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Muchhasbeen learned about the electron transport systemby fraction- 

ating the chdn iato msJ.ler segments and studying the catslytlc function ad 

the canpositIon of each iragerent. A major llmitstlon in thls approach has 

been the lack of appropriate oxldoreductlon substrates to Interact at spe- 

cific points allalongthe chain. Artiflclalredox compounds suchas pben- 

azlneIpethosulf'ate, potassiumferrlcyanide, 2,6-dlchlorophemllMoph~o1 

and metbylene blue hsve been successfully used as electron acceptors for the 

flavoprotein dehydmgenases oftheelectmntrsnsport system,andas aresult 

ithasbeenposslble to Isolate succinlc dehydmgenase andDpAB+, &hydrogen- 

ase In highly purlfled state. Of course, theundesirable feature of these 

unnatural electron acceptors Is obvious. Theonlynaturalredoxsubstrate 

that has been conveniently used In this type of study is cytochrome 5 (cyt.c), 

which in turn has made possible the isolation snd puriflcatlon of cytochrome 

oxldase on the onehand andDPNIi and succlnlc cyt.c reductasee on the other. 

As other components of the electron transport systembecome available lnpuri- 

fled form, approprlats ensyme system for Interaction with these carriers can 
- 
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DC sougnt, isd.atea and characterized. It bae already been shown, for example, 

thatpudfied qt.21 is rapidly oxidized by moleculsr oxygen In presence of 

c~t8xp-u~ -tf3 0r 0yhc-a cytochrane 0ti8srreaod th8tm 0xidstiontakc~ 

place in absence of cyt.$ (Hatefi, 1959). 

Anotherscgmcntofthcelcctrontranaportchsinwhichhrrsnowbe~ 

amenable to direct study Is the enzyme syst.emoperstivebetweenDPNIi end Coen- 

zyme Q (cf. Doeg ct., 1960, for succinic-Coenzyme Qreductaee). Ithaebeen 

fwndthstsmongtheieoprenolog~sofCoen~Q,thstwlthonlyonsieop~ene 

unit in position 5 or the ring (coenzymfJ QJ can rapidly Interact with the 

electron trcmeport system in the expected manner. TMe reaction can be convem- 

ientlystudied intbe spectrophotoxwterbyfollowingthe disappearen ce of DRiE 

at 340 q.l. Table I shows the rate of reduction df Ql as catalyzed by severed 

types ofmitochondrial enzynw. For compwison, the rates of DpRlI oxidation 

bymolccularoxygenorby cyt.care also given. It is seen that es the parti- 

cles are further purified with respect to DPHE oxidase or DFNH-cyt.5 reductase 

activity, the rate ofre&uctionofQlbyDPNE i.ncreases. The reh ofDploHoxi- 

d&ion catdyzedby DPMX-qt.2 reductase ewyme (Hatefl et&, 1960) Is very 

highandnesrlythe seme dtheither cyt.corQl 8s the tennlnal electron 

acceptor. 

Notall tbeCoenzym Qtype compounde are reducedaa rapidly as Ql (Table 

II). Coenzyme ~,whlchforms a fine suspension inwater, is reducedatarate 

about one-fourth that 0r Qr However, 410 uhichieutterlyinsoluble Inwater 

cannot be reduced under the conditions of the sm38y. The! reduction of Q type 

compoundebymltochondrial particles does not depend on solubilityproperties 

alone; 8 considerable de- of structure3 specificity Is apparently involved. 

This is evident from the feeble reducibility of s aad MeQ, both of which are 

completely water soluble but lack the isopreue aide chain. 

It has been shoun earlier that reduction of Coenzyme Qby DF'NE is l&lb- 

ltedbyAmytsl(Iiatef+ietal., 1959) nhiLe the oxidation Is inhIbited by anti- 

mycin A (Ffatefl, 1959; Ftqbrey and Redfearn, 1959; Green et d., 1959). 

Tbesetwo lnbibitoreaswell aspCMS,wlrlchslso inhibiteDFHihyt.~reductase 
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Table I 

Reduction of Coenzgme 
P 

by DPRR 

ELECCROR9R AcTIVITY 

MitOChOYldl% Oxygen .l.l 

11 
s 

1.68 

)t + deoxycholats + cyt.cw Oxpgen 4.3 

It + deo~chola~ 
s 

2.6 

BTPH"" Oxggep 2.58 

II 
Ql 6.42 

S-l* Q-t- c 12.3 

I, 
Ql 9*4 

DPlVk-cyt.5 reductase cs* c 420 

0 
P 35.0 

cf. Unnane aad Wegler, 1958. 

An InBte-stage particle inpreIaarationofD~-cyt.2 
reductase, which also has succinlc-cJrt.~ reductase activity 
(cf. Ratefi et al., 1960). 

activity (Hatefi et al.., l~),beaweas~c~inthendu~~nofqby 

DPRR (cf. Table III). Amytd and $C!M8 inhibit the reduction tile entimycin A 

does not. Recently Erneter et, (1960), bsve &scribed a soluble DPNR-TPNR 

diaphorasewhichis cepble ofreducinginterelia~aswellasQ0. This 

enzgmb is completely InsenSitiVe to Amytal but is inhibited at very low levels 

of dicoumarol (y$ at 1 x 10-s dlcorrmasol). As seen in Table III, dicoumaml 

d80 Idmite the reduction of Cl1 ~3 s ~~LYZ&I by the Amytal--siti- 

dt~cbandrisl Systan. However, much higher concentrations of die-1 are 

nqairedto inhibit the latter system. 
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Table II 

ReaUcibillty of Coenzyme Q Analogues 

Exp. EIvzYME QANAUXUE ACTIVITY 

1 DPNH-cyt.~reductase Ql 32.2 

,t Q2 8.1 

11 Qlo OaO 
2 mH Q1 6.4 

" Q2 1.54 

3 DPNH-cyt.2 reductaee Ql 29.6 

11 B < 3.4 

" MeQ c 2.6 

The addition of fine suspensions of lipid to the reaction medium aids 

the Interaction between Coenzyme Q and the mitochondrial enzymee. In the 

oxidatlonofreducedQloby 8 aubmitochondrial enzyme, the requiremcntfor 

lipid wae found to be absolute (Hatefi, 1959). DPRB-Ql nductase activity 

is also stimulated by lipid. In sbsence of added lipid (asolectln), the 

rate falls toabout ~$ofthem&mal rateul-dchobtahs'inthe complete 

SYi3tem. 

Methods 

Coenzyme Qreductase asssyconditiona -- Thereactionmia&ure(i.nslml 

quartz cuvette) consisted of 20 wles K-phosphate, pli 8.0, 2 pmoles IiaN3, 

0.12 pmole DPMI, 0.05 pmole Q dissolved in 5 ~1 ethanol (s end MeQ were die- 

solved in water), 0.15 III&. asolectin suspebeion (cf. Hatefi et al., 1960) 

andwster to a finalvolume oflml. Theblank cuvette conted.ne&the imme 

mlxtwe except that half as much DPNE was present. Atzemtimeenzymeuas 

added to the experimental cuvette andDPNH disappewance folloWedeverg15 

second6 at340 P]FL inam Beckman S~C~pbOtfXLdXr~ wheremit4JChOndriaad 

ETPHwereused, the particles uere pre-treatedwithantimycin A to inhibit 
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Table III 

Effect of Inhibitors on the Reduction of Coenzyme Qby DPNH 

. Inhibitor Q Homologue Activity 

1 None 
&1 30.8 

Antiqcln A (1 x 10-7M) ,I 28.4 

2 None I, 30.2 

I4mytal(3xldM) I, < 2.6 

gC%ts (3.8 x lo-%) II 1.7 

3 None (1 32.2 

11 Dicoumarol (1 x 10%) 11 15.5 

11 11 (25 x 10-4M) fl 6.4 

11 None Q2 8.14 
11 Dicoumwol (1 x 10-4M) " 1.3 
II II (2.5 x 10%) “ 0.0 

The enzyme used in these studies was DPNH-cyt.c re- 
ductase (Hatefl et al., 1960). 

oxidation of DPNH by molecular oxygen. The latter activity was measured a8 

above except that Q and NaN3 were omitted from the reaction medium. The assay 

conditions for mea surement of cyt.~ reductase activity have been described 

elsewhere (Hatefi et al., 1960). All reactions were carried out at 380 and 

specific activities are reported as pmoles substrate (one electron) oxidized 

or reduced/min,/mg. enzyme protein. The Coenqme Q compunds were gifts of 

Dr. K. Folkers, Merck, Sharp and Dohme Research L&oratories. 

The authors wish to thank Dr. D. E. Green for his continued interest in these 

studies. This workwas supported in pwtbyg~~~3uatetraininggrant~-88 

and research grant m-5873, Division of Research Grants (USPHS); research 

grent H-458, Nationd Beat Institute (USWS); NSF research grant G-3227; and 
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