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The Division of Energy Biosciences was provided approximately twenty-eight million dollars in
fiscal year 1998. The breakdown of how the resources were distributed is indicated in the

following table.
Number FY 98 Percent
of funding of
Projects (in thousands) total
. funds
University and Non-Profit 193 20,527 ’ 75
Institutions
Michigan State University
Plant Research Laboratory 14 3,000 1
National Laboratories 11 2,382 9
Brookhaven National Lab
Lawrence Berkeley Lab
Los Alamos National Lab
National Renewable Energy Lab.
Small Business Innovation 1,209 4
Research (SBIR) contribution,
and Miscellaneous
Conferences, Educational 5 389 1
Activities
223 $27,507



INVESTIGATOR INDEX
Adams, MW.W — University Of GBOTGIA .......c.coievrrececerecntssiorenineianiserissnessssssstosssstsstintssesss st ssmssasastesesnestcomnstansuasapsasans 63
Albersheim, P. — University 0f GEOIGIa.........ccccocvrmercererecsccsimsestisnisssessssnenssstessssssssissiessisnsessssnssnasssastesssmsnsssass 64,65,66
Alper, M.D. - Lawrenc2 Berkeley National Laboratory ................................................................................................ 92
Arp, D.J. — Oregon State University .. rvereatetesersstrrens et sbeneaerasrbre reereerearesrere bbb bt bes 155
Barkan, A. -- University of Oregon eeareeretst s e SRS RS R eRe R RO SR S eSS S S s s 156
Baskin, T.1 — University of MISSOUM .......c.cccceeeererrernravrersnssnitsssessnmsemssssessucssessesssessosnssassassssostossasssonss .. 133
Bayley, H. — Texas ABM UNIVEISILY ..........coeeeieciiiriesinnetianrnntnansnsessssesnssssrssesssseassmsnsansn e msnsssesss s sionaisstsniasasacasnens 189
Beachy, R.N. -- The Scripps Research Institute “ . teeressreessbesaeenes s et et be VRS ae b s s st e R b s s a et e a 181
Beale, S.1. - Brown University eeetesesesvRebesesesesetatet g e s s e R TR eR SRR SES A SS b b seres e s 18
Becraft, P.W. - lowa State University.. eressstsssssssrsereisansatennenesaeaenreaas 82
Benning, C. — Michigan State University........c..cccecrueene eetessessresaeersesaseeeearaesasesatsebas R e seR R R e s A s SR e st s e R R e s e s b nee 109
Bertozzi, C. — Lawrence Berkeley National LAbOrALONY ........covereessienentencamersiessssasessasmsnsnisnersnessencssstssssnstsasasnasesossns 92

Birchler, J. - University of MisSOUT .......cccccerernicriencncrsnninens
Blake, R., Il — Xavier University of Louisiana
Blankenship, R.E. — Arizona State University
Bleecker, A.B. — University of Wisconsin ....
Bohnert, H.J. -- University of Arizona.........c.cccevereiieenncrnnnes

Bowman, J.L. ~ University of California - Davis.........cccecreremnrermrnsinieniiimtnsienincersisennnssesnestennasessssnssssessasesersesaes 28
Boyer, J.S. — University Of DEIAWArE ...........ccoccicrcrerimiiiniosiinieiiiineersesasissasinnesasesseassssasssesssssasssssssasssessassorsassncssassseas 57
BOYNION, J.E. = DUKE UNIVEISILY .......corvrrirtreecrtirrneessetisesatcsteseasssesstoatsssestesassatssessrasansasssssesssassssnsssassesnesessnasasnosesss 58
Brenchley, J.E. — Pennsylvania State UNIVErSIY ........ccocvcivcevniiirinreiininicsinnrenaissssssessnnensssssessssssssensiessarsssasensasses 159
Bricker, T.M. - Louisiana State UNIVErSity .........cccceviiiicrinminreisrinurcrniiinsessissicssmssinenecostssesnesaessesssssnsssnssssessessesss 99
Brown, D.D. - Life Sciences Research FOUNAAtioN .........c...c v cecieeciiicieeiiiinistccirnteis st es e s ss s s ean s 98
Brown, R.M., Jr. — University of Te@Xas .......c.c.coevvieevemnecnnnenenntenranne remeesartessnntsrttesaneessre s ateesreesae s rae s aseaesanterhe 193
Browning, K. — University of Texas........cc.ccocevserrursrcrnns etesteenserereseearnesrearesar et essaesaaeaesanaeestesanssnnerstreteneensenes 194
Browse, J. — Washington State University........c.cicviiecieniiniensninsninmiiiemssemissmsmsssssses 201
Bruns, Brigitte U.—University Of GEOIGIa..........ccvciemmieriieeisitiinensinntneiserssessisssisnssstssiesmssesssessersesssssnesssssssssnsssoseoes 72
Bryant, D.A. — Pennsylvania State UniverSity..........ccccceeerreniricriimieriniensisenssessismsessssesesresesssessessrssesssssrssessessessssss 160
Burr, B. — Brookhaven National Labaratory ..........ceirrineiiniinscessecssissssssssessssessssssessassssssssasessssssssssssssrsesansssasanses 14
Burr, FA. — Brookhaven National LADOrAIONY ..........ccerviereeresenterierntoeeoreseesonsessonessesrssssssessessosesessnastsessensaressassssssaneacs 14
Burton, G.W. — UNIVErSity Of GEOIGIA ........ccccerrerreerierrnrersersrereesnersreraesssesosesssasssassseesssossasssesssessssesssessssnsensssnsesonsansnssesses 75
Byme, M. — Cold Spring Harbor Laboratony ......cccececrirrirneecrernriccerionersresessseessseessessssessssasesserssassessasssssessnssnssssees 47
Campbell, M. — North Carolina State University neeseresnessesni e s s s ebeseatssae s besetsraabteatsatesseen 146
Carpita, N.C. - Purdue University ........ eerreeernes ettt e st st et e s g e sy s et eneesae et atenterae st erneanars et 172
Cashmore, A.R. ~ University of Pennsylvania reeesteateneeatearene et st n s st e s sae s testanarset et annraressestesarneranes 167,168
Chapple, C.C.S. — PUIGUE UNIVEISILY .......ccocviriiiiciceriniinrescteceenssassteessssssseessnsassesnssserassstsssrsssssessssssonsessassorsensoss 173
Charych, D. - Lawrence Berkeley National LabOratory ............cccveiecrsrienicrescenenniseesnnsesssssesnessisssssessmssessossassesseons 92
Chen, J.-S. - Virginia Polytechnic Institute and State UNIVerSity...........ccccccvereeevveesienernenseressesiessssesesersesessssseeees 199
Cheung, A.Y. — University Of MasSaChUSELLS............cccvcicerreetincerererinrerreeneseecssessssssetsseesenssssssassasssssassesssssssensessasons 106
Chory, J. - Salk Institute for Biological STUIES ...........ccciinemininrnrriisiinreireeseeceree s stessssssaes s s bsnrsessessnessons 179
Chrispeels, M.J. — University of California - S@n DIBQO ........ccceeeimeerireiererieereenercistieeeseeessseeseesesmsesssssssmesssssssseresssons 34
Christopher, D.A. — University of HaWaii .........couuiiiiimiiiiiiiiencite st sse e e ateee e srae e e s s var e raseessssanan 76
Chua, N.-H. — ROCKEfeller UnIVETSItY ... c..ccvurriiiiercttieceeteasisneessereseneeneesssseessesanaresssnseesasssssessssnestesssessssssnssrsmesssanes 177
Clark, D.P. = SOUthem IHINOIS UMIVETSILY ........cccccvrrierensnrrrcecisiercneresnsssesresesesssnsaesrsssscsssensossssessessssssonsarsnssossssssses 185
Clark, S. — University of MIChIGaN........cc.cvveirieirmreesicsrirestensssnseeiasssissnsnssssssesessssesassenssssssssssnssssssssessmsssssesssessaens 130
Cohen, J.D. = U.S. Department of AQIICURUIE............curiareaccenareseraaraersasaseseasersssesssssesessssssssissesesssossessssmssssasmmmsesns 1
~ Cone, K.C. = UNIVErsity Of MISSOU .......c.coiriiiiieicciincicntectecetetesesesetesecessanecsesssessensssesssnssasseeesssemsesmsssesassassseneas 135
T COOK, D. = T@XAS AGM UNIVEISIY.....coererenerierererererieresissesesaresssesenessssosesasasesmessosssssssssasssssssasseessnssssssssesenssmseesessss 192
COrUZZi, G. — NEW YOIK UNIVEISIY .. ccceeerrereierrstecesteseraiesiesesessesessorsasessasesssnesssesesssssasassssssssssssossessssenssssssssnsssmsne 142
Cosgrove, D.J. — Pennsyivania State UNIVEISILY .........ccccervrriereerieeeereeiiereeeseeseteeesesesssessssssssssessssssssssssssesnss 161
Croteau, R. — Washington State UNIVEISItY ..........cccvieircrrecrrertrrrenenteeiisss vt eceetcessesesevsseeenssseessesnessosessossessenssses 202
Cullen, D. ~ UniVersity Of WISCONSIN........cciecviiiincmintesirensesinteasssereraesmessasssesassessstessessonsesssesssesssnsssssssssnssssssssessssses 212
Cunningham, F.X., Jr. = University of Maryland.............c.ocmiienmeicininnsinieie e svesssessessstsesssesasesemsssassenn 102
Cyr, R. — Pennsylvania State UNIVETSILY .........cciciiiiieicnrseesinrsneasssesineremsssnnsnsasresssssesssssssssensnssessssssasssesssssssses 162
Daldal, F. — University of Pennsylvania . erereesate s aatse et ean st aanranserbaasrranenann 169
Dangl, J.L. — University of NOMh Carolina .........cocimiiiciniiinincitncnnssssssnessesesnarnssesssssssosssseassssncesssnssesssssssnsons 143
Daniels, C. — Ohio State University ........cccecevcevernernrruniiescnsenaes erereesene et st st e e e sbe st s s b e sreaeasar e nasneenee 147
Darvill, A. < University 0f GEOPGIA ...ttt ettt evessstnsssosesssesessassesessscnessosnnesensessenes 67
de Bruijn, F.J. -~ Michigan State University DOE Plant Research Laboratory ............c.c.cccvveeeevnnnnne. e 116,128

Delmer, D.P. — University of California < DAVIS ........cccvieiiiriiiiiciiiintetce ettt re et eess e s s ese e 29
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DeMoll, E. — University of Kentucky . eseeimisaesiesbitrssbean s as bt ettt abeb b e e bt s n S e sa s e e R e a s e b e b e benetannreneans 89
DiSpirito, A.A. — lowa State University ..... Chereseeseraeie it a e e e s R e b RSttt s e e n st e b e ser e be st seann 83
Doi, R.H. — University of Califomia - DAVIS...........covreeeeeeeseeeeeesesessessesessesessesssessessesessssessssssssseesessses e eesesesesseo s 30
Donohue, T.J. = UNIVErSity Of WISCONSIN..........c..cvumueeeiensinsersseesesmsseeeessseesesesssesssasssssssssssssssssessssssssmsssmssssssseseseee e 213
Doubet, S. — University of Georgia ‘ reterreaete s e s et et ensanbanns 66
Ecker, J.R. ~ UNIVErSity Of PENNSYIVANIA..........coovvwreerennnerrssesnsssssesssssssssssssssnesssssssssssssnesesmssessesesseosesssssesmesesessessen, 170
Edwards, G.E. — Washington State UNIVerSity ................eceseeeeremmeresseesssessersees eereriennerenstsenerese bbb nen 204
Estelle, M. — Indiana University......... .81
Falkowski, P.G. ~ Brookhaven National LBDOMBIOMY ..................eeveesenvessessesnossmosommsnessesecsesssessssemesssssssssssseesssmnns. 15
Fall, R. - University of Colorado . eeeteesreusrs st a st a e bbb bR be et .. 48
Ferry, J.G. — Pennsylvania State University ......... ST OTOSO 163
Frankel, L.K. - Louisiana State URiVersity .................ooueeeereeeesssrosssresseseessonns evereresnestetrrer e aeraet s reRae e a s et et esarn s 99
Freeling, M. — University of Califomia - Berkeley. . eetersae et ettt eae 20
Gantt, E. = UNIVErSity Of MBIYIANG ........co.uuuuvvvmeceeesneseennsemseseesessseeesssesssesssssassssssssseseessssssssssssssseesssss s e eeeo 102
Gennis, R.B. — University of lllinois reresteeeteeesssseasnrrareareaaaaanranreareratenesseseaaen 78
GIDSON, S.1. = RICE UNIVEISILY.........coumcrreerreeennsruenssssenssussesssssssssseseesssessesssesseesssesssssassssasesssessessessssssssssessesesessesseen. 175
Gillham, N. W. — DUKe UNIVErSity .............ooeveemeereeresrereersrerssessens ceeeemraeisnesraresan et n e e e s et s snte s ar b anase s .58
Golbeck, J.H. -~ Pennsylvania State University........ Sbesereenesei i ae e e ekt vt e s st s easaerraesaereeas 164
Gold, M.H. - Oregon Graduate Institute of Science and TEChNOIOGY ......ocvvveisiaianermecceneneareeerrassesassssnstsrsssssssssnenns 157
Goldberg, R.B. ~ University of California - Los Angeles..... Besresressesaneresnssenisttsaneriestinssatstentertsrasrsereens 36
Golden, J.W. = Texas ABM UNIVEISItY .........cov..uuuvvueieeeroeeosncesseeeeseeeseessssssesssssssssesssess s eessesssseeees oo eeoeseosesoe 190
Grahame, D.A. — Uniformed Services University of the HEalth SCIBNCES .............ovvveevveerrversmoeoeoooeooooooooooo . 89
Grant, S.R. - University of North Caroling..............eeeevvevseeeresmerenn rreeseeseenenierrenens 144
Green, P. ~ Michigan State University DOE Plant Research LabOratory .......coecverereerereenreseereeere et seeesnenns 117
Gruissem, W. — University of Califomia - BErkeIRY ...............c.eeceeeeereemeereeeseeesrossseoseoeeeeeoeoeooeeoeeoeoeoeooeeeoo 21,94
Guiltinan, M. — Pennsylvania State University............. SOV SO 165
Gunsalus, R.P. — University of California - Los Angeles 37
Hammel, K.E. — UNIVerSity 0f WISCONSIN ........cc.cvvvverrveeerinnseamneseessesosesssemeesessssssssssssessssesssssssessessesssessss s s ssoens 214
Hanna, W.W. — University of Georgia rereetnesseesatisat st e asesaresarserrenennaen 75
HanSoN, M.R. — COMEII UNIVETSILY ..........ouccecuurerunenianenissesssanncsassnesssesssseessseesssssssssesssesemses oo 51
Harada, J.J. — University of California - DBVIS .........c.v...uerrvenneesmaneenesenemnseeessssessssseses s oseseeoseseeosseeso 31
Harper, J. — The SCripps RESEAICH INSHIULE.............cccuuurerrruenreeeaceeoneeeeseeeneseemesssesese e eesoeeee 182
HarwOo0d, C.S. — UNIVETSItY Of IOWA ........ouu.cveeereemsrecemmsiecece s stsnessseseseesesmesesesseesssessee s eeooseeoon oo 85
Haselkom, R. — UNIVErSity Of CRICAGO ..............couueeceuemmmmssssseeressssssssssmsseeenssesssessess s osseseoossssos 43
Hawes, M.C. - University of Arizona treeerrintensenesnenaenaersanens 7
He, 8.Y. - Michigan State University DOE Plant Research Laboratory ........cccoeeeeeeeneieee e veeeeees oo, 118,128
Hearst, J.E. —- Lawrence Berkeley National LBDOMALOMY ...ttt eesenes et 93
Hind, G. — Brookhaven National LADOraMONY ...............c.c.eueummeeesssssmessssssnssesereesssssesssessesesossosseoosoo 16
Hollingsworth, R.I. - Michigan State University ..................... et et et r et et s e bbb n e eeteteneae e e easeees 110
Hooper, A.B. — UNIVersity Of MINNBSOLA..................commrrreemmmerereessmmsnnseseemmssesesessmsssssessssssosoosssessso 131
HoUtz, R.L. = UNIVETSItY Of KENMUCKY ........voooveecrmerereseenesssussssssnnssnssssssssesessssessessssssmsesesssesossssssssesso 90
Howe, G. - Michigan State University DOE Plant Research LabOoratory........c.coovuieeiiecee e oo 119
Huber, S.C. — U.S. DEPanment Of AGRICUMUIE ...............ccccvereeeslevrerssssessssssssssssssesosoossossssosossosessssosssoso 2
INGram, L.0. —~ UNIVErSity Of FIONAB ......vverreeerreeeereneeneeeesssesenssssssssssmseoseeseeessosessossss oo 60
Jackson, A.O. — University of California - Berkeley . cresstseite b s s e tebe e st s e beer e saaebsenseseenne e aeateneneeeenenneneos 22
Jensen, RA. — UNIVErSity Of FIONAA ...u..evvveveeeceereeeammmeeesmsssssssmssssssssssssssssssesseemssesssssesesesssoossssss - 61
JONsen, R.G. — UNIVETSIty OF AMIZONA......ccvvverrrreesereeeessessssmmsessessesssssssssssssssessssssseneeeeemsssosesssssn 6
Jorgensen, R.A. — University of Arizona serstentterate et s aseraneanesnessesraesnesaennes 8
Kahn, M.L. — Washington State UNIVErSity ................ueeeeesvusesenceemeemsesneeesmssessss oo erereestsesrerenssasennans 203
Keegstra, K. — Michigan State University DOE Plant Research Laboratory 120,125
Kelly, R.M. — North Carolina State University....................... fesersseinsiesisentatnensseesensansanen eterrennneeiassenseaanens 145
Kende, H. - Michigan State University DOE Plant Research Laboratory -..........ceeceeemuerueeneveceennrsennn, 121,122,125
Kermicle, J. - University of Wisconsin : o eeer sttt rassasa s eseeteese s s es s 215
Ketchum, K.A. - The Institute for Genomic Research cttestretene et te e aere s ne st ne e nenesen 196,197
Kim, §.-H. — Lawrence Berkeley National Laboratory : tenreraeesteesoesetesnrasesnseresassnens 94
Kirsch, J.F. — Lawrence Berkeley National LaDOrBIONY .............cvcewressusmssmmeeeereeeseeesseesssossssssssssssssnnenn 92
Klein, M.P. - Lawrence Berkeley National Laboratory .............. vons S ....95
Knaff, D.B. - Texas Tech University - T — eetessesersesassssasssssrassesasnranesmees 195
Kolattukudy, P.E. — Ohio State University ........ eeerer sttt s te st b e s eresere e e aeestsseseesansasnnensensmnsnsas 148
Koshland, D.E. — Lawrence Berkeley National LabOraLONY .......vmurieiteeectsceseeeeee st 92
Kramer, D.M. - Washington State UNIVESILY.....ouvreetectctcneeecsientnsences e coeeeesseeesse s e reretatar e 204

Krizek, B.A. ~ University of South Carolina ............ bbbt n et et e et s 184
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Krulwich, T.A. - Mount Sinai SChoo! Of METICING ....ceceecverrsreinmissceiimiinniinnisiessiemsssnsssnsassesssssessestssns ssnsssssnanssas 137
Krzycki, J.A. — Ohio State University ..........ccccccereeccierenereenns eetestsessestesssebresbasaresre e et sy a e aa e a s s aeaaseseerrsanstens 149
Lanyi, J.K. — University of California - lrvine .........c........ eerurreesreasatrrens et e R RS R s S SRS SRS SRR SRR SRR S S eSS e 33
Larkins, B.A. = University of AfiZON@ ..........c.ccceeecrmueessessnsvens e 9,10
Leadbetter, E.R.—Marine Biological Laboratofy...........cce... cerristea st aaeases 100
Leschine, S. — University of Massachusetts eeretateerenrersn s sae e e nen s s e e bt et et nre e 107
Lewis, N.G. - Washington State University rerteseresserenassaasens 205,206,207
Lia0, J.C. — TexXaS ABM UNIVEISILY ....coceveeeeererrrrsseeseseseserecsssssssasmssssisssssssesenssssssssastansasssssasasasstsssosssthsssssantasssssssissnes 38
Lidstrom, M.E. — University of WashinGOon .........c.cciiiiniisieniatitinstsstssiessesiismimmtissstsesctosissassssnses 210
Lindow, S.E. — University of Califomia - Berkeley veresusiasensasasaetsre s s taanaras anans .23
Lit, Z. = UnIversity Of MAryland.........ccccerieisneeseesssessssesssesssssassssssesesssassssssessssessassssassessssassatsssstensassnssnstorsssssssssisisis 103
Ljungdahl, L.G. —~ University of Georgia R ... 68
Long, S.R. - Stanford University ............ .. 186
Loviey, D.R. - University of Massachusetts ...............cecvvcervresneneseaarennas reereseae et ne e sbe s srene 108
Lucas, W.J. = University of Califomia - DAVIS .........ccceverereecerccriirinisennnssssenionssssessnssnsssssssstssarastsssosisnssessssnsssesssssnns 27
Ludden, P.W. — University Of WISCONSIN ......ccccciveivrerersissuenrinsunseniiiessnssnresnssnessossseesssssstsssissnsssnasssssnssnssasssesssesssssores 216
Maier, R.J. = JOhNS HOPKINS UNIVETSItY ......cccciriererirminncnrneinrcmrencsenenniasanessssssesasstasstsnsenssssest e tistssesessnsssasessonsosasssas 86
Maimberg, R.L. = UnIiversity 0f GEOIGIA .......cccocccerrieiecinrieceninitiiicereiensicseisesarsssassesressssnrsssastesassnsstessesessasessensrssseens 69
Martienssen, R. —~ Cold Spring Harbor Laboratory ..........cccevievemvennieneniiinvnicinienineresssnessecaesssesseriesstcsnaee 47
Mayfield, S. - The 'Scripps ReSarch INSHIULE........c..ccveirmecrinvircetntcrtrre sttt ss st tss s o 183
McCarty, D.R. — University Of FIOMA ........ccccvceenenrieniniiiiireseriiste st sstss s ssness e saear e e s ssnsnss st e s snasasasasareseons 62
McCarty, R.E. — JOhNs HOPKINS UNIVETSIY .........ccrvveeririrmsnisiiiinniiissiinistessrnsressesissnsrosseisnsssesssssnssnrosssssssssnsosnsessens 87
Mcinemey, M.J. — University 0f OKIBNOMA ...........ccccourrmiiesreeneisesiessecsensssstrossnstssssesssnssssassinssssonsssssssssssnsssnsasasssenes 153
Mcintosh, L. — Michigan State University DOE Plant Research Laboratory ..........cuviemniieinnincnnnnneeenne, 122,123
Meagher, R.B. - University 0f GEOIGIa .....cccccevriereeniiiiiniiiiciititirt st tes st n st e s s e rorasansessbesensanees 70
Messing, J. — RULGEIS UNIVEISIY ....covccemicvriisiintiniii it tasseseste s senssacs s sns e s s sns e b sass s se s asssnsnsssassnssss 178
Mets, L. — University Of ChiCAG0.......cceurieincerinircrisesisienisientssssisissirssisssansssesessessssessessossossssossosssssssssossnmosesssssssses 44
Meyerowitz, E. — California Institute of T@ChNOIOGY ...c..covuvirmiinrieec ettt e 18
Momany, M. — University Of GEOTGIa ........cuciceirmrinerecinniiinininininiiniinssiissiersissnresssosstessesssssnssssanssoassessssssssnsssessassssnness 71
Morris, T.J. — University of Nebraska ....,..ccceeceevnencenns erteereeeratssrrrsstseanessesbtetbesbs e es b sesansess 139
Mort, A.J. — Oklahoma State UnIVErSIty .........cceceiicriiiicerrinmermiineristssiesititsstesisnnsesrsncsssssssessssresessnssssassnssssearson 154
Mullet, J.E. — Texas A&M UNIVEISItY .......ccoiiiuriiiiiniiniiiiiciiinsisninssesssesssnsseesssss s sresssascrnessaesstsssesmessasssssorsonsssesane 191
NEISON, T. = YAl UNIVEISILY ....coviiieerinieiitinrnr ettt cesss e ceasestessasasnesssnesesssasessssansssesassasnassnsnasersensessbsesasanses 221
Newman, T. -- Michigan State University DOE Plant Research Laboratory ............cccceceeevimrcensicrorennneneninnrcesesnnereens 128
Noel, K.D. - Marquette University ...........cccecerverereererenernscscsnrescasannas ererrereesesessessanessnessneessnten 101
Noll, K.M. = University Of COMNECHCUL ........ccorerererrererrererrrseeerisaesnssssssnosesssnsssssasseesesssassressasesstesssesarssssssasssssesssesnses 49
Ohlrogge, J. — Michigan State University ...........cccceceeccienvirccercrcrecnansccrscensssenes 111
Okita, T.W. - Washington State University ........ reereereee ettt es st enasane ... 208
O'Malley, D. — North Caroling S1ate UNIVErSItY ..........ccevceivrinecrnercerenerieresseenssesassasesssssnsasesssssssssssssnsssssesnssessasssans 146
OsmONd, C.B. = DUKE UNIVEISIIY ...covvrerieiiriirrencotiinrincreesitretecetesstnssstesssssesnasssssssntenesassrssssssassssssesssssenssssssessassessesns 58
Outlaw, W.H., Jr. — Florida State UNIVEISILY ......cccoeeiverierieiietecceeterereereresseeneessrssseesseessessnerssessassssonsesssorasssnens SR 59
Poft, K.L. - Michigan State University DOE Plant Research Laboratory ........c.cceeeviivernvennccnnnscnninicrenesee e 112
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DIVISION OF ENERGY BIOSCIENCES
ABSTRACTS OF PROJECTS SUPPORTED IN FY 1998

1. Metabolic Regulation of the Plant Hormone Indole-3-acetic Acld
Cohen, J. D. .

institution: U.S. Department of Agriculture
Phone: 301-504-6635

Department: USDA-ARS-PSI-HCQL

Fax: 301-504-5107

Address: Beltsville, MD 20705-2350
Email: |

Funding: $92,000 12 months

The phytohormone indole-3-acetic acid (LAA, auxin) Is important for many aspects of plant growth, development and responses to
the environment. Our understanding of the biosynthesis, conjugation and degradation of auxin in plants, and the mechanisms by
which plants regulate auxin levels has changed remarkably within the last few years. We showed that mutant plants that cannot
make the amino acid tryptophan still make 1AA, and in very high amounts. We also showed that both the traditional tryptophan
pathway and a non-tryptophan pathway to 1AA occur in plants, and sometimes both are used by the same plant at different times of
development. An additional source of LAA in plants is the relatively large pool of LAA stored within plant cells in conjugated form. We
are working on three fundamental problems related to how plants get their LAA: 1) Characterizing the non-tryptophan pathway to
auxin using an in vitro system from maize seedlings; 2) Determination of how a plant decides to use one or the other pathway, or
both, during various developmental stages or in response to environmental stresses and stimuli; 3) Isolation and characterization of
bacterial and plant enzymes that hydrolyze conjugates that could be useful for altering IAA metabolism in specific plant tissues.
Recent studies have shown that 1AA levels change by two orders of magnitude following fertitization and remain high during the
earty stages of camrot zygotic embryogenesis, but retum to lower levels as organized structures begin to develop. Carrot somatic
and zygotic embryogenesis are being studied to determine how pathways to IAA are controlled during development and the
consequences of activation of these pathways on LAA levels and embryo development.

2. Role and Regulation of SNF-1dike Protein Kinases in Plant Carbohydrate Metabolism
Huber, 8. C. ’

institution: U. S. Department of Agriculture
Phone: 919-515-3906

Department: USDA/ARS Plant Science Research
Fax: 919-856-4598

Address: Raleigh, NC 27695-7631

Emali:

Funding: $100,000 14 months

We have continued our studies to elucidate the control by phosphorylation of sucrose-phosphate synthase (SPS) and sucrose
synthase (SuSy) - important enzymes of sucrose (Suc) synthesis and degradation, respectively. With SPS, we have focused on the
phosphorylation of the enzyme's two regulatory sites: Ser158, responsibie for dark-inactivation of the enzyme, and Ser424, which
appears to be responsibie for "osmotic-stress activation” of the enzyme in darkened leaves. The amino acid residues surrounding
Ser158 and Ser424 are similar and both conform to the motif targeted by SPS-kinase(s): Basic-Hydrophobic-X-Basic-X(2)-Ser-.
However, the two sites are phosphorylated by distinct kinases. Ser158 is phosphorylated by PKu, a likely member of the sucrose
non-fermenting (SNF 1) family of kinases that is itself controlied by phosphorylation. in contrast, Serd424 is phosphorylated by PKy, a
unique stress-stimulated kinase. Understanding those processes may uncover new information about how plants cope with stress,
and could provide new avenues lo increase stress tolerance of crop plants. With SuSy, our efforts have focused on identifying the
physiological significance of Ser158 phosphorylation. Phosphorylation results in a small activation of the cleavage reaction that is
probably not significant in vivo. However, phosphorylation appears to be part of the mechanism that controls the membrane
association of SuSy. Our current working mode! is that phosphorylation causes a conformation change that reduces exposure of
surface hydrophobic residues, thereby causing release of SuSy from the membrane. The localization of SuSy may directly controi
whether imported assimilates are utilized in cell wall biosynthesis or other biosynthetic pathways.
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3. Consequences of Altering Rubisco Regulation
Portis, A R., Jr.

Institution: U.S. Department of Agriculture
Phone: 217-244-3083

Department: USDA-ARS Midwest Area
Fax: 217-244-4419 -

. Address: Urbana, iL 61801-3838

Email: i i

Funding: $53,100 12 months

Rubisco initiates photosynthetic carbon acquisition and its activity can be limiting for photosynthesis. Even wheq Rubi;co activity is
nat limiting (e.g. low light, high CO;, limited sinks), the activation state in the enzyme is often reduced such that its activity is no
longer explicitly limited by the steady state level of the RuBP substrate. Several hypothesis have been proposed which attempt to
account for this response. The activation state of Rubisco is detsrmined by the activity of its regulatory protein, Rub_isco activase.
Rubisco activase is usually present as two isoforms, differing at the carboxy! terminus, generated by altemative splicing of the pre-
mRNA, and of unknown significance. Activase activity requires ATP hydrolysis which responds to the ATP/ADP ratio and appears to
be influenced by light intensity via the thylakoid membranes by an unknown mechanism. :
The goal of this project is to examine the consequences of altering Rubisco regulation by examining the properties of Arabidopsis
“plants expressing different forms of Rubisco activase and achieved via transformation of either the wild type or the rca” mutant
(containing no Rubisco activase). Plants containing only one of the two isoforms and plants which have mutant forms of Rubisco
activase less inhibited by ADP are currently being characterized. Plants overexpressing each form of activase or forms with no
catalytic activity will also be created. The information gained by this research will directly address the significance of Rubisco
regulation as a determinant of plant productivity and in the response of plants to their environment.

4. Structure, Function and Regulation of Antenna Complexes of Green Photosynthetic Bacteria
Blankenship, R. E.

Institution: Arizona State University

Phone: 602-965-1439

Department: Department of Chemistry & Biochemistry
Fax: 602-965-2747

Address: Tempe, AZ 85287-1604

Email: i

Funding: $117,000 12 months

All photosynthetic organisms contain chlorophyill pigments that function as an antenna, absorbing fight and transferring excitations to
a photochemical reaction center where energy storage takes place by a series of chemical reactions. The green photosynthetic
bacteria are characterized by large antenna complexes known as chiorosomes. The overall objective of this project is to determine
the molecular organization of pigments in chlorosome antennas, as well as the mechanisms of excitation transfer and regulation of
this unique antenna system. The chiorosome pigments are organized in vivo into pigment oligomers in which direct pigment-pigment
interactions are of dominant importance. Time-resolved spectroscopy has given insight into the pathway and kinetics of excitation
flow from the peripheral region of the chlorosome to the reaction center. Ultrafast absorbance measurements have indicated that the
pigments are very strongly coupled, leading to subpicosecond energy transfer. Green sulfur bacteria contain a redox-activated
quenching mechanism for control of energy transfer efficiency. The quenching effect may be a control mechanism that protects the
cell from damage during conditions where light and oxygen are present simultaneously. We have recently determined the X-ray
structure (PDB ID code 1KSA) of the bacteriochlorophyll & antenna protein from the green sulfur bacterium Chiorobium tepidum.
This protein is an intermediate in the energy transfer pathway from chiorosome to reaction center. Efforts to develop a system for
site-directed mutagenesis of this protein are underway.

5. Chlorophyli-Binding Proteins In the Cyanobacterium Synochocystis sp. PCC 6803
Vermaas, W. :

Institution: Arizona State University
Phone: 602-965-3698

Department: Department of Piant Biology
Fax: 602-965-6899

Address: Tempe, AZ 85287-1601

Email: wi

Funding: $102,000 12 months

Chiorophyll synthesis is coupled tightly to biogenesis of chiorophyll-binding proteins in photosynthetic systems. This tight coupling is
important to avoid accumulation of free chlorophyil, which is toxic in aerobic environments in the light. One way to address the in
vivo mechanisms of this-coupling is by genetic modification of the rate of chiorophyll synthesis and the conditions under which it
occurs, followed by analysis of the effects of these modifications on synthesis of chiorophyli-binding proteins. For these studies the
cyanobacterium Synechocystis sp. PCC 6803 is used because this organism is:very.suitable for gene replacement studies and
because its genome has been sequenced. By deletion of the light-independent pathway of chlorophyll synthesis in this organism, a
mutant has been generated that does not make chiorophyll in darkness and that starts synthesizing chlorophyll when exposed to
light. Interestingly, the synthesis rate of a chiorophyll-binding photosystem il protein, D1, is very low at early times of illumination,
and increases as chlorophyll accumulates. Transcript levels for this protein are high at all times, implying a translational control
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involving chlorophyll. Indeed, in another mutant with a lower capacity for chiorophyll synthesis, D1 translation is even more impaired.
This observation has further increased our interest in identifying potential chiorophyll-binding proteins, and determining their role in
synthesis, assembly, and function of the photosynthetic apparatus. Several potential chiorophyll-binding proteins in Synechocystis
sb. PCC 6803 have been identified on the basis of either sequence homologies or biochemical evidenca, and analysis of the role of
several of these proteins is in progress.

8. Restructuring Matabolism for Photosynthesis Protection
Bohnert, H. J. and Jensen, R.G. ’

institution: University of Arizona

Phone: 520-621-7961

Dopartment: Department of Biochemistry
Fax: 520-621-9288

Address: Tucson, AZ 85721-0088
Emall: i

Funding: $101,000 12 months

The long-term goa! of this project is the engineering increased whole-plant tolerance to drought and salinity stresses by the
modification of metabolic pathways in carbon allocation. We expiore the roles of accumulating substances, polyols in particular, and
also proline, trehalose, ectoine, and glycine betaine. Several laboratories reported that the transgenic overexpression of enzymes
that lead to the accumulation of these compounds provided limited stress protection, but mechanisms of action are still largely
unknown. Effects of accumulating osmolytes have been measured in transgenic tobacco. Extending these studies we can now
pinpoint a specific function for mannito!, at approximately 100 mM in the stromal space, in the protection against hydroxy! radicals.
We observe that mannitol protects enzymes of the Calvin cyde, while the water-spiitting machinery and photosystems are not
inhibited under the conditions used. The protective effect of mannitol has been shown in vivo, in isolated cells, chloroplasts and in
vitro systems. We expect that other polyols may have a similar function. Protection is exerted in a narrow range of accumulating
polyols; tobacco plants with high accumulation of, e.g., sorbitol are apparently osmotically challenged and are stunted. We suspect
that either osmosensing pathways are affected or that high amounts of polyols are interfering with sugar sensing in these high
accumulator fines. We are now targeting the expression of different enzymes of osmolyte production to different compartments and
to different tissues by the use of tissue- and cell-specific promoters. We expect muiltipie osmolytes to exert different protective
effects.

7. Role of Cell Wall Degrading Enzymes in the Programmed Separation of Celis from Root Caps
Hawes, M. C.

Institution: University of Arizona

Phone: 520-621-5490

Dopartment: Department of Plant Pathology
Fax: 520-621-9280 :
Address: Tucson, AZ 85721-0036

Email: mhawes@u.arizona.edy

Funding: $38,000 12 months

We proposed a mode! to describe border cell separation, based on published results describing cell wali degradation by microbial
pathogens. We first tested the hypothesis that pectinesterase (PME) activity is a driving force that sets in motion steps leading to
cell separation. if correct, then inhibiting PME activity in the root cap should inhibit border cell separation. Our results are consistent
with that hypothesis: Transgenic hairy roots of pea expressing antisense mRNA to a root cap specific PME encoding gene (rc-
pme1) makes border celis but the cells do not separate into suspension like normal border celis. Cell elongation aiso is inhibited. To
our knowledge, this is the first evidence that inhibiting expression of a plant cell wall degrading enzyme can significantly alter plant
growth and development. In transgenic root tips with reduced rc-pme 1 expression the pll at the cell surface is measurably higher
than in normal roots, as predicted by our model. Removing border cells constitutes a signal to induce not only PME gene expression
but also mitosis in the root cap meristem, and a global switch in gene expression throughout the root cap leading to border cell
production and separation. An extracellular chemical, 'Factor B," appears to act as a repressor to regulate border cell development,
but the effects of this signa! can be overridden by increased atmospheric CO; levels.

8. Transgene silencing, paramutation, and promoter-homology-based control of gene exprossion
Jorgensen, R. A. :

Institution: University of Arizona

Phone: 520-626-9216

Department: Department of Plant Sciences
Fax: 520-621-7186

Address: Tucson, AZ 85721-0036

Email: j nsen i

Funding: $90,000 12 months

Transgenes may interact via a paramutation-like process that depends on promoter homology, causing transcriptional changes in
transgene expression pattems. This phenomenon is distinct from sense cosuppression, a post-transcriptional process that requires
coding sequence homology and high level expression of a sense transcript. However, a transgene causing sense cosuppression of
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an endogenous plant gene Is potentially a very sensitive reporter of paramutation-like interactions between transgenes which share
the same promoter, for the reason that sense cosuppression is threshold dependent. We are investigating such paramutation-like
interactions using anthocyanin genes in petunias, an excellent system for monitoring gene expression changes bo_th quantitativety
and qualitatively. Our preliminary observations suggest that paramutation-like interactions between transgene copies cause
qualitative changes in transgene expression that resutt in qualitatively new pattems of sense cosuppression in petunia flowers. The
experiments proposed here are designed to test this hypothesis, to investigate epigenetic properties of paramutapt transgenes, and
to investigate the DNA sequences in the transgene promoter that are necessary for inducing qualitative changes in cosuppression
pattems. )

9. Dissection of Molecular Mechanisms Regulating Protein Body Formation in Maize Endosperm
Larkins, B.

Institution: University of Arizona

Phone: 520-621-9958

Department: Department of Plant Sciences
Fax: 520-621-7186

Address: Tucson, AZ 85721-0036

Emall: [arki iosci.an

Funding: $102,000 12 months

Endosperm texture is an imporiant quality trait in maize, as It influences the shipping and handling characteristics of the grain, its
susceptibility to boring insects, the yield of grits from dry milling, energy costs during wet milling and baking properties of the flour.
Factors contributing to texture, i.e. hardness and vitreousness, are poorly understood. However, there appears to be a causal
relationship between kemel hardness and protein body formation in the endosperm, because mutations that affect protein body size,
number and organization give rise to soft, starchy kemels. To better understand the relationship between protein body formation and
the vitreous phenotype, we have conducted experiments to investigate the molecular mechanisms regulating protein body
formation. Associations were found between protein bodies, zein polysomes, actin and EF-1 in vitro. These observations led us to
speculate that the cytoskeleton plays a role in the synthesis of storage proteins in maize endosperm. To approach this question, we
have begun experiments to visualize the cytoskeleton in intact maize endosperm cells and determine its relationship to protein
bodies, determine whether zein mRNAS are targeted to specific sites on the rough endoplasmic reticulum (RER), and determine
whether zein mMRNAs localize to the RER membrane in a cytoskeletal-dependent manner. We have been able to document dramatic
changes in the distribution of actin filaments, microtubules and EF-1 accompanying the accumulation of storage proteins and starch
in endosperm cells. Microtubules become juxtaposed with protein bodies, which are enmeshed in EF-1 and actin. The EF-1 and
actin appear to exist in a complex, as pretreatment of the tissue with cytochalasin D causes the redistribution of both proteins.
Results from recent experiments in which we have localized zein mMRNAs in fixed tissue and microinjected fluorescently labeled zein
mRNASs into living endosperm cells, support the hypothesis that these mRNAs are associated with, and perhaps trafficked by, this
cytoskeletal network.

10. Regulation of DNA Endoreduplication in Matze Endosperm
Larkins, B.

institution: University of Arizona

Phone: 520-621-9958

Department: Department of Plant Sciences
Fax: 520-821-7186 '

Address: Tucson, AZ 85721-0036

Email: j josci.ari

Funding: $100,001 12 months

Nuclear DNA endoreduplication occurs widely in the metabolically active tissues of plants and animals. While a normal cell cycle
has S, G2, M and G1 phases, the endoreduplication cycle has only DNA synthesis and gap phases. Maize endosperm cells engage
in multiple rounds of endoreduplication from 10 to 25 DAP. Though the biological significance of this process is not understood, one
suggestion is that an increase in gene copy number can increase mRNA transcript levels in a developmentally regulated manner.
Investigations in our laboratory suggest that endoreduplication in maize endosperm is associated with the inhibition of mitotic cydlin-
dependent protein kinases (CDKs) and enhancement of S-phase CDKs. Inhibition of mitotic CDKs is achieved via the production of
an inhibitor present throughout endoreduplication. Unlike regulators of CDKs in other eukaryotes, neither covalent modification nor
stable binding is required for the inhibition. The inhibitor is associated with the microsomal fraction and its activity increases
significantly between 9 to 13 days after pollination. To leam more about this inhibitor, we have established a purification protocol
that allowed us to purify the protein component of this inhibitor-to near homogeneity..Maize endosperm contains a high leve! of
CDK-like kinase activity which can be detected as soon as the kinase is separated away from inhibitory factors. This kinase
possesses characteristics expected for the S-phase CDK of higher piants. Partially purified activity from 16 DAP maize endosperm
cofractionates with electrophoretically distinct polypeptides immunologically related to Zea mays p34™*2.
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11. Molecular Characterization of the Role of a Calcium Channel In Plant Development '
Schumeker, K 8.

Institution: University of Arizona

Phone: 520-621-9635

Department: Depariment of Plant Sciences
Fax: 520-621-2012

" Address: Tucson, AZ 85721-0036

Emall: schumake@ag.arizona.edu
Funding: $90,000 12 months

During their development, plants convert the information from environmental and physiological cues into specific growth responses.
Transduction of this information into the appropriate celiular compartment often involves changes in energy coupling across cellular
membranes. In several species of moss, changes in cellular calcium ievels have been implicated in the regulation of growth habit.
During the progression from filamentous to meristematic growth, cells undergo a dramatic alteration in the pattemn of development
involving a reorientation in cellular polarity and subsequent hormone-induced changes in cel! proliferation. Calcium influx has been
implicated in both of these processes: in selection of the site of asymmetry and in hormone-induced changes in cell expansion,
elongation, and division.

Using calcium channel modulators (agonists and antagonists), whole plant studies have implicated control of calcium regulation
during moss development to a dihydropyridine-sensitive calcium channel. Our studies of calcium influx into moss protoplasts and
binding of a calcium channel antagonist to moss plasma membranes have provided a biochemical and molecular characterization of
this moss calcium channel. We have shown that cytokinin, changes in voltage, and heterotrimeric guanine nucleotide binding
proteins can regulate channel activity in vitro. We have identified two proteins in the moss plasma membrane that bind specifically to
the channel antagonist, and studies are underway to isolate these putative channel proteins. Our studies continue to focus on the
expression and regulation of the channe! during development. To localize the channel spatially and temporally during development,
in vivo assays using a fluorescently-labeled channel antagonist are in progress. To extend our studies of channel regulation to
stages of development, specific cell types, and specific regions of the cells involved, we are performing electrophysiological
measurements to characterize channe! activity. Understanding the properties, expression, and regulation of the channe! will help us
determine the molecular mechanisms underlying calcium regulation and calcium's role in plant development.

12. Osmoregulation in Methanogens
Roberts, M. F.

Institution: Boston College

Phone: 817-552-3616

Dopartment: Department of Chemistry
Fax: 617-552-2705

Address: Chestnut Hill, MA 02167
Email:

Funding: $97,001 12 months

This project is aimed at understanding how methanogens deal with osmotic stress and to use these insights for increasing the salt -
tolerance of other cells. Present studies are focused in four different areas: (1) in vivo *C-edited 'H NMR studies of Methanococcus
thermolithotrophicus and Methanohalophilus portucalensis using soluble '*C-abeled substrates for methanogenesis to monitor
organic solute production, uptake, or loss upon alteration of external NaCl, (2) *K NMR and atomic absomption studies of thess
organisms upon salt stress to characterize changes in intracellular K°, (3) defining biosynthetic pathways (e.g., identifying and
characterizing key enzymatic activities) for severa! unique osmolytes inciuding N-acetyl—lysine and DIP (di-myo-inositol-1,1°-
phosphate), an unusual osmolyte that occurs in hyperthermophiles, and (4) quantifying how other external perturbations (e.g., high
external pressure or moderate molecular weight PEGs) affect osmolyte accumulation in M. therrnolithotrophicus and other bacteria
known to adapt to high pressure. The first of these provides a continuous assay of how the celis alter their intracellular solutes in
response to different medium conditions. The second has allowed us to explore how K" ion fluxes are related to organic osmolyte
accumulation, The third area has provided us with several candidate proteins that may be regulated by changes in extemnal NaCl.
“The fourth study will provide information on the role of Na' in osmolyte production and balance.

13. Differential Regulation of Plastid mRNA Stabllity
Stem, D. B.

Institution: Boyce Thompson Institute for Plant Research
Phone: 607-254-1306

Dopartment: Piant Molecular Biology Program

Fax: 607-254-1242

Address: ithaca, NY 14853

Email: )|

Funding: $30,000 12 months

Chioroplast gene expression is often regulated at the level of mRNA processing and stability. This regulation is required for the
coordinated synthesis and assembly of the electron-transport chain macromolecular compiexes. We have focused on the
chioroplast genes petA, petB and petD, which encode subunits of the cytochrome b6/ complex. Using biochemical methods, we
have characterized a 41 kDa protein (CSP41) which recognizes a conserved sequence in the 3' untransiated region of petD mRNA.
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This protein also exhibits endoribonuclease activity. When the CSP41 binding site was altered in chimeric reporter genes introduced
into tobacco chloroplasts by biolistic transformation, alterations in mMRNA accumulation were seen consistent with a role of CSP41 in
regulating petD 3' end maturation and/or RNA stability. The Arabidopsis csp41 gene was isolated and used to construct antisense
plants with no detectable CSP41. These plants are viable, but preliminary results suggest that the accumulation of several
chloroplast mMRNAs may be reduced. in a related project, we have used tobacco chloroplast transformation to create disruptions of
the petA, petB and petD genes. As expected, these plants exhibit high chiorophyll fluorescence and require sucrose. RNA
accumulation pattemns and polysome loading are being studied to investigate possible crosstalk between the genes encoding
“cytochrome b6/ complex subunits. Our hypothesis, based on findings for other chloropiast and mitochondrial macromolecular
complexes, is that one or more subunits of the cytochrome b6/ complex will be under translational autorepression in these
disruption plants. If so, it will illustrate that higher plant chioroplasts, like Chlamydomonas chioroplasts and yeast mitochondria,
utilize this intricate mechanism to ensure stoichiometric accumulation of photosynthetic protein subunits. ‘

14. Molecular Plant Genetics
Bum, B. and Burr, F.

Institution: Brookhaven Nationa! Laboratory
Phone: 631-591-3396

Department: Biology Department

Fax: 631-344-3407

Address: Upton, NY 11973

Email: bumr@bnlux1.bnl.goy

Funding: $354,700 12 months

Simple sequence repeats (SSRs) for the basis for a new generation of molecular markers for higher plants. By their nature, these
co-dominant markers detect higher levels of polymorphism than other single locus markers. SSRs have the further advantage that
they can be detected with a simple PCR-based assay. We have modified an enrichment protocol that has allowed us to describe
and map 409 SSR loci for maize and 225 for cotton. The maize loci were mapped in two recombinant inbred populations we
maintain that are used by the maize genetics community for rapid gene mapping. The database for these populations has over 2250
mapped loci and is available over the intemet (http://burr.bio.bnl.gov:80).

New milling methods require enhanced properties of cotton fiber. We are sequencing cDNAs from' developing cotton fiber with a
view toward finding genes that control cotton fiber properties such as length strength and thickness.

We are interested in the regulation of carotenoid and anthocyanin pigmentation. We have characterized in1, a negative regulator of
anthocyanin biosynthesis in maize and are now focusing on its interaction with r1, the positive regulatory element that is its apparent
target. ‘

15. Molecular Bases and Photobiological Consequences of Light intensity Adaptation in Photosynthetic Organisms
Falkowski, Paul . '

Institution: Brookhaven National Laboratory
Phone: 732-932-6555

Department: Department of Applied Science
Fax: 732-932-8578

Address: Upton, NY 11973

Email: i

Funding: $75,000 12 months

This project addresses the basic molecular mechanisms responsible for the acclimation of the photosynthetic apparatus to changes
in iradiance. We have recently identified that the redox status of the plastoquinone pool is a sensor that affects nuclear gene
transcription in a eucaryotic green alga, Dunaliella tertiolecta (Escoubas, et al., Proc. Nat. Acad. Sci. 92:10237-41 ). The research
builds on that discovery by analyzing the signal transduction cascade and the cue/response functions. The effect of redox
Modulation in the photosynthetic electron transport chain on the expression of a variety of nuclear genes is under investigation. The
research goals are to characterize the key DNA binding factors, follow the effects of-redox control on the activation of the binding
factors, and examine how redox poise is related to environmenta! cues such as imadiance, temperature and CO,. The research has
broad implication for understanding how environmental information is transduced to biochemical information with photosynthetic
organisms, and how that information, in tum, affects nuclear gene expression.

16. Regulation of Energy Conversion in Photosynthesis
Hind, G.

Institution: Brookhaven National Laboratory
Phone: 631-591-3400

Department: Biology Department

Fax: 631-344-3407 ’

Address: Upton, NY 11973

Email: hi nlyx1

Funding: $325,000 12 months
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The efficiency of photosystem Il and the distribution of excitation energy from photosystem |l to photosystem | are dynamically
controlled by thylakoid-bound enzymes that modify pigments and pigment-protein complexes. Reversible protein phosphorylation on
threonine residues is an important component in this regulation, and involves many photosystem |l proteins. Evidence from mutant
and inhibitor studies indicates that multiple protein kinases are involved.

We have described a 64-kDa enzyme, which can be solubilized with octylglucoside and partially characterized. However, enzyme

_ activity is consistently detected in the unsolubilized fraction. Established membrane-fractionation protocols were used to explore the

origin of this residual activity, which remained in tight association with core complexes containing photosystem Il reaction centers.
An entirely novel 58-kDa protein kinase was identified in core complexes by renaturing a Westem blot and probing for
autophosphonylation and histone-phosphorylation activities. This enzyme catalyzes phosphorylation of the intrinsic CP43 component
of photosystem |l cores, and light-harvesting chiorophyll a/b protein supplied exogenously. Its possible interaction with minor
cytochrome components in the cores is under study. Future work will explore the substrate preferences of the 64- and 58-kDa
kinases, and possible interaction between these enzymes. Bulk fractionation of core complexes toward obtaining 58-kDa kinase for
sequencing and cloning is in progress.

Latent polyphenol oxidase (PPO) is released from thylakoids by octylglucoside. An active form of PPO forms a complex with
Rubisco: the possible significance of this for Rubisco tumover is being assessed owing to the presence in PPO of a putative
metalloproteinase functionality.

17. Modification of Plant Lipids
Shankiin, J.

Institution: Brookhaven Nationa) Laboratory
Phone: 631-591-3414.

Department: Biclogy Department

Fax: 631-344-3407

Address: Upton, NY 11873

Emall: i

Funding: $300,000 12 months

Fatty acids perform essential roles in plants both as structural components of membranes and as a form of fixed carbon in
triacyigtycerols. Their properties are defined by the presence of double bonds and other substituents in the acy! chain. As a modet to
study how fatty acids are modified we are using the soluble acyl-ACP desaturase system. By integrating information from primary
segquences with three-dimensional crystallographic structural information we have identified the molecular determinants of substrate
and regiospecificity. This model of the structure-function relationships of residues within the desaturase has allowed us to rationally
design new enzymes with unique properties. We are currently attempting to express these enzymes in the model system
Arabidopsis 1o evaluate their utility in transgenic plants. If successful these enzymes will be introduced into crop plants which will
accumuiate oils that contain desired fatty acids for particular industrial applications.<

In a separate fine of investigation we are probing the structure-function relationships of members of the predominant class of lipid
modification enzymes that are integral membrane proteins. The alkane -hydroxylase system from Pseudomonas oleovorans is being
developed as a model system for these experiments because it shares biochemical and structural similarities with the entire class of
lipid modification enzymes. Mdssbauer spectroscopy of this enzyme suggests that it has a diiron active site with properties similar to
the soluble acyl-ACP desaturase active site. Experiments are aiso in progress to identify the molecular determinants of reaction
outcome for the integral membrane desaturases and hydroxylase class of enzymes.

18. The ﬁagmslum Branch of the Chiorophyll Biosynthetic Pathway
Beale, S. I

Institution: Brown University

Phone: 401-863-3129

Department: Division of Biology and Medicine
Fax: 401-863-1182

Address: Providence, Ri 02912

Emall: si It

Funding: $110,000 12 months

Tetrapyrrole pigments function as essential components in the processes of respiration and photosynthesis, and aiso exist as
cofactors in other important enzyme reactions. The tetrapyrroles arise from a branched biosynthetic pathway having -aminolevulinic
acid (ALA) as its first committed member. ALA is known to be formed by two distinct routes: by condensation of glycine and
succinyl-CoA in animal, fungal, and some bacterial ceils, and by transformation of the intact carbon skeleton of glutamate in plants,
aigae and other bacterial cells. It has become apparent that the five-carbon pathway from glutamate is more widely distributed than
was previously thought, and it may be the usual route of ALA formation in phototrophic organisms in addition to being the universal
mode in oxygenic species. The macromolecular components of the five-carbon ALA-forming system have been fractionated into
three enzymes and a required tRNA component. Cell-free preparations have been obtained in our laboratory from several
phototrophic prokaryotes, including oxygenic cyanobacteria and strict anaerobes, that catalyze ALA formation from glutamate by
reactions similar to those occurring in plants and algae. We propose to continue the characterization of the enzymes and RNA
reaction components derived from phototrophic prokaryotes and from the unicellular alga, Chlamydomonas reinhardtii, to compare
them to their counterparts in higher plants, and to study the regulation of their activity in response to light and nutritional status. The
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potential of these organisms for molecular genetic studies will be exploited by doning and sequencing the genes encoding enzymes
that catalyze steps of tetrapyrrole biosynthesis. The cloned genes will be used to generate probes to study the regulation of their
expression during adaptation of the cells to light and nutritional status. The probes will also be evaluated for use in measuring
expression of homologous genes in other algae and higher plants.

19. Molecular and Genetic Analysis of LEAFY, a Gene Controlling Floral Induction and Flower Development in Arabidopsis
thaliana . '
Meyerowitz, E.

Institution: California Institute of Technology
Phone: 818-356-6889

Department: Division of Biology, MC 156-29
Fax: 818-443-0679

Address: Pasadena, CA 91125-0001

Emall: r

Funding: $137,000 12 months

We are continuing two separate lines of research. One is directed to understanding the signal transduction pathway by which the
plant hormone ethylene is sensed, and its presence is transduced to cause alteration in piant gene activity. We have now identified
five different members of the ethylene receptor gene family, all of which can be mutated to give dominant ethylene insensitivity. One
model for the function of the ethylene system is that the receptors act in air to repress the ethylene response; mutating them to
ethylene non-binding forms thus causes inability to respond to the hormone. To test this mode! we have reverted the dominant
receptor mutants to obtain loss of function alleles. While single such alleles have only subfie phenotypes, double and tripie mutants,
in which muttiple receptors are unable 1o signal, have strong constitutive ethylene response phenotypes; this supports the "active in
air” model. '

Our second area of research is the study of LEAFY, a gene with key regutatory roles in floral induction and flower development. We
have found a strong LEAFY enhancer gene, named SPLAYED, that may code for a new partner that acts with LEAFY in floral
development. Work is now underway to characterize and clone this gene. We are also purifying LEAFY protein from plants;
purification under native conditions seems to indicate that LEAFY is found in a protein compiex. Attempts to identify the other protein
components of the compiex are in progress.

20. Genetically Programmed Cell Death in Maize
Freeling, M.

Institution: University of California
Phone: 510-642-0920

Department: Department of Plant Biology
Fax: 510-6424995

Address: Berkeley, CA 94720-3102
Email: in

Funding: $104,000 12 months

The maize leaf is comprised of proximal sheath and distal blade, separated at their boundary by the ligular region. We are gaining
further understanding of how the ligular region, consisting of a fringe of epidermal tissue, the ligule, and hinge-like auricles, is
positioned, induced, and formed. Recessive mutations in either Ig1 or Ig2 resuft in an absence of ligule and auricle structures and a
broadening of the normally distinct biade/sheath boundary. DNA sequence analysis of ig1 and Ig2 suggests their protein products
may act as DNA binding proteins. Ig1 shares homology with squamosa promoter binding proteins (Moreno et al., Genes and
Development, 1997) and Ig2 with basic ieucine zipper type transcription factors (Walsh et al., in preparation). SEM analysis of
developing ligular regions combined with genetic evidence suggests that LG1 and LG2 act in the same pathway to establish the
blade/sheath boundary and position the ligule (Walsh et al., in preparation). interpretation and propagation of a signal to induce
ligule and auricle requires LG1 activity.

The ligule of Vg1-R, a spontaneous dominant mutant, is greatly reduced. We found that Vg1-R individuals initially form a normal-
appearing ligule, but that cells within this structure die before development is complete. Genetic evidence suggests ectopic
expression or altered function of vg1° results in cell death (Jesaitis, unpublished). An attractive hypothesis is that Vg1-R aberrantly
activates programmed cell death and o test this idea, we obtained several transposon tagged Vg1-R alleles and are working to
clone the gene (Jesaitis, unpublished). ‘

21. Cellular Integration of MVA Synthesis and Protein Prenylation
Gruissem, W.

Institution: University of California

Phone: 510-642-1079

Department: Department of Plant & Microbial Biology
Fax: 510-642-4995

Address: Berkeley, CA 94720-3102

Email: grissem@nature berkeley.edy

Funding: $118,000 12 months
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The multi-branched isoprencid pathway from mevalonic acid (MVA) is one of the most important pathways in plants because
isoprenes are required for many cellular processes such as cefl division and growth, defense, hormone signaling, and
photosynthesis. Research in animals and yeast has established MVA synthesis and prenylation of growth-related _gngnal )
transduction proteins as critical factors for cell cycle progression and normal cell growth. MVA synthesis is also critical during plant
development, but it is unknown how isoprenoid production is coordinated with cell division and growth. Modification of select

-regulatory proteins by prenylation provides a potentially important link between the isoprenoid pathway and growth control. Protein

preny! transferases have been found in-all eukaryotic cells, and we have shown that the conserved plant famesyl transferase can
restore the function of Ras signaling in yeast. This project uses a biochemical and genetic approach to identify targets of protein
prany! transferases in plants. We have discovered that two plant reguiatory proteins, the transcription factor APETALA-1 and a new
type of calmodulin, are modified by prenylation. Mutations in the prenytation recognition motif, or genetic interactions between
mutations in AP-1 and famesy! transferase, show that the isoprenoid modification is necessary for the function of the proteins.
Future experiments will dlarify the cellular network that integrates earty steps in the isoprenoid biosynthesis pathway with the
function of these regulatory proteins.

22. Protein and RNA Interactions Invoived in the Pathogenesis of Tomato Bushy Stunt Virus
Jackson, A. O.

institution: University of California

Phone: 510-642-3906

Department: Department of Plant & Microbia! Biology

Fax: 510-642-9017

Address: Berkeley, CA 84720

Emaill: j i

Funding: $79,800 12 months

This research will emphasize analysis of tomato bushy stunt virus (TBSV) determinants that are important in virus assembly,
replication and pathogenicity. TBSV is a small spherical RNA virus encoding five genes. We have shown that the two 5' terminal
genes encode replicase subunits which are translated from the viral genome. An intemal gene which encodes the coat protein, p41,
is transiated from the larger of two subgenomic RNAs. The second subgenomic RNA is used to express two nested genes (p22 and
p19) which are involved in local and long distance movement. During the previous funding period, we examined the evolution and
recombination of defective interfering RNAs associated with TBSV infections and evaluated the basis for their ability to modulate
disease symptoms. We also conducted mutagenesis experiments to determine the requirements of each of the viral genes in the
infection process, and obtained information that has helped define their roles in pathogenesis. These analyses have provided us
with valuable information that has helped identify virus genes that elicit host responses during infection, but we have very little
information about the mechanisms underdying these responses. We now propose to extend the genetic studies to investigate
molecular interactions that occur during the initial stages of virus assembly, and the virus and host associations that involve p19 and
p22 during infection. For Objective 1, we will characterize the initial interactions between the coat protein and viral RNA that lead to
virus assembly. Experiments designed to identify and characterize the origin of assembly (OAS) on the viral genome and
characterize the coat protein domains that recognize the OAS are proposed to enable us to develop a molecular model defining the
nucleation events that lead to virion assembly. Objective 2 will focus on the nature of nucieoprotein complexes between p22 and
viral RNA that are involved in cell-to-cell movement. Infected cells will also be examined for potential interactions between p19 and
nucleic acids that may mediate host-specific responses identified using genetic techniques. In Objective 3, a cell biological approach
will be implemented to determine the colocalization of p19, p22 and the coat protein with host components, and the host responses
to expression of these proteins. These studies will provide a better understanding o f biochemical functions of the TBSV proteins
and the complexity of virus-host interactions established during infection processes leading to disease development.

23. Determinants of Environmental Stress Tolerance by Bacteria on Leaves
Lindow, S. £.

Institution: University of Califomia

Phone: 510-642-4174

Department: Department of Plant & Microbial Biology
Fax: 510-643-5098

Address: Berkeley, CA 94720-3102

Emall: jicelab@socrates.berkeley.edu

Funding: $81,097 12 months

Bacteria that live as epiphytes on the surface of healthy plants are important as plant pathogens, in causing plant frost injury by
catalyzing ice formation, and in other processes. The objective of this study is to determine those genes in plant-associated bacteria
that are expressed in cells while on leaves but not in culture media and to determine how these traits enable epiphytic bacteria to
survive the stresses encountered on leaf surfaces. We used a random mutagenesis approach to identify several loci in
Pseudomonas syringae that are required for the survival of desiccation stress on leaves. We are developing an in vivo selection
assay for plant-inducible genes using the melY locus which is required for stress survival on plants. Plant-inducible genes are being
identified by complementing a mefY™ mutant of P. syringae, which our previous work has shown to be deficient in both methionine
biosynthesis and environmental stress tolerance on plants. A MetY" strain harboring a plasmid library consisting of DNA segments
fused to a promoteriess mefY locus survive on dry plants only if the cloned segments harbor a plant-inducible promoter. The plant-
inducible loci are being sequenced to ascertain their putative functions and inactivated by insertional mutagenesis to enable their
role in epiphytic fitness and stress tolerance to be determined. Current work is directed to determining the lowest level of
transcriptional activity of gene fusions that is sufficient to complement epiphytic fitness in this system. The loci identified in this
selection scheme will be further characterized foliowing isolation using inverse PCR by end-sequencing. A cassette enabling
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production of transcriptional fusions to a highly efficient GFP reporter gene has been made to enable the site-specific expression of
plant-inducible genes to be determined.

24. Phytochrome from Green Plants: Properties and Blologicat Function
Quail, P. H.

Institution: University of California

Phone: 510-559-5910 )
Department: Department of Plant and Microbial Biology
Fax: 5§10-559-5678

Address: Berkeley, CA 94720

Email: j

Funding: $105,000 12 months

Phytochrome B (phyB) is one of a five-member family of informational photoreceptors (designated phyA to phyE) in Arabidopsis. In
fully green plants, phyB has a dominant role in monitoring for the appearance of competing neighboring plants and the consequent
induction of the shade avoidance response. A central focus of this laboratory is to identify molecular components responsible for
transducing signals perceived by phyB to the cellular response system. We have used a genetic approach to this problem beginning
with a transgenic line of Arabidopsis (designated ABO) that overexpresses phyB. Seedlings of this line display enhanced
deetiolation specifically in red light. To identify genetic loci necessary for phytochrome signal transduction in red light, we
mutagenized ABO seeds and screened for revertants of the enhanced deetiolation response. One recessive, red-light-specific,
extragenic revertant, designated red?, was isolated. The mutant phenotype was expressed in the original ABO background as well
as in the nontransgenic Nossen (No-0) progenitor background. red1 was mapped to. the bottom of chromosome 4 at a position
distinct from all known photoreceptor loci. Together with complementation analysis, the data show that red? is a novel
photomorphogenic mutant. The evidence suggests that red? may represent a phytochrome signal transduction mutant potentially

specific to the phyB pathway.

25. Molecular Anaiysls of Pathogen Recognition and Signal Transduction Events Specifying Plant Disease Resistance
Staskawicz, B. J.

institution: University of California

Phone: 510-6842-3721

Department: Department of Plant Pathology
Fax: 510-643-7955

Address: Berkeley, CA 94720-3102

Email:

Funding: $112,000 12 months

DuﬂngmepastyearourresearchhasfowsedonmenbleanarmhvdvedmmedelivefyofmAprapMeintotheplam
cell and the genetic dissection of the defense signal transduction pathway. The construction of epitope-tagged avrRpt2 avirulence
genes and the production of polyclonal antisera capable of detecting the AvrRpt2 protein has allowed us to detect AvrRpt2 in
induced bacteria, inoculated plants and stable transgenic plants. The results of these studies suggest that the AvrRpt2 protein is
most likely processed either during the delivery to the plant cell or once i is inside the piant cell. In addition, we are beginning to
study the molecular processes invoived in the type Il secretion process as it relates to the delivery of AviRpt2. We are currently
determining the location of the processing site and the sub-celiular location of the protein once it is inside the plant cell. The
construction of transgenic Arabidopsis plants with a glucocorticoid inducible promoter has allowed us to use this system as a
conditional lethal selection for mutations in the defense signal transduction pathway. Several putative mutants have been identified
in this screen and are currently being further characterized. The development of this screen should allow us to perform saturation
mutagenesis and allow us to detect rare mutations in this pathway.

26. Structural, genetic, and molecular analyses of gynoecium development in Arabidopsis
Zambryski, P. - '

Institution: University of California

Phone: 510-643-9203

Department: Department of Plant Biology

Fax: 510-6424995

Address: Berkeley, CA 94720-3102

Email:

Funding: $97,000 12 months ) .

First, we continued studies on the. TOUSLED protein kinase (PK) gene; with emphasis on its role in gynoecium development.
Mutations in ts| cause reduced differentiation of apical gynoecial tissues and eliminate fusion of the style and septum. This
morphological defect comelates with the highest expression of TSL mRNA’in the developing style. Double mutant analyses s

TSL interacts with ETTIN, and redundantly with PERIANTHIA and LEUNIG. Biochemical analyses demonstrate the TSL PK trans-
autophosphorylates on serine and threonine residues. TSL oligomerizes via its N-terminal domain utilizing a region containing two
alpha-helical segments predicted to form a coil-coiled structure. Database analyses reveal a highly conserved TOUSLED-like kinase
(TLK) family in both plants and animals, implying these enzymes perform similar roles in the nuclei of ail multicellular eukaryotes.
Second, our continuing studies on the ETTIN gene revealed it is expressed throughout stage 1 floral meristems and subsequently

s
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resolves into a complex pattem within petal, stamen and carpel primordia. ETT likely imparts regional identity in fioral menstems
affecting perianth organ number spacing, stamen formation, and regional differentiation in stamens and gynoeciav'Dunng stage 5,
ETT expression appears in 4 ring at the top of the floral meristem before morphological appearance of the gynoecium, supporting
that ETT prepattemns apical and basal boundaries in the gynoecium. Double mutant analyses suggest ETT requires some meristem
and organ identity genes (LEAFY, APETELAY, APETELA2, and AGAMOUS) but not others (APETELA3 and PISTILLATA); and ETT
acts independently of CLAVATA loci but redundantly with PERIANTHIA.

7. Cellular and Molecular Characterization of Vascular Plasmodesmata ’

Lucas, W. J.

Institution: University of Califomia, Davis
Phone: 530-752-1093

Department: Section of Plant Biology
Fax: 530-752-5410

Address: Davis, CA 95616-8537

Email: wilucas@ucdavis.edy

Funding: $121,000 12 months

In angicsparms, the functional enucieate sieve tube system of the phicem appears to be maintained by the surrounding companion
cells. Analysis of sap collected from the sieve tubes has established that over 100 proteins are present in the sieve tube lumen.
Presumably these protsins play a central role in maintaining the functional state of the sieve tubes. Parallel experiments performed
with phioem proteins obtained from squash plants, the cucumber mosaic virus movement protein and KNOTTED1, a plant
homeobox protein, indicated that these proteins ail display comparable capacities to interact with and move through
plasmodesmata. Of equal importance, we found that these phioem proteins exhibit a high affinity for the plasmodesmal binding
sites; concentrations required for celi-to-cell transport were in the 20 nM range. A number of squash phloem proteins were cloned
and sequenced to allow us to further explore the molecular determinants for protein trafficking through phloem plasmodesmata. In
situ and immunolocalization studies confimed that the mRNA was restricted to the companion cell whereas protein was detected
only in the sieve tubes. A search of the data base revealed homologous genes in tobacco, Arabidopsis, rice and maize. We also
identified sequences in these novel phloem proteins that exhibit homology to a viral movement protein. These sequences are
presently being analyzed to identify the presence of common motifs that may reflect plasmodesmal localization signals. Information
of this nature will allow us to expiore the evoiution of the capacity of piants to function as supracellular organisms.

28. Developmental Genetics of Nectaries
Bowman, J. L

Ingtitution: University of California
Phone: 530-754-9652

Department: Section of Plant Biology
Fax: 530-752-5410

Address: Davis, CA 95616

Email: j j

Funding: $86,198 12 months

Nectaries are secretory organs often invoived in offering rewards for pollinators in flowering plants. Despite extensive literatures on
the morphology, ultrastructure, phylogenetic distribution, and pollination biology of nectaries, little is known about their ontogeny or
the genes directing their development. in the Brassicaceas, nectaries are positioned at the base of the stamens. The nectaries
consist of glands that are supplied by phloem with nectar secretion likely occurring through the stomata located at their apex.
Although nectaries are associated with stamens in wild-type Arabidopsis flowers, their development does not depend on the
presence of the stamens since nectaries develop in singly and multiply mutant strains that lack stamens. Genetic evidence to date
suggests that the development of nectaries may be independent of the expression of the ABC genes that specify the identity of the
other fioral organs. The only Arabidopsis mutant that is known to alter nectary development is crabs claw (crc), mutations which
result in the loss of all visible signs of nectary development. in the nectary, CRC expression commences in 3 small number of celis
(the nectary anlagen) abaxial to the stamen primordia. Expression continues in all cells of the nectary throughout floral development.
Characterization of CRC and other genes known to be expressed in nectaries will provide a foundation for the molecular and genetic
description of nectary development in a model species and develop tools that may be utilized to examine whether we may be abie to
manipulate nectar quantity and composition.

29. The Biosynthesis of Celiulose and Calliose in Developing Cotton Fibers
Deimer, D. P.

Institution: University of California
Phone: 530-752-7561
Dopartment: Piant Biology Section
Fax: 530-752-5410

Address: Davis, CA 9561

Emall: dodeimer@ucdavis.edy
Funding: $105,000 12 months
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 The uttimate goal of this project Is to elucidate the mechanism and regulation of synthesis of the cell wall polymer cellulose (beta-

1,4-glucan) and the wound polymer callose (beta-1 +3-glucan). Two cotton cDNA clones (CelA-1 and CelA-2) that encode homologs
of the catalytic subunit of bacterial cellulose synthases represent the first genes isolated from plants that may encode subunits of a
cellulose synthase. Evidence for CelA function includes: a) presence of conserved motifs believed to be involved in binding of UDP-
glc and catalysis; b) recombinant protein binds UDPgic in a Mg™" -dependent manner; ) genes are highly-expressed in cotton fibers
at onset of secondary wall celiulose synthesis; d) another laboratory has identified a close homolog of this gene that is mutated in
Arabidopsis plants that leads to a defect in cellulose synthesis. Current goals include: 1. Catalytic activity and topology: CelA,
engineered to encode a myc epitope in N-ter and two HA epitopes in a predicted extracellular domain, is being expressed in yeast
and plants to study the topology of CelA in the plasma membrane, to test for functional activity in yeast, and to perform
immunolocalization; 2. Structure of cellulose and callose synthase complexes: the N-ter of CelA-1 contains two zinc fingers that we
find bind two moles of zinc per mole of protein and results suggest this region interacts with itself and may be important in stabilizing
CelA-CelA subunits in synthase complexes. We also search for other proteins that interact with CelA or caliose synthase using
yeast two-hybrid as well as biochemical studies (current candidates include cytoskeletal proteins, annexins and/or sucrose
synthase). 3. Cel-A-GFP fusions are being expressed in transgenic plants to see if we can study the movement process for
synthase compiexes in living cells using the flucrescent GFP tag as a marker for CelA.

30. Structure, Function and Assembly of the Clostridium cellulovorans Cellulosome
Doi, R. H.

Institution: University of California

Phone: 530-752-3191 .

Department: Section of Molecular & Cellular Biology
Fax: 530-752-3085 _

Address: Davis, CA 95616-8535

Email: i i

Funding: $118,000 12 months

We are determining the structure, function, assembly and regulation of the Clostridium cellulovorans cellulosome (cellulase) and
non-cellulosomal cellulases. By our studies we hope to engineer a more efficient cellulase and a more efficient bacterial strain that
will produce large amounts of hyperactive cellulase. Our first goal has been to characterize the three major subunits of the
cellulosome. We have cloned and sequenced the genes for two major subunits, cbpA, which codes for the scaffolding protein, and
exgS, which codes for the exoglucanase, ExgS. We have cloned the gene for the third major subunit, P100, which codes for an
endoglucanase and are in the process of sequencing this gene. Our goal is to demonstrate that mini-CbpA containing 2-4 enzyme
binding domains (EBDs), P100 and Exg$S are capable of forming an active mini-cellulosome. We are characterizing the EBDs to see
whether they are specific for one enzyme subunit or can bind all the enzyme subunits. In addition we have cloned a gene for a
second non-cellulosomal cellulase EngF. EngF is produced in large quantities during growth on cellobiose and in much lesser
amounts during growth on cellulose. EngF is an endoglucanase and appears to function primarily as an oligodextrinase, since EngF
Is active on pentoses, but is far less active on carboxymethyicefiulose than EngD, another non-cellulosomal endoglucanase, and
EngB, a ceilulosomal endoglucanase. We are testing to see whether synergism exists between the cellulosome and non-
cellulosomal enzymes by mixing experiments with the cellulosome and EngF and EngD. By growing the celis on cellobiose and
cellulose, we have demonstrated a very different pattem of celiulase synthesis. We will examine the molecular regulation of
cellulosomal and non-celiulosomal genes by analyzing the transcripts and the promoters that are expressed during different growth
conditions.

31. Regulation of Embryonic Development in Higher Plants
Harada, J. J.

Institution: University of California

Phone: 530-752-0673

Department: Division of Biological Sciences
Fax: 530-752-5410

Address: Davis, CA 95616-8537

Email: jjhar. i
Funding: $96,000 12 months

Many genes have been identified that are required for the compiletion of embryonic development in higher plants; however,
few have been shown to play major regulatqry roles. The Arabidopsis LEAFY CO'I_'YLEQON (LEC) genes, LEC1, LEC2, and

mRNA is present throughout embryogenesis, including the earfiest stages; and that the gene does not appear to be expressed at
any other developmental stages. We also showed that LEC1 mRNA is pfesent in specific regions of the embryo, in the suspensor,
and in the endosperm. Based on these resuits, we hypothesize that LEC1 may play its integrative role by establishing and
maintaining an embryonic state within the seed. Studies are in progress to tast this hypothesis.
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32. Proteln Translocation and Assembly in Chloroplasts
Theg, S.

Ingtitution: University of California
Phone: 530-752-0624

Department: Section of Plant Biology
Fax: 530-752-5410

- Address: Davis, CA 95616-8537

Email: h
Funding: $98,000 12 months

This project seeks to elucidate the mechanism of transport and assembly of the nuclear-encoded subunits of the photosynt})eﬁc
oxygen-evolving enzyme complex (OEC). This complex, which produces essentially all the oxygen in the atmosphere, consists of
three nuclear-encoded subunits working in concert with chioroplast-encoded subunits of the photosystem Il reaction center. Our
experiments revealed that the homeostasis of the OEC, which is complicated by the rapid tumover of the reaction center in the light,
is maintained in part by cycling the subunits between the complex bound to the inner surface of the thylakoid membrane and a pool
of soluble subunits located in the thylakoid lumen. In addition, our experiments support a model of stepwise assembly of the OEC
with the photosystem Il reaction center, with the largest of the subunits binding to the reaction center in the unstacked regions of the
thylakoid membrane. The partially assembled complex is then postulated to migrate to the stacked membrane regions, where the
smaller two subunits are bound and enzyme activity is manifested.

We are also investigating the mechanism of transport of these OEC subunits across the thylakoid membrane. Our experiments have
recently revealed a role for an azide-sensitive component involved in the transport of the smatlest OEC subunit to the lumen, @
process that was previously thought to occur without azide-sensitive components. Different experiments demonstrated that this
translocation process occurs without the concomitant ion leakage that would be expected if the protein traversed the membrane
through an aqueous pore.

33. Membrane Bioenergetics of Salt Tolerant Organisms
Lanyi, J. K.

Institution: University of California

Phone: 949-824-7150

Dopartment: Dept. of Physiology & Biophysics
Fax: 949-824-8540

Address: Irvine, CA 92697-4560

Emall: j i i

Funding: $225,000 12 months

Salt tolerance in the extremely halophilic bacteria requires generation of electro-chemical ion gradients across the cytoplasmic
membrane that drive sodium extrusion and chioride accumulation. We study the molecular mechanisms of the proton and chioride
transporting bacterial rhodopsins in these organisms. Studies of bacteriorhodopsin and halorhodopsin, respectively, explore the
thermodynamics of the transport, the chromophore and protein changes that determine the changing connectivity of the active site
to the two membrane surfaces during the transport cycle, and the mechanisms of ion conduction to and from the retinal Schiff base.
Site-specific mutagenesis, time-resolved optical multi-channet and infrared (FTIR) spectroscopy, Raman spectroscopy, stopped-flow
maasurements, and through coflaborations x-ray diffraction are the principal methods used in this work. With bacteriorhodopsin the
main effort is 1o refine a detailed mechanistic model now available, and to describe the transport in structural terms to increasing
degrees of resolution. With halorhodopsin we are only beginning to establish the outlines of a mechanistic model.

34. Retention, modification, and default destination of membrane proteins along the secretory pathway
Chrispeels, M.

Institution: University of California

Phone: 858-534-2571

Dapartment: Department of Biology, 0116
Fax: 858-534-4052

Address: La Jolla, CA 92093-0116

Email: mchrspeels@ucsd.edy

Funding: $101,000 12 months

The vacuoles in the cotyledons of leguminous seeds contain glycoproteins used for storage of nitrogen (storage proteins) and
involved in plant defense against insects and mammals (lectins and enzyme inhibitors). We are studying the interaction of some of
these plant defense proteins with their targets in animals. We focus on two classes of proteins, alpha amylase inhibitors (aAl) and
lectins, in the common bean, Phaseolus vulgans, and other leguminous plants. The bean aAl inhibits the amylase of certain insects
but not of others. To understand this specificity we recently cloned the amylase of the bruchid Zabrotes subfasciatus and purified the
expressed enzyme. We have now cloned the amylase of a second insect Acanthoscelides obtectus. We have found in the common
bean two variants of aAl and the amino acid sequences of both inhibitors have been obtained. We are now in a good position to
study the interaction of the enzyme and the inhibitors. aAl-2 inhibits the amylase of Z. subfasciatus, but not that of A. obtectus. Our
goals are to crystallize aAl-2 with the amylase of Z. subfasciatus, and to use biopanning of a peptide library to find an inhibitor for
the amylase of A. obtectus. Progress has allowed us to obtain a grant from a joint Industry- State of Califomnia program to cione the
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amylase of the western com root worm. We are investigating a lectin from the legume Doliqhos Iablab..The doneg lecﬁp has_ been
expressed in E. coli and the isolated protein is toxic to aphids at levels that will make it feasible to use it for genetic engineering.

35. Molecular Structure, Function, and Physiology of Potassium Uptake Channels in Plants
Schroeder, J. 1. :

~ institution: University of California
Phone: 858-534-7559 :
Department: Department of Biology, 0116
Fax: 858-534-7108

Address: La Jolla, CA 92093-0116

Emall: jyli i i

Funding: $94,000 12 months

Potassium uptake by higher plant cells is of central importance to plant growth, stomatal regulation, cell expansion, nutrition,
tropisms, osmoregulation, enzyme homeostasis and plant membrane potential control. Elucidation of the molecular mechanisms by
which higher plant cells selectively transport K is important for maniputation of the above processes. Patch clamp studies on guard
cells and many other plant cells have suggested that "inward-rectifying” K" uptake channels provide a molecular pathway for
membrane potential control and for proton pump-driven K* uptake. Arabidopsis K* channel cDNAs have recently been cloned, and
we are functionally characterizing the structure and function of two of these cDNAs expressed in leaf celis and guard cells.

The long-term goal of this research project is to gain a quantitative understanding of the physiological functions of Arabidopsis K*
channels for important biological functions in plant leaves. We will focus on K* channel functions during stomatal regulation, which is
important for CO, exchange and water transpiration. Furthermore we will study the importance of a leaf K* channel cDNA for leaf
growth. These studies will contribute to a molecular physiological dissection K* channel functions in higher plant leaves and their
roles in growth, development and environmental responses of plants.

36. Suspensor Differentiation During Early Plant Embryogenesis
Goldberg, R. B.

Institution: University of California

Phone: 310-825-9093

Department: Department of Molecular, Cell & Developmental Biology
Fax: 310-825-8201

Address: Los Angeles, CA 90095-1606

Email: .

Funding: $104,000 12 months

The molecular processes responsible for directing cells of the earty plant embryo to follow distinct differentiation pathways are not
understood. In many plants, the Zygote divides asymmetrically into a small apical cell and a large basal ceil. The apical and basal
cells are destined to become the embryo proper and suspensor regions of the embryo, respectively. It is not known what molecular
events direct the apical and basal cells to follow different developmental pathways. Nor is it known what genes control apical and
basal cell specification within the two-cell embryo. This project utilizes the giant suspensor of the Scarlett Runner Bean, Phaseolus
coccineus, to gain entry into the differentiation events that occur at the earliest stages of plant embryogenesis. Experiments being
camied out in my laboratory are testing the hypothesis that *morphogenetic factors® are asymmetrically distributed to the basal cell
and set off a cascade of events leading to suspensor differentiation. Specific experiments include (1) identifying and sequencing
suspensor-specific genes, (2) studying the spatial and temporal expression pattems of suspensor-specific genes, (3) using targeted
cell ablation studies to determine whether interactions occur between suspensor cells and between the suspensor and embryo
proper, and (4) identifying corresponding Arabidopsis suspensor-specific genes and searching for mutant lines that have defects in
these genes. The significance of this project is that it shoukd provide new information on the molecular processes that control cell
differentiation at the earliest stages of plant development. :

37. Molecular Biology and Genetics of the Acetate-Utilizing Methanogenic Bacteria
‘Gunsalus, R. P.

Institution: University of California

Phone: 310-206-8201

Department: Dept. Microbiology & Molecular Genetics
Fax: 310-206-5231

Address: Los Angeles, CA 90095-1489

Email: i iQ.li i

Funding: $112,756 12 months

Methane biosynthesis by the Methanosarcina species occurs from the full range of methanogenic substrates, and is often the rate
limiting step in anaerobic habitats of natural and man-made environments. The substrates include acetate, methanol, tri-methyl, di-
methyl, and methyl-amines, and in most cases, HyCO, as precursors for methane formation. The Methanosarcina are also the most
versatile among the methanogens in their ability to adapt to different habitats that vary in osmolarity. To further explore the
physiology of these organisms using molecular and biochemical approaches, we are identifying and characterizing different classes
"of differentially expressed genes. We pian to further examine how N-acetyl-lysine, -glutamate, betaine, and potassium levels are
modulated in the cell to provide appropriate osmoregulation. We will also examine the sets of genes employed for changes in
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carbon substrate utilization. We will complete a high resolution physical map of the M. thermophila genome to aid in further
exploiting the powerful differential display methods for identifying and characterizing gene families in Archaea. The high resolution
physical map and the ordered BAC library generated in this study should facilitate related studies in the other Methanosarcina
species by this and in other laboratories. Such libraries can also be exploited to aid in genome sequencing, and to exploit genome
information as it becomes available. These studies will enhance our understanding of how methanogens sense their environment
and adapt physiologically to varying anaerobic habitats.

38. Role of Glycolytic Intermediates in Global Rogul'atlon and Signat Transduction
Liao, J. C. . .

Institution: University of Califomnia

Phone: 310-825-1656

Department: Chemical Engineering Department
Fax: 310-206-4107

Address: Los Angeles, CA 90095-1592

Email: liagj

Funding: $101,000 FY97 funds for 22 months

The goal of our research is to probe the existence of signal metabolites in global regulation, such as Ntr reguion. We perturbed the
metabolic pools by overexpression of related enzymes, and characterized the effects on specific regulons. One of the problems in
this approach is the disturbance of physiological state caused by protein overexpression itself. To control for this adverse effect, we
constructed mutants that are enzymatically inactive but are stable and soluble. These mutants showed that high-level protein
overexpression per se decreases ribosome synthesis. Although the phenomenon resemble the stringent response, i is not
mediated by guanidine tetraphosphate, (p)ppGpp. Fortunately, the decrease in ribosome synthesis was not significant for the level
of protein overexpression used in detecting signal metabolites. Overexpression of phosphoenoipyruvate carboxykinase (Pck) was
used to introduce perturbation to glycolytic metabolite pools. The overexpression of Pck in a wild-type background has no effect on
g/nA expression. However, overexpression of Pck in a pfa strain caused a non-inducible phenotype for g/nA operon. In addition, the
adenylation of glutamate synthetase remained high during Pck overexpression even during nitrogen starvation. This resuft suggests
that a signal metabolite is perturbed to mask the effect of nitrogen limitation. Fructose 1,6-diphosphate and pyruvate levels correlate
with such an effect, aithough the causal relationship remains to be established.

39. Sensory Transduction of the CO2 Response of Guard Cells
Zeiger, E.

Institution: University of Califomnia
Phone: 310-206-7061

Department: Department of Biology
Fax: 310-825-9433

Address: Los Angeles, CA 90095-1606
Emall: zeiger@biol

Funding: $100,000 12 months

Plants need to balance the rate of water vapor loss against the rate of photosynthetic CO, uptake. Stomata sense environmental
parameters and optimize the exchange water and CO; in the leaf. We have identified a growth chamber environment which greatly
enhances stomatal response to CO; and are using plants from this environment to investigate the cellular mechanism of CO;
sensing. Zeaxanthin is a member of the carotenoid class of chioroplast pigments that has been implicated in the sensory
transduction of blue light in guard cells. In mesophyll chloroplasts, zeaxanthin formation is known to be modulated by CO,. In growth
chamber-grown Vicia faba leaves kept under constant light (500 amol m? s') and temperature, guard cell zeaxanthin tracked
ambient [CO;] and stomatal apertures. Changes in zeaxanthin and aperture were reversed when [CO;} was lowered. Guard cell
Zeaxanthin was linearly correlated with stomatal apertures. In the dark, the COrinduced changes in stomatal aperture were much
smaller, and guard cell zeaxanthin did not change with chamber [CO,]. Guard cell zeaxanthin also tracked [CO,] and stomatal
aperture in isolated stomata. Application of dithiothreitol (DTT), an inhibitor of zeaxanthin formation, to illuminated epidermal peels
eliminated COz-induced zeaxanthin changes in guard cells and partially inhibited the CO, response of stomata to the levels
observed in the dark. Zeaxanthin could modulate COz-dependent stomatal apertures in the light, while a zeaxanthin-independent
CO; sensing mechanism would modulate the CO, response in the dark.

40. Regulation of Vacuolar pH In Citrus limon
Taiz, L.

Institution: University of California
Phone: 408-459-2036

Department: Division of Natura!l Sciences
Fax: 408-459-3139

Address: Santa Cruz, CA 95064

Emall: taj i

Funding: $102,000 12 months

The'pH of plant vacuoles is under developmenta! and environmental control, but Iittle is known about how vacuolar pH is regulated.
Lemon provides an excellent system for such studies because it contains two types of vacuoles: a typica! vegetative-type vacuole
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with a lumenal pH of ~5.5, and a highly acidic juice sac-type vacuole in the fruit with a lumenal pH as low as 2.2. Our work to date
has established that both tonoplasts contain V-type ATPases. However, we have found a number of differences as well: 1) fruit
tonoplasts have a lower H" permeability than epicoty! tonoplasts; 2) in native membranes, the epicotyl V-ATPase is strongly .
inhibited by nitrate and bafilomycin, while the fruit V-ATPase is relatively insensitive to these inhibitors; 3) after reconstitution into
E.coli or soybean phospholipids, the purified fruit V-ATPase becomes sensitive to nitrate and bafilomycin; 4) reconstituting the fruit
V-ATPase into fruit tonoplast lipids restores the insensitivity to nitrate and bafilomycin, hence membrane lipids protect the fruit V-
ATPase from these inhibitors. However, reconstituting the epicotyt V-ATPase into fruit lipids does not make the epicotyl V-ATPase
insensitive to nitrate and bafilomycin. 5) the epicotyl V-ATPase has a iower H*/ATP coupling ratio and, when purified and .
reconstituted, has a higher slip rate than the fruit V-ATPase; 6) the fruit V-ATPase contains a fruit-specific 33/34 kDa polypeptide
and muitiple copies of a 16 kDa polypeptide. It is proposed that these subunits may contribute to the tight coupling of the fruit V-
ATPase.

41. Engineering Renewable Biomaterials
Somerville, C.

Institution: Camegie Institution of Washington
Phone: 650-325-1521

Department: Department of Plant Biology
Fax: 650-325-6857

Address: Stanford, CA 94305-1297

Email: crs@andrew? stanford.edu
Funding: $496,930 12 months

The overall goal of the proposed research is to expand the range of biomaterials produced from higher plants and increase the
efficiency of biomass production. One aspect of our work is focused on identifying plant genes that would permit production of
economically significant levels of industrially useful hydroxylated and epoxidated fatty acids in transgenic plants. Toward this end we
are attempting to define the structural properties of desaturases, hydroxylases and epoxidases that determine the outcome of the
enzymatic reactions catalyzed by these types of enzymes. One factor that limits oil production in many piant species is that oil
accumulation is accompanied by high levels of energetically expensive storage protein accumulation. To examine the feasibility of
uncoupling oil and protein accumulation in plants we will identify genes encoding transcriptional factors that regulate expression of
genes involved in storage lipid accumulation. We will expiore the ability of these factors to induce expression of the genes involved
in storage oil accumulation in tissues with comparatively low leveis of protein. We are also exploring the long-term potential of
producing oils and related materials in roots or tubers. In this respect, we are investigating the function of a gene (designated pkf)
that alters cell identity during early embryo development. Finally, we are investigating the biological function of a family of genes that
exhibit sequence homology to components of bacterial cellulose synthases. The principal goal of this work is to identify the role of
these genes in higher plants.

42. Powdery Mildew Disease Resistance
Somervilte, S. C.

Institution: Camegie Institution of Washington
Phone: 650-325-1521

Department: Department of Plant Biology
Fax: 650-325-6857

Address: Stanford, CA 94305

Emali: n

Funding: $117,000 12 months

Our long term objective is to characterize genes conferring resistance to powdery mildew diseases, which are caused by obligate
fungal pathogens of the Erysiphe genus. Because of the extensive molecular genetic resources available for Arabidopsis, we chose
to isolate powdery mildew resistance genes from this plant species. in previous work, seven distinct resistance loci were found in six
accessions suggesting that powdery mildew resistance in Arabidopsis Is as diverse and complex as in crop species like bariey. In a
large survey, 66 of 360 accessions were found to be resistant to E. cichoracearum isolate UCSC. A complementation test based on
the 40 most resistant accessions has been initiated. From this test, new powdery mildew resistance genes and stronger alleles of
known resistance genes will be identified. .

We have focused on the powdery mildew resistance locus, RPW1. Based on a preliminary QTL (quantitative trait loci) analysis, two
modifier genes, in addition to RPW1, control disease resistance in the accession-Kas-1, suggesting that some pyramiding of
resistance genes has occurred in the weedy plant, Arabidopsis. A map-based cloning strategy will be used to clone RPW1. To
complement the map-based cloning, we have mapped 47 R-ESTs (i.e., ESTs with sequence similarity to known resistance genes)
and compared their map positions with those of known disease resistance genes. No R-EST maps near RPW1; thus, the candidate
gene approach has not been helpful'in cloning RPW1. However, the information-generated by this project should facilitate the
doning of Arabidopsis resistance genes by the plant pathology community. =
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43. Functional description of the Rhodobacter capsulatus genome emphasizing genes for nitrogen fixation and
photosynthesis
Haselkomn, R.

Iinstitution: University of Chicago

Phone: 773-702-1069

Department: Department of Molecular Genetics & Cell Biology
Fax: 773-702-3172

Address: Chicago, IL. 60637

Emalil: ¢- | i

Funding: $100,000 12 months

This work has become the Rhodobacter genome project with three goals: to complete the genome sequence for the type strain,
$B1003; to develop expression chips for the determination of transcript levels for all the genes at once, under different growth
conditions and in different mutant strains; and to develop genetic methods for deletion strain construction to enable a complete
functiona! anatysis of the genome. ]

The sequencing has progressed as follows: About 200 kb have been sequenced, polished and fully annotated and published. The
paper by Vicek, Paces, Maltsev, Paces, Haselkomn and Fonstein is in press in PNAS. Another 600 kb are being annotated at
Argonne National Lab by Natalia Maltsev, working in the lab of Ross Overbeek. Another 600 kb are being polished for annotation.
Another 600 kb have been subcloned and sequenced. The next 600 kb are being subcioned.

Expression chips ame being developed in collaboration with the group of A. Mirzabekov at ANL. The major technical problems are
stability of the acrylamide matrix, reduction in the fluorescence background from the acrylamide, improving the yield of the
crosslinking reactions for the oligo probes. All of these are being studied. We were awarded a small starter grant from the
Argonne/U of Chicago consortium to pursue these studies.

Regarding the construction of deletions, the methods are in place for cosmid-sized deletions. For single gene deletions, the
approach is based on PCR amplification of the deletion target and will be developed in collaboration with Fevzi Daldal at U. of
Pennsytvania.

44. Molecular genetic analysis of biophotolytic hydrogen production in green algae
Mots, L.

Ingtitution: University of Chicago

Phone: 773-702-8917

Department: Department of Molecular Genetics & Cell Biology
Fax: 773-702-9270

Address: Chicago, IL 60637

Emall: | i

Funding: $100,000 12 months

Several species of green algae have the unique biochemical capability of producing gaseous hydrogen from water using solar
energy harvested by the photosynthetic apparatus, a process called biophotolysis. An understanding of factors that promote as wefl
as limit biophotolysis may lead to a highly efficient solar energy conversion system that directly yields hydrogen gas as the energy
storage medium. We are exploiting the powerful array of genetic analysis and molecutar genetic manipulation techniques that have
been developed for the green alga Chiamydomonas reinhardtii to investigate the molecular mechanisms underlying biophotolysis.
Efficient hydrogen production occurs only under anaerobic or anoxic conditions. This feature limits the utility of biophotolysis, since
oxygen is a necessary co-product with hydrogen. Hydrogenase, the key enzyme that couples energy harvested by the
photosynthetic light reactions in the chioroplast to hydrogen evolution is not synthesized except in the absence of oxygen. The
mechanism of this regulatory effect of oxygen is being investigated as part of this project. The activity of the hydrogenase in green
algae is also directly destroyed by molecular oxygen, although the detail is unknown. The enzyme from Chlamydomonas has only
one subunit, making it an ideal target for exhaustive mutagenesis to test the possibility that an oxygen-insensitive form can be
developed. We have initiated an effort to generate genetically altered enzymes with different degrees of oxygen sensitivity. Analysis
of these mutant enzymes will help to build a picture of the mechanism of oxygen inactivation and support directed efforts to develop
fully oxygen-insensitive activity.

4S. Analysis of celicell interactions during Arabidopsis Reproduction
Preuss, D.

Institution: University of Chicago

Phone: 773-702-1605

Department: Department of Molecular Genetics & Cell Biology
Fax: 773-702-9270 '

Address: Chicago, IL 60637

Email: dpr idw i

Funding: $100,001 12 months

Plants have a remarkable ability to interact favorably with pollen of the appropriate species, while inhibiting foreign pollen. To darify
the molecular basis for this discrimination, we have identified genes that are critical for pollen communication with femaie pistil
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tissues. We have shown that mutations in these genes can affect the abundance of proteins on the surface of pollen and pistil cells.
‘Our work focuses on understanding these surface molecules, and these studies will likely provide valuable tools for manipulating
plant resources, both in agriculture and in natural ecosystems.

We are investigating interactions between pollen tubes and ovules by characterizing a mutant with altered pollen tube guidance.
This mutation affects the ability of pollen tubes to adhere to ovule cells, and we are exploring the requirements for the adhesive
interactions by characterizing the mutant defect and cloning the altered genes. Importantly, the mutant has allowed us to determine
that gene expression in both male and female tissues is required for guidance. In parallel, we are exploring the initia! interactions
between pollen and the receptive stigma cells on the pistil surface by determining the function of a family of related polien surface
proteins. In particular, we are constructing alterations in these proteins to test their roles in binding to stigma cells, in mediating
communication with the stigma, or in specifying pollen identity. These studies will expand our knowledge of the unique signaling
mechanisms that enable plant cells to communicate, despite their thick extracellular walls.

46. The Magnesium Chelation Step in Chiorophyl! Biosynthesis
Waeinstein, J. D.

institution: Clemson University

Phone: 864-656-3590

Department: Department of Biological Sciences
Fax: 864-656-0435

Address: Clemson, SC 29634-1903

Emait: wj

Funding: $151,289 12 months

in photosynthetic organisms, the synthesis of new energy generating membranes requires the coordinate synthesis of proteins, their
associated cofactors, and various lipids. The important cofactors, chlorophyll and heme, share a common biosynthetic pathway,
diverging at the point of metal ion insertion. Mg-chelatase catalyzes the insertion of magnesium into protoporphyrin-iX, the first step
unique to chicrophyil synthesis. Our work is focused on the mechanism and regulation of this enzyme as it is a key to understanding
how plants produce the proper proportion of chlorophyll and heme from a common pathway. We have shown by fractionation of
chioropiast extracts and by cloning of the chiD gene that the enzyme in higher plants consists of three subunits (two other genes chil
and H have already been identified). Sequencing of the chiD gene suggests that it encodes a protein of 82.9 kDa (including a
putative chioroplast transit peptide). The protein has a nucleotide binding motif and an unusual stretch of prolines followed by a
stretch of polyglutamate. It is 58% homologous to the cyanobacterial protein. We have expressed the C-terminal third of the protein
in E. coli. Although the expressed protein cannot substitute for a fraction containing the authentic pea D subunit in a reconstitution
assay, it stimulates (20-25%) activity when added to a soluble extract that contains all three components. Work is continuing on the
expression of a full-length D subunit for subsequent analysis of the role of this protein in the reaction.

Plants have a remarkable ability to interact favorably with pollen of the appropriate species, while inhibiting foreign pollen. To dlarify
the molecular basis for this discrimination, we have identified genes that are critical for pollen communication with female pistil
tissues. We have shown that mutations in these genes can affect the abundance of proteins on the surface of polien and pistil celis.
Our work focuses on understanding these surface molecules, and these studies will likely provide valuable tools for manipulating
plant resources, both in agriculture and in natural ecosystems. ‘

Wae are investigating interactions between pollen tubes and ovules by characterizing a mutant with attered poilen tube guidance.
This mutation affects the ability of pollen tubes to adhere to ovule cells, and we are expioring the requirements for the adhesive
interactions by characterizing the mutant defect and cloning the altered genes. importantly, the mutant has allowed us to determine
that gene expression in both male and female tissues is required for guidance. In parallel, we are exploring the initial interactions
between pollen and the receptive stigma cells on the pistil surface by determining the function of a family of related polien surface
proteins. In particular, we are constructing alterations in these proteins to test their roles in binding to stigma cells, in mediating
communication with the stigma, or in specifying pollen identity. These studies will expand our knowledge of the unique signaling
mechanisms that enable plant cells to communicats, despite their thick extracellular walls. :

- 47. The lojap Gene in Malze
Martienssen, R. A.and Byme, M.

Institution: Cold Spring Harbor Laboratory
Phone: 516-367-8322

Department:

Fax: 516-367-8369

Address: Cold Spring Harbor, NY 11724
Emai: j

Funding: $98,000 12 months

Chilorophyll variegation in higher plants is a well-known but poorty understood phenomenon. Single recessive nucdear mutations are
often responsible for the variegated phenotype. although, for a few mutants, defective plastids are transmitted through to the next
generation. For more than 50 years the variegated iojap mutation in maize has béeen the model system for such cytoplasmic
inheritance. Specifically iojap-affected plastids transmitted through the female egg cell remain defective independent of the parenta!
nuclear genotype. The striping pattem of iojap plants indicates the Ij protein acts early in leaf development. Mature leaf cells can
have all normal chloroplasts, or all mutant ones, or both normal and mutant plastids (heteroplastidic cells). Their arrangement on the



&y

DRAFT 11/23/99

leat defines the pattern of striping, and may refiect the cytoplasmic inheritance of defective piastids in certain meristematic lineages.

Sectors showing nuclear reversion to fully green arise only in heteroplastidic cells and are not observed in white tissue.

We have shown that the protein encoded by ] is a soluble, chioroplast localized protein that associates with chloroplast ribosomes.
Consistent with the proposal that Ij plays an essential role in translation, hypothetical proteins with sequence similarities to ij have
been identified in all sequenced bacterial genomes with the exception of mycoplasmas and archaebacteria. It has long been
postulated that chloroplasts are the evolutionary descendants of endosymbiotic bacteria. The combined use of plant and bacterial
molecular genetic systems will serve to answer fundamental questions pertaining to /ojap variegation and Cytoplasmic inheritance.

48. Microbial Production of Isoprene
Fal, R R.

Institution: University of Colorado

Phone: 303-492-7914

Department: Department of Chemistry & Biochemistry
Fax: 303-492-5894

Address: Boulder, CO 80309-0215

Emall: (fall@colorado.edy

Funding: $84,000 12 months

This research project addresses the microbial production of the volatile hydrocarbon isoprene (2-methyl-1,3-butadiens). Biological
systems, especially forest plants, currently emit 100s of millions of tons of isoprene to the atmosphere each year. We argue that
capture of this biogenic potential in a regulated system could lead to bioreactors that produce useful amounts of isoprene as 8
feedstock for the polyisoprene rubber and elastomer industry. While we have made progress in understanding the enzymoiogy of
plant isoprene formation, plant systems are less tractable for biochemical and molecular manipulations than a well defined bacterial
gystem. We have discovered that most Bacillus species are especially active isoprene producers. We propose that molecular
investigations of isoprene synthesis in Bacillus subtilis will lead to a basic understanding of how and why bacteria produce this
volatile hydrocarbon, and reveal the regutation of its production. We are working to determine by **C-abeling experiments whether
Isoprene formation in Bacillus occurs by the traditional mevalonate pathway, or by the glyceraldehyde-3-phosphate/pyruvate
pathway which gives rise to isoprene in piant chloropiasts. In addition, we are pursuing the idea that isoprene is a signaling molecule
produced in exponentially dividing cells, and serving to repress stationary phase genes. The results of these experiments should
pave the way for biochemical and molecular investigations of the mechanism and regulation of bacterial isoprene biosynthesis.

49. Sugar Transport and Metabolism in Thermotoga
Noll, K M.and Romano, A.H.

institution: University of Connecticut

Phone: 860-486-4688

Department: Department of Molecular & Celi Biology
Fax: 860-486-4331

Address: Storrs, CT 06269-3125

Email: pol

Funding: $88,000 12 months

We are studying the energetics and regulation of sugar transport and metabolism in the genus Thermotoga, hyperthermophilic strict
anaerobes that represent the deepest phylogenetic branch of heterotrophic fermentative bacteria known, with the expectation that
studies of the comparative physiology and biochemistry of these organisms will yield insights conceming the evolution of these
processes. Using non-metabolizable sugar analogs as transport substrates, we have found distinct sodium-dependent active
transport systems for D-glucose and beta-D-galactoside in T. neapolitana that are energized by ion gradients generated by ATP,
derived from substrate-level phosphorylation. While the glucose system is constitutive, both the transport and hydrolysis of beta-
palactoside are inducible by gatactose and lactose, and subject to a cAMP-independent repression by glucose (catabolite
repression). Glucose did not inhibit beta-galactoside uptake by induced cells, however, indicating the absence of inducer exclusion.
This absence of cAMP-dependent catabolite repression and inducer exclusion comrelate with the apparent absence of the
PEP:sugar phosphotransferase system, a multicomponent system with specific proteins that play key roles in catabolite repression
and inducer exclusion in certain modem bacteria. The mechanism of the sodium requirement is being investigated to gain insight
into how hyperthermophilic organisms generate and maintain jon gradients under conditions of presumed increased membrane
permeability at high temperatures. Using ion-specific electrodes, movements of sodium and hydrogen ions are being measured in
whole cells during metabolic energy generation and active sugar transport. Also, isolated membrane vesicles obtained by lysozyme-
EDTA treatment of cells are being used to study sugar transport energized by artificially imposed ion gradients.



DRAFT 11/23/99

§0. Genetic Analysis of Sugar Nucleotide Interconversions in Arabidopsis
Reiter, W.-D.

Institution: University of Connecticut

Phone: 860-486-5733

Department: Department of Molecular & Cell Biology
Fax: 860-486-4331 -

Address: Storrs, CT 06269-3125

Email: iter

Funding: $78,742 12 months

The synthesis of piant cell wall polysaccharides depends on the availability of nucleoside-diphospho sugars representing activated
monosaccharides generated via nucleotide sugar interconversions. We have chosen the plant model system Arabidopsis thaliana to
isolate and characterize genes involved in the de novo synthesis of the monosacchandes L-thamnose, L-fucose and L-arabinose via
these biosynthetic pathways. Genes encoding the two enzymatic steps in the synthesis of GDP-L-fucose from GDP-D-mannose
have been identified and characterized. The first enzyme in this pathway (GDP-D-mannose-4,6-dehydratase) is encoded by at least
two genes (MUR1 and GMD1), while the second enzyme (an epimerase-reductase) appears to be encoded by a single-copy gene.
The MUR1 gene is expressed throughout the plant whereas GMD1 gene expression is subject to spatial and temporal regulation
within the root. Mutations at the MUR1 locus lead to decreased mechanical strength of elongating inflorescence stems indicating
that alterations in precursor availability can change the biophysical properties of the wall. Several genes believed to encode
enzymes in the de novo synthesis of L-arabinose and L-thamnose are curmently under investigation to define their role in ceil wal!
synthesis, and to determine their relationship to mutations leading to reduced amounts of these monosaccharides. Our long-term
goal is to determine the significance of nucleotide sugar interconversion pathways for the regulation of cell wall synthesis leading to
opportunities to alter cell wall compositions by modifying precursor availability.

$1. Energy Transduction in Plant Mitochondria
Hanson, M.

Institution: Comell University

Phone: 607-254-4833

Department: Division of Biological Sciences
Fax: 607-255-6248

Address: Ithaca, NY 14853-2703

Email:

Funding: $104,000 12 months

Cytoplasmic male sterility (CMS), a mitochondrially-encoded disruption In poilen development, is a valuable agronomic trait that
facilitates production of hybrid seed. Understanding its mechanism may facilitate the incorporation of this trait into crop species
lacking naturally-occurring CMS-encoding genes. Male reproductive development is often disrupted before or during meiosis in
Cytoplasmic male sterility (CMS) plants. We are using cell biological techniques, including two-photon confocal microscopy and two-
photon fluorescence microscopy, to compare cells in reproductive tissues in normal, CMS, and fertile plants carrying the CMS-
encoding mitochondrial gene and the fertility-restoring nuciear Rf allele. Membrane-potential sensitive dyes are being used to probe
respiratory activity in vivo in CMS and fertile plants. Transgenic plants containing the green fluorescent protein targeted to
mitochondria and other organelles are being produced so that subcellular structures can be visualized. Molecular markers closely
linked to the fertility restorer locus are being used to identify maie sterile and fertile plants with recombination events near the
restorer allele.

$2. Regulation of Denitrification in Rhodobacter sphaeroides
Shapleigh, J. P.

Institution: Comell University
Phone: 607-255-8535

Department: Section of Microbiology
.Fax: 607-255-3904 -
:Address: ithaca, NY 14853-8101
Email:

Funding: $93,000 12 months

Like humans, bacteria respire oxygen to generate energy required for growth. Unlike humans, however, bacteria can respire
compounds other than oxygen. Nitrate is one of the many compounds that bacteria can use as an altemative respiratory substrate.
Nitrate respiration which leads to the production of nitrogen gas is referred-to as denitrification. Our laboratory is interested in
identifying and understanding the role of genes whose products are required for denitrification. The bacterium we are using for our
studies is a denitrifying variant of Rhodobacter sphaeroides. We have focused our effort on understanding the function and
regulation of genes whose products are required for nitric oxide metabolism. Nitric oxide is an obligatory intermediate during
denitrification and is also a biologically important molecule in higher organisms, including humans. In addition to the genes encoding
nitrite reductase and nitric oxide reductase, which respectively produce and feduce nitric oxide, we have identified severa! other
genes whose products are essential for nitric oxide respiration. Several of these encode membrane proteins of unknown function.
We have also recently determined that strains of Rhodobacter sphaeroides closely related to the strain we have been studying carmy
the genes for nitric oxide reductase genes as well as for the membrane proteins discussed above but lack nitrite reductase. This
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makes them unable to carry out complete denitrification. The reason for this truncated form of denitrification is updgay but such celis
may be able to use nitric oxide generated by other bacteria as an altemate respiratory compound when oxygen is limited.

83. Cold Acclimation of Herbaceous Species: Effect of Sugars on Membrane Cryostabllity
Steponkus, P. L. :

" Institution: Comell University

Phone: 607-255-1707

Dopartment: Liberty Hyde Bailey Professor of Crop Physiology
Fax: 607-255-2644

Address: Ithaca, NY 14853

Email: plsd@comell.edu
Funding: $112,000 12 months

The ultimate goal of this project is to provide a mechanistic understanding of the cetiular and molecular aspects of freezing injury
and cold acclimation to provide for rational strategies for the improvement of freezing tolerance of crop species. The current
objectives are to determine the mechanism({s) by which cytosolic sugars alter the lyotropic phase behavior of phospholipids and
increase the cryostability of celiular membranes. Studies in which the endogenous sugar content of Arabidopsis thaliana leaves was
artificialty manipulated by incubation on sucrose solutions have revealed that low concentrations of sucrose (10-35 mM) are required
as a metabolic substrate necessary for low-temperature-induced alterations in the lipid composition of the plasma membrane during
the initial stages of cold acciimation and which are necessary to preclude expansion-induced lysis during a freeze/thaw cycle. At
higher concentrations, sucrose has a direct cryoprotective effect that results in a decreased incidence of freeze-induced formation of
the hexagonal il phase (30-200 mM) and the fracture-jump lesion (100-400 mM). The cryoprotective effect of the sucrose appears to
be additive rather than synergistic to the low-temperature-induced alterations in membrane lipid composition and the synthesis of
COR polypeptides. Studies of artificial bilayers composed of either DOPE or POPE have revealed that sugars, such as sucrose and
fructose, decrease the propensity for the dehydration-induced liquid crystailine-to-hexagonal 1l {(LH,) phase transition at moderate
levels of dehydration and preciude the liquid crystalline-to-lamellar crystalline (LL.) at extreme levels of dehydration.

84. Genetic Control of Nitrate Assimilation in Kiebsiella oxytoca
Stewart, V.

Institution: Comeli University
Phone: 530-754-7994

Department: Section of Microbiology
Fax: 530-754-9014

Address: Ithaca, NY 14853-8101
Email: yj i

Funding: $32,000 12 months

Kiebsiella oxytoca (pheumoniae) is an enteric bacterium closely related to Escherichia coli. Nitrate and nitrite are important nitrogen
sources not only for K. oxytoca, but also for many other microorganisms and most plants. In the absence of ammonium, nitrate (or
nitrite) induces the synthesis of assimilatory nitrate reductase and assimilatory nitrite reductase, which act in sequence to convert
nitrate to ammonium. One aspect of our work has been to identify and characterize the structural genes for nitrate assimilation,
which are organized as the nasFEDCBA operon. The nasCA and nasB genes encode assimilatory nitrate and nitrite reductase,
respectively. Sequence inspection indicates that the nasFED genes encode the components of a periplasmic binding protein
dependent nitrate uptake system. We have constructed and characterized a series of in-frame deletions in the nasFED genes.
Growth tests and uptake assays reveal that the mutants are unable to transport nitrate. However, the mutants retain some ability to
grow with nitrite, even at elevated pH values where nitrous acid diffusion is negligible. It is possibie that the organism expressed a
second, nitrite-specific uptake system. Another aspect of our work has been to explore the molecular basis for nitrate and nitrite
induction of nasF operon expression. Our previous studies identified the NasR positive regulatory protein, and established the nasF
transcribed leader region as a target for NasR-mediated transcription antitermination control. We have purified a mattose binding
protein (MBP) fusion form of NasR, and have reconstituted nitrate- and nitrite-responsive transcription antitermination in vitro. The
minimal transcription system includes linear DNA template, RNA polymerase, and nucleotide triphosphates. Transcription efficiently
terminates at the factor-independent terminator in the nasF leader region. Addition of both MBP-NasR and nitrate (or nitrite) results
in efficient transcription readthrough. Other anions, including chiorate and sulfite, are unable to substitute for nitrate (or nitrite). We
previously identified leader region deletions that confer uninducible or constitutive phenotypes in vivo. Results of in vitro transcription
with these deletion templates are fully consistent with conclusions drawn from in vivo analysis: uninducible deletions do not support
antitermination, and constitutive deletions do not support termination. Current experiments are aimed at defining the regulatory roles
played by different segments of the leader region.
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$S. Studies of the Genetic Regulation of the Thermomonospora fusca Cellulases
Wilson, D. B. .

Institution: Comell University

Phone: 607-255-5706

Department; Section of Biochemistry, Molecular & Cell Biology
Fax: 607-255-2428

Address: ithaca, NY 14853

Email: dbwi@cormeli.edy

Funding: $94,000 12 months

The long term goal of our research is to produce ceflulases with higher activity in degrading biomass cellulose to sugar that will allow
the economical production of ethanol from biomass. The current goals are: (1) to purify and characterize the activity of a
Thermomonospora fusca regulatory protein that functions in the induction of six T, fusca cellulases and (2) to determine the
molecular mechanism of T. fusca endoglucanase E2. We have completed a study of the amount of all six T. fusca celiulases
produced in cells grown on six different carbon sources using quantitative Westem blotting. In T. fusca, as in T. reesei, the two

" exocellulases made up more than 80% of the cellulase protein and they were coordinately regulated and present in nearly equal
amounts. The other cellulases showed similar changes on the carbon sources, but they were not coordinately regulated either with
each other or with the exoceliulases. Studies of E2 active site mutants have shown that Asp117 clearly functions as the catalytic
acid and it has a pK near 10. Asp156 is partially responsible for this high pK as an Asp156 mutant has a much lower pH optimum,
Mutation of either Asp79 or Asp265 to Asn reduces the activity of E2, but not to the extent expected if either were the catalytic base.
The Asp78/Asp265Asn double mutant retains 0.4% of the wild-type activity on CMC, which is much more than should be present if
either or both of these residues functioned as the catalytic base. We have mutated Lys259 to Ala and to His. The Ala mutant has
very low activity (0.2%), while the His mutant has higher activity below pH 5 and much lower activity above pH 8. Clearty, residue
259 has to have a positive charge for E2 to be active. :

56. Nitrogen Fixation and its Regulation in the Archaeon Methanosarcina barkerl
Zinder, S. H.

Institution: Comell University

Phone: 807-255-2415

Department: Section of Microbiology

Fax: 607-255-3904

Address: lthaca, NY 14853-8101

Email:

Funding: $110,000 FY97 funds for 24 months

Our laboratory’s finding that the Archaeon Methanosarcina barkeri is capable of nitrogen fixation raises interesting evolutionary
questions. Our previous studies have shown that the nitrogenase is a two-component enzyme complex with the greatest
phylogenetic similarity to the Mo nitrogenase of the Gram-positive eubacterium Clostridium pasteurianum. We have also shown that
neither nitrogenase proteins nor mRNA are found in ammonia-grown cells, indicating repression, and that there is a TATA-box
element 35 bases upstream of the nif transcription start. Recent results include: 1) The demonstration, using the gel-shift assay, that
extracts from N2-grown cells contain proteins which bind to DNA possessing the nif-promoter region. Shifts were not obtained if the
promoter region was deleted or if extracts from ammonia-grown cells were used. Ammonia-grown extracts contained a factor which
inhibited promoter binding by N2-grown extracts; 2) We have cloned and expressed the TATA-binding protein (TBP) from M.
barkeri, and demonstrated that antibodies prepared against TBP caused a greater gel shift, indicating involvement of TBP in nif
promoter binding; 3) We demonstrated that cells accumulate large amounts of alpha-giutamate as an osmolyte when grown in
saline medium with either ammonia or N2 as a nitrogen source. Glutamine was only detected in ammonia-grown cells and was
transiently present in diazotrophic cells switched off by ammonia and is therefore a good candidate for an N-regulatory signal; 4) We
have cloned and expressed ORF 105, a nif-associated gene with marked homology to the eubacterial Pll protein, which plays a
critical role in N-regulation in eubacteria. :

§7. Piant Growth with Limited Water
Boyer, J. S.

Institution: University of Delaware
Phone: 302-645-4014

Department: College of Marine Studies
Fax: 302-645-4007

Address: Lewes, DE 19958

Email:

Funding: $140,500 22.5 months )
In land plants, growth is more frequently-limited by water than by any other. environmental resource. The project objective is to
identify the underlying molecular mechanisms causing growth limitations by focusing‘on the process of cell enlargement. Studies so
far have shown that, in localized growing regions of gemminating soybean seedlings, turgor in most of the cells was completely
maintained when water potentials were low enough to inhibit growth. A few h later, the extensibility of the cell walls decreased and
an extractable 28kD protein accumulated in the wall fraction. By cloning the cDNA, the protein was found to be an acid
phosphatase. There was no change in phosphorylated intermediates likely to be targets for the enzyme. Moreover, the enzyme
accumulation and biochemical events leading up to the accumulation were 100 slow to account for the early growth inhibition.
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Therefore, we have begun to explore the earliest events altering the water potential because these correlate wnh ghe early growth
inhibéition. We recently found that local water potential gradients change and cause at least part of the early inhibition. The changes
are localized close to the vascular system in small undifferentiated cells that impede the movement of water and deprive the outlying
cells of water necessary for enlargement. We have been able to reverse the inhibition by pressurizing the roots thus retuming the
gradient to a favorable shape next to the xylem. The resumption of growth indicates that water movement resumes. Experiments are
underway to investigate whether transport limited growth occurs in fully established plants.

58. Molecular, Genetic and Physiological Analysis of Photoinhibition and Photosynthetic Parformance
Boynton, J. E.; Gillham, N.W. and Osmond, C.B. .

Institution: Duke University

Phone: 919-684-3046

Department: Department of Developmental, Cell & Molecular Biology
Fax: 919-684-5412

Address: Durham, NC 27708

Email: jpoynton@acpub.duke.edy

Funding: $114,000 FY97 funds for 24 months

Using C. reinhardtii as a model, we have examined the relationship between structure/function of the chloroplast encoded D1
protein of Photosystem Il in relation to photoinhibitory damage by high light. Mutants with 12 of 20 possible amino acid substitutions
at the Alax, residue in the QB/herbicide binding domain of D1 were characterized. Five Ala,xs, substitutions were nonphotosynthetic
(. Biol. Chemn. 272: 210-217, 1997) whereas seven displayed varied photoautotrophic (Z. Naturforsch. 52C, 1997 in press) and
photosynthetic (J. Biol.. Chem., in preparation) competence. We have isolated 10 nuclear suppressors which reduce the sensitivity of
the Leu,s, mutant to high light and 27 suppressors that enable wildtype to survive under near sunlight intensity (VHL).
Nonphotochemica! quenching (NPQ), indicative of engagement of photoprotective energy dissipation pathways, was strongly
increased in the wildtype- but not the Leuas:-suppressors. In both types of suppressors, pigments of the Xanthophyil cycle
(Viotaxanthin, Antheraxanthin and Zeaxanthin) are upregulated in VHL while Neoxanthin decreases and Lutein strongly increases.
The Z+A/Z+A+V ratio increases only in the Leuzs, suppressors, indicative of photoprotection, and decreases in the wildtype
suppressors, suggesting that other photoprotective mechanisms than xanthophyll interconversion provide VHL lolerance. We
previously reported a comelation between upregulation of D1 synthesis and transient downregulation in Rubisco LSU synthesis
when wildtype cells grown at low light are transferred to high light (Plant Mol. Biol. 33: 1001-1022, 1997). A search for proteins that
bind in a light specific manner to RNP complexes on the leaders of the psbA and rbclL. mRNAs {o regulate their translation is in
progress. Understanding molecular mechanisms involved in photoregulation of the D1 protein in Chlamydomonas may facilitate
manipulation of land plants to improve efficiency of photosynthesis under light stress.

$9. Role of Sucrose in Modulating Stomatal Aperture
Outlaw, W. H., Jr.

Department: Department of Biological Science
Fax: 850-644-0481

Address: Tallahassee, FL 32306-4370

Email: outlaw@bio fsu.edu

Funding: $80,000 12 months

Gas exchange between a leaf and the atmosphere occurs through adjustable stomata, each of which is surrounded by a pair of
guard cells. Certain conditions stimulate guard cells to accumulate potassium salts. The special celi-wall architecture forces these
cefis 10 bow outward upon the consequent osmotic-water influx; this deformation enfarges the pore. Stomal closure occurs when the
guard-cell pair loses solutes. The aperture size is generally a compromise between the opposing priorities of permitting CO, uptake
and avoiding HO-vapor loss. As CO; is required for photosynthesis and water is usually the most limiting resource for a terestrial
plant, regulation of stomatal-aperture size is one of the most crucial aspects of a plant's physiology.

The prevailing paradigm is that fluctuations in guard-cell potassium concentrations power stomatal movements. Recently, however,
an important osmotic role for sucrose in stomatal regulation has emerged. Under the conditions we have studied, sucrose
accumulation in the guard-cell symplast is secondary, and we have focused on the accumulation of sucrose in the guard-cell
apoplast, which we study by use of quantitative histochemical methods. Our most recent DOE-supported manuscript on this topic
(Pfant Physiol 114: 109-118) reported that this sucrose originates in the mesophyll. On this basis, we postulated that sucrose
accumulation in the guard-cell apoplast, and consequent diminution of stomatal-aperture size, is one means by which plants
measure the rate of transpiration. Our current work is directed toward testing this hypothesis.
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60. Ethanol-Tolerant Biocatalysts for Fuel Ethanol Production
Ingram, L O.

Institution: University of Florida

Phone: 352-392-8176

Department: Department of Microbiology & Cell Science
Fax: 352-846-0969 :
Address: Gainesville, FL 32611 :
Email: {i m@micro. i

Funding: $114,511 12 months

Over the past years, our laboratory has genetically engineered biocatalysts for fuel ethanol production from agricultural and woody
waste materials by inserting genes (pdc,adhB) encoding the ethanol pathway from Zymomonas mobilis (naturally producer of _
ethanol from glucose) into a variety of Enteric and Gram+ bacteria. In these new recombinant organisms, the normal fermentation
process for organic acids is completely replaced by the production of ethanol and carbon dioxide. Effective replacement of the
native fermentation pathway results from high levels of the recombinant pyruvate decarboxylase and the high affinity (low Km) of
this enzyme for pyruvate, a key intermediate in fermentation. Although our engineered strains have a lower ethanol tolerance than
Saccharomyces yeasts used in commercial starch-based fermentations, our strains have a greatly expanded ability to ferment many
different sugars including all which are constituents of biomass (hexoses and pentoses). We are currently attempting to improve the
ethanol tolerance of our ethanol-producing recombinant bacteria and to identify genes which are important for this trait. New strains
developed during the first year are capable of producing over 60 g ethanolliter in 72 h, 7.5% ethanol by volume. Approximately 15
different fragments of chromosomal DNA have been isolated which alter ethanol tolerance. Further studies are underway to identify
the specific genes which are responsible and to investigate the physiological/biochemical changes which cause an increased
tolerance. Additional studies are directed at the genetic engineering of Zymomonas mobilis, a naturally tolerant bacterium which
produces ethanol very efficiently from glucose. This organism is being improved by the insertion of genes from Kiebsiella oxytocs to
expand the range of sugars fermented 1o include soluble products from the enzymatic digestion of cellulose {cellobiose and
cellotriose).

61. Gene-Enzyme Relationghips of Aromatic Amino Acid Blosynthesis in Higher Plants
Jensen, R. A. ’

Institution: University of Florida

Phone: 352-392-9677

Department: Department of Microbiology & Cell Science
Fax: 352-392-5922

Address: Gainesville, FL 32611

Email: gensen@micro ifas.ufl.edu
Funding: $180,000 FY97 funds for 18 months

The biosynthesis of aromatic amino acids in higher plants is of great significance, not only because of the role of these amino acids
in protein synthesis, but because they are precursors of a vast array of compounds of biotéchnological and medical interest. Some
of the pathway enzymes also offer potential targets for design of new herbicides. Full-Hength cDNAs encoding five plastid-localized
enzymes will be obtained from both Nicotiana and Arabidopsis. These correspond to four proteins: the bifunctional AroDE (having
catalytic domains for dehydroquinase and shikimate dehydrogenase) and the postprephenate enzymes: prephenate
aminotransferase, arogenate dehydrogenase, and arogenate dehydrogenase. N-terminal amino acid sequencing will identify the
putative transit peptides. The genomic DNAs will be isolated and sequenced. Intron-exon organization will be determined. Molecular
studies will include determination of subceliular location using mono-specific antibody and immunogold electron microscopy,

" analysis of the organ-specific expression pattem of transcript abundance, determination of cell-specific expression in transgenic
plants using GUS fusions, effect of antisense RNA and sense RNA manipulations, and demonstration of the import of unprocessed
protein precursors into intact chloroplasts. Approaches that might lead to the possible identification of cDNAs specifying cytosolic
enzymes of aromatic amino acid biosynthesis are developed. :

62. Genetic analysis of at;sclslc acid biosynthesis
McCarty, D. R.

Institution: University of Florida

Phone: 352-392-1928

Department: Horticultural Sciences Department
Fax: 352-392-6479

Address: Gainesville, FL 32611-0690

Email: dm@aqnv.ifas.ufl.edy
Funding: $92,000 12 months

The hormone abscisic acid (ABA) is synthesized from cleavage of carotenoids and regulates seed maturation and stress responses
in plants. The viviparous seed mutants of maize identify genes involved in synthesis and perception of ABA. A new mutant blocked
in ABA synthesis, viviparous14 (vp14), has been identified.in maize and thié gene cloned. Our analysis of the VP14 protein has
shown that it is an enzyme responsible for the key regulatory step in ABA biosynthesis in plants. Thus, understanding how this
enzyme is reguiated in plant tissues is essential to understanding how ABA synthesis is regulated and used as a stress signal in
plants. Our ongoing studies indicate that Vp14 belongs to a diverse family of related genes in maize. The Vp14 mRNA is expressed
in embryos and roots and is strongly induced in leaves by water stress. A family of Vp14-reiated genes evidently controls the
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committed step of ABA biosynthesis and these genes are likely 1o play a key role in the developmental and environmental control of
ABA synthesis in plants. This project is focused on identifying and determining the function of Vp14-related genes in plants. Key
experimental approaches will be to 1) identify mutations in other members of the gene famity, 2) characterize the proteins encoded
by these genes, and 3) determine how these genes are regulated in normal and stressed piants.

3. The Metabolism of Hydrogen by Hyperthermophilic Microorganisms

JAdams, M. W. W.

Ingtitution: University of Georgia

Phone: 706-542-2060

Department: Department of Biochemistry & Molecular Biology
Fax: 706-542-0229

Address: Athens, GA 30602-7229

Email: m r

Funding: $108,000 12 months

Extreme thermaphiles or “hyperthermophiles” are a unique group of microorganisms that grow optimally near 100° C. They have
been isolated mainly from marine voicanic environments, including deep sea vents. The majority of them grow by fermenting
peptides and carbohydrates and produce hydrogen (H;) gas. To investigate the nature of the metabolic pathways and the enzymes
involved, we are using the archaeon Pyrococcus furiosus (Pf, Tme: 105°C) which is grown in 600 liter culture. From it we have
purified an NADP-dependent hydrogenase, redox proteins such as ferredoxin and rubredoxin, a ferredoxin NADP oxidoreductase
(FNOR), four different types (POR, KGOR, IOR and POR) of 2-ketoacid ferredoxin oxidoreductases (KAORs), and two ATP-
generating enzymes (acyl CoA synthetases 1 and 1), together with three different aldehyde ferredoxin oxidoreductases, all of which
contain tungsten, an element rarely used in biological systems. One of the tungstoenzymes (GAPOR) couples glyceraldehyde-3-
phosphate oxidation to H; production in an unusual glycolytic pathway, while the other two (AOR and FOR) and the KAOR's are part
of an unusual pathway for peptide catabolism. The reductant that is produced is converted to H; via FNOR, NADP and
hydrogenase. The genes for ferredoxin, rubredoxin, FOR, AOR, POR and VOR from Pf have been cloned and sequenced and some
of them have been expressed in a mesophilic host. In collaborative studies with D. Rees (Caltech), the crystal structures of
rubredoxin, AOR and FOR from have been determined. These studies provided the first structure for a hyperthermophilic, a
tungsten-containing, or a pterin-containing enzyme. Since H; plays a central role in the commercial production of many chemicals, a
long term objective of this research is to assess the utility of hyperthermophilic hydrogenases and oxidoreductases in industrial
energy conversions.

64. Center for Plant and Microbial Complex Carbohydrates
Albersheim, P.

Institution: University of Georgia

Phone: 706-542-4404

Department: Complex Carbohydrate Research Center
Fax: 706-542-4412

Address: Athens, GA 306024712

Emaii:

Funding: $732,500 10 months

The University of Georgia Complex Carbohydrate Research Center (CCRC) has a multidisciplinary faculty and staff who serve as a
national resource for basic research in complex carbohydrate science. The CCRC faculty currently has nine tenured or tenure-track
members, with two additional members joining the CCRC in 1997-98 (a full professor in nuclear magnetic resonance spectroscopy
and an assistant professor in plant biochemistry). A twelfth tenure-track senior faculty member (in the area of synthetic carbohydrate
chemistry) is being recruited, and the CCRC expects to grow to a total of 14 to 15 faculty members in the next three to four years.
The grant supports research, analytical services, and training in plant and microbial complex carbohydrates. Six of the CCRC's
faculty are active participants in the plant and microbial carbohydrate program supported by this grant. Educational activities invoive
the training of undergraduate and graduate students, postdoctoral research associates, and visiting scientists. Thirty-one
undergraduate and 28 graduate students are currently pursuing research projects or graduate degrees (4 M.S. students, 24 Ph.D.
students) in the CCRC: 16 undergraduate and 10 graduate students are working in plant or microbial carbohydrate science. Four
woek-jong, hands-on laboratory training courses are held annually for scientists from institutions and industries located throughout
the United States; 16 and 15 scientists attended these courses in 1996 and 1997, respectively, some attending more than one
course. The plant and microbial carbohydrate program has provided service to 198 individuals by analyzing 974 samples in the time
that the service program has been active. These analyses include determination of glycosyl-residue and glycosyl-linkage
compositions, and acquisition and interpretation of one-dimensional NMR and mass spectra. The faculty and staff of the CCRC are
currently involved in more than 120 intemal or extemal coflaborative research projects of which 58 are part of the plant and microbial
carbohydrate program. The CCRC has, in one way or another, assisted more than 135 corporations during the same time period.
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85. Structures and Functions of Oligosaccharins
Albersheim, P.

Institution: University of Georgia
Phone: 706-542-4404
Department: Complex Carbohydrate Research Center
Fax: 706-542-4412
.Address: Athens, GA 30602-4712
Emali: pal
Funding: $170,000 12 months

The broad goat of this project is to determine the functions in plants of oligosaccharide signal molecules (oligosaccharins) and to
leam in the process more about the interactions of plants and microbes and the regulation of plant growth and development. The
importance of oligosaccharins to plants and their pathogens is made evident by the multiple mechanisms plants use to accumulate
bioactive levels of these signal molecules and the comesponding mechanisms by which pathogens prevent the signal molecules
from accumulating. Many of the biochemical battles that determine whether the plant overcomes or succumbs to the pathogen take
place in the cell walls of plants and their microbial pathogens. Several of the subprojects study aspects of host-pathogen )
interactions, emphasizing the functions of molecules of cell wall origin. These subprojects concem: (1) plant cell wall-ocalized
polygalacturonase-inhibitor proteins and the fungal extracellular enzymes they inhibit; (i) fungi-secreted endo—1,3-glucanase-
inhibitor proteins and the enzymes of the cell walls of plants that they inhibit; and (iii) fungi-secreted endo—1,4-xylanases and their
role in activating defense responsas in Gramineae. In addition subproject (iv) studies the bioactivities, in wild-type and mutant
plants, of a plant cell wall-derived oligosaccharin that functions in regulating plant growth, and subproject (V) centers on the isolation
from plants of endogenous lipo-oligosaccharide growth regulators.

68. CarbBank - A Structural and Bibliographic Database for Compiex Carbohydrates
Albersheim, P.; Doubet, S.

institution: University of Georgia

Phone: 706-542-4404

Department: Complex Carbohydrate Research Center
Fax: 706-542-4412

Address: Athens, GA 30602-4712

Email: palbersh@ccre.uga.edu

Funding: $50,000 Funds from NLM for 12 months

The computerized Complex Carbohydrate Structure Database (CCSD) and database management system, CarbBank, were created
by scientists at the Complex Carbohydrate Research Center (CCRC) in collaboration with scientists in Europe. Building the
database and making the software available to researchers woridwide were the initial goals of the project. CarbBank/CCSD is
designed to provide a searchable central repository of all carbohydrate structures published in the scientific literature. CCSD records
encompass all types of carbohydrate structures that contain tri- and larger saccharide moieties, and include the structure of each
molecule along with information on the biological or chemical source, biological activity, antigenicity, and association with particular
developmental stages of the organism from which it was obtained or with a disease of the organism. CarbBank is available in 8
Windows 95/NT.program, and CarbBank and the CCSD now reside on the CCRC's Web site, where they can be used directly from
all computer platforms by means of a Web browser. The CCRC CarbBank staff is emphasizing software development rather than
exerting an all-out effort to keep up with data entry. As new programming tools designed to enhance user interaction with Web sites
have become available, they are applied to CarbBank and the CCSD. Plans are proposed to streamline database building by
initiating direct author submission of structures as part of the manuscript publication process; to enhance Web browser-compatible
systems for author submission and searching the CCSD; to functionally integrate the CCSD with other biosequence and informatic
databases including CCRC-Net; to create and coordinate "mirror” server sites in Europe, Japan, and Australia for CarbBank/CCSD
80 that all users enjoy optimum performance; and to integrate Web-based accounting/user access software. The CCSD now
contains ~50,000 records. *Funds provided by the Nationa! Library of Medicine.

67. Structura! Studies of Complex Carbohydrates of Plant Cell Walls
Darvill, A.

Institution: University of Georgia

Phone: 706-542-4411

Department: Complex Carbohydrate Research Center
Fax: 706-542-4412

Address: Athens, GA 30602-4712

Email: i .

Funding: $385,000 12 months

Plant primary cell walls control several important properties of plant cells. They control the rate and direction of cell growth that
determine uitimately the shapes of cells, tissues, and organs. They form a bamier to pathogens, are the source of oligosaccharins
that elicit plant defense responses in host-pathogen interactions, and participate in controlling plant growth and development.
Primary wall components are aiso used in many industrial and medical applications and thus constitute an important natural
resource. The goal of this research project is to determine the structures and functions of the non-cellulosic matrix polysaccharides
of primary walls that, with cellulose, account for more than 90% of the wall's dry weight. The structural studies emphasize
developing analytical methods and using them to elucidate the detailed structures of hemicellulosic (xyloglucan) and pectic
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{rhamnogalacturonans | and If) wall matrix polysaccharides. We are also characterizing the interactions between some of the wall
matrix polysaccharides by studying the structure of covalent wall cross-links. In addition, we are examining the cell-, tissue-, and
species-dependent expression of cell wall epitopes using well-characterized monocional antibodies. This analysis may reveal
developmentally and spatially regulated variations in the fine structure of the cell wall matrix polysaccharides. Finally, we are
studying the structures and epitope localization of matrix polysaccharides in Arabidopsis mutants lacking or deficient in specific
glycosyl residues. The long-range objective of this research is to better understand the diverse roles of the wall polysaccharides in
cell wall function.

88. Fermentation of Cellulose and Hemiceiluloses by Clostridia and Anaerobic Fungi
Ljungdahi, L. G.

Institution: University of Georgia

Phone: 706-542-7640

Department: Center for Biological Resource Recovery
Fax: 706-542-2222

Address: Athens, GA 30602-7229

Emall: }j

Funding: $168,000 12 months

Biomass consists mostly of cellulose, hemicelluloses, and lignin. Degradation of lignin does not occur by anaerobic microorganisms.
#t is, however, partly solubilized by the action of specific p-coumaroy! and feruloyl esterases produced by anaerobic fungi. On the
cother hand, celiulose and hemicelluloses are efficiently hydrolyzed by consortia of anaerobic microorganisms to simply components
such as sugars, which are fermented to carboxylic acids, alcohols, CO,, H;, and methane. Our work deals with the anaerobic
bacterium Clostridium thermocellum and the anaerobic fungus Orpinomyces PC-2, both of which effectively degrade plant tissue.
The efficient hydrolysis of the plant tissue (biomass) is attributed to that the two microorganisms produce multiproteiin
cellulose/hemicellulases complexes (cellulosomes) containing endo- and exo-cellulases, and hemicellulases (xylanase). In addition,
the cellulosome of Orpinomyces seems 1o contain esterases. The catalytic subunits of the cellulosomes are held by scaffolding
proteins. This involves interactions between specific domains called dockerins of the catalytic subunits and cohesins of the
scaffolding proteins. The dockerins and cohesins of the celiulosomes of the fungus and C. thermocellum are functionally similar but
structurally distinct. Studies of the cellulosomes will greatly enrich the understanding of the biochemistry of enzymes for the
degradation of plant biomass, the most abundant resource on earth, which can be used for the production of biofuels and chemicals.
Research is also conducted with C. thermoaceticum, which ties into the celiulose degradation by cellulolytic consortia. This
bacterium converts the degradation products by the cellulolytic microorganisms to acetate, an important feedstock chemical. Studies
with C. thermoaceticum invotve carbon dioxide fixation by the acetyl-CoA pathway and generation of energy coupled to this
pathway. .

69. Plant Arginine Decarboxylase, Regulation and Function
Maimberg, R. L.

Institution: University of Georgia
Phone: 706-542-1850
Dopartment: Botany Department
Fax: 706-542-1805

Address: Athens, GA 30602-7271
Emall:

Funding: $105,000 12 months

Polyamines are small positively charged compounds, hypothesized to be involved in a wide variety of plant physiological and
developmental functions. These include stress response, floral and root development, and senescence. One feature of piant
polyamine synthesis is the presence of two altemative pathways to putrescine, from arginine via arginine decarboxylase and from
omithine via omithine decarboxylase. Omithine decarboxylase is found in nearly all organisms, however arginine decarboxylase is
not found in animals and some other eukaryotes. Arginine decarboxylase is regulated by post- transcriptional and post-transiational
mechanisms; we wish to determine the mechanisms of this regulation. We are performing molecular and genetic analysis of the
polyamine synthesis pathway in the model system Arabidopsis thaliana. This builds upon our recent isolation of mutants in the
pathway and generation of molecular probes for enzymes in the pathway. There are two structural genes encoding arginine
decarboxylase, and we have also identified genes on other chromosomes that regulate this enzyme. A complex pattem of post-
transcriptional regulation appears to determine arginine decarboxylase activity. We are continuing our analysis of the regulation and
function of these genes using the mutants, clones, and antibodies. We also are isolating several classes of mutants that we do not
currently have. The mutants we have isolated allow us to test for the roles of polyamines in processes such as plant stress response
and plant senescence.
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70. Mechanisms and Determinants of RNA Turnover: The Role of PAB2 in the Post-Transcriptional Apparatus
Meagher, R. B.

Institution: University of Georgia
Phone: 706-542-1444

Department: Department of Genetics
Fax: 706-542-1387

‘Address: Athens, GA 30602-7223
Email: h

Funding: $102,000 12 months

In the last decade it has become increasingly clear that post-transcriptional regulation is as important to gene regulation and
organismal development as transcription. The operation of post-transcriptional regulation is mediated by the action of a post-
transcriptional apparatus (PTA). Poly(A) binding proteins (PABPs) form an integral part of the PTA by binding mRNAs at both the 3
end on the poly (A) tail and to the 5' end on protein factors involved in transiational initiation. The presence or absence of PABPs in
the PTA effect trans!ational initiation, polysome stability, and mRNA decay. We have shown that Arabidopsis and probably all higher
plants have an ancient, diverse, and differentially expressed gene family encoding PABPs. Arabidopsis PAB2 and PABS
complement cell viability and some molecular functions associated with yeast PABP. PAB2 is strongly expressed in young ovules
and the transmittal tissue of flowers, in primordia and young leaves, and in the stele of roots. The five specific aims of this grant are:
1) to localize the tissue and developmental stage-specific expression of PAB2 gene and protein; 2) to elucidate possible molecular
mechanisms of PAB2 action in the PTA in yeast; 3) to identify specific transacting factors that bind to PAB2 in the PTA using the
dihybrid system and suppressor genetics; 4) to determine if PAB2 binds distinct RNA sequences with specificity; and 5) to identify
and characterize PABP mutants in Arabidopsis. Understanding the different biological functions of piant PABPs will help us to
dissect important components of plant gene regulation.

71. Identification of Novel Cell Wall Components
Momany, M.

Institution: University of Georgia
Phone: 706-542-2014
Department: Department of Botany
Fax: 706-542-1805

Address: Athens, GA 30602-7271
Emali:

Funding: $77,000 12 months

Fungi are superbly adapted to break down organic matter. They are abie to scavenge nutrients in environments ranging from leaf
litter on the forest floor to soap scum on bathroom tiles. Indeed, one of the defining characteristics of the fungal kingdom is the use
of extracellular digestion before absorption of nutrients.

The cell wall is the main interface between the fungus and its environment. Information about nutrient availability, enzymes which
break down organic matter, and digested nutrients must all transit the cell wall. In addition to its central position in fungal
metabolism, the cell wall is the main determinant of morphogenesis and may contain developmental signals.

The major goals of this proposal are to identify nove! cell wall components and dlone the genes responsible for their synthesis in the
filamentous fungus Aspergillus nidulans. Two parallel molecular genetic approaches will be exploited to meet these goals. In the first
approach, a group of temperature-sensitive mutants with a swollen cell phenotype (swo mutants) will be characterized. The swollen
cell phenotype is often associated with cell wall defects. In the second approach, mutants lacking specific cell wall epitopes (cwe
mutants) will be identified through screening with phage display antibodies. Selected swo and cwe genes will be cloned by
complementation of mutant phenotypes. :

72. Nitrogen Contro! of Chloroplast Differentiation and Metabolism
Schmidt, G. W.and Bruns, B.U.

institution: University of Georgia

Phone: 706-542-0280

Department: Department of Botany

Fax: 706-542-1805 ' -
Address: Athens, GA 30602-7271

Email: i

Funding: $38,000 FY97 funds for 24 months

Nitrogen deficiency is the most common limitation to plant growth. Our work concems how nitrogen deficiency affects metabolism,
biosynthetic pathways and development of the photosynthetic apparatus. The model! system for our work is the green alga,
Chlamydomonas reinhardtii grown in continuous cultures, in which steady-state levels-of nitrogen can be precisely controtied and in
which the classical symptoms of deficiency; chiorosis and slow growth rates, are perpetuated. Changes in gene expression and
physiological activities in a uniform population of cells are monitored in comparative analyses with nitrogen-sufficient cultures.
Primary effects elicited by nitrogen provision, marked by rapid greening and dramatic chioroplast differentiation, are also measured.
For example, reversal of chiorosis correlates with selective expression of nuclear genes encoding light-harvesting proteins, which
we have shown to directly participate in synthesis of chiorophylls a and b, as well as enzymes invoived in early steps in porphyrin
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synthesis. At ancther level, profound changes in respiration and carbon metabolism and the mitochondrial/chioroplast
interrelationship accompany long-term adaptation to N-deficiency. Finally, we are employing mutant strains of Chlamydomonas for
dissection of responses to nutrient limitation; defined disruptions of physiological and biochemical processes impact on the nitrogen-
dependent signal transduction and intracellular communication pathways.

73. Structure, Regulation and Evolution of the R transcriptional activators from malze and rice
Waessler, S. . : . )

Institution; University of Georgia
Phone: 706-542-1870

Department: Department of Genetics
Fax: 706-542-3910

Address: Athens, GA 30602-7223
Email:

Funding: $108,000 12 months

The maize R/B gene family and their homologs in other plants regulate the anthocyanin biosynthetic pathway by activating the
transcription of at least five of the structural genes. Our studies encompass three diverse but related projects. First, a collection of
Ds-induced alleles of R is being used to identify structural domains required for function in vivo. Analyses of two alleles, r-mS and r-
m1, have demonstrated the importance of three nuclear localization sequences (NLS-A,M,C) and the basic helix-loop-helix (bHLH)
domain. These results differ dramatically from findings obtained using transient transformation assays. Understanding the
mechanism by which an upstream open reading frame (UORF) represses expression of the R gene is the second goal. We have
succeeded in demonstrating UORF-mediated repression both in a rabbit reticulocyte translation system and in bombarded kemeis.
Using these systems, we find that repression is not due to the sequence of the 38 codon UORF but, rather, is caused by the
intercistronic DNA (ID) which leads to inefficient ribosome reinitiation. Characterization of the R gene family of rice and correlation
with known genetic foci is the third goal. We have determined that O. sativa has at least four R genes, at least two of which map to
the same two chromosomal regions previously shown to contain most of the genes that determine pigment pattern in rice. Further,
the rice gene family has evolved recently and independently of the maize R/B family.

74. Bliochemistry and Genstics of Autotrophy in Methanococcus
Whitman, W. B.

Inatitution: University of Georgia

Phone: 706-542-4219

Department: Department of Microbiology
Fax: 706-542-2674

Address: Athens, GA 30602-2605
Email: whitman@arches.uga.edy
Funding: $88,000 12 months

The methanogenic archaea catalyze the terminal step in the anaerobic oxidation of organic matter to methane, a clean fue! aiready
in wide use. The development of methods for the introduction of genes into methanococci will be essential for the construction of
more versatile microbial catalysts and further understanding of the molecular and biochemical basis of methanogenesis. Recent
research has developed an efficient transformation system and shuttie vector for moving genes containing nove! activities in
Methanococcus maripaludis. The next step in the development of the shuttie vector is to introduce additional cloning sites next to a
strong methanococcal promoter for efficient expression of heterologous genes, research which is in progress. The genetic system is
also being utilized for construction of an integration library to mutagenize wild type cells. Screening these mutants has identified
several auxotrophs for acetate and other compounds. This method is providing new insights into the pathways of carbon metabolism
of these facultative autotrophs. Lastly, isotopic labeling was utilized to establish the pathway of ribose biosynthesis in the
methanococci. In contrast to other methanogens, the methanococci utilize the nonoxidative pentose phosphate pathway.
Surprisingly, these same experiments suggested that methanococci may utilize a novel pathway of aromatic amino acid
‘biosynthesis. If confirmed, this will be the first report of an altemative to the pathway originating in 3-deoxy-D-arabino-heptuicsonate
7- phosphate. .

»

75. Development of innovative Techniques and Principles That May Be Used 23 Models to improve Phnf Performance
Hanna, W. W.; Burton, G. W.

Institution: University of Georgia

Phone: 912-386-3353

Department: Department of Crop & Soil Sciences
Fax: 912-391-3701

Address: Tifton, GA 31793

Email: i

Funding: $54,203 12 months

The objectives of this project are to: (1) establish the cytoplasmic diversity of germplasm in the weedy subspecies of the primary
gene pool and demonstrate its value, (2) identify mechanism(s) for transfer of germplasm from the secondary gene pool to the
cultivated species and evaluate the plant breeding potential of this germplasm, and (3) transfer gene(s) controlling apomixis from the
tertiary gene pool to cultivated pear milet for the purpose of producing true-breeding hybrids. Species within the genus Pennisetum
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are being used as test organisms. The approach uses plants of wild species with different genetic and cytoplasmic backgrounds,
ploidy levels, and chromosome numbers crossed and backcrossed with different genotypes of diploid and tetraploid peari millet.
Research showed that seed loss in apomictic BC6 pearl millet plants was due to chromosome imbalance in the endosperm of the
seed and possibly to an inbreeding effect of the backcrossing process. Germplasm from the secondary gene pool (Tift 93 and T
8593) used to produce commercial pearl millet forage hybrid, Tifleaf 3, was released and registered with Crop Science. Selection
procedures in two exotic gene pools of the primary of the primary gene pool increased genetic rust resistance 20% per cycie while
morphological variability was maintained. : :

76. Mechanisms Regulating psbD Transcription in Higher Plants
Christopher, D. A.

institution: University of Hawaii

Phone: 808-956-8550

Department: Department of Plant Molecular Physiology
Fax: 808-956-3542

Address: Honolulu, HI 96822

Email: ( ii

Funding: $75,142 12 months

This project investigates the genetic mechanisms controlling the deveiopment of the photosystem Il reaction center (PSII) in higher
plants. Proper PSII development and function are necessary for maintaining photosynthetic efficiency, crop productivity and plant
adaptation to high light environments. The psbD gene, which is localized on the chioroplast genome of plants and algae, encodes
the D2 subunit of PSIL. In higher plants, high-fluence biue light, but not red light, differentially activates psbD transcription from 8
biue fight-responsive promoter (BLRP). The objective of this work is to understand how blue light regulates psbD transcription. To
facilitate genetic investigations on the BLRP, we mapped and studied the expression of the BLRP in Arabidopsis chioroplasts. We
will determine the nucleotide sequence of the Arabidopsis BLRP and determine which DNA elements are necessary for light-
responsive transcription. Eiectrophoretic mobiity shift and DNase | protection assays are being used to define the protein binding
sites in each element from Arabidopsis. These binding sites will be used to cione cDNAs for the putative regulatory proteins. The
cDNA sequence is expected to assist in identifying the functional domains involved in DNA-binding, protein-protein interactions and
transcription. Studying the nuclear-encoded factors and their genes will provide insight into the regulation of psbD transcription by
blue light, which will give ciues into the fundamental mechanisms by which the nucieus controls chicroplast gene expression.
implementation of the Arabidopsis system will enable the detailed genetic dissection of the photosensory pathways regulating psbD
expression. .

7. Violaxanthin De-Epoxidase: Molecular Biology and Physiological Function
Yamamoto, H. Y.

Institution: University of Hawaii

Phone: 808-956-7934

Department: College of Tropical Agricutiure & Human Resources
Fax: 808-956-3542

Address: Honolulu, HI 96822

Email: i

Funding: $95,000 12 months

The overall aim of this project is to understand the mechanism and role of violaxanthin de-epoxidase (vde) activity in protecting
plants against the potentially damaging effects of high light intensities. Zeaxanthin and antheraxanthin formed by vde enhance the
dissipation of excess light energy as heat, thus protecting photosynthetic apparatus from damage. As previously reported, we have
cloned vde from lettuce, tobacco and Arabidopsis. The specific aims of the current project are twofold: (1) to determine the
physiological significance of vde activity on growth and development by over expression or suppression of vde and (2) to gain

_insight into the mechanism of vde activity by site-directed mutagenesis studies. ‘Analysis of tobacco transformed earlier with sense
and antisense vde constructs were continued. Preliminary results suggest that maximum over expression was around twofoid.
Constructs of vde using other promoters for higher levels of over expression were initiated. A range of plants with vde activity
‘inhibited up to 95 percent was obtained. Propagation of transformed plants for homozygous selection was initiated. Detailed
analysis of wild-type (control) tobacco was completed. The results suggest that vde is developmentally regulated in contrast to
xanthophyti-cycle pool size that depends on light environment.

78. Studies on Cytochrome bo3 from E. coli
Gennis, R. B.

institution: University of lllinois

Phone: 217-333-9075

Department: School of Chemical Sciences
Fax: 217-244-3186

Address: Urbana, IL 61801-3364

Email: gennis@aries.scs.uiuc.edu
Funding: $128,000 12 montrs
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“The boy-type ubiquinol oxidase is the predominant respiratory oxidase present in the bacterial membrane of Escherichia coli when
the cells are grown with high aeration. This enzyme is a coupling site, which means that the redox reaction catalyzed by the
enzyme, i.e., the 4-electron reduction of oxygen to water, is coupled to the generation of a proton and voltage gradient across the
cytoplasmic membrane. This enzyme is a very efficient device to convert chemical energy into the form of a transmembrane ion
gradient Our primary interest is to leam how this is done. .
Our studies have established this enzyme as a member of the superfamily of heme-copper respiratory oxidases. This superfamily
includes the cytochrome ¢ oxidases for which there is now detailed structural information recently available from X-ray diffraction
studies. The focus of our work is to combine site-directed mutagenesis with a variety of spectroscopic techniques to identify the
functional roles of specific amino acid residues that appear 1o be involved in the proton pumping mechanism. We have most recently
been examining the effects of mutations in residues that appear to be components of two separate channels (D-channel and K-
channel) within the enyzme that have been identified by X-ray analysis. We have diearty demonstrated that these residues are
critical for oxidase function and that the two channels must play very different roles. In addition, we have demonstrated that different
mutations trap the enzyme in different states of oxygenation, providing a useful experimental tool for characterizing these states of

the enzyme.

79. Bacterial resistance to silver cations: molecular genetics, physiotogy and biochemistry
Silver, S.

Ingtitution: University of lilinois

Phone: 312-996-9608

Department: Department of Microbiology & Immunology
Fax: 312-996-6415

Address: Chicago, IL. 60612-7344

Email: simon@uic.edu

Funding: $137,500 15 months

We are studying the molecular genetics of bacterial resistances to the toxic heavy metals, mercury, cadmium, arsenic and sitver.
Bacterial cells have highly specific genetic systems for each of these toxic minerals. Each system contains gene(s) for regulation (so
that the system is functional only when needed) and gene(s) for the proteins that physiologically and biochemically confer resistance
itseHf. The resistance systems offer promise for *bioremediation” of environmentally polluted settings, while the regulatory genes
may be used as components of metal-specific "biosensors® (especially with luciferase gene fusions that respond to “"bioavailabie®
metal ions with increasing light emission). Mercury and methylmercury-detoxifying Bacillus isolates from Minamata Bay, Japan are
being analyzed in detailed faboratory studies. In addition, these same strains are being used for studies of the range of arsenic
resistance determinants (and their genes) in Bacilli. The CadC transcriptional repressor of the cadmium-resistance cadmium-efiux
ATPase has been overproduced and is being studied by protein-DNA interactions in vitro and metal cation-protein binding. The first
silver-resistance system was cloned and the 14 kb required for its 7 genes sequenced. Now more in detail on the phenotypes and
functions of each gene will continue. Additional environmental and clinical isolates having the silver resistance genes will be
characterized by Southem blot analysis, RFLP analysis and PCR of selected genes.

80. Studies on the Microblal Formation of Methane
Wolfe, R. S.

tnstitution: University of lilinois

Phone: 217-333-0065

Department: Department of Microbiology
Fax: 217-244-6697

Address: Urbana, IL 61801

Emall: mailto;

Funding: $70,323 12 months

The microbial formation of methane is carried out by a unique group of bacteria known as methanogens. These strict anaerobes are
widespread in nature, and are found in diverse habitats, wherever active anaerobic degradation of organic matter occurs, such as

sediments, the rumen of ruminants, sanitary landfills, and sewage sludge digesters. We are exploring ways of simplifying the cutture
of methanogens in liquid and solid media, so that these organisms may be more readily employed as research tools by the scientific

-community. These studies include the sensitivity of methanogens to a variety of factors such as reducing agents, lons, ionic

strength, and oxidizing agents. For example, under certain conditions of stress, cells of methanogens may exhibit a bright red
fluorescence instead of the typical blue-green fluorescence. We are studying this phenomenon to isolate and characterize the red
fiucrescent compound, to determine its structure, its role, and its relationship to known coenzymes which may be modified when
cells are under stress. Our goal is to define how sensitive, anaerobic methanogenic-cells survive under stress in terms of
biochemistry.
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81. Function of the Arabidopsis TIR1 gene in auxin response
Estelle, M.

Institution: indiana University
Phone: 512-232-5559

Department: Department of Biology
Fax: 512-232-3432

Address: Bloomington, IN 47405
Emall: | i

Funding: $92,000 12 months

Genetic studies in Arabidopsis have led to the identification of a number of genes that are involved in auxin response. The first of
these genes to be cloned and characterized was the AXR1 gene. Mutations in AXR1 result in a general decrease in auxin response
and variety of growth defects consistent with impaired auxin response. The gene encodes a novel protein related to the ubiquitin-
activating enzyme and is expressed primarily in dividing cells. Recent results in my group and by others, indicate that the AXR1
class of proteins is found in diverse eukaryotes including representative fungi and animals (including humans). in addition, we now
have compelling evidence that AXR1 functions in the ubiquitin pathway. Taken together, these results suggest that ubiquitin-
mediated proteolysis has a key role in auxin response. This work addresses the function of a recently identified Arabidopsis gene
called TIR1. Like axr1, the tirf mutants are deficient in auxin response and display auxin-related growth defects. Genetic studies
reveal that axrf and tirf interact synergistically, suggesting that the two genes cooperate to mediate auxin response. Molecular
cloning showed that the TIR1 protein is related 10 a human protein called SKP2, as weli as a number of other eukaryotic proteins
that share a protein domain called the F-box. SKP2 is required for the G1- to S-phase transition in human cells and expefiments
with several F-box proteins strongly suggest that these proteins function to facilitate ubiquitin conjugation to specific target proteins.
Thus the phenotype of the tirf mutants and the structure of TIR1 provide additional support for a role for regulated protein
degradation in auxin response. To investigate the function of TIR1 and its role in auxin response are the following studies: (1) TIRY
expression will be analyzed by in situ hybridization of RNA probes 1o tissue sections. (2) The tirf mutants have reduced numbers of
lateral roots compared to wild type and are impaired in auxin induction of lateral roots. To investigate the basis for this defect we will
determine the timing of T/R? gene expression during lateral root formation. In addition, we will determine the effects of the tir!
mutations on the occurrence of early events during formation of the lateral root primordia. (3) To prepare TIR1 specific antibody the
TIR1 protein will be expressed in E. coli and/or insect cells. ?-TIR antibody will be used to determine the tissue distribution of TIR1
and cellular location of the protein. (4) The importance of the F-box to TIR1 function will be analyzed by site-directed mutagenesis.
(5) Proteins that interact with TIR1 will be identified using the yeast two-hybrid system. The function of TiR1-interaction proteins will
be analyzed using several strategies. (6) To identify new genes that interact with TIR? a screen for suppressors of the tirf-1
mutation will be performed. (7) Three TIR1-related genes have been identified in the Arabidopsis genome. We have recovered a T-
DNA insert in one of those genes using a PCR-based screen. This mutant (called fIr-2) will be characterized using established
techniques. In addition, we will screen for additional mutants in other members of the TIRY gene family. During the last five years,
studies in yeast and animal systems have demonstrated that regulated protein degradation plays a key role in diverse aspects of
cellular regulation. Our results strongly suggest that this is also the case for auxin response. We expect our experiments to provide
exciting new insight into theses fundamental aspects of molecular biology.

82. Analysis of a signal transduction pathway Invoived in maize epidermis and aleurone differentiation
Becrafl, P. W.

Institution: lowa State University

Phone: 515-294-2903

Department: Zoology & Genetics & Agronomy Departments
Fax: 515-294-0345

Address: Ames, IA 50011-2010

Emall: r i

Funding: $90,000 12 months

The shoot epidermis is a key tissus for plant protection against many biotic.and abiotic stresses. The mutant phenotype of the maize
crinkly4 (cr4) gene indicates this gene is important for epidermal differentiation. cr4 encodes a receptor-like kinase suggesting that
the CR4 receptor binds an extracellular signal molecular thereby activating a cellular response that leads to proper epidermal
differentiation. Little is known of the process of epidermal differentiation, nor of the molecular mechanisms plant cells use to
transduce extracellular signals. Analysis of the CR4 signal transduction system will provide valuable insights into both areas. There
are three main goals. The first is to identify and analyze genes that are regulated by the.CR4 signal transduction pathway. This will
be done through an automated robotic differential cONA library screen done in collaboration with scientists at Pioneer Hi-Bred.
Differentially expressed genes will be sequenced to attempt to.understand what cellular functions are regulated by CR4.
Additionally, OPAQUE2 will be examined as a potential target of the CR4 signal transduction system. The second goal is to identify
factors that directly interact with the cytoplasmic domain of the CR4 protein. This will be accomplished using the yeast 2-hybrid
system. Interacting factors will then be analyzed genetically using the TUSC reverse genetics procedures available at Pioneer Hi-
Bred Intl., Inc. The third objective is to test the hypothesis that the function of CR4 signaling in the epidermis is to specify cell fate.
This will be addressed in part through the analyses outlined.in‘the first goal, through the analysis of epidermal specific gene
expression in cr4 mutants, and the ectopic expression of ¢r4 in transgenic plants. This research will identify components of the CR4
signal transduction pathway, targets of the pathway and help us understand the developmental significance of this signaling.
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83. Characterization of the Membrane-Associated Methane Oxidation System in Methylococcus capsulatus Bath
DiSpirito, A

institution: lowa State University

Phone: 515-294-2944

Department: Department of Microbiology, Immunology & Preventive Medicine
- Fax: 515-294-6019

Address: Ames, 1A 50011-3211

Email: aland@iastate.edu
Funding: $94,000 12 months

In methanotrophs, the oxidation of methane to methanol is catalyzed by the methane monooxygenase (MMO). In some
methanotrophs, two different MMOs can be expressed depending on the copper concentration during growth. At low copper to
biomass ratios, the enzyme activity is observed in the soluble fraction and referred to as the soluble MMO (sMMO). At higher copper
to biomass ratios, methane oxidation activity is observed in the membrane fraction and the enzyme referred to as the membrane-
associated or particulate MMO (pMMO). This project focuses on the pMMO. The pMMO consists of two components. Component A
composed of three polypeptides with molecular masses of 47,000, 27,000, and 25,000 Da, in a 1:1:1 ratio, and contains 2 - 3 non-
heme iron and 2 - 3 copper atoms per 89,000 Da. Component B is a small polypeptide with a molecular mass of 1,218 Da, and
contains 1 - 2 copper atoms. As isolated purified enzyme shows an approximate component A to B ratio of 1: 5 with 2 - 3 iron and
14 to 15 copper atoms

Component B also shows a number of siderophore-like properties, and can be isolated from the extracellular fraction in cells
expressing the pMMO under copper-limiting conditions.

The overall objective of this project is to characterize the mechanism of methane oxidation in methanotrophs expressing the pMMO.
Present work is focused on improvements to the pMMO purification procedure, enzyme characterization, identification of the
physiologica! reductant to the pMMO, and role of component B in methane oxidation.

84. Regulation of Carotenoid Biosynthesis: The immutans Mutant of Arabidopsis
Roderme!, S. R.and Voytas, D.

Institution: lowa State University
Phone: 515-294-8890

Deopartment: Department of Botany
Fax: 515-294-1337

Address: Ames, |1A 50011-1020
Emall: rodermel@iastate edu
Funding: $64,001 12 months

The immutans mutant of Arabidopsis thaliana contains green and white-sectored leaves due to the action of a nuciear recessive
gene. The green sectors are homoplastidic for normal chioroplasts, while the white sectors contain plastids with different
morphologies (are heteroplastidic). This indicates that the mutation is plastid autonomous and acts independently on the plastids in
a cell. The somatic instability in the mutant is modulated by light, temperature and developmental factors. immutans is first
expressed during seed coat breakage, and plastid phenotypes, once established, cannot be changed. However, defective plastids
are not matemally-inherited, indicating that the plastid defect is cured during reproduction. The white sectors of immutans
accumulate the carotenoid precursor phytoene, but the mutation affects the activity of phytoene desaturase (PDS) only indirectly:
immutans does not map to the PDS locus, nor does it affect PDS mRNA or protein levels. The fact that PDS expression is normal in
the white tissues of immutans shows that the expression of this protein is not coupled to pigment content in A. thaliana, as it is in
other systems. Transgenic plants that express Lhcb promoter/GUS fusions have revealed that immutans uncouples Lhcb
expression from its normal dependence on chloroplast development, suggesting that immutans is an important component in the
gignal transduction pathways that regutate chioroplast biogenesis. An approximately 30 kb fragment of the A. thaliana genome
encompassing immutans has been subcloned into overlapping cosmid clones that are being used to complement the mutation and
define the gene locus. ) .

85. Molecular Biology of Anaerobic Aromatic Biodegradation
Harwood, C.

institution: University of iowa

Phone: 319-335-7783

Department: Department of Microbiology
Fax: 319-335-7679

Address: lowa City, IA 52242

Email: li i

Funding: $90,000 12 months

We have been investigating anaerobic benzene ring biodegradation, a process that is critical for the recycling of plant materiat and
the degradation of many environmenta! pollutants. Benzene rings can be completely degraded in the absence of oxygen only by
bacteria. Our emphasis has been on pathways for the degradation of benzoate and 4-hydroxybenzoate, since these aromatic acids
are the starting compounds for a central pathway of anaerobic benzene ring reduction and ring fission. We have recently identified
and sequenced a cluster of genes from the bacterium Rhodopseudomonas palustris that encodes many, and possibly all, of the
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enzymes for benzoate and 4-hydroxybenzoate degradation. These genes provide a valuable source of material for purifying and
studying several novel enzymes that are known to be involved in ring reduction and cleavage. Assignment of gene products to
specific enzymatic steps will also allow us to elucidate the correct sequence of catabolic reactions in the degradation pathways. In
addition, the cloned genes will be used to determine how gene expression is regulated in response to aromatic compounds and
oxygen. This information will be valuable in designing bacterial systems to mediate biomass conversions or for use in
bioremediation.

86. Bacterial Nicke! Metabolism for Hydrogenase sjnumn
Maier, R. J. .

Institution: Johns Hopkins University
Phone: 706-542-2323

Department: Department of Biology
Fax:

Address: Baltimore, MD 21218
Emall: i

Funding: $106,000 12 months

The growth of many microorganisms that are beneficial to nutrient cycles in nature requires nickel, as this metal is a component of
several microbial enzymes. From studies on bacterial mutants in Ni-containing ureases and hydrogenases, it has become clear that
the Ni-requiring organisms contain enzymes to dea! with intraceliular nickel mobilization and metabolism, and subsequent insertion
of the metal cluster into the Ni-enzyme(s). To determine the routes of nickel metabolism and incorporation into a bacterial enzyme
(hydrogenase) in the N-fixing bacterium Bradyrhizobium japonicum, gene-directed mutant strains of the bacterium have been
studied, and nickel-binding proteins have been overexpressed and purified. Some mutant strains are specifically deficient within
histidine rich areas of the nickel-storage protein we call nickelin, encoded by hypB. Analysis of mutants within the metal-binding
domain have shown that the his-rich area, capable of binding 18 nicke! atoms per molecule of protein plays a nickel storage role for
subsequent hydrogenase expression. Other proteins involved with the nickel-dependent regulation of hydrogenase expression
either in sensing nicke! or in activating hydrogenase transcription have been identified and specific mutants in each of the genes
have been generated. Some of the genes encode domains which act as nickel-binding ligands, and a nickel dependent sensing and
regulatory cascade for Ni-enzyme (hydrogenase) expression involving several multi-subunit complexes is proposed. The long-term
goal is to understand the number, nature and function of the components involved in bacterial nickel metabolism, especially for

hydrogenase expression.

87. Transport of lons Across the Inner Envelope Membrane of Chioroplasts
McCerty, R. E.

Institution: Johns Hopkins University
Phone: 410-516-4693 .
Department: Department of Biology
Fax: 410-516-5213

Address: Baitimore, MD 21218
Emali: j

Funding: $103,000 12 months

In addition to photosynthesis, chioroplasts carry out a number of essential processes, including nitrite reduction to ammonia and
sulfate reduction to the level of sulfide. Nitrite is a source of nitrogen for amino acids, and nucleic acids and sulfate, a source of
sutfur for the sulfur-containing amino acids, cysteine and methionine. How nitrite, sulfate and other molecules cross the permeability
barrier of the chloroplast, the inner membrane of the chioroplast envelope, has been under investigation in my laboratory for several
years. Using a biophysical approach, we have shown that nitrous acid can rapidly cross the inner envelope membrane. The rate of
unmediated diffusion of nitrous acid is from five to ten times that of nitrite reduction within chioroplasts. The rate of nitrous acid
diffusion across the erythrocyte membrane is, in contrast, siow. This difference may be due to the high cholesterol content of the
erythrocyte membrane. Nitrite will, however, enter erythrocytes and we have shown that nitrite transport is mediated by the
erythrocyte anion exchange protein.

Carbon dioxide, a substrate of photosynthesis could enter chioroplasts as carbonic acid, bicarbonate or as carbon dioxide. Together
with Dr. James V. Moroney, Dr. Shingles developed a sensitive fluorimetric assay for carbonic anhydrase activity and demonstrated
that the rate of transport of carbon dioxide across lipid vesicle membranes is accelerated by the presence of carbonic anhydrase on
both sides of the membrane. These results are consistent with free diffusion of carbon dioxide across the membrane.

Ca® influx into inner envelope vesicles was also investigated. In agreement with studies with intact chloroplasts, the inner envelope
vesicles exhibit an uptake of Ca®" that is inhibited by the Ca®* channe! blocker, ruthenium red. These results suggest that
chioroplasts may be invoived in Ca** homeostasis.
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88. Macromolecular Scaffolds for Energy Studies
Youvan, D. C.

Institution: KAIROS Scientific Inc.
Phone: 408-567-0400

Department: Chief Scientific Officer
Fax: 408-567-0440

Address: Santa Clara, CA 95054
Email: dyouvan@kairos-scientific.com
Funding: $134,000 12 months

The Green Fluorescent Protein (GFP) from the jelly fish Aequorea victoria is the first known protein that expresses a genetically
encoded, autocatalytically formed fluorophore. in the past year, we have discovered that genetically engineered variants of GFP can
be attached to micron-sized beads at surface concentrations sufficiently high to enable fluorescence resonance energy transfer
{FRET) 1o occur efficiently. This is surprising because there is an inverse sixth power dependence on FRET efficiency with respect
fo the distance between donor and acceptor molecules. In such experiments, donor GFP derivatives ("blue®, BFP) are typically
excited in the violet and fluoresce in the cyan, while acceptor GFP derivatives (“red-shifted excitation®, RSGFP) have spectrat
overlap in the cyan and fluoresce in the green. These fluorescent proteins are typically attached to Nickel ion chelating beads which
complex with an engineered N-terminal histidine-tag on these modified GFP derivatives. Since GFP is known to exist as a dimer at
high concentrations, there are interesting possibilities for the macromolecular GFP structures on the bead surface. Various models
can be envisioned for the FRET-competent macromolecular structure(s): ranging from closely spaced monomers to donor-acceptor
heterodimers (BFP/RSGFP). This new bead-based macromolecular scaffold leads to intriguing possibilities for the use of such
FRET beads in energy transfer experiments and in the elucidation of the structure of the FRET pair.

89. Acetyl-CoA cleavage and synthesis in methanogens: Mechanistic, enzymological, and metabolic studies
DeMoll, E. and Grahame, D.A.

Institution: University of Kentucky

Phone: 606-323-6680

Department: Department of Microbiology & Immunology
Fax: 606-257-8994

Address: Lexington, KY 40536-0084

Email: eldemol@pop uky.edy
Funding: $96,000 12 months

We are employing biochemical methods to study the acetyl-CoA decarbonylase/ synthase complex found in methanogenic Archaea.
The results of our experiments will allow us to elucidate the complicated biochemical mechanism used by the enzyme complex to
catalyze the following reaction:

CO; + 2Fdus{Fe™) + 2H' + CHy-H,SPt + CoA acetyl-CoA + HSPt + 2Fd(Fe”") + H;0

where H,SPt and CH,-H,SPt are tetrahydrosarcinapterin and N*-methyl-tetrahydrosarcinapterin, respectively and Fd..{Fe®"} and
Fd..(Fe*) are the reduced and oxidized forms of the redox protein ferredoxin. Additionally, we will use the biochemical knowledge
gained to better understand how the oxidation-reduction potential of the environment regulates methanogen physiology.

80. Mechanism and Significance of Post-Translational Modifications In the Large Subunit of Ribulose Bisphosphate
Carboxylase/Oxygenase
Houtz, R. L.

Institution: University of Kentucky

Phone: 606-257-1982

Dopartment: Horticulture & Landscape Architecture
Fax: 606-257-2859

Address: Lexington, KY 40546-0091

Email:

Funding: $83,719 12 months

The methylation of Lys-14 in the large subunit (LS) of ribulose-1,5-bisphosphate carboxytase/oxygenase (Rubisco) by Rubisco LS
N-methyltransferase (Rubisco LSMT) occurs by an ordered bi-bireaction mechanism. Kinetic and binding analyses of the initial
interaction between Rubisco LSMT and des(methyl) forms of Rubisco, revealed a tight (KD 0.1 nM) and specific interaction which
was identified as a consequence of a relatively slow kass(7,368 M-1 s-1) and kdiss (8x10-7 s-1). The molecular determinants of this
tight and specific interaction were investigated by ELISA analyses of binding between truncated forms of Rubisco LSMT expressed
tn E. coli and immobilized Rubisco. The results demonstrated that among 19 different carboxy- and amino-terminal truncations,
representing the removal of 4 to 380 amino acids out of a total of 489, all showed positive signals for binding to Rubisco. While
some of the truncated Rubisco LSMT constructs showed noticeably weaker binding to Rubisco than fuliHength Rubisco LSMT, ail
maintained a high specificity for Rubisco. Thus, the interaction between Rubisco LSMT and Rubisco appears to be a consequence
of multiple binding domains spread over a large portion of the Rubisco LSMT protein, Related studies determined the location of a
cross-link between the LS of Rubisco and Rubisco LSMT catalyzed by a homobifunctional sulfhydryl-specific cross-inking reagent
{BMH). Cross-linking between Rubisco LSMT and the LS of Rubisco generated a 106 kDa product which was a result of cross-
linking between Cys459 in the LS of Rubisco and Cys-119 or Cys-188 in Rutisco LSMT.
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91. Studles of a Novel Pathway for the Biosynthesis of Straight and Branched, Odd and Even Length, Medium-Chain Fatty
Acids in Plants
Wagner, G. J.

institution: University of Kentucky

Phone: 606-257-5974

Department: Department of Agronomy

Fax: 606-323-1077

Address: Lexington, KY 40546-0091

Email: ner .

Funding: $83,037 FY97 funds for 24 months

Fatty acids (FA) of various chain lengths are key components of plant membranes, waxes, reserve oils, and certain compounds
volatifized by plants. These natural products are expioited commercially as food components, lubricants, emulsifiers, etc., and are
being researched for their use as renewable, biodegradable polymers, biofuels, stimulants for biodegradation of pollutants, etc.
We have described a new pathway ({termed -keto acid elongation, -KAE) that utilizes enzymes of branched chain amino acid
(BCAA) metabolism to synthesize straight-chain, iso- and anteiso-branched, short and medium chain length FA in trichome glands
of certain plants. Results of a completed survey indicate that -KAE appears to be restricted to trichome glands of petunia and
Nicotiana species. Branched and straight medium chain FA of seeds, acid components of epicuticular wax esters and at least one
petal-volatilized, anteiso-branched aicohol are elongated by fatty acid synthase and not -KAE. But, iso and anteiso primers for
branched species are provided by BCAA metabolism. A direct assay was established to monitor isopropyimalate synthase (key
enzyme of BCAA metabolism) that is 4 times more sensitive than conventional assays. This assay has revealed new properties of
this enzyme. Efforts to isolate genes involved in BCAA metabolism and -KAE are in progress.

82. Enzymatic Synthesis and Blomolecular Materials
Alper, M. D.,; Bertozzi, C.; Charych, D.; Kirsch, J.F.; Koshiand, D.E.; Schultz, P.; Stevens, R. and Yachandma, V.K.

Institution: Lawrence Berkeley Nationa! Laboratory
Phone: 510-486-6581

Department: Center for Advanced Materials

Fax: 510-486-7768

Address: Berkeley, CA 94720

Email: |

Funding: $160,000 12 months

The goal of this research is the use of natural biological concepts, processes, structures and molecules as the basis for the
synthesis of new materials.

One component focuses on the use of natural, engineered and "created” enzymes to catalyze synthetic reactions. The unique
stereochemical control exerted by enzymes and their ability to catalyze reactions at low temperature aliows the synthesis of
materials with structures and therefore properties that cannot be achieved using conventional synthetic routes. Efforts are focused
on the design of reaction conditions, engineering of enzyme structure and activity, and generation of catalytic antibodies for
materials synthesis. Other polymers with structures inspired by biological polymers are being synthesized chemically.

Work is also progressing on the synthesis of organic thin films which mimic the biological membrane. Membranes self-assemble,
present defined and controllable surfaces, and detect the presence or absence of specific materials. These properties are exploited
to alter interfacial and surface properties and to fabricate sensor devices. Thin film sensors have been developed to detect influenza
virus, botulism, E. coli, cholera toxins, and small molecules, e.g., glucose. Similar films have been used to direct the ordered
crystallization of inorganic salts. Research is also focused on the modification of the surface of materials to improve their
biocompatibility. :

* Funded jointly with the Division of Materials Sciences (DOE).

93. Transferring Photosynthesis Genes to New Cellular Environments
Hearst, J. E.

Institution: Lawrence Berkeley National Laboratory
Phone: 510-642-3556

Department: Structural Biology Division

Fax: 510-643-6232

Address: Berkeley, CA 94720

Email: jehearst@ibl.gov

Funding: $230,000 12 months

We seek a genetic and molecular understanding of photosynthetic processes both in bacteria and in plants. In the past our work has
centered on the photosynthetic bacterium Rhodobacter capsulatus. This bacterium contains a 46 kilobase region in length, which
codes for all of the essential genes for photosynthesis, including the genes for the reaction center (RC) proteins, a long wavelength
light harvesting antenna (LHI), and the enzymes for the biosynthesis of bacteriochlorophyll (Bchi) and-carotenoid (Crt) pigments.
Work on the mapping of this gene cluster is complete. The complete nucleotide sequence of this cluster has been determined,
denoting a landmark in the molecular biologica! studies of photosynthesis. We are now directing our efforts toward the genetic
transfer of pigment biosynthesis and photosynthesis to organisms which are incapable of performing these functions. The long term
goals of our task are i) to gain an understanding of the evolutionary steps which took place in the transfer of photosynthesis to

I



plants, fi) to gain further understanding of the photosynthetic processes in plants, iii) to use the genetically engineered constructs
which are now available to transfer biosynthetic enzyme activity into new cellular environments.

‘84. Structural Studies of Plant Signal Transduction Proteins
Kim, S.-H.; Gruissem, W.

_ Institution: Lawrence Berkeley National Laboratory
Phone: 5104864333

Dapartment: Director, Structural Biology Division

Fax: 510-486-5272

Address: Berkeley, CA 94720

Emall: shkj

Funding: $150,000 12 months

Ethylene, a gaseous phytohormone, controis a variety of plant developmental processes ranging from seed germination to cell
elongation, fruit ripening, and fruit and flower senescence. In addition, environmental stresses such as chilling, wounding, flooding,
and pathogen invasion induce ethylene production as part of the defense response of the plant. There are at least two functional
ethylene receptors, ETR1 and ERS, in Arabidopsis thalians .

ETR1 forms a disulfide bridged dimer and each monomer consists of at least three distinct domains: an N-terminal ethylene-binding
.transmembrane domain, a histidine kinase domain, and a receiver domain. ERS is similar but lacks the receiver domain. Usually,
the two components of bacterial two-component systems reside on two separate proteins. However, ETR1, like several eukaryotic
two-component systems, is a hybrid kinase where both domains are contained in a single polypeptide. We recently subcioned,
purified, and crystallized the receiver domain of ETR1 from Arabidopsis thaliana. The molecular weight of the purified protein was
determined by electrospray mass spectroscopy, and found to comrespond to that derived from the DNA sequence of the domain.
Preliminary X-ray diffraction experiments show that the flash-frozen crystals diffracted beyond 2.1 resolution. The space group was
determined to be P422 with the unit cell parameters of a=b=48.4 , c=112.3 . Search for heavy atom derivatives is in progress.
Concurrently, a selenomethionine-substituted form has been produced to solve the structure by the MAD phasing technique.

(2) Piant Preny! Transferase.

The two genes encoding the and -subunits of tomato famesyitransferase (LeFTase) were cloned from a cONA library using a PCR
approach. The two genes can complement the yeast deleted with FTase- subunit geneRAM1. Analysis of the transformed celis
revealed that the plant FTase can fully complement the yeast FTase.

A search of the database for protein which terminate with a CaaX-box motif was conducted. Among the proteins which were
identified was the Arabidopsis MADS-box transcription factor Apetallat (AP1). In vitro prenylation assays with recombinant AP1
protein showed that this protein can be prenylated, in vitro, by a plant famesyltransferase with Km value of 3.5 mM.

The gene encoding gerenylgerenyl transferase-1 was also cloned by yeast two-hybrid screen using the FTase a subunit as a bait.
Expression is carried out in baculovirus infected insect cells. The expressed recombinant proteins are of high quality and are His-
tagged at their amino terminus to facilitate purification.

95. Mechanism of Water Splitting and Oxygen Evolution in Photosynthesis
Kein, M.

Ingtitution: Lawrence Berkeley National Laboratory
Phone: 510-486-4331

Department: Structural Biology Division

Fax: 510-486-6059

Address: Berkeley, CA 84720

Email: lein@!

Funding: $210,000 12 months

Photosynthetic oxygen evolution in plants and cyanobacteria is catalyzed by a cluster of four Manganese atoms, the site of water

“splitting and acts as the locus of charge accumulation driven by the energy of four successive photons through the five S-states.
Oxidation of Mn has been established from S¢-S4 and $,-S; but not from §,-S,. Reduction occurs on Sy-S4-S,. The structural motif in
8 and different forms of S; Is that of a dimer of di-mu-oxo bridged binuciear Mn units. Sr, an active replacement for the required Ca
cofactor, is located at 3.5 A from Mn, Upon advance to S,, significant structural changes occur with the shorter Mn-Mn distances
increasing. Further advance to the most reduced or S, state, induces significant but different changes in the complex. Use of highly
oriented photosystem |l membranes has pemmitted determination of the orientation of several intemuclear vectors relative to the
membrane nommal. These structural results have been obtained with X-ray absorption spectroscopy which has also been adapted to
the study of the Cl cofactor. A new EPR signal has been discovered in the S, states and a previously discovered EPR signal in the
S state has been confirmed and established to arise from the Mn cluster. A mechanism for the formation of the O-O bond has been
postulated on the basis of the structural and oxidation state information.



DRAFT 11/23/99

96. Photosynthetic Pigment Proteins and Photosynthetic Light Reactions
Saver, K

Institution: Lawrence Berkeley National Laboratory
Phone: 5104864334
Department: Structural Biology Division
- Fax: 510-486-6059
Address: Berkeley, CA 94720

Email: khsaver@Ibl.goy
Funding: $250,000 12 months

Light absorption in photosynthetic antenna pigment-proteins is followed by excitation transfer and trapping in reaction centers of
photosynthetic membranes. In previous studies we characterized the rapid and extensive excitation transfer in the pigment-proteins
C-phycocyanin and the LH2 bacteriochiorophyil (BChl)-protein complex from purple photosynthetic bacteria. In the latter complex,
the excitation transfer dynamics is dominated by excitonic interactions among the BChi molecules in LH2. We have explored the
relaxation of the excited electronic states of these pigment-proteins using analysis based on an extension of the Kennard-Stepanov
relation. These studies show that the low-energy excited states resulting from exciton coupling among BChi molecules in LH2 are
energetically stable during the excited-state lifetime (typically several nanoseconds) despite dephasing and apparent delocalization
that occurs on the picosecond time scale. ]

Trans-membrane electric fields generated by salt gradients across thylakoids from higher plants were shown previously in our lab to
result in changes in the fluorescence lifetimes and in the kinetics of charge separation in the reaction centers of Photosystem ii. The
effects were interpreted to result from an increase in the rate of charge separation and a decrease in the rate of charge
recombination when the trans-membrane electric field orientation stabilized of the charge-separated state. Chromatophores from the
purpie photosynthetic bacterium Rhodobacter sphaeroides show an opposite behavior with respect to the direction of the applied
electric field. Using mutant organisms deficient in either reaction centers or one or more antenna pigment-protein complexes, we
find that most of this oppositely directed effect on the fluorescence arises from the antenna complexes. Once the contribution of the
reaction center itself is uncovered, it is found to be the same as that seen in PS Il. The generality of this effect provides valuable
insights into the consequences of the light-stimulated redistribution of electric charge within the reaction centers and their associated
membranes. . .

97. Vanadium Haloperoxidase: Functional organization and regulation of catalysis in Fucus zygoto adhesion
Vreeland, V. .

Institution: Lawrence Berkeley National Laboratory
Phone: 510-642-5679

Department: Materials Sciences Division

Fax: 510-642-7428

Address: Berkeley, CA 94720 :

Emall: yreeland@nature. berkeley.edy

Funding: $43,000 12 months

Vanadium halperoxidase (VPx) from marine algae represents a new kind of plant metalooxidase, capable of oxidizing a broad
spectrum of organic molecules. We described a role for VPx in substratum adhesion by algal propagules by polyphloroglucinol
activation, and VPx was immunolocalized in the extraceliular matrix of several algal systems. We recently isolated a fuli4ength 72.5
kDa Fucus VPx cDNA clone, which will enable investigation of the functional organization of the multimeric Fucus VPx enzyme into
catalytic, self-associating and wall-targeting domains. Labeled recombinant VPx fragments wili be prepared for domain identification
by analysis of the properties and interactions of these expressed VPx peptides. The wall-targeting domain of VPx will then be used
to identify the wall receptor. Developmental regulation of extraceliular VPx activity will be studied at the egg, preadhesive zygote,
initial adhesion, postadhesion zygote, rhizoid germination and 2-cell stages. The temporal and spatial control of VPx mRNA
(maternal and/or newly synthesized) and protein will be compared by RT-PCR, activity-stained and Westemn gels, RT in situ PCR,
ultrastructural immunolocalization and experimental perturbations. Recombinant VPx activity will make possible studies of the
potential of VPx for oxidative crosslinking as weli as oxidative degradation applications in biomass energy utilization, such as lignin
degradation.

98. Developing Research Capabillities in Energy Biosciences
Brown, D. D.

Institution: Life Sciences Research Foundation
Phons:

Department: N/A

Fax:

Address: Baltimore, MD 21210

Emall: mailto;

Funding: $324,000 12 months

Related URL: hitp://irapulse princeton.edu.Is/

The Life Sciences Research Foundation administers an intemational postdoctoral fellowship program in all areas of the life
sciences. The Life Sciences Research Foundation accepts sponsors from sources such as industry, foundations, govemmental
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agencies and philanthropists who wish to support nontargeted fundamental research by sponsoring the highest quality young
scientists. We recognize that discoveries and application of innovations in biology for the public's good will depend upon the support
of scientists in the very best research environments. Selection of fellows and policy decisions are made by a board of biciogical
scientists who are chosen for their experience and judgment in science.

89. Identification of Chioride-Binding Domains in Photosystem Hi
Bricker, T. M.; Frankel, L. K .

Institution: Louisiana State University

Phone: 504-388-1555

Department: Department of Biological Sciences
Fax: 504-388-2597

Address: Baton Rouge, LA 70803

Email: icE@!

Funding: $90,000 12 months

This project describes research which will elucidate the interaction of chloride with the oxygen-evolving site of Photosystem li (PS
WI). These interactions will be studied using a combination of physiological, biochemical and molecular tools. First, site-specific
protein-labeling reagents will be used to differentially modify various PS Il preparations in the presence and absence of chioride.
Differentially modified domains will be identified by the use of "Cleveland Mapping®, mass spectrometry and N-terminal protein
sequencing. Individual modified amino acid residues will be identified using a mass spectrometer equipped with a reflectron allowing
the analysis of metastable fragments by the use of post-source decay methods. These experiments will identify regions and
individua! amino acids on the intrinsic components which interact differentially with the cofactor. Second, a comprehensive analysis
of several CP 47 mutants, including R448S and K321G, which exhibit alterations in their chioride requirement for oxygen evolution
will be performed. Of particular interest is the examination of the phenotypes exhibited by these mutants during in vivo chloride
depletion and reconsititution experiments. Oxygen evolution capacity, analysis of fluorescence yield parameters and an analysis of
their flash oxygen yield properties are proposed. Third, suppressor analysis will be performed on spontaneous and chemicaily
induced revertants of the CP 47 mutants R448S and K321G. Intergenic SUppressors will be identified, mapped and sequenced to
determine the identity of proteins interacting with these locations (= 'K and “°R) which modulate the chloride requirement for oxygen
evolution in the CP 47 protein.

100. Investigation into the Metabolic Diversity of Microorganisms as Part of Microblal Diversity
Leadbetier, E. R. (University of Connecticut);, Salyers, A. (University of lllinois)

Institution: Marine Biological Laboratory
Phone: 508-289-7401

Dopartment: N/A

Fax:

Address: Woods Hole, MA 02543
Email: mailto:

Funding: $25,000 12 months

Rolated URL: hitp://www.mbl.edu

For graduate students, postdocs and established investigators who want to become competent in microbiological techniques for
working with a broad range of microbes; and, become familiar with modern molecular genetic approaches for recognizing both
possible affinities of as yet uncultivated bacteria and for understanding putative phylogenetic relationships.

101. Bacterial lipopolysaccharide structures required for root nodule development
Noel, K D.

institution: Marquette University
Phone: 414-288-1475

Department: Department of Biology
Fax: 414-288-7357

Address: Milwaukee, W! 53201-1881
Email: n

Funding: $92,000 12 months

In most instances of cell-cell interaction in nature, key functions are performed by cell-surface molecules. Development of the
nitrogen-fixing symbiosis between leguminous plants and Rhizobium bacteria is no exception. One of the bacterial surface
molecules essential for infection and nodule development is the O-antigen portion of the lipopolysaccharide (LPS). Recent work in
this laboratory has focused on structural alterations in this molecule that are induced by compounds exuded by the host legume.
Heretofore, these changes in structure have been analyzed only by changes in antibody binding to the LPS. One of the goals of this
project is to determine the actual chemical changes in the LPS. In addition, the LPS structures of three mutant strains will be
analyzed. The rationale is that these mutant structures appear to have comparably minor changes with respect to the wild type and
yet have profound effects on the symbiosis. Another goal will be to test a hypothesis that Nod factor production or presentation or
induction is the basic cause of one of the symbiotic properties of mest of the LPS mutant strains. Finally, the genetic regions in
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which these mutations have occurred will be sequenced. These studies should provide new insights into the roles of bacterial
surface polysaccharides in interactions with plant hosts.

102. A New Pathway for Isopenteny! Pyrophosphate Synthesis in Bacteria and Plants
Gantt, E.; Cunningham, F. X., Jr. .

Institution: University of Marytand
Phone: 301-405-1625 .
Department: Department of Microbiology
Fax: 301-314-9489

Address: Coliege Park, MD 20742
Emali: i

Funding: $95,986 12 months

A multitude of natural isoprenoid products in plants, more than 22,000 identified so far, including antibiotics, rubber, taxol,
carotenoids, sterols, cell growth factors, and cholesterol in animals, have isopentenyl pyrophosphate (IPP) as the building block.
The long-term goal of this work is to elucidate the reactions and regulation of the pathways by which this central metabolite is
synthesized in plants. Recent evidence suggests that plants have two pathways for IPP synthesis. In the “classical® pathway, also
found in animals and fungi, IPP is formed from acetate with mevalonic acid as an intermediate. A second pathway, utilizing pyruvate
and glyceraldehyde-3-phosphate as precursors, was recently proposed for IPP synthesis in E. coli and plant chloroplasts; however,
the sequence of the reactions and the enzymes that catalyze the reactions of this pathway remain to be identified. The major
objective of this work is to clone genes for the enzymes involved in the synthesis of IPP in the bacterium E. coli and, subsequently,
to identify genes for related enzymes in chioroplasts of plants. Mutants of E. coli impaired in IPP synthesis will be selected with a
colored isoprenoid (?-carotene) reporter assay developed in our laboratory. The mutations will be identified by complementation with
a wild-type genomic library of E. coli and DNA sequencing. Functional analysis of the gene products will be by sequence
comparison with known enzymes, and by analysis of products formed after incubation with labelled precursors. The function of
homologous enzymes in cyanobacteria and higher plants will be assessed by compiementation of the impaired E. coli strains.
Resuits from this approach will contribute to our ability to exploit the immense variety of plant isoprenoids with useful medical and
phammaceutical properties. Further, the basic nature of the findings can contribute to a better understanding of the evolution of
higher plants from their prokaryotic ancestors.

103. Molecular and Genetic Analyses of TSO1 In Arabldopsis
Lu Z '

Institution: University of Maryland

Phone: 301-405-1586

Department: Department of Cell Biology & Molecular Genetics
Fax: 301-314-9082 .

Address: College Park, MD 20742-5815

Email: i

Funding: $92,000 12 months

Higher plant cell division exhibits several properties that are distinct from animal cells. However, relatively litle is known about the
molecular and genetic basis of higher plant cell division control. Qur long-term objective is to understand the fundamental
mechanisms employed by higher plants to regulate mitosis and cytokinesis. Currently, our research is focused on the genetic and
molecular characterization of an Arabidopsis gene TSO1. Single tso1 mutants are abnormal in floral meristem structure, and the
mutant cells show an increased DNA content and partially formed cell walls. These defects were only observed in the cells of flora!
tissues. Thus TSO1 is required for proper mitosis and cytokinesis in the floral tissues. Double mutants will be constructed between
ts01 and other Arabidopsis cytokinesis mutations. The TSO1 gene will be isolated using a map-based cloning approach. The mRNA
tissue-expression pattem as well as the subcellular localization of TSO1 will be examined using northem analysis, in situ
hybridization, immunolocalization, and the Green Fiuorescent Protein (GFP) reporter. Through these studies, we hope to define the
specific function of TSO1 during cell division cycle, understand the significance and the regulation of the floral-tissue specific effect
of tso1, and investigate the relationship between cell division regulation and organ development in higher plants

1 04 Physiology and Genetics of Catabolic Metabolism in the Aceticlastic Methanogens
Sowers, K R.

Institution: University of Maryland

Phone: 410-234-8878

Department: Center of Marine Biotechnology
Fax: 410-468-3912

Address: Baitimore, MD 21202

Email: i

Funding: $93,000 12 months

The controlied expression of catabolic gene products is integral to microbial interactions that mediate biomass conversion to
methane. The goal of this project is to determine the mechanisms of transcriptional gene regulation in the methanogenic Archaea
which are the catalysts of methane production and have a role in global carbon cydling. Although the Archaea have structural gene
characteristics that are similar to those of both the Bacteria and the Eucarya, preliminary evidence suggests that they employ
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Eucarya-ike transcription factors for site-specific transcription initiation. We have shown that transcription of the gene encoding CO
dehydrogenase (cdh) from Methanosarcina thermophila is highly regulated in response to substrate. A transformation protocol has
been developed for Methanosarcina spp. and a simple, inexpensive anaerobic plating vessel has been developed that provides a
virtually inexhaustible source of growth vessels for colony selection of genetic transformants. A reporter plasmid has been
constructed by fusing the cdh promoter with UidA. Regions of DNA promoter sequence and flanking regions are being evaluated for
their role in cdh regulation by studying the effects of point mutations and deletions on gene expression using the reporter fusion.

. Results of this study will determine whether gene regulation in the Archaea functions by mechanisms that are analogous to the other
two lineages or by mechanisms that are unigue to this phylogenetic line. Regardless of which mechanismy(s) is revealed by this
investigation, the results will provide further insight into the global molecular strategies of gene regulation.

108. Structure and Regulation of Calcium-Pumping ATPases and Plants
Sze, H.

Institution: University of Maryland

Phone: 301405-1645

Department: Department of Cell Biology & Molecular Genetics
Fax: 301-314-9082 .

Address: College Park, MD 20742-5815

Emall: heven _sze@umailumd.edy
Funding: $95,000 12 months

Calcium is not only an important intracellular signal for many stimuli-induced responses, it is also essential for the proper functioning
of organelles and the secretory system. However the transport systems required to regulate Ca concentrations in different cellular
compartments are poorly defined at the molecular level. The current goal is to identify high affinity Ca pumps in plants and
understand the specific functions of the different Ca-ATPases. Two biochemical types of Ca pumps were detected in plants, though
plasma membrane (PM)-type pumps are localized to several different membranes. To identify and characterize each Ca pump,
genes encoding Ca-pumps from Arabidopsis are being identified by functional complementation of a yeast mutant (pmr1 pmc1
cnb1). One gene, ECA1, shared high identity with animal SERCA pumps and restored growth of mutants on Ca-depleted medium.
ECA1 represents the first plant gene encoding a functional Endoplasmic reticulum Ca-ATPase from plants. The 116 kD protein is
localized to the ER and forms a Ca-dependent phosphoprotein that is blocked by cyclopiazonic acid, a SERCA pump inhibitor.
Another gene ACA2 complemented yeast mutant phenotype only if the N-terminus was truncated. Ca transport of the fulldength
ACAZ2p, but not the truncated ACA2p, was stimulated by calmodulin. Thus ACA2p encodes a novel calmodulin-regulated Ca-
ATPase with an N-terminal autoinhibitory domain. The transport properties, regulatory domains and subcellular location of these and
other Ca pumps are being investigated in order to understand their celiular functions.

108. Molecular Analysis of the interactions Between Pollen Tube Components and a Stylar Transmitting Tissus Pollen
Tube Growth-Promoting and Attracting Protein
Cheung, A. Y.and Wu, H.-M.

Institution: University of Massachusetts

Phone: 413-545-4027

Department: Department of Biochemistry & Molecular Biology
Fax: 413-545-3291

Address: Amherst, MA 010034505

Emait: i

Funding: $95,000 12 months

Pollination, a key process in plant sexual reproduction, relies to a large extent on extracellular matrix interactions between poilen
grains and specific tissues and cells within the female reproductive organ, the pistil. Upon landing on the pollen-receptive stigmatic
surface of the pistil, pollen tubes emerge and elongate in the extracellular matrix of specialized pistil tissues to deliver sperm cells to
the embryo sacs for fertilization. Our research is focused on identifying factors on the poilen tube surface and in the extracefiular
‘matrix along the pollen tube growth pathways that contribute to the pollination process. This project aims to isolate and characterize
tobacco pollen tube components that interact with a pistil glycoprotein (TTS) which attracts pollen tubes and promotes their growth.
TTS protein adheres to the polien tube surface tips, and are incorporated into the walls of pollen tubes. The sugar moieties on TTS
protein are important for its adhesion to the pollen tube surface; its unglycosylated C-terminal domain is adequate for binding to the
pollen tube tips. We take advantage of this information and another structural feature (a cluster of histidine residues) on TTS protein
to isolate the relevant pollen tube proteins. Pollen tube proteins will be prepared and allowed to interact with various forms of TTS
protein in vitro. The pollen tube protein-TTS protein complexes will be isolated on an affinity resin that selectively binds histidine
residues. The polien tube proteins thus isolated will be characterized, their genes will be isolated for further analysis and
manipulations in order to understand how they interact with TTS protein and to determine their biological roles in polien tube growth.
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107. Cellulose Fermentation by Nitrogen-Fixing Anaerobic Bacteria
Leschine, S. B.

Institution: University of Massachusetts
Phone: 413-545-0673

Department: Department of Microbiology
Fax: 413-545-1578 -
Address: Amherst, MA 01003

Email: icrobi

Funding: $99,000 12 months

In anaerobic environments rich in decaying plant material, the decomposition of cellulose and other plant polysaccharides is brought
about by complex communities of interacting microorganisms. We are simulating processes occurming in natural environments by
establishing biologically-defined heterogeneous bacterial communities that we use as in vitro systems for quantitative studies of
cellulose degradation, especially under conditions of combined nitrogen deprivation. In particular, we will establish cellulose-
decomposing Fe(lil)-reducing microbial communities, and isolate cellulotytic and Fe(lll)}-reducing members of these communities
that we will use in biologically-defined microbial consortia to study metabolic interactions that may occur among members of these
communities. Also, we will examine the effects of humic substances on the degradation of cellulose by anaerobic microbial
consortia. A second aspect of our research involves investigations of the multicomplex cellulase/xylanase system utilized by the
nitrogen-fixing, ethanol-producing bacterium, Clostridium papyrosolvens C7, for the hydrolysis of crystaliine cellulose and xylan. This
enzyme system consists of at least seven distinct extraceliular, high-molecular-weight multiprotein complexes, each with different

enzymatic and structural properties. Based on initial studies of this multicompiex system, we hypothesized that a 125,000-molecular -

weight glycoprotein (S4), found in all complexes and apparently lacking enzyme activity, functions as a scaffolding protein (a
*scaffoldin®) in the assembly of the multicomplex cellulase-xylanase system. We have cloned a DNA fragment from C.
papyrosoivens C7 which is homologous to cipA, the gene that encodes the scaffoldin of the Clostridium thermocellum cellulosome.
We will determine whether this cloned fragment encodes a protein that has a structural organization typical of a scaffoldin. Other
experiments will be directed toward determining whether the cloned cipA-homologous fragment encodes the S4 protein of the
muiticomplex system. Also, we will examine the possibility that the multicomplex system is buitt on more than one scaffoldin. The
objective of these studies is to further our understanding of the organization of the many components of the multicomplex
cellulase/xylanase system, and generally, to advance understanding of the enzymology of cellulose hydrolysis by anaerobic
bacteria. The results of this research will provide fundamental information on the physiology and ecology of cellulose-fermenting,
nitrogen-fixing bacteria. This information is intended to fill gaps in our understanding of the complex processes involved in carbon
and nitrogen cydling in anaerobic environments. The information obtained will be valuable in the development of practical
applications, such as the bioconversion of plant biomass, including agricultural and municipal waste materials, to fuels such as
ethanol. :

108. Mechanisms for Microbial Reduction of Humics and Structuraily Related Compounds
Loviey, D. R. ’

Institution: University of Massachusetts
Phone: 413-545-9651

Department: Department of Microbiology
Fax: 413-545-1578

Address: Amherst, MA 01003

Email: i i

Funding: $92,000 12 months

Microbial reduction of humic substances and other extracellular quinone-containing compounds is a newly discovered form of
anaerobic respiration. Studies to date have indicated that this anaerobic metabolism may have an important role in: 1) the natural
cycling of organic compounds and metals in a diversity of soils and sediments; 2) plant-microbe interactions; 3) interspecies efectron
transfer in methanogenic environments; and 4) remediation of organic and metal contaminants. However, there is aimost no
information on the mechanisms for microbial humics reduction. The purpose of the proposed research is to study electron transport
to humics. It is hypothesized, based on preliminary data, that even though there is a strong correlation between the ability of
‘microorganisms to reduce Fe(lil} and their ability to reduce humics, that the humics reductase is distinct from the FE(lll) reductase.
However, it is also hypothesized that the humics and Fe(lll) reductase also share some similarities such as localization in the outer
membrane and possibly some similar subunits. it is hypothesized that the humics reductase has a broad substrate specificity and is
capable of reducing a wide variety of quinone-~containing organics, including a variety of hufic substances and other aromatics
commonly found in soils and sediments. It is suggested that the capacity to reduce:humics and other extracellular quinones
represents an early form of microbial respiration and that there is a high degree.of.conservation in one or more of the components of
the humics reductase complex, even among phylogenetically distinct humics-reducing microorganisms. These hypotheses will be
investigated using biochemical, molecular, and immunological approaches that we have recently developed for purifying and
studying the membrane-bound Fe(llf) reductase in the dissimilatory Fe(!ll)--and humics-reducing microorganism G. sulfurmeducens.
The humics reductase will be solubilized from the membrane and purified with chromatographic and/or electrophoretic methods. The
physical properties of the reductase will be determined and the localization in.thé membrane verified with cytoimmunological
techniques. Optimized conditions:for the humic reductase activity will be established and the range of electron donors and acceptors
that the enzyme can utilize will-be determined. The genes encoding for the subunits of the hypothesized humics reductase complex
will be identified and sequenced. Antibodies and gene probes for the humics reductase in G. sulfurreducens will be used to
determine if the humics reductase is in fact highly conserved among humics-reducing Bactenia and Archaea. These studies will
provide the first insights into this environmentally significant and novel form of anaerobic respiration. Furthermore, since
geochemical and microbiological considerations suggest that the reduction of humics and other extracellular quinones may have
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been an early form of respiration that developed as a prelude to the incorporation of intracellular quinones in microbial metabolism,
these studies may provide important basic insights into the general mechanisms and evolution of microbial respiration.

109. Regulation of Thylakoid Lipid Head Group Biosynthesis in Arabidopsis thaliana
Benning, C.

Institution: Michigan State University
Phone: 517-355-1609

Department: Department of Biochemistry
Fax: 517-353-9334

Address: East Lansing, M| 48824-1319
Email: bennin i

Funding: $90,000 12 months

Oxygenic photosynthesis of higher plants depends on highly organized pigment protein complexes that are embedded in the polar
lipid matrix of thylakoid membranes inside chloroplasts. The lipid composition of thylakoids is highly distinct compared to other celt
membranes, but it is also largely conserved between different plants suggesting that the structure of thylakoid lipids is important for
photosynthesis. It is the objective of this proposal to investigate the head group biosynthesis and the function of two thylakoid-
specific glycolipids, the galactolipid digalactosyl diacylglycerol (DGDG) and the sulfolipid sulfoquinovosyl diacylglycerol (SQDG).
The relative amounts of these two lipids increase under phosphate limitation and the elucidation of the underying regulatory
mechanism will provide novel insights into the control of membrane lipid composition. We plan to use a combination of genetical and
biochemical approaches based on the DGDG-deficient dgd1 imutant of Arabidopsis thaliana and we will apply our knowiedge about
sqd genes and enzymes essential for SQGD biosynthesis in photosynthetic bacteria. We expect to finish the positional doning of
DGD1, possibly encoding the DGDG synthase, and we will attempt to clone a SQDG synthase gene by sequence similarity to a
cyanobacterial gene. The genes will allow us to express recombinant proteins in E. coli, thus making these available to biochemical
analysis. The analysis of DGDG- or SQDG-deficient antisense lines should provide information on the function of these two
thylakoid lipids.

110. The Role of the Membrane and Surface Carbohydrates of Rhizobium In Symbiosis
Hollingsworth, R. 1.

Institution: Michigan State University
Phone: 517-353-0613

Department: Department of Biochemistry
Fax: 517-353-9334

Address: East Lansing, M1 48824-1319

Email: holling?@pilot. msu.edy
Funding: $88,000 12 months

The primary goal of our research is to determine the role that complex saccharide and membrane lipid chemistry in Rhizobium plays
in the infection and occupancy of legumne plants by these bacteria. Our work so far has tumed up a startling degree of overlap
between lipid, glycolipid and general carbohydrate biosynthesis in Rhizobium and in plants. Hence phosphatidy! choline, digiucosyt
diacylglycerol, digalactosyl diacylglycerol, surfoquinovosyl diacyglycerol, phosphatidy! inositol and sulfochaline, all typical lipids in
plants and other photosynthetic systems and rare or unheard of in bacteria, have been found in species of Rhizobium. This
suggests the possibility of some pre-arranged common metabolism between these symbiotic partners. We have also found that the
surface chemistry of Rhizobium is very variable and very sensitive to environmental factors and can be influenced by host factors
and by the environment in the rhizosphere and inside of the plant. A further goal of our work has been to untangie the complex,
interdigitized web of carbohydrate metabolism and saccharide biosynthesis in an effort to understand the many pleimorphic effects
of mutations that affect biosynthesis and cloud or complicate the picture. '

111. Blosynthesls of Triacyiglycerol in Developing Oiiseeds
Ohirogge, J. B.

Institution: Michigan State University

Phone: 517-353-0611

Department: Department of Botany & Plant Pathology
Fax: 517-353-1926

Address: East Lansing, Ml 48824-1312

Emall: ghirogge@pilot. msu.edu
Funding: $101,063 12 months

Although plant triacylglycerof (TAG) represents a major form of carbon storage in the biosphere, an understanding of the
biosynthetic pathway(s) for triacylglycero! assembly, their subcellular location and regulation is not completely established. Some of
the major unanswered questions in oilseed biochemistry are: a) How are unusual fatty acids targeted for storage in TAG and
excluded from membrane phospholipids. b) What limits the quantity of oil produced by an oilseed? c) Are there spatially distinct
pathways for membrane and TAG biosynthesis? Thus, although the biosynthesis of tracylglycerols in oilseeds has received
considerabie study, and the basic enzymatic reactions are mostly known, our understanding of how plants control the amount of
TAG produced and how fatty acids move from the plastid and are incorporated into TAG is still unclear. The experiments are
designed to evaluate the in vivo metabolism, regulation, and subcellular organization which lead to TAG assembly in oilseeds. In
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particular, we will address the following specific objectives: I) What is the role of phosphatidyicholine in TAG biosynthesis in
Brassica? Il) Is a deacylation/reacylation cycie required for unusual fatty acid incorporation into oilseed triacyiglyceroi? Ill) Are there
spatially distinct pools of PC and DAG involved in membrane and TAG biosynthesis? IV) Can TAG production in oilseeds be
influenced by fatty acid or nitrogen supply?

112. Minority Summer Research Program in the Plant Sciences
Pofl, K L

Institution: Michigan State University

Phone: 517-353-1789

Department: MSU/DOE Plant Research Laboratory
Fax: 517-353-9168

Address: East Lansing, MI 48824

Emall: kipoff@apilot.msy.edu

Funding: $30,000 FY87 funds for 24 months

Because there are so very few minority individuals in plant sciences, minority students tend not to perceive plant sciences as a
viable career option. This works to perpetuate their under-representation unless measures are effected to improve their perceptions
of this field. To address this problem, we have designed and begun the implementation of a program to acquaint increased numbers
of minority students with professional career opportunities in the plant sciences. While the under-representation of minorities in
science and mathematics is recognized at virtually all levels of the educational process in our nation, we have chosen to focus our
efforts at the college level where we have the most experience and feel that we can be most effective. Our program is comprised of
four components: 1. Summer research for minority students in which the students are supported for ten weeks of research with a
mentor in plant sciences; 2. Summer research for faculty in which minority faculty are supported for research in the plant sciences
community at Michigan State University; 3. Outreach, in which plant science faculty at Michigan State University are supported for
the presentation of a one-week short course at a predominantly minority institution; and 4. A graduate level course at Michigan State
University on mentoring in a culturally diverse environment. In its four years as a pilot program (1993-96), this program has received
considerable recognition and support in the plant science community, at Michigan State University and in the community
surrounding Michigan State University

113. Structure-Function Relationships of ADP-Glucose Pyrophosphorylase: Manipulation of the Plant Gene for Increased
Production of Starch in Plants .
Preiss, J.

Institution: Michigan State University
Phone: 517-353-3137

Department: Department of Biochemistry
Fax: 517-353-9334

Address: East Lansing, M! 48824-1319
Email: prej i

Funding: $88,000 12 months

Structure-function relationships of the ADPglucose pyrophosphorylase from higher plants (potato tuber) and bacteria (Escherichia
coli and Anabaena ) will be studied. The Anabena structural gene and cDNA clones of the large and small subunits of the potato
ADPglucose pyrophosphorylase have been expressed in E. coli. The expression of these genes and prior chemical modification
studies on the purified spinach leaf ADPglucose pyrophosphorylase enable us to do site-directed mutagenesis at various regions of
the plant enzyme to gain more insight on the nature of the catalytic and effector sites and function of the two different subunits in the
higher plant ADPglucose pyrophosphorylase. Attempts will also be made to understand why the higher plant enzyme (a
heterotetramer, a2b2) requires two different subunits for high activity. Partial proteolysis experiments and molecular modeling
programs are being used to predict and determine the secondary structure of the three enzymes. Crystallization and X-ray
diffraction studies are major efforts to obtain insight into the three-dimensional structure of the ADP-glucose pyrophosphorylase.
"Mutant,” active bacterial enzymes that are less sensitive to allosteric inhibition by phosphate have been constructed and it is
planned to do the same for the plant enzymes. Also active bacterial or plant enzymes that may not require the allosteric activator for
activity; i.e., fully active without activator will be constructed. These could in the future be used produce transgenic plants having
Increased amounts of starch. )

114. Physiology and Molecular Biology of Lignin-Modifying Enzymes
Reddy, C. A.

Institution: Michigan State University
Phone: 517-355-6499

Department: Department of Microbiology
Fax: 517-353-8767

Address: East Lansing, Ml 48824-1101
Email: ilot.

Funding: $90,108 12 months

Lao&eses. lignin peroxidases (LIPs) and manganese-dependent peroxidases (MNPs) are the major lignin-modifying enzymes
(LMEs) in fungi. While much information is available on lignin degradation by the white-rot fungus, Phanerochaete chrysosporium,



"

. ~ DRAFT 11/23/99

relatively fittle is known on LMEs in other white-rot basidiomycetes. This study focuses on the LMEs in Ganoderma lucidum, a
widely distributed white-rot fungus in North America, and a soil basidiomycete, AX1. G. lucidum produces high amounts of laccase,
both in defined media and in wood cultures. However LIP production was not seen in any defined media or wood cultures aithough
LIP gene homology was observed when genomic DNA was probed with LIP gene probes of P. chrysosporium. Five major laccase
activity bands were seen on SDS-PAGE gel. MNP activity was detected when grown on poplar but not on pine wosd or other
defined media. We are presently characterizing the laccase and determining its role in degrading synthetic lignin ( C-OHP). Using

.the Polymerase Chain Reaction technique we have obtained a laccase gene fragment which will be used in isolating the whole
" - laccase gene. AX1 produces high laccase levels, but no LIPs or MNPs. Laccase production varied in different wood cuttures

suggesting differential laccase gene expression. The laccase enzyme has been partially characterized for subsha{e speuﬁaty pH
optimum, molecular weight and the number of isoforms. Currently, the role of copper in regulating iaccase production is also being
studied. Furthermore, we plan 1o clone the laccase gene(s) afler purifying and characterizing the laccase enzyme.

115. Molecular Physiology of Succinic Acid-Based Fermentations in Anasrobes: Control of Chemical Yield by CO2
Fixation and Electron Donors
Zeikus, J. G.

Institution: Michigan State University
Phone: 517-353-4674

Dopartment: Department of Biochemistry
Fax: 517-353-9334

Address: East Lansing, Ml 48824-1319
Email: zei i

Funding: $110,000 12 months

Fermentation derived succinic acid has many industrial uses as a specialty chemical; and, it is a potential replacement for petro-
derived maleic anhydride used for manufacture of engineered plastics and polyesters. This project will develop fundamental and
applied understanding on the mechanisms regulating growth and carbon and electron flow in catabolic succinate producing bacteria
that utilize CO; as an electron acceptor. The physiology, biochemistry and key genes of Actinobacillus and Anaerobiospirilium
succiniciproducens strains will be compared. Both organisms regulate PEP carboxykinase in relation to increasing CO; levels
required for succinate production. The PEP carboxykinase genes have been cloned and site directed mutants will be utilized to
examine the key enzyme structural elements responsible for determination of substrate affinity, and CO; fixing activity. Metabolic
studies on Actinobacillus are aimed at developing a high yield fermentation based on coupling of hydrogen and CO, metabolism to
"homo" succinate production. Because Actinobacillus contains hydrogenase, the influence of electro chemical controi of redox
potential and electron donor availability on metabolism and growth will be determined. Preliminary studies on the succinate
fermentation under conditions of cathodic reduction linked to redox dyes have resulted in major changes in growth and end product
levels.

116. Molecular Basis of Symbiotic Plant-Microbse Interactions
de Bruin, F. J. .

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-2229

Dopartment: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168

Address: East Lansing, Mi 48824

Email: ij i

Funding: $0 12 months

The induction of nitrogen-fixing root and stem nodules on leguminous piants by soil bacteria belonging to the Rhizobiaceae is 8
highly evolved, complex process, requiring a fine-tuned interaction between the bacteria and their host. The persistence and
competitive ability of the microbes in the soil and the rhizosphere of plants are important factors in earty stages of rhizobial infection.
In order fo increase our understanding of these early stages, we wish 1o understand the molecular basis of the microbial response to
common environmental stresses and plant factors secreted into the rhizosphere, to develop user friendly methods for the detection
and classification of soil microbes and to explore the use of specific nutritional mediators to create "biased rhizopheres™. Once the
infection process has been initiated, distinct sets of plant genes are induced, which are involved in nodule ontogeny and in symbiotic
nitrogen fixation. In order to understand the regulatory circuits responsible for symbiotic control of the expression of these loci, we
wish to elucidate the molecular basis of the signal transduction pathways responsible for nodule-{cell-)-specific expression of plant
genes encoding symbiosis-specific proteins (nodulins). In addition, we are using the model legume plant Lotus japonicus to
generate novel symbiotic mutants via chemical mutagenesis and to isolate novel symbiosis-specific genes via differential dispiay of
messenger RNA's.
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117. Molecular Mechanisms That Regulate the Expression of Genes In Plants
Groen, P. J.

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: §17-353-4838

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9298

Address: East Lansing, Ml 48824

Emall: green@pilot.msu.edy
Funding: $0 12 months

The steady state level of an mRNA depends both on its rate of synthesis and on its rate of degradation. Rapidly accumulating data
indicate that degradation rates of mRNAs in plants and other eukaryotes vary over a wide range and can be differentially regulated.
However, relative to transcription, the mechanisms that control mRNA stability are poorty understood. A major goal of our research
is to elucidate the mechanisms that target highly unstable mRNAs for degradation in plants because these mechanisms provide
plants with a means to make rapid changes in gene expression in response to a variety of stimuli. Our studies have resutlted in the
identification of specific sequences, (e.g. DST elements or AUUUA repeats), that markedly accelerate the decay of reporter
transcripts in stably transformed tobacco cells and decrease mRNA accumutation in transgenic plants. Mutagenesis experiments
have begun to provide insight about the regions within the DST element that are required for instability function and similar
experiments on other instability sequences are underway. These sequences are also being used as tools in order to develop
molecular, genetic, and biochemical approaches aimed at identifying components of the degradation machinery and steps in the
corresponding mRNA decay pathways. In addition, we have begun to characterize the RNases of Arabidopsis as a first step toward
differentiating between the RNases that play a role in MRNA degradation and those with other roles in RNA metabolism.

118. Molecular Biology of Piant-Bacterlal Interactions
He, S. Y.

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-9181

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168

Address: East Lansing, MI 48824

Email: il

Funding: $0 12 months

This project investigates the molecular basis of interactions between plants and bacteria. Previously, we showed that Pseudomonas
syringae pathovar tomato strain DC3000 (a pathogenic bacterium of tomato and Arabidopsis thaliana) produces Hrp pilus, which is
associated with interkingdom transfer of bacterial virulence and avirulence proteins into the plant cell. The Hrp pilus was found to be
essential for bacterial pathogenesis and bacterial elicitation of plant disease resistance. We have now raised severa! antibodies
against the HrpA protein or Hrp pili. The HrpA antibody was found to bind to Hrp pili protein or Hrp pili. The HrpA antibody was found
to bind to Hrp pili and therefore can be used in future study of temporal and spatial expression of Hrp pili in infected plant tissues.
Using Hrp pilus antibody, we have found three additional bacterial proteins associated with the Hrp pilus structure. Experiments are
being performed to clone the genes that encode these proteins. The HrpA protein has been expressed in A. thaliana. Transgenic
plants expressing HrpA were found to allow infection of a P.s. pv. Tomato hrpA mutant strain, which otherwise is incapable of
infecting any plants. This result suggests that heterologously expressed HrpA may form a functional pilus. Previously, we showed
that a bacterial avirulence protein, AvrB of P. syringae pv. glycinea, triggers the hypersensitive cell death response when expressed
inside the plant cell, but not outside the plant cell or in the bacterial cytoptasm. This result led to the proposal that AvrB must be
secreted by bacteria directly into the plant cell. We have now identified several putative A. thaliana AvrB-interacting proteins that
may play a role in AvrB-mediated pathogenesis or disease resistance response.

119. Regulation of Plant Anti-Herbivore Defense
Howe, G. )

institution: Michigan State University-DOE Plant Research Laboratory

Phone: 517-355-5159

Department: MSU-DOE Plant Research Laboratory

Fax: 517-353-9168

Address: East Lansing, Ml 48824 -

Emall: howea@pilot.msy.edu

Funding: $0 12 months

The long-term goal of this research program is to understand the molecular signaling pathways that controt the expression of plant
defense genes. A useful model system for studying these pathways is the systemic induction of plant anti-herbivore defense genes
in response to wounds inflicted by phytophagous insects. In tomato plants, the signal transduction pathway that couples wounding
to the systemic activation of target genes is regulated by an 18-amino-acid peptide called systemin. Recent results indicate that
systemin exerts its effects on gene activity by up-regulating the synthesis of the fatty-acid-derived hormone jasmonic acid (JA), a
potent regulator o stress-induced genes in virtually all plant species examined. The focus of our current research is to exploit
genetic strategies to develop this model and to identify genes involved in systemin-mediated signal transduction.
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120. Chioroplast Biogenesis
Keegstra, K

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-7874
Department: MSU/DOE Plant Research Laboratory

. Fax: §17-353-9168

Address: East Lansing, Mi 48824
Email: il
Funding: $0 12 months

Wae are continuing studies on the biogenesis of plastids. Our current efforts are aimed at understanding the transpo.rt.d
cytoplasmically synthesized precursors into chioropiasts. In particular, we are focusing on identifying and characterizing the
components of the transport apparatus responsible for mediating this translocation process. Previous work has identified three
proteins in the Toc (Translocon at the guter envelope membranes of ghloroplasts) complex, Toc86, Toc75 and Toc34 as well as one
protein of the Tic (Transiocon at the inner envelope membrane of chloroplasts) complex, Tic110. In addition, we have identified
ClpC, a stromal protein in the heat shock 100 family of molecular chaperones, 8s a component of the transport apparatus. CONA
cones and antibodies for all five proteins are available. Current studies are focused on determining the function of each polypeptide
and investigating how these polypeptides interact with each other and with precursor proteins to accomplish protein transport into
chloroplasts. We are also employing the antibodies and nudleic acid probes for these putative transport components 1o investigate
their expression in various plant tissues that have different types of plastids. Finally, we have recently identified a cyanobacterial _
homolog of Toc75 and are currently investigating its role in cyanobacteria. Our goal in these studies is to gain some understanding
into the evolutionary origins of the import machinery.

121. Action and Synthesis of Plant Hormones
Kende, H.

tnstitution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-7865

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168 -

Address: East Lansing, Ml 48824

Email: hkende@pilot.msy.edu

Funding: $0 12 months

The objective of this project is to gain knowledge about the biosynthesis and action of the plant hormone ethylene and about the
action of gibberellin (GA) in mediating rapid, submergence-induced elongation of deepwater rice. Our research combines
physiological, biochemical and molecular approaches. We are elucidating the regulation of ethylene biosynthesis by determining the
expression of genes encoding the two enzymes of this pathway, 1-aminocyclopropane-1-carboxylate (ACC) oxidase and ACC
synthase. The evolution of the ethylene biosynthetic pathway is being studied in fems, which leave evolved the capacity to
synthesize ACC but produce ethylene via an ACC-independent route. We are also localizing the expression of ACC oxidase mRNA
and transcripts of the ethylene signal transduction pathway with respect to ethylene-mediated asymmetric growth, e.g., formation of
the apical hook. Signal transduction of ethylene action is being followed in Arabidopsis, where we have identified a number of
ethylene-regulated genes. In deepwater rice, ethylene reduces the leve! of endogenous abscisic acid (ABA), thereby increasing the
sensitivity of the plant to GA. We propose to study the effect of ethylene on ABA metabolism, in particular with respect to the activity
of ABA oxidase. Since GA is the immediate growth-stimulating hormone in deepwater rice, we are studying GA-regulated cell wall
extension, mainly regarding the role of the wall-oosening proteins, the expansins, in this process, and GA-promoted cell division in
the intercalary meristem (IM), using cDNA probes for genes whose products control the progression of meristematic cells through
the cell cycle. Using differential display of mRNA, we are also identifying genes in the IM whose expression is regulated by GA the
most interesting of which appears to be a nove! transcription factor. 7

122. Photoperiodic tnduction and the Floral Stimulus

- Kende, H.; Mcintosh, L.; Zeevaart, J. A. D.

Institution: Michigan State University-DOE Plant Research Laboratory

Phone: 517-353-7865

Department: MSU/DOE Plant Research Laboratory
Fax: 517-353-9168

Address: East Lansing, M! 48824

Email: hkende@pilot. msu.edu
Funding: $0 12 months

A large body of physiological evidence indicates that flower formation is hormonally controlied. In plants exposed to the appropriate
photoperiod for flowering, a floral stimulus or florigen is formed in the leaves from where it is translocated in the phioem to the apical
meristem. Results of grafting experiments show that the floral stimulus is exchangeable between different response types and is,
therefore, very similar, if not identical, in different species. The chemical nature of this fioral stimulus is one of the major unsolved
problems in plant biology. The research is being conducted with the short-day plant Pharbitis nil, strain 'Violet' (Japanese moming
glory) which in the cotyledon stage can be induced to flower with a single dark period. mMRNA from induced (14 h dark period), or
non-induced (8 h dark period, and 14 h period with 5 min red light interruption) cotyledons is used for differential display of mRNA to
isolate genes whose expression is changed during induction in comparison with the non-inductive treatments. With 200 primer
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combmabom 190 PCR products showed changes in expression during induction, of which about half were upregulated. Chan_ges in
gene expression will be confirmed in northemn blots to eliminate false positives. Genes that are either up-~ or downregulated during
induction will be sequenced and their possible functions will be determined by comparison with sequences in the data bases.

123. Interaction of Nuclear and Organelle Genomes
Mcintosh, L

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-7802

Department: MSU/DOE Plant Research Laboratory’

Fax: 517-353-9168

Address: East Lansing, Ml 48824

Email: mci i

Funding: $0 12 months

Our studies with plant mitochondria involve how the mitochondria communicate with the nucleus to regulate nuclear-encoded
mitochondrial proteins. The altemative oxidase, encoded by the nuciear Aox1 gene family, is empioyed to study the
nuclear/mitochondrial interaction. Altemative pathway respiration is induced by a number of environmental signals including lowered
temperature, salt stress, and wounding. A thread that most of these inducing stresses have in common is oxidative stress generated
within mitochondria. We have isolated a large number of cONA's encoding a variety of genes which respond quickly to mitochondrial
oxidative stress. Recently, évidence for the mitochondrial signal for this stress has moved toward reactive oxygen species,
specifically hydrogen peroxide. Another aspect of this work has focused on downstream -from respiratory electron transport- :
regulation of carbon balance through reductive potential generated by the plant TCA (tricarboxylic acid) cycle. Our work indicates a
key mitochondrial matrix enzyme, NADP-isocitrate dehydrogenase, may be involved.

Research in photosynthesis is centered on the genetic control of carbon flow through Photosystem 1. We have created a number of
primary mutants to study electron flow in the "core” of Photosystem I. Recently, we have begun to isolate families of
pseudorevertants to these primary mutants. The pseudorevertants appear to "comrect” many of the primary mutations. These
mutants fall into three classes: Photosystem Il mutations, Photosystem | subunit mutations, and mutations in proteins invoived in
assembly of Photosystem |.

124. Molecular Mechanisms of Trafficking in the Plant Cell
Raikhel, N. V.

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-3518

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168

Address: East Lansing, M! 48824

Email: praj i

Funding: $0 12 months

Maintenance of separate subcellular compartments in eukaryotic cells depends on the commect sorting and targeting of newly
synthesized proteins. Thus, mechanisms must exist in the cell to assure that these proteins are targeted to, and subsequently
translocated across, the correct intracellular membranes. We are working with proteins destined for different compartments:
vacuoles, cell wall and nucieus. We are interested in understanding the molecular determinants of differential protein
compartmentalization and identifying the components of the molecular machinery which carry out the sorting process. We have
analyzed and characterized sequences responsible for protein sorting to the vacuole and to the nucleus, and have isolated several
putative receptors of the endomembrane system and the nuclear import machinery. We are now elucidating the functional
complexity of vesicular trafficking and transport to the nucleus.

125. Cell Wall Metabolism
_Raik.hel, N. V.; Keegstra, K.; Kende, H.; Walton, J. D.

Institution; Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-7874

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168 ‘

Address: East Lansing, M 48824

Emall: keegstra@pilot msy.edu

Funding: $0 12 months

Our goal in this project is to address two questions of cell-wall metabolism. The first is to understand how xylogiucan, the major
hemicellulosic potymer in dicots, is synthesized. The second is to understand the role of expansins, proteins that loosen cell walls,
during the growth of rice intemodes. The first part of the first objective is to isolate and characterize the fucosytiransferase invoived
in xyloglucan biosynthesis. Purification of the enzyme has been completed, and protein sequence information should be available
soon. The next step will be the isolation of cDNA clores encoding the enzyme and the preparation of antibodies against the protein
encoded by the cDNA cione. The second part of the first objective is o investigate the function of a Golgi-localized 40-kD protein
that is postulated to have a role in xyloglucan biosynthesis. cONA clones for this protein have been isolated and antibodies against it
prepared. A detailed study of the expression pattems of this gene has been completed. Antisense plants containing suppressed
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levels of this protein have been produced and will be used to investigate its role, if any, in xyloglucan biosynthesis. Finally, we are
investigating the involvement of expansins in the growth of rice intemodes. Expansins are recently discovered cell-wali loosening
proteins. We have studied the expression of expansin genes and expansin protein by RNA blot analysis and tissue printing. The
cellular localization of expansin gene expression is being studied by in situ hybridization. Transformation experiments are being
planned to assess the role of expansins in the growth of intact rice plants.

128. Biochemical and Molecular Aspects of Plant Pathogenesis

Walion, J. D.

Institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-4885

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168

Address: East Lansing, M! 48824

Email: walton@pilot msu edy

Funding: $0 12 months

The objective of this project is to further our understanding of the biochemical events that are important in the interactions between
fungal plant pathogens and their hosts. We are studying examples of pathogen factors that determine basic compatibility (the ability
of a fungus to infect any plant) and those that determine specificity (the ability of a fungus to infect a particular plant, i.e, the basis of
host-range). As examples of basic compatibility factors, we are studying the extracellular enzymes that degrade the polymers of the
plant cell wall. Circumstantial evidence suggests that these enzymes are important for colonization of host tissue and also can act
as triggers of plant defense responses. We have purified enzymes, including pectinases, xylanases, glucanases, cellulases, and
proteases, from the ascomycetous maize pathogen Cochliobolus carbonumn, cloned the comesponding genes, and tested their
importance in pathogenesis with targeted gene disruption. The host-selective toxin, HC-toxin, is a specificity determinant because it
affects only maize of certain genotypes. We established that the maize resistance gene Hm encodes a reductase that detoxifies HC-
toxin, and have now shown that the site of action of HC-toxin is histone deacetylase, a nuclear enzyme that influences chromatin
structure and gene expression by modifying core histones. We are studying why inhibition of this enzyme leads to the establishment
of a compatible (susceptible) disease interaction. In the fungus, HC-toxin production is controlled by a single genetic locus, TOX2.
TOX?2 contains multiple copies of multiple genes necessary for HC-toxin synthesis, including a large cydlic peptide synthetase, a
fatty acid synthase, and a toxin export pump. All of these genes are present only in isolates of C. carbonum that make HC-toxin and
are distributed over 540 kb on the same dispensable chromosome. .

127. Developmental Biology of Nitrogen-Fixing Cyanobacteria
Wolk, C. P.

institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-2049

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168

Address: East Lansing, M! 48824

Email: i i

Funding: $0 12 months

Anabaena and related filamentous cyanobacteria utilize reductant generated by photosynthesis in vegetative cells to fix nitrogen gas
within spaced, differentiated cells called heterocysts. We are elucidating the dependency relationships, and the roles, of genes
whose collective function allows Anabaena to fix nitrogen (an oxygen-sensitive process) in the presence of oxygen. The heterocyst
envelope plays a key role by limiting the rate of entry of oxygen into heterocysts. We are studying hep genes, required for synthesis
or stabilization of the polysaccharide layer of that envelope, and het genes, required for morphological differentiation. Overlapping,
ca. 100-bp deletions ("windows") were introduced into the region 5' from a hepA-reporter fusion, and the constructions transferred to
Anabaena. Deletions from -534 bp to -446 bp and from -343 bp to -169 bp refative to the hepA transcriptional start site greatly
reduced expression of the reporter after nitrogen stepdown. Gel-retardation experiments showed the presence of a protein that
binds specifically to the latter region, and may control expression of hepA. A mutation in a gene that shows great similarity to N-
acetylmuramoyi-L-alanine amidases, but not a mutation in the gene 3’ from it that shows great similarity to glutamate racemases,
blocks formation of the heterocyst envelope polysaccharide. Perhaps export of that polysaccharide requires prior catabolism of
peptidoglycan in the differentiating vegetative cell. Gene hetR represses expression of hetC, which is active early in differentiation
sfter pattem formation, ca. 100-fold. This work will facilitate understanding of cellular differentiation, patiem formation, and bioiogical
conversion of solar energy.

128. Frankia Genetics
Wolk, C. P.;, Newman, T.; He, S. Y.; de Bruijn, F. J.

institution: Michigan State University-DOE Piant Research Laboratory
Phone: 517-353-2049

Department: MSU/DOE Plant Research Laboratory -

Fax: 517-353-9168

Address: East Lansing, M! 48824

Emalt: 22333cow@ibm, msy.bitnet
Funding: $0 12 months
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Frankia spp., bacteria in the Gram positive actinomycete group, form nitrogen-fixing nodules with a wide variety of non-leguminous
woody plants. Frankia-nodulated plants have great, world-wide potential as sources of fuel, fiber, shade, and forage, as well as for
reforestation. Their potential, and opportunities for understanding the interesting biology of Frankia, are strongly curtailed by the lack
of methodology for genetic manipulation of these bacteria. Our short-term objective is to develop techniques for stable, reproducible
genetic transformation of Frankia. Transfer of DNA to Frankia requires a suitable replicon, a means of transferring the DNA,
appropriate selective markers, avoidance of restriction, and a suitable choice of strain. To tailor a replicon, we sequenced an 8.5-kb

* plasmid from Frankia strain Cpl1, and have constructed derivatives of it that bear antibiotic-resistance markers whose codon usage
is consistent with that of known Frankia genes. Transfer of plasmid DNA to relatively fast-growing strains of Frankia has been
attempted by electroporation, particle-bombardment, and conjugation. To circumvent possible restriction barriers, we have searched
for type-ll restriction endonudeases (in collaboration with New England Biolabs, Inc.; none yet found), identified putative clones of
DNA methy! transferase genes, and are modifying DNA by a coliphage T4 anti-restriction system (in collaboration with J. Elhai).
Longer term objectives include the development of techniques for transposon mutagenesis of, and gene replacement and use of
reporter genes in, Frankia followed by analysis of the generation of N-fixing symbioses of Frankia with higher plants.

128. Environmental Contro! of Plant Development and its Relation to Plant Hormones
Zeevaart, J. A. D.

institution: Michigan State University-DOE Plant Research Laboratory
Phone: 517-353-3230

Department: MSU/DOE Plant Research Laboratory

Fax: 517-353-9168 -

Address: East Lansing, Ml 48824

Email: zeevaan@pilot.msu.edu
Funding: $0 12 months

Plant growth and development are affected by environmental factors such as daylength, temperature, and moisture. Hormones
often function as chemical messengers between the perception of an environmental factor and the morphological expression. in
long-day rosette plants, stem growth in long days (LD) is caused by an increase in gibberellin (GA) levels, particularly in the shoot
tips. The obvious question is: which step(s) in the GA biosynthetic pathway is (are) stimulated by LDs? GAS which encodes GA 20-
oxidase in Arabidopsis was predominantly expressed in the upper parts of stems. With induction of stem growth by LD, GAS mRNA
gradually increased in the shoot tips. As the plants elongated, GA5 mRNA in the upper part of the stems increased to a maximum,
and then decreased as the growth rate declined. By contrast, expression of GA4, encoding 38-hydroxylase, showed low expression
in stems, and its expression was not comrelated with the rate of stem elongation.

Abscisic acid (ABA) is a plant hormone whose synthesis is greatly stimulated when plants experience a water deficit. The objective
of our studies is to find out how the biosynthesis of ABA is regulated. In collaboration with D.R. McCarty's laboratory at the
University of Florida, Gainesville, the ABA-deficient mutant vp 14 of maize has been characterized. The VP14 GST-fusion protein
gene was assayed for cleavage activity, using 9-cis-violaxanthin and 9'-cis-neoxanthin as substrates. The expected cleavage
products, xanthoxin and the C,s apo-aldehydes, were identified. All-trans-carotenoids were not cleaved. Because the cleavage
reaction is thought to be the key regulatory step in ABA biosynthesis, it may be possible to alter ABA levels in transgenic plants that
would affect such physiological processes as drought tolerance, cold hardiness, and seed maturation.

130. CLV Signaling in Meristem Deveiopment
Ciark, S. E.

Institution: University of Michigan
Phone: 734-747-4151

Department: Department of Biology
Fax: 734-647-0884

Address: Ann Arbor, Mi 48109-1048
Email: i

Funding: $90,000 12 months

The shoot meristem of higher plants is responsible for initiating all above-ground organs. Thus the genes regulating shoot meristem
function are required for cell proliferation and differentiation, and for the proper number, spacing and size of primordia such as
leaves and flowers. To function as a site of continuous organ formation, the shoot meristem must be able to carry out two
fundamental processes. The first function is the maintenance of a population of undifferentiated celis at the center of the meristem.
As this population divides, it provides new cells for incorporation into organ primordia. The second process is to direct progeny of
the undifferentiated cells towards organ formation and eventual differentiation. This transition from an undifferentiated to
differentiated state occurs at the flanks of the shoot meristem, and is regulated in strict balance with the proliferation of the
undifferentiated cells.

We have found that the CLV toci (CLV1, CLVZ2 and CLV3) in Arabidopsis regulate the balance between proliferation and
differentiation. clv mutants accumulate over 1000-fold more undifferentiated cells than wild-type plants. CLV1 encodes a receptor-
like kinase, and may relay positional information through a signal transduction cascade. Our work focuses on identifying other
members of the CLV1 signaling cascade through both genetic and biochemical approaches.
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131. isolation and Characterization of Ammonia Monoxygenase of Nitrosomonas
Heoper, A. B.

Institution: University of Minnesota

Phone: 612-624-4930

Department: Department of Genetics & Cell Biology
Fax: 612-625-5754

- Address: St. Paul, MN 55108-1095

Email: (@b
Funding: $104,000 12 months

Ammonia monoxygenase (AMO) of the autotrophic bacterium Nitrosomonas catalyzes NH; + 2e” + 2H" + O; —> NH,0H + H,0.
Electrons pass to AMO from hydroxylamine oxidoreductase (HAO): NH:OH + H;0 => HNO; + 4e” + 4H". Together with a terminal
oxidase, oxidation of NH3 by AMO and HAQ provide alt the energy for growth in this bacterium. This oxidative step in the N-cycle in
nature has a very important role in N-availability to agricultural plants, the production of greenhouse-active and ozone-reactive N-
oxide gases and the transformation of ammonia in waste water. AMO oxidizes halogenated aliphatic and aromatic compounds
(sometimes producing pure enantiomers) and is thus potentiaily important to pollutant bioremediation and the production of specialty
chemicals.

The prosthetic groups or structure of AMO has not been determined because active enzyme cannot yet be purified. Acetylenic
substrates derivatize a protein subunit of AMO allowing isolation and sequence of the genes for three subunits and generating a
model containing possible metal binding sites and 12 transmembrane segments, a common property of membrane pumps. This
observation and the inhibition of the AMO system in cells by uncouplers and DCCD, suggests that AMO might be driven by an ion
gradient, an hypothesis that we are testing. The ultimate goal is to isolate and characterize all protein subunits, the structure of the
active site and electron-transfer redox centers by optical, EPR, Mossbauer and other types of spectroscopy and by chemical

analysis.

132. Reverse Transposon Tagging of Malze Tubulin Genes
Wick, S. M.

institution: University of Minnesota
Phone: 612-625-4718

Dopartment: Department of Plant Biology
Fax: 612-625-1738

Address: St. Paul, MN 55108-1095
Email: swi iosci.

Funding: $109,600 12 months

Microtubules are cytoskeletal elements that are involved in essentially every aspect of plant growth. The ? and ? subunits that
comprise microtubules are encoded by large families of expressed genes that give rise to similar but distinct isoforms. Our long-term
goal is to determine if there is functional significance to the muttipie tubulin genes and isoforms, and if tubulin gene expression can
be modified to alter maize growth. The objectives of this project are to determine if disruption of any of the maize ? tubulin genes
has an effect on the plant's ability to grow and reproduce normally or on the plant’s ability to withstand chilling. We will use
molecular genetics to identify plants that have a ? tubulin gene that is disrupted by the present of a Mutator (Mu) transposable
element, and will analyze offspring of these plants for effects of each mutation. Besides assessing overall growth, we will look for
increased or decreased sensitivity to cold, ability to correctly position nuclei in cells that need to become polarized to achieve
morphogenesis, ability to undergo asymmetrical divisions necessary for normal morphogenesis, ability to complete meiosis and
microsporogenesis, and ability to correctly shape and move sperm cells in pollen tubes. We anticipate that some of our findings
could translate into future manipulation of tubulin gene expression to alter growth, development, biomass production, reproduction,
or chilling tolerance of an important species.

133. Celluiose, the cell wall and morphoganesis
Baskin, T. 1.

institution: University of Missouni

Phone: 573-882-0173

Department: Division of Biological Sciences
Fax: 573-882-0123

Address: Columbia, MO 65211

Email: baskint@missouri.edy
Funding: $82,991 12 months

This research aims to understand plant morphogenesis. The project studies the relationship between morphogenesis and cellulose
microfibrils. Experiments have compared growth of well-watered roots of Zea mays to thinner roots grown at low water potential. We
measured the spatial distribution of expansion rates, in length and radius, for stele and cortex, and found that expansion in
fongitudinal and radia! directions were regulated independently. To determine whether alignment of microfibrils regulates radial
expansion rate, we quantified microfibrillar alignment with electron microscopy of metal replicas of the inner-most wall layer.
Microfibrils were transverse to the long axis of the root throughout the growth zone; however, locations with different rates of radial
expansion had similar microfibrillar alignment. Quantitative polarized-light microscopy showed that the amount of retardation of the
cell walls did not change as a function of position, confiming that different rates of radial expansion occurred without differences in
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microfibrif organization or abundance. We strengthened the conclusion that rates of radial expansion are independent of the
organization or abundance of microfibrils by identifying a mutant in Arabidopsis thaliana, rsw7, in which rates of radial expansion
were stimulated compared to wildtype but microfibrils were neither depleted nor disorganized. The work points to components other
than microfibrils that help to shape plant organs. This research will uncover mechanisms of plant morphogenesis and can thus be
expected to enhance applied efforts to optimize plant growth for human benefit

134. Dosage Analysis of Gene Exﬁression in Maize
Birchier, J. A.

Institution: University of Missouri

Phone: 573-882-4905

Department: Division of Biologica! Sciences
Fax: 573-882-0123

Address: Columbia, MO 85211

Email: birchier@biosci,mbp.missouri.edy
Fundlng $106,000 12 months

The goal of this project is to understand further the basis of dosage sensitive regulatory effects on gene expression in maize. These
effects act directly or inversely on the quantitative level of gene products when the dosage of specific chromosomal segments is
varied. it has long been known that addition or subtraction of chromosomal segments relative to the normal diploid has detrimental
effects on the vigor of plants. The experiments proposed seek to understand the molecular basis of these aneuploid syndromes as
well as to understand the mechanisms of gene expression that are involved. One set of experiments is to test for a correlation
between small regions of chromosome arm 10L that produce inverse and direct dosage effects on selected monitored RNAs and
that produce aneuploid effects on kemel size. This chromosome arm will be divided into several segments—~some with known kemel
size effects. These smaller regions will be tested for a correlation with the molecular dosage effects that are found in the larger
segment. Aiso, conditions that make the aneuploid effects more extreme will be tested as to whether the dosage effects are also of
greater magnitude. To determine whether the effects can be reduced to the action of single genes, two projects are proposed. First,
dosage series including three known regulatory genes (Vp1, C1 and R1) effective on the anthocyanin pathway are being examined
for effects on the RNAs for the biosynthetic enzymes. One of these, the C7 locus, is known to give a dosage effect and might well
be a single gene example of a direct regulator. Any effects found with the whole arm dosage series will be tested whether they are
due to the respective regulatory gene by recombining a loss-of-function allele in each case onto the B-A translocation used to
generate the series. !f the regulatory gene is responsible for the whole arm effect, then the recombined translocation will no longer
be effective. Secondly, modifiers will be induced that increase or decrease the amount of pigment present in kemels that carry a
single functional copy of C2 in the endosperm using the Mutator transposon system. Modulations of this gene encoding chalcone
synthase can be recognized phenotypically. Heritable modifiers will be tested for a dosage effect on C2 RNA. Lastly, run-on
transcription assays will be conducted on some of the most extreme inverse and direct effects on Alcoho! dehydrogenase-1 to test
whether the rate of transcription is being modulated by these changes in chromosomal dosage. These experiments will provide
information on the mechanisms of gene expression involved with these dosage effects and the relationship to the altered vigor of
plants that have changes in chromosome number.

135. Epigenetic regulation of phenotypic variegation in maize
Cone, K C.

Institution: University of Missour

Phone: 573-882-2118

Department: Division of Biological Sciences
Fax: 573-882-0123

Address: Columbla MO 65211

Email: i

Funding: $125,000 12 months

The aim of this project is to understand epigenetic mechanisms of gene regulation. We are studying Pi-Blotched, a gene that
controls the synthesis of purple anthocyanin pigments in the maize plant. Plants carrying P1-Blotched exhibit an unusual pattemn of
pigmentation characterized by variegation, rather than the usual uniform pattern of pigmentation. Because the nudleotide sequence
of Pl-Blotched is nearly identical to the normal PI-Rhoades sequence but the two alleles are differentially methylated, our hypothesis
is that the variegated pattem of Pl-Blotched expression is due to an epigenetic effect. As one way to address this idea, we are
looking at the role of development in regulating P1-Blotched expression. The methylation of Pi-Blotched DNA is progressive through
development of the plant from seedling to adult. In seediing leaves, Pi-Blotched DNA is less methylated than Pi-Rhoades DNA
whereas in adult leaves, Pi-Blotched DNA is more methylated than PI-Rhoades DNA. In Pi-Blotched plants carrying the
developmental mutation Teopod1, which lengthens the juvenile phase of growth, the change in DNA methylation precedes the
change in phase-specific leaf features, such that the latest juvenile leaves display the levei of methylation seen in fully adult leaves.
if we consider that a change in methylation might occur more rapidly than morphological changes in leaf characteristics, this
observation suggests that methylation of Pi-Blotched may be responsive to the same molecular cue that signals phase change.
Such deveiopmental influences on gene expression are a hallmark of epigenetic regulation.
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136. Genetics and Molecular Biology of Hydrogen Metabolism in Sulfate Reducing Bacteria N
Wall, J. and Rapp-Giles, B.J.

Institution: University of Missouri
Phone: 573-882-8726

Department: Biochemistry Department
Fax: 573-882-5635

Address: Columbia, MO 65211

Emall: wali@missouriedy
Funding: $95,000 12 months

To explore the energy generating processes of the strictly anaerobic bacteria, new genetic tools for the sulfate-reducing bacterium,
Desulfovibrio desulfuricans G20, have been developed that include a promoter probe vector with lacZ as the reporter. Conditions
have been established to detect the activity of beta-galactosidase in colonies of the sulfate-reducing bacterium. Procedures for
reasonably reliable electroporation of this anaerobe were established. A mutant was constructed in cycA, encoding cytochrome c3,
by plasmid insertion. After confimation by Southem analysis, preliminary phenotypic characterization of the mutant shows no
abermrant features. Although mRNA was dramatically reduced, protein pattemns of heme-containing proteins were not significantly
different from the wild type. More detailed analysis of the mutation is in progress. Similady a mutation has been created in a cloned
and partially sequenced hynAB operon. This operon appears to be poorly expressed, if at all, in G20. The 16S RNA gene sequence
has been determined and a phylogenetic comparison made with other such sequences from sulfate-reducing bacteria available in
the database.

137. The Respiratory Chain of Alkalophilic Bacteria
Krulwich, T. A.

Institution: Mount Sinai School of Medicine

Phone: 212-241-7280

Department: Department of Biochemistry, Box 1020

Fax: 212-996-7214 .
Address: New York, NY 10029

Email: i

Funding: $113,000 12 months

Tha long term goals of this project are to understand those features of the alkaliphile respiratory chain that are required for this
ability of the alkaliphile to grow optimally at pH values that place severe energy demands upon these bacteria, i.e., to elucidate the
basis for apparently remarkable energy conservation by alkaliphilic bacteria. The extreme, facultative alkaliphile Bacillus firmus OF4
grows on malate at a slightly faster rate and to at least as high a molar growth yield at pH 10.5 as it does at pH 7.5. The robust non-
fermentative growth of the alkaliphile at pH 10.5 depends upon its full, pH 10.5-induced complement of a caas-type terminal oxidase.
Moreover, a second, bd-type, terminal oxidase that is up-regulated upon disruption of the caa, oxidase-encoding cfa operon cannot
support growth on malate even at pH 7.5. Current studies are focused upon cloning the operon encoding the bd-type oxidase so
that the effects of its overexpression in the cta-disrupted mutant can be tested along-side expression of a cloned cta operon. The
studies should clarify whether overexpression of the genes encoding the bd-type oxidase will render it competent to support non-
fermentative growth at pH 7.5, 10.5, both, or neither. If, as hypothesized, the caay-type oxidase will tum out to be necessary for
oxidative phosphorylation and hence non-fermentative growth at pH 10.5, the properties of this oxidase that are essential for
alkaliphily will be probed.

138. The Water Splitting Apparatus of Photosynthesis
Seibert, M.

Ingtitution: National Renewable Energy Laboratory
Phone: 303-384-6279

- Department: Photoconversion Research Branch
Fax: 303-384-6150
‘Address: Goiden, CO 80401

Email: seibet@seri.arel.gov

_Funding: $134,000 12 months

The goal of this research is to understand structural and functional relationships in photosystern Il (PSIl) with emphasis on the
reaction center (RC) and water-oxidization processes that generate photosynthetic reductant. Femtosecond flash-probe studies of
the isolated PSII RC using a novel analysis procedure has resolved a long standing controversy regarding the rate of primary
charge separation. Biphasic kinetics (8 and 50 ps™') were detected and represent the effective rate of charge separation within the
RC equilibrated core and charge transfer, limited by energy transfer from accessory chlorophyll in the RC, respectively. A new way
of investigating the water-oxidation process by limiting the availability of substrate water was also developed. Water content was
decreased by adding ethylene glycol to the solvent, and both reversible and irreversible changes in various functional properties of
PSIl were explained in terms of structural and electronic effects of the increased organic solvent environment. Studies of.high affinity
Mn ligands (associated with functional Mn) in PSII using the DPC-inhibition assay have identified four ligands (two carboxy! and two
histidy! residues). Only one of these ligands, a carboxyl, is specific for Mn, and this Mn is photooxidizable by a single-tumover flash
of light. This ligand is probably Asp170 on the D1 RC protein, and its chemical modification uncovers a low affinity, photooxidizable
Mn ligand that is neither a carboxyl nor a histidyl residue. The other three ligands (including His337 on D1) bind Mn that is not
photooxidizable by a single flash, but they may also bind other metals.
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139. Protein and RNA Interactions involved In the Pathogenesis of Tomato Bushy Stunt Virus
Mormis, T. J.

Institution: University of Nebraska
Phone: 402-472-6676
Department: School of Biological Sciences

- Fax: 402-472-2083

Address: Lincoln, NE 68588-0118
Email: j i li
Funding: $53,200 12 months

Our research on Tomato bushy stunt virus (TBSV) has focused on determinants affecting replication, pathogenicity and
recombination. TBSV is a small isometric virus that contains a single stranded RNA genome with five major genes. We analyzed the
importance of an additional small gene designated pX, at the 3' end of the genome. Bio-assays showed that mutations of the
translational initiation codon designed to disrupt translation of the pX encoded protein were unable to accumulate to detectable
levels in cucumber protoplasts. Although these results suggested a role for the putative pX protein, introduction of a premature stop-
codon to truncate expression of the pX protein were unable to replicate. In contrast, a comparabie pX mutation that affected the
same nuclectides without changing the predicted amino acid sequence greatly reduced RNA accumulation. Therefore, the pX RNA
sequences rather than the predicted pX protein influence genome replication. The requirement for pX also appears 1o be host
dependent because comparisons revealed that subtie pX gene mutations that interfere with accumulation of TBSV RNA in
cucumber or Nicotiana benthamiana, did not affect replication in Chenopodium quinoaprotoplasts or plants. Imespective of the host,
the cis-acting pX gene sequences were not required for replication of defective interfering RNAS that require helper TBSV for ‘
replication in trans. These experiments thus suggest that the pX cis-acting element interacts with one or more host components
whose composition differ slightly between different plants.

140. Enzymology of Acetoclastic Methanogenesis
Ragsdale, S. W.

Institution: University of Nebraska
Phone: 402-472-2943

Department: Department of Biochemistry
Fax: 402-472-7842

Address: Lincoln, NE 68588-0664
Email:

Funding: $106,000 12 months

An understanding of the mechanism of methane formation Is critical since methane is an important fuel and a significant greenhouse
gas whose concentration is rising at a rate of 1% per year. We are studying the mechanism of methanogenesis from acetate, which
is the major substrate for methanogens in nature. We are focusing on three important steps in aceticlastic methanogenesis: {i) the
initial step of acetyl-CoA disassembly by the molecular aggregate that contains CO dehydrogenase/acetyl-CoA synthase
(CODH/ACS) and a corminoid/fircn-sulfur protein (C/Fe-SP); (i} the methyl-CoM reductase (MCR) catalyzed reaction that generates
methane and a heterodisulfide (CoB-S-S-CoM) from methyl-Coenzyme M (methyi-CoM) and Coenzyme B (CoB); and (iii) the
beterodisulfide reductase (HDR) reaction that reduces CoB-S-S-CoM to the free thiois, CoB-SH and CoM-SH for the next round of
methanogenesis. We are using a combination of kinetics, electrochemistry, and spectroscopy to establish the reaction mechanisms
of these enzymes. In the last year, a protocol to generate highly active MCR has been developed and the HDR has been
characterized as a heme/iron-sulfur protein. The studies are expected to lead to important insights into how natural gas is formed in
nature and into the structure and function of metals in biology.

141. Role of the Rubisco Small Subunit
Spreitzer, R.

Institution: University of Nebraska

" Phone: 402-472-5446
Department: Department of Biochemistry

Fax: 402-472-7842

Address: Lincoln, NE 68588-0664
Emali: i

Funding: $93,000 12 months

Ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) catalyzes the rate-limiting step of photosynthetic CO, fixation.
Because of its low carboxylation efficiency and competitive inhibition by Oz, Rubisco has been viewed as a potential target for
engineering enhanced crop-plant-productivity. The Rubisco holoenzyme is comprised of two subunits, each present in eight copies.
Much is known about the structure-function relationships of the chloroplast-encoded large subunit. it contains the active site. Much
less is known about the role of the nuclear-encoded small subunit. There is a family of small-subunit genes in crop plants, making it
difficult to substitute engineered small subunits into the holoenzyme. A photosynthesis-deficient mutant of the green alga
Chlamydomonas reinhardtii has recently been recovered that lacks both members of the small-subunit gene family. Because this
mutant can be rescued via transformation with a single smali-subunit gene, it is now possible to answer questions about small-
subunit function. Alanine-scanning mutagenesis is being used to elucidate the significance of small-subunit structural regions that
are unique to the Rubisco of eukaryotes. Most substitutions do not eliminate enzyme function, indicating that these regions are not
essential for holoanzyme assembly or catalysis. In contrast, random mutagenesis is being used to define those regions of the smail
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subunif that are essential. Because Rubisco enzymes from different species display differences in CO»O; specificity, heterologous
small-subunits will aiso be introduced into Chiamydomonas to assess the contribution of small subunits to catalytic efficiency.

142. Asparagine Synthetase Gene Regulation and Plant Nitrogen Metabolism
Coruzzi, G .

Institution: New York University
Phone: 212-998-3963

Department: Department of Biology
Fax: 212-995-4204

Address: New York, NY 10003-6688
Emali:

Funding: $109,000 12 months

We are studying the genes controlling asparagine biosynthesis using a molecular-genetic approach in Arabidopsis thaliana. Since
asparagine serves to transport and store assimilated nitrogen, these may have significance for improving nitrogen use efficiency.
We have uncovered two distinct classes of ASN genes. ASN1, the major expressed gens, is transcriptionally repressed by light and
this mirrors the light repression of asparagine accumulation in plants. These results suggest the ASN1 gene controls the synthesis
of transported asparagine. The ASN2 gene, cloned by complementation of a yeast asparagine auxotroph, is activated by light and
may encode an enzyme with enhanced ammonia-dependent activity possibly involved in ammonia detoxification. The ASN1 and
ASN2 genes are also reciprocally controlied by metabolites. ASN2 is induced by light or sucrose and repressed by organic nitrogen.
By contrast, ASN1 expression is repressed by light or sucrose and induced by organic nitrogen. We propose that this metabolic
regulation of the ASN1 gene serves to channel assimilated nitrogen into asparagine under conditions of carbon limitation (in the
dark) or under conditions of organic nitrogen excess. We have begun to study the signal transduction components involved in the
light and metabolic regulation of ASN1 expression. We identified cis-elements and nuclear factors involved in the light or sucrose
repression of AS1. We are using a transgenic Arabidopsis line (AS1-Hph) in a positive selection to isolate mutants impaired in light
or sucrose repression. The phenotypic analysis of such mutants may define how the regulation of asparagine synthesis by light or
metabolites affects plant growth and nitrogen use.

143. Functions of the Pseudomonas syringae aviRpm1 Gene During Disease Resistance and as a Yirulence Factor in
Arzbidopsis
Dangl, J. L.

tnstitution: University of North Carolina
Phone: 919-962-5624

Deopartment: Department of Biology
Fax: 919-962-1625

Address: Chapel HI“ NC 27599-3280
Email:

Funding: $108,000 12 months

We are interested in determining molecularly how plants sense and respond to pathogens. Recently, we and others have cloned
several of the plant genes controlling recognition of pathogens. Products of these "disease resistance" genes, "recognize” the
product of a particular pathogen's "avirulence® gene, and this recognition leads to disease resistance. If the plant lacks the comect
resistance gene function, or if the pathogen lacks the coresponding avirulence gene, disease results. We use Arabidopsis as a
mode! piant and a bacterial pathogen, Pseudomonas syringae, which can cause leaf spot disease on a variety of crop plants. Our
DOE funded research concems specifically how the avirulence gene signal triggers disease resistance. In the last year we have
demonstrated that expression of the bacterial pathogen avirulence gene product inside the plant cell can trigger disease resistance
when the plant expresses the coirect resistance gene. We have also shown that in plants which do not express the resistance gene
that this bacterial protein can trigger a delayed, symptom like reaction. We additionally know that some plant genotypes express this
reaction and others do not. This result implies that the bacterial protein can act as a plant-genotype dependent toxin, as expected in
it has a role in causing disease on susceptible plants. This is consistent with our genetic analysis of this particular bacteria
avirulence gene. We also have shown that this protein is localized to the plant cell membrane fraction. We are now using
Arabidopsis genetics to identify these novel plant targets.

144. Map-Basod Clonlng of the ENHANCER GENE SILENCING 1 Locus Which Enhances the Silencing of a Foreign Gene in
Arabidopsis
Grant, S. R.

Institution: University of North Carolina
Phone: 919-962-7253

Department: Department of Biology

Fax: 919-962-1625

Address: Chapel Hill, NC 27599-3280
Email: il

Funding: 594,000 FY97 funds for 24 months

The ability to introduce foreign genes into plants has changed the way that agricultural technologists can approach crop
improvement. However in many cases, genes introduced into plants do not behave as we would expect due to gene silencing. Gene
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silencing inhibits expression of some foreign genes and simultaneously Inhibits expression of plant genes with strong structural
similarity to an introduced gene. It is unpredictable occurring spontaneously in late stages of development or appearing after two
genetically manipulated plants are mated. The mechanism that leads to gene silencing is completely unknown. It does not cause
permanent mutation of the affected genes since they can become reactivated. Silencing may be caused by a system of gene
regulation that scientists could only begin to see working when they started to introduce genes into organisms. We have identified
mutations in two Arabidopsis genes that affect the mechanism of gene silencing. These mutations enhance the silencing of a highly
expressed foreign gene so that it occurs in embryonic tissues in all plants. The goal of this project is to cione one of these genes
called enhancer of gene silencing1 in order to better understand the mechanism of gene silencing. Taking advantage of the powerful
Arabidopsis genome database and the materials collected by the Arabidopsis Stock Center in Ohio, we have mapped the gene to a
small interval (4 centimorgans) on the first chromosome. The Stock Center provided us with large Arabidopsis DNA clones that
overlap to cover the interval. We are now using sequences from the overlapping clones to reduce the interval in which the gene
must be to a region small enough to introduce into plants. The egs1 gene will finally be identified by its ability to restore the
expression of the silenced gene when introduced in the mutant.

143. Bioenergetic and Physiological Studies of Hyperthermophilic Archaea
Kelly, R. M. .
Institution: North Carolina State University
Phone: 919-515-6396

Department: Department of Chemica! Engineering
Fax: 919-515-3465 .

Address: Raleigh, NC 27695-7905

Emaii: !

Funding: $90,805 12 months

The objectives of this project are to examine the biochemical characteristics of several hydrolytic enzymes produced by
heterotrophic, hyperthermophilic archaea and relate the function of these enzymes to particular physiological and bioenergetic roles.
The study focuses on two members of the Thermococcales, Thermococcus litoralis (T 88°C) and Pyrococcus furiosus (Tes 88°C).
Both are obligately anaerobic heterotrophs which grow in the presence or absence of reducible sulfur compounds. A novel,
intracellular protease (Pfp!) has been isolated from P. furfosus which was shown to exist in vitro in several functional
homomultimeric forms of an 18.8 kDa subunit, including a trimer, a hexamer and a dodecamer, with the largest assembly having the
highest specific activity. The gene comesponding to Ppfl is homologous to putative proteins in organisms ranging from Escherichia
coli to Homo sapiens. An affinity-based chromatography method has been developed to facilitate the purification of Pfpl homologs
from a variety of cells and organisms. Its function is being examined in relation to archaeal proteosome in P. furiosus which was aiso
tsolated and characterized biochemically. Bioenergetic and physioiogical studies focusing on T. litoralis, both in pure and co-cutture
with Methanococcus jannaschii, are also underway. T. litoralis was shown to produce an extracellular polysaccharide in continuous
culture which was composed mainly of mannan and which was involved in biofilm formation. Energetics issues related to biofilm
formation, sulfur utilization and co-culture dynamics are under investigation.

148. Transcription Factors in Xylem Development
Sederoff, R.; Campbeli, M.; O'Malley, D. and Whetten, R.

Institution: North Carolina State University
Phone: 919-515-7800

Department: Department of Forestry, Box 8008
Fax: 919-515-7801

Address: Raleigh, NC 27695-8008

Email: yolvo@unity.ncsu.edu

Funding: $109,953 FY 97 funds for 24 months

Trees form large amounts of wood, or secondary xylem, which is important in both ecological and economic terms. Wood includes a
large fraction of the global biomass, and is therefore a key factor in the global carbon cycle as well as the basis of a major industry.
Trees are not convenient experimental organisms, and much of the progress made in plant molecular biology using model species
has yet to be transferred to woody plants. We are working to unravel the genetic mechanisms that control formation of wood, using
as a guide the understanding of gene regulation that has emerged over the past several years from study of model plant and animal
species. Proteins called transcription factors are known to control gene expression during both plant and animal development, as
well as modulating responses of organisms to environmental stimuli. We are working to characterize transcription factors found in
pine xylem, in order to begin defining the regulatory networks that control wood formation. We began working with the Myb class of
transcription factors, and identified two different Myb proteins expressed in xylem. interactions of these proteins with different DNA
sequences is being analyzed to test the hypothesis that they control different aspects of wood formation. We are also working with
proteins of the Myc family, another major class of transcription factors known to control growth and development in both plants and
animals. Members of other families of transcription factors have also been identified, and will be investigated further in the coming

year.
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147. The Role of Multiple Transcription Factors in Archaeal Gene Expression
Daniels, C. J.

Institution: Ohio State University
Phone: 614-292-4599
Department: Department of Microbiology

_Fax: 614-292-8120
" Address: Columbus, OH 43210

Email: iel
Funding: $100,000 12 months

Examination of the archaeal transcription system has indicated that these organisms, while procaryotic in nature, possess an
eucaryal transcription apparatus. /n vivo analysis of the Haloferax volcanii transcription system indicated that promoter and
termination signals in this organism are similar to those used by the eucaryal RNA polymerase !l system, and this organism was
found to contain genes encoding eucaryal-ike transcription factors, TBP and TFIIB. Unexpected!ly, we observed that H. voicanii has
three TBP and six TFIIB genes, an unprecedented redundancy in these proteins that has not been observed in other Archaea or
Eucarya. Gene expression studies aiso indicated that one of these transcription factors, TFIIB2, is specifically induced during heat
shock. This has led to the proposal that this organism uses alternative transcription factor pairing in regulating gene expression.
Current studies are focused on determining the role of TFHB2 in regulating the heat shock response. In vivo approaches are being
employed to examine the sequences involved in the heat shock regulation of the TFIIB2 gene and to identify regions of this protein
that are needed to specifically direct heat shock transcription. /n vitro approaches will also be used to examine the interaction of this
protein with the TBP-DNA complexes and other transcription factors and these studies will aid in the development of an in vitro
transcription system for this organism. Long range goals include the analysis of the remaining transcription factors and their possible
roles in differential gene expression.

148. Blosynthesis of Hydrocarbons and Other Wax Components
Kolattukudy, P. E.

Institution: The Ohio State University
Phone: 614-292-5682

Department: Neurobiotechnology Center
Fax: 614-292-5379

Address: Columbus, OH 43210-1002
Email:

Funding: $99,000 12 months

- Pea leaf particulate preparation obtained by a sucrose discontinuous gradient centrifugation was solubilized with 0.2% octyl

glucoside and subjected to protein fractionation. The purified decarbonylase obtained by this procedure requires phosphatidyt
choline for enzymatic activity. SDS-PAGE showed a subunit molecular weight of 67 kDa. Antibodies prepared against this protein
showed a single immunologically cross-reacting protein at 67 kDa in solubilized particulate preparation. Anti-Rubisco antibodies did
not cross-react with this protein showing that the 67 kDa protein is not derived from cross linking of the large and small subunits of
Rubisco. Furthermore, the antibodies prepared against the purified decarbonylase did not cross-react with Rubisco but it inhibited
the decarbonylase activity of the purified enzyme. Further characterization of the enzyme and cloning are in progress.

149. Transmethylation Reactions During Methylotropic Methanogenesis in Methanosarcina barker|
Krzycki, J. A.

Institution: Ohio State University
Phone: 614-292-1578

Department: Department of Microbiology
Fax: 614-292-8120

Address: Columbus, OH 43210

Email: j i i
Funding: $97,000 12 months

We have been characterizing enzymes and genes invoived in methanogenesis from methylotrophic substrates. These pathways are
comprised of highly regulated enzymes and are significant routes of methane formation in natural environments. Methytated amines
and thiols are converted to methane with methyl-coenzyme M (CoM) as an intermediate. We have reconstituted CoM methylation
from growth substrates like trimethylamine (TMA), monomethylamine (MMA), dimethylsulfide (DMS), and methyimercaptopropionate
(MMPA) with highly purified proteins. CoM methylation from methylotrophic substrates involves members of at least two different
families of proteins. Each family member display specificity for one or more of the methylotrophic substrates. Generally, each
substrate is used by a specific methyltransferase to methylate a substrate specific corrinoid binding protein, which is then
demethylated by a substrate specific CoM methylase.

For example, MMA is converted to methyl-CoM via a 29 kDa corinoid protein (MMCP) which acts only in this pathway. This is one
of four known homologous corrinoid proteins invoived in the metabolism of methylotrophic substrates which bind their cofactor with
the corrinoid binding motif also found in methionine synthase. MMCP is muthylated with MMA by a 52 kDa MMA specific
methyitransferase (MMAMT). CoM methylation with methy!-MMCP is then catalyzed by a homologue of methylcobamide:CoM
methyitransferase, termed MT2-A, which is specific for methylamine utilization. Similary, TMA:CoM methy! transfer can be achieved
with another corrinoid protein (TCP) which appears to be methylated by a TMA specific methyttransferase (TMAMT). Methyl-TCP
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can be demethylated by either of two MT2 homologues, MT2-A or MT2-M. Currently, we are isolating the enzymes mediating CoM
methylation with dimethylamine (other than MT2-A), isolating the enzymes responsible for activation of MMCP, completing the
sequencing of the gene clusters encoding the MMA and TMA mathyttransferases, and studying the interaction of MMCP with its two
methyltransferases when in the methylated and unmethylated states.

Methanogenesis from DMS or MMPA occurs via a single methylthiol:CoM methyltransferase. M. barkeri induces this enzyme during
growth on acetate. This 480 kDa protein is composed of one corrinoid binding subunit (homologous to TCP, MMCP, and methionine
synthase) tightly bound to larger subunit (homologous to MT2-A and MT2-M methylcobamide:CoM methyitransferases). Unlike the _
MMA and TMA dependent CoM methylation enzymes, methytthiol:CoM methyitransferase mediates its reaction solely with the
corminoid protein and MT2 homologue, and we are investigating how the comrinoid is methylated by substrate. In addition, we are
characterizing the enzyme and gene from other species of methylated thiols utilizing Methanosarcina to ascertain if a single two
subunit enzyme with similar substrate specificity is employed for growth on both substrates.

150. Structure and Regulation of Methanogen Genes
Reeve, J. N.

Institution: Ohio State University
Phone: 614-292-2301

Department: Department of Microbiology
Fax: 614-292-8120

Address: Columbus, OH 43210

Email: j

Funding: $119,983 12 months

Methanobactenium thermoautotrophicum (Mt) generates energy by using hydrogen to reduce carbon dioxide to methane, and
assimilates these same gaseous substrates plus nitrogen or ammonium lons and inorganic saits into biomass. The goal of this
project is to understand how these catabolic and anabolic pathways are coordinated and regulated. Many steps in methanogenesis
are catalyzed by two or more functionally-equivalent enzymes or isoenzymes, and hydrogen availability, the source of energy for Mt,
regulates which of these alternative enzymes are synthesized. The molecular mechanisms by which Mt cells sense the )
concentration of dissolved hydrogen, and communicate this information into gene regulation, are currently under investigation. The
rate of hydrogen dissolution in a fermentor sparged with hydrogen plus carbon dioxide depends on the mixing rate. Changing the
mixing rate therefore resuits in methane gene activation and inactivation, and provides a very simple procedure that is being used to
manipulate methane gene regulation in vivo. As the sequence of the entire Mt genome is now known, hybridization probes are
immediately available and are being used to identify and quantitate all methane gene transcripts, with two dimensional gel
electrophoresis used to identify and quantitate their encoded polypeptides. In paralle! studies, purified Mt RNA polymerase, with
recombinant Mt TATA-binding protein and TFIIB are being used to reconstitute and investigate in vitro the molecular basis of
hydrogen-dependent methane gene transcription.

151. Regulation of Alternative CO2 Fixation Pathways and Control of Redox Status of Photosynthetic Microorganisms
Tabita, F. R.

institution: Ohio State University
Phone: 614-292-4297

Department: Department of Microbiology
Fax: 614-292-6337

Address: Columbus, OH 43210-1292
Email: {abi

Funding: $105,000 12 months

In addition to serving as a primary source of carbon, CO, is used by photosynthetic microorganisms as an important electron sink for
.the dissipation of excess reducing power. Recent studies in our laboratory have shown that molecular controls for the expression of

nitrogen is controlled by a global two-component signal transduction system which also regulates expression of the cbb system in
this organism. Current studies are directed at elucidating molecular links that exist between the cbb and nif control circuits in R.

studies of this major CO, assimilatory route. All of the key enzymes have now been purified to homogeneity, including ATP-citrate
lyase, pyruvate synthase, -ketoglutarate synthase, phosphoenolpyruvate carboxylase, as well as several redox cariers. The two
synthase enzymes are iron-sulfur proteins that require a specific reduced fermedoxin isolated from C. tepidum and other necessary
cofactors for activity. The purified proteins are also being empluyed to isolate the structural genes so that we may determine how
the RTCA pathway is regulated at the molecular level. isolated structural genes will also be employed to prepare recombinant
proteins to better relate their structure to specific catalytic events.
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152. Summer Workshop: Molecular Bagis, Physiology, and Diversity of Microblal Adaptation
Tabita, F. R

Institution: The Ohio State University
Phone: 614-292-4297
Department: Department of Microbiology

_ Fax: 614-292-6337 -

Address: Columbus, OH 43210-129
Email: tabita.1 }
Funding: $48,420 FY97 funds for 24 months

Graduate programs specializing in microbia! biology have dedlined in recent years, greatly reducing the opportunities for advanced
training in this important research area. As one mechanism to rebuild interest in microbial physiology and to train new scientists in
the area, we have developed a four week summer course focusing on the theme "Mechanisms of Microbial Adaptation®. In 1997 the
course contained both lecture and laboratory components targeted to senior level graduate students and industrial scientists who
desire an in-depth introduction to research in the area of microbial physiology. Current topics on the mechanisms of microbial
adaptation were presented in a 20 lecture seminar series given by the course faculty and 12 distinguished invited guest lecturers.
Topics included: adaptive response of microorganisms in fermentations, global response mechanisms, regulation of microbial
autotrophism, carbon metabolism in methanogens, and biodegradation and bioconversion by microorganisms. The accompanying
laboratory exercises illustrated current practical problems in microbial physiology and introduced the students to modem
experimental techniques and conceptual approaches. These experiments provided the students with experience in fermentation
technology, characterization and quantitation of proteins and metabolic intermediates, enzyme ‘activity measurements and basic
kinetic analyses, genetic approaches for the identification of regulated genes, and the anaerobic techniques needed to purify
oxygen-sensitive proteins. A second inherent goal of the course was to establish a significant interactive community of research
scientists in the field. Informal presentations by the guest lecturers were used to stimulate discussions between students and taculty
about both research problems and career development. A detailed description of the course is available at our web site:
hitp/Aww.biosci.chio-state.edu/~microbio/summer/course.htmi

153. Energetics and kinetics of syntrophic aromatic degradation
Mcinemey, M. J.

Ingtitution: University of Oklahoma

Phone: 405-325-6050

Department: Department of Botany and Microbiolegy
Fax: 405-325-7619

Address: Norman, OK 73019-0245

Email: mci .

Funding: $94,000 12 months

The anaerobic bacterium "Syntrophus acidotrophicus™ strain SB in cocutture with the methanogen, Methanospiriium hungate,
degraded benzoate to a minimum threshold concentration at which no further benzoate degradation occurred, even with extended
incubation. The addition of sodium acetate but not sodium chioride affected the threshold value; increased acetate concentrations
resulted in increased benzoate threshold concentrations. Cocultures that initiaily contained 2.5 mM benzoate with either 0 or 10 mM
acetate degraded benzoate to very low threshold concentrations, less than 500 nM. In contrast, cocultures with 30 or 60 mM acetate
added, degraded benzoate to threshold concentrations of 4.4 uM and 1.5 mM, respectively. The final partial pressure of hydrogen in
the methanogenic cocultures ranged from 1.5 to 3.0 Pa. At threshold, the Gibb’s free energy change under physiological conditions
was still favorable, ranging from -14 to -21 kJ per mole. These data show that substrate degradation thresholds do occur under
methanogenic conditions and that the threshold values can be substantial under conditions where hydrogen is low if acetate is
aliowed to accumulate to high concentrations. Similar free energy values obtained under sulfate-reducing and methanogenic
conditions when the threshold is reached support the hypothesis that substrate thresholds are thermodynamically controlied and
that substrate degradation may be precluded even though the free energy change is still favorable.

"154. The Structure of Pectins from Cotton Cell Walils

Mort, A.

Institution: Okiahoma State University

Phone: 405-744-6197

Department: Department of Biochemistry & Molecular Biology
Fax: 405-744-7799

Address: Stillwater, OK 74078-0454

Email: i

Funding: $104,658 12 months

In work over the last eleven years on pectins from cotton suspension culture cell walls we have concluded that pectins are based on
only two backbone structures. One is a (1-4) linked galacturonan and the other is a repeated disaccharide of galacturonic acid and
rhamnose (rhamnogalacturcnan). ) '

The homogalacturonan based pectin regions fall into three common types. 1) True homogalacturonans with varying degrees of
methyl esterification, 2) Rhamnogalacturonan I, a homogalacturonan section with complex sidechains clustered such that it can be
isolated as an ~ 5,000 Dalton fragment after endopolygalacturonase digestion of cell walls, and 3) xylogalacturonan, a
homogalacturonan backbone with frequent single xylose substituents linked to the galacturonic acid residues.
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The goal of the project is to leam more about the structure, and if possible, function of the various pectic regions and m dqtgrmine
which regions are covalently attached to each other. We also want to determine how they are linked to each other by isolating and
characterizing junction zones between them.

To help achieve these goals we are developing highly sensitive methods for carbohydrate analysis and sequencing using capillary
electrophoresis, enzyme and chemical digestions, and spectroscopic methods.

In addition, we are comparing the pectins of cotton cotyledons to those of the tissue cultures in case cutturing induces major
modifications in the structures. :

155. Characterization of the Genes Involved in Nitrification
Arp, D. J. and Sayavedra-Soto, L.A.

institution: Oregon State University

Phone: 541-737-1294

Department: Department of Botany & Plant Pathology
Fax: 541-737-3573

Address: Corvallis, OR 97331-2902

Email:

Funding: $90,000 12 months

Nitrification Is a bacterial process in which ammonia i oxidized to nitrate. In croplands fertilized with ammonia or urea-based
compounds, oxidation of ammonia by these bacteria leads to a loss of available N. Our research is directed at characterizing the
genes involved in nitrification with the intention of providing a basis for supporting development of biotechnology aimed at controlling
nitrification. The genes in Nitrosomonas europaea which code for ammonia monooxygenase (AMO, which catalyzes the oxidation of
ammonia to hydroxylamine) and hydroxylamine oxidoreductase (HAO, which catalyzes the oxidation of hydroxylamine to nitrite)
were clioned and sequenced. The genes for AMO (amoA and amoB) are each present in two copies. The gene for HAO (hao) is
present in three copies. We recently developed a protocol for the transformation of N. europaea based on electroporation and
homologous recombination of introduced DNA. These observations and developments provide the basis for our proposed
experiments. The following specific objectives are proposed: 1) Complete the physical mapping and characterization of the muttiple
copies of the genes coding for ammonia monooxygenase (amoA and amoB) and hydroxylamine oxidoreductase (hao). 2) Determine
which individual copies of amoA, amoB, and hao are dispensabie, which are functional and which are expressed. 3) Determine If the
individual copies of amo and hao are expressed differentially under various physiological conditions. 4) Identify genes near amo and
hao and determine the function of these genes. These studies are expected to provide a better understanding of the genetic basis
for ammonia oxidation to nitrite.

186. Genetic Analysis of Chloroplast Translation
Barkan, A.

institution: University of Oregon

Phone: 541-346-5145

Department: Institute of Molecular Biology
Fax: 541-346-5891

Address: Eugene, OR 97403-1229

- Email: n i

Funding: $97,000 12 months

.The accumulation of components of the photosynthetic apparatus in the appropriate ratios and within the correct cell types requires
the regulated expression of chioroplast genes. This project concems the controi of chloroplast protein synthesis by nuclear-encoded
factors. The project is focused on crp1, a nuclear gene in maize, mutations in which disrupt the translation of the petA mRNA and
the metabolism of petB and petD mRNAs. Thus, the crp1 gene activates the expression of a small set of chloroplast genes. We
recently cloned the c/p1 gene by taking advantage of the Mu transposon tag, The sequence of a full length cDNA clone revealed no
significant homologies with any proteins of known function. The cDNA was used to generate recombinant protein and Crp1p
antisera. Inmunolocalization studies revealed that Crp1p is localized in the chioroplast stroma and is not associated with enveiope
or thylakoid membranes. The role of crp1 in activating translation will be investigated by defining the step at which translation is
blocked in mutant chioroplasts, by determining whether Crp1p is a component of an RNA binding activity, and by assessing the
activities of purified Crp1p in binding RNA, processing RNA, and in activating transiation-in vitro. Towards this last end, we have
established methods for the preparation of pea and maize chioroplast extracts that are active in translation. Understanding the
mechanism by which c/p1 activates translation will further our understanding of chloroplast translation in general. A related project
concems the role of endonucleolytic processing of polycistronic RNA precursors in chioroplasts. In crp? mutants, the absence of
monocistronic petD mRNA correlates with a loss of petD translation, suggesting that petD is inefficiently translated in a polycistronic
context. Preliminary results of enzymatic RNA structure analyses.suggest that the petD start codon is sequestered in secondary
structures when it is in the polycistronic context but not when it is in the monocistronic context. Experiments in progress will further
explore the roie of endonucieolytic RNA processing in controiling the translation of chloropiast mRNAs. Finally, a screen is in
progress for new Mu-induced mutants with defects in the transiation of chioroplast mRNAs.
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157. Biochemica! Genetics of Lignin Degradation by Phanerochaete chrysosporium
Gold, M. '

Institution: Oregon Graduate Institute of Science & Technology

Phone: 503-748-1076

Department: Department of Chemistry, Biochemistry & Molecular Biology
Fax: 503-748-1464 _

Address: Portland, OR 97291-1000

Email:
Funding: $134,000 12 months

The objective of this research is to further our understanding of the lignin degradative system of the basidiomycete Phanerochaete
chrysosporium. We are using a variety of approaches to characterize the enzymes and genes involved in this process.

We are studying the structure and mechanism of lignin and Mn peroxidases (LiP and MnP) via spectroscopic, kinetic, and
bioorganic methods and in collaboration by crystaliography. Using our homologous expression system that produces recombinant
MnP in P. chrysosporium, we have isolated and characterized by kinetic, spectroscopic, and crystallographic methods several
mutants of the Mn binding site of MnP. We also have characterized mutants of Phe 190, an amino acid residue in the heme cavity of
MnP, which stabilizes the protein. A similar expression system is being developed for LiP. Finally, we are studying the enzymes and
genes involved in lignin degradation by the while rot fungus Dichomitus squalens.

We are also characterizing an intracellular quinone reductase which is involved in the further metabolism of monomeric quinones
produced as lignin degradation products. We have isolated and sequenced cDNA and genomic clones encoding this enzyme from
P. chrysosporium, and a variety of studies, including homologous expression, are being carried out to determine the enzyme's
mechanism and its role in lignin degradation.

158. Cellobiose dehydrogenase and B-glucosidase from Phanerochaete chrysosporium: Effect on cellulose hydrolysis,
cloning, and charactarization
Renganathan, V.

Institution: Oregon Graduate Institute of Science & Technology

Phone: 503-748-1134

Department: Department of Chemistry, Biochemistry & Molecuiar Biology
Fax: 503-748-1464

Address: Portiand, OR 97291-1000

Emall: i

Funding: $90,000 12 months

Cellobiose dehydrogenase {CDH}) is an extracellular hemoflavoenzyme produced by cellulose-degrading cuttures of fungi such as
Phanerochaete chrysosporium, Sporotrichum thermophile, Trametes versicolor, and Coniophora puteana. In this study, we plan to
purify and characterize the thermostable CODH from Sporotrichum thermophile. We will also study the interaction of COH and -
glucosidase from P. chrysosponum with cellulose using electron microscopy.

159. The Characterization of Psychrophilic Microorganisms and Their Potentially Useful Cold-Active Glycosidases
Brenchiey, J. E.

Institution: Pennsylvania State University

Phone: 814-863-7794

Department: Department of Biochemistry & Molecular Biology
Fax: 814-863-7024

Address: University Park, PA 16802

Email: |

Funding: $105,000 12 months

Our objective is to characterize psychrophilic microorganisms and to discover, purify, and study nove! cold-active glycosidases.
Cold-active glycosidases with high activities at low temperatures can be used for iow temperature conversions of saccharides in
plant biomass, whey, etc. into fuels or fermentation media. Comparisons of cold-active enzymes with their higher temperature
counterparts will yield insight into structural features involved in thermal stability. Our goals are to compiete the characterization of
three -galactosidase isozymes cloned from one Arthrobacter strain, to isolate new psychrophiles producing cold-active glycosidases
with even lower temperature optima, to clone and sequence genes for selected enzymes, and to purify cold-active glycosidases for
biochemical studies and comparisons. We have completed the analysis of the three Arthrobacter genes. One encodes a lacZ family
subunit, except the enzyme has an optimum about 20°C below that of the Escherichia coli enzyme. The second gene helped define
a new class, which we designated lacG. The third gene encodes a small 52 kDa subunit with homology to the lysosomal acid -
galactosidases found in human and mouse. In addition, we have sequenced a new lacZ-ike gene from an Antarctic isolate that
encodes a -galactosidase with an optimum between 10 and 20°C. The significant similarity of this gene (67%) to the one we
examined earlier will permit a careful examination of the amino acid changes that might contribute to the iower temperature optimum
of this new enzyme. .
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160. Energy Transduction in Gréen Sulfur Bacteria
Bryant, D. A.

Institution: Pennsylvania State University

Phone: 814-865-1992

Department: Department of Biochemistry & Molecular Biology
" Fax: 814-863-7024

Address: University Park, PA 16802 -

Email: 4

Funding: $92,000 12 months

The long-term objective of this research program is to develop a detailed understanding of the structure, function and biogenesis of
the light-energy transduction apparatus found in green sutfur bacteria. Secondary goals are to analyze their transcriptional
machinery, to develop methods for genetic analyses, and to understand the relationship of green sulfur bacteria to other eubacteria.
Genes encoding eight (of ten) Chiorobium tepidum chiorosome proteins have been cloned, sequenced, and characterized. These
eight proteins have been overproduced, purified, and used to raise polycional rabbit antisera. CsmA, CsmB, CsmC, CsmD, and
CsmE have been shown to be surface-exposed components of the chiorosome envelope. Experiments to demonstrate the
location(s) of CsmH, Csml, and CsmJ are in progress. The latter two proteins are similar in their N-terminal domains, and each
protein contains a cysteine sequence motif suggesting each will contain a [2Fe-2S] cluster. EPR measurements on Csmi after in
vitro reconstitution has confirmed the presence of the anticipated Fe-S cluster. EPR studies of chiorosomes isolated under
anaerobic conditions are in progress. Finally, we have recently characterized the genes encoding sigma factors of RNA polymerase
in Chiorobium tepidum and Chiorofiexus aurantiacus. Like cyanobacteria, C. aurantiacus produces muttiple Group 1 and 2 sigma
factors. The SigC protein is expressed at similar levels in cells grown photoheterotrophically under anaerobic conditions or
heterotrophically under aerobic conditions. Interestingly, the SigA protein is expressed at a significantly higher level in cells grown
under aerobic conditions than under anaerobic conditions.

161. Biophysical and Molecular Mechanisms Controlling Plant Cell Growth
Cosgrove, D. J.

Institution: Pennsyivania State University
Phone: 814-863-3892

Department: Department of Biology

Fax: 814-865-9131

Address: University Park, PA 16801-5301
Emall:

Funding: $108,000 12 months

Plant cell enlargement is controlled by wall stress relaxation. This process depends on ceil wall structure and the combined activity
of wall “loosening" and *rigidifying” proteins. We are using biophysical and molecular approaches to elfucidate the nature of wall
relaxation and its control of cell enlargement. (A) We have developed a biophysical mode! of cell wall expansion based on the
thermodynamics of hydrogen-bonded polymer networks. Many of the actual properties of expanding walls are described by this
model, which predicts that the ratio of cellulose to hemicellulose is a key structural feature that determines wall yield threshoid. This
prediction will be tested by in-vitro assays of wall extension. (B) The nature of wall rigidification is being examined in several ways.
Specific bonds in the wall will be broken or formed by use of chemical and enzymatic agents, and wall extensibility then assayed.
The hypothesis that pectin methyl esterase is a significant wall rigidifying enzyme is being tested by a combination of biochemical
and molecular approaches. We are also attempting to identify endogenous wall rigidifying activities in protein preparation made from
cell walls. (C) The dynamics of cell enlargement is being explored by use of a novel pressure chamber to modulate turgor and
record the resulting growth responses. (D) Wall extension properties are being analyzed in brassinolide-deficient mutants
(Arabidopsis, pea), which the intention of uncovering the mechanism by which this steroid-like hormone modulates plant form.
These studies will deepen our understanding of plant cell wall expansion and its control of plant growth.

162. Elongation Factor 1Aipha and the Plant Cytoskeleton
Cyr.R J.

Institution: Pennsylvania State University
Phone: 814-865-6416

Department: Department of Biology

Fax: 814-865-9131

Address: University Park, PA 16802
Email: fj

Funding: $95,000 12 months

The cytoskeleton, and in particular its microtubule (Mt) component, participates in several processes that directly affect growth and
development in higher plants. Normal cytoskeletal function requires the precise and orderly arrangement of Mts into several cell
cycle and developmentally specific amrays. One of these, the cortical array, is notablé for its role in somehow directing the deposition
of cellulose, the most prominent polymer in the biosphere. it is therefore important to acquire information regarding the molecules
which regulate Mts within the different arrays. Experimental data has been obtained to suggest that piant cells use calcium, in the
form of a Ca++/calmodulin complex, to affect the dynamics of Mts within the cortical array. Owing to the importance of Ca++ as a
regulatory ion in higher plants we are probing for a putative Ca++/Mt transduction pathway which may serve to integrate Mt activities
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within the growing and developing plant cell. We have found that elongation factor 1-a behaves as a Mt associated protein serving
to both stabilize, and bundle, microtubules in vitro. Both of these effects are modulated in vitro by Ca++/calmodulin which unbundles
and destabilize Mts. Our working hypothesis is that similar events occur in vivo and we are currently undertaking a structure/function
approach to identify the regions on this MAP that are involved in these activities.

163. Enzymology of the Pathway for Acetate Conversion to Methane in Methanosarcina thermophila
Ferry, J. G.

Institution: Pennsylvania State University

Phone: 814-863-5721

Deopartment: Department of Biochemistry & Molecular Biology
Fax: 814-863-7024

Address: University Park, PA 168024501

Email:

Funding: $107,000 12 months

Several enzymes identified in the pathway for the fermentation of acetate to methane and carbon dioxide have been purified from
Methanosartina thermophila and are under investigation utilizing biochemical, biophysical and molecular genetic approaches. The
mechanisms of acetate kinase and phosphotransacetylase are under investigation utilizing site-directed mutagenesis to identify
active site residues and mass spectrometry to identify covalent intermediates. Efforts are underway to determine the crystal
structures of both enzymes. Crystals of acetate kinase have been obtained in collaboration with Miriam Hasson which diffract to
beyond 1.7 angstrom resolution. Procedures are being developed for the overproduction of subunits of the CO
dehydrogenase/acetyl-CoA synthase (CODH/ACS) complex in Escherichia coli and M. thermophila. Methods are also being
developed for overproduction of a protein suspected to be involved in maturation of subunits of the CODH/ACS complex. Electron
paramagnetic resonance and Mossbauer spectroscopies, in collaboration with Drs. Steve Ragsdale and Kristene Surerus, have
been used to characterize the FMN and iron-sulfur centers of a novel iron-sulfur flavoprotein (Isf) discovered in M. thermophila. The
results support a role for Isf in donating electrons to cytochrome b in the membrane-bound electron transport chain.

164. Primary Electron Transfer in Green Photosynthetic Bacteria
Golbeck, J. H. and Vassiliav, L.R.

Institution: Pennsylvania State University

Phone: 814-865-1163

Dopartment: Department of Biochemistry & Molecular Biology
Fax: 814-863-7024

Address: University Park, PA 16802

Emall: jhgS@psu.edu
Funding: $92,000 12 months

Green sulfur bacteria (Chlorobiaceae) represent a group of strictly anaerobic and obligately phototrophic procaryotes which use
sulfide as the immediate electron donor in photosynthesis, and have a Type | photosynthetic reaction center which resembles
Photosystem | of green plants and cyanobacteria. Much is known about the proteins, pigment organization and energy transfer in
light-harvesting system of green sulfur bacteria, but the details of the redox cofactors and the kinetics of the acceptors in the
photosynthetic reaction centers are poorly understood. The major gap in our knowledge involves the identity and the kinetic
properties of intermediate acceptors participating in electron transfer from the primary pair P840° A¢- to the terminal acceptors Fu/Fs.
In this work, we will identify those factors in Chiorobiaceae research which has hindered progress, and we offer experimenta!
strategies to overcome these limitations. Our goai is to measure the optical and EPR spectra of the electron acceptors, and to
resolve their kinetics properties. The premise is that the reaction centers of Photosystem | and Chlorobiaceae are similar in the
identity of the electron acceptors but they differ considerably in the details of their function. Type | reaction centers are of
considerablg interest because they generate a long-fived reductant which has the thermodynamic capability to drive the half-cef]
reaction: 2H" + 2e” -> H;. The green bacterial reaction center combines the most desirable property of Photosystem !, the ability to
generate a low potential reductant, with the polypeptide simplicity of a bacterium. Thus, a detailed understanding of the Chlorobium
zacﬁon center has the potential to contribute to a molecular device capabie of generating molecular Ha, a clean, renewable source
energy.

165. Molecular-Genetic Analysis of Maize Starch Branching Enzyme Isoforms
Guiltinan, M. J.

institution: Pennsylvania State University
Phone: 814-863-7957

Department: Department of Horticulture
Fax: 814-863-1357

Address: University Park, PA 16802-4200
Email: mja@psu.edu

Funding: $92,000 12 months

Starch is an important energy storage molecule used by all plants. its synthesis involves the creation of branch points by a class of
enzymes known as starch branching enzymes (SBE, EC 2.4.1.18). Biochemical studies have shown that three isoforms of SBE
exist in maize endosperm, SBEH, lla and lb.
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To fully understand the role of the SBE isoforms in starch biosynthesis, a comprehensive molecular-genetic dissection of the SBE
gene family is underway. We are in the process of isolating cDNA and genomic DNA clones for all of the maize SBE family
members and we will use these sequences to study the expression pattens and regulatory elements of each sbe gene. We will aiso
identify maize lines with mutations in each sbe gene. To reach these Objectives, we are using a combination of conventional
molecular techniques to isolate and study the genes, together with a reverse genetics transposon based approach to identify
insertional mutants. Together, these lines of research will advance our knowledge of the importance of the SBEs in starch
biosynthesis and in the life cycle of the plant. Knowledge of the regulatory elements which control sbe gene expression may be

“useful in engineering maize endosperm for the production of novel carbohydrate storage products for industrial feedstocks. The
knowledge gained and the tangible products of this research (genes, cONAs and novel germplasm) may also be useful in the
production of starches with altered structure for use in industry.

166. Charcterization of Lignin and Mn Peroxidases from Phanerochasete chrysosporium
Tien, M.

Institution: Pennsylvania State University

Phone: 814-863-1165

Department: Department of Biochemistry & Molecular Biology
Fax: 814-863-8616

Address: University Park, PA 16802-4500

Email:

Funding: $115,000 12 months

The initial steps of lignin biodegradation by white-rot fungi are catalyzed by the lignin and Mn peroxidases. These enzymes were
first discovered in the fungus Phanerochaete chrysosponum and have now been isolated from a large number of lignin-degrading
fungi. Our research has been aimed at elucidating the role of these enzymes in lignin degradation. The enzymology of this process
is complicated. The lignin and Mn peroxidases are isozyme families, expressed differentially in response to environmental
conditions. These peroxidases are unique in their ability to oxidize substrates which other peroxidases cannot oxidize. The
mechanism by which these enzymes act on lignin is not weli understood, redox mediators have been proposed to be involved in
oxidation of lignin by these enzymes. We have performed site-directed mutagenesis of these enzymes to study the nature of their
substrate binding site and the basis of their reactivity. We have also developed a transformation system which is presently being
used to generate antisense mutants. These studies are attempting to determine the role of these enzymes in lignin degradation.

167. Light Responses and Photoperiodism in Arabidopsis thaliana
Cashmore, A. R.

Institution: University of Pennsylvania
Phone: 215-898-9383

Department: Director, Plant Suenoe Institute
Fax: 215-898-8780

Address: Philadeiphia, PA 19104—6018
Email: 1t

Funding: $132,000 12 months

We have characterized several classes of mutants of Arabidopsis thaliana that show alterations in their responses to light. The pef
mutants (phytochrome/early lowering) flower early under white light and exhibit elongated hypocotyls when grown under red or far-
red light. Because of their selective insensitivity to red/far-red light, these mutants are believed to correspond to mutations in the
phytochrome signalling system. A second class of mutants are the rsp mutants (reduced sensitivity to photoperiod): these mutants
exhibit an aiteration in their timing mechanism such that they flower earlier than wild-type plants under certain short-day
photoperiods. Furthermore, the rsp mutants show an alteration in the periodicity of the free-running rhythm for CAB gene
expression. This alteration in the timing of two distinct physiological parameters suggest that the rsp mutants may correspond to
lesions in a central component of the circadian clock. Another class of mutants we have characterized are the elr mutants
(enhanced Aght response), which exhibit unusualty short hypocotyls when grown under either red or blue light. As the elr mutants
show no discemible phenotype when grown in the dark, these mutants (like the pef mutants) appear to comespond to lesions in a
-light-signalling pathway.

168. Structural basis of signal and energy transduction in plants
Cashmore, A. R.

Institution: University of Pennsylvania
Phone: 215-898-9383

Department: Director, Plant Science Institute
Fax: 215-898-8780

Address: Philadelphia, PA 19104-6018
Email: cashmor@sas.upenn.edu

Funding: $150,000 12 months

The aim of this program i$ to train students in both molecular genetic and structural studies in plant science. Students are trained in
graduate programs in Biochemistry, Chemistry, and Biology. These students pursue research in areas ranging from structural
studies of plant enzymes invoived in terpene biosynthesis to molecular genetic studies of signalling by the plant hormone ethylene.
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Each year a retreat is held involving both local researchers and one or more internationally renowned scientists who address the
students on molecular genetic or structural studies in plant science. By this mechanism students are being trained with an
appreciation of both molecular genetic as well as chemical, bsochemw and biophysical approaches to research in plant science.

169. Membrane-Attached Electron Carriers in Photosynthesis and Respiration
Daldal, F.

Institution: University of Pennsyivania
Phone: 215-898-4394

Department: Department of Biology
Fax: 215-898-8780

Address: Phlladelphna PA 19104-6018
Email:

Funding: 5114 000 12 months

Our overall aim is the molecular characterization of the structure, function and biogenesis of membrane-associated cytochromes
(cyt) that act as electron camiers in photosynthesis (Ps) and respiration (Res). We use the facultative photosynthetic bacteria of
Rhodobacter species as a model system for these studies. The presence of a dual electron transfer (ET) pathway between the cyt
bc1 complex and the reaction center (RC) in Ps, and the cyt ¢ oxidase in Res, was first revealed by our Ps- and Res-proficient
mutants of R. capsulatus devoid of the soluble cyt c2. We have then demonstrated that the novel membrane-associated cyt cy is the
molecular basis of this entirely membrane-confined ET pathway that functions both in Ps and Res growth conditions. Using an
epitope-tagged and functional derivative of cyt cy we purified it for the first time, determined its physicochemical properties and its
mode of attachment to the membrane. These studies established that cyt cy is composed of an *anchor,” a “linker” and a “cyt ¢*
domains, and demonstrated that its "anchor-linker” domains can also attach cyt c2 to the membrane in a functional form. Our very
recent measurements indicate that kinetic characteristics of the cyts c2 and cy are very similar, except that the latter is not diffusion-
limited during multiple tumovers. This finding strongly supports the presence of supercomplexes formed of the RC, the bc1 complex
and cyt cy. Unexpectedly, an homologue of cyt cy was also found in R. sphaeroides, its nuclectide sequence was completed, a
mutant lacking it was obtained, and its role in electron transport is under study. Current work is now focused on defining the
molecular differences between the cyt cy molecules of these two closely related Rhodobacter species which behave very drﬂemmty
in respect to their ability to use membrane-attached electron carmier cytochromes in photosynthesis and respiration.

170. Molecular and Ganetic Analysis of Hormone-Regulated Differential Cell Eiongation in Arabidopsis
Ecker, J.

Institution: University of Pennsylvania
Phone: 215-898-9384

Department: Department of Biology
Fax: 215-898-8780

Address: Philadelphia, PA 19104-6017
Emali:

Funding: $103,000 12 months

The aim of this project is to understand how plant hormones act coordinately to regulate the efongation of cells. Ethylene and auxin
are known to modulate cell elongation in the hypocotyl and apical hook in etiolated seedlings. The hook is formed by asymmetric
elongation of cells on opposite sides of the hypocotyl. For genetic studies, the apical hook provides an excellent mode! system to
identify genes required for hormone-regulated growth since this structure is dispensable for plant viability. Mutants in Arabidopsis
that exhibit altered patterns of differential growth in the hypocotyl have now been identified and include those lacking an apical hook
or showing constitutive apical hook curvature. One of these genes, HOOKLESS1 (HLS 1) a putative N-acetyltransferase, is required
for apical hook formation and for normal expression of auxin response genes in the hypocoty! and apical hook. interestingly, HLS1
transcription is regulated by ethylene, thus providing a link between the ethylene and auxin response pathways. This novel protein
may regulate celiular responses 1o auxin by one of several mechanisms, such as by alteration of gene transcription, or a change in
hormone sensitivity or transport. In order to further explore this connection, we are now identifying transcription factors that interact
with the promoter of HL.S1. Through the identification of additional mutants defective in differential growth and by characterization of
their comesponding gene products, we hope to gain new insight into this lithe understood process. it is expected that the general
mechanisms found to be important for controlling cell growth in this model system will also be utilized in other plants.

171. Biochemical Basis of YCF1-Dependent Vacuolar Glutathione-S-Conjugate Transport
Res, P. A

Institution: University of Pennsyivania
Phone: 215-898-0807

Department: Department of Biology
Fax: 215-898-8780

Address: Phlladelphna PA 19104-6018
Email:

Funding: 599,000 12 months

The Saccharomyces cerevisiae YCF1 (yeast cadmium factor) gene was originally isolated according to its ability to confer cadmium
resistance. YCF1 encodes a 1,515 amino acid, cystic fibrosis transport regulator- (CFTR-) like ATP binding cassette (ABC)
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transporter which is closely related to the human multidrug resistance-associated protein (MRP1 or GS-X pump) implicated in the
resistance of a number of cancer cell lines to chemotherapeutic drugs. Recent experiments by our group demonstrate that YCF1 is
both a functional and structural homolog of the mammalian GS-X pump. YCF1 participates in the MgATP-energized vacuolar uptake
of bis{giutathionato)cadmium (Cd.GS,) and a wide range of organic toxins after their S-conjugation with glutathione (GSH).

This program of research is concemned with several fundamental aspects of the mechanism of YCF1: (i) Its mode of interaction with
GS-conjugates. We have shown that YCF1 is necessary for MgATP-energized vacuolar GS-conjugate transport but we have not yet
- determined if it directly interacts with these compounds. (i) Its sufficiency for transport. Although the inferred structure of YCF1 is
consistent with its direct participation in MgATP-energized GS-conjugate transport, it is not known if YCF1, alone, is sufficient. (iii) its
facility for transporting metal ions other than Cd** after their complexation with GSH. While the wild type YCF1 gene is required for
Cd* resistance, nothing is known of its involvement in the vacuolar sequestration of other GSH-complexable metal ions. (iv) its
regulation by phosphorytation. YCF1 is unusual in possessing a CFTR-like regulatory domain containing dibasic PKA
phosphorylation motifs whose modification may modulate activity. (v) The necessity of the N-terminal extension unique to it and
other members of this subclass of ABC transporters for substrate recognition and/or transport.

In view of the involvement of YCF1 in both heavy metal and organic toxin transport and its equivalence to MRP1 and the vacuolar
GS-X pumps of plants, these studies are likely to provide fresh insights into the membrane transport phenomena associated with
mammalian tumor biclogy and plant herbicide resistance, in particular, and heavy metal tolerance and bioremediation, in general.

172. Molecular Studies of B-D-Glucan Synthesis and Turnover in Cersals
Carpita, N.

Institution: Purdue University

Phone: 765-494-4653

Department: Dept. Botany & Plant Pathology
Fax: 765-494-0363

Address: West Lafayette, IN 47907-1155
Email: i

Funding: $98,000 12 months

We continue our search in rice for genes that encode the Golgi-ocalized synthases of the (1AE3),(1AE4)~D-glucan (-D-glucan), a
cell-wall polysaccharide unique to the cereal grasses. -D-Glucan is synthesized transiently during the expansion phase of cell
growth and is hydrolyzed during cell differentiation once cells have ceased growing. The glucan is synthesized again in the
endosperm walls of the grain. The -D-glucan constitutes a majority of the cell wall mass of the endosperm, whereas cellulose
content is very low. Based on several enzymic properties which are shared by the synthases of -D-glucan /n vitro in isolated Golgi
apparatus and callose at the plasma membrane (Gibeaut, D.M., and N.C. Carpita, 1993, Proc.Natl. Acad. Sci USA 90, 3850-3854),
we proposed that the genes that encode the cereal -D-glucan synthases are derived from ancestral cellulose synthase genes. We
have sequenced five rice cDNAs with high homology to cotton and Arabidopsis CelA genes, each of which likely encode the
celiulose synthase catalytic subunit. These rice cDNAs fall into three groups, and we are using a PCR-based approach to identify
members of these three and other CelA-like genes from a genomic library of rice. Each of the cDNAs contains a hypervariable
region between regions of high conservation that are predicted to encode highly conserved UDP-Gic binding domains of the
deduced polypeptides. These regions are suitable for construction of gene specific probes, and experiments are designed to
differentiate between cellulose synthase and -D-glucan synthase by differentia! expression in seedling and endosperm. Further
proof will come from the immunolocalization of unique peptides of the -D-glucan and cellulose synthases at the Golgi or plasma
membrane, respectively.

173. Ferulate-5-hydroxylase: requirements for expression and activity
Chspple, C. C. S.

Institution: Purdue University

Phone: 765-494-0494

Department: Department of Biochemistry
‘Fax: 765-494-7897

Address: West Lafayette, IN 47907-1153
Email: I i

Funding: $195,000 12 months

Lignin is a phenolic polymer that imparts strength and decay resistance to the plant secondary ceil wall. In flowering plants, lignin is
composed mainly of two aromatic monomers which differ in their methoxyt substitution pattem. These monomers are derived from
ferulic acid and sinapic acid and give rise to guaiacyl- and syringyl-substituted lignin monomers, respectively. The balance between
guaiacyl and syringy! units in lignin varies among plant species, within a given piant, and even within the wall of a single plant cell.
Two cytochrome P450-dependent monooxygenases are required for the synthesis of lignin monomers, cinnamate-4-hydroxylase
(C4H) and ferulate-5-hydroxylase (F5H). Ectopic overexpression of F5H in Arabidopsis under the control of the C4H promotar
abolishes tissue-specific lignin monomer deposition and generates a novel-lignin that is almost entirely comprised of syringy! units.

These data demonstrate that the composition of the lignin polymer is dictated by the temporal and tissue-specific expression pattem

of F5H. We have further shown that the CaMV 35S promoter fails to promote'FSH gene expression in cells undergoing or providing
precursors for lignification. The promoter of the C4H gene used in this study is far more efficient in this regard. Finally, we have
shown that it is possible to genetically engineer plants to accumulate lignin that is highly enriched in syringy! residues. Thus, it
seems possible to increase the syringyt content of crop species and trees, thereby generating lignins that are easier to digest or
extract without detrimental consequences on agricultural performance.
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174. Structure and Function of the Lumenal Proteins of the Photosystem Il O2-evolving Complex in Cyanobacteria
Sherman, L ‘

Institution: Purdue University -

Phone: 765-494-8106

Department: Department of Biological Sciences
Fax: 765-496-1495

Address: West Lafayette, IN 47907-1392
Email: isherman@bilbo.bio. purdue edy
Funding: $165,000 18 months

The primary objective of this project will be to determine the proteins in the cyanobacterium Synechocystis sp. PCC6803 that
interact with the Mn-stabilizing protein (MSP) and help form the lumena! component of the PSIl Orevolving complex. We have
cloned the psbU gene (encoding the 12 kDa protein) and the psbV (encoding cyt C550) and have produced insertional mutations.
We have also produced the double mutants psbO psbU, psbO psbV and we will analyze the characteristics of all of these mutations.
We will be particularly interested in O-flash yields and fluorescence properties, as well as the growth characteristics of these
mutants. We have also utilized a digital imagining spectrometer (DIS) to isolate a series of randomly-induced mutants of psbO. The
DIS permits many colonies to be analyzed for fluorescence and we have utilized the high sensitivity of this instrument to obtain
some interesting mutations. We will continue this analysis throughout the course of the year to determine which residues provide
particularly interesting lesions in MSP. One goal is to determine the domains within MSP that give rise to specific categories of
mutations.. . :

Wae are also analyzing the characteristics of PSII in the unicellular, diazotrophic cyanobacterium Cyanothece sp. ATCC 51142. This
strain demonstrates great heterogeneity in PSII organization throughout the N-fixing cycle, which we interpret as a means of
downregulation of PS!I. We will concentrate on factors which affect the oxidizing side of the photosystem, including the status of the
lumenal proteins and factors which lead to the degradation of PSIi.

1753. A Molecular-Genetic Approach to Studying Source-Sink Interactions in Arabidopsis thaliana
Gibson, S. 1.

Institution: Rice University

Phone: 713-285-5833

Department: Department of Biochemistry & Cell Biology
Fax: 713-285-5154

Address: Houston, TX 77005-1892

Emall: si ioc i

Funding: $70,000 12 months

Sources (such as leaves) and sinks (such as roots and seeds) of carbohydrate interact in complex ways that play an important role
in plant development and physiology as well as in determining crop yields. The mechanisms by which sources and sinks of
carbohydrate interact are poorly understood, but are likely to involve the regulation of key genes by soluble sugar levels. Our
research is focused on determining the role of sugar-regulated gene expression in plant development and on elucidating the
molecular mechanisms by which this type of gene regulation occurs in plants. Towards this end, mutants that are defective in sugar-
regulated gene expression have been identified in the model plant Arabidopsis thaliana and are currently being characterized. This
work should lead to a better understanding of source-sink interactions, which is a pre-requisite to developing more rational
approaches to improving crop yields.

The final aspect of our work is focused on characterizing fumaric acid accumulation in a wide variety of plant species. Our interest in
this area stems from our discovery that fumaric acid accumulates to high levels in a number of plant species, including model plants
like Arabidopsis thaliana and economically important plants like soybean. Fumaric acid is of interest because it can be used by
plants to synthesize sugar and starch. Therefore, understanding fumaric acid accumulation could be critical to understanding sugar
and starch metabolism in plants, a topic of great economic importance to agriculture. :

178. Reconstitution of the Clostridium thermocellum Cellulosome
Wu,J H. D :

Institution: University of Rochester

Phone: 716-275-8499

Department: Department of Chemical Engineering
Fax: 716-442-6686

Address: Rochester, NY 14627-0166

Email: davidwu@che rochester.edy

Funding: $80,000 12 months

The Clostridium thermocelium celiulosome is a multicomponent cellulase complex. Its largest subunit, CipA (formery calied Ceil),
contains nine repeated domains (R’s), each functioning as a binding receptor to various cellufosomal catalytic subunits, and a
cellulose binding domain (CBD) in between the second and the third repeats. We have previously reported that CelS, an
exoglucanase and the most abundant catalytic subunit of the cellulosome, forms a stable complex with CipA. Furthermore, binding
of CelS to crystalline cellulose, as its activity toward the same substrate, is enhanced by CipA. Thus the activity of a cellulosomal
exoglucanase subunit can be enhanced by the anchorage function of CipA.
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In this work, we examined the effect of anchorage on the activity of CelD, an endoglucanase subunit of the cellulosome, using
recombinant CelD (rCelD) and the CipA functional domains, R3 (the repeat next to CBD) and CBD/R3, expressed in Escherichia
coli. rCelD formed a stable complex with CBD/R3 as analyzed by a gel-shift assay on a nondenaturing polyacrylamide gradient gel.
Binding of rCelD to crystaliine cellulose, as its activity toward both phosphoric acid-swollen and crystalline cellulose, was dependent
on CBD/R3. These results indicate that the activity of an endoglucanase subunit of the cellulosome, as that of the exoglucanase
subunit, is enhanced by the anchorage function of CipA. Such anchorage function may thus augment the potential endo-exo
synergism in the cellulosome. The results shed more light into the structure of the cellulosome and are iinportant for engineering the
cellulase complex for biomass energy conversion.

177. Regulation and Function of Salicylic Acid Immediate-Earty Induced Genes in Plant Disease Resistance
Chua, N.-H.

institution: The Rockefeller University
Phone: 212-327-8126

Department: Lab of Plant Molecular Biology
Fax: 212-327-8327

Address: New York, NY 10021-6399
Email: k

Funding: $98,000 12 months

Plant disease resistance is a phenomenon which, in part, requires the biosynthesis and perception of salicytic acid (SA) for the
induction of defense gene expression. We have used differential display analysis of tobacco cell cultures to identify SA earty
response genes. We cloned fragments of 15 genes with this behavior and estimated the total number of SA earfy response genes at
30-60. The kinetics of induction and response to cycloheximide {CHX) treatment allowed classification of genes into four groups.
Classes Il are characterized by immediate-early responses, showing increased accumulation of MRNA within 30 minutes of SA
treatment. Moreover, CHX did not block induction of these genes, indicating that latent cellular factors mediate the SA response.
Class IV genes were induced more slowly, but still within 2-3 hr of SA treatment, and required protein synthesis for expression.
Although identified in this study as SA-responsive genes, several could also be induced by other compounds. Two genes were
characterized in more detail, including isolation of cDNA sequences and additional analysis of gene expression. Sequence analysis
revealed that one is the previously identified Ethylene Response Eiement Binding Protein 1 (EREBP1), an ethylene induced
transcription factor for basic Pathogenesis-Related (PR) genes, whereas the other, G8-1, is a novel sequence. EREBP1 was found
fo be activated not only by SA, but also by auxin and methyl jasmonate. In contrast, G8-1 was found to be strongly induced only by
SA and its active analogs and was exquisitely sensitive o low SA concentrations. in addition, these and other genes were found to
be activated at early times following TMV infection of resistant tobacco genotypes.

178. Comn Storage Protein - A Molecular Genetic Model
Messing, J.

Institution: Rutgers University
Phone: 732-445-4256

Department: Waksman Institute

Fax: 732-445-0072 )
Address: Piscataway, NJ 08855-8020
Email: i .
Funding: $115,000 12 months

Com is largely used to produce animal protein. Therefore, livestock receives its protein from com meal. The major proteins in com
meal are a family of proteins, called zeins, whose main function is to store amino acids in the seed. These proteins are encoded by
a multigene family. The organization of this gene family in the genome and its regulation by various trans- and cis-acting
mechanisms provide not only an opportunity to reach a deeper understanding of the regulation of gene expression, but also new
tools and products for plant genetic engineering. Multigene families are also an exampie of genetic redundancy that has been far
more difficult to tackle from a genetic and a molecular point of view. But recent advances in the manipulation of large DNA
fragments has made it possible to make long-range physical maps. This has aliowed us to map a tandem array of 22-kDa zein
genes within 250 kilobases of genomic DNA. This array is divided into subclusters separated by about 60 kilobases containing
mainly highly repetitive retroelements, the latter preventing us from forming a contiguous sat of genomic clones. This was sotved
with DNA probes from a closely related cereal, Sorghum, whose repetitive DNA does fiot cross-hybridize to the corn genome, while
its gene sequences do. Furthérmore, the smaller genome size of Sorghum seems to correlate with shorter distances of gene
sequences. Therefore, the synteny between a smaller and a larger cereal genome will facilitate new approaches to genome
analysis.
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179. Signal Transduction Pathways that Reguiate CAB Gene Expression
Chory, J.

Institution: The Salk Institute for Biological Studies
Phone: 858-552-1148
Department: Plant Biology Laboratory

_Fax: 858-558-6379
Address: La Jolla, CA 82037

Emall: chory@salk.edu
Funding: $114,000 12 months

The process of greening, or chioroplast differentiation, involves the coordinate regulation of many nuclear- and chioroplast-encoded
genes. The cues for the initiation of this developmental program are both extrinsic (e.g., light) and intrinsic (cell-type and plastid
signals), but very little is known of the signaling pathways that regulate nuclear photosynthetic gene expression. The research
program focuses on the genetic, biochemical, and molecular characterization of new Arabidopsis thaliana mutants in which a
photoregulated promoter (CAB) is expressed aberrantly with respect to fight, intrinsic developmental signals, and signals from the
chioroplast. These genetic screens have allowed us to identify 18 new genes that play a role in the signal transduction pathways
controlling photoregulated gene expression and chloroplast development in Arabidopsis. Specifically, we have obtained mutants in
which CAB is expressed either: (1) in the light at abnormally low levels, defining positive regulators (9 genes). (2) in the dark at
abnormally high levels, defining negative regulators (3 genes); or (3) in the presence of inhibitors that eliminate chioroplast function,
defining an intracellular signaling pathway from chioroplasts to the nucleus (6 genes). During the past year, we have cloned three
genes, mutations which result in lower CAB mRNA levels in responsae to light. One of the mutations lies in phytochrome B and two
of the genes encode proteins that are localized to the chioroplast envelope. These genes thus represent a step toward elucidating
how information is transmitted from photoreceptors and organelles in the cytoplasm to regulatory factors in the nucleus.

180. Regulation of the floral homeotic gene AGAMOUS
Weigel, D.

Institution: The Salk Institute for Biological Studies
Phone: 858-453-4937

Dopartment: Plant Biology Laboratory

Fax: 858-558-6379

Address: San Diego, CA 92186-5800

Email: weigel

Funding: $100,000 12 months

The importance of flowers for human sustenance cannot be overstated. Not only are they organs of plant reproduction, but their
immediate products are fruits and seeds, including cereal grains, which provide the majority of calories consumed by humans. Thus,
understanding how plants regulate the formation of flowers is likely to have long-ranging practical applications. The long-term
objective of this project is to understand the mechanisms underlying the pattemed differentiation of cells within the flower. The
experimental system is the model plant Arabidopsis, which is particularly suited for genetic and molecular studies because of its
short generation time, small genome, and facile DNA-mediated transformation. The specific problem to be investigated is how a
global regulator, LEAFY, which encodes a master switch for the initiation of individual flowers, controis the region-specific
expression of a homeotic gene, AGAMOUS, whose expression and activity are limited to the central region of the developing flower.
A special gain-of-function allele of LEAFY has been created, whose phenotype suggests not only that the activity of LEAFY protein
is regulated during normal flower development, but also that the interaction between LEAFY and AGAMOUS is direct. To study this
interaction in more detail, an interrelated set of experiments is proposed. First, AGAMOUS cis-regulatory sequences mediating the
genetic interaction with LEAFY, which encodes a new type of nuclear protein, will be identified. In parallel, it will be determined
whether LEAFY protein can bind in vitro to AGAMOUS sequences. LEAFY-response elements will then be used in genetic screens
in yeast for other factors involved in AGAMOUS regulation. The proposed experiments will advance our understanding of how
widely expressed, early acting genes participate in the regulation of later-acting genes that are expressed only in restricted regions
of an emerging organ primordium. Apart from contributing to the general knowledge about pattem formation, the detailed analysis of
LEAFY might reveal new general insights into transcriptional regulation during development, since this gena encodes anew type of
transcriptional regulator. ' : ’

181. Reguiating expression of cell and tissue-specific genes by modifying transcription
Beachy, R. N.

Institution: The Scripps Research Institute
Phone: 314-935-9782

Department: Division of Plant Biology, BCC 206
Fax: 314-935-8605

Address: La Jolla, CA 92037

Email: h nforth

Funding: $140,200 FY97 funds for 18 months

Rice tungro bacilliform virus (RTBV) is one of two viruses which together are responsible for causing rice tungro disease. In previous
studies we characterized the viral genome, including the major promoter, and several proteins encoded by the virus, including the
reverse franscriptase (RT) and viral protease that is responsible for processing the viral polyprotein. The major promoter regulates
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accumuiation of the genome length transcript: the transcript serves as template for production of viral DNA (by the reverse
transcriptase) and as messenger RNA for synthesis of viral structural and non-structural proteins.

In transgenic rice plants the RTBV promoter is expressed in elements of the vascular system, including primary xylem and primary
phioem; this is in agreement with the observation that RTBV infection is limited to vascular tissues in plants. After identifying the
DNA sequences (cis elements) to which rice nuclear proteins bind, we determined the importance of each ¢is element for
expression of the promoter in transgenic plants. One of the ¢is elements, referred to as Box I, was used in a yeast one plasmid
system to isolate the protein that binds the element. The protein, referred to as RF2a, was cloned and expressed in E. coli, and
‘following purification and renaturation was shown to bind Box Il as homodimer; we also determined that a heterodimer was likety
responsible for regulation in vivo. RF2a’is active in an in vitro transcription assay system derived from rice cells, and in such assays
promotes expression from the RTBV promoter but not selected other promoters. Transgenic plants which contain reduced levels of
RF2a due to transgenes that produce (-)sense RNA derived from the RF2a gene exhibit abnormal vascular development in
seedlings, but not in adult plants. Research in progress is directed to characterizing sub-domains of RF2a that regulate expression
of the promoter, and to deveiop mutants of RF2a that restrict infection by RTBV.

182. Membrane Targeting of P-type ATPases in Plant Cells
Harper, J. F.

Institution: The Scripps Research Institute
Phone: 858-784-2862

Department: Department of Cell Biology, MBS
Fax: 858-784-9840

Address: La Jolla, CA 92037

Email: i rpps.

Funding: $97,000 12 months

Our long term goal is to understand how integral membrane proteins are targeted to different subceliular locations. This knowledge
is needed to engineer plants with new solute transport systems. Such systems include pumps for heavy metal uptake and salt effiux,
which may be useful for bioremediation and salt tolerance, respectively. The general focus of our research is on a family of ion
pumps called P-type ATPases. We are carefully examining the subcellular localization of two proton pumps (AHAZ and AHA10), two
calcium pumps (ACA2 and ACA3) and a putative copper pump (AXA2) in a mode! plant system, Arabidopsis. Our approach is to
assess localization using immunocytology, cell fractionation, and imaging of pumps fused to a green fluorescent protein. Our
primary focus is on an unusual pump, ACA2, which is most similar to a plasma membrane-type calcium pump in animals, but is
distinct since it is localized to an intemal membrane. We are testing three hypotheses using mutant pumps expressed in transgenic
plants. 1) Does the N-terminal domain contain targeting information? 2) Does the tonoplast become a "default” destination when
normal targeting information is deleted? 3) Can ACA2 be retargeted to the plasma membrane by making chimeras with different
regions of a plasma membrane proton pump? )

183. Nuclear Genes Regulating Translation of Organelles mRNAs
Mayfield, S. P. ’ :

Institution: The Scripps Research Institute
Phone: 619-784-9848

Department: Department Cell Biology, BCC283
Fax: 619-784-9840

Address: La Joila, CA 92037

Email: i

Funding: $95,291 12 months

We have identified a set of proteins that bind with high specificity and affinity to the 5’ untranslated region (UTR) of the chioropiast
psbA mRNA. Binding of these proteins to the 5’ UTR is required for ribosome association of the mRNA and hence for translation of
the downstream coding region. We have also identified the RNA elements contained within the 5' UTR of the psbA mRNA that are
recognized by this protein complex and that are required for high levels of translation. Cloning and characterizing of the RNA binding
proteins has revealed that one of these proteins is a member of the poly(A) binding protein famity. Binding activity of this protein is
regulated in response to light, resulting in light regulated translation within the chioropiast. Regulated binding is achieved by altering
the redox status of the RNA binding protein by an associated protein disulfide isomerase. Protein disulfide isomerase are involved in
the formation and reduction of disulfide bonds normally associated with protein folding. We have constructed chimeric genes
containing the psbA 5' RNA elements and the coding region of either a bacterial luciferase gene or a single chain antibody gene.
Both of these heterologous marker genes are translated at high levels within the chloropiast. These marker genes should allow us to
precisely define the factors that are involved in translational regulation of psbA mRNA, and provide important insight into the
molecular mechanism by which protein/RNA interactions trigger translational activation of specific chioroplast mMRNAs.
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184. Regulatory role of ANT in organ initiation and growth
Krizek, B. A.

Institution: University of South Carolina

Phone: 803-777-1876

Department: Departinent of Biological Sciences
Fax: 803-777-4002 '

Address: Columbia, SC 29208

Emall: ki i )

Funding: $94,000 12 months

Genetic and molecular experiments in Arabidopsis thaliana have contributed much to our understanding of the specification of organ
identity in flowers. However, many other processes in the development of a flower, including the determination of organ number and
position, the development of particular cell-types, and the acquisition of the final appearance (shape and size) of fioral organs,
remain poorly understood. One gene that affects both the number and the appearance of floral organs is ANT. ant mutants possess
a reduced number of sepals, petals, and stamens, narrow floral organs; and ovules without integuments. Thus, ANT is required for
proper organ growth and in some cases, organ initiation. The common bond between these different processes is cellular
proliferation, and we propose that ANT is a critical factor controlling the number of cell divisions in floral organ primordia. In addition,
ANT may also influence the plane of cell division. This is suggested by the effects of ant mutations on the shape of floral organs.
ANT is thought to function as a transcription factor due to the presence of two AP2-domains, which have been shown to bind DNA in
related proteins. In addition, ANT contains several putative activation domains and a potential nuclear localization signal. We will
examine the proposed ability of ANT to regulate cell division by characterizing transgenic plants containing high levels of ANT
expression. These transgenic plants produce larger flowers than wild-type piants, providing strong evidence that ANT is a key
regulator of cell division in fiowers. In order to understand how ANT acts in this process, we will identify and characterize functional
domains of the protein. This will include investigating the function of the putative DNA-binding and transcriptional activation
domains. Knowledge of the DNA binding site and activation properties of ANT will be important in future studies to identify target
genes. The proposed experiments will be extremely useful in understanding the regulatory mechanisms used by ANT in the control
of plant growth and organ initiation.

185. Regulation of Aicohol Fermentation by Escherichia coll
Clark, D. P.

Institution: Southem lllinois University
Phone: 618-453-3737

Department: Department of Microbiology
Fax: 618-453-8036

Address: Carbondale, IL 62901-6508

Email: dark@micro siy.edy
Funding: $99,000 12 months

We are studying the regulation of alcohol and lactate fermentation in the facultative anaerobe Escherichia coli. The protein encoded
by the adhE gene expresses both alcohol and acetaldehyde dehydrogenase activities and is responsible for ethanol synthesis. its
N-terminal half is homologous to other aldehyde dehydrogenases and its C-terminus to Fe-activated alcohol dehydrogenases. The
mechanism of anaerobic induction of adhE has been characterized by means of gene fusions. The buildup of reduced NADH during
anaerobic conditions plays the major role in regulating the adhE gene. The regulatory gene, adhR, has been cloned and preliminary
work indicates that the AdhR protein binds to DNA in the adhE upstream region. We are presently isolating and characterizing
regulatory protein mutants which result in high expression of adhE even when the level of NADH is low. Other mutations resulting in
constitutive expression of the adhE gene, even in air, are known. The upstream regions of several of these have now been
sequenced, confirming that they are in the adhE promoter region. The IdhA gene, encoding the fermentative lactate dehydrogenase
has aiso been cloned and sequenced. Although it is induced by low pH, the IdhA gene does not respond to the same regulators as
other known acid-inducible genes. The mechanism of IdhA induction in response to acidic conditions and growth phase is being
investigated using IdhA-lacZ gene fusions. The IdhA upstream region is presently being dissected by PCR to locate the promoter
and regulatory sites. ’

1868. Nodulation Genes and Factors in the Rhizobium-Legume Symbiosis
Long, S.R.

Institution: Stanford University

Phone: 650-723-3232

Department: Department of Biological Sciences
Fax: 650-725-8309 -

Address: Stanford, CA 94305-5020

Email: f nf

Funding: $268,942 12 months

We study the bacterium Rhizobium meliloti and its legume host, alfalfa, which interact to form symbiotic root nodules. Within
nodules, Rhizobium camies out nitrogen fixation; the plant thus can grow and produce protein without requiring nitrogen fertilizer.
Because fertilizer manufacture requires intensive fossil fuel use, improvement of biological nitrogen fixation is an important strategy
for maintaining productive agriculture as fossil fuels become scarce. We have defined and cloned the nodulation (nod) genes in
Rhizobium that cause specific host plants to develop root nodules, providing a site for bacterial colonization and nitrogen fixation.
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The nod genes direct the synthesis of a chemical signal emittad by the bacteria that influences plant development, and we have
recently defined early stages in the plant response 1o the bacterial signal. These early responses inciude calcium oscillation, a
mechanism for signal transduction known in animal celt biology. What other bacterial and plant genes are involved in the symbiosis?
We have begun severa!l new projects to define these. We have purified the DNA for the symbiosis plasmid of R. meliloti for the
purpose of creating two libraries of random DNA fragments, to be used to determine its sequence. We have also used a set of four
independent strategies to discover the genes involved in invasion of the plant by the bacteria. In future work, we hope to define the
plant genes involved in symbiosis, through generation of a hbrary of expressed plant genes, and through classical and molecular
genetics of the model legume Medicago truncatula.

187. Plant Recognition of Bradyrhizobium japonicum Nod Signals
Stacey, G.

Institution: University of Tennessee
Phone: 423-974-4041

Department: Department of Microbiology
Fax: 423-974-4007

Address: Knoxville, TN 37996-0845
Email:

Funding: $82,000 12 months

We are studying the agronomically important, nitrogen-fixing symbiosis between Bradyrhizobium japonicum and soybean. B.
Japonicum infects soybean roots and induces the formation of a nodule, a new organ, in which the bacteria reside. Organogenesis of
the nodule is induced by substituted lipo-chitin molecules synthesized by the products of the bacterial nodulation genes. The
potency of these molecules, as well as their high specificity, suggests the presence of plant receptors. However, past work has
shown that nod signal perception is complex requiring at least two, structurally distinct lipo-chitin signals. These data argue for the
presence of two plant receptors with differing structural specificity. In collaboration with other research groups, we have isolated
cDNA clones of a nod signal binding protein from soybean. The encoded protein shows significant similarity to a family of lectin-like
proteins that possess NTP phosphatase activity. A major objective of our work is to characterize this soybean lectin and ascertain its
role in nodulation. In addition, we are pursuing a biochemical approach to identify nod signal binding activity in soybean tissue. The
purpose of this work is the biochemical! isolation of a nod signal receptor. Our eventual goal is to elucidate the complete signal
pathway involved in the soybean nodulation response. Detailed knowledge of leagume symbioses is important for the possible
extension of biological nitrogen fixation for energy conservation.

188. Molecular Mechanism of Light Regulated Protein Transport Across the Nuclear Envelope
von Amim, A. G.

Institution: University of Tennessee
Phone: 423-974-6206

Department: Department of Botany
Fax: 423-974-0978

Address: Knoxville, TN 37996-1100
Email: i

Funding: $39,000 24 months

The compartmentalization into nuclear and non-nuclear compartments affords a straightforward means by which eukaryotic cells
limit the access of transcriptional regulators to their nuclear target genes. However, little is known about the cellular mechanisms
that regulate nuclear uptake and depletion of proteins. The Arabidopsis COP1 protein, a light inactivated repressor of transcription
essential for plant development, can confer a light regulated nuclear localization pattemn on the fused reporter protein beta-
glucuronidase (GUS). We have determined by genetic complementation that COP1, when fused to GUS or green fluorescent
protein (GFP), can function normally in Arabidopsis. We are now using protein tagging with the reporter proteins GFP and GUS to
delineate domains in the COP1 protein that are essential and sufficient for light regulated nudlear accumulation. in addition, we are
determining why and how COP1 localizes to specific subnuclear domains (speckles), reminiscent of diverse anima! proteins
involved in chromatin-mediated processes. First, specific mutations are introduced into the COP1 protein. The mutant proteins are
then examined for their ability to undergo light regulated nuclear localization. The localization data are cofrelated with data on the
proteins’ ability to function properly during plant development. We have identified a constitutive nuclear localization signal in COP1
and are now defining a domain required for cytoplasmic retention of the protein under light conditions as well as a domain that
targets COP1 to subnuclear speckies.

189. Novel Biomaterials: Genetically Engineered Pores
Bayley, H. P.

Institution: Texas A&M University
Phone: 409-845-7047

Department: Health Science Center

Fax: 409-847-9481

Address: College Station, TX 77843-1114
Email: bayley@tamu edu

Funding: $155,000 12 months
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An extensive collection of nanometer-scale pores is being constructed by remodeling -hemolysin (HL), a protein secreted by the
bacterium Staphylococcus aureus. The single polypeptide chain of 293 amino acids self assembles to form heptameric pores in
membranes ~14 A in intemal diameter. By examining the properties of mutant and chemically modified HLs, and the three-
dimensionat structure of the pore a working model for assembly has been devised. Monomeric HL first binds to lipid bilayers and
then aggregates to form a heptameric prepore complex. Finally, the open pore is formed when subunits in the complex undergo a.
conperative conformational change, involving both the central glycine-rich loop and the N-terminus of the polypeptide. The central

“loop lines a section of the transmembrane channel in the fully assembled pore. Continuing studies of assembly and function are

allowing point mutagenesis, combinatorial mutagenesis and targeted chemical modification to be used to create pores with new
properties. For example, triggers and switches have been built into HL to gain control over the opening and closing of the pores.
inputs that actuate the reengineered molecules can be biochemical in nature (activation by specific proteases), chemical
{modulation of activity by covalent and non-covalent interactions with smail molecules) and physical (activation by light). We have
also begun to build pores based on the HL barrel, by de novo design. The new pores will be used to confer novel permeability
properties upon materials such as thin films, which might then be used as components of energy conversion and storage devices,
selective electrodes, electronic devices, and ultrafilters.

*Funded collaboratively with Division of Materials Sciences (DOE).

190. Regulation of Development and Nitrogen Fixation in Anabaena
Goiden, J. W.

inatitution: Texas A&M University
Phone: 409-845-9823 )
Department: Biology Department
Fax: 409-862-7659

Address: College Station, TX 77843
Email: j

Funding: $31,000 12 months

The regulation of development and pattern formation is a fundamental biological problem. During development cells must collect
and integrate external and intemal information with a regulatory network that controls gene expression. This regulation is important
because the decision to commit some cells to a terminal developmental pathway affects the overall fitness of a multiceilular
organism. The nitrogen-fixing filamentous cyanobacterium Anabaena sp strain PCC 7120 was chosen as a simple model of
development and pattemn formation. Anabaena PCC 7120 reduces atmospheric nitrogen to ammonia in highly specialized terminaily
differentiated cells called heterocysts. When grown on dinitrogen, a one-dimensional developmental pattem of single heterocysts
separated by approximately ten vegetative cells is established to form a muiticellular organism composed of two interdependent cell
types. This is an important model system because of the multicellular growth pattemn, the distinct phylogeny of cyanobacteria, the
suspected antiquity of heterocyst development, and the contribution of fixed nitrogen to the environment. Severat genes involved in
heterocyst development have been identified but no integrated regulatory network has yet emerged. The goal of this project is to
understand the signaling and regulatory pathways that commit a vegetative cell to terminally differentiate into a nitrogen-fixing
heterocyst. Several genes identified by us and by others were chosen as entry points into the regulatory network. These genes will
be studied and, as part of our long term goals, used to identify additional genes in the pathway. The specific objectives are: 1) The
hetS gene, a 54-bp ORF that suppressed heterocyst differentiation, will be studied. A nearby gene, hetY, encodes a small
nucleotide-binding protein and it will be tested for involvement in heterocyst development. 2) An nfcA knockout mutant has the
unexpected phenotype of being Het- and may be required for hetR expression. ntcA’s position in the regulatory pathway will be
determined. 3) hetC encodes an ABC transporter and a knockout mutant is Het-. The hypotheses that hetC exports a differentiation
inhibitor or imports a putative cell density pheromone wili be examined. 4) A new Anabaena sigma factor gene was recently cloned
with PCR in our lab. Reverse genetics will be used to test this gene for a role in development and efforts to identify new sigma factor
genes will be continued. 5) Finally, new genes in the developmental pathway that are epistatic to the genes described above will be
f‘?::hﬁm:g Extragenic bypass suppressors of the hetS, hetN, ntcA, and hetC mutations can be selected for by growth on nitrogen-
3. .

191. Regulation of Chloroplast Division in Higher Plants
Mullet, J. E. :

Institution: Texas A&M University

Phone: 409-845-0722

Department: Department of Biochemistry/Biophysics
Fax: 409-862-4718

Address: Colliege Station, TX 77843-2128

Email: mullet@bioch tamy.edy

Funding: $95,000 12 month

The long term goal of this research is to understand how chloroplast division is regulated in higher plants. This is important because
the number and size of chioroplasts influences many functions of plants including photosynthesis. In addition, activation of
chioroplas! division is an early event in the differentiation of mesophpyll cells. Therefore, isolation of genes regulating chioroplast
division may provide insight into the early steps in chloroplast and mesophyll cell differentiation. The proposed research will focus on
a chioroplast division mutant that exhibits a dramatic decrease in chioroplast number and an increase in organelie size specifically in
mesophyll cells. The gene identified by this mutation, COM1, has been isolated by map-based cloning. Chioroplasts in mutant
mesophpyll cells are either very large or relatively small. This type of division phenotype is also observed in some bacteria! cell
division mutants that are impaired in the ability to select the cell midpoint for cell division. This possible parallel between chioroplast
and bacterial cell division will be examined in this study. Additional insight into the function of CDM1 will be obtained by
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characterizing CDM1 localization in cells and by searching for proteins that interact with CDM1, screening for second site
suppressor mutants of com1, and determining the developmental and cell type specific expression of COM.

192. Mutants of the Legume Medicago truncatula Defective In Root Hair Development and Infection by Rhizobium
VandenBosch, K. A.; Cook, D.

Institution: Texas A&M University
"Phone: 409-845-7707

Department: Department of Biology

Fax: 409-845-2891

Address: College Station, TX 77843

Emaii: iQ.

Funding: $115,000 12 months

A major focus of research in our laboratories is to isolate and understand the function of piant genes that control early interactions
between Rhizobium meliloti and Medicago truncatula. One aspect of this research involves defining cellular, physiological and
genetic determinants of rhizobial infection and nodule initiation. The experiments described in this project involve detailed
phenotypic and molecular-genetic characterization of two classes of nodulation mutants that are defective in rhizobial infection
and/or induction of nodule primordia. In addition to their nodulation phenotypes, both classes of mutants are pleiotropic for aspects
of root and/or root hair development. Class | mutants are exemplified by the mutant dmi (doesn't make jnfections), which does not
become infected by the Rhizobium symbiont or by mycorrhizal fungi. In addition to the absence of infections, the dmi mutant does
not develop root hair curling in response to Rhizobium. Instead. upon inoculation with Rhizobium, dmi root hairs loose polar growth
and become bulbous. We hypothesize that dmi can perceive one or more rhizobial signals, but may be defective in later parts of the
signal transduction pathway, preventing cellular events or gene induction required for infection and root hair curling. Our working
hypothesis is that the isotropic growth phenotype of dmi is associated with the loss of polar organization of actin microfilaments.
Class Il mutants are exemplified by the mutant pd!, where the number of infections is similar to wild type, but all infections are
amested in the root epidermis. The pd! mutant is pleiotropic for excessive root hair proliferation, the absence of organized nodule
primordia, and short, unevenly thickened roots. pd! appears to be defective in control of cell shape and enlargement, perhaps due to
defects in microtubule orientation and/or altered perception or production of an ethylene signal. Genetic analyses indicate that dmi
and pd/ represent recessive mutations at different loci. Through extensive screening of multiple seed bulks, we have identified
eighteen additional mutants with dmilike (class 1) or pdilike (class 1) phenotypes. The focus of this proposed research is the
detailed phenotypic and genetic characterization of these mutants, including the initiation of map-based cioning of the responsible
genes.

193. Molecular, Genetic, and Biochemical Analysis of Cellulose Blosynthesis in Arabidopsis thaliana
Brown, R. M., Jr. and Sathasivan, K.

Institution: University of Texas
Phone: 512-471-3363

Department: Department of Botany -
Fax: 512-471-3573

Address: Austin, TX 78713-7640
Email: r j

Funding: $94,000 12 months

We have been continuing the use of the multidisciplinary approach in the area of structure, biochemistry, genetics, and molecular
analysis for our studies of cellulose biosynthesis in Arabidopsis thaliana. Vigna radiata has been used as a pilot research organism
for development of suitable biochemical protocols. For the first time, a complete separation of in vitro (1,3)~ and (1,4)glucan
synthase activities has been achieved in mung bean using non-denaturing electrophoretic conditions. Severa! polypeptides are
common to celluiose and calfose activities, and some polypeptides very specific for each separated fraction. Particles with the
“rosette” organization are exclusively associated with celiulose assembly, while in callose synthesis, smaller particles never
aggregated into the “rosefte” structures. Similar solubilization conditions and native gel electrophoresis were tested with A. thaliana
membrane fractions. The enzymes and product bands were successfully separated. Identification of proteins involved in cellulose
synthesis is in progress. Recent application of isoelectric focusing in combination with native gel electrophoresis allowed for the first
time exclusive synthesis of cellulose in vitro from mung bean enzyme fractions. We plan to apply the same conditions to A. thaliana
fo produce fractions active in cellulose assembly for kinetic studies, antibody production, sequence analysis and TEM observations.
Using a sequence motif for processive -glycosy! transferases we have identified an EST from A, thaliana which could be a cellulose
synthase. We anticipate a combined methodology will enable purification of the proteins and eventual isolation of the genes involved
in celluiose biosynthesis and its regulation.



194. Phosphorylation of Plant Protein Synthesis initiation Factors
Browning, K. S.

Institution: University of Texas

Phone: 512-471-4562

Department: Department of Chemistry & Biochemistry
Fax: 512-471-8696

Address: Austin, TX 78712-1167

Emaill: kbrowning@mail.utexas.edu

Funding: $91,000 12 months

Our goal is to identify plant protein synthesis factors that may be phosphorylated and determine their potential as sites of regulation
for plant protein synthesis. The phosphorylation of elF-2a in mammals and yeast and the phosphorylation of cap-binding protein in
mammals both play a critical role in the control of protein synthesis, gene expression and signal transduction in mammalian cells.
The complexity of the regulation translation by phosphorylation of mammalian cap-binding protein and eiF-2a, underscores the need
for greater understanding of translational control mechanisms in plants. The unique presence of two forms of the cap-binding protein
in plants (p26 of elF-4F and p28 of elF-(iso)4F) offers an excelient system to study the role of phosphorylation of cap-binding
proteins in transiational control of plants.

We propose to determine the phosphorylation state of initiation factors from wheat by /n vivo labeling wheat sprouts with
[32P]orthophosphate and establish which initiation factors, particularly elF-2a, elF-4A, elF-4B and the subunits of elF-4F and elF-
(iso)4F, are (or are not) phosphorylated. The effects of growth and heatshock on the phosphorylation state of the initiation factors
will also be determined.

The completion of the goals will open an area to be explored by both in vitro and in vivo methods. Of particular interest will be what
kinases/phosphatases will be found to be involved in regulation and their roles in gene expression.

195. Ferredoxin-Linked Chioroplast Enzymes
Knafl, D. B.

institution: Texas Tech University

Phone: 806-742-0288

Department: Department of Chemistry & Biochemistry
Fax: 806-742-1289

Address: Lubbock, TX 79409-1061

Email: knaff

Funding: $93,000 12 months

The ferredoxin-binding site of spinach nitrite reductase has been partially mapped using differential chemical modification of the
enzyme and of the enzyme/ferredoxin complex with arginine- and lysine-modifying reagents. Two arginine residues, Arg 375 and
Arg 556, and one lysine residue, Lys 436, are protected by ferredoxin against labeiing by phenyiglyoxal and pyridoxal-5'-phosphate,
respectively. Positive charges are present at these three positions in all ferredoxin-dependent nitrite reductases for which
sequences are available, suggesting that these amino acids are directly involved in electrostatic binding of femedoxin to the enzyme.
Characterization of the ferredoxin-dependent spinach glutamate synthase after treatment of the enzyme with the tryptophan-
modifying reagent N-bromosuccinimide, suggests that at least one (and perhaps two) tryptophans are directly involved in electron
transfer from reduced ferredoxin to glutamate synthase. Experiments with site-specific ferredoxin mutants, using a cyanobacterial
ferredoxin as a homolog for spinach ferredoxin, have established the importance of a negative charge at the position equivalent to
Glutamate 92 in spinach fermedoxin for efficient electron transfer from ferredoxin to spinach glutamate synthase. The midpoint
potential of the regulatory disulfide/dithiol couple of spinach chloroplast phosphoribulokinase (PRK), an important regulatory enzyme
of the carbon fixation pathway, was shown to be -295 mV at pH 7.0. Oxidation-reduction titrations of PRK mutants confirned that
Cysteine 16 and Cysteine 55 form the regulatory disutfide.

196. High-Throughput Teéhnologles for Functional Analysis of Archaeal Genomes
Ketchum, K. A.

Institution: The institute for Genomic Research
Phone: 301-838-3531

Department:

Fax: 301-838-0208

Address: Rockville, MD 20850

Emall: kketchum@tigr.org

Funding: $230,000 12 months

This work focuses on the development of high-density DNA microarrays for two methanogenic archaea, Methanococcus jannaschii
and. Methanobacterium thermoautotrophicum. In this one year program we will lay the foundation for high-throughput aray
construction that will be essential for subsequent functional genomic studies. The specific aims of this project are as foliows: 1. To
design primers to each predicted ¢pen reading frame (ORF) in M. jannaschii and M. thermoautotrophicum that will allow the
ampiification of a unique target sequence. This target will represent the corresponding coding region on a complete genomic chip. 2.
To amplify each target sequence from M. jannaschii and M. thermoautotrophicum and verify that these PCR products are the
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expected DNA fragment. 3. To establish a relational databasae that will track the production of target DNAs and the nuclectide
sequence used to represent each ORF.

197. Tandem-pore outward-rectifying K+ channels: Molecular partners of the proton ATPase in membrane potential

regulation .
Ketchum, K A.

Institution: The Institute for Genomic Research
Phone: 301-838-0200 :

Department:

Fax: 301-838-0208

Address: Rockville, MD 20850

Email: kketchum@tigr.org

Funding: $95,000 12 months

fon and nutrient transport across the plasmalemma of living cells is governed by membrane potential. The goal of this project is to
provide a comprehensive understanding of the bioenergetic principles that influence membrane potential in plants and fungi. Several
lines of evidence indicate that two distinct transport proteins, the outward-rectifying K* channel and the H'-pumping ATPase, set the
limits of membrane voltage and maintain negative cell polarity in these organisms. Our recent cloning of the yeast outward-rectifying
K’ channel, TOK1, lets us test this hypothesis directly by investigating the molecular, biophysical, and biochemical properties of the
channel protein and by characterizing its interaction with the yeast H’-ATPase. To determine the factors that regulate TOK1 activity,
we are conducting two-electrode voitage-clamp recording and patch-clamp recording of the channel expressed in Xenopus leevis
oocytes. We are investigating the voltage-dependence of channel activation and deactivation along with the regulatory effect of
extracellular monovalent ions, cellular pH, and cytosolic second messengers. To evaluate TOK1 function in vivo, we are disrupting
the coding sequence of the TOK1 gene in wild type yeast and in the pma1-105 hygromycin B-resistant mutant yeast strain that has
altered membrane potential and K* channel activity. By these means, the role of this channel in cel! physiology can be analyzed and
its inferaction with other yeast transport proteins may be determined. Finally, to assess the broader merits of these experiments in
plant and fungal physiology the electrophysiological and pharmacologica! properties of the outward-rectifying K* channel(s) from a
closely-related fungus, Neurospora crassa, and the flowering plant Arabidopsis thaliana are being compared with those of TOK1.
This research will elucidate the role of K channel cuments in maintaining electrical homeostasis and pave the way for a better
understanding of membrane transport phenomena.

198. Arabidopsis Genome Sequencing Using Random Shotgun Sequencing of BAC Clones
Venter, J. C.

Institution: The Institute for Genomic Research
Phone: 301-838-3500

Department: President

Fax:

Address: Rockville, MD 20850-3319

Email: mailto:;

Funding: $249,999 24 months

The objective of this program is to produce high quality, annotated genomic sequence within the framework of the international
Arabidopsis Genome Initiative (AG1). We have focused our initial efforts on BAC clones from chromosome Il, submitting fully
annotated sequence to GenBank when each clone is complete (over 1.3 million base pairs to date), as well as releasing preliminary
1sequence for those BAC clones in progress (over 1 million base pairs to date). In addition, we have developed a high throughput
protocol for generating BAC end sequences which provide a powerful resource for both mapping and selection of minimally
overlapping BAC clones. Initially we focused on chromosome ll-associated clones, but recently switched to a genome wide

in collaboration with the French Genome Center. We have produced over 6,000 end sequences from two different BAC libraries,
and it is expected that the sequence for each end of 22,000 BAC clones will be completed in the coming year. The combination of
the BAC end sequence database and the production of high quality finished sequence will facilitate the compietion of the genome
sequence and will make a critical contribution to the worldwide plant biology community.

199. Enzymology of Acetone-Butanol4sopropanol Formation
Chen, J.-S.

Institution: Virginia Polytechnic Institute & State University
Phone: 540-231-7129

Department: Department of Biochemistry

Fax: 540-231-9070

Address: Blacksburg, VA 24061-0308

Email: i

Funding: $102,000 12 months

Several species of Clostridium produce acetone, butanol and isopropanol (soivents), which are important industrial chemicals and
fuel additives. Commercial production of acetone and butanol by fermentation began with the starch-based Weizmann process
using C. acefobutylicum. After the 1930s, C. acetobutylicum was replaced by newly isolated clostridia that produced high levels of
solvents from sugars. Using DNA reassociation and other tests, C. beijerinckii and two other Clostridium species were identified as
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the organisms used in industrial solvent production from sugars. C. bejjerinckii does not require an acidic pH for solvent production,
and some strains produce isopropanol in addition to acetone. We have been using C. bejjerinckii in our study with an aim of
establishing mechanisms and strategies for regulating the expression of solvent-production genes and the flow of metatolites. The
fong-term goals are to prevent the degeneration of strains, to reguiate the product ratio, and to prolong the solvent-producing phase
of growth. Our present study has an emphasis on characterizing the aldehyde and alcohol dehydrogenases that convert butyryl-CoA
to butanol under different conditions, on determining the structure and organization of solvent-production genes in C. bejjeninckii,
and on.studying the control of expression of the solvent-production genes. The organization of genes (ctfA, ctfB and adc) for
acetone formation and the promoter regions differ between C. beijerinckii and C. acetobutylicum, suggesting mechanistic
differences in the regulation of expression of solvent-production genes in the two species.

200. Structural Domains in NADPH: Protochlorophyllide Oxidoreductases Involved In Catalysis and Substrate Binding
Timko, M. P.

Institution: University of Virginia
Phone: 804-982-5817

Department: Department of Biology
Fax: 804-982-5626

Address: Charlottesville, VA 22903
Email: mpt9g@virginia.edu
Funding: $123,001 12 months

Chiorophyils are major components of the energy absorption and transduction apparatus in all photosynthetic organisms. In
vascular plants, chlorophyll biosynthesis is regulated in part at the level of protochiorophyllide (Pchlide) to chiorophyliide (Chlide)
catalyzed by NADPH: protochiorophyllide oxidoreductase (POR). POR is completely dependent upon light for its activity. In dark-
grown seedlings, POR accumulates along with its substrates, Pchiide and NADPH, in stable temary complexes in the prolamellar
bodies of the etioplasts. lllumination of POR ternary complexes with stoichiometric amounts of light quanta result in the trans-
reduction of the C17-C 18 double bond in the D ring of Pchlide and the formation of the Chlide product. The action spectra for the
enzyme closely matches the absorption spectra for Pchlide indicating the Pchlide is the primary light-absorbing species involved in
the reaction. We are interested in understanding the mechanism of light-dependent Pchlide reduction and the structural
determinants in POR proteins required for substrate (NADPH and Pchlide) binding, catalytic activity, and proper intraorganellar .
assembly within the plastid. We have generated and characterized a series of site-directed and clustered charged-to-alanine
scanning mutants of the POR from PEA and have identified potential residues and domains required in the enzyme for Pchlide
photoreduction. In addition we have located some of the structural factors required for proper association with the plastid
membrane. Work is currently underway to define in considerably more detail the effects of various mutations on the kinetic
properties (i.e., Km for substrate or cofactor, tumover rate, etc.) of the enzyme and to refine our analysis of the structural factors
required for enzyme function. We are particularly interested in clarifying the role of the various conserved cysteine residues as wef!
as the role of the C-terminal region of the POR protein in forming the active site pocket or in binding/stabilizing the substrate. We are
also working towards solving the three-dimensional structure of the protein by using X-ray crystallography. These studies should
provide significant information on one of the most crucial biosynthetic steps in the development of photosynthetic organisms.

201. Membrane Function In Lipid Mutants of Arabidopsis
Browss, J. A.

Institution: Washington State University
Phone: 509-335-2293

Department: Institute of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 99164-6340

Emall: j

Funding: $109,000 12 months

Our investigations of the biochemistry of wild-type and mutant plants have provided us with new information about the enzymology
and regutation of lipid metabolism in higher plants. More importantly, our isolation and characterization of Arabidopsis mutants laid
the groundwork for important discoveries about the role of membrane fipids in the cell biology and physiology of plants as well as the
means to clone genes that encode fatty acid desaturase enzymes. Recently, the scope of our work has been expanded by the
isolation and cloning of desaturase genes from the model nematode Caenhorabditis elegans. The many genetic tools available in C.
elegans means that it may be possibie to develop this worm as an additional model for studying the relationship between lipid
composition and membrane function.

202. Regulation of Terpene Metabolism
Croteau, R.

Institution: Washington State University
Phone: 509-335-1790 -

Department: Institute of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 99164-6340

Emall: croteau@mait wsu.edu

Funding: $108,000 12 months
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Terpenoid oils, resins and waxes from plants are important renewable resources with a range of pharmaceutical, agricuttural and
industrial uses. The objective of this project is to controf terpenoid production by targeting regulatory steps for genetic engineering to
increase the yields and expand the types of terpenoid natural products that can be made available for commercial exploitation.
Mode! systems used are (+)-camphor metabolism in sage and {-}-menthone metabolism in mint. Developmental studies indicate that
the yield of these terpenoids is controlied by the balance between biosynthetic and catabolic capacity. Experiments utilizing
antibodies directed against, and cDNAs coding for, key metabolic enzymes indicate that regulation of terpene biosynthesis resides
primarily at the leve! of gene expression, that several compartments within the secretory gland cells (plastids, endoplasmic reticulum
and cytosol) participate in terpene biosynthesis, and that the bulk of terpene production occurs at the early stages of gland
development. Two genes have been selected for overexpression in transgenic plants to increase terpene yield, and the experiments
to test this possibility are in progress. Experiments are also underway to examine flux control within, and communication between,
the cytosolic mevalonate (acety! CoA-dependent) pathway and the plastidial non-mevalonate (pyruvate/glyceraidehyde-3-
phosphate-dependent) pathway to the central precursor isopentenyl diphosphate. The cDNA encoding the first dedicated enzyme of
the non-mevaionate pathway (catalyzed by 1-deoxy-D-xylulose-5-phosphate synthase) has recently been isolated from mint.

203. Carbon Metabolism in Symbiotic Nitrogen Fixation
Kahn, M. L.

Institution: Washington State University
Phone: 509-335-8327

Department: Instituto of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 99164-6340

Email:

Funding: $98,000 12 months

Nitrogen fertilizer is an important input for increasing crop yield because nitrogen deficits often iimit plant growth. However,
producing nitrogen fertilizer is expensive and energy intensive and excess fertilizer can increase nitrate in groundwater and soil
acidity. Some plants are able to obtain nitrogen through symbiotic associations with nitrogen-fixing bacteria in which the plant
exchanges carbon compounds for ammonia produced by the bacteria. Enzymes of the plant and bacterial tricarboxylic acid (TCA)
cycdles are at the center of this exchange, generating energy, reductant and biosynthetic intermediates from the catabolism of
photosynthate. We are investigating the genetics and biochemistry of symbiotic carbon metabolism in both soybean and alfalfa. Our
immediate goal is to define the role of the decarboxylating leg of the TCA cycle, a series of reactions needed to synthesize amino
acid precursors that may also be required to generate energy and reductant for nitrogen fixation.. We are investigating TCA cycle
mutants, including those with defects in citrate synthase, isocitrate dehydrogenase and oxoglutarate dehydrogenase, and are
developing conditional TCA cycle mutants to probe the relationship between the TCA cycle and noduie development and
metabolism. Recent studies suggest that rhizobia use the decarboxylating leg of the cycle much more in the symbiosis with alfalfa
than they do when associated with soybean. The difference may be related to the form of nitrogen exported from the nodules or with
the way in which energy is generated by the bacteria.

204. The Energy Budget for Steady-State Photosynthesis
Kramer, D. M.; Edwards, G. E.

Institution: Washington State University
Phone: 509-3354964

Department: Institute of Biologicat Chemistry
Fax: 509-335-7643

Address: Puliman, WA 99164-6340

Email: mer|

Funding: $96,000 12 months

‘The photosynthetic apparatus must balance its output of reducing power (NADPH) and phosphorylation potential (ATP) to match the
“biochemical demands of the plant. In addition, the input of excitation energy into the reaction centers must be regulated to prevent
photodamage, particularly of photosystem Il (PS 11). The way in which control of energy balance is linked to regulation of
photosynthesis in living piants is not completely understood, though several possible mechanisms have been proposed. These
proposals include changes in the H'/e’ ratios for photosynthetic electron transfer, changes in the partitioning of electron fiow through
linear and cyclic pathways, and a variable bypass of the coupling between H" efflux and ATP synthesis (proton slip). It is generally
agreed that the primary mechanisms for down-regulating photosynthesis involve decreasing the efficiency of exciton transfer to PS II
via modification of its associated antenna system. However, it is not clear how this is coupled to the control of chioroplast energy
balance, particularly under conditions where the avaulablllty of NADP” limit linear electron transfer. Confounding these issues are
uncertainties in the steady-state stoichiometries of H'/e’ for linear and cyclic electron transfer pathways and of H'/ATP for the
chioropiast ATP synthase. Resolution of these issues is essential for understanding the overali energy budget of photosynthesis, its
regulation and response to environmental changes, and is therefore important for efforts to increase crop plant ranges. Past attempt
to address these questions have been limited by the lack of non-invasive probes for specific photosynthetic partial reactions in the
steady-state. To address this, we have developed instrumentation and techniques that allow us to non-invasively measure, in intact
plants and isolated chloroplasts, the steady-state fluxes of electrons through PS |, PS Il and the cytochrome bef complex as well as
coupled fluxes of protons into the lumen. We propose 1o use these techniques along with gas exchange and biochemical assays to
compare light-driven fluxes of electrons and protons with substrate uptake and product formation under steady-state conditions
designed to alter the relative biochemical demands for ATP and NADPH. These comparisons will allow us to assess the extents of
linear and cyclic electron transfer as well as proton slip and fluxes of electrons to altemate sinks. They will also yield estimates of



DRAFT 11/23/99

relative H'/e" ratios and H'/ATP ratios for steady-state photosynthesis. We will then extend these studies to intag:t plants under
conditions where the biochemical demands for ATP and NADPH are expected to vary, e.g. using leaves of varying developmental
stages with different levels of nitrate reduction and by varying light intensities and the concentrations of CO; and O,.

205. A New Perspective on Phenoxy Radical Coupling Reactions in vivo and Phenyipropanoid Pathway Regulation
Lewis, N. G. .

Ingtitution: Washington State University
Phone: 509-335-2682

Department: Institute of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 99164-6340

Email: lewi

Funding: $109,500 12 months

Lignification, suberization and lignin-forming systems in plants are exquisitely orchestrated yet poorty understood biological
processes involving phenolic coupling, and account for up to 40% of all organic carbon in living systems. The first example of control
of phenalic coupling was described this year, in our discovery of dirigent proteins. The dirigent protein is thought to function by
trapping and orienting free-radical intermediates in such a way as to engender both regio- and stereoselective coupling. In this first
case of a presumed new class of proteins, only (+)-pinoresinol is obtained from E-conifery! alcohol, rather than diffusion-controlled
non-specific coupling. The dirigent protein has no homology with any other protein of known function, nor does it possess oxidative
capacity to generate the free-radical species from conifery! aicohol. Free-radical generation involves one-electron oxidizing
enzymes, such as laccase. The gene encoding the dirigent protein has been cioned, and the recombinant functionai protein
obtained using a Spodoptera/baculovirus system.

Studies are now directed towards establishing the existence of other members of this class of protein, with particular attention baing
placed upon lignification. Emphasis is being placed upon determining how preferential formation of the beta-O-aryl linkage within
native lignin polymers occurs, and how this is controlied at the protein level.

Related studies have established that during active phenylpropanoid metabolism in lignifying plants, suberizing tissues and fungi,
the ammonium ion released during phenylpropanoid metabolism is reassimilated via GS/GOGAT to regenerate glutamate, which is
used as amino donor for phenylalanine regeneration and hence completion of the nitrogen cydle.

208. An Advanced Course in Plant Biochemistry
Lewis, N. G.

Institution: Washington State University
Phone: 509-335-2682

Department: Institute of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 99164-6340

Email: [ewi

Funding: $33,000 24 months

Like much of biological research, plant biology has flourished and undergone a rapid increase in scientific discovery, which has
contributed to the many applications that have become part of the radical advances occurring in the field of biotechnology. The
enormous success of molecular genetic techniques have had a profound effect on plant biology and attracted many established as
well as younger investigators into research on plants. While many general aspects of metabolism and biochemistry are common to
all biological organisms, most universities teach biochemistry from a medical point of view. As a result, there is a lack of knowledge
in the training of most biologists about the unique biochemical aspects of plant systems. Few universities are large enough to
support the number of faculty needed to keep at the forefront of piant biochemistry advances. By periodically offering a special
summer course in plant biochemistry that includes lectures and demonstrations by top experts in the field of plant bioiogy, an
important and unique service will be provided to scientists in plant biology. ’

207. Washington State University interdisciplinary Plant Biochemistry Research and Training Center
Lewss, N. G.

Institution: Washington State University
Phone: 509-335-2682

Dspartment: institute of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 93164-6340

Email: lewisn@wsu.edy

Funding: $320,000 12 months

The Plant Biochemistry Research and Training Center at Washington State University has this year extendud the range of programs
from 13 to 17 participating faculty. In its third year, research training opportunities have been provided for 7 undergraduate students
for both academic year and summer student research appointments. Additionally, a total of 15 graduate students (Ph.D. and MS)
and 3 post-doctorals are currently enrolied in the Center activilies and training. The mult-and interdisciplinary programs have been
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extended to include: the Plant Biochemistry Seminar Series; the biennial Piant Biochemistry Summer Course (held this year); and
the annual review of the Center by eminent plant biochemists. The areas of strategic importance emphasized in the Training
Program include: regulation of biochemical pathways; plant cell wall formation; and signal transduction mechanisms. Each trainee
overlaps research activities between at least two laboratories in order to gain the necessary interdisciplinary insight and experience.

208. Enhancement of Photoassimilate Utilization by Manipulation of ADPGlucose Pyrophosphorylase
Okita, T.

Institution: Washington State University .
Phone: 509-335-3391

Department: Institute of Biological Chemistry
Fax: 509-335-7643

Address: Pullman, WA 99164-6340

Email: fokita@wsu.edy

Funding: $95,000 12 months

The goal of this project is to increase the conversion of photoassimilate into starch via manipulation of ADP-glucose
pyrophosphorylase (AGP), an enzyme which controls one of the key steps in starch biosynthesis. Using a powsrful mutagenesis-
glgC complementation system we have generated and identified several up-regulatory enzyme mutants that display increase
sensitivity to activation by 3-phosphoglyceric acid (3-PGA) while simultaneously having increased resistance to Pi inhibition. For
example, one mutant, UpReg-1, requires only 2 uM of 3-PGA to achieve 50% of maximum enzyme activity. This level of 3-PGA is
50-foid less than that required by the wildtype enzyme. Moreover, when measured in the presence of 250 uM 3-PGA, UpReg-1
requires more than 4700 uM of Pi for 50% inhibition, or 67-fold greater amounts of Pi than that required by the wildtype enzyme. The
study of these AGP mutants will not only increase our knowledge on the structure-function relationships of this enzyme and the role
of this enzyme in carbon partitioning in source and sink tissues but will lead to novel strategies of increasing starch production and,
in tum, increasing overall productivity for many crop plants.

209. Targeting and Processing of the Thiol Protease Aleurain
Rogers, J. C.

Institution: Washington State University
Phone: 509-335-2773

Department: Institute of Biological Chemistry
Fax: 509-335-7643 '

Address: Pullman WA 99164-6340

Email: r

Funding: $96 000 12 months

We study a plant vacuolar thiol protease, aleurain, that is structurally and functionally equivatent to a mammalian lysosomal
protease, cathepsin H. These unique enzymes are poor general endoproteases but have active aminopeptidase activity; they
undergo unusual processing such that a short minichain is cut from the enzyme prosequence and disulfide-linked to an extra
cysteine in the mature large chain. Aleurain is expressed in most cells in barley but its functional importance to the plant is unknown.
We have shown that aleurain is a marker for an acidified, lytic vacuolar compartment distinct from the protein storage vacuole
compartment in plant cells that contain storage proteins. As the vacuolar compartment increases in size, the two separate types of
vacuoles appear to merge; this may be a mechanism by which storage proteins are exposed to proteases to initiate their
degradation. An understanding of mechanisms regulating targeting of aleurain and of storage proteins to their separate vacuoles,
and mechanisms by which the two compartments may merge, may provide new approaches towards more effective mobilization of
protein reserves. An understanding of mechanisms that control the activation of protease proenzymes may enhance our ability to
protect or mobilize those reserves at specific times during plant development. We have identified and cloned a potential receptor
protein that binds proaleurain and directs it into the clathrin-coated vesicle pathway to the acidic, lytic vacuole. Future work will
expand an understanding of that pathway by identifying and characterizing other soluble vacuolar proteins that are bound by the
same receptor. Cytoplasmic proteins that interact with the cytoplasmic tail of the receptor, and thereby participate in the process by
which the receptor with its ligand is segregated into vesicles for transport to the vacuole, will be identified and characterized.
Another marker for the specific acidic, tytic vacuolar compartment will be obtained by purifying the protease that specifically *clips®
proaleurain upon its entry into that compartment. The functional importance of aleurain will be investigated by constructing mutant
Arabidopsis plants that do not express the Arabidopsis equivalent of that enzyme.

210. Genetics In Methylotrophic Bacteria
Lidstrom, M.

Institution: University of Washington

Phone: 206-543-8388

Department: Department of Chemical Engmeenng
Fax: 206-543-6264

Address: Seattle, WA 98195-1750

Email: lidstrom@u washington.edu
Funding: $103,000 12 months
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The purpose of this project is to study the transcriptional regulation of methanol oxidation (Mox) functions in the facultative
methylotrophic bacterium, Methylobacterium extorquens AM1. Mox functions include a 14-gene operon (mxaF JGIRSACKLDHEB)
containing genes required for production, assembly, and regulation of methano! dehydrogenase, a gene immediately upstream of
the mxa cluster, but divergently transcribed (mxaW), a 4-gene dluster (pqqABC/DE) and a 2-gene cluster (pqqF G) required for
production of the methanol dehydrogenase prosthetic group, pyroloquinoline quinone (PQQ). a two-gene cluster (mxdRS) of
unknown function, and two additional sets of Mox regulatory genes, mxbDM and mxcQE. Sequence analysis of these regulatory
genes suggests that they comprise two sets of sensor protein kinase/response regulator systems. In addition, mxaB appears to
encode a third response regulator, but the sensor protein kinase that couples with mxaB is unknown. Methanol-inducible promoters
have been isolated for mxaF, mxaW, pqqA, and mxbD, and reporter gene fusion experiments have demonstrated that mxcQE are -
required for expression of mxbDM, and mxbDM are required for expression of the mxaF, mxaW and pqqA promoters, but not for the
mxbD promoter. mxaB is required for expression of only the mxaF and pqgA promoters. Experiments are underway to purify each of
the putative response regulators and map their binding to the four methanoi-inducible promoters.

211. Biochemical Characterization of the Ethylene Receptor ETR1 in Arabidopsis thaliana
Bleecker, A.

Institution: University of Wisconsin
Phone: 608-262-4009
Department: Department of Botany
Fax: 608-262-7509

Address: Madison, W1 53706
Email: ab! \f i
Funding: $98,000 12 months

Ethylene regulates a number of developmental processes in plants including fruit ripening and abscission. The goal of our project is
to elucidate the sensory system that utilizes ethylene as a signal. The ETR1 gene codes for an ethylene receptor in Arabidopsis. We
are seeking to understand how this receptor senses and transduces the ethylene signal. Using recombinant receptor protein
expressed in yeast, we have shown that the receptor binds ethylene with high affinity. A recombinant protein in which the first 128
amino acids of ETR1 are fused to a bacterial glutathione-S-transferase sequence binds ethylene, indicating that the N-terminal
domain of the receptor is necessary and sufficient for ethylene binding. Binding activity of the recombinant protein is increased 20-
fold when copper ion is supplied in the buffer, supporting the long-standing hypothesis that ethylene interacts with a transition metal
at the receptor binding site. We have shown by affinity purification that the copper lon co-purifies with the recombinant protein using
wild type ETR1 binding site, but not in the etr1-1 mutant protein that does not bind ethylene. We are developing a molecular mode!
of the ethylene binding domain which accounts for the coordination of a copper ion at the active site. We are aiso developing
procedures to purify the full length ETR1 protein to determine whether ethylene binding regulates activity of the C-terminal kinase
domain of the protein.

212. Molecular Genetics of Ligninase Expression
Cullen, D.

Institution: University of Wisconsin
Phone: 608-231-9468

Department: Department of Bactericlogy
Fax: 608-231-9488

Address: Madison, Wi 53706-1567
Email: deyllen@facstaff wisc.eduy
Funding: $109,000 12 months

In addition o playing a key role in the carbon cycle, lignin-degrading fungi have demonstrated potential in 8 number of emerging
technologies. These include biomechanical pulping, bleaching and otherwise improving chemical and mechanical pulps, converting

. lignin to useful chemicals, effluent treatments, and remediation of contaminated soils. The mechanism(s) involved in these
processes are poorly understood, and this represents a barrier to further development.

The long term goals of this research seek to elucidate the basic genetics and physiology involved in the degradation of lignin and
related aromatic compounds. Fungal genes expressed in wood and in organopollutant-contaminated soil are being identified using
specialized cloning techniques. Focus has been on regulated genes which encode extracellular enzymes of Phanerochaete
chrysosporium and Ceriporiopsis subvermispora. The structure, genomic organization and regulation of these genes are under
investigation. Key genes are expressed in heterologous systems and recombinant proteins prepared for basic biochemical
investigations. )

This research furthers our understanding of mechanism(s) involved in the degradation of lignin and related aromatic compounds.
These studies also provide insight into lower eukaryote genome organization with particular emphasis on complex gene families and
chromosome dynamics. Development of commercial processes will be greatly facilitated by the identification of key genes and the
production of recombinant enzymes.
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213. Microbial Formaldehyde Oxidation
Donohue, T. J.

Institution: University of Wisconsin
Phone: 608-262-4663

Department: Department of Bacteriology
Fax: 608-262-9865

‘Address: Madison, W1 W1 53706

Email: i

Funding: $92,000 12 months

Our research dissects microbial pathways for formaldehyde oxidation and sensing. This work capitalizes on our discovery of a
giutathione-dependent formaidehyde dehydrogenase (Adhl) in the facultative phototrophic bacterium Rhodobacter sphaeroides. In
photosynthetic cells, Adhl is required to use methylated compounds like methanol as a sole carbon source. Under respiratory
conditions, Adhl removes the formaldehyde produced when methanol is co-metabolized. Our experiments also take advantage of
mutations that alter adh/ expression. Under respiratory conditions, the sensor/histidine kinase-response regulator pair (GfdRS)
represses adh/ transcription. A second dlass of trans-acting mutations appear to alter function of an activator of adh! transcription

(SpdA).

One set of experiments is asking how cells generate energy and one-carbon skeletons from formaldehyde oxidation. Specifically,
we are characterizing mutants that are defective in either respiratory methanol co-metabolism or photosynthetic utilization of
methanol as a sole carbon source. By determining where individual lesions block formaldehyde metabolism, we will trace the flow of
carbon and identify enzymes that remove this compound under respiratory conditions or assimilate it in photosynthetic cetls.
Simultaneously, we will determine how cells sense formaldehyde and control adhl transcription. Specifically, we are testing the
prediction that GfdS is a sensor/histidine kinase, asking if formaldehyde controls phosphorylation of this presumed sensor,
monitoring GfdR phosphorylation by GfdS, and testing if GfdR phosphorylation increases its binding to a presumed adh/ operator.
To test if SpdA is an activator of adh/ expression, we are defining presumed gain-of-function mutations that increase transcription of
this gene.

214. Identification of the Primary Mechanism for Fungal Lignin Degradation
Hammel, K E.

Institution: University of Wisconsin
Phone: 608-231-9528

Department: Department of Bacteriology
Fax: 608-231-9262

Address: Madison, Wl 53706-1567

Emall: kehammel@facstaff wisc.edu
Funding: $80,000 12 months

Microbial ligninolysis is an essential link in the terrestrial carbon cycle that is thought to be carried out almost entirely by wood- and
litter-decomposing basidiomycetous fungi. These organisms produce a variety of extracellular oxidative agents, including lignin
peroxidases (LiPs) that have the unusual ability to cleave the recalcitrant nonphenolic structures that predominate in lignin.
However, many ligninolytic fungi appear to lack LiP activity, and the mechanisms by which lignin is initially degraded in wood remain
unciear. Work on this project has shown that one LiP-negative fungus, Ceriporiopsis subvermispora, is able to cleave the
nonphenolic arylglycerol-2-aryl ether lignin structure that predominates in lignin. The fungus was given new polyethylene glycol-
linked ’C-labeled arylglycerol-2-ary! ether lignin model compounds, and the high molecular weight products that resulted from
extracellular fungal attack were analyzed by "°C nuclear magnetic resonance spectrometry. The data showed that the lignin
structure underwent two major degradative reactions: cieavage between C1 and C2 of the propyl side chain and cleavage of the 2-
aryl ether linkage. These results suggest that C. subvermispora produces a ligninolytic agent other than LiP and that this agent
oxidizes lignin structures either by ionizing them to cation radicals or via oxyradical addition to an aromatic ring. Further investigation
has shown that these reactions are strongly dependent on the presence of Mn: when C. subvermispora cultures were grown in the
presence of low (0.5 uM) Mn and a polymeric lignin model compound, they exhibited almost no degradative activity towards the
compound, but the addition of 150 uM Mn to these cultures elicited rapid degradation within less than 24 h. Since past work on this
project has demonstrated that the Mn-dependent peroxidases of C. subvermispora are able to initiate lipid peroxidation reactions
that deave nonphenolic lignin in vitro, it may be that these Mn-requiring enzymes are responsible for the ligninolytic activity found in
vivo. Current work is aimed at determining which Mn-dependent enzymes are involved in this process, and whether they are
induced at the level of gene transcription.

215, Epigenetic Silencing of the Maize r Gene
Kermicle, J. L.

Institution: University of Wisconsin
Phone: 608-262-1253

Department: Laboratory of Genetics
Fax: 608-262-2976

Address: Madison, W| 53706-1574

Email: kermicle@facstaff.wisc.eduy
Funding: $89,000 12 months
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The maize r gene product activates expression of structural genes in the 3-hydroxy anthocyanin pathway. Different r genes
(individua! alleles) confer pigmentation on different plant parts. In some strains multiple r genes are clustered on chromosome 10
forming complexes. In certain heterozygotes the level of r action is heritably silenced, i.e., paramutated. We want to know how the
potential of one r complex to silence genes in the homologous chromosome is organized and how the change is brought about. Is
silencing facilitated when the inciting and responding genes are in the same rather than in homologous chromosomes? When two
responding genes and one inciting gene are present in trisomic plants, are the responding genes affected coordinately or
independently? When during plant development does silencing occur? We also want to know what other loci are necessary for r
silancing to occur. Our general strategy is to dissect silencing genetically, then characterize selected aspects molecularty.

218. The Biochemistry, Bioenergetics, and Physiology of the CO-Dependent Growth of Rhodospirillum rubrum
Ludden, P. W.

Institution: University of Wisconsin
Phone: 608-262-6859

Department: Department of Biochemistry
Fax: 608-262-3453

Address: Madison, Wi 53706-1569
Emall: ludden@bigchem wisc.edy
Funding: $101,226 12 months

Rhodospirilium rubrum is a purple, non-sutfur photosynthetic bacterium that is capable of growth with carbon monoxide as the
carbon and energy source. CO-dependent growth requires Carbon Monoxide Dehydrogenase (CODH), a NiFeS-containing enzyme
that oxidizes CO to CO,, and a CO-induced, CO-insensitive hydrogenase. The coo regulon includes the cooFSCTJ operon and the
cooMKLXUH operon, both under the control of CooA, which serves as the transcriptiona! regulator for the system. Alterations of
specific amino acid residues by site-directed mutagenesis of the cooS gene have yielded important information on the residues
suspected of serving as ligands to the NiFeS prosthetic group (C cluster) and the FeS group (B cluster) involved in the redox
reactions of the enzyme. Continued characterization of mutant forms of the enzyme will be a goal of the coming grant period. The
cooCTJ gene products have been implicated in processing of Ni for the C cluster, and the CooJ protein has been purified and
characterized. Its role in binding and processing Ni for CODH will continue to be investigated. The CooC protein has been
overexpressed in R. rubrum and antibodies to the protein have been generated. The protein will be purified and characterized in the
coming grant period. Anti CooC antibodies will be employed in the study of its role in Ni processing. Crystals of CODH have been
obtained and the structural analysis of CODH continues.

217. Feedback Regulation of Photosynthetic Processes
Sharkey, T.

Institution: University of Wisconsin
Phone: 608-262-6802
Department: Department of Botany
Fax: 608-262-7509

Address: Madison, WI 53706-1381
Email: tshark f, ff.wi
Funding: $97.854 12 months

In this project the interaction between photosynthesis and sucrose synthesis are studied using naturally occurring mutant plants and
transgenic piants. Using nuclear magnetic resonance we have shown that during darkness carbon is exported from the chioroplast
primarily as hexose phosphate. The hexose transporter must be highly regulated; it must be off during the day, forcing carbon
through cytosolic FBPase, and active at night. Characterization of the hexose transporter has been started. The export of hexose
phosphate at night bypasses the cytosolic FBPase allowing FBPase-lacking plants to survive. The effects of increasing the capacity
for sucrose synthesis on yield are studied using plants expressing sucrose phosphate synthase (SPS) on either a rubisco small
subunit promoter or the caulifiower mosaic virus 35S promoter. The SSU promoter increases SPS in the leaf 6 foid and in the frut 2
fold. The 355 promoter increases SPS in the leaf 2 fold and in the roots 2 to 10 fold. We are manipulating the SPS level using
classical breeding techniques to test whether there is an optimum SPS level for yield. To test whether SPS in roots affects yield,
young plants were grafled so that either the root or the shoot only was transgenic. Most, but not all, of the effect of transformation
resulls from the extra gene in shoot material. One tomato line routinely exhibits substantially increased fruit yield, as do potatoes
with excess SPS. This work will contribute to our understanding of how photosynthesis works and to increased plant yield through
biotechnology.

218. Molecular Mechanism of Energy Transduction By Plant Membrane Proteins
Sussman, M. R.

Institution: University of Wisconsin

Phone: 608-262-8608

Department: Director, Biotechnology Center
Fax: 608-262-6748

Address: Madison, Wi 53706

Emali: ssman i

Funding: $111,000 12 months
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Proton pumps are membrane-bound proteins that act as biological energy transducers. The plasma membrane of plants and fungi
contains an ATP-coupled proton pump (H'-ATPase) that converts chemical into electrical energy. and provides the driving force to
catalyze the uptake and accumulation of solutes. The plantffungal plasma membrane H'-ATPase contains a single polypeptide of
Mr=100,000. ts simple polypeptide structure makes this enzyme an attractive candidate for studying the molecular basis of energy
transduction. A major aim of this project is to identify aspects of the enzymes' primary structure that are essential for converting
chemical into electrical energy. DNA cloning and sequencing techniques are being used to obtain the complete amino acid
sequence for twelve H'-ATPase structural genes present in Arabidopsis thaliana, a model higher plant with a small genome and a
rapid generation time. Mutant A. thaliana plants in which each of these ATPase genes is disrupted are being isolated. The
phenotypes of these plants will help to determine the biological role of each pump isoform in situ. Expression of the genes is being
studied using Northem blots and 'epitope-tagging' to produce isoform-specific polypeptide probes. Overall, these studies are
essential for testing hypotheses concemning the biological role of ion pumps and the molecular mechanism of protein-mediated
energy transduction in plants.

219. Analysis of Structural Domains Required for Phytochrome Function by In Vitro and In Vivo Mutagenesis
Vierstra, R.

Institution: University of Wisconsin
Phone: 608-262-8215

Department: Department of Horticulture
Fax: 608-262-4743 .

Address: Madison, Wi 53706

Email: yierstra@f i

Funding: $109,000 12 months

Phytochrome is a red/far-red photoreversible photoreceptor that has a centrat role in light-regulated piant development. To
determine how phytochrome functions at the molecular level, we have exploited a biological assay for active chromoproteins that
involves the expression of chimeric phytochrome genes in transgenic tobacco. Such ectopic overexpression induces a striking "light
exaggerated” phenotype that can be used as an in vivo assay of receptor function. The goal of the project is to combine this
transgenic system with in vitro mutagenesis to identify phytochrome domains important to synthesis, dimerization, chromophore
attachment, Pr/Pfr phototransformation, Pfr-enhanced degradation, and biological activity. Preliminary mapping has discovered two
distinct domains near the N-terminus of phytochrome A, one required for the structural integrity and biological activity of the
chromoprotein, and a second, serine-rich domain that modulates phytochrome activity. Modification of this second domain creates a
hyperactive photoreceptor that is 10-50 more sensitive to light. Biochemical and genetic approaches are now in progress to
determine the mechanism(s) that underlie this hyperactivity since it may reflect a novel post-translational step that attenuates
phytochrome A function. The first 600 amino acids also was found to contain element(s) responsible for the rapid degradation of
phytochrome A as Pfr. Appending these domains to the C-terminal region of the more stable phytochrome B confers instability to
this chimeric protein as Pfr. Additional sets of phytochrome A/B chimeras are under construction to localize this degradation signal.
Completion of this work will represent an important step in understanding the function of this essential photoreceptor.

220. Molecular Characterization of Bacterial Respiration on Minerals
Blake, R. Il

Institution: Xavier University of Louisiana
Phone: 504-483-7489

Department: College of Pharmacy

Fax: 504-485-7930

Address: New Orleans, LA 70125

Email: hlake@xula.edy
Funding: $98,097 12 months

Aerobic respiration on reduced iron is a principal metabolic activity exhibited by certain chemolithotrophic bacteria that inhabit ore-
bearing geological formations exposed to the atmosphere. Each phylogenetically distinct group of iron-oxidizing bacteria expresses
one or more unique acid-stable, redox-active biomolecules in conspicuous guantities during aerobic respiration on jron. Structural
and functional studies continue on two such novel biomolecules that have been purified to electrophoretic homogenetity, rusticyanin
from Thiobacillus ferrooxidans and cytochromesy; from Leptospirilium ferrooxidans. The aim of these studies is to determine the role
of each protein in the iron respiratory chain of its respective organism. Other redox-active components present in cell-free extracts of
iron-oxidizing organisms continue to be sought, isolated, and investigated with regard to their roles in the same respiratory chains.
Another aim is to investigate the mechanisms, consequences, and principal features of bacterial adhesion to insoluble minerals. The
specific, selective adhesion of T. ferrooxidans to pyrite was recently shown to be mediated by aporusticyanin located on the outer
surface of the bacterial cell. Efforts are in progress to identify, isolate, and characterize other mineral-specific receptors expressed in
different genera of the chemolithotrophic bacteria that respire on insoluble minerals. It is anticipated that this project will provide
useful information toward manipulating T. ferrooxidans and related organisms for commercial use.



DRAFT 11/23/99

221. Special Regulation of C4 Genes in C3, C4 and C3/C4 Intermediate Flaveria Species
Nelson, T. M.

Institution: Yale University

Phone: 203-432-3860

Department: Biclogy Department
Fax: 203-432-5632 .
Address: New Haven, CT 06511-8104

Emall: timothy.nelson@vale edy
Funding: $63,377 12 months

The dicot genus Flaveria includes species utilizing C3, C4, and C3/C4 intermediate schemes of carbon fixation. In the C4 scheme,
leaf bundle sheath (BS) and mesophyll (M) cells cooperate to make carbon fixation more efficient. CO, is assimilated in M cells, then
reduced in BS cells, via a C4 pathway that relies on expression of the genes for pathway enzymes in M- or BS-specific pattemns. In
less efficient C3 species, M cells independently fix CO,, and the BS is not generally photosynthetic. C3/C4 intermediate species
exhibit anatomical and biochemical characteristics between the C4 and C3 extremes. In both C3 and C3/C4 species, C4 pathway
genes are present, but used in different spatial pattems. The variety of Flaveria species provides an opportunity to compare the
structure and regulation of C4 pathway genes in closely related C3 and C3/C4 species, and to determine the feasibility of increasing
the efficiency of the non-C4 species through reregulation of their C4 pathway genes. We have isolated and characterized genes
encoding malic enzyme (ME), ribulose bisphosphate carboxylase (rbcS), and malate dehydrogenase (MDH) from C3 and C4
species of Flaveria. We are characterizing the DNA elements associated with the different activity patterns of these genes in
Flaveria species, by means of both transient and stable introduction of reporter constructs into C3, C4 and C3/C4 species. The
individual C4 pathway genes appear to be spatially regulated via distinct rather than common DNA elements.

222. Caicium Mapping and Signalling in Yeast
Slayman, C. L.

Ingtitution: Yale University

Phone: 203-785-4478

Department: Department of Cellular & Molecular Physiology
Fax: 203-785-5535

Address: New Haven, CT 06510-8026

Emaii: cli man

Funding: $121,000 12 months

The long-range object of these experiments is to develop a comprehensive and quantitative picture of calcium transport and
signalling in a model cell, Saccharomyces cerevisiae, whose ion-physiology closely resembles that of higher plant cells. Recent
public release of the complete genome sequence for the organism has yielded ~45 genes which may be directly or indirectly
involved with calcium metabolism. This number is small on the scale of most eukaryotic genomes, and invites both systematic
investigation and surgical engineering. The basis of quantitative functional models must necessarily be quantitative measurements,
of intracellular calcium localization and of both intra- and extra-celiular Ca™ fluxes.

To facilitate such measurements, we are constructing giant yeast cells in which light-microscopic localization should be simpler than
in haploid yeast, and on which electrophysiological measurements should also be greatly simplified. In addition to cytoengineering,
patch-clamp measurements are being carried out on a tonoplast calcium channel (YVC1; P.N.A.S. 87:7824, 1990), which is not yet
identified with a structural gene. A systematic search for this coding sequence is being conducted by motif-scanning, test deletion,
and patch-clamping of isolated yeast vacuoles. Two other potential approaches are the identification of high-affinity inhibitors, to be
used as protein-purification tags; and drop-out searches of 2-D protein gels following deletion of genes for YVC1-associated
proteins. A systematic patch-clamp search is also being conducted for the electrophysiological counterpart to a major plasma-
membrane calcium channel, YGR217w. .

An important spinoff of the plasma-membrane Ca”*-channel search is proving to be the detailed electrophysiological description of
other small ion currents in the yeast plasma membrane, including a conspicuous low-affinity inward K* current.
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This project will investigate the unique enzymes in archaea which are responsible for the biosynthesis and recruitment to transiation
of cysteine. Cysteine is one of the twenty canonical amino acids and is required for translation in all known organisms. Despite this
ubiquitous requirement for cysteine, no open reading frames encoding cysteinyl-tRNA synthetase and enzymes of cysteine
biosynthesis have yet been identified by any of the archaeal genome sequencing efforts. Since these enzymes are essential for
cysteinyl-tRNA®" formation and free cysteine biosynthesis respectively, no adequate explanation yet exists as to how cysteine
codons eventually give rise to cysteine residues in archaeal proteins. This suggests that either these enzymes are sufficiently
divergent in archaea to prevent their detection by conventional saquence analysis methods or that they are absent. The aim of this
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project is to determine the mechanisms of, and possible relationship between, archaeal cysteinyl-tRNA and free cysteine
biosynthesis. We have previously shown that tRNA-dependent amino acid transformations are able to functionally repiace key
enzymes in both translation (aminoacyl-tRNA synthetases) and intermediate metabolism (aminolevulinate synthase). This gives rise
to the possibility that archaeal cysteinyl-tRNA synthetase and the enzymes of cysteine biosynthesis are replaced by a novel
enzymatic activity capable of converting Ser-tRNA®" to Cys-tRNA™. A biochemical precedent for such an activity is the
selenocysieine synthase which catalyzes the tRNA-dependent transformation of serine into the cysteine analogue selenocysteine.

. We propose to test for biochemical and genetic evidence of both (1) the enzymes of cysteine biosynthesis which have been
described in bacteria and eukarya and (2) a direct route-for Cys-tRNA™ formation or an indirect, tRNA-dependent, pathway which
may also provide the means of cysteine biosynthesis in archaea. The experimental system of choice will be the archaeon
Methanobacterium thermoautotrophicum as it is readily amenable to conventional biochemical and genetic analyses and its
genomic sequence has recently been completed. Purification, cloning and overexpression of the enzymes necessary for essential
cysteine metabolism from this organism will allow us to address the enigmatic evolutionary origin of cysteine biosynthesis in_
archaea.
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