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Elucidation of a novel pool mechanism of B vitamins through lysosome
accumulation
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As a result of detailed functional analysis of the novel transporter
lysosomal multivitamin transporter 1 (LMVT1), the pyridoxine transport mediated by LMVT1 was driven
by cotransport with protons. It was suggested to play a role in supplying pyridoxine from lysosomes
into the cytoplasm, suggesting that it may be involved in the excretion and transport of various
vitamins including pyridoxine from lysosome in an acidic environment to cytoplasm in a neutral pH
environment. In addition, when the substrate recognition of LMVT1 was investigated, it was found
that LMVTL1 also transports compounds other than vitamins (drugs and bioactive substances). Taken
these finding, LMVT1 may be involved in the regulation of pharmacokinetics and various physiological

functions.
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lysosomal multivitamin transporter 1 (LMVT1) pyridoxine
LMVT1
(1 cos7
COSs-7 Thermo Fisher Scientific (Tokyo, Japan)

75 cm2 24 well 1.91 cm2/well 10%
fetal bovine serum (FBS, Sigma-Aldrich) 1% penicillin/streptomycin (Sigma-Aldrich)
Dulbecco’s Modified Eagle Medium (DMEM, Wako Pure Chemical, Osaka, Japan) 37°C
95% air - 5% CO2 COSs-7

(2) Ccos7
COs-7 4.0 x 10°
cells/mL 24 well 0.5 mL/well 12
70 — 90%
5 ug/well  polyethyleneimine (Polyscience, Warrington, PA, USA) PEI

1 pg/well 6 42
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pCl-neo vector mock
©)
Hanks’ buffer
pH 6.5 MES pH®6.5 HEPES
pH 2M HCl 2M NaOH
COSs-7 24 well
well 37°C  buffer 1mL
5 0.25 mL
buffer stop solution 2 mL
stop solution 2 mL 2 0.5%
SDS 0.2M NaOH 0.5mL 2 well
2mL
L SC-5100, Aloka Co., Tokyo, Japan
SDS NaOH BCA
well BSA
(4) Western blot
Total lysate
FLAG-LMVT1 FLAG-LMVTL(ExxxAA) COs-7 24 well
Hanks’ NaCl buffer (pH 7.4) 1 lysis

buffer 1 50 mM Tris (pH 8.0), 1% SDS, 4 M urea, 1 mM EDTA, 150 mM NaCl
13000 rpm 5 4°C
sample buffer 100% glycerol, 1 M Tris-HCI (pH 6.8) , 8% SDS, 0.04%
bromophenol blue, 2-mercaptoethanol (2 mL)

15% SDS-polyacrylamide gel electrophoresis SDS-PAGE

Immun Blot PVDF membrane (ATTO, Tokyo, Japan) methanol 1
(ATTO) transfer buffer 25 mM Tris, 192 mM glycine, 0.3 mM SDS,
15% methanol 15 SDS-PAGE transfer buffer
2mA/lcm2 90 PVDF membrane PVDF
membrane  Tris buffered saline 10 mM Tris, 150 mM NaCl with 0.1% Tween 20 TBS-T
5% TBST TBST milk 1
1 TBST milk 500 4°C PVDF
membrane  TBS-T 2 TBS-T milk 10000
1 LuminateTM Forte Western HRP Substrate (Merck
Millipore, Burlington, MA, USA) Amersham Imager 600 (GE Healthcare Life
Sciences, Chicago, IL, USA) 100 mM glycine pH 2.2 30

B-actin 1 TBST milk 1000

Membranefraction
COs-7 4.0x10° cells/mL 12 mL
12 70-90%
FLAG- LMVT1 FLAG- LMVTL (ExxxAA) 24 ug
120 pg  polyethyleneimine Hanks’ NaCl buffer (pH 7.4) 2
10mL  NaCl buffer  25mg  Biotin-SS-Sulfo-Osu (Dojindo, Kumamoto, Japan)
30 Quench buffer 50
mM Tris-HCI (pH 8.0), 0.1 mM EDTA, 150 mM NaCl 10 buffer
NaCl buffer 1 1mL lysisbuffer 2 1% Triton X-100,
25 mM Tris-HCI (pH 8.0), 100 mM NaCl
13000 rpm 15

4°C 1mL Avidin-Agarose from egg white
(Sigma-Aldrich) 50 uL NRC-20D (Nissin, Tokyo, Japan)
4°C 1500 rpm 3 4°C
0.5mL lysisbuffer 2 2
1500 rpm 3 4°C lysis buffer 1
sample buffer

SDS-PAGE



(1) LMVT1

LMVT1 ExxxAA LMVT1 (ExxxAA)
mock 5 LMVT1
(ExxxAA)  pyridoxine LMVT1
mock LMVT1  pyridoxine
LMVT1
pyridoxine
LMVTL1 (ExxxAA)
pyridoxine
LMVT1 N 2
LMVT1
LMVT1L LMVTL1 (ExxxAA) pyridoxine
LMVT1 (ExxxAA) pyridoxine pH 7.4 pH
5.0
(2) LMVTL (ExxxAA)
COSs-7 LMVT1 LMVTL (ExxxAA)
FLAG FLAG- LMVT1 FLAG-LMVTL1 (ExxxAA)
Western blot FLAG- LMVT1 FLAG- LMVT1
(ExxxAA) -
FLAG- LMVT1 FLAG- LMVT1 (ExxxAA)
LMVT1
LMVT1 pyridoxine
LMVT1
LMVT1 pyridoxine
LMVT1 (ExxxAA) pyridoxine
(3) LMVTL1 (ExxxAA) pyridoxine
LMVT1 (ExxxAA) pyridoxine LMVT1 (ExxxAA) COS-7
pyridoxine (10 nM) pH 5.0
LMVT1 (ExxxAA) pyridoxine mock
1
1 LMVTL (ExxxAA) pyridoxine
(49 LMVTL1 (ExxxAA) pyridoxine pH
LMVTL1 (ExxxAA) pyridoxine pH
LMVT1 (ExxxAA) pyridoxine
pH
LMVT1 (ExxxAA) COSs-7 pyridoxine (10 nM) pH 5.0 7.0
pH pH 7.0 mock
mock pyridoxine pH
LMVTL (ExxxAA) pH pyridoxine LMVTL1 (ExxxAA)
LMVTL1 (ExxxAA)
pyridoxine
pH 7.0
pH 7.4 pH 5
pH pH
LMVT1 pyridoxine
pH H*

H* CCCP (carbonyl
cyanide-m-chlorophenyl hydrazone) FCCP (carbonyl
cyanide-p-trifluoromethoxyphenylhydrazone)

CcccpP FCCP
LMVTL (ExxxAA) COs-7 pyridoxine mock
mock CCccpP FCCP
LMVT1 (ExxxAA) LMVT1
(ExxxAA) H*
LMVT1 (ExxxAA) pyridoxine



LMVT1 H+

(5) LMVTL (ExxxAA) pyridoxine
LMVT1 (ExxxAA) pyridoxine
Michaelis Km
protein
10 nM Km
pyridoxine 25nM
pyridoxine
(6) LMVTL (ExxxAA) pyridoxine
LMVTL1 (ExxxAA)
pyridoxine
4-deoxypyridoxine  pyridoxine
pyridoxal
(PLP)

pyridoxine
nicotinamide (5 mM)

pyridoxal (pKa4.11) PLP(pKa4.11)
4-deoxypyridoxine (pKa 6.67)

500 uM
LMVT1 (ExxxAA)
imipramine 50%
ICso  pyridoxine Km

LMVT1

Michaelis-Menten

0.511 mM Vimax  6.22 nmol/min/mg
pyridoxine
Km 2
pyridoxine Km
LMVT1 Vinax /Km
pyridoxine

[®H]pyridoxine (10 nM)

pyridoxine 5mM
LMVTL (ExxxAA)
pyridoxamine
pyridoxal-5' -phosphate
LMVTL1 (ExxxAA)
thiamine
thiamine nicotinamide

pyridoxamine (pKa 3.77)
pyridoxine (pKa 5.58)

LMVT1
diphenhydramine  imipramine
ICso 500 pM
imipramine  pyridoxine
pyridoxine
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