Index

1. Introduction 1
1.1. Carbonic ANNYAIases........cccueriiriieriirieniiiie ettt ettt sttt ettt sa et et ee e 1
1.1.1. Carbonic Anhydrase MetallonZymes............cccveevvieriieeieenieeiienieeieesee e eeeeveeens 1
1.1.2. Physiological Function of Carbonic Anhydrases............ccoceevervuerienenieneenenieneene. 2
1.1.3. Animal Models of Carbonic Anhydrase Deficiencies...........cccoeeveevuienieenieenieenneennee. 3
1.1.4. Association of Carbonic Anhydrases with Cancers............cocceveevuerieneescnecnennnennne. 4
1.2. Carbonic Anhydrase IX (IMIN).......ccoiiiiiiiiieiiieiieeie ettt ettt seeeteesave e s e seseensaeenseenns 5
1.2.1. MN protein alias CA IX.......ooiiiiiiiiiieieneeceee ettt 5
1.2.2. Characteristic Features of MN/CA IX Protein........ccccevcerierienieeiienienenieseeeeeesieene 5
1.2.3. Physiological Expression of MN/CA IX Protein.........cccceecerviereeneniicneenenicneenieennen 6
1.2.4. Association of MN/CA IX Protein with ONncogenesis.........ccceeevveervercieeneenveennennnnn 8
1.2.5. Antigen for MAb G250 is Identical to MIN/CA IX.....cccoooiiniiiiniiniiiinieneceeicnene 9
1.2.6. Sequence analysis of MN/CA9 CDNA..........ccoioiiieiieiie ettt 9
1.2.7. The Genomic Structure of MN/CA9 GENE.......c.cevueeiieeiiieieeieeie et 11
1.2.8. MN/CA IX Protein is an Adhesion Molecule...........ccccecerieniiiiiniininiinieeeenene 12
1.3. Development of the Mouse Stomach and Architecture of the Gastric Mucosa................. 13
1.3.1. Development of the Gastrointestinal Tract in the Mouse............ccceeveeviercieenieennnnns 13
1.3.2. The Anatomy of the Stomach...........ccccoceviiiiiiiiiiiieee 14
1.3.3. Organization of the Gastric Epithelium in the Mouse...........ccccccoevieeiiienieecieennnnn, 15
1.3.4. Main Cell Types along the Mouse Gastric Pit-Gland AXiS.........cccccevevervineenennne. 16
1.3.5. All Stomach Epithelial Cell Lineages Originate from Multipotent Stem Cells....... 17
1.3.6. Control of Proliferation and Differentiation of Stomach Epithelium...................... 18
1.3.7. Cell Adhesion - the Key to Morphogenesis of the Epithelium and Maintenance
of the Epithelial ATChiteCtUre.........ccvviiiiiiiiiii e e 19
2. AIM Of the WOrK.....uiiiiiiiiiiiiiiiiitiininniinniineinnesssecsesssessessssssssssssssssssssssessssssssss 22
3e MALETIAlS.ccciueeiiieiiiiiniiiiiitinsticsneiseicsseesseessessssssssesssssessessssssssesssssssssssssssssassssesssssssassssassnns 23
3.1, CREIMICAIS. ..ttt ettt ettt ettt aee et aee e 23
3.2. Solutions and BUTTETS. ........cccuiiiiiiiiiiiieieeeeee ettt 24
TR TR 25 1747 11 ST T PO OTPRTRTPR 25
3.4. Nucleotides and Radioactive NUCICOtIdes..........ccueriirieriiiiiiieniieieseieeee e 26
3.5 ANEIDOAY ..ottt ettt ettt et st e bt e e e ees 26
3.6. Filters and MemDBIanes..........ccoeeiiirieriieiiieierieie ettt sttt 26
3.7 PLASINIAS. ...ttt ettt ettt b ettt sate e b e e enbeeees 26
TR G LSRR PRSP 26
3.9. Bacterial Strains and Cells..........ccooiiiiiiiiiieiiieie e 27
3100 ANTMALS. .ttt sttt ettt et st b et et nbe et saeens 27
3.11. Laboratory EQUIPMENL...........cooiiiiiiiiieiie ettt e e e e e s 27
R B o 0111 1) ¢ F OO R U SORPRPRRIPRRP 28
3.13. Media and Supplements for Bacterial and Cell Culture...........cccceeevivieniiiiniieiiieeie, 29
3.14. Material for Injection and Embryo-Transfer...........c.cocceeviieniieiiienieiiiecieeeee e 30

3.15. HOIMONES QNA NATCOTICS . ceettneeeeeeeeeeeeeeee e e e e e e e e e e e aeeeeeeeeeeeneaaeeeeeeeeeanaaaaeens 30



Q. MEEIOAS. ceeeeeeeeeeereereereereeeecsseceeereesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssssansnnssss

4.1.

4.2.

Preparation and Analysis Of DNA.........oooiiiiiiiieie ettt
4.1.0.1. Phenol/Chloroform Extraction and Ethanol Precipitation
OF NUCICIC ACIAS....ueiviiiiiiiiiieieeet et
4.1.1. Isolation of Genomic DINA........cociiiiiiiiiiiiiieeeee e
4.1.1.1. Isolation of Genomic DNA from TiSSUE......cccccceriirieniiriiniiiinicnecieeens
4.1.1.2. Isolation of Genomic DNA from ES cells........ccoceeviriiniininiiniiniiicnne
4.1.2. Isolation of Plasmid-DINA.........ccccoiiiiiiiniiiiectee e
4.1.2.1. DNA-Minipreparation - “Boiling Method™.............ccccoiiiiiiiiiiiniiiee
4.1.2.2. DNA-Maxipreparation - “Lithium Chloride Method™..........c.cccccceviernnnene
4.1.2.3. Vector DNA-Maxipreparation on JETSTAR resin (Genomed)..................
4.1.2.4. Isolation of Single Copy Vectors with Large Inserts...........cccccceeeeveernrennen.
4.1.3. Estimation of Concentration of Nucleic ACids.........ccceevuieiiiiiiiniiiiiieneeceeeen
4.1.3.1. Measuring of Nucleic Acid Concentration by UV Spectrophotometry......
4.1.3.2. Estimation of DNA Concentration by a “Dot-Plate”..........c...cccevenennnne.
4.1.4. Resolution and Recovery of Large DNA fragments............ccccceeveeeciienieniieenieennnnn.
4.1.4.1. Agarose Gel ElectrophOresis.......cceeuerieriiriinienienienecieeeeseeeeeeseeee e
4.1.4.2. Isolation and Purification of Large DNA Fragments from Agarose Gel....
4.1.5. Southern Blotting and Hybridization..............ccccooieviiiiniininiiniiiiceecceeee
4.1.5.1. Screening of Bacterial Colonies by Hybridization...............cccceevveeuvrennennee.
4.1.5.2. Prehybridization of a Nylon Membrane
(for Probes Longer than 300DP).......cceeevuieriieiiieiieiiieiieeieeeee e
4.1.5.3. Hybridization of a Nylon Membrane
(with Probes Longer than 300DP)........c.ceoieiiiiriiniieieeie et
4.1.5.4. Washing of the Hybridized Nylon Membrane
(with Probes Longer than 300DD)........c.ceovieiiiiriiiiieieeie et
4.1.5.5. Prehybridization of a Nylon Membrane (for Oligo-Probes)............c..c.......
4.1.5.6. Hybridization of a Nylon Membrane (with Oligo-Probes)...........c.............
4.1.5.7. Washing of the Hybridized Nylon Membrane (with Oligo-Probes)...........
4.1.5.8. Membrane Stripping Protocol for DNA and RNA Blots.........cccccceeienene.
4.1.6. Resolution of Small DNA Fragments..........ccccecuereevenieniinenieneeieneeneeieeeeseennes
4.1.6.1. Denaturing Polyacryamide Gel Electrophoresis...........cccoeevveevieniieriiennennn.
4.1.6.2. Exposure Analysis of Radioactive Material on Solid Support....................
4.1.6.3. Sequence AnalysiS By SEqUENCING.........cccuerrrierieeireerieeieerieereeneeeveenieens
4.1.7. Computer Analysis Of DNA.......cociiiiiiiiiiiteeeet e
Enzymatic Manipulations of NUCI€IC ACIAS.......cccvierieriiiiiiieiieiiecieeieeeee e
4.2.1. Polymerase Chain Reaction (PCR)..........cccciiiiiiiiiiiiiie e
4.2.2. Restriction Digestion 0Of DNA........c.oooiiiiiiiiiiciieiece ettt ens
4.2.2.1. Complete Digestion of Plasmid DNA with Restriction Endonucleases.....
4.2.2.2. Complete Digestion of Genomic DNA with Restriction Endonucleases....
4.2.2.3. Partial Digestion of Plasmid DNA with Restriction Endonucleases
(REStIICtION MAPPING)...iiiuiiiiiieiiieiiieeieeite et esiteeteesteeeaeesstesbeesseessseesseessseesssesnseensns
4.2.3. Radioactive Labeling of Nucleic Acids........ccceveieiiiiriiiiiieiieiieeeeeiee e
4.2.3.1. T4 Polynucleotide Kinase - Labeling by the Forward Reaction.................
4.2.3.2. Labeling of DNA by Random Oligonucleotide-Primed Synthesis.............
4.2.3.3. Spin-Column Procedure for Separating Radioactively Labeled DNA
from Unincorporated ANTP precursors..........oocueeveeriienienieeiesee e
4.2.4. Construction of Hybrid DNA Molecules (Cloning).........ccccccveevveeriienieenieesveeneenne
4.2.4.1. Repairing of 3’ and 5’ Overhanging Ends to Generate Blunt Ends by



4.3.

4.4.

4.5.

KIENOW fTragmMent........eeeeuiieiiiieciie ettt et e et e e siaeeeseveeeeaeeesaeeeneeeens 40
4.2.4.2. Repairing 3’ and 5’ Overhanging Ends to Generate Blunt Ends with

T4 DNA POLYMETASE......ueiiiiiieeiieeiiie ettt et teeeeree e eveeeaaeeere e e snraeesaeeesnseeennns 41
4.2.4.3. Dephosphorylation of 5’ends by Calf Intestine Phosphatase (CIP)............ 41
4.2.4.4, LAZATION.....uiiiciiieeiieeeiiee et e eiee et e e et e e et e e estaeeenaaeeessaeesnsaeesssaaessseeensseeennseens 41
4.2.4.5. Cloning of @ PCR Fragment............cccccoeviiriiiiniieiiieieeteee e 42
4.2.5. Introduction of Plasmid DNA into Competent Cells...........ccceevvvreerciieenieeenieeenneen. 42
4.2.5.1. Preparation of Competent Cells Using the Calcium Chloride Method....... 42
4.2.5.2. Transformation of Competent Cells............cccovvieriiieniiiieiiieceece e 43
Preparation and Analysis Of RINA........cooiiiiiiiee e 43
4.3.1. Isolation of Total RNA from Eukaryotic cells..........cccceeviiriiiiniiiniiieieeiieieeeene 43
4.3.1.1. TRIzol Reagent - Method...........cooouiiiiiiiiiiiieiiieeeceeee e 43
4.3.1.2. Acid Guanidium Thiocyanate-Phenol/Chloroform RNA Isolation
(modified from Siebert and Chenchik (1993))......ccccoiiiiiiiiiiiiiiieeeeee 44
4.3.2. Reverse Transcription (RT) - Synthesis of First Strand cDNA...........cccccevverivennnn. 44
4.3.2. 1. RT-PCRu.eooieeeee ettt ettt neeneas 45
4.3.3. Rapid Amplification of cDNA Ends (RACE)......cccccooiiiiiiriieiiinieeiecie e 45
4.3.4. Northern BIOtHNG.........coouiiiiiiiieiiieiee ettt s 46
4.3.4.1. Northern Electroblotting............cccieruieriienieiiieiieeie et 46
4.3.5. Ribonuclease Protection ASSAY.........ccceerieriienieriiieniieeie et seeesiee st ieeseeeiee e ens 46
4.3.5.1. Synthesis of Radioactive Antisense RNA Probe...........ccccceevveviiniieniennnnns 47
4.3.5.2. Hybridization of the RNA Probe..........ccccoooiiiiiiiiiiiieeeeeee, 47
4.3.5.3. RNA Digestion and Resolution of Products on Polyacrylamide Gel ......... 47
4.3.6. Primer EXTONSION. ....cccuiiitiiiiieeiieiie ettt ettt ettt et e 48
4.3.6.1. Hybridization of the Primer ...........cccoccuveviiiiiiiniiciieieeeceeieesee e 48
4.3.6.2. Primer Extension by Reverse Transcription...........cceccveeeueerieeiieeneeniieeninenne 48
4.3.6.3. RNA Digestion and Resolution of Primer Extention Product on
Polyacrylamide Gel ..........cocoeoiiriiiiiiiiiiiiie s 48
ANALYSIS OF PrOtEINS.....coviiiiiiiiieciieiie ettt ettt et e et eeebeestaeesseessaeenneas 49
4.4.1. Protein EXtraCtiOn........ccoouiiiiiiiiiiiiieeiiesiee ettt ettt et 49
4.4.1.1. Isolation of the Stomach Epithelium by ”Scraping” for Protein Extract.... 49
4.4.1.2. Total Cell Protein Extracts from Cells and Organs of Mice..........cc.c....... 49
4.4.1.3. Total Protein Cell Extract from Cell Lines by Triton X-100 Method......... 49
4.4.1.4. Quantitation of Proteins by the Bradford Assay........cccccoeeieviiiiiiniiencenen. 50
4.4.2. WeStern BLIOTHNG......c..eeiviiiiieiieeieeieeeee ettt ettt ettt saeeseeesseeseeennaas 50
4.4.2.1. Western Electroblotting...........ccoouiiiieiiiiiiiiieeie e 51
4.4.3. Affinity Chromatography of Carbonic Anhydrases (Falkbring, 1972)................... 51
4.4.4. Staining SDS-polyacrylamide Gels with Coomassie Blue.........c...ccceeeeviniencnnns 52
4.4.5. Protein SEQUENCE ANALYSIS......ccuiiiiuiieriiieiiieerieeerieeesteeereeeireeeereesareesaeeesneeeeens 52
4.4.6. Computer Analysis of Protein Sequence..........ccceevueeriieniiiiiienieeiese e 52
Cell Culture Methods, ES Cells Handling and Use............ccccoeveeviiiniiiiiieniieiieeieeieeeeene 52
4.5.1. Embyonic Feeder Cells.........cooiriiiiiiiiiiiiicieeietieeeeeeee et 52
4.5.1.1. Preparation of Embryonic Fibroblast Feederlayers.............c.ccccovvevvienennnee. 52
4.5.1.2. Embryonic Fibroblast Cell Culture............coceverviniininiiniinicceiccecee 53
4.5.1.3. Inactivation of Embryonic Fibroblast “Feederlayer” by Mitomycin C....... 53
4.5.2. Cell Culture of ES-CelIS.....ccoiiiiiiiiiiiieie ettt 54
4.5.2.1. Electroporation 0f ES Cells........ccccoeeieriieiiieiieeiiecieceece e 54
4.5.2.2. Selection of Resistant CIONES............cocueeriiiiienieiieeieeieee e 55
4.5.2.3. Freezing and Thawing of ES Cells.........cccccvvviirviiiniiniieiececeeeeeee e 56

4.5.2.4. Gelatinization of Plates prior to Embryonic Stem (ES)-Cell Culture......... 56



4.6.

5.1.

5.2.

5.3.

54.

4.5.3. Cultivation of Established Cell LINES. ......coevvummmmeeeee e 56

4.5.4. Generation of ES Chimera MOUSE.........coceiieriierierienieiieeiteieeeesie e 56
4.5.4.1. “Superovulation” and "Foster Mother” Preparation............ccccceevveeeveeennnenn. 56
4.5.4.2. Isolation of BIAStOCYSES .....eevuiiiriiiiiieiieiiieiieeie ettt 57
4.5.4.3. Injection, Holding and Transfer Capillaries.........ccccceevveevcrieencieeenciieenieeenne 58
4.5.4.4. Injection of ES Cells into Blastocytes..........cccceevieriieenieiciienieciieeeeieeneen 58
4.5.4.5. Anesthesia and Embryo Transfer.........ccccoccveeiiieeiiieeiiieccieeeee e 59

4.5.5. Animal Housing and Bre€ding...........ccoovveeiiieriieiiierieeiiecieeieesee e 59
T T B & 74 1S (<SS 59
4.5.5.2. Test of Chimeric Mice for Germline Transmission............cccceeeeveeeeereennee. 59
4.5.5.3. BACKCIOSSING....cccuvieiiiiiieiieeiie ettt ettt ettt e e b e taessbeeaeeenseenes 60

Analysis of Phenotypic Changes in the MICE.........cccuevieririiiniinieiiiicniecieeeceeeeeeseens 60

4.6.1. Analysis of Blood Gases, Electrolytes, Serum Gastrin and Serum Albumin.......... 60

4.6.2. Histochemical and Immunohistochemical Analysis...........ccccceeveeniieiienieniieene 60

Results 62

Isolation and Characterization of Murine MN/CA9 cDNA........ccooviiiieiiiiieeee e, 62

5.1.1. Identification of Murine MN/CA9 cDNA Fragment by Degenerative Primers....... 62

5.1.2. Cloning of Murine MN/CA9 CDNA........ccccomiiiiriinteeeteseeeetee e 63

5.1.3. Mapping of Transcription INItHATION ..........ccccvierierireiiierie e e eae e 64

5.1.4. Single Splicing Variant of Murine MN/CA9 cDNA.........ccccooviniininiiniiceieeee, 64

5.1.5. Determination of the Primary Structure of the Murine MN/CA9 cDNA................. 65

5.1.6. Expression Pattern of the Murine MN/CA9 mRNA..........cccoviiiiiiniiiieeeeeeeee, 65

5.1.7. Expression of Murine MN/CA9 cDNA in Tumor Cell Lines and Tumor Tissue

SAIMPLC. ..ottt ettt et e ettt e st e bt e et e bt e et e e bt e enbeeteeentean 66

5.1.8. Comparison of Murine cDNA to Human MN/CA9 cDNA..........ccccoovvevcvenieereennen. 67

5.1.9. The Purification of the Mouse MN/CA IX Protein..........ccccceeevveeevieeenieeecieeenennn 68

5.1.10. Preparation of Mouse MN/CA IX Protein Specific Antibody..........c.cccveruvrennennne. 69

Isolation and Characterization of MN/CA9 GENE.......c.ccecueeviieiiieiieeiiesie et 70

5.2.1. Isolation and Characterization of Murine MN/CA9 Genomic Clones..................... 70

5.2.2. Organization of Exons and Introns in Mouse MN/CA9 Gene..........ccccccerveneeuennee. 70

5.2.3. MN/CAY9 is @ Single Copy GENE........ccccvieriieeiieiieeiieciieeieeeiee e eseeeereeseeesreesseeenneas 71

Construction of MN/CA9 Deficient MOUSE........ccceeruieriieiiieiieeieeie et 72

5.3.1. Targeting Strategy for Inactivation of MN/CA9 Gene by Homologous

RECOMDINALION. .....cciiiiiiiiieciee ettt e e et e e e e e e aaeessseeesabaeesnseeeenseeennns 72

5.3.2. Cloning of the Targeting Vector pMN/CA9I-NECO..........cccueevueeeceeeneeeiienieeeieenieeenens 73

5.3.3. Generation of ES-cell Clones with Mutated MN/CA9 Allele..........cccccoevuveeennnnnnne. 74

5.3.4. Frequency of the Homologues Recombination.............cccceeeveerieeviienieenieenieenieeenenn 76

5.3.5. Generation of Chimeric Mice with ES-cell of Clones 10B and 9F (MN/CA9™).... 76

5.3.6. Chimeric Mice from Clones 10B and 9F are Germline Transmitters...................... 77

5.3.7. Mendelian Transmission of the Mutation to the ”F2” Generation ......................... 78

5.3.8. Mice with Mutation in MN/CA9 Gene Express Truncated MN/CA9 mRNA.......... 79

Analysis of the MN/CA9 Deficient MICE...........covvvuiriinieniinieniiiieeieieeeeeese e 81

5.4.1. Homozygous Mutant Animals Develop Normally and are Fertile ......................... 81

5.4.2. Histological Examination of MN/CA IX Mutant MicCe.........cccccoveevienienernicneennennn 82

5.4.3. Gastric Phenotype in MN/CA IX Mutant MiCe..........cceevueeiierieevieenieeieenieeveeene 83

5.4.4. Additional Changes in the Pancreas and the Intestine............cccccoceeveeveniinicnncnnens 84

5.4.5. Immunohistochemical Analysis of the MN/CA9"~ and MN/CA9"" Mouse
StOMACKH SECTIONS. ... viiiiiie ettt e et e e et e e sab e e e abeeeeabeeesseessseessnaeesnseeas 85



5.4.6. Systemic Acid-Base and Electrolytes Status.........ccccveeviieeiiieccieeciie e 88

5.5 COMNCIUSIONS. .. esnseseeneeennmnnnennn 89
0. DS CUSSION . ceeuueeereereeereeeeseeresrerceressessasesssssssassssessssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssssanee 90
7. SUINMIMATY cecerevunriesssssrecsssssssessssssssesssssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 100
7.1 SUMIMATY ..c.iiiiiiiiiieeie e ettt e et e et e e st eeeabeeesbaeessnseesaseeesnneeesnseeennnes 100
7.2. ZUSAMMENTASSUING. ... .eeeiiieeiiieeiieeeteeeteeesteeesteeessaeeessaaeesseessseeessseesseeessseesssseeessseesnes 102
8. References 104
L RN 11 11, (3 116
0. 1. A DDIEVIATIONIS. .. eeeeeeseeaeesensmeeeemneneememssnmnmnn 116
9.2. Permission for Animal EXperimentation..........ccoccuieruierieiiiienieeiiesie et 117
0.3. PUDLIiCAtioNS and PreSEntatiOnNS. . ... eee oo e e e e e e e e ee e e e e e e eeeeeeeeeeeeeeaeaeaeaaaeaaaaaaaesaaaaeaaaanas 118

0. 3. 1. PUDIICALIONS. ..ottt et e e e e e e et e e e e e e e e e ee e e e eeeeeeeeeaaeeaaaaaeaaaeeae 118

0.3, PrESEINTALIONS. ... e eeeeeeeeeeee e ettt e e e et eeeeeeeeeea e aaeeeeeeerea e —aaeeeeeraaaan————_s 118
0.4, CUITICUIUITI VITAC. .. eeeeeteeeee et e e e e e e e e e e e e e e e e e aaeeeeeeeeeaaraaaeeeeeaenaans 119

0.5. ACKNOWICAGZMENLS.......eeeiiiiiiieiieiiie ettt ettt e staeebeessaeesbeessaeensaensneenseenens 120



	Index

