(®)
2013 2015

ADAMTS9

Identification of a novel ADAMTS9 function for protein transport

Moizumi (Yoshina), Sawako

2,800,000

C.elegans ADAMTS9 GON-1

GON-1
GON

It has been reported that an ADAMTS9 gene variant is associated with type 2
diabetes. The underlying pathology of type 2 diabetes is insulin resistance and beta-cell dysfunction.
However, the molecular mechanisms underlying ADAMTS9 function in beta cells and peripheral tissues are
unknown.

We investigated whether GON-1, the C.elegans homolog of ADAMTS9, is involved in the insulin secretion and
insulin signaling in C.elegans. We found that both insulin secretion and the insulin-signaling pathway
are compromised by GON-1 depletion. These defects in gon-1 mutants were restored by GON domain
expression. These data suggest that the GON domain of GON-1 is involved in protein secretion from insulin
secretory cells and in insulin/IGF-like signaling at peripheral tissues.

ADAMTS9 C.elegans




¥ X Cc—19., F—19,
1. WFIEBHAE 4 W Oy 5
(1) ADAMTS9 i 2000 (WD THE S 7=
=k %%%ff%éo_hif$%fiﬁ
sy &S, fiash~ N U v 7 R B
L., Milagsshicbs+ s 0nbhTxi,
ADAMTS9 D 7R E 1 713 C. elegans |2 H 17
fEL. lTgon—1] LWVWIHBIETHTHLNTWY
7=. GON-1 I% ADAMTS9 & [EARIC. M Ehc
BT sEHESh TV, &5
C. elegans \ZB\NT GON-1 OFRHZ I 5
ZEIZE D, GON-1 OFREBLIEN DR IEIC
LN 3 i kﬂﬁ¢én1wt0_®ﬁ%
i BEFn O HaSMZE5 1T 5 GON-1 DHEEE
AN O E E X GON- 1/ADAMTS9
@%k&%%%%%#ékbﬁ%%ﬁm\$
AL, UTFOHEEZ RNV L,

+ ADAMTS9/GON-1 23 HEAN 721 CTid7Ze < L ER
WTHIEEEL TV 5D,

- ADAMTS9/GON-1 I% ER N C ER-Golgi ] D&
HEREICBE 535,

- ADAMTS9/GON-1 @ ER N TORREICIZ, C
E Sl Tfﬁémm%%%x#ER TIETE
THENMLETHY, 7ar7—EL LT
DIEVEIT B2,

(2) b RITIWT, ADAMTS9 @ SNP (% 2 Y
PERIFED Y A 7 BIGFD 1O THDZ &N
HEIh TV, LavL., ADAMTS9 DFRE L 2
TUBEFRIFRAE A = A L OBHE IR TH
5Jmmwﬁ%5¢5mfedgﬁ@§9
BiEICBIT DA D= XL EMBAT 5HEIC
/N zﬂ%mr@tmagmL®mﬁﬁ%
HTDREBOHMEERD D LN TED L
Ez o,

2. WMHEOBEW
EAHEOEm XIS ESICHET S0
WCZEZ2 XD D Tra < MR EWE O it
RN DA AR W EIT LD ET
LHEIE WA, PUREE R &L EE S M A
WA O B RS EE & 3 2 D MR o LA IR
FHLELTCHLERETHD, LN -> TEOHE
ISFE 2 O BIZERE LTV 5,

bk U R RS AT
ADAMTS9/GON-1 A > AU v 7 F NIz G
LCWDaEMEEE 2, MEEE21TH> 2 %A
mkbto_m Llzk Y, BHEEREOM

WERT 2HREOBREZ RS, EF LR
Bﬂ@ﬁéﬁ’i&ﬁ“é EHEBRLE,

3. RO Ik

t RZIUNT, ADAMTS9 0 SNP 1% 2 Tk FR
DY RAITBETO1O>THAZ ERPREIN
TWBHZ MG, B C elegans & A,
ADAMTS9/GON-1 & A > 2 U v 7 F Lo B
Rt L7,

Z—19 (Ht

i)

(1) A2 AV Wz 3T 5 GON-1 @
HREZ BRI T D2 DEREZIT - 72,

MDC. elegans OFFRITBWNTEHIEH 27 N
WA LEA R UEXTF R
(INS-7: :mCherry & DAF-28::GFP) Z Il &
¥ErIT oA 2=y 71:51%%1’15552L710 ZD
BE ., gon-1 OKRIELE (tm3146) 1281 5
INS-7: :mCherry & DAF-28: :GFP D4 WARE & #
L7, F72. GON RAA U ERBEIEDHZ
LIk, ZhoA R UERRTTF KDLy
WA RIS BN 5 IS D it LTz,

@C. elegans | ZBWTHEIZ VNI PEE L
7= TGF- 8 ~E 1 7 (DAF-7: :mCherry) ZZH
SHE T AY 2=y ITRREER L, 2

DO¥EZ VW, gon-1 @ﬁ(?ﬁﬂi(tmé’]é’@( B
T DAF-7::mCherry 2NIEFIZHMWE N D0 E
ﬁ %ﬁﬂ‘fbf\—o

@C. elegans IZBWTHENLHT T BEEL
7~ insulin-like receptor @ antagonist
(INS-18::Venus) ZREIH/-FTF v AV
=y VRREER LTz, Z OE V., gon-1
@ﬁ?ﬁ*fk(tm3]45)ﬂ FU T INS-18: :Venus A3
EFIZRWEND IEDERN LT,

(2) KRR I T D GON-1 DOFEEE Z M
THRODEREIT- T,

WK LRI BES LTz DAF-16 (FOX0 @
MBARERY) ERBEIEEINT VAV ==
v 7Rk (muls71) ZMV>, gon—1 Bin %K
L 7ZBRIC . DAF-16 O JREN D & 5 1221k
TEHIMNERFT L, 62, AR F20%
M FE ZINLWAF TGN KAAL V%
FEEL X T-BZ . DAF-16 DJRTENR ED X 91z
AT D0 E e Lz,

(3) C elegans IZBWTA LAY v 7F
JUE daver TR FHFMIZEAMR L TV D Z &M
HMBENTWAT=ZD, gon—1 KK GON K 2
AV H PR SR TliE dauer FESOFH
PR LT A A LT

Ege s
(1)4/2)/ TWHIEIZ IV B GON-1 %
RED IR

DINS-7: :mCherry #FW I/~ 7 ‘/X“f
== 7 EEHV, gon-I BIAT DK

» INS-7: mmMTya>{b:%ﬁ%ﬂii¢ﬁ:
BNERE LT, TORE. gon-1 KIEKET
1% INS-7: :mCherry Dy WAAHNEI STV iz,
ZORBT, GON R A A > &R ER N~
DEFE—X—@O PR TRAIEEEE L.
gon-1 7R E—H—O FM RIS
EbfEINZ, (K1)



DAF-28::GFP Z#HB X 7= F T AV =y

I RRIZEBWT gon—1 BIZ T2 KRB I E-HE
b, RO RIFI LN, ZORBAT
127 * daf-28 F7=1%
£ 101 ‘~ gon-1 7 1 & —
2 sy 4 — 0T T
8 6 LGN RAAfr%
2. l REEEDH DL
sE, ﬂ H L0 MESR
Ta T T N =
@ K
5‘51900 \,\qﬂi:y
A\ Q’&@"’%"(& :' I';;%%i’

tmis[INS-7::mCherry,
unc-119p::GFPJ]

1, AR o WARIRNIZIS T D INS-T7
OEFE (Yoshina et al. 2015)>
*unc-119p, MRRFFEMN T o E—F —
fMifgo~—A—& L THW,

il

@DAF-7: :mCherry #3 B IE/~ 7 ‘/Z /
=y 7R, gon-1 BEaFDKRIEIC

T DAF-7::mCherry OHWMRED L H ﬁﬁk
T LD ERE LTc, EORER. gon—1 KIEK
(tm3146) Tl DAF-7 DS WARIEI S NS = &
ERWELE, (K2)

tm3146;
tmEX[DAF-7::mCherry]  tmEx[DAF-7::mCherry] 80

S
S

mCherry

fluorescence intensity
in neurons

o

N
& *p<0.0s
tmEX[DAF-7::mCherry]

<X 2. BT 5 DAF-7T OEM

PR N L
(Yoshina et al. 2015)>

@INS-18::Venus #FHBEIE/- T AV =
=y 7B, gon-1 Bl FOXRBIZL->T
INS-18::Venus DTN ED L HI2&E+ 5
MWEME LTz, ZORE. gon-I1(tm3146) T
1% INS-18 DAl s D Z & & B2
L7z,

(2) DAF-16 (FOX0 OfgAEr ) %#FEl
SHE T AV 2=y VR (muls71) %
VY, GON-1 DA 4|2 L 5 DAF-16 D JRTEZ k%
B Uiz 5. gon—1(tm3146) ;muls71 Tix
DAF-16 23ZICHE< RTET D L o1k n 2 &
NRWE STz, ZOREAT, (REER R
M Eix MREERN T e —2—%H
WTGON R A A ZFEBLE 7 BRITITE S
Nihnote, L, (REER &R oM ;7T
GON F%%/%%\éfﬁéﬁtﬁ’% %, IRBER O
T3 F % DAF-16 O J{fEIZIE S -,

(3) gon-1 ¥l DAF-7 (TGF-8 F~Tu
7)) A VAN UAERTTF RDS Mﬂﬁ?b
TW=Z &b, gon—1 EERIZEIT D daver
LG LTz, FORESR. B4R L

T gon—1(tm3146) DJ5 75 dauer DRI &
Molz, IHICHEMEBRPE LM R.
gon—1 (tm3146) i%ﬁ”i’“ﬂt D HLFEMBPEWVC
ENRNWIE ST, WIZ GON R A A i
KBRS T AV 2=y JRTIE, Fa
N L I ol=, C elegans \ZBWT daf-2
( insulin/insulin-like growth factor
(IGF) receptor AT 1Y) OEBRRIIESH
THDHZERMBNTNWAN, T daf-27%
BARIZGON FAA A mFIFRBESEDH 2 &1
0. dar-2EREOFMNEL 2ol

LEDOFRER XD . C elegans IZF VT GON-1
DOREMHENIC LD, ARV UM E A R
Vo v TP VRERE O T REE ST
WHZEERWE L, &, A A v
Ewwwm7(mF3T%m7)*@&/ﬂ

W HIEI SN T\, X 37 DLy
#m%éhé L2k gon-1 ZBHEKTIX
daver MBS L, EFICRHLEEZDL
77, ADAMTS9/GON-1 A3EA#> % & 1 i s b
IOV TS HOWRFRETH D,

5. FeREHLE
(WP EE . W
=N

Gy R K ONEHERTIEH (1

CdEssamsc) (BE 11 1)

D Yoshina S, Suehiro Y, Kage-Nakadai E,
Mitani S. Locus—specific integration
of extrachromosomal transgenes in C.
elegans with the CRISPR/Cas9 system.
Biochemistry and Biophysics Reports,
i
Volume 5, March 2016, Pages 70-76
DOI:10.1016/j. bbrep. 2015. 11. 017

@ Chen AT, Guo C, Itani OA, Budaitis BG,
Williams TW, Hopkins CE, McEachin RC,
Pande M, Grant AR, Yoshina S, Mitani S,
Hu PJ. Longevity Genes Revealed by
Integrative Analysis of
Isoform-Specific daf-16/Fox0 Mutants
of Caenorhabditis elegans
Genetics. &FHAH
2015 Oct;201(2) :613-29.

DOI: 10.1534/genetics. 115. 177998

® Yoshina S, Mitani S. Loss of C. elegans
GON-1, an ADAMTS9 Homolog, Decreases
Secretion Resulting in Altered
Lifespan and Dauer Formation.
PLoS One. ##A
2015 Jul 28;10(7) :e0133966
DOI: 10. 1371/ journal. pone. 0133966

@ Uehara T, Kage-Nakadai E, Yoshina S,
Imae R, Mitani S. The Tumor Suppressor



@

BCL7B Functions in the Wnt Signaling

Pathway.
PLoS Genet. &HH
2015 Jan 8;11(1) :e1004921.

DOI: 10.1371/journal. pgen. 1004921.

Kage—Nakadai E, Imae R, Suehiro Y,
Yoshina S, Hori S, Mitani S. A
conditional knockout toolkit for

Caenorhabditis elegans based on the
Cre/loxP recombination.

PLoS One. ##HA

2014  Dec  4;9(12) :e114680
10. 1371/ journal. pone. 0114680

DOI:

Kikuchi T, Shibata Y, Kim HS, Kubota Y,
Yoshina S, Mitani S, Nishiwaki K. The
BED finger domain protein MIG-39 halts
migration of distal tip cells in
Caenorhabditis elegans

Dev Biol. &HH

2015 Jan 15;397(2) :151-61.

DOI: 10.1016/j. ydbio. 2014. 10. 008

Wu Y, Cheng S, Zhao H, Zou W, Yoshina
S, Mitani S, Zhang H, Wang X. PI3P
phosphatase activity is required for
autophagosome maturation and
autolysosome formation.

EMBO Rep. ##HiA

2014 Sep;15(9) :973-81.

DOI: 10.15252/embr. 201438618.

Akiyoshi S, Nomura KH, Dejima K, Murata
D, Matsuda A, Kanaki N, Takaki T,
Mihara H, Nagaishi T, Furukawa S, Ando
KG, Yoshina S, Mitani S, Togayachi A,
Suzuki Y, Shikanai T, Narimatsu H,
Nomura K. RNAi screening of human
glycogene orthologs in the nematode
Caenorhabditis elegans and the
construction of the C. elegans
glycogene database

Glycobiology. &mth

2015 Jan;25(1) :8-20.

DOI: 10.1093/glycob/cwu080

Kage—Nakadai E, Imae R, Yoshina S,
Mitani S. Methods for single/low—copy
integration by ultraviolet and
trimethylpsoralen treatment in
Caenorhabditis elegans. Methods. e
A 2014 Aug 1;68(3):397-402. DOI:
10. 1016/ j. ymeth. 2014. 02. 036

Xie C, Miyasaka T, Yoshimura S, Hatsuta
H, Yoshina S, Kage—Nakadai E, Mitani S,
Murayama S, Tlhara Y. The homologous
carboxyl-terminal domains of
microtubule—associated protein 2 and

TAU induce neuronal dysfunction and
have differential fates in the
evolution of neurofibrillary tangles.
PLoS One. B

2014 Feb 25;9(2) :e89796

DOI: 10.1371/journal. pone. 0089796.

Ding YH, Du YG, Luo S, Li YX, Li TM,
Yoshina S, Wang X, Klage K, Mitani S,
Ye K, Dong MQ. Characterization of

PUD-1 and PUD-2, two proteins
up-regulated in a long-lived daf-2
mutant.

PLoS One. Z A
2013 Jun 14;8(6) :e67158.
DOT: 10.1371/journal. pone. 0067158

(F=%R) GH51F)

)

HF4 T =8 BE A ATV
SYIAHING & R RS AR IZ 31T B ADAMTS9 @
FEREMEAT. 25 93 A ARAH A KRS,

2016 4= 3 H 24 H, JbifgE  FLigd AL
W X vg ok #—
Sawako Yoshina, Shohei Mitani .

Analysis of the mechanism of type 2
diabetes involving ADAMTS9 /GON-1. %5
8 mET7T YT - AT =T ABFELSHSE

(FAOPS 2015), 2015411 A 23 H., #
A X322  Centara Grand & Bangkok
Convention Centre

H4 O MEMT . =K B F.
ADAMTS9/GON-1 1T X B A v A U > D45k
&R COEREIE, 2 120 A1 A AR
e - REEIES, 92 FIH
AAEFFESRKEAFRIRE, 2015 43 A 21
A, KER P EEERSG

H4 T, =48 BYA, ADAMTSY (Z
KB Ry EnEiREn & 2 OB IR SR IE
AT =X LR, 5 66 [B] H AMIE ALY
PL N e N

RS 201446 H 11 H, BRE &
BRI AR

H4 T =28 B, MMEEick
\F % ADAMTS9/GON-1 DFEHEREAT . &5 65 [A]
A A A T Rkes, 2013 46 H 19
A, ZHR A 7b0H

(XFE) (o)

(P 3 U P A )
OmiEiRdt Gt o )

P2
HUE
HEFIZE -



THEIA -
FSRea
HFEFEA H -
EIWNS DRI -

Opfsikdt Gt o0 )

SHFE
FHHE
HERFE
fEfH

HFG
IS4H A
ENSk DR -

(£ D)

6. HFFTHELRR

() ArgefR s

R R (F4 EfnT) (MOIZUMI
(YOSHINA), sawako)
W TIERRT - B - B
MoeEFKE: 00424672

(2) WFgE 53 3
( )

MEEE T

(3) MR FEE
( )

MEEE T



