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IR EMEERRERIEN S SMAP/ KAP3
HEERASMESES
ol OB % HEl H OB ERE OBAT BEE HXE

(M S 2 I, ob PR s 2 A 2 [ SO s, 1 410078)

WE SRR R LR (adenomatous polyposis coli, APC) [1]5¢74% T BSR4 M B ) BRI RO ik &
s, APC HEH G — A AT Z A G55 . 2R g AR &0 Ko F RO . APC St f vl C B fak ) 4

_IJT}‘.&,‘F;Q{:A

FEE Ay, RN T LU P B SO S Ay, (RIS S PL AT i AR . IR BERESE APC S AR 1
MR, R RE A48 HAGE H) APC P BE (1 500 bp~ 4 800 bp) HHEEH TR, 0k NG cDNA 3
JE, f38] A5 APC HIEAE M & 11 SMAP/KAP3, SMAP/ KAP3 JE UK &) 8 11 KIF3A/ 3B (A ¢ 8 . il %
i L HTTE RO A G S DO I ML ik, WESE T APC 5 SMAP/KAP3 7E4R P (MM 041 L, #E7n APC n] figim it

SMAP/KAP3KIF3A/ B 2 5§45 iz 5h,
XKHEEiR
ZFEoES Q7

g5 o MR e BN 9 JE D ( adenomatous
polyposis coli, APC) (15878 n] L B 5 5 45 i
JEL PR R TR0 5 RO PR & gt . APC R IR E A T
5q21~ 22, 41 8 535 bp, % 21 MAME T, 4l
2 843Na LR . 310 ku [ K 4> 1 i 4k 2K (1 2
APC HEH BAT ARSI B N &4 —Anf
FITAT B AR o 1iE s 6~ 57 NEIERRIRIE
Z I JE—AS 7 WEE N armadillo P8, 7] 5 Asef
EELZ AN, APC PR B GAH — 15 NEAIER
(551020~ 1169 2 JLER 2 [0]) 120 PNl JEMR (26
1262~ 2 033 &Lz ) MELIFH, Hulfes
B-catenin . Axin BL % GSK-3B AH H {E 13T ¥R Ik i
552 200~ 2 400 2 KL R 2 1) [ X d5k T 5 A B 4
10, 552 550~ 2 771 ARG 2 [ AT 5 EB1 & (A
HAERL, i EBL & — S5 S M E A, M
i APC TTIH L EB1 M 5105 HAEIT . APC 7
JuFih 5 GSK-36 . Axin o] % 5 2 G, kR
B-cateninfE L5 AR IR . 24 APC RAEJE, Tk
T X B catenin FIIE/EH, M AE B catenin 75 g T
HHEBUFREA N, S5k TCF/LEF 454,
FEHMM A Bcatenin FUF AN Y, W cmye.
cyclin D1 (e %3858, 5140 MR AT [k,
APC LR N Ay A — A FE B s BE A
APC # A 5 A B A WA B AR e
PR S A B, B APC i [R] SEAR [ R o
R, APC W] ik HR i e L B 4% S O 4

25 IR PE RV JE Y (APC), SMAP/KAP3, BEREXUAMAS, ANHAEH], A

B, HAALEERZ DL B ANGUE 45 6 XK APC ik
R EUIRBE S WO 4545, JF U0 LU ATP
PPt RER A MBS <+ » dwizdl, Wik
LEMMB PR, Z5H RGITH, HE
APC 11X —Ihfg M 207 HLilI H RE AN 2110

JHE— BT APC 55 eAth R = 5 AH LA D,
ASCE ] APC FEK B 1500~ 4 800 bp J Bt (X}
J¥ 500~ 1 600 ™2 HER) H i T BURL, I H 197
B A H AR Tk NG cDNA SCPE, 138 —4 Y
APC M EAEHI & A Bl —/ G EH &1 R K
FEIR I AH G B (small G guanine dissociation
inhibitor associated protein, SMAP), SMAP PN
B 5h 8 L AH G B2 3 (kinesin associated protein
3, KAP3) fENRF RIS, 2R 73 5 HF ) S %
SLUTVE, X G 9 NI AL EFE T VEIESE T APC
5 SMAP/KAP3 [rAH B4 1.

1 #RFAE

1.1 ##
R4 A8 K ] Clontech 2% 7] MATCHMAKER
Two-Hybrid System 2 (K1604 1), HEFR pAS21 .

E S AR A R R (973) TWHH (G1998051002), [H
FAREIERS B H (39970372) RIH %A 1 45 o 2
4 (39928016).

ORI R A
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pACT2 . pVA3. pTDI-1. pCL1 . pLAMS 1 F1 5 F
Y190 . Y187; Human Fetal Brain MATCHMAKER 3‘5
i (HL4028AH) & & Fp I RERS F-JEIE H Clontech 2
wl; JFURL pCM V-N10-wAPC |111IﬂJJuJI[A+;{ik’J‘F
%’Hﬁ%aﬂ ;R pEGX-4T-2 A4 Bt H Ik S 5% 7 iy
(GST) -Sepharose 4B ¥ [ Pharmacia v #]; APC .
SLBE BLAE (a1, ab5) W H Oncogene 72 7l
Sepherose- 4B . Protein A-Sepherose 4B . JI5# AL K
Fri A &5 0% H Pharmacia A 7], Cy2 frid I L=Et
/ML TgG v Cy3 BRIl AR 1;,(; Wy I KPL 2 7],
a tubulin ¥ 58 FEHTAIN H Santa 23 7]

1.2 FHiE

1.2.1 FERERZAE APC FEBOBE R R g &
514 APCF J¥ 410y 5-aag teg acc tat get gga atg
ct -3, APCR J¥¥I4 5- at gag cte tta ctt tga age
agt ctg-3. H JERL pCMV-N10-wAPC 4 # #2,
PCR #"34 APC #EZ 1 500~ 4 800 bp 3£ 3.3 kb 1)
HiEph B § 3841k 514 APCF . APCR # 2 ul
(0.1 g/L), 10x ZZpP 5 11, 50x ANTP 1 B, Taq
M 1 11, Ho0 39 Wl M 0.1 Bl, 94 CAME 45 s
Ja, HoacatE 7s, 68 CIEK 3 min, 68CHEff
3 min, fEF 30 K. M s H R B S, K
FIrg v Bevd B 3 TA B4k b, RGH Sal 1T H
Sac 1 XEFY), TR H 09 R B W66 119 5 n) 5 1352
HESE 58 BN JTORE pAS2- 1, FFIFUESE, 73 3T
Fi pAS2- 1-APC.

1.2.2 SCPERALTREPHPE S Clontech 2 7] )
P RE XL 2% A2 Jif I SCF HL4028AH, FJEE T pACT2
(AD JJiki) Xoh 1 Fl EcoR 1 BV s, SCHE KL
HALTE. coli BNN132, H50K SCEEFY 1, XK
HI Qiagen 22 7] Tip2500 Kt il SCPEJFURL. pAS2-
1- APC V5P JFURL R 52 1) 3C e JOREL Sc I % 10 W BE B
PE Y190, %4k 7T SD-LTH + 50mmol/ L 3AT
(N LA B B R B PR B 72 3k, BhBf e s/ . (%
PR R, 4N 50 mmol/L 34(3E 1, 2, 4=
My IR b, 3~ 7 KJE, BRI TR,
KIZ T SD-LTH+ 50 mmol/ L 3AT KiFEML L, 438
FLTCRE, BRBR AN SCEETRL. R IR A DR 4 R
(His3) F1BFI BETFAG (LacZ) MIVETE. PHAYETE
B 1 B VB A TR, (R B SCPE TR, MRERE B P dh 4
HSCPE IR, S AL K FF I DHSa, 3784 5 fl 3 5
ki, AT S5

1.2.3 DNA JFHI 408 73 2 BH 2 72 B 11 5k LA
pACT2 AR L1514 Gald AD W F 514 (1
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acc act aca atg gatg), Ml Perkin Elmer ABI377 ll /¥
I, W45 e NCBI GenBank £l P sp gk AT
Blast LA HT.
1.2.4 SMAP/KAP3 Z i FEHUARIHI%: Blast 73
B IR LA — BH A o B 1 17 51 5 N SMAP i i 7
#l, SMAP /il KAP3 (kinesin associated protein
3) EARFFEY. LI SMAP K C i 687
~ 793 JKBAE AR, Wit 5|4 SF (5 aa ggatee
alg gla gag agt cgt cag atg 3, RHAN BamH 1 F§)
‘f\‘f 1), SR (5 cg gaattc tta tca aga tce ata gee ata g
. RHAN EcoR T BEVIALAT) . MAJKIIG cDNA 3C
J?L- FH PCR 4 14 11 318 bp (19 9T 5 4 15 1 BL,  JF 5%
WE B pEGX-4T-2 JFAZRIA AR I, ¥ UE 5K B4 B AE
(IEH, $ALE. coli BL21 1 £, H0. 1 mmol/ L3t
PIERRAG B o L FLBETT (IPTG) 55 GST-SMAP il
HHEAKIS, FFZ GST-Sepherose -4B ( Pharmacia 23
‘7) FMEMZARE SR A, REHN AR, &
SN RS JS R H B .
1.2.5 SEABENED M BOLSE B IIAN A R
M« /N O HERE OB AE . OERE . R RS ULR
SEALAF AR AL S IR, RE a2 A AL PR O A
100 CHl K 1 AR Tk 5, 12% SDS- 2R 4 4 ok 1 ¢ e
(SDS-PAGE) Hi ;‘rﬂ( gy %, W & PVDF R
(Pharmacia A 7). FAE S M (3% BSA . 5% i
YRR T TBS) B 1 h. K —$1 SMAP/ KAP3
U FH & PR FE (1: 600), Jn#% PVDF JiE I,
il 5 h, 0. 1% Triton X- 100 115 Pk
3K, BHK 10 min. HULEAL YIRS L E DR
IgG (Calbiochem %)) M7 0. 1% Triton X-100 15
PR (1:3 000) AR L, Silid e 1 h,
1 x TBST (TBS JIA 0.1% Triton X-100) ¥t
PVDF i 3 K, #FK 15 min. B3R AOGAT IR
#l (Pharmacia A%, A: B= 1: 40) W E,
M5 min Ja7, WEENER, W5, @i,
1.2.6 G dtpive: HUSAr B A/ B R NG
JRIXALZL, N 800 WL K b T ¥ 1) %4 fift 2% ph ik
(100 mmol/ L. NaCl; 50 mmol/ L. Tris HCI pH 7. 5;
0.5% NP-40; 0.5 mg/L leupeptin; 1.0 mg/L
EAJRA PRI LI, RDEB R
1.5 ml 19 EP &, B UK L4 30 min. 4°¢C
14 000 g.'?’“}:u\ 10 min, WL L3, B AL )Jﬂ

}}}}}

pepstatin)

IgG, E?}K.[i, 120/ min#% 1 h, 4°¢C l 000 gI‘E'JJL)
W 138 1 Ry PO B .

I min,
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LEV B RN 2 ug APC (ab-5) Pitk, &
oK b, 120 f/ min #% 1 h, #RJ5 M0 20 Ul Protein A-
Sepherose, '# UK I, 120 r/min #& & . 47T
1 000 g 250> 1 min, F© 3. HITA 1) 24 /# 2% ph
(100 mmol/ L. NaCl, 50 mmol/L Tris HCI pH 7.5,
0.5% NP-40) E¥ 3 K. )50 5 x Laemmili £
B PC (1 mol/L TrisHCl (pH 6.8) 0.6 ml,
50% H il 5 ml, 10% SDS 2 ml, 2-%i 3t & %
0.5 ml) 12 BIIEF, 4 100 CHE /K481 10 min,
UK L E, BESNEE 12% SDS-PAGE 7 )5, H
SMAP/KAP3 HLILIE (1: 600) 4% 1. 1.6 i A
JFEN 2 5347
1.2.7 WAyt i WNIHEA 1 R E
BBk BN, R 10% B3 2R I35 A1 10 Bmol/ L
JH e I ] 7 AP B 9 DM EM 85 958 56 o 0 2k 1% 9% 2
J, 133080 ol Lo . #hEE oo 4 e
4% Z PR € 1 h, A% 10% 1E % (26 s
5% BSA (1] PBS 3} ¥, 4 CHMAEB. W2 A
W, 4 ¥ APC (ab 1) PRTTEEHUA (10 200)
S35 A1 SMAP/KAP3 ${IiLi (1: 600) . o tubulin
FTCREDUA (10 500) FRE R B AR, AalnE
giffarh, 4cFER. RGP AR HILEST
e 1gG-Cy3 (1: 500) Fili 24 Bl 1gG-Cy2 (1t
500) ke E AW, FE T 1L h, Hrp
SMAP/ KAP3 45 o tubulin 3 7% €4 (1) 48 i 1] 48 10 K% F
SEPEY L DAPT B8 10 min. LA _E&E 25 [N 2 i 1
PBS-0. 1% Triton X- 100 JE¥ 4 K, BEK 15 min, 7K
WVEE AV E . YO BIMEE (ZEISS W) R

2 5 R

2.1 EBEEWHER

T H] i B 2% 22 L APC JE D R BE 1500 ~
4 800 bp ki, 1NN cDNA SCPE A i 12 31 1)
—ANBAPETERE, LS N SMAP, i i [
LT R, SMAP 2/ Rl KAP3 7 AZE
[Fi] Y5 2 1.
2.2 SMAP/KAP3 7 &AM R RIE

LA GST-SMAP il & 8 A PR, S Fivg ==
o, FFENPUMLTE. I B B I RPN (R K
AN OV L FERE BB LB L R LR SR AL AR
MR, MR A FENZE A M B Pl s, 450 W
/RSMAP/ KAP3AE J8 A 7 1B K A 52
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FAPARE PRI, AEONE . FIE . RERE . R A
HHLR R S R, R e KT W — 4 4
70 ku H A G AL, WTAEN SMAP/ KAP3 76K
AEAE S — B4R (K 1)

kw M I 4 5 6 7 8
94

67

N -

Fig. 1 Analysis of SMAP/ KAP3 expression in organs of adult
mouse by Western blot

M: protein molecular mass marker; [: main brain; 2: cerebellum;

3: heart; 4: liver; 5: lung: 6: kidney; 7: skeleton muscle; 8:

Lestise,

2.3 HgIIE

MAESE APC 5 SMAP/ KAP3 (A FAE T, H
AR /N B/ Mg Bz 5 DX A 2 4 2RI R AR L T Bt
APC ¥ 58 [ BT AT S DliE, R SMAP/KAP3
PO v 38 Aok A e P A, 45 R R B SMAP/
KAP3 fighy 5 APC JLyiiE (K 2).

M 1

< SMAP/KAP3

3 it ]
“ &

Fig. 2 Analysis of coimmunoprecipitation of SMAP/
KAP3 with APC by Western blot
w prnl(-'.in III(}]E“UIa]' mass Illill'k(".]'l 1’: ."\]"l arrow illl]{l‘illl‘H

the coimmunoprecipitation of SMAP/ KAP3 with APC.

2.4 RIERNULEN

it 2GUESE APC 5 SMAP/ KA3 BL TS 1)
MEHXR, HFET/AR/NERSZITCH N, 59 5
FH SMAP/KAP3 HLIL i A APC . a-tubulin T 444
TIET NG, 45 R RPN SMAP/KAP3 43 5l fit Al
APC (] 3) LLJ a-tubulin (& 4) 18] — #0140
A 0 s A
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SMAP/KAP3

SMAP/KAP3

SMAP/KAP3

Fig. 3 Coimmunostaining of APC with SMAP/ KAP3 in mouse neuron

{ a) neurons stained with antr APC antibody and visualized with Cy2- conjugated goat antr mouse lgG ( green); (b) neurons stained with SMAP/KAP3

antiserum and visualized with CyZ conjugated goat antrrabbit 1gG (red): (c¢) overlap of (a) and (b) (yellow). Magnifications are 20x 100.

SMAP/KAP3

DAPI

Fig. 4 Coimmunostaining of a- tubulin with SMAP/ KAP3 in
mouse neuron

(a) neurons stained with e tubulin antibody and visualized with Cy2-

conjugated goat antimouse IgG ( green): (b) neurons stained with

SMAP/KAP3 antiserum and visualized with Cy3 conjugated goat antr

rabbit IgG (red): () neurons stained with DAPIL ( blue): (d) overlap
of (a) . (b) and (). Magnifications are 20 x 100.

APC JEH 45 e 0 F EBUR SN, R R
AR ] DL B0 Pk IR IR B R, LA AR AR XY
A 4n g %€ 48 A] BA7E K 2 B0k P 45 W e ok
B APC SERIBE TR 10 SELAK,  AATIRHZIE
I ThEewF 0 = B Wt {5 Sl , (Hi
kKB APC M RAEF LT BSR4 AR E
( chromosomal instability, CIN)!'™>"1 - M {F AA']
P REAPC SRS XR. Hir KB APC £/
AT AL = o X S A 45 10T APC 1 C
2200~ 2 400 2 HE B8 h APC (19 2L A 45 k15
(basic domain), P HiZHMAE S G, 18 XK
WARIES 2 559~ 2 771 ZJERIRHE 2 ], APC if
i EB1 AT () 45 5 10 25 . H S RIS 7 G 2D
C UiiX PR AN 45 & a5 W U AR APC B A, AT
SREEMS AL &5 45, JRELA—FKH T ATP 424t 3)
S5 SRET RIS O AR K iwaz 3h, X —HLE H

B ATG 48110
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FAVRIH APC 1 (500~ 1 600 P2 JkiR) 4
£ bait JJORL, R 2 BEXU 2 AS HARALE N B ik cDNA
SR E] N5 APC 454 )8 (1 SMAP 76 A
FYEIJEY. KAP3 5 KIF3A/ 3B 3 [ 240 /s Bl i 5%
AN (kinesin 1)1, KIF3A/3B & AT ATP i
WP, REREUKAR ATP $RALAENL, JRAYTHAE T
ORSR (<= 7 S e HOARYE ( <+ 7 ) il
PREIE [0 Bl 2 F) 1) 3 J H - (motor protein),
If KAP3 £54F KIF3A/ 3B (1923, figik £k i)
g O A B 40 RS - A S A . mRNA
8, JF LA O K 45 A 11 & R TS i 21 45
R H M, ATk SR FE vz i i H i, R e
fhZeoH KIF3A/B-KAP3 1] 55 #2850 N B O F
I IE By, 62 3 I I8 A% s AT+ o T ZE AR
}jljj[ 15, I(1|_

AT BIFI ] APC 5 SMAP/KAP3 [ 4 3% 3
DU RN ZE 040 I R R B 92 ¢ ' G (0 1) 5 ¥,
U T APC 5 SMAP/KAP3 [UAHEAEH. 5 4hiE
it SMAP/KAP3 58§45 W34 a-tubulin 75 #1 28 7T
S R R e e G IR g £, 78 T SMAP/
KAP3KIF3A/3B &4 F APC H B (500~ 1 600
MNAILR) HMES AW EEAEASY, Wil
APC AIfitZ 5 7 #4870 1) il 5 38 iy LA B #h 48 5T 1)
FAYERE, WX IR I AR T /eI N, APC
W AT P SR AERE R,  WYROE A K ( <+ 7
i) i85, e A REM LR T8
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APC Binds to Microtubules Through The Interaction of SMAP/ KAP3'

WANG Cheng, ZHENG Duo, ZHONG Xiang-Yang, XIA Kun,

~ T . . - " . . e
HUANG Liang-Qun, DAl HePing, CHEN Yu Xiang, XIA JiaHui
( Xiangya Medical School of Center South University, National Laboratry of Medical Genetics of China, Changsha 410078, China)

Abstract Mutations in the adenomatous polyposis coli (APC) gene are responsible for familial adenomatous
polyposis coli ( FAP) and sporadic colorectal tumours. APC gene encodes a protein with multiple function
domains and different phosphorylation states. APC is involved in regulating cell adherin, migration,
prolification, through its interation with multiple proteins. APC binds to microtubles with its C terminal region
directly and indirectly, but APC middle region could also bind to microtubles, but the mechanism is still
unclear. For further studying the interactions of APC and other proteins, using the middle fragment of APC
(1 500 bp~ 4 800 bp) as bait, through yeast two-hybrid technology screen the human fetal brain ¢cDNA
library, got a novel APC binding protein SMAP/KAP3, and then generated the SMAP/KAP3 antiserum and
the flowing coimmunoprecipitation and coimmunofluoresce staining identificated the interaction of APC and
SMAP/KAP3. This suggested that the APC utilize the SMAP/ KAP3-KIF3A-KIF3B as a motor protein move

along the microtubles.

Key words adenomatous polyposis coli (APC), SMAP/KAP3, vyeast two-hybrid, interaction, microtubule
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