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SUMMARY: The distribution and site of synthesis of cytochrome 115 was 
studied by antibody precipitation of the enzyme labeled in vivo. The enzyme 
is present in rough and smooth microsomes, Golgi and out;F ni&hondrial 
membranes. The cytochrome is synthesized only on bound ribcsomesr where 
glucosamine and galactose moieties are also added. The enzyme seems to be 
devoid of mannose and sialic acid residues. 

INTRODUCTION 

Cytochrome b5 is present in rough and smooth microsomesI Golpi and 

outer mitochondrial membranes of rat liver. This enzyme is especially 

suited for studies of membrane biogenesis since it is an integral protein 

composed of two parts: a hydrophilic catalytically active portion situated 

on the cytoplasmic surface of the membrane and a hydrophobic portion required 

for binding to the membrane (1,2). Methods are available for the purifica- 

tion of two different forms of cytochrome b5, detergent-b5 which is the 

whole intact enzyme and trypsin-b5 consisting of the hydrophilic portion 

only (3,4). In this paper the site of synthesis of cytochrome b5 and its 

insertion into membranes was investigated and the possibility that cyto- 

chrome b5 is a glycoprotein was studied. 

MATERIALS AND METHODS 

Male rats starved for 20 h were used. D-cl-3H] Glucosamine (2000 mCi/ 
mmol), D-[1-3H]galactose (5000 mCi/mmol) and D-~1-3Hlmannose (2700 mCi/mmol> 
were purchased from the Radiochemical Centre, Amersham. NaCL solution was 
added to the labels to give a final concentration of 0.9 % and injections 
were made into the portal vein under phenobarbital anesthesia. 

Rough and smooth microsomes. Golgi membranes and outer mitochondrial 
membranes were prepared as described previously (5-7). The purity of sub- 
cellular fractions was estimated by measuring various marker enzymes. The 
major contaminants in rough microsomes were 5 % Lysosomes and 1 % mitochond- 
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ria, in smooth microsomes 11 % lysosomes and 6 % plasma membranes. in Golgi 
vesicles 4 % microsomes and 7 % plasma membranes, and in the outer mitochond- 
ria membrane fraction 4 % microsomes and 6 % lysosomes. Detailed discussion 
of such contamination is presented in recent methodological reviews (8.9). 
All membrane fractions were washed <by recentrifugation) with 0.15 M Tris- 
HCL buffer, pH 8.0. Particle-free supernatant was obtained by prolonged 
centrifugation (IO). Free ribosomes and membrane-free bound ribosomes were 
prepared according to Blobel and Potter (II). Nascent proteins were released 
from ribosomes with puromycin (12). Trypsin-b5 was prepared following the 
procedure of Omura and Takesue (3). Detergeni-bg was isolated according to 
Ozols (4) with minor modifications. For preparation of antiserum against 
cytochrome b5, detergent-b5 was subjected to glutaraldehyde polymerization 
(13) and then injected in?o rabbits (1 mg every third week for 12 weeks). 
Soluble cytochrome b5 from various preparations was incubated with anti-b5 
serum, adsorbed onto a Protein-A Sepharose column in the presence of buffer 
of high ionic strength, and. after extensive washing. eluted with an acidic 
buffer. After dialysis and lyophilization the residue was dissolved in 2 % 
SDS~ and radioactivity was measured after addition of scintillator. ALL 
values were corrected for unspecific precipitation by usino antibodies 
against egg albumin and chicken serum. Protein was determined as described 
earlier (14). 

RESULTS AND DISCUSSION 

The purity of the cytochrome h5 used for the production of antisera 

was determined using SDS-acrylamide gel electrophoresis (Fig. I). Only 

one major peak appeared on the gel in the molecular weight region of 17,000, 

indicating a high degree of purity in our detergent isolated cytochrome b5 

preparation. 

Using previously reported methods (16) the purity and specificity of 

anti kg-antibodies were tested by the Ouchterlony procedure. The antibodies 

formed single precipitation Lines with the purified enzyme and the microsomal 

preparation and the precipitation bands fused, indicating immunological 

identity. The specificity was further tested by precipitation of c3H1- 

Leucine labeled cytochrome b5 from solubilized rough microsomes with anti- 

bodies, followed by dissociation of the complex and by gel etectrophoresis 

(Fig. 2). The two major protein bands are that of the large and small sub- 

units of the antibody. The major radioactive peak was associated with the 

small protein peak of cytochrome b5 in the 17,000 MW region. The procedure 

used failed to completely dissociate the antiqen-antibody complex and con- 

sequently, part of the radioactivity remained associated with the large subunit. 

1 
Abbreviation: SDS, sodium dodecyl sulphate. 
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Fig. 1. SDS-acrylamide gel electrophoresis of the detergent isolated 
cytochrome b . 
Gel electrop oresis was performed according to Weber and Osborn (151. 2 

- Gel scan 

ig. 2. SDS-acrylamide gel electrophoresis of the cytochrome bqanti cyto- 
chrome b5 complex. 
Rats were injected in the portal vein with 250 PCi C3Hlleucine/100 g 
body weight 10 min before decapitation. The samples were boiled 4 
min in the presence of 2 % SDS1 8 M urea and 5 % B-mercaptoethanol. 
Gel electrophoresis was performed according to Weber and Osborn (15) 
and the 2 mm thick sliced gels uere incinerated in a Packard Oxid- 
izer for measurement of radioactivity. 

Antiserum against microsomal cytochrome b5 precipitates h5 from solu- 

bi lized rough and smooth microsomes, Golgi membranes and also outer mito- 

chondrial membranes (Table I). Thus, the cytochrome b5 in microsomes and in 
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Table 1. DISTRIBUTION OF ANTIBODY-PRECIPITABLE CYTOCHROME t15 IN 

INTRACELLULAR MEMBRANES 

In exp. 1 rats were injected with 250 PCi/lOO g body weight of 13Hjleucine 
into the portal vein 60 min before decapitation. Membranes (2 mg protein1 
ml) were dissolved in 1.5 % Triton X-100 and 0.1 % deoxycholate before 
anti-b5 precipitation was carried out. The amount of radioactivity injected 
in exp. 2 was 500 pCi/lOO g body weight and decapitation was performed after 
3 min. In this case anti-b5 precipitation was performed on the nascent 
proteins released by puromycin in the absence of detergents (l-2), 

Exp. Fraction Total cpm/ 
mg protein 

Anti-55 precipitable 
cpm/mg protein 

1 Rough microsomes 23.800 920 
Smooth microsomes 32,800 1,075 

Golgi membranes 20,300 611 
Outer mitochondrial 

membranes 361 

Soluble supernatant 12,000 139 

2 Bound ribosomes 1,775 
Free ribosomes 76 

the outer mitochondrial membrane cross-react immunologically. Some cyto- 

chrome b5 was also present in the particle-free supernatanta the exact origin 

of this b is not clear. 
-5 

It may either represent newly synthesized apo- 

enzyme in the process of being transported to the mitochondria or it may be 

microsomal enzyme that has been released during the preparation procedure. 

Table 1 also demonstrates that newly synthesized cytochrome b5 is not pre- 

sent on free ribosomes but appears exclusively on bound ribosomes. 

Isolated trypsin is is relatively homogenous in terms of electrophor- 

etic mobility (Fig. 3) and also in terms of spectrophotometric and fluoro- 

metric properties. When cytochrome b5 was purified from rats labeled in _  ̂

vivo with['H]glucosamine and subjected to SDS electrophoresis, a peak of ---- 

radioactivity coincident with the protein peak was seen. 

In order to investigate the possible glycosylation of cytochrome h5 

during its biosynthesis, labeled glucosamine, mannose and galactose were 

injected into the animals 4 min before decapitation and the enzyme was pre- 
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Fraction number 

Fig. 3. SDS-acrylamide gel electrophoresis of the isolated trypsin-b . 
The rats were injected in the portal vein with 100 PCi i?H7g ucos- 
amine/100 g body weight 30 min before decapitation. Gel electro- 
phoresis was performed according to Weber and Osborn (13) and the 
gel was sliced into 2 mm slices. Radioactivity was determined 
using an Oxidizer (Packard). 

cipitated both after release from ribosomes and from rouqh microsomal mem- 

branes (Table 21. After the short pulse with glucosaminel radioactivity 

appeared both on the nascent protein and on the enzyme in the rough micro- 

somest constituting 1.4 and 1.1 percent of the total radioactivity in these 

fractions, respectively. No mannose label could be detected in cytochrome 

b5 after immunoprecipitation. On the other hand, the other neutral sugar 

galactose is clearly associated with b5 both' at the ribosomal and at the 

membrane level, where this protein contains 3.6 and 5.2 percent of the 

total radioactivity, respectively. The fourth sugar located in microsomes, 

i.e., sialic acid, appears to be absent from the cytochrome. After 60 min 

in vivo Labeling. when a large part of the radioactive glucosamine has been -- -_-- 

converted to sialic acid (171, neuraminidase treatment did not remove any 

radioactivity from nascent cytochrome 'I5 or from b5 in rough microsomal 

membranes. To exclude the possibility that the injected sugars are meta- 

bolized to amino acids, cytochrome b5 labeled in vivo with 2 -- ---- flgalactose and 

solubilited from rough microsomes was precipitated with antibodies and the 

complex was subjected to acid hydrolysis to liberate the sugar component 
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Table 2. INCORPORATION OF [3~1~~~~~~~ SUGARS INTO ANTIBODY-PRECIPITABLE 

CYTOCHROME b5 

Rats were injected with 500 UCi of the appropriate sugar label/100 g body 
weight 4 min and 60 min before decapitation in exp. 1 and 2, respectively. 
Nascent proteins released by puromycin were precipitated directly, while 
rough membranes (2 mg protein/ml) were dissolved in 0.55 8 deoxycholate 
before precipitation with anti-b5. In exp. 2 the nascent proteins and 
dissolved rough membranes were treated with 25 ug neuraminidase (Type VI, 
Sigma) per mg protein at 37OC for 15 min. After dialysis precipitation 
with anti-b5 was performed as is described in Materials and Methods. 

Exp. Nascent proteins 
from isolated 

'bound' ribosomesa 

Rough b 
membranes 

cpmlmg protein 

1 [3H1Glucosamine 82 303 

[3H]Mannose 8 16 

[3HjGalactose 981 7,105 

2 [3HjGlucosamine 1,100 3,700 

[3H1Glucosamine 1,140 3,850 
followed by 
neuraminidase 
treatment 

a 
anti-b5 precipitable cpm/mg isolated nascent protein. 

b 
anti-b5 precipitable cpmlmg rough membrane protein. 

(17). After ion exchange chromatography practically all the radioactivity 

was recovered in the neutral sugar eluate (Table 31, On thin layer chroma- 

tography the radioactivity was associated with the galactose spot. Such 

experiments were also performed after Labeling in vivo with c3H]glucosamine -- ---_ 

and the results were similar. 

The insertion of cytochrome b-5 into rough microsomal membranes from 

which the ribosomes had been removed was studied by trypsin treatment after 

short pulse Labeling (Fig. 4A). It has been established that the newly 

synthesized apo-enzymer which contains a large amount of t'H3leucine. is 

rapidly fragmented by trypsin treatment (20). For this reason only the 
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Table 3. THE RECOVERY OF?H]BALACTOSE INJECTED IN VIVO IN 

ANTIBODY-PRECIPITABLE CYTOCHROME b5 

Rats uere injected with 25Q HCi [3Hjgalactose/100 g body weight IQ min be- 
fore decapitation. Cytochrome b5 was precipitated from solubilized rough 
microsones with antisera, hydrolyzed in 1 M HCL CIOO°C~ 8 hours) (171 and 
the supernatant was analyzed after filtration. The filtered supernatant 
was chromatographed on a Dowex 50 W-x 8 column to retain amino acids and 
amino sugars (18). The eluate was analyzed on thin layer chromatopraphy 
and used for measurement of radioactivity. 

Radioactivity 
wm 

Cytochrome kg-antibody 
complex CCAC) 1410 

CAC after hydrolysis 
supernatant 
supernatant. eluted 
from Dowex 50 W-x 8 

1302 

1195 

8) Supernatant 

6 12 - 60 

A) Rough microsomes 

O-0 Trypsin sensitive part 
0-0 Trypsm insemltivepart 

Fig. 4. Time course of C3H]Leucine incorporation into cytochrome b, in vivo. 
Rats were injected in the portal vein with 250 PCi C~HJleuEine/lOO 
g body weight and were decapitated after various time intervals and 
rough microsomes and supernatant were prepared. A) Rough microsomes 
were treated with 50 Pg trypsin CBoehringer)/mg protein at 30°C for 
10 min. The reaction was stopped with trypsin inhibitor (Boehringer), 
twice as much as the amount of trypsin. After ultracentrifugation 
both fractions (2 mg protein/ml) were supplemented with 0.55 % de- 
oxycholate. ultracentrifuged and the supernatants uere treated uith 
anti-b5. B) The particle-free supernatant was used directly for 
precipitation with anti-kg. 
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radioactivity in the holoentyme is apparent and two-thirds of the-counts 

are recovered in the trypsin insensitive compartment. The ratio between 

trypsin insensitive and sensitive portions decreases with time and at 60 

minutes, when no more apoenzyme is Labeled, the distribution in the two 

compartments is about equal. Interestingly, the amount of labeled b-5 

found in the supernatant increases parallel to the decrease in rough micro- 

somes (Fig. 451. 

The experiments described in this paper demonstrate that anti-b5 

antibodies against microsomal cytochrome b5 also precipitate the cytochrome 

from Golgi and outer mitochondrial membranes. The enzyme appears to be 

synthesized exclusively on bound ribosomes, in agreement with previous ex- 

periments (21). Isolation and purification of enzyme labeled in vivo with -- ---- 

glucosamine show the glycoprotein nature of this cytochrome from rat liver. 

The enzyme isolated from human liver has also been suogested to be a glyco- 

protein (22). Microsomal membranes contain four protein-bound monosaccha- 

rides: mannoser galactose, glucosamine and sialic acid (23). Two of these, 

glucosamine and galactose, appear to be attached to the hydrophilic part of 

cytochrome b5. At least one moiety of each sugar is added to this protein 

at the ribosomal level, but it is possible that the oligosaccharide chain 

is completed in the rough microsomal membrane, Attachment of various sugar 

moieties to nascent polypeptide chains still associated with ribosomes has 

also been found in other systems (12,24,251, After detachment of cyto- 

chrome b5 from ribosomes the newly synthesized enzyme seems to be distri- 

buted on the outer surface of the membrane. To understand the exact topo- 

logy of this enzyme it will be necessary to perform differential labeling 

of the different parts of the polypeptide chain and to study its Lateral 

movement and transport to other intracellular organelles. 
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