EYBEE 2013FE6HE2EA 1 103-110
A ETER R QL 2k

FESHE'

'RERASEBLEYRMBEGHER KB AF

S

#iEEQ (coenzyme Q; CoQ) B—SERAUYE - TARYP > CoQllCoq, 2B AEFH ' MEFRRIIR
(benzoquinone ring) EZ3EEX_IHETT (isoprenocid unit) HHEERE - CoQEEMMM T 2 EEINAEE
FIRREEFBER L2 —VENEFRES  MRKEHEMLE - 35 Cotb 2MBPHE—HIRNE MRS
BEREY - MR EITEMKCQ r BEEMEERE2EERAEBHRAZAIEY " =iEEEBMERE (farmesyl
pyrophosphate; FPP) , * HIK B FRERELERIE (mevalonate pathway) ° TEEEEE (Saccharomyces cerevisiae; S.
cerevisiae ) H * EFCoQRIK R & B EFECoqlp-Coqdp LIECoaEH * HA MH = ECoaEHAZTHEEARE » BEH
ENECoaERACE BB RINME - GEEREAETZEEA "COQER , ' BHENREIECoq1 2 AR
BIEHPDSS1#0PDSS2E HIFTHARK - BB 8 iE 5 LePDSSFICOQE R Z AFEPDSSTICOQER S MEE LRSS - &K
AFBFREMCoQ, FRZAE (primary CoQ,, deficiency) ° M—LHTEEICoQE PRI E R SRE Y K HRBE AR E FN
FEMRFEEICoQ, FRZAE (secondary CoQ,, deficiency) e itbFh  HERREEB P REMCoQHIZEBIERE—RA
#819  HuSEE4ERR - EYERREMEIL - EEARRZEEREIEHISY R DATED - AHRZH
ARZERMINRCoQ, 25 » MAIBBAEREMCOQ, MR EMMFTEEFREEY - AXELE A% HCoQ
ZAERESMERMF—HEEEZEMEAINTE o (£E2013;6(2):103-110)
-‘-‘j TMEREERBRARRRIRZEYRAD - TBEFEERS
SREXNPE HEEIZIERARRES - ik
#EEQ (coenzyme Q; CoQ) TREHH A IZIE W EERERNRD  BEEEAERSLFINR
(ubiquinone) ° FEABEH * CoQLlCoQ, 2T MEEEEBZEE - A @ thE T amELHERELE
- ETRERERER  MeEASEREAREZY FESHIME (exogenous) ZCoQ, HEHE Z D LEHFIH
B BREA—LEEZHETF (cofactor) ° CoQ, U B EARRREAF - LURERTE AR ERI AL

|

BEES - EREB BB

L | 886-3-211-8800 ext 5207

{5H : 886-3-211-8692

Motk : 333 HKERRIEILAPSL (L —B82595% REEKRE
EF B © yen@mail.cgu.edu.tw
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TR R BERQ

FRTEEAZ TN HEZBALTER ABEBITEM
CoQ REHAMZREEEMAEER - EEL 1R
BRI RIERE - AP ABECoQ, E Al Z B8
RIBIEFIENHRD - FFZ CoiBRAR MR RIRAEE
BRPME - 758 @ [REEICoQ, #RZAE (primary
CoQ,, deficiency) FIXEEEICoQ, ERZIE (secondary
CoQy, deficiency ) BH#SRTE A ARRERK * HESER
A4 (endogenous) CoQ, ZIFREBEHMLEMH) ©

CoQz L2 it (b 24T

CoQu BEAMEEA—EERAZEERXN_IHE
7T (isoprenoid unit) ZFAEAIFE (side chain)
HERZ#EBREIRIE (benzoquinone ring) "o
EBEETHEBEXR/HETH 0 CoQtiEACoQ,, (E
—) o ARBHEM A CoQEELCoq, BIKTFTE » £
eI AEENH) (rodents) AV BIEZELICoQ,
XNGEE > BPHEHEEENCoQ, AIFAESR - H

o
CH,0 CH, - % 8/0
CH;0 (CH=CH=C—CHppo-H  (FE2HAERE2C0Q,,)
o
o
CH,0 CH, o, £28/ 0f
CH;0 (CH;~CH=C—CHg)jo-H (& @1 &% §6 2 CoQ,)
OH
OH
CH;0 CH; (;:H; ﬁaﬁ/QHz
CH;0 (CH;=CH=C—CH,)yo-H (& E R B 2C00;0)
OH | X
FER-IHER

E— S mﬁQm (Cleo) Zﬂ?gﬁmi‘
CoQZ MEHF 10,  REREATHEZENEXZ
IHEETT - B IZRECoQZ REIELE R AURE -
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b EEBENMED » CoQRIMEFIRRILLCoQ,
MCoQzBIKFHE ° CoQZEMIE LAY M AR
(quinone ) #&EHEECoOQABTEEILERRE (redox
T2 ELEEZ CoQEEIEZER
ERERAERWEAZEER (ubiquinol) BNEEAR
(hydroquinone ) ° MNMREEEILMEZEREZ
> CoQ, imBLLEER (semiquinone) ZBXTFHE
B9%5ZAE (ubisemiquinone) * HA—BHEE (free
radical ) 9 F° o ZE—FT » CoQzittE 2 A= ERE
AR - BT HRRAABAEB DTSR (membrane) AY
PEEE/E (lipid bilayer) RUFEIEH' - BMPSHEIS 2GR
AICof L MR ZIAH B2 - T/REERESR
(hexane ) EFFEARIHELH MM ERS S IE2 G
BBIRERE - At - EEAR—EREZMRERS
EHEATE » SRR S E E RIS AR At
TRR KA RS TABD AT K SRS REIAR

form) o ZIE— -

CoQiEHRIRA 2 ThHE

HFERMBEA  CoQEEFHEMNIRLE
(mitochondria) BYBE b+ (B 17 E AR AR RN E fth
FRERAVEE L' - CoQEMEPRER M EREMET
HZ IR A TERIARREAIAE (inner membrane) £2
EF{HIESE (electron transport chain) FR{EA—IA
BREFHEEE (electron carrier) *° o FUiREERPE
FZE LB 1L X (oxidative phosphorylation)
BEFEERE —ER 2L REFRERZ B HEE
(free energy ) MBRE =#iF& (adenosine triphosphate;
ATP) EH1B% (coupling) - AiRMEHIMRAERNE
BRF - MEFHEEZHITRESE
complexes) | ~ I ~ IANIVATHERY - REESEEIANN

(respiratory



EEF5 1R

EFERFIEECOQ * BHCQEERGREII ©
CoQFIBERARINMIVZEEFEESREN "G
Fc (cytochrome ¢) 4 BETFEHESERM —TBHME
AIERREEEZIZEE (mobile) BFHERE -

TERIFRBE » CoQtl R EFIRTE — AL ML E AR = AE
(dihydroorotate dehydroyenase; DHODH ) Z{EFFIE
FERERER - ZBEEILERAE (electron-transfer
flavoprotein-ubiquinone oxidoreductase; ETF-QO ) AR
PEEEAE® - DHODHAMIE (pyrimidine) £4&
B (biosynthesis) Z¥TEERTE (de novo pathway )
FRATIA R 2 BEER - BRI I I BN AT BR A A R AR
AR L BHEELARS (active site) HERRMRE
Zef8 (intermembrane space) * HiEERMEILZ R
BN EME RS FHREEER - WHCoQlEA—
HEFREFEFIHTE - ETF-QOBIZEEEEEE
(matrix ) ERFRREZEEE o LEBREICETFES
KEFZMEMBELERZREBIYET - BiE
BB EEFERER L 2CoQ °

CoQB—EE A AMBYINREENZ H A—REiA
1L - BRCoQEBRILERIFYE - MM RERE
BfEIee - BAARAME—RIRNEMZEEMN
HEILH (lipid-soluble antioxidant) * > CoQii &AL
MeEERENEEREFEAS(L D ZELESF

(reactive oxygen species; ROS) R FE - HAJal#Ethan
EFEEIAMBEE@EILBHE (lipid peroxyl radical )
KANHIBEEBEILSE (lipid peroxidation) ZAK
8% (propagation step) ° EHIERZETFFEEL)
RERS - R LRICoQR] EFIER EFMRELEFREE o
i@ 0 XEREH - |IERERICoQ RIERREB EERE T
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B A (superoxide anion radical ) ° ©

B4 > FFZMRERCoQ B HMINEE - ANTEHE
BRBE ERUEREE T RERERREAR TS A EE — |1t
» BHCoQAHEAT - Al
Mt aRC HIRMER (ascorbic acid) BER © &
B CoQfr fuiRBENAE L2 ABAER (uncoupling
proteins ) ZiEILATTRRIEHEFEHFE® -

B (NADH-oxidase) |

CoQZE G fKin g RIgE
FeE ZCoQE A

BRT#CoQt A MRS BRI EERANEER
Saccharomyces cerevisiae (S. cerevisiae ) H¥ICoQ. &K
HIRRTE - i@ - B—LAERIZ ERMTIREE BB E P
M ABER &M CoQ, < BREEAAERA & AR
e S RERRETMEE—E - BRPRiAED o

TR -

BREEESERNMEMELZCoQMESR
AR BERanE =" o CoQ IS L2 FHRL _IHE T
ERBHIEWETA (acetyl-CoA) FERRERRELE
BE1® (mevalonate pathway) FTE M2 " Zi6EE
TAELEEE (farnesyl pyrophosphate; FPP) | o FPPEH
=EFEEX—IHETT (isoprencid unit) @ MAME
BRAEERES (cholesterol ) BIRIEEH) (precursor)
EMRCoQMAMRMBAIRBE4-KE- XN
(4-hydroxybenzoic acid) > ELIEZRZEE (tyrosine)
B A RAREE (phenylalanine) BFREF&MMEK
BT R CoQe 2 Kima M ER1EAIE NLECoaRE AR
HER®TEACoq1pZECoq9p

 BARIACOQI BCOQIE

(polypeptide ) AYZRED >

(pfZFpolypeptide )
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LBk R ERA

Y
y
398537 &A= 8% HEA

y

VRS
B |
ER 32): 1 3 ZRARARE
¥ ~
| lcmlp W B B
4-mh-RA% % R A BRI
Coq2p

% RAH-ABE-RA#

J Coadp ~ Coadp (?) ~ CoaBp ~ Coqbp
|, CoaTo ~ Coasp ()~ Coadp ()

LY

E— - BB FEDEiEEQ6 (CoQ6) ZAESMIEE
3-FRE HEX _ME-#HEEAR3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) - =mEEE&E
WEEEEE (farnesyl pyrophosphate; FPP ) ZCoQF1ER
BEA SR LRRBIRY - TXAIRY < EHNCoQR
BB 2 Rind R ERN T NECoaEH » B
Coa4p ~ Coa8pMICoadpfBRENARAA (7)) MEth7< &
CooaE HRIEANRARERELCoQ BB BERE -

K EFBLE - MEERES. cerevisiaeEiEEECodEHE
FEHRZ CoQ WEREREN (mutant) MINEE
M E i EE (functional complementation test) Efi
EETE LK - AE AR > CoqlpAEARKZ
E L HEFZES (trans-prenyl-transferase) @ A& =75
EEUMREEERSRENGEMEE (polyprenyl
pyrophosphate ) * TELILSER K T CoQs TR ZFHE
R IEE o 32K @ Coa2pBl ZE I Mm-4- K E-
KRELEEFZES (polyprenyl-4-hydroxy-benzoic acid

transferase ) {E{LASFEE N —IHAIGEEFEE4-BE-K
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RBEAYERIR (benzene ring) L2 RFE - TR K E—
fEfE L2 CoQrREH (CoQ intermediate) @ 3
FENIE-4- B KRB (polyprenyl-4-hydroxy-benzoic
acid) 4 By "4-FE-3-ZRLARE (4-hydroxy-
3-polyprenyl-benzoic acid) ; ° fELEFREIEMBE
— SRR #EAICoQs EFFHECoa3pZE CoadpF LEE
B ° 7@ » BRI $Coadp * Coa8pFMCoq9phI B RIS
BERIMKRM R - BEETERHEED AME - AR
BRI > Coa8p#itEAlA—HlFARE (phosphatase) ©
MCoq3p * Coqbp * CoabpFCoq7pBll 2 55 & Al
% BEREFRRIRE LA CorHEMISZ#EE o

&kIBFE IR (sequence homology ) IR
HERBEEZCOQERCoaEH * IHILIEEYH
ZEREDF (homolog) EE#IEEH' ° CoqlpTE/\
B (mouse ) 2 AXE#AIBEH 212 FHPDSS1FIPDSS2E
Sl =t

PDSS2/% % B — MM S pl B2 XET1 MR E T

KOIE

(heterotetramer ) o PDSS14N

2 (ssubunit 1 and subunit 2 of polyprenyl diphosphate
synthase ) FYHEES o ELft#E%IE¥ 3 & Coq2pZE CoqIpHY
AFEREE R 2 B8ACOQ2ECOQIEH - MmakiELL
EANFERAZERANGREAPDSSHCOQER - L E
TRERMEBQETRAMIEZERX B R BNational
Institute of Biotechnology Information (NCBI) #Bi2
152 o B2 TPDSS1 ~ PDSS2#AR 2 2 B — ik e
GRENBERTNEEEHEREE’  HEEBERAS
BEETNREZ AFECOOR HE B1E AR A BER#E
{LINRERI I KR AEEREE - TBTE L E BB ECoQs
coenzyme QZifEE ' 1BEFZ AEHECoQMCOQE R/
EAMNRBIEE - BETHAR AREPDSSHCOQERM
RiEEHE LR EHEHERZ 5N - A A



EEF5 1R

FEEERBEMED  ELECoaBAZBEREMEMN
FEAMSHRRURRLNRE - MEELREBER
S AL B @R TR MEHEEE 2 EMREEE
Bk BX Rt iEH EREE P AT 2 BERE DTS
ETE ASRHRR P T—EEA

HClarke BRI AR - BRI MERSE
FCoa2p ATIRBENE LMERER » MHEE Coq
ERAEAUEEAEEREREZNRIEER - M
B B&TCoalp BfECoaEHEEHEEMNTAE
- BABEE R —EZ R ETEARE
» HEFHEAtE L CoaR
mEREZER—EEHEAEEBHNAMCQR
TR Tl BEifs AfECoQEHA - RECOQ4
EH'° co5EH""MCOQsER "HH#EME MM
ANSEHRR 2 KIARBE R - AR BRAASECOQSE B Z At
% AREAERERALNRER - AMHEHAS
R (specificity) ZH AFECOQSE A Z 458
(polyclonal antibody ) - i#EMzERE ARECOQSER
MZBERIFET (presequence) ZEBEEH + TBLL
LRI G4 2 R FABIN (mature form ) T#4E * HE%
PR B RIFE FRUARBE R o

B (interaction)

(multi-subunit complex )

A3 Z2CoQ, fRZFE

CoQ RZEBE A K FRA ZEFEBMEIE
BAERR  BESEBRAREMPTERETENR
B o IIEZERARRE - 280 - WA ~ MITAERTTIE
£ MBERAB A R EmmanueleZ A (Michio HiranoE
B% ) FR2012F B RZIFAMNE" - IRIBERBXE -
HIRIBRARE] - CoQ, RS ME MK ELFRIR HISRAYEAR 7]
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SR EFE (1) BSBLA (encephalomyopathy)
(2) B3MAA (isolated myopathy) 5 (3)
v (4) $RBZRGMERR
; (5) /MBS
o ft BRI E B P IRE
11 3E R FIFN 3% BB iRz 36 EZE B (149
60) R EERKERMEECoQ, RZAEZ A ALL
FERRARIER (phenotype ) HRZH (1H941E
EH) - BXEMIEL - BEXUREREME (high-
performance liquid chromatography ) R{E:RIE ABLA
##HCoq, B B AR A SEFARZENCOQ, MR IELZ
##E35tER (confirmatory test) © FHAAMEEAZCoQ,,

SEERNEFE  HUIRPAMSERI T RIS -

R (nephropathy)
(infantile multisystemic disease )

SAE (cerebellar ataxia)

CoQ iR ZERI B " REEBICoQ, RZIE 4
FREEBICOQ,RZIE 1 ° RFBYBIEZRZAEH
PDSSBLCOQE R 2 ZRE P& Ry 5 AR EZIEIF
CoQ, & M AHRAE R AR RTEMR """ - 7@ - 4l
EmmanueleF A ZIRANEMRE @ RSB /IBEKH
JERIRELZ CoQ, RZ ERARZ 7 FRLERER"
Hth g 53 A R AR SR B BYCoQ, FRZJE © Quinzii
MHiranofE 201 TE R R ZIFFMNEF - REFMbH
MY B1989FE—AHBRICoQ, MREIEMNHREER
TR FBREBRCOQ, RS EZ MRS - 1Rig
FitELiRmYE - BRIEMEREEECoQ, fREER]
EHPDSS1 ~ PDSS2 ~ COQ2 ~ COQ6 ~ COQ8,/ADCK3
/CABC1 ~ MICOQIER 2 ZRE TSR ° RITETIH
AR R RAR COQ6 AR BRI » R BIEHA
COQEERRE 2/ » b 7B LAE=RNERE
AR B R EIAEEEEE (sensorineural deafness )

BIFEARR ' o tbdb - BEFRCOQ4ER A 5 1Y ZR B G 5
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BUCoQ, iR Z AERY E IR RAFR M R 1R HEED © {BSalviati

FEARONHXIEY - —EEBCoQ, FRZIERR
A HLBE2993453.9MbEIERSL (deletion) * T

ZRKFEBE T COQ4ERRTE' o R ECoQ,,
FRZREAE - MRAPRREER » BAPTX ~ ETFDH
(BNEGEETF-QOZ &R ) MBRAFERZRERIRA -
WHCoQ, FRZIEA"" © B—FHE * 20Quinil
HiranoZ f7sm N EMEIE - RZWBH I ZHR
#RBEK (mitochondrial diseases) BIRAEBHX
BFRICoQ, RZIE - BELR AR LEHZBERIRM
(pathogenic ) FIAREEDNA (mtDNA ) REEIMDNA
' {BHLER

KBNS FROBFER" o WSacconiF N Z i
-

=1111}

FRAEHR (mtDNA depletion syndrome )

— L BB mDNAE RS (mtDNA common
deletion) ~ AmtDNAZA3243GRIEEA8344GR 1
R ANRARECQ, &8 TEZIER - A » OAR
BB CoQ, FRZE Z W A FUERRAEAR
AZERFEENE  BRKAICQ, M > AMEHIEAES
SHLAACoQ, & B IE R 2R ARERRAE AR BARRECH
' o T > FLL EEEXEH 0 WRERERER
A SRAARERTL = FE AR 728 - mDNAZEEIE) B HUARES
R EEREERICoQ, iR Z iEZ P HEREH ©

CoQ, fH7E

REECoQE ERIm S A E A
B EERIREM “'L*EEMMH
f8 0 HHAR B E A S ERYIE

ZNTurunenZF A FiBentingerSs AR E Z f7am X E AT
2318 > BEIARERTREIENOR - BERMEHOR K

RARRE RIS R BN e A BB HE R CouE BRVEME'C
i - BLERBRBASHAREEZETHME - £
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B ANEE) ~ EILZEFE (cold adaptation) &
N 5 ZIEE{FECoQE & Th# - EERMAR
MAMER TEELERIEEYEILREE oo (peroxisome

{HCoQE &

proliferator-activated receptor o; PPARO. ) | BIfE
E)E (agonist) EEENMAMEMZCoQEMIEM 5 M
BRI EERSERBEMAE (hypercholesterolemia)
ZstatinsFRZEM B G (B MHEM 2 CoQZ B TEF ©
WNTurunan N Z 7R X EFTETER © statinsZEH) 2
F3-FE-REN A #EBAEREE (3-hydroxy-
3-methylglutaryl-coenzyme A reductase; HMG-CoA
reductase ) 4 AYHDNEIYY) - HFERIDEIEEEREY (R
fRfRIRE ) A RHDFIEERz 2 £ ARk - 1BEESAR
R E D Z CoQE SR RRIEREY (REZ) -
HistatinsBEH) L B {HCoQE A M o F it
MIEERR L& ALANINEET Rz BIfE A mBEER ALY
HfYCoQ, & 8 TrEHRA' - {BEF MER KB 5T AT ER1S
AR A LEBEH) 2 5 A BRI AE R R 1R RICoQ, ;B 8 » &
T —EEATE AP HEERE - Bt ERRAR
BE75T  DAUR (cardiomyopathy ) B & iEE ALK
(complex myopathy) RIS HI & FEEMACQEZET
B% : (B EMZLIBERKSE (Alzheimer's disease ) AJA
BEARREL B EERRR (type || diabetes) Z AR
(rat) FHEMPRICoQE BAIH EARIIERC o

statinsZZ

TEEEMAR (cultured cells) AIEXT - BRI
B-LEERREMCoz B BB LAVERIN T - B
RSERARMEMEN Y E B & EIRFT EIBE ML - B2Y)
BRIB L R AR BB AN 2 ZECoQ R Uik & Ak FT 58 Z PDSS
BNCOQE B R EE R A RIRE LB R R
&l - AEMOBMEE A ARRMAR KRR LERE -

Brea-Calvo¥ A 1R - @ EME LB N ZHIBEY
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20 " camptotheciny F "/FIE (doxorubicin) 1 &
ZEASBREMEFPNCQ, S8 LH  thiECOQs -

CcoQ7 ~ COQ8EREZmRNARIR L7 o Bk (E
APDSSEY HACOQERRIRIR - BE » tfIH4-bz
EXPEIE (4-aminobenzoate ) EECOQ2EEEZ
5 BLINEI A K IR IR ARAR - BR T EHIHICoQ, YL
AR WffEcamptothecin5| B2 EILEE S (oxidative
stress ) FM#MEMLAT (apoptosis) 2E LFH' o B
— it FKRAIE PR EE R camptothecin5| 8§ 2C0Q7
EEAFEE (induction) EFEH "NF-k B, EfEEE
$#%[&F (transcription factor) 2RiE1t » BEEEMARE
fEcamptothecinREEE Z FEHEEEMAR" - B
& ' DhanasekaranF¥ ARIMIREER - LEZRS LS
HEREEFRKE (Parkinson's disease) Z &4 T1-H
£-4-KEA1,2,3,6lUKMEE (1-methyl-4-phenyl-1,2,3,6
tetrahydropyridine; MPTP ) | REZIRHEAE > SEAL

A AAICoQ,  Z BB - Wit/ RMAEFAICoQ.
CoQ & & EF o MMPTPTE/\ R APt B EL B R
fICoQMCoQ,, EEIEM™ - BE £ - BHIMPTPIERK
B HRKEZHESE RS EiSHBE P S AT
MEIFAREER A0S | 2 T1-FE-4- KX EMIEREE T
(1-methyl-4-phenylpyridinium; MPP*) | » BItEHR
EERELBNY o FLL - BRI SRR » |1k
DARFIREER BT RIARNE T &k A CoQAE AR EY
EIEMNBRER - BE-FE 2 EERAMEELMEPIR
BHEER -

&

I

EAERE-—ERTNBREINIERE
(mitochondrial dysfunction) FE{LEEI¥CoQ, &
EXENMED”  HfIEEHantimycin A (HIFREEE
AEEINNEIH) ) FRIEALE143BHAARE A1 43BHAARER
mtDNA ( HELERIREEESRE | ~ Il ~ IV~ V213

RSN
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fEREIT) AARRE (BN7E143B-p *HEBEA ) BEE(E
CoQ, & & Th% o ElRMIEMEIRR L AREERE
LB N EEMEE S FERIEM - BPIBMETEZE N
IRBEINEERR L N R ELB NI EFEFECoQ, ZEE T
BF - B RIERBEILE (hydrogen peroxide; H,0,)
A IRFIAREEAZE (L (membrane potential ) Z{LE:
F1BAH (chemical uncoupler) FCCPARERIE 14 3B
B - FFI%IR - H,0,&fFECoQ, ;&8 EF » MFCCPE
CoQ, &2 T - EmEANE(EPDSS2MBR T COQ3
EE LN BECOQERAIMRNARIR EF o i@ »
FCCPE{8PDSST1FICOQIE AMIMRNARIR TBF - B
—&i - LIEMPIBEEAICOQSHEE » FFISEIRECoQ,,
&8 TR ZFCCPERIE NI T COQSERZ AR
BIRZRL' o RLEFRFIHER - |ALER
McoQBEREFRMECoQ, ;&8 LF - BEEAIKIR
BETHAERRZE Pl BERE R AR REPEE (L TR HIHIE AL
A HI#REE 2 PDSSFICOQE H #E A KIAR BE 32 Al il 24
BAEMENER - HfHEEEA - e s iR EE KR
ERRREERICoQ, R ETEZ HEHI B o

FFERFARPDSS

A

CoQIF KUARFEMVINRENBER AR - tLEM—
RN E MR AMEREL © CoQ, MRZIES B R
NERL S EERRTRIZEM L - TR IEEIRME - ZEYRRIE
RARRARER &SRR EECoQE BAVEL - IHFLED
WA AR Z POSSHICOQBRRMAEREZEHZ
MEEIMRIRD - $HHELEER  MRBDEERE
ARNEM e HENAER  BEHEMHARREM
CoQ, o Z BERRPRRHSIR A Z AR © JMRZCoQRIERE
ABBIR UG X A TBIREY (R R - BREE AR
FARRERNRZ ELLAIHEEED o Eitk - —AFE&
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RZEEAR » BEAEIMNRCoQinRB B NE » ELaTE L&
RERAABPARLEMCQE BIFEBR - EAM—E
I IEINRCoQZ THRAES » FE BB B i EN At 72401
A EMECoQ N F AR AR IR HI A (T ERR -

ZERK

10.

1.

12.

Turunen M, Olsson J, Dallner G. Metabolism and function of
coenzyme Q. Biochim Biophys Acta. 2004;1660:171-199.
Karp, G. Cells and Molecular Biology. Concepts and
Experiments: John Wiley & Sons; 2008.

Lenaz G, Fato R, Formiggini G, Genova ML. The role
of coenzyme Q in mitochondrial electron transport.
Mitochondrion. 2007;7 Suppl:S8-33.

Bentinger M, Brismar K, Dallner G. The antioxidant role of
coenzyme Q. Mitochondrion. 2007;7 Suppl:S41-50.

Maroz A, Anderson RF, Smith RA, Murphy MP. Reactivity
of ubiquinone and ubiquinol with superoxide and the
hydroperoxyl radical: implications for in vivo antioxidant
activity. Free Radic Biol Med. 2009;46:105-109.

Bentinger M, Tekle M, Dallner G. Coenzyme Q--
biosynthesis and functions. Biochem Biophys Res Commun.
2010;396:74-79.

Tran UC, Clarke CF. Endogenous synthesis of coenzyme Q
in eukaryotes. Mitochondrion. 2007;7 Suppl:S62-71.

Saiki R, Nagata A, Kainou T, Matsuda H, Kawamukai M.
Characterization of solanesyl and decaprenyl diphosphate
synthases in mice and humans. FEBS J. 2005;272:5606-
5622.

Tekle M, Turunen M, Dallner G, Chojnacki T, Swiezewska
E. Investigation of coenzyme Q biosynthesis in human
fibroblast and HepG2 cells. J Biochem Biophys Methods.
2008;70:909-917.

Casarin A, Jimenez-Ortega JC, Trevisson E, Pertegato V,
et al. Functional characterization of human COQ4, a gene
required for coenzyme Q,, biosynthesis. Biochem Biophys
Res Commun. 2008;372:35-39.

Chen SW, Liu CC, Yen HC. Detection of suppressed
maturation of the human COQ5 protein in the mitochondria
following mitochondrial uncoupling by an antibody
recognizing both precursor and mature forms of COQ5.
Mitochondrion. 2013;13:143-152.

lizumi M, Arakawa H, Mori T, Ando A, Nakamura Y. Isolation
of a novel gene, CABC1, encoding a mitochondrial protein
that is highly homologous to yeast activity of bc1 complex.

www.idealversion.com

110

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cancer Res. 2002;62:1246-1250.

Emmanuele V, Lopez LC, Berardo A, Naini A, Tadesse
S, Wen B, D'Agostino E, Solomon M, DiMauro S,
Quinzii C, Hirano M. Heterogeneity of coenzyme Q10
deficiency: patient study and literature review. Arch Neurol.
2012;69:978-983.

Quinzii CM, Hirano M. Primary and secondary CoQ;,
deficiencies in humans. Biofactors. 2011;37:361-365.
Heeringa SF, Chernin G, Chaki M, Zhou W, et al. COQ6
mutations in human patients produce nephrotic syndrome
with sensorineural deafness. J Clin Invest. 2011;121:2013-
2024.

Salviati L, Trevisson E, Rodriguez Hernandez MA, Casarin
A, et al. Haploinsufficiency of COQ4 causes coenzyme Q,
deficiency. J Med Genet. 2012;49:187-191.

Sacconi S, Trevisson E, Salviati L, Aymé S, et al. Coenzyme
Q10 is frequently reduced in muscle of patients with
mitochondrial myopathy. Neuromuscul Disord. 2010;20:44-
48.

Brea-Calvo G, Rodriguez-Hernandez A, Fernandez-Ayala
DJ, Navas P, Sanchez-Alcazar JA. Chemotherapy induces
an increase in coenzyme Q,, levels in cancer cell lines. Free
Radic Biol Med. 2006;40:1293-1302.

Brea-Calvo G, Siendones E, Sanchez-Alcazar JA, de Cabo
R, Navas P. Cell survival from chemotherapy depends on
NF-kappaB transcriptional up-regulation of coenzyme Q
biosynthesis. PLoS One. 2009;4:€5301.

Schulz JB, Falkenburger BH. Neuronal pathology in
Parkinson's disease. Cell Tissue Res. 2004;318:135-147.
Yen HC, Chen FY, Chen SW, Huang YH, et al. Effect
of mitochondrial dysfunction and oxidative stress on
endogenous levels of coenzyme Q,,in human cells. J
Biochem Mol Toxicol. 2011;25:280-289.



