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Abstract. The electron density cloud of each molecule contains the complete information 
about the molecule, including information about potential chirality effects, and in the case of a 
molecule undergoing a conformational or reaction process, also on chirality changes.  In 
chemical reactions, including racemization processes of chiral amino acids, such as Aspartic 
Acid, the local and global electron density clouds undergo different degrees of shape changes, 
providing important information, wich can be monitored and studied by the tools of 
mathematical chemistry and computational quantum chemistry. Based on this background, two 
specific studies have been initiated:  Study 1.   Demonstration that neither the complete, global 
electron density cloud, nor any of the local ranges of this electron density cloud can ever 
become achiral in any actual  L  to  D  transformation of amino acids, including the specific 
case of Aspartic Acid in the in vivo conditions of the human eye, where such  L  to  D   
chirality changes have been implicated as causing cataract. 
Study 2.  Finding correlations between the gradually increasing size of well-defined chiral 
surroundings and the surroundings-induced chirality effects on inherently achiral molecules. 
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Subject of the Report: 
Invited Research Visit of Prof.  Paul  G.  Mezey,  Canada Research Chair in Scientific Modelling and 
Simulation, Memorial University,  St. John’s, NL   CANADA 
Invitation by the Kyoto University International Research Unit of Advanced Future Studies, for a one-
month visit as Distinguished Research Professor, in charge of  “Local and Global Chirality Measures 
of Natural Amino Acids”,  to be carried out in the Research Group of Professor Noriko Fujii, at the 
Research Reactor Institute of Kyoto University, Osaka, Japan,  July 9 – Aug 8, 2016. 
 
1.  Introduction 
Motivated by the advances by Professor Noriko Fujii in the study of Aspartic Acid racemization in the 
process of cataract formation in the eye (see, for example, Fujii 2012, Sakaue 2015, and Sakaue  2017, 
and references therein),  at the invitation of the International Research Unit of Advanced Future 
Studies of Kyoto University in the period of  2016 July 9  to  Aug 8, the research project on “Local 
and Global Chirality Measures of Natural Amino Acids” has been initiated. The early results already 
obtained during that one-month period have served as the basis of two journal publications already 
nearly complete and soon ready for submission.  The two main topics of the Research Project are the 
following: 
 
Topic  1.   Exclusion Rule for Locally or Globally Achiral Structures of “in vivo” L to D  
Transformation of Aspartic Acid in a Process of Cataract Development in the Human Eye.  
Demonstration that neither the complete, global electron density cloud, nor any of the local ranges of 
this electron density cloud can ever become achiral during any actual  L  to  D  transformation of 
Aspartic Acid in the human eye, in a process that is causing cataract. 
 
Topic 2.  Studies on the Effects of Chiral Surroundings on the Local and Global Shapes of 
Inherently Achiral Molecules.  Finding correlations between the size of well-defined chiral 
surroundings and the surroundings-induced chirality effects on inherently achiral molecules, as 
monitored by local shape analysis of electron density clouds. 
 
The location of the research invitation for the project  “Local and Global Chirality Measures of 
Natural Amino Acids”  has been the welcoming environment of the Research Group of  Prof.  Noriko 
Fujii, at the Research Reactor Institute, Kyoto University, Sennan-gun, Kumatori-cho, Osaka 590-
0494, Japan. 
 
2.  Related Lecture Presentations: 
During this one-month visit, three lectures have been presented by P.G. Mezey. 
 
Lecture 1.   During the first week of this invitation, at the location Research Reactor Institute, Kyoto 
University, Sennan-gun, Kumatori-cho, Osaka 590-0494, Japan, of the Research Group of Prof.  
Noriko Fujii,  some of the initial ideas concerning the two research topics, Topic 1  and  Topic 2,  have 
been presented by a lecture by  
P.G. Mezey, “General Shape and Chirality Studies of Molecular Electron Densities”,  
  
Lecture 2.   An additional lecture presentation on these initiatives has been given by P.G. Mezey at 
the  Conference of the Japanese Society for Cataract Research, Iwate Koryu Center, Morioka, Japan    
July 29-31, 2016, 
Paul G. Mezey:  “When molecules of the eye turn into their mirror images and become misfits: Right 
hands in left gloves”. 
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Lecture  3.  A somewhat more general, but strongly related lecture by P.G. Mezey has been presented  
at the International Symposium on “Chemical, Physical and Mathematical Foundations of Complex 
Phenomena”, organized by the International Research Unit of Advanced Future Studies, Kyoto 
University, at the invitation of Prof. Masatoshi Murase, Yukawa Institute for Theoretical Physics 
Kyoto, University, Kyoto 606-8502,  August 5, 2016, 
Paul G. Mezey: “Imperfect Symmetries, Symetry Deficiency Measures, and Chirality Measures in 
Biochemical Processes and Their Role in Some Diseases”. 

 
3.  Initial Research Progress with Topic 1 :   
Exclusion Rule for Locally or Globally Achiral Structures of “in vivo” L to D  Transformation of 
Aspartic Acid in a Process of Cataract Development in the Human Eye.   
Motivated by the earlier findings by the Fujii Research Group concerning the likely transition structure 
of an actual  L to D  transformation of Aspartic Acid in the human eye, as described in (Fujii, 2012), 
(Sakaue, 2015), and (Sakaue, 2017), and references therein, a rather general principle has been found 
concerning the in vivo  L  to  D  chirality changes, also applicable to the case of Aspartic Acid 
transformations. Based on earlier electron density approaches to molecular shape and molecular 
chirality characterization (Mezey, 1993, 1996, 1998, 2014), involving both global and local 
representations of the electron density clouds of molecules, the so-called Holographic Electron 
Density Theorem (Mezey 1999a, 1999b, 2011, 2012) provides a basis for the interrelations between 
local and global chirality.  This theorem states that in the electronic ground states, any small but 
positive volume part of the electron density cloud contains the complete molecular information. When 
applied to the chirality of amino acids, in particular, to Aspartic acid, assumed to be surrounded by 
some in vivo environment, one can derive certain corollaries concerning racemization processes. After 
the clarification of some of the relevant principles, as applied to chiral and achiral molecular electron 
density clouds of amino acids and their local fragments, the initial research work leading to some 
exclusion principles has been already completed during the visit to Research Reactor Institute, Kyoto 
University, Sennan-gun, Kumatori-cho, Osaka 590-0494, Japan, of the Research Group of Prof.  
Noriko Fujii. Some additional developments have been also completed after the visit, and now the 
manuscript of one planned publication is in the stage of being finalized. 
Coauthors and tentative title of manuscript 1 in preparation:     
Noriko Fujii  and  Paul G. Mezey: An Exclusion Rule for Locally or Globally Achiral Structures in the 
Process of “in vivo” L to D  Transformation of Aspartic Acid Involved in a Process of Cataract 
Development in the Human Eye.   
 
4.  Initial Research Progress with Topic 2 :   
Studies on the Effects of Chiral Surroundings on the Local and Global Shapes of Inherently Achiral 
Molecules.   
One may regard this Topic 2  as a natural  “counterpart”  of Topic 1,  since here the tests of actual 
calculations of electron density shape measures are aimed at describing the “chirality inducing”  
effects, and their degree and influence on electron density shape properties, when the original, single 
molecules themselves are achiral, hence a “pure” effect of the chirality inducing efficiency of the 
surrounding can be studied, without any inherent chirality that may mask, or “blur” the influence of 
the surroundings.  If the chirality inducing effects of the surroundings are better understood, then the 
influences on inherently chiral molecules, such as most amino acids, can also be better understood.  
The results are expected to serve novel indications, what changes, potentially, intentionally introduced 
artificial changes in the surroundings can provide enhancement or hindrance for the L to D  
transformations of amino acids, including Aspartic Acid. Such studies might contribute to a better 
understanding of the processes involved, and, potentially, even to some novel means suitable to 
influence such transformations. Ideally, the ultimate goal in this area could be to find some chemical 
means to modify the influences of chiral surroundings thereby to hinder the L to D transformations of 
Aspartic Acid, potentially reducing the chances for cataract formation. 
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One manuscript is in preparation, describing the method and actual applications of finding correlations 
between the variations of the size of a well-defined type of in vivo chiral surroundings and the 
surroundings-induced chirality effects on inherently achiral molecules, as monitored by local shape 
analysis of electron density clouds. Details of the shape analysis methodology can be found in (Mezey, 
1993). 
Coauthors and tentative title of manuscript 2 in preparation:     
Noriko Fujii, Zoltan Antal,  and  Paul G. Mezey:  Size-Dependent Induced Chirality Effects of Chiral 
Surroundings on the Local and Global Shapes of Inherently Achiral Molecules.   
 
5.  References 
Fujii, N., Sakaue, H.,  Sasaki, H., Fujii, N.,  A rapid, comprehensive liquid chromatography-mass 
  spectrometry (LC-MS)-based survey of the Asp isomers in crystallins from human cataract 
  lenses. J. Biol. Chem., 287, 39992−40002, 2012 
Mezey, P.G., Shape in Chemistry: An Introduction to Molecular Shape and Topology, VCH  

Publishers: New York, 1993 
Mezey, P.G., Functional Groups in Quantum Chemistry, Advances in Quantum Chemistry, 27,  

163-222, 1996   
Mezey, P.G., Generalized chirality and symmetry deficiency.  Journal of Mathematical Chemistry, 23,  

 65–84, 1998 
Mezey, P.G.,  The Holographic Electron Density Theorem and Quantum Similarity Measures,  

Mol. Phys., 96, 169-180, 1999 
Mezey, P.G.,  Holographic Electron Density Shape Theorem and Its Role in Drug Design and  

Toxicological Risk Assessment, J. Chem. Inf. Comput. Sci., 39, 224-230, 1999 
Mezey, P.G.,  The Holographic Principle for Latent Molecular Properties, J. Math. Chem., 30,  

299-304, 2011 
Mezey, P.G.,  Natural Molecular Fragments, Functional Groups, and  Holographic Constraints  

on Electron Densities. Phys. Chem. Chem. Phys., 14, 8516-8522, 2012   
Mezey, P.G.,  Fuzzy Electron Density Fragments in Macromolecular Quantum Chemistry, 

Combinatorial Quantum Chemistry, Functional Group Analysis, and Shape−Activity 
Relations,  Acc. Chem. Res.,  47, 2821−2827, 2014  

Sakaue, H., Takata, T.,  Fujii, N., Sasaki, H., Fujii, N., Alpha Band betaA3-crystallins containing  
D-aspartic acids exist in a monomeric state. Biochim. Biophys. Acta, 1854, 1−9, 2015 

Sakaue, H., Kinouchi, T., Fujii, N., Takata, T., and Noriko Fujii, N.,  Isomeric Replacement of a  
Single Aspartic Acid Induces a Marked Change in Protein Function: The Example of 
Ribonuclease A.  ACS Omega, 2, 260−267, 2017 

 
 
 
 
 
 
 



<<
  /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


