A5 ) ) —ALBICIRAET S OCAL BI7 Ve 2 BRGEE - MATP %

BRI E L7z A5 = GIRBLE A DBISE

NGNS S 2T P

G 2 W

Melanin is produced from tyrosine by tyrosinase localized in melanosomes in melanocytes present at the cutaneous
epithelium. There are also many reports indicating that various amino acid-related compounds other than tyrosine are
involved in controlling melanin synthesis. Based on these, it may be likely that transport of amino acid-related compounds
for the supply or elimination at the melanosomal membrane by a transporter is involved in melanin synthesis as the rate-
determining step. Solute Carrier (SLC) 45 A2, which has been identified as a causative gene for Oculocutaneous Albinism
Type 4 (OCA4), is for a transporter that operates for translocation of small molecules across biological membranes. It is
also notable that the OCA 4 patients are present at a quite high frequency among the Japanese. Thus, the designated genetic
polymorphism of SLC45 A2 has already been indicated to be linked to a major type of OCA, but the mechanism behind that
remains to be elucidated. We, therefore, attempted to investigate into that possibility and successfully identified putrescine,
an amino acid-related compound as a substrate of SLC45A2. Putrescine has been reported to suppresses melanin
synthesis by inhibiting tyrosinase. Based on these, it would be possible to hypothesize that melanin synthesis is impaired in
OCA 4 patients because of its extensive accumulation into melanosomes due to the dysfunction of SLC45A2. Therefore,
elucidation of the function of SLC45 A2 and its role in the synthesis of melanin in relation to OCA 4 should be of great help

in the development of melanin synthesis inhibitor.
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EBRoTOWRVOPBIRTH 5, NoRMibid, EiCx T
ZVAEBDOITLHEIZ L BN, EDORXA T iFFuY YRR
BE LTRE MO XS 7 —2HIZRETAFa Y
F=XICLDEAESIND, 2T = VIZZFOWHLER PR
ELTRRARBILICAB CRERLEWTH H720
AR ENS EBRESNIS VEREAET A, ZOHT
DI ELDB VIR I =V OEBIZIZT AT A V25
HBLTWAZEDRHOLNT WS, T2, FBEIZAT R
BALEMEMOENT WL ERY 7 I VP, AT = VB Z
BMLTWBEOHMENDH DL, TOLHIT, AT=UEHERD
BHEEE LTAT ) V—2NNDF O VRV ATA v
RYT I VHEOT I R O Lﬁ#%%wa
LU AD TEWEEZ OND, 73/ HBMEYE L

il

w
Development of melanin synthesis
o~ inhibitor targeting MATP localized in
- - melanosomal membrane
bl
A e .

Tomoya Yasujima

Graduate School of Pharmaceutical
Sciences, Nagoya City University

EKEN (RIREY) Th 2 FoWELEN 2 -2 5, R
T =L EII LD LT 5 AR TRER) 2 &85 58
BRIzBWwTid, %@‘R%%Téiﬁ#ﬂ%%®75u¢
L FTVAR—Y — (RATEME#RE S V87 H)
LIANEN DS S L Tnwb LEZBNTW S,

ZIT AT/ V= ABICRIELT I 7 REELEY
BWRT LT VAR—F —HOBEMBET 2HERL
Membrane-Associated Transporter Protein (MATP)
#H L72c MATPIZOCA4I7 V¥ OJEK#EET &
LTREARSAY, BICHAAOT VE ) REH KD S
CALNLZHMOD—DTHDH I ENREESN TS, L
. MATPA AT/ V= AHNpHOHEEITV, FNIT X
S5TFRIYF—EOEEEZHIEL TV LoEIS N
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2. /&

2.1. EFMATP (WMATP)D/O—=279

hMATP (accession no, NP_057264.3) ®cDNA L, &
b EZJE @ total RNA#E & ) RT-PCRICE > T u—=>
T % L7 lug®total RNAZ v, £V IJTdAT 7914~
— &Sl B R ReverTra Ace (TOYOBO, Japan) 124 -
T cDNA 3 ¥ % 572 hMATP @ ¢cDNA 1% GenBank {2 %
FENTWBES X Y open reading flame FHIHASBANE X N
5 E)KET L7275 4 ~—% M\, KOD plus polymerase
(TOYOBO, Japan) #fH L CPCR%Z1T>72, oM/
hMATP @ cDNA B2%iZ HE) > — 7 = >4 — ABI PRISM
3100 (Applied Biosysytems, US.A.) 2 THER L 720 %
B2 % —TdH 5 pCl-neo vector (Promega, US.A) I
hMATP @ cDNA % #l & A A C. hMATP 7 5 A 3 F
R L7z, $720 FOBIIN KM IZFLAG sequence
(DYKDDDDK) A3 5- v % & 9 1HIAAA 7,

2.2. hMATPDERBEZEAEDIER

BRI RAARZ T 5125720, pCl-neo vector (Z#A
A ATZFLAG-hMATP 2 $8IE L. FTE DO ERPEA S
NBEHikEI L7274~ —% A\ (Table 1), PrimeSTAR
Max DNA Polymerase # i fl LPCR% 1T o7z, b7z
PCR EW % 37 C T 1@ Dpnl (TOYOBO, Japan) AL#
#. T4 Polynucleotide Kinase (TOYOBO, Japan). 2 X

ligation mix (NIPPON GENE, Japan) #/l\WCI4 7 — 3
YL, b=bravy 7 (42T, 1min) I2XoTAKEHEDHS o)
WZEALe ZOXRE R %, ampicillinZ iR ML7zLB 7L
—MI¥EE, 37TCT—MpEE R L2, L —FLhoao=—
ERWL7ze 22057 I AINDNAZHHE L, HIREEZE
WLBTR, BEAIKBIZAT) S EIZED A v — NER B TEEL
720 PHENIZ-EEZDOA U3 — MG 2RI -au=—
Po/RONIZTIAIFORINE, HE)Y —2 24— ABI
PRISM 3100(Applied Biosysytems, U. S. A)IZ XY #EZEL .
HIYE 3585 OEIERHNER Y B D Z L 2R L7z,

2. 3. hMATPLZDERBEEEAD— BRI R

B2

FETIE, A4 X B HkMDCK I Mz % H v 72,
MDCKITHIBEIZHACIZEE L, ¥ a2 v vF 2 v 7 e Hw
THIBI B 2 R L 7214, 3x 10°cells/ml & 72 % & 9 127 %
L. 24well 7L — MIZ500ul/well O L 720 ZDH
1 BRI, EARE L LT 3ug/well ® polyethyleneimine
(Polyscience, U.S. A) #H\WwT, %75 23 F (h(MATP
L FORFEETR) ZEA LTz, ZDKk. 36-48 BFEOX;
BIZLo T, —#kICEhEThoy V37 258838, 2
YINIY MOELLIREDO D 0% EEBICH W2, 72,
i} HE & L T pCl-neo vector ® & % & A L 72 mock Mg %
PERL L7z B2l & LC, 10% fetal bovine serum.
1% penicillin/streptomycin % % % Dulbecco’s modified

Table 1 &1 hMATP ZERMAEHDH DT 5 1 <~ —EE5l

Mutant Orientation Sequence (5’ to 3)
N-deletion Forward GGTAAGCTTACAGCATGGCCATGGCCATGTTCG
Reverse -
Y268S Forward TGTACGAGTCTGGTTCTATCGAGAAAGTT
Reverse ATAGAACCAGACTCGTACATTCCATCTGA
Y317S Forward CTCCTCACTCCCGCTACCTTTGCATCA
Reverse AGGTAGCGGGAGTGAGGAGGCATGTTC
Y319S Forward ACTACCGCTCCCTTTGCATCAGCCACCTC
Reverse ATGCAAAGGGAGCGGTAGTGAGGAGGC
KVK273AVA  Forward ATCGAGGCAGTTGCAAATGGTTACGTAAATCCAATCG
AGGCAGTTGCAAATGGTTACGTAAATCCA
Reverse ACCATTTGCAACTGCCTCGATAGAACCATACTCGAGTA
TGGTTCTATCGAGGCAGTTGCAAATGGT
KNK289ANA Forward GGAGCAGCAAACGCAAATCATGCTGAACAGACTGGA
GCAGCAAACGCAAATCATGCTGAACAGACT
Reverse ATGATTTGCGTTTGCTGCTCCCTGCATTGCCAGCTGGC

AATGCAGGGAGCAGCAAACGCAAATCAT
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Eagle’'s medium ZfEf L. 37°C. 95% air-5% CO, 1 ~
FaXR—F —HNTHFEL 72

2. 4. BY)A#EEE

BY 3A A 92 B % M8 & L ¢ 10mM HEPES % il 2 72
Hanks'solution (136.7mM NaCl, 5.36 mM KCI, 0.952mM
CaCl,, 0.812mM MgSO,, 0.441mM KH,PO,, 0.385mM
Na,HPO,, 25mM D-glucose) 7213, 10mM HEPES % il
Z 72 Mannitol buffer (5.37 mM K-gluconate, 273.4mM
Mannitol, 0.441mM KH,PO,, 0.812mM MgSO,,
0.952mM Ca-gluconate, 0.385mM K,HPO,, 25mM D-
glucose) # JH\>, 2M @ NaOH % v CpH7.4 ICF % L
720 O HIZ PH] tyrosine (5nM) F 7213 [PH]
putrescine (2nM) Z Mz, IO ARAERR & L7z,

PO AARFEEICE LT, £9. well X% W HL
. 37°C ® Hanks solution (1ml) #MzCT545 MW7 L4
V¥ anx—Ya v, F0%. WY AKREEGE (250 ul)
ZIA WY AAZ B S T2 g ORBRGEE, KRG
L 72 Hanks solution (stop solution, 1ml) ZMz 52 &1
XY S & &L &2, stop solution (2ml) THINLZ 2 [H{%%
L7 fE\T, 0.5%SDS% &% 0.2M NaOH % 500 ul
Mz, Mz TE LS. Ay 74 v 784 7R
Lz ZCWCHARY Y F L= arhr7ah2ml%zMZ.
Wk v FL—varhy ¥y — (LSC-5100, Aloka Co.,
Tokyo, Japan) 2 & O BURREIGEEZET 5 2 & THUY A
i & BT L 726

2.5. F—4#f
2.5.1. BYRAHT—ZHEH
HHEAN DY DI AHFIZILT DR % HWTHE L 720

AS m
Uptake= A, A,

Z ZC. Uptake T jAH % (pmol/mg protein). A i
I FNORERE (dpm/well)y A AFHY A K GRERHE DL
YEE (dpm/ul) . A, 1ZHil ¥ » /% 7 & (mg protein/well) |
Co 1LY AR GRERHE D FLEIEFE (UM) ThH 5o

B sAA R (Uptake) % BUY sAAKER] (t, min) TH% 2 &
W&, B IAAREE (V, pmol/min/well) Z K& 720
_ Uptake

t
2.5.2. #Etnig

MDCKITAEIZ BT 5 1 M OFEED 77— 7 1%, [FERHZH
BN 24 2 7 (well) 1B % EBME L L TiR72,
FERI S X MR E R LT, BRI OEREZITV., G5
DY T NVE I (n) & Lz,

T Al LTS £ B E L LOR L7z,
2 M O #I121d, Student's t-test Z HV 720 £ E

v

S LE121E, ANOVA O%I2 Dunnet's test # v 72,

3. & R

3. 1. MATP®DOXZ/)—LBERBES YT FHIVERS|DIR
£

BAEE CICMATP O X LT IIMAE ENTE S T,
MATP O HEREE B IR T 52 OCA4 T 7 LV ¥ = X A5
IEDHREICOWTIEIAH LT ETH S, Bk Lz L 912,
MATP Ok & LCT7 IV BEEWE A FH IS
72, TNSALEWAMATP O IE & 7% 5 Bk %
179 BENRHHH, MATPIZA S /Y — ABICRAET 5
AT oNE A NNE TS Y (WA DI E Y A7kl hr o R
BTERV, MIRANMNIECRETSE M Y AKR—F—D
AREEBOMETIZIE, VF b= 23U E LRmE
PR CHINDZE T 2 B3 2 & 212 X 0 MK E @ % b
S, BE LG & MR NA~EAT S RS 5 T ik
H—ICH LN TWAE, LA L, RSB0 5
B L < MR RERICHENDH D, £ T, A
TV = ARSI ELBITY 7 FIVICHKH Lz, HE
Wy 87 ORI K X 4 2 12D/ExxxLL R Yxx¢. KxK
(xHFEOTI W, o BAMT I VB ORMNERT
HERXAT ) V=L TA VY —LBICRET S Z LT
HHNTWSE Y, 22T, MATPO T 3/ BRI % f#KT
T5 &, ABENICHEEO YxxL, KxKEHZ2HFLTWw5Z
ENHEFR I NIz, Ty ZFORSNIHE ORIEEDE L
MATP®D A5 7V — AEAORBERMICE D > TV B
BEVEA R < RIS N7z (Fig. 1o £ o Ty 2 DELHI% Sxxo.
AAICEBRT LTI T FVEREL, AT/ V=24
B2 F B3 2 MATP % il i I i~ s ¢ 5 2 &
THBEEE oM IT) 2L & L

3. 2. hMATPEZFDEREERMAICEK D tyrosine &i
IREEDEEMT

ATZVIE AT/ V—2HNOFOTF—EOMl &I
X0, 73IBO—MTH 5 tyrosine # FEHI GRS N B,
FDD, ATV —LAHNND R T = R, AR
BB AT = VARICBWT, HHBEIC R TwD &
EZbNb, 73X BIEBICREAKEE (KEEE) TH
5720, TOWILFNREEL2 S, REE TR IS
AR & 8 B WA BV TR, T (IR ) ~ o> 55
Bl % 229 2 BRI O 513/ v, 20720, T
VAR=F — (BNEMER% S V82 8) 12X BIHENE
OGRS RBEINTE Y, BfEETICE
X DTIVBNT YV AR=T =D T EZERIW S 27
5T&"y ATV —ABICBVTLHNTIERL, 7
IR EOEKEECEDOREE MBI, FT v
AR=F —PEELZEEZH->TWELEEZLND, A
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Fig. 1 MATP OREBDOHERME X 5/ vV — LERTES 7 FIVESI
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XZ/J—LRICHTET S OCA4 BT7IVE /RREREF MATP 8 E L X 5= SR EER DR

TV —=ARIZBITAFO Y VEgEIZIE, TV AR—
Y —DM5%2RBT2MEZH LMY, 205 TEED
FEICIEE S TW RV, 22T, MATPASZ O #fE %40
VG TERTH D EDWNFH % 72T, MATP & Z D& H%
FRIZ X % tyrosine Bk HE DN 1T - 72 (Fig. 2)0 £
WL Y317SZERAKIZB W THT 9% A5 tyrosine i 1%
EOMIMERD A SN SO EDS, YI1TSERME
EMATP DO X F /Y — ABERTE Y 7 F IV HErE S huiillia
B JHAE L, tyrosine{EMEAZ A L TWA Z EAVRIB I N7,
7272, FOMEMERIEFICIINZ Eh 5, I BRI sk
BWPHAELTwDL I ENEZ BN, Y317SEREAR
VT, MolrEHoRKRL ED 72,

3. 3. hMATPEEDEBEERMAICE S putrescine
EIXRE DR
Al ORESE, AFRRBEOMFRCERETHALRY T I~
. Fu YR ERRHIL A T = RS S E S
LOWEND B Y MATP O#EE TSI & 2 HEREAR S

WCED AT V=AW LOR) T I VHEHAMEIL L, A
5= VAR ENERE SN TOWLWRENEZ 5N b,
RYVTIVERYAFF UHEEEET DT L0 5 EKE
HTH L7720, ZOEKBEEBRIZIET T VAR5 =7
PDETHDLEEZOLN TS, 2T, MATP®Y317S
EERARZHWT, KV 7 I ¥ O—FTH 5 putrescine ¥
EREDENT 21T > 72 (Fig. 3)o ZOfFER. F MU T AL
UL AL A F v & B2 L 724 T Ud (mannitol buffer) .
mock HIAE & bk L T Y317SZ BRI BT % putrescine i
BEREIAFICEALZ (W3, ZoZ&»b, MATP
AT 7 V—=2poRY)T7TIVEPHL, FudF—ED
EPEDMEFRICEE 2R E 2 o TV A REEAVRIB X Nz,

4. & &

K722 B W T, hMATP D 7 2 7 BRELH o @
YYXXLP AR5 ) — ARIFECEE TH 5 0] etk
MBS N 72, Y317SOZRAKITHIBIE I BTE L.
S M iy 32 L2 B 72 i A T R BLE 0 1 > B R R4 R

SLC45A2 WT h
N-del H
Y13A H
Y268S H
Y3178 -
Y319S H
KVK273AVA b
KNK289ANA H
I I I I I 1
0 20 40 60 80 100 120

Uptake of tyrosine(% of mock)
Fig. 2 hMATP & Z DERBERMEFIC L 3 tyrosine BixEEDAET

Hanks' solution

SLC45A2Y31TS

Mock
Mannitol buffer

-

SLC45A2Y317S

-

1 2 3 4

Uptake of putrescine (fmol/minfwell)

Fig. 3 hMATP & ZDZEEF(Y317S) IZ & 3 putresine ik AEDEEHT
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AZ/YAF

12N

AT/ —A

Fig. 4 *ZZ &mRIZR2 MATP &S

FESTAZHE) L 72 MATP & tyrosine fii ke %2 F L T\ 72
S, FOWEMEZT L, ERICBITAEEICBWTIZERET
W eARBEni, —hH, K)7I0—HTH
% putrescine O i &G EATER D S 1L 7zo MATP O fnT
SR X BREREA T, AT = VAMBENKELT VY
)BT L1280, MATPS A 5=V HBEETH L F
Oy —EOEMHRTICHFETEZR)TIVERXT )Y
— 2HMCHE LT R AR s 7z (Fig 4)o Lo
T, MATPORHEFRNIAT ) V=2 NIRRT I 28
RS2 LICHBEL, 703+ —EiEEEIH S 2 i
PR E NIz T OMAIZ. MATP Okt & 0%
T & HE R X8, MATP OMRZRIRERT S
OCA4M 7 VY = X A RFEDEMDOMH, $7-. T/
FERIDIRA T =V ERMEDOH L RALEW DRI LN
WORMAO BB HDOLEWFEIN L,
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