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Smm~'y--Evidence is reported for the existence of a structurally and functionally related and 
probably evolutionarily conserved class of membrane-bound liver carbonyl reductases/ 
hydroxysteroid dehydrogenases involved in steroid and xenobiotic carbonyl metabolism. 
Carbonyl reduction was investigated in liver microsomes of 8 vertebrate species, as well as in 
insect larvae total homogenate and in purified 3~,-hydroxysteroid dehydrogenase preparations 
of the procaryont Pseudomonas testosteroni, t using the ketone compound 2-methyl-l,2 di-(3- 
pyridyl)-l-propanone (metyrapone) as substrate. The enzyme activities involved in the 
metyrapone metabolism were screened for their sensitivity to several steroids as inhibit.ors. In 
all fractions tested, steroids of the androstane or pregnane class strongly inhibited xenobiotic 
carbonyl reduction, whereas only in the insect and procaryotic species could eedysteroids 
inhibit this reaction. 

Immunoblot analysis with antibodies against the respective microsomal mouse liver 
metyrapone reductase revealed strong crossreactions in all fractions tested, even in those of 
the insect and the procaryont. A similar crossreaction pattern was achieved when the same 
fractions were incubated with antibodies against 3~,-hydroxysteroid dehydrogenase from 
Pseudomonas testosteroni. The mutual immunoreactivity of the antibody species against 
proteins from vertebrate liver microsomes, insects and procaryonts suggests the existence of 
structural homologies within these carbonyl reducing enzymes, This is further confirmed by 
limited proteolysis of purified microsomal mouse liver carbonyl reductase and subsequent 
analysis of the peptide fragments with antibodies specifically purified by immunoreactivity 
against this respective crossreactive antigen. These immunoblot experiments revealed a 22 kDa 
peptide fragment which was commonly recognized by all antibodies and which might represent 
a conserved domain of the enzyme. 

INTRODUCTION 

Carbonyl reduction of the 3-oxo group of 
steroid hormones in vertebrates is catalyzed 
by 3~-bydroxysteroid dehydrogenase (E.C. 
1.1.1.50) and 3~-hydroxysteroid dehydrogenase 
(E.C. 1.1.1.51). The reaction generally leads 

*To whom correspondence should be addressed. 
tAlthough being c, lauified as Comamonas testosteroni [1] 

the ¢!~__~_'~cafion Pseudomonas testoateroni is used [2]. 
Abbr~iat/ons: MLMR: microbial mouse liver 

nmyrapone reductue; HSD 28: 3~-hydroxysteroid de- 
hydroflemwe from Ps~Immnas testosteroni with M, of 
28 kDa; kDa: kilo dalton; delta-l-dehydmgenase: 3-oxo- 
delta-l-hydmxysteroid dehydrogenase (E.C. 1.3.99.4); 
IEF: isoelectrk focusing; NBT: nitro blue tetrazolium; 
BCIP: bromo-chloro-indolyl pltmplmte; CM cellulose: 
carboxymzthykadlulcee; TBST: Tris buffered saline, 
0.05% Tween 20. 

to a decrease of hormonal activity and prepares 
the steroid for conjugation with sulfate or 
glucuronic acid. 

The proteins involved in this biotransform- 
ation step constitute a heterogenous group of  
enzymes with a distribution pattern specific 
for species, tissue, sex and developmental stage. 
The enzymes belong to the oxidoreductase class 
and appear in the cytosolic and microsomal 
fractions of  the cell. 

Recent efforts resulted in cloning and se- 
quencing of the 30t-hydroxysteroid dehydrogen- 
ase from rat fiver cytosol [3-5]. This enzyme is 
known to also possess 15-keto prostaglandin 
reductase activity, bile acid binding and trans 

benzene dihydrodiol dehydrogenase activity, the 
latter being an inactivation step of  ultimate 
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carcinogens derived from polycyclic aromatic 
hydrocarbon metabolism[6]. Sequence simi- 
larities were found to members of the aldo-keto 
reductase superfamily namely prostaglandin F 
synthetase, aldose reductase, aldehyde reductase 
and frog lens crystallin. No striking homology 
could be established to other steroid dehydro- 
gcnases, neither of eucaryotic nor procaryotic 
origin. 

Major sites of biotransformation and bio- 
activation in the liver of vertebrates are the 
microsomes. While much is known about the 
oxidative cytochrome P450 systems little is 
known about reductive enzymes of the micro- 
somal fraction. The present knowledge com- 
prises catalytical and functional data derived 
only from crude fractions or purified proteins 
mostly from rodents [7-11]. The proteins are 
considered to be specific for the 3-oxo group of 
the steroid nucleus. Moreover they often exert 
enzymatic (i.e. carbonyl reductase) activity 
towards other endogenous or xenobiotic com- 
pounds [7-9]. 

First insights into the relationship between 
xenobiotic and steroid carbonyl reduction were 
achieved with purified enzymes from rat and 
guinea pig liver microsomes by Sawada and 
co-workers [7-9], who showed that 30t-hydroxy- 
steroid dehydrogenase could reduce the 3-oxo 
group of the steroid as well as the keto group of 
several xenobiotic compounds, e.g. metyrapone 
to their respective alcohol metabolites. Func- 
tional and structural homologies were found 
by comparison of microsomal liver carbonyl 
reductases of three rodent species or human 
liver microsomes [12, 13]. 

To our knowledge no data on nucleotide or 
amino acid sequences of mammalian micro- 
somal enzymes involved in reductive carbonyl 
metabolism of steroids and xenobiotic carbonyl 
compounds are available to date. 

A number of procaryotic species e.g. some 
Pseudomonads can utilize, in contrast to mam- 
malian species, steroids as a sole source of 
carbon. This indicates that they can degrade 
steroids and have the respective enzymes. During 
growth on steroid-containing media a variety 
of steroid transforming enzymes are induced 
in Pseudomonaa testosteroni, e.g. several 3~t- 
hydroxysteroid dchydrogenases, 3fl(17~)-hydr- 
oxysteroid dehydrogenases, delta 4,5 isomcrase 
and delta 1-dchydrogenase [2, 14, 15]. This in- 
duced phenotype might contribute to the ability 
to live in areas heavily polluted with aromatic 
and alicyclic hydrocarbons [16]. 

Previously we reported the immunological 
and functional similarity between a 30t-hydroxy- 
steroid dehydrogenase from Pseudomonas spec. 
(HSD 28) and microsomal mouse liver carbonyl 
reductase (mouse liver metyrapone re- 
ductase= MLMR)[17]. The intention of this 
study was to evaluate and confirm the func- 
tional and structural related features within this 
class of enzymes in different phylogenetic 
species. In this paper we describe the ability 
and extent of some vertebrate species for 
microsomal fiver carbonyl reduction of a xeno- 
biotic substrate [2-methyl-l,2-di-(3-pyridyl)-l- 
propanone (metyrapone)], commonly used as 
diagnostic cytochrome P450 inhibitor. We also 
investigated the inhibition of this model car- 
bonyl reduction by several steroids. The enzyme 
system is compared with respective reactions in 
a procaryont (Pseudomonas spec.) and an insect 
species (Calliphora vicina) (blowfly). 

Information on structural homologies on 
the protein level was gained by comparing 
the respective fractions in immunoblot exper- 
iments with antibodies raised against a purified 
procaryotic 3ct-hydroxysteroid dehydrogenase 
(HSD 28) from Pseudomonas spec. and anti- 
bodies against a purified mammalian carbonyl 
reductase derived from MLMR. Limited pro- 
teolysis and subsequent Western blotting of 
purified MLMR fragments with affinity purified 
antibodies against crossreactive proteins were 
performed to search for a conserved region in 
the mammalian enzyme. 

EXPERIMENTAL 

Materials 

30t-Hydroxysteroid dehydrogenase (E.C. 
1.1.I.50) was purchased from Boehringer 
Mannheim (Germany) or Sigma (Deisenhofen, 
Germany). 30t- and 3fl-hydroxy desopstml 
were from Organon (Oss, The Netherlands), 
metyrapone from Fluka (Buchs, Switzerland); 
its alcohol metabolite metyrapol was a kind gift 
from G. F. Kahl (Department of Pharma- 
cology, University of G6ttingen, Germany). All 
other chemicals employed were from commer- 
cial suppliers and of highest analytical grade. 

Livers of 4. to 8-month-old NMRI mice, 
Wistar rats, Hartley guinea pigs and common 
house chicken of both sexes were prepared from 
animals of our own laboratory. Livers from 
sheep, pig and rabbit were obtained from local 
slaughteries. Human liver samples were from 
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transplant donors. The consents of the donors' 
relatives were given and ethical approval was 
granted. 

Preparation of insects 

Larvae of the blowfly (Calliphora vicina) 
were grown on beef muscle at 23°C and 50% 
relative humidity with light from 7a.m. to 
7 p.m. Their developmental age is expressed in 
days after egg-laying. Homogenizations were 
carried out by use of an Ultra-Turrax device 
(Janke & Kunkel, Staufen, Germany) in Ringer 
solution at 4°C. Brain ring gland complexes 
were prepared under a stereo microscope 
and then homogenized in Ringer solution [18]. 
The resulting homogenate was centrifuged 
briefly to sediment insoluble material. No anti- 
oxidant protection against phenol oxidase was 
used. 

Preparation of liver microsomes 

Livers, where possible, were perfused/n situ 
with 1.15% icecold KCI solution and homogen- 
ized with 4 parts of homogenization buffer 
(15ram Tris-HCl, 150ram NaCI, 1raM 
EDTA, pH 7.4) with a Potter Elvehjem homo- 
genizer. Cytosolic and microsomal fractions 
were prepared by standard methods. 

SDS-PAGE 

SDS--PAGE of microsomal and cytosolic 
proteins was performed in 10% separating and 
4% stacking gels [19]. Protease generated pep- 
tides were electrophoresed by use of a tricine 
based buffer system [20] with a 17% acrylamide 
separating gel. 

Western blot 

Immobilizaton of electrophorerically separ- 
ated proteins on nitrocellulose (Schleicher & 
Schuell, Dassel, Germany) was achieved per- 
forming the semi dry blot technique [21]. Pro- 
teins from 10% gels were transferred for 30 rain 
with 0.8 mA/cm 2, and peptides from 17% gels 
20min with 0.5 mA/cuf, followed by 60rain 
with 0.8 mA/cm 2. Saturation of unspecific bind- 
ing sites was achieved with 1% bovine serum 
albumin (BSA), 5% fetal calf serum (FCS) in 
1 x TBST (10ram Tris-HC1, pH7.4, 150mM 
NaC1, 0.05% Tween 20). First antibody incu- 
bation was performed overnight, followed by 
secondary antibody incubation for 2h and 
washing steps with 1 x TBST, color develop- 
ment with NBT, BCIP in case of alkaline 
phosphatase coupled secondary antibodies [22] 

or chloronaphthol-Hz O~ in case of peroxidase 
labeled secondary antibodies [23]. 

Purification of MLMR and immunization 

MLMR was purified as described pre- 
viously[10,12]. Immunization of a female 
rabbit was carried out with 4 x 150/~g purified 
denatured MLMR and resulted in a high anti- 
body titer antiserum (i.e. a signal could be 
detected in Western blot with 1 ~tg of total 
microsomal protein and an antibody dilution 
of 1:10,000) against the antigen, the IgG 
fraction of which was further purified by 
Protein A Sepharose chromatography (Pharma- 
cia LKB, Freiburg, Germany) as described 
previously [12]. 

Purificaton of 3o~-O H-dehydrogenase and immu- 
nization 

Crude fractions of commercially available 
3~-hydroxysteroid dehydrogenase from Pseu- 
domonas spec. (Boehringer Mannheim) or 
Pseudomonas testosteroni ATCC 11996 (Sigma) 
were purified after the following scheme, 
adopted from a method described by Roe and 
Kaplan [24]: lyophilized enzyme fractions were 
dissolved in 200/~1 10raM sodium phosphate 
buffer, pH 6.2, and incubated for 10 rain with 
1 ml of CM cellulose prepared after the manu- 
facturer's recommendations and equilibrated 
in the same buffer. The batch was shortly 
centrifuged and the supernatant was loaded 
on a 1.5ram polyacrylamide gel which was 
prepared as described under SDS-PAGE 
except that SDS was omitted in all solutions 
required. Electrophoresis was performed at 4°C 
with 180 V constant voltage. After completion 
border segments of the gel were cut off and 
stained for 3~-hydroxysteroid dehydrogenase 
and metyrapone reductase activity [17]. Within 
these segments two bands of enzyme activity 
could be detected. The lower one, which corre- 
sponds to a protein of 28 kDa in SDS-PAGE 
was cut out of the gel, homogenized in a micro- 
cup and suspended in 50 mM sodium phosphate 
buffer, pH 7.4. After 2 days at 4°C the slurry 
was transferred into a new tube perforated at 
the bottom with a canule and filled with glass 
wool. The enzyme containing supernatant was 
centrifuged through the glass wool into a fresh 
tube. The resulting enzyme preparation was 
checked for homogeneity by SDS-PAGE and 
further used for enzyme assays, Western blot- 
ring, IEF and N-terminal amino acid sequence 
determination. SDS-PAGE revealed one single 
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protein band with a Mw of about 28 kDa, a 
pI in IEF of 4.7 and one single amino acid 
sequence when subjected to Edman degradation 
in a gas phase sequencer (Applied Biosystems, 
Weiterstadt, Germany) [40]. 

Immunization of a 3-month-old female rabbit 
was performed with 4 x 100#g purified and 
denatured antigen eluted from a preparative 
SDS gel (Elustar device, PHASE, Luebeck, 
Germany) [25]. Preparations from Boehringer 
Mannheim were used. First injections were 
made with complete Freunds adjuvant (days 1, 
3, and 6) and booster injection on day 36 
with incomplete adjuvant. High antibody titer 
antiserum was collected on days 50 and 54. 
Antibodies of the IgG class were prepared by 
use of Protein A Sepharose. 

Antigen specific antibody preparation 

Fractions containing immunoreactive protein 
against MLMR antibodies were separately 
loaded onto SDS gels (200 #g total protein per 
gel), electrophoresed and blotted as described. 
After blocking of unspecific binding sites, nitro- 
cellulose sheets were incubated with antiMLMR 
antibody (I:1000) in TBST and washed 
5 x 15min. Dissociation of antibodies was 
achieved by washing the membrane with 
100mM glycine-HC1, pH2.5 for 5m in. The 
resulting antigen specific antibody containing 
supernatant was removed and brought to a pH 
of 7.5 with 0.4 M Tris base. 

Metyrapone reduction assay 

Carbonyl reduction of metyrapone was per- 
formed in 50 #1 volume containing the follow- 
ing: NADH 1 mM, NADPH 1 mM or 5#1 
NADPH regenerating system [30 mg glucose-6- 
phosphate, 10mg NADP ÷, 0.5ml 0.1 M 
MgCI2, 475 #1 50 mM phosphate buffer, pH 7.4, 
25 #1 glucose-6-phosphate dehydrogenase 
(Boehringer Mannheim) per ml], metyrapone 
1 raM, inhibitor 0.05mM (dissolved in 
methanol) to give a final methanol concen- 
tration of 5%, 50 mM sodium phosphate buffer, 
pH 7.4 and 10-50/zg of protein. Samples were 
incubated for 20-30 min at 37°C, the reaction 
was stopped by addition of 150 #1 icecold aceto- 
nitrile, mixed and centrifuged at 10,000g for 
10min. 20 #1 of the resulting supernatant was 
injected into a reversed phase HPLC system, 
consisting of a C18 (4.5 × 250 mm i.d.) column 
as stationary and 0.1% ammoniumacetate, 
pH 7.0, 30% acetonitrile as mobile isocratic 
phase. Peaks were detected with an UV/VIS 

monitor. The alcohol metabolite metyrapol 
elutes at 6.5 min and is clearly separated from 
the carbonyl substrate metyrapone, which elutes 
at about 10.0 min (flow rate 1.0 ml/min). 

Limited proteolysis 

Limited digestion of 15 #g purified MLMR 
was performed at 37°C for 10 h in 10% glycerol, 
50raM Tris glycine pH6.8, 0.1% SDS with 
30 ng staphylococcal V8 protease (Boehringer 
Mannheim). After digestion the sample was 
heated for 10 min to 100°C and subjected to 
a 17% PAGE system with tricine instead of 
glycine, giving a better resolution of small 
peptide fragments (cf. SDS--PAGE) [20]. 

Immunoblot analysis of separated peptides 
was carried out as described under Western 
blot, except that incubation of nitrocellulose 
sheets was performed in a PHASE screen blot 
apparatus (PHASE GmbH, Liibeck, Germany), 
which allows simultaneous screening of different 
antisera against a common antigen under 
identical conditions. 

Protein determination 

Protein determination was performed accord- 
ing to the method of Bradford [26] using BSA as 
standard. 

RESULTS 

Specific activities of carbony reduction and their 
relative inhibition by steroids 

The ability to reduce carbonyl compounds 
was analyzed with the substrate metyrapone. 
Extracts were prepared from a number of differ- 
ent organisms. Microsomal fractions from liver 
of several vertebrate species and homogenates 
of larvae from an insect species were tested. 
The enzyme activities were compared to that 
of 30t-hydroxysteroid dehydrogenase purified 
from the bacterium Pseudomonas testosteroni. 
Alcohol metabolite formation was determined 
using an isocratic reversed phase HPLC system. 
Concentrations used in this study were 1.0 mM 
substrate, 50 #M inhibitor and different elec- 
tron donating systems. In vertebrate liver micro- 
somes a NADPH-regenerating system was used, 
except for guinea pig, where 1.0 mM NADPH 
was added. Specific activities (solvent control) 
and relative activities are given in Table 1. 
In vertebrate liver microsomes NADPH turned 
out to be the best cosubstrate whereas in 
the case of Calliphora homogenate and pro- 
caryontic HSD 28 1.0 mM NADH served as the 
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Table I. Specific and relative activities of carbonyl reduction in different eucaryotic and procaryotic 
and inhibition by different 

Re~lual activity (%) 

Source Sp. act. Range gel. act. 5~D 5pD 5~P 5#P ecd 

Human 7.1 2.5-16.6 100 43 56 50 37 100 
Pig 21.0 20.2-21.8 100 46 84 64 79 85 
Sheep 1 9 . 6  19.2-20.0 100 69 87 79 73 116 
l~bbit  1 6 . 6  15.1-17.5 100 50 61 57 50 95 
Mouse 16.0 14.6-18.2 100 45 58 54 88 94 
Rat 1 6 . 5  15.0-19.0 100 20 16 26 36 112 
Guinea pig 32.8 28.9-33.6 100 68 54 72 47 100 
Chicken 10.1 9.9-10.3 100 65 64 73 73 95 
Blowfly 71.4 68.9-73.0 100 61 62 62 63 52 
HSD 28 12,500 11,800-13,200 100 60 60 78 81 59 

Carbonyl reduction of mvtyraponv was ptnform~ in 50/~1 vol containing I mM substrate, 0.05 mM 
inhibitor (dismlved in methanol to give a final concentration of 5%) and various cmubstrates. In 
detail: in vertebrate liver mizrommes a NADPH regenerating ~ t e m  was used (see Experimental), 
except for guinea pig, for which 1.0 mM NADPH was a_dd_,yJ_. 1.0 mM NADH served as the electron 
supply in Call .ors victna total homogenate and Psetglomonas testosteroni 3a-hydroxysteroid 
dehydrogennse preparations. Specific activity is e x ~  as nmol alcohol metabolite 
formed/30 min/mg protein. The uninhibited valu~ were set at 100% and the relative inhibitions were 
e x ~  as residual activity in % of the uninhibited activity. Sources of fractions employed were 
vertebrate fiver ndcrmomea, Cailtphora viclna (blowfly) larvae homogenate of day 6 and 3a-hydroxy- 
steroid dehydrosena~ OISD 28) pudiied from Pseudomenas testastt, roni (see Experimental). Values 
are mean values. Standard deviations amount to < 7% in every case (except for human liver, see text). 
The number of independent samples (n) was as follows: mouse n = 6, rat n = 6, guinea pig n ffi 6, 
human n ffi 6, chicken n ffi 2, pig n ffi 2, sheep n ffi 2, rabbit n ffi 4, blowfly n ffi 6, HSD 28 n ffi 6. 
Abbreviations used: 5~tD: 5~t-dihydrotestmteroue; 5~D: 5p-dihydrotestmterone; 5ctP: M,3-oxo,20p- 
pregnanolone; 5~P: 5p,3-oxo,20p-pregnanolone; eod: ecdysone. 
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electron supply. In the vertebrate fractions 
NADH could also serve as the cosubstrate, but 
specific activities were generally lower. Car- 
bonyl reduction in Calliphora was strictly de- 
pendent upon NADH, whereas HSD 28 could 
also perform carbonyl reduction with NADPH, 
although to a much lower extent (about 1/10 of 
specific activity) (data not shown). 

Alcohol metabolite formation was linear at 
least over a time course of 30 rain of incubation 
(data not shown). 

The specific activities in vertebrate liver 
microsomes range from 7.1 in humans up to 
32.8 nmol/30min/mg protein in guinea pigs. 
Higher specific activities are obtained in the 
total homogenate of Calliphora vicina day 6 
larvae (71.4 nmol/30 min/mg) and with purified 
3~-hydroxysteroid dehydrogenase from Pseu- 
domonas testosteroni (12.5/~mol/30 min/mg). 

Steroids of the androstane or pregnane class 
with A/B ring c/s or trans conformation as well 
as the insect steroid hormone eedysone served 
as inhibitors. In vertebrate liver microsomes 
both classes of vertebrate-type hormones inhib- 
ited carbonyl reduction to different degrees 
(cf. Table 1). Ecdysone had only slight effects 
in these fractions except for rat, pig and sheep. 
The inhibition (pig) and increase in activity 
(sheep) might by explained by the low sample 
number (n = 2), but no explanation can be given 
for the significant increase in activity in rat liver 
microsomes (n ffi 6). Maybe the ecdysteroid 
solubilizes the enzyme in the membrane thus 

giving better access to the active site. The insect 
homogenate and HSD 28 from Pseudomonas 
testosteroni could be inhibited by all the steroids 
employed in this study. 

lmmunoblot with antiMLMR antibodies 

Microsomal and cytosolic liver fractions of 
the vertebrate species tested as well as that 
of Calliphora homogenate, Calliphora brain 
ring gland complex and a prepurified extract 
of Pseudomonas spec. were separated on 
SDS-PAGE and transferred to a nitrocellulose 
membrane. The blot was probed with an affinity 
purified antibody against MLMR. Figure 1 
shows the result of this immunoblot. No 
immunological crossreactions were observed in 
the vertebrate fiver cytosols, but in the micro- 
somal liver fractions of all vertebrate species 
a specific antigenic recognition occurred in the 
range of 30-35 kDa. In the prepurified Pseu- 
domonas fraction a strong antibody binding was 
observed with a 28 kDa protein. In Calliphora 
total homogenate or brain ring gland complex 
specific crossreactions were observed with a 
protein band migrating in the 34 kDa region. 

Antigen specific antibody purification and limited 
proteolysis of MLMR 

To search for conserved domains within the 
MLMR protein, which probably represent the 
antigenic determinants and which are supposed 
to be common in all tested fractions (cf. Fig. 1) 
antigen specific antibody purification was 

9 43n~F 
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Fig. 1. Immunoblot of cucaryotic and proca~otic fractions probed with antiMLMR antibodies. 25 #g 
total protein per lane were separated on a 10% SDS-PAGE and blotted to nitrocellulose as described 
in Experimental. Lane 1: prepurified extract of Pseudomonas testosteroni; 2: Calliphora vicina, a = total 
larvae homogenate (late third instar), b = brain ring gland complexes (late third instar); 3: chicken liver; 
4: guinea pig liver; 5: rat liver; 6: mouse liver; 7: pig liver; 8: sheep liver; 9: rabbit liver, 10: human liver. 

c = cytosol, m = microsomes. 

performed. Figure 2 gives the result of an 
immunoblot with the different affinity purified 
antibodies, all probed against mouse liver 

microsomal proteins (for numbering of the lanes 
see legend). Each of the antibodies showed 
a specific crossreaction in the 34 kDa region 

M W  

9 7 . 4 _  

6 6 . 2  _ 

4 5 . 0 _  

31 .0  _ 

1 2 3 4 5 6 7 8 9 10 
Fig. 2. Immunoblot with affinity purified antibodies. 100/~g microsomal protein of mouse fiver were 
separated by SDS-PAGE (the gel was poured without sample comb so the protein sample could be applied 
across the entire width of the gel) and blotted to nitrocellulose. The antibodies were derived from amnity 
purification using crossreacting proteins of the respective fractions (shown in Fig. 1) as specific antigen. 
(For details see Experimental.) A screenblot apparatus from PHASE (Luebeck, Germany) was used for 
simultaneous and convenient screening of the different antibodies against the same antigen. Numbering 
of affinity purified antibodies as follows: Lane I: antimouse; 2: antirat; 3: antiguinea pig; 4: antisheep; 

5: antichicken; 6: antipig; 7: antirabbit; 8: anticalliphora; 9: antiHSD 28; 10: antihuman. 
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1 2  3 4 5 6 7 8 9 1 0  
Fig. 3. Immunoblot of partially digested MLMR protein probed with different affinity purified antibodies. 
15/~g purified MLMR were partially digested with staphylococcal V8 protease. The resulting fragments 
were separated on a 17% SDS trieine based polyaerylamide gel and immobilized on nitrocellulose as 
described in Experimental. Molecular weight markers employed were from Pharmacia LKB (peptide 

markers) or from Bio Rad (protein low standard). Numbering of lanes corresponds to Fig. 2. 

corresponding to the molecular mass of the 
MLMR. 

In Fig. 3 the same antibodies were probed 
against a Western blot of MLMR fragments after 
limited digest with staphylococcal V8 protease 
and separation on a 17% polyacrylamide gel 
(see Experimental). Lanes 1 and 2 show that 6 
fragments derived from the proteolytic MLMR 
digest were recognized by the mouse and rat 
antigen specific antibodies, respectively. One 
22 kDa fragment crossreacted with the affinity 
purified antibodies of all species, as it did the 

non-digested MLMR in the 34 kDa region. The 
degree of recognition of other specific anti- 
bodies varied depending upon the species. 

lmmunoblot with antibodies against 3~-hydroxy- 
steroid dehydrogenase from Pseudomonas 
testosteroni 

Vertebrate liver microsomes (chicken liver 
was omitted) as well as Calliphora and Pseu- 
domonas fractions were analyzed by the 
immunoblot technique using antiHSD 28 IgG 
antibodies (see Fig. 4). Essentially the same 

1 2a 2b 3 4 5 6 7 8 9 
Fig. 4. Immunoblot of vertebrate liver microsomes, Calliphora and Pseudomonas testosteroni fractions, 
probed with an antiHSD 28 IgG antibody. 25 ILg protein per lane was separated on 10% SDS-PAGE 
and blotted to. nitrocellulose. Numbering as follows: Lane 1: prepurified HSD 28 fraction; 2: Cailiphora 
vicina, a = total homogenate, b = homogenate of brain ring gland complex; 3: guinea pig; 4: rat; 5: mouse; 

6: pig; 7: sheep; 8: rabbit; 9: human (chicken was omitted in this experiment). 
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crossreaction pattern was observed when com- 
pared to Fig. 1, suggesting that the antiHSD 28 
IgG antibodies possess similar antigenic specifi- 
cities as the an t iMLMR antibodies. 

Carbonyl reduction, inhibition by 3fl-hydroxy- 
desogestrel and expression of  metyrapone re- 
ductase in human liver microsomes 

To determine the role of  human liver 
microsomal metyrapone reductase in the metab- 
olism of  the contraceptive steroid desogestrel 
Lineweaver-Burk kinetic analysis was per- 
formed with 6 different human liver microsomal 
samples, derived from both sexes and varying 
ages of  the source (for details see legend of  
Fig. 5). The respective uninhibited specific 
activities were set at 100% and the relative 
inhibition data were calculated. This kind of  
calculation was necessary because the absolute 
specific activities exhibit a wide range of  vari- 
ation. 3~t- and 3fl-hydroxy-desogestrel were 
used as inhibitors. The 3ot isomer exhibited 
almost no effect (highest inhibition obtained 
was 15% compared to control) on carbonyl 
reduction of  metyrapone, whereas the 3fl-hy- 
droxy-desogestrel showed a competitive kind 
of  inhibition. The graph of  Fig. 5 shows the 
competitive inhibition of  carbonyl reduction by 
3fl-hydroxy-desogestrel with a K m of  0.59 mM 
and a K~ of  20/z M. 

In two of  the human liver microsomal frac- 
tions, obtained from two neonatal male probes 
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Fig. 5. Lineweaver-Burk plot of carbonyl reduction of 
metyrapone in human liver microsomes and inhibition by 
3fl-hydroxy-desogestrel. 6 different human liver samples 
were used (number 1, 2, 3, 4, 7, 8 as shown in Fig. 6). Specific 
activities were set at 100% (substrate concentration 2 raM) 
and relative values in the absence and presence of inhibitor 
were determined. Inhibitor concentrations used were 12.5, 
25.0, 50.0 and 100.0 ~ M 3fl-hydroxy-desogestrel. Individual 
specific activities are listed below in the legend to Fig. 6. 

(numbers 5 and 6), neither carbonyl reduction 
of  metyrapone nor immunoreactivity against 
an t iMLMR antibodies could be observed. 
In Fig. 6 the expression of  the metyrapone 
reductase in human liver microsomes was de- 
tected in the 34 kDa region of  the immunoblot. 
The intensity of  crossreacting protein bands, 
probed with the antibody against the micro- 
somal MLMR,  always paralleled the specific 
activities of  metyrapone reduction within these 
fractions. 

1 2 3 4 5 6 7 8 
Fig. 6. Western blots of 8 individual human liver microsomal samples with antiMLMR antibodies: 25 pg 
of microsomal protein per lane was separated on 10% SDS-PAGE and immobilized on nitrocellulose. 
Antibody incubation was with antiMLMR antibody. Numbering and characterization of the samples as 
follows: Lane 1: f, 36 y, 6.95; lane 2: f, 61 y, 16.6; lane 3: f, 90 y, 5.2; lane 4: f, 91 y, 2.6; lane 5: m, 39 w; 
n.a.; lane 6: m, 0.5 y, n.a.; lane 7: m, 70 y, 9, 2; lane 8: m, 86 y, 2.5. (abbreviations: f = female, m = male; 
w = age in weeks, y = age in years; n.a.--no activity detected, or specific activity in nmol/30 min/mg 

protein). 
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Fig. 7. Lineweaver-Burk plot of carbonyl reduction in 
Cailiphora vicina larvae homogenate. Homogenate was in- 
cubated with different concentrations of the substrate 
metyrapone in the absence and presence of varying concen- 
trations of eedysone. Data were converted to their re- 
ciprokes and plotted by use of the Graph Pad PC software. 
A similar kind of inhibition was observed when the eedysone 
inhibition of HSD 28 carbonyl reduction was investigated. 

(Data not shown.) 

Homologies between enzymes 

Inhibition of carbonyl reduction by ecdysone in 
larvae homogenate of Calliphora vicina 

Figure 7 shows the kinetics of carbonyl re- 
duction by homogenate of blowfly larvae in 
the presence of ecdysone. Ecdysone showed the 
properties of a mixed-type inhibitor. The same 
kind of inhibition was achieved when 3~-hy- 
droxysteroid dehydrogenase from Pseudomonas 
testosteroni was employed. 

DISCUSSION 

In the past decade several attempts have been 
made for the characterization of liver cytosolic 
carbonyl reductases including the determination 
of primary structures of several proteins [11, 27 
and references therein]. Those resulted in the 
establishment of the aldo-keto reductase super- 
family which is involved in the metabolism 
of endogenous and exogenous carbonyl and 
quinone compounds. Homologies to this family 
were found when the primary structure of the 
indomethacine sensitive cytosolic rat liver 3~- 
hydroxysteroid dehydrogenase/trans dihydro- 
diol dehydrogenase was elucidated [3-5]. This 
enzyme has properties concerning the catalytic 
conversion of 3~-hydroxysteroids, prostaglan- 
dins, enzymatic inactivation of ultimate carcino- 
genic polyaromatic hydrocarbons and bile acid 
binding [4, 6]. Up to now little is known about 
mammalian microsomal carbonyl reduction, 
although several proteins involved in this 
process were purified and described[7-10]. 
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Sawada's group [7-9] demonstrated the exist- 
ence of several different carbonyl reductases in 
the microsomal fractions of guinea pig and rat 
liver which also accepted steroids with high 
affinity as substrates and which were classified 
as 3~-hydroxysteroid dehydrogenases. 

In previous investigations we established the 
existence of an immunologically related enzyme 
species in liver microsomes of both rodents and 
humans [12, 13], capable of carbonyl reduction 
and susceptible to inhibition by steroids of the 
androstane class which shows the same features 
as already described in guinea pig and rat liver 
by Sawada's group [7-9]. Immunoblot experi- 
ments with an antibody against the microsomal 
MLMR as well as functional assays revealed 
that a 3~-hydroxysteroid dehydrogenase from 
Pseudomonas testosteroni also shares structural 
and functional properties with this class of 
microsomal carbonyl reductases [17]. 

The intention of this study was to evaluate 
and describe the functional and structural fea- 
tures of this class of enzymes in different phylo- 
genetic species. For this purpose we determined 
the extent of carbonyl reduction and its inhi- 
bition by several steroids in fiver microsomes of 
several vertebrate species as well as in insects 
and procaryonts. It was found that carbonyl 
reduction could be strongly inhibited (i.e. at 
least to 40-65%) not only by androstanes but 
also by steroids of the pregnane class. This was 
observed in every tested fraction even when a 
20-fold excess of substrate over inhibitor was 
used. Ecdysteroids, e.g. ecdysone, had no inhibi- 
tory effect on carbonyl reduction in vertebrate 
liver microsomes, but inhibited this reaction 
significantly in the case of the insect and 
bacterial enzyme, where it showed a mixed type 
of inhibition. The immunoblot experiments re- 
vealed common antigenically related proteins in 
vertebrate liver microsomes and, surprisingly, in 
Calliphora vicina and Pseudomonas testosteroni, 
when probed with the antibody directed against 
MLMR. A similar pattern of crossreactivity is 
observed when the antibodies against purified 
3~-hydroxysteroid dehydrogenase from Pseu- 
domonas were used. The mutual immunoreac- 
tivities of the two antibody species against 
the tested proteins suggest the existence of struc- 
tural homologies within these carbonyl reducing 
enzymes derived from vertebrate liver, insects 
and procaryonts. A conserved domain of the 
vertebrate protein might be located within a 
22 kDa fragment generated with V8 protease. 
This fragment is recognized specifically by each 
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affinity purified antibody preparation. These 
facts together with the strong inhibition by 
steroids, further point to a related protein 
family which is located in the endoplasmatic 
reticulum of vertebrate liver and which is 
engaged in the metabolism of endogenous 
and/or exogenous carbonyl compounds. More- 
over, based on the obvious functional and 
structural homologies to procaryontic or lower 
eucaryontic proteins, these enzymes might be 
derived from a common ancestor. 

The proteins characterized might belong to 
those hydroxysteroid dehydrogenases, which 
are already described in the species investigated 
in this study [24,28-34]. Up to now no hydroxy- 
steroid dehydrogenase activity of the purified 
MLMR could be demonstrated[17]. But its 
strong inhibition by steroids[17], however, 
and the identity of metyrapone reductase and 
3~-hydroxysteroid dehydrogenase in rat and 
guinea pig [7-9] along with structural properties 
discovered in immunoblot with antiMLMR 
antibodies[12], as well as the structural and 
functional homologies to HSD 28 from Pseu-  

domonas  testosteroni  make it certain that 
these proteins belong to the same class. The 
competitive inhibition of metyrapone reduction 
by 3fl-hydroxy-desogestrel suggests that the 
metyrapone reductase in human liver micro- 
somes participates in the bioactivation of this 
widely employed contraceptive steroid [34]. Fur- 
ther purification of the respective enzyme(s) 
from human sources should reveal the exact 
structural requirements for the physiological 
substrates. 

The strong inhibition of metyrapone re- 
duction in Calliphora by ecdysteroids-- 
although being of a mixed type--also suggests 
a role in ecdysteroid metabolism, which might 
be---besides as inhibitor of 20-hydroxy mono- 
oxygenase---a participation in the ecdysone 
epimerase complex, namely as 3-dehydro- 
ecdysone reductase which converts ecdysone via 
dehydroecdysone to 3~-ecdysteroids thus inacti- 
vating the moulting hormone[30,31]. This 
point is of considerable interest, because insecti- 
cide substances based upon the metyrapone 
structure are under current development[35], 
and further experiments with metyrapone or 
its analogues in insect bioassays will determine 
the significance of such compounds in plant 
protection. 

The expression and detection of MLMR in 
microsomal fractions of cutaneous tissue in 
mouse and human samples as revealed by West- 

ern blot analysis and immunocytochemistry, 
point to a role of this enzyme in steroid and/or 
xenobiotic metabolism also in other organs [36]. 

Further interest is attracted on the enzyme 
family of "short chain" or "insect type" alcohol 
dehydrogenases. Up to now several bacterial as 
well as some lower and higher eucaryontic 
dehydrogenases were shown to belong to this 
group, for example 3fl-hydroxysteroid dehydro- 
genase from Pseudomonas  testosteroni,  cis- 

benzene dihydrodiol dehydrogenase from 
Pseudomonas  pseudoalcaligenes,  17fl and llft- 
hydroxysteroid dehydrogenase from human 
tissues[37-39]. Interestingly the N-terminal 
amino acid sequence of HSD 28 shows striking 
homologies to a member of this family. Prelimi- 
nary sequence data of MLMR also reveal 
homologies to another member of this protein 
class, so it might be possible that the proteins 
described in this paper constitute a subgroup of 
the short chain alcohol dehydrogenase family. 
Nevertheless, further sequence data will reveal 
their exact place in existing protein families. The 
evaluation of the primary structure of MLMR 
and HSD 28 as well as their exact stereo and 
substrate specificities are under current research 
in our laboratory. 
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