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The Hennig group employs several structural biology methods 
(NMR, X-ray, small-angle scattering and cryo-EM) to 
investigate the molecular mechanisms underlying translation 
regulation and ribonucleoprotein complex assembly. In 
addition, they have a special interest in developing and 
improving methods for integrated structural biology. 
Biologically, the Henning group focusses on unraveling the 
molecular basis for the recognition of mRNA by RNA binding 
proteins (RBPs). In that light, the group studies how the 
binding specificity and affinity of RBPs change when multiple 
RNA binding domains are present in a single protein.   
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Figure 6. (A) Filter binding experiments of MLEfl-dsRBD mutants with SL7 RNA. Error bars represent standard deviation of two experiments. (B) En-
richment of GFP-MLE and its mutants on X chromosome territory is shown. Error bars represent standard deviations for two independent biological
replicates. (C) Representative images of analyzed cells for quantification of enrichment of GFP-MLE in X chromosome territory is shown. DNA counter-
staining with DAPI and immunostaining against GFP, MLE and MSL2 along with the merged image for GFP and MSL2 channel is shown. n1 and n2 are
the number of cells analyzed in two independent biological replicates respectively. The white scale bar in the DAPI channel image represents 5 !m.

precipitated from whole cell extracts using an anti-GFP an-
tibody. The fraction of bound roX2 was quantitatively de-
termined by RT-PCR using primers targeting either the 5′

end (SL3) or the 3′ end (SL7) of roX2. Extracts from non-
transfected S2 cells (mock) served as negative control ex-
cluding non-specific sticking of RNA to beads. The analysis
was complicated by the fact that dsRBD mutants were more
strongly expressed than wild type MLE after the required
expansion of the stable cell lines, precluding a direct com-
parison of mutant and wild type helicase. Previously, the
dsRBD2 mutant K225E showed severely diminished roX2
binding in an analogous experiment (19). In the current ex-
periment (involving newly generated stable lines) this mu-
tation also shows reduced roX2 binding and thus serves

as a reference (Supplementary Figure S10B, C). The addi-
tional mutation of K54E did not lead to further decreased
roX2 binding. Furthermore, MLE mutated in K54E alone
(which was expressed to similar levels as K225E; see Sup-
plementary Figure S10B), or in combination with K53E im-
munoprecipitated roX2 much better. We conclude that the
main determinants of roX2 binding in cells are located in
dsRBD2, in agreement with earlier work (18,19).

A functional MSL complex localizes to the X chromo-
some territory and can be easily identified by MSL2 im-
munostaining (47). The colocalization of MLE with this ter-
ritory depends on the interaction with roX. Previously, it
had been shown that deletion of dsRBD1 partially impairs
MLE binding to the X chromosome (20). To determine if
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Figure 3. NMR ensemble of 10 lowest energy structures generated by backbone superposition of (A) dsRBD1 residue 1–84 and (B) dsRBD2 (residue 147–
259) in the MLE-dsRBD1,2 NMR structure. The N- and C-termini of the two domains are marked for clarity. Cartoon representations of (C) dsRBD1 and
(D) dsRBD2 are shown along with the labelled secondary structure elements. (E) Superposition of dsRBD2 (blue) backbone in the dsRBD1,2 ensemble
shows that dsRBD1 (green) does not adopt any fixed orientation relative to dsRBD1 owing to the lack of NOE’s between the two domains. Linker residues
are shown in grey. (F) Comparison of the solution structure of dsRBD2 presented in this work (blue) and the crystal structure of dsRBD2 as part of MLEcore
(PDB ID 5AOR) (magenta). The major difference is the orientation of helix !0 with respect to the dsRBD domain. However, our NMR relaxation data
and absence of NOEs between !0 and domain residues indicate that in the absence of other MLE domains this helix is dynamic.

titrations of dsRNA into tandem dsRBD1,2 domain (Sup-
plementary Figures S6, S7). As determined from filter bind-
ing experiments, the affinity of dsRBD1,2 for SL7 binding
was a modest 2-fold higher than the dsRBD2 alone sug-
gesting an additive effect between the two domains (Supple-
mentary Figure S7D). For deciphering the mode and speci-
ficity of dsRBD1,2 for roX2 binding, we performed 1H,15N-
HSQC NMR titrations with 4 different dsRNAs; three de-
rived from roX2 SL7 (cognate substrate of MLE; SL718mer,
SL723mer and SL714merLoop) and one derived from an unre-
lated dsRNA; UR23mer (Supplementary Figure S5). We var-
ied the length of roX2 SL7 RNA to study the effect of RNA
length on the binding affinity of dsRBD1,2-roX2 interac-
tion (SL718mer and SL723mer) and designed a minimal SL7
RNA consisting of the SL7 roX-box region fused to the api-
cal stem-loop of SL7 (SL714merLoop) to study whether the
SL7 apical loop has any effect on dsRBD1,2 interactions.

Titration of dsRBD1,2 with double stranded SL718mer,
SL723mer and UR23mer led to severe line broadening with
increasing concentrations of RNA. At equimolar or slight
excess of RNA concentrations, only peaks corresponding
to linker residues remained visible (Supplementary Figure
S7A–C). Thus, for these RNAs we could not determine
an affinity by NMR. As the exchange-broadened peaks
of dsRBD1,2 do not reappear at excess concentrations of
dsRNA, it is likely that the two dsRBD domains slide over
the dsRNA length as observed before in the case of TRBP
and Loqs-PD (26,55). To exclude the possibility that the

observed line broadening is caused by binding of multiple
dsRBD1,2 molecules to one dsRNA and a consequently
increased molecular weight of the complex, we performed
ITC experiments where binding of SL718mer to dsRBD1,2
showed a 1:1 stoichiometry (Supplementary Table S3, Sup-
plementary Figure S6). Furthermore, as both specific and
non-specific RNA’s lead to similar line broadening effects
in 1H,15N-HSQC spectra, we conclude that dsRBD1,2 does
not show any specificity towards the three different RNAs.

As both domains in the tandem dsRBD1,2 showed
line broadening upon binding to SL718mer, SL723mer and
UR23mer more likely due to the sliding motion of the pro-
tein along the RNA, we wondered whether the presence
of an apical loop as found in the cognate SL7 substrate of
MLE at one end of the dsRNA along with a slightly shorter
RNA would alter the binding properties of dsRBD1,2 to
RNA and circumvent line broadening in 1H, 15N HSQC
NMR titration experiments. To test this, we performed ITC
and NMR titrations with SL714merLoop dsRNA obtained by
fusing the SL7 roX-box with its apical loop. ITC titrations
showed that dsRBD1,2 bound to SL714merLoop with a sto-
ichiometry of 1:1 and a slightly better affinity of 4.7 "M
compared to dsRBD2 alone which bound with an affinity
of 5.9 "M (Supplementary Table S3, Supplementary Fig-
ure S6). In the NMR titrations, a few peaks exhibit line
broadening (e.g. Lys 4, Gly 250) (Figure 5A, S8) upon ad-
dition of slight excess concentration of SL714merLoop, sug-
gesting only minor or no sliding motion of dsRBD1,2. The

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article-abstract/47/8/4319/5364854 by U

niversitaetsbibliothek R
egensburg user on 05 July 2019

 
 

SFB 960-/BZR – Kolloquium 
 

Donnerstag, 11. Juli 2019, 14.00 Uhr  
H 53 

 

Biochemie-Zentrum Regensburg 


