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Review
Section 1:
	AOP identifier/Title
Does the name of the AOP follow the right convention (MIE or first KE leading to AO)? 
Does the name of the AOP reflect its content/domain?



	Reviewers' responses and comments 
PR: Yes the AOP follows the right convention; however, the introduction of associative KEs of neuro inflammation is abrupt and does not follow the norms of the AOP convention. Considering their relevance to the overall AO and need to include them as associative KEs, further discussion is needed with the larger group at the EAGMS committee meeting on how to capture the associative events and the levels of details to be included in the main text.
The name of the AOP does reflect the content; however review comments of SR2 have to be considered.

SR1: The name of the AOP follows the correct convention. However, the description of the MIE is too complex and not specific enough (does this apply to ALL thiol- and seleno- proteins?); the authors should reconsider this. Terminology related to the MIE could be more consistent throughout the AOP. For the AO the same terminology is used as for other AOPS, e.g. AOPs 13 and 48 (both TFHA/WNT endorsed). 
The title (both the long and the short version) and the rest of the AOP description should be better harmonized: the authors do not make a clear choice whether or not the AOP is focused on the developmental life stages. Futhermore, impairment of learning and memory is not the same as autism spectrum disorder. 
SR2:  The response to this is NO.  A serious issue with this AOP is that the title refers to a VERY large group of heterogenous proteins under the rubric of sulfhydryl (thiol) and seleno-containing molecules.  For selenoproteins alone there are at least 6 major families with over 25 separate proteins/enzymes.  And the major families serve vastly different biological function - which are highly unlikely to lead the same AO, or be activated by the same chemicals/stressors For example – compare glutathione peroxidase with iodothyronine deiodinases and thrioredoxin reductases.  To the same point, cysteine is a thio containing compound that is a critical component of many, many proteins and enzymes.  Again, how can one begin to conceive that all SH containing proteins will be activated by the same chemicals/stressors and also lead to the same AO.  
Also, the authors make a very simple, but quite possibly misleading statement about how the AO of learning/memory is ‘’a deficit observed in autism spectrum disorders”.  Unless the authors want to change the AO to autism, then they should delete this part of the sentence. The authors also must delete the first sentence in the Overall Assessment/Domain of Applicablity section where they refer to autism. This is not an AOP for autism and if it is the AO must be changed.
Until the authors must narrow down the list of proteins/enzymes to a single family (e.g., glutathione) or at least a very limited number of targets that can all shown to lead to teh same AO, this AOP cannot be approved by EAGMST.  



	Author response:
· Title has been modified 

· The part about autism, proposed as background has been removed and learning and memory impairment is maintained as AO.

· We narrow down the MIE with a new title: Binding to thiol-and seleno-proteins involved in protection against oxidative stress and add a new KE: “Decrease in protection against oxidative stress”, before the KE: “oxidative stress”.

· The AOP is now focused exclusively on the brain development life stage, since the empirical support is restricted to this period. However, each KE taken alone can also occur during adulthood or aging, but the sensitivity and/or threshold may differ between different life stages. 

· We had many discussions for previous AOPs about Neuroinflammation as an essential KE or as an associative KE. I discussed with Dan Villeneuve and we agreed on the fact to put Neuroinflammation in the way proposed here, with cycling arrows to illustrate the chronicity and the exacerbating feedback loops.







Section 2:
	Authors
Is it clear who the authors/developers of the AOP are? 
Contact information for one or more corresponding author(s) should be included.



	Reviewers' responses and comments 
PR: Yes. The author names are clearly mentioned. Contact information for a corresponding author is provided.

SR1: The authors, incl. the corresponding author, are clearly listed. The authors may consider to include the authors of the KEs and KERs they have re-used for this AOP, either as co-authors or as contributors.

SR2:  - 



	Author response:
“The authors of KEs AOPwiki ID 1392 (oxidative stress), 55 (Cell injury/death), 386 (Decrease network function), of the AO (Learning and memory, impairment), and of KER 359 (decrease network function leads to impairment in learning and memory) are greatly acknowledged.” has been added in authors’ list
“This AOP was originally started in a workshop report entitled: Adverse Outcome Pathways (AOP) relevant to Neurotoxicity and published in Critical Review in Toxicol: Bal-Price, A., Crofton, K.M., Sachana, M., Shafer, T.J., Behl, M., Forsby, A., Hargreaves, A., Landesmann, B., Lein, P.J., Louisse, J., Monnet-Tschudi, F., Paini, A., Rolaki, A., Schrattenholz, A., Sunol, C., van Thriel, C., Whelan, M., Fritsche, E., 2015. Putative adverse outcome pathways relevant to neurotoxicity. Crit Rev Toxicol 45(1), 83-91. “ has been added in Background section.






Section 3:
	Date of updating
Reviewer should indicate the date stamp on the PDF snapshot under review.


 
	Reviewers' responses and comments 
PR: 2018-02-23 15:16
SR1: The version reviewed was dated 23 February 2018.
SR2: 2018-02-23 15:16



	Author response:




Section 4:
	Abstract
Does the abstract concisely describe the main content of the AOP?



	Reviewers' responses and comments 
PR: The abstract is long and requires reorganization of the information. The description of associative KEs is out of place and confusing. Explanation of AOP rules and how this AOP deviates from the norm should be removed from the abstract. Reference to other AOPs in the abstract should be removed. The abstract requires significant editing.
SR1: As mentioned under section 1, the authors should first decide what they would like to focus on and modify the AOP, including the abstract, accordingly. The abstract should then focus on the AOP itself and not on the process of AOP development. The rationale for applying rules of the handbook in a partcular way is not something that belongs to an abstract. Next, the authors should aim for a description that is more timeless. For example, ‘new AOP rules’ will be not so new anymore in a few years time. Analogously, it is preferable to avoid referencing to ‘AOP 48’ (which is not needed for the abstract anyway. 
SR2:  The abstract lacks a couple different things.   One is that it fails to do is summarize describe the uncertainties in the KERs and the overall uncertainty and confidence in the AOP. The second it that it describes the weight of evidence for KEs to be based on chemicals stressors: “The weight-of-evidence supporting the relationships between the described KEs is based mainly on effects observed after exposure to mercury (methylmercury, mercury chloride, thiomersal, mercury metal vapor), and some scarce studies on the effects of acrylamide and acrolein” According to the handbook KEs are chemical/stressor independent.   The third is that the abstract blithely states that the domain of applicability also includes the adult brain without any supporting evidence. 

	Author response: Abstract has been modified accordingly



Section 5:
	Molecular Initiating Event
Is a MIE described? If yes, then: 
Is the MIE description clear and is it biologically plausible? 
Is the MIE described in a way that allows its use in other AOPs? 
Are measurement/prediction methods specified and adequately described/referenced? 
Is the biological context (inc. taxonomic applicability/relevance, level of biological organisation) specified and explained sufficiently? 
Have chemical initiators (prototypical chemicals or chemical features) been identified?



	Reviewers' responses and comments 
PR:
Is a MIE described? If yes, then: 
Yes the MIE is described
Is the MIE description clear and is it biologically plausible? 
The MIE description is not clear. The MIE is described in the context of binding of a specific chemical. Does this mean that each of the chemicals in this group will bind differently to the SH/seleno proteins? There is information overload and the description has to be simplified. The description under overview of MIE starts with a heading ‘interferences of the chemical….’ is ‘interference’ referring to binding or interference with binding of chemical to SH proteins? The information related to KER should be removed.
The background information refers to Autism spectrum disorder? Is the AOP related to ASD? If so, the AO has to be changed. If not, this should be removed. Also, the stressor MeHg is introduced as initiating ASD not the specific AO described in this AOP.
Is the MIE described in a way that allows its use in other AOPs? 
No not really as it is written in a chemical-specific manner.
Are measurement/prediction methods specified and adequately described/referenced? 
There are several different assays noted depending on which proteins are being assessed. However, an overview of what is standard should be mentioned. Are the enzymes mentioned specific to MeHg binding? What about other chemicals that bind to this group of proteins? The amount of information provided for each assay varies and there is either too much or not sufficient details.
Is the biological context (inc. taxonomic applicability/relevance, level of biological organisation) specified and explained sufficiently? 
The information is scattered.
Have chemical initiators (prototypical chemicals or chemical features) been identified?
As stated above the description is limited to MeHg. Other chemical initiators acrylamide and acrolein are mentioned as well.
SR1: The MIE title is too broad and should be reconsidered. The authors should include the effect of binding, i.e. inactivation of the proteins. In the description, the authors could then explain that inactivation also may involve indirect facilitation of denaturation. The terminology used for thiol- and seleno-proteins should be consistent throughout the AOP. The description of the MIE is far too short and, like the abstract, contains info on the rationale for some of the choices made. Instead, the authors should follow the handbook and describe the biological state, the biological compartment (mitochondria) and its general role in biology. All that is missing in the current description.Various methods are listed that can be used to measure enzyme activity. However, some key information is lacking. Are each of these methods equally robust? Are each of these methods applicable in vitro? Moreover, the  authors do not make a distinction between (complexes of) proteins and mitochondrial proteins. Should one give equal weight to each of these methods? The desciption of this sub-section should be rewritten, so that the description is concise (technical details should be omitted) and generic (examples of stressors or references to tables related to stressors do not belong here), giving a clear overview of suitable methods.In total, three different stressors are listed, together with a very impressive amount of information on perturbation of the MIE by these stressors. Although very impressive, this level of granularity is far too high for an AOP. For example, Tables 1 and 2 provide details that can be summarized in a few lines in the text. Some of the information provided, e.g. in Table 5, relates to the KE oxidative stress and not to the MIE. The biological context is provided. The readibility is low due to the vast amount of information. The level of evidence for the taxonomic applicability is lacking.
The authors should carefully review and substantially shorten the entire description of the MIE, including all sub-sections. An AOP should not display all available information, but contain a comprehensive but concise description of available knowledge, which also allows re-use of this KE.
SR2:Is a MIE described? 
>Yes but incorrectly. 

If yes, then: 
Is the MIE description clear and is it biologically plausible? 
>No. The MIE is described as “binding to the SH-/seleno-groups”.  While it is possible, under the Handbook, to be unsure of the actual MIE,  it is very difficult if not impossible for this reviewer to understand how such a VERY large and heterogeneous group of proteins can be conceived of as an MIE.  There are literally hundreds of sulfhydryl (thiol) and seleno-containing molecules.  For selenoproteins alone there are at least 6 major families with over 25 separate proteins/enzymes.  And the major families serve vastly different biological function - which are highly unlikely to lead the same AO, or be activated by the same chemicals/stressors.  For example – compare glutathione peroxidase with iodothyronine deiodinases and thioredoxin reductases.  To the same point, cysteine is a thio containing compound that is a critical component of many, many proteins and enzymes.  Again, how can one begin to conceive that all SH containing proteins will be activated by the same chemicals/stressors and also lead to the same AO.  

Is the MIE described in a way that allows its use in other AOPs? 
>Again the answer in No. No other AOP should be linked to this MIE until it narrowed down to a feasible number of highly similar proteins that control similar downstream key events.

Are measurement/prediction methods specified and adequately described/referenced? 
>Yes. But for some unknown reason the authors have limited it to 11 different proteins. These are not the only thio- and seleno-proteins that exist in vertebrate species.

Is the biological context (inc. taxonomic applicability/relevance, level of biological organization) specified and explained sufficiently? 
>No. There is no information in the domain of applicability for the MIE.

Have chemical initiators (prototypical chemicals or chemical features) been identified
>Yes. But the vast majority of the information is about methylmercury and only for a limited number of the 11 proteins under the how it is measured. 



	Author response: 
The MIE has been re-written and only thiol- and seleno-proteins involved in protection against oxidative stress have been considered. The binding of 3 chemical initiators has been considered, methylmercury, mercury chloride and acrylamide.



	Key Events 



	Reviewers' responses and comments 
PR:The KEs are described. However, the description is not stand alone KE description. A lot of KER and prototypical chemical-specific information is included in the description of the KE. This should be removed. From the description of the KE it seems like each KE is an AOP itself. 
Are the KEs described in a way that allows their reuse in other AOPs? 
Yes but the information requires significant reorganization and rewriting. Specifically pages 29-35. The associative KEs on neuro inflammation are very confusing. If ‘inflammation’ as a KE is represented by hub KEs ‘increased secretion of pro-inflammatory mediators’, ‘ increased resident cell activation’ and ‘increase influx of pro-inflammatory cells’, only hub KEs should be described. It seems like inflammation has its own path leading to the AO, in which case it should be a separate AOP. 
Author response: Neuroinflammation is an essential exacerbating KE. This is clearly shown by the cycling arrows. It is not an AOP per se.
Inflammation in the context of this AOP can be stated as associative KE and can be explained either under KERs or one of the possible measurements supporting the weight of evidence.
Are measurement methods specified and adequately described/referenced?
Yes but the information provided varies. For some there is too much details and others are described in a line.
SR1: For each of the KEs a description is provided and overall, it is clear how they work. The authors also included key event components. The descriptions vary highly in their level of detail. The link from the MIE to oxidative stress is unclear. The description given for oxidative stress is too brief and incomplete; this KE needs further work.
Author response: KE oxidative stress was re-used from AOP-wiki. This has been clearly stated (see point 2). We can’t modify the KE ourselves without contacting the author, whom we do not know. OECD/EAGMST must find a way to solve this issue.
 The well-known difficulties with measuring this KE should be highlighted in a better way (e.g. handling of biological material, culture conditions of in vitro systems etc), together with a more comprehensive description of methods, explaining more clearly what is suitable for which situation. When doing so, one should discriminate between oxidative stress itself and its possible effects, e.g. oxidative DNA damage. For glutamate dyshomeostasis, the authors may consider to include CNS as organ term. From the description of the measurement methods it is unclear whether each of the methods is equally valuable. For neuroinflammation and increased pro-inflammatory mediators, the level of biological organization listed is tissue. This is not reflected as such in the graphical representation (for technical reasons?). For increased pro-inflammatory mediators, the name of the KE should be changed into “Pro-inflammatory mediators, increased”. For tissue resident cell activation, taxonomic applicability is provided, but the level of evidence is not listed. In the snapshot some notes (?) are visible under sex applicability (“Extend to…”; “Not to…”). This needs to be removed. For the methods to measure this KE in brain, it is clearly stated to measure ‘several’ markers of neuroinflammation. It should be described more clearly what type of information needs to be collected at minimum, plus the corresponding methods. Do the two bullets (Itgam, CD86…) belong to method #5?
Author response: It is not so simple. Again it is a balance. 
SR2:
Are the KE descriptions clear on how the events work and are they biologically plausible? 
A major problem with the KE descriptions in the Essentiality table is the repeated and incorrect references to chemical stressors. According to the Handbook KEs are chemical independent. The description of the KE is to be based on known biology that is independent of upstream or down events (those links are for KERs).   For example, the rationale for KE2 is stated as: “There is an abundant literature showing that mercury interferes with glutamate uptake/transport, metabolism in astrocytes and neurons (see relative KERs) and as glutamate is the main excitatory transmitter, and is involved in memory processes, it is well accepted that perturbation of glutamate homeostasis has deleterious functional consequences.” The authors seem to be unaware that they just described KE2 as a MIE as this sentence suggests a direct relationship between the stressor (Hg) and the KE (glutamate dyshomeostasis).  This same issue exists for many of the other KEs.  There are also issues with how the KEs are measured (see below).
Author response: Table of essentiality of KEs has been modified accordingly
The AOP lacks a critical key event between the MIE and the first KE (oxidative stress).  The missing KE is generation reactive species.  There can be generation of reactive oxygen species in a cell without resulting oxidative stress. Almost all biological systems include the compensatory capability.  In this case, cells contain the ability to control and compensate for reactive species and thus avoid oxidative stress. It is only when compensatory systems are overcome that cells are subject to oxidative stress that then leads to downstream changes.  The authors need to include an addition KE on reactive species and indicate whether the AOP only included oxidative species or others (and there are many).  This will also help separate some of the methods use to measure ‘oxidative stress’ from methods used to measure generation of reactive oxygen species (e.g., dichlorodihydro-fluorescein).  This is critical because some measures of “oxidative stress” listed by the authors may not be causatively linked to reactive oxygen species (e.g., “DNA damage”, “severe damage to cell membranes”, “neuronal cell death”).  Many of the biochemical and morphological changes can be caused by upstream events that are not related to oxidative stress or reactive oxygen species.   Without evidence that the stressors are causing generation of reactive oxygen species, causatively linking the MIE to the first KE will be very difficult.

Author response: SR2 asks to add a KE on the generation of ROS, but as SR2 states, this will not always result in oxidative stress. So it doesn’t seem to be a good idea. Furthermore, increase in generation of ROS is very difficult to measure after exposure to low concentrations of the stressor. As explained in section 1, we propose to add the measurement of the decrease in anti-oxidant defense instead. 

Are the KEs described in a way that allows their reuse in other AOPs? 
Yes, with one exception.  The neuroinflammation KE is somewhat confusing in that it is stated “neuroinflammation can have both neuroprotective/neuroreparative and neurodegenerative consequences” followed by the authors description of M1 and M2 states. But it is unclear how these two states are regulated in the AOP.  If the AOP relies ont the M1 state, then the KE should be restricted to the M1 state.
Are measurement methods specified and adequately described/referenced? 
For many KEs in this AOP the answer is yes.  But for some the answer is no.  
KE386: Decrease in Neuronal Network Function: The description of how this is measured is very sparse and lacks adequate detail. There is a one sentence list of older techniques (e.g., EEG, ECG), one sentence that states that excitatory and inhibitory synapses can be ‘functionally studied’, and a third on how “postsynaptic currents” are measured.  However, the authors fail to describe which of these methods are used in humans or laboratory animals. For the in vitro methods there is no indication of any of the uncertainties in these methods (i.e., single cell line cultures, cultures from different brain regions or ages of animals, use of animals cells vs pluripotent human cells). For the MEA technology there is no discrimination made of measurements in cells that have already “matured” (e.g., Johnstone et al.) vs methods that study the development of electrical activity (not normally done in MEA papers). The former is more applicable to studying the adult brain.   
KE386 was re-used
Is the biological context (inc. taxonomic applicability/relevance, level of biological organisation) specified and explained sufficiently? 
No. Some KE description do not have any text supporting the Domains (with exception of bullets with titles and references for Species. 
And:
1. Under Sex Applicability the authors use “Unspecifc” which is a very odd word choice, you either have one gender or two.  Under the AO they use the term “Mixed” with is also an odd choice – does this mean an mixed gender?  
2. For Key Event: 1492: Tissue resident cell activation:  The authors state that a regulatory example is “Measurement of GFAP in brain tissue, whose increase is a marker of astrocyte reactivity, is required by the US EPA in rodent toxicity studies for fuel additives (40 CFR 79.67), but is optional for other toxicant evaluations.”  This statement must be revised to be more accurate.  It has only rarely been used in other tox evaluations. Suggest changing text to something like ‘has been used on rare occasions. (Has been modified as suggested)



	Author response: Modifications has been done according to reviewers comments.

	Adverse Outcome
Is an AO described? If yes, then: 
Is the AO description clear and is it biologically plausible? 
Is the AO described in a way that allows its use in other AOPs? 
Are measurement methods specified and adequately described/referenced? 
Is the biological context (inc. taxonomic applicability/relevance, level of biological organisation) specified and explained sufficiently? 
Has the regulatory relevance of the AO been described? 



	Reviewers' responses and comments 
PR:
Is an AO described? If yes, then: 
Yes. Do learning and memory always go together? Is it possible that one may be a proficient leaner but exhibits poor memory?  It seems like they both can be defined in many different ways. If so, should the AO be specific to something that only captures ‘inability to eablish new associative or non-associative relationships….’ As authors allude to in the AO description.
Learning and memory are highly correlated (or associated) in statistical terms and in biological terms…. Furthermore, this AO already exists in the list of endorsed AOPs.

Has the regulatory relevance of the AO been described?
Yes.
SR1: Yes, impairment of learning and memory is listed as AO. This AO is re-used from another AOP. Its description is clear, but – as mentioned at the beginning of the review – it is unclear whether this AO fits with the AO intended by the authors. Here, brain development is listed as life stage applicability, whereas the authors state (incorrectly?) on multiple locations that the AOP also applies to adult organisms. How to interpret Autism Spectrum Disorder in relation to impairment of learning and memory? Learning and memory seems already to be (too) broad; including also autism would imply that all adverse effects on the central nervous system could be grouped into a single AO.
The current description allows for re-use of the AO; however, re-use is not always beneficial, as demonstrated by this AOP.
Methods to measure learning and memory impairment are listed. It is not specified, however, which ones are suitbale for learning impairment and which ones for memory impairment.
Regulatory relevance has been described. It is useful to mention that  some regulatory bodies advise/require specific tests. It would be even more valuable to include an description why this is useful.
SR2:
Is an AO described? If yes, then: 
> Is the AO description clear and is it biologically plausible? 
>A major problem with the AO is that it does not tie into the aim of the authors to link the MIE to autism.  The description of the methods used in rodents are tests mostly related to memory associated with hippocampal dysfunction (for which AO402 was written).  And autism is described by a set of very serious social behavior problems which may or may not involve L/M problems.  Indeed some forms (e.g, Asperbergers) have vastly improved memory relative to the ‘normal’ human. 
Another issue with this AO is the simplistic approach taken that lumps learning and memory into one AO.  These two processes have been known for decades to be controlled by very disparate biological processes. The authors need to acknowledge this fact. 
MeHg causes both learning and memory disabilities. This AO is already used in endorsed AOPs.
Is the AO described in a way that allows its use in other AOPs? 
>Yes, but not all AOPs that lead to the multitude of forms of cognitive dysfunction. The vast majority of the text in the current AO was taken from an AOP that links developmental alternations in hippocampal structure and function to spatial, temporal and contextual memory.  There are many types of disorders of brain function that are not linked to the hippocampus.  This includes some of the degenerative disorders mentioned in this AOP (e.g., Alzheimer’s) where memory loss is a secondary outcome that is VERY different from autism.
Are measurement methods specified and adequately described/referenced? 
>Yes, but mostly due to cut and paste from AO402.
Is the biological context (inc. taxonomic applicability/relevance, level of biological organisation) specified and explained sufficiently? 
>No.
Has the regulatory relevance of the AO been described?
>Yes, but again with text copied from AO402.  



	Author response:
We removed the autism discussion and considered only learning and memory impairments, for which there is sufficient experimental support.
The AO in this AOP17 is KE341 (Impairment, Learning and memory), which was first developed by Anna Price (used in AOP13 and others). The similarity to  the AO KE402 (Cognitive Function, Decreased) used in AOPs 42, 65, 134 and 152 is probably due to copy/paste from KE341 to KE402 used as AO in AOP 134, in which Anna is involved.
 




Section 6:
	Key Event Relationships
Are the KERs well described and in a way that allows their use in other AOPs? 
Are the KERs biologically plausible and is there sufficient evidence presented? 
Is the level of empirical support adequately described in accordance with the OECD AOP Handbook?
Are inconsistencies, uncertainties and level of confidence adequately described? 
Is the quantitative understanding of the KER described?" 
[refer to Tables 2 & 3 in the handbook]

	


 
	Reviewers' responses and comments 
PR:
Are the KERs biologically plausible and is there sufficient evidence presented? 
Yes but the information is presented mainly for MeHg. The other chemical stressors are mentioned but information is not provided. Tables are useful. Not all KERs are established and this should be stated clearly.
SR1: Not all KERs are well described , which prevents their re-use. The authors have collected an impressive amount of data, especially for MeHg (which is not the same as HgCl2). A vast amount of data for a single chemical does not automatically lead to a high level of WOE. The WOE assessment of the KERs should also include temporal concordance. If and how this was taken into account is insufficiently clear. The authors may reconsider the WOE calls. Inconsistencies and uncertainties ar described, but in a very brief manner. It would be valuable to expand these descriptions. Furthermore, information on presence or absence of quantitative understanding is missing.
A table for the quantitative understanding has been added.
SR2:  
Are the KERs well described and in a way that allows their use in other AOPs? 
Are the KERs biologically plausible and is there sufficient evidence presented?
> Yes for some, but not all. Here are a few issues that the authors must address.
[bookmark: _GoBack]Relationship: 1689: Binding, SH/seleno proteins leads to Oxidative Stress:  For the first KER the answer is no (see discussion above). The MIE is too loosely defined to allow any rationale arguments that it is biologically plausible for such a huge number of vastly different proteins that have vastly different biological functions.  The first paragraph of the KER is very confusing. The authors state “Proteins with cysteine amino acid residues contain thiol (SH) groups, and proteins with selenocysteine amino acid residues contain selenol (SeH) are characterized as cysteine-/selenoprotein family. Thiol and selenol groups exhibit reactivity toward electrophiles and oxidants and have high binding affinities for metals (Higdon, 2012; Nagy, 2013; Winterbourn, 2008; Winther, 2014).”  At first this seems to restrict the MIE to some unknown group of “cysteine-/selenoprotein family”. But then it refers to thiol and selenol groups.  Then in the second paragraph the authors seem to focus on “two well studied selenoproteins families” As stated above this description could include a very large number of heterogenous proteins.  This is then followed by a sentence that matches in the MIE description of a very large group of potential targets.  
      The key idea in this KER is that binding of chemicals to these SH-/seleno-proteins results in “increased oxidative stress as a consequence of interference with selenoprotein function”.  Yet, the evidence for this for many of the listed targets is sparse if non-existant.  For example, deiodinases control T3 homeostasis in the brain.  Interference in deiodinase function is well known to result in imbalances in thyroid hormones.  However, this is an entirely different outcome compared to ‘oxidative stress’. And the focus on metals as the chemical stressors is not consistent with any convincing literature for deiodinases. My lack of expertise on the other selenoproteins prevents me from be able to judge the adequacy of the authors arguments for many of the other hypothesized MIEs.  
     Again, this points to the serious problem with this AOP being based on a very loose idea that the MIE is any SH-/seleno-proteins.

    In addition, the KER links binding of stressors (mostly metals) to oxidative stress.  The AOP lacks a critical key event between the MIE and the first KE (oxidative stress).  The missing KE is generation reactive species.

KER 359: Neuronal network function, Decreased leads to Impairment, Learning and memory
The authors must do a better job describing the uncertainty in this linkage. While it is very easy to state that decrease network function will lead to learning and memory impairment, there is a huge biological gap in knowledge on exactly what changes in neuronal physiology, and is what areas of the brain, are causative for changes in learning and/or memory. And there needs to be a better discussion of the uncertainties associated with development in this relationship. Different brain regions develop at different times and – how does this impact your AOP?  The authors reuse of text from AO402 adds some uncertainty to this KER. This text was specifically developed to relate changes in hippocampal physiology to changes in hippocampally-mediated behaviors (e.g., spatial and temporal learning/memory processes. BUT the evidence linking KE Cell Injury/death to KE Decreased Network Formation/Function is based on evident from the cortex, hippocamps and striatum.  With no specific focus on either cell death or network formation in the hippocampus.  Indeed in the KER lining network function to the AO, data is provided from cerebellum, cortex, spinal cord, peripheral nerves, and sensory ganglia.  These various brain regions are not causally linked to hippocampal-mediated function.  
      While the authors do provide evidence for linkages between KEs, there is not enough distinction between whether it is a correlative vs a causative relationship. In addition, iIn the summary table for the WOE for KERs the authors again make repeated statements using chemical stressor to support downstream KERs.  For example, for KE Glut to KE Cell Injury: “There is empirical support for all three chemical initiators (mercury, acrylamide, acrolein). Evidence for the KER should come from studies in which there is a measured change in the upstream KE, independent of a chemical stressor, to the downstream KE.  If acrolein is used as stressor, only studies should be included in the KER that measure both glutamate and cell injury.  This distinction is critical for reuse of the KEs and KERs and it is unclear whether this is the case for a lot of the supporting evidence provided in the KER sections.  
      The authors need to do a better job critically reviewing the KEs and KERs that they include in this AOP.  For example, the KER linking Cell death/injury to decreased neuronal function.
Acrylamide: I was unsure of where to put this comment, so I added it here. The authors list acrylamide as a chemical stressor. This is very surprising in that there is very little convincing evidence that developmental acrylamide exposure is associated with rodent   developmental neurotoxicity. And the only evidence for acrylamide as a developmental neurotoxicant in humans is controversial. It is only found with an associated decrease in birth weight.  Indeed, one of this AOP’s authors has written that it may be an “indirect consequence” (Aschner et al. ALTEX 2017). Lastly, The authors MUST discuss this uncertainty or delete acrylamide from this AOP.
In addition, the authors need to be careful in discriminating inorganic mercury from organic forms (e.g., methyl mercury).  The adverse outcomes are vastly different. The evidence that MeHg causes developmental neurotoxicity is solid. The same is not true for inorganic mercury.  For this AOP there is really no need to include methylmercury.  Here, the reviewer is referring to Hg2+…
There are two papers showing impairment in learning and memory following developmental exposure to mercury chloride. 
 Weight of Evidence Rankings for KERS:  Based on the comments above, the authors should rethink how they are ranking KE relationships.  
Is the level of empirical support adequately described in accordance with the OECD AOP Handbook? 
> The authors do a good job of following the handbook instructions
Are inconsistencies, uncertainties and level of confidence adequately described? 
> See above comments
Is the quantitative understanding of the KER described?"

	



	Author response:
Modifications has been done done accordingly.
Regarding the chemical initiators. We are aware that the most empirical evidences were for methylmercury and for mercury chloride. But acrylamide and acrolein were also included in the primary AOP described in Bal-Price et al (2015). We removed acrolein, but kept acrylamide as there are some literature for some KEs. By participating to internal and external reviews of other AOPs, it was always considered as very problematic to have a single chemical initiator. 



Section 7:
	Overall Assessment of the AOP 
Is the domain of applicability of the AOP defined appropriately? 
Is the level of support for essentiality of the KEs adequately described and assessed? 
Has the degree of quantitative understanding of KERs been assessed properly? 
Has consideration been given to the overall weight of evidence for the AOP? 
Are the calls on Overall WoE and Quantitative Understanding supported?


 
	Reviewers' responses and comments 
PR: Parts of AOP require rewriting to define the domain of applicability.  Sufficient information is presented to support most of the KEs; however, will have to be refined. Discrepancies, inconsistencies in the KE essentiality should be clearly stated. Not all KEs and KERs are quantitative and this should be made clear as well.
The background information refers to Autism spectrum disorder? Is the AOP related to ASD? If so, the AO has to be changed. If not, this should be removed. Also, the stressor MeHg is introduced as initiating ASD not the specific AO described in this AOP. May be ASD is another AO that starts with same MIE and KEs. In that case a new AOP has to be developed.
SR1: The domain of applicability is not defined appropriately; see also previous comments. It is not recommendable to highlight here taxonomic applicability, i.e. the prairie wolf, that has been presented only for a single KER.
Essentiality of the KEs has been assessed and described. An additional KE between MIE and oxidative stress may be considered. Moreover, the AOP, including the calls on essentiality, may change with a different focus and/or AO. The information on quantitative understanding is limited; it is not useful to mention here what information the authors would like to have. 
SR2: 
Is the domain of applicability of the AOP defined appropriately? 
No. And this is true for both the MIE (see comments above) and the incorrect cut and paste of text from other AOPs. 
Is the level of support for essentiality of the KEs adequately described and assessed? 
Somewhat, but see comments above.
Has the degree of quantitative understanding of KERs been assessed properly?
>No. There seems to be a reluctance by the authors to address this issue. The summary table for Key Event Relationship has a column for Quantitative Understanding that is completely blank.  Yet, the summary section on page 9 states that “Some quantitative relationships have been described between the upstream early KEs (MIE to KE oxidative stress, Oxidative stress to Cell injury/death), although the diversity of test systems and posology (dosing/exposure amount and duration) hampers comparison between studies. It is more difficult to evaluate quantitative relationships between later downstream KEs, such as Neuroinflammation and Decreased Network Function.”
      However, there is a complete lack of any description of, or reference for the quantitative data or models that support the authors’ conclusion of quantitative relationship for any of the early KERs. Indeed, this is the only section in the AOP that even mentions quantitative relationships.
Has consideration been given to the overall weight of evidence for the AOP? 
Are the calls on Overall WoE and Quantitative Understanding supported?
>Not all of them – see comments above.



	Author response:
Domain od Applicability: will be added as proposed. 
Quantitative understanding was provided in the KER when data were available. A summary table is now included in the OA of the AOP.


Section 8:
	Potential application of the AOP (optional): 
Is any context provided as regards the reason for development or the intended use?


 
	Reviewers' responses and comments 
PR: The reason for the AOP development is clear. 
SR1: The text provided does not include suggestions for regulatory application of the AOP. This should be modified.
SR2:
Is any context provided as regards the reason for development or the intended use?
> Yes, but it is not well developed.  
1) It is easily stated that one application is “Contribution to the network of KEs/AOPs on Developmental Neurotoxicity (DNT)”.  But what does this mean? What is the network of KEs/AOPs? 
2) It is also easy to conclude that this AOP could be useful in “Establishing thiol/selenol binding as a MIE to enable its use in in silico modeling for prediction and in vitro hazard identification screening.”  But, are the authors suggesting that all it will be necessary to develop in vitro methods to measure the hundreds of SH-/seleno-proteins?  Or are they suggesting developing in silico (ie., QSAR) models for all these proteins?  This seems to be a rather naïve suggestion. 
3) The last of the three consideration is “Generating quantitative data by measuring all KEs in a single model after repeated/long term exposure to a wide concentration range of the chemical initiators to facilitate the development of computational predictive approaches.”  Again, this is very easy to state, but would be prohibitively expensive. And this is really not an application, but a suggestion for work to improve the AOP.



	Author response:
Measuring several KEs in the same model may be expensive. Nevertheless, we are convinced that it is important for quantification.  In order to define how much of KEup must be modified to trigger KEdown it is necessary to establish concentration-response curves, to study different exposure durations, and to measure several KEs in the same experiment. This would greatly reduce the uncertainties linked to the AOP, since in most of the available experimental support, only two KEs are measured in parallel in the same test system. Such work is in progress in one of the co-author laboratory for another AOP.




General Observations and Conclusions of the Reviewer
	Reviewers' responses and comments 
PR: Chemical-induced learning and memory impairment is a serious issue in the society and an AOP capturing the underlying mechanisms is highly relevant. Authors have gathered enormous amount of information to support the AOP presented. The KE essentiality and KER tables are very useful. However, the AOP has to be refined to clearly state the MIE and AO, qualitative and quantitative essentiality of KEs and KERs, and its domain of applicability.
SR1: The authors have collected an impressive amount of information and are clearly knowledgeable in this area of expertise. However, in order to have an AOP that ia readable, understandable and applicable, they should re-consider what AOP they would like to develop, followed by a critical review of the data, KEs and KERs, and WOE assessment.
SR2:
The authors should be congratulated for doing a lot of work assembling a large amount of information to build this AOP.  However, it still requires a lot of work and needs to be revised.  I also note that I did not list of the issues that require attention but instead used examples from specific parts of this document that the authors should apply to other sections as needed.  
Overall comments and major issues noted:
As the reviewers acknowledge, authors have made an excellent effort in gathering very detailed information specific to various KEs associated with a very complex and clinically important disorder of learning and memory impairment. However, AOP can use considerable reorganization of the information and reforming of the KEs to make it more acceptable. In its present form, this AOP is not ready for external review and must be resubmitted for internal review following its revision. The reviewers have identified the following major issues for your consideration: 
1. This AOP suffers from a clear identity – chemical domain of applicability for the MIE is not clear and based on the description provided, it is unclear if the described AO is the intended AO for this AOP.
2. Description of KEs is either insufficient or all inclusive. 
3. Evidence provided in support of KE essentiality or KER requires revision
4. Uncertainty and inconsistencies are not described for the assays or KE essentiality 
5. As noted by SR1 and SR2, some KE description and AO details have been reused verbatim from other AOPs 13, 42 and 48; however, with a different title. This is an issue that requires broader discussion at the EAGMS meeting.



	Author response:
Thanks for the encouragement. 
Whether the chosen AO is the most appropriate one is arguably a matter for external reviewers to comment on.
We have updated the KE descriptions and KE/KER evidence, including uncertainties and inconsistencies, as best we can.
We agree that the issue of whether KEs (including AOs) and KERs should be shared (convergent KEs, AOP networking) or differentiated (modified to fit more precisely an AOP) is evolving, and requires broader discussion at the EAGMST meeting.





