Analysis of the function and regulation
of the centrosomal protein NEDD1

during cell division and development

A thesis submitted for the

degree of Doctor of Philosophy

Jantina Manning

B.Biotech. (Hons.)

Enrolled through the Department of Medicine, Faculty of Health

Sciences, University of Adelaide

Research conducted in the Department of Haematology,

Institute of Medical and Veterinary Science, Adelaide

July 2009



Table of Contents

=11 F=NN o ) B @ ] 1 (= o | ii
N 1] 1 = T PP vii
3 7= K= 1= 1 o o iX
BT 0103 = A 1 1P X
F o2 S Lo LT L= Ko T o 01T 0L £ Xi
N 0 1 =V =8 o 0 Xii
S 118 0 Yo [T 1 o 1
1.1, The CeNIrOSOME ...coiiiiiiiiiieeeeeee e 2
1.2, CentroSOmME fUNCHON .......oiiiiiiieee e e a e e 2
(G N I U= N oY | I o3 o] =SSR 4
1.3.1. The centrosome and cell cycle regulation ..., 5
L S 1= g oYY o= g o= SRR 7
1.4.1. Regulation Of SENESCENCE .......uuuuuiiiii e 8
1.4.2. Centrosomes and SENESCENCE .......ccoeieiii e 9
1.5.  Centrosomes during mammalian development..............ceevviiiiiiiiiiiiiie 10
1.5.1. Central nervous system development ... 11
1.5.2. Retinal development...... ... 12
1.5.3. PolariSatioN ... 13
1.6.  Centrosome function in diSEase ...........ccooviiiiiiiiiiiiieeeeeee e 14
1.6.1. Centrosomes and CANCET .........ooeviiiiieieiec e 14
1.6.2. Other centrosome related diS€ases...........ooovviiiiiiiiiiiiiiiieeeeee 15
1.7.  Zebrafish development....... ..o 16
1.71. The zebrafish Cell CYCIE .........ueiiiiiieei e 17
1.7.2. Zebrafish neural development ............ooovvviiiiiiiiiiiiiiiieeeeeeeee e 17
1.7.3. Centrosomes during zebrafish development............cccccoiiiiii 18
(IR T =T o i PRSPPI 19
1.8.1. NEAdT ISCOVEIY ...t e e e e e e e e eeas 19
1.8.2. NEDD1 structure and hOmMOIOQUES ..........cooiiiiiiiiiiiiieee e 19
1.8.3. Characterisation of the YTURC ..., 20
1.8.4. Characterisation of mammalian NEDD1 function ...........cccooooiiiiiiiiniiiiiiiiie, 21
1.8.5. 1= T B =Y U] = i o 1 22
1.8.6. Nedd1 functional differences in various Species ...........ccccceeeevieiiiiiee e, 24
1.9. Summary and ProjeECt @iMS........ceeeiiiiiiiiiiiiiiieieieeee ettt e e e e e e e eeeeeeeeeeeees 26



2. Materials and MeEthOO S . .. ... e 27

D T |V = (=Y o = | - PSPPSR 28
2.2, INSIICO @NAIYSIS ...eeeiieiiiiiiiiiieeie ettt e e e e nannnnnnnnnee 28
2.3, DNA MaNIpUIGtioN ........ooiiiiiiiiiiiiiiiieeeieeee ettt eanrannnnnnnne 28
2.3.1. DNA quantification ... 28
2.3.2. Restriction endonuclease digestion..............eeviiiiiiiiiiiiiiiee e 28
2.3.3. Electrophoresis Of DINA ........ i e eeseeneenne 29
2.34. Purification of DNA from solution or agarose ...........cccoccuieiiieieiiiiiiiiiiiieeeeeen 29
2.3.5. Phenol/chloroform DNA purification ..........ccoooiiiiiioiiii e, 29
2.3.6. Dephosphorylation of vector DNA and ligation with inserts............ccccccceeiinnni. 29
2.3.7. PGEM-T-E@SY CIONING ...ettiiiiiiiiiiiie e 30
2.3.8. Gateway ClONING .....ccoiiiiiiiei e a e e 30
2.3.9. Preparation and transformation of chemically competent Escherichia coli ...... 30
2.3.10.  Plasmid purifiCation ..........ooooieeiiiiiiiee e 31
2.4.  DNA amplification and SEQUENCING ..........uuiiiiiieiiiiiiiiiiee e 31
241. Primer design ..o 31
24.2. Polymerase Chain Reaction (PCR) ..o 33
2.4.3. CDNA SYNTNESIS ... e e e e e e e e eeaaee 34
24.4. o | O o S 34
24.5. Site-directed mMutagenesis ............oooviiiiiiiieee 34
2.4.6. [N N ==Y o 8= o o7 T o 34
2.5, DINA CONSIIUCES .....oiiiiiiiiiiiiei ettt e s 35
2.5.1. PUrchased VECIOIS..........uuiiiiiiiiie s 35
2.5.2. Mammalian expression CONSLIUCES .........ciiiiiiiiiiiici e 35
2.5.3. Bacterial expression CONSIIUCES.......c..uuviiiiii i 38
2.54. Cloning/transcription CONSIruCts ... 38
2.6, RNA @NAIYSIS ..ottt ennnennnnennnnnnee 39
2.6.1. Preparation of diethylpyrocarbonate treated HoO................ooooo, 39
2.6.2. Total RNA preparation..........oooeuiiiii et e e e e eeanens 39
2.6.3. RNA gel eleCtrophoresSis.........uuuiiiiiiieieeci e 40
2.6.4. RNA quantifiCation.......... ... e 40
2.7. Tissue culture and cellular @analysis. ... 40
2.7.1. Celllines and CUlUIE .........oooiiiii e 40
2.7.2. Calculation of doubling time ... 41
2.7.3. Cryopreservation and thawing of cells...........o 41
2.7.4. Transient transfections of DNA...........oooiii 41
2.7.5. Transient transfections of SIRNA ..., 42
2.7.6. Cell culture synchronisation (Jurkat cellS) .............ooooeiiiiiiiiiieen 42



27.7. FIOW CYEOMEIIY ... 43

2.7.8. B-0alactOSIAASE @SSAY .....eceiiiiiiiiiiiiiiieie e 43
2.7.9. Cell staining (iMmMUNOflUOIESCENCE) .......evvviiiiiiiiiiiiiiieee e 43
2.8, Protein @nalysiS ..........eooiiiiiiiiiiii e 44
2.8.1. GST protein expression and purification ............cccc 44
2.8.2. His protein expression and purification.................euvuviiviiviiiiiiiiiiiiiiiiiieienns 44
2.8.3. Protein @Xtraction..... ... 45
2.84. Protein concentration quantification ...............ccc oo 45
2.8.5. Co-immunoprecipitation............cccco e 46
2.8.6. Direct iNteractionS........coooiiii i, 46
2.8.7. SDS-Page and protein transfer ... 47
2.8.8. 10T 10T T ] (o] 111 T I 47
2.8.9. Coomassie StaiNiNg ........ccooeeiiiiii 48
2.8.10.  SilIVEL STAIN ...uiiiiiiiiiiiiieieee e 48
2.8 11, PrOtEOIMICS. . cuiiiiiiiiieititiiieee et 48
2.8.12.  Antibody pUrfiCation ............uuuiiiiiiiiiiiiiiiii i ——————————- 49
2.8.13.  Other antibOI€s .........eeiiiiiiiii e 50
2.9, MoUuSE ManipUIAtioN ........ouiiiii i aaeaaaaa 51
2.9.1. Animals and SECHONING........c.ouuuiiiii e 51
2.9.2. Immunohistochemistry on paraffin sections (Colour) ...........ccccccuvvviiiiiiiiiininnnnn, 51
2.9.3. Immunohistochemistry on frozen sections (fluorescence)...........ccccvvvvvvvvvnnnne. 52
2.10. Zebrafish manipulation................. 52
2.10.1. Zebrafish maintenance and Staging .................uuvviiiiiiiiiiiiiiiiians 52
2.10.2. Zebrafish embryo anesthetisation and fixation ...............ccccccoiiiiiiiis 53
2.10.3. Generation of RNA ProDES ........uuiiiiiiiiiiii e 53
2.10.4.  In Situ MRNA @NAIYSIS ....eiiiiiiiiiiiiii e 53
2.10.5. Zebrafish antibody production ...................eeeiiiiiiiiiii e 54
2.10.6. Protein extraction from zebrafish..............ccccooiiiiiiiiis 55
2.10.7. Image Quant protein quantification...............cccocuvueiiiiiiiies 55
2.10.8. MO design and rESUSPENSION .......eeieiiiiiiiiiiiieieeeeeeaa e e e e e e e e aibereeeeeeeeeaaans 55
2.10.9. MO INJECHON. ..ottt e e e e 55
2.10.10. Generating capped MRNA fOr reSCUE ........oovvviiiiiiiiiiiiiiiiiieeeeeee 56
2.10.11. Light MICIOSCOPY ...ceiiiiiiiiiiee e 56
2.10.12. Detection of apoptosis in whole-mount embryos (TUNEL).............cccooeee. 56
2.10.13. Whole mount immunohistochemistry (pH3 and acetylated a-tubulin) .......... 57
2.10.14. Whole mount immunohistochemistry (HUC) ..., 57
2.10.15. OCT sectioning and immunohistochemistry ............ccccccceeiiiiiiiii e 57
2.11. Statistical ANAIYSIS..........eeeiiiieeie e 58



3. Expression of Nedd1 during mouse embryonic development ...........ccccvvvvveeeenn. 59

3.1 INtrodUCHION.....cc 60
3.2.  The Nedd1 antibody is a reliable marker for cell and embryo immunostaining........ 61
3.3.  Nedd1 co-localises with centriole and basal body markers.............cccocciiiiiieeiennnns 62
3.4.  Expression of Nedd1 in the mouse embryonic nervous system..............ccccuvveeeeeenn. 63
3.5. Nedd1 co-localises with y-tubulin in ventricular zones, but not in the DRG.............. 64
3.6.  Expression of Nedd1 in the mouse embryoniC eye ...........ccooviiiiiieiiiiiiiiiiiiieeen 65
3.7. Nedd1 localises in basal bodies of cilia in the mouse embryonic eye..................... 66
3.8. Nedd1 displays a polarised localisation during mouse embryonic development...... 67
3.9, DUSCUSSION e 68

4. Neddl, as acomponent of the centrosome, is important in the cell cycle and

1ol T of =] o o PP 73
g I [ 01 (o T 0T o o SRR 74
4.2. NEDD1 is expressed in all cell types with variable expression ..........cccccccuvveeeeeeenn. 75
4.3. NEDD1 is highest at mitosis and phosphorylated ...........ccccciiiiiieiii e, 76
4.4. Nedd1 expression decreases in MEFs as they enter senescence.......................... 77
4.5.  Cells with abnormal centrosome numbers increase in senescent MEFs ................. 78
4.6. The centrosomes in senescent MEFs appear to become fragmented..................... 79
4.7.  Areduction of Nedd1 can cause premature entry into senescence........................ 80
4.8.  Areduction of Nedd1 can cause centrosome abnormalities ..............ccccoviiieeennnnen. 81
4.9, DISCUSSION ..ttt e e e e e e e e e e e e e e as 82
5. NEDD1 interacts with y-tubulin and other proteins.............cccc 89
5.1 INITOAUCTION. ...ttt e e 90
5.2. NEDD1 interacts with y-tubulin through amino acids 572-660 ...............cccccuveeeeeeeenn. 91
5.3. NEDD1 interacts with y-tubulin dir€Ctly.............oooiiiiiiiiii e 92
5.4. A helical region in amino acids 599-660 of NEDD1 interacts with y-tubulin ............. 92
5.5.  NEDD1 amino acids 599-660 sequesters y-tubulin away from the centrosome....... 93
5.6. Mutations in the helical region of NEDD1 cause a loss of affinity for y-tubulin......... 94
5.7.  Mutations in the helical region of NEDD1 affect y-tubulin localisation...................... 95
5.8.  Identifying other NEDD1 binding proteins ............cccuuuiiiiiiiiiiiiiiiiiieeeeee e 96
5.9. NEDD1 does not interact with junction plakoglobin.............cccciiiiiiiii, 97
5.10. NEDD1 does interact with HSP-70 and TCP-10l ........cocuviiiiiiiiiiiiiiiieeeeeeeee 98
5.11. NEDD1 depletion has minimal effect on TCP1ot ....coooiiiiiiiiiiiiiiiiieeeeeees 99
5.12. TCP-1a. depletion reduces NEDD1 phosphorylation...............cccccooviiiiinnn, 99
5.13. DISCUSSION ...ttt e e e e e e e e e e e e e e 99
6. Identification and characterisation of zebrafish NEDD1 ...........ccccccciniiiiiniinnnneen. 108
6.1, INTrOAUCTION. ... .t 109



6.2. Identification of zebrafisSh NEDDT .....ooniimiiee e 110

6.3. zNEDD1 mRNA is high in neural regions and down-regulated in development..... 111
6.4. Generation of ZNEDD1 antibodies ... 112
6.5. zNEDD1 protein levels are down-regulated after early development.................... 112
6.6. zNEDD1 localises to the centrosome and interacts with y-tubulin.......................... 113
6.7. zNEDD1 protein can be reduced using morpholinos .............ccccceeeeiii. 114
6.8. zNEDD1 depleted embryos are severely deformed with disorganised brains........ 115
6.9. Phenotypes of zZNEDD1 depleted embryos can be rescued by mRNA................... 116
6.10. zNEDD1 depleted embryos display a high level of apoptosis ............................ 117
6.11. zNEDD1 depleted embryos still undergo apoptosis after co-depletion of p53 ... 117
6.12. ZzNEDD1 depleted embryos display mitotic arrest ...........ccccoovveiiviiiiiciiin e, 118
6.13. zNEDD1 depleted embryos undergo neurogenesis, but present poorly patterned

NEUIONAL SEIUCTUMES .....eeiiiiiiie et e e e e et e e e e e e e e eeeeaeeeas 118
6.14. Depletion of zZNEDD1 causes a loss of y-tubulin from the centrosome .............. 120
6.15. I T E o U] T o 121
7. General DISCUSSION ..ot 128
BibDlIOGIrapNY .. 137

Vi



Amendments

Abstract

e Line 5: “neural precursor cell expressed, developmentally down-regulated gene 1” should
follow Nedd1

Abbreviations

e The following abbreviations should be included: SCL, stern cell leukemia; PIk, polo-like
kinase; y-TuRC, y-tubulin ring complex; MOPS, 3-{N-morpholino] propanesulfonic acid;
FA, formamide; TMR, tetramethyl-rhodamine

Chapter 1

epi1, line 7: “was” should be deleted

ep15, line 13: results should read “can result”
e p16, line 12: beidl should read “bied!”

Chapter 2

e Throughout: manufacturers’ should read manufacturer’s

e p28, line 15: “at 260 nm” should be added after (OD)

*p30, line 18: “KOAc” should read “potassium acetate”, KCL should read “KCI”

*p34, line 11: AACt method is C; value for any sample normalised to GAPDH minus the C;
value for the calibrator also normalised to GAPDH

ep41, line 1: “laminar flow” should be deleted

e p47, line 19: “mAmps” should read “mAMPSs”

*p53, line 5: “dioxygen” should read “digoxigenin”

*p80, line 1 and 2: “Fig. 7C-E” and “Fig. 7C” should read “Fig. 4.7C-E” and “Fig. 4.7C”

Chapter 4
¢ p88, line 6/7: should read “ This chapter has confirmed that NEDD1 can be regulated by
its phosphorylation state.”

Chapter 5

¢ p93, line 9: “sufficient” should read “required”

* P96, line 21: “flag-conjugated” should read “flag antibody-conjugated”
ep104, line 25: “Fig. 5.10” should read “Fig. 5.11”

¢ p105, line 25: “caused” should read “may cause”

Chapter 6

e Figure 6.7D: the final lane (1-676) should also be labelled “no immunoprecipitation”
ep118, line 13: “other in” should read “in other”

e p118, line 23: “(human neuronal protein C)” should be inserted after HuC

Chapter 7
¢ p130, line 25: “the primary” should read “one”

References
e Zhang 2009 reference should include “122, 2240-2251”



Abstract

The centrosome is the major microtubule organising centre of cells and serves as a
centralised location for controlling many cellular processes. A critical component of the
centrosome is the y-tubulin ring complex (y-TuRC) which is required for the nucleation of
microtubules, correct formation of the mitotic spindle and hence progression of the cell
cycle. NEDD1 (mouse: Nedd1), was recently discovered as a centrosomal protein which

functions primarily in targeting the y-TuRC to the centrosome and spindle.

Given the fundamental role of the centrosome in mitosis and other processes, it is no
surprise that this organelle is essential during mouse development. To examine the precise
role of the centrosome during development, this study analysed the expression and
localisation of Nedd1 during mouse embryogenesis. This revealed a dynamic localisation of
Nedd1 and the centrosome during development, and provides further evidence for their

critical role in development.

To investigate the regulation of NEDD1, its expression during the cell cycle was analysed. It
was found that phosphorylation is the primary method of NEDD1 regulation. Additionally, it
was observed that Nedd1 levels decreased upon the entry of mouse embryonic fibroblasts
into cell culture-induced senescence (an irreversible state of cell cycle arrest). This
correlated with a loss of centrosomal integrity. Ablation of Nedd1 in healthy cells caused
premature senescence and centrosome abnormalities, suggesting that Nedd1 and the

centrosome may contribute to this senescence.

NEDD1 is also important in the recruitment of the y-TuRC to the centrosome, which is
essential for correct centrosome biogenesis and function. This study identified a 62 amino

acid region of NEDD1 that interacts with y-tubulin and can abrogate its function. Key

Vil



residues important for this interaction were also revealed. Additional interacting proteins of
NEDD1 were also identified, and the chaperone TCP-1a was characterised in more detail

and shown to regulate NEDD1.

Given the currently known functions of NEDD1, it was expected to be important in
development. Zebrafish were chosen as a model to study this because of their many
advantages for developmental studies. A zebrafish homologue of NEDD1 was identified that
displayed a similar localisation and function to mammalian NEDD1. Depletion of this protein
caused lethality or phenotypic abnormalities which were most obvious in the central nervous
system, depending on the extent of knockdown. This demonstrates that NEDD1 is critical

for development, particularly in the nervous system.

The results presented in this thesis contribute to the understanding of the function and
regulation of NEDD1, and thus also the centrosome, and highlights the importance of this
protein during development. Additionally, this study forms the foundation for further work on

centrosomes, using NEDD1 as a marker for centrosomal dynamics and function.
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