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Since the identification of cytochrome & by Keilin (1925) there have 

been numerous reports of the Isolation of this hemoprotein In varLous stages 

of purity from mian heart muscle (INbscher g a& 1954; Widmer g a& 

1.954; Sekuzu and Okunuki, 1956; and Feldman and Wainio (19%). !Phe prepara- 

tions reported by Sekuzu and Okunuki (1956) and by Feldman and Wainio 

(lg%), obtained through the use of proteolytic and lipolytic enzymes, were 

shown to be free from associated enzymatic activities and from contamlnatlon 

by other cytochromes. However, the lnqiete physical data given by both 

groups render rigid assessment of purity a difficult matter. In the 

present work an account is given of a procedure for the isolation and 

purification from beef heart mitochondria of a cytochrome b that appears 

by spectral, ultracentrifugal, and chemical standards to be the purest 

yet reported. In contrast to the methods used by other groups (Sekuzu 

and Okunuki, 1956; and Feldman and Wainio, lg%), this method avoids 

the damage to theproteinvhichnrayattendexposure toproteolytlcand 

impure lipolytic enzymes. 

* This work was supported In part by Mvlsion of Research grants 
graduate training grant 26-88 and Rational Heart Institute research 
grant H-458 both of the loatlonal Institutes of Health, USPHS; National 
Science Foundation Grant G-3227; and Atamic Rn%rgy Gommission Con- 
tract AT (IL.-~) 64, Project 4. Meat pmducts were genezouslyfur- 
nished by Oscar myer and Go., Madison, Wiseansln. The authors wish 
to thank Professor D; E. Green for hla continued interest and en- 
couragement during the course of this work. 
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Beef heart mitochondria, prepared as previously described (Crane 2 

a& 1956), were diluted to a protein concentration of 30 mg/ml by hams- 

genizatlon with 0.9% KU. A solution of SO~~IUO deixiycholate 7~s added 

to give a final detergent concentration 1.35% The suspension was then 

centrifuged in a Spine0 Model L preparative ultracentrifuge in a #30 rotor (all 

centrifugations were made in this way unless otherwise specified) for 60 min- 

utes. The superwtant vas made 1.7s (W/V) with respect to sodium cholate, 2$ 

(W/V) with respect to Euponol 0 (sodium lauryl sulfate), and 3OOp saturated 

with respect to anunonium sulfate (solid). Ihe turbid suspension was then cen- 

trifuged. Solid ammonium sulfate vas added to the supernatant to 50s satura- 

tion, and the suspension centrifuged. The resulting orange sediment was dis- 

solved in sufficient 0.1 M phosphate buffer, pB 7.4, to give a protein concen- 

tration of 15 mg/ml.. The solution was heated ta kI°C. for 5 minutes and the 

resulting precipitate removed by centrifugation. Solid ammonium sulfate (10.6 

g/l00 ml) was added to the supernatant; the suspension was heated at 35" for 

5 minutes and then centrifuged. Sodium cholate (3 mg/mg protein) and ananonium 

sulfate (6.9 g/loo mu.) were added to the supernatant and the solution was heat- 

ed at hl" for 5 minutes. Centrifugatlon of this suspension gave a blood-red 

sediment which was essentially cytochrome band represented kJ$ of the cyto- 

chrome 2 present in the starting material. It had a heme:protein ratio of 
-1 -1 

12.2 D/g based on a molar extinction coefficient of 20.7 mM cm .* Eamina~ 

tion of the direct spectrum of the material isolated at this point in the pro- 

cedure failed to reveal the presence of any cytochnmne other than cytochrome 2. 

however, application of the differential heme method of Basford (1957) enabled 

detection of trace amounts of cytochrome 2%. 

This material was purified further by the following procedure. The blood. 

red sediment was hoonogenized In a sufficient quantity of 0.25 M sucrose to give 

a protein concentration of 10 mg/ml. This suspension vas clarlfled by adding 

* E. I. Dupont, Wilmington, Delaware 
S-S This figure vas calculated from the value obtained by B. Chance (1952) for the 

pyridine hemochromogen of cytochnxae 2. 
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Duponol C to a final detergent concentration of 0.3s (W/V). Ammonium sulfate 

(2.6 g/100 ml) was aaaea, the suspension was centrifuged, and supemknt as- 

carded. The final preparation of cytcdrome 2 was then obtained by repeating 

the above procedure with sucrose, DuponolCandarmnoniumsulfate,andhwgeniz~ 

tion of the residue in 0.10 M phosphate buffer, pH 7.4. AU operations in the 

isolation procedure were performed at O-So unless otherwise specified. 

The cytochrome 2 thus obtained had 36 $4 of heme per gram of protein, and 

represented 30s of all the cytochrome 2 in the original suspension of beef heart 

mitochondria . !Che iron content of this preparation, determined by the method of 

smith et al (1952), was 0.18$. 'fhe absorption maxima (see Fig. 1) in the dithi- -0 

onite-reduced form were at 562, 532 ana 429 nw. The preparation contained less 

than 0.04s phospholipid phosphorous, and less than lmole of flavin per 65 

moles of heme. Nocytochrome~ 2 or 3 heme was detected upon application Of 

the differential heme method, It was auto-oxidizable and had no succinic or 

DPNH dehydrogenase activity associated tith it. It could be dfspersed with 

0.001 M Duponol C, but precipitated at 5s saturation with ammonium sulfate. 

Sedimentation studies* of such a dispersion in a Spinco Model E analtiical ultra- 

centrifuge indicated the presence of large aggregates with "molecular weights" 

of at least two miUion. After solubilization of the cytochrome b in 0.015 M 

cetyldimethylethyl.amnxxlvm bromide (CDEAB), however, precipitation with ammonium 

sulfate was accomplished only at 'j'O$ saturation. Inanalytical ultracentrifuge 

studies of the CDEAB-solubilized cytochrome 1 (CDEAB at 0.004 M) the hemop- 

tein sedimented with a single boundary with which all the color was associated. 

The sedimentation coefficient Elo, was calculated to be 2.6 Svedberg units. From 

this value and from data obtained using the Archibald approach to equilibrium 

method, an average molectiar weight of 20,000 was calculated. (The partial spe- 

cific volume, .748, detentdned by Stritkatter and Velick (1956) was used in Cal- 

culating this molecular weight.) Calcdation of the molecular weight from iron 

* We are indebted to Professor Robert Bock, Dr. Fay Yin and Mr. Richard Griddle 
of the Agricultural Biochemistry Department, University of Wisconsin, Madison, 
for performing the analytical ultracentrlfuge studies. 
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analysis gave a value of 30,000; from spectral data, 28,000. The huzk of agree- 

ment may w&l indicate that the cytochrane b obtained needs further purification. 

429 562-v 

l.OO- p 0.6 - 

532 

450 500 600 
mP 

Fig. 1. Direct Absorption spectra of cytOch.rome 1 recorded with a Beclw~n 0862 
spectrophotometer. The cytochrome was dispersed with M/l000 Euponol C in M/l00 
phosphate buffer, pH 7.4, at final concentrations of 0.20 mg. protein per ml. 
(complete spectnrm) and 0.88 mg. protein per ml. (insert). 

The insolubility of the cy-tochrome 2 in the absence of CDE4Ei is apparently 

an intrinsic property of this hemoprotein, and is a consequence of the formation 

of large aggregates rather than a reflection of heat denaturation. This conclu- 

sion is reached from the following considerations. Cytocbrome b was prepared 

by us in one step without the use of heat from an enzymaticfdly functional cyto- 

chrome b-3 complex. This preparation was also insoluble in buffers, in sodium 

cholate and in sodium deoxycholate, but could be dispersed with Duponol C. Fur- 

ther studies.qn the isolation and purification of cytochrome 2 will be reported 

in-a later communication. 
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