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Est rogen ic  17f l -hydroxys te ro id  dehydrogenase  (17fl-HSD) plays a pivota l  role in the synthesis  of  
es t rogens.  We o v e r p r o d u c e d  h u m a n  p lacen ta l  es t rogenic  17fl-HSD using a bacu lov i rus  express ion  
sys tem for  the s tudy of  the e n z y m e  m e c h a n i s m .  A cDNA encoding  the en t i re  open read ing  f r a m e  
of  h u m a n  17fl-HSD was in se r t ed  into the genome  of  A u t o g r a p h a  californica nuc lea r  po lyhedros i s  
v i rus  and  expressed  in S p o d o p t e r a f r u g i p e r d a  (Sf9) insect  cells. Metabol ic  label ing and  Wes te rn  blot  
analysis  using polyclonal  an t ibodies  ra i sed  against  nat ive  h u m a n  17fl-HSD ind ica ted  tha t  a molecu le  
with an a p p a r e n t  mass  of  35 kDa was m a x i m a l l y  expressed  60 h a f te r  infect ion.  At tha t  t ime  in terval ,  
i n t r ace l l u l a r  17fl-HSD act iv i ty  r e ached  0.26 U / m g  of  p ro t e in  in c rude  homogena t e ,  about  70 t imes  
the level m e a s u r e d  in h u m a n  placenta .  Pur i f i ca t ion  of  r e c o m b i n a n t  17fl-HSD was achieved by a 
single aff ini ty fast  l iquid  p r o t e i n  c h r o m a t o g r a p h y  step yielding 24 mg of  pur i f i ed  17fl-HSD p ro t e in  
per  l i ter  of  suspens ion  cul ture ,  with a specific act iv i ty  of  abou t  8 g m o l / m i n / m g  of  p ro t e in  for  
convers ion  of  es t rad io l  into es t rone ,  at  pH 9.2. In addi t ion,  the r e c o m b i n a n t  p ro te in  pur i f ied  f r o m  
infec ted  Sf9 cells was a s sembled  as a d i m e r  with m o l e c u l a r  mass  and specific ac t iv i ty  ident ical  to 
those of  the e n z y m e  pur i f i ed  d i rec t ly  f r o m  placenta .  The p resen t  da ta  show tha t  the bacu lov i rus  
express ion  sys tem can p rov ide  act ive 17fl-HSD tha t  is func t iona l ly  ident ical  to its n a t u r a l  coun te r -  
p a r t  and  easy to p u r i f y  in quant i t ies  sui table  for  its phys i co -chemica l  studies.  
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INTRODUCTION 

In addition to their roles in the development, growth, 
and function of all tissues involved in reproduction and 
fertility in men and women, sex steroids promote 
growth of hormone-sensitive cancers, especially 
prostate [1] and breast [2] cancers. 

By catalyzing their formation and degradation, 17fl- 
HSD regulates the three most important sex 
steroids (estradiol, testosterone, and androst-5-ene-3fl, 
17fl-diol). Indeed, 17fl-HSD catalyzes the inter- 
conversion of estrone and estradiol [3, 4], the intercon- 
version of 4-androstenedione and testosterone [5], and 
the interconversion of dehydroepiandrosterone and 
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Abbreviations: 17fl-HSD, 17fl-hydroxysteroid dehydrogenase; 
DDT, dithiothreitol; EDTA, (ethylenedinitrilo) tetraacetic acid; 
FPLC, fast protein liquid chromatography; PMSF, phenylmethane- 
sulfonyl fluoride; SDS, sodium dodecyl sulfate; PAGE, poly- 
acrylamide gel electrophoresis. Enzymes: 17fl-Hydroxysteroid 
dehydrogenase (EC 1.1.1.62). 

androst-5-ene-3fl, 17fl-diol [2]. This enzyme, because 
of its ability to alter androgen- and estrogen-dependent 
processes, represents an important target for cancer 
therapy. 

We chose the estrogenic form of 17fl-HSD for our 
study, which is found to be abundant in the soluble 
subcellular fraction of the human placenta and has been 
cloned in our laboratory [6, 7]. This form of 17fl-HSD 
is responsible for the formation of active estrogens, i.e. 
17fl-estradiol and androste-5-ene-3fl, 17fl-diol [8-10] 
which stimulate the proliferation of mammary tumor 
cells. 

To design effective and specific inhibitors of human 
17fl-HSD, we initiated physico-chemical studies to 
characterize the structure of its active site or the 
binding sites of its substrates. Such studies require 
large quantities of enzyme protein purified in a func- 
tionally active state. Although purification of human 
placental 17fl-HSD has improved in recent decades 
[6, 11-14], L i n e t  al. [15] succeeded in purifying this 
labile enzyme with high specific activity using FPLC. 
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However,  the entire process requires 3 to 4 days, 
yielding about 5 mg of pure enzyme protein from 600 g 
tissue of human placenta. To  produce the quantities of 
enzyme required for our studies and to accelerate 
the purification, we overproduced 17/3-HSD in a 
baculovirus expression system. This  system has been 
used successfully for the overproduction of other 
mammalian proteins (for review see Luckow [16]). 

This  report describes the construction of a 
recombinant baculovirus Autographa californica 
nuclear polyhedrosis virus (AcNPV) containing the 
17/~-HSD cDNA under the control of the polyhedrin 
promoter,  its use for infection of Sf9 insect cells, as 
well as the rapid purification and characterization of the 
recombinant 17fl-HSD. 

M A T E R I A L S  A N D  M E T H O D S  

Materials 

Spodoptera frugiperda, purified AcNPV DNA, and 
transfer vector pVL1393 were purchased from Invitro- 
gen Corporation; Grace's insect cell culture medium, 
methionine-free Grace's medium, yeastolate, and lac- 
talbumin hydrolysate were from Gibco-BRL; L- 
[35S]methionine was obtained from New England 
Nuclear; and sodium cholate, NAD +, PMSF,  and 
protease inhibitors were from Sigma. Mono Q (HR 
5/5), Superose-12 (HR 10/30) columns, 
blue-Sepharose CL-6B, and protein standards for gel 
filtration were from Pharmacia-LKB; protein stan- 
dards for S D S - P A G E  were obtained from Bio-Rad. 
17~-Estradiol, estrone, /%mercaptoethanol and D T T  
were from Aldrich. 

Cell culture and virus 

The  T N M - F H  medium was prepared from Grace's 
medium by the addition of 3.3 g/1 yeastolate and 3.3 g/1 
lactalbumin hydrolysate. The  Sf9 cells were grown as 
monolayers or in suspension at 28°C in T N M - F H  
medium [17] supplemented with 10% heat-inactivated 
fetal bovine serum (BFS, Hyclone). Gentamycin sul- 
fate and amphotericin were routinely added to medium 
at final concentrations of 50 and 2.5 pg/ml, respect- 
ively, in the suspension culture. Cells were infected 
with virus at a multiplicity of infection (MOI) of 0.1 to 
1 pfu to produce virus stocks or at a MOI  /> 10 for 
maximal protein expression. 

Construction of recombinant transfer vector 

Transfer  vector pVL/17~-HSD (Fig. 1) was con- 
structed as follows: a 1.2-kbp cDNA encoding the 
human placental 17fl-HSD was obtained by digestion 
of hpE2DH16.6 [6,7] with NcoI (at the initiation 
codon of the coding region of 17/3-HSD) and EcoR I 
(269 nucleotides downstream from the stop codon), 
filled in with DNA polymerase Klenow fragment, and 
subcloned into the transfer vector pVL1393 previously 

opened by Sma I and treated with bacterial alkaline 
phosphatase [18]. Hybrid  plasmids were then intro- 
duced into competent Escherichia coli DH5~ cells [19] 
by transformation [20]. Plasmid DNAs from a few 
ampicillin-resistant (Ap r) colonies were purified by a 
small-scale procedure [21] and recombinant plasmids 
having insert in the correct orientation, with respect to 
the polyhedrin promoter  in the transfer vector, were 
identified by restriction endonuclease mapping with 
BamHI, HindIII, and PstI (Fig. 1). The  construction 
of one (pVL/17/J-HSD) was finally confirmed by 
dideoxynucleotide sequencing. 

Production and isolation of recombinant baculovirus 

AcNPV genomic D N A  (1 #g) and pVL/17/~-HSD 
(2 pg), purified by two cycles of CsC1 density gradient 
centrifugation, were used to cotransfect monolayers of 
Sf9 cells by the calcium phosphate precipitation 
method [17]. Recombinant baculoviruses were cloned 
by at least three rounds of plaque purification using 
0.01% neutral red dye (Sigma) to facilitate visual 
screening of recombinant plaques [22]. 

Metabolic labeling of proteins in infected Sf  9 cells 

The  Sf9 cells were infected with recombinant or 
wild-type AcNPV virus or were mock-infected. At 
either 48 or 72 h postinfection, culture medium was 
removed and replaced by methionine-free medium for 
1 h. Cells were then incubated at 28°C for 4 h  in 
methionine-free medium with 0 .2mCi/ml  of L- 
[35S]methionine. Labeled cells were pelleted by cen- 
trifugation (10 rain at 1000 g )  and directly resuspended 
in SDS sample buffer [125 m M Tris,  20% (v/v) glyc- 
erol, 1 °//o (w/v) SDS, 2% (v/v)/ /-mercaptoethanol,  and 
0.001 °/ 'o (w/v) bromophenol blue, pH 6.8]. Total  pro- 
teins were then simultaneously electrophoresed on two 
S D S - P A G E  using the M i n i - P R O T E A N  II (Bio-Rad). 
One was stained with Coomassie brilliant blue; the 
other was dried and autoradiographed for 12 to 18 h. 

Time course of recombinant 17~-HSD production 

The  Sf9 cells were infected with recombinant virus 
at a MOI  > 10. At various intervals of infection (24, 36, 
48, 60, 72 and 96 h), about 4 x 1 0  6 cells were harvested, 
pelleted by centrifugation (10 min at 1000g),  resus- 
pended in 2 ml of 17/~/Sf9 buffer [0.25 m M  Tris-HC1 
pH7.5 ,  20°,o (v/v) glycerol, 0.1 m M EDTA,  0 . 2 m M  
D T T ,  20 # M  N A D  + and 0.2°..0 (w/v) sodium cholate] 
with a mixture of protease inhibitors (0.5 pg/ml pep- 
statin A, 5pg/ml leupeptin, 5pg /ml  chymostatin, 
5 #g/ml antipain, 5 pg/ml aprotinin, 5 m M  benza- 
midine, and 1 m M  PMSF)  [23] and sonicated on ice 
(four 15-s bursts with 30-s intervals) with an output  at 
4, using a sonicator from Sonics & Materials Inc. 
Unbroken cells and nuclei were pelleted by centrifu- 
gation (10min at 10,000g) and supernatants were 
assayed for 17/%HSD activity. 



Overproduction and Characterization of Human 17/%HSD 277 

17[3-HSD assay 

Measurement  of  1 7~ -HS D activity was per formed as 
described previously [15]. Briefly, aliquots of protein 
extracts were incubated at room temperature  for 3 min 
in a reaction mixture containing 5 0 m M  N a H C O 3 -  
NazCO3, p H  9.2, 25 p M  estradiol, and 0.5 m M  
N A D * .  T h e  reaction was followed by spectrophoto-  
metric measurement  of  the reduction of N A D  ÷ to 
N A D H  indicated by the absorption increase at 340 nm. 
A reaction mixture containing no estradiol was used as 
blank. One unit of enzyme is defined as the amount  of 
enzyme that catalyzes the formation of 1/~mol of 
estrone per min under  the above-indicated conditions, 
at 23 + I°C. 

17/J-HSD 
Estradiol + N A D  ÷ , " Estrone + N A D H  + H ÷ 

SDS-PAGE and Western blot analysis 

Levels of  recombinant  17~-HSD produced at vari- 
ous time intervals were determined by Western blot 
analysis. Total  protein extracts were electrophoresed 
on 12.5% S D S - P A G E  and electroblotted onto nitro- 
cellulose membranes  (100 V for 1 h). Blots were then 
probed with polyclonal antibodies raised against 
purified human  placental 17~-HSD.  Binding of the 
pr imary  ant ibody was detected with 12s I- labeled goat 
antirabbit  immunoglobul in  G. In S D S - P A G E  the 
17~-HSD samples contained 10% glycerol and 0.5 to 
1% SDS. The  gels were stained with Coomassie blue 
or with High Blue Staining f rom Pharmacia for greater 
sensitivity [15]. 

Large-scale production and purification of 17~-HSD 
from insect cells 

T h e  Sf9 cells in suspension culture (2 × 106 cells/ml) 
were pelleted by centrifugation and infected with 
recombinant  virus at a M O I  />10 for 1 h at room 
temperature.  Cells were then diluted to a density of  
1 x 106cells/ml with fresh med ium and incubated 
at 28°C. At 60 h postinfection, cells were harvested, 
washed with serum-free med ium and resuspended 
in 1/10vol of  17~/Sf9 buffer (see above). T h e  cells 
were then fractionalized and frozen at - 7 0 ° C .  Before 
each purification of 17~-HSD,  one or several such 
cell fractions were thawed, diluted three to four 
times, and sonicated as ment ioned above. Unbroken  
cells and nuclei were then removed by a 
10,000 g / 10 min centrifugation. Unless otherwise men-  
tioned, a buffer solution containing 40 m M  Tris -HC1,  
p H  7.5, 1 m M  E D T A ,  0.2 m M  D T T ,  and 20% glyc- 
erol was used for protein purification as the low-ionic- 
strength buffer, referred to herein as buffer A (see 
Results). 

Superose-12 gel filtration of recombinant 17~-HSD 

T h e  Superose-12 (HR 10/30) column was equili- 
brated with buffer A in the presence of 0.15 M NaC1 for 

both 17~-HSD and protein standards. The  sample 
volume was between 0.1 and 0.2ml.  A flow rate of 
0.4 ml /min  and a fraction size of  0.2 ml were used. 

R E S U L T S  

Construction and isolation of recombinant baculovirus 
encoding human 17~-HSD 

T h e  recombinant  transfer vector p V L / 1 7 ~ - H S D  
(Fig. 1), which contains the entire 17~-HSD c D N A  
coding sequence downstream from the baculovirus 
polyhedrin promoter  of pVL1393, was constructed as 
described in Materials and Methods.  Because the 
length of the 5' noncoding sequence of the foreign gene 
to be inserted influences the level of expression [24], 
the insert was digested at the NcoI site (C C A T G  G) 
overlapping the initiation codon of the 17~-HSD cod- 
ing sequence, leaving only one extra nucleotide up-  
stream from the A T G  start codon. Then  the Sf9 cells 
were cotransfected with the transfer vector pVL/17~-  
H S D  and wild-type baculovirus DNA.  Four  indepen- 
dent putative recombinant  viruses that express 
17~-HSD instead of the baculovirus polyhedrin pro- 
tein were initially identified by plaque morphology 
screening under  a dissection microscope and then 
isolated by three or four rounds of plaque purification. 
One of them, named VL/17/~-HSD, was chosen for 
further studies and expressed experiments.  

Expression of recombinant 17~-HSD 

Detection of recombinant  17/3-HSD was first 
demonstrated by in vivo metabolic labeling. The  Sf9 
cells were infected with wild-type AcNPV or with 
recombinant  virus VL/17 f l -HSD or were mock-in-  
fected. At both 48 and 72 h postinfection, cells were 
labeled for 4 h with L-[ 3s S]methionine and homogen-  
ized in SDS sample buffer. Total  cell extracts were 
resolved by S D S - P A G E  as described in Materials and 
Methods.  Coomassie blue gel staining revealed a pro-  
tein with an apparent  molecular mass of  about 35 kDa 
(Fig. 2, left, lanes VL/17/~-HSD) that was not present 
in mock-infected cells (Fig. 2, left, lanes Mock) or in 
wild-type virus-infected cells (Fig. 2, left, lanes 
AcNPV) and that corresponds to the apparent  molecu- 
lar mass of  human 17/3-HSD [6, 7]. Although the level 
of  expression of this protein is much  lower than that of  
polyhedrin (strong band at 32 kDa in Fig. 2, left, lanes 
AcNPV),  it is a major  constituent of  total cellular 
protein. Autoradiography of the gel showed that the 
recombinant  35-kDa protein was the most  abundant  
newly expressed protein in VL/17/~-HSD-infected 
cells at both 48 and 72 h (Fig. 2, right). 

T h e  time course of  recombinant  17f l -HSD pro-  
duction was monitored by analyzing 17~-HSD enzy- 
matic activity in infected cells (Fig. 3). Intracellular 
17~-HSD activity became detectable by 36 h postinfec- 
tion and reached a max imum by 60 h. Thereaf ter ,  
enzymatic activity decreased rapidly to return to basal 
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Fig. 1. Cons t r uc t i on  of r e c o m b i n a n t  t r a n s f e r  vector  pVL/17fl-HSD. T r a n s f e r  vector  pVL/17fl-HSD was 
cons t ruc t ed  as follows: the  cDNA encoding h u m a n  p lacenta l  17fl-HSD was ob ta ined  by digest ion of 
hpE2DH16.6 wi th  N c o I  and  E c o R I  (see text),  filled in wi th  DNA po lymerase  Klenow f r a g m e n t ,  and  subcloned 
into the  t r a n s f e r  vec tor  pVL1393 previous ly  opened by S m a I  and  t r e a t ed  wi th  bac te r i a l  a lkal ine  phospha tase .  
P l a s m i d  DNAs f r o m  a few a m p i c i l l i n - r e s i s t a n t  (Ap r) colonies were pur i f ied  by a smal l - sca le  p rocedure .  
R e c o m b i n a n t  p l a smids  hav ing  an  inse r t  in the  co r rec t  o r ien ta t ion ,  wi th  respec t  to the  po lyhed r in  p r o m o t e r  
in the  t r a n s f e r  vector ,  were ident i f ied by r e s t r i c t ion  endonuclease  m a p p i n g  wi th  B a m H I ,  H i n d I I I  and  P s t I .  

The cons t ruc t ion  of one (pVL/17fl-HSD) was con f i rmed  by d ideoxynucleot ide  sequencing.  
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Fig. 2. Eva lua t ion  of the  level of  1711-HSD express ion  by r e c o m b i n a n t  baculovi rus .  The left  p h o t o g r a p h  shows 
S D S - P A G E  of  ex t rac t s  f r o m  infected Sf9 insect  cells 48 or  72 h post infect ion.  Coomass ie  blue gel s ta in ing  
revealed  a po lypept ide  wi th  an  e s t ima ted  mo lecu l a r  mass  of 35 kDa (lanes VL/17fl-HSD), which  was not  
p r e sen t  in mock- in fec t ed  cells or in wi ld- type  v i rus - in fec ted  cells ( lanes AcNPV). The r igh t  p h o t o g r a p h  shows 

the  same  t i m e  course using label ing wi th  [3s S ]meth ion ine .  



O v e r p r o d u c t i o n  a n d  C h a r a c t e r i z a t i o n  o f  H u m a n  1 7 f l - H S D  279  

0.3 

o 

.E 
0.1 

I 
I 

e~ 

~ =  

t. O 

2-- 
r~ t-- 

e. 

I 
O 
i 

0.2 - -  

XXXXxx u n  

/ S a \ 

"(3 
I ~ I I I 

20 40 60 80 
0 

0 100 

Time post- infect ion (h) 

Fig.  3. T i m e  c o u r s e  o f  1 7 f l - H S D  p r o d u c t i o n  in i n f e c t e d  i n sec t  ce l l s .  I n t r a c e l l u l a r  17 f l -HSD a c t i v i t y  a p p e a r e d  
by  36 h p o s t i n f e c t i o n  and  r e a c h e d  a m a x i m a l  v a l u e  by  60 h p o s t i n f e c t i o n ,  w h e n  i ts  spec i f i c  a c t i v i t y  r e a c h e d  a 

l eve l  a p p r o x .  70- fo ld  h i g h e r  t h a n  in h u m a n  p l a c e n t a ,  the  r i c h e s t  s o u r c e  o f  17 f l -HSD.  

levels 110 h postinfection. At 60 h postinfection,  17fl- 
H S D  specific activity reached a maximal value of  
0.26 U / m g  protein in the cell extract; this value corre- 
sponds to an enrichment of  about 70-fold compared 
with the concentration of  the enzyme in the human 
placenta (0.0039 U / m g  protein), the richest natural 
source of  human 17f l -HSD.  N o  activity was detectable 
in wild-type virus-infected cells. 

The  nature of  the recombinant 17f l -HSD produced 
at various intervals was also examined by Western blot 
analysis with specific antibody raised against human 
17f l -HSD [6, 7]. In agreement with the measurements  

of  17f l -HSD activity, the presence of  recombinant 
protein was detected as a single band at 36 h postinfec-  
tion, and maximal levels were observed at 60 h (Fig. 4). 
Thereafter, the band of  immunoreact ivi ty  progress- 
ively disappeared. Long  term exposure (20 h) of  the 
immunoblot  revealed that recombinant 17f l -HSD was 
already expressed 24 h postinfection, whereas no signal 
was detectable in the controls (results not shown).  

Purification of recombinant 17fl-HSD 

17f l -HSD homogenizat ion  was achieved using a 
single b lue-Sepharose  chromatography on FPLC.  
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Fig.  4. I m m u n o b l o t  a n a l y s i s  o f  1 7 f l - H S D  s y n t h e s i z e d  in Sf9 ce l l s  i n f e c t e d  by  r e c o m b i n a n t  b a c u l o v i r u s  
V L / 1 7 f l - H S D .  Ce l l s  w e r e  i n f e c t e d  w i th  V L / 1 7 f l - H S D ,  a n d  e x t r a c t s  w e r e  p r e p a r e d  24 ( lane  2), 36 (3), 48 (4), 60 
(5 a n d  10), 72 (6), a n d  96 (7) h p o s t i n f e c t i o n .  E x t r a c t s  f r o m  M o c k  (8) a n d  w i l d - t y p e  v i rus  ( 9 ) - i n f e c t e d  ce l l s  w e r e  
u s e d  as n e g a t i v e  c o n t r o l s .  P u r i f i e d  1 7 / / - H S D  f r o m  h u m a n  p l a c e n t a  (12), s u p e r n a t a n t  o f  the  140,000g 
u l t r a c e n t r i f u g a t i o n  (11), a n d  pur i f i ed  e n z y m e  f r o m  i n f e c t e d  i n sec t  ce l l s  (13) w e r e  u s e d  as  p o s i t i v e  c o n t r o l s .  
E q u i v a l e n t  p r o p o r t i o n s  o f  e a c h  f r a c t i o n  w e r e  s e p a r a t e d  on  two  12.5% S D S - P A G E  gels .  In A the  p r o t e i n s  w e r e  
s t a i n e d  w i th  C o o m a s s i e  blue;  in  B, e l e c t r o b l o t t e d  onto  n i t r o c e l l u l o s e  m e m b r a n e .  T h e  p r e s e n c e  o f  1 7 f l - H S D  w a s  

d e t e c t e d  by  u s i n g  spec i f i c  a n t i b o d y  r a i s e d  a g a i n s t  h u m a n  e n z y m e .  
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1 2 3 4 5 6 

Fig. 5. SDS-PAGE of 17/~-HSD. (1, 2) 17fl-HSD overproduced in a baculovirus expression system and purified 
by blue-Sepharose CL-6B chromatography with different sample loading for these two lanes; (3, 4) protein 
standards; (5) 17/~-HSD expressed in HeLa cells and partially purified; (6) 17fl-HSD overproduced in a 
baculovirus expression system and partially purified on a Mono Q HR 5/5 column. The arrows in the middle 

indicates the apparent molecular mass of 17fl-HSD:34.5 kDa. The gels were stained by Coomassie blue. 

Briefly, ultracentrifugation for 30 min at 140,000 g of a 
60 ml 10,000 g supernatant yielded a clear supernatant. 
The  latter was diluted about 3 times and loaded onto 
the affinity column (100 x 16mm i.d.). The column 
was first washed with 80 mM NaC1, before stepwise 
elution with N A D P  ÷ . 17fl-HSD eluted at about 35 # M  
N A D P  ÷ and resulted in a homogenous preparation 
(Fig. 5). 

Further characterization of recombinant 17fl-HSD 

Superose-12 gel filtration. A Mono Q fraction of 
17fl-HSD was used for the gel filtration which was 
obtained in our earlier experiments as follows: the 
10,000g supernatant from 1.25 x 1 0  6 Sf9 cells was 
diluted in 7.5 ml of buffer A and loaded on a Mono Q 
HR 5/5 column. The column was then washed by 
buffer A containing 0 . 5 r a m  PMSF,  and a 26-ml 
gradient of 0 to 0.5 M NaC1 in the same buffer was 
applied. Active 17fl-HSD eluted at about 0.25M 
NaC1, thus yielding a fraction of up to 70% homogen- 
eity as evaluated by S D S - P A G E  and gel scanning 
(Fig. 5). 

Both the cell extract and the Mono Q fraction of the 
overproduced 17fl-HSD in Sf9 cells were chromato- 
graphed. Enzymatic activities eluted at the same elution 
volume, very close to the BSA standard (67kDa) 
(Fig. 6). The Kay, that is, the fraction of the stationary 
gel volume available for diffusion of a given solute 

species [25], was plotted against the logarithm of 
molecular mass of each protein standard, thus estab- 
lishing the standard curve (data not shown). The Kav 
for 17fl-HSD is 0.297 + 0.020 and its molecular mass 
thus estimated at 68 kDa, in coincidence with the 
17fl-HSD molecular mass evaluation on pore gradient 
native gels [15]. Since the apparent molecular mass 
determined by S D S - P A G E  is 35 kDa, such results 
indicate dimerization of the enzyme. Moreover, since 
the overproduced enzyme is expressed from a single 
cDNA encoding a 34.5-kDa protein [6, 7], these data 
further support its homodimeric structure. 

Recombinant 17~-HSD specific activity. The homo- 
geneous 17fl-HSD from Sf9 cells catalyzes the oxi- 
dation of about 8.0 #mol  estradiol/min/mg of enzyme 
protein (the maximum velocity), a value similar to that 
obtained for native placental 17fl-HSD. 

DISCUSSION 

The present data clearly demonstrate that the over- 
produced 17fl-HSD is identical to its natural counter- 
part isolated from placenta in terms of subunit 
structure, molecular weight and catalytic activity. 

It is well known that sex steroids can stimulate cell 
proliferation in many hormone-sensitive cancers, es- 
pecially breast [2], endometrial [26], and prostate [1] 
cancers. Many studies have been initiated to control the 
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intracellular concentration of sex steroids via the inhi- 
bition or inactivation of enzymes responsible for their 
conversion. By catalyzing the synthesis as well as 
degradation of active steroid hormones (estradiol, tes- 
tosterone, and androst-5-ene-3fl,17fl-diol), human 
17fl-HSD plays a crucial role in regulating the intra- 
cellular concentration of sex steroids and thus rep- 
resents an important target in cancer therapy. Several 
groups have at tempted to synthesize inhibitors of lTfl- 
H S D  [27-29], but the lack of knoweldge about the 
structures involved in the binding of its substrates 
prevented a rational design of selective inhibitors or 
inactivators. 

Physico-chemical studies initiated in our laboratory 
open the way for the design of appropriate inhibitors. 
Because such studies require large quantities of the 
purified enzyme, we used the baculovirus expression 
system to overproduce 17fl-HSD. As mentioned above, 
this system has been successfully used to express many 
eukaryotic proteins [16, 24]. Most  of these expressed 
proteins were biologically and immunologically active. 
Moreover,  the overproduction and purification require 
only a few days. We then characterized the recombi- 
nant enzyme to determine if the molecule had retained 
the properties characteristic of 17fl-HSD purified from 
human placenta. 

The  apparent molecular mass of 35-kDa is in perfect 
agreement with that calculated from the amino acid 
sequence (34 853) deduced from the primary structure 
of cDNA coding for human 17fl-HSD [6, 7]. Poly- 
clonal antibodies raised against 17fl-HSD purified 
from human placenta reacted specifically with this 
protein as determined by electrophoretic blot. We can 
thus conclude that the protein, expressed exclusively in 

insect cells infected by our recombinant baculovirus, is 
genuine human 17fl-HSD. 

In the expression of recombinant 17fl-HSD, the 
decrease in activity from 60 h could reflect the intra- 
cellular protein degradation that occurs later in the 
infection period that may be due to endogenous 
proteases or viral-encoded protease activity. However,  
as noted for fl-galactosidase by Licari and Bailey [30], 
the absence of degradation products at 72 and 96 h by 
Western blot analysis suggests that 17fl-HSD (or pro- 
teolysis products) has been released to the extracellular 
medium because of leakage or cell lysis. At 60 h postin- 
fection, recombinant 17fl-HSD accounted for 3 to 5% 
of the total soluble Sf9 proteins. The  level of ex- 
pression achieved in this study far exceeds that ob- 
served in any human tissue or that obtained by 
transient expression in mammalian HeLa  cells [31] and 
it allowed us to purify the overproduced 17fl-HSD to 
homogeneity with only one affinity chromatography; 
overall yield was more than 70%. Thus ,  more than 
24mg of homogeneous recombinant enzyme protein 
can be obtained from 1 1 (2 × 1 0  9 Sf9 cells) of suspen- 
sion culture. The  whole purification takes about 6 h, 
including the cell disruption and the ultracentrifuga- 
tion steps. This very fast purification procedure prob- 
ably eliminated protein microheterogeneity caused by 
in vitro modifications, such as oxidation-reduction 
effects or partial proteolysis [32, 33] and can explain the 
higher specific activity measured for homogeneous 
preparations of recombinant 17fl-HSD (about 
8.0 U/rag of protein) compared with those reported 
previously in the literature using conventional pro- 
cedure, for the purified human placental enzyme (see 
[15] for review). Th e  reductive activity (at optimal 
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pH 6.5) is also identical for the recombinant protein 
and the native one from placenta (about 7 U/mg).  In 
contrast to the enzyme purified from human placenta 
found in the soluble fraction, 17f l -HSD expressed in 
insect cells seemed associated with an insoluble frac- 
tion, which was verified by analyzing the 10 ,000g  
supernatant and pellet with ant i l7 f l -HSD antibodies 
(data not shown). The addition of sodium cholate to 
0.2% permits solubilization of the recombinant protein 
and keeps it in the soluble fraction after the ultracen- 
trifugation step. The molecular mass of 68-kDa for the 
native recombinant 17f l -HSD estimated by gel 
filtration demonstrates its correct assembly into a 
dimeric complex [15]. The similar specific activity also 
confirm the identity of the recombinant 17f l -HSD to 
the naturally occurring human enzyme molecule. The 
availability of this expression system makes possible 
site-directed mutagenesis experiments to characterize 
the catalytic mechanisms and the ligand binding sites 
of 17f l -HSD as well as detailed structure-function 
studies. 

Acknowledgements--This work was supported in part by the Medical 
Research Council of Canada (MRC) in the form of a Group Grant 
in Molecular Endocrinology, the Fonds de la Recherche en Sant6 du 
Qu6bec (FRSQ) and Endorecherche. We thank Dr Van Luu-The for 
helpful discussions. 

REFERENCES 

1. Labrie F., Dupont A. and B61anger A.: Treatment of prostate 
cancer with gonadotropin-releasing hormone agonists. Endocrine 
Rev. 7 (1986) 67-74. 

2. Poulin R. and Labrie F.: Stimulation of cell proliferation and 
estrogenic response by adrenal C19-delta-5-steroid in the ZR- 
75-1 human breast cancer cell line. Cancer Res. 46 (1986) 
4933-4937. 

3. Engel L. L. and Groman E. V.: Human placental 17fl-estradiol 
dehydrogenase: characterization and structural studies. Rec. 
Prog. Horm. Res. 30 (1974) 139-169. 

4. Michel F., Nicolas J. C. and Crastes de Paulet A.: 17fl-hydroxy- 
steroid dehydrogenase of the sheep ovary: purification, proper- 
ties and substrate binding site. Biochimie 57 (1975) 1131-1140. 

5. Inano H. and Tamaoki B. I.: Testicular 17fl-hydroxysteroid 
dehydrogenase: molecular properties and reaction mechanism. 
Steroids 48 (1986) 3-9. 

6. Luu-The V., Labrie C., Zhao H. F., Couet J., Lachance Y., 
Simard J., Cot~ J., Leblanc G., B~rub~ D., Gagn6 R. and Labrie 
F.: Purification, cloning, complementary DNA structure, and 
predicted amino acid sequence of human estradiol 17fl-dehydro- 
genase. Ann. N .Y .  Acad. Sci. 595 (1990) 40-52. 

7. Luu-The V., Labrie C., Simard J., Lachance Y., Zhao H. F., 
CouEt J., Leblanc G. and Labrie F.: Structure of two in tandem 
human 17fl-hydroxysteroid dehydrogenase genes. Molec. 
Endocr. 4 (1990) 268-275. 

8. Asselin J. and Labrie F.: Effects of estradiol and prolactin on 
steroid receptor levels in 7,1-dimethylbenz(a)anthracene-in- 
duced mammary tumors and uterus in the rat. J. Steroid 
Biochem. 9, (1978) 1079-1082. 

9. Dickson R. B. and Lippman M. E.: Estrogenic regulation of 
growth and polypeptide growth factor secretion in human breast 
carcinoma. Endocrine Rev. 8 (1987) 29-43. 

10. Poulin R., Poirier D., Merand Y., Th6riault C., B~langer A. and 
Labrie F.: Extensive esterification of adrenal C~9-AS-sex steroids 
to long-chain fatty acids in the ZR-75-1 human breast cancer cell 
line. J. Biol. Chem. 264 (1989) 9335-9343. 

11. Langer L. J. and Engel L. I.: Human placental estradiol-17fl 
dehydrogenase. J. Biol. Chem. 233 (1958) 583-588. 

12. Jarabak J.: Soluble 17fl-hydroxysteroid dehydrogenase of human 
placenta. Methods Enzym. 15 (1969) 746-752. 

13. Burns D. J. W., Engle L. L. and Bethune J. L.: Amino acid 
composition and subunit structure. Human placental 17fl-estra- 
diol dehydrogenase. Biochemistry 11 (1972) 2699-2703. 

14. Murdock G. L., Chin C. C. and Warren J. C.: Human placental 
estradiol 17B-hydroxysteroid dehydrogenase: sequence of his- 
tidine bearing peptide in the catalytic region. Biochemistry 25 
(1986) 641-646. 

15. Lin S.-X., Yang F., Jin J.-Z., Breton R., Zhu D.-W., Luu-The 
V. and Labrie F.: Factors influencing recombinant proteins 
yields in an insect cell-baculovirus expression system: multi- 
plicity of infection and intracellular protein degradation. J. Biol. 
Chem. 267 (1992) 16,182-16,187. 

16. Luckow V. A.: Cloning and expression of heterologous genes in 
insect cells with baculovirus vectors. In Recombinant DNA 
Technology and Applications (Edited by C. Ho, A. Prokop and 
R. Bajpai). McGraw Hill, New York (1991) pp. 1-24. 

17. Summers M. and Smith G. E.: A Manual of Methods for 
Baculovirus Vector and Insect Cell Culture Procedures. Texas 
Agricultural Experimental Station and Texas A&M Univeristy, 
College Station, TX (1987). 

18. Dillon J. A., Nasin R. A. and Nestmann E. R.: Recombinant 
DNA Methodology. John Wiley & Sons, New York (1985). 

19. Hanahan D.: Techniques for transformation of E. coll. In DNA 
Cloning (Edited by D. M. Glover). IRL Press Oxford, 
Washington DC, Vol. 1 (1985) pp. 109-135. 

20. Maniatis T., Fritsch E. F. and Sambrook J.: Molecular Cloning: 
A Laboratory Manual. Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York (1982). 

21. Brun Y., Breton R. and Lapointe J.: Large scale sequencing 
projects using rapid prepared double-stranded plasmid DNA. 
DNA Sequence 1 (1991) 285-289. 

22. Medin J. A., Hunt L., Gathy K., Evans R. K. and Coleman 
M. S,: Efficient, low-cost protein factories: expression of human 
adenosine deaminase in baculovirus-infected insect larvae. Proc. 
Natn, Acad. Sci. U.S.A. 87 (1990) 2760-2764. 

23. Knops J., Johnson-Wood K., Schenk D. B., Sinha S., Lieber- 
burg I. and McConlogue L.: Isolation of baculovirus-derived 
secreted and full-length fl-amyloid precursor protein. J. Biol. 
Chem. 266 (1991) 7285-7290. 

24. Luckow V. A. and Summers M. D.: Trends in the development 
of baculovirus expression vectors. Bio/Technology 16 (1988) 
47-55. 

25. Pharmacia Fine Chemicals: Gel Filtration. Theory and Practice. 
Pharmacia Fine Chemicals, Uppsala, Sweden (1982). 

26. Tseng L., Gusbery S. B. and Gurpide E.: Estradiol receptor and 
17fl-hydroxysteroid dehydrogenase in normal and abnormal 
human endometrium. Ann. N. Y. Acad. Sci. 286 (1977) 
190-198. 

27. Chin C. C. and Warren J. C.: Synthesis of 16-alpha-bromoace- 
toxyestradiol 3-methyl ether and study of the steroid binding site 
of human placental estradiol 17beta-dehydrogenase. J. Biol. 
Chem. 250 (1975) 7682-7686. 

28. Tobias B., Covey D. F. and Strickler R. C.: Inactivation of 
human placental 17fl-estradiol dehydrogenase and 20ct-hydroxy- 
steroid dehydrogenase with active site-directed 17fl-propyl-sub- 
stituted progestin analogs. J. Biol. Chem. 257 (1982) 2783-2786. 

29. Thomas J. L. and Strickler R. C.: Human placental 17fl-estra- 
diol dehydrogenase and 20ct-hydroxysteroid dehydrogenase. 
J. Biol. Chem. 258 (1983) 1587-1590. 

30. Licari P. and Bailey J. E.: Factors influencing recombinant 
protein yields in an insect cell-baculovirus expression system: 
multiplicity of infection and intracellular protein degradation. 
Biotech. Bioeng. 37 (1991) 238-246. 

31. Dumond M., Luu-The V., de Launoit Y. and Labrie F.: 
Expression of human 17fl-hydroxysteroid dehydrogenase in 
mammalian cells. J. Steroid Biochem. Molec. Biol. 41 (1992) 
605-608. 

32. Giege R., Dock A. C., Kern D., Lorbere B., Thierry J. C. and 
Moras D.: The role of purification in the crystallization of 
proteins and nucleic acids, ft. Crystal Growth 76 (1986) 554-561. 

33. Giege R.: Crystallization of proteins and nucleic acids: a survey 
of methods and importance of the purity of the macromolecule. 
In Crystallography in Molecular Biology (Edited by D. Moras, 
J. Drenth, B. Strandberg. D. Suck and K. Wilson). NATO ASI 
Series. Plenum Press, New York, Vol. 126 (1987) pp. 15-26. 


