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Abstract

CoenzymeQ is a quinone derivative with a long isoprenoid side chain. It transports electrons in the respiratory chain

located in the inner mitochondrial membrane of eukaryotes and the plasma membrane of prokaryotes. It also functions
as an antioxidant. Saccharomyces cerevisiae coq mutants, that are deficient coenzyme Q biosynthesis fail to aerobically
grow. They are not able to grow on non-fermentable carbon sources, such as glycerol, either. The putative cog-7 gene
involved in coenzyme Q biosynthesis of Neurospora crassa was cloned and used for complementation of S. cerevisiae
cog7 mutant. The predicted amino acid sequence of N. crassa COQ7 showed about 58% homology with Cog7p of S.
cerevisize. The growth rate of S. cerevisiae cog7 mutant transformed with the N. crassa cog-7 gene was restored to the
wild-type level. The complemented S. cerevisiae strain was able to grow with glycerol as a sole carbon source and
showed less sensitivities to linolenic acid, a polyunsaturated fatty acid.
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Neurospora crassa

Table 1. Strains and plasmids used in this paper

FAR}o) o3 Saccharomyces cerevisine coq7 SAWo)9] 3 E

Strains

Plasmids

E. coli
DH5a: F-, 980dlacZAM15, endAl,
supE44, THI-1, gyrA96, relAl, A(lacZYA-argF)U169, A-

S. cerevisiae
CEN.PK2-1C : MATa, ura3, his3, leu2, trp

S. cerevisiae
CENACOQ? : CENPK2-1C, cog7/cat5::HIS3
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B 95T o)A 18, 50T 138, 28)11 72T oA 289) 30
times; 72T o)A 5% 92 M] Research(Cambridge, MA)
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Fig. 1. Coenzyme Q biosynthesis pathway. Dlmethylallyl diphosphate (1)@} isopentenyl diphosphate (2) are precursors
to form all-trans polyprenyl diphosphate (3). Prenylation of 4-hydroxybenzoic acid (4) is catalyzed by CoQ2p.
Conenzyme Q biosynthetic pathways are taken different paths after assembly of 3-polyprenyl-4-hydroxybenzoate
(5). Lengths of isoprenoid chain(n) depend on Species and vary from n = 6 (S. cerevisiae) to n = 10 (Homo sapiens).

Intermediates are below; 2-polyprentlphenol

(6); 2-polyprenyl-6-hydroxy-phenol  (7);

34-dihydroxy-

5-polyprenylbenzoate (8); 3-methoxy-4-hydroxy-5-polyprenylbenzoate (9); 2-polyprenyl-6-methoxy-phenol (10);

2-polyprenyl-6-methoxy-1,4-benzoquinone (11);

2-polyprenyl-3-methyl-6-methoxy-1,4-benzoquinol or DMQ (12);

2-polyprenyl-3-methyl-5-hydroxy-6-methoxy-1,4-benzoquinol (13); and CoQ-n (14). Compound 11-14 are hydro-
gionones. Compound 10, 11 and 13 are hypothetical intermediates.
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Fig. 2. Predicted amino acid sequence and hydropathy
profile of N. crassa COQ7.
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1 human = @ mmmmmmmmmmmm
2 human 00 e MSCAGAAAAPRLWRLRPGARRSLSAYGRRTSV
Caenorhabditis  ——=-———-———m MF
Neurospora MLRPATRPALVATRQVRACAARFFS-SPVSPDTSSSHVHSPSTTPETNPAPPPPNSRSST
Saccharomyces MFPYFYRREFYSCENVVIFSSKP1QGIK I SRIRERY | EIMLSRVSVFKPASRGFSVLSSL
P human = —=memmmmmmmmee oo MTLDNINRAAVDR | | RVDHAGHYGANR | YAGAMR--VLGR
2 human RFRSSG-------=-~~--- MTLDNISRAAVDR | {RVDHAGHYGANR | YAGAMA--VLGR
Caenorhabditis RVITRG-------------- AHTAASRQAL | EK'| IRVDHAGHL.GADR | YAGQLA--VLQG
Neurospora SSSKGK~--~——=--——-—~ KPLTAEQRAFLSSALRVNQAGELAATL I YTGQTPPLVTRD
Saccharomyces K I TEHTSAKHTEKPEHAPKCQNLSDAQAAFLDRY IRVDQAGELGADY | YAGQYFVLAHRY
1 human TSVGPV | QKMWDQEKDHLKKFNELMVMFRVRPTVLMPLWNVLGFALGAGTALLGKEGAMA
2 human TSVGPV | QKMWDQEKDHLKKFNELMVTFRVRPTVLMPLWNVLGFALGAGTALLGKEGAMA
Caenorhabditis SSVGSV | KKMWDEE DTMERLAAKHNVPHTVFSPVFSVAAYAL GVGSALLGKEGAMA
Neurospora PSLRPLMKHMYDQEAAHLRTFNDL | YRHRVRPTALYPLWSVMATGLGWGTAMLGKEAAMA
Saccharomyces PHLKPYLKH | WDQE)| HHHNTFNNLQLKRRVRPSLLTPLWKAGAFAMGAGTAL | SPEAAMA
1 human CTVAVEES | AHHYNNQ |RTLMEE-DPE---------~- KYEELLQL | RKFRDEE] DIG
2 human CTVAVEES | AHHYNNQ IRTLMEE-DPE-~~==~~--~ KYEELLQL |KKFRDEE DIG
Caenorhabditis CTIAVEEL | GQHYNDQLKELLAD-DPE---------~- THKELLK | LTRLRDEE| HHHDTG
Neurospora CTEAVETE | GGHYNAQ | RKLLEM-VSEWEAEGYEVGAEFRHL INTLRR | RDEE DHA
Saccharomyces CTEAVETV I GGHYNGOLRNLANQFNLERTDGTKGPSEE IKSLTST | QQFRDDELEHLDTA
*

1 human LDHDAELAPAYAVLKS 1 {GAGCRVAI YLSERL

2 human LDHDAELAPAYAVLKS 1 IQAGCRVAIYLSERL

Caenorhabditis VEHDGMKAPAYSALKW1 IQTGCKGA 1A TAEK |

Neurospora VEHDAQKAEPHWLLTGV I RAGCRGA | WVSERV

Saccharomyces IKHDSYMAVPYTV ITEGIKT ICRVAIWSAERI

Fig. 3. Alignment of amino acid sequences of N. crasss COQ7 and its homologous proteins. A a-helical membrane
integration region is underlined. The putative amino acids participated in the di-iron center are boxed. *in-
dicates a mutation site that disrupts enzyme activity[8].

GAP 22 ¥ 4L WE 2 AYela pE-YQ7S 24 ThFig. 5B).

31¢ tHFig. 4). o] & iﬂE%S.mwmw(ENMDQ7 cog7 EFHo|A & GAYE M B0 ofd A} 7}
7o FEAES Fo SIYAE 2%w/v)7t FtE T EFI2E G AFAE S B2 A £28 B
A WA M HAALEEE ZASG F AR UEE 2438 t}h. N. crassa cog-7 T RAA7 TYE w39 A5l #5832
3 A SHANES KU GaDoZ HUh 1A w) 2 HAdME 47 £x71 A JEHE Ao vg
Aol Mo HAe B 2H4E BY cog7 EFROAE e, o]E GAP Z2REHJG A& os WS =2
A ABL BolA e whHo|, N. crassa cog-7 A7 REYOR FH3E oo COQ7 B AL HAsted 719
EdE Afole ok E S cerevisiee FF9} B3 4A & Aow AztdEd
$=8 HUthFig 5A). 2SN #9 gadoz the F9 coenzyme Q A #H fHAAA A% 7|
7he 2A WA FelME FEld AFE BEHE 71 AN 54 4RA B3 By, HZ C elegans?] clk-1 F31%}
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Neurospora crassa

EcoR1

Sal1/Xhot

pEJ-YQ7
~1.5 Kbp

Fig. 4. Yeast vector conatining N. crassa cog-7 gene. The
coq-7 gene was expressed under GAP promoter
control.
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Q9% o] &35} A Y clk-12 coenzyme Q8-S ©] 83} E. coli
2 398 AY, E colid) ubiG AR} HEde a4t
coenzyme Q65 o} &3}= S. cerevisined] M| EZEE|olR
targeting H & ZAfolle A Bt T oAd B
27} 9tH3,10,22). Coenzyme Q Z7}A| 9] Zol= A3
A A &L cogle] 718HE Aoz Byl HACHIS,
22].

N. crassa®] cog-7 EAHOAE ZY3le AHo] 7Hedt
AE 010}17] &2 RIP (repeat-induced point muta-
tion)[25]& o] &3l EdwolE F = A, AU A
RS u%*%‘«l 549 A EA} (ascospore)] FH2 &
FE0u, A TAE LoD 23 0l Re dolg
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Fig. 5. Complementation of S. cerevisine coq7 mutation by the N. crassa cog-7 gene. A) Growth rates. S. cerevisize CENA
COQ7 mutant hardly grew (M, cog7), meanwhile mutant complemented with N. crassa cog-7 gene grew normally
(®, Coq7). B) Growth of yeast cog7 mutant in 3% glycerol agar medium. cog74 yeast (CENACOQY?) was not able
to grow normally (coq7), CENACOQ7 yeast transformed with pEJ-YQ7 showed a normal growth (Coq7).
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Fig. 6. Susceptibility to PUFA. Yeast lacking coenzyme Q biosynthesis showed high sensitivity to PUFA such as
linolenic acid. Wild-type (O), cog74 ({J), and complemented cog7 (A) strains incubated with 820uM oleic acid
(A) or linolenic acid (B) were spread on YPD or YPG agar plates. Incubation with oleic acid, saturated fatty
acid did not effect survivor rates. However, incubation with linolenic acid for more than 2 hours dramatically

increased lethal effect to yeast cog7 mutant (B, [J).
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