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The electron transport system-operative in succinoxidase and DPNH- 

oxidase, can be divided into four enzyme complexes: 

(a} DPNki-coenzyme Q reductase 

(b) Succinic-coenzyme Q reductase 

(c) Reduced coenzyme Q (Q@ - cytochrome 5 reductase 

(a) Cytochrome 5 oxidase 

Each complex has now been obtained in our laboratory in relatively pure form 

with little or no contamination by the others. 

Recently, we have been able to combine the first three complexes and 

reconstitute the DPNH - cytochrome c reductane sys-km, the succinic-cytochrome 

5 reductase system as well as the DP8R, succinic-cytochrome 2 reductase system, 

Functionally the reconstituted particles are indistinguishable from the 

original systems, which e:dst in the mitochondrion and derivative particles. 

Coupling one enzyme system to another is quite common in biochemical 

research and reconstruction in the sense that an enzyme system can be funclion- 

ally coupled to another is very easily achieved wikh soluble as well as with 

particulate enzymes. The only requirement in such cases Is that the two 

systems should shere a water- soluble intermediate which must be present during 

assay at relatively hi& concentration. Thus the alcohol dehydrogenase system 

can be linked to the respiratory chain of mitochondria provided that DW, the 

common intermediate, is present in high concentration. Two particulate 
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enzymes, such as mitochondrial cytochrome 2 reductsse and cytochrome c oxidase 

can also be coupled T.rhen sufficient amount s of cytochrome 2 (cyt. 2) are added 

to the assay medium. Reconstitution of the electron transport system in the 

sense that will be described in this and the accompanying communication is 

of an entirely different nature. In these instances reconstitution is 

achieved by interaction between two particles to reform the larger unit from 

which they were derived; and no water soluble, common intermediate is required 

during assay to establish electronic communication between the daughter psx- 

titles. Reconstitution occurs when relatively concentrated solutions of the 

daughter particles are mixed together (Hatefi et al. 1961a). If dilute solu- -- 

tions of the,two particles are mixed, reconstitution does not occur to any 

appreciable extent. Iiowever, once reconstitution has been achieved by mixing 

together of concentrated solutions of the daughter particles, then the solution 

can be diluted and the reconstituted system acts as a functional entity show- 

ing no tendency for dissociation. Reconstruction of tne original enzyme unit 

such that structural and functional integrity sxe optimally attained suggests 

that a specific recombination of the daughter particles takes place. 

In the present conmlunication the preparation a&i general properties of 

the above complexes are discussed. In the accompanying communication (Hatefi 

et al. 1961s) the conditions for reconstitution and general properties of the -- 

reconstituted succinic-cyL 5 reductase, DPNH-cyt. 5 reductase and SUCCiniC, 

,DPNH-cyt. c reductase systems will be presented 

Q Reductase 

This enzyme complex constitutes the first half of the DPNX-cyt. 2 

reductase system of mitochondria, which has been isolated in purified form 

and its properties extensively studied (Hatefi et al. 1961 b, c). Preparations -- 

of DPNH-q-t,. 2 reductase contain DPNH flavoprotein, non-heme iron, coenzyme Q 

(Q), c+ b_ and cyt. % The enzyme catalyzes the reduction by DPNH of about 

50-Q pmoles cyt, cJmin/mg protein at 38'. The overall activity of the system 

is inhibited by p-chloromercuriphenyl sulfonate (p-GE), Na-Amytal, atItimyCin 
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A, sra-5949 and 2-nonyl-4-hydroxyq~inoline-:?-0::ide. The point of inhibition by 

&nytal is after the flawprotein and before & and the cytochromes, Chile itnti- 

mycin A blocks electron flav beloer cyt. c -1 and z.Cer Q rind q-t. h. The C -rehc- Y 

tase activity of the pre-psxation and the conditions for assay of this activity 

have been reported (Zatefi et al. 1962). -- 

The DE’iiIl-Q reductase complex has been isolated from DP'NH-cyt. 2 reductasc 

by fractionation 76th cholate and (NH14),-$04. This unit contains i)PiX flavo- 

protein, non-heme iron and Q. The spectrum of the preparation is given in 

Fig. 1 and its enzymic properties are summarized in Table I. 'The preparation 

is essentially free of other activities. A residual amount of cytochroI;1es b_ 

and 21 (less than 0.10 nprmolesfmg proteinj i s still present in the enzyme; 

consequently a small degree of cyt. 5 reductase activity remains. DPX-0, 

TABLE: I 

Enzymic Properties of DPGi-Coenzyme Q Reductase 

Electron Acceptor 

Ql 

Ql 

Ql 

Ql 

Ferricyanide 

Inhibitor 

es 

p-CH.S (6 G~.i) 

Amytal ( 3 rNj 

Demerol (0.5 r&.1) 

-- 

Specific Activity 

27.2 

0.0 

< 2.0 

< 2.0 

mc.0 

The assay for DpiiH-Q reductase activity VW the same as described 
previously (Ilatefi et al. 1960). -- Conditions for DPXH-ferricyanide reductase 
assay - 40 pmolec Tris-Cl, pH 7.5, 0.15 pmole DF%X, 1.6 poles K -'e(cN)6 in 
the experiment&L cuvette and 0.9 wmole in the blank cuvette and ater to 1.0 6$ 
EJL The experiments were carried out at 38' and the specific activity is 
expressed as LLmoles substrate (one electron) reduced or oxidized/min/mg enzyme 
protein. 

reductase ac%ivi%y is inhibited by AmyLal and p-C:IS but not by sntimycin A. 

Only the isoprenologues of coenzyme Q are rapidly reduced by the enzyme; com- 

pounds such as 2,3-dime-Lho~g-5,6-dimethylbenzoquinorie (ibq) and 2,3-&ime~;ho~~- 

5-methylbenzoquinone ($) are poor sub stitu-tes (Iiatcfi et aL 1960). -- 
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Sigurel- Difference spectrum of Dl?RH - Q reductane - 5 rng enqnne protein, 
x) w&es K-phosphate, $i 8.0, 2nd 0.66 Ii sucrose to 1.C ml. The 
preparation KG reduced :rith 0.15 pnole DPRT. 

Reduced Q (QIi2) - Cytochrome $ Reductase 

This enzyme complex constitutes the second half of the DPHH-cyL 2 

reductase and remains in the supernatant after precipitation of DPiIR-Q 

reductase by (!XR$2SO~ w2-cyt. 2 reductase is precipitated by further 

addition of (NH~k)2S04 to the medium. This enzyme complex contains cyt. b,, cyt. 

5l and non-hame iron, and catalyzes only the reduction of cyt. 2 by CJiO (Table L 

II). This reaction is inhibited by antimycin A but not by Amy-t& The cpec- 

trum of the preparation is given in Fig. 2. 

WAVELENGTH IN MILLIMICRONS 

Fi,@re 2 - DiEerence spectrum of ($32 - cyt. c reduchsc - 1.8 r:3C enzyme 
protein, 20 p~oles Ii-phosghzte, pIIX.0, ;Lnd 0.G L.1 cucrosc to 1.0 
ml. The preparation :ws reduced llith Bti2S201;. 
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TABJJZ II 

Enzymic Froperties of QH2 - Cytochrome g Keductase 

Substrate 

QH2 

@I2 

Succinate 

DPNH 

Inhibitor 

-mm 

Antimycin A 
(2 w/mJ-) 

--a 

w-m 

Specific Activity 

4m.o 

< a.0 

0.0 

0.0 

7.4, 
conditions for VI -cyt. 5 reductase assay+ - 40 pies K phosphate, pII 

O.l~.unole FBTA, % pmoles Na Azide, 50 IL& Q2H2 (in ethanol), 1.5 mg cyt. 
c. Specific Actitity is eqressed as wles cyt. 2 reduced per min. per mg. 
protein at 380. Succinic-cyt. c reductase and DPNH-cyt. 2 reductase assays 
have &ready been described (Hacefi et al. 1961b). -- 

* We,are indebted to Dr. J. Rieske for performing these assays. 

Succinic-Q reductase has been prepared by Ziegler and Doeg (1959) in 

this laboratory. The preparation contains succinic flavoprotein, non-heme 

iron and little or no G It also contains cyt. b, whose functional link to 

the dehydrogenase has been altered during isolation, rendering it non-reducible 

by succinate. Succinic-Q reductase activity is inhibited by thenoyltrifluoro- 

acetone but not by Amy&l or antimycin A. Other characteristics of this 

preparation have been described previously by Ziegler and Doeg (1959). The 

interactions of the above enzyme complexes have been of great value in the 

study of sequence of components and their functional interrelationships in 

the electron transport system of mitochondria 
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