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1.  Introduction 
 

Quinolinate phosphoribosyltransferase (QAPRTase) is 
an essential enzyme in the first step of NAD+ biosynthesis, 
catalyzing the transfer of the phosphoribosyl moiety from 
PRPP to QUIN to generate NAMN. Here, we report the 
2.1 Å resolution crystal structure of Sus scrofa QAPRTase 
(Ss-QAPRTase) in complex with NAMN [1]. Our results 
represent the first crystal structure of a mammalian 
hexameric QAPRTase with its reaction product and may 
provide structural information useful for understanding 
the mode of binding of NAMN with eukaryotic QAPRTases 
and for designing drugs specifically targeting the QAPRTases 
of pathogenic bacteria rather than those of mammals. 
 
2   Experiment 
 

The co-crystals of the Ss-QAPRTase with NAMN 
were grown in reservoir solution (100 mM Tris–HCl, pH 
8.0, 16–24% (w/v) PEG 8000, 150–200 mM ammonium 
acetate, and 5 mM NAMN) at room temperature (294±1 
K) using the hanging-drop vapor diffusion method. The 
X-ray diffraction data were collected on the 18B beamline 
at the Photon Factory (Tsukuba, Japan). The data set was 
processed and scaled with HKL2000 [2]. The Ss QAPRTase 
–NAMN cocrystal diffracted to 2.1 Å and belongs to the 
P321 space group with cell dimensions a = b = 119.1, c = 
93.7 Å , c = 120.0°. The structure was solved via molecular 
replacement with PHASER [3] using the dimeric structure 
of human QAPRTase (PDB ID: 2JBM) as the search model. 
 
3   Results and Discussion 
 

Overall Structure and NAMN Binding Site 
The monomer of Ss-QAPRTase comprises ten β- 

strands and twelve a helices arranged into two structural 
domains, the N-terminal open-face β-sandwich domain 
(N-lobe) and the C-terminal α/β-barrel domain (C-lobe) 
(Figure 1). The secondary structure elements of the N-
lobe consist of β1, β2, β3, β10, and α1– α5. The top layer 
of the sandwich is a four-stranded antiparallel β sheet 
consisting of β-strands β1, β2, β3, and the end of the C- 

terminal β10 strand. Helices (α3–α5) form the second 
layer of the sandwich. The N-terminal domain is a triple-
layered sandwich, as the N-terminal α4– α5 helices stacks 
on the top of helix α2. The N-terminal domain ends with 
the longest a helix, α5, which also marks the start of the 
α/β-barrel. The C-terminal domain is an α/β-barrel 
structure consisting of six β strands and seven α helices.  

The NAMN binding sites are located at the interfaces 
between the N-lobe of one subunit and the C-lobe of the 
other subunit in a dimer and are composed of residues 
from both subunits. The 3-carboxyl group of nicotinate 
moiety and the phosphate group occupy the basic pockets, 
whereas the hydroxyl groups of ribose ring make 
hydrogen bonds with the cavity consisting of Glu201 and 
Asp222 (Figure 2). The nicotinate ring of NAMN is 
located between the β4 and β5 strands, and the ribose 
phosphate groups extend across the barrel toward β 
strands β8 and β9 (Figure 1). The ribose hydroxyl group 
oxygen atoms of NAMN are within hydrogen-bonding 
distance of Glu201 and Asp222. The phosphate group of 
NAMN makes hydrogen bonds with the main chain 
nitrogens of Gly249, Gly250, and Gly270 and the side 
chain nitrogens of Lys139, Asn223, and Gln274. In 
addition, Arg138, His160, Arg161, and Lys171 form a 
basic pocket and contribute to the hydrogen interaction 
with the 3-carboxyl group of the nicotinate moiety of 
NAMN. 
 

 
Figure. 1 Overall structure of monomer Ss-QAPRTase-
NAMN complex. NAMN is shown as gray sticks. 
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Figure. 2 Surface representation of the Ss-QAPRTase active 
site. The surface of the protein is colored based on the 
electrostatic potential. NAMN (orange) and residues in the 
active site are shown in sticks. The hydrogen bonds between a 
ligand and the active site residues are shown as dashed yellow 
lines. 

 

 
Figure. 3 Dimer and hexamer organization of Ss-QAPRTase. 
(A) Ss-QAPRTase dimer structure. The other subunit is 
displayed in blue. (B) Hexamer structure. Dimer subunits were 
colored in orange, blue, and green. The lighter color indicates 
the other subunit of each dimer. 

 
Dimer and Hexamer Organization 

Ss-QAPRTase forms a dimer via interaction between 
the N-lobe of one subunit and the C-lobe of the adjacent 
subunit (Figure 3A). The dimeric interface of Ss-QAPRTase 
buries approximately 3200 Å2 of the protein surface, 
which represents approximately 23.6% of the total accessible 

surface area of each subunit. The root mean square 
deviations (RMSDs) between corresponding Cα atoms of 
two subunits in the asymmetric unit is 0.44 Å. Dimerization 
is thought to be important in increasing substrate 
specificity and proper enzymatic function, as has been 
shown in all prior QAPRTase structures. 

Ss-QAPRTase forms a hexamer organized as a trimer 
of dimers (Figure 3B). The three dimers of porcine QAPRTase 
form a hexamer with a triangular structure. The hexamer 
has approximate dimensions of 110×110×60 Å. The 
surface area of Ss-QAPRTase that is buried by the 
hexamer formation is approximately 2900 Å2 per dimer, 
which represents approximately 14% of the total surface 
area. Ionic and van der Waals interactions are the 
predominant contributors to the stabilization of the dimer 
and hexamer structure, respectively, rather than other 
non-covalent bonds. 
 
4. Acknowledgement  

We thank Professor N. Sakabe and Drs. N. Igarashi and 
N. Matsugaki for their kind support during data collection 
at BL18B of the Photon Factory (Tsukuba, Japan). 

 
References 
[1]  Youn, H.-S, Kim, M.-K, Kang G. B., Kim, T. G., Lee, 

J.-G, An, J. Y., Park, K. R., Lee, Y., Kang, J. Y., Song, 
H.-E., Park, I., Cho, C., Fukuoka, S., Eom, S. H. 
(2013) PLoS One. 8: e62027. 

[2]  Otwinowski, Z., Minor, W. (1997) Methods Enzymol. 
276: 307–326. 

[3] McCoy AJ, Grosse-Kunstleve RW, Adams PD, Winn 
MD, Storoni LC, et al. (2007) J. Appl. Crystallogr. 40: 
658–674. 

 
 
* eom@gist.ac.kr 
 

Photon Factory Activity Report 2012 #30 (2013) B



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN (acr2011)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




