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a b s t r a c t

Male pigs are routinely castrated to prevent the accumulation of testicular 16-androstene steroids, in
particular 5�-androst-16-en-3-one (5�-androstenone), which contribute to an off-odour and off-flavour
known as boar taint. Cytochrome P450C17 (CYP17A1) catalyses the key regulatory step in the formation
of the 16-androstene steroids from pregnenolone by the andien-� synthase reaction or the synthesis of
the glucocorticoid and sex steroids via 17�-hydroxylase and C17,20 lyase pathways respectively. We have
expressed CYP17A1, along with cytochrome P450 reductase (POR), cytochrome b5 reductase (CYB5R3)
and cytochrome b5 (CYB5) in HEK-293FT cells to investigate the importance of the two forms of porcine
CYB5, CYB5A and CYB5B, in both the andien-� synthase as well as the 17�-hydroxylase and C17,20 lyase
reactions. Increasing the ratio of CYB5A to CYP17A1 caused a decrease in 17�-hydroxylase (p < 0.013), a
transient increase in C17,20 lyase, and an increase in andien-� synthase activity (p < 0.0001). Increasing
the ratio of CYB5B to CYP17A1 also decreased 17�-hydroxylase, but did not affect the andien-� synthase

activity; however, the C17,20 lyase, was significantly increased. These results demonstrate the differential
effects of two forms of CYB5 on the three activities of porcine CYP17A1 and show that CYB5B does not

ntha

1

p
c
p
w
s
a
b

n
i
P
n
v
t
i
v

(

0
d

stimulate the andien-� sy

. Introduction

Androstenone is a C19 16-androstene steroid produced as a
hermonal hormone by leydig cells in porcine testis from C21 pre-
ursors, pregnenolone and progesterone [1]. Androstenone is trans-
orted via the blood stream to the submaxillary salivary glands [2],
here it binds to a specific binding protein which concentrates the

teroid in this area [3]. Androstenone is also highly lipophilic and
ccumulates in the adipose tissue [4] leading to the disagreeable
oar taint odour and flavour of meat from uncastrated male pigs.

The primary step in the synthesis of androstenone from preg-
enolone is the formation of 5,16-androstadien-3�-ol (AN�), which

s catalyzed by the andien-� synthase system in a cytochrome
450C17 (CYP17A1) dependent reaction [2,5]. Alternatively, preg-
enolone can be converted to 17�-hydroxypregnenolone (17OHP)
ia the 17�-hydroxylase reaction and then via the C17,20-lyase reac-
ion to the androgen, dehydroepiandrosterone (DHEA). CYP17A1

s thus a key enzyme that regulates the production of androgens
ersus 16-androstene steroids.

The involvement of CYP17A1, microsomal cytochrome b5
CYB5A, Type I), NADPH cytochrome P450 reductase (POR) and
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se activity of CYP17A1.
© 2008 Elsevier Ltd. All rights reserved.

cytochrome b5 reductase (CYB5R3) in the andien-� synthase
system has been shown previously [6,7]. Ogishima et al. [8] demon-
strated that the outer mitochondrial membrane cytochrome b5
(CYB5B, Type II) is also involved in steroid hormone metabolism in
rats and guinea pigs. The potential role of CYB5B in AN� synthesis
in pigs has not yet been investigated.

CYB5 has many roles such as: (a) transfer of electrons from
NADH to desaturase [9], (b) NADH-dependent reduction of methe-
moglobin to regenerate hemoglobin [10], and (c) stimulation of
cytochrome P450 dependent oxygenation [8]. The exact mecha-
nism of CYB5 is not yet completely understood; however, POR
is the primary electron donor because the ferric state of P450
is a lower redox potential than CYB5 [8]. Experiments with apo-
CYB5, which lacks the heme moiety, and holo-CYB5 suggest that
CYB5 is not responsible for direct electron transfer but exerts
a saturable, allosteric effect on the CYP17A1–POR complex [11].
The POR functions by catalyzing electron transfer from NADPH
to cytochrome P450 during catalysis [12] and is also involved in
electron transfer from NADPH to heme oxygenase [13] and CYB5
[14].

NADH cytochrome b5 reductase (CYB5R3) works in a similar

manner as shown below:

NADH + H+ + 2ferricytochromeCYB5

→ NAD+ + 2ferrocytochromeCYB5

http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:jsquires@uoguelph.ca
dx.doi.org/10.1016/j.jsbmb.2008.11.012
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YB5R3 is a flavoprotein that catalyzes the reduction of CYB5, using
AD as a prosthetic group. Two forms of CYB5R3 are known, a
embrane-bound form in somatic cells and a soluble form in ery-

hrocytes [15]. The membrane-bound form consists of both the
embrane binding domain and the catalytic domain, where as the

oluble form only consists of the catalytic domain [16,17]. The role
f CYB5R3 on the 17�-hydroxylase, C17,20 lyase and andien-� syn-
hase activity of CYP17A1 has previously been investigated; CYB5R3
s not necessary for the production of 17OHP or DHEA, but CYB5R3
ignificantly increases andien-� synthase activity [6].

Among the several systems developed to characterize enzymatic
ctivity, transfection of expression constructs into intact mam-
alian cells provides the opportunity to study the activity of the

xpressed proteins in the native microsomal environment and to
tudy various combinations of enzymes, redox partners and sub-
trates used [18,19]. In this report, we studied the effects of CYB5A
nd CYB5 B on the activities of CYP17A1 by transient transfection of
uman embryonic kidney (HEK-293FT) cells with expression con-
tructs for CYP17A1, POR, CYB5R3 and either CYB5A or CYB5B. With
his system we have the ability to over-express the proteins of inter-
st, and to vary the relative amounts of these proteins to produce
well defined and active system with minimal interference from

ndogenous proteins that would occur with hepatocytes or micro-
omal preparations.

Our objective was to determine how CYB5A and CYB5B mod-
late the three activities of porcine CYP17A1: 17�-hydroxylase,
17,20 lyase and andien-� synthase activity. We were especially

nterested in systems that would maintain the normal produc-
ion of sex steroids (through the 17�-hydroxylase and C17,20 lyase
eactions) while decreasing the production of the 16-androstene
teroids (through the andien-� synthase reaction), since this might
ead to methods for controlling boar taint.

. Materials and methods

.1. Construction of expression vectors for POR, CYP17A1, CYB5R3,
YB5A and CYB5B

The entire coding regions of porcine POR, CYP17A1, CYB5R3,
YB5A and CYB5B were amplified from porcine testis cDNA by
CR using platinum Pfx DNA polymerase (Invitrogen) and primers
isted in Table 1. The amplified segments were then cloned into
cDNA3.1/V5-His TOPO (Invitrogen) to produce expression vectors.
xpression vectors for V5-His tagged proteins were generated so
hat the expressed proteins could be detected by Western blotting
sing anti-V5-HRP antibody; vectors expressing the untagged pro-
ein were also generated to determine if the V5-His tag adversely
ffected the activity of the protein. The PCR primers for porcine

ADPH cytochrome P450 reductase (POR) were based on Genbank
ccession number L33893 and for porcine CYP17A1 were based
n accession number NM 214428. The primers for porcine CYB5A
nd CYB5B were based on accession numbers NM 001001770
nd AY609739 respectively. The sequence of porcine CYB5R3 was

able 1
rimers used to amplify sequences of tagged and untagged CYP17A1, POR, CYB5R3, CYB5A

rotein produced Forward primer (5′ → 3′)

YP17A1 gccatgtgggtgctcttggtttt
YP17A1–V5-His gccatgtgggtgctcttggtttt
OR gccatgggggactccaacgtgg
OR–V5-His gccatgggggactccaacgtgg
YB5R3 gccatgggggcccagctgagca
YB5R3–V5-His gccatgggggcccagctgagca
YB5A gccatggccgaacagtccgac
YB5A–V5-His gccatggccgaacagtccgac
YB5B gccatggcgactgtggaagcca
YB5B–V5-His gccatggcgactgtggaagcca
stry & Molecular Biology 113 (2009) 98–104 99

assembled from pig ESTs retrieved by BLAST searching the NCBI
database using human CYB5R3 (accession number NM 000398) as
a template. This sequence was used to design primers to amplify
and clone porcine CYB5R3. The identity of all clones was confirmed
by sequencing.

2.2. Transient expression in human embryonic kidney (HEK-293)
cells

Human embryonic kidney cells (HEK-293FT; Invitrogen) were
plated at 7 × 105 cells per well in Falcon 6-well culture tissue plates
(BD Biosciences) and grown at 37 ◦C in Dulbecco’s modified eagle’s
medium (GIBCO) supplemented with 10% fetal calf serum (PAA Lab-
oratories, Etobicoke, ON), 1% geneticin, penicillin/streptomycin and
l-glutamine, non-essential amino acids and sodium pyruvate. Once
the cells were 90–95% confluent, vectors expressing CYP17A1, POR,
CYB5R3, and CYB5A or CYB5B were transfected into HEK-293 cells
using LipofectAMINE 2000 (Invitrogen) according to the manufac-
turer’s instructions. The amounts of the plasmids for expression of
CYP17A1, POR and CYB5R3 used in the transfections were adjusted
to give approximately equal levels of expression for each protein.
Variable amounts of the expression plasmids for CYB5A and CYB5B
were used, with empty pcDNA3.1 vector added to bring the total
amount of DNA to 4 �g for each transfection.

2.3. Western analysis of protein expression

Protein expression of HEK-293 cells transfected with pcDNA3.1/
CYP17A1–V5-His, pcDNA3.1/POR–V5-His, pcDNA3.1/CYB5R3–V5-
His and pcDNA3.1/CYB5A–V5-His or pcDNA3.2/CYB5B–V5-His was
analyzed by Western blotting. The cells were harvested and lysed
by sonication (three times for 30 s) in 300 �L RIPA lysis solution
(1% Nonidet P-40, 0.1%, SDS and 0.5% sodium deoxycholate) includ-
ing Complete protease inhibitor cocktail tablets (Roche). Samples
containing 20 �g of protein were separated by electrophoresis on
sodium dodecyl sulfate–16% polyacrylamide gels and transferred
by semi-dry transblot to PVDF membranes. The blots were incu-
bated overnight in 5% (w/v) dried skim milk in PBS with 0.1% Tween
20 and then incubated with a 1:5000 dilution of anti-V5-HRP anti-
body (Invitrogen) in PBS containing 0.1% Tween 20 and 5% skim milk
powder. Antibody antigen complexes were identified by incubating
with 50 �L of 68 mM p-coumaric acid (Sigma) in DMSO followed by
15 �L of 3% hydrogen peroxide added into 5 mL of 1.25 mM lumi-
nal (Sigma) in 0.1 M Tris pH 8.5. After 1 min the blot was exposed to
film (Kodak) for 5–10 min and developed. The densities of the bands
on the Western blots were analyzed by Northern Eclipse software
(Empix Imaging).
2.4. Assay of enzymatic activity

The metabolism of pregnenolone was measured in HEK-293
cells transiently transfected with vectors expressing CYP17A1,
POR, CYB5R3, and CYB5A or CYB5B. At 48 h after transfection

and CYB5B and the expression plasmids produced.

Reverse primer (5′ → 3′) Plasmid name

cagggtggagtcaggaggta pcDNA3.1/CYP17A1
ggaggtactcccctcagtgt pcDNA3.1/CYP17A1–V5-His
ggctggcagaagacagtgag pcDNA3.1/POR
gctccacacgtccagggagt pcDNA3.1/POR–V5-His
ccatcagaaggcgaagcag pcDNA3.1/CYB5R3
gaaggcgaagcagcgctcct pcDNA3.1/CYB5R3–V5-His
tttcttccattggcttctgc pcDNA3.1/CYB5A
gtttccgatgtgtagaagt pcDNA3.1/CYB5A–V5-His
tcaggaggatttgctctccg pcDNA3.1/CYB5B
ggaggatttgctctccgccg pcDNA3.1/CYB5B–V5-His
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7-3H(N)]-pregnenolone (10 �M, specific activity = 33 �Ci �mol−1)
as added in fresh media to the 6-well culture plates. After

ncubation for 16 h, the media was collected and the cells were
arvested. Cell debris was separated at 15,000 × g for 15 min. The
edia and cell debris were extracted twice with 4 mL ether and

he organic phases were pooled and evaporated to dryness under
itrogen. The extracts were dissolved in 85% acetonitrile:15% H2O
nd the radioactive steroids were separated by HPLC on a Luna
� 250 mm × 4.60 mm reverse phase C-18 column (Phenomenex,
orrance, CA). The equipment consisted of a Spectra-Physics
odel SP8880 autosampler, a Spectra-Physics model SP8800

ernary HPLC Pump (Spectra-Physics, San Jose, CA) and a �-Ram
odel 2 radioactivity detector (IN/US Systems, Tampa, FL). The

6-androstene steroid product (AN�) was separated from the

regnenolone substrate and other products (17OHP and DHEA)
sing a mobile phase of 85% acetonitrile delivered at 1 mL/min
20]. DHEA and 17OHP were separated using a 50% acetonitrile

obile phase [21]. Substrates and metabolites were identified by
omparison with the retention time of reference steroids (Sigma).

ig. 1. The nucleotide (A) and deduced amino acid (B) sequence of porcine CYB5R3 com
re highlighted.
stry & Molecular Biology 113 (2009) 98–104

2.5. Statistical analysis

All statistical analyses were made using SAS/STAT version 9.1
(SAS Institute Inc.). Treatments were compared using the gen-
eral linear model procedure and a t-test was used to compare
different means. Dunnets test was used to compare transfection
levels of CYB5A/CYB5B to control at a confidence level of 95%.
The Pearson correlation procedure was used to check for posi-
tive or negative correlations between the amount of CYB5A or
CYB5B used in the transfections and production of AN�, 17OHP and
DHEA.

3. Results
3.1. Cloning of porcine CYB5R3 and optimization of the expression
system

The nucleotide and deduced amino acid sequence of porcine
CYB5R3 compared with human CYB5R3 is shown in Fig. 1. The

pared to human CYB5R3. The homologous sequences between porcine and human
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Fig. 1.

omology between porcine and human was 90% and 93% at the
ucleotide and amino acid level respectively.
We first optimized the HEK-293 system to obtain similar levels
f protein expression and activity and to determine the optimum
ime for protein expression following transfection. Fig. 2A displays a

estern blot of cells expressing V5-tagged CYP17A1, POR, CYB5R3,
YB5A and CYB5B at 24, 48, 72 and 96 h after transfection. The den-

ig. 2. (A) Western blot showing the expression of CYP17A1, POR, CYB5R3, CYB5A
nd CYB5B at 24, 48, 72 and 96 h after transfection. Proteins were separated on
6% SDS-PAGE, blotted and anti-V5 HRP antibody was used for detection. CYP17A1
59 kDa), POR (78 kDa), CYB5R3 (33 kDa), CYB5A (15 kDa) and CYB5B (16 kDa). (B)
and densities were determined by scanning the Western blots and the results are
lotted as percent of maximum.
nued ).

sities of the bands on the Western blots were analyzed by Northern
Eclipse software (Empix Imaging) and the percent change in band
densities are plotted in Fig. 2B. The expression of the different pro-
teins varied over time. The expressions of CYP17A1 and CYB5A were
maximal at 48 h and then declined thereafter, while the expressions
of POR, CYB5B and CYB5R3 continued to increase up to 96 h. The
48 h time point was subsequently chosen as the optimal time for
expression and assay of enzyme activity.

The production of the pregnenolone metabolites, AN�, and
DHEA + 17OHP was determined next over time (Fig. 3). HEK-
293 cells were transfected with expression vectors for CYP17A1,
POR, CYB5R3 and CYB5A and 48 h after transfection, [7-3H(N)]-
pregnenolone substrate was added in fresh media. Cells and media
were collected after 2, 4, 8, 16 and 24 h of incubation with substrate

and the metabolites were extracted and analyzed by HPLC with a
mobile phase of 85% acetonitrile:15% H2O. The production of AN�
and DHEA + 17OHP was linear up to 16 h. The activity of the pro-
teins in the expression system was similar for both the untagged
and V5-His tagged proteins (data not shown).

Fig. 3. The production of pregnenolone metabolites AN�, DHEA + 17OHP over time.
HEK-293 cells were transfected with expression vectors for POR (0.35 �g), CYP17A1
(0.25 �g), CYB5R3 (0.25 �g) and CYB5A (1 �g). At 48 h after transfection, cells were
incubated with 3H-pregnenolone substrate and products were analyzed by HPLC
with a mobile phase of 85% acetonitrile.
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Fig. 4. The effect of increased expression of CYB5A on the production of
DHEA + 17OHP and AN�. CYP17A1, POR, CYB5R3 and CYB5A were transfected into
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Fig. 6. The effect of increased expression of CYB5A on the production of 17OHP
and DHEA. CYP17A1, POR, CYB5R3 and CYB5A were transfected into HEK-293 cells

C17,20 lyase activities was analyzed by separating 17OHP and
EK-293 cells and products were analyzed by HPLC with a mobile phase of 85% ace-
onitrile. The results are expressed as the mean ± S.E. of five replicate experiments
ith duplicate transfections in each experiment. *Significantly different (p < 0.05)

ompared to the control (CYB5A = 0 �g).

.2. Effect of CYB5 isoforms on C17˛-hydroxylase/C17,20 lyase
ctivities versus andien-ˇ synthase activity

Transfections of HEK cells were performed with 0.25 �g
cDNA3.1/CYP17A1, 0.35 �g pcDNA3.1/POR, 0.25 �g pcDNA3.1/
YB5R3 and from 0 to 3 �g pcDNA3.1/CYB5A or pcDNA3.1/CYB5B,
ith empty pcDNA 3.1 vector added to maintain a consistent level

f 4 �g of plasmid DNA in each transfection. The transfected cells
ere incubated with 3H-pregnenolone and the products of the

ombined 17�-hydroxylase/C17,20 lyase reactions (17OHP + DHEA)
nd andien-� synthase (AN�) reactions were analyzed via HPLC
ith a mobile phase of 85% acetonitrile. Increasing the expres-

ion of CYB5A (Fig. 4) resulted in a significant decrease in the

ombined 17�-hydroxylase/C17,20 lyase activities (p < 0.013) from
7% of total products without CYB5A, to 69% of total products
ormed with 3 �g of CYB5A transfected. However, increasing the
xpression of CYB5B had no significant effect on combined 17�-
ydroxylase/C17,20 lyase activities (Fig. 5).

ig. 5. The effect on increased expression of CYB5B on the production of
HEA + 17OHP and AN�. CYP17A1, POR, CYB5R3 and CYB5B were transfected into
EK-293 cells and products were analyzed by HPLC with a mobile phase of 85% ace-

onitrile. The results are expressed as the mean ± S.E. of five replicate experiments
ith duplicate transfections in each experiment. *Significantly different (p < 0.05)

ompared to the control (CYB5B = 0 �g).
and products were analyzed by HPLC with a mobile phase of 50% acetonitrile. The
results are expressed as the mean ± S.E. of five replicate experiments with duplicate
transfections in each experiment. *Significantly different (p < 0.05) compared to the
control (CYB5A = 0 �g).

There was a significant positive correlation (r = 0.503) between
the amounts of CYB5A plasmid transfected and AN� production
(p < 0.0001), to a maximum of 31% of total products at 3 �g of
CYB5A plasmid transfected (Fig. 4). However, increased expres-
sion of CYB5B did not affect the production of AN�, with maximal
production of AN� not exceeding 10% of overall products formed
(Fig. 5).

3.3. Effects of CYB5 isoforms on 17˛-hydroxylase versus C17,20
lyase activity

The effect of the CYB5 isoforms on 17�-hydroxylase versus
DHEA production for each individual transfection by HPLC using
a mobile phase of 50% acetonitrile. The production of 17OHP
was negatively correlated (r = −0.779) with increasing amounts of

Fig. 7. The effect of increased expression of CYB5B on the production of 17OHP
and DHEA. CYP17A1, POR, CYB5R3 and CYB5B were transfected into HEK-293 cells
and products were analyzed by HPLC with a mobile phase of 50% acetonitrile. The
results are expressed as the mean ± S.E. of five replicate experiments with duplicate
transfections in each experiment. *Significantly different (p < 0.05) compared to the
control (CYB5B = 0 �g).
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YB5A (p < 0.0001, Fig. 6). The production of DHEA was transiently
ncreased at the 0.2 and 0.4 �g levels of CYB5A transfection and then
ecreased at higher transfection levels of CYB5A. The production of
7OHP was also negatively correlated (r = −0.564) with increasing
YB5B transfection levels (p < 0.004, Fig. 7) while DHEA production
as significantly positively correlated (r = 0.565) with increasing

xpression of CYB5B (p < 0.004).

. Discussion

The primary purpose of this study was to investigate the effect of
YB5A versus CYB5B on the activity of porcine CYP17A1 in catalyz-

ng the synthesis of AN�. This is the initial step in the synthesis of
6-androstene steroids, which are a major component of boar taint
n entire male pigs. A more complete understanding of this pro-
ess may lead to targets for selective breeding or other methods for
ecreasing the production of 16-androstene steroids and thereby
educe boar taint.

It has been demonstrated previously that CYB5A stimulates the
ynthesis of AN� by porcine CYP17A1, as well as decreasing 17OHP
roduction and increasing DHEA production [6,7]. CYB5B has been
hown to stimulate the 17�-hydroxylase and C17,20 lyase reactions
f CYP17 from rat and guinea pig [8], but the potential role of CYB5B
n synthesis of AN� in pigs has not previously been investigated.
e postulated that CYB5B may have the potential to stimulate

he production of 17OHP and DHEA by porcine CYP17A1 at a level
imilar to CYB5A, while significantly reducing the production of 16-
ndrostene steroids. Thus, increasing the expression of CYB5B and
ecreasing the expression of CYB5A would maintain the production
f androgens, while decreasing the production of 16-androstene
teroids. This would allow entire male pigs to be produced that have
he improved lean growth and feed efficiency due to the anabolic
ffects of testicular steroids, but do not have boar taint.

In this experiment, we investigated the interactions between
YP17A1, POR, CYB5R3 and CYB5A/CYB5B by over-expressing vari-
us amounts of these proteins in HEK-293 cells. CYP17A1 catalyzes
wo types of reactions: hydroxylation and the cleavage process
lso referred to as the fragmentation path by Lee-Robichaud et al.
22]. These authors demonstrated that when porcine CYP17A1 is
hallenged with a substrate analogue in which the C-20 position
ontains a highly electrophilic aldehyde group, the iron peroxide is
rapped to alter the entire course of enzymatic reactions towards
he exclusive formation of 16-androstene steroids [22].

CYP17A1 catalyzes the production of 17OHP and DHEA from
regnenolone via the 17�-hydroxylase and C17,20 lyase reac-
ions [23], as well as the production of AN� by the andien-�
ynthase pathway. Consistent with our results, it has been previ-
usly observed in porcine microsomes that the production of AN�
equired the presence of CYB5A [6,7,22]. Our results show that the
ncreased expression of CYB5A is negatively correlated with the
roduction of 17OHP, while concurrently positively correlated with
he production of AN�. CYB5A thus switches the activity of CYP17A1
rom 17�-hydroxylation of pregnenolone to removal of the carbon
ide chain and formation of the delta 16 double bond.

The potential role of the outer mitochondrial CYB5B in
6-androstene steroid production has not been previously investi-
ated; however, the ability of CYB5B to modulate 17�-hydroxylase
nd C17,20 lyase activity has been investigated in humans [24]. Our
resent results show that porcine CYB5A and CYB5B increase the
roduction of DHEA by CYP17A1, while decreasing the production of
7OHP. However, CYB5B had no effect on the production of AN� by

YP17A1. Thus, CYB5A stimulates both the C17,20 lyase and andien-
synthase pathways, while CYB5B only stimulates the C17,20 lyase

athway and has no effect on the andien-� synthase pathway.
The role of CYB5A as a primary electron donor was investigated

ith “humanized” yeast strains and it was observed that when the
stry & Molecular Biology 113 (2009) 98–104 103

amount of POR was low, maximal stimulation of C17,20 lyase activ-
ity occurred at a CYB5:CYP17A1 ratio of 3:1, with higher ratios
inhibitory [25]. These results were consistent with our observa-
tions of an inhibitory effect on C17,20 lyase activity at higher ratios
of CYB5A but not CYB5B. This suggests that CYB5 may not function
as an electron donor, but perhaps facilitates the transfer of elec-
trons from POR to CYP17A1. Our results also suggest that CYB5A
and CYB5B work by different mechanisms and likely interact dif-
ferently with POR and CYP17A1. The stimulatory effect of CYB5A
on androgen and 16-androstene steroid production was previously
investigated and it was hypothesized that (a) CYB5 is involved in
the second electron transfer, since participation in the first electron
transfer is unlikely because the redox potential of the ferric state of
POR is lower than that of the ferrous state of CYB5 or (b) POR under-
goes conformational changes through complex formation between
POR and CYB5 [8].

We have shown that 17OHP production was negatively corre-
lated with increasing expression of CYB5A and CYB5B, while DHEA
production was positively correlated with expression of CYB5B. The
decrease in 17OHP production and the concurrent increase in DHEA
production suggests that 17OHP may be a substrate for the C17,20
lyase activity. Previous studies by Soucy and Luu-The [26] also sug-
gest that the reactions catalyzed by human CYP17A1 follow two
distinct steps; with a dissociation of the intermediate from the
active site, the increase in DHEA would not necessarily correspond
with a decreased accumulation of 17OHP.

The homology of the amino acid sequences between porcine
CYB5A and CYB5B is 48%, with CYB5A and CYB5B consisting of
134 and 144 amino acids respectively. Perhaps the lack of an
increase in AN� production at higher expression of CYB5B can
be explained by conformational differences between CYB5 iso-
forms A and B. Lee-Robichaud et al. [22,27] concluded in a study of
human CYP17A1 that the interaction between CYP17A1 and CYB5
is governed by the presence of a membrane insertable hydropho-
bic region on CYB5, but also by the defined spatial orientation of
the exposed globular domain at the C-terminus. Residues 1–92
are folded to create a compact globular domain, whereas the C-
terminal sequence residues from 93-onwards form a hydrophobic
tail, which protrudes through the membrane bilayer [27]. Per-
haps the extra 10 amino acids on CYB5B change the interaction
of the globular domain with CYP17A1. This conformational dif-
ference may allosterically alter the conformational change of POR
once bound to CYP17A1and favour the C17,20 lyase activity over
the andien-� synthase pathway, reducing the production of AN�.
This may be related to conformational changes that allow the 17�-
hydroxylase intermediate to remain bound to the active site of
CYP17A1 more than when CYB5A is present, thus increasing DHEA
synthesis.

In summary, we have found that CYB5B and CYB5A interact
with porcine CYP17A1 to produce increased amounts of DHEA,
but CYB5B does not stimulate the production of AN�. Increased
expression of CYB5A first increases and then decreases the pro-
duction of DHEA, but this was not seen with CYB5B. It is likely
that the mechanisms by which CYB5A and CYB5B interact with the
CYP17A1–POR complex are different. These results point to the dif-
ferent isoforms of CYB5 as selective targets for producing entire
male pigs with a normal production of sex steroids and decreased
production of the 16-androstene steroids that contribute to boar
taint.
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