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ABSTRACT ­ Transient expression in nonsteroidogenic mammalian cells of the rat wild type I and type II 3p­hydro3cystercàd dehydroge­
nase/A^­A^­isomerase (3P­HSD) c D N A s shows tha t the encoded proteins, in addit ion to be ing able to ca ta lyze the oxidat ion and 
isomerization of A5­3p­hydroxysteroid precurso is into the corresponding A4­3­ketc«teroids, interconvert 5a­dihydrotes tos terone (DHT) 
and 5a­androstane­3p,17p­diol (3p­dioI). W h e n homogenate f rom cells t ransfected with a plasmid vector conta in ing type I 3p­HSD is 
incubated in the présence of DHT using NAD+ as cofactor, a somewhat unexpected metabolite is formed, namely 5a­andras tanedione (A­
dione), thus indicating an intrinsic and rogen ic 17p­hydroxysteroid dehydrogenase (17P­HSD) activity of this 3P­HSD isoform. Al though 
the relative Vmax of I7p­HSD activity is 14.9­fold lower than that of 3p­HSD activity , the Km value for the 17P­HSD activity of type I 3?­
H S D is 7.97 ^M, a value which is in t he same range as the conversion of D H T into 3p­dioI which shows a K m value of 4 .02 >iM. 
Interestingly, this 17p­HSD activity is h ighly prédominant in unbroken cells in culture, tfius supponing the physiological relevance of this 
' s e c o n d a r y ' activity. Such 17g­HSD activity is inhibited by the classical substrates of 3g­HSD, n a m e l y p r e g n e n o l o n e (PREG) , 
dehydroepiandrosterone (DHEA), A5­androstene­3p,17p­diol (A^­diol), 5a­androstane­39,17g­diol (30­diol) a n d D H T , with IC50 values 
of 2.7, 1.0, 3.2, 6.2, and 6.3 MM, respectively. Although dual enzymatic activities have been previously repor ted fo r purified préparations 
of o ther steroidogenic enzymes, thc p r é s e n t da ta dcmonstratc ôic muMunc t iona l enzymatic activities associatcd with a recorabinant 
oxidoreductase enzyme. In addition to ils weU known 3g­HSD activity, this enzyme possesses the ability to catalyze D H T into A­dione 
thus potentially controlling the level of thc active androgcn D H T in classical steroidogenic as well as pcriphcral intracrine tissues. 

INTRODUCTION 
T h e conversion of 30­hydroxy­A^ steroids into the corres­

pond ing A'*­3-keto3teroids by m e m b r a n e ­ b o u n d 33­hydroxy­
stcroid dehydrogenase/A^­A^­isomerase, h e r e a f t e r called 3p­
H S D , is a crucial step in the b iosyn thes i s of ail classes of 
hormonal steroids (1). Three p­HSD, in addi t ion to being f o u n d 
in classical s teroidogenic tissues, is a lso p r é sen t in severa l 
peripheral tissues including the m a m m a r y gland, prostate, skin, 
ad ipose tissue, liver, k idney and ep id idymis (1­6), w h e r e it 
contr ibutes 10 the intracrine fo rma t ion of sex steroids acting 
locally (7). We have recently character ized multiple types of ra t 
cDNAs encoding 3p­HSD proteins of 372 atnino a d d s (2,3). 
Transient expression of ra t type I and type D 3p­HSD cDNAs in 
m a m m a l i a n n o n s t e r o i d o g e n i c ce l l s r e v e a l s tha t 3 g ­ o l 
dehyd rogenase and A ­̂A"* isomerase activities réside within a 
single protein (3,8). Moreover , thèse two isoenzymes which 
share 94% homology also catalyze t he inierconversion of 3p­
h y d r o x y ­ and 3 ­ k e t o ­ 5 a ­ a n d r o s l a i i e s tero ids (3). F u r t h e r 
characterization of the structure­activity relalionships of thèse tvra 
isoenzymes by site­directed mutagenesis revealed that the lower 
activity of the type II compared to t he type I prote in is due, at 
least in part, to a change of four a m i n o acid residues potentially 
invotved in a putative raembrane­spanrrin^ domain (MSD) located 
between residues 75 to 91 (8). 

Interestingly, it has been reported t h a ï sorae purif ied prépara­
t ions of oxidoreductase enzymes s h o w dua l s te ro idogenic 
activities (9­11). Since the previous d a t a on d u a l enzymat ic 
activities could be due to the lack of pu r i t y of the préparat ions, 
t r a n s i e n t express ion of a r e c o m b i n a n t e n z y m e in n o n ­
steroidogenic mammalian cells should permi t one to characteiize 
wi thou t ambiguity the présence of s u c h mult iple e n z y m a t i c 
activities. The présent s tudy was d e s i g n e d to investigate the 
possibili ty tha t rat 3P­HSD i s o e n z y m e s possess s e c o n d a r y 
steroidogenic activities. 

MATERIALS AND METHODS 
T h e full­length cDNA inscris co r respond ing to the rat type I 

(ro3p­HSD56) and type II ( ro3p­HSD112) 3P­HSD clones were 
uscd (3). We also constructed, by si le­direcled mutagenesis, two 
chimeric cDNAs in which the four codons for Ala83, De85, Va]87 
a n d H i s " potentially involved in a membrane ­ spann ing domain 
(MSD) predicted between residues 75 to 91 in the type I 3p­HSD 
prote in were substituted by those f o r Se r ' ^ , Met^S, Phe87 a n d 
Arg89 présent in the type II 3P­HSD pro te in and V7ce versa, thus 
leading to cDNA inscris encoding a type I 3P­HSD p r o t e i n 
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without the potential M S D (I­MSD) or a type II 3P­HSD protein 
containing type I MSD (II+MSD) as descr ibed (8). Thèse full­
length type I, type II, I ­MSD a n d I I + M S D clones w e r e then 
c loned into the u n i q u e EcoRI site of the p C M V v e c t o r , 
dovmst ream f rom the cy tomega lov i rus ( C M V ) promote r , to 
p r o d u c e the r ecombinan t p lasmids p C M V ­ t y p e I 3 P ­ H S D , 
pCMV­type 0 3p­HSD, p C M V ­ I ­ M S D a n d p C M V - n + M S D , 
respectively (3,8). Expression of the plasmids was p e r f o n n e d in 
the HeLa human cervical carcinoma cells or in the JBG­3 human 
chor iocarc inoma cells by the ca lc ium p h o s p h a t e t ransfect ion 
method as described (3­5,8). 

In order to détermine enzymatic activity, cells were incubated 
for the indicated ûme intervais at 37 C in the présence of [ 1,2­
3H)5a­dihydrotestosterone ( D H T ; 47 .3 Ci/mmol, NEN) or [4­
14C]DHT (58.3 mCi/mmol, N E N ) in 50 loM Tris b u f f e r (pH 
7.5) containing 1 mM of the appropr ia te cofactor, namely NAD* 
or NADH, in the présence or absence of the unlabeled competitor 
steroids PREG, D H E A , A^­diol, 3p­diol o r D H T . Trans fec ted 
cells were also incubated directly in pjetri dishes with l abe led 
steroids in order to détermine 17p­HSD activity in non disrupted 
cells. The enzymatic react ion was s topped b y adding 4 volumes 
of e ther /ace tone (9/1, v /v) . T h e o r g a n i c p h a s e w a s then 
evaporated and separated either o n T L C plates using a 4:1 mixture 
of benzène and acétone as prev ious ly descr ibed (3­5,8) or by 
H P L C using a System Gold un i t ( B e c k m a n ) consist ing of a 
model 126 pump , a 507 a u t o m a t i c i n j e c t e r , a Rad ia l ­Pak 
NovaPak C j s coluran (8 m m X 10 cm) a n d a model Beckman 
168 photodiod ar ray deiector . T h e mobi le phase for A­dione, 
D H T and 39­diol was HTOAnethanolAetrahydrofuran/ acetonitrile 
(50/35/10/5, v/v/v/v) at a f low rate of 1.5 ml/min over a 30­iiiin 
per iod . Radioacùvi ty w a s m o n i t o r e d in the e luen l us ing a 
Beckman 171 H P L C Radioact iv i ty Moni to r ing System us ing 
Formula 963 (NEN) as scintillation mix ture at a flow rate of 4.5 
ml/min. Km values as well as V m a x values were calculated by 
using EnzCtter Software (Biosoft, Cambr idge , UK). 

RESULTS AND DISCUSSION 
As demonstrated by thin layer ch romatography , a 8­h incuba­

tion of protein homogenate f rom H e L a cells t ransfected with the 
pCMV vector containing the rat type I 3P­HSD or type II 3P­HSD 
insert in the présence of N A D H as cofac tor led to the conversion 
of DHT into its metabolite 3p­diol (Fig. 1). Il can also be seen in 
this figure that type I 3P­HSD is m u c h more active than the type D 
isoform, in agreement wi lh ou r p rev ious observat ion f o r the 
classical substrates of 3P­HSD, namely P R E G and DHEA as well 
as for D H T and 3p­diol (3,8). 
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F i g u r e 1. Enzymatic ccsaversion of D H T by wild type I and type 
n 33-HSD as well as by chimeric II+MSD and I-MSD 3P-HSD 
{jroteins. Sixty ng of protein f rom homogenates of HeLa œlls 
transfected with pCMV alone (CONTROL), pCMV-type I 3P-
HSD (TYPE I> or pCMV-type U 3p-HSD (TYPE II) plasmid, as 
well as the pCMV plasmid containing the recombinant fragments 
of type I 3p-HSD devoid of the predicted membrane-spanning 
domain (MSD) (I-MSD) between residues 75 to 91 or type II 
having gained this MSD (II+MSD) were incubated with 300 nM 
[1'K:]-DHT fo r 8 h in the présence of 1 mM NADH or ImM 
NAD"*". D H T and its metabolitcs 3p-diol and A-dionc wcrc 
separated by TLC and identiOed by autoradiography. 

Somewhat unexpectedly, we then observed that homogenate 
obtaincd f rom cells transfected with the pCMV-type I 3p-HSD in 
the présence of the oxidative form of the cofactor, i.e. NAD'^, 
converts D H T into a highJy polar metaboli te (Fig. 1). This 
metabolite has been shown by HPLC to correspond to the 17p-
oxidat ive f o r m of D H T , namely A-d ione (Fig.2), t h u s 
demonstrating that the expressed enzyme possesses 17p-HSD 
activity. In fact, as iHustrated in Fig 2, endogenous 17p-HSD 
activity in HeLa ceUs transfected with p C M V alone is veiy low 
(Fig. 2B) whereas, after a 12-h incubation in the présence of 1 
mM NAD*". homogenate from ceUs transfected with pCMV-type I 
30-HSD converts about 65% of DHT into A-dione (Fig. 20). 

As Olustrated in Fig. 1, homogenates f rom cells transfected 
with pCMV type I-3P-HSD and pCMV-E+MSD transform DHT 
into 3p-diol to the same extent in the présence of ImM NADH. 
On the other hand , type II and I-MSD possess similar b u t 
considerably lower activity than the two other proteins. As 
mentioned earlier, the change of residues 83, 85, 87 and 89 in the 
wild-type rat type n 3p-HSD protein prevents the formation of a 
potential MSD présent in the rat type I 3 ^ H S D enzyme between 
residues 75 a n d 91. From the data presented above, it is likely 
that the absence of this putative MSD in type II 3P-HSD explains 
its much lower activity (8). In contrast to the type I 3p-HSD 
protein, it can be seen that type II 30-HSD, as well as chimeric I-
MSD and II+MSD proteins, do not possess the androgenic 17p-
HSD activity (Fig. 1). Fmding that tiie chimeric n+MSD 3p-HSD 
protein is devoid of 17p-HSD activity strongly suggests that the 
lack of such 175-HSD enzymatic activity for the type II 30-HSD 
isoenzymes is not due to the absence of a MSD between residues 
75 to 91, bu t rather to another structural différence resuWng from 
one o r several of the 19 o ther amino acid changes observed 
between the type I and type II isoforms. 

As illustrated in Table I, the Km values of the expressed type I 
3P-HSD protein using DHT as substrate a n d NADH as cofactor 
for the ti-ansformation of DHT into 3p-diol is 4.02 ^M after a 1-h 
Incubation. This value is in the same r ange as those recentiy 
obtained with the h u m a n type U 3P-HSD protein wiiich is the 
almost exclusive type présent in the adrenals and gonads ^?^ere 
the K m value fo r D H T waa measured at 2.7 jiM (5) but higher 

F i g u r e 2 . H P L C analysis of steroids obtained after t ransient 
transfection of pCMV alone (Panel B) or pCMV-type I 3p-HSD 
(Panel Q plasmid in HeLa cells in the présence of 300 nM [^H]-
D H T a n d 1 miM NAD+. Panel A shows the elution profi le of 
steroids used as standards in the HPLC assay. 

than the Km value obtained with the human placental type I 3p-
H S D (5,12). When NAD+ is used as cofactor, the androgenic 
n p - H S D activity of rat type I 3p-HSD is obtained at a Km value 
of 7.97 tiM (Table I). As measured in HeLa cell homogenate, the 
Vmax of 3P-HSD activity of expressed type I 3P-HSD is much 
higher than that of 17p-HSD activity (24.9 ± 1.18 versus 1.67 ± 
0.13 nmol/min/mg). 

However, when the same enzymatic assays are performed in 
unbroken JEG -3 human choriocarcinoma cells transfected with 
the type I 3p-HSD, 17p-HSD activity Is clearly prédominant over 
3p-HSD activity. In fact, it can be seen in Fig. 3 that ceUs 
ti:^uQsfected with type I 3p-HSD convert DHT exclusively into A-
dione while no 3p-diol formation can be detected over basai 
values obtained in cells transfected with pCMV plasmid. The % 
of A-dione formed raised above 50% af ter 12 h of incubation in 
cells transfected with pCMV-type I 3p-HSD plasmid. The low 3p-
H S D activity of type I isoenzyme observed in living ceUs is 
probabîy due to the low concentration of the reductive cofactor 
N A D H compared to the oxidative cofactor NAD* (Fig. 3). The 
présent data suggest that 17^HSD activity, although ' secondary ' 
in homogena te of transfected cells in the présence of NADH, 
could well play a major rôle in the metabolism of DHT in the 
NAD'^-rich environment of living ccUs.The 17p-HSD activity of 
3p-HSD seems to be speciDc to 5a-androstane steroids, since the 
other classical substrates of 17p-HSD, namely DHEA, A^-diol, 
testosterone, A^-androstenedione, 17p-estradiol or estrone, were 
not trartsf ormed into their respective metabolites in homogenates 
of HeLa cells transfected with the pCMV-type I 3p-HSD plasmid 
in the présence of appropriate cofactors (data not shown). 

As illustrated in Fig. 4, the classical substrates of 3p-HSD, i.e. 
the A3-3p-hydroxysteroids PREG, DHEA and A5-diol as well as 
the 3p-hydroxy- (3p-diol) and 3-keto- (DHT) Sa-andros tancs 
inhibited 17p-HSD activity in homogenate from transfected cells 

TABLE 1 
Kinetic propert ies of the 3p-HSD a n d 17p-HSD activities 

endowed b y ra t type I 3p-HSD. Twenty ^g of protein f rom 
homogenate of ceUs transfected with the pCMV-type I 3p-HSD 
plasmid were incubated with increasing concentrations of tritiated 
D H T in the présence of 1 m M NADH or ImM NAD* for 1 h. 
Kinetic parameters were determined using Enzfitter sof tware 
analysis on duplicate samples and are expressed as means ± S.E. 

Cofactor Km 
(HM) 

Vmax 
(imiol/minAng) 

NADH 4.02±0.67 24.9±1.18 

NAD+ 7.97±2.18 1.67±0.13 
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F i g u r e 3 . T i m e c o u r s e of a n d r o g e n i c I V p - H S D a c t i v i t y o f 
e x p r e s s e d r a t t y p e I 3 P - H S D i n J E G - 3 c e l l s . F i v e h u n d r e d 
t h o u s a n d ceUs w e r e p l a t e d in 6 0 m m w e U a n d t r a n s f e c t e d w i t h 
e i the r 5 j ig p C M V o r 5 p C M V t y p e I 3 0 - H S D p l a s m i d . F o r t y -
e i g h t h l a t e r , 100 n M ( ^ H J D H T w a s a d d e d i n t o c u l t u r e m é d i u m . 
I n c u b a t i o n w a s s t o p p e d a t t h e i nd i ca t ed t i m e in t e rva i s a n d s t e ro ids 
w e r e d e t e n n i n e d b y H P L C ana lys i s . 

{ S T E R O I D ] (JJM) 

F i g u r e 4 . C o m p é t i t i o n b y c lass ica l 3 p - H S D s u b s t r a t e s o f t h e 
c o n v e r s i o n o f D H T i n t o A - d i o n e c a t a l y z e d b y t h e c x p r c s s c d r a t 
t y p e I 3 P - H S D i s o e n z y m e . S ix ty ng of p r o t e i n f r o m h o m o g e n a t e 
of cells t r a n s f e c t e d w i t h the p C M V - t y p e I 3 P - H S D p l a s m i d w a s 
i n c u b a t e d i n d u p l i c a t e f o r 8 h w i t h 5 0 0 n M [ l ^ C J D H T i n t h e 
p r é s e n c e o f 1 n i M N A J > a n d t h e i n d i c a t e d c o n c e n t r a t i o n s o f 
D H E A , P R E G , A 5 - D I 0 L , 3 a - D I O L o r D H T . 

wiUi t h e p C M V - t y p e I 3 p - H S D p l a s m i d a t I C 5 0 v a l u e s of 2 . 7 , 
1.0, 3.2, 6 . 2 a n d 6 . 3 n M , r e s p e c t i v e l y , t h u s s u g g c s t i n g t h a t t h e 
s a m e a c t i v e s i te i s i n v o l v e d f o r b o t h 3 p - H S D a n d 1 7 p - H S D 
activi t ies . 

D u a l a c t i v i t y a t t h e a c t i v e s i te o f s t e r o i d - s p e c i f i c e n z y m e s is 
a l so a c h a r a c t c r i s t i c o f p r é p a r a t i o n s o f p u r i û e d 3 p , 2 0 a - H S D f r o m 
f e t a l l a m b b l o o d ( 1 0 ) a n d 3 a . 2 0 p - H S D f r o m f u n g n s 
Streptomyces hydrogenans ( 9 ) . T h e h y p o t h e s i s w a s t h e n 
a d v a n c e d t h a t s o m e s t e r o i d s c a n b i n d i n o p p o s i t e w a y s to t h e 
s a m e e n z y m e a c t i v e s i te ( 1 0 , 1 1 ) , s u c h a n i n t e r p r é t a t i o n b e i n g 
l im i t ed b y t h e p o s s i b i l i t y of i m p u r e e n z y m e p r é p a r a t i o n s . I n 
a g r e e m e n t w i t h th i s h y p o t h e s i s , t h e p r é s e n t s t u d y d e m o n s t r a t e s 
s u c h m u l t i p l e c a t a l y t i c a c t i v i t y a f t e r t r a n s i e n t e x p r e s s i o n o f a 
spec iGc o x i d o r e d u c t a s e i s o e n z y m e . M o r e o v e r , t h e p r é s e n t d a t a 
c l e a r l y d e m o n s t r a t e t h a t a n d r o g e n i c 1 7 p - H S D a c t i v i t y f o r 5 a -
a n d r o s t a n e s t e r o i d s is h i g h l y p r é d o m i n a n t in Hving h u m a n ce l l s , 
t h u s s t r ong ly s u p p o r t i n g t h e p h y s i o l o g i c a l r e l e v a n c e of the a b o v e -
d e s c r i b e d " s e o o n d a r y " ac t iv i ty o f t y p e I 3 p - H S D i s o e n z y m e . 

A C K N O W L F D G E M E N T S 
W e t h a n k M r . J e a n C o u t u r e a n d M r s . E v e G a g n o n f o r t h e i r 

sk iUfu l t e c h n i c a l a s s i s t a n c e . T h i s w o r k w a s s u p p o r t e d b y t h e 
M é d i c a l R e s e a r c h C o u n c i l ( M R C ) of C a n a d a , S o c i é t é 
d ' I n v e s t i s s e m e n t R & D E . M . I . I n c . a n d E n d o r e c h e r c h e . J . S . is 
h o l d e r of a M R C s c h o l a r s h i p w h i l e Y . d e L. is h o l d e r o f a M R C 
p o s t d o c t o r a l f e U o w s h i p . 

R E F E R E N C E S 
1. Luu-The V, Lachance Y, Labrie C, Leblanc G, Thomas TL, Strickler 

RC, Labrie F 1989 Full length cDNA structure and deduced amiiio acid 
séquence of human 3P-hydroxy-5-ene steroid dehydrogenase. Mol 
Endocrinol 3: 1310-1312 

2. Zhao HF, Rhéaume E, Tnidel C, Couet J , Labrie F, Simard J 1990 
Structure and sexual dimorphic expression of a liver-specinc rat 3P-
hydroxysteroid dehydrogenase/isomerase. Endocrinology 127; 3237-3239 

3. Zhao HF, Labrie C, Simard J, de Launoit Y, Trudel C, Martel C, 
Rhéaume E, Dupont E Luu-The V, Pelletier G and Labrie F 1991 
Characterization of 3P-hydroxyst£roid dehydrogenase/û^-A'* isomerase 
cDNAs and differential tissue-specific expression of the correspondlng 
mRNAs in steroidogenic and peripheral tissues. J Biol Chem 266: 583-
593 

4. Lachance Y, Luu-The V, Labrie C, Simard J, Dumont M, de Launoit Y, 
Guérin S, Leblanc G, Labrie F 1990. Characterization of human 3P-
hydroxystrroid dehydrogenase/'A^ • A'' isomerase gène and its expression in 
mammalian cells. J Biol Chem 265: 20469-20475 

5. Rhéaume E Lachaix» Y, Zhao HF, Breton N, Dumont N, de Launoit Y, 
Twdel C, Luu-The V, Simard J and Labrie F 1991. Structure and expres­
sion of a new cDN'A encodijig the almost exclusive 3p-hydroxysteroid 
dehydrogenase/A^-A^-isomerase in human adrenals and gonads. Mol 
Endocrinol 5: 1147-1157 

6. Simard J, Melner M, Breton N, Low KG, Zhao HF, Periman LM and 
Labrie F 1991 Characterization of macaque 3P-hydroxy-5-ene steroid 
dehydrogenaso''A^-A4 isomerase: structure and expression in steroidogenic 
and peripheral tissues in primates. Mol Cell Endocrinol 75: 101-110 

7. Labrie F 1991 Intracrinology. Mol Cell Endocrinol 78: C113-C118 
8. Simard J, de Launoit Y and Labrie F 1991 Characterization of the 

stiucture-activity relationships of rat type I and type n 3P-hydroxysteroid 
dehydrogenase'A^-A'' isomerase by site-directed mutagenesis and expres­
sion in H e U cells. J Biol Chem 266: 14842-14845 

9. Sweet F and Samant BR 1980 Bifunctional enzyme activity at the same 
active site: Study of 3a and 20p activity by affmity alkylation of 3a , 
20P-hydroxysteroid dehydrogenase with 17-(Bromoaceloiy) steroids. 
Biochemiitry 19: 978-986 

10. Chen Q, Rosik LO. Nancarrow C D and Sweet F 1989 Fetal lamb 
3P,20a-hydroxy5teroid oxidoreductase: dual activity at the same active 
site examined b y afTinity label ing with 1 6 a - ( B r o n i o [ 2 ' -
' ' 'c]acetoxy)progesterone. Biochemistry 28: 8856-8863 

11. Murdock GL, Warren JC and Sweet F 1988 Human placental estradiol 
17P-dehydrogenas<: évidence for inverted substrate orientation ("wiong-
way* biixiing) at the active site. Biochemistry 27: 4452-4458 

12. Lorenœ MC, Murry BA, Trant I M and Mason JI 1990 Human 3P-
hydroxysteroid dehydrogenaso'AÎ-* isomerase from placenta; Expression 
in nonsteroidogenic cells of a protein that catalyzes the dehydrogenation^ 
isomerizalion of C21 and C19 steroids. Endocrinology 126: 2493-2498 


