EYZVKERRINECOQI0ERRMLDIEY Y VTV T &FELS

EE SR DZEA

SHTHEAY Y27 LETSE £HR2H ER (X

| Buwic

EYZUKIFREBREVCTLSEATN BREBHREICESFENZIEIZ UK (PR PEEBRRBICSFNBIEIZ VK (MK-n:n=1~
14) [CKRBIEN D, B9 S UK ARSI phyty BIEEZ B T 2PKWisoprenylli#ZEE I 2MK-n(n=1~14) . fIEEZ Rz WLE
F=UK5(MD) [CHFEIND. B9 = UKIFITRSE P BRI ERICEBREE ZBS T ENHRESNTH Y, MR EEE OB
BEEEUTLALKFRETNTVS, CNETIC EMP YO XDE#BPICIEMK-ANRLEREICFERE T DI EMHESINTLZ. LY
U BENSIERT 9= KIFE EICEYICE LS ENZPKPMDTH Y MK-A4DIBEE 386D THR W MK-4ZF8 BRI L T
WEWZHDMD DS THEBPICMK-ANEREICIFIET 22 EN S AN TMK-ANZIRS NAEIFIET 2 EE R BN TS,

3 = £ o
B9 = U KZREERUBIAD 1 DEIE & HEAERRT PK o0
HGTNFTICBEMACEGETEMEITORZANDIE = a

[CR . RAICHFEEUBWVEKFZHPK(PK-d) ZAWVT.PKH
MK-4[CEREINDCEEZRZHITEALRE (E1) . HI. E9=ZUK

A~y

PHRAEBAOHEATIMDCMMTHBGCPP a Phythyl side
(Geranylgeranyl pyrophosphate) Zf& &9 2B Hh UBIAD1 O[‘ chain

(UbiA prenyltransferase domain containing protein 1) Cd
BTEEMRICKEBITEET BT ECMILE" 2 Z D, o GGPP

UBIAD1./wO 79N I 2 DRI Z T U TEFRDE I =Y m k_ ®-®\/\I/M
K-4

KosZHZRH L UBIAD EESRiaem@iT » OE— 59—z

BASHICTHEHICUBIADIE IV AT O— LB DEEER M “o’?‘o’?“O'
HMGCR(HMG-CoA reductase) Dfs&7ZNT LU CAEKROBEZS] O‘ B X TH

FH2T I SCD(Schnyder corneal dystrophy) DFEAEICERT 2 o 3

CEZERBLIE 1 EFICBIFDE Y I KBRS

| e9=vK2F L EBERCOQEDERE

B9 UKE S Z IR T 2 LT 2IDOAF IVEERFBVE Y ZUKFERZEM U MK-AZHE 7 THE T 2 2A1CATFILE
ZRIIEVIMK-4 (Demethy-MK-4) BNSMK-ANDZHENERH SNz, B MEFRICE WL TINE TlICDemethy-MK-4IFRIESNT
WRWAY 267 (X FILEZ R 2R LIPK (Demethyl-

o
'3 Demethyl-MK-4 CO MK-4 PK) DHBMICTEAE S BT E DS I NT VD% Blld
YA o KBRICBIDEY I UKAMEEICEB L. UbIESL)
(o]
~ @ SEBRNAF VRN IERCHETEEBHL. LMK
- )

e . 9 EOT DRFEIT oI, ZORER. 47 8% DIEEANZES
\-’ P 32CoenzymeQ10(CoQ10) BRICEEHCOQS
° v (coenzyme Q5 methyltransferase) Z&HU. &1t
Demethyl-MD MD PREBLICOQSHE IS VKDAF LEMIIEER S
H2 9= UKERgREIc BT 3COQ5MEE BELE (32).

J-04



SEORE

EYZUKECOQIOIFERBENHICF /U BIETH Y, AISHBEIF AV U ZIVBEADR IR UBIE TH DI BERLURDE
WCENSTmENBREICEET D ZEFBBRTED, T 1960FRDEZOHBEICF . EIZVKNEREYICEVTD
CoQ10&EHRIC, = MOV RUY B FmE=ZE

COOH

SOAVIR—XRUMEUTEEHINTWLD, UBIAD1
CNETICEY=VKECOQT0IFE<IHITUTE Mugoni V.. et al, Cll, 162, 504-518 (2013)

RBEREEZSNTELN UBIADTPCOQS. e ,,mﬂ:m dlhmmk
FSP1 (Ferroptosis suppressor protein 1)°(& . oH
WINBEYIVKERECoQI0BMMMAICIC _ féﬁ’)’\(r Ha

BI5 3 BBE T3 (H3) . STRMIC. IS UKE “’@’YI ==L TR T 1.?
COQ10EVNS2ODEBBRBRICHFET 5y v demiiysoarzyme 3 m"e
VIO ERSBDELT, B IS UKERER m

(£33 CoQI 0B MBRNESTHEEXTL _'m % W
2. HLIF KEREINTVRBVEY T UKE ftelisdiid CoOHmm-:2 ....'“u.“.a otl Notr, o0, 78783 2622) CoQ10
BRITFETBLEA. SHOTREMEL TNE ®3 B9 UKEEEEECoQ 1 OB RMIEICHICRET 2B
FEWEER TS,

& ¥

AR WP ERAEB L OHBERRFAE ZHTERRCBNTEDEET . FBEES KERE FERELH
(CAT2Ic DD T  AMERDZITICHIc REITDIEDTE KRR D G ZH XU HABFE TR B ELR (MFPERKE) S
KUK IBRE IS VKFBRZ GV EVCRRFEHRIR (R IERD) [CRSPLLIFET INEXTICHREEZH(CL
TeZ<DERITDRVEHBL LIFET,

1. Nakagawa K., Hirota Y., et al. Nature, 468, 117-121 (2010).
2. Hirota Y., et al. J. Biol. Chem., 288, 33071-33080 (2013).
g |Fﬁyﬁﬁ 3. Nakagawa K., Hirota Y., et al. PLoS One, 9, e104078 (2014).
4. Nickerson M.L., Hirota Y., et al. Hum. Mutat., 34, 317-329 (2012).
5. Stutts L., et al. Plant Cell, 35, 3686-3696 (2023).
6. Mishima E., et al. Nat. Metab., 5, 924-932 (2023).

biE &

20065 3A MPEERAT A BAH ZRE

2008fF 3R MWPEMAZAZR EFHEN ERENZER ELRE BT
2008%F 4R HAIRBIFRGASH EERMRZRT HRE

2012%F 4R MITEUAAN BHAZMHRES HFIHZREDC2

2013%F 3R MFERAZAZR EFHRAN BXSW F1HE BT 8T EH)
2013%F 4R MI{TEGAAN BERZiHRES $EIH3REPD

2014%F 4R HEERMFAT EZU F2H BF

20165 4R ZHIHEKRT VAT LETFER Lafl? B

2019 48 ZHIEKRF YRFTLETZE EamElEsl E3UR 0Ri)

20205 4R YVYFT4RZ EFE BEMRE (PR BREEHERIIERES HRE)
20215 4R ZHIFEAT ZPREE F 2iERtY IR HSBER

J-05



Elucidation of the Enzyme Bridging the Missing Link

Between the Vitamin K Conversion and CoQ10 Biosynthesis

Yoshihisa Hirota, College of Systems Engineering and Science, Shibaura Institute of Technology
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Introduction

Vitamin K is widely recognized as an essential nutrient and is generally classified into two main types: vitamin K,
(phylloquinone, PK), which is abundant in green leafy vegetables, and vitamin K. (menaquinones, MK-n; n = 1 to 14),
which is found in fermented foods. Vitamin K compounds are categorized based on their side chain structures: PK
contains a phytyl side chain, MK-n contains isoprenyl side chains (n = 1 to 14), and vitamin Ks (menadione, MD) lacks a
side chain. Vitamin K is known to play a vital role in blood coagulation and bone formation, and it is widely used in
anticoagulant therapies and the treatment of osteoporosis. Previous studies have reported that MK-4 is the predominant
form of vitamin K found at high concentrations in human and mouse tissues. However, the primary dietary sources of
vitamin K are PK, which is abundant in plants, and MD, while the intake of MK-4 is generally very low. Despite the
minimal intake of MK-4 through diet, its high concentrations in body tissues have led researchers to hypothesize the
existence of a metabolic pathway in which MK-4 is synthesized endogenously from dietary sources.

Identification and Functional Analysis of the PK o
Vitamin K-Converting Enzyme UBIAD1

We previously demonstrated that PK is converted into MK-4
by using genetically modified cultured cells and mice in
combination with deuterium-labeled PK (PK-d7), a compound

not found in nature (Fig. 1). In particular, we successfully - Phythyl side
identified the enzyme UBIAD1 (UbiA prenyltransferase MD chain
domain-containing protein 1) as responsible for attaching the OO

side chain geranylgeranyl pyrophosphate (GGPP) to MD.'?

Subsequent phenotypic analysis of UBIAD1 knockout mice @ GGPP
revealed the physiological importance of vitamin K in vivo.?

We further characterized the enzymatic activity and promoter k_ ®w.{l
regulation of UBIADT, and discovered that its interaction with MK-4 o @®-@: P P
HMG-CoA reductase (HMGCR) - the rate-limiting enzyme in O‘ ‘°’E§°’§‘“
cholesterol biosynthesis - contributes to the pathogenesis of ™ S TH

Schnyder corneal dystrophy (SCD), which is marked by o v

corneal opacification.* Fig. 1. Conversion Mechanism of Vitamin K.

Identification of the Vitamin K Methyltransferase COQ5

We synthesized vitamin K derivatives lacking a methyl group at the C2 position and evaluated their conversion into MK-4.
As a result, we observed that demethyl-MK-4, which lacks the methyl group at the C2 position, was converted into MK-4.
Although demethyl-MK-4 has not been detected in human tissues, it has been reported that demethyl-PK is present in

plants®. Focusing on the vitamin K biosynthetic

i s Demethyl-MK-4 i MK-4 pathway in Escherichia coli, we identified UbIE as a
o‘ e O‘ methyltransferase that catalyzes the addition of a
> BN H > S H
3 o 3 methyl group.

(o}
,\\ @ A search for human homologs of UbIE led us to
N COQ5 (coenzyme Q5 methyltransferase), a key

::} O enzyme involved in the biosynthesis of coenzyme

GGPP Q10 (CoQ10), which shares 47.8% sequence

0 o identity with UbIE. Biochemical analysis confirmed
Demethyl-MD MD that COQS5 functions as the methyltransferase

Fig. 2. Role of COQS5 in the Vitamin K Conversion Pathway. responsible for the methylation of vitamin K (Fig. 2).



Future Perspectives

Vitamin K and CoQ10 share structural similarities, as both possess a quinone ring and feature side chains composed of
repeating isoprenoid units. These similarities suggest a close biochemical relationship between the two molecules. In

fact, biochemistry textbooks from the 1960s
described vitamin K as a component of the
electron transport chainin eukaryotic

COOH

- . UBIAD1 (S
mitochondria, similar to CoQ10. Vitamin K and Mugoni V.. o a, Cell, 162, 504-518 (2013)

CoQ10 have been regarded as entirely separate WNS,'LHM

nutrients. However, enzymes such as UBIAD1,
COQ5, and FSP1 (ferroptosis suppressor protein

1)® have been shown to be involved in both _'
vitamin K conversion and CoQ10 biosynthesis pm;prenyl

vanillic acid
(Fig. 3).

conversion and CoQ10 biosynthesis pathways, Demeihyl
may serve as a missing link between these two

Polyprenyl-
w:odyplre'r‘wl- " dihydroxybenzoate
Demaﬂmxy D-maﬂloxy
demethyl-coenzyme Q coenzyme Q

We hypothesize that a previously unidentified m 4
enzyme, shared by both thevitaminK _— T
OH 10

COQ10H2 Mishima E., ef al, Nature, 608, ??37&3(2022) COQ10

essential nutrients. Our goal is to identify and Fig. 3. Enzymes Involved in Both Vitamin K
characterize this enzyme in future research. Conversion and CoQ10 Biosynthesis.
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