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SUMMARY 

A membrane fraction has been prepared by incubation of microsomes for 
IO rain at room temperature in a solution which is 0.23 % with respect to KC1 and 
IO % with respect to tert.-amyl alcohol. This fraction which sediments as an infra- 
natant layer contains electron-transfer components and activities at a purity about 
2-fold greater than in the microsomes. This fraction is enriched in lipid and has the 
appearance of a vesicular membrane with a uniform repeating subunit structure with 
a diameter of about 50 )t, similar to that of the original microsome. It  is suggested 
that the microsomal electron-transfer membrane is separable from microsomes because 
of its greater ability to bind lipid in the presence of tert.-amyl alcohol. 

A protein complex containing the carbon monoxide-binding pigment (P-45o) 
has been isolated from beef-liver microsomes. The P-45o compound is concentrated 
4-5-fold in the isolated complex and the spectrum of the compound is undegraded. 
The complex contains the following prosthetic groups, flavin, a cytochrome of the b 
type and non-heine iron. Spectral studies indicate that CO does not react with the 
cytochrome b, but combines with another component which absorbs strongly at 
wavelengths shorter than 420 mt~. 

A protein-lipid complex containing NADH-cytochrome c oxidoreductase ac- 
tivity has been isolated from beef-liver microsomes. The preparation of the enzyme 
by the successive use of tert.-amyl alcohol, cholate, and ammonium sulfate is described. 
The enzyme, purified IO- to I5-fold over the microsomes is soluble in the presence of 
bile acid and contains cytochrome b 5 and flavin (FAD) in a I : I  ratio, phospholipid 
and non-heine iron. 

INTRODUCTION 

Microsomal electron transfer is currently a field of intensive research. Although 
the microsomal electron-transfer enzymes are membrane-associated, many of them 
have been prepared in highly purified soluble form 1-5. The concept of membrane-bound 
enzymes as complexes n implies that the individual protein components, for example 
those of the electron-transfer system of microsomes, are organized so that several 
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proteins function together as a unit of integrated enzymic activity. The isolation of 
several distinct functional complexes has been of great value in understanding the 
electron-transfer chain of mitochondria 8-11. A systematic study of the enzyme com- 
plexes of the microsomal electron-transfer system, however, has not yet been made. 

We have found that with tert.-amyl alcohol it is possible to separate from micro- 
somal preparations a membrane fraction containing the major electron-transfer sys- 
tems of microsomes. This fraction contains the electron-transport enzymes in 2- to 
2.5-fold greater purity than the microsomes and appears membranous when examined 
by electron microscopy. Using the microsomal electron-transfer membrane as a source 
material we have developed a simple method of preparation of a NADH-cytochrome c 
oxidoreductase (EC 1.6.1.1) complex from microsomes. The preparation and proper- 
ties of this enzyme complex will be described in this paper. 

A second major electron-transfer component of microsomes is a CO-binding 
pigment. That such a pigment existed was implicit in the studies of RYAN AND ENGEL 12 
and was subsequently demonstrated in rat-liver microsonles by GARFINKEL 13 and 
KLINGENBERG 14. This pigment, which has an absorption maximum at 45o m/* when 
combined with CO, has been designated "P-45o" by OMURA AND SATO 15. P-45o has 
been found in a variety of microsomal preparations 15-17 and even in mitochondrialS, 2°. 
A role for P-45o in oxygenase reactions was postulated by ESTABROOK et al. 2° and 
by OMURA et al. 2~ who found P-45o to be an essential component of the hydroxylation 
system of the adrenal cortex. CO inhibited these hydroxylation reactions and light 
reversed the inhibition. The action spectrum of the reversal by light corresponded 
to the spectrum of the CO complex of the pigment. 

The isolation and characterization of P-45o have proved difficult. OMURA .aND 
SATO 22 purified a pigment from rabbit liver which satisfied certain criteria of being 
the CO-binding pigment. The CO adduct of the pigment had an absorption maximum 
at 420 m/* and was therefore labelled P-42o. These spectral anomalies were explained 
in terms of secondary changes in the P-45o after its detachment from the membrane. 
Spectral studies of the degraded form of the pigment have strengthened the view that 
P-45o is a cytochrome of the b type. In our preparation we have found that P-45o 
can be isolated and purified some 4-5-fold without degradation to P-42o. Spectral 
studies, also described in this communication, indicate that P-45o is not a charac- 
teristic cytochrome. 

MATERIAL AND METHODS 

Enzyme assays 
NADH-cytochrome c oxidoreductase and NADPH-cytochrome c oxidoreductase 

(EC 1.6.2.3) activities were measured under conditions described by GREEN AND 
MACKLER 23 except that the temperature was 3 o°, NADH, NADPH and ascorbic acid 
oxidase activities were measured polarographically at 3 °o with the Gilson Medical 
Electronics oxygraph. The reaction mixture contained 5oo/,moles sucrose, 5o/*moles 
glucose, 4o/,moles phosphate buffer (pH 7.5), 2o/,moles MgCI~, 5/*moles substrate 
and 2-5 mg of protein in a final volume of 2.o ml. Coenzyme Q2 was added, where 
indicated, at a concentration of 5o/*g/ml. FeSO 4 was added at a concentration of 
5/*M to the reaction mixture in the assay of ascorbic acid oxidase. The hydroxylation 
of acetanilide by NADPH and molecular oxygen was assayed by the method de- 
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scribed by  KRISCH AND STAUDINGER 24. n-Glucose-6-phosphate phosphohydrolase 
(EC 3.1.3.9) activity was assayed by  the method of SWANSON ~5. 

Analyt ical  methods 
Total iron was determined, after wet digestion of the sample, by  the method 

of SMITH et al. ~6. Non-heme iron was estimated as the difference between total  iron 
and heine iron. Copper was determined by the method of WHARTON AND TZAGOLOFF 27, 
and phosphorus by the method of CHEN et al. 2s. For the determination of lipid phos- 
phorus, quanti tat ive lipid extracts were made by  the method of FOLCI~ et al. ~9 and 
phosphorus determinations were performed on the extract. Extractions of RNA 
were carried out as described by  MITTERMAYER et al. 3°. Particles were extracted two 
times with a mixture of 48 % acetone and 5 % trichloroacetic acid and two more times 
with 0.25 M perchloric acid at room temperature;  the extracts were discarded. The 
particles were then extracted twice for 15 rain with 0.5 M perchloric acid at 7 o°. The 
hot perchloric acid extracts were analyzed for RNA by  the method of MEJBAUM 31. 
Flavin was extracted with 4 % trichloroacetic acid from particles digested by  trypsin, 
as described by  BLAIR et al. ~2. Total ravin  was estimated by the decrease in absorbance 
at 450 m/, following the addition of dithionite. A coefficient of lO.3 mM -1 cm -1 was 
used in the calculation. 

FAD and FMN were separated by  paper chromatography in a solvent system 
composed of butanol-acetic acid-water (12:3:5, v/v). The fuorescent spots were 
eluted from the paper; their contents were estimated by  fluorometric analysis; 
authentic FMN and FAD were used as standards. 

Cytochrome b 5 was estimated from difference spectrum between the oxidized 
and NADH-reduced forms. A coefficient of 163 mM -1 cm -1 was used for the difference 
in absorbance between 424 and 409 m~ (ref. 33). Total  heroin was measured after 
formation of the pyridine hemochromogen derivative 3~. A coefficient of 29. 5 mM -~ cm -1 
was used for the difference in absorbance between 556 and 590 m~. P-45o was esti- 
mated from the difference spectrum determined after bubbling CO through one of 
two dithionite-reduced samples. A millimolar extinction coefficient of 91 mM -1 cm -1 
for the difference in absorbance between 450 and 49 ° m~ was used 35. Protein was 
estimated by the biuret method of GORNALL et al. 36. 

Electron microscopy 
A drop of the suspension to be examined, at a protein concentration of 5 mg/ml 

was spread on a specimen grid covered on one side with a thin parlodion film, and 
on the reverse side with a light coat of carbon. The excess suspension was removed 
with filter paper and a drop of 1% phosphotungstic acid neutralized with KOH and 
freshly filtered through a IOO-& millipore filter was pipetted onto the grid. Excess 
phosphotungstic acid was immediately removed with filter paper. Specimens were 
examined at 75 kV in the Hitachi HUll-B microscope. Micrographs were taken on 
Kodak contrast plates at electron optical magnifications of 25000 or 50000. 

Other methods 
The separation of subunit proteins by  disc-gel electrophoresis was carried out 

in a system described by  TAKAYAMA et a l Y .  Samples were extracted with aqueous 
acetone (IO % water) to removed phospholipid and bile acids. The extracted protein 
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was washed several times with a large volume of water;  it was then dissolved in 
phenol-acet ic  ac id-water  (2:1:1,  w/v/v). The sample was made 2 M in urea and 
applied to the top of a 5o-mm tube of polyacrylamide gel (7-5 3L acrylamide, 35 0o 
acetic acid, 5 M urea). The proteins were separated at room temperature  with a 
current of 5 mA for I h. The separated protein bands were visualized by  staining with 
Amido Black. 

Cholic acid, obtained from the Mann Biochemical Co. was t reated with charcoal, 
recrystallized from ethanol, dried, and brought  into 20 o/ (w/v) solution by the ad- /O 

dition of 6 M KOH to pH 8.0. 
Electron paramagnet ic  resonance spectra were obtained with a Varian in- 

s t rument  at a temperature of -172°.  

RESULTS 

Preparation of mierosomes 
Microsomes were prepared from beef liver by the method of Dr. S. FLEISCHER 

(personal communication).  Beef liver was obtained from the slaughterhouse and was  
stored at 4 ° until used (usually within 3 h of removal from the animal). Adipose 
tissue was removed and the t r immed organ was sliced into small cubes, weighed, and 
suspended in 3 vol. (w/v) of a solution tha t  was 0.25 M in sucrose and o.oi  M in 
K2HPO 4. I ml of 6 M KOH was added for each 500 ml of the sucrose phosphate buffer 
and the tissue was blended in a Handrow blender as for 35 sec. After blending, the 
pH of the suspension was between 7.0 and 7.2. The homogenate was centrifuged for 
9.5 rain at 16oo × g in an Internat ional  serum centrifuge having a capaci ty  of 13 1. 
The supernatant  fluid from the low-speed centrifugation was passed through a 
Sharples centrifuge at 63 ooo rev./min at a flow rate of 50 ml/min. The resulting super- 
na tan t  was then centrifuged in the No. 30 Spinco rotor  at 79000 × g for 90 rain. 
The clear red supernatant  was discarded and the yellow lipid adhering to the sides 
of the tube was wiped off with tissue paper. The translucent  red pellet was resuspended 
in about  one-tenth of the original volume of a solution tha t  was 0.25 M in sucrose 
and o.oi  M in Tris-chloride (pH 7-5) (sucrose-Tris) and centrifuged at 79000 × g 
for 9 ° rain. The resulting supernatant  and loosely packed infranatant  were decanted 
and the packed red pellet was resuspended in sucrose-Tris at a protein concentrat ion 
of about  50 ing/ml. This microsomal preparat ion was frozen and stored at - -20  ° 
until used. 

Preparalion of microsomal electron-transfer membranes 
Microsomes which had been stored at least 12 h at - - 2 0  °, were thawed and 

the protein concentrat ion was adjusted to 27 mg/ml with sucrose-Tris. The suspension 
was diluted with l/a vol. of 0. 9 % KC1 and tert.-amyl alcohol was added with stirring 
to a final concentrat ion of IO %. The mixture, in samples of about  200 ml, was stirred 
slowly at room temperature  for IO rain. The suspension was then centrifuged in 
cooled tubes at 79000 x g for 30 rain at 4 °. Three distinct phases were f o r m e d - - a  
hard-packed brown residue, a red translucent infranatant  layer and a clear yellow 
supernatant .  The red material  separated as a floating oil at tert.-amyl alcohol concen- 
t rat ion greater than IO % or if the centrifugation was not  performed at low tempera-  
tures. Conversely, at lower alcohol concentrations, an effective separation was not  
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obtained. The supernatant containing neutral lipid but very little protein, was decanted 
and the red infranatant layer was collected by rinsing the pellet two or three times 
with a few ml of o.9 % KC1. The red fractions were pooled, homogenized in a teflon-glass 
homogenizer, and diluted to the original volume with 0. 9 % KC1. This homogenate 
was centrifuged at 79ooo × g for 30 rain; the supernatant was discarded and the 
loosely packed residue was suspended in sucrose -Tris. This preparation will be referred 
to as the microsomal electron-transfer membrane. 

Preparation of P-45o 
Microsomal electron-transfer membranes split from microsomes were washed 

twice in 0. 9 % KC1 and resuspended at IO mg protein per ml in 0.25 M sucrose, 
o.oi M Tris-ehloride (pH 7.5) (sucrose-Tris). A solution of potassium cholate (20 %, 
w/v, in cholic acid) was added to give a final concentration of 2.0 mg cholic acid per 
mg of protein. The clarified solution was centrifuged for IO rain at 78 ooo × g. This 
centrifugation caused a separation of a small amount of floating yellow material 
(lipid) which was removed with tissue paper. The supernatant fluid was further frac- 
tionated with a solution of ammonium sulfate saturated at 4 ° and neutralized to pH 
7.0. Ammonium sulfate was added to 4 ° % saturation and the precipitated protein 
was recovered after centrifugation at 78000 × g for IO rain; it was then dissolved 
in sucrose-Tris. Two additional ammonium sulfate fractions were obtained at 50 % 
and 73 % saturation, respectively. The supernatant fluid after 50 % saturation con- 
tained little spectrally detectable P-45o. The precipitate obtained at 50 % saturation 
contained most of the P-45o pigment. This material was soluble in sucrose-Tris. The 
material that separated at 73 % saturation appeared as a floating layer and was used 
as a source of NADH-cytochrome c oxidoreductase. 

T A B L E  I 

PURIFICATION OF THE P-45 o COMPLEX FROM BEEF-LIVER MICROSOMES 

Fraction Protein P-45 o 

Total % Total % 
mg ml~moles 

P-45 o 
(re#moles/rag 
protein) 

Microsomes  7300 ioo  2480 ioo  o.34 
M ic rosoma l  e l e c t r o n - t r a n s f e r  

m e m b r a n e s  115o 15.8 94 ° 38 o.82 
0 - 4 0  % a m m o n i u m  s u l p h a t e  21o 2.9 244 9.9 1.17 

4 0 - 5  ° % a m m o n i u m  s u l p h a t e  174 2. 4 302 12.2 1.75 
5 0 - 7 0  % a m m o n i u m  s u l p h a t e  166 2.3 23 0.9 o.14 

Table I summarizes data on the purification and recovery of P-45o from beef- 
liver microsomes. In later fractionations the method was modified, cuts being made 
at 45 % and at 5 ° % saturation with respect to ammonium sulfate. P-45 o was concen- 
trated to about the same extent in each fraction. The specific concentration of P-45o 
in these fractions ranged from 1. 4 to 1.5 m~moles per mg protein, which indicated 
a 4-5-fold purification of the pigment. Refractionation of the highest purity material 
with cholate and ammonium sulfate did not enable us to obtain a purer preparation; 
rather it invariably lead to some conversion of P-45o to P-42o. 
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Preparation of NADH-cytochrome c oxidoreductase 
After precipitation of the remaining protein with 73 % saturated ammonium 

sulfate the infranatant solution was syringed off and the red viscous material was 
suspended in sucrose-Tris at a protein concentration of about IO mg/ml. The turbid 
suspension was centrifuged at 105000 × g to remove a brown hard-packed pellet 
containing most of the residual P-45o. The optically clear red supernatant fluid, 
designated R 4, was dialyzed against IOO vol. of 0.05 M Tris-HC1 buffer (pH 8.0) for 
3 h to remove residual salt. The dialyzed solution was then refractionated with 
ammonium sulfate. Saturated ammonium sulfate solution (at 4 °) was added to 50 % 
saturation and the suspension was centrifuged at 105000 × g for IO rain. The brown 
residue was discarded. The ammonium sulfate concentration was then raised to 58 % 
saturation the NADH-cytochrome c oxidoreductase complex, designated R2B, being 
precipitated. This protein fraction was orange in color and was soluble in sucrose-Tris. 
The supernatant fluid from R2B was red in color and was rich in cytochrome bs, 
cholate, and phospholipid. 

A typical fractionation is documented in Table II.  The data show the distri- 
bution of total  protein and of NADH-cytochrome c oxidoreductase activity among 
the fractions described above. Per mg of protein the NADH-cytochrome c oxido- 
reductase activity in the microsomal electron-transfer membranes was concen- 
trated 2-fold above its concentration in the microsomes. In fraction R 4, obtained by 
dissolving microsomal electron-transfer membranes in cholate and fractionating with 
ammonium sulfate between 50 and 73 % saturation, the concentration of the enzyme 

TABLE I I 

P U R I F I C A T I O N  O F  N A D H - c Y T O C H R O M E  C O X I D O R E D U C T A S F ,  

Total activity is expressed as the number  of #moles of cytochrome c reduced per rain. Specific 
activity is expressed as the number  of / ,moles  of cytochrome c reduced per min per mg protein. R 4 
is a fraction obtained from microsomal electron-transfer membranes.  The membrane  was dissolved 
in cholate (2 ing potass ium cholate per mg protein) and R 4 was precipitated between 5 ° and 73 °'o 
sa tura t ion  with ammon i um  sulfate; R2B was obtained from R 4 by fractionation with a mmon ium 
sulfate. I t  precipitated between 5 ° and 58 °/; sa turat ion with ammon ium sulfate. 

Fraction Total Total Specific 
protein activity activity 
(rag) 

Microsomes 7300 5700 0.78 
Mierosomal electron- 

t ransfer  membranes  115o 173o 1.5o 
R 4 166 157o 9.5 ° 
R2B 23 276 I2.O 

was i2-fold greater than in the microsomes. At this stage, the enzyme preparation 
contained lipids and cholate in relatively high amounts and was rich in cytochrome b 5. 
When the enzyme complex was precipitated between 50 and 58 % saturation with 
ammonium sulfate, cytochrome b 5, cholate, and lipid remained in the supernatant 
fluid. The enzymic activity was concentrated about I5-fold at this stage. Recovery 
of the enzyme in this final fractionation was not quantitative, however. We have been 
unable to obtain high enzymic activities by  precipitating the complex between 50 
and 58 % saturation with ammonium sulfate during the first fractionation. 
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Enzymic activities of microsomes and microsomal electron-transfer membranes 
Table I I I  summarizes some of the enzymic activities of the microsomes and 

the microsomal electron-transfer membrane. The rates of oxidation of NADH or 
NADPH by cytochrome c, or by oxygen, in the presence or absence of a quinone such as 
coenzyme Q2, are all from 1.6 to 2.4 times greater in microsomal electron-transfer 
membranes than in microsomes. Ascorbic acid oxidase which was found associated 
with the microsomal fraction, was also concentrated some 2.4-fold in the microsomal 
electron-transfer membrane fraction. The specific activity of the hydroxylating en- 
zyme as tested with acetanilide was reduced in the tert.-amyl alcohol fraction. Glucose- 
6-phosphatase activity was apparently destroyed by treatment  with the tert.-amyl 
alcohol. 

Enzymic properties of P-45o 
The enzymic activities of P-45o are also presented in Table I I I .  N A D H -  and 

NADPH-cytochrome c oxidoreductase which characteristically precipitate above 
50 % saturation with ammonium sulfate, were present in very low amounts. The 
preparation had NADPH oxidase activity which was stimulated by  menadione or 
coenzyme Q. The enzyme, however, did not catalyze the oxidation by oxygen of 
either reduced menadione or coenzyme Q. This activity is probably the same as the 
naphthoquinone-dependent NADPH oxidase purified by NISHIBAYASHI et al. ~9. Hydro-  
xylation activity was tested with acetanilide as substrate. None of the fractions ob- 
tained from microsomal electron-transfer membranes catalyzed the hydroxylation 
of this substrate. 

Activities associated with the NADH-cytochrome c oxidoreductase 
A summary of activities found in the R2B preparation is also presented in 

Table I I I .  The NADH-cytochrome c oxidoreductase activity (in this case an average 
figure from several preparations) was increased IO fold; the oxidase and dehydrogenase 
activities involving NADPH were increased only 2-4-fold over the microsomes. On 
a protein basis other specific activities were not concentrated above those of the 
microsomes. 

The enzyme was not inhibited by the compounds that  inhibit electron transfer 
in mitochondria, such as antimycin A 3, rotenone, or cyanide. Activity was not in- 
hibited by  the iron chelator, bathophenanthroline, but it was completely inhibited 
by  p-chloromercurisulfonate at levels of 5" lO-6 M. 

Properties of beef-liver microsomes, microsomal electron-transfer membranes, and electron- 
transfer complexes 

The compositions of the microsomal preparation, the electron-transfer mem- 
brane and the electron-transfer complexes prepared with bile acid are compared in 
Table IV. The protein recovery in microsomal electron-transfer membranes averaged 
12.5 % of the total microsomal protein in 17 preparations although recoveries as 
high as 18 % were observed. With the exception of the two metals, iron and copper, 
whose specific concentrations were decreased, the specific concentrations of the other 
electron-transfer components for which analyses were performed were increased in 
the electron-transfer membrane by a factor of 1.7-3.o. 
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T A B L E  iV 
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Component Units Micro- Microsomal P-45o* N . d D H -  
somes electron- cylochrome c 

transfer oxido- 
membrane reduclase 

Pro te in  recovery  
To ta l  iron 
Tota l  heme 
Copper 
T o t a l  f lavin 
Cy tochrome  b a 
P-45o 
R N A  
Tota l  phosphorus  
Lipid  phosphorus  

% of microsomal  p ro te in  ioo 
m/*moles/mg p ro t em 
m/ tmoles /mg  prote in  
m,umoles/mg pro te in  
m # m o l e s / m g  pro te in  
m/ ,moles /mg  pro te in  
m umoles /mg pro te in  
/ ,g/nlg pro te in  
~ g / m g  pro te in  
a g / m g  pro te in  

12.5 2.3 o.3 
11. 4 8.o 4-3 6.9 4.3 

2.o 3.4 2.o 3.2 o.9t  
2.0 I . I  0.4-0. 7 o 
0.63 1.23 o.8-I.O I.o 5 
0.46 1.41 0.05 0.6 0.86 
0.33 0.75 1.4 1.5 0-0.05 

42.2 14. 3 
21 46 3.9-4.6 I1. 3 
17 44 lO.2 

* The ana lyses  repor ted  in th is  co lumn were p repa red  on  t h e  f r a c t i o n  w h i c h  prec ip i t a t ed  
be tween  45 and  5 ° % s a t u r a t i o n  wi th  a m m o n i u m  sulfate.  

Figs. IA and IB show the absorption spectra of microsomes and of microsomal 
electron-transfer membranes after solubilization with cholate. Both preparations con- 
tained cytochrome b 5 and another component with a eytochrome b-type spectrum 
which was not reducible by NADH.  The peaks of the absorption bands in the 
microsomal electron-transfer membranes were sharper due to the removal of a yellow 
lipid material. 

The fact that the RNA content per mg of protein decreased from a value of 
42/xg in the microsomes to about 14 Fg in the microsomal electron-transfer membranes 
indicates that RNA-containing material was not purified with the latter. 

Lipid phosphorus was found to be concentrated in the microsomal electron- 
transfer membranes. Thus the specific phosphorus content increased from 17 Fg/mg 
protein in the microsomes to 44 ~g/mg protein in the membrane fraction. We can 
estimate the lipid content of microsomes to be about 34 % by weight, and that of 
microsomal electron-transfer membranes 

Q6 A 

05 
t , i  

zU0.4 

o 3  

~mO.2 
< 

0.1 

2 mq PROTEIN/ml 

to be about 57 % assuming the concen- 

6 m 9 PROTE.IN/ml 

55O 6O3 

6 B 
O. [ - -  I mq PROTEIN/ml 

Lfl e , :  

°-I I 

4 m q  PROTEIN/ml 

450 50  400 450 500 550 
WAVELENGTH (m)J) WAVELENGTH (trip) 

6O0 

Fig. IA. Direc t  spec t ra  of microsomes.  Samples  were suspended  in a so lu t ion  o.25 M in sucrose, 
o .oi  M in T r i s - a c e t a t e  (pH 7.5) and  1% in p o t a s s i u m  cholate.  , oxid ized  ; - - - , r educed  
by  N A D H ;  -, reduced by  di th ioni te .  

Fig. IB. Di rec t  spec t ra  of microsomal  e lec t ron- t rans fe r  membranes .  Samples  were suspended  in  
the  same sucrose-Tr is  so lu t ion  as in Fig. 2a. - - - - - - ,  oxid ized;  - - - ,  reduced by  N A D H ;  ..... , 
reduced w i t h  d i th ioni te .  
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tration of lipid phosphorus to be 33/*g per mg of lipid as calculated for mitochondrial 
phospholipid 4°. This increase in the lipid content gives rise to a decrease in the density 
of the membrane thus permitting an easy separation of microsomal electron-transfer 
membranes from microsomes. To determine whether or not the former is a free con- 
stituent of microsomes, both materials separately as well as a mixture of the two 
were subjected to density-gradient centrifugation in a continuous sucrose gradient. 
The results are presented diagrammatically in Fig. 2. Microsomal electron-transfer 
membranes formed a homogeneous band at a density of 1.o8 with only a trace amount 
of material of higher density. Microsomes centrifuged in the same gradient showed 
no band at 1.o8 but consisted mainly of material of a density greater than 1.16. When 
the two were mixed together centrifugation provided an effective separation with 
no apparent intermingling of the two fractions. 

A B G 
Fig. 2. D i a g r a m m a t i c  r ep resen ta t ion  of a dens i t y -g rad i en t  cen t r i fuga t ion  of microsonles and  
microsomal  e lec t ron- t ransfer  membranes .  The sucrose g rad ien t  was formed wi th  a cont inuous-  
mix ing  device and  was con t inuous  from 1.o 5 to 1.15. Cent r i fuga t ion  was a t  30000 rev . /min  for 
4 h in the  SW 39 spinco rotor.  A, n l icrosomes;  B, mierosomal  e lec t ron- t rans fe r  membranes ;  
C, microsomes plus microsomaI  e lec t ron- t ransfer  membranes .  Band  i a t  dens i ty  1.o8 was found 
cha rac te r i s t i c  of mic rosomal  e lec t ron- t ransfer  membranes .  Bands  3 and 4 were diffuse and ac- 
coun ted  for ve ry  l i t t l e  protein.  Band  4 was  the  majo r  microsomal  band.  

Ultraslructure of microsomes and microsomal electron-transfer membranes 
Fig. 3 is an electron micrograph of a typical field of the microsomal preparation. 

A heterogeneous population of tubular, vesicular or less well-formed structures may  
be discerned. Of the latter, all have a granular appearance attributable to repeating 
subunit particles with diameter of the order of 50 *•. The fact that  these can also 
be seen at the edges of many  of the smoother structures (inset) suggests that  the 
5o-A repeating unit prevails in all species of structure seen. Differences in gross 
appearance of these structures would, therefore, result from differences in the extent 
to which the repeating units were nested together. 

Fig. 4 shows a typical field from the microsomal electron-transfer membrane 
preparation. The prevailing structure is of substantially larger diameter than the 
microsomes and exhibits large interior areas where structure is either absent or un- 
stained by phosphotungstic acid. Once again, however, the size of the repeating unit 
at the edges is close to 50 A, as nlay be verified by examination of the inset. 

The enrichment in lipid in the microsomal electron-transfer membrane fraction, 
relative to the original microsomes, finds a corollary in the appearance of myelin 
figures in this fraction (Fig. 5). These also are frequently lacking in discernible interior 
structure. A repeating unit of about 50 A is in evidence, though smaller units are 
also found. 

Composition of the P-45 o complex 
A list of the components of the P-45o preparation is also presented in Table IV. 

The heine component of the preparation is protohemin exclusively. The spectrum 
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Fig. 3- Liver microsomes, negatively stained with i % phosphotungstic acid (× 76200); inset 
X 238000. 

of its pyr id ine  hemochromogen is p resented  in Fig. 6. Of the  to ta l  heine only a small  
f ract ion was reducible  b y  N A D H ;  only about  half  of the  heine could be accounted  
for as P-45o when the ext inc t ion  coefficient of OMURA AND SATO ~2 was used. The 
flavin content  was o.8-1.o m~mole  per  nag protein.  The non-heine iron content  var ied  
be tween 2 and  4 m~moles  per  mg prote in  and  the concent ra t ion  of non-heine i ron 
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Fig. 4. Microsomal electron-transfer membrane negatively stained with 1 o~ phosphotungstic acid 
(X 773oo);inset x 386ooo; reset marker loo :\. 

was generally higher in the lower ammon ium sulfate fraction (45 %). Copper was 
present in trace amounts.  The lipid phosphorus content  of the preparat ion was 
3.9-4.6 ~g phosphorus per mg protein. This value corresponds to about  12 % lipid 
by weight if an equivalent  amoun t  of phosphorus is assumed in microsomal phos- 
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Fig. 5. Myelin figures found in microsomal electron-transfer membrane fraction (× I6OOOO). 

phol ipids  as was repor ted  for mi tochondr ia l  phosphol ip ids  b y  FLEISCHER et al. 4°. 

The t race  amounts  of copper  de tec tab le  in P-45o could be effectively removed  
b y  a brief dialysis  (3 h) aga ins t  lO -2 M KCN or io  -a M EDTA.  The fact t ha t  the  amoun t  
of P-45 o in the  d ia lyzed  p repa ra t ion  was undiminished,  indicates  t ha t  copper  is not  
essential  for the  CO-binding proper ty .  
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Composition of the NADH-cytochrome c oxidoreductase complex 
The composition of our preparation R2B is also defined in Table IV. The concen- 

tration of cytochrome b 5 in the enzyme was about i m~mole per mg of protein and 
accounted for at least 94 % of the total cytochrome. P-45o was virtually absent from 
the preparation. Flavin was present in the complex at a level of about I mFmole 
per mg of protein and in a (approximate) I : I ratio with cytochrome b 5. At least 98 % 
of the flavin was in the form of FAD. Non-heme iron was present at a concentration 
of about 3 m/~moles per mg of protein but copper was absent. The complex contained 
about I I  Fg of phosphorus per mg of protein, of which IO t~g were phospholipid 
phosphorus. On the assumption that  there were 33 ~g of phosphorus per mg of 
phospholipid (a figure determined for mitochondrial phospholipid 4°) the preparation 
was calculated to contain 24 % of phospholipid by weight. 

Both direct and differences spectra of a typical R~B preparation, in the oxidized 
and dithionite-reduced forms, are presented in Figs. 7 a and 7 b. The major spectral 
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Fig. 7a. The d i rec t  absorp t ion  spec t rum of f rac t ion  R2B (the N A D H - c y t o c h r o m e  b 5 r educ ta se  
complex) :  - - ,  chromophore  in the  oxidized s t a t e ;  , ch romophore  reduced wi th  di- 
th ioni te .  The  p ro te in  concen t ra t ion  was z.6 mg/ml .  

Fig. 7b. Difference spec t ra  be tween  the  oxidized and  reduced forms of R2B: - - ,  oxidized 
form versus  the  d i th ion i t e - reduced  form; ................ , oxid ized  form versus  the  NADH-reduced  form;  
- - - ,  d i th ion i t e - reduced  fornl versus  t h a t  t r ea t ed  wi th  d i th ion i t e  p l u s  CO. The pro te in  concen- 
t r a t i on  was 3 mg/ml .  
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contribution was provided by  cytochrome b 5 although bleaching was also evident 
in the region of non-heme iron absorption. 

When the preparation was dissolved in phenol-acetic acid, and was subjected 
to electrophoresis on polyacrylamide gel, at least IO protein bands were resolved. 
These data indicate that  the enzyme is a complex made up of several subunit proteins; 
in this respect it resembles the complexes of the electron-transfer chain of mito- 
chondria 37. 

Relationship of cytochrome b 5 to NADH-cytochrome c oxidoreductase. 
The essentiality of cytochrome b 5 for enzymic activity was evaluated from the 

study of an enzyme preparation in which the concentration of cytochrome b 5 was 
lower than that  of flavin. This change in ratio was accomplished by  repeated fractio- 
nation of the enzyme with ammonium sulfate. The concentration of flavin was thus 
increased from I . I  m~moles per mg of protein in the first fractionation to 2.3 m~moles 
per mg of protein after the third fractionation. 

Although the active enzyme precipitated as a pellet at 58 % saturation with am- 
monium sulfate, the cytochrome b 5 when split from the complex, precipitated as a 
floating oil only at a much higher concentration of ammonium sulfate. Thus, an 
effective separation was obtained between the particulate enzyme and free cyto- 
chrome b 5. The cytochrome b 5 forming an integral part  of the complex was reduced 
to a level about one-half that  of the flavin in two of these fractions. The enzymic 
activities in the cytochrome bs-deficient fractions were high. They were not, however, 
increased concomitantly with the increase in the flavin content compared with 
fractions in which the ratio of cytochrome b~ to flavin was greater than I. In Fig. 8, 
activity is plotted against flavin content both for those fractions which had a heine 
to fiavin ratio of I and for others in which the ratio was less than I. There was greater 
activity per equivalent of flavin in those fractions in which the cytochrome b 5 to 
flavin ratio was greater than I. 
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Fig. 8. Relation between activity, flavin, and heme to flavin ratios• O,  heine to flavin ratios less 
than  I ; O, heine to flavin ratios greater  than  I. 

We have a t tempted to prepare two separate complexes from R4, one containing 
cytochrome b 5 and one containing the flavin enzyme. We have not succeeded, how- 
ever, in lowering the heme to flavin ratio below 0.5. We have been unable to stimulate 
cytochrome c reductase activity significantly by  recombining fractions rich in cyto- 
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chrome b 5 with fractions rich in flavin. These observations lead us to believe that 
only one complex exists in the preparation and that it contains both cytochrome b~ 
and the flavin enzyme. 

Spectral properties of P-45o 
Fig. 9 shows the CO difference spectrum of purified P-45 o. The carbon monoxide 

adduct was formed by bubbling CO through one of two samples of P-45o which had 
previously been reduced with dithionite. The same spectrum was obtained when the 
dithionite was added after, rather than before exposure of the pigment to CO. The 
spectrum of the pigment was not altered during the purification, the spectrum of 
its CO adduct being identical in the isolated form of the pigment and in the micro- 

o /  somes. Fig. 9 also shows that deoxycholate at a concentration of I .,o causes a con- 
version of P-45o to the P-42o pigment as previously noted by OMURA AND SATO~L 

Direct absorption spectra of P-45o after reduction either by NADH, or by 
dithionite and treatment with CO are presented in Fig. Io. The spectrum of the oxidized 
pigment showed a broad Soret peak at 423 mix. NADH reduced the small amount of 
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Fig .  9- D i f f e r e n c e  s p e c t r a  of  t h e  C O  a d d u c t  o f  t h e  P - 4 5  o p i g m e n t .  A p r e p a r a t i o n  of P - 4 5  o w a s  
r e d u c e d  w i t h  a f e w  g r a i n s  of  d i t h i o n i t e .  CO w a s  b u b b l e d  t h r o u g h  o n e - h a l f  of  t h e  s o l u t i o n  fo r  5 sec.  
T h e  d i f f e r e n c e  s p e c t r u m  is i n d i c a t e d  b y  t h e  so l id  l ine.  T o  a p a r a l l e l  s a m p l e  d e o x y c h o l a t e  w a s  
a d d e d  t o  a f ina l  c o n c e n t r a t i o n  of  I °/o. T h e  C O  d i f f e r e n c e  s p e c t r u m  of  t h i s  s a m p l e  is i n d i c a t e d  b y  
t h e  b r o k e n  l ine.  T h e  p r o t e i n  c o n c e n t r a t i o n  in b o t h  s a m p l e s  w a s  5 .6  i n g / m l .  

F ig .  [o.  D i r e c t  a b s o r p t i o n  s p e c t r a  of t h e  P - 4 5  o p i g m e n t .  T h e  p r o t e i n  c o n c e n t r a t i o n  w a s  2.1 m g / m l  
a n d  l i m g / m l  (in t h e  i n s e r t ) ;  , o x i d i z e d  ; . . . . . .  , r e d u c e d  w i t h  N A D H  ; ............ , r e d u c e d  
w i t h  N a . , S 2 0 4  ; . . . . .  , r e d u c e d  w i t h  N a 2 S 2 0 4  a n d  t r e a t e d  w i t h  CO.  

cytochrome b 5 which was present in the preparation. Dithionite reduced the major 
cytochrome component. The ~ band of this cytochrome had a maximum at 556 mix 
and the Soret band was maximal at 423 mix. The spectrum of the component which 
was reducible by dithionite was more clearly evident in the difference spectrum after 
reduction by NADH and dithionite (ef. Fig. II).  This component had an unusual 
cytochrome spectrum with an ~ band peaking at 557 mix, a broad Soret band at 
527 mix, and an asymmetric shoulder at 44 ° mix. The calculated ratio of the absorbance 
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at 427 m/L to that  at 557 m/~ was 3.8, an exceptionally low value for a cytochrome 
of the b type. 

The degradation product, P-42o, which was obtained by adding deoxycholate 
to the preparation was partially reduced by  NADH ; this can be seen by the shift of 
the maximum of the Soret band from 414 m F to 418, as shown in Fig. 12. The direct 
spectrum of the CO adduct of P-42o after reduction by dithionite was identical to 
that  reported by OMURA AND SATe a~. 

Fig. IO shows the relationship of the 45o-mt~ band in the CO complex to the 
overall spectrum of P-45o. The appearance of the band absorbing maximally at 450 m/~ 
after t reatment  with CO does not cause any shift in or loss of the absorbance of the 
Soret band at 423 m~. The superimposition of the spectra after reduction of the 
pigment by dithionite, in the Soret region between 423 and 438 m~, both before and 
after t reatment  with CO, makes it unlikely that  the cytochrome component is the 
reacting species. Furthermore, it is evident from the spectral changes that  the com- 
ponent which reacted with CO had its main absorption band at shorter wavelengths 
(420-400 m~), where a pronounced bleaching occurred after t reatment  with CO. 
This effect was not observed in the P-42o preparation (cf. Fig. 12); in this case CO 
intensified the Soret band at 422 m F. The fact that  the concentration of cytochrome ba 
in this preparation was less than 0.05 mFmole per mg protein, makes any contribution 
of cytochrome b 5 to the spectrum insignificant. 
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Fig.  I I. D i f fe rence  s p e c t r a  of t he  P-45 o c o m p l e x  r e d u c e d  w i t h  N a 2 S 2 0  ~ a n d  w i t h  N A D H .  T h e  
p r o t e i n  c o n c e n t r a t i o n  was  2.1 m g / m l .  

Fig.  i2 .  D i r e c t  a b s o r p t i o n  s p e c t r a  of P-45 o in  t h e  p r e s e n c e  of o. 5 % p o t a s s i u m  d e o x y c h o l a t e .  T h e  
p r o t e i n  c o n c e n t r a t i o n  was  2.1 m g / m l  a n d  i i r ag /n i l  (in t h e  inse r t ) .  - -  , o x i d i z e d ;  . . . . . .  , 
r e d u c e d  w i t h  D P N H ;  -- -, r e d u c e d  w i t h  Na2S204 ;  . . . . . .  , r e d u c e d  w i t h  Na2S204 a n d  
t r e a t e d  w i t h  CO. 

Oxidation-reduction properties of P-45o 
P-45o was not reduced by NADH or NADPH under aerobic conditions. The 

CO derivative, however, was formed slowly when the preparation was reduced with 
NADPH under anaerobic conditions. In this experiment (cf. Fig. I3), a sample of 
P-45o was placed in a 3-ml cuvette with a side arm and was sealed with a rubber 
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serum cap. Oxygen was removed by a series of evacuations and flushings with CO. 
A reference sample was withdrawn with a syringe. NADPH was then added from 
the side arm and spectra were recorded after various periods of incubation. 

In agreement with the findings of OMURA AND SATO 15 P-45o was easily auto- 
oxidizable. This was determined by an experiment in which P-45o was first reduced 
with dithionite and then reoxidized with oxygen. When the preparation was treated 
with CO, no complex formation was detected spectrally. A second reduction with 
dithionite produced the typical band at 450 m~. 
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Fig. 13. Reduc t ion  of the  P-45 o complex  wi th  NADH.  A cuve t t e  con ta in ing  a so lu t ion  of P-45 o 
(2 mg/ml)  was  e v a c u a t e d  and flushed wi th  CO. A sample  was r emoved  from the  cuve t t e  and  
reoxid ized  wi th  oxygen ;  this  sample  served  as the  reference. The difference s p e c t r u m  of the  two 
was recorded as the  baseline.  5 #1 of a o.o 5 M solu t ion  of D P N H  were added  to the  reference 
cuve t t e  and  to  the  c uve t t e  con ta in ing  the  sample  under  CO. Difference spec t ra  were recorded 
a f te r  the  ind ica ted  per iod of i ncuba t ion  a t  room t en lpe ra tu re .  F ina l ly ,  the  so lu t ion  in the  anaerobic  
cuve t t e  was reduced wi th  a few grains  of d i th ioni te .  

Fig. 14. E l ec t ron  p a r a m a g n e t i c  resonance  spec t rum of the  P-45o complex  in the  oxidized form. 
The  sample  was dissolved in a solut ion which was  o.oi  M in T r i s - a c e t a t e  (pH 7.5) a t  a p ro te in  
concen t ra t ion  of 27 mg/ml .  The s p e c t r u m  was t a k e n  wi th  a power  of 25 mW, a m o d u l a t i o n  of 
6 Gauss, and  a gain of ioo a t  17 o°. 

Electron paramagnetic resonance spectrum of P-45o 
The electron paramagnetic resonance spectrum of P-45o is shown in Fig. 14. 

The signals at g = 2.03 and at g = 2.25, described by MASON41, a~ for microsomal 
Fex, were present in the preparation. 

Subunit proteins of P-45o 
To determine the number of protein species present in the P-45o preparation, 

we employed a technique recently developed by TAKAYAMA et al. 3v for disc-gel electro- 
phoresis of membrane protein. A sample of P-45o was extracted in a mixture of 
acetone-water (9 : i, v/v) to effect a removal of phospholipid and bile acid. The ex- 
tracted protein was thoroughly washed several times with water and the washed 
protein was then dissolved in phenol-acetic acid-water ( 2 : I : I ,  w/v/v). The con- 
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ditions for the electrophoresis are described in the legend for Fig. 15. The high resolving 
power of the electrophoretic technique indicated at least eight distinguishable protein 
bands. 

Fig. 15. Pa t te rn  of the proteins of P-45 o complex separated by  electrophoresis on polyaerylamide 
gel. The protein was extracted with 9o°//o acetone and dissolved in phenol-acet ic  ac id-water  
(2 : I : I, w/v/v)  in 2 M urea. A sample was applied on a polyacrylamide gel 5 m m  in height. The 

O /  gel consisted of 7.5 % acrylamide, 35 /o acetic acid and 5 M urea. The proteins were separated at  
room tempera ture  for I h with a current  of 5 mA per tube and stained with Amido Black. 

DISCUSSION 

Membrane-bound enzymes may  be fractionated by several means. One approach 
involves the extraction of the protein into water after removal, or cleavage, of the 
phospholipid associated with the membranel-Smm. Artificial activities are often 
induced in such enzyme preparations whereas the activities exhibited in vivo may 
be 1ost4,43, 44. An alternative approach to this problem is by way of isolating the en- 
zyme in a larger unit containing phospholipid s-n. This alternative tactic has proved 
to be particularly successful in the dissection of the mitochondrial electron-transfer 
chainG-11. 

The electron-transfer enzymes of microsomes have been fractionated following 
lipid extraction ~-5. Cytochrome b 5 reductase and cytochrome b 5 are two such enzymes 
which have been purified after exposure of the particles to the action of phospholipase. 
Interaction between these two enzymes, resulting in transfer of electrons from 
NADH to cytochrome c, has led to the idea that  this sequence functions in vivo 45. 

This communication described an effort to apply the alternative procedure to 
the isolation of microsomai enzymes. I t  has been our experience that  fractionation 
with salt in the presence of bile acids or detergent does not provide sharp separation 
of microsomal enzymes; and moreover, spectral studies are complicated by the pre- 
sence of a yellow lipoidal material found in all fractions. Treatment  of microsomes with 
tert.-amyl alcohol, therefore, has three advantages: (I) it provides an initial 2-fold 
concentration of electron-transfer activities; (2) it removes the lipoidal material which 
causes spectral interference; (3) it provides, in sufficient yield, a structural unit in 
which the electron-transfer complexes are amenable to further purification by fractio- 
nation with bile acids, and salt. 

The electron-transfer components and activities are purified in the electron- 
transport  membrane by  a factor averaging about 2; on the basis of this purification, 
microsomal electron-transfer membrane could account for at most 50 % of the starting 
protein. One possibility is that  a particular species of microsome is separated from 
other species in the presence of tert.-amyl alcohol. However, it is also possible that  
microsomal electron-transfer membrane represents a membrane fraction split from 
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a more complex microsomal membrane. We find this alternative more plausible. 
A similar type of fractionation has been achieved by ERNSTER et al. 4G using deoxy- 
cbolate as the disrupting agent. 

Microsomal electron-transfer membrane has a significantly higher lipid content 
(57 %) than do the whole microsomes (34 %). Since the less dense microsomal electron- 
transfer membrane cannot be found in microsomal preparations when subjected to 
density-gradient centrifugation, a redistribution of lipid must have occurred during 
exposure of the microsomes to tert .-amyl alcohol. FLEISCHER AND BRIEIRLEY 47 have 
shown that  free phospholipid equilibrates with membrane-bound phospholipids in 
the presence of tert .-amyl alcohol. We suggest that  it is the greater ability of micro- 
somal electron-transfer membrane to bind phospholipid that  permits its separation 
from other proteins as an infranatant layer of reduced density. 

The isolation of an electron-transfer membrane from beef-liver microsomes has 
made it feasible to purify a P-45o complex by fractionation with cholate and am- 
monium sulfate. The procedure is simple and yields a final preparation which contains 
little of the P-42o degradation product. 

Analysis of the complex for electron-transfer components has shown the pre- 
sence of flavin, protohemin, non-heine iron, and trace amounts of copper. The copper, 
however, could be removed with chelators such as cyanide or EDTA and the copper- 
free preparation was unchanged in its ability to react with CO. The presence of oxi- 
dation-reduction components other than P-45o makes us believe that  this preparation 
is comparable to the enzyme complexes isolated from the electron-transfer chain of 
mitochondria 6-11. In this sense it is difficult to compare the P-45o reported here with 
the P-42o isolated by OMURA A.~D SATO 22 which may be a split product of a larger 
enzyme unit. Our own at tempts  to obtain a more highly purified P-45o complex have 
not been successful. Thus a second refractionation was accompanied by spectral 
denaturation without substantial increase in the purity of the pigment. 

The major heine component of the P-45o complex is a cytochrome characterized 
by an atypical spectrum. Since the heme prosthetic group could be extracted with 
acid acetone, and its pyridine hemochromogen was spectrally identical to that  of 
protohemin, the cytochrome component is probably of the b type. I t  differs from 
most cytochromes of this group 4s-5° in having unusually broad and weakly absorbing, 

and Soret bands. 
OMURA AND SATO 22 identified the cytochrome of their P-42o preparation as the 

CO-binding pigment. The main cytochrome component of the P-45o complex described 
here is probably the same as the P-42o cytochrome isolated by OMURA AND SATO 
since the spectrum of our preparation in the presence of deoxycholate is identical to 
theirs. Our spectral data, however, do not support the conclusion that  CO reacts 
with the cytochrome in the P-45 o complex. Thus, while there is a rapid reduction of 
the cytochrome with dithionite, subsequent exposure to CO has no apparent effect 
on the absorption in the e and Soret bands, even though a new band with a maximum 
at 45 ° m/~ is evident. More striking, however, is the strong bleaching effect observed 
in the CO complex below 42o m/x. This observation suggests the presence of another 
chromophore which reacts with CO and has its greatest absorption in the near-ultra- 
violet region. Whether this component is a non-heme iron or some other, as yet 
unidentified, group cannot be concluded at present. 

The electron paramagnetic resonance spectrum of P-45o at - - i72°  revealed 
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the presence of the Fex signals at g = 2.03 and at g = 2.25 (refs. 41, 42). Both signals 
disappeared on reduction with dithionite; reducibility by other substrates was not 
tested. MASON 41,42 has presented evidence indicating the separate nature of Fex and 
P-45o; however, the nature of Fex has yet to be defined. 

TAKAYAMA et al. av have recently devised a method of studying the subunit 
of particulate enzymes. We employed this method to examine the number of proteins 
present in the P-45o complex. We found that  the electron-transfer complexes of 
microsomes such as P-45o and NADH-cytochrome c oxidoreductase are composed 
of multiple protein subunits. This observation is also true of the four complexes of 
the mitochondrial electron-transfer chain. This fact points to a basic similarity in 
the organization of the electron-transfer enzymes of the two membrane systems. 

The abundance of P-45o in beef-liver microsomes, as well as in microsomes 
prepared from other sources suggests an important enzymic function for this electron- 
transfer complex. The CO-binding pigment of adrenal cortex has been implicated 
by ESTABROOK et al. 17,2° as the oxygen-activating enzyme in the hydroxylation of 
steroids at C-2I. The P-450 complex prepared from adrenal cortex and that  isolated 
from beef-liver microsomes, reported here, are remarkably alike in their spectral 
and oxidation reduction properties. This leads us to believe that  they share a common 
enzymic function. 

We have isolated what we believe to be a second electron-transfer complex 
which transfers electrons between reduced NAD and cytochrome c. I t  contains flavin, 
cytochrome ba, non-heine iron, phospholipid, and several subunit proteins. This enzyme 
preparation should prove useful in answering certain questions: for example, does 
the system require lipid in  vivo; is non-heine iron a functional component; and is 
cytochrome b 5 an electron acceptor? Our preliminary observations indicate that  cyto- 
chrome b 5 is an integral part  of the complex and is essential for maximal activity. 
The preparation described here may be compared with at least two preparations from 
other laboratories. The enzyme complex contains the cytochrome b 5 and the cyto- 
chrome bs-reductase proteins isolated by STRITTMATTER AND VELICK 2. These proteins 
are components of the enzyme complex and therefore are not pure proteins. Our 
preparation contains, in addition to cytochrome b 5 and cytochrome bs-reductase, 
phospholipid, non-heme iron, and other unidentified proteins. 

Our preparation is similar to that  prepared by PENN AND MACKLER 52, but the 
composition of the preparations, is somewhat different. In our preparation the 
heine to flavin ratio is I to I ; in the preparation of PENN AND MACKLER it is 2.5 to I. 
Both preparations are rich in lipid and both contain non-heine iron. The enzyme of 
PENN AND MACKLER, however, is insoluble and its preparation is more time-consuming. 
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