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Responses to reviewers #2 - AOP 263 report 
 
Dear Editor and Reviewers, 
 
We appreciate your further comments and suggestions. We have some preliminary 
responses prior to making large changes. The report and AOP-Wiki will be revised 
accordingly after our final discussion. 
 
Sincerely, 
Dr. Song and Dr. Villeneuve 
July 19, 2021 
 
 

❑ Responses to reviewers’ comments 
 
1. Separating “Uncoupling KE” (Event 1446) into two KEs: Our major remaining concern is 

about the authors’ argument that uncoupling should remain grouped (“lumped together”) 
with decrease of proton motive force (PMF). We still think that dissipation of PMF should 
be included as a separate KE, as we recommended previously. We emphasize that decrease 
of PMF should be included as a KE, and not as an MIE—we cannot quite follow the authors’ 
idea that loss of PMF leads to uncoupling, as we think it is actually the other way around, 
at least usually. With the latter point we specifically refer to the authors’ statement “What 
really matters for downstream biological processes, in most cases, is not dissipation of the 
PMF itself, but dissociation of oxidation with phosphorylation as the consequence of PMF 
dissipation” (emphasis ours). We actually do not think there is clear evidence available to 
say that this is true. In fact, it is the PMF itself (and not the downstream phosphorylation 
of ADP) that is critical for many biological processes (e.g., import of mitochondrial proteins; 
mitophagy; ion exchange; etc). In addition, a very strong evidence for the importance of 
maintaining membrane potential per se is the evolution of the possibility of cells burning 
ATP to run ATP synthase in reverse in order to maintain membrane potential. We believe 
that some of this confusion may have derived from somewhat different literature 
definitions of the term “uncoupling”—e.g., in the Arnould review that the authors cite, it 
is defined as “a dissociation between mitochondrial membrane potential generation and 
its use for mitochondria-dependent ATP synthesis”. However, more commonly, 
“uncoupling” is defined as uncoupling oxygen consumption from ATP production—which 
may or may not actually result in PMF loss. We were also wondering if another source of 
confusion regarding the sequence of events could stem from AOP311 (which is also being 
developed by one of the authors). Though that AOP is dealing with a slightly different 
mechanisms (and it is currently not open for review), we politely observe that there is 
certainly an opportunity to harmonize e.g. the names of some KEs there and we hope that 
our review for AOP263 could set a precedent for the required clarity of definitions. Based 
on the considerations above, we maintain that uncoupling and PMF loss should not be 
“lumped” into one event. Our specific suggestion, depicted in the diagram below, would 
be to split the broader process of uncoupling (in blue) into a specific MIE and KE, with 
uncoupling (green MIE) leading to a decrease in the PMF (orange KE). The authors said that 
they want to group this into a broader process, because “uncoupling of OXPHOS is normally 
not directly measurable.” However, we believe that having PMF decrease listed as a 
separate KE would not preclude using the respective measurements to inform this 
particular AOP. Hence, we still think it would be valuable to have the PMF dissipation as a 
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separate KE, as this would allow accommodating other upstream MIEs/KEs (uncoupling or 
otherwise) and provide an opportunity for future research instead of artificially limiting the 
possibilities to link additional MIEs/KEs to this particular AOP. Again, we do understand the 
desire to group these events for the sake of simplicity, but hope nonetheless that the 
authors will also see this is as an opportunity to “future-proof” their AOP. 

 
Response: We appreciate the reviewers’ perspective regarding the potential to split our 
current generalized KE of “Coupling of OXPHOS, decrease” into two KEs, “Uncoupling, increase” 
and “Decreased proton motive force”. Scientifically, we completely agree with the reviewers 
regarding the sequence of events in this pathway, i.e., partitioning of chemical into the inner 
mitochondrial membrane→transport protons across the membrane (uncoupling 
action)→dissipation of proton motive force→reduce phosphorylation of ADP into ATP (ATP 
synthesis). The key point that warranted further discussion was whether “dissipation of PMF” 
was considered part of the “general uncoupling mechanism of action”, or a separate 
downstream event of the actual “uncoupling action” of a chemical. We considered that the 
former term had been generally accepted and a natural outcome of this was “Decrease, 
coupling of OXPHOS” – the MIE we initially proposed. We also concur that there would be 
several advantages relative to the ability to link a more specific MIE to chemical categories 
and for potential “future-proofing” in an AOP network context by splitting the current MIE 
into two events. However, we note with respect to “future proofing”, AOPs 311 and 387 are 
both under development by our group. They will be harmonized to whichever decision is made 
regarding AOP 263. 

That said, we have one major concern about splitting the MIE.  That relates to measurability. 
We are not aware of any way to experimentally measure (quantify) or to computationally 
predict the “uncoupling action” (at least in a practical sense that would be feasible and 
accessible in many labs) independent of the dissipation of proton motive force. We are aware 
of using other downstream events, such as oxygen consumption at different respiration states, 
P/O ratio etc. to indirectly indicate uncoupling of OXPHOS in general. That said, given the 
reviewer’s expertise in this area of biology, we concede that there may be approaches we are 
not familiar with. If a reasonable measurement method, independent of dissipation of proton 
motive force were identified, we would find it reasonable to separate “uncoupling” from 
“decreased PMF”. Likewise, we note in the “chemical applicability domain” section of our 
many of the physical-chemical properties of probable uncouplers are well defined and there 
are in silico approaches to identifying potential uncouplers.  Thus, in the context of an in silico 
approach to chemical screening as relevant methodology for identifying compounds likely to 
activate the KE of “Uncoupling, increase”, the in silico prediction capabilities may warrant 
separation of the KEs, particularly if subsequent measurement of decreased PMF would be 
regarded as a way to lend strength to that prediction (i.e., in a tiered screening/testing 
approach). Our minor concern about splitting the MIE is the availability of empirical evidence 
(essentiality call, temporal, dose and incidence concordance) to support the relationship 
between “uncoupling” and “dissipation of PMF” (as normally the latter was measured to 
indicate the former), despite its high biological plausibility.  

If indeed there is no real way to independently measure uncoupling independent from the 
near immediate (or nearly by definition result) of decreased PMF, separating the KEs – while 
it may be meaningful in terms of an accurate description of the biology, may be completely 
irrelevant from an application perspective.  Thus, we would favor maintaining the single KE, 
and could address the two underlying mechanistic steps by adding additional “Key Event 
Component” terms (Eves et al., 2017) that would capture both the uncoupling process and 
the consequent reduced PMF. The original Event Component publication proposed that: 
“Multiple Event Components - KEs as currently defined based on the existing guidance tend 
to capture a broader portion of the biological system than can be defined using a single 
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biological process or object. As a result, to fully describe the KE using explicit biological entities, 
multiple Event Components may be needed with at least one required. This provides more 
flexibility in describing the KE at early stages of AOP development. Over time, it may be 
determined that some KEs should be split while others should be merged. Having formal 
descriptions of Event Components should assist with this process.” The Key Event Component 
function has already been implemented in the AOPWiki (e.g., https://aopwiki.org/events/309, 
https://aopwiki.org/events/381). In this case, we propose to keep the lumped MIE term of 
“decreased coupling of OXPHOS”, but differentiating “diffusion across the IMM and transport 
protons out (uncoupling action)” and “dissipation of PMF” as two event components 
associated with this MIE. These event components can be easily connected to other AOPs and 
further separated as independent KEs when appropriate. 

 
2. Minor revision to the text if Event 1446 is separated into Two Events: Provided the 

authors agree to follow the suggestions above, sentence on page 3, lines 109-110 of the 
revised manuscript would also need to be revised. Namely, from “partitioning of 
protonophores (uncouplers) into the inner mitochondrial membrane is known to uncouple 
OXPHOS by dissipating proton motive force, leading to reduced ATP synthesis” to 
“partitioning of protonophores (uncouplers) into the inner mitochondrial membrane is 
known to uncouple OXPHOS, leading to dissipation of proton motive force and subsequent 
reduction in ATP synthesis.” 

Response: Agree and we will revise this sentence accordingly. 
 
3. Proposed event “Partitioning of the protonophore to the inner mitochondrial 

membrane”:  Lastly to the above-discussed topic, we invite the authors to consider 
whether it is justified to postulate the “coupling of OXPHOS, decrease” as an MIE, although 
it is in fact preceded by another—truly initiating—event, which authors have also identified 
themselves, namely the “partitioning of protonophores (uncouplers) into the inner 
mitochondrial membrane”? Categorizing the uncoupling of OXPHOS as a KE instead of an 
MIE would align with the fact that it can be caused by several different mechanisms apart 
from the protonophores-dependent one. Hence, this could essentially create “space” for 
other MIEs to feed into the same KE “decreased coupling of OXPHOS”. 

Response:  We do not feel that “partitioning of protonophores (uncouplers) into the inner 
mitochondrial membrane” should be added as an MIE.  Such partitioning to the cellular target 
is a chemical-specific property reflecting aspects of absorption, distribution, metabolism, and 
elimination (ADME). Unlike the chemical-specific IPCS Mode of Action framework, AOPs do 
not include ADME considerations in the AOP. Rather the AOP really starts with a biological 
perturbation of the target (i.e., after the stressor has arrived at its target).  Thus, we feel that 
uncoupling (whether lumped or split) is the appropriate starting point for the AOP.  A 
mechanistic description of the toxicology may include that partitioning (which is why we 
describe it in the text even though it is not explicitly represented as a KE), however, key events 
are intended to represent major, measurable, milestones or way points along a progression 
to the adverse outcome.  The aim is not to include a KE that represents every detailed step, 
but to identify “check-points” along the path to adversity that one could use to increase 
confidence that an outcome linked to the MIE or an early KE is actually going to occur.  We 
would note for example that partitioning of a chemical to the site of expressed estrogen 
receptors, androgen receptors, thyroid peroxidase enzymes, etc. is not part of established 
AOPs for which activation of those receptors or inhibition of those enzymes is the molecular 
initiating event. Therefore, we feel it is more consistent with the guidance and precedents 
associated with the framework to NOT include partitioning of the stressor as an initiating 
event. 
 

https://aopwiki.org/events/381
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4. Linking decreased growth to decreased population trajectory: Next, with regard to the 
authors’ response to our comment number 16 in the initial review, we must say that we 
still do not completely understand the reasons for the authors’ decision to not include 
population decline as a second AO in their AOP, despite the fact that, as they state 
themselves, “that particular linkage has been long accepted within the field of 
ecotoxicology to the point where it is accepted as canonical knowledge.” If this is 
“canonical knowledge” indeed, then why wouldn’t the authors acknowledge this and add 
the second AO? In other words, we were wondering if there are no other AOPs in the 
AOPwiki currently that have already sufficiently characterized the link from the AO “growth, 
decrease” to the AO “population, decline”? And if yes, could the authors “reuse” this 
particular relationship in their own AOP? After all, the possibility to “reuse” the already-
existing KEs and KERs is one of the main advantages offered by the AOPwiki, hence we feel 
that the authors could have made a conscious effort to promote this practice. 

Response:  There is one established KER in the AOP-Wiki that links “decreased growth” to 
“decreased population trajectory” (Relationship 2169).  However, at present that page is 
completely unpopulated.  There are no AOPs linked to it. There is no description or assembly 
of evidence.  We are not necessarily opposed to adding this relationship to our AOP and 
populating the page in the AOP-Wiki.  However, as the link between growth and potential 
population-level impacts is considered canonical knowledge in the field of ecotoxicology we 
do not feel it is necessary or within the scope of our current project, to do a comprehensive 
assembly of primary evidence supporting this linkage. We could offer to site a couple text 
books and/or regulatory precedents, but we do not feel a detailed review of literature 
supporting this connection is needed, as effects on growth are already well accepted as being 
of regulatory relevance. We note that there is a paper on “Pragmatic AOP development” that 
is in preparation that makes the exact point that for canonical knowledge widely accepted in 
the field, there is no need to employ a systematic assembly of evidence to support a KER.  
Similarly, the guidance on AOP development states “…. it is recognized that there may be cases 
where the biological relationship between two KEs is very well established, to the extent that 
it is widely accepted and consistently supported by so much literature that it is unnecessary 
and impractical to cite the relevant primary literature. Citation of review articles or other 
secondary sources, like text books, may be reasonable in such cases.” (page 40 of the Users’ 
Handbook)  - Thus, if we were to include this KER, we would propose to only include citation 
of a few such sources. There is not necessarily evidence for this relationship that is specific for 
uncouplers and the upstream events in the present AOP, thus we feel more extensive 
development of this KER is tangential to our primary project objectives.   
    Alternatively, we could add a few more sentences in the report to state that population 
decline is a potential higher level AO linked to growth inhibition, but the relationship warrants 
further development for empirical support.    
 
5. Environmental Bias: Lastly, with regard to the authors’ response to our comment number 

15 in the initial review, we would like to share that we still feel that the descriptions 
accompanying this AOP continue to have a strong environmental bias, while human health 
applications are less visible. This is okay in the end, as this simply reflects the authors’ main 
expertise. We, however, suggest that the authors consider adding a clear upfront 
statement acknowledging this and explicitly postulating that this AOP does have both the 
environmental and human health application. 

Response: Agree and we will add a few more sentences to emphasize that the AOP is for both 
human and eco. 
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6. Minor edits suggested: Page 3, line 102: insert “on” before “growth” to have “focuses on 
growth inhibition”; Page 6, line 221: delete “that” before “not every”; should become 
“There can also be large tissue-specific effects and not every cell type is equally susceptible 
[…]” 

Response: Agree and we will revise these accordingly. 
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