to deal with ligand and protein protonation-state issues [216], slow protein conformational dynamics,
etc.), with the ability to revisit the same systems repeatedly as needed to drive innovation.



Aim 3 
Protein-ligand binding

Binding to wild type 
HSA

Binding to mutant 
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Binding to mutants 
of new system 1

Binding to 
mutants of new 

Binding to mutants 
of new system 3

Binding to new 
system 1

Binding to new 
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Binding to new 
system 3
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If we could design the ideal SAMPL 
challenge, what would it look like? Data 

would be tailored for maximum learning

H+

• Protein-ligand, pKa, 
logD, and maybe 
even host-guest data 
on same compounds 

• If your binding 
prediction is wrong 
— is it because you 
got the pKa wrong? 
Or the solvation free 
energy/partitioning? 

• Is it because of 
sampling?



Input we’ve received on SAMPL has been very 
supportive

People were 
enthusiastic about the 

benefits of SAMPL 

https://
escholarship.org/uc/

item/2jq8s2zr 

Still, the future is 
uncertain; sustainability 

requires funding or 
manpower

https://escholarship.org/uc/item/2jq8s2zr
https://escholarship.org/uc/item/2jq8s2zr
https://escholarship.org/uc/item/2jq8s2zr
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