
 

 

Supplementary Information 

Supplementary Table 1 | Data collection and refinement statistics (molecular replacement) 
 

PDB ID 6M9T  
Data collection   
Space group C2  
Cell dimensions   
    a, b, c (Å) 120.80, 54.85, 96.80  
 ()  90.0, 95.8, 90.0  
Resolution (Å) 30.03-2.50 (2.62 – 2.50)1  
Rsplit (%) 10. 5 (479.1)  
CC* 0.9986 (0.569)  
Completeness (%) 100 (100)  
Redundancy 226.8 (88.2)2  
   
Refinement   
Resolution (Å) 27.27 - 2.50  
No. reflections / test set 22,101 / 1,050  
Rwork / Rfree 0.200 / 0.242  
No. atoms   
    Protein 3,398  
    Ligands 26  
    Lipids and other 146  
Wilson B (Å2) 95.6     

B-factors (Å2)   

    EP3 117.0  
    T4L 146.8  
    Ligand 92.7  
    Lipids and other 147.0  
R.m.s. deviations   
    Bond lengths (Å) 0.009  
    Bond angles () 0.95  

1Highest-resolution shell is shown in parentheses. 
2Data from 28,500 crystals 
  



 

 

Supplementary Table 2 | Affinity of misoprostol-FA for EP3 receptor WT and mutants.  
Domain Mutant pKi1 

(M) 
SEM1 (M) p vs WT high2,3 p vs WT low3 n 

       

 WT high 10.6 0.5   -- <0.0001 6 

 WT low 7.7 0.1 <0.0001   --  

 EP3-T4L high 10.2 0.2   0.9999 <0.0001 4 

 EP3-T4L low 7.69 0.03 <0.0001 >0.9999  

      

 Binding site position     

helix I M58A 7.8 0.1 <0.0001 >0.9999 4 

helix II T106A 7.7 0.1 <0.0001 >0.9999 4 

 T107A 8.37 0.06 <0.0001   0.9540 3 

 V110A high 9.7 0.3   0.6009 <0.0001 3 

 V110A low 8.0 0.1 <0.0001 >0.9999  

 Y114A 7.46 0.03 <0.0001 >0.9999 3 

helix III M137A 7.6 0.1 <0.0001 >0.9999 3 

ECL2 T206A 8.17 0.05 <0.0001   0.9996 3 

 T206V 8.32 0.04 <0.0001   0.9771 3 

 W207A 7.8 0.2 <0.0001 >0.9999 3 

 F209A 7.9 0.1 <0.0001 >0.9999 4 

helix VI L298A 7.86 0.03 <0.0001 >0.9999 3 

helix VII L329A high 10.3 0.4 >0.9999 <0.0001 3 

 L329A low 8.08 0.09 <0.0001 >0.9999  

 V332A 7.88 0.01 <0.0001 >0.9999 3 

 R333A 8.0 0.2 <0.0001 >0.9999 3 

 R333L 8.05 0.04 <0.0001 >0.9999 3 

 S336A 8.0 0.3 <0.0001 >0.9999 3 

 Q339A 8.69 0.02 <0.0001   0.3702 3 

       

 Others      

helix II Q103A 7.75 0.01 <0.0001 >0.9999 3 

 Q103L 7.67 0.05 <0.0001 >0.9999 3 
1Value are the mean pKi ± SEM of indicated n independent experiments each done in triplicate. 
2Significance was determined using one-way ANOVA analysis followed by a Tukey post-hoc statistical test against 
the high affinity and low affinity site for the WT receptor. p < 0.0001, F value is 15.54, among and within group 
degrees of freedom are 24 and 61, respectively. 
3High and low refer to the high and low affinity binding, respectively.  
  



 

 

Supplementary Table 3 | Agonist-induced signaling on EP3 receptor mutants.  
Domain Mutants  Misoprostol-FA PGE2 

  pEC50
1 (M) SEM1 (M) p vs WT2 pEC50

1(M) SEM1 (M) p vs WT2 

        

 WT 8.97 0.02  9.62 0.04  

        

 Binding site       
helix I M58A 8.69 0.08   0.3213 9.11 0.05   0.0156 

helix II T106A 8.65 0.08   0.1993 9.14 0.03   0.0242 

 T106V 9.02 0.03   0.9995 9.6 0.1   0.9994 

 T107A 9.1 0.1   0.9577 10.1 0.1   0.0146 

 V110A 8.27 0.09 <0.0001 8.54 0.04 <0.0001 

 Y114A 8.03 0.08 <0.0001 8.25 0.04 <0.0001 

 Y114F 7.66 0.08 <0.0001 7.8 0.1 <0.0001 

helix III M137A 7.8 0.1 <0.0001 8.5 0.1 <0.0001 

 G141A 9.08 0.03   0.9988 9.51 0.04   0.9988 

 G141L 6.1 0.3 <0.0001 8.0 0.5 <0.0001 

 G141W 6.7 0.1 <0.0001 6.3 0.2 <0.0001 

ECL2 T206A 7.26 0.03 <0.0001 7.14 0.03 <0.0001 

 T206V 7.54 0.06 <0.0001 7.38 0.01 <0.0001 

 W207A 5.49 0.04 <0.0001 5.9 0.2 <0.0001 

 F209A 6.93 0.03 <0.0001 7.33 0.03 <0.0001 

helix VI L298A 8.04 0.01 <0.0001 8.16 0.02 <0.0001 

helix VII L329A 6.87 0.02 <0.0001 6.90 0.02 <0.0001 

 V332A 8.63 0.03   0.1368 8.69 0.06 <0.0001 

 R333A 5.6 0.3 <0.0001 5.71 0.08 <0.0001 

 R333L 7.06 0.03 <0.0001 7.26 0.08 <0.0001 

 S336A 8.96 0.02   0.9998 9.68 0.07   0.9994 

 Q339A 9.16 0.04   0.8663 9.75 0.09   0.9946 

        

 Others       

helix I A53F 8.87 0.04   0.9988 9.62 0.02 >0.9999 

 F54A 8.47 0.06   0.0046 8.74 0.01 <0.0001 

helix II Q103A 8.4 0.1   0.0005 8.85 0.01 <0.0001 

 Q103L 7.7 0.1 <0.0001 8.24 0.02 <0.0001 

 G286A 8.97 0.05 >0.9999 9.76 0.05   0.9938 

helix VII I340A 7.43 0.02 <0.0001 7.49 0.04 <0.0001 

 deltaC3543 8.88 0.06   0.9988 9.66 0.06   0.9997 
1Value are the mean pEC50 ± SEM of 6 and 3 independent experiments for WT and all mutants, respectively.  
2Significance for each compound was determined using one-way ANOVA analysis followed by a Dunnett post-hoc 
statistical test against mean EC50 determined for the WT receptor. For each compound p < 0.0001, and among and 
within group degrees of freedom are 29 and 63. F value are 104.7 and 114.1 for Misoprostol-FA and PGE2, 
respectively.  
3The deltaC534 is the WT receptor truncated at residue 354. 



 

 

Supplementary Table 4 | Affinity of PGE2 for EP3 receptor WT and mutants used to 
calculate misoprostol-FA pKi. 
Domain Mutant pKi1 (M) SEM1 (M) n 

     

 WT 8.72 0.09 4 

 EP3-T4L 8.8 0.2 4 

     

 Binding site   

helix I M58A 8.2 0.3 4 

helix II T106A 8.1 0.1 4 

 T107A 8.95 0.07 3 

 V110A 9.1 0.3 3 

 Y114A 8.06 0.09 3 

helix III M137A 7.9 0.1 3 

ECL2 T206A 8.6 0.1 3 

 T206V 8.71 0.06 3 

 W207A 8.2 0.2 3 

 F209A 8.4 0.2 4 

helix VI L298A 8.5 0.1 3 

helix VII L329A 8.9 0.1 3 

 V332A 8.47 0.06 3 

 R333A 8.48 0.07 3 

 R333L 8.45 0.08 3 

 S336A 8.7 0.2 3 

 Q339A 9.0 0.2 3 

     

 Others    

helix II Q103A 8.35 0.07 3 

 Q103L 8.2 0.2 3 
1Value are the mean pKi ± SEM of indicated n independent experiments each done in triplicate. 
 
  



 

 

 
Supplementary Table 5 | Sulprostone-Induced Signaling on EP3 Receptor Mutants.  
Domain Mutants  Sulprostone 

  pEC50
1 (M) SEM1 (M) 

    

 WT 9.7 0.1 

    

helix II Y114F 9.60 0.06 

ECL2 T206A 8.67 0.06 

 F209A 7.90 0.05 

helix VI L298A 8.66 0.04 

helix VII R333A 7.0 0.1 
1Value are the mean pEC50 ± SEM of 3 independent experiments.  
  



 

 

 

Supplementary Figure 1 | Comparison of 2-dimensional chemical structures of EP3 

receptor agonists. Prostaglandin analogues of (a) PGE1, (b) PGE2 and (c) isocarbacyclin. 

  



 

 

 

Supplementary Figure 2 | EP3-miso crystallization. (a) Two-dimensional representation of the 

amino acid sequence of the crystallization construct. Non-filled residues are native sequence of 

EP3 receptor. Gly2866.39Ala is indicated as red-filled residue. Cys1303.25 and Cys208 residues are 

orange-filled. Disulfide bond is indicated as orange line.  Residues colored in gray, green, yellow, 

and blue are non-native linkers, FLAG and poly-histidine affinity tag sequences, and precision 

protease cleavage site, respectively. (b) Side view and (c) top view of EP3 receptor crystal packing 

in the monoclinic space group C2. (d) Close-up view of the precision protease cleavage site fused 

to the truncated C-terminus of EP3 receptor in the construct used for crystallization. Two 



 

 

antiparallel and contiguous EP3 monomers in the crystal are shown as cyan and dark blue cartoon. 

The precision protease cleavage site sequence is shown in magenta as cartoon with the first residue 

(G1) shown as sphere. Lipids and indicated residues are shown as sticks. EP3 receptor is shown 

as gray cartoon. T4-lyzozyme is shown as gold cartoon. Dotted line represents a 3.5 Å non-polar 

contact. 

  



 

 

 

Supplementary Figure 3 | Pharmacology of misoprostol-FA on EP3 receptor. Competition 

binding assay of misoprostol-FA using [3H]PGE2 as a tracer on (a) EP3-T4L, (b) WT or (d-f) 

mutated EP3 receptors harbouring the indicated modification. (c) Misoprostol-FA-induced 

signaling on different EP3 receptor modifications. Each dot shows the mean ± SEM of 4, 6 and 3 

independent experiments in triplicate for the EP3-T4L, WT and mutant binding data, respectively, 

and 3 independent experiments for the signaling data. Data were regressed as described in the 

methods. Corresponding pKi and pEC50 are shown in the Supplementary Tables 2-4.  

  



 

 

 

Supplementary Figure 4 |. Misoprostol-FA-induced active conformation of EP3 receptor. (a) 

Intracellular view of EP3 receptor. EP3 receptor, active Cannabinoid receptor 1 (Cb1) (PDB code 

5xra), and inactive Cb1 (PDB code 5tgz) are shown as gray, blue, and maroon, respectively. (b) 

Side chains of E/DRY and N/DPxxY micro-switches of EP3 receptor, active Cb1 (PDB code 5xra), 

and inactive Cb1 (PDB code 5tgz) are shown in gold, blue, and maroon sticks, respectively. EP3 

receptor main chain is shown as gray cartoon. The red arrows indicate an activating conformational 

change. 

  



 

 

 

Supplementary Figure 5 | Binding of misoprostol-FA to purified EP3 receptor by mass 

spectrometry. (a) A representative high-resolution MS spectrum and (b) LC-MS chromatograms 

for misoprostol-FA detected in the purified EP3-T4L receptor. Extracted ion chromatograms of 

misoprostol-FA detected in the EP3 receptor sample and the human A2A adenosine receptor control 

are indicated by a solid line and a dashed line, respectively. (c) The mass spectrum of misoprostol-

FA from the compound standard. Mass error of the mono-isotope peak compared to the theoretical 

accurate mass of misoprostol-FA (369.2635 m/z) is indicated in each panel. The experiment was 

repeated 3 times independently with similar results.  

  



 

 

 

Supplementary Figure 6 | Electron density maps of EP3-miso structure. (a-c) 2Fo-Fc electron 

density maps of EP3-miso binding site contoured at 1 . (d) Simulated annealing ligand omit Fo-

Fc electron density map for misoprostol-FA and the binding site water molecule contoured at 2.7 

. Residues of the binding site and misoprostol-FA are shown in stick gold and green, respectively. 

Water molecule is shown as a red sphere.  

  



 

 

 

Supplementary Figure 7 | B-factor distribution on the EP3 crystal structure. EP3 receptor is 

shows as ribbons, lipids are shows as sticks, and misoprostol-FA and sulfate ions as spheres. 

Colors represent B-factor for Misoprostol-FA and lipid atoms, protein residues and sulfate ions 

ranging from dark blue (60 Å2) to red (220 Å2).  

  



 

 

 
 

Supplementary Figure 8 | Comparison of the B-factors from membrane protein structures 

solved from data collected using serial crystallography vs traditional crystallography. B-

factor data was downloaded, binned and plotted as box and whisker where boxes represent the 

25th and 75th percentile, the center line is the median, whiskers are minimum and maximum 

values, plus sign indicate the mean. The data are from records at the Protein Data Bank for 

published membrane protein structures collected using serial crystallography (serial, 58 

structures) and traditional synchrotron crystallography (regular, 1650 structures).  



<<
  /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


