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(1)  

 

AurA : aurora-A 

CM1 : CNN motif 1 

CM2 : CNN motif 2 

CNN : centrosomin 

EB1 : end-binding protein 1 

GCPs : γ-tubulin complex proteins 

GFP : green fluorescent protein 

GST : glutathione S-transferase 

Luc : luciferase 

MAPs : microtubule associated proteins 

mRFP : monomer red fluorescent protein 

MT : microtubule 

MTOC : microtubule-organizing center 

NCKAP5L :Nck-associated protein 5-like 

PCM : pericentriolar matrix 

γ-TuRC : γ-tubulin ring complex 

+TIPs : microtubule plus-end-tracking proteins 

 

(2)  

 

BSA : bovine serum albumin 

CBB : Coomassie Brilliant Blue 

DMEM : Dulbecco's Modified Eagle Medium 

DMSO : dimethyl sulfoxide 

Dox : doxycycline 

DTT : dithiothreitol 

EDTA : ethylenediaminetetraacetic acid 

FBS : fetal bovine serum 

IPTG: isopropyl β-D-1-thiogalactopyranoside 



PMSF : phenylmethylsulfonyl fluoride 

PBS : phosphate buffered saline 

PFA : paraformaldehyde 

SAP: shrimp alkaline phosphatase 

SDS : sodium dodecyl sulfate 

TBS : Tris buffered saline 

TBST : TBS-Tween20 

Tris : tris (hydroxymethyl) aminomethane 

 

(3)  

Ala, A : alanine 

Arg, R : arginine 

Asn, N : asparagine 

Ser, S : serine 

Asp, D : aspartic acid 

Cys, C : cysteine 

Gln, Q : glutamine 

Glu, E : glutamic acid 

Gly, G : glycine 

His, H : histidine 

Ile, I : isoleucine 

Leu, L : leucine 

Lys, K : lysine 

Met, M : methionine 

Phe, F : phenylalanine 

Pro, P : proline 

Thr, T : threonine 

Trp, W : tryptophan 

Tyr, Y : tyrosine 

Val, V : valine 

 

(4)  

aa: amino acids 

DTB : double-thymidine block 



IP : immunoprecipitation 

IS : immunostaining 

MS : mass spectrometry 

ORF : open reading frame 

siRNA : small interfering RNA 

SDS-PAGE : SDS-polyacrylamide gel electrophoresis 

WB : western blot 

WT : wild type 
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1  

 

1  

 

pericentriolar material (PCM) S G2

G2 γ-tubulin ring complex (γ-TuRC)

PCM

(Fig. 1-1) (Khodjakov and Rieder, 1999; Kuriyama and Borisy, 

1981; Mahen and Venkitaraman, 2012; Zheng et al., 1995)  

(microtubule organizing 

center; MTOC)  (Bornens, 2012)

200

Fig. 1-1

 

 

 



2 
 

 

FFigure 1-1.  

 

 

 

2 CNN CDK5RAP2  

 

centrosomin (CNN) γ-TuRC

 (Terada et al., 2003) CNN N

Mto1p Pcp1p CDK5RAP2

CNN motif 1 (CM1) γ-tubulin

γ-TuRC  (Fong et al., 2008; Sawin et al., 



3 
 

2004; Terada et al., 2003) γ-TuRC 6 GCPs (γ-tubulin complex proteins)

α-tubulin β-tubulin

(Fig. 1-2) (Zheng et al., 1995) CNN γ-TuRC

 

CNN

CNN CDK5RAP2

CDK5RAP2 DNA

 (Barr et al., 2010; Fong et al., 

2008) 2005 CDK5RAP2

 

(Woods et al., 2005) Kaufman CNN

CDK5RAP2 CNN

 (Heuer et al., 1995)  

 

 

 



4 
 

 

FFigure 1-2. γ-tubulin  

γ-TuRC  

 

 

3  

 

(Fig. 1-3)

 

(Knoblich, 2010; Lu and Johnston, 2013; Siller and Doe, 2009; Woods et al., 2005)



5 
 

 (Matsumura and 

Toyoshima, 2012; Noatynska et al., 2012)  

 

 

 

 

FFigure 1-3.  

( )  

( )  

 

 

4  

 



6 
 

microtubule plus-end-

tracking proteins (+TIPs) +TIPs

end-binding 1(EB1) EB1 adenomatous polyposis coli (APC)

cytoplasmic linker protein (CLIP) CLIP-associated protein (CLASP)

 (Akhmanova and Steinmetz, 2008; Carvalho et al., 2003; Galjart, 

2005; Mimori-Kiyosue and Tsukita, 2003; Schuyler and Pellman, 2001a)  

EB1 S2

 (Goshima and Vale, 2005; 

Gundersen and Bretscher, 2003; Rogers et al., 2002; Toyoshima and Nishida, 2007)

EB1 Bim1 APC Kar6 myosin

spindle pole body (Gundersen and Bretscher, 

2003; Ten Hoopen et al., 2012) +TIPs

+TIPs

CDK5RAP2

+TIPs EB1

CDK5RAP2

 (Bieling et al., 2007; Fong et al., 2009; Tirnauer et al., 2002b)  

dynein/dynactin

 (Berrueta et al., 1998; Choi et al., 2002; Tanenbaum et al., 2008; 

Tirnauer et al., 2002a) dynein/dynactin

Gαi-LGN-NuMA dynein/dynactin

 (Du and Macara, 2004; Knoblich, 2010; Siller and Doe, 2009; St 

Johnston and Ahringer, 2010) dynein



7 
 

 (Espiritu et al., 2012; Gonczy et al., 2001; Grill et al., 2001)

dynein/dynactin

+TIPs dynein/dynactin  

CNN

CDK5RAP2 CDK5RAP2

CDK5RAP2

(CM1)

Cep169 

(centrosomal protein 169kDa)/CRBP1(CDK5RAP2-binding protein 1)
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2 CDK5RAP2 Cep169/CRBP1

 

 

1  

 

CDK5RAP2 CNN

 (Kumar et 

al., 2009) CDK5RAP2

microtubule plus-end-tracking proteins (+TIPs)

+TIPs EB1

(S/T)x(I/L)P (SxIP

) EB1 CDK5RAP2 SxIP EB1

 (Fong et al., 2009)

CDK5RAP2 (microcephary)

 (Woods et al., 2005) CDK5RAP2

CDK5RAP2

 (Hannak et al., 2001; Kaindl et al., 2010; Kumar et al., 2009)

CDK5RAP2 CDK5RAP2

 

CDK5RAP2 N CM1

CM1

Cep169 (Centrosomal protein 

169kDa)/CRBP1 (CDK5RAP2-binding protein 1)
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+TIPs

 

 

2 CDK5RAP2  

 

CDK5RAP2 CDK5RAP2

yeast two-hybrid

CM1 CDK5RAP2 58-196 aa

cDNA NCKAP5L 

(Nck-associated protein 5-like) NCKAP5L N CDK5RAP2

(Fig. 2-1A, B) NCKAP5L CRBP1 (CDK5RAP2 Binding 

Protein 1)  

CDK5RAP2 CRBP1

HEK293T GFP-CRBP1 FLAG-CDK5RAP2

CRBP1 N 1-135 aa

CDK5RAP2 (Fig. 2-1A, C)

CRBP1 CRBP1 N

(Fig. 2-1D) CDK5RAP2 CRBP1
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FFigure 2-1. CDK5RAP2 CRBP1/NCKAP5L  

(A) CDK5RAP2 CRBP1/NCKAP5L CDK5RAP2

CRBP1/NCKAP5L (136-1334 aa 1-135 aa)
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(B) Yeast two-hybrid CM1 CRBP1/NCKAP5L

(-Leu, -Trp -His, -Ade, -Leu, -Trp)

 

(C) HEK293T FLAG-CDK5RAP2 GFP-CRBP1/NCKAP5L

(136-1334 aa 1-135 aa) FLAG

FLAG GFP

FLAG-CRBP1

 

(D) CRBP1/NCKAP5L N  

 

 

3 CRBP1 169 kDa 

 

CDK5RAP2 CRBP1

CRBP1 CRBP1 N 1-

100 aa (Fig. 2-1A)

HeLa U2OS HEK293T

CRBP1 (Fig. 2-2A) CRBP1

siRNA RNA CRBP1

(Fig. 2-2A)  

CRBP1 doxycycline FLAG-CRBP1

FLAG-CRBP1 135 kDa

180 kDa CRBP1  (Fig. 

2-2B) FLAG SDS-PAGE

Doxycycline

doxycycline
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FLAG-CRBP1 (Fig. 2-2C)

CRBP1 ORF 139.459 kDa

CRBP1 169 kDa

CRBP1 Cep169 (Centrosomal Protein 169kDa)

(Fig. 2-2C, 2-3A)  

 

 

 

 

FFigure 2-2. CRBP1/NCKAP5L  

(A) HeLa U2OS HEK293T luciferase (Luc) siRNA

CRBP1/NCKAP5L siRNA
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CRBP1 β-tubulin

CRBP1  

(B) Doxycycline (Dox) FLAG-CRBP1 CRBP1

FLAG-CRBP1  

(C) Doxycycline (Dox+) (Dox-) FLAG-CRBP1

FLAG FLAG-CRBP1 SDS-PAGE

Dox+ Dox- FLAG-CRBP1

( ) CRBP1

169 kDa  

 

 

4 Cep169 MTOC  

 

CDK5RAP2 γ-tubulin γ-TuRC

Cep169 CDK5RAP2 γ-

tubulin Cep169 γ-

tubulin luciferase (

) γ-tubulin (Fig. 2-

3A) Cep169 CDK5RAP2 U2OS γ-tubulin

Cep169 CDK5RAP2

CDK5RAP2 γ-tubulin Cep169

γ-tubulin (Fig. 2-3B)

Cep169 CDK5RAP2 γ-tubulin microtubule organizing 

center (MTOC)  
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FFigure 2-3. Cep169 γ-tubulin  

(A) U2OS Luc siRNA Cep169 siRNA Cep169 γ-

tubulin ( ) ( 10 μm) NIS-

Elements (Nikon) γ-tubulin

( ) (n = 30 mean ± S.E.) Cep169 ( ) γ-tubulin ( ) DAPI ( )

 

(B) U2OS FLAG-Cep169( ) FLAG-CDK5RAP2( )

γ-tubulin FLAG ( ) γ-tubulin ( ) DAPI 

( ) γ-tubulin ( 10 μm)  
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5 Cep169 CDK5RAP2  

 

Cep169 MTOC Cep169

FLAG-Cep169

FLAG-Cep169 (Fig. 2-

4A) CDK5RAP2  

(Fong et al., 2009) FLAG-CDK5RAP2 GFP-Cep169

(Fig. 2-4B) +TIPs EB1 Cep169

EB1-GFP mRFP-Cep169

Cep169 Cep169 +TIPs

(Fig. 2-4C, D) (Mori et al., 2015a)  

Cep169 CDK5RAP2

Cep169 CDK5RAP2

Cep169 CDK5RAP2 (Fig. 2-5A, B)

CDK5RAP2 Cep169

(Fig. 2-5C, D)

CDK5RAP2 Cep169
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FFigure 2-4. Cep169  

(A) U2OS pCMV TAG2 (Mock) FLAG-Cep169 FLAG

( ) ( 10 μm)
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(B) FLAG-CDK5RAP2 GFP-Cep169 U2OS FLAG ( )

( 10 μm)

 

(C) U2OS FLAG-Cep169 FLAG ( ) EB1 ( )

( 10 μm)  

(D) EB1-GFP mRFP-Cep169 U2OS

EB1 Cep169 (

5 μm) (Movie 1: 

http://www.chem.waseda.ac.jp/terada/movie%20plus%20tips%20and%20spindle/Movie

%201.mov) 
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FFigure 2-5. Cep169 CDK5RAP2  

(A, B) Luc siRNA Cep169 siRNA U2OS FLAG-CDK5RAP2



19 
 

Cep169 CDK5RAP2 γ-tubulin ( )

FLAG ( ) (A) Luc siRNA Cep169 siRNA U2OS

CDK5RAP2 ( ) CDK5RAP2 (B ) (

10 μm) NIS-Elements (Nikon)

CDK5RAP2 (B ) (n = 30 mean ± 

S.E.)  

(C, D) Luc siRNA CDK5RAP2 siRNA U2OS FLAG-

Cep169 CDK5RAP2 Cep169 γ-tubulin ( )

FLAG ( ) (C) Luc siRNA CDK5RAP2 siRNA

U2OS Cep169 ( ) Cep169 (D )

( 10 μm) NIS-Elements (Nikon)

Cep169 (D ) (n = 30 mean ± 

S.E.)  

 

 

6 Cep169  

 

+TIPs EB1 (S/T)x(I/L)P (SxIP ) EB1

Cep169 SxIP

Cep169 SxIP

484-487 aa 825-828 aa 925-928 aa 3 (Fig. 

2-6A) 3 Cep169

SxIP 2 Cep169

SxIP (Fig. 2-6B)

Cep169 2.56 SxIP

SxAA123 1.12 925-928 aa SxAA3 1.25
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484-487 aa 825-828 aa SxAA1

SxAA2 2.56 2.38

925-928 aa SxIP

(Fig. 2-6B, C)  

Cep169 SxIP EB1 SxIP

FLAG-Cep169 GST-EB1

(Fig. 2-6D) Cep169 EB1

Cep169 SxIP EB1
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FFigure 2-6. Cep169 SxIP  

(A) Cep169 (WT) SxIP SxIP (SxAA1
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SxAA2 SxAA3 SxAA123)  

(B) Fig. 2-6A FLAG-Cep169 (WT) SxIP (SxAA1 SxAA2

SxAA3 SxAA123) U2OS FLAG ( ) (

10 μm)  

(C) Fig. 2-6B NIS-

Elements (Nikon) (n = 60 mean ± S.E. NS: not 

significant, ***P < 0.0001 t-test )  

(D) GST GST-EB1 FLAG-

Cep169 (WT) SxIP (SxAA) FLAG-Cep169

FLAG GST GST-EB1 CBB

GST GST-EB1  

 

 

7  

 

CDK5RAP2 Cep169 (Centrosomal 

protein 169 kDa) Cep169

+TIPs CDK5RAP2

CDK5RAP2 Cep169

CDK5RAP2 γ-tubulin

Cep169 γ-tubulin

MTOC Cep169

EB1 SxIP

SxIP EB1 Cep169

Cep169 SxIP 484-487 aa 825-

828 aa 925-928 aa 3 925-928 aa SxIP
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3 Cep169  

 

1  

 

(dynamic instability)

(search and capture )

(Kirschner and Mitchison, 1986)

(i)

- (ii)

 (Caceres and Kosik, 

1990; Dinsmore and Solomon, 1991)

microtubule-associated proteins (MAPs)

microtubule plus-end-tracking proteins (+TIPs)

(Dayanandan et al., 2003; Lee et al., 2015; Pierre et al., 1994; Pringle et 

al., 2013) CDK5RAP2 +TIPs

MAPs

 (Fong et al., 2009) CDK5RAP2

Cep169 Cep169

Cep169

 (Mori et al., 2015a)  

Cep169



24 
 

Cep169 MAPs Cep169

SxIP

 

 

2 Cep169  

 

Cep169 Cep169

β-tubulin

(Fig. 3-1A)

tubulin

(Fig. 3-1B)

Cep169 EB1 CDK5RAP2

(Fig. 3-1C)  

4

EB1-GFP

mRFP-Cep169

24

(Fig.3-1D)

Cep169  
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FFigure 3-1. Cep169  

(A, B) U2OS GFP-Cep169 β-tubulin ( ) (A)
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acetylated tubulin ( ) (B) ( 10 μm)  

(C) U2OS EB1-GFP FLAG-CDK5RAP2 mRFP-Cep169

( )  ( ) FLAG ( )

( 10 μm)

 

(D) EB1-GFP mRFP-Cep169 U2OS

( )  ( )

( 5 μm)  

 

 

3 SxIP  

 

Cep169 Cep169 +TIPs

SxIP (Fig. 3-2A)

SxIP

Cep169 EB1

Cep169 SxIP HEK293T

in vitro Cep169 SxIP

tubulin (Fig. 3-2B)

Cep169 +TIPs SxIP
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FFigure 3-2. Cep169 SxIP  

(A) FLAG-Cep169 (WT) SxIP (SxAA) U2OS

FLAG ( ) ( )

 

(B) HEK293T FLAG-Cep169 (WT) SxIP

(SxAA) FLAG

FLAG-Cep169 tubulin FLAG

β-tubulin  
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4 Cep169  

 

Cep169 Cep169

Cep169 tubulin HEK293T

Cep169 in 

vitro Cep169 746-1152 aa tubulin

(Fig. 3-3A, B) Cep169

tubulin GST-Cep169 (746-

1152 aa)

glutathione GST-Cep169 tubulin

(Fig. 3-3C, 3-4C)  

Cep169

HEK293T FLAG-Cep169 GFP-Cep169

FLAG

Cep169 (Fig. 3-4A)

FLAG-Cep169 GFP-Cep169

Cep169 coiled-coil N 1-135 aa Cep169

(Fig. 3-4B, C)  
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FFigure 3-3. Cep169 tubulin  

(A, B) Fig. 3-2B Cep169 tubulin

FLAG-Cep169 1-654 aa (A) 745-1152 aa (B)

HEK293T FLAG

FLAG-Cep169
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(C) GST GST-Cep169

in vitro glutathione

GST GST-Cep169 tubulin

GST GST-Cep169 CBB

GST GST-Cep169  
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FFigure 3-4. Cep169  

(A) FLAG-Cep169 GFP-Cep169 HEK293T FLAG 

FLAG GFP

 

(B) Fig. 3-4A FLAG-Cep169 GFP-Cep169 1-135 aa

136-1334 aa HEK293T Cep169



32 
 

GFP-Cep169  

(C) Fig. 3-3A-C Fig. 3-4A-B Cep169

(ΔN: 136-1334 aa) tubulin

(Δtubulin-binding: Δ746-1152 aa)  

 

 

5 Cep169  

 

Cep169 1-135 aa 746-1152 aa

N ΔN (136-1334 aa) tubulin

Δtubulin-binding (Δ746-1152 aa)

(Fig. 3-4C, 3-5A)

ΔN Δtubulin-binding

Cep169 N Cep169

Fig. 3-5B Cep169
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FFigure 3-5. Cep169  

(A) U2OS GFP-Cep169 ( ) ΔN (136-1334 aa) ( ) Δtubulin-domain  

(Δ746-1152 aa) ( ) DAPI ( ) β-tubulin ( )

( 10 μm)  

(B) Cep169  
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6 Cep169  

 

Cep169 Cep169

Cep169 4 °C

luciferase ( )

Cep169

(Fig. 3-6A) nocodazole

Cep169

(Fig. 3-6B) Cep169
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FFigure 3-6. Cep169  

(A) Luc siRNA Cep169 siRNA U2OS 4 °C 15

β-tubulin ( ) ( 20 μm)  

(B) 12 nocodazole DMEM

3 β-tubulin ( )

( 10 μm)  
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7  

 

Cep169

5 SxIP

746-1152 aa

1-135 aa Cep169

Fig. 3-5B

Cep169 Cep169

 

Cep169

Cep169
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4 Cdk1 Cep169

 

 

1  

 

aurora-A Cdk Plk

PP2A (protein phosphatase 2A)

 

(Barr et al., 2011; De Wulf et al., 2009; Hannak et al., 2001; Liu and Ruderman, 2006; 

Mochida and Hunt, 2012; Nigg, 1998; Wurzenberger and Gerlich, 2011)  

Cep169  

Cep169

 (Mori et al., 2015c)  

Cep169 Cep169

Cdk1  
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2 Cep169  

 

Cep169

2 Cep169

(Fig. 4-1A-C) Cep169

G2

Cep169 G1

(Fig. 4-1B)  

Cep169

170 kDa G2

(Fig. 4-1C)  
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FFigure 4-1. Cep169  

(A) HeLa 16
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HeLa 2  

(B) Cep169 Cep169 ( )

γ-tubulin ( )

( 10 μm)  

(C) HeLa Cep169

Cep169

 

 

 

3 Cep169  

 

Cep169

 

Cep169 Cep169

in vitro

Cep169 Cep169

(Fig. 4-2A) Cep169

aurora-A Cdk1 Plk1

30 (Fig. 

4-2B, C) Cdk1 purvalanol A

Cep169

Cdk1

Cep169 (Fig. 4-2C, D)

Cep169 (i) (ii) taxol
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(iii) taxol Cdk1

Cep169 1.0

taxol Cep169 0.48

Cdk1 Cep169 0.93

(Fig. 4-2E) Cdk1 Cep169

 

Cdk1 Cep169 Sf9

Cep169 Cdk1/cyclinB1 in vitro

ATP

Cdk1 Cep169 (Fig. 4-

2F) Cdk1 Cep169 Cep169
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FFigure 4-2.  

(A) FLAG-Cep169 HeLa FLAG

SAP 0~2 unit

FLAG FLAG-Cep169



43 
 

 

(B, C) HeLa (aurora-A : MK-5108 Cdk1

: purvalanol A Plk1: BI2536) Cep169

(B) FLAG-Cep169

doxycycline FLAG-Cep169 FLAG ( )

γ-tubulin ( ) (C) (

10 μm)  

(D) Fig. 4-2C Cep169 ( / )

(n = 30 mean ± S.E. *P < 0.005, ***P < 0.0001 t-test

) NIS-Elements (Nikon)  

(E) (i) (ii) taxol (iii) taxol

Cdk1 purvalanol A

Cep169 centrin-2

GAPDH

Cep169 ImageJ  

(F) Sf9 His6-Cep169 Cdk1/GST-cyclin B1 in vitro

ATP Cep169

His6

His6-Cep169  

 

 

4  

 

Cep169 mass spectrometry (MS)

Doxycycline FLAG-Cep169 nocodazole

FLAG FLAG-Cep169 SDS-PAGE

FLAG-Cep169 trypsin

MS Mascot Cep169
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4 7 (Ser-440 Ser-451 Ser-

470 Ser-477 Ser-571 Ser-577 Ser-767) (Fig. 4-3A, B)  
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Figure 4-3. MS  

(A) MS/MS  
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(B) Fig. 4-3A MS/MS Cep169

 

 

 

5  

 

Cep169 Cep169

Cdk1 Cdk1 Cep169

MS Cep169

7 (Ser-440 Ser-451 Ser-470 Ser-477 Ser-571 Ser-577 Ser-

767) Cep169

Cdk1 (S/T-P) Cdk1

Cep169  
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5 Cep169  

 

1  

 

 (Pihan et al., 2003; Shi and King, 2005)

(stem cell niche

 (Yadlapalli and Yamashita, 2012)

CDK5RAP2

 (Knoblich, 2010; 

Lu and Johnston, 2013; Siller and Doe, 2009; Woods et al., 2005)

 

2001

Pellman microtubule plus-end-tracking proteins (+TIPs)  

(Schuyler and Pellman, 2001b) +TIPs EB1
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+TIPs

EB1

EB1  

(Toyoshima and Nishida, 2007)  

dynein dynactin

dynein/dynactin

+TIPs

Cep169  

Cep169

Cep169  

(Mori et al., 2015b) Cep169

Cep169

Cep169 dynein/dynactin Arp1

 

 

2 Cep169  

 

Cdk1 Cep169
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Cep169 Cep169

luciferase ( )

(mitotic index) ( : 8.5% Cep169 : 20.6%)

Cep169 ( : 5.4% SxIP : 11.7%)

Cep169 (Fig. 5-1A)

Cep169

(Fig. 5-1B) Cep169

Cep169

Cep169 24

Cep169 75

(Fig. 5-1D, E)  
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FFigure 5-1. Cep169  

(A) Luc siRNA Cep169 siRNA HeLa FLAG-Cep169

(WT) SxIP (SxAA) mitotic 

index (n = 350 )  

(B) Luc siRNA Cep169 siRNA HeLa
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(n = 100 )  

(C) HeLa EB1-GFP mRFP-histon H2B Luc siRNA

Cep169 siRNA (

10 μm)  

(D, E) Fig. 5-1C

(D) (E) (n = 30

mean ± S.E. NS: not significant t-test )  

 

 

3 Cep169  

 

EB1-GFP

Cep169

(Fig. 5-2A)

2.78 μm Cep169 1.56 μm

(Fig. 5-2B-E)  

Cep169 +TIPs

SxIP Δtubulin-

binding (Fig. 5-2D, E) SxIP

Δtubulin-binding

( : 2.47 μm SxIP : 2.39 μm Δtubulin-

binding : 1.61 μm) Cep169
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FFigure 5-2. Cep169  

(A) EB1-GFP HeLa Luc siRNA (Movie 2) Cep169 siRNA 

(Movie 3) 10 M MG-132

( 5 μm) (Movie 2: 
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http://www.chem.waseda.ac.jp/terada/movie%20plus%20tips%20and%20spindle/Movie

%202.mov Movie 3: 

http://www.chem.waseda.ac.jp/terada/movie%20plus%20tips%20and%20spindle/Movie

%203.mov) 

(B) Luc siRNA Cep169 siRNA HeLa 10 μM MG-132

( 10μm) EB1( ) γ-

tubulin( )  

(C) Fig. 5-2B γ-tubulin

(n = 30 mean ± S.E.) NIS-Elements (Nikon)

 

(D, E) Luc siRNA Cep169 siRNA HeLa FLAG-Cep169

(WT) SxIP (SxAA) Δtubulin-binding (Δtub) 10 μM MG-

132 Cep169 (D)

(E) (n = 30 mean ± S.E. NS: Not significant, 

***P < 0.0001 t-test ) Cep169 FLAG-Cep169

NIS-Elements (Nikon)  

 

 

4 Cep169  

 

Cep169

HeLa

( )

(spindle position) (Fig. 5-3A, B) Cep169

( : 1.20 μm

Cep169 : 2.76 μm)
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Cep169 SxIP

( : 1.58 μm SxIP

: 1.78 μm) Δtubulin-

binding 2.43 μm

Cep169

 

 

 

  

FFigure 5-3. Cep169  

(A) Luc siRNA Cep169 siRNA HeLa 10 μM MG-132

β-tubulin( ) γ-tubulin( )

d ( 10 μm)  

(B) Fig. 5-3A d( ) ImageJ
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(n = 30 mean ± S.E. NS: Not significant, **P < 0.001, ***P < 0.0001

t-test )  

 

 

5 Cep169  

 

(spindle angle)

3

α (Fig. 5-4A-C) Cep169

2 (Fig. 5-4C)

Cep169 SxIP

SxIP ( : 1.24

SxIP : 1.87 ) SxIP
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FFigure 5-4.  

(A) Luc siRNA Cep169 siRNA HeLa 10 μM MG-132
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γ-tubulin( ) β-tubulin( )

0.48 μm Z- ( 10 μm)  

(B, C) Z- α

Luc siRNA Cep169 siRNA HeLa Cep169

(WT) SxIP (SxAA) (B)

(C) (n = 30

mean ± S.E. NS: Not significant, *P < 0.005, ***P < 0.0001 t-test )  

 

 

6 Cep169 taxol

 

 

Cep169

taxol

Cep169 (Fig. 

5-5A) Cep169

( (taxol-: 2.47 μm taxol+: 0.99 μm)

(Fig. 5-5B, C)

Cep169
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FFigure 5-5. Taxol  

(A) Luc siRNA Cep169 siRNA HeLa 10 μM MG-132

1 μM taxol 20 (

10 μm) γ-tubulin ( ) EB1 ( ) DAPI ( )  

(B, C) Fig. 5-5A Fig. 5-3B, 5-4B

(B) (C) (n 

= 30 mean ± S.E. ***P < 0.0001 t-test )  
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7 CDK5RAP2  

 

CDK5RAP2 CDK5RAP2 siRNA

CDK5RAP2 HeLa

( : 3.15 μm CDK5RAP2 : 1.83 μm) (Fig. 5-6A-C)

Cep169

(Fig. 5-6D-F) CDK5RAP2

Cep169
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FFigure 5-6. CDK5RAP2  

(A) Luc siRNA Cep169 siRNA HeLa 10 μM MG-132
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( 10 μm) EB1 ( )

γ-tubulin ( )  

(B) Fig. 5-6A (B) (C)

(D) (E)

(F) (n = 30 mean 

± S.E. **P < 0.001, ***P < 0.0001 t-test )  

 

 

8 Dynein/dynactin Arp1 Cep169  

 

Cep169

dynein/dynactin

(Fig. 5-7A) (Raaijmakers et al., 2013) dynactin

Arp1 Cep169

GST-Arp1 FLAG-Cep169 HEK293T

glutathione GST-Arp1 FLAG-

Cep169 (Fig. 5-7B)  
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FFigure 5-7. Arp1 Cep169  

(A) dynein/dynactin  

(B) GST-Arp1 HEK293T

FLAG-Cep169 glutathione

GST GST-Arp1 FLAG-Cep169 FLAG

GST GST-Arp1 GST

 

 

 

9 Arp1  

 

Arp1 HEK293T GFP-Arp1 FLAG-

Cep169 FLAG

(Fig. 5-8A) Arp1 Cep169 N 1-135 aa Arp1

1-400 aa Arp1 1-400 aa

Arp1 (Fig. 5-8A, B)  

Cep169 Arp1

Cep169 Arp1 1-400 aa
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(Fig. 5-8C, D) GFP-Cep169 

(1-400 aa) GFP

Cep169 Arp1

Arp1 RNA

dynein/dynactin Cep169

Arp1 (Fig. 5-8E, F)  
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FFigure 5-8. Arp1 Cep169  

(A) Cep169 Arp1 FLAG-Cep169

(1-135 aa 1-400 aa) GFP-Arp1 HEK293T

FLAG FLAG GFP
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FLAG-Cep169

 

(B) Fig. 5-8A  

(C, D) Arp1 GFP-Cep169 (1-400 aa) HeLa Fig. 

5-3B, 5-4B (C)

(D) (n = 30 mean ± S.E.)  

(E, F) Fig. 5-3B, 5-4B Luc siRNA Arp1 siRNA HeLa

(E)

(F) (n = 30 mean ± S.E.)  

 

 

10 MDCKII Cep169  

 

Cep169

MDCKII 3D MDCKII

(Fig. 5-9A) Cep169 MDCKII

( : 37% Cep169

: 64%) (Fig. 5-9B, C) Cep169
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FFigure 5-9. Cep169 . 

(A) MDCKII

F-actin  

(B) Luc siRNA Cep169 siRNA MDCKII 24

3D phalloidin-rhodamin ( ) F-actin

DAPI ( ) DNA ( 50 μm)  

(C) Fig. 5-9B phalloidin-rhodamin

(n = 160 )  

 

 

11  

 

Cep169

Cep169 (i) (ii)

(i)

3 tubulin

(ii)
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dynactin Arp1 Cep169

EB1 (SxIP )

Cep169 EB1 Arp1

MDCKII Cep169
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6  

 

1 Cep169  

 

CDK5RAP2

Cep169 Cep169

Cep169

Cdk1 Cep169

 

Cep169 746-1152 aa Cep169

microtubule-associated proteins (MAPs)

(Fig. 6-1A)

Cep169

dynein/dynactin

” ”

(Fig. 6-1B) Cep169

” ”

Cep169

taxol

taxol

Cep169
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dynein/dynactin

dynein/dynactin

Cep169 Arp1

dynein/dynactin

Cep169

Cep169 +TIPs

 

Cep169 (i) Cep169 SxIP

EB1 (ii) Cep169 1-400 aa Arp1

dynein/dynactin

(Fig. 6-1B)  
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FFigure 6-1. Cep169  

(A) Cep169

 

(B) dynein/dynactin  

 

 

2 CDK5RAP2 Cep169  

 

CDK5RAP2 CM1 Cep169 CM1

γ-tubulin Cep169 γ-tubulin

Fig. 2-3 Cep169
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Cep169 CDK5RAP2

(microtubule organizing center; MTOC)

CDK5RAP2 Cep169 CDK5RAP2

(Fig. 

6-2)  

MAPs

tau MAP2A

CDK5RAP2 Cep169

MAPs  

(Caceres and Kosik, 1990; Dinsmore and Solomon, 1991)  

CDK5RAP2 Cep169

CNN

Cep169 Cep169 CDK5RAP2

 

Cep169 Cdk1

Cep169 Cdk1 G2

Cdc25 Eg5 BRCA2

 (Errico et al., 2010; Jackman et al., 2003) Cep169

Cdk1

Cdk1 Cep169

Cep169
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7 ( Ser-440 Ser-451 Ser-470 Ser-477 Ser-571 Ser-577 Ser-767)

Cdk1 (S/T-P)

Cep169

 

 

  

FFigure 6-2. CDK5RAP2 Cep169  

 

 

3 Cep169  

Fig. 5-9 MDCKII Cep169
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Cep169  

CDK5RAP2

CDK5RAP2

Cep169 Fig. 

1-3

Cep169
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7  

 

1  

 

1.1 DNA RNA  

HeLa cDNA Cep169/CRBP1 PCR

PCR pEGFP-C pCMV TAG2 pcDNA5/FRT/TO

(Invitrogen) CDK5RAP2  (Kazusa DNA Res. 

Inst.) pEGFP-C pCMV TAG2  

PrimeSTAR Mutagenesis Kit (TaKaRa)

 

siRNA  

sense#1: 5 -CCAAGCTAATGAGAACCAGCGGGAGACTTAT-3  

antisense#1: 5 -TTCTCATTAGCTTGGGCAAGTGCCGAGTTC-3  

sense#2: 5 -ATCGCAAGTCAAGAGCAAGCTCCAAATTGGC-3  

antisense#2: 5 -GCTCTTGACTTGCGATGAGGAATGGGGGTGG-3 . 

FLAG-Cep169 SxIP SxIP 484-487 aa 825-828 aa 925-928 

aa 2  

SxIP 484-487 aa  

sense: 5 -TCGCGAGCCGCCTGTCGGAACAGTGGCT-3  

antisense: 5 -GACAGGCGGCTCGCGAGTTCCGGGGGAG-3 ; 

SxIP 825-828 aa  

sense: 5 -ACCAAGGCCGCTTCCAAGTCACCAACCA-3  

antisense: 5 -TGGAAGCGGCCTTGGTGGGGCTGCTGTG-3  
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SxIP 484-487 aa  

sense: 5 -AGCAAGGCGGCAGCGCTGAACCGCCGCA-3  

antisense: 5 -GCGCTGCCGCCTTGCTCTTCTTAAGGCC-3  

DNA BioT (Bioland Scientific) HeLa U2OS HEK293T

 

RNAi siRNA (Japan 

Bioservice)  

Luc siRNA: 5 -CGUACGCGGAAUACUUCGA-3  

Cep169 siRNA-1: 5 -CUUGCCCAGGCCAACGAAAA-3  

Cep169 siRNA-2: 5 -CCUCAUCUCAGGUGAAAAG-3  

CDK5RAP2 siRNA-1: 5 -UGGAAGAUCUCCUAACUAA-3  

CDK5RAP2 siRNA-2: 5 -CUAUGAGACUGCUCUAUCA-3  

Arp1 siRNA: 5 -CGCAUUUGGCAAUAUGUCU-3  

HeLa U2OS MDCKII siRNA Lipofectamine RNAi MAX (Invitrogen)

 

 

1.2  

HeLa U2OS HEK293T

MDCKII (ATCC) 10% fetal bovine serum (Cellect) 1% 

penicillin-streptomycin (WAKO) DMEM (Life Technologies) 37 °C

5% CO2  

Doxycycline FLAG-Cep169 pcDNA5/FRT/TO-

FLAG-Cep169 Flip-InTMT-RExTM-HeLa (Invitrogen) 100 μg/ml 
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hygromycin 2 μg/ml 

doxycycline 24  

 

1.3  

: 

Cep169 FLAG (1:1000 ; WAKO) GFP (1:1000 ; WAKO)

β-tubulin (1:1000 ; Sigma-Aldrich) GST (1:1000 ; Santa Cruz)

His6 (1:1000 ; Santa Cruz) cyclin B1 (1:1000 ; Santa Cruz)

GAPDH (1:10000 ; Santa Cruz) centrin-2 (1:500 ; Santa Cruz) 

: 

goat rabbit IgG -HRP (1:2000 ; Santa Cruz) goat mouse IgG -HRP 

(1:2000 ; Santa Cruz) 

: 

Cep169 CDK5RAP2 (1:100 ; Sigma-Aldrich) EB1 (1:2000 ; 

BD Biosciences) FLAG (1:1000 ; WAKO) β-tubulin (1:1000 ; 

Sigma-Aldrich) γ-tubulin (1:100 ; Santa Cruz) α-tubulin  (1:250 ; 

Santa Cruz) 

: 

Alexa Fluor 568 goat mouse IgG (H+L) (1:400 ; Invitrogen) Alexa Fluor 568 

goat rabbit IgG (H+L) (1:400 ; Invitrogen) Alexa Fluor 488 goat mouse IgG 

(H+L) (1:400 ; Invitrogen) Alexa Fluor goat rabbit 488 (H+L) (1:400 ; 

Invitrogen) 
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1.4  

sample buffer (0.125 M Tris-HCl 10% β-

mercaptoethanol 4% SDS 10% sucrose 0.004% bromophenol blue) 100 °C

10 6~12% SDS-PAGE

Immobilon-P Transfer Membrane (Millipore)

blocking buffer {5% Membrane Blocking Agent (GE Healthcare)/TBST 

(25 mM Tris-HCl 137 mM NaCl 2.7 mM KCl 0.05% Tween20)} 1

blocking buffer 4°C TBST 10 3

blocking buffer 30

TBST 10 3 ECL Plus (GE Healthcare)

LAS3000 (Fujifilm)  

 

1.5  

4% PFA/PBS -30 °C

0.3% Triton-X/PBS 10 blocking buffer (1% BSA

0.3% Triton-X/PBS) 37 °C 1

blocking buffer 37 °C 1 3 PBS-0.05% 

Teen20 10 3 37 °C 1

PBS-0.05% Teen20 10 3

 

Nikon TE2000-E

Olympus FV1000

NIS-Elements (Nikon)  
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1.6  

Microsoft Excel Student’s t-test  

 

 

2 2  

 

2.1 Yeast-two hybrid  

9.5~10.5 cDNA pGADT7 yeast two-

hybrid library (S. Hollenberg ) CDK5RAP2 CM1

58-196 aa pGBKT7 (CLONTECH)  

AH109 SD (6.7 

mg/ml difconitrogen base 0.6 mg/ml DO supplemet (Clontech) 2% dextrose)  

(-Trp) 2 50 ml SD (-Trp) two-

hybrid library SD (-Trp -Leu -Ade -His) 2

SD (-Trp -Leu -Ade -His)  

 

2.2 Cep169  

Doxycycline FLAG-Cep169 2 μg/ml doxycycline

24 extraction buffer (20 mM Tris-HCl pH 7.5 100 mM NaCl 5 

mM MgCl2 0.2% Nonidet P-40 10% glycerol 1 mM NaF 1 mM Na3VO4 20 mM β-

glycerophosphate 10 mM β-mercaptoethanol Protease Inhibitor Cocktail (Nacalai 

tesque) 0.2 mM PMSF) 3

3 μg/ml FLAG 3 4 °C protein 

G beads (Amersham) 1 4 °C 4000 rpm
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extraction buffer 3 sample 

buffer (0.125 M Tris-HCl 10% β-mercaptoethanol 4% SDS 10% sucrose 0.004% 

bromophenol blue) 100 °C 10

10% SDS-PAGE

FLAG-Cep169  

 

2.3  

Glutathione S-transferase (GST)

BL21 50 μg/ml ampicillin LB (10 mg/ml Bacto Tryptone

5 mg/ml bacto yeast extract 10 mg/ml NaCl) 0.5 mM IPTG 3

extraction buffer (50 mM Tris-HCl pH 7.5

100 mM NaCl 1 mM EDTA 1% Triton-X 1 mM PMSF)

15000 rpm 15 4 °C

glutathione-sepharose 4B (GE Healthcare) 4 °C 3

extraction buffer 3 elution buffer 

(100 mM Tris-HCl pH 8.0 20 mM glutathione 150 mM NaCl)

 

 

2.4  

GST-Cep169 (1-100 aa) GST-Cep169

Cep169

Affigel-10 (Bio-Rad Laboratories) GST
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GST GST-Cep169 (1-100 aa)

Cep169  

 

2.5  

HEK293T GFP-Cep169 FLAG-CDK5RAP2 extraction buffer 

(20 mM Tris-HCl pH 7.5 100 mM NaCl 5 mM MgCl2 0.2% Nonidet P-40 10% glycerol

1 mM NaF 1 mM Na3VO4 20 mM β-glycerophosphate 10 mM β-mercaptoethanol

Protease Inhibitor Cocktail (Nacalai tesque) 0.2 mM PMSF) 3

3 μg/ml FLAG

mouse IgG 3 4 °C protein G beads 

(Amersham) 1 4 °C 4000 rpm

extraction buffer 3 sample buffer 

(0.125 M Tris-HCl 10% β-mercaptoethanol 4% SDS 10% sucrose 0.004% bromophenol 

blue) 100 °C 10

 

 

2.6  

GST-EB1 glutathione-sepharose 4B (GE Healthcare)

GST-EB1 glutathione sepharose

extraction buffer FLAG-Cep169 SxIP HEK293T

12 4 °C 4000 rpm

extraction buffer 3 extraction buffer 20 mM glutathione

GST

CBB  
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2.7 CBB  

SDS-PAGE CBB (2.5 mg/ml Coomassie 

Brilliant Blue G-250 25% 7.5 % ) 30 (25% 

7.5 % ) 3  

 

 

3 3  

 

3.1 tubulin  

HEK293T FLAG-Cep169 FLAG-Cep169 (1-654 aa

745-1152 aa) extraction buffer (20 mM Tris-HCl pH 7.4 100 mM NaCl

5 mM MgCl2 0.2% Nonidet P-40 10% glycerol 1 mM NaF 1 mM Na3VO4 20 mM β-

glycerophosphate 10 mM β-mercaptoethanol Protease Inhibitor Cocktail (Nacalai 

tesque) 0.2 mM PMSF) 3

tubulin 3 4 °C

anti-FLAG M2 Affinity Gel (Sigma-Aldrich ) 1.5 4 °C

extraction buffer 3

elution buffer (150 μg/mL FLAG peptide / extraction buffer)

sample buffer (0.125 M Tris-HCl

10% β-mercaptoethanol 4% SDS 10% sucrose 0.004% bromophenol blue) 100 °C

10 SDS-PAGE β-tubulin FLAG
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GST GST-

Cep169 (746-1152 aa) tubulin extraction buffer

glutathione-sepharose 4B (GE Healthcare) GST

extraction buffer 3 elution buffer (100 mM 

Tris-HCl pH 8.0 20 mM glutathion 150 mM NaCl)

sample buffer (0.125 M Tris-HCl 10% β-mercaptoethanol 4% SDS

10% sucrose 0.004% bromophenol blue) 100 °C 10

SDS-PAGE β-tubulin CBB

 

 

3.2 Cep169  

HEK293T FLAG-Cep169 GFP-Cep169 (1-135 aa

136-1334 aa) FLAG 2.5 

 

 

3.3  

HeLa Luc siRNA Cep169 siRNA

36 4 °C 15 -

30 °C β-tubulin

Nikon TE2000-E  

 

3.4  

HeLa Luc siRNA Cep169 

siRNA 24 33 ng/ml nocodazole (Calbiochem) 12
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50 4 °C

PBS 3 37 °C DMEM 3 -30 °C

β-tubulin

Nikon TE2000-E  

 

 

4 4  

 

4.1  

HeLa 2.5 mM thymidine/PBS 16 G1/S

PBS 3 thymidine DMEM

8 S 2.5 mM thymidine/PBS

16 PBS G1/S 2

Cep169

 

 

4.2 in vitro  

Doxycycline FLAG-Cep169 2 μg/ml doxycycline

12 100 ng/ml nocodazole (Calbiochem) 12

extraction buffer (20 mM Tris-HCl pH 7.4 100 mM NaCl 5 

mM MgCl2 0.2% Nonidet P-40 10% glycerol 1 mM NaF 1 mM Na3VO4 20 mM β-

glycerophosphate 10 mM β-mercaptoethanol Protease Inhibitor Cocktail (Nacalai 

tesque) 0.2 mM PMSF) 3

anti-FLAG M2 Affinity Gel (Sigma-Aldrich ) 1.5 4 °C
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extraction buffer 3

elution buffer (150 μg/mL FLAG peptide / extraction buffer)

1 unit 2 

unit shrimp alkaline phosphatase (SAP) 30 37 °C

FLAG-Cep169

 

 

4.3  

SAP doxycycline FLAG-Cep169

2 μg/ml doxycycline 12 100 ng/ml nocodazole 12

4 μM MK-5108 (aurora-A

) 20 μM purvalanol A (Cdk1 ) 200 nM BI2536 (Plk1 )

30  

 

4.4  

HeLa 12 10 nM taxol (Calbiochem)

30 20 μM purvalanol A HeLa extraction buffer 

(20 mM Tris-HCl pH 7.4 100 mM NaCl 5 mM MgCl2 0.2% Nonidet P-40 10% glycerol

1 mM NaF 1 mM Na3VO4 20 mM β-glycerophosphate 10 mM β-mercaptoethanol

Protease Inhibitor Cocktail (Nacalai tesque) 0.2 mM PMSF) 3

20000 x g 15

extraction buffer sample buffer (0.125 M Tris-HCl 10% β-

mercaptoethanol 4% SDS 10% sucrose 0.004% bromophenol blue) 100 °C
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10 SDS-PAGE

centrin-2 GAPDH Cep169

Cep169

ImageJ  

 

4.5 Sf9  

His6-Cep169 Cdk1/GST-cyclin B1 Bac-to-Bac

DH10Bac (Invitrogen) LB (10 mg/ml 

Bacto Tryptone 5 mg/ml bacto yeast extract 10 mg/ml NaCl) 37 °C 4

50 μg/ml kanamycin 7 μg/ml gentamicin 10 μg/ml tetracycline 100 μg/ml X-gal 40 

μg/ml IPTG LB 24 37 °C

50 μg/ml kanamycin 7 μg/ml gentamicin 10 μg/ml tetracycline/LB 12

37 DNA  

Sf9 2.5 × 105 /ml DNA Lipofectamine 2000 

(Invitrogen) 27 °C 5 7

3000rpm 10

Sf9 1.8 × 106 /ml

27 °C 110 rpm  

extraction buffer (20 mM β-glycerophosphate 10 mM hepes pH 7.7

5 mM EGTA 150 mM NaCl Protease Inhibitor Cocktail (Nacalai tesque) 1% Nonidet 

P-40) 30 10000 x g 4 °C 15

Ni-NTA (QIAGEN)

glutathione-sepharose 4B (GE Healthcare) His6 GST

extraction buffer 3



86 
 

His6 elution buffer (20 mM β-glycerophosphate

10 mM hepes pH 7.7 150 mM NaCl 250 mM imidazole) GST

elution buffer (100 mM Tris-HCl pH 8.0 20 mM glutathion 150 mM 

NaCl)  

 

4.6  

Sf9 His6-Cep169 Cdk1/GST-cyclin B1

kinase buffer (20 mM hepes pH 7.5 1 mM MgCl2 1 mM DTT 20 mM β-glycelo 

phosphate 50 mM Na3VO4) 200 μM ATP 60 30 °C

10 mM EDTA sample buffer (0.125 M 

Tris-HCl 10% β-mercaptoethanol 4% SDS 10% sucrose 0.004% bromophenol blue)

100 °C 10 SDS-PAGE His6

Cep169  

 

4.7 Mass spectrometry  

Doxycycline FLAG-Cep169 2 μg/ml doxycycline

12 100 ng/ml nocodazole 12

4.2 extraction buffer(20 mM Tris-

HCl pH 7.4 100 mM NaCl 5 mM MgCl2 0.2% Nonidet P-40 10% glycerol 1 mM NaF

1 mM Na3VO4 20 mM β-glycerophosphate 10 mM β-mercaptoethanol Protease 

Inhibitor Cocktail (Nacalai tesque) 0.2 mM PMSF) 3

anti-FLAG M2 Affinity Gel (Sigma-Aldrich )

1.5 4 °C

extraction buffer 3 elution buffer (150 μg/mL 
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FLAG peptide/extraction buffer) Cep169

sample buffer (0.125 M Tris-HCl 10% β-mercaptoethanol 4% 

SDS 10% sucrose 0.004% bromophenol blue) 100 °C 10

10% SDS-PAGE 169 kDa

Cep169 100% CH3CN

CH3CN 10 mM DTT 25 mM NH4HCO3

56 °C 45 25 mM NH4HCO3 55 mM 2-

iodoacetamide 25 mM NH4HCO3 30

100% CH3CN CH3CN

trypsin 37 °C 12

Titansphere Phos-TiO kit (GL Sciences 

Inc.) GL-Tip SDB (GL Sciences Inc.)

ZipTip 0.2 μl C18 (Merck)

5 mg/ml DHB (2, 5-dihydroxybenzoic acid)/0.05% TFA 50% CH3CN

MALDI-QIT reflectron TOF mass spectrometer (AXIMA Resonance, 

Shimadzu/KRATOS) MS/MS

Mascot (Matrix Science) Cep169 m/z 80 (-HPO3)

m/z 98 (-H2PO4)

 

 

 

 

 

 



88 
 

 

5 5  

 

5.1  

HeLa 33 nM nocodazole (Calbiochem) 12 PBS

26S proteasome 10 μM MG132 

(Sigma-Aldrich) 2

γ-tubulin EB1 tubulin

Z-

ImageJ  

 

5.2  

2.6 GST-Arp1

FLAG-Cep169 (1-135 aa 1-400 aa)

HEK293T  

 

5.3  

2.5 GFP-Arp1 FLAG-Cep169 HEK293T

FLAG  

 

5.4 MDCKII  

10% FBS-DMEM MDCKII Luc siRNA Cep169 

siRNA Lipofectamine RNAi MAX (Invitrogen) 24 2% Matrigel 

(BD Bioscience) 5 × 104 /ml Matrigel 3D 10
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rhodamine-phalloidin (Invitrogen) MDCKII
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