Max-Delbrtck-Centrum fir Molekulare Medizin, Berlin
Forschungsgruppe Entwicklungsneurobiologie
Leiter: Prof. Dr. Fritz G. Rathjen

CALEB, an activity-dependent down regulated molecule

DISSERTATION

zur Erlangung des akademischen Grades

doktorum rerum naturalium

vorgelegt von

Debashish Das

beim Fachbereich Biologie/Chemie/Pharmazie

der Freien Universitat Berlin

Berlin, 2005



Gutachter:

Prof. Dr. Fritz. G. Rathjen
Prof. Dr. Dietmar Kuhl
Date of disputation: 21st March, 2000



TABLE OF CONTENTS

ACKNOWLEDGEMENTS 4

ABBREVIATIONS AND ACRONYMS 6

SUMMARY 8

ZUSAMMENFASSUNG 10

A. INTRODUCTION 12

1. MOLECULAR ANALYSIS OF SYNAPTOGENESIS ......cuvtiiiteiiitereiteeeiteeeeiseeeeseeesseeessesesssseansesesssessssssesssesssssssnssessnseesnns 13

2. ACTIVITY-INDEPENDENT GUIDANCE FOR SYNAPTOGENESIS ......ccoivtiiitiieeiieeeereeeiteeeeiseeeesseeeiseeeeiseeesssessesseesssesssneens 14

3. NEURONAL ACTIVITY ROLE IN SYNAPTOGENESIS ....cvteetteittieeeieieeeereereenseeeseenseessesssseesessssesssesssesssesseenseessessssessees 15

3.1 INEUFPOMUSCULAT JUTLCTIOMN.......c..o.eeieeeeei ettt ettt et ettt b et seebe et est st be s entese s ease st eseesessaseesennas 16

3.2 VESUGL PALAWAY ...ttt ettt ettt et st et et e st ese e a et ene s s et e ne s e 18

4.  ACTIVITY-DEPENDENT GENE AND PROTEIN REGULATION .....cccvviieurieeeteeeeteeeeneeeeeteeeesseeeesseeenseseenseesesssensseesssesnseeens 19

4.1 GOME FEQUIALION ...ttt ettt ettt e h ettt e h et et b s et e es et et s e s e st eseesessaneeneean 20

4.2 PrOtEIN FEQUIALION ...ttt ettt bttt ettt et ettt 21

B. AIM AND HYPOTHESIS 23

1. PART-I: Is CALEB AN ACTIVITY-DEPENDENT REGULATED MOLECULE ......uvviiiviiiiiieeireeeteeeereeeeireeereeeeveeennneeenns 23

L1 HYPOURESIS: ...ttt et h etttk h ettt a ettt ettt n e ee 23

1.2 OBJOCHIVE: ...t ettt h bttt n ekt s Rt a et at et b sttt et et st r b ent et ene e 23

2 PART-II: WHAT IS THE MECHANISM OF THE ACTIVITY-DEPENDENT DOWN REGULATION ......ccccveeiveeerreennreeennreeenns 23

201 HYPOIRESIS. ...t ettt h e a et bt a et bttt ettt et ae et et e beeaeeneebeebeeaean 23

2.2 OBJECHIVE.! ..ottt a ettt Akttt s At A et et n st bttt et st et e s st aneeaeean 24

3 PART-III: IS THE ECTODOMAIN SHEDDING OF CALEB CAUSED BY A PROTEASE ....cvveovietieieeireeeteeeneeeveeereeveeneens 24

3.1 HYPOIRESIS: .ottt ettt h e Rt a e b n e h e bt a ekt a skttt e sttt et en b enseaeetenteneeben 24

3.2 OBJECHIVE: ...t a et a e h e Rt R ettt et n et ee st ene ettt enenen 24

C. MATERIALS AND METHODS 25
) R\ U 1 21 23 1N 51ROt

1.1 Chemicals, medium and enzymes

1.2 Consumables and Special APPLIANCES ..................ccc.ccooeviiieiiiieieieeeee et 25

1.3 SOIWAFES USEU...........oeeeee ettt ettt ettt ettt s ettt e e st e he b e st e b b e sseseesesaesses s eaesseneenebens 26

14 ARIIDOGIES ... ettt ettt et e et e et e e e e eae e 26

1.5 CONAS ... et e e e ae e e 27

1.6 COMPELENT CEIIS (BACIEFIQ)........c.ceeeeeeesieeeeeee ettt ettt ettt en e eneene s 27

1.7 Animals, cells (primary and cell [iNes), HISSUES .............cccecuiireoiiiiiieieeeeeee ettt 28

2. METHODS ...teeiettee ettt et e eetee e ettt e e et e e tae e eaeeeetaeeeeaeeeeseeeeaeseeeseeeeasseeasseeeseeeeasseessseeeseeeenseeeteeeeseeeenseeeeaeeeeneeeerseeeareean 28

2.1 CUl CUITUFE TNCIIOAS ... e ettt e e e e 28

211 MaintenNaNCE OF CEII NG ........cuoiieiiieecee ettt ettt b e b bt b se s eeae s eseesessesesnenens 28



D.

212 PrIMAry CEII CURUIE ........ooeviiiiieeee ettt b et es st s et e st e e se s s eseses s sesesnnn 29

2.2 BiOChEMICAI MEIROMS ..............c.ooveeeeeviieeeiee ettt ettt ettt ettt e ve st eae s 30
2.2.1  Electrophoresis and WEeSIEIN DIOt ..ottt enenes 30
2.2.2  Quantification Of WeSEErn DIOLS.........c.cuoviiiiiiiiiciece ettt 32
2.2.3  DeglyCOSYIatioN Of HISSUE .....cococveieiiiieieecc et sttt s et se e ss e s e s e sesenenn 32
2.2.4  Protein extraction from Cells @and tISSUE ...........ccccceuiiiiririiri et 33
2.2.5 Biotinylation, avidin precipitation @and €lULION ............ccccrieieiiiirece e

2.2.6 Biotin Internalization Assay .......ccccccocoevvvrunennee.

2.2.7 Identification of a released CALEB fragment.

2.2.8 Characterization of membrane associated protease that cleaves CALEB...............ccccoveeeiinneeeieeeenes 36
2.2.9  In-vitro CALEB Cleavage MEACHION ..........ccooirieieieeeirieieieicee ettt s et s s s e sesesnnen 36
2.3 Molecular biologiCAl MEIROUS ...............c.ccooeieieiieeeeeee ettt 37
2.3.1  Preparation of COMPELENt CEIIS ..........c.ceuiviiiieeceeeeetee ettt seseeis 37
2.3.2  TranSTOMMALION. ...ttt ettt b ettt sttt b ettt s enen 38
2.3.3  Plasmid DNA Preparation ..........cccoecioirieioieieieieieieesieteietete ettt et ettt esas s s e esessesessesasseseesessesessesessessesensesans 38
2.3.4  Restriction €Nzyme igeSHON .........ccooiiiiiiicieeee ettt et b e bt ne et seeae e enens 38
2.3.5 Transfection of CDNAS 10 CEII HINES ........coovoiiieieieeeeeeeee ettt enen 39
2.4 HiStOIOZICAL MEIROGS...............oieiee ettt ettt ettt ebeene e e e 39
241 TISSUE SECHOMING. ...c.cuiuiiieietiiieieteteet ettt ettt ettt ettt e s e s e e e et e s et e s es s e s e s et es e s et esesese s et et esesesesesesesssesesnss 39
2.4.2  NeurohisStology StAINING.........ccceviiiiiieieteiie ettt ettt ettt b ettt b et ese s esebessse st esesesesessesesesssssesesass 40
2.4.3  ImmunohistochemiCal STAINING.........ccceceueiiirieieieiireeee ettt es et s et s s es s e e sesesenas 40
2.5 TIIMUROCYIOCHEINISIIY ...ttt ettt et bttt b et e st bt e st eae s et e st ebe s eabe st eseeseseaseeseneas 41
2.5.1  Fixation and immMUNOSTAINING ........ccceireeiirireeer ettt ee st s et esenessssesesenessesesenn 41
2.6 Post-synaptic density (PSD) DIePATALION .................ccccoeceeeeiuieiieieieieee ettt eae e ese e s enes 42
2.6.1  ANIMAIS @NA FEAGENTS.......c.oiiuiieiieeetieete ettt ettt s et bete st es et eseesessebessese s esaeseseeseseeseseseeseseesensesans 42
2.6.2  Protocol fOr PSD Preparation ..........cccccciieioieieiiiieieieiiei ettt ettt ss e s s s st sesessesesesessesesesanis 42
2.7 Superior colliculus inCubAtiON eXPEFIMENLS .............c.ccoioiiiiiiiiieeee ettt 44
RESULTS 46
INEURONAL ACTIVITY DEPENDENT REGULATION OF CALEB......c.cccooeiiiiniiieinineeeeseese et 46
1. Activity dependent down regulation of cell surface CALEB
1.1 Characterization of CALEB in E11 chick retina...................
1.2 Cell surface CALEB down regulation with neuronal activity..............cocoeveoirieeeiinreeeeeeee e 49
1.3 Cell surface down regulation occurs with the activation of glutamate receptors...........cccccoovvvvevierirnnnne. 51
1.4 Down regulation of CALEB is an action potential independent process............cccovvveeinrieeecenseeenens 53
2. Role of Calcium in cell surface down regulation of CALEB...........c..ccccoouoiiiiieoiiieeeseseeeeeeee s 54
21 Calcium influx is necessary for the down regulation of CALEB.............ccccovreiinrneieeeeee e 54
2.2 Down regulation is a calmodulin and calcineurin dependent ProCess ...........cccoevveeieinieineeeeieeeeeeeenes 56
3. Shedding is the cause of down regulation of cell surface CALEB ............ccccccoooiieiiecieeiieieeeieieeees e, 59
3.1 Down regulation of cell surface CALEB is an outcome of ectodomain shedding ..........ccccccoveieiriniiiecnnne. 59
3.2 Presence of the shed ectodomain fragment of CALEB protein...........c.ccccoeeiivieieeieincieeeeeeeeeveeens 61
3.4 Presence of the membrane attached part of CALEB after shedding ..........ccccoovveeiivieiccineeeeeee, 62
3.5 Presence of lower fragment in the developmental stages of Chick............cccccooiviiieiiicicce, 64
4. Metalloprotease inhibition, inhibits SREAAING ................c.ccocoeeiiiiiiiiiieieeteeeee e 66
4.1 Shedding of the ectodomain occurs by membrane associated proteases............cccceveeeverinneecerieeienne. 67

2



1L

Sl O i

4.2 ADAM group of metalloproteases is responsible for shedding............ccccoeveiiinieeennnccee e 68

4.3 ADAM 10 and ADAM 17 are responsible for causing the ectodomain cleavage of CALEB...................... 70
5. Shedding of CALEB in the presence of pharmacological reagents that affect intracellular
SIGNAITING DATIWAYS ...ttt ettt ettt ettt ettt b et nee 72
5.1 Involvement of Erk kinase pathway in shedding of CALEB ectodomain ..............cccoeeveviiivieieeeccieeeen, 73
5.2 Shedding is independent of protein synthesis
6.  Calcium dependent upregulation of total CALEB ......
6.1 Total CALEB protein upregulation upon neuronal activity.............cccecvorieeeininieeieeeseeee e 76
6.2 Total CALEB increased because of more translation..............coceeerrnnnnnincieeeee e 77
CHARACTERIZATION OF CALEB IN MOUSE NEURAL TISSUE ......cccoociiiiiiniiiieieneneeeeeceeeee 79
1. EXpression 0f MOUSE CALEB............c.ccccoouiiiiiiei oottt ettt ere sttt st ese s ensese s e 79
1.1. Tissue specific expression of MOUSE CALEB ...ttt 79
1.2 Mouse CALEB enrichment in the synaptic JUNCHONS .............coiiiriiieiiiiece e 30
2. Developmental expression profile 0f Mouse CALEB..............cccccccioiieiiiiieiee ettt 81
21 SUPETION COIICUIUS ...ttt ettt s et s et s bt e s e e s e s eses et es et e sesassnsesesesssesesnsen 81
2.2 MOUSE REEING ...ttt ettt ettt ettt bbbt benas 83
3. Activity-dependent regulation of mouse CALEB in superior COUICUIUS. ..............coceovrvneiecinineiie e, 85
DISCUSSION 86
CHARACTERIZATION AND DISTRIBUTION OF CALEB ....c.coiiiiiiiiiieeeee s 86
ACTIVITY DEPENDENT DOWN REGULATION OF CALEB......c.coiiiiiiiiiiieniciceeentestetet ettt 88
CALEB DOWN REGULATION IS A CALCIUM DEPENDENT PROCESS ......ccuteuteuieiintieteeiententeeneeneeseeseeeseeneensessesneeneeneas 91
DOWN REGULATION AS A CONSEQUENCE OF CALEB ECTODOMAIN SHEDDING........ccceeeeiiieeiureeeireeesreeeenreeeireeennnes 94
METALLOPROTEASES CAUSE THE ECTODOMAIN SHEDDING IN THE CHICK RETINA CULTURES
UPREGULATION OF CHICK CALEB BY NEURONAL ACTIVITY .cuvteuteteterutetieiteneentesueeteeeseesteeseesensessesseeneensessesnens
MOUSE CALEB EXPRESSION AND REGULATION BY ACTIVITY ...coutiieriiriiriieiietenienieeieetenteetesseesensesiesieeseensessesaeas
FUTURE PROSPECTS 104
LITERATURE 105
APPENDIX 121
ERKLARUNG 122
CURRICULUM VITAE 123






