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MICROSOMAL HEME OXYGENASE 

Diethard Gemsa 

I. INTRODUCTION 

Heme oxygenase (EC 1. 14.99.3) is a microsomal enzyme that 
catalyzes the oxidative degradation of heme to biliverdin 
IXa (1-3). Biliverdin is subsequently reduced to bilirubin 
IXa by the soluble biliverdin reductase (4). Both enzymes re-
quire NADPH as cofactor. In the overall conversion of heme 
to bilirubin, the microsomal heme oxygenase is the rate-limit-
ing enzyme since biliverdin reductase is generally present in 
excess. 

The assay method for microsomal heme oxygenase is based 
upon the conversion of heme to bilirubin, which can be measured 
spectrophotometrically by an increase in absorbance at 468 nm. 

Microsomal heme oxygenase is most active in those tissues 
normally involved in the sequestration and breakdown of ery-
throcytes, namely, in spleen, liver, and bone marrow (2). In 
particular, the Kupffer cells of the liver (5) and the macro-
phages of the spleen (2) possess a high activity of the enzyme, 
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whereas mononuclear phagocytes in the circulation or in the 
peritoneal cavity are devoid of it (6,7). However, microsomal 
heme oxygenase can be induced de novo in incompetent macro-
phages by an adaptive response to heme-containing compounds. 
This substrate-mediated enzyme induction in mononuclear phago-
cytes is principally regulated by the substrate load but other 
factors such as hormones, cyclic nucleotides, heavy metals, or 
lipopolysaccharides may be contributing components (7-9). 
Since bilirubin is the major catabolite in the degradation of 
hemoglobin in man and other mammals, heme oxygenase should 
theoretically be present or inducible in the various types of 
mononuclear phagocytes. However, this possibility has not yet 
been extensively studied. 

Determination of microsomal heme oxygenase in mononuclear 
phagocytes may be of interest for the following reasons: 

(1) It may serve as a marker enzyme for macrophages since 
other types of leukocytes apparently lack this ability. 

(2) Regulation of the enzyme induction by heme compounds 
may characterize the synthetic capacity of organelles associ-
ated with microsomes. 

(3) It may supplement studies concerned with degradation 
of erythrocytes by lysosomal enzymes. 

(4) The activity of the enzyme in macrophages may serve to 
analyze other pathways of heme catabolism under in vitro con-
ditions. 

II. REAGENTS 

Potassium phosphate buffer, 0.1 M, pH 7.4 
NADPH (reduced nicotinamide adenine dinucleotide phosphate), 

4 mg/ml, dissolved in potassium phosphate buffer, stable 3 to 
4 days at 4°C 

Methemalbumin, 2.5 mAT, prepared by dissolving 25 mg of 
hemin (Sigma Chem. Co.), 22.1 mg NaCl and 12.1 mg Tris base 
in 5 ml of 0.1 M NaOH. This solution is mixed with 10 ml of 
1% human albumin and the pH is adjusted to 7.4 with 1.0 M HC3. 
Stable for 2 to 3 weeks at 4°C 

III. PROCEDURE 

A. Assay of Microsomal Heme Oxygenase 

The standard reaction mixture (3.0 ml) contains the follow-
ing solutions in a quartz cuvette (1-cm light path), equili-
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brated at 37°C: 0.02 ml methemalbumin, 2.4 ml potassium phos-
phate buffer and 0.4 ml of a 20,000 g supernatant of macro-
phages as enzyme source (see below). The reaction is initiated 
by the addition of 0.2 ml NADPH. In the simultaneously run 
control cuvette, NADPH is replaced by 0.2 ml potassium phos-
phate buffer. All constituents may be reduced proportionally 
to yield a final volume of 0.5 ml, or in the case of low heme 
oxygenase activity, the amount of the 20,000 g supernatant of 
macrophages may be increased at the expense of the potassium 
phosphate buffer. The cuvettes are placed in a recording 
spectrophotometer (Zeiss or Gilford), equipped with a constant 
temperature cuvette chamber set at 37°C. Formation of bili-
rubin can be determined from the increase in optical density 
at 468 nm, at which wavelength bilirubin absorbs maximally in 
the incubation mixture used here. The reaction rate is linear 
for 15 to 20 min. The increase in optical density should be 
compensated for the one in the control cuvette which, however, 
changes only occasionally due to nonspecific reactions such as 
agglomeration of microsomes. 

B. Preparation of the Enzyme Source 

Mononuclear phagocytes, at least 10 x 106, are suspended 
in 0.1 M potassium phosphate buffer, pH 7.4, at 4°C and soni-
cated for 10 to 20 sec at the lowest output of a sonifier tip. 
Sonication usually disrupts more than 95% of the cells when 
estimated microscopically and does not affect the activity of 
heme oxygenase. Macrophages, particularly when localized in 
tissue, may also be disrupted by using a Potter-Elvehjem homo-
genizer with a motor-driven Teflon pestle in a tight-fitting 
glass tube. Broken cell preparations are centrifuged at 
20,000 g for 10 min at 4°C in order to obtain a supernatant 
fraction free of cell debris, nuclei, mitochondria, and lyso-
somes. This supernatant fraction, containing the small micro-
somes in suspension, serves as the enzyme source. Care has to 
be taken to secure a 20,000 g supernatant, which is uncontami-
nated by the lipid layer on top and the cell debris from the 
sediment. When kept on ice, the enzyme activity in the 20,000 
g supernatant is stable for 3 to 4 hr. 

IV. CALCULATION OF DATA 

The linear increase of the optical density during the ini-
tial 15 min is used to determine the maximal reaction rate. 
Enzyme activity is calculated by using a millimolar extinction 
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coefficient at 468 nm of 60 mM"1 cm"1 under the conditions 
described above. Results are expressed as nanomoles bilirubin 
formed per 10 mg supernatant protein per minute. 

The millimolar extinction coefficient of bilirubin should 
be controlled for different conditions by using authentic bili-
rubin bound to albumin. Measured amounts of bilirubin, dis-
solved in 0.05 M NaOH, are mixed rapidly with an equimolar 
amount of 1% human albumin in 0.9% NaCl. Various amounts of 
this solution are added to supernatants to be tested and the 
extinction coefficient is determined at 468 nm. 

V. CRITICAL COMMENTS 

In order to obtain a measurable heme oxygenase activity, 
around 0.5 to 2.0 mg protein in the 20,000 g supernatant are 
required for the assay system. 

In vitro induction of the enzyme by uptake of heme-contain-
ing compounds (methemalbumin, hemoglobin, erythrocytes) usually 
occurs after 3 to 5 hr of incubation and yields values between 
0.3 to 0.6 nmol bilirubin/10 mg protein/min, depending on the 
experimental conditions and the amount of heme substrate load 
(7-9). In separate but identically performed incubations, the 
values for heme oxygenase activity usually differ by no more 
than 10% (7-9). 

Convenient test systems for studying heme oxygenase induc-
tion in vitro consist of 50 x 106 to 150 x 106 macrophages, 
which have interiorized antibody-coated erythrocytes or other 
heme compounds. However, enzyme activity may also be success-
fully determined in the 20,000 g supernatant of as little as 
10 x 10" mononuclear phagocytes, provided the assay system is 
proportionally reduced to a final reaction mixture of 0.5 ml. 

Macrophages harvested from hemorrhagic exudates are not 
suitable for studying heme oxygenase induction in vitro since 
those cells already exhibit a high enzyme activity. When heme 
oxygenase induction is tested under in vivo conditions, enzyme 
activities as high as 1.30 and 2.60 nm bilirubin/10 mg protein/ 
min have been found in alveolar and peritoneal macrophages, 
respectively (6). 

Modifications of the assay aystern, including determination 
of difference spectra or measurement of CO production, have 
been previously outlined (1,6). 



VI. BIOCHEMICAL CONSTITUENTS 453 

REFERENCES 

1. R. Tenhunen, H. S. Marver, and R. Schmid. The enzymatic 
conversion of heme to bilirubin by microsomal heme oxy-
genase. Proc. Natl. Acad. Sei. 61: 748-755, 1968. 

2. R. Tenhunen, H. S. Marver, and R. Schmid. The enzymatic 
catabolism of hemoglobin: Stimulation of microsomal heme 
oxygenase by hemin. J. Lab. Clin. Med. 75: 410-421, 1970. 

3. R. Tenhunen, H. S. Marver, and R. Schmid. Microsomal heme 
oxygenase. Characterization of the enzyme. J. Biol. Chem. 
244: 6388-6394, 1969. 

4. R. Tenhunen, M. E. Ross, H. S. Marver, and R. Schmid. 
Reduced nicotinamide-adenine dinucleotide phosphate-depen-
dent biliverdin reductase: Partial purification and 
characterization. Biochemistry 9: 298-303, 1970. 

5. D. M. Bissel, L. Hammaker, and R. Schmid. Liver sinusoidal 
cells. Identification of a subpopulation for erythrocyte 
catabolism. J. Cell Biol. 54: 107-119, 1972. 

6. N. R. Pirnstone, R. Tenhunen, P. T. Seitz, H. S. Marver, 
and R. Schmid. The enzymatic degradation of hemoglobin 
to bile pigments by macrophages. J. Exp. Med. 133: 1264-
1281, 1971. 

7. D. Gemsa, C. H. Woo, H. H. Fudenberg, and R. Schmid. 
Erythrocyte catabolism by macrophages in vitro. The 
effect of hydrocortisone on erythrophagocytosis and on 
the induction of heme oxygenase. J. Clin. Invest. 52: 
812-822, 1973. 

8. D. Gemsa, C. H. Woo, H. H. Fudenberg, and R. Schmid. 
Stimulation of heme oxygenase in macrophages and liver 
by endotoxin. J. Clin. Invest. 53: 647-651, 1974. 

9. D. Gemsa, C. H. Woo, D. Webb, H. H. Fudenberg, and 
R. Schmid. Erythrophagocytosis by macrophages: Suppres-
sion of heme oxygenase by cyclic AMP. Cell. Immunol. 15: 
21-36, 1975. 




