!\Il

oa¢r
csany

Formation of Ovarian Follicular Fluid

Thesis submitted for the degree Doctor of Philosophy

:E——-’ OF ADELAIDE

Hannah Clarke BSc (Hons)

Department of Obstetrics and GYnaecology, School of Medicine,
The University of Adelaide
Adelaide

South Australia, Australia

June 2005




Table of Contents

DedICALION cerueeeriiericssarsssnnecanssansestiasstsessascsactsssssnsssssnnssssnsnessassssstanssssressassssnassssasssnsnessnasassns 2
ACKDOWIEAZEIMENLS weveenrinnrinninitiisisnniiissiissnsnitt st ssasansassasessenstssnsessessassasesses 3
Table Of CONTENTS . .ccuviiiiiniiiiciirnitintncrnerenesitissstesssssessessssssesssssesesstssassssessasssasses 3
LISt Of TADIES c.civeuvrinnrionnnnsniennniiarsnsenssssnessssneesssssesssssassssasesssssssssasssssssssassesssssssansssasssasssnee 10
LSt Of FIGUIES..uuceiiiiniiritiniiniiinnnticsnnsssnsstinsssssssssssansssnnsssssssasssnssssssssessasessssssssssessassssnsssses 11
List of Commonly used AbDreviations....cccceerieceesicsercssnecssanicsanissnsnssecsssncssessssessanessens 15
ADSITACE.c.cvviiiceiiicetenncnniosinessntissasssssnossstossssessssseesssossessssssssssssssssssossassssssssssnssossssssasssssnassssssne 16
DecClaration ......ccccvceriineeicsinisnnnesessrecssneesssesensssensssssesssssstsssssstossesssssssessasssssnsssansssasesssssssassess 18
Chapter 1 Literature REVIEW......ceecnevuresesssissssssiasssiasessscesescssesessescssescossssssessaseses 19
L1, T INErOAUCHION .ottt e e ettt e s e sas s e saeeesaneee 19
1.2.  The Mammalian OVary ......cccocoveeeerrerererereeeseerenens ettt 20
1.3.  The Ovarian FOIICIE.......cccciiirieiriieieeiee ettt vr e sere s s s taesrneas 22
1301, QOZEIIESIS -.eeiireeieieretee et ore et s e v ebe et ene e be bbbt n e sen s aeeas 22

1.3.2.  FOIlICUIOZEIESIS. ....ueeueevernierieeeetcseeeenteente st et et et e sas e st sene e e seee e senos 25

1.3.3.  Oocyte Growth and DevelopIment........cocceeiereeeriiriinneecnirenieseeiteseenees 30

1.3.4. Follicular Recruitment, Selection and Dominance ...........cocoeeeeveeevevreeennnen. 35

1.3.5.  OVUIALIOM eitiitieieectieseeet et ettt e esaeeeeaesre s te e e e e eseestaensassssessesaseeasaarseennnans 40

1.3.6.  COTPUS LULEUIL....ueiriieieiieeiiiee sttt eeireeeeteeeentas et e e anseesesaessseeesnrvessneesareesnnees 40

Lid,  ARTESIA .uiiiiiieiieiieecieeieee s et eteeseee st e s et e s bt e s s ressae e seeesteasseeseesstestense e st ansnanseeennans 41
[.5.  Follicular FIUIA ....cooiiiiiiieiiie ettt e 42
1.6.  Osmosis and OSmMOtIC POtENtIALl......ccceiiirieririiieieciiierte e 43
1.7.  Follicular Fluid FOIMAtION .......cccevueevieeieeiirtieeieeieseere ettt aneas 44
1.8.  Proteoglycans and GlycosaminoglyCans ........ocuerverrerriirnierieneieienieeie s eeenanes 45
1.8.1.  Biosynthesis 0f ProteoglyCans ........c.coceievernieneniinienencreie e 46

1.8.2.  GIlyCOSAMINOZIYCANS ....uvovveeniiereeiirieerestieiraeteeieeerereeneesresnsenessesesestesteeneenaenee 47



1.8.3.  Hyaluronic acid (HA) or Hyaluronan ...........ccocceeoinieiinieiieneeeceececen, 48

1.8.4.  Chondroitin Sulphate (CS) ..cccecviiiiiiiiiiiiieee e e 49
1.8.5. Dermatan Sulphate (DS) ....ccooviiiiiiiiii e 49
1.8.6. Heparan Sulphate (HS) and Heparin.......c.cocevieerviiiiieiiciececececeee 49
1.8.7.  Keratan Sulphate (KS) ....c.cooiiiiiiiiie e, 50
1.9.  Cell Associated Proteoglycans........cceceeviieivirriieriieeececiee e 52
1.10. Extracellular ProteoglyCans........ccoceeiiiiniiiiiiiiiiiiiece e, 52
1.10.1.  Small Leucine Rich Proteoglycans (SLRPS).......cccecvveveiiriiiiceniinieeeeeiene, 52
1.10.2. Modular Prot€0oGlYCanS ........cccccvermiiiririiieeniieeiiieesiieeesreeseeresseeesreeesaeeeseaeens 54
1.10.3. Glycosaminoglycans in the OVary ........ccceecveremiriieniiccrcecenec e 57
1.10.4. Glycosaminoglycans in Fertilisation......c.ccoooeeveeeriivencneniinienieiinceenennns 57
1.10.5. Proteoglycans in the Ovary .....c..ccoccevevrerevieniicnnens ettt e be e rnes 58
L.11. SUIMITIATY 1.eveeieieeceieiee ettt sttt ettt et s sas et e saae st eebesnesreereemee st eneeneeaneas 59
1.12. Hypothetical model of Follicular Fluid Accumulation Mechanism...................... 59
L.13. THESIS ALMIS cutiitieieiiieniteieerteteni sttt ettt obe b sbe e st emneentortesaeaneas 61
Chapter 2 Materials and Methods ......ccceeerereererereserssesssasesesesesssssssensasasasssssessesns 62
2.1, IntroducCtion .......ccccceeeienerneiniencenreenee e et 62
2.2, MALETIALS .ttt ettt ettt et sttt et e e b e ne e e e et etae s 62

2.2.1. Colloid Osmotic Pressure Determination and Proteoglycan Identification ... 62

2.2.2. In Situ Assays and Hyaluronan synthase (HAS) PCRs and Northern Blots.. 63

2.2.3. Proteoglycan Identification ........cc.cocuevieienicoiniciinieiiicnccccece e 64
2.3, MethodS...ccoeveeeeieerieiieeieiee e ettt ettt b st et b ettt et naee 64
2206 T BN 5115 €06 13 (014 To) o VNN OO TP P RO T TP 64
2.3.2.  Tissue Collection ProtoCols.......ccoouiiiiiiiiiiiiiriniiieiiieiicneeceiiecien e 64
2.3.3.  Tissues for Follicular Health Determination.........ccccceceeeeeeenniiciicinninnienennnen. 65
2.3.4.  Tissue Collection for Fluid Analysis....c...cccvvevurivieiniernriiiiineeeneceeneennnan 65
2.3.5. Tissue Collection for In Situ Hybridisation Assays.......... et 65
2.3.6. Tissue for RNA, cDNA synthesis and 1703 S 65
2.4.  Follicular Fluid ColleCHON ....cocveriiniiiiiiriiiiiieccicnricie et 65
2.5, HISEOIOZY - e 66
2.5.1. Histological Assessment of Follicular Health..........cooovvveiieniiniiic, 66
2.5.2. Histological Preparation of Tissues for In Situ Hybridisation...............c....... 67

2.6. ITIand Versican GAGB in the Follicle....coooiiiiiiiiiiiiiicceceee e, 67



2.6.1. Extraction of Surface Proteins from Granulosa and Theca Cells .................. 67

2.7, Dextran EXPerimentsS.......ccccviveeeriiiiiiiireciieeeiieessireesieeesreeseesessaessssessssessaessssesse 68
2.8.  Colloid Osmotic Pressure Determination of Follicular Fluid .............c.coccvenneniee 68
2.8.1. Dialysis Membrane SeleCtion ...........ccceeveririeriecierieiereiniseieiee e saesaennas 68
2.8.2. - Temperature ‘and Salt Dependent DialysiS....ccccvceervieeeiiienciniienrieereeeveeneene 68
2.8.3.  Size EXClusion DialysiS......ccoceviiiiveniirrnenieeeicteteeecneereseee e seesaeaeneas 69
2.8.4. Enzyme Digestion of Follicular FIuids ......cccccecccvveriininiciiniinineneeeee 70
2.8.5. Gonotec 050 Osmomat OSmOmeter.......cc.cceevueerveneeneennns e 70
2.8.6. Colloid Osmotic Pressure Measurement..........ccccceeeevvereninienenenesseessennennns 71
2.9. Confirmation of Dialysis for Size Exclusion and Enzyme Digestion................... 73
2.9.1. GelCode® Blue Staining of Polyacrylamide Gels.......ccoceceeeiiierereirieeennenne. 73
2.10. Proteoglycan EXtraction ......cccoioieriieoiiriiiieieeiieeste et eie et ene et e e ee 73
2.11. Ion Exchange Chromatography.......cccceoviimmiiminriiniiiiiiiciceeceeeeeee e 73
2.12.  Size Exclusion Chromatography .......cocceevveereercieiennencirenieieienenieeeeeseeeenrenee e 74
2.12.1. Vo/Vi Determination........coceruierersiernieerinnreereneenenresreseetesiessesseseesasessesseene 74
- 2.13. Protein and Glycosaminoglycan Determination ..........ccccecevevvnienieneneneereenennn 74
2.13.1. Quantitative Protein Determination ............ccceeeverceesereerenrinieeieeeeeeere e e 74
2.13.2. Glycosaminoglycan Determination........c.ccuevererrererienieieinerienieeecorenieseenees 75
2.14. Enzyme-Linked Immunosorbent Assay (ELISA) ..ccocooooveereriiiiniinne e 75
2.14.1. ELISA Method ....ooiiiieiiieiiiiiete ettt st s 75
2.14.2. Pre-treatment of SAMPIES ....oociiriiiiiiiiiiieeiee e 76
2.15.  Gel eleCtrOPROTESIS . ..eievie ittt s e s 76
2.15.1. Agarose Gel Electrophoresis........ooeoiuieoiieeriiieiieeienie e 76
2.15.2. Polyacrylamide Gel Electrophoresis.........ccccoveerverciveeniinncinicnnenn. e et 77
21530 Gel TIANSTET oo 77
2,154, GelDIYING...iiiiieeieeeieetetece ettt 78
2.16. Immuno and Ligand BIOttNG .....ccceeoverieriiiiiniiiiirienicieiiccceeeeens 78
2.17. Hyaluronic Acid Size Determination .........ccceeeeueeirenerieorerincnieeecereneneeeeeeeeeaens 79
2.18. DNA MEASUTEIMENL ....oiiiiiiiiiiieiiiiiiiieie ettt esene e s e saaesnn e saas 79
2.19. DNA in Follicular FIUIA ......ccccooiioiieiieiiineene et 79
2.20. Protein SEQUENCINEZ.....ccerrerereriereerterrerestefreneestessteeeseensessensermonessenseseesesssssensessens 79
2.21. ImmunohiStOChEMISIIY .. c.cciiiiiiiiiiiieitetee e 80
2.21.1. TiSSUE PrOCESSING ...couiiiiiiiiiiiieiiieieecitesee ettt re st be e et 80
2.21.2. ANUDOGIES ..uveviriiiiiiiieteriesesiesie ettt ettt ettt ettt ese e ene e eaes 81
2.22. RINA EXITACTION.....eiiiiiiiiiiieiteiticee ettt ettt ettt ettt ie e sseesbeeniee e 81

2.23. CDNA SYIRESIS c..coiiiiiiiicieiieriiiiii ettt s 81



2.24. Polymerase Chain REACION .....cceiviiiiiriiiiniiiiieiiiicicitcer et crcsee e 82
2.24.1. HAS 1, HAS 2, HAS 3, 18S, Inhibin/Activin $A, and P450 SCC Primer

DIESIZI .ttt et e 82

2.24.2. PCR ProtoCOIS ..oocveeieiiiiiiitiiniii ittt 83
2.24.3. PCR Product PUrification.........cecueeceeriiniiriienceiieienie ettt 84
2.25. Cloning........ccoeveeeee et etetetetetesteseeateseserteeen e et et esen st et et e e bR s et et et e s et s et ann et ereerens 84
2.25.1. LEZALIOM ceeiiiiieiieieteei ettt ettt r e et et be et e raenns 84
2.25.2. Cloning......cccceecvenvnne. eereereesteseeeneeaneeeteateeateeateasteteentete et et eetaersensetaesaetsenns 84
2.26. Plasmid PUrifiCation .......cccevieeveeniieieeieiieete ettt ettt et e 85
2.26.1. Production of P450scc plasmid.......ccoceervouierreniiiieiiinienie st creeiesene st 85
2.27. Production of In Situ RNA Probes .......cceeuiiiiiiiiiiiiiiceiecieeeneceeee e 85
2271, PCR ettt ettt s sttt b e s 85
2.27.2. DIG Labelling of RNA Probes......c.ccocivviriiniineniiincnccieneeiee e 86
2.27.3. Quantitation 0f DIG Probes ......c..cccccovviiviiminiiiiiniiiiiiciniicccecccneneeee 87
2.27.4. Hydrolysis of DIG In Situ Probes .......ccocociiiiiiiiiiiiiiciieicees 87
2.28.  In Situ HybridiSation c...c.ceeeeerierreniiiniiiicniieeiennceiecere et ene e 88
2.28.1. Preparation 0f SHAES .....c.coevieririeiiieieec e 88
2.28.2. Preparation of SOIUtIONS ....ccccovuiiiiiioiiiiiiiiiiiiiiirccc e 88
2.28.3. PIOCEAUIE....ccuiiuiiiiieicitee ettt ettt s e 88
2.29. NOTtheIn ANALYSIS ....eoeruirieriieieerieteete ettt esee st e eesaeseeeeesbeeneaseeas 89
2.29.1. RNA Transfer.......ccccooevereecercenerennnn. ettt 90
2.29.2. Northern Blot Protocol........cccooiiiiiiiiiiniiicecrtee e 90
2.29.3. One-Tube RT-PCR ..ottt 91
2.30.  Statistical ANALYSIS ....coivvietirueieiiiereneeiee ettt 92
2.30.1. Follicular Fluid Colloid osmotic pressure Data ... 92
2.30.2. In Situ Hybridisation Data .........c.cccceeiiriiniiniiiiniceiiienencnice e 92
Chapter 3 Determination of the Colloid Osmotic Pressure of Follicular Fluid 93
3. 1. Introduction .........cceeevveencneneeneneencenennn et 93
3.2, Experimental DEeSIZI .. ..cociririiriiriiiiiiecieeie ettt ettt 95
32,1, StatiStical ANALYSES ...occviereririieeieeeieeetr et sst et eae et br ettt et sttt et e 97
3.3 RIS ettt et 97
3.3.1.  Is0lation Of FOIICIES. .cc.euiuiiiiiiiiiiiieiieteee e 97

3.3.2. Determination of the Size of Molecule Able to Cross the Follicular Wall.... 99



3.3.3.

Follicular FIUIA VOIUITIE ... ee e eeraaaseeaasaaeserarans 101

3.3.4. Colloid Osmotic Pressure of Follicular Fluid Components in Relation to
FOLHCLE SHZE..vcvvvvrvemaeaeersrereessssssaeesssessssssseessssssssssases s sessssssssssssssssssasnsee 103
33,50 Membrane TestS ....c.cooiiiriiriirieeeenie ettt eereesae st sttt e raens 105
3.3.6. Temperature- and Salt-Dependent Dialysis ......cccceevveerreveceeceenienrenrecceeneene 109
3.3.7. Colloid Osmotic Pressure of Follicular Fluid .........ccccvveveveeeriienrencrirerennns 113
3.3.8.  Protein CONCENtIatION. .. ..coueriirierieeenianiieteerterteneesteeesaessesaeseeeasassessessnssessens 118
3.3.9. Effect of Enzymatic Digestion and Subsequent Dialysis.........ccceceeeruenrnnnene 118
34, DISCUSSION ...eeuvitiiiieiieicetieie ettt et et e st e aee e e s st e etaasseess e e teettesssenaensesasseseaseennean 120
3.5, SUIMIMATY .eeiiiiieii ettt ettt e et s s e e et ssea e e be e s bt e ssaebeebassseansaeas 128
Chapter 4 Proteoglycans and Glycosaminoglycans in Follicular Fluid .......... 130
4.1, TIEOQUCHION c.eeeieniiiiieie sttt sttt e e et s es et eeeneenees 130
4.2.  Experimental DEeSISI ....ccooiireiiiiiiiiiiiiiiiertetntctce et 132
4.3, RESUILS ceteieeteetee ettt et r e e en 133
4.3.1.  Protein CONnCENtIAtION. ... .coceviirertiareiiriteeeteerireseee s e eseeeeeeeeeae st sneesraeseees 133
4.3.2. Ton Exchange Chromatography........ccoceeeiieeniiiiieieniiiiinie e 133
4.3.3. Size Exclusion Chromatography and ELISA......ccccciimniiininenciinenne 134
43.4. Uronic Acid Levels of Bovine Serum and Follicular Fluid .............c.......... 139
4.3.5. Proteoglycans and DNA in Follicular Fluid..........cooceviiieiencniniiiinennnne 141
4.3.6. Western and Ligand BIOtS.......ooceeiieiiiiiiiieiciiinieeceeeeeeeete e 143
4.3.7.  ImmunohiStoChemMISIY.....cccoiiiiiiiiiiiiiie e 147
43.8. Collagenase Sensitive MoleCUles ......ccccereiiiireineriieieneccreceeeeeceeeeenne 155
4.4, DISCUSSION 1.uveeveiriereterteerteesteesteeeaeeaseesasee st eeeaseesaseeemteenbeeasseasaeesanesseenseesneenneesens 158
4.5, SUIMITIATY .evvreeiieiriee ettt et eetaesenste e s tee e s s et e e s mae e s araee s ereesebaeesntesateennesesbaeennnes 167
Chapter 5 Hyaluronan Synthase Expression in the Bovine Follicle................. 168
5.1, INOAUCHION .eouveeiieiiiicciceicetec ettt sttt st e sr e s saenae i ene 168
5.2, Experimental DeSIZN.....cccoiirieriiiiriiecceieeeteeee et eve st eee s 171
5.3 RESUILS st ettt sna e 173
5.3.1. Sequence Data.......ccooiiiiiiiiiiiiiic e 173



5.3.2.  RT-PCR t0 FOllICIes and TISSUES. cooiiieiieeeeeeeeeeeereee e e eeeeeneessesaneens 176

5330 SUD-CIONING ....eoitimtiiireieiietecteeete ettt sre st sae st e sre et seeaessasseesaereesnens 180
5.3.4.  In Situ hybridiSation........ceceeireeoreriiriieiiii ettt eteeceesee s 188
5.3.5.  NOIhern BlOtS..cc.ciiiiiiiiiriiieniiiiiict ettt et et n e 222
5.3.6. HAS 2 Protein in the FOIICIE ....ccceviiiiiiiiieeeeeeicecece e 227

5.4, DISCUSSION tevteureuieieiterteieteeettestetenteer e st et e beshtessenteseesueesaesansessensesaesensensesesseses 229
5.5, SUIMIMIAIY ..ottt sttt et st et sttt e seesae et et esaessesseabensensenessasbensaransn 239
Chapter 6 FiNal DiSCUSSION co.cutururreeeiiisiseacsenearescercccsercssasasasessnsassssssessssnsassassanss 240
Concluding REMATKS ..cocociiiiiinniniiscnmsioioseeniniioeiasonosonessssssssissssssssssssssssesanssasss 240
7o RELETEICES uevirericieecitiiiiisinsninssecsnestiesstissanesssstsesesssssesssessstsssasssasesasesatssasssseossssassss 258
£ T\ 1) 0753 1 4 5 Qs N 288
8.1.  Chemical and Supplier details.......occeeririiiiiiiieirreieeeieeeee et 288
8.2, SUPPIEr DELAIlS ..ueiiiiiiiiiiieiieieeeeree et et se e sre et eere e sra e st aeenbe e 289
8.3, ENzyme DEtails ...ccouiiiiiiiiieeeee e ene 290
B4, KIS ottt ettt ettt nenran 290
35 TR 3 1§ o s E O OSSR UOPP USROS 291

9. Appendix B: ReECIPES c..cueecierreenrerineeicreestectecsnncsinssnessnssesssessessnssnsesssssssssssossossess 292
9.1.  Tissue Collection and ProCesSINg.....c.cecviieiiieieinieiiieeeieenieeieereevesieesseesnenseeens 292
9.1.1.  TiSsuE COllECON. ....ceieieieieetctt ettt st 292
0.1.2.  PIOCESSIIIE .eoeveeuviiieiiiieeiteieeitcte ettt et ettt et et saeaeaesaesaeeees 292

9.2.  Proteoglycan and Glycosaminoglycan analysis......c...coueeceecercinininnininninnenns 292
9.2.1. Proteoglycan Extraction Buffer.........c.cccoooirniiiricniiinecenceeene 292
9.2.2. CL-2B-300 Size Exclusion Column Buffer..........cccoooeeveiiiiiniininnnnn 293
9.2.3. DEAE Column Buffers ......cccoovemieiieeeeeeceeeeecee 293
02,4, Dyes and StalNs ......cceiviiieieeireiieeiie et ssie et ae s st ee e saeebesaaaees 293
0.2.5.  ENZYIMES c.oeiiiiiiiiie ettt ettt 294

0.3, ELISA ettt bt ettt eas 294



9.4. Agarose Gels, PAGE and Western BIOtting...........cc.ooovvveiiviiceveoeceeeceeeeeeens 295

0.4, 1. GEIS cureeieeie ettt sb et enbens 295
9.4.2.  Tris/Glycine SDS-PAGE ...cccoooimiiiriiiiiiiiiiecereeee ettt 295
043, BUITEIS ettt 296
9.5.  2X CHAPS extraction buffer .......ccccooeviiiiiiiiiinee e 297
9.6. 2% SDS extraction Buffer .........ccoeeveevieviiiinieiiieeeeesee e eereeeenreaans 297
9.7. Gel nying Solution (PAGE and Agarose) ........cceeueeveeueenueeresreeneesieneeiesseeneenns 297
9.8.  Molecular Analyses.......... ettt etteetteetteate e bee e taaateesaeasts e bt e eeetteaneearbeesaeannes 298
I O - 113 < Y s e 298
0.8.2.  L-BIOth et s 298
9.8.3.  L-BIOth AQAT.....coeeeeeceeieeieeeee ettt sesae st naeas 299
9.8.4. RNA Gels and Northern BlOt...........cvoveveueucuceeeee e 299
9.8.5.  Reverse Transcription Buffer........cccocceiiiiiniiiininciececeieceeene 300
9.8.6. 20 X SSPE ... ettt ene 300
9.9.  In situ HybridiSation ...ccueeiereerierieeiieet ettt 301

9.9.1. In Situ Buffers and SOIULIONS ....evvieurrieereeereteeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeseseeenns 301



The formation of a fluid filled antrum is a key feature of folliculogenesis. The oocyte
is expelled in the fluid in the event of ovulation, making follicular fluid necessary for
unassisted reproduction. The mechanism(s) by which follicular fluid is formed is not
understood. The studies descﬁbed in this thesis were the basis of a project designed to
investigate the hypothesis that an osmotic gradient exists between follicular fluid and serum. -
This osmotic gradient drives the recruitment of fluid from the vascularised theca layer
surrounding the follicle. The aim of this study was to identify potential osmotically active
molecules within follicular fluid of bovine follicles and advance existing data in this area.

The osmotic potential created by follicular fluid changes during folliculogenesis and
that the constitution of the fluid was subtly different between héalthy and atretic follicles. By
specific enzyme digestion of chondroitin sulphate, dermatan sulphate, heparan sulphate,
keratan sulphate and hyaluronan glycosaminoglyéan chains, proteins and collagen the classes
of molecule responsible for the potential were distinguished.

Using a combined physical, immunological and molecular approach hyaluronan, and
the chondroitin sulphate proteoglycans versican and inter-alpha trypsin inhibitor (ITT) were
identified as potential contributors to the colloid osmotic pressure of the fluid and that of
these hyaluronan was the most osmotically active. Both hyaluronan and versican exist in high
molecular weight forms and could contribute to colloid osmotic pressure as discrete
molecules. However, ITI may contribute via its potential to form very large molecular weight
aggregates with hyaluronan and versican. It is proposed that a fluid matrix consisting of these
molecules provides versatility of the fluid osmotic potential, in addition to the variations in
permeability of the follicular basal lamina and vasculature, and hence the follicles ability to
recruit fluid in to the antrum from the follicles vascular surrounds.

To examine the hypothesis further three specific enzymes synthesise hyaluronan,
hyaluronan synthases 1, 2 and 3 (HAS 1, HAS 2 and HAS 3) were made. RT PCR, Northern
analysis and in situ hybridisation identified which cells were expressing these enzymes in the
follicle during devlopment. Expression of HAS 1 and HAS 3 could not be correlated with
antrum expansion but may contribute in a secondary manner to fluid osmotic potential.
Expression of HAS 2 by the mural granulosa cells could be temporally linked to the
visualisation of a follicular antrum and hence could be responsible in part for antrum
formation. The regulation of transcription of HAS 2 is probably tightly controlled by
differential signalling or receptor activity of any number of growth factors and

gonadotrophins and that the turnover of hyaluronan in the fluid at any time is tempered by
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differential expression of HAS enzymes and the hyaluronidases responsible for its
degradation.

Macromolecules have been identified in follicular fluid, which have an osmotic effect
as hyaluronan and the chondroitin sulphate proteoglycans versican and inter-alpha trypsin
inhibitor. Hyaluronan was the most osmotically active of these molecules and its synthesis by

the HAS 2 enzyme could be correlated with the timing of antrum formation.
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