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1.1 Wnt
wnt )
(Christof
N., 2012). :
. Wingless/intl
(Wnt) proto-oncogene Integration 1 (Intl) (Roel N.
and Harold E.V., 1982). , Intl Wingless (Wg)
(Roel N., 2005).
Wnt
. Wnt (paracrine)
(autocrine) Frizzled (Fzd)
Whnt (Gunnar S., 2010; Karl W. and Roel
N, 2012). b-catenin
canonical non-canonical , 2 ( 1)

(Bryan T.M. et al., 2007; Mikhail V.S. et al., 2007; Gunnar S., 2010). Canonical
Fzd low-density lipopolyprotein 5/6
(LRP5/6) ,
disheveled (Dvl) Adenomatous polyposis coli (APC), Axin, GSK-3

kinase degradation b-catenin



b-catenin

b-catenin T-cell factor/lymphoid enhancing factor (Tcf/Lef)

, cyclin, elF2B wnt
, hon-canonical
planar cell polarity (PCP)
Whnt-Ca?*
19 Whnt 10 Fzd
(Gordon, M.D. and Roel N., 2006; Kikuchi A. et al., 2007),

fi - 0 . , Wnt

(Jacomijn P.D. et al., 2014).

Wnt
Dvl , 4 subtype
(Renée V.A. et al., 2008; Bryan T.M. et al.,
2009; Bryan T.M. and Xi H., 2012). Non-canonical canonical
b-catenin

(Christof
N., 2012). wnt

, 90%

b-catenin
(Polakis P., 2012). , ,

Whnt



Wnt

[ WNT signaling OFF ] ; [ WNT signalingON]
'
'
WIF ‘ ' sFRP i WNT ligands
; Extracellular

Frizzled (FZD)

CR222X000022220022222200222221 | S 337 222224

Rearrangment

Nuclear translocation
Transcriptional activation \m
(c-myc, cyciin D1, etc.) Nucleus
nonical pathw. Non-canonical pathw.
1. Wnt (Yeri L. et al., 2016)



1.2 Fzd
Fzd G (G-protein coupled receptor, GPCR)
GPCR family Class F (Frizzled/Smoothened)
Cysteine rich domain (CRD) ,
(Jen-Chih H. etal,
1999; Eric J.R. et al., 2000; Chi-hwa W.and Roel N., 2002). , Fzd
KTxxxW Dvl

(Gunnar S. and V2t Nz s RWF). FAI

subtype
subtype
. Fzd class A GPCR family ,
3 (Transmembrane; TM) DRY
, class A GPCR .
Fzd class A GPCR

(Gunnar S., 2010).

Wnt Fzd CRD Wnt ,
CRD Fzd (Michael P.
and Roel N., 2005; Kimberly A.M. et al., 2012). CRD Fzd
Fzd . , Wnt8 Fzd8-CRD

Wwnt Fzd

subtype  Fzd-CRD  Wnt
(Claudia Y.J. et al. .2012). Fzd4 CRD norrin
, horrin  Fzd subtype Fzd4

(Jiyuan K. et al., 2013).



1.3 GPCR

GPCR 7 - (Transmembrane; TM)

5

(Bockaert J. and Jean-Philippe P., 1999; Ulrik G., 2000).

(Nicole S.S. et al., 2015).

GPCR

GPCR G
GPCR

(Maggio R. et al., 1993; Monnot C. et al., 1996),

Class A
, bz-adrenergic 6 ™
(Herbert T.E. et al., 1996). G
GPCR
, subtype
, D2
(Wang M. et al., 2010). GPCR
GPCR

(Graeme M., 2009). GPCR

D2



GPCR

, GPCR
1.4 Fzd
Fzd Wwnt
GPCR
. Fzd
Fzd wnt
(Clémence C. et al. 2003). , Fzd3 (Xfzd3)
Wnt siamois
, Fzd7 (Xfzd7)
, Siamois
, Fzd
, CRD XFzd7
wnt )
CRD
XFzd3 CRD ,
Fzd subtype (Clémence



C. etal. 2003). Fzd4 norrin, LRP5/6  Wnt

Fzd4
(Ajamete K.
et al.,2004; Jiyuan K. et al.,2013; Johane R. et al.,2002). ,
15 (Bimolecular fluorescence complementation

assay, BiFC)

- yeast two-hybrid (YTH)

, co-immunoprecipitation (co-IP), fluorescence resonance energy transfer

(FRET), tandem affinity purification (TAP) (Kristi E. M. et
al., 2015). , (BIFC)
( 2).

BiFC . Venus Yellow fluorescent protein

(YFP) (Takeharu N. et al., 2002). -
VN VC
0sel f

assembl yod . BiFC

(Tom. K. K., 2006).



N ve
173 155

504~515nm 513~5628nm
(BiFC) . Frizzled C
VENUS (VN173, VC155)

VN173, VC155

VENUS (Tom K.K., 2006).

YFP



. (©)

Fzd
Fzd
, Fzd
. (0) Fzd Wnt
LRP6 Wnt effector
Fzd
Fzd
Fzd

10

Fzd

Fzd subtypes

Dvl2



11



Frizzled homo sapiens
PEGFP-N1
. BIFC pBiFC-
VN173, pBIiFC-VC155 . Human LRP6 mouse DvI2 pmCherry-
N1 . cDNA Q5®
high-fidelity DNA polymerase (NEB) . cDNA

T4 ligase(Invitrogen), Instant sticky-end ligase Master Mix (NEB)
Gibson assembly® Master Mix (NEB)
Escherichia coli Top10
pPEGFP-N1, pBiFC-VN173,
pBiFC-VC155, pBiFC-bJun-VN173, pBiFC-bFos-VC155, pBiFC-M2-VN173, pBiFC-

M2-VC155 , pmCherry-N1

PCR DNA

ligation , DNA sequencing

NucleoBond® Xtra Midi
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HEK293T, L1, L-Wnt3a 1x DMEM ( Gi bco E)
10% FBS, 100U/ml Penicillin (Invitrogen, Carlsbad, CA, USA),

100ug/ml streptomycin (Invitrogen, Carlsbad, CA, USA)

370 , 5% CO¢ 2 . Conditioned
Media (CM) HEK293T, L1, L-Wnt3a 2~4
2000rpm 1 ,0.2em

DNA

96-well  black clear-bottom plate (Life  Technologies) HEK293T

2x106cells/well Lipofectamine®3000 Reagent (Thermo
Fisher Scientific) pBiFC-VN173, pBiFC-
VC155 . DNA

Opti-MEM® DNA

(Post-transfection)

8 Free 1x DMEM, L1 conditioned media, L-Wnt3a
conditioned media, HEK283T conditioned media sumo N
SUMO-Norrin  media . conditioned media

Luciferase assay

13



In cell analyzer®2000(GE healthcare)
18 In cell analyzer®2000 (GE healthcare)
EGFP, brightfield
DAPI . EGFP EGFP VENUS (BiFC )
. DAPI  hoest 33342
100 12 well
In cell analyzer developer®
6 , Excel

(Microsoft)

14
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1. Frizzled

Fzd 10

Fzd2, Fzd3, Fzd4, Fzd7

Fzd
PEGFP-N1
Lipofectamine®3000
Fzd4, Fzd7 HEK293T

3 Fz EGFP

16

GFP

(Ajamete K. et al, 2004).

. Fzd2, Fzds3,



(A) (B)

©) (D)

3. Frizzled . Fzd EGFP . Lipofectamine®
3000 HEK293T 18 , Confocal microscopy
400 . ( ). Fzd2-

EGFP (A), Fzd3-EGFP (B), Fzd4-EGFP (C), Fzd7-EGFP (D).

17



2. Frizzled

Fzd BiFC
18 In cell analyzer®2000 , In cell analyzer
developer®
2.1
BiFC Fzd
bFos  bJun , M2 ( 2)
Fzd3, Fzd4 EGFP . Fzd2,
Fzd7 BIiFC ( 4A).
( 4B). Fzd3,
Fzd4 (
4B). Fzd2 Fzd7
( 4A),
( 4B). Fzd3 Fzd4 HEK293T
, Fzd2  Fzd7

18



(A)

pBIiFC-FZD2-VN173
pBIiFC-FZD2-VC155

pBIiFC-FZD3-VN173
pBiFC-FZD3-VC155

pBIiFC-FZD4-VN173
pBIiFC-FZD4-VC155

pBIiFC-FZD7-VN173
pBIiFC-FZD7-VC155

4. Frizzled

(A).

(B

Total fluorescence unit(x1000, AU)

70

60

50

-
M Q"
&
S 3
9 Q(\’Q
BiFC

. Fzd2, Fzd3, Fzd4, Fzd7

bFos-bJun, M2-M2

19

(B).

BiFC



2.2

Fzd BiFC
4 Fzd
Fzd2 Fzd7

Fzd3 Fzd4 Fzd
BiFC . , bFos-
bJun , M2

BiFC ( 5A). ,

BiFC Fzd2 Fzd7 Fzd
( 5A). ,
VENUS (VN173 VC155) Fzd
BiFC
( 5B).

20



(A)

pBiFC-FZD3-VN173
pBiFC-FZD4-VC155

pBIiFC-FZD2-VN173
pBiFC-FZD4-VC155

pBiFC-FZD3-VN173

pBIiFC-FZD4-VN173 : !
PBIiFC-FZD7-VC155

pBiFC-FZD7-VC155

pBiFC-FZD2-VN173

pBiFC-FZD2-VN173
pBiFC-FZD7-VC155

pBIiFC-FZD3-VC155

(B)

70

60

Total fluorescence unit(x1000, AU)
o ) S 3 ] 3
- |
% o
7
¥ I,

N v v
'50 '\;%\ ({\’Q Q(\) Q’\/Q {\/Q {\/‘Q Q'\/Q (\/Q (\/0 (\)Q (\/Q Q’\’Q {\?
& TSI T IS S S S
{Y gV gV gV gV /W /P g gV gV g
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3. Frizzled

Fzd Wnt

(Clémence C. et al. 2003; Ajamete K. et al., 2004; Jiyuan K. et al., 2013;

Johane R. et al., 2002). Wnt
BiFC
Fzd3 canonical pathway Wnt3a  Fzd4
norrin wnt
BiFC , 8
18 . conditioned media (CM)
luciferase assay ( ).
Wnt3a 1x DMEM ( Gi bcoE), L
norrin 1x DMEM ( Gi bcoE) , HEK293T
Fzd3 Fzd4
Wnt3a ( 6A).
Fzd4 Fzd3
norrin ( 6B). Fzd3  Fzd4
canonical
, Fzd

22



Wnt3a

70

60

(NV “000TX)1UN DUWIISAI0N]J [BIOL,

ODMEM EL cell BWnt3a

Norrin

(B)

=
=

(=
-

=4 =3 =3 = =1 <
wi -+ " o1 -

(NV ‘000TX)N1UNn 3dUdISAION[J [er0],

ENorrin

BHEK293T cell

ODMEM

(B)

(A), Norrin

Wnt3a CM

23



4, Frizzled LRP6

Wnt canonical , -chtenin
, LRP5/6
(Bryan T.M. et al.,, 2007). Wnt-Fzd-LRP5/6
. Dvl . ,
Whnt-Fzd-LRP5/6
(Gunnar S., 2015). Fzd3 Fzd4
, LRP5/6
Fzd LRP6
PBiFC-Fzdn-VN173 (n=3 4)  pBiFC-LRP6-VC155
VN173, VC173 LRP6 Fzd
Wnt3a
1x DMEM ( Gi bcoE) , L norrin
1x DMEM ( Gi bcoE) , HEK293T
; M2
LRP6 . Wnt3a , Fzd3 LRP6
( 7A , 7B). Fzd4 LRP6
( TA , 7B). Norrin
, Fzd4 LRP6
( 7C), Fzd3 LRP6 ( 7C).
Wnt3a Fzd3 Fzd4 , horrin  Fzd4
Fzd3 Fzd4 LRP6

24



(A)

pBIiFC-FZD3-VN173
pBIFC-LRP6-VC155

pBIFC-FZD4-VN173
pBIFC-LRP6-VC155

©

Total fluorescence unit(x1000, AU)

70

60

50

40

30

10

C

Wnt3a

[*) w 'S n =Y ]
) =) =} =) =} =)

Total fluorescence unit(x1000, AU)

ml:

Fzd3-LRP6

=

M2 LRP6 Fzd4-LRP6

ODMEM BL cell BWnt3a

Norrin

~ el

M2 LRP6 Fzd3-LRP6 Fzd4-LRP6
ODMEM BHEK293T cell HENorrin
Frizzled LRP6

25



5. Frizzled

BiFC

Fzd

pBiFC-mDvI2-VC155
Fzd3

( 8A).

Fzd4

Fzd3

8C).

LRP6

Fzd4 Dvl2

. Wnt3a

Fzd Dvl

26

(

Fzd LRP6

Dvl

pBIFC-Fzdn-VN173 (n=3

, Fzd3

8B). Fzd4

(

Wnt

4),

8B). Norrin

(

(

8C),



(A)

)

B)

Wnt3a

=2
=]

pBiFC-FZD3-VN173
pBiFC-mdvI2-VC155

-
=}

7]
=]

-
=]

w
>

pBiFC-FZD4-VN173
pBiFC-mdvI2-VC155

[
>

Total fluorescence unit(x1000, AU)

=)

M2-mDvI2 Fzd3-mDvI2 Fzd4-mDvi2
ODMEM ELcell mWnt3a

©

Norrin

(=] w - 7] a ~1
=) =) =) =3 =] =]

Total fluorescence unit(x1000, AU)

=]

M2-mDv12 Fzd3-mDvI2 Fzd4-mDvI2
ODMEM BHEK293T cell ®Norrin

8. Frizzled Dvi2

27



6. Frizzled Cysteine-rich domain

Fzd Lrp6, DvI2
Fzd CRD
, Fzd8 CRD (mFzd8-CRD) Wnt8 Fzd4-
CRD Norrin X-ray (Claudia Y.J.

et al., 2008; Jiyuan K. et al.,, 2013; Tao-Hsin C. et al.,, 2015). Wnt

CRD . 2003 Fzd3
CRD
(Clémence C. et al., 2003). Fzd4-CRD
Fzd (Fzd4-qCRD)
, Fzd4-qCRD
EGFP ( 9A). ,
BiFC Fzd4-qCRD Fzd4

, Wnt3a  norrin

9B 9C Fzd4-qCRD  Fzd4
CRD Fzd4 2003
Fzd3 . Fzd
subtype , CRD class A GPCR
™ . CRD SMO
(Class F GPCR) (Chong W. et

al., 2013)

28



Y

e

I

ERET

T

I

T

i

o

e

i

E

Frizzled 4

n

ich domai

Ine-ric

9. Cyste

Fzd4

Fzd4, Fzd4

n

h doma

-ric

UCRD: Cysteine

Fzd4
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