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In a previous communication of this series (Ziegler and Doe& 1959) it 

was shown that the enzymatic reduction of coenzyme Q (Co&) by succinate does 

not involve the cfiochromes; whereas the antimycin A sensitiw oxidation of 

reduced CoQ is mediated by the cytochrome system (Hatefi, 1953; Pumphrey and 

Redfesrn, 1959; and Green et al 1953). - -, These data demonstrated that Co&, 

~'nown to be an essential component in the sntimycin sensitive oxidation of 

succinate (I-ester and Fleischer, 1959) is required to link the succinic dehy- 

drogenase to the cytochrome system. Succinic dehydrogenase in the form isolated 

Ly Singer et al (1956) does not catalyze the reduction of CoQ Ly succinate. -- 

However, a succinic dehydrogenase can be isolated in a soluble form which will 

catalyze the rapid reduction of CoQ by succinate. The flavin and non-heme 

iron contents of the purified form of such a reductase are essentially the 

same as those of the Singer-Kearney flavoprotein. In addition CoQ reductase 

contains lipid and heme in an amount equivalent to the flavin. 

Protein, flavin, heme and non-heme iron were determined Ly methods des- 

cribed previously (Jknefelt et al 1958). - -) Succinic phenazine methosulfate 

activity was measured either manometrically by the method described by Singer 
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and Kearney (1957) or spectrophotometrically by measuring the reduction of 

cytothrome 2 with phenazine as mediator in the manner described by Hauge (1956). 

When the rates are expressed as wales succinate oxidized per min per mg enzyme 

the txo methods of assay are in close agreement. In the manometric assay 2 

uatoms of oxygen are consumed for each pmole succinate oxidized since hydrogen 

peroxide and not water is the final product formed by the oxidation of reduced 

phenazine by oxygen. The methods used to measure succinic CoQ reductase 

activity will be described in a separate report. 

A suspension of beef heart mitochondria in 0.3 M phosphate, pH 7.4 is 

treated with cholate (0.6 mg/mg protein) and warmed to 38'C for 10 minutes. It 

is then rapidly cooled to 5' and fractionated with smmonium sulfate. The 

fraction that precipitates between 30-4Q$ saturation is collected by centrifu- 

gation and dissolved in a minimal volume of 0.25 M sucrose. After the solution 

has been dialyzed against 0.25 M sucrose to remove excess smmonium sulfate, 

potassium deoxycholate (0.75 mg/mg protein) and ethanol (final concentration 

30%) are added. The precipitate that forms is removed by centrifugation and 

discarded. The supernatant fluid is emulsified with an equal volume of cold 

cyclohexane and centrifuged at kO,OoO rpn for x) min. in the Spinco Model L 

ultracentrifuge. Succinic CoQ reductase quantitatively precipitates as a 

translucent red,pellet. The pellet is resuspended in a small volume of 0.25 M 

sucrose and centrifuged at @,OoO rpm for 30 min. The succinic CoQ reductase 

activity remains in solution. Between 10-15s of the mitochondrial succinic 

flavin is reCOVered in this final extract of purified Co& reductase. The 

enzyme solution can be frozen in 0.25 M sucrose for 2 to 3 days without, appre- 

ciable loss of activity, but repeated freezing and thawing leads to a progres- 

sive inactivation of the enzyme. 

Succinic CoQ reductase at the highest purity level contains 4.5-5.0 mpmoles 

flavin (extractable by acid only after tryptic digestion), 18-m voles non- 

heme iron and 4.8-5.2 voles heme per mg protein. All of the heme is extract- 

able by acetone from the lipid-free protein. Eight to 10s of the dry weight 

of the enzyme is soluble in both ethanol and petroleum ether, and this moiety 
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has been assumed to be lipid. 

Table I summarizes the dehydrogenating activities of the enzyme with each 

of three electron acceptors. The enzyme reacts rapidly with CoQ only when sup- 

plemented with small amounts of the Q lipide extract (Basford and Green, 1959) 

and a non-ionic detergent such as Triton X-100. The detergent solubilizes 

Co& and accessibility of the coenzyme to the enzymes Ln an aqueous medium msy 

depend upon this solubilization. The function of the lipide extract is not 

;~XlOWL The Co& reductase reacts more rapidly with CoQ than with phenazine or 

ferricyanide in contrast to the Singer-Kearney flavoprotein which reacts only 

with phenazine or ferricyanide. 

The difference spectrum (oxidized minus reduced) of the enzyme is shown 

in Figure 1. The flavin, but not the heme component, is reduced by succinate. 

The Q lipoprotein with or without Triton X-100 does not promote the reduction 

of the heme by succinate. 

0.6 

0.4 

ci 
6 

0.2 

0.0 

-0.1 

-I- 562 

- +succinate 

400 450 mu 500 550 

Fig. l.Difference spectra of solutions of succinic Co& reductase recorded with 
a Eecl-man DK-2 spectrophotometer. The enzyme was dissolved in 0.1 M phosphate 
buffer pH '7.4 at a final concentration of 1.16 mg protein per ml. 
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While the heme group does not participate as an electron carrier in the 

reduction of Co&, it may be required to preserve some structural wement 

within the enzyme necessary for Co& reduction. All attempts to prepare a Co& 

reductase free of heme have been unsuccessful. It would appear that the coQ 

reductase is not a simple mixture of a hemoprotein and a flavoprotein, since 

the ratio of protoporphyrin to succinic flavin remains constant in the final 

stages of the purification and the tm components cannot be separated by 

methods ordinarily used to fractionate proteins. 

A heme free flavoprotein, siznilar to the Singer-Kearney flavoprotein can 

be prepared by converting the CoQ reductase to an acetone ponder in the presence 

of 1% tertiary amyl alcohol in the manner described by Basford s a& (1957). 

The heme group is extracted by acetone but the flavin to protein ratio of the 

acetone-extracted material is the same as that of the untreated flavohemopro- 

t&l. CoQ reductase activity is irreversibly destroyed by this treatment, but 

the resulting heme-free flavoprotein can still carry out the succinate- 

phenazine or succinate-ferricyanide reactions. Since Singer et al (1956) have -- 

reported that a heme-free succinic dehydrogenase, with an identical flavin 

content, was a homogeneous protein, it would appear that the succinic Co& 

reductase enzyme is a single protein with two prosthetic groups, and only one 

of these (the flavin) is involved in the reduction of Co& by succinate. 

In mspy respects the succhic CoQ reductase is analogous to the yeast 

lactic dehydrogenase (Appleby and Morton, 1954; Nygaard, 1959; and Borio 5 

a& 19591. Both enzymes can be isolated as flavohemoproteins and in each case 

the heme component Is not an oxido-reduction intermediate in the reaction 

between the flavoprotein and external cytochrome 2 
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