


Referee Comments

Reviewer #4: Revision 1 is a good, readable, and useful opinion article on the inappropriate use and poor validation of docking results which occurs too frequently in the literature.  The tone of revision 1 is more helpful in explaining both the problem and some of the reasons behind the lack of robustness in the method.  I agree with the author that this a timely and important topic and appreciate the provocativeness of the title.  I strongly believe an article like this needs to be published for the non-expert to remove or decrease the belief that has been pushed by too many experts or method developers that this method is robust enough to run as a black box.  

And here is where I disagree with the authors approach to this very important problem.

Drug screening concept has changed gradually from "binding affinity" to
"residence time". - I visit, present to, collaborate with a large number of assay scientists, medicinal chemists, computation chemists and structural biologists in the pharmaceutical industry and no one has told me that has been a change in emphasis from binding affinity to residence time.  This is a construct of the MD community as a surrogate for free energy of binding.  Very few biological assays can or do look at ms residence times.  If they do look at residence time it is comparing minutes to hours, days or weeks, e.g. long off rates to change the dosing profile.  It is not in the nano- or micro-second MD time scale.  Docking cannot calculate or predict binding affinity but I have not read anything more than anecdotal evidence that residence time coming from MD simulations is a better surrogate for free energy of binding than the enthalpy values that were calculated in the past.
Ans: yes! You are right. Please allow me to provide an article here for your reference. 
Free energy landscape for the binding process of Huperzine A to acetylcholinesterase, PNAS, vol. 110   |     no. 11   |     4273–4278, a paper from PNAS.
I quote their article “Traditionally, drug discovery is driven by the idea that binders
with higher binding afﬁnity to a target should be more efﬁca-cious than those with lower binding afﬁnity to the same target (1).It is obvious that the efﬁcacy of a drug is not only associated withthermodynamics but also related to the binding kinetics betweenthe drug and a deﬁned target (2). Numerous examples demon-strated that drug efﬁcacy does not always linearly correlate withbinding afﬁnity (3). Therefore, an afﬁnity-based drug discovery approach is less than complete, and an emerging paradigm em-phasizing both thermodynamics and kinetics of drug action has
been widely recognized and appreciated in drug discovery (1). In particular, ligand–receptor binding kinetics (BK), which have been overlooked  in  traditional  drug  discovery  approaches,  are  unprecedentedly emphasized in almost all steps along the drug discovery and development pipeline (1, 4, 5). Indeed, a statistical
analysis on existing drugs demonstrated that the BK proﬁle can bea key differentiator between different drugs (6). Drug-target residence time or dissociative half-life (t1/2 = 0.693/koff) has becomean important index in lead optimization (4). Thus, the BK-based paradigm will be promising in discovering better- or best-in-class drugs (1).Like the experimental approaches for drug discovery, the current computational drug design methods mainly emphasize bind-
ing afﬁnity (7–11). Nevertheless, despite more than 30 y of effort,predicting binding free energies for ligands interacting to targets with sufﬁcient accuracy is still an unsolved problem (12). The shortages of existing methods for predicting binding afﬁnity—fast but inaccurate or accurate but slow—seem to be turning against the The author does attack the idea that docking scores are not (ever) related to or correlated with binding affinity even when the pose prediction is correct, i.e. scoring ligands from complex structures.  Yet I see that message as being diluted because he then expresses surprise and concern that very few molecule with good docking scores are biologically active.  This is the expected out come.  That is why one has to test the top ranked 100 or 500 molecules from a virtual screen run by docking.  The scores have a very low correlation with affinity so it is a rare event when a molecule from the virtual screen is active.  Less rare then random but still rare. further expansion of the drug design approaches from an afﬁnity-emphasized paradigm to a BK-emphasized paradigm. Recently, energy landscape theory, which was originally used to investigate protein folding problems (13–15), has been extended to study ligand–macromolecule binding (16–21). To extend the ideas from
energy  landscape  theory  for  protein  folding  and  function  to quantitative drug design, it is necessary to develop a computational method that may produce a rigorous and precise binding free energy landscape (BFEL) for a ligand binding to its target protein. If such a landscape is produced, the binding free energy proﬁle and free energy barriers for association and dissociation may be
obtained from the BFEL and kon  and koff  values could thus be derived according to the Eyring equation if the transmission fac-tors are known. For most ligand–protein interactions, the trans-mission factors are unknown; therefore it is difﬁcult to directly predict the absolute values of kon and koff (22). Nevertheless, for
the drug design case we expect that changes to the ligand will affectbarriers much more than the transmission coefﬁcient, which for small molecules should not be large. Therefore, prediction of the activation free energy of dissociation should be sufﬁcient for drug discovery.Recently,  an  increasing  number  of  groups  have  been  in-terested in kinetic simulation and prediction for ligand–protein
binding.  By  performing  495  molecular  dynamics  simulations, Buch  et  al.  constructed  the  binding  process  for  zamidine  to trypsin and obtained accurate binding free energy with an error of ∼1 kcal/mol compared with the experimental value, although both the predicated kon and koff  deviate from the experimental values  by  at  least  an  order  of  magnitude  (23).  Huang  and Caﬂisch investigated the spontaneous dissociation processes ofsix small ligands from the active site of the FK506 binding pro-tein  (24).  However,  the  calculation  results  seem  qualitative rather than quantitative because their constructed BFEL is not complete and accurate (24). Held et al. developed a computa-tional method to analyze the ensemble of association pathways and used this approach to study the binding of a phosphate ion to the Escherichia coli phosphate-binding protein (25). Moreover, the  published  results  for  kinetics  simulations  have  not  beenconcerned with pharmacologically important targets and ligands as complex as real drugs. On the other hand, all these predictions need large-scale molecular dynamics simulations, which are too
expensive to be applied in drug design.”

Of course, I disagree with this paper that they claim the drug design treand had changed graduate from “binding affinity” to “resident time”. They think the K off is the major problem of the efficacy of drug. However, I think both K on and K off are important. The K on is somehow a little similar algorithm of docking, of course you can say docking is also concern the k off because of the delta G (Gibbs free energy). The MD is similar (at least more similar to K off). So I propose the four mode to evaluate drug efficacy not only concern the k on or k off. Obviously, this PNAS paper only emphases the K off. So they say the drug design trend is graduate changed from binding affinity to occupation time. 
However, since I do not agree their opinion. I should revise my manuscript too to avoid the misunderstanding by reader. I had made a lot of revision according to your opinion. I had highlight in red in the revised manuscript. Thanks for your great opinion!
   
Accuracy of docking?
I disagree with the author that docking accuracy (pose prediction or virtual crystallography) is not significant problem with poor affinity prediction.  His method for measuring success (70%) is a very poor predictor of success in the actual experiment or simulation - docking a new ligand into a protein that is organized around a different ligand (cross docking).  The success rates are only 30% (well documented in the literature) for the real virtual screening case and this is too poor not to expect that part of the problem is not bad ligand placement.  Pose prediction accuracy is currently not acceptable when doing virtual screening.

Ans: Yes. I totally agree with you. How to define the accuracy of docking is always uncertain question in CADD. Most of the paper use the ligand which is already binding in the binding site downloaded from PBD website. Use the docking and redocking to check the accuracy of docking program. We use the same way to calculate the RMSD. However, the lower RMSD and Higher RMSD is depend on the protein size, the ligand size, and also the complex size. I will also highlight this paragraph in the revised manuscript. I had revised all the manuscript according to your excellent opinion. Thank again for your great suggestion. 

Docking results are not consistent with ligand-based studies
The author should reference the McGaughey et al. paper for this section (ref 106).  This was the first strong example that ligand-based methods are different (and significantly better than) structure-based (docking) methods.  To me the question here is not why are they different but why are the ligands methods so much better.  Again in the pharmaceutical industry routine virtual screens are run using ligand-based methods and docking is rarely used, mostly when there is no known active ligand.
Ans: Yes! You are right! I had modified my manuscript according your great pharmaceutical industry experience! I also cite the paper McGaughey et al. in the revised manuscript. I truly thank your very important experience!

Docking results are not consistent with molecular dynamics simulation?
I owe the author an apology for my previous review because I have used optimization methods to validate docking pose predictions.  I used a very simple minding minimization with (in most cases) the protein held rigid and looked for large movement in the ligand and an indicator of a poor docking pose.  So apologize for not being clear in my comments as agree with that component of validating with MD.  What I do not agree with and find a little ironic is this.  The point of this opinion piece is that docking not a black box that generates consistent highly accurate results.  Non-expert users need to be careful when using the method.  The irony is that the author then suggests that the validation method is to use MD, a method that requires more technical expertise to operate correctly than docking.  I don't know what would be a robust validation method for non-experts.  I liked my minimization method but is it simple minded and I never ran a validation study to see how accurate it was. I don't think that MD is the answer for the non-expert in spite of the great engineering and automation work being done by David Mobley to make setup less of an expert domain.
Ans: Yes. Very funny. Unfortunately, you are right! This paper want waring the non-expert guy beware of docking. But I propose a more difficult validation method for those non-expert. My suggestion seems very stupid, since they are not expert, how can I suppose they can do the MD simulation? After all the MD is more difficult than docking.
However, if in my manuscript, I hint the reader should do the MD for the validation of docking, then I must apologize! I really do not mean it. I just say in my experience, some of the ligand will fly away in only few nano second. However, in many high profile papers (see my references) they seems do not know this phenomena. I will revise my manuscript to avoid this misunderstanding for reader and thank you remind me. Actually, I just tired of reviewing such a low quality manuscript every day.
Last, and again I apologize to the author if this seems snarky.  I offered the short trajectory example as a compromise between my simple minded minimization method and long trajectory MD.  I (like the author) know Vijay personally and I do not think he would advocate long trajectory MD as a validation method for docking.  If the desire is to look for conformational change then the more efficient methods is the many parallel short trajectories method in which one would dock into different protein conformations and optimize those pose predictions with short trajectory MD.  Here is the snarky part.  The group at Merck-Frost tried long trajectories and chose to use short because is a good compromise between efficiency (medium throughput) and quality of prediction.  That group contributed to putting a number of compounds into the clinic and at least one compound on the market.  Vijay, much as I like and respect his work, cannot make the same claim.
Ans: Yes! I agree with you. I also will not suggest to do a 4 hour (even few days) time scale MD because it is impossible for every lab for now. It is impossible for now even use the best and huge workstation. I will revise the manuscript according to your opinion. I think I must have some word wrong to let you have this kind of misunderstanding. That’s why I must rewrite this manuscript to avoid the other docking guy have the same questions.
I am truly thanks reviewer 4 for your useful criticism and give me a right direction of this manuscript! Frankly speaking, in the first version, I think you are quite not friendly, so I choose not agree and refuse to change my manuscript according to your great opinion. However, this time, I found you indeed point out some very important aspect that I should revise it before published. So I revise it point by point according to your great suggestion.
Thanks you again! I had been published more than 300 SCI papers and be editor more than 10 journal. I also review such a low quality docking manuscript every day. I really tired of everyone seems just want to publish a paper just by screening and docking figures. But I must admit, I HAD NEVER seen such a conscientious reviewer like you. You must be the excellent expert of docking so you know who is the first one propose the conflicting views of SBDD and LBDD. I own you an apology for my previous response to you. Now I will take it seriously your comments one by one. Thank you again!
Finally, I must say, this paper is not told the reader how to find the drug just by docking and MD. Again, this is only a paper to remain reader “beware of docking” and do more validation. You really a very smart and tough guy that I have never met before. I hope someday we can talk the drug issue face to face instead of in this situation. I indeed learn a lot from you. Thank you again!
[bookmark: _GoBack]Best wishes!
Yu-Chian Chen




