1) Length: Some parts of introduction are too long. Compare current length to admissible journal paper length and reduce as appropriate. Note that I have added the MM derivations to the body of the paper, since it is useful to have a unified model on which our experiments as well as new experiments can be based.

The appendix contains supporting derivations that are not essential (it is not necessary to read all these at this time). They could be moved to supporting information/eliminated, or some can be summarized and incorporated into the body of the paper after we finish all other tasks.

CJ: I have trimmed the introduction section. Please see the manuscript.

2) We should redo the MM calculations using equation (6) for 1/v. The differences with respect to the original single reactants formulation originate in the expression for [E] in terms of [E]0 . The original formulation considered partitioning into two intermediates separately (not exact, since formation of the 2nd intermediate shifts the 1st equilibrium, to an extent that depends on the steady state concentration of the 2nd intermediate; here we of course assume the 2nd intermediate cannot dissociate directly to E + S1 + S2). The expression for 1/v changes as a result compared to the original single reactant formulation. The changes are:

a) A correction term 1/ (Keq,1*[SP]0) that was previously neglected

b) The value of [E]0 used - previously, I believe [E]0 (which was the [E.SP]0 in the bireactants formulation) was calculated using [E]0 = [E.SP]0=[E][SP]Keq.

CJ: I redo the calculation and updated the KN values. The kcat is not affected. Instead of the double reciprocal plotting suggested in Raj’s revision, I did non-linear regression to figure out the KN and kcat. It is believed that double reciprocal plotting would distort errors and should not be used to evaluate kinetic parameters.

The approximations previously made may have been valid esp due to high SP concentration– we will see. In any case, the current formulation is preferred since it does not make as many assumptions. Note that the standard sequential bireactants derivation makes a rapid equilibrium assumption that we cannot make in our work, since we do not want to equate Kn with an equilibrium constant.

Related, the current protocol does not clearly explain how the enzyme concentration was chosen – where is Datta and Licata cited?

CJ: I chose the 2nM (0.2U per 20uL reaction) enzyme concentration because (1) it gives the best experimental read out, which means significant increase in RFU within the 10min assay period, not too fast, not too slow; and (2) this concentration is comparable to what people use in real PCR application (NEB recommends 0.5–2.0 units per 50 µl reaction, which means 0.2 – 0.8U per 20uL reaction). The Datta and Licata paper will be cited as source of the Keq data. However, they used fluorescence polarization assay to directly measure binding affinity. They did not run any extension experiments. Therefore I do not think their condition is a useful reference for our experiments. 

3) I have made a comment regarding why one must be careful in setting up MM experiments to determine Keq for enzyme binding. You can decide whether to include this statement after considering it.

CJ: I think those sentences make sense and I keep them.

4) Related to 3), enzyme dissociation during extension may be related to polymerase processivity. CJ please look into processivity and comment.

CJ: The processivity is defined as ‘the number of nucleotides incorporated during one association-dissociation cycle’. Therefore the processivity should be proportional to 1/koff. koff is the dissociation rate constant of enzyme with template.

5) In the results section, should there be any commentary on comparison to the fitting in the BP draft obtained from Innis et al data?

6) Overall editing of all sections except for simulation and robustness. Assume these sections and associated commentary in the discussion, conclusion, etc will not be included in the paper . Please aim to finalize the paper including all formatting so it can be submitted without those sections if needed. This includes finalization of conclusion.

7) Journal choice: Assume simulation content will not be included. Please check length and content and recommend a journal, including analysis of related papers in NAR.

CJ: I will address 5) – 7) after the group meeting.

The following comments/questions pertain to the experimental comparisons to the simulations that could be made. They are also provided as comments in the draft. Based on answers to these questions, I will decide whether it is worth finishing the unfinished simulation sections or leave them for another paper.

8) Can accurate fluorescence measurements be made under pseudo first order conditions (higher [N] excess)? If these conditions cannot be not used, we must use numerical simulations to make the predictions.

CJ: I’m not sure whether I get your point correctly… In real PCR application [dNTP] is typically set to 100 – 200 uM. In our experiments we did 2 – 1000 uM. I don’t think modeling the reaction at >1000uM dNTP would be useful for real world applications. 

As for our experimental protocol, there is some systematic error in controlling the extension time and temperature: it takes time (10 – 20s) to add and mix reagents, during which the temperature of the reaction mixture would drop. So the RFU for the initial stage of the reaction (within 1min) may not be accurately measured. But this systematic error is not due to high [N] excess.
9) A method for determining concentration of fully extended DNA at any time based on solution phase fluorescence measurements is proposed. It based on a rate measurement. Are these measurements inaccurate without a sufficiently large number of measurements to obtain the slope. Would the required reaction conditions decrease signal to noise due to background fluorescence? Would the signal to noise during PCR cycles be too low to use this method to obtain the final DNA product concentration? If not, we may portray this as another application of our experimental work, since it could be used in PCR without model simulations

CJ: I’m afraid I did not get your point here.  What is the ‘A method for determining concentration of fully extended DNA at any time based on solution phase fluorescence measurements’ you are referring to?

10) Please comment on other methods for the experimental measurement of fully extended DNA, both offline (e.g. gels) and online (e.g. probes).

CJ: First of all, a Taqman probe (if that’s the probe you mentioned above) can not be used to measure extension kinetics. The Taqman probe is a short sequence that only binds on one specific place on the template. Moreover, the switch-on process of the Taqman probe involves 5’-3’ exonuclease activity, which would complicate the assay.

We used to discuss two other methods: (1) add the dye into the reaction mixture and monitor the extension process in real time; (2) do end-point check using gel.

For method (1), the advantages are: (a) it is cheaper than what we currently use, in terms of time, labor, and reagent cost; (b) because it is easy and cheap, we can make measurements under more different conditions (time points; dNTP concentration; template concentration etc); and (3) because it eliminates the off-line treatment, the time and temperature control would be more accurate than current protocol. The drawback of this assay, in my opinion, is that the dye may interact with polymerase and the template.
For method (2), the advantage is that it may give a profile of the length of the products. However, I doubt that the gel assay may not be sensitive and accurate enough to do so. Capillary electrophoresis might be more appropriate for this purpose.

11) Please use the expression [E.S1.S2]=Keq,1/Kn [E][S1][S2] to compute the total concentration of the nucleotide intermediate, according to the eqns provided. This is an application of Kn (not just kcat/Kn) and will help us determine whether omission of the intermediate can be justified in the modeling.

CJ: Please see the calculation below. There are online tools to solve cubic equation. You can use equation 5 and online cubic equation solvers to calculate [E]; [S1]; [S2] under other conditions.
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