
Reviewers' comments:

Reviewer #1 (Remarks to the Author):

In this manuscript, Heber et al biochemically, structurally and functionally characterize the RNA-
binding properties of mouse Staufen 2 (mStau2) with a focus on the first two dsRNA binding 
domains (dsRBDs). These domains were previously suggested to not bind dsRNA, however, the 
authors use a combination of NMR, SPR and EMSA experiments to show that dsRBD1 and 2 bind 
dsRNA with affinities and kinetics, similar to the third and fourth dsRBDs. In order to determine if 
dsRBD1+2 can contribute to recognition of mRNAs in vivo, the authors use staufen-deficient 
Drosophila oocytes and measure the rescue of oskar mRNA localization to the oocyte posterior. 
While mStau2 can partially restore oskar mRNA localization, the mStau2 dsRBP1+2 mutants 
cannot. Understanding the binding specificity of the Staufen-family of proteins has been a major 
challenge for the field because of its multiple dsRBPs and this work helps to clarify the function of 
these domains. The experiments are performed and described well and the insights are an 
important contribution to the field.

Comments:
1. The work in this manuscript focuses on dissecting the interaction of mStua2 with the Rgs4
3’UTR because it was previously identified as a target of Stau2. It is not clear to me, however, if
there is truly specificity for this transcript. Would similar results be obtained with any dsRNA over
a certain length? While it appears from the experiments that dsRBD2 and dsRBD4 provide general
dsRNA binding recognition, could dsRBP1 and dsRBP3 provide some specificity that was not within
the SRS1 and SRS2 sequences? I appreciate the difficulty in identifying bona fide targets of
mStau2, so I think some discussion of the interpretation of the specificity would be helpful
2. My understanding of the previous structural work on isolated dsRBDs is that this domain
recognizes the shape of A-form dsRNA and interacts with two successive minor grooves. For this
reason, many of the RNAs used in this work seem to be too short to accommodate multiple
dsRBDs. Is this the reason why the SRS2+5 RNA binds more tightly?
3. Line 496-498 It is not intuitive to me why the fast kinetics observed for Kd1 would only allow
Kd2 to be observed in EMSA. Shouldn’t the kinetics of the weaker complex be even faster. Is it
possible that the complex is just not stable in EMSA and that it disassociates while running the
gel? It is not clear to me that this is actually a stable complex arising from Kd2.
4. line 506-508 I believe a Hill Coeff greater than 1 indicates cooperativity between multiple
mStau2 molecules binding the same RNA and not the interactions between domains of a mStau2
monomer. Throughout the text, the term cooperativity is used loosely. I would reserve the word
cooperative only for its strict definition.
5. line 536 I find the phrase simultaneously and rather independently to be slightly confusing and I
am not sure exactly what they are indicating
6. line 612-613 I do not understand how the mutation can be compensated for with a longer RNA
without additional interactions being made, but it is not clear to me what where these contacts are
coming from.
7. line 651-652 Why does the double mutant in dsRBD1+2 affect the binding of dsRBD3+4 in the
dsRBP1-4 construct? Shouldn’t it bind the same as the isolated dsRBD3+4 domain?
8. Does the partial rescue of oskar mRNA localization by Stau2 indicate that there are some
differences in specificity between the two proteins? Can the basis of this be explained or
discussed? To me, this suggests that some additional sequence determinants must still exist, but I
think that is beyond the scope of this manuscript to define them.

Minor comments:
1. Figure S1: Figure legend for the schematic is missing and I would move this to Fig 1 since I
think this information is helpful for interpreting the experiments throughout the paper



2. Figure S3: Electron density map (2Fo-Fc?) and sigma contour should be stated
3. Figure S8: a mapping of the mutations onto a dsRBD structure would be helpful
4. Figure S9: Referenced out of order in the text
5. Figure S10-14: I find the star marking the position of the mutation in the dsRBD domain to be a
little confusing because a single star is used to denote multiple different mutations in the
schematic. I would try to clarify this with labeling of the mutation or the use of different symbols.
Also labeling in panels and figure legend are not consistent in Fig S10, S11, .
6. line 539 should refer to figure 1F and not 1E

Reviewer #2 (Remarks to the Author):

This article describes biochemical and functional studies of the murine protein Staufen2, in 
particular with respect to the mRNA binding capacity of its two domains dsRBDs 1 and 2. These 
domains had been reported previously not to bind RNA, while the RNA-binding capacity of Staufen 
had been attributed exclusively to dsRBDs 3 and 4. Using EMSA, SPR and NMR, the authors 
demonstrate that dsRBDs 1-2 also contribute to RNA binding. This conclusion is fully supported by 
the experiments and unquestionable. However, I have many problems with the quantitative 
interpretation of nearly all experiments and cannot recommend publication of this article in the 
present form. In details:

1. The EMSAs of Figure 1 show that SRS2, and SRS2+5 are shifted in two distinct bands
depending on the protein concentration by both dsRBDs 1-2 and dsRBDs 3-4. This “double shift”
cannot be recapitulated by the subsequent binding of the two dsRBDs present in each construct, as
an intermolecular binding of the second domain of the tandem dsRBDs, following the binding of the
first domain, should not depend on the concentration of the protein. The authors do not comment
on this.
2. On line 459, the line broadening of the NMR signals is interpreted in terms of sliding of the
protein on the RNA. This is not in agreement with the localization of the line broadening to the last
four base pairs (line 436-437). If the protein slides along the long stem of SRS2+5, thus
contributing an entropic factor to the binding energy, and if this sliding translates into imino line
broadening, why should 4 base pairs at the terminus be preferentially affected?
3. A 7 base pair stem is considered to be the minimum sequence that binds the tandem dsRBDs.
However, the SPR experiments were performed on a much longer sequence, which then potentially
contains multiple binding sites. I would believe the conclusions from the following SPR experiments
much more if they had been performed on this minimal construct rather than on the longer SRS*
or SRS2+5 constructs.
4. The binding curves of dsRBDs 1-2 and dsRBDs 3-4 to the SRS* and SRS2+5 RNAs show a two-
site binding behavior. Later (line 710-713), it is suggested that these two events correspond to
RNA binding of the first and the second dsRBD in the tandem construct. This is surprising, as
binding of tandem domains to a tandem substrate (the RNA) should not depend on protein
concentration. The local concentration of the second binding event depends only on the saturation
of the first binding event. These two binding events may represent the binding of two copies of
dsRBDs 1-2 or dsRBDs3-4 to the RNA. The meaning of the two binding events is not discussed in
the article and the suggestion of line 710-713 is in my opinion wrong. The same is true for the
interpretation of the Hill coefficient of 1.7 as a cooperative behavior of the four domains belonging
to the same protein. What excludes some “cooperativity” between two protein copies? In addition,
interpreting the Hill coefficient as a sign of cooperativity is an oversimplification of more
complicated, case-specific models. The authors should apply these models to interpret the binding
curve, considering that the local concentration of the second, third and fourth dsRBD is influenced
by binding of the first one. This might be very complicated; on the other hand a wrong over
simplification is not of much help.



5. In the NMR analysis of isolated dsRBD1 and dsRBD2 domain it is noticed that dsRBD1 is present
in several different conformations. From the text it remains unclear whether this conformational
multiplicity is present also in the tandem dsRBDs 1-2 construct. Inspection of Fig. S6 and
comparison with Figure 2 shows that this is indeed the case. Nevertheless, on line 539 it is written
“Interestingly, for dsRBD1 less line-broadening is observed for imino signals at a protein:RNA ratio
of 1:0.5. This indicates that the two dsRBDs bind the RNA with different dynamics and possibly
reduced affinity….” I am surprised of such an observation. The authors seem to forget that, if the 
protein is present in different conformations, only one of these conformations is competent for 
binding (as shown also in Fig. 2A), thereby reducing the effective protein concentration!!!! The 
observation that differential line broadening at the same RNA:protein ratio indicates different 
dynamics is, in this context, simply wrong.
6. On the same pace, the RNA binding activity of dsRBD1 and dsRBD2 are compared on line 545-
573. This paragraph ignores that the multiple conformations observed for dsRBD1 may be an
artifact of the truncated construct. The presence of these multiple conformations diminishes the
binding-competent concentration of protein. Thus, it remains unclear whether the very weak
binding activity of dsRBD1 is a property of dsRBD1 in the context of the full protein.
7. Discussion of dsRBD1 mutations, line 591 to 613. Which should be the mechanism by which the
length of the RNA compensates a mutation in the canonical RNA binding site of a dsRBD?
8. The dsRBD2 mutation H169A has a more dramatic effect on RNA binding than F157A when
tested in the dsRBDs 1-2 construct. However, this mutation becomes less deleterious than F157A
when seen in the context of the dsRBDs 1-4 and together with the F40A mutation. Why?
9. The ability of mStau2 to complement DmStau is only moderate. In light of this, I wonder how
significant the functional assays of Fig. 6 are. Clearly, this moderate complementation ability may
indicate that the mode of recognition of mStau2 versus the DmRNA might differ from the native
one. In this context, what are the experiments with the mutant mStau2 telling us?



Reviewer #1 (Remarks to the Author)

         

 

 

 

 

 

 

           

          

           

         

            

           

       

        

 

              

 

 

 

          

  

 



While we 

cannot exclude specificity of dsRBDs for certain sequence motifs, we found no 

experimental evidence for such an assumption. Our data rather suggest that the 

Stau2 protein recognizes its RNA target in a structure- and not sequence-

dependent manner. Likely scenarios for the specificity reported in vivo include the 

recognition of combinations of secondary structure elements or a contribution of 

cofactors.



suggesting that 

both domains bind the RNA simultaneously and rather independently



The observed mild rescue 

however indicates differences between the two proteins regarding their 

specificities for target RNAs or cofactors. Also the dsRBD1-5 of the house fly 

(Musca domestica) Stau failed to rescue all aspects of oskar mRNA localization 

(Micklem et al, 2000). It will be interesting to see the basis of these functional 

differences in future experiments.

Minor comments: 



Reviewer #2 (Remarks to the Author):





With the 

shorter SRS2 stem-loop RNA, all imino signals are observable at equimolar 

RNA:protein ratio. Line-broadening for the imino signals in the base pairs at the 

bottom of the stem suggests this as a main interaction region. In contrast, the 

17 bp stem of SRS2+5 allows for significant sliding as reflected by the severe line-

broadening observed for all imino signals in the base pairs of the stem upon 

protein binding.”



Our 

comparison of RNA binding affinities of single domains and tandem domains 

bearing mutations suggest that the first binding event with moderate affinity is 

achieved by the second dsRBD in each tandem domain, namely dsRBD2 and 

dsRBD4

per se

Nat Struct Mol Biol



Whether this cooperativity arises from 

interactions of individual dsRBDs within one protein or from protein-protein 

interaction between different molecules cannot be determined. The previously 

reported dimerization of Stau148, suggests that Stau2 might also form oligomers. 

We did, however, not detect oligomerization of Stau2 by SEC-SLS 

(Supplementary Figure 6) and thus consider cooperativity by intermolecular 

interactions unlikely.



Note, that there are two 

sets of signals observed for dsRBD1, where only one set is affected by RNA 

binding. The second set of signals may reflect the presence of an alternate 

conformation of a region of dsRBD1

This indicates that in the context of the tandem domains the 

structures of the individual dsRBDs 1 and 2 are not altered and do not significantly 

interact with each other.”

Interestingly, for dsRBD1 less line-

broadening is observed for imino signals (Figure 3B). This indicates that the two 



dsRBDs bind RNA with different binding kinetics and suggestive of reduced 

binding affinity of dsRBD1 compared to dsRBD2.



oskar

oskar

in vivo

in vitro

The observed mild rescue however indicates differences between the two 

proteins regarding their specificities for target RNAs or cofactors. Also the 

dsRBD1-5 of the house fly Stau (Musca domestica) failed to rescue all aspects of 

oskar mRNA localization (Micklem et al, 2000). It will be interesting to see the 

basis of these functional differences in future experiments.

While we cannot exclude specificity of dsRBDs for certain sequence motifs, we 

found no experimental evidence for such an assumption. Our data rather suggest 

that the Stau2 protein recognizes its RNA target in a structure- and not sequence-

dependent manner. Likely scenarios for the specificity reported in vivo include the 

recognition of combinations of secondary structure elements or a contribution of 

cofactors



REVIEWERS' COMMENTS:

Reviewer #1 (Remarks to the Author):

The authors have made all appropriate modifications to their manuscript and I now support its 
publication.

Reviewer #3 (Remarks to the Author):

As noted by Reviewers 1 and 2, this manuscript establishes that all 4 dsRBDs of Staufen, and not 
just dsRBD3 and dsRBD4, contribute to RNA binding in vitro and provide evidence that they also 
contribute to function in vivo. Thus, this work provides a significant contribution to understanding
Staufen function and will be very useful for the field. Both reviewers asked for extensive 
clarifications, and in particular reviewer 2 was concerned about the quantitative interpretation of 
the experiments. For the most part, the authors have made reasonable responses to the criticisms. 
However, in my opinion, much of the problem that the previous reviewers had stems from the lack 
of rigour in how results are described (imprecise wording and in some cases incorrect English 
language usage), and figures that are not always clear. These problems remain in the revised 
manuscript. I suggest that the manuscript be carefully edited for clarity and accuracy in language 
so that this paper has the impact that the data warrant; some suggestions follow:

1. Some examples of problems with the figures:
Figure 1C (described on page 6) compares the imino spectra of free SRS2 and a 1:1 complex with 
Stau2 dsRBD 1-2. First, binding of the protein would be expected to broaden the lines simply from 
the increase in MW. There can be additional line broadening from chemical exchange (although 
one doesn’t expect too much change in the iminos for a dsRBD since the contacts are mostly to 
the backbone). The authors say that some peaks are more broadened than others, but this is 
simply impossible to see from the way the spectra are plotted, we have to take their word for it. 
The spectra could be plotted over a narrower chemical shift range (i.e. to 13.8 ppm) and twice as 
high and also the linewidths could be reported.
Also, why are the chemical shift scales labeled differently in Fig 1c and Fig 1f (right)? What is the 
top black line of noise?
Figure 1f and 3 a,c: The superimposed HSQC’s are plotted with the contours all blurred into solid 
peaks, such that it is impossible to see the changes wherever peaks stack on each other.
SI figs: It is almost impossible to read the nucleotide labels in SI Fig 1A, SI Fig 5, etc. Also, SI Fig 
4, why are there giant numbers on the side of the sequence?
These suggestions may seem picky, but it gives the reader a sense of sloppiness that may extend 
to the data analysis and interpretation.

2. On page 7, the SRS2+5 is described as 17 bp, by my count it is 18 plus possibly a loop bp.

3. Also on page 7: The authors conclude (line 194-195) that “a stem of 7 bp appears to be the 
minimal length required for recognition by mStau2 tandem domains.” This doesn’t make sense to 
me. The dsRBD binds successive minor, major, minor grooves on one face of an RNA helix, so the 
minimum binding site has to be ~15 bp. Please clarify.

4. Abstract: How can RNA binding by tandem domains be transient, while all four dsRBDs 
recognize their target RNAs with high stability, as stated in the abstract. I strongly suggest to 
rewrite this sentence. The dsRBD1-2 mutant mStau2 referenced in the abstract does not convey 
much information; why not say mStau2 dsRBD1-2 with mutations that abolish binding….??

5. Regarding the response to Reviewer 2, point 1: I agree with the reviewer that a comment on 
the supershift needs to be made (as least to acknowledge that it is there), especially as it is 
consistently seen in other EMSAs.



6. Regarding the response to Reviewer 2, point 2: It might be worth noting that since you are 
using a hairpin, the dsRBD probably doesn’t slide off the hairpin end of the RNA but rather is 
stopped there, which can explain the differential line broadening.

7. Regarding the response to Reviewer 2, point 5: If the doubled peaks are due to something like 
cis-trans isomerization, shouldn’t the equilibrium be shifted to the bound conformation as protein 
is added?

8. I found the discussion of the putative mStau2 binding sites somewhat confusing. Do the authors 
think dsRBD1-2 binds one stem-loop and dsRBD 3-4 binds a second stem loop? Or do both bind to 
one long stem-loop?
In this regard, it might improve the discussion to compare how dsRBDs bind to dsRNA stem-loops 
in other examples in the literature.  



Reviewer #1 (Remarks to the Author):

Reviewer #3 (Remarks to the Author): 
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