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Review 1. 
 
Comment: 
The paper by Jelavic et al. focuses on the adsorption of DNA by two carbonaceous 
materials, namely soot and charcoal. The subject bears some environmental 
relevance and, in that regard, this could be an interesting study. Unfortunately, the 
manuscript in its present form is in my opinion scientifically rather poor and does not 
deserve publication. 

 
General remarks. 

 
The authors present a few adsorption isotherms of DNA on soot and charcoal with 
less than 10 data points per isotherm and then they compare these isotherms to 
various models, compute some kind of degree of merit and from the best fit, 
supposedly deduce adsorption mechanisms. Such an approach is extremely 
reductive and furthermore is scientifically unsound. The fact that isotherm data are 
described by a certain model does not provide any evidence that the assumptions 
underlying the model are true. There are hundreds of examples where, for instance, 
isotherms can be described by a Langmuir model whereas the basic assumptions of 
this model, i.e. monolayer adsorption, homogeneous adsorption energy and absence 
of lateral interactions are not fulfilled. Furthermore, the fact, which is the case here, 
that the Freundlich model provides a good fit does not provide any meaningful 
information about adsorption mechanisms. The fact that natural surfaces are 
energetically heterogeneous is a generality. It is truly a pity that the authors do not try 
to get more information from the data they gathered as I think that there are a few 
tendencies, notably concerning the role of the background electrolyte that could be 
useful. 
 
Response:  
To produce a reliable adsorption isotherm, the number of experimental points (initial 
DNA concentrations) ought to be higher than the number of parameters describing the 
data (2-4 times higher in our study), the distribution of experimental points ought to be 
large enough (maximum initial concentration is 80 times larger than minimum in our 
study) and each experimental point ought to be a replicate (triplicates in our case). 
Consequently, we maintain that our experimental design is sound, and do not 



understand the the requirement for 10 “data points” per isotherm, as it appears 
somewhat arbitrary to us.  
 
The reviewer is correct in pointing out that a successful fit of a sorption isotherm model 
to data does not infer anything about adsorption mechanisms. When we perform these 
fits, it is simply a way of quantifying differences between the processes at two solids, 
i.e. charcoal and soot, as well as between solution conditions such as pH. Simple 
comparison of isotherms “by eye” is imprecise in identification of various processes 
and “tendencies” from adsorption data. The reason we discuss the details of isotherm 
models with respect to adsorption data in our study is to emphasise the differences in 
adsorption of DNA at soot and charcoal as a function of solution composition and DNA 
length. We did not use modeling of adsorption isotherms to infer the adsorption 
mechanism of DNA at soot and charcoal. We used isotherm modeling to compare 
adsorption process of different lengths of DNA strands in presence of different cations, 
and their high and low concentrations. We then juxtaposed adsorption results to a) the 
composition of soot and charcoal determined by Raman and XPS, b) charging 
properties of soot and charcoal in electrolyte solutions determined by mass titration 
and zeta potential measurements and c) the hydrophobicity of soot and charcoal 
determined by water adsorption, to infer the material property controlling the adsorption 
and infer the likely adsorption mechanism. We have added a few sentences to clarify 
our approach: 

 
 

 
 



 
 

Detailed remarks. 
Comment: 
• Line 17. The statement that a comprehensive insight is lacking does not take into 
account the large body of literature on the subject including the various studies where 
nucleosides and nucleotides have been adsorbed on various environmental surfaces. 
 
Response:  
Correct, our statement does not consider those studies because adsorption of 
nucleotides and nucleosides at carbonaceous materials is only marginally relevant for 
the understanding of adsorption of DNA at soot and charcoal. In Lines 55-81, we do 
however give an overview of theoretical and experimental studies relevant for our 
system: 



 
 
In addition, if we elaborate on nucleotide and nucleoside adsorption, it would be 
necessary to include the literature available on DNA-solids adsorption in general. We 
would like to keep the focus to DNA and carbonaceous materials. 
 
 
Comment: 
• Line 43. The term CM is not defined. 
 
Response:  
The term is defined two lines above, in Line 41. 

  
 
 
Comment: 
• Line 185 and after. See general remarks. 
 
Response:  
See our response above. 
 
 



Comment: 

• Line 194 and Figure 1A. Labelling the axis as 2 without indicating the wavelength 
is somehow meaningless. 
 
Response:  
The wavelength is stated in the Materials and Methods section (Line 103). We do not 
think it is necessary to repeat the method details in figure captions.   
 

 
 
 
Comment: 
• Line 202 and Figure 1B. The role of surface oxygen that could represent polar 
groups is not discussed at all. 
 
 
Response:  
The implications of the surface composition on hydrophobicity and adsorption are 
discussed in Lines 419-440.  
 

 

 
 
 



Comment: 
• Line 218. What does an increase in surface charge density in divalent electrolyte 
mean? What would be the mechanism? 
 
Response:  
The increase in surface charge density is a consequence of divalent cation adsorption, 
as you speculate yourself in your next comment. We have clarified in the text: 
 

 
 
Comment: 
• Line 221. The increase in IEP with increasing ionic strength may well be due to ion 
adsorption. This is not even mentioned. 
 
Response:  
Correct, cation adsorption causes the screening of negatively charged active sites. We 
do explain that in lines 238-240: 
 

 
 
 
Comment: 
• Line 222. What are the so-called internal and external surfaces? How were they 
determined? The strong difference between IEP and PZC is really strange. 
 
Response:  
A large difference in IEP and PZC as a consequence of different charging between 

internal and external surfaces is an established phenomenon for carbonaceous 

materials. We have already cited a paper that thoroughly discusses this phenomenon 

(43. Menéndez, J. A., Illán-Gómez, M. J., y León, C. A. L. & Radovic, L. R. On the difference 

between the isoelectric point and the point of zero charge of carbons. Carbon 33, 1655–1657 

(1995).) We have now offered some more explanations in the text: 

 

 



 
Comment: 
• Line 248. What are inner particle surfaces?? 
 
Response:  
Find our answer to your previous question. We have changed the wording here from 
“inner surface” to “internal surface” and “outer” to “external” to be consistent with our 
previous use of the term and the literature:  
 

 
 
 
Comment: 
• Line 254 and after. Binding through cation bridges is never considered whereas this 
coul well occur. 
 
Response:  
We have in fact considered “cation bridging” but we avoid using the term “cation bridge” 
because it is a generic vernacular and likely confusing for a wider chemistry community 
since the ion bridge is a term defined by IUPAC that means something completely 
different (a device that connects oxidation and reduction half cells in the 
electrochemical cell and maintains electrical neutrality). Instead, throughout the 
manuscript, we refer to “ charge screening” or “the screening of electrostatic repulsion” 
to explain an increase in adsorption capacity of negatively charged DNA at a negatively 
charged surfaces as a function of increased ionic strength. This is a better term 
because “cation bridging”, in its strict sense, cannot explain such behaviour for 
monovalent cations.    
 
 
Comment: 
• Line 275 and after. As said in the general remarks, this whole part is meaningless. 
For instance the transition from multilayer to monolayer deduced from the slightly 
best fit of Sipps equation does dot make any sense. 
 
Response:  
See our answer to your “general remarks”.  
 
Comment: 
• Line 304 and after. Same remark as before. The fit to a model does not imply that 
the assumptions underlying the model are verified. 
 
Response:  
That statement is a generality and is correct for any form of data modelling. See our 
previous answers to understand our reasoning in using the combination of modelling 
and material characterisation to infer mechanism(s).  



 
 
Comment: 
• Line 319. Each DNA occupies three active sites????? 

Response: 

We have removed that sentence as it might mislead the readers.  

 

Comment: 

• Line 338 and after. Using a longer DNA could be an interesting idea. Still, no 

information about the various conformations of DNA is provided (in particular what 

role does ionic strength play on that conformation?). Furthermore, comparing particle 

size with DNA size and configuration could have provided relevant information. 

Response: 

We have added an explanation to the manuscript.  

 

 
 

Comment: 

• Line 389 and after. How does DNA behave in mixtures of water and alcohol.  

Response: 

The DNA form changes from a likely B-form to likely A-form as the ethanol 

concentration increases. Since the A-form is more compact than B-form, the 

conformation transition would suggest somewhat higher charge density of the DNA 

polymer and would imply larger adsorption capacity. However, we see exactly the 

opposite (a decrease in adsorption capacity with increased ethanol concetration) so 

the increase in the hydrophobicity is the only apparent explanation. We have added a 

few lines to address this issue.  

 



 

  



Review 2. 
 
Comment: 
1. This contribution by Jelavic et al. concerns the evaluation of the adsorption 
capacity of soot and charcoal surfaces with respect to DNA as a function of 
physicochemical medium composition, including change in pH, solution ionic 
strength, presence/absence of divalent cations, eDNA length, under both equilibrium 
and non‐equilibrium conditions. In addition to classical batch adsorption experiments, 
authors resort to a suite of spectroscopic techniques (XPS, XRD, Raman, BET) to 
characterize the surface of their adsorbing materials and they analyse the obtained 
adsorption data with help of classical models e.g. Langmuir, Sips, Freundlich 
isotherms, etc.  
Overall, I think this paper deserves publication pending, however, major revisions 
listed below.  
1. The reader misses a general discussion on the very mechanisms driving the 
adsorption of DNA on their tested soot and charcoal surfaces, with full integration of a 
consistent and complete cross‐examination of the data derived from the various 
techniques and models they adopt. In the current form, the manuscript lacks this 
overall discussion, and the latter would help to support the statement by the authors 
‘’this study provides a fundamental basis for dsDNA‐CM interactions’’. As far as I can 
judge, most of the elements advanced by the authors to explain the adsorption 
patterns they conclude on (i.e. relative importance of electrostatics and hydrophobic 
interactions, heterogeneities of adsorbing surfaces, etc) are already  
mentioned in the introduction section (p.2) and are known from classical 
physicochemical literature on e.g. protein adsorption (see e.g. the work by Norde W. 
et al, etc). In turn, the authors should better clarify the new rationale they provide as 
compared to that from existing literature on a wider perspective 
(protein/macromolecules adsorption on heterogeneous surfaces).  
 

Response: 

Thank you for your suggestion. We have added sentences throughout the manuscript 

to emphasise the fundamental novelty of our work and a “bigger picture” implications 

for the environmental DNA research.  

 



 

Comment: 

2. The reader is missing a quantitative assessment of the hydrophobicity level of the 

soot and charcoal surfaces (quite central in the manuscript), e.g. via macroscopic 

contact angle measurements or (better) via Atomic Force Microscopy (see e.g. 

Francius et al. ACS Applied Bio Materials 2021, 4, 2614‐2627 or Nanoscale 2021, 

13, 1257‐1272). Related to this latter point, the reader is generally missing a 

physicochemical evaluation of the sorbing surface properties at the proper molecular 

scale as e.g. achieved with help of Atomic Force Microscopy operating in force 

spectroscopy mode with use of functionalized probes (e.g. decorated by ‐CH3 or 

charged functional groups) or even a direct probing of the surface‐DNA interaction 

upon functionalization of the AFM tip with tested DNA macromolecules (see  

e.g. Beaussart et al. Nanoscale 2018, 10, 3181 for the proof of principle). Such 

experiments would have the advantage to probe directly, at the molecular level, the 

operational interactions and the way these are impacted by surface heterogeneity 

(elaboration of spatially‐resolved interaction maps) and possibly by changes in DNA 

conformation during the very interaction processes. These elements are missing from 

the literature quoted by the authors (see work on protein adsorption in literature).  

 

Response: 

Contact angle measurements on finely divided powder materials is burdened with 

many issues so we have instead decided to assess the hydrophobicity with water 

vapour adsorption which is more reliable than, e.g., Washburn method, and more 

routine and accessible than, e.g., heat of immersion measurements. Indeed, Chemical 

Force Mapping (CFM) would reveal the extent of surface heterogeneity with respect to 

hydrophobic and hydrophilic areas which would be an invaluable information to our 



study. However, AFM on non-ideally-flat surfaces such as soot and charcoal particles, 

and in particular any kind of Force Spectroscopy is far from trivial and it is a study on 

its own. For the future, we are considering to chemically modify graphite to produce 

various surface oxygen groups with different spatial distribution and then asses 

heterogeneity with CFM to precisely infer its influence on DNA adsorption. However, 

at the moment, we believe that the assessment of hydrophobicity provided by water 

adsorption gives is the best we can do within this study and it gives us satisfactory 

answers.  

 

Comment: 

3. Authors should mention in the very body of the main text the Table summarizing 

the models they used to analyse their equilibrium and kinetic adsorption data. I doubt 

that the DNA‐sorbing surface interactions are generally included in the classical 

models the authors refer to. Such model extension (which exist in literature) would 

help the reader to compare the pristine adsorption capacities of soot and charcoal 

and the relative contributions of the interactions (i.e. deconvolution between non‐
specific and specific (chemical) components of the adsorption isotherms and 

adsorption kinetics). For the sake of illustration, non‐DLVO behavior is expected for 

surface‐macromolecule interactions in the presence of multivalent ions and/or in 

concentrated electrolyte as the result of ion‐ion correlations. Do this apply to the 

systems of interest in the manuscript ? 

 

Response: 

We agree that the isotherm models we use are not optimal for description of adsorption 

of DNA to a surface but we hold that they are still very useful for comparing adsorption 

at similar surfaces, under varying solution conditions. We do not use adsorption 

modelling to infer an adsorption mechanism of DNA at soot or charcoal, but to offer a 

quantitative description of different shapes of isotherms, and by combining these 

differences with the material properties obtained from other techniques described in 

the manuscript, to infer the adsorption mechanism. Instead of relocating the Table to 

the main text (which would likely place too much emphasis on it), we have added a few 

more sentences explaining our approach: 

   

 

Comment: 

4. The authors should discuss the relevance and applicability of their findings within a 

more general environmental context. More specifically, the authors focus here on 

well‐defined DNA macromolecules (from salmon sperm, motivations of this choice ?) 

whereas eDNA involves macromolecules differing with respect to conformation, 



chemical composition, origin, degradation, etc. This opens the debate on how  

the very heterogeneity of the macromolecules in terms of their defining 

physicochemical properties affects the adsorption capacities of soot and charcoal 

(themselves defined by physical and chemical heterogeneities). On the basis of their 

own data and of known sorption‐mechanisms reported in literature (related to 

competitive adsorption features, etc), the authors could discuss, at least qualitatively, 

these various points.  

 

Response: 

We chose 30 bp salmon sperm DNA because it is relatively cheap and easy to work 

with, i.e., we needed large amounts of DNA for our experiments and we needed to 

reach initial DNA concentrations of app. 2 mgml-1 to produce reliable and 

comprehensive isotherms. This would not be financially feasible with any other 

commercially available DNA, nor longer, home-extracted DNA. Since 30 bp is on the 

shorter end of what is routinely extracted, we compared its adsorption to 2000 bp 

salmon sperm DNA. We have expanded a bit about this in the manuscript: 

 

 



Comment: 

5. The authors refer to inner and outer particle surfaces, to shift of IEP and PZC with 

changing the concentration of 2:1 electrolyte. Authors should rather refer to inner and 

outer Helmholtz planes (accepted nomenclature in colloidal physical chemistry) and 

comment on the aforementioned shifts in relation to positioning of divalent cations at 

iHp or oHp and their extent of specific adsorption. Authors are referred to H. Lyklema, 

Fundamentals of Interface and Colloid Science, Vol. II, for that purpose. In addition, 

authors mention their measurement of zeta‐potential. As a matter of fact, they do not 

explicitly state that they resort to (I think) DC electrophoresis measurements 

(measuring electrophoresis conditions should be specified, e.g. value of applied field 

? etc), and they measure an electrophoretic mobility (not a zeta potential) that is 

subsequently converted into a ‘’zeta‐potential value’’. Authors should specify the 

nature of the equation used for the conversion (Smoluchowski, Debye‐Onsager, etc 

?) from mobility to zeta‐potential and the extent of applicability of the adopted 

equation with regards to the very size and charge of the analyzed particles. It would 

have been further valuable to actually measure the dependence of the 

electrophoretic mobility of soot and charcoal on electrolyte concentration prior to AND 

after DNA adsorption. Upon application of soft particle and soft surface electrokinetic 

concepts (see e.g. Maurya et al. Journal of Colloid and Interface Science 2020, 558, 

280 and Duval et al. Current Opinion in Colloid and Interface Science 2010, 15, 184‐
195), the authors could have then possibly probed the way surface electrostatics 

comes into play (or not) in controlling macromolecule adsorption process. 

 

Response: 

When we refer to inner and outer surfaces, we don’t refer to Helmholtz planes but to 

the different surfaces on soot and charcoal particles, a phenomena described in the 

literature (e.g. Ref. 43 - Menéndez, J. A., Illán-Gómez, M. J., y León, C. A. L. & Radovic, L. R. On the 

difference between the isoelectric point and the point of zero charge of carbons. Carbon 33, 1655–

1657 (1995).): a) within pores (inner) that do not influence the zeta potential value and b) 

on the particle surface that in fact influence the zeta potential. We have added a few 

words to clarify this: 



 

 

Thank you for noticing the lack of method description. We have added some 

explanations:  

 

Regarding the measurement of electrophoretic mobility before and after the adsorption 

of DNA- our results demonstrate that the surfaces of soot and charcoal are highly 

heterogeneous with respect to surface charge and (likely) hydrophobicity. This 

heterogeneity would significantly limit and likely even prevent the applicability of any 

advanced surface adsorption model.  

 


