
Description of Workshop: 

 “   ”       The lock andkey conceptintroducedintobiochemistry by Emil Fisher 
          ( )  over a century agohasnow beenreifiedby proteins lectins which are 

        ( ).specific recognitionmolecules for highly orderedsugarmultimers glycans  

          This permits the largearray of interactionsseenin morphogenesisand 
.         immunology Glycans formedfromcomplexarraysof sugarsthusconstitute 

          ‘a languagefor multicellular biology thatsomehave designatedas third 

    .’       languageof life andmorphogenesis The pastfifty yearshavewitnesseda 
         substantive andgrowing field of structural analysis andsequencingof 

          . glycansaswell as chemical andenzymatic synthesisof thesemolecules The 
            time is at handfor theemergenceof a theoretical glycobiology andsearch 

   . for the third language
       ,    The central dogmaof molecular biology describesDNA RNA andproteins 

       .     as thekey molecules in biological informationflow It tendsto ignoreother 
    ( , ,  essential biomolecules includingglycans multimers oligomers or polymers 

 )            of sugars thatare themostplentiful moleculeson theplanet in termsof 
.             mass Every cell is coveredwith glycansandmostof thesecretedproteins in 

   .        higherorganismsareglycosylated In the latterhalf of the last century 
         significantprogresswasmadein genomic andproteomic sciencesyielding 

        . ,thesequencingof genomesandproteomesof several organisms However  

           this informationalonehasbeenunable to decipheranddefine thecomplexity 
  .    ,     of multicellular life In thepastdecade glycanshave receivedmoreattention 

         becauseof their universal presencein biological systemsand their 
        involvement in intermolecular and intercellular communication in almostall 

/    , biological physiological processesincludingmorphogenesis immune 
     ,   regulationanddiseasessuchas cancer inflammationandmicrobial 
. infections

            Glycans are foundin every organismandareusedas energy productionand 
  ( , , )   storagemolecules glucose starch glycogen andstructuralmolecules 

( ,   )    .  ,cellulose peptidoglycansandproteoglycans by all life forms In addition  

    ,      becauseof their structural diversity they also act as key information 
    (    ).moleculesandchemical messengers glycoconjugatesand lectin receptors  

           There are four nucleotidesandtwenty aminoacidmonomersthat formall 
    , ,    . knownnucleic acidsandproteins respectively seenin living organisms On 

  ,       (    theotherhand the total numberof sugarmonomers which can exist from 

-   -  )      .three carbonto nine carbonforms in living organismsis much larger  

    ,   . ,Unlike nucleic acidsandproteins sugarsare polyfunctional Therefore  

             glycanscan polymerize in branchedaswell as linear fashionat a numberof 



    ,    linkagepositionswith differentgeometries endowing themwith significant 
      ,   complexity andwith higher level of structural functional and informational 

  .       sophisticationandflexibility Sugarsare indirectly controlledby thegenome 
         becausethemonosaccharidediversity is due to conversionsmediatedby 
,    .       ,enzymes which aregeneproducts Theseglycanscan exist in free form  

         –  conjugatedto secondarymetabolitesor to proteinsand lipids conferring 
       .  distinct andoftencrucial structural andfunctional properties The number 

     (   )   andstructural diversity of sugars and their polymers greatly vary with 

  ( . .,       evolutionary scale i e thepool of monosaccharidesand their oligomeric 
      ). formsare overlappingwith several distinct sugars

   ,      In theunicellular organisms theglycanspredominantly play structural roles 
(        )   in the formof peptidoglycansandcell walls protectingthemfrom 

  (   ). ,   environmental stresses chemical andphysical However glycansare also 
      ,   thekey determinantsof multicellularity andmorphogenesis beingamajor 

       . classof molecules thatdistinguishesprokaryotesandeukaryotes Glycans 
           cover theextracellularmatrix of every cell andthereforeare thechemical 

        keys thatcarry the informationrequiredfor regulatedintercellular 
     .      interactionsat thecell surface level Glycans fromonecell bind to 

 -   (  )   correspondingglycan bindingproteins called lectins on the interacting 
.     - -       cells This newer versionof lock and key paradigmcanbe consideredas a 

  ‘ ,’       highly complex Velcro where several differentshapesandsizesof 
      .  complementarymolecules interact to exchangechemical messages It is 

        ,  likely thatwith theorigin of multicellularity andmorphogenesis theneed 
   (  )   for complex intercellular and intermolecular communicationarosewhich 

         was accomplishedby covalently conjugatingglycans to proteinsand lipids 
       . on thecell surfaceandon secretedmolecules

             From thepointof view of thechemical evolutionof function it shouldbe 
          notedthatglycansaremadeof monosaccharidesderived from thecore 

:  ,  .  ,  metabolites glucosefructose andribose In addition synthesisof 
        glycoconjugatesrequiresactivatedsugarnucleotidesusing thesamepurines 

    ,       . ,andpyrimidinesfoundin RNA againgoingback to coremetabolism Thus  

          the languageof glycobiologymakesuseof componentsalready presentin 

      .     thecentral dogmaand itsmetabolic roots This reflectsa unity of 
        biochemical networksandcellular function thatsuggestsa deeper 
. relationship

         Glycans and lectins representnew classesof moleculesencodingand 
 .     expressingbiological complexity The structural diversity andfunctional 



          importanceof glycanshas led someresearchersto proposethatglycans 
     .    representthe third languageof biology Cells communicateusingglycans 

(        )     on thecell surfaceor on secretedmolecules in a chemical languagethat 
         (   hasso far only beenstudiedby experimental scientists in a rather 

 ). ,     incomprehensive fashion Currently there is very little knowledge 
        . regardingthe informationcontentof this newly realizedsyntax Because 

       ‘ ,’     sugarscan formboth linear andbranched words if onewere to compare 
 -         , theglyco code to an existingformof humanlanguagerepresentation we 

          can perhapsconsiderdepicting the languageof glycans in Kanji or 
 . Hieroglyphic forms

Workshop Topics and Organization: 

          : The workshopwill have five sessionsdevotedto the following topics

Structural diversity of complex carbohydrates including biochemical  
pathways and evolution from prokaryotes to mammals: 

Lectin-glycan interactions – Evolutionary, biochemical and biophysical  
studies: Data bases and mathematical/computational modeling: 

Questions for theoretical glycobiology:  

        .A sixth session will be devoted to future directions
       .A summary document will be prepared for publication
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  , ,  University of Rajasthan Jaipur India . .  M S 1989   Zoology
  , ,  University of Rajasthan Jaipur India . .  B S 1987  /  Chemistry Biology
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1994- 1997   ,  ,      ,   Postdoctoral Fellow Molecular Biology Boyce Thompson Instituteat Cornell University IthacaNY
1997- 2000    , ,      ,   ResearchAssociate Scientist Glycobiology Boyce Thompson Instituteat Cornell University Ithaca NY
2000- 2003    ,        ,   ResearchAssistantProfessor School of Life SciencesandDepartmentof Bioengineering Arizona State

, ,  University Tempe AZ
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 d
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State 

,  University AZ

 2004Jan   Acting Director –       ,   ,   Center for Protein andPeptideTherapeutics The Biodesign Institute Arizona State
 2005  June ,  University AZ

 2005July  –      ,   ,   , Director Center for GlycosciencesandTechnology The Biodesign Institute Arizona State University
 Present  AZ

Other Experiences and Professional Memberships 
  ;    ;    American Chemical Society The Society of Glycobiology American Society for the 

  ,      . Advancementof Science andAmerican Society for Mass Spectrometric

Honors 
      ,   1994- 1998   Annual RecognitionAwards at Boyce Thompson Institute Cornell University Council of 

    ( )  .   , .  1991   ’  Vice Chancellors andPrincipals CVCP award University of Bath UK British Council s Foreign 

   . 1990   , . .    . 1989  andCommonwealthOffice Award Gold Medal M Sc University of Rajasthan
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 , Kalidas C Joshi L ,  . 2001.       -Batt C Characterizationof glycosylatedvariantsof beta lactoglobulin 

  expressedin Pichia pastoris. Protein Engineering. 14(3),  201-7.  

Joshi L ,   .,   ,    .,   ( ) ,   ,  ,Van Eck JM Mayo K Di Silvestro R Blake Nieto ME Ganapathi T HaridasV  

 ,    2002.     ;  GuttermanJU ArntzenCJ Metabolomics of plant saponins Bioprospecting triterpene 
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 ,  ,  ,  Tessier D Komalavilas P Panitch A Joshi L ,  .  2003.       ( )Brophy CM The small heat shock protein HSP  

20        -   . is dynamically associatedwith theactin cross linking protein actinin Journal of Surgical  
Research. 111(1) :152- 7.  

 ,  , ,  ,  ,   ,   ,  ,  Flynn CR Komalavilas P Tessier D Thresher J Niederkofler EE Parmiter C Nelson RW Panitch 

,  A Joshi L ,  .  2003.    -      Brophy CM Transductionof Biologically Active Motifs of the Small Heat 
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 ,   ,  Bogani F McConnell E Joshi L ,  ,   . 2006.      ChangY GhirlandaG A DesignedGlycoproteinAnalogueof 
-   -   . Gc MAF Exhibits Native like Phagocytic Activity J Am Chem Soc . 128(22) :7142- 3.  

, ., . .  , .  , .- . , . , . .  , . .   , .Tangkuaram T J Q Gerlach Y Xiang A N Kawde Z Dai V P Bhavanandan J T La Belle W  

, Veerasai L.  Joshi*, 

.  J Wang* . 2006.         . Sensitive andRapid Electrochemical Bioassay of GlycosidaseActivity The 
Analyst. 131:  889 891.  *    Correspondingauthors

. , .- . , .  , . .   , . .  , . .  , Z Dai A N Kawde Y Xiang J T La Belle J Q Gerlach V P Bhavanandan L.  Joshi*, .  *.J Wang  

2006.  -     -  . Nanoparticle Based Bioelectronic Sensingof Glycan Lectin Interactions J Am Chem Soc . 

128:  10018- 10019 . *    Correspondingauthors
, .  Kilcoyne M Joshi, L.  2007.       .Carbohydratesin Cardiovascular andHematological Therapeutics  
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C. Research Support 

1. 0323421  .   ( )  07/1/03-06/30/06   “      L Joshi PI NSF International collaborationon glycosylation studiesof 
      ”         rabies virus glycoproteinproduced in transgenic plants The overall goal of this project is to produce 

     . correctly glycosylatedoral vaccine against rabies
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1.2. .   ( )  07/1/04-06/30/07    ,  “     –L Joshi PI The Biodesign Institute ASU New initiatives in glycobiology  

  ”          HumanCHO project We are introducinggenesencodingdifferentenzymes involved in complex 

-    . mammalian like glycosylation in plants
2.3. .   ( )  07/1/05-06/30/07      ’    “L Joshi PI ASU School of EngineeringDean s Research Initiatives Research 

     ( )   -    ” Cluster in IntegratedBioInspiredMicrosensors IBIM for Real Time Detectionof biomolecules The 

         -  . goal of this interdisciplinary cluster is to developnovel label free biosensors
4. 01  070715  .  ( )  04/01/03-03/31/07  R HL C Brophy PI

- - “     ”          NIH NHLBI Prevention of vein graft spasm The overall goal of this proposal is to study the 
        - -   20    biochemical andphysiological events thathelp a small heat shock like proteinHSP and its peptide 

   . form relax smoothmuscles
3.5. 05012164  .  ( )  06/15/05-05/30/07  ,   “   C Brophy PI AzERx LLC Developmentof Vasoactive 

”               20   Therapeutic This is thephase II or STTR grantdeveloping a small peptide formof HSP into a 
 . therapeuticmodality

4.6. 1205  .   ( )  01/01/06-12/31/09     “ . .   CK L Joshi PI The Wallace Foundation H B Wallace Research 

       ”      Initiative in theCenter for Glycosciences& Technology This Initiative is intendedto explore 
       . glycosignatureson individual proteinmolecules andon cells

5.7.   .   ( )  01/01/07-12/31/07  -    “  Number pendingL Joshi PI ASU Mayo Collaborative Grants Discovery and 
   -     -     Validation of Novel Glycan Binding Peptidesspecific for Cancer Glycobiomarkers for theDetection of 
   ”            Pancreatic andBreast Cancers A large library of synthetic peptideswill be screenedagainst theglycan 

              -populationof cancer samples to identify andcharacterizepeptidemotifs that specifically bind to cancer
 . associatedglycans
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