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Suppl. Figure 1: Time-dependent changes in anisotropy upon binding of RNA to Hera 

 

 

A 3’-fluorescein-labeled 9mer RNA (500 nM) exhibits a low fluorescence anisotropy of r = 
0.025 due to rapid rotational motion. The anisotropy increases to r = 0.085 when addition of 
1 µM 32mer RNA allows for duplex formation, leading to slower rotational tumbling. 
Addition of 1 µM Hera and formation of the Hera-32/9mer complex caused an instantaneous 
increase in anisotropy to r = 0.135, justifying a 2 min equilibration time in anisotropy 
titrations. Measurements were performed in 50 mM Tris pH 7.5, 150 mM NaCl, 5 mM MgCl2 
at 25°C. Fluorescence was excited at 495 nm and detected at 530 nm. 
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Suppl. Figure 2: Binding of RNA to Hera and Hera domains 
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(A) Comparison of Kd values of 32mer RNA complexes of Hera_RBD, Hera_370-510 (DD, 
RBD), Hera_core and Hera_208-419 (RecA_C, DD) with full-length Hera. The values are 
consistent with the RBD as the major RNA binding platform in the absence of ATP. The core 
contributes to RNA binding, but the DD does not. Measurements were performed in 50 mM 
Tris pH 7.5, 150 mM NaCl, 5 mM MgCl2 at 25°C with 50 nM 5´-fluorescein-labeled 32mer 
RNA. Fluorescence was excited at 495 nm and detected at 530 nm. 
(B) Stoichiometric titrations of the 5´-fluorescein-labeled 32mer (5 µM) with Hera and 
Hera_RBD. The broken lines indicate the lower and upper limit of the equivalence points. 
The data support a 1:1 stoichiometry of RNA binding to the RBD and to Hera (one RNA 
molecule per Hera protomer). Measurements were performed in 50 mM Tris pH 7.5, 150 
mM NaCl, 5 mM MgCl2 at 25°C. Fluorescence was excited at 495 nm and detected at 530 nm. 
(C) Electrophoretic mobility shift assay of 32mer and 21mer binding to Hera_RBD, and 
quantification of the RNA fraction bound. Samples were incubated in 50 mM Tris/HCl, pH 
7.5, 150 mM NaCl and 12% (v/v) glycerol at 25°C for 30 min prior to gel electrophoresis. The 
numbers below the lanes indicate the protein concentration in µM. The RNA concentration 
was 6 µM. The Kd values can be estimated to ~7 µM (32mer) and ~23 µM (21mer).  
(D) Isothermal calorimetric titration of the 21mer RNA with Hera in 50 mM Tris pH 7.5, 150 
mM NaCl, 5 mM MgCl2 at 25 °C. 20 µM 21mer RNA in the cell was titrated with Hera_RBD 
(400 µM). The injection time was 20 s, with 300 s equilibration time between injections. The 
lack of an initial baseline precludes quantification of the Kd value, but it can be estimated to 
~ 40 µM, consistent with the value determined by EMSA (panel C) and NMR (see main text). 
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Suppl. Figure 3: Complete assignment of 1H,15N-HSQC spectrum, and changes in chemical 

shifts upon binding of different RNAs. 

 

 
 
(A) Complete assignments for the backbone amide groups of the Hera-RBD in its free form. 
Shown is the 1H,15N-HSQC spectrum recorded at 37°C with all assignments indicated. The 
two signals for the single side chain amide group of Q457 are connected by a horizontal line 
and labeled as Q457sc. The signal of the side chain amide group of W435 is labeled as 
W435sc. Unassigned arginine side chain signals which are folded into the spectrum are 
labeled as sc. 
(B) Overlay of the 1H,15N-HSQC spectra of the free RBD (black) and spectra in the presence of 
5mer (dark blue), 19mer (red), 21mer (light blue), and 21mer_mod RNA (green). The 
directions of the chemical shift changes are indicated by the arrows. Spectra were measured 
in 25 mM Bis-Tris/HCl, pH 6.0, 50 mM NaCl, 10% (v/v) D2O at 37°C. The Hera_RBD 
concentration was 100 µM. 
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Suppl. Figure 4: NMR and CD analysis of RBD secondary structure  

 
 

 
(A) Influence of 21mer RNA binding on secondary structure propensities in the Hera-RBD. 
Shown are the results of a PECAN-analysis of the backbone chemical shifts (HN,NH, CO, CA, 
CB) for the free protein (black) and protein bound to the 21mer RNA (red). Light blue lines 
indicate the positions of secondary structure elements as observed in the X-ray structure. 
Spectra were measured in 25 mM Bis-Tris/HCl, pH 6.0, 50 mM NaCl, 10% (v/v) D2O at 37°C. 
(B) Far-UV CD spectra of Hera_RBD (black), 32mer RNA (red), and the RBD/32mer RNA 
complex (blue). Spectra were measured with 10 µM protein in 50 mM potassium phosphate 
buffer, pH 7.5 at 25°C. 
(C) The spectrum of the RBD/RNA complex (blue) is identical to the sum of the individual 
spectra (purple), indicating that RNA binding does not induce secondary structure formation. 
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Suppl. Figure 5 : The affinity of Hera_RBD for the GGGC-RNA is independent of the C-tail 
 
 

 
 
 
Fluorescence anisotropy titration of a 5’-fluorescein-labeled GGGC-RNA with (A) Hera_RBD 
and (B) Hera_RBD_∆C-tail. The Kd values for the RNA/RBD complexes are 8 µM in the 
absence and 11 µM in the presence of the C-tail, indicating that the C-tail does not 
contribute to binding of this RNA. The Kd value for the RBD/GGGC complexes are virtually 
identical to the Kd value of the Hera_RBD_∆C-tail/32mer complex (13 µM, cp. Figure 2, main 
text). These data are in-line with the core of Hera_RNA binding the GGGU sequence in the 
single-stranded region of the 32mer RNA, and the ∆C-tail contacting the hairpin. 
Measurements were performed with 50 nM RNA in 50 mM Tris/HCl, pH 7.5, 150 mM NaCl 
with GST-Hera_RBD at 25°C. Fluorescence was excited at 495 nm and detected at 530 nm. 
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Suppl. Figure 6: Structural features of RBD-bound RNA 
 

 
 
(A) Imino proton region of a 1D-1H-spectrum of the free 21mer RNA. 5 signals with chemical 
shifts typical for imino protons of Watson-Crick base pairs are visible and their NOE-based 
assignment is given. (B) Overlay of the imino group region of the 1H,15N-HSQC of 15N-
guanine-labelled 21mer RNA bound to unlabelled Hera-RBD with a 15N-decoupled 1D-1H-
NMR-spectrum of the RNA/protein-complex and a 15N-selected-1D-1H-NMR-spectrum of 
21mer RNA bound to 15N-labelled Hera-RDB  
(B) Comparison of the three spectra shows that of the 10 signals observed in this spectral 
range three belong to protein backbone amide groups (red spectrum). Two are not 
correlated to 15N-nuclei when either 15N-labelled RNA or 15N-labelled protein is used and 
therefore most likely belong to protein OH-groups. NOESY-spectra suggest that these signals 
belong to two protein tyrosine residues. Five signals represent guanine imino groups of the 
bound RNA. Four of these signals have chemical shifts typical of guanine imino groups in 
Watson-Crick-base pairs and belong to the helical stem of the 21mer RNA which is still 
present when the RBD is bound. The fifth signal (red arrow) belongs to a hydrogen-bonded 
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guanine not in a canonical base pairing interactions. Moreover, this signal is not observable 
in the free RNA (not shown). Thus, this signal corresponds most likely to a guanine 
interacting directly with the protein via hydrogen bonding in agreement with the binding 
mode for Gua2 in the X-ray structure of the Hera-RBD in complex with 5’-GGGC-3’.  
(C) Comparison of 1D- and 15N-filtered 1D-spectra of the free RBD show that the two signals 
belonging to OH-groups are already observable in the free protein and that their protection 
from exchange is not caused by RNA-binding. All spectra were measured in 25 mM Bis-
Tris/HCl, pH 6.0, 50 mM NaCl, 10% (v/v) D2O at 37°C. 
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Suppl. Figure 7: RNA unwinding by Hera 
 

 
(A) Unwinding of the 32/9mer RNA substrate (0.5 µM, containing a 3’-fluorescein-9mer) by 
Hera (5 µM) in the presence of 5 mM ATP. The unwinding reaction was stopped at different 
time-points, and double-stranded substrate and single-strand released were separated by 
native PAGE. Quantification of the fraction of RNA unwound (bottom panel) reveals that 
Hera unwinds the 32/9mer RNA substrate with a rate constant of 0.012 s-1. 
(B) Unwinding of a donor/acceptor-(Cy3/Cy5)-labeled 32/9mer RNA substrate (0.5 µM), 
followed by a reduction in acceptor fluorescence due to a loss of FRET upon release of the 
single strand. Cy3 fluorescence was excited at 554 nm and Cy5 fluorescence detected at 666 
nm. Hera (5 µM) unwinds the 32/9mer RNA substrate with a rate constant of 0.017 s-1 (plus 
a slower phase with k = 0.003 s-1) in the presence of 1 mM ATP (black, arrow). No unwinding 
(above background) is detected in the presence of 1 mM ADPNP (cyan).  
(C) Unwinding of the 32/9mer RNA substrate (50 nM 9mer, 1 µM 32mer) followed by 
fluorescence anisotropy of a fluorescein attached to the 3´-end of the 9mer. Fluorescence 
was excited at 495 nm and detected at 530 nm. In the 32/9mer RNA the anisotropy is 0.103. 
Addition of 500 nM trap RNA (unlabeled 9mer) leads to a slight decrease in anisotropy. 
Formation of the Hera-32/9mer -complex results in an anisotropy of r = 0.115. After ATP 
addition (4 mM, arrow), the anisotropy decreases due to release of the 9mer upon duplex 
unwinding. ADPNP (4 mM) does not support unwinding (cyan). The half-life of the unwinding 
reaction is ca. 45 s, corresponding to a rate constant of unwinding of ca. 0.015 s-1. 
 
All reactions were performed in 50 mM Tris pH 7.5, 150 mM NaCl, 5 mM MgCl2 at 25°C in the 
presence of a 10-fold excess of non-labeled trap strand to ensure single turnover conditions. 
The similar rate constants of unwinding and the lack of unwinding in the absence of ATP (not 
shown) and in the presence of ADPNP in all three assays confirm that these methods report 
on duplex unwinding.  
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Supplementary Table 1: Hera_RBD/RNA interactions.  
 
RNA Hera_RBD  Dist. (Å), or # Type 

Gua1 base Lys463 side-chain  vdW 
Gua1 base Gly462 amide  vdW 
Gua1 N1 Glu432 Oε2 3.0 H-bond 
Gua1 N2 Glu432 Oε2 3.3 H-bond 
Gua1 O6 Thr430 Oγ1 3.5 Weak H-bond 
    
Gua2 base Leu447  vdW 
Gua2 ribose Val451  vdW 
Gua2 OP2 Lys455 Nζ 3.5 Charged H-bond 
Gua2 N1 Val461 O 3.1 H-bond 
Gua2 N1 Gly462 O 2.8 H-bond 
Gua2 N2 Gly462 O 2.8 H-bond 
Gua2 O6 Lys463 N 2.8 Weak H-bond 
    
Gua3 base Lys455 side-chain  vdW 
Gua3 base Gly456  vdW 
Gua3 ribose Pro448  vdW 
Gua3 ribose Ala452  vdW 
    
Pyr4 base Ala452  vdW 
Pyr4 base Leu453  vdW 
Pyr4 base Arg449 side-chain  vdW 
Pyr4 O2 Arg449 Nη1 2.7 H-bond 

H-bond: hydrogen bond, vdW: van der Waals interactions. Only significant vdW interactions 
are listed. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


