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Samm~j*--~g ~sticu~r 20~-hydroxys~roid dchydrogenase (20fl-HSD) has flso 3~- and 
3fl-HSD O~/fl-HSD) activifi~. The purified 20fl-HSD p~parafion from neona~l ~g t~ t~  
co~d cat~yze the conve~ion of 50t-dihydro~s~s~rone ~ - D H T )  ~ the presence of 
~-NADPH to 5~-androstane-3~,17fl-diol and 5~-andros~nc-3~17~-diol at the ratio of 4: 3, 
and the spedfic 3~/fl-HSD acfifi~ of 20~-HSD ~r  5~-DHT was about 10 or 15 fim~ ~rger 
than the 20fl-HSD acfififies ~ r  17a-hydroxypregn~nc-3,2~&one (17~-hydroxyprogest~- 
one) or p r o g ~ r o n ~  respectiv¢~. The ~suh ~ c a t ~  that the t~ticular 20~-HSD has ~gh 
3a(axial, 3R~ and 3fl~quatofi~, 3S~HSD acfivit~ The ~stic~ar 20fl-HSD co~d c a m ~  
the ~verfi~e ¢onvers~n of various 5~- or 5~-dihydrosteroids wh~h have a 3-carbonyl or 
3&ydrox~ group wi~ fl-NADP(H) as the p r c ~ e d  cofa~or. The enzyme transfe~ed the 
4-pros hydrogen of NADPH ~ the 5~-DHT ~ r  both 3~- and 3fl&ydrox~ation and ~ was 
the same as the 20fl~ydrox~ation of 17~-hydroxyprogestvrone. Although the 3~]fl-HSD 
activi~ has been known to be p~sent ~ 3~,20~-HSD of Streptomyces hydrogenans, the 
enzymolo~cal prope~ies ~ r  3a/fl-HSD a c f i ~  cat~yzed by ~stic~ar 20fl-HSD we~ 
&fferent ~om the properties ~ r  3 ~ - H S D  acti~ty c ~ y z e d  by prokaryotic 3~,20fl-HSD 
with ~spect ~ the specifidty of the cat~ytic ~acfion and the cofactor requirement. 

INTRODUC~ON 

Among the enzymes concerned with ~eroido- 
genes~, R ~ known that the pyfidine nucleotide 
dependent 20B-hydroxysteroid dehydrogenase 
[20B-HSD; (EC 1.1.1~3)] ~ present, which 
cat~yzes the in~rconversion of o~dation and 
reduction between the 20~arbon~ and 20B-hy- 
drox~ groups of the C~s te ro i~  The enzyme 
occu~ in one of the mycefium of Streptomyces 
hydrogenans as a cortisone reductas~ It was 
purified and c r y ~ l i z e d  and its enzymolo~cal 
properties were investigated D, ~. In further 
s t u d ~  invest~ations have found other cata- 
~tic acti~ty at the C~position of s~roid~ 
such as 3~-HSD and 3B-HSD activity in 

*To whom correspondence should be addressed. 
Abbrev~tion~: 5g-DHT, 17~-hydroxy-5~-androstan-~one; 

17g -hydroxyproges~rone, 17~-hydroxypregn-4-en~ 
~20-dion~ 20~-HSD, 20~-hydroxys~roid dehydrogen- 
ase; KPB, potassium phosphate buffe~ EDTA, 
ethylenediaminctctraacetic aci~ ATP, adeno~n¢-5'- 
tfiphosphate; TLC, thin ~yer chromatography; SD$, 
sodium dodecyls~fate; PAGE, polyacrylamide gel elec- 
trophoresis. 

crystalline 20fl-HSD preparations ~om ~ hy- 
drogenans ~, ~.  

On the other han~ the smallest amounts of 
20fl-HSD actifity in a~mal  species are reposed 
to occur ~ the human ovary[5], human 
~stis [6], young buff ~stis [7] and ~ ovarian 
tissues of the t e l e o ~  ayu [8] and amago 
s~mon [9]. Rccenfl~ we reposed that a ~rge 
quantity of 20fl-HSD actifity specifically ex- 
i t e d  ~ p~  testis during the neonatal stage [10]. 
Then the enzyme was purified for the first time 
to homogenoty from a ~ m ~  species as demon- 
strated on sever~ g~ ~ectrophoreses 
(SDS-PAGE, disc-PAGE and isoclectric focus- 
ing), and as a result, r~markab~ differences 
w~e  observed ~om prokaryotic 20fl-HSD ~o- 
called 3~0f l -HSD)  with ~gard to enzymolo~- 
c~  properties [1 l, 1~. Howeve~ from the rese t  
of substra~ speoficity, it was considered that 
~sf ic~ar  20fl-HSD will also have o~doreduc- 
t a ~  actifities at other positions ~ ad~fion to 
the C~ position of C:~-steroids [1~. 

In t~s  papeL we show that ~ g  ~sf ic~ar  
20fl-HSD ~so has 3~/fl-HSD activity as well as 
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p m ~ o t i c  M,20fl-HSD. T ~ n ~  the ba~c 
~ m d o g i ~ l  properties ~ r  3a ~-HSD ~fivity 
wen Mv~tig~ed to comp~e with those of 
~ o ~ o ~  3~,~fl-HSD. 

~XPE~ENTAL 

M a w r ~  

The folMwing w~e supplied by ~gma 
Chem~M Co. Ltd (St L o ~  MO, U.~A~ 
f l -n i~ t~ami~ a d e ~  ~nucleoti~ pho~h~c 
~-NADP÷), reducM ~rm M-NADPH); ~- 
~cotinamide ade~nc ~ n ~ k o f i ~  phospha~ 
~-NADP+~ redu~d ~rm ~-NADPH); fl- 
~cotinamide ade~ne ~nucleotide Y-ph~pha~ 
~ N A D P + ~  ~duced ~rm ~-Y-NADPH); 
~-nicotinami~ ade~ne ~nuckofidc ~ -  
NAD o ,  reducM ~rm ~-NADH); ~-~cod~ 
am~e adeni~ ~nucl~tide ~-NAD+), n d ~ e d  
~rm ~-NADH); #uc~e  Gphospha~ (G-6-~; 
i ~ c  a~d; a d e n ~ Y ~ f i p h o ~ h a ~  (ATP); 
#ucose Gphospha~ d ~ y d ~ u a ~  (G-6-~ 
DH); and ~odtfic dehydrogenase and ~cofi- 
namide ade~ne ~ n ~ k o f i ~  (NAD+~nase.  
Trim~h~ ~lyl(TMS~mid~ok was obtMned 
~om Tokyo Kas~ Ko~o  Co. ~oky~  Japan. 

Radioactive m ~  [4 -~17~-Hyd~x~  
5 ~ n d ~ a ~ o n e  ~ - d i h y d ~ o s t e ~ :  
5~-DH~ 1.9 GBq/mmol) was pu~h~ed ~om 
New England N u d ~ r  Co~. (Bo~o~ MA, 
U.~A0 and [4-~H]NAD + ~4 GBq/mmol) was 
purchased from Amersham In~rnationM #c 
~ . ,  En#and). 

Ot~r  n a ~ n ~  used wen of the best grade 
avMMMe and obtMned ~om Iwai C~micMs 
(Tokyo, ~paM. 

Pur~cation of 2Ofl-HSD from monatal p~ test~ 

The m~hod ~ r  p~paring purified ~fl-HSD 
~om ~onatal #g testes h~  b~n  described ~ a 
p n f i o ~  repo~ [11]. 20fl-HSD was p ~ i ~ d  to 
homo~n6~  ~ ~ d ~ d  by SDS-PAGE stained 
with C o o m ~ e  Mue R~5~ In ad~fio~ ~e 
• a ~  and ~n#e p~tein ~ak  was obeyed  
ufing HPLC ( W a ~  650 advan~d p~tein 
purifi~tion ~stem) on a ~ o ~ n  Pack G-DEAE 
c~umn (1 x 5cm, W~er~  with a ~a~em 
from 1 to 100mM KPB ~H7.4)-0.1mM 
EDTA, as shown in H~ 1. 

Enzyme activity 

The a~ay of M~-HSD acfifit~s was carded 
out spectrophotometfically. T~s m~hod was 
ba~d on the ~oduefion or consumption of 
NADPH by ~fl-HSD cmMysis. 5~-DHT 

O0nmol/10#l ~hanol) or ~ n d m ~ a n e -  
3u,17fl-di~ (50 nmol/10 #l ethanol; ~fimmed 
as 3u-HSD acti~t~ wm incubated ~ a quartz 
cuvette (1 crn p ~ k  I ml) with 20~-HSD ~ the 
pn~nce of NADPH or NADP +, r~p~tively 
~50 nmo~ ~ I ml of 50 mM KPB ~ H  7.4) at 
37°C. The change M a ~ o ~ a n ~  at 340 nm vs 
time w~ continuously m o ~ n d .  A m ~ u M r  
~fincfion coeffi~ent of 6200[cm.moq-~ was 
used. Under the~ con~fions, the 20~-HSD 
acti~ty was obtMned with a ~gh ~ c ~ e a r  
nMtions~p ~ the incubation time from 0 to 
10m in Mong with the amoum of 20~-HSD 
from 0 to 21~8~g with a ~gh correlation 
coeffi~cnt of 0~97Z 

Detection ~ ~/#-~SD activity with two~im~- 
s~nd TLC (2D-TLC) 

~ q ~ - D H T  O ~  B~50 nmol/10 #1 eth~ 
nol) was in ,ba ted  wffh purified ~fl-HSD in 
the pnsen~ of an NADPH-generating system 
(NADP + ~ 0 n m ~  G-~P 5 v m ~  GM-~DH 
1 ~ MgCI2 ~5#mo0 in I ml of 50raM KPB 
~ H T ~  ~ r  3 0 ~ n  at 37°C. After the i~u-  
b~on ,  10ml of C H 2 ~  was added to t ~  
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~g 1. HPLC c~om~o~am of pufi~d 2~-HSD on 
pro~n ~ G-DEA~ 
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incubation me.urn and the mixt~e w~ 
shaken ~gomusly. After ~moval of the 
aqueous fl~d, the o~a~c ~Ncnt exffa~ was 
dried wi~ anhydrous ~um s~m and ~ap- 
ora~d under a ~Wo~n stream at 40°C The 
rescue was appl~d to a TLC plate (KodaL 
13181 si~ca gel with fluorescent ind~aWL 
10 × 10cm), and preceded ~th tw~men- 
~on~ development ~th a ben~n~ace~ 
mix.re ~:~ as the fi~t soNcnt and ben- 
~ne-ethylacetate ~: l) as tbe s~ond one. The 
spas we~ det~md by tbe method of ra~o- 
a~o~aphy ~uji X-ray film, RX~ and s~nda~ 
s~m~s were det~ted ~ ~ m m ~ d  ~ n e  
v~or .  

Identification of ~ -  and 3B-HSD aaivi~ by g~ 
chromatograp~ 

For i~nt i~at ion of the ma~ product, 
wbeth~ the 3a- or 3B~ydm~ form of 5~- 
D H ~  non-radioactive 5a-DHT ~ m~0~ ml ~ 
ethanol) was i~ub~ed with pufi~d 20~-HSD 
(1 m~  ~ the p ~ n c e  ~ a n  NADPH-generating 
~stem ~ 40 ml ~ 50 mM KPB ~ H  7.4) ~ r  5 h 
at 37°C. A~er TLC (Meek Ki~ergel 60F254, 
10x ~ c m )  with a b ~ z ~ a c e t o n e  m i ~ e  
~ :2  ~ twic~ the mMn area was cut out 
and the ~ d  w~ du~d with CHzCI~ and 
trim~h~ ~ e d  with TMS-imid~ole at 
room ~mperature. Gas ~rom~ography w~ 
performed ~ t h  a Shimadzu GC-4CM PF u~ng 
a c~umn of OV-1 (1%) on Gaschrom Q 
~.3 x 2 ~  cm) at 240°C, flow rate, 40 ml/min, 
detecto~ ~iA. The membolites w~e ~ent i~d 
by comparing tbe ~ n t i o n  times wi~ ~anda~ 
s~r~ds tre~ed at the same conditions. 

Preparation of [4-proR-ZH]NADPH and [4- 
proS -ZH]N AD P H 

The method for preparing the two s ~ o -  
speofic aH~abe~d NADPHs was described ~ a 
p~fious ~po~ [1~. A slight mod~cation was 
employed for preparing the [4-3I-I]NADP + step. 
That is, [4-3I-I]NAD + ~36 kBq/8~ nmol) was 
phosphor~ed  by incubation with NAD +- 
~ n a ~  (6 U) ~ the p ~ n c e  of ATP (5 #tool) 
and NAD + (150nmol) in ~65ml of 50raM 
KPB (pH7.0)-0.gmM MgC~ for 30min at 
37°C and then the mixtu~ was ~fided ~to two 
equ~ part~ The method for preparation of 
[4-proR-~I-1]NADPH and ~-proS)H]NADPH 
~om [4-~H]NADP ÷ as the same as ~ a pre~ous 
repo~ [1~. 

ste~os~ific~ ~ ~rogen tr~sfer 
The m i x ~  ~ u d i n g  ~.proR3~NADPH 

or ~-proS~NADPH (25 nmol/~be as total 
NADPH), was incubat~ with [4-~4~-DHT 
(10~dpm/~nmol)  and pu~fi~ ~ - H S D  
( ~ . 5 # ~  ~ 1 ~ of 50mM KPB ~ H 7 . ~  ~ r  
~ m i n  ~ 37°C Mixers  o f s~m~s  we~ ~par- 
ated with TLC ~ d  the spots we~ d e t ~ t ~  by 
radioautography as prefio~ly ~ s ~ b e ~  The 
~ t  m ~ o ~ f i ~  areas of ~ s  on the ~ro-  
m~o~am were ~ t  out and ~aced ~recfly ~ 
sdnfi~ation d~s.  M e t h ~  (1~ ml) w~ add~ 
to tbe po~on of tbe TLC ~am ~ the v ~  to 
relea~ the steroid. The ~C and 3H m ~ o ~ t i d ~  
of e~h  ~ o t  was ~ r ~  ~ u n t ~  with a fiq~d 
sdntifiafion coun~r ~ T ~ C a ~  4~)  ~ 
10 ml ~ t o l ~  ~sed on a ~ n t i ~ r  ~ n ~ i w  
~g ~ 5 ~ i p h ~ o ~  OA%, ~ and ~ T ~ -  
phenylene-bis-~-phenylox~o~ O~1%, ~ .  
Tbe ~ - H S D  a~f i ty  was determined ~om 
the m~o~tivity of t ~  area ~ e ~ o n ~ n g  to 
~-an~ostane-3~, l~-di~ ~ d  5u-androstane- 
3 ~ l ~ i ~  on the TLC ~ e .  The enzyme 
actifity was co~e~ed ~ r  r ~ o ~ ,  wh~h w~ 
c ~ c ~  ~om ~e ratio ~ to~l m ~ o a c t ~  
~ the ~eas ~ the substrate and product on ~e  
TLC ~ e  to that of the added r ~ t i v e  
stero~ 

RESULTS 

Detection and identification of 3:t/fl-HSD ac- 
tivity of purified 20fl-HSD 

In the p ~ n c e  of the NADPH-generating 
system, ~ was found that the purified 20fl-HSD 
cou~ ~rve the subs~ate of [4-~4C]5~DHT as at 
Last thee ~nds of metabolites when the mix- 
ture of metaboli~ steroid was separated by 2D- 
TLC devdoped with benzene-acetone ~ :  ~ and 
benzene--eth~aceta~ ~ : l )  (Fi~ ~.  Although 
two minor spots we~ f~nL a ~rge m~n spot 
showed the same migration with two ~andard 
s~r~ds w~ch introduced 3~- or 3fl-hydroxy 
groups to 5~-DHT, 5~-androstane-3~,17fl-di~ 
and 5~-androstan~3~17fl-diol. On the~ TLC 
sys~m~ ~ was impossi~e to dear~ separate 
these two 3-hydroxys~ro~s. 

On the othe~ hand, a gas chromatograph~ 
method was employed for ~para~ detection of 
5a~ndrostane-3~17fl-did and 5~-androstan~ 
3fl,17fl-diol after treatment by tf imethysfl~ 
fion. The ma~ metaboli~ s~roid duted from 
the TLC ~ate was ~para~d ~to two m~or 
peaks and these peaks were ~entified ~om the 
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2nd.,benzene-e~ acetate = 2=1 

Fi~ Z Eadioamograms obtained by TLC on radioactve metabolites ~om [4J~C]5¢-DHT. [4-~C]5=-DHT 
was incubated ~ the presence of purJ~=d 20~-HSD (A) or ~ the absence of the ¢n~m¢ (B) with an 
NADPH-gen~afing ~ m .  Dark spo~ are ~, ~ 5=-DHT, (b) unknown m~abolim 1, (c) 3=- or 
3~ydrox~5=-andros~n-17~-ol and (d) unknown membo~te ~ wh~h w~ ob~ined by comparison of 

• e migration with non-m~oacfive standard s t~ds .  

retention t i m ~  compa~d  with standard ~e r~ds  
of 5~-androstanc-3~,17#-diol ~.08 rain) and 
5g~ndros t ane -3~ lT~-d i~  (1~01 m i ~  (Fi b 3). 
The ratio of 3g~yd ro xy~e r dd  to 3~-hydroxy- 
s t ~ d  e m e r a l d  ~om  the peak a ~ a s  was 
about  1.39. Thh  suggested that  the pig testicular 
purified 20~-HSD has both 3~ ~f ia l ,  3R)- and 
3~ ~ q u a ~ f i ~ ,  3S)-HSD activities when 5~- 
DHT was em~oyed as the substrate in the 
pr~ence  of ~-NADPH,  and the ratio of spe~fic 
acf i~ t i~  0~ -HSD~f l - H SD )  was ~ t i m ~ e d  at 
about  4: 3. 

Substra~ specifi~ty of 20~-HSD 

As shown in Table 1, when NADPH was used 
as a cofactor (hydrogen dana0 ,  20~-HSD could 
catalyze the reduction not only of 5g-DHT but 
also of various C~9-~eroids which mainly have 
a 3-carbonyl group. Among the ~eroids which 
usuafiy exi~ in animal bodie~ 5a-DHT, 5a- 
pregnane-3,20-dione and 5a-androstane-~17- 
diane were specifically reduced with a high 
activity by 20~-HSD. Furthermore, the 20fl- 
HSD showed that ~ pre~rs 5 ~ a t u r a t e d  ster- 
oids to 5 ~ a t u r a t e d  ~eroids or 4-en-steroids for 
~s substrata. In addition, the specific 3~/~-HSD 
activity of 20~-HSD obtained ~om  the sub- 
strata of 5g-DHT was about 10 and 15 times 
larger than the original specific 20~-HSD ac- 
tivity obtained at the same conditions from the 
substrata of 17g-hydroxyprogesterone and pro- 
ges~ron~ respectively. In addition the spedfic 

activity for 5g-prcgnane-3,20-dionc was about 
17 times larger than for progesterone. 

c 

(A) 

(B) 

I "~'~-I I 
0 4 8 t2 16 

Time (min) 
~ 3. Gas chrom~o~aphy of ~e m~n m~abd~e ~om 
5=-DH% The main memboli~ clutcd ~om TLC was ~ p  
~tcxl with TMS-imidazo~ ~ room tcmperaeurc. Gas chro- 
matography was performed under the following con~tons: 
colurn~ OV-I (1%) on Ga~hrom Q (0.3 x 200crn~ ~m- 
pera~r~ 240°C (colum~ and 270°C 0~c~or); d e t ~  
LLd.; carder g~, N: (40 ml/mi~. Peaks: (A) 5=-androsmn~ 

3g,17~-di~ and (B) 5a-andros~ne-3~,17~-~ol. 
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Ta~e 1. Sub~ra~ spedfid~ of 20~-HSD on the rm~fion of steroid reduction 

S~ ~U b 

S ~ d s "  ( ~ m ~  % 

~ - ~ o s m n o l  7~-ol-~one ~ H ~  ~ I ~  
~ - A n d ~ n -  l~-ol-3~ne O~-DH~ 1£2 33~ 
~ -An~mmn~3,17Mione ~ d m s m n e d ~  3~2 7Z2 
~ - A n d ~ t ~ 3 , 1 7 ~ o n e  t~7 3X0 
~-Andmsmn-~ -o|- 1%one ~ o s t e r o ~  2% I 5~9 
~-Andmn-3O-ol-17~ne ~ i ~ d r m t e r o ~  22~ 4~3 
5 ~ - ~ n e - 3 , ~ i o n e  ~ I 1 ~0 
1 ~ - M e ~ # ~ n d m s m n - l ~ l - 3 - o n e  91.1 19&0 
~ l - a n d m ~ - I  ~ - o n e  4f5  ~ 
~ A ~ r o s ~ - 3 ~ l  7 ~ o ~  (androsten~o~) 7.2 15.7 
~ A ~ r o s ~ w l  ~ ~]-3~ne (t~tostero~ ~7 21.1 
5 - A ~ r o ~ - ~ l - 1 7 ~ n e  ~ h y d r o i ~ a ~ m s t e r o ~  23A ~ 
& ~ -  17u ~1-3,2~io~ ( 1 7 ~ y d r o x y ~ o ~ r o ~  3~ 8.5 
& ~ e ~ 3 , 2 ~ i o ~  ( p r o ~ t ¢ ~  Z0 ~5 

Kinetic parameters were determined from Lineweaver-Burk plot~ 

~ V ~  
~M)  (nm~/m~/m~ V~/K. 
I . ~  |7Z6 9~4 
I ,~  1 ~  7~9 
~45 ~3.1 43~ 

~ 
NE 
NE 

1.~0 98A 61,5 
HE 
NE 
NE 
NE 
NE 

• 42 Z6 I ~2 
1 . ~  &4 Z86 
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=Tribal names ~ven ~ pa~nthe~s. 
bS[l(~ifig aeti~ty; assays w ~  (~arried out with stero~ (50 #M), NADPH (250 ~M) and 20~-HSD (36.5 #g) ~ 50 mM KP8 (pH 7.4) ~ 37°C. 
~Not examined. 

On the other hand, when NADP + was used 
as a cofa~or (hydrogen acceptor), a high speci- 
fifty was observed ag~n~ the structure of the 
substrate steroid • compared with the spe~ficity 
of the ~eroid reduction reaction (Table 2). 
Among the ~eroids ~ e d ,  5~-androstane- 
3~,17~-diol was conve~ed most rapid~ by 
purified 20~-HSD. The enzyme could ~so cata- 
lyze the conversion of various s~roids which 
have 3~- or 3~-hydroxy-5~- or 5~-androstan 
structure, but ~ was seen that a ~ndency to 
3~-hydroxys~roids and 5~-saturated s~r~ds 
was far less effective than 3~-hydroxys~r~ds 
and 5a~aturated ~eroid~ respecfive~. Furthe~ 
more, the o~daOon activity of the 5~n-3~-hy- 
droxy group and 17~-hydroxy group were very 
weak or negli~ble. 

Cofactor requirement 

SeverM pyHdine nucleofide c o ~ o r ~  bosses 
the usuM ~-NADP(H) and B-NAD(H), includ- 
ing the analogue type ~ which the phosphate at 
the 2' pofifion ~ t r ans i t ed  to the 3' position 
or Mcotinamide m o ~  i~ked on the ~-side, 
we~ examined ~ hydrogen donors ~ r  re- 
duction of 5~-DHT or as hydrogen acccptors 
~ r  ofidafion of 5~-androstane-3~,17~-diol. 
The Michaelis con~an~ (K~) and mafimum 
vdoci~ (Vm~) of 20~-HSD ~ r  various c o ~  
m~ are shown ~ Table 3. Judged ~om V=~/Km 
values ~ r  each ¢ofa~oL ~-NADPH ~ r  ~- 
ducfion of 5x-DHT and ~-NADP + ~ r  ofi- 
dafion of 5~-androsmne-3~,17~-~ were the 
mo~ p ~ n t i M  c o f a c ~  of 20~-HSD. ~ was 

TabM I Subs~ate spe~ikity of 20~-HSD on the reacth)n of stero~ ofidafion 

S~ act? 
Ster~d¢ (nmol/min/mg) 

5u -Androstane-3~,l 7~ -di~ 51~ 
5u -Androsmne-3~ 17~ ~ i ~  1 2 
5~-Androstane-3~ 170 ~ i ~  I~0 
5~ -Androstane-3~,l 7~ -~oI I Z4 
5~ -Androsmn-3a -olq 7~ne ~ndrosterone) 2f2 
5~-Androstan-3~ -ol- 17-one (epiandrosterone) Z 1 
5~ -Androman~ -ol- 1%one ~2 
5~-Androsmn-3~-ol-1%one &4 
Choli¢ acid ND ~ 
Deoxycholic a~d ND 
5~-Androstan-17~ -ol-~one ~ -DHT) ND 
5~-Androstan- 17~-ol-3-one ~ - D H T )  ND 
17u -M~hy]-5~ -andro~an- 17~-ol-3-one ND 
5~ -OI-androuan-17~-~-~one ND 
5-Androstene-3~,l 7~ -diol ~ndro~ene~)  ND 
~Androsten- ! 7~ -ol-3-one ND 
~Androsten- 17~ -ol-3-one (t~to~rone) @92 
~P~gnen-3~-ol-20~ne (p~gncnolon~ ND 
~P~gnen~O~ -ol-3~ne ~ 1 

~ V u  
% ~ ~ m o ~ m s )  ~ x / ~  

1 ~ ~72 2Z6 31 A 
Z3 N ~  
3~7 NE 
2~0 NE 
~ ~20 5Z4 18~ 
1~6 NE 
E2 NE 

114 NE 

I~ NE 

~0 NE 

~net~  ~rameters wen ~ r m i n ~  from ~neweaver-Burk ~ o ~  
"Tfiv~ nam~ ~ v ~  ~ ~ren~e~s. 
~pecific a c t i ~  a s ~  wen ~ r ~ d  om ~ steroid (50 ~M), ~-NADP ÷ (250 ~M) a ~  20~-HSD (36.5 ~8) ~ ~ mM KPB 

~ H  ~@ ~ 37°C 
~ ~ a ~ n e ~  
aN~ deterS;  enzyme ~ f i ~  was n~  ~ t ~ t ~  u~er  the ass~ c~&tiom 
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Tab~ 3. Cofaetor requirement ~ r  3a/~-HSD a c f i ~  eata~zed by 
20# -HSD 

ReL ~ °  K. ~=,, 
Cof~tors (%) ~M)  (nmol/min/m~ Vr~lg~ 

RMuced ~rm 
~-NADPH I ~  7.2 lISA 1~2 
• -NADPH ~ 328~ 141.8 ~43 
~o3'-NADPH 7~2 ~ 2 ~  275~ ~61 
~-NADH 3&5 2~.8 7~0 ~28 
• -NADH $~ I~A 1~7 ~16 

Oxidized ~rm 
~NADP + 1~ 1 ~8 ~ .  I 3.11 
a'NADP+ ND b N ~  
~ N A D P  + ~5 ~1 ~9 ~76 
~-NAD + 103.5 8~2 5~6 ~57 
• -NAD + ND NC 

Kinetic parameters were determined from M n e w ~ r - B ~ k  p ~  
*Re~five acti~t~ assays were ~fformed ~ ~-DHT ( ~ M ;  

for reduced ~rm) or ~-andms~ne-3~,17fl-did (50~M; ~r  
o ~ z e d  ~rm), 20~-HSD O ~ 6 # ~  and pyfi~ne n~leofide 
~faetor (240#M) ~ 1 m| of ~ m M  KPB ~H ~ ~ 3~C. 

bN~ det~t~; enzyme a ~  was not det~ted und~ t ~  ran~ & 
~f~ to r  ¢on~nt~tion (3.7~240 ~ M). 

qq'ot ~lcu~ted. 

observed that other p y ~ n e  nudeoddes, except 
for ~-NADP + and a-NAD +, were also u~l~ed 
for the 3~/~-HSD activity of 20~-HSD when 
prov~ed ~ relatively high concentrations. 

Stereospecificity of hydrogen transfer from 
NADPH 

The ~ s d ~  of the incubation of [4-~C]5g- 
DHT with ~-proR)H]NADPH or with [4- 
proS~H]NADPH ~ the reduction catalyzed by 
~sticuhr 20~-HSD (for 3g/~HSD acti~ty) a~  
shown in Table ~ A sign~cant ~corporafion of 
tritium ~to the product~ 5~ndrostane- 
3~,!7~-di~ and 5a-androstane-3~,17~-diol, 
were ob~rved when 5a-DHT was incub~ed 
with [4-proS-3H]NADPH, as compa~d with the 
incubation with ~-proR-~H]NADPH. Incorpor- 
ation of 3H ~to 5a-androsmn~3~,17fl-did 
and 5u-androstane-3~,17~-di~ when ~-proS- 
~H]NADPH was about 13.2 times ~rger than 
that for the ca~ of ~-proR-~H]NADPH as 
expressed ~ terms of dpm of tritium/nmol of 
product s~roid. 

These results demonstra~d that the hydrogen 
~ans~r ~om ~-NADPH to 5a~ndrostan~ 
3g,17fl-did and 5a~ndrostan~3gl7~-diol, 
cat~yzed by both the 3u and 3~-HSD acti~t~s 
of testic~ar 20ff-HSD, ~ s~reospec~c and the 
4-pros hydrogen ~ ~ a n s ~ e d  to the produc~. 

Optimum pH for 3~ /~-HSD a~i ty  of testicular 
eo#-us~ 

The effect of pH on 3~/~-HSD activity was 
examined ~ K~HPO4-H~PO~ buffer sy~ems 
(100raM, pH~5-9.~ data not shown). The 
ma~mum enzyme aetivi~ was observed at 
pH 5.0 when 5~-DHT and ~-NADPH we~ 
used as subsffate and cofacto~ respectively. The 
enzyme activity rapidly decreased when the 
~ c u b ~ n  pH was lowered to 5~, while ~ o~y 
gradually deceased when the pH was increa~d 
beyond 5.~ The rate of enzyme activity at 
the optimum pH of 5~ was about I I times 
~gher than that at pH 7A, w~ch was usually 
em~oyed for the ~cubafion. 

Effea of divalent cations for 3~/~-HSD activi~ 
of 20~-HSD 

The 3~/~-HSD activity of purified 20~-HSD 
was strongly ~ t e d  by heavy m ~  ~ns such 
as H~ +, Cu ~+, F~ + and Cd ~+ (data not shown). 
Howeve~ other ~v~ent cations ~d  not ~em to 
have any ~gnificant effe~ on enzyme activity. 

D ~ C U S ~ O N  

The pig testicular 20~-HSD had been purified 
to homogen~ty and was shown as a ~n~e baud 
on SDS-PAGE gel and on some other dectro- 
phoreses, and ~so as a sharp ~n~e peak with 
HPLC. Recentl~ we have demonstrated the 
slight~ enzymolo~cal beha~or of t~s enzyme 
p~para~on for eataly~ng the o~dation ~ some 
~pes of Ca-steroids, w~ch have no 20~-h~ 
droxy grou~ ~ the p ~ n c e  of B-NADP + [1~. 
Therefor~ it was exposed that ~ d a r  20~- 
HSD ~so have 3~- or 3#-HSD activity ~ke 
prokaryo~c 3a,20~-HSD. In the result~ testicu- 
~r 20~-HSD showed both 3~ ~ a l ,  3R~ and 
3~ ~quatofi~, 3S)-HSD activities for the sub- 
strate of 5~ (A/B, ~ans~DHT as the ac~va~d 
form of audrogen (testosteron~ in a~m~ 
spe~es ~ the p ~ n c e  of ~-NADPH although 
prokaryofic 3a~0~-HSD catalyzed o~y 3~ 
~ a ~  3R~HSD activi~ with 5~-DHT as the 
substrate. Fu~hermor¢, although prokaryotie 

Tab~ ~ Stereosp~ifi¢i~ of hydro~n ~ans~r from NADPH to ~ y d r o x y - ~ -  
andr~n-17~-ol by 20#-HSD 

~H/nmM Product M~-HSD activity 
Cofa~or ~pm) (nmd/min/m~ Ratio of ~H/~C 

[~proS .3H]NA DPH 438.2 ( ± ~ )  3~ 1 ( ± • 1 ~ 22.2 ( ± ~49) 
[~pro R )HINADPH 3~ 3 ( ± ~ 3~ 31 ~ ( ~ • 0~ 3.0 ( ± ~04) 

~ - H S D  acti~ti~ we~ de te r rn~  by assay udng [ ~ - D H T  ~0nmol) as t ~  
seb~ra~ ~ 50ram KPB (pH %0). 
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3~20~-HSD showed the same or Mwer 3u- 
HSD a c t i ~  compa~d with 20fl-HSD ac- 
t i ~  [ ~ ,  the 3=/fl-HSD a c t i ~  of ~ a r  
etxzyme ~ r  5~-DHT was about 10-15 times 
larger than the 20fl-HSD acti~ty. The testicular 
enzyme catalyzed the reduction not only ~ r  
5m-DHT but ~so ~ r  5~(A/B,c~)-DHT, ~ke a 
prokaryotic enzyme [4]. The catMyfic reaction at 
~ e  ~po~tion of ~ e  ~en~-one  s~roid and 
17fl-hydroxy group we~ Mso obtMned as weak 
~gnM~ HoweveL ~ the ~ v e r ~  ~act io~ wMch 
empMyed ~-NADP + as a c o ~ o L  a comparv 
fively s~ong relationsMp between steroid struc- 
tu~  and enzyme acfi~ty h ~  ~en, so the enzyme 
a c f i ~  was oMMned within the hydroxy group 
at the 3u- and 3fl~o~tions of the 5~- or 
5~-saturated s~roid~ From ~ese phenomena, 
# g  ~sticular 20fl-HSD was ~garded as a 
po~functionM enzyme of 3u/ f l ,2Of l -HSD,  just 
~ke the 3u,20fl-HSD from ~ hydrogenan~ [4], 
3~,3 f l ,17 f l ,20~-HSD ~ rab~t  ~verO~ and 
3~20~-HSD ~om sheep ~tM M o o d ~  eW. 

On the o~er  hand, the 3u,20~-HSD ~om & 
h y ~ o g e n a n s  was ~po~ed  to catalyze both the 
3u-HSD and 20fl-HSD acfi~ti~ ~ ~ e  same 
active ~ on one protein [16-18]. In the case of 
testic~ar 20fl-HSD, the~ ~ no proof y~  which 
3~/ f l -  and 20fl-HSD acti~ties a~  c ~ y z e d  on 
the same site of the enzyme molecule. HoweveL 
comparison of some of ~ e  enzymolo#cM 
properti~ obtained from 3 g ~ -  and 20fl-HSD 
acti~ti~ h wor~  considerat~n. No ~gnificant 
~fferen~ was observed ~ cofactor ~ q ~ -  
menL s~ospecif ic i ty  of hydrogen t r an s i t  
~om NADPH, optimum pH, and the effect 
of ~vMem cation~ ~ p a r t ~ a r ,  the ~ s ~ t  of 
hydrogen transfer ~om NADPH ~ substra~ 
5a-DHT was ob~rved as ~ p r o ~  and ~ e  use of 
hydrogen ~ the same position of ~ e  n~ot inv  
mide m ~ e ~  ~ r  both 3~- and 3fl~ydrox~ation 
of 5a-DHT was ~ r e s f i n ~  From ~ e  ~ s ~ t ~  
the possibil~y that ~ g  ~st ic~ar  20fl-HSD 
Mso catalyzed the 3 ~ -  and 20fl-HSD acti~ties 
at the same active ~ on the enzyme was 
postulated. 

17a,20fl-Dihydroxyp~gn-4-en-3-one, w~ch 
h supposed to be catMy~d by 20fl-HSD ~om 
17~ hydroxyprogesterone, was generally reco~ 
~zed ~ r  ffs p h y ~ o ~ c M  effect as one of ~ e  
most p ~ e m  ~duc~s  of ooc~e m~uration ~ 
some k~ds  of fish [19-21] and h ~ l a~d  ~ 
the spermiation of salmonids [22]. However, ~ e  
phy~o~g~M ~gn~cance of t~s  s t ~ d d  ~ 
mammalian species ~ not yet dear. Th~efo~,  
the p ~ n ~  of 3 ~ - H S D  a c t i ~  on the same 
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p ~ n  ~ 20~-HSD w~ch spectfi" cally e~sts at 
• e ~ a m l  s m ~  ~ ~ s  ~ one of t ~  t i ss~s  
conf in ing  reproduct~n a ~  as o ~  of ~ e  
mr~m of ~ d m ~  is ve~  ~ r ~ g  when 
c o n ~ d ~  ~ e  ~ d ~  ~ mamma~ 

Reeenfl~ a pf ima~ st~cture ~ ~oka~o t i c  
M,20~-HSD was deduced [23]. We need ~ c~r- 
~ t ~  nucleod~ s c q ~ e  of eDNA and ~ e  
a ~ n o  add ~ q u e n ~  ~ pig t m t i ~ l ~  20~-HSD 
as the ~ ~search for further ~vest i~t ion & 
t~s  enzyme ~ animM specie~ For ~ s  pm'pos~ 
eDNA c i o ~  ~ p i g  ~ c ~ a r  ~ S D  ~ now 
~ ~ o ~  
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