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Reveal the Mechanism of Histidine Guanylylation
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Figure S1. Stereo views (wall-eyed) of the active site of RtcB complexes (subunit A). Blue mesh
represents 2F, — F, density of the refined model contoured at 1.0 c. (4) The RtcB/Mn(Il)

complex. (C) The RtcB/GTPaS/Mn(II) complex. (D) The RtcB-GMP/Mn(Il) covalent
intermediate.
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Structure-Guided Mutagenesis of the Guanylate-Binding Pocket. Eight residues of RtcB
were found to interact with GMP. Alanine-scanning mutagenesis of these residues revealed their
importance for RNA ligation activity. To assay for RNA ligation, two single-stranded 10-nt
RNA fragments were used as substrates in ligation reactions. The 5" RNA fragment had a 3'-P
and a 6-carboxyfluorescein (FAM) label at the 5’ terminus. The 3" RNA fragment had hydroxyl
groups at each terminus. Each of the eight RtcB variants tested were inactive in our ligation
assays, consistent with a previous report." The essentiality of these residues is also suggested by
their strict evolutionary conservation, with the exception of Phe204, which is substituted with
tyrosine is some species.” These assays also showed that RtcB can use dGTP as cofactor,
although ligation activity is reduced substantially.

RNA Ligation Assay. Ligation assays with single-stranded RNA as the substrate used two 10-nt
oligonucleotides that were synthesized by Integrated DNA Technologies.” The 5' RNA fragment
had a 6-carboxyfluorescein (FAM) label on its 5’ end and was phosphorylated on its 3" end. The
3" RNA fragment had hydroxyl groups on each end. The sequence of the 5’ fragment was FAM—
5'-AAAUAACAAA-3"-P and the sequence of the 3' RNA fragment was 5'-~AAAUAACAAA-3'.
Ligation reactions were performed in 10-pL solutions consisting of 50 mM Bis—Tris buffer, pH
7.0, containing NaCl (300 mM), MgCl, (0.25 mM), GTP (100 uM), each RNA fragment (1 uM),
and RtcB (10 uM). Reaction mixtures were incubated at 70 °C for 1 h prior to the addition of
water (40 pL) and RNA-loading buffer (50 pL). Reaction mixtures were subjected to
electrophoresis and visualized as described previously.
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Figure S2. Coomassie-stained SDS—polyacrylamide gel showing purity of RtcB variants.
Approximately 4 nug of recombinant RtcB was loaded in each lane. The identities of the variants
are indicated at the top and the molecular weight (kDa) is indicated on the left.
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Figure S3. RNA ligation assays using variants of RtcB in which GMP-interacting residues have
been replaced with alanine. RtcB is also able to use dGTP as a cofactor, though the ligation
efficiency is reduced greatly. The ligase substrates are two 10-nt single-stranded RNAs. The
5" RNA fragment is labeled with FAM to allow visualization in a urea—polyacrylamide gel; the
3" RNA fragment has hydroxyl groups at each terminus.

Table S1. Data Collection and Refinement Statistics“

RtcB/Mn(ll) RtcB/GTPaS/Mn(ll) RtcB—GMP/Mn(ll)
Data collection
Space group P2,2:2; P2,2:2; P2,2:2;
Cell dimensions 81.04, 137.70, 149.01 81.11, 138.91, 149.47 81.11, 138.91, 149.47
a, b, c(A)
Radiation Source 21-ID-F APS 21-ID-G APS 21-ID-G APS
Wavelength 0.97872A 0.97857A 0.97857A
Resolution (A) 49.49-2.34 A (2.43-2.34)  49.75-2.30 A (2.39-2.30) 49.75-2.4 A (2.48-2.40)
Rgym OF Rinerge 0.110(0.832) 0.148(0.842) 0.139(0.990)
Mean [ /sl 10.34(2.22) 9.13(1.40) 11.37(2.15)
Completeness (%) 99.16(93.41) 97.44(78.50) 99.25(92.40)
Redundancy 7.1(6.8) 7.1(4.7) 7.2(6.8)
Refinement
Resolution (A) 49.49-2.34 A (2.43-2.34)  49.75-2.30 A (2.39-2.30) 49.75-2.4 A (2.48-2.40)
Unique reflections 70143(6530) 73441(5841) 66436(6089)
Ryork / Riree 0.156/0.194(0.192/0.249)  0.165/0.205(0.257/0.286) 0.152/0.192(0.211/0.267)
B-factors (A%
Protein 18.2 323 34.8
Solvent 24.5 374 40.6
Ramachandran plot  96% favored 96% favored 97% favored
R.M.S. deviations
Bond lengths (A) 0.013 0.017 0.015
Bond angles (°) 1.510 1.622 1.482
Protomers 2 2 2
Protein residues 960 960 960
Heteroatoms 2 Mn(II) ions 4 Mn(II) ions 4 Mn(II) ions
13 sulfates 2 GTPaS 1 GMP
2 sucrose 19 sulfates 19 sulfates
416 waters 2 sucrose 2 sucrose
398 waters 551 waters
PDB ID 4isj 4isz 4it0

“Values in parentheses are for highest-resolution shell.



Supporting Information

References

1. Englert, M. et al. (2012) Structural and mechanistic insights into guanylylation of RNA-
splicing ligase RtcB joining RNA between 3'-terminal phosphate and 5'-OH, Proc. Natl.
Acad. Sci. U.S.A. 109, 15235-15240.

2. Popow, J. et al. (2010) HSPC117 is the essential subunit of a human tRNA splicing ligase
complex, Science 331, 760-764.

3. Desai, K.K., and Raines, R.T. (2012) tRNA ligase catalyzes the GTP-dependent ligation
of RNA with 3’-phosphate and 5’-hydroxyl termini, Biochemistry 51, 1333—1335.




<<
  /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


