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Abstract

We investigated the first step of the sex steroid hormone biosynthesis pathway by assaying the activities of 3 beta-hydroxy-delta 5-steroid
dehydrogenase, the rate-limiting enzyme in this pathway. We have developed a simple and rapid colorimetric assay for 3 beta-hydroxy-delta
5-steroid dehydrogenase in rat testis. The supernatant from rat testis tissue homogenates were used for the enzyme assay. The enzynr
activity was determined by measuring the absorbance at 570 nm which indicates the rate of conversion of pregnenolone into progesterone
in the presence of NAD, using phenazine methosulfate and nitro blue tetrazolium as the color reagent. The activity of this enzyme ranged
from 4.57 &+ 1.34 to 1056 + 2.13 nmol/mg protein/min with a mean activity ofd + 1.27 nmol/mg protein/min. Th&,, of the enzyme
at an optimum pH of 7.25 was abou74t 0.12 nM.
© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction rate-limiting step by which the steroidogenesis of preg-
nenolone and progesterone can be controlled.
3B-Hydroxysteroid dehydrogenase BBSDH) is an The enzyme system that converts pregnenolone to pro-

enzyme complex involved in the synthesis of steroid hor- gesterone itself consists of two different enzymes: 3 beta-
mones[1,2]. A key step in the biosynthesis of steroid hydroxysteroid: NAD (P) oxidoreductase (EC 1.1.1.145)
hormones by the gonads or adrenal glands is the conversiorand the 3-ketosteroid-delta-isomerase (EC 5.3.3.1). The
of the relatively inertA5-3-ol steroids into the biolog-  conventional abbreviation for the latter enzyme system is
ically active 3,5-oxo-steroids, such as progesterone and3B-HSDH, which consists not only of the dehydrogenase,
androst-4-ene-3,17-dione, which can undergo further trans-but also the isomerase. Dehydrogenation is the initial and
formation into androgens, estrogens, or corticosteroids. Thisrate-limiting step of this reactiof,6]. In mammalian tis-
conversion, which is a two-stage reaction, is catalyzed by sues this enzyme is associated with a subcellular fraction
the 3-HSDH enzyme complex consisting of $Hydroxy- [7-9] and converts C19 and C21 steroids with the delta-3
steroid dehydrogenase (EC 1.1.1.51) and 3,5-oxo-steroidbeta-hydroxyl structure to those with the delta-3-ketone
isomerase (EC 5.3.3.1). The initial reaction, which requires group characteristic of most of the active steroid hormones.
oxidized nicotinamide-adenine dinucleotide as an electron It apparently differs from an enzyme present in liver that

acceptor, is the rate-limiting stdf]. catalyzes the reduction of 3-keto-steroids and that has been
Cholesterol taken up from the maternal circulation is the named $-HSDH [10].
precursor for human placental progesterone syntHdsis 3B-HSDH and steroid delta-isomerase were co-purified

Two enzyme systems are involved in the enzymatic con- as a single protein from human placental microsomes
version of cholesterol to progesterone. The cholesterol side[11]. It has been suggested that the 3 beta-hydroxy-delta
chain cleavage enzyme is necessary for splitting the C6 5-steroid dehydrogenase may be involved in the control
fragment from the side chain of the cholesterol molecule of biosynthesis of steroid hormones, but hitherto, largely
and thus, also for formation of pregnenolone. This enzy- the lack of adequate technical tools has hindered verifica-
matic reaction is thought to be the slowest and therefore, tion of this hypothesis. Three beta-hydroxy-delta 5-steroid
dehydrogenase activity has been assayed mainly by the

" * Tel.: +98-111-2229591x5(363); fax+-98-111-2290181. reduction of NAD spectrophotometrically. In recent years,
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dehydrogenase activity has been available. Because of thevas stable for 30 min. A standard curve was prepared by
low activities of 3 beta-hydroxy-delta 5-steroid dehydro- plotting NADH concentration versus absorbance.

genase, the spectrophotometric method suffers from poor

sensitivity. The radiochemical assay, although sensitive, is2.5. Animals

cumbersome in addition to being expensive, requiring ra-

dioactive chemicals and sophisticated instrumentation. The The animals used in these studies were adult male rats,
purpose of this investigation was to develop a new colori- which were fed an estrogen free diet ad libitum. The rats
metric, rapid, and sensitive method for the determination weighed between 250 and 300 g. All animals survived the
of 3 beta-hydroxy-delta 5-steroid dehydrogenase activity in study without signs of illness. All experimental manipula-

rat testis by use of nitro blue tetrazolium (NBT). tion was carried out with the animals under ether inhalation
anesthesia.

2. Materials and methods 2.6. Preparation of homogenates

2.1. Chemicals Adult male rats were killed by ether anesthesia, and their

testes were excised. Excess fat was removed from the testes.

Pregnenolone (5-pregng®l-2-one) and testosterone They were then chilled on ice, blotted, and weighed. At least
(178_hydroxyandrostan_4_en_3_one) were purchased from 10-12 testes from five to six rats were pOOled as the gland
Sigma Chemical Co. (St. Louis, MO). Nicotinamide ade- Size was small (70mg), homogenized using ground glass
nine dinucleotide (NAD) and the reduced form of nicoti- homogenizers with 10.0ml of 0.15M Tris-HCI buffer (pH
namide adenine dinucleotide (NADH) were obtained from 7-25), and centrifuged at 10,0060¢ at 5°C. The lipid layer
Boehringer Mannheim (Germany). NBT, nicotinamide Was removed by aspiration, and the supernatant was used as
adenine dinucleotide phosphate (NADP), and phenazinethe enzyme extract.
methosulfate (PMS) were purchased from Merck (Darm-
stadt, Germany). All other reagents were of highest purity, 2.7. Assay procedure

and available solvents were freshly redistilled prior to use. o . _
3B-HSDH activity was determined by measuring the rate

of conversion of pregnenolone into progesterone. The iso-
merase reaction is rapid, so it is customary to refer to the
assay in terms of the rate-limiting dehydrogenation step.
The enzyme was assayed in 1.5ml of 0.15M Tris—HCI
buffer (pH 7.25) containing 1.5ml of 4Q0M NAD and
0.2 ml of 200n.M pregnenolone in a total volume of 3.20 ml.
The reaction was started by adding the enzyme (lpand
incubated at 37C for 60 min. A control incubation of the
rat testis homogenate and NAD, without addition of preg-
nenolone was carried out. At the end of the incubation pe-
riod, the reaction was stopped by the addition of 2.0 ml of
) o phthalate buffer (pH 4.25). The turbidity was removed by
Fifty milligram NBT, 15mg PMS, and 1.0ml Tween 20  centrifugation at 5006 g for 30 min, and the supernatant
were dissolved in 50 ml distilled water for the standard curve. \y55 read at 570 nm in a spectrophotometer. Enzyme activity
For the enzyme assay, PMS was omitted from the reagent.yas calculated from the standard curve of NADH and ex-
The reagent containing PMS was stored in a dark bottle. pressed as nmol NADH formed/h mg protein. An enzyme
The substrate (Pregnenolone, 50 mM) was first dissolved in nit is defined as the amount of enzyme that catalyzes the
0.5ml ofdimetr_lyl formamide, angthe stock solution (1mMM) (ejease of 1 nmol NADH/min at 3TC. Specific activity is
was prepared in 50 or 100 ml Tris-HCI buffer (0.15M, pH gxpressed in terms of units per mg of protein. The pro-

2.2. Reagents

Phthalate buffer (70 mmol, pH 4.25): 3.57 g of potassium
hydrogen phthalate was dissolved in a mixture of 50 ml of
0.15 M HCl and 3.0 ml of Tween 20, and the pH was adjusted
to 4.25. The volume was made up to 300 ml with distilled,
deionized water. Then, Tris—HCI buffers (0.15M, pH 7.25)
and NAD (10 mm) were added, and the contents were mixed.

2.3. Color reagent

7.25). tein contents of various enzyme extracts relative to standard
solution of bovine serum albumin were determined by the
2.4. Sandard curve Lowry et al. method12].

A 1 mM solution of NADH was freshly prepared in dis- 2.8. Measurement of the conversion of radioactive
tilled water, and the contents were mixed. Aliquots of graded pregnenolone to progesterone
concentrations of NADH (0—2nm) were reacted with the
color reagent (0.5 ml), and after the color formed, 2.0ml of  33-HSDH activity was measured by a modification of
phthalate buffer was added to each tube, and the absorbancthe procedure described by Armstrong and WELS]. A
of standard against blank was read at 570 nm. The colorationsolution of the substrate, [4*C] pregnenolone (20@M;
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activity: 54 mCi/mmol; Radiochemical Center, Amersham) Table 1

in 7l redistilled ethanol, was mixed with 250 0.14 M Kinetic characterization of #HSDH in rat testis
phosphate-buffered saline, pH 7.25 containing @8I Substrate Pregnenolone
NAD. This mixture was warmed to 3T and f[he ho- Koy (with respect to NAD in nM) 47 012
mogenate (aoquy was added to start the reaction. Aftgr Vimax (Nmol/min/mg protein) 3.83t 0.26
incubation for 15min the reaction was stopped by adding Activity (nmol NAD reduced/min/mg protein) 8.96 1.27

930“" of acetone contalnl_n_g 4|5g_ pregnenqlone and 5@ Values (nmol NAD reduced/min/mg protein) are the mea8.E. of at
[°H] progesterone (specific activity: 3pZi/mmol; Radio least three determinations.

Chemical Center, added as an internal standards). This mix-
ture was extracted with 4 ml methylene dichloride which
was separated and evaporated to dryness. The radioactiv
progesterone was separated from pregnolone by partition

chromatography on thin-layer silica gel and counted. The . 1ne PH dependence ofg3HSDH was analyzed us-
yield of product was calculated from tH/24C ratio for ing Tris—HCI buffer: pH 6.5-9.5 in a 0.2 M concentration
each homogenate. Duplicate measurements were made wit 19- 2- The optimum pH for the 8-HSDH was found to
and without the addition of 0.85mM NAD. The expression P€ at PH 7.25.

of enzyme activity was based on the difference between

these two measurements, one unit was defined as 1 nmoP-2. Kinetic studies

product produced/min/mg protein at 32.

g.l. Determination of optimum pH

Fig. 3 shows 3 beta-hydroxy-delta 5-steroid dehydroge-
nase activity at various substrate concentrations. Enzyme
kinetics were studied in relation to both protein concentra-
tion (Fig. 4) and time Fig. 5. First-order enzyme kinetics
(initial velocity) was observed for an incubation period up to
Fig. 1 shows the standard curve of NADH measured by 60 min using a protein concentration of the enzyme solution

NBT reduction. Various concentrations of NADH were re- |ess than 1Qug/ml. A linear correlation betweerB3HSDH
acted with NBT in the presence of PMS in Tris—HCI buffer

(0.15M, pH 7.25). The color was measured at 570 nm. The

3. Results

three groups of animals assayed on three separate occasion 107
yielded mean testis levels within 5% of one another, indi-
cating that the method was reproduciblaffle J). 9 1
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Fig. 1. Standard curve of NADH measured by NBT reduction. Various

concentrations of NADH were reacted with NBT in the presence of PMS Fig. 2. Effect of pH on the activity of 3-HSDH in rat testis. Each point

in Tris—HCI buffer (0.15M, pH 7.25). The color was measured at 570 nm. represents the meanS.E. of six separate experiments. Substrate concen-
Each point represents the me&rB.E. of six separate experiments. tration and homogenate volume were 200 and 100ul, respectively.
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Fig. 3. Effect of substrate concentration on the activity 8fF3SDH in rat testis. Each point represents the meaBE. of six separate experiments.
Homogenate volume was 100

activity and protein concentration of the enzyme solution 40uM. The apparenK,, of pregnenolone was calculated
was demonstrated up to a protein concentration of 10 mg/mlto be 0.47.M (Fig. 3).

(Fig. 4). All enzymatic tests were performed using 04

of 38-HSDH protein per test and an incubation period of 3.4. Determination of the optimum temperature

20 min. Fig. 5 shows that the utilization of pregnenolone

was found to be a linear function of time for up to 60 min. Influence of temperature on the activity of-HSDH
was investigated in various separate test series at different
3.3. Effect of substrate level on the kinetic parameters temperatures between 20 and°&5(Fig. 6). There was a

maximum B-HSDH activity at 37C which will be referred
The Ky, value for pregnenolone was determined by to as the temperature optimum (100% enzyme activity)
Michaelis—Menten plot using concentration range from 0 to as shown inFig. 6. A gradual enhancement o33HSDH

12 4
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activity(nm of NAD reduced/min/mg protein)
o»

0 2 4 6 8 10 12 14

testis tissue (mg)

Fig. 4. 3-HSDH activity in different levels of homogenates of rat testis tissue. Each point represents the-18&anof six separate experiments.
Substrate concentration was 2001.



D. Qujeq/ Seroids 67 (2002) 1071-1077 1075

12

10 +

activity(nm NAD reduced/min/mg protein)

0 t t t t t t {
0 0.2 0.4 0.6 0.8 1 1.2 1.4
time(h)

Fig. 5. 3-HSDH activity at various time points, in rat testis. Each point represents the tn84h of six separate experiments. Substrate concentration
and homogenate volume were 200 and 100ul, respectively.

activity (25-100%) was found when the temperature was 3.5. Validity of analysis
increased from 20 to 4. When incubations were car-

ried out at higher than optimal temperatures {3J, the Comparison of B-HSDH activity measured by conver-
activity of 33-HSDH rapidly decreased until no enzymatic sion of radioactive pregnenolone to progesterone with that
conversion could be measured. of colorimetric assay was shown Fig. 7.
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Fig. 6. Effect of various temperatures on the activity @Fl3SDH at various time, in the rat testis. Each point represents the tm&dh of six separate
experiments. Substrate concentration and homogenate volume wepi280d 100ul, respectively.
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Fig. 7. Comparison of 3-HSDH activity measured by conversion of radioactive pregnenolone to progesterone with that of colorimetric assay. Each
column represents the meanS.E. of six separate experiments (column 1: colorimetric assay; column 2: measurement of the conversion of radioactive
pregnenolone to progesterone). Substrate concentration and homogenate volume wévea2@0100ul, respectively.

4. Discussion higher than theK,, value in most parts of the testis. The
concentration of pregnenolone in testis is, however, prob-

The importance of 3 beta-hydroxy-delta 5-steroid dehy- ably somewhat lower than théy, value for this substrate.

drogenase in steroidogenic tissues derives, from the fact thafThis might be of importance for the activity of the enzyme

its activity is responsible for production of steroid hormones. in vivo. The Ky, for pregnenolone as well as the optimum

We have developed a simple and rapid colorimetric assaypH, were almost identical to the values reported for the

for 3 beta-hydroxy-delta 5-steroid dehydrogenase activity in testicular, adrenal, and ovarian enzymes. Our results were

the rat testis that is applicable to other steroidogenic tissues.in good agreement with those reported previo($H,15]

Although the radiochemical assay is more sensitive, routine In conclusion, the importance of this study lies in its

assays can be easily performed with our colorimetric method establishment of a new methodology. This assay approach

and are reliable. offers a simple, inexpensive, and sensitive testing procedure
The method described is easily performed and is sensi-for 3 beta-hydroxy-delta 5-steroid dehydrogenase activity

tive enough to assay steroi@-@lehydrogenase activity in  that can be applied to the measurement of dehydrogenase

rat testis. The biochemical reaction fop-BISDH activity enzyme in other tissues. Also, the method is applicable for

is based on the reduction of the NBT salt into formazan use in routine clinical chemistry laboratories.

coupled to NAD reduction, which results in deposits in the

tube that show enzyme activity. To eliminate the other NAD,

NADH interconverting enzyme systems that coexist with Acknowledgments
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