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Generation and Utilization of P450
Cholesterol Side-Chain Cleavage Enzyme
and 3b-Hydroxysteroid Dehydrogenase

Antibodies for Universal Detection

Chih-Hsien Chiu, Hen-Wei Wei, and Leang-Shin Wu

Laboratory of Animal Physiology, Department of Animal Science and

Technology, National Taiwan University, Taipei, Taiwan, R.O.C

Abstract: The biosynthesis of steroids from steroidogenic cells are catalyzed by the two

major enzymes, P450 side-chain cleavage enzyme (P450scc) and 3b-hydroxysteroid

dehydrogenase (3b-HSD). This article describes the construction of two novel polyclonal

antibodies against conserved recombinant protein and the validation of these antibodies

on fixed tissue sections of bovine corpus luteum. The polyclonal antibodieswere used suc-

cessfully in Western blots and specifically reacted with P450scc and 3b-HSD protein in

bovine luteal cell extracts. Thus, P450scc and 3b-HSD are two specific polyclonal anti-

bodies that are integral products in the investigation of the biological function and regu-

latory mechanism involved in steroidogenesis.

Keywords: Steroidogenesis, P450scc, 3b-HSD, Polyclonal antibody, Bovine corpus

luteum

INTRODUCTION

Steroidogenesis is the process by which specialized tissues synthesize steroid

hormones, an important class of terpene-based, small lipid molecules. In the

reproductive system, the ovaries and placenta produce progestogens and

estrogens which regulate reproductive function and sex characteristics in the

female.[1,2] While steroid hormones have diverse functions, they are

Correspondence: Leang-Shin Wu, Laboratory of Animal Physiology, Department

of Animal Science and Technology, National Taiwan University, Taipei, Taiwan,

R.O.C. E-mail: leshwu@ntu.edu.tw

Journal of Immunoassay & Immunochemistry, 29: 152–160, 2008

Copyright # Taylor & Francis Group, LLC

ISSN 1532-1819 print/1532-4230 online

DOI: 10.1080/15321810801887839

152

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
4
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



synthesized via biosynthetic pathways that are initially identical. In all

steroidogenic tissues, the initial step in steroidogenesis is the conversion of

cholesterol to the first steroid, pregnenolone. This conversion occurs via the

action of the cytochrome P450 side-chain cleavage enzyme (P450scc). Preg-

nenolone then exits the mitochondria and is subsequently converted to pro-

gesterone by 3b-hydroxysteroid dehydrogenase (3b-HSD).[3,4]

Understanding the enzymes involved in steroidogenesis and, more impor-

tantly their cellular location, are key factors involved in increasing our

knowledge of how the synthesis of steroid hormones is regulated.

Antibodies against P450scc and 3b-HSD will help identify the molecular

basis of steroidogenesis in both normal and pathological conditions. Current

methods for producing antibodies are not only labor-intensive, but also a

rate-limiting step in a myriad of scientific studies. As a result, having wide-

spread availability of antibodies against P450scc and 3b-HSD (among other

clinically relevant proteins or enzymes) would be extremely advantageous.[5,6]

Therefore, the objective of this study was to develop polyclonal antibodies

that could be used to immunologically detect the P450scc and 3b-HSD

proteins, regardless of the species of origin.

EXPERIMENTAL

Production of Recombinant Protein in E. coli and its Purification

To create P450scc and 3b-HSD recombinant proteins, the full-length cDNA

of P450scc and 3b-HSD (previously verified by recombinant plasmid DNA

sequencing) were cloned into the prokaryotic expression vector pET29a.

For analysis of the expressed proteins, E. coli BL21 (DE3) transformed

with the recombinant plasmids, were grown in 2 mL of Luria-Broth (LB)

medium containing 50 mg/mL ampicillin (LB/ampicillin) at 378C for 15

hours. The overnight culture was diluted 1:10 into 5 mL of fresh LB/ampicil-

lin and grown for an additional hour at 378C. Fusion protein expression was

induced by 0.1 mM IPTG, and incubation was continued for 4 hours, The

cell culture (1.5 mL) was then immediately pelleted at 12,000 g for 1

minute at 48C and resuspened in sample buffer for direct SDS-PAGE

analysis (according to the method of Laemmli, 1970). Expressed fusion

proteins were purified with Ni2þ-NTA His-bind resin (Qiagen) and quantified

according to the Bradford method (Merck). One aliquot (5 mL) was evaluated

for protein purity using a 10% SDS-PAGE.[7]

Production of Antibodies

After purification of the P450scc and 3b-HSD recombinant proteins on Ni2þ-

NTA His-bind resin, the protein solutions were extensively dialyzed against
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phosphate buffer saline (PBS). Four New Zealand white rabbits were

immunized (two separate rabbits immunized with each recombinant protein)

via subcutaneous injection at multiple sites in the back and flanks, at a dose

of 100 mg/animal/injection. For the primary immunization, the protein

solutions were mixed with an equal volume of Freunds complete adjuvant.

After the primary immunizations, the rabbits were boosted with biweekly

injections for two weeks, then two to four times monthly with the P450scc

and 3b-HSD recombinant proteins in incomplete Freunds’ adjuvant.[8] The

final bleeding was performed 10 days following the last injection and the

antiserum was stored at 2208C.

Western Blot Analysis

Tissues were collected from the steroidogenic or non-steroidogenic tissues of

different species. The protein concentration of the tissue extracts was

measured by the Bradford technique and the extracts (20 mg/well) were

separated via SDS-PAGE using 12% separating gels under reducing conditions.

The proteins were transferred from the separating gels to PVDF membranes

(Millipore) using a semi-dry electro-blotting system (Bio-Rad Laboratories,

Hercules, CA, USA) for 30minutes at 16–24 V in a Tris-glycine buffer contain-

ing 20%methanol. The membranes were then incubated with diluted polyclonal

antiserum (P450scc antiserum: 1:10,000X, 3b-HSD antiserum: 1:40,000X) and

developed with a horseradish peroxidase-conjugated secondary antibody

directed against rabbit IgG (1:2000X; Santa Cruz Biotech) according to the

manufacturer’s instructions.

Immunohistochemistry

Samples of bovine corpus luteum tissue were fixed overnight in a 10%

formalin-fixed solution, embedded in paraffin, and sectioned at 5 mm. The

sections were then mounted on poly-L-lysin coated glass slides. Following

deparaffinizing in xylene, tissue sections were rehydrated by passing them

through decreasing concentrations of ethanol to Tris-buffer saline. Endogen-

ous peroxidase activity was eliminated by incubating the sections in

methanol H2O2 for 15 minutes. Nonspecific binding was blocked with

normal goat serum, followed by 3 hours incubation with anti-P450scc or

anti-3b-HSD antiserum (1:5,000 dilutions). Immunoreactive P450scc or 3b-

HSD protein was visualized with an avidin-biotin enhanced horseradish per-

oxidase method (Vector Laboratories, Burlingame, CA, USA) using diamino-

benzidine as the substrate, followed by a light nuclear counterstain with Gill’s

hematoxylin.
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RESULTS

P450scc and 3b-HSD Recombinant Protein Expression in E. coli
and its Purification

To express and purify the fusion protein of His-tagged P450scc and 3b-HSD

in prokaryocytes, the constructed plasmid was transformed into BL21 (DE3)

competent cells, and 0.1 mM IPTG was used to induce the expression of His-

tagged P450scc and 3b-HSD protein. The SDS-polyacrylamide gel electro-

phoresis analysis of crude extracts of recombinant protein demonstrated the

presence of the induced expressed P450scc and 3b-HSD proteins (Figures

1A and 1C) with the correct predicted molecular weight. Following purifi-

cation, the P450scc and 3b-HSD, major bands in the SDS-PAGE could be

observed (Figures 1B and 1D). The complete purification procedure resulted

in a high protein production level, about 500 mg of His-tagged protein/
50 mL LB culture.

Figure 1. Expression and purification of His-P450scc and His-3b-HSD fusion

protein. SDS-PAGE of time-course by IPTG induction in recombinant P450scc (A)

or 3b-HSD (C). Purification of recombinant proteins P450scc (B) and 3b-HSD (C).

After washing with binding buffer and washing buffer, the purified recombinant protein

was eluted with elution buffer, M: marker; P: pass-through; B: binding buffer; W:

washing buffer. Each well was loaded with 20 mg total protein of sample.
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Antibody Production and Specificity

Initial determinations regarding the specific detection of P450scc or 3b-

HSD in animal tissues were achieved using bovine luteal cells incubated

with anti-P450scc or anti-3b-HSD antiserum, pre-absorbed and immuno-

neutralized with either P450scc or 3b-HSD recombinant protein (1 mg/
mL). A single, weak intensity band was detected (Figures 2A and 2B),

demonstrating that the antibody was specific and that no additional

proteins were detected by the second antibody. Pre-absorption of the

antibody resulted in significant reduction or elimination of Western

blotting for P450scc or 3b-HSD.

Preliminary findings regarding the titers of the antibodies suggest that the

polyclonal antiserum can dilute from 10,000X to 40,000X. Therefore, a high-

titer, polyclonal antiserum was produced in the rabbit that recognizes a

specific band identified in the luteal cells of bovine (Figures 3A and 3B).

Figure 2. Initial determinations of the specific binding of P450scc (A) or 3b-HSD

(B) protein were obtained and verified from bovine luteal cells incubated with anti-

P450scc or anti-3b-HSD antiserum pre-absorbed and immuno-neutralized with the

immunization recombinant protein (1 mg/mL). Each well was loaded with 20 mg

total protein of sample.
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Specific Detection of P450scc and 3b-HSD in Steroidogenic Tissue

Extracts from Different Species

A single P450scc protein band with an apparent molecular weight of

52 KDa was detected in steroidogenic cell extracts from bovine adrenal

(positive control tissue), goat luteal and pig adrenal (Figure 4A). In the

anti-3b-HSD Western blot result, a major band with a molecular weight

of 43 KDa was detected in steroidogenic cell extracts from a variety of

species including the cow, goat, pig, mouse, human, chicken, and duck

(Figure 4B).[9,10] The antisera of anti-P450scc and anti-3b-HSD were

obtained after immunizing rabbits against the P450scc and 3b-HSD

proteins and were tested by Western blot analysis.[11] These results

indicated that these two antibodies are highly specific, present high titer

values, and have comparable properties.

Immunolocalization of P450scc and 3b-HSD in Bovine Corpus

Luteum

Immunoexpression of P450scc and 3b-HSD was detected in the bovine corpus

luteum.[12,13] Staining was specific to the cytoplasm of the luteal cells and was

not seen in endothelial cells lining the blood vessels (Figures 5A, 5B

arrowheads).

The data presented in this report demonstrate that the polyclonal anti-

bodies created against P450scc and 3b-HSD are perfectly suited for

Figure 3. Representative Western blotting for serious dilution (1,000x to 40,000x) of

anti-P450scc or anti-3b-HSD polyclone antiserum. Screening lane was loaded with 50

mg total protein of bovine luteal cell lysates.
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Figure 4. Detection of P450scc (A) or 3b-HSD (B) in the steroidogenic cell extracts

from bovine, goat, pig, mouse, human, chicken and duck. On Western blot, a single

protein of a molecular weight approximating 52 KDa was recognized by anti-

P450scc antiserum (A); A major band approximately 43 KDa was detected by anti

3b-HSD antiserum (B). Extracts were prepared from the following cells: BA, bovine

adrenal cells; GL, goat luteal cells; PA, pig adrenal cells; ML, mouse Leydig cells;

HA, human adrenal cell line; CT, chicken theca cells; DT, duck theca cells. Each

well was loaded with 20 mg total protein of sample.

Figure 5. Hematoxylin & Eosin and immunohistochemistry staining of P450scc or

3b-HSD protein in bovine luteum tissue. All slides were photographed at 200X mag-

nification. (A) Hematoxylin and Eosin staining, (B) The P450scc protein was located in

luteal cells (arrowheads), (C) The 3b-HSD protein was highly expressed in the luteal

cells (arrowheads), (D) Counter staining.
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immunohistochemical localization of the P450scc and 3b-HSD in corpus

luteum tissue, particularly in endothelial cells.[12,14,15] The results of the

Western blots, together with the immunohistochemical assays, indicate that

the immunostaining is, indeed, specific to the P450scc and 3b-HSD.

DISCUSSION

In conclusion, we have generated highly specific polyclonal antibodies to the

P450scc and 3b-HSD. These two polyclonal antibodies will play an integral

role in future elucidation of the cellular and molecular interactions

mediating the pleiotypic effects of steroidogenesis in a myriad of species.

Indeed, these two antibodies appear to be suitable for both Western blot

analysis and immunohistochemistry, allowing for the mapping of these

proteins in various steroidogenic tissues and identification of the steroidogenic

cells.
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