
Magn. Reson. Discuss.,
https://doi.org/10.5194/mr-2020-26-AC2, 2020
© Author(s) 2020. This work is distributed under
the Creative Commons Attribution 4.0 License. DiscussionsO

pe
n 

A
cc

es
s

Interactive comment on “Phosphoserine for the
generation of lanthanide binding sites on proteins
for paramagnetic NMR” by
Sreelakshmi Mekkattu Tharayil et al.

Sreelakshmi Mekkattu Tharayil et al.

gottfried.otting@anu.edu.au

Received and published: 30 November 2020

We are grateful for the insightful comments and identifying errors.

Comment 1: The authors should comment that the axial anisotropies of the proposed
tag attached to ubiquitin with a single phosphoserine mutation are significantly smaller
than those of other previously proposed rigid tags (more than a factor 2 for Tb probes,
more than a factor 5 for Tm), and should discuss the origin of this difference.

Response: The same point was picked up by Marcellus Ubbink and our response is
copied here.
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Indeed, the difference in DeltaChi tensors obtained with Tm3+ and Tb3+ was
larger than expected for the single-Sep mutants (but not for the GB1 mutant
A24Sep/K28Sep). We observed previously that the ratio between the axial tensor com-
ponents of these two ions can vary between different tags and even for the same tag at
different sites of a protein (C.-T. Loh, B. Graham, E. H. Abdelkader, K. L. Tuck, G. Ot-
ting (2015) Generation of pseudocontact shifts in proteins with lanthanides using small
"clickable" nitrilotriacetic acid and iminodiacetic acid tags Chem. Eur. J. 21, 5084-
5092). These differences are not an artifact of fitting the tensors for Tm3+ and Tb3+
independently, as the fits yielded very similar coordinates for both metal ions. We do
not understand the origin of these effects. It would help, if the effect of the ligand field
could be predicted by quantum-mechanical calculations, but we were told by experts
in the field that this is prohibitively difficult for lanthanide ions.

In the revised version, we propose to add the following paragraph in line 371: “The
DeltaChi tensors obtained with Tm3+ instead of Tb3+ ions were unexpectedly low for
the single-Sep mutants, but not for the GB1 mutant A24Sep/K28Sep. We observed
previously that the ratio between the DeltaChi_axial components of these two ions can
vary between different tags and even for the same tag at different sites of a protein
(Loh et al., 2015). These differences are not an artifact of fitting the tensors for Tm3+
and Tb3+ independently, as, with the exception of ubiquitin E18Sep, the fits converged
to very similar metal positions (Tables 1 and 2). We do not understand the origin of
different magnitudes of Chi-tensor anisotropies for Tm3+ and Tb3+ ions. In addition,
much larger DeltaChi tensors have been reported for sterically rigid cyclen tags (Joss
and Häussinger, 2019), suggesting that a rigid ligand field promotes large DeltaChi
tensors.”

Comment 2: The tensor for the GB1 K10D/T11Sep(Tb3+) should be reported with an
axial component of -33.7 and a rhombic component of 14.7 to fulfill the axis labeling
convention providing a rhombic component up to 2/3 of the axial component in abso-
lute value. If the authors prefer to report the tensor as in Table 1, they should at least
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explain why. In any case, the tensor anisotropy is surprisingly large considering that
the measured pcs span a range smaller than that measured for ubiquitin, and surpris-
ingly rather rhombic. In the double phosphoserine K10Sep/T11Sep (Tb3+) mutant, the
measured values of the pcs span a range which is roughly double, but the tensor is
less than half with respect to that of K10D/T11Sep(Tb3+). Please, double check that
no mix-up of data has occurred.

Response: Thank you for alerting us to this typo. The correct numbers for
DeltaChi_axial and DeltaChi_rhombic are 7.3 and 1.6, respectively.

Comment 3: Can you comment on the reason of the different sign of the tensor ax-
ial components between K10Sep/T11Sep(Tb3+) and A24Sep/K28Sep(Tb3+)? On the
other hand, the sign of the axial components of Tb and Tm are usually opposite. Why
are they the same in A24Sep/K28Sep.

Response: We do not understand the reason for the sign change in the tensor for Tb3+
between the K10Sep/T11Sep and A24Sep/K28Sep mutants. We double-checked and
couldn’t find an error. The signs were indeed wrong for the Tm3+ tensor associated
with GB1 A24Sep/K28Sep(Tm3+): the correct values for the axial and rhombic com-
ponents are -15.5 and -2.5, respectively.

In the revised version, we will display the isosurfaces also for Tm3+ in Figures 2, 3
and 4 to illustrate the degree of orthogonality of the tensors between Tm3+ and Tb3+
(revised Figures attached).

Comment 4: Minor points: Pag.2, line 1: “As lanthanide ions display particularly large.
. .” not all lanthanoids, only some of them! Pag. 2, line 2: “While paramagnetic
lanthanide ions generate paramagnetic relaxation enhancements (PRE) in the protein
irrespective of metal mobility” This sentence may be read that PREs do not depend on
mobility, which is slightly inaccurate, because internal mobility changes the correlation
time of dipole-dipole relaxation (see Fragai et al. Coord. Chem. Rev. 2013, 257, 2652
for a thorough discussion). Please, clarify this point. Caption to Fig. 3: please indicate
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all panel letters.

Response: In the revised version, we propose the following changes. Page 2, line 1:
“As many lanthanide ions display particularly large. . .” Page 2, paragraph 2: “Paramag-
netic lanthanide ions always generate paramagnetic relaxation enhancements (PRE)
in the protein, which vary relatively little with minor movements of the metal ion. In con-
trast, PCSs can decrease dramatically if the lanthanide complex reorientates relative
to the protein.”
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Fig. 1. revised Table 1
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Fig. 2. revised Table 2
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Fig. 3. revised Figure 2
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Fig. 4. revised Figure 3
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Fig. 5. revised Figure 4
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