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Abbreviations

CAII&III Isoenzymes II&III of carbonic anhydrase

Chaps (3 -[(3-ch olamidopr opyl)-dim et hyl amm onio]-l-
propane sulphonate

Diazo-MAPD 21-diazo-4-methyl-4-aza-5b(-pregnane-3,20-dione

DMSO di-methyl sulphoxide

DTT dithiothreitol

EDTA ethylene diamine tetra-acetic acid

FPLC fast protein liquid chromatography

GH growth hormone

g.l.c. gas liquid chromatography

HPLC high performance liquid chromatography

MUP major urinary protein

NADPH nicotinamide adenine dinucleotide phosphate
(reduced form)

PPO di-phenyl oxazole

SDS-PAGE sodium dodecyl sulphate polyacrylamide gel
electrophoresis

t.l.c. thin layer chromatography

Tris 2-a mino-2-(hydroxymethy 1) p r o p a n e - 1 ,3-diol

5ol-DHT 5^-dihydrotes tosterone

5p-DHT 5^- dih ydrotestosterone

The following trivial names of steroids have been used : 

androstenedione = 4 - a n d r o s t e n e - 3 ,17-dione ; 5-androstenediol 

5-androstene- 3p>, 17(£-diol ; andros tanedione = 50t-androstane-3 , 1 7- 

dione ; epiandrosterone = 3 -epiandrosterone ; epiaetiocholanolon 

= 3-e piaetiocholanolone ; pregnenolone = 3£-hydroxy-5-pregnen- 

20- one ; oestradiol = 1,3,5 (1 0 ) - o e s t ra trien e- 3, 17jB - d i o l .



SUMMARY

iii

Following  a short dis cuss io n of steroid hormone b i o 

synthe sis  and c a t a bo lism and mechan is ms of action, the
4existing literature concern in g the biochemistr y of -3- 

ox os tero id  5cx-oxidoreductase(E.C. 1.3.99.5; 5(X-reductase) 

is reviewed under several main h e a d i n g s - v i z . historical 

background, phy si ologica l and clinical signific an ce of 

t e s t o st erone 5CX-reduction, propert ies of hepatic and andro gen- 

depe nda nt tissue 5 & - r e d u c t a s e , the mechani sm  of steroid 50C- 

reduction, the s o l u b il isatio n of 5&-reduc ta se and finally 

the hormona l control of 5b(-r educ tase enzyme activity.

Evi den ce is discussed concerning the possible relationship 

bet wee n enzymes of steroid hormone and fatty acid me ta bolism 

and at the end of the i nt roducti on  the aims and scope of 

this i n vestig at ion are delineated.

The experime nt al section of this thesis is divided 

into five sections. In the first section, the mic rosomal 

5^ - r e du ctase of female rat liver micr osomes  is characteris ed 

with respect to kinetic properties and pH optimum. In the 

next section ex per iments un de rtaken to solubilise the enzyme 

from micr osomal  me mbranes are described. The behaviour of 

solubili sed enzyme on gel filtrat ion is reported in the third 

section of results. The fourth part of the experimental work 

deals with the ph ot o-affin it y labelling of microsomal 5&- 

reductase. The sp ecifici ty of ph ot o-affinity  labelling is 

des cribed and the behaviour of the solubilised, photo-af finit y 

labelled enzyme on gel filtration is reported and compared /...



i v

to the behaviour of solubilis ed 5 &- reducta se  enzyme 

activity. Further c h a r a c t e r i s a t i o n  of the ra di o-labelled 

conju ga te by SDS -PAGE  and stability of radio-l ig and to 

p r e c i p i t a t i o n  and organic solvent ext raction is also 

reported. In the final part of the results section 

experim en ts unde rtake n to elucidate the relat io ns hip 

between 5(X -reductas e and enoyl CoA reduc tase (a mic ros omal 

enzyme involved in fatty acid metabolism) are described.

The results obtain ed are discussed in relation  to the 

findings obtained by other workers at the end of each 

ap pr o p r i a t e  experim en tal section.

In the final chapter, some co nclusion s are derived from 

the exp erim ental work and some suggesti ons for future 

invest i g a t i o n s  are forwarded.

A prel im inary report of part of this work has been published. 

Beattie, J., Hodgins, M.B. and Nimmo, H.G. (1986) 

So l u b i l i s a t i o n  and partial c h a r a c t er is ation of rat hepatic 

te sto s t e r o n e  50C -reductase. J. steroid Biochem. 2_5 

(Supplement) VII Int ernatio na l Congress on Hormonal Steroids. 

A b s . N o . 180.
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1.1 B i oche mi stry of the steroid hormones

1.1.1 B i os yn thesis and c a t a bo lism of steroids

The pathways of steroid hor mone b iosynt he sis have been 

de scribed in detail by several authors (Dorfman and 

Sharma, 1965; Dorfma n and Ungar; 1965; Ryan and Smith, 

1965). A si mp lif ied scheme of these bio synt hetic pathways 

is outlin ed in Fig. 1



Outline of Steroid Hormone Biosynthesis

After D.B. Gower (1979) in "Steroid Hormones"; Croom Helm, 
London and D. Schulster, D. Burnstein and B.A. Cooke (1976) 
in "Molecular Endocrinology of the Steroid Hormones", Wiley, 
New York.

G. Cortisol
H. Dehydroepiandrosterone
I. Androstenedione

Key to compounds
A. Cholesterol
B. Pregnenolone
C. Progesterone
D. 17&-hydroxyprogester- J. Aldosterone

one
E. l75C-hydroxypregnenol- K. 5 -androstenediol

one
F. Corticosterone L. Testosterone
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Enzyme Activities

1 . = 22-hydroxylase, 20-hydroxylase, ^ 2 0 ^ 2 2  ^7ase

[side-chain cleavage enzyme]

2 . = 17#-hydroxylase
A — 53. = 3(>-hydroxysteroid dehydrogenase, A isomerase

4. = C 17_("20 17ase
,4_55 . = 3$ -hydroxysteroid dehydrogenase, b isomerase

6 . = 17#--hydroxylase

7. = 21-hydroxylase, 119 -hydroxylase

8 . = 1 7 ft hydroxysteroid dehydrogenase

9 . = A 5-3p -hydroxysteroid dehydrogenase

10. = ^i7~^2o i-y336
1 1 . = 21- h y d r o x y l a s e , 1 1^-hydroxylase

1 2 . = 18-hydroxylase

13. = 3^-hydroxysteroid dehydrogenase, bf* -isomerase

14. = 17f5-hydroxysteroid dehydrogenase

15. = aromatase

With the exception of the side-chain cleavage enzyme and 

the 110 and 18-hydroxylases involved in corticosteroid 

biosynthesis, which are mitochondrial, the steroid bio

synthetic enzymes are present in the microsomes. Soluble 

1 70-hydroxysteroid dehydrogenases are known however 

(Kautsky and Hagerman, 1970).



The common precursor for the biosynthesis of all the 

physiologically active steroid hormones is cholesterol.

The total biosynthesis of cholesterol from acetyl CoA 

via isoprenoid intermediates has been reviewed by Clayton, 

(1965). The biosynthetic routes from cholesterol lead 

to the four main classes of steroid hormone - the 

oestrogens (C18), the androgens (C19), progesterone (C21) 

and the mineralocorticoids and glucocorticoids (C21).

The numbers appearing in brackets indicate the number of 

carbon atoms in the steroid nucleus of each of the classes 

of h o r m o n e .

The main pathway of androgen biosynthesis is indicated 

by bold arrows in Fig. 1. Thus 1 -hydroxy progesterone 

undergoes oxidative side-chain cleavage between C17 and 

C20 to form androstenedione which is further transformed 

by the action of 17$-hydroxysteroid dehydrogenase to 

testosterone. A minor route of androgen biosynthesis 

involves the conversion of 17(5̂ -hydroxy pregnenolone to 

dehydroepiandrosterone and 5 - a n d r o s t e n e - 3 ^ , 17^ d i o l .

These serve as precursors for androstenedione and testo

sterone respectively. The main site of androgen production 

in the adult male is the testis and in the female is the 

adrenal cortex. The biosynthetic inter-relationships 

between the steroid hormones are illustrated in Fig. 2.



Fig. 2 In te r - r e l a t i o n s h i p  between steroid hormones

C H O L ES TE ROL (C27)

I
P R E G N E N O L O N E  (C21)

i
SI1
GE

i

PROGE S T E R O N E  (C21)

CO R T I C O S T E R O I D S  (C21) 

ANDROGENS (C19)

ESTROGENS (C18)

After D. Schulster, S. Burs tein and B.A. Cooke (1976) in 

"Molecular  E n d o c rinol og y of the Steroid Hormones"  John Wiley, 

L o n d o n .

As this report is concerned with the c h a ra cterisa ti on 

of the enzyme activity testoste rone 5$(-r educ tase it is 

necessa ry  to indicate where in the scheme of androgen 

m e t a b o l i s m  this enzyme belongs. To that end, a simplified 

scheme of and rogen  cat ab olism is outlined in Fig. 3 

This topic has been ex tensive ly reviewed by Dorfman and 

Unger (1965).
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Enzyme activi ties

1 . 5* -reductase

2. 5 p- reducta se

3 . 17p - h y d r o x y s t e r o i d  d e hydroge na se

4. 3<X/3p -hydro x y s t e r o i d  d e hy dr ogenas e

E . C . Nos.

1.3.99.5

1.3.99.6 

1.1.1.64

1.1 .1.50/1.1.1 .51
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The basic pattern of m e t a bo li sm of both a n d r o s te nedione  

and tes to steron e is that they are subject to two NADPH- 

dep en dent  redu ctions - one at the C4-C5 double bond and 

one at the 3-keto group. Re duction  at these points in 

the m o l ecu le  can give products of itor^ c onfig ur ation  

at C3 and C 5 . In the case of t es to sterone  this leads 

to the formation of four isomeric a n d r o s tandiol s and for 

a n d r o s t e n e d i o n e  four isomeric 3-hydroxy, 4, 5-reduced 17- 

k e t o s t e r o i d s . These products are formed by the sequential 

a cti on of 50(-reductase/5p>-reductase and 3iX-hydroxysteroid 

d e h y d r o g e n a s e / 3 p - h y d r o x y s t e r o i d  d e h y d rogena se  as outlined 

in Fig. 3. The 35(-hy dr oxy steroids are the predominant 

isom ers  present in human urine, and the main m etaboli te s 

of t e s t o st er one are the 17 - k e t o s t e r o i d s - a n d r o s t e r o n e  and 

a e t i o c h o l a n o l o n e  (Slaunwhite and Sandberg, 1957).

I n a c t i v a t i o n  of p h y s i o logi ca lly active steroid occurs 

mai nly in the liver, but also to some extent in the kidney 

and intestine. Fo llo wing their reductive m e t a b o l i s m  in 

these tissues, steroids are conjug ated with glucuro nic 

acid or sulphate and excreted in the urine. D ehydro ep i- 

a n d r o s t e r o n e  sulphate (DHAS), produced by the adrenal 

gland is excreted in the urine as such or con verted in the 

liver to 5 -androstene-3j3, 17^-diol which is converted to 

a glu curon id e or sulphate conju gate and excreted.

A l t ho ugh Fig. 3 outlines the scheme of androg en catabolism, 

it is important to apprec ia te that the other classes of 

£ ^ - 3 - ketos te roids are met abol is ed by the same route - i.e. 

the NA DPH-d e p e n d e n t  reduction of the 4-5 double bond and 

the 3 -keto group prior to conj ugatio n and excretion.
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4Fig. 3 therefore serves as a general scheme for ^  - 3- 

k e t o s t e r o i d  catabolism. The sequential 4-5 double bond, 

3-keto, re duction is also involved in the biosynt he sis of 

the bile acids from c h o l e s t e r o l . In this instance the 

product has the 3C( , 5^ reduced conf iguration . It can 

be seen, therefore, that this reductive m e t a b o l i s m  of 

steroids is a bi och emical pathway of major significance.



1.1.2. Me c h a n i s m  of action of and rogens

The m e c h anisms  by which steroid hormon es produce their 

effect on target cells has been the subject of great interest 

and has subs equ ently produced an enormous literature c o n c e r n 

ing this topic. Several of the steps between entry of 

steroid hormone into a target cell and the m a n i f esta ti on 

of that target c e l l ’s response to steroid are the subject 

of great debate and indeed remain c o n t r o v e r s i a l . It is not 

the intention, in this section of the introduction, to 

des cr ibe in detail the di fferences  in various w o r k e r ’s views 

of this problem (which in any case is outwith the scope of ' 

this thesis). Instead, a brief and simplified scheme of 

the me c h a n i s m  of androg en action will be outlined, together 

with the possible role played by 5&- re ductase  in the e x p r e s 

sion of androgen  action. The me c h a n i s m  of androgen action 

in normal indivi duals and various defects which can occur 

in this process were the subject of a recent review (Kovacs 

et a l , 1987). A simplified scheme of androgen action is

outline d in Fig. 4.

Fig. 4 Me c h a n i s m  of action of androgens

TARGET CELL

+ R c  > T a Rc

5XR

5*DHT +Rci— £>5KDHT.Rc

E f f e c t s — Protein

Nucleus

^  n DNA

mRNA

(After Kovacs et a l , 1987)
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Following entry of testosterone into the target cell, it 

can be reduced by the enzyme 55^-reductase to 50C-DHT (see 

Section 1.2.1.). Although testosterone and 5I/-DHT appear 

to bind to the same receptor protein, (Rc) (Wilson et a l ,

1983) the kinetics of the interaction between these two 

steroids and the receptor protein appear to differ. For 

example Kd values of testosterone for the cytosolic fibroblast 

androgen receptor was reported aS 3*01 nmol/1. The affinity 

of 5U-DHT for receptor was some 7-fold higher with a Kd 

value of 0*46 nmol/1. Hodgins (1982) had previously dem on 

strated a 2-fold difference in Kd values between testo

sterone and 5#--DHT for the androgen receptor in genital 

skin fibroblasts (T = 0*44 nmol/1; 5i^DHT = 0*20 nmol/1). 

Furthermore, in the same publication he reported a faster 

disocciation rate constant for the testosterone-receptor 

complex than the 5$-DHT - receptor complex (average values 

T*Rc = 0*045/ min; 5ftlDHT*Rc = 0.010/min). These differences 

in the kinetic properties of androgen-receptor complexes 

may be a significant amplification of the androgenic signal 

as it is known that in some cases prior reduction of testo

sterone to 500-DHT is necessary for the proper expression of 

androgen action, (see Section 1.2.4.).

Transformation of the receptor (R— >R ) in Fig. 4 is 

associated with changes in receptor structure or con fo rma

tion such that it acquires the ability to bind to DNA.

Several aspects of the process of transformation remain 

unknown. In a recent paper (Kovacs et a l , 1983) demon stra

ted transformation of 5NDHT • androgen receptor complexes 

from genital skin fibroblast by heating pre-labelled / . . .
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cytosol prep arati ons from 0°C to 25°C or by treatment of 

cytosol with 0*5 mol/1 NaCl . Tr a n s f o r m a t i o n  of receptor 

was ass ess ed by mea suring its binding to D N A - c e l l u l o s e .

The auth ors  reported that the a cquisit io n of this ability 

to bind D N A-cellu lo se was asso cia ted with the loss of the 

form of the receptor which sedimen ted  at 7• 5S on continu ous 

sucrose density gradients. Later Kovacs et al (1984) 

described  an androgen receptor mutant which dis played an 

impaired ability to be transfor med to the DN A- binding  

state .

The next step in the m e c ha ni sm of action of androgens 

involves the binding of trans formed receptor to chr omatin 

of the target cell nucleus. Both the DNA and protein 

compone nt s of the chrom atin are believed to be important 

in provi din g binding sites. For example Klyzsek o-  

Stefano wi cz et al (1976) demonstrat ed  that the D N A - asso ci a- 

ted non- hi stone protein (NHP) fraction con tained tissue- 

specific binding sites for 5bt-DHT • receptor complexes.

Thus the NHP fraction from prostate or testis contained 

three times the amount of receptor binding sites than the 

same fractions of liver or pancreas c h r o m a t i n . But tyan et 

al (1983) dem ons trate d the import ance of DNA in providing 

binding sites for receptor when he showed that digestion 

of nuclei with DNAase I (which p r efere nt ially removes 

active DNA sequences) led to a loss of tiss ue -specific 

accep to r sites. These two views were synthesised in a 

report which demo nstrate d specific, high affinity, 

saturable binding of pre- label led androgen receptors to 

prep ar ations of prostatic nuclear matrix - a structure /..
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know n to con tain both actively transc ribed sequences of 

DNA and non-his to ne proteins (Barrack, 1983). This 

bind ing  was shown to be dependent on steroid and on 

rece pt or  activation.

As indic ated in Fig. 4, the final stage in and rogen  action 

invo lve s the stim ulation of mRNA t ransc ri ption and 

su bsequen t protein synthesis. Several proteins have been 

shown to be under androgenic control. These include a 

pr ost at ic ch olesterol  binding protein (Chen et a l , 1982) 

and spermi ne binding protein (Hiipakka et al , 1984), hepatic 

g l y c o l i t h o c h o l a t e  su lphotr a n s f e r a s e  (Kirkpatr ick et a l , 

1985), mouse kidneyjS-glucuronidase (B ull o c k  et al , 1985), 

t estic ul ar  and epididymal a n g i o ten si n con ver ting enzyme 

(Jaiswal et a l , 1985) and at least five different proteins

in the epididymal cytosol of the adult rhesus monkey 

(Arslan et a l , 1986). Section 1.2.7 - "Hormonal control of 

5&t -r eductase " discusses the dif ferent levels of proteins 

found in the livers of male and female r a t s 3" and describes 

a possi bl e m e c h a n i s m  un de rly ing this sexual differentiat ion.



-12-

1.2 B ioc he mical properties of 50C- reductase

1.2.1 H is torica l background 

. 4
A. - 3 - o x os te roid 5<S.-oxidoreductase (E . C . 1 . 3 . 99 . 5 ; 

5&>-r educ tase ) is a me mbra n e - b o u n d  enzyme which catal yse s 

the NA D P H - d e p e n d a n t  reduction of the 4-5 double bond of 

^  ̂ - 3 - k e t o s t e r o i d s  to give the c o r r e spond in g 50C.-dihydro 

reduced steroid (see F i g . 5)

t . 4Fig. 5 N A D P H - d e p e n d a n t  redu ction of -3 -ketost er oids

+ NADPH

4
M

(after McG ui re and Tomkins, 1959).

The reduced steroid has a trans c o n f i guratio n at the 

junction of the steroid A and B rings and these rings are 

essenti al ly co-planar. (Liao et a l , 1973).

Schneider and Horstmann (1951) de mon strat ed the 

reduction of the 4-5 double bond of d e s o x y c o rt ic osteron e 

by rat liver slices^ a finding con firmed by Schneider (1952). 

Later it was demonstra ted that the supernatant obtained 

following the cen trifug at ion of rat liver homogenate at 

6000g for 30min. catalysed the 50C-reduction of /...
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11- de o x y c o r t i s o l  . (Forchielli et al , 1955). Subsequently,

- and 5̂ > -r eductase s were separated by different ial c e n t r i 

fug at ion (Forchielli and Dorfman, 1956). Fo llowing  c e n t r i 

fu ga ti on of a rat liver ho mo genate at 78000g for 90min, 5f*- 

r e d u ct as e was found ex clusively  in the su perna tant fraction 

and 5 #-redu ct ase in the par ti culat e fraction. The soluble
*

cytosol ic  5# -reductase ( T o m k i n s , 1957) and pa rticulate 50C—

reductase  enzymes (McGuire et a l , 1960) were both partially

ch ar ac terise d.  Since these early studies, 5^-redu ct ase  

has been shown to have a wide tissue dis tr ibutio n in the 

rat being found in tissues as diverse as the ventral 

prostate (Farnsworth and Brown, 1963; Bru ch ovsky  and Wilson, 

1968(a)), seminal vesicles (Gloyna and Wilson, 1969), 

epididy mi s (Inano et a l , 1969) h y p o t ha la mus (Cheng and 

Ka r a v o l a s  , 1975(a)) anterior pituitary (Cheng and Kara vo las , 

1975(b)) and kidney (Verhoeven and De Moore, 1971).

The enzyme has also been parti ally cha racteri se d in human 

skin (Gomez and Hsia, 1968; Wilson and Walker, 1969; Voigt 

et al , 1970) and prostate (Habib et al , 1981; Hous ton et al

1984). In add ition  the presen ce of 50C-r educ tase has been 

d e m o n s t r a t e d  in the prostate and seminal vesicles of the 

dog, lion, mouse, guinea pig, cat and bobcat (Gloyna and 

Wilson, 1969). The presence of 5<X-r educ tase has also been 

demon s t r a t e d  in the skin and skeletal muscle of the fish 

(Hay et al, 1976) and a procayo tic 5^(-r educ tase has been

l\ de scr ibe d in M y c o b a c t e r i u m  smegmati_s_ by Lestrova.ia et al ,- - - x
(1977). Studies in these tissues have used mainly androgens 

as sub strates  for 5&C-r educ tase , alt ho ugh the 5£4-r eduction 

of proge st erone by neuro -e ndocrin e organs has also been 

i nv es tigate d (Bertics and Karavolas, 1984; Bertics and 

Karavolas, 1985).
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1.2.2. P r o p e r t i e s  of hepatic mi cr oso mal 5 ^ - r e du ct ase

M c G u i r e  and To mkins (1960a) dem onst rated  that in the presence

of N A DP H rat liver microsomes  catal ysed the 5 ^ - r e d u c t i o n  of
4fi ve  differ en t A  -3-ke to steroids - cortisol, cortisone, 11- 

d e o x y c o r t i s o l , 11 -d eo xycor t i c o s t e r o n e  and and roste nedio ne .

The same la borat or y (McGuire et al, 1960) went' on to
4d e m o n s t r a t e  that in fact 21 different A  - 3 - k e t o s t e r o i d s  were 

s u b s t r a t e s  for hepatic mic rosom al 5 K - r e d u c t a s e . They also
4s h owed  that 13 other - 3 -ket os teroids  could not be reduced

by h e p at ic microsomes. A common feature of these n o n 

r e d u c i b l e  steroids was C1-C2 u n s a t u r a t i o n  of the steroid 

A ring  or methyl su bstitution at C2 or C6 (see Fig. 6)

F i g . 6 N o n - r e d u c i b l e  A l  -3- ket os teroid de rivatives

The s t r uc tu re of the steroid mol ec ule at these points is 

th e r e f o r e  imp ortant in respect of the steroid being a 

sub s t r a t e  for 5()(-r educ t a s e . The rat liver enzyme showed 

a very broad pH optimum at pH 5*5-7*5. The enzyme was 

i n h ib ited by p- ch l o r o m e r c u r i b e n z o a t e  ( P C M B ) . This 

i n h i b i t i o n  could be prevented by the simulta neous addition 

of reduced glutathi one ( G S H ) , suggest ing that free 

su lphyd ry l groups are necessary /. . .
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for mai n t e n a n c e  of enzyme activity.

The ob servatio n that sodium dithionite  could not replace 

NADP H as an electron donor for 5<c/— reduct ion argued against the 

i nv ol vement  of flavin in the mec h a n i s m  of 5o/,-reduction (Mahler, 

1954). Similarly ant imycin A, an; inhibitor of electron 

trans po rt (Chance 1956) only caused slight in hibition of 

co rt is one and 11- de ox ycortisol 5©Ar ed uction (McGuire et a l , 

1960) .

Rat liver mic roso me s will also catalyse (in the presence 

of NADPH) the reduction of the 4-5 double bond of the C27 

steroid ch olest- 4 - e n - 3 - o n e  (Shefer et a l , 1966). This enzyme 

activ it y resembled those described previous ly (McGuire and 

Tomkins, 1959; McGu ire and Tomkins, 1960a; McGuire et a l ,

1960) in that it was NA DPH-depen dant, displayed a pH optimum 

of around pH7 and was inhibited by P C M B . However the o b s e r v a 

tion that cho le st- 4 - e n - 3 - o n e  did not inhibit the red uction of 

C19 A 4 - 3 - k e t o s t e r o i d s  led the authors to suggest that cho leste- 

none 5o£-r eductase was in fact a separate enzyme from those 

already des cribed (Shefer et a l , 1966).

Roy (1971) dem onstrated  the N A D PH -d ependa nt  reduction 
3of [7c/— H] testo st er one by female rat liver microsomes. In 

contrast to previous reports he found an acidic pH optimum 

for the enzyme of pH 5.5. He also reported -that atebrin - 

an inhibitor of flavin enzymes (McGuire et a l , 1960) - and

carbon mon oxi de (CO) - an inhibitor of cytochrome P-450 

dependant steroid hy dr ox ylatio ns  (Omura and Sato, 1964) - 

were without effect on testosterone 5c/-r educ t i o n . This /..
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suggested that these intermediates were not involved in 

electron transport between NADPH and steroid substrate. 

However, evidence for intermediate electron carriers in 

the mechanism of 5£(-r educ tase has been provided by Golf 

and Graef , (1978) (see Section 4). These same workers also

claimed to have partially separated testosterone 5D(-reductase 

from a progesterone/cortisone 5{)(-r educ tase by iso-electric 

focussing although these preparations retained the ability 

to reduce all three steroids. This has been the only d e mo n

stration of the separation of &^ - 3 - k e  tosteroid 5{)(-r educ tase 

a c t i v i t i e s .

The importance of membrane structure in the activity of 

5&(-reductase was evidenced by the fact that solubilisation 

of microsomal membranes by certain agents led to a loss 

of 5U-reductase activity. Even when solubilisation has 

been achieved it has always been associated with a loss of 

enzyme activity (see Sections 1.2.6., 3.2.2. and 3.2.3.2). 

Similarly modulation of the enzyme activity in situ in the 

membrane by the use of phospholipases has demonstrated the 

importance of the lipid micro-environment in relation to 

enzyme activity. Thus Lumper et al (1969) demonstrated 

that treatment of rat liver microsomes with phospholipase 

D resulted in a complete loss of 5W-reductase activity.

In a similar vein, Golf and Graef (1978) have shown that 

addition of phosphatidyl choline to solubilised hepatic 

microsomal 5fc(-reductase resulted in a 3-fold stimulation 

of enzyme activity.
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Alt hough the evidence of the early studies by McGuire 

and Tomkins, (McGuire and Tomkins, 1959; McGuire and 

Tomkins, 1960(a); 1960(b) McGuire et al, 1960) suggested 

the presence of several 5(X-r educ tase enzymes in liver 

microsomes, each acting on different -3-ketosteroid 

substrates, more recent evidence suggests this may not 

in fact be the case. Thus humans with 5(tf— reductase 

deficiency (see Section 1.2.4) have decreased levels of 

both 5»X-reduced androgens and 5(X-reduced glucocorticoids 

in their urine (Peterson et al , 1977). This suggested

that in the liver the same enzyme acted on these two 

classes of steroid hormone prior to their excretion. It 

has also been demonstrated that epididymal microsomes 

isolated from a patient with 5C<-r ed uc tase deficiency 

were unable to catalyse the 5<X-reduc tion of ten different 

physiological A ^ - 3 - k e tosteroids - including progesterone, 

testosterone and cortisol (Fisher et a l , 1978). If one

assumes that a single mutation is involved in the aetiology 

of 5 0(-reductase deficiency then these findings suggest 

that a single gene product was involved in the 5&^reduction 

of these steroids. However, the data are also consistant 

with the hypothesis that these steroid 5M-reductases are 

not identical but do in fact share a common sub-unit and 

that a structural mutation in this sub-unit leads to a 

loss of enzyme a c t i v i t y .
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1.2.3 Pro perties  of 5flC-reductase in a n d r og en-dep en dent  

tissues .

Because of the importance of 5D(-r educ tase in the 

de ve l o p m e n t  and ma inten ance of some a n d r o g e n-depen de nt 

tiss ues  and the associat ion of the enzyme with some 

p a t h o logi ca l conditions in these tissues (see Section 1.2.4), 

an ex tensive  literature exists on this topic. Indeed as 

the im po rta nce of 5^-reductase in androgen action is one of 

the reasons for undertaking this work it is ap pro priate 

that this subject should be reviewed at this stage.

(a) Pro static 5(X - r e d u c t a s e .

The first report of 5fit-reductase activity in the 

prostate was by Far nsworth  and Brown (1963). Using minces 

or slices of human benign hyperpl astic prostate tissue 

, they identified 5&£ -DHT as represen ting 35% of the total 

m e t a b o l i t e s  of testosterone. Later Anderson and Liao (1968) 

de mo n s t r a t e d  that following incubation of minced rat prostate
o

with 7A(-[ H] testosterone, 75-90% of the radi oactivity

recov er ed from purified nuclear preparations was identified

as -DHT. In the same year, Bru chovsky and Wilson (1968a)
3

showed that following intravenous ad mi nistration  of 1,2 — [ H] 

t e s t o st erone to normal and functionally hepate ct omised  rats
o 3, only [ H] testos terone and [ H] di hydrot es tostero ne  were 

re cov ered from prostatic nuclei. It was also shown that in 

the presence of an NADPH generating system, prostatic /...
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nucle i were, in vitro, able to m et abolise  testost erone to

50L -DHT. In a subsequent publication, Br uchovsky and Wilson

(1 9 6 8 b ) demo nst rated the binding of 50^-DHT, formed following
3i nt r a v e n o u s  ad mi nistration of 1, 2— [ H] tes tost erone to 

evisc era ted, castrated and functionally h e patec to mised 

rats, to isolated preparations of rat prostatic nuclei.

F re de riksen and Wilson (1971) then went on to 

des cr ibe some of the properties of rat prostatic testoste ro ne 

56l -reductase. The enzyme displayed an absolute req uirement 

for NADPH and had a pH optimum of pH 6*6. In contrast to the 

liver, prostatic 55i-r educ tase was present in both the 

n uc lea r and mic rosomal membranes with each of these i n t r a 

ce llu lar compart ments containing approxim at ely 50% of the 

total enzyme activity. The enzyme was sen sitive to divalent

cations, with the nuclear 5b^-reductase being almost totally
2+ 2+ 2+ in hibited by Hg , Cu and Zn at con centr at ions of lmmol/

2 +- — -1 . The inhibit ion by Zn was compet itive with respect to 

NADPH. The authors reported a Km(app.) for testosterone of 

lumol/1 and their data indicated that the ability of eight 

di ff eren t / ^ - 3 - k e t o s t e r o i d s  (including proge ste rone and 

d e o x y c o r ti coster on e) to serve as substrates for 5^C— 

r ed uc tase was paralleled by their potency as inhibitors of the
O

co nv e r s i o n  of [ H] testosterone to 50C-DHT. Thus the measured 

Km(app.) values for the steroids were in close agreement 

with their Ki values for inhibition of testosterone 50U 

reduction. Inhibition was competitive with respect to 

t e s t o st erone and the authors concluded that in the prostate 

there was a single 5oL-r educ tase activity with a broad /....
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sp ecifi ci ty for &  - 3 - k e t o s t e r o i d s .

Later, Moore and Wilso n (1972), work ing with 

pur ifi ed prostatic nuclei, de monstrated that when sonicated 

ex tract s of these nuclei were subjected to density gradient 

c e n t r i f u g a t i o n  (in continuous caesium chloride density 

gra dients), all the 5&£-r educ tase activity was ass ocia te d with 

a vi si ble  band of turbidity at d . 1 *23-1 *27. They reported 

a 90-fol d pur ifi cati on  of enzyme activity in this fraction.

Nozu and Tamaoki (1974a) initially con firmed 

the findin gs of Fr ed eriksen and Wilso n in respect of the pH 

o:ptimum, Km(app.) te stosterone  and su b-cellular dis tributi on  

o:f prost atic 5fl(-reductase . However in a later pu blicatio n 

(Nozu and T a m a o k i ,197 4 b ), the authors reported that-when 

jpurified, sonicated prostate nuclear extracts were subjected 

t£o d i sconti nu ou s sucrose density gradient cen trifugation, 

^ ( - r e d u c t a s e  activity was recovered at the d . 1*16-1*18 and 

dh 1*18- 1*2 0 interfaces. The authors suggested that the 

lig hte r density of the 5fl(-reductase they obtained compared 

tto the findings of Moore and Wi lson (1972) may have beendue 

tto the abs or pt ion of Cs + ions to the nuclear membrane in the 

C o n t inuou s CsCl gradients used by the latter authors.

Roy (1971) confirmed previous findings on 

the enzymol ogy of prostatic 50t-r educ t a s e . He also reported 

however, that as with the hepatic mic rosomal  5tC-z educ tase 

((s^e; 1.2.2), PCMB at a concent ra tion of 0*1 mmol/I

Inhibited nuclear 5oL-reductase activity. Also, as 

liP ttfti® c ® ® ®  of the hepatic enzyme, carbon monoxide had no 

ggg&ct- 6 m  ^flizyme activity, sug gesting that cytochrome P-450 

pTapedi no pa-rt in the reaction mechanism.



A recent paper on the comparative bio chemist ry  of 

pr os ta tic 5Di-r educ tase indicated that species di ff erences 

exist in the enzyme obtained from different mammalian  

sources (Liang et a l , 1985(a)). It was shown that prostate 

p a r t i c u l a t e s  of the rat, dog and human had a similar Km(app) 

for tes toste ro ne - at 2*4, 2*2 and 3*3 umol/1 respectively. 

However, only the rat enzyme was sensitive to inhibition 

by PCMB - a finding previously reported by Roy (1971).

Also, the enzyme from the three different species displayed 

d if fe rent pH optima, the values being rat (pH7), dog (pH6) 

and human (pH5). These findings together with the o b s e r v a 

tion that the rank order of pot encies of 24 5£t-r educ tase 

i nh ib itors was different in the three species suggested that 

the enzymes from the prostates of these animals showed 

sig nific an t structural variations. As well as the rat, 

dog and human prostate, the conver sion of tes to sterone  to 

5D(-DHT has been demon strated in the prostates from eight 

other species (Gloyna and Wilson, 1969; Wilson and Gloyna, 

1970). The specific act ivities of the prostatic 5£(-reductase 

in these species was (in descending order) - rat, man, 

baboon, lion, dog, mouse, guinea pig, cat, bobcat, bull 

and rabbit. (In the bull and rabbit 5C)(-DHT formation was 

practic al ly zero).

(b) Epididymal 5fr-reductase 

Scheer and Robaire (1983) undertook a study of the rat 

ep ididymal  5 ^ - r e d u c t a s e . As was the case with the prostate, 

the enzyme was present in both the nuclear and micr osomal 

me mbranes. The Km(app) test ost erone for the /...



nu cl ea r and microso mal enzymes was in the range 0*17 - 

0*45 umol/1. Unlike the prostatic enzyme, the epididymal 

enzyme had a much broader pH optimum at pH 5*8 - 7-5.

As was noted in the case of the hepatic enzyme (see Section 

1.2.2), the lipid m i c r o - e nvi ro nment of the membran e was 

im portant in the control of 50C-reductase activity. Thus 

Cooke and Robaire (1985) reported the effects of treating 

e pidid ym al  nuclear and micr osomal preparat io ns with phos- 

p holip as es  A 2 and C. (PIA2 and PI C ) . increased the

Km (app) test oster one of the mic ros om al enzyme by a factor 

of two and decreased the Vmax by 20 - 30%. The Km(app) 

te sto s t e r o n e  of the nuclear enzyme was unaffec ted by P I A 2 

but the Vmax was reduced by 50%. In contrast PI C increased 

the Km(app) test ost erone two-fold for both the nuclear 

and micr os omal enzymes and decreased the Vmax of both 

enzymes by 50%. As was the case with the hepatic enzyme 

(Golf and Graef, 1 9 7 8 ) 3 the authors reported a stimulation 

of the Lubrol WX - solubilised enzyme activity by the 

a d d ition of phos pha tidyl choline to the assay solution.

(c) Skin 56^- reductase

Since the original dem onst ration  of the t r a n s f o r m a 

tion of testostero ne to 5 -DHT by specimens of human

skin (Gomez and Hsia, 1968), several workers have described 

the prop ert ies of 5d(-reduc tase in skin from various 

an atomi ca l sites. Wilson and Walker (1969) demonst rat ed 

that the 5ot-r educ tase activity in skin slices from some 

perineal areas (labia majora, prepuce, scrotum and clitoris) 

is higher than in skin from other anatomical areas (trunk 

and limbs). Voigt et al (1970) published an extensive 

study of the 50(-reductase enzyme in microsoma l preparatio ns /.



of human neonatal foreskin. The authors tested a total 

of twenty three steroids as inhibitors of the conv ers ion 

of t estost er one to 50l-DHT. They reported that the necessary 

stru ct ur al requ ire ments for a steroid to inhibit the 5b(- 

r e d uc ti on  of test oster one were a & ^ - 3 - k e t o s t e r o i d  str ucture 

and 1 7 ^  (but not 1761 ) substitution. They also reported 

that substit ut io ns on the steroid nucleus (eg. 11- hy dr oxyla- 

tion) also reduced the efficacy of the steroid as an 

in hi bito r of testoster one 5 # - r e d u c t i o n . 501-DHT was a very

poor inhibitor of 5flC-reductase activity. It was demonstrated, 

in fact, that proges terone was the best substrate for the 

5flt-reductase enzyme - Km = 0*7 umol/1 (cf tes tost erone  - 

Km = 1*1 umol/1). By the mixed substrate method (Dixon 

and Webb, 1964) it was shown that in the human neonatal 

foreskin, the same enzyme reduced progesteron e and t e s t o 

sterone. The same lab (Voigt and Hsia, 1973) reported 

the co nv er sion of te st ost erone to 50C-DHT by hom ogenate s of 

the hamster flank organ. This is a sebaceous structure 

and is an dr ogen - d e p e n d a n t  being larger and more pigmented 

in the male (Voigt and Hsia, 1973). However, topical 

a p p l i c a t i o n  of testostero ne propion ate  or 5£l-DHT to the 

female hamster organ caused it to enlarge. The te stosterone 

pr opion at e (but not the 5&C-DHT) - induced enlargement of 

the organ could be prevented by.the simultaneo us addition 

of 4 - a n d r o s t e n -3-o ne - 17fJ -carboxylic acid (170C) or its 

meth yl ester. It was suggested therefore that the effects 

of test oster on e on the hamster flank organ were mediated 

by its con vers io n to 501-DHT and that 17^C inhibited 501- 

reductase. This inhibition was shown to occur when [4 — 1^ C ] 

tes to st erone was incubated with homoge nates of flank organ, / . .
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with 50C-DHT formation being reduced from 75 pmol/lOOmg 

ti ssue/ hr  to approx. 25 pmol/lOOmg tissue/hr. In a study 

of the met a b o l i s m  of androgens by slices of human skin 

(Hay and Hodgins, 1973) the authors reported high levels 

of 5<5(-r educ tase activity in three samples of forehead skin 

from three men (ages 20, 58 and 83), in the axillary skin 

from a 20 year old woman and a 43 year old man and in cheek 

skin taken from a 78 year old woman. The authors used 

d e h y d r o e p i a n d r o s t e r o n e  ( D H A ) , D H A - s u l p h a t e , and ro stene dione 

and testost er one as substrates in their incu bations and as 

well as 5<)(-r educ tase they reported the presence of eight 

other st er oid-m e t a b o l i s i n g  enzymes.

As well as in ve stigating the properties of 50(-reductase in 

skin samples and skin homog ena tes or microsomal  prepa ra ti ons 

the 50(-reductase activity of fibrob lasts derived from human 

skin from various anatomical sites has also been investig ated 

(Moore and Wilson, 1976; Moore et a l , 1975; M ow szowicz  et 

al, 1980; Leshin et a l , 1978; Saenger et al , 1978; Pinsky 

et al , 1978). In a study of the 5#>-r educ tase enzyme in 

ce ll -f ree extracts of fibroblasts derived from genital skin 

(foreskin, labia majora and scrotum)^ Moore et al (1975) 

confirmed some of the properties previously described by 

Voigt et al (1970) for the 5.^-reductase activity in 

m i c r o s o m e s  from human foreskin. Thus genital skin f i b r o 

blast 5#-reduc ta se had a pH optimum at 5*5 with a shoulder 

of activity at pH 7-9. As was demonstrat ed in pr epa rat ions  

of human foreskin microsomes, (Voigt et al , 1970) in cell- 

free extracts of fibroblasts derived from human foreskin, /...
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progesterone is a better substrate for 5vX-r educ tase than 

testosterone. Six steroids were tested as substrates and 

their affinities for 5^- reductase were - progesterone )’ 

t e s t o s t e r o n e > androstene d i o n e >  c o r t e x o l o n e 7 4-androstene- 

3, 11, 17-trione > cortisol. Cortisol was 5#-reduced at 

barely perceptable rates. Therefore as was previously 

reported by Voigt et al (1970), substitution of the steroid 

nucleus at position 11 led to a decrease in the affinity 

of steroid for enzyme.

Variation in enzyme activity of fibroblast preparations 

has been reported. Using homogenates of fibroblast derived 

from genital skin, (Moore et a l , 1975) found activities 

ranging from 2*6 - 175 pmol/h/mg protein in twelve individuals. 

Similarly in whole sonicates of fibroblasts derived from 

genital skin, 5#-reductase activities ranging from 5 - 300 

pmol/h/mg protein were reported (Moore and Wilson, 1976).

This variation in 5^-reductase activity of fibroblast derived 

from genital skin was confirmed by other workers (Leshin 

et a l , 1978; Pinsky et al, 1978; Mowszowicz et a l , 1980).

It had previously been found that there was wide variation 

in the 5tt -reductase activity of slices of whole foreskin 

(Wilson and Walker, 1969). This variation was in part 

explained by donor age with younger foreskins containing 

higher levels of enzyme activity. In fibroblast studies 

5flt-reductase activity was shown to vary according to the 

passage number of the cultured cells. Moore et al , ( 1975)

found that 20th passage cells had a two-fold higher activity 

that 10th passage fibroblasts. Similarly Mowszowicz et al 

(1980) demonstrated a four to five-fold increase in /...



12th passage fibroblasts (cultured from foreskin and pubic 

skin) compared to 2nd passage cells.

D i f f er en t properties have been described for the 5d^-reductase 

enzyme of fibro blasts cultured from no n-g enital skin. The 

total enzyme activity was lower than that of genital

skin fibrob lasts (Pinsky et a l , 1978). Moore and Wilson 

(1976) compared the properties of 50(-r educ tase from genital 

skin (foreskin) - derived fib roblasts and non-genital 

(inguinal) fibroblasts. The no n-genit al fibroblas t enzyme 

did not show a peak of activity at pH 5*5 but de mon strat ed 

a broad slightly alkaline pH optimum at pH 7-9. As 

m e n t i o n e d  previously, genital skin fi broblasts  display 50i- 

r ed uc tase activity both as a peak at pH opt imum of 5*5 

and over a broader range at pH 7-9. The obse rv ation that 

the 5 & -r educta se  activity at pH 5*5 had a dif ferent sub- 

ce llu lar distribu ti on from the activity at pH 9*0 and also 

that the activity had a different Km(app) for te st ost erone 

at the two pH values, led Moore and Wilso n (1976) to suggest 

that these two activities were in fact separate entities. 

Befor e leaving this review of the literature con cerned with 

the prop ert ies of the 5&(-reductase enzyme from different 

reg ion s of skin and the fib roblast derived from these sites 

it must be apprec iated that there remain several areas of 

controve rsy . For example, Moore and Wilso n (1976) reported 

the results of an experiment which de mon strat ed that in homogen 

ates of no n-genit al (i n g u i n a l )s k i n , there was indeed a peak 

of 50C-r educ tase activity at pH 5-0 - 6-0 (as is the case in 

genital skin). The authors suggested that this activity /...
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may be due to the presence of hair follicles or sebaceous 

glands in the skin. Also Pinsky et al (1978) did not 

d e m o n s t r a t e  any difference in 50^-reductase activity in f i b r o 

blasts derived from male pubic skin compared to those derived 

from female pubic skin. However Kuttenn and Ma u v a i s - J a r v i s  

( 1975) and M a uvai s- Jarvis (1977) demonstra ted higher 5<X- 

red u c t a s e  activity in the male pubic skin fi bro blasts than 

the female. In view of the findings reported by M o w s zo wicz 

et al (1980), it is important that 5#.-r educ tase enzyme a c t i v i 

ty in fibroblast s grown from different skin samples should 

be compared only when cells have been through the same 

number of passages.

(d) Neuroen do crine structures

The presence of 50(-reductase in the brain and other 

nervous tissues of the rat and mouse has been well documented 

(Massa et a l , 1972; Motta et a l , 1973; Rom merts  and Van der 

Molen, 1971; Celotti et a l , 1987) and has been the subject 

of a recent review (Martini, 1982). The pituitary, h y p o 

thalamus, amygda la and cerebral cortex of the rat were able 

to 56(-reduce both testoste rone and proge sterone (Massa et 

a l , 1972). Enzyme activity was highest in prepubertal rats 

and decreased with age. Castratio n or incubation in vitro 

with FSH increased anterior pituitary 5C^-reductase activity 

(by £,50%). Celotti et al (1987) demonstr ated a differenti al

d i s t r i b u t i o n  of 5yL-r educ tase in central nervous system
)
st ru ctures of the rat and mouse. Enzyme activity was c. t h r e e 

fold higher in white matter structures (sub-cortex, corpus 

callosum, optic chiasm) than in the cortex or hypothalamus. 

Further discuss ion of the sig nificance of the ^ - r e d u c t i o n  

of steroids in the central nervous system will be presented/...
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in the next section — Section 1.2.4 - MPhy si ologic al  and 

cl ini ca l signifi ca nce of 5o(-reductase . ”

(e) 5 fly- reductase in other tissues

Suzuki and Tamaoki (1974) des cribed some of the properties

of the testost er one 5$— r educ tase of seminal vesicles . This enzyme

display ed  an acidic pH optimum and as with the prostate enzyme

(Fre d e r i k s e n  and Wilson, 1971), the seminal vesicle enzyme
2+ 2 +was also i n h i b i t e d  by Hg and Zn » Simila rl y to the 

epi d i d y m a l  enzyme, the seminal vesicle enzyme was inhibited 

by low c o nce nt rations  of PCMB. Finally Wi lson and Gloyna 

(1970) publi she d a study dem ons trating the conv ersio n of 

te s t o s t e r o n e  to 5&C-DHT in seventeen different rat tissues - 

prostate, epididymis, seminal vesicles, penis, preputial 

gland, scrotum, kidney, skin, liver, ovary, vas, uterus, 

adrenal, fallopian tube, lung, testis and muscle (almost 

u n d e t e c t a b l e  in muscle).

Several worker s have suggested that the microsoma l and nuclear 

enzy mes  in these an dr ogen-d ep endent tissues are in fact 

diff er en t species. Scheer and Robaire (1983) dem onstrated  

that the Lubrol WX - solubilised microsomal and nuclear 

enz yme s displayed different se dimentati on c o — e f f i c i e n t s .

They also reported that the microsomal enzyme had a 30-fold 

higher  Km(app) for NADPH that the nuclear enzyme (37umol/l 

versus 1-2 umol/1). These observatio ns together with the 

de m o n s t r a t i o n  of the differential effects of pho sp holip ase 

A 2 on the kinetic parameters of the nuclear and microsoma l 

enzymes led the authors to suggest that different enzyme 

species exist in these different sub-cellular com par tments./...
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(Cooke and Robaire, 1985). However, it may be that these 

di ff e r e n c e s  did not reflect di ss imilariti es in the enzyme 

pro tei n itself but rather differences in the lipid m i c r o 

e nv i r o n m e n t  and associated proteins surr ounding the enzyme 

as it existed in the nuclear and microso mal  membranes. 

F r e d e r i k s e n  and Wilson (1971) demonstrate d that the prostatic 

nu cl ea r and mic ros omal enzymes were similar in respect of 

Km(app) testosterone, pH optimum and specific activi ty per 

unit protein and concluded that the micros omal and nuclear 

enzymes were derived from a common source.

Finally, it is interesting to notice some differ ences in the 

propert ie s of the enzyme from an dr ogen - d e p e n d e n t  tissues 

and that of liver (see Section 1.2.2).

(i) in the liver, 5&-red uctase is confined to the endop las mic 

reticulum. In an dr ogen-d ep endent tissues the enzyme is 

equally distributed between the nuclear and mic ro so mal m e m b r 

anes. (Note however recent evidence suggests that in the 

human prostate the enzyme is confined to the nuclear membr ane

(Houston et al , 1985).

(ii) w it hd rawal of androgen support (eg. by castration) has 

oppo si te  effects on the levels of 5&- redu ctase activity in 

hepatic and a n d r o g e n —dependent tissues (see Section 1.2.7)

(i i i ) a conside ra ble difference exists in the specific 

acti vi ty  of the hepatic and androgen depend ent tissue 5^(- 

r e d u c t a s e s .
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Thus for the rat prostate, epididymal and seminal vesicle 

enzymes values of 100, 40 and 26 pmol 5tf-DHT forme d/h/mg 

of prot ein  have been reported (Frederiksen and Wilson, 1971; 

Scheer and Robaire, 1983; Suzuki and Tamaoki, 1974). The 

specific activity of the rat hepatic mi crosomal enzyme is 

of the order of 1000-fold higher (See Section 3.1.9).
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1.2.4. Physio logical and clinical sig nificance of 

t e s t o s t e r o n e  5 # -reduction

The import an ce of 5<>(-DHT in the growth and devel opment of 

some an dr ogen - d e p e n d e n t  tissues was first suggested by the 

stud ies  of Bruchovsky and Wilson (1968a,b). These workers 

in jec te d [ H] testosterone into normal rats and then 5 min. 

later examined portions of various rat tissues to determine 

the amount of radioactivity present and the % of that radio- 

a c t iv ity which was present as [ H] 5v(-DHT. Of the eleven 

tiss ues  examines (plasma, gut, liver, heart, lungs, levatorani 

muscle, testis, kidney, prostate, seminal vesicles and pre- 

putial gland) significant amounts of [ H] 5<)(-DHT were 

re cover ed  only in the latter three tissues - 29*5%, 29*1% 

and 27*8% of the total rad ioacticity present in the prostate, 

semi nal  vesicles and preputial gland respectively (Bruchovsky 

and Wilson, 1968a). Furthermore only [ H] 5#-DHT was recovered 

as a m etab ol it e from prostatic nuclei following the intra- 

venou s inj ection of [ H] testosterone in normal or f u n c t i o n 

ally h e p a t e ctomiz ed  rats. Also the observatio n that, 

fo llowing the intravenous ad ministra tion of [ H] testosterone 

to castrated, eviscerated and functionally he pa tectomised 

rats, over 80% of the radioactivity bound to a protein 

com po ne nt of prostatic nuclei was in fact [ H] S ^ D H T  

su ggested that the prostatic nuclear reduct ion of test ost erone 

to 5^-DHT may be physiologic ally relevant.

Sup port for this view came with studies which investigated 

the m e t a b o l i s m  of androgens by hyperplastic prostate tissue.
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Siit eri  et al (1970), measured the testosterone, 5C<-DHT 

and a n d r o s t e n e d i o n e  levels of normal and hy per tro phic human 

prostate. Whereas the levels of testostero ne and a n d r o s t e n e — 

dione were the same in both types of gland, the level of 

50(-DHT was five-fold higher in the hyperplast ic prostate 

co mpa r e d  to the normal gland (0.60ug/100g v. 0 .13 u g /1O O g ) .

In the same study it was reported that the levels of 5C(-DHT 

in the per i-ur ethra l area of the prostate (the area where 

h y p e r t r o p h y  usually begins) was two to threefold higher than 

the outer regions of early hyperpla sti c prostate. The 

au th or s forwarded these findings as being suggestive of a 

role for 5#-DHT in the aetiology of benign prostatic h y p e r 

plasia. It should be noted however that they were unable 

to d e m o n st ra te  increased 5c(-reductase activity in slices 

of pros tate tissue. A recent study by Habib, et al (1983) has 

d e m o n s t r a t e d  that 50(-reductase activity is unevenly d i s t r i b u t 

ed in different parts of the prostate gland. It remains 

p os si ble therefore that a local increase in 5Ck-reductase 

ac ti vi ty and subsequent 5&-DHT accumu lation may be important 

events in the development of prostatic hyperplasia.

St udies reporting the anabolic effect of 50(— DHT on the 

pr ost at e were confirmed and extended by other workers.

Gloyna et al (1970) demonstrated that the a d mi nistra ti on of 

—DHT to cas trated dogs over a nine month period caused 

an ac ce l e r a t i o n  in the rate of prostatic growth. Hammond

(1978) reported a five-fold increase in the 5\*-DHT content 

of human hyp erpl astic prostate and Moore et al (1979) /. . .
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d e m o n s t r a t e d  that the administration of 2mg 50<-DHT/kg 

body w e i g ht /day induced the development of prostatic h y p e r 

plasi a and also that 50^-DHT accumulated in naturally 

o c c ur in g prostatic hyperplasia in dogs.

E v i d e n c e  of a role for 5C(-reductase activity in the

d e v e l o p m e n t  of certain structures of the male genitalia

was pr ovided by studies which examined testosterone

m e t a b o l i s m  in the urogenital structures of rat, rabbit

and human embryos (Wilson and Lasnitzki, 1971; Wilson, 1973;

Si iteri  and Wilson, 1974). In the rabbit and rat embryos

(at 17 and 15 days gestation respectively) the rate of

c o n v e r s i o n  of testosterone to 50^-DHT was measured in

sev eral tissues. In these embryos, substantial 5<Z-DHT

f or m a t i o n  was observed only in the urogenital sinus and

tubercle. Further studies in the rabbit embryo (Wilson,
3

1973) de monstrat ed that when [ H] testostero ne was incubated 

with  portions of urogenital sinus and tubercle, then the
O

i n t r a c e l l u l a r  concentration of [ H] 5#--DHT was substan ti al-
3ly higher  than the [ H] testosterone concentration. On

3the co ntr ary when [ H] testosterone was incubated with 

W o l f f i a n  duct tissue fragments no 50C-DHT was formed from 

the tissue. These findings were confirmed and extended 

in the human embryo where.„once again high rates of 5<X-DHT 

fo rmati on  were demonstrated only in the urogenital sinus 

and tubercle  (Siiteri and Wilson, 1974). Fur thermore rates 

of form ation of 5<*-DHT in these tissues were maximal just 

pj-ior to the time at which these tissues differentiate  

into the adult structures (the prostate and external 

genitalia). In contrast 5^-DHT formation could not be /...
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de tec te d in the Wolffian ducts at this stage of d e v e l o p 

ment and was detectable only when these structures had 

d i f f e r e n t i a t e d  into the adult male counterpar ts (the 

ep idi dymis, vas deferens and seminal vesicles). On the 

basis of these findings, it was hypothes is ed that whereas 

t es to ste rone, secreted by the foetal testis, induced 

d i f f e r e n t i a t i o n  of the Wolffian duct structures, in the 

ur o g e n i t a l  sinus and tubercle testosterone was in fact 

a pro- h o r m o n e  and that its prior reduction to 5#-DHT was 

ne c e s s a r y  to induce di fferen tiation of these tissues (Siiteri 

and Wilson, 1974).

This hypoth es is  was confirmed by the description, in the 

same year, of a syndrome of 50^-r educ tase deficiency 

(I m p e r a t o - M c G i n l e y  et a l , 1974). This defect was reported 

among a family in the Dominican Republic. It was clearly 

an autosom al  recessive trait and was diagnosed bi ochemical ly 

by elevated plasma testosterone: 5^-DHT ratios (normal = 14; 

af fecte d = 40) and by an increased ratio -of 5G/5o( urinary

1 7-keto steroids (8-5 v. 1*2) and 5{3/5# andr os tandi ols 

(normal range = 0*8 - 3*0; affected = 6*0 — 11*8). Infusion 

of radio active tes toste ro ne and analysis of the urine for 

radio active metab olites also dem onstrated an increased 

5 ^ / 5 ^  m e t a bo lite ratio in the urine. Phe noty pically  the 

pri nc iple  defect in -reductase deficient individuals was 

limited to an incomplete differen tiation of the male external 

ge nital ia  and prostate. As predicted by the work of Siiteri 

and W i l s o n , (197.4) diff erentia tion of Wolffi an duct structures 

was normal in these individuals. Other tes tostero ne- 

depe ndant events of puberty such as the increase in muscle / ...



-35-

mass , growth of phallus and scrotum, the voice change and 

the a c q u i siti on  of the male psychosexual  ori en tation also 

oc curre d normally. However these individuals had a scant 

beard and no temporal recession of the hairli ne or acne and 

it was suggested that these processes may be 5&-DHT dependant. 

Ag ain  in the same year (Walsh et a l , 1974) used the term 

"f ami lial incomplete p s e u d o h e r m a p h r o d i t i s m  Type II" (FIMPII) 

to describe the lesion of 50^-reductase deficiency. Because 

of the app earan ce  of the genitalia in these indiv idu als the 

term pseudov ag inal pe rin eos crotal hyp os padias (PPSH) has 

also been used to describe this condition. However it was 

s u b s e q u e n t l y  noted that there was con side rable  phenotypic 

h e t e r o g e n e i t y  in individuals with 5^-redu ct ase deficiency 

(Pet ers on et a l , 1977). This together with the ob se rvation 

of a case of PPSH due to a deficiency of the enzyme 17^- 

hy dr ox y steroid dehyd rogenase led to the term FIMPII being 

ado pte d to describe patholog ical cases of 5$ -reducase 

de fic iency. Walsh et al (1974) were also the first to 

de scr ib e deficient conversion of testo st er one to 5ttf-DHT in 

foreskin, labia majora, epididymis and corpus cav ernos um  in 

an in di vid ual  with F I M P I I .However some years earlier the 

studies of M a u v a i s- Jarvis  and co-workers (Mauvais-Jarvis et 

al 1969; Ma uv a i s - J a r v i s  et a l , 1970) demonstr ated an i n c r e a s 

ed ratio in 5(3/5^ me tabolite s in the urine when patients 

with testicula r feminisati on syndrome were treated percutaneous-
oly with [ H ]  testosterone. They concluded that there appeared 

to be def icient convers ion of testostero ne to 5&-DHT in 

the skin of these patients.
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Sev eral workers have gone on to examine the properties of 

this mutant enzyme in fibroblasts grown from various a n a t o m i 

cal sites of 50C- reductase deficient individuals (Moore et al, 

1975; Pinsky et al, 1978; Leshin et al, 1978; Saenger et al, 

1978; Hodgins et a l , 1977,1979)^ in whole skin homoge nates 

(Kutten et a l , 1979; Savage et a l , 1980) and in epididy mis

(Fisher et a l , 1978). Thus Moore et al (1975) reported

low 5 ^- re ducta se  activity in homogena tes of foreski n- de rived 

f i b r o bl asts from two FIMPII patients. -̂ ,0 • 2 pmol/h/mg protein. 

Note however as men tioned earlier (see Section 1.2.3) 

there was considerab le variation in 5^-reductas e activity 

among the seven control strains used in this experiment 

(2*6 - 175 pmol/h/mg protein). Using fibroblast monolaye rs

grown from foreskin, Pinsky et a l , (1978) also reported

low levels of 5^(-r educ tase activity in two sibl ing swith 

FIMPII. Again it was noted that there was consider able 

v a r i at io n in 5;X-reductase activity among 18 control strains 

(over 40-fold). However the values for the two FIMPII 

siblin gs were 5-fold lower than the lowest control value.

In a study of the kinetic properties of the 5,X-reductase in 

fi br o b l a s t s  cultured from normal foreskin and fibroblasts 

derived from the genital skin of an FIMPII patient, Hodgins 

et al (1977) reported a 100-fold difference in the Km(app) 

te st o s t e r o n e  for the two enzymes from these sources (normal 

= 50-200 nmol/1; FIMPII = 20-50 umol/1). These findings 

were confirmed  in a subsequent study (Hodgins, 1979) and 

led the author to postulate the existence of two forms of 

the enzyme - a "high Km" and "low Km" species^ with 5£<-r educ tase 

de ficiency  due either to a decrease or mutation of the /..
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"low Km" species. Indeed in one patient with 5$»-reductase 

d e f i ci en cy evidence was obtained of two forms of the enzyme 

in genital skin fibroblasts (Hodgins, 1979).

In 1978, Leshin et al published a study of the properties 

of the mutant 5^-reductase enzymes in five different FIMPII 

patients. These patients belonged to three families - 2 

Los Angeles siblings, 2 Dallas siblings and 1 patient from 

the Do m i n i c a n  Republic. In the Dallas siblings and the 

D o m i n i c a n  patient they demonstrated a 20-fold increase in 

the Km(app) tes tosterone value in cell-free extracts of 

f or es kin fibroblasts. (1*5 - 3*4 umol/1 versus 80 nmol/1).

In the Los Angeles sibship the foreskin fibroblast 5CC- 

r e d u ct as e had only a slightly elevated Km(app) tes toster on e. 

H o w e v e r  the Km(app) NADPH was elevated 40-fold (0*9 and 

1*76 mmol/1 versus 40 umol/1). This enzyme was also thermo- 

labile being denatured rapidly at 45°C in the presence of 

c o n c e n t r a t i o n s  of NADPH which stabilised the normal enzyme. 

Fu rther evidence for the instability of this enzyme (Los 

Angeles) was obtained when it was shown that following 

a d d it io n of cyciohexamide to intact fibroblasts enzyme activity 

was u ndetec ta ble after 24h. In the normal controls and the 

Dallas  and Dominican patients no effects were seen on enzyme 

levels 24h after the addition of c y c l o h e x i m i d e . The authors 

con cl uded  that different mutations were present in the Los 

.Angeles sibship and the Dallas/Dominican families. This 

paper also demonstrated that caution was required when the 

5£<_r educ tase activity of genital -sk in fibroblasts is used 

di agno s t i c a l l y  as.a test of 50C-reductase deficiency. Thus 

while the activity in the two Dallas patients was below t h e / #><
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normal range - 0*9 and 1*3 pmol/h/mg protein (normal range = 

2*3 - 110 pmol/h/mg) in the Dominican patient and two Los 

An geles  patients activity was in the lower normal range 

(5, 4 and 3*9 pmol/h/mg protein).

In a study of two patient s with 5 # -reductase deficiency 

Fisher et al (1978) demonstrated that epididymal microsom es  

were unable to catalyse the 5 # -reduction of ten different 

A ^-3-ket o steroids which were normally me tabolised by 

cont rol  epididymis. This of course provided further proof 

that 50C.-DHT was not involved in the dif fere nt iation of 

W o l f f i a n  duct structures.

In humans, skin is a major site of testosterone 5^-redu ction

(Gomez and Hsia, 1968; Wilso n and Walker, 1969; Voigt et al
\

1970)> and the properties of 5$-reductase in fibroblasts 

der ive d from skin from various anatomical sites were described 

in some detail in the previous section. In this section the 

i n v o lveme nt  of 5$ — reductase in the development of some 

p a thol ig ic al conditions involving skin (or skin derived 

struc tur es) will be discussed. This is a contro ver sial area 

and co nfl icting data have been presented.

It has been suggested that increased 5#-reduc tase activity 

is involved in the aetiology of idiopathic hirsutism 

(Kuttenn and Mauvais-Jarvis, 1975) male- pattern baldness 

(Bingham and Shaw, 1973) and acne vulgaris (Sansone and 

Reisner, 1971). These topics have also been the subject of 

a review by Price (1975).
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K u t t e n n  and Mauvais -Jarvis (1975) measured the % conversion 

of tes to st erone  to 5C(-DHT (+ 36(/3p a n d r o s t a n d i o l s ) in 

pubic skin samples from hirsute women and compared them 

to values obtained for normal men and women. The value for 

h i r su te  women (13*5% conversion of testosterone to 5£(-reduced 

pro ducts) was much higher than the value obtained in normal 

w o men (3*6%) and was in fact close to the value obtained 

for male pubic skin (14*6%). However, in a subsequent 

p u b l i c a t i o n  the same group ( K u t t e n n  et a l , 1977) reported 

el evate d levels of 5^-reductase activity in pubic skin 

h o m o g e n a t e s  from women with idiopathic hirsutism. But in 

wom en whhse hir sutism was established to be of ovarian 

or adrenal origin levels of 5X-redu ctase  activity in pubic 

skin homo ge nates  were only slightly above normal. F u r t h e r 

more in a study of forty hirsute women it was demonstrated 

that the plasma levels of androgens (testosterone, 5$-DHT 

and a n d r o s t e n e d i o n e ) were sig nificantly elevated above 

normal control values. This led the authors to suggest that 

there were two factors involved in the development of hirsu tism 

in creas ed  levels of androgens circulating in the plasma and 

also inc reased local conversion of testosterone to 5<X-DHT 

by target cells in the skin. Further ambiguity concerning 

the role of 5<X-DHT in the development of female hir sutism 

was noted in a study by Jenkins and Ash ( 1973) . In a study 

of six hirsute women they reported elevated levels of 50£ — 

reducta se  in s u p r a —pubic~skin samples of only four of these 

subjects. Note however the endocr inolo gical status of 

these patients was not described in detail and it is possible 

that the hirsu tism observed in the two patients with /. . . .
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n o r m a l  l e v e l s  of 5 $ - r e d u c t a s e  may h av e been of a d r e n a l  or 

o v a r i a n  o r i g i n .

S a n s o n e  and R e i s n e r  (1971) d e m o n s t r a t e d  d i f f e r e n t i a l  r a tes 

of 5 # - r e d u c t a s e  a c t i v i t y  in n o r m a l  and in a c n e - b e a r i n g  skin 

of bot h  m en  and w o m e n .  In skin f r o m  the c h i n  of w o m e n  

s u f f e r i n g  fro m  acn e they found the leve l of 5 $ - D H T  f o r m a t i o n  

to be 49* 6  p m o l / m g  t i s s u e / 3 h  (cf. n o r m a l  f e m a l e  chi n  =

3 .0 3 p m o l / m g  tissue/3h. Hay and H o d g i n s  (1974) h o w e v e r  did 

not d e t e c t  any d i f f e r e n c e  in the m e t a b o l i s m  of t e s t o s t e r o n e ,  

a n d r o s t e n e d i o n e  or d e h y d r o e p i a n d r o s t e r o n e  b e t w e e n  the skin 

of m a l e  c o n t r o l s  and a cne p a t i e n t s .  The o b s e r v a t i o n  that 

h u m a n  (and rat) ski n was  a ble  to c o n v e r t  5t>(-androstene- 

3 3 , 17J3 - d iol  int o t e s t o s t e r o n e  and 5 ^ - D H T  and tha t 5 - 

a n d r o s t e n e - 3 P  , 1 7 ^ - d i o l  s t i m u l a t e d  the g r o w t h  of s e b a c e o u s  

g l a n d s  ( H o d g i n s  and Hay, 1974) has led to the s u g g e s t i o n  

that the e n z y m e  w h i c h  c o n v e r t s  5 - a n d r o s t e n e - 3 p  , 1 7 ^ - d i o l  

i nt o t e s t o s t e r o n e  ( 3 p  - h y d r o x y  s t e r o i d  d e h y d r o g e n a s e  ^

i s o m e r a s e  - & ^ - 3 p  -HSD) may be i n v o l v e d  in the a e t i o l o g y  of 

a c n e  v u l g a r i s .  ( B a i l l i e  et a l , 1966)

L o c a l  e x c e s s  p r o d u c t i o n  of 5 D U D H T  has a lso been i m p l i c a t e d  

in the d e v e l o p m e n t  of m a l e  p a t t e r n  a l o p e c i a  in g e n e t i c a l l y  

s u s c e p t i b l e  m en  ( A d a c h i  and Kano, 1970; B i n g h a m  and Shaw, 

1973; S c h w e i k e r t  and W i l s o n ,  1974). B i n g h a m  and S h a w  (1973) 

d e m o n s t r a t e d  that  a l t h o u g h  m a l e  p a t t e r n  b a l d n e s s  w as not 

a s s o c i a t e d  w i t h  any g r o s s l y  a b n o r m a l  c h a n g e s  in t e s t o s t e r o n e  

m e t a b o l i s m ,  n e v e r t h e l e s s  t e s t o s t e r o n e  u p t a k e  and m e t a b o l i s m  

t o 5C<- r e d u c e d  p r o d u c t s  was g r e a t e r  in bald than in h a i r y  /...
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skin. Sch weikert and Wilson (1974) also reported elevated 

levels of 5 # -reductase in the frontal scalp of balding 

indi vid uals. Note however that the situation is c o m p l i c a t 

ed by the fact that different types of hair follicles 

m e t a b o l i s e  testosterone differently. For example in 

gro win g hair follicles (anagen follicles) and ros te nedione  

is the main metabolite of testosterone, whereas in resting 

(telogen) follicles 5^-DHT formation is higher than in 

an age n follicles. Therefore the pattern of tes tosterone 

m e t a b o l i s m  observed in a skin sample will depend to a large 

exten t on the relative distribution of different types of 

hair follicle .

It must be recognised however that skin is not a homoge neo us 

tissue but does in fact contain several different structures. 

Usi ng mic ro -d i s s e c t i o n  and c o l l a g e n a s e - d i g e s t i o n sHay and 

H o d gi ns (1978) separated samples of forehead and axillary 

skin into five different components viz. - epidermis, sweat 

glands, sebaceous glands, hair follicles and dermis. 5#- 

re ducta se  activity was found in each of these tissue 

com par tments.  However uneven distribution of some steroid- 

m e t a b o l i s i n g  enzymes was observed (eg. 90% of —3 p  -HSD 

act iv ity of forehead was located in the sebaceous gland).

It was suggested therefore that some of the changes seen In 

a n d ro ge n m et aboli sm  by skin affected by pathological changes 

des cr ib ed above may occur secondarily to changes in the 

a n a t omica l structure of the skin (eg. the hypertrophy of 

the seb aceous gland which occurs in acne vulgaris — Plewig 

(1974) ). Furth ermore^it is also appropriate to take /...
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into account the temporal pattern of 50^— DHT production by 

skin. Thus 5$ —reductase activity may increase at a specific 

time in specific tissues of the skin when the effect of 5&-DHT 

is produced. When this is over enzyme activity may decline 

(Price, 1975). This phenomenon was reported in skin slices 

from foreskin, where 5C(-reductase activity was highest In 

fo re sk ins from young donors (Wilson and Walker, 1969).

Fi n all y in this section on the physiological significance  

of t esto st erone 5 $ - r e d u c t i o n , some dis cussion of the 5^- 

re d u c t a s e  activity in the brain and central nervous system 

is a p p r o p r i a t e .

The presence of A ^ - 3 - k e t o s teroid 5^-r educt ase in several 

tissues of the central nervous system is well-d ocumen te d  

(Bertics et a l , 1984; Bertics and Karavolas, 1984; Bertics 

and Karavolas, 1985; Cheng and Karavolas 1975a; Cheng and 

Ka r a v o l a s  1975b; Stupnicka et a l , 1972) and the biochemical 

and phy siol ogica l significance of 5.^-reduction in n e u r o 

endocri ne  structures has been the subject of a recent review 

(Martini , 1982) . The levels of 5#-reductase in n e u r o 

endocri ne  structures are known to be sensitive to hormonal 

manipula ti ons. For example castration increased the activity 

of rat anterior pituitary 5^-reductase in vitro (Kniewald 

and Milkovic, 1973) and testosterone ad ministratio n 

returned activity levels back to normal. An interesting 

fi nding was that exposure of male rats to constant darkness 

de cr ease d the levels of 5 — reductase in the hypothalamus 

, sugg estin g that the pineal gland (a p h o t o — sensitive 

s t r u c t u r e ) may control hypothalamic 5q(— reductase activity 

(Shapiro et al , 1976). Indeed melatonin (a pineal hormone)
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increas ed  the activity of hypothalamic 5#-— reductase in male 

rats (Frehn et a l , 1974).

It was demo nstrate d that systemically administered 5*-DHT was 

more ef fec tiv e than testosterone at inhibiting LH release 

both in the male rat (Naftolin and Feder, 1973) and in men 

(S t e w a r t - B e n 1 1y et a l , 1974). Conf irm ation of this was 

provided by the observation of elevated levels of LH in the 

plasma of individuals with 5#-reductase deficiency (Imperato- 

M c G i n l e y  et a l , 1974). These observations together with 

the finding that the amount of 5&-DHT formed in the anterior 

pituitary, hypothalamus and cerebral cortex of pre-pubertal 

rats was higher than in pubertal or post-pubertal rats led 

to the hyp othes is that the LH surge seen at puberty is due 

to a decrease in 5tsL-reductase activity of these n e u r o 

e n d ocrine structures and the subsequent decrease in i n h i b i 

tion of LH release by 5^-DHT (Massa et a l , 1975).

Reports in the literature have suggested a role for 5&-DHT 

in the m ainten an ce and development of male sexual behaviour. 

A d m i n i s t r a t i o n  of testosterone to castrated male rats was 

shown to restore male sexual behaviour (Beyer, 1976). As 

this could be blocked by inhibitors of the aromatase enzyme 

complex or by ant i-oestrogens (Beyer et al , 1976; Christensen

and Siemens, 1975) the effects of testosterone were presumed 

to be mediated via its conversioh to oestrogens. Indeed 

ad m i n i s t r a t i o n  of oestrogens to neonatal female rats caused 

a mascul i n i s a t i o n  of behaviour (Doughty et a l , 1975).
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However prolonged systemic treatment with sufficiently 

high doses of 50(-DHT (which is not an aromatisable androgen) 

can restore sexual behaviour in the castrated male rat. 

(Sodersten, 1975; Paup et a l , 1975). It was demonstrated 

also that the effects of 5t£-DHT on sexual behaviour were 

greatly enhanced when oestradiol was simultaneously administer 

ed (Baum and Vreeberg, 1973). It is possible therefore 

that both 5t)(-reduced and oestrogenic steroids are involved 

in the establishment and maintenance of male sexual be

haviour. Evidence from studies of 50^-r educ tase deficient 

patients showed that, at puberty, these individuals deve lop

ed a normal male psycho-sexual habitus (Peterson et a l ,

1977). However for obvious technical reasons it was not 

possible to directly demonstrate a lack of 5C(-r educ tase 

in the neuro-endocrine structures in these patients and 

it is possible that local accumulation of 5b(—DHT could still 

have occured in tissues of the central nervous system.
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1.2.5. Mechani sm  of steroid 5^-reduction

There have been several reports by inv estigators on the 

cata lytic  mec ha nism of steroid 50^-reductase. It was shown 

that incubation of 4-andros ten edione with NADPH and rat liver
3m i c r o s o m e s  in a medium containing H 2O resulted

3in inc or porati on  of H at the 4-position of the steroid 

(McGuire and Tomkins, 1960b). This provided the first 

ev idenc e for a simple ionic mech anism being involved in the 

r e d uc ti on of the 4-5 double bond with transfer of a hydride 

ion from NADPH to C5 followed by the abstraction of a proton 

from the reaction medium (see Fig. 7)

Fig. 7 Proposed reaction mec hanism of steroid 5c4-reductase

o
4-

NADPH

—  A w

The putative  enolate intermediate present during the reaction 

is shown in brackets in Fig. 7.

Support for this theory was obtained later when the

i n c o r p or ation  of 3H into the 5oI position was demonstrated

fol lowing the 5^-reduction of 7^- hydroxyc holes t- 4-en-3- on e
3

by rat liver microsomes in the presence of NADP H (Bjorkhem,/
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(Bjorkhem, 1969a). The same author reported that 3H 

i n c o r p o r a t i o n  was five times greater with [4B-3H] NADPH 

than with [4A- H] NADPH . It was also noted that as at 

least half of the hydrogen incorporated at the 4-position 

is in the configuration the reaction mechani sm  does not 

pro cee d as a straightforward trans addition of hydrogen 

across  the 4-5 double bond.

S u b s e q u e n t l y  the specificity of steroid 5 # -reductase for 

the 4 B- hy dr ogen of NADPH was shown in the reduction of t e s t o 

ste ron e by rat liver microsomes (Abul-Hajj, 1972; Bjorkhem, 

1969b), by seminal vesicle microso mes (Suzuki and T a m a o k i , 

1974) and by both the nuclear and microsomal enzymes of rat 

pr os ta te (Nozu and Tamaoki, 1974b). This specificity for 

the 4B-hydrog en of NADPH may be a general feature of membrane- 

bound steroid metabolising enzymes as the hepatic microsomal 

3^ -h yd r o x y s t e r o i d  dehydrogenase also abstracts this hydrogen 

from NADPH (Bjorkhem and Daniellson, 1970). Soluble steroid- 

m e t a b o l i s i n g  enzymes, for example the steroid 5^-reductase 

(B jor khem 1969(b)) and 3U-hydroxy steroid dehydrogenase  

(Bjorkhem and Daniellson, 1970) of rat liver cytosol show 

the opposite stereo- specificity in that they preferentially 

remove the 4A- hydrogen from NADPH.

-A bs ol ute confi gurat ions for differentially labelled 

reduced co- factors are — [4B— H] = [4S— H] NADPH and [4A- H] 

NADPH = [4 R - 3H ] NADPH (Cornforth et a l , 1966).
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This model of steroid 5b(-r eduction involving the direct 

tr ans fer of reducing equivalents from NADPH to the steroid 

was chal lenged when it was observed that reduced co-enzyme 

Q (QH2 ) could replace NADPH as hydrogen donor in the 

r e d uc tion of testosterone by rat liver mic rosom es (Golf 

and G r a e f , 1978). This topic will be discussed in detail 

in Section 4 "General discussion and conclusions".
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1.2.6. Solub ili sation of 56C-r educ tase

The first successful solubilisation of 50(-r educ tase was 

achie v e d  with the enzyme from rat prostate (Moore and 

Wilson, 1974). Using digitonin at a final D/P ratio of 

2 and in a buffer containing 3 mol/lKCl the enzyme was 

removed from the nuclear membrane in a form which did 

not sediment after centr ifugation at 105000g for lh and 

wh ic h was included on a gel filtration column. The Mr 

was est imated at 250000 - 300000 and the enzyme displayed 

a s e di me ntation  co-efficient of 13*5 - 15S. The h y p o 

thala mi c microsomal progesterone 5&(-r educ tase has also 

been solubilised by a combination of high salt and 

di gi to nin (Bertics and Karavolas, 1984). The authors 

reported that 39% of the total pro gesterone 5#-reductase 

was solubilise d by this procedure.

The solubil is ation of the rat hepatic microsomal 50<- 

reducta se  by the n o n — ionic detergent Lubrol WX has also 

been achieved (Golf and Graef, 1978).

[*D/P ratio = detergent/ protein ratio (w/w)]
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So l u b i l i s a t i o n  was again performed in the presence of high 

c o n c e n t r a t i o n s  of salt (0-1 mol/1 KC1 and 0*1 mol/1 sodium 

citrate). The criterion of solubility was that the enzyme 

re ma in ed in the supernatant of a solubilis ation mixture 

wh ic h contained 40% (v/v) glycerol, following ce nt rifugation 

at 105000g for lh. Lubrol WX has also proved successful 

in the so lubilisatio n of the microsomal and nuclear enzymes 

from rat epididymis (Scheer and Robaire, 1983). 66% of the

total micr osoma l 5&-r educ tase activity was released from 

the membrane. The sedimentation co-efficient for the 

nuclear enzyme was 10*1S, somewhat less than that previously 

reporte d for the nuclear enzyme of rat prostate (Moore 

and Wilson, 1974). The epididymal microsoma l enzyme 

sedimen te d at 11-6S. It must be recognised however, that 

the different detergents used for solubilisat ion of the 

pro static and epididymal enzymes could bind to 5&( - reductase 

to dif ferent degrees and that the difference seen in the 

s e d i m enta ti on co-efficients of the prostatic and epididymal 

enzymes may reflect this. Alternatively differing s e d i m e n t a 

tion co-effic ients may reflect different vesicle sizes 

between the digitonin and Lubrol WX solubilised species.

Finally, the successful solub ilisation of 5#.-r educ tase 

from human tissues has also been described. Thus repeated 

(x3) extraction of human prostatic mic rosomal fraction 

with 0*08% (w/v) Lubrol P X , in the presence of 0*1 mol/1 

KC1 and 0*1 mol/1 sodium citrate solubilised 70% of the 

total 5^(-reductase (Houston et a l , 1985).
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In most of these sol ubilisation experiments, the 

ge n e r a t i o n  of solubilised enzyme species has neccessibat ed 

the inc lu sion of NADPH in the solubilis ation buffers (0.5 - 

5 m m o l /1).

As, in most cases, the criterion of solubilisat ion 

of enzyme activity was simply that activity was recoverable 

in the supernatant of the solubilising solution following 

trea tm en t of the enzyme-cont aining membrane with detergent 

and h igh -s peed centrifuga tion (usually lh at 105,000g), it 

is impor tant to appreciate that the density of the s o l u b i l i s a 

tion mixtur e will have an effect on the sed ime ntation 

behavio ur  of the enzyme-. In the case of the rat epididymis, 

p i t ui tary and liver and the human prostate, where s o l u b i l i s a 

tion was achieved by the use of the non-ionic detergents 

Lubro l W X , Lubrol PX or n-octyl glucoside, the solubilis ati on 

solution contained 20% (v/v) glycerol [40% (v/v) glycerol 

in the case of the rat liver enzyme]. The refore in these 

in sta nces the density of the solubilisat ion mixture is 

clea rly  > i. When digitonin was used to solubilise the 

rat prostat e and hyp othalamic enzymes no glycerol was 

present during the solubilisation procedure.

It is probably-wise therefore to distinguish between 

large, slowly- sed iment ing enzyme complexes and truly 

solubilis ed species by using the par titioning of enzyme 

activ it y between the void and included volumes of a gel 

filt ra tion column as an additional criterion of solubility.

This was only shown for the digitonin/KCl solubilisation 

of rat prostatic nuclear 5fil-reductase (Moore and Wilson, 1974).
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1.2.7. Hormonal control of 5$L— reductase

As early as 1958 Yates et al demonstrated a sex-depen dan ce 

in the rate of ring A reduction of cor tic oster oids by 

he p ati c 5oC-r educ tase . 5c^-r eductase activity was found to

be higher in the female tha(\ the male. Later it was 

demon s t r a t e d  that steroid hydro xylating activity also 

showed sex-depe nda nce (Leybold and Staudinger, 1959).

In contra st to 5c4-r educ tase the hydrox yl ation activity 

in the male was higher than the female. The finding that 

c a s t r a t i o n  increased 50t-reductase activity and testosterone 

tre at ment  returned activity levels to normal male values 

was the first indication that the sex steroids were involved 

in the control of these enzyme activities (Yates et a l , 1958).

This was later confirmed by the demonstra tion that oestrogen- 

trea tm ent of intact male rats caused "feminisation" of 

hepatic steroi d- metab olising enzymes (Einarsson et a l , 1974).

The involvement of the pituitary gland in this 

m e c h a n i s m  was suggested by the studies of Denef (1974) 

and ind epe ndantly by Gustafsson and Stenberg in the same 

year. They both demonstrated that hypop hysec tomy of female 

animals led to hepatic steroid me tabolism reverting to the 

m a l e - t y p e . Furthermore the fact that androgens or 

oestrog en s have no effect on the hepatic steroid metabolis 

ing enzymes of hypophysectomi sed rats was a further 

indicat io n of the neccessity of an intact pituitary for 

control of these enzyme activities. (Gustafsson and /...
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Stenberg, 1976). The authors suggested that these findings 

were co mpatible with the hypothesis that the pituitary 

se cre te d a substance (feminising factor) which was 

ne c e s s a r y  for the f e ma le — type pattern of hepatic steroid 

m e t a b o l i s m  and that gonadal steroids acted to influence 

the secreti on of this substance.

The first indication as to the nature of this 

p it u i t a r y  feminising factor came with the observation 

that a d minis tr at ion of growth hormone to intact male rats 

re sulte d in the feminisation of hepatic steroid meta bolising 

e nz yme s (Kramer and Colby, 1976). The situation was 

co mp l i c a t e d  however by the finding that administrat ion 

of GH alone twice daily to hypophys ectomised  rats had no 

effect on enzyme activities (Rumbough and Colby, 1980) 

w h e r e a s  continuous infusion of the hormone did indeed produce 

f e m i n i s a t i o n  of the enzyme activities (Mode et a l , 1981).

It was already known that there were sex-related differences 

in the temporal pattern of growth hormone secretion (Eden, 

1979). In the male, plasma levels of GH peak every 3-4h. 

and fall to very low levels in the troughs between peaks.

In the female there are fewer peaks of GH secretion and 

there is a much narrower range of GH levels in the plasma.

It was therefore suggested that it was not GH per se which 

caused femi nisat ion of the enzyme activities, but the 

di ffe re nt temporal pattern of plasma GH levels in the 

female compared to the male (Mode et a l , 1981).

This hypothesis was confirmed when it was observed 

that in hy pophysect omised female rats, where hepatic /..
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steroid met abo lisin g enzymes have reverted to the male- 

type pat tern of activity, admin istra tion of GH to the 

an imals  would feminise enzyme activities only if it was 

infu sed  continuously or administered in several divided 

doses daily (Mode et a l , 1982). Thus human GH (120ug/day) 

given as 8 x 15 ug doses at 3h intervals, as 4 x 30 ug 

doses at 6h intervals or infused continuously at 5 ug/h 

all had the effect of feminising enzyme activities.

However, if the hormone was administered as 2 x 60 ug doses 

at 12 h intervals, no effect was seen on the enzyme 

a c t i v i t i e s  - i.e. they remained at the male levels. The 

same work ers also demonstrated that castration or oestrogen 

treatme nt  of male rats (which caused feminisation of 

enzyme activities) caused the plasma pattern of GH levels 

to change from the male-type pattern to the female type. 

A d m i n i s t r a t i o n  of testosterone reversed these changes in 

the plasma pattern of GH levels. It thus seemed that 

gonadal sex steroids influence the temporal pattern of 

GH sec tr et ion differentially and that this was responsible 

for the different levels of hepatic steroid meta bolising 

enzy mes  in the two sexes.

As is the case with other pituitary trophic 

hormo n e s  the hypothalamus exerts an effect on the release 

of GH by the secretion of release/ inhibitin g factors. In 

P h i 3 respect it was found that de affere ntati on of the 

h y p o t h a l a m u s  led to the feminisation of hepatic steroid 

me t a b o l i s i n g  enzymes (Mode et a l , 1980). Independantly

it was reported that castration led to a decrease in the /..
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level s of somatostatin (GH— inhibiting factor) in the 

m e d i a n  eminence of the hypothalamus and that these levels 

could be restored by testosterone administ ration (Gross, 1980). 

Thes e findin gs led to the suggestion by Mode et al (1982) 

that an dro gen deprivation may cause a decrease in s o m a t o 

stati n secretion which would lead to an incomplete 

i n h i b i t i o n  in secretion of G H , leading in turn to a female- 

type plasma pattern of GH levels and a feminisat ion of 

he patic  steroid metabolising enzyme activities.

Hepatic steroid metabolising enzymes are not the 

only liver proteins to display sexual dimorphism. There 

are differe nt levels of synthesis of various proteins in 

mal e and female liver (Roy and Chatterjee, 1983).

In terest ingly, two of these proteins - carbonic anhydrase 

is o e n z y m e s  II and III (CAII & CAIII) exhibited what has been 

calle d a "reversed sexual dimorphism" (Jeffery et a l ,

1986). Thus the level of CAIII is 10-20 times higher in 

the male than the female, whereas CAII is 2-3 times higher 

in female than male liver. Furthermore, the control of 

the levels of CAII and CAIII in the liver appeared to be 

id ent ical to that described above for the steroid m e t a b o l i s 

ing enzymes. Thus, hypophysectomy led to a m a s c u l i n i s a — 

pion of enzyme activities in the female, whereas continuous 

in fusio n of growth hormone into male rats led to a 

fe min i s a t i o n  of both CAII and CAIII levels. It may be 

th erefo re  that this mechanism was responsible for controlling 

the levels of several proteins in the livers of the /..
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d i f f erent  sexes. In that respect, recent studies in 

m o use liver (Norstedt and Palmiter, 1984) have demonstrated 

a similar role for GH ■ in the control of the levels of 

h e p at ic proteins. In the mouse, the liver protein MUP 

(major urinary protein) shows a s e x - d e p e n d a n c e . The 

levels  of this protein are 10 times higher in the male 

than the female (Hastie et a l , 1979). H o w e v e r ,continuous 

i n f us ion of either human or bovine GH resulted in a decrease 

of MUP levels toward female values. Therefore this 

m e c h a n i s m  whereby the differing secretory patterns of GH 

in the two sexes controlled thedifferent levels of various 

h e p at ic  proteins in male and female may be a common 

fe ature  in several mammalian species.

Finally, as I am essentially concerned with the 

p ro p e r t i e s  of the enzyme 5 ^ - r e d u c t a s e , it is interesting 

to note that hormonal man ipulation of the male rat has 

d if fe ring effects on the 5ck-reductase of the liver and on 

the enzyme as it exists in a n d r o g e n —dependent tissues.

Thus while castration led to an increase in the levels 

of hep atic 5ot-reduc tase in the male, it caused a decrease 

in the 5^-redu ctase activity of various androgen-d ependant 

t i s s u s s . Thus it was found that 14 days following castration 

the specific activity of the epididymal enzyme had decreased 

by 83% (De Larminat et al, 1978). Similarly the specific 

ac ti vi ty of rat prostatic 5(X-reductase was reduced by 40%

12 days after castration (Lee st a l , 1974) . The mechanisms 

by which a n d r o g e n —deprivation leads to these opposite 

sf fsets on the levels of 5oC— reductase enzyme in different 

ti ssues r e m a i n ^ u n k n o w n .
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1.3. R e l a tion sh ip between the enzymes of steroid hormone 

and fatty acid metabolism

The functi on of 50t-reductase in the male embryo is to ensure 

the proper development of certain structures of the external 

g en i t a l i a  and in this respect the conversion of testosterone 

to 5^-DHT can be viewed as an amplification of the androgenic 

signal. (see Section 1.2.4.). However, in the adult the 

role of 5sX-reductase is not so clear-cut. For example, some 

c l a s si ca l androgen-dependa nt tissues - such as skeletal 

m u s c l e  - have litte 5&-reductase activity (Krieg and Voigt, 

1977). Similarly, and more relevant to this thesis, liver 

5oi-r educ t ion of testosterone is a major pathway of androgen 

c a t a b o l i s m  (see Section 1.1.1. Fig. 3). However, in cases 

of 5c<-r educ tase deficiency, steroid clearance rates are not 

af fecte d (Peterson et a l , 1977), with steroids being 

m e t a b o l i s e d  via the 5 isomers resulting in higher 5?/5<^ 

redu ced  steroid ratios in the urine of affected individuals.

It would appear therefore that in the adult tissues of 

the male there is a certain redundancy of function of — 

reductase. For this reason it was suggested that 5foi— reductase 

may have a function unconnected with its role in steroid 

m e t a b o l i s m  (Hodgins, 1983). It should be noted that precedents 

do exist for this "dual functionality" of steroid-metabo lising 

enzymes. For example the3fc-hydroxysteroid dehydrogenase of 

rat liver cytosol has recently been purified to homogeneity /. .

i
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and has been shown to function as a quinone and aromatic 

ketone reductase (Penning et a l , 1984). In the light of 

these considerations, it has recently been demonstrated that 

crotony l CoA is a competitive inhibitor of the microsomal 

5cL-reductase of human prostate (Hodgins and G a g g i n i , 1982). 

The str ucture of crotonyl CoA and its chemical similarity 

to tes tost erone is depicted in Fig. 8

Fig. 8 Structure of crotonyl CoA: com parison to A and B
A 4rings of A  -3 keto steroid

(----  -i

Crotonyl CoA is a model substrate for the enzyme 

enoyl CoA reductase which catalyses the final step in the 

mi croso ma l elongation of fatty acids (Nugteren, 1965). This 

enzyme, like 50^-reductase, catalyses the NADPH-dependa nt 

re duc tion of a double bond OS , |? to a carbonyl group. The 

ob se rvat io n that crotonyl CoA competit ively inhibited the 

5C<-r eduction of testosterone by prostate microso mes led to 

the suggestion that the same enzyme activity catalysed the 

N A D P H - dependa nt  reduction of both these compounds. The 

affinit y of 5oi-reductase for crotonyl CoA (Ki = 125 umol/1) 

is x 10^-fold less than that for testosterone (Km =10nmol/l). 

I under took some experiments in which the effects of crotonyl 

CoA on the 5* -reduction of testosterone by female rat liver 

micr os omes was examined and the results obtained compared 

with the situation in human prostate.



-58-

1.4. Aims and scope of the present investigation

Up to date, steroid 50C-reductase has remained poorly 

characterised. This, in part, has been due to the loss 

of enzyme activity seen on removal of the enzyme from its 

natural environment in the membrane. In this present study,

I have und ertaken experiments aimed at the molecular 

ch ar a c t e r i s a t i o n  of this enzyme activity as it exists in 

female rat liver microsomes. These have included a kinetic 

study of the membra ne-bo un d enzyme and the subsequent 

solub i l i s a t i o n  of activity from the microsomes. The 

solubili se d enzyme activity has been further characterised 

by the technique of hi gh -perfor ma nce gel filtration.

Because of the tendency of the solubilised enzyme to 

lose activity during further man ipu latio ns  I have used an 

a lt er native  approach in attempting to elucidate some of the 

properties  of steroid 5&-r e d u c t a s e . Thus the results of 

expe ri ments are reported in which 56t-reductase was s p e c i f i c a l 

ly labelled with a radioactive ligand. The behaviour of this 

r a d i o -lab el led conjugate on high-perf or mance gel filtration 

is compared with that of the solubilised enzyme activity.

Finally the results of some experiments aimed at 

ifflvestigating the relationship between steroid 5^— reductase 

Sffl# er@tto>nyl CoA reductase act ivities are reported.
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2. MAT E R I A L S  AND METHODS

2.1 Materi al s

Ani m a l s : -  Mature female Wistar rats (200-250g) were 

supplied by the Animal House of the Depart men ts of B i o 

chemist ry  /Physiology ' of Glasgow University.

3Ra d i o a c t i v e  Steroids:- [1,2,6,7- H] testosterone (Specific
1 ̂A c t ivit y 94 Ci/mmol) and 5^-dihydro [4- C] testosterone

(Specific Activity - 59.2 mCi/mmol) were obtained from
3Am e r s h a m  International. [1,2- H] 2 1 - d i a z o - 4 - m e t h y 1-4-
3aza-5of-pregnane-3, 20-dione ([ H ]-Diazo-MAPD Specific 

Activ it y 18.2 Ci/mmol) was a gift from Dr. Anne Cheung of 

M e r c k  Sharp and Dohme Research Laboratories, Rahway, New 

Jersey , U.S.A.

Radi o - i n e r t  steroid s:-  testosterone, 5^*-dihydro testosterone 

and 1 1 -deo xycort ic osteron e were obtained from Steraloids Ltd. 

4-A n d r o s t e n d i o n e  was from Organon Laboratories. Unlabelled 

D i a z o - M A P D  and 4-methy l-4-aza-3-oxo-5c/-pr egnane-20 ( s ) - 

carb ox ylic acid sodiumsalt (4-MAPC) were both gifts of Merck, 

Sharp and Dohme.

. . 3 1 4  lietermination of rad io-activity — H and C were evaluated

taneous 1 y by an external standard channels ratio method

<s>® m Packard Tricarb 300 Liquid Scintillation Counter.
3 14llfl-iciefflcy of counting was 3 5 —40% for H and 75% for C.

Counting of samples containing tritium alone was done on a 

single label programme.
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The eff ici ency of counting was 40%.

The scintillant used for counting portions of t.l.c. 

pl ates  contain ing radio active steroid contained 5% (w/v)

PPO in a solution of toluene containing 10% (v/v) methanol. 

O t h e r w i s e  ^Ecoscint" was used. This was supplied by 

N a t i o n a l  Biagnostics.

SDS-PAGE  - Gels were cast between glass plates (20 x 17.5cm). 

T h e s e  were supplied locally. Gels were run in a Gel 

E l e c t r o p h o r e s i s  Apparatus (GE-2/4LS) supplied by Pharmacia. 

The ele ct r o p h o r e s i s  power supply (EPS 500/400) was also from 

Pharmacia. The gel drier was from Bio-Rad.

For f l u o r o g r a p h y , "Am p l i f y ” was obtained from 

Ame r s h a m  International. XAR-5 x-ray film was obtained from 

K o d a k . Develo per (LX-24) and fixer (.Fx-40) were also from 

K o d a k .

A solution contain ing Triton X-IGO: 1,7 diamino- 

h e ptan e ; E^O1 (1:1:10 by vol.) was used to elute protein 

from the gel prior to d e t e r m ination of radio-activity.

R e a g e n t s :-

(a) D e t e r g e n t s : -  n-octyl glucoside and (3~[(3-cholamido 

p r o p y l )- d i m e t h y l a m m o n i o ] 1— p r o pane— smlphomate (Chaps) were 

from B o e h r i n g e r - M a n n h e i m , Gmb.II; Lnbrol W X  and sodium cholate 

were from Sigma Chemical Co. and sodium d e o x y —etiolate was 

supplied by British Drug House Ltd. (BBH)
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(b) Other reagents:- molecular weight markers for SDS - 

PAG E and gel filtration were from Sigma Chemical Co.; 

n-valeric, iso-valeric, butyric and crotonic acids, crotonyl 

C o - e nz ym e A, Coomassie Brilliant Blue R and bovine serum 

al bumin  (crystallised and lypholised - essentially globulin 

free) were also supplied by Sigma. NADPH and NADP* urea 

and reagents for SDS-PAGE were from B D H . All other reagents 

including  organic solvents were of analytical grade.

t.l.c. plates :- were Polygram Sil G. uv254 ( M - N ) .

The following apparatus was used during the course of this 

work. The suppliers name is in brackets.

125-watt high pressure mercury vapour lamp

FPLC

HPLC

Pye series 104 gas chromatograph

60/80 Carbopa ck C/0.3% Carbowax 20M/0.1% HgPO^ 
column

MSE Hi-s pin  centrifuge 

MSE Prepsi n 50 centrifuge

18-55 ul tracentrif uge

(H a n o v i a )

(P h a r m a c i a )

(LKB instrumen 
Ltd.)

(V a r i a n )

(Superlco Inc . 

(Fisons) 

(Fisons) 

( B e c k m a n )
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2.2 Methods

2.2.1. Prepar ation of rat liver microso mes ~

M a ture  female Wistar rats (weight 200 -250g) were starved 

over ni ght to deplete livers of glycogen. The following 

m o rnin g the animals were killed by concussion and the 

following  procedures were carried out at 4°C.

Livers were dissected out into ho moge ni sation buffer 

(10mmol/l Tris. Cl (pH7.0), 0.25mol/l sucrose, lmmol/1 

EDTA and lmmol/1 D T T ) . Connective tissue was removed and 

the pooled livers of 10-15 rats were washed in homog eni sation 

buffer. A 33% homogenate (lg liver/2ml homoge nisat io n buffer) 

was made using an MSE homogeniser (maximum setting; 4x30s. 

periods). The homogenate was centrifuged for 10 m i n . at 

2000g to remove nuclei and cell debris and the supernatant 

from this spin was re-ce ntrifuged at 10,000g for 10 min . 

to remove the mit ochondrial and lysosomal fractions. The 

po s t - m i tochon dr ial supernatant was re-centrifuged at 105,000g 

for Ih. The microsomal pellet obtained was washed twice 

w i t h  hom ogenis at ion buffer and resuspended to a final protein 

r'giffion of lOmg/ml in ho mogenisa tion buffer. The 

were divided into 2ml aliquots and stored at 

ii® liqiuid N*2 •
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2,2.2 Assay of hepatic microsomal 5ff-reductase activity

50(-reductase activity was assayed according to the method 

described by Leshin et al (1978). The assay solution 

contained (final concentration) 0*1 mol/1 Tris citrate (pH7-0 

(see p . 74), 0*25 mmol/1 NADPH, 0:38 umol/1 (4-5nCi) 5fl̂ -

dihydro [ 4 - ^ C ]  testosterone, liver microsomes (0.1 -lug

protein) and lumol/1 testosterone (197-5 pmol unlabelled 

testosterone and 2-5 pmol [1,2,6,7 - H] testosterone) in a 

total volume of 200 u l . The reaction was initiated by the 

addition of microsomes (diluted in0;l mol/1 Tris citrate 

(pH7*0) and incubated at 37°C for lOmin. The incubation 

was terminated by the addition of 500 ul of chloroform : 

methanol (2:1 v/v) solution. 10 ug each of testosterone^, 5H' 

d i h y d r o t e s t o s t e r o n e , 11 -deoxycorticosterone and 4 -andro-

stenedione were added in 20ul of ethanol and the mixture was 

vortexed. The aqueous and organic phases were allowed to 

separate and the aqueous phase was removed. The organic 

phase containing extracted steroid was removed and dried 

under vacuum. The residue was taken up in 20 ul of chlorofori

methanol (2:1 v/v) and applied to a t.l.c. plate.

The chromatograph was developed with chloroform : acetone

(185:15 v/v). When the t.l.c. plate was viewed under UV 

illumination (254nm) areas of fluorescence corresponding 

to testosterone (Rf 0*30), 11 -deoxycorticosterone (Rf 0-38)

and 4 -androstenedione (Rf 0*51) were observed. 5jU dihy dro

testosterone does not absorb UV light strongly at 254nm but 

has an almost identical Rf value to 11 -deoxycorticosterone 

in this solvent system. This was therefore used as a marker 

for 5#.-dihydrotestosterone and this area of the plate was

cut out and added to 10 ml of scintillation fluid for
3 14determination of H and C.
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Losses of 5C(-dihydrotestosterone during the assay procedure 

were mon it or ed by measuring the recovery of 50(-dihydro [ 4 - ^ C ]  

t e s t os te rone and the percentage conversion of testosterone 

to 5^-dihy dr ot e s t o s t e r o n e  was adjusted accordingly. The
O

identity of 5$-dihydro [1,2,6,7- H] testosterone product

was confirmed by re-c rystallis ation to constant specific

activit y with authentic 50^-dihydro te stoster on e . Under these
3

assay conditions, [1,2,6,7- H] tes tosterone and 5b^-dihydro- 
3

[1 ,2,6,7- H] testosterone accounted for 98% of the total tritium 

re co v e r a b l e  from the t.l.c. plate. Control incubations which 

co ntain ed  no microsomes -were included. The assay conditions 

des cr ibed  above are henceforth referred to as "standard assay 

c o n d i t i o n s " .

For assay of solubilised 5bC-reductase activity the amount 

of protein in the assay was l-2ug and incubation was for 0- 

30 min. For fractions from high performance gel filtration, 

the assay conditions are specified in the relevant figure 

l e g e n d s .
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2.2.3. Solubilisation of hepatic microsomal 5 X - r e d u c t a s e .

When the ability of various detergents to solubilise 5tt- 

reductase was examined, solubilisation was performed in 

1 ml of buffer (pH 7*0 ) which contained (final concentration)- 

10 mmol/1 Iris, 20% (v/v) glycerol, 0*1 mol/1 sodium citrate,

0*1 mol/1 KC1 , lmmol/1 EDTA , 1 mmol/1 dithiothreitol(DTT) 

and 100 umol/1 NADPH. (Solubilisation buffer A). The microsoma 

protein concentration was 6*5 — 7 mg/ml. Detergents were 

dissolved in solubilisation buffer A and added to varying 

d e t e r g e n t :membrane protein ratios (0*1 - 2*5).
O

After stirring for lh. at 4 C, the contents of the 

solubilisation mixture^lre centrifuged for lh. at 105,000g.

The supernatant which contained soluble 50l-r educ tase activity 

was removed and the pellet was resuspended in 1ml of solubil

isation buffer A containing the appropriate concentration 

of detergent. Both supernatant and resuspended pellet were 

assayed for 50(-r educ tase activity and protein content. The % 

50(-reductase activity in each fraction is expressed relative 

to the enzyme activity present prior to centrifugation and is 

calculated as :-

PROTEIN IN SUPN/PLLT X SPECIFIC ACTIVITY________________  X 100
PROTEIN IN SOLUBILISATION MIXTURE X SPECIFIC ACTIVITY

The ability of chaotropic agents to solubilise 50(- 

reductase was examined by an identical methodology with the 

exception that the buffer used contained (final concentrations) 

10 mmol/1 Tris, 20% glycerol, 1 mmol/1 EDTA, 1 mmol/1 DTT 

and 100 umol/1 NADPH. (Solubilisation buffer B ) . Chaotropic 

agents were added to the final indicated concentrations 

and the pH of the solution was adjusted to pH 7 0. The protein

concentration was 10 mg/ml.
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2.2.4 Photo-affinity labelling of hepatic microsomal 5tX- 

reductase

Photo-affinity labelling of 5i^-r educ tase was performed 

according to the method of Liang et al (1985b). All procedures 

were carried out at 4°C.

The reaction solution contained 40mmol/l potassium phosphate

(pH7*0), 50 umol/1 NADPH, 15 nmol/1 [^H] Diazo-MAPD and 2mg

microsomal protein in a total volume of 4ml. The contents,

in a sealed, Pyrex glass test-tube were placed 5cm from a

U.V. light source (125-watt high pressure mercury vapour lamp

; Hanovia). The U.V. light source was cooled by means of a

water jacket. The solution was irradiated for lh. with

shaking every lOmin. Following irradiation, unlabelled

Diazo-MAPD was added to a final concentration of 1*5 umol/1

and NA D P + was added to a final concentration of 5 mmol/1. The

mixture was incubated for a further 15min. to allow for displac-
3ement of non-covalently bound [ H] Diazo-MAPD.

2mg of microsomal protein were added as carrier and the micfosomes 

were isolated by centrifugation for lh. at 105000g. The 

microsomal pellet was resuspended and washed in 4ml. of a buffer 

containing 40mmol/l potassium phosphate (pH7*0), 20 umol/1 

unlabelled Diazo-MAPD and lmmol/1 NADP+ . Following re-isolation 

the microsomal pellet was suspended in 1ml. of Solubilisation 

buffer A containing 0*87% (w/v) n-octyl glucoside (final 

d e t e r g e n t :protein ratio = 1*25). The mixture was stirred gently 

for lh. and following centrifugation for lh. at 105000g, the 

supernatant was carefully removed and the pellet was resuspended 

in 1ml. of Solubilisation buffer A containing 0*87% (w/v) n- 

oc ty l—g l u c o s i d e . Aliquots of the /...
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supernatant and pellet were removed for determin

ation of protein and radio-activity.

Control incubations which contained excess unlabelled

Diazo-MAPD were included for evaluation of non-specific 
3binding of [ H] Diazo-MAPD. In another control, NADPH 

was omitted from the incubation mixture and in some 

cases irradiation was not performed.

2.2.5 High-performance gel filtration of solubilised 5# - 

reductase activity and solubilised, photo-affinity 

labelled 5#-red u c t a s e .

For analysis of enzyme activity , 200 -400ul of solubil

ised extract (prepared as described in 2.2.3) were 

filtered through a 0*22 urn filter and applied to the 

column. 1 - 2 m g . of protein were loaded. Columns were 

pre-equilibrated and eluted with the apprpriate solubil

isation buffer containing detergents and chaotropic 

agents at the concentrations indicated in the relevant 

figure legends. Gel filtration was performed at ambient 

temperature and was completed within 90min. On collection, 

fractions were transferred to the cold room, and were 

assayed within lh. for protein content and 5i*-r educ tase 

activity

When the behaviour of photo-affinity labelled 5it-r educ tase 

was examined by high performance gsl filtration, lOOul 

of solubilised, labelled extracts (prepared as described 

in 2.2.4) were filtered through a 0*22um filter and/* • •
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applied to the column. 100-370 ug of protein (up to 

40 nCi of tritium) were loaded. Columns were pre

equilibrated and eluted with the appropriate solubil

isation buffer containing detergents at concentrations 

indicated in the relevant figure legends. Gel filtration 

fractions were assayed for protein content and 220 or 

500 ul aliquots were removed for determination of radio 

activity.

Calibration was done with the following molecular 

weight standards - apoferritin (433k), alcohol dehydr

ogenase 150k), BSA (65k), carbonic anhydrase (29k) and 

cytochrome C (12*3k). Void volume (Vo) was d&ermined 

with Blue Dextran 2000. Molecular weight markers were 

dissolved and eluted in the appropriate solubilisation 

buffers .

2.2.6.1 Sodium dodecyl sulphate polyacrylamide gel 

electrophoresis (SDS-PAGE) of photo-affinity labelled 

microsomal fractions.

This was performed according to the method of Laemmli 

(1970). The composition of the stacking and running 

gels is indicated in Tables I and I I .
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TA BLE I

Stacking gel composition

V o l .(ml)

A er yl amide stock solution 3.00

■fiStacking gel buffer 5.00

Dist il led 1^0 12.00

10%(w/v) Ammonium  persulphate 0.164

+  TEMED 0.020

TABLE II

Running gel composition

Vol.(ml)

Acrylamid e stock solution 13.40

$ Running gel buffer 12.40

Distilled  1^0 24.10

10%(w/v) Ammonium persulphate 0.164

TEMED 0.025

■fc The acrylam ide stock solution contained 29 . 2g acrylamide  

and 0.8g, N, N^- Methylene  bis acrylam ide in 100 ml of 

distilled 1^0.

O T h e  stacking gel buffer was 0.5 mol/1 Tris Cl (pH6.8) 

containin g 0.4% (w/v) S D S .

+ TEMED  was N ,N ,N ^ ,N * - tetrame thylene diamine 

£  The running gel buffer was 1.5 mol/1 Tris Cl (pH8.8) 

containing 0.4% (w/v) SDS.

The stacking gel was therefore 4% acrylamide and the 

running gel 10% acrylamide. /...
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Prior to application of samples to the gel wells they 

were incubated with an equal volume of sample buffer at 

100 C for 5 min. The composition of sample buffer is shown 

below in Table III

TA BLE  III

Co mpo sition of sample buffer

Vol.(ml)

0.5 mol/1 Tris. Cl(pH6.8) 1.0

Di stilled 1^0 4.0

Gl yce ro l 0.8

10 % ( w / v ) SDS 1.6

2 - m er capto et hanol 0.4

0.05%(w/v) bromophenol blue 0.2

For stacking, electrophores is was performed for lh 

at 15 mA and separation of proteins in the running gel was 

a chi eved by elec tro phoresis for 4 - 5h at 20 m A . The gel 

running buffer contained 0.192 mol/l glycine, 0.1%(w/v) SDS 

in 0.025 mol/1 Tris. Cl(pH8.3). 4 litres of running buffer

were made up fresh prior to each electr ophoresis  experiment.

Pro tein separated by electrophores is was visualised 

by fixing and staining the gel in a solution containing 50%

(v / v ) methanol, 10% (v/v) acetic acid and 0.2% (w/v) Coomassie 

for lh. Gels w e r e  .destained overnight in 5% (v/v)

f 7.5% (v/v) acetic acid and dried down under /...
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vacuum onto chromatography paper.

2.2.6.2. Fluorography

For fluorography, the relevant portions of the gel were 

processed as follows. Following el ec trophoresi s gels were 

fixed overnight in a solution of 50% (v/v) methanol, 10% 

(v/v) acetic acid. Gels were then placed in a solution 

of "Amplify" and shaken for 20 - 30 min at room temparature 

After drying the gel was exposed to x-ray film at -70°C 

for up to 2 weeks. Film was immersed in developer for 

10 min transferred to an acetic acid stop-bath for 30 s 

and then placed in fixative for 10 min. The developed 

films were then left to dry prior to inspection.

2 . 2 . 6 .3. Counting of Gel Slices

Relevant tracks of the gel were cut into 2 mm slices 

with an apparatus consisting of fixed, mounted razor blades 

Gel slices were added to scinti llation vials containing 

1 ml of the gel swelling solution - 1,7 d i a m i n o - h e p t a n e : 

Tr i t o n  X-100 : distilled H 20 (1:1:10, by vol) . The 

fallowing.; morning 5 ml "Ecoscint" was added and the vials 

tf-adcen for determination of radio-activity.
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2.2.7. Assay of microsomal crotonyl CoA reductase activity

(a ) g.l.c. Assay of crotonyl CoA reductase - this was 

p er formed according to the method of Nagi et al (1983).

The- r'eaetion mixture contained (final concentration) - 

0.1 mol/1 Tris. Cl ( p H 7 .4), 1 mmol/1 NADPH and 150 umol/1 

cro ton yl CoA in a total volume of 1 m l . The reaction was 

in iti ated by the addition of microsomal protein (0.02-1 mg) 

in 0.1 mol/I Tris. Cl (pH7.4). The mixture was incubated
■ CJ)aatt 357/ C for up to 15 min. and the assay was terminated by 

aadidlfttian of 0.5 ml 15% (w/v) KOH in methanol and following 

tthie ad dition of 1 ug n-pentanoic acid as internal standard , 

tthie assay contents were saponified at 65°C for 45 min.

THne p H  of the reaction solution was adjusted to pHl by the 

adldfittiodi of 0.5 ml 4 mol/1 HC1 and the aqueous phase was 

©xfiracttedl with 2 x 3 m h  aliquots of di-ethyl ether. The 

wodiupmie of the ether extract was reduced by evaporation under 

a  g;ent 1 e stream of nitrogen gas to approximately  25 ul and 

1 ul of this was injected into the gas chroma tog raph using 

a  EsmiiJ t o n syringe.

NIiff'©>g;©ii' was used as carrier gas at a flow rate of 45 ml/min 

affldi fife© column was operated isothermally at 120°C. Fatty 

a c i d a  w^iFe identified by comparing their retention times 

wd-fife of authentic standards. For qua ntitation a

fatter nisi st. an d ard (n-pentanoic acid) was included.

1F&# afiPOiMdtS of fejutyr'ic and crotonic acid present was obtained 

fflOaSiM'iffijg fife© area under each peak. This was then

a rattfo relLafive to the area under the peak 

of f&# ffflf#rffial sfcamdiaird’. Reference to a calibration curve / . . .
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of amount s of butyric/crotonic acids at differing peak 

area ratios allowed for quantitation of product and susbstrate. 

Peak areas were measured by the triangulation method (peak 

height x width at half peak height).

( b ) Spe ctr op hotomet ri c assay of crotonyl CoA reductase 

a c t iv it y - this was performed by a modification of the 

met hod described by Podack and Seubert (1972). The reaction 

mi x t u r e  contained 0*2 mol/1 potassium phosphate (pH7*0),

0*2 mol/1 NADPH, 100-600 umol/1 crotonyl CoA, 2 umol/1 

rotenone, 5% (w/v) di-methyl sulphoxide (DMS0) and 70 - 

600 ug mi crosomal protein added in 0*2 mol/1 potassium 

ph os ph ate buffer. The final volume of the reaction mixture 

was 1ml. The contents were incubated at 30°C and the rate 

of NAD PH oxidation was monitored by following the decrease 

in ab sorba nc e at 340 nm in a Pye Unicam SP6 - 550 UV/VIS 

re cordi ng  spectrophotometer. The reaction was initiated 

by the addition of microsomal protein. Owing to the ability 

of m i c r os om es  to oxidise NADPH in the absence of crotonyl 

CoA, all assays were carried out against controls which 

co nta in ed all the components of the assay mixture except 

cr oto nyl CoA.

2.2.8. Protein assays

Pr ot ei n was assayed according to the method described by 

Bra df ord (1976) with the modifications reported by Spector 

(1976). Bovine serum albumin was used as standard. When 

d et er gent- c o n t a i n i n g  solutions were assayed for protein 

content samples were read against blanks containing the 

ap propr ia te  concentration of detergent. The protein /...



-74-

co n c e n t r a t i o n  of fractions from gel filtration experiments 

using Lubrol WX was measured by integrating the area under 

the 0D280 trace for each fraction.

2.2.9. K i n e t i c s .

Km (app) testosterone and Km (app) NADPH of microsomal 

50C-reductase were derived using the direct linear plot 

method described by Eisenthal and Cornish-B owden (1974).

Data obtained on the rate of microsomal 5^-reductase 

a c t ivity at varying concentrations of testosterone and two 

differe nt  concentrations of NADPH were analysed by the 

L i n e w e a v e r - B u r k  (1934) double reciprocal plot.

2.2.10. B u f f e r s .

T r i s . C i t r a t e  buffer was routinely used for assay of 5o(- 

reducta se  activity. This buffer consisted of a solution 

contain in g 0-1 mol/1 Tris base and 0*1 mol/1 sodium citrate, 

the buffer was adjusted to the desired pH by the addition 

of H C 1 .

2.2.11. A u t h e n t i c a t i o n  of 5fl(-DHT as the p r o d u c t  of 5<X- 

r e d u c t a s e  act ivi ty.
3

The identity of 5# - d i h y d r o [1,2,6,7- H ]testosterone produced
3

by the enzymic reduction of [1,2,6 ,7— H] testosterone was 

c on firmed by re— crystallisation to constant specific 

activity. [3H] 50(-DHT was eluted from the relevant portion 

of the t.l.c. plate into 5 ml of methanol. Aliquots /....
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were removed and the radioactivity determined. 50 mg 

of unlabelled  authentic 5(X-DHT was added and the counts 

were expressed as d. p.m. /mg 5{(-DHT (specific activity).

The methanol extract was dried down and dissolved 

in 500 ul of acetone and refluxed gently . 1ml hexane was 

added and the mixture was boiled (removing acetone ) until 

crystals appeared.The tube was left in the deep freeze for 

2h. The supernatant was removed (SI). The crystals were 

redisso lv ed in 500 ul of acetone and the procedure repeated . 

The second supernatant was removed (S2). The r e c r y s t a l l 

isation was repeated using c h l o r o f o r m :hexane (1:2) and the 

supernatant (S3) was removed. SI, S2, S3 and the remaining 

cryst al s were dried down under vacuum. Exact quantities 

of crystals from each of the four samples were weighed 

out, dissolved in 10ml scintillation fluid and the r a d i o 

activity determined. The results are expressed as specific 

activit y (d.p.m./ug crystals). A constant specific activity 

throughout  repeated rec rystallisation indicated the 

a u t h e ntic it y of 5oC-dihydr o [ 1 , 2 , 6 , 7- H ] testosterone produced 

by the enzymic reaction.
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3. EXPERIMENTAL
3.1. Properties of Hepatic Microsomal 5^-reductase

3.1.1. Identification of metabolites produced on incubation 

of rat liver microsomes with testosterone.

The pattern of metabolites produced when testosterone was 

incubated with rat liver microsomes depended on the amount 

of microsomal protein present in the assay mixture. This is 

illustrated by the data in Table IV.

Table IV Testosterone metabolism in relation to the

amount of microsomal protein present in the assay

______ Protein/assay(ug)___________ 13.0__________ _̂___1.. 30______

% Ratio-activity recovered 
as : -
Test osterone (8.1 ; 4.0) (80.5;78.9)

50*-— dihydrotestosterone (29.9;14.0) (18.2;19.1)

50£-androstanediols (45.8;76.0) ( 0.5; 0.5)

Polar metabolites (11.2; 3.3) ( 0.5, 0.5)

Standard assay conditions (see Methods; section 2.2.2.) with 

assays containing either 13ug or 1.3ug of microsomal protein. 

Each result represents a single e x p e ri me nt.

At the higher protein concentration, there was extensive further 

me tabolism of 56(-DHT to androstanediol and polar metabolites 

("polar metabolies are defined as those recovered between 

the origin and androstanediol following development of the 

t.l.c. plate; these are probably hydroxylated steroids /...
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(Hay and Hodgins, 1973) although no further experiments were 

u n d e r t a k e n  to elucidate their structure). To avoid c o m p l i c a 

tions in the assay procedure therefore, assays of microsomal 

5^.— red uctas e activity were carried out with lug of protein. 

Wh en  solubilise d 5&-reductase activity was assayed, 2ug of 

pr otein  were present in the assay mixture. This was done to 

ensu re measura bl e conversions of testosterone to 56C-DHT.

In these instances testosterone and 50(-DHT still accounted 

for y 98% of the recovered radio-activity. Some of the 

f ra ct ions from the gel filtration of solubilised microsomes 

c o n v er te d substantial amounts of testosterone and 5D(-DHT 

to polar metabo lites (see Section 3.3.4).

3
The identity of [ H]-5C(-DHT produced by the enzymic reaction 

was co nfi rmed by re-crystallisation to constant specific 

a c t ivity with authentic radio-inert 5D(-DHT according to the 

pr oc ed ure described in Methods section 2.2.11 — see Table V

3
Table V A u t h e n t i c a t i o n  of f HT 51X-DHT pr od u c e d  on e nz y m i c

35Q(- reduction of \ Hi testosterone by rat liver 

microsomes

Specific Activity (d. p.m./mg 5^-DHT)

Original solution 757.4

Supernata nt 1 660.0

Supe rn atant 2 684.8

Supe rn atant 3 643.0

Final crystals 680.9

50(.-DHT (50mg) was dissolved in the methanol eluate of t.l.c. 

plate containing putative [3H ] 5&-DHT. The purity of [3H] /.
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5X -DH T was checked by monitoring specific activity through 

three re-crystallisations.

3.1.2. Linearity of product formation with time

The results of a time course on hepatic microsomal t e s t o 

ste rone 5&(-reductase are illustrated in Fig. 9. When 

t e s t o s t e r o n e  and NADPH were incubated with 1 ug of m i c r o 

somal protein under standard assay conditions, the rate 

of test oster on e 5fc(-reduction remained linear up to a p p r o x i m a t 

ely 15 min. By this time 25% of the substrate had been 

co nvert ed  into 5 & - D H T .



%T->5*-DHT
r<

25-

20-

15-

10 -

5 -

Tim e(m in)

Fig. 9 Time course of hepatic microsomal 5^-reductase

a c t i v i t y ; Standard assay conditions (see Methods 

Section 2.2.2.) with incubations terminated at the 

indicated times. For each time point duplicate 

incubations were performed and the results are

expressed as the mean - range
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3.1.3. Linearity of product formation with enzyme 

c o n c e n t r a t i o n .

Fig. 10 indicates the results of an experiment demonstrating 

that the rate of 5 ^-reduced product formation was linear 

up to a protein concentration of lug/assay.



%T->5*DHT
4*

12-

10-

Microsoma
protem(ug)

Fig. 10 Conversion of T to 5 & D H T ' a s  a function of enzyme

c o n c e n t r a t i o n . Microsomal protein was added to the 

final indicated concentrations and reaction mixtures 

were incubated for 5 min Otherwise standard assay 

conditions (see Methods Section 2.2.2.). For each 

protein con centration duplicate incubations were 

performed and results are expressed as the mean - 

range.
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3.1.4 pH optimum of hepatic 5# -reductase.

Sî -Jr̂ diuiG'taise activity was assayedri att piHfes v\aar_yi-n-g:: from 

—  piHi9'! in, 0*1 mol/1 T r is-ci trade: bhdFPerr. Asr Fig. 11 

diemo-as trates the microsomal enzyme displayed a broad 

PII opti.mum around 7-8.

Pre-incubation of the enzyme for 20min. in 0*1 mol/1 

Tris-citrate (pH4 - 9) containing 0 * 5L mol/1 NADPH, 

followed by assay at pH7, resulted in a pH profile 

similar to the original one (see dashed line; Fig.. 11). 

This indicated that the observed pH profile of 5(£- 

reductase was due to an instability of the enzyme 

at extremes of pH rather than a dependancy of the 

reaction mechanism on pH.



UJ U nzyme
activity

(nmolmin~,mgH )

6-

5-

3-

1-

Fig. 11 Determination of the pH optimum of hepatic microsomal 

5&(-reductase. Enzyme activity was measured in Tris. 

citrate buffer at the indicated pH. Standard assay 

conditions (see Methods Section 2.2.2) for each pH 

duplicate incubations were performed and the mean 

values are plotted. In each case individual 

values for enzyme activity differed by less than 10%.
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3.1.5 Estimation  of the apparent £m tes tosterone

The appare nt Kra of hepatic microsomal 50C-reductase for 

tes-tosterone was determined under standard assay conditions 

with the concentratio n of testosterone va.ri.ed from 25 - 

400 nmol /1 and the con centration of: NADPH fixed at 0.5 mmol/l. 

The da ha1 obtained were analysed by the direct: linear plot 

metho d described by Eisenthal and Corni sh-Bowden  (1974). - 

See F i g . 12. This method gave a median value for the Km

app . ( t e s t o s t e r o n e ) of 370nmol/l ( range 110-395nrnoi/1) .

The median value obtained for V max was 1.7"4nmol min  ̂mg ^

(range 0.76 - 1.86nmol min ^mg ^ ).

rtf * <



* V nmol min mg

20

1-6

1-2

0-8

0-1 0-2 0-3 0-4 0-5

Fig. 12 The rate of microsomal 5ft-reduction as a function 

of testosterone c o n c e n t r a t i o n . The concentration 

of testosterone was varied from 0 - 0.4 umol/1.

The concentration of NADPH was constant at 0.5 mmol/1. 

Otherwise standard assay conditions (see Methods 

section 2.2.2). For each testosterone concentration 

duplicate incubations were performed and results 

are expressed as means. Ranges differed by <^5% 

for each testosterone concentration. Data were 

analysed by the direct linear plot method.
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3.1.6. Est ima tion of apparent Km NADPH

The apparent Km of microsomal 50^-r educ tase for NADPH was 

also determi ned under standard assay conditions, with the 

c o n c e n t r a t i o n  of NADPH varied from 0.25 - 5umol/l and the 

c o n c e n t r a t i o n  of testosterone fixed at lumol/1. Data were 

again analysed  by the method of Eisenthal and Co rni sh-Bowden  

(1974). A median Km a p p . (NADPH) of 1.5umol/l (range 0.55- 

2.30um ol/ l) was found - see Fig. 13. In this instance a 

m ed i a n  V max value of 3.37nmol min '''mg * (range 1.50 - 

4.3 7nm ol min ^mg  ̂) was found.



V  nmol min1 mg1

Fig. 13 The rate of microsomal testosterone 5CC-reduction

as a function of NADPH c o n c e n t r a t i o n . The concentration 

of NADPH was varied from 0-5 umol/1. The concentration 

of testosterone was constant at 1 umol/1. Otherwise 

standard assay conditions (see Methods section 2.2.2). 

For each NADPH concentration duplicate incubations 

were performed and results are expressed as means.

Ranges differed by 4.5% for each NADPH concentration. 

Data were analysed by the direct .linear plot method.



3.1.7. The rate of microsomal -reductase at varying 

concentrations of testosterone and two different concentra- 

t.ifln-fr, of. NADPH

Microsomn t 5()i-reductase activity was measured over a range 

of testosterone concentrations (0-1 umol/1) at two 

concentrations of NADPH - 2*5 umol/1 ('V Km) and 2*5 mmol/1 

(saturating) . The data obtained were analysed by the 

Lineweaver-Burk double reciprocal plot and are shown in 

Fig. 14.

Dnspection of F i g . 14 shows that the lines obtained 

intieuo sec t close to the 1/v axis. This data rules out the 

IftlnTgg —  Pong mechanism and suggests that this bi — substrate 

rreteĉ tilon procedes via a sequential mechanism.



nmoi mm mg

14- 2 -5 uM na dph

12-

10-

8 -

6 -

4-

ri!v l

RONE * 101 |t e s t o s t e

14 Rate of microsomal 5&-reductase activity at varying 

concentrations  of testosterone and two different 

concentrations of N A D P H .

Testosterone concentration varied from 0-1 umol/1 

and NADPH concentration was fixed at either 2.5 umol/1 

or 2.5 mmol/1. Otherwise standard assay conditions. 

For each concentration of testosterone and NADPH 

duplicate incubations were performed and the results 

are expressed as the mean - range.
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3.1.8. Stability of hepatic microsomal 5Ck -reductase activity

M i c r o s o m a l  -reductase activity was stable when stored in

liquid N'2 . No activity was lost over 18 weeks - see Table 

V I .

Table VI Stability of hepatic microsomal 5^-reductase 

activity

Time Specific A c t i v i t y (nmol min ^mg

0 3.49 (±0.21)

1 day 4.21 (±0.18)

2 weeks 3.18 (±0.29)

18 weeks 4.50 (±0.30)

Standa rd assay conditions. Microsom es were stored in liquid 

N 2 and at the indicated times thawed and assayed for 5&- 

red uc tase  activity. For each time point four assays were 

per fo rmed  and the results are expressed as the mean — S.E.
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3.1.9. Discussion

The results shown in Sections 3.1.2 and 3.1.3 indicate 

that the specific activity of female rat hepatic microsomal 

-re du ctas e is of the order of 4-5nmol 5&-DHT formed/min/ 

mg micr os omal protein. Shown below are values found for 

the specific activity of female rat liver microsomal 5&- 

reductase  by other w o r k e r s :-

Specific A c t .
[Testosterone] fNADPH] ( n m o l / m i n / m g ) Ref .___________

0 . 1 8 m m o l /1 0.12mmol/l 5.2 Roy(197l)

1.0umol/l 50umol/l 16.0 Liang et al (1985b)

0.1 0m mol/ l 0.4mmol/l 11.4 Golf and Graef(1978)

It should be noted that in the study reported by Liang et al 

(1985b), Sprague-Dawley rats were used whereas in this work 

Wi star rats were used for the preparation of microsomes. 

Si mil arly Liang et al (1985b) conducted their 5d-reductase 

assay s in jUpotassium phosphate buffer of pH 6.5. Little 

di fference  was found in this study when 5oL-reductase activity 

was assayed in a 0.1mol/l Tris-citrate  buffer at pH 6.5 or 

pH 7.0 (see Fig. 11; section 3.1.4). Nevertheless, it is 

possib le that the enzyme may exhibit a different pH profile 

in a buffer of different composition. Although Roy(1971) 

used a similar radioc hromatogr aphic assay method and assay 

pH (6.9) as those employed in this study, he did not specify 

the strain of rat which was used as the enzyme source. He 

also used concentrati ons of steroid 180-fold higher than 

that used in this study (0.18mmol/l v lumol/1). As this /...
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far exceeds the solubility of testosterone in aqueous solutions 

some doubt must exist as to the physical nature of the substrate 

pre se nted  to the enzyme. Golf and Graef (1978) did use 

Wi star rats for the preparation of hepatic microso mes  and 

an assay pH of 7. However they also employ con centrations 

of steroid (0.10mmol/l) far in excess of those used in the 

present study. Furthermore, Golf and Graef (1978) used a 

GLC te chn iqu e to detect the products of the 50t-r educ tase 

r ea ct ion and did not specify the amount of microsomal protein 

pre sen t in their assay solution. Therefore whilst Roy(1971) 

r epo rted a similar specific activity to that found in the 

present study and Golf and Graef (1978) and Liang et al 

(1985b) report 2-fold and 3-fold higher specific activities 

respec tiv ely, these inconsi stencie s can be explained by 

d if fe rences  in assay conditions, methodo logies and strain 

of rat used. The value of 4-5nmol/min/mg reported for 

the specific activity of female rat hepatic microsomal enzyme 

should be compared with a value of 1 .24nmol/min/mg for male 

rat hepatic microsomal 5D£-r educ tase (Mode and Norstedt, 1982) 

and confirms previous findings (reviewed by Colby, 1980) 

thet 5&(-reductase activity is higher in the female rat th<*n 

the male. The findings of a broad pH optimum around pH7-8 

agreed with the findings of McGuire and Timkins (1960). It 

stands in stark contrast, however, to the data reported by 

Roy (1971) who found a pH optimum for 5b(-r educ tase of pH 5.5.

Roy reported that this may not have reflected the true pH 

opt imu m of 5 & - r e d u c t a s e , but rather the result of reduced 

ox ida tion of NADPH co-factor by microsomes at acid pH. Thus 

at neutral pH the rapid oxidation of NADPH by microsomes may/..
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have resulted in the supply of co-factor becoming rate 

limiting. Indeed Roy(1971) reported that the rate of 

NAD PH oxida tion at pH 6.9 was 2.5— fold higher than that 

at pH 5.6. Thus at the high levels of protein present 

in the assay (500ug), the differential rate of microsomal 

NAD PH oxidation  at different pH values may have resulted in 

the observed acidic pH profile. This observation by .Roy (1971) 

may be poten tially significant as other workers have reported 

an acidic pH optimum for 50t-r educ tase from different tissue 

sources. These include the microsomal enzyme from human 

neonatal foreskin - pH 5.6 (Voigt et a l , 1970), from the 

human prostate - pH 5.0 (Hodgins and Gaggini, 1983; Liang 

et a l , 1985a), the nuclear and microsomal enzymes of rat

seminal vesicles - pH 5.7 - 5.9 (Suzuki and T a m o k i , 1974), 

the te sto ste rone 51*-reductase of human epididymis pH 5.5 

(Fisher et al , 1978). Moore et al (1975) have also reported 

a pH optimum of 5 - 6 for fibroblasts derived from genital 

skin (foreskin, labia majora and scrotum). It is possible 

that the observed acidic pH optimum of each of these enzymes 

may indeed be an artefact due to decreased oxidation of 

NA DP H at acidic pH. However, Fisher et al (1978) reported 

that the cortisol 5^-reductase activity of human epididymis 

had a more neutral pH optimum (6.5) and Moore and Wilson 

(1976) reported that the microsomal enzyme derived from 

non-geni ta l skin fibroblasts (inguinal biopsy site) did not 

show a peak of activity at pH 5.5, but displayed a broad 

pH opti mum at pH 7 - 9.

One other reason may be suggested for the acidic pH profile 

demonstrate d for 5*-reductase in some tissues by other 

workers. N A D P + is known to inhibit 5t*-r educ tase activity/...



(Cooke and Robaire, 1984). Thus the increased activity 

of NADPH oxidising enzymes at neutral pH would cause an 

inc re ase in the concentration of NADP"*" present in the assay 

mi x tur e and this in turn could lead to an inhibition of 

-reduct as e activity. The acid pH optimum of microsomal 

skin 5G(— r educ tase (Voigt et a l , 1970) has been explained 

by propo sing that a reaction mecha nism which abstracts 

protons from the meduim (see Fig 7; section 1.2.5) would 

be favoured, by the law of mass action, by an acidic pH 

optimum. The precipitous drop in enzymic activity seen 

below pH 5 may be due to the instability of NADPH at the 

pH. Indeed Voigt et al (1970) demonstrated that at the 

end of their assay only 10% of the added NADPH was present 

at pH 4 . 8 .

The neutral pH optimum found for the rat hepatic enzyme 

in this study compared with that found by different workers 

in the tissues described above may reflect a difference b e t 

ween -the liver enzyme and the enzyme present in these other 

tissues. Indeed the results of the pre-incubation experiment 

(dashed line; Fig. 11; section 3.1.4) indicate that the 

observed pH profile .of rat hepatic microsomal 56^-r educ tase 

may be due to inactivation of the enzyme at extremes of pH 

rather than a dependency of the reaction mechanism on pH.

The kinetic data reported in sections 3 . 1 . 5 . (see F i g . 12) and 

3 . 1 . 6 . (see Fig. 13) indicate values for the Km (app) t e sto

sterone of 370 nmol/1 and for the Km (app) NADPH of 1.5umol/l 

Listed below are values obtained by other workers for the /..
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kinetic constants of 5fi(—reductase enzymes

Table VII. Reported Kinetic constants for 5<*-reductas es

Tissue

Rat liver (M)
(M)
(M)
(M)
(M)

Steroid(Km )

Androstenedione 30 
Cortisone 140
Cortisol 150
Testosterone 154
Testosterone 2

NADPH(Km ) Ref

500 McGuire & Tomkins(1960) 
McGuire et al(1960) 
McGuire et al(1960)
Nozu & Tamoaki(1974)
Roy (1971)

Rat prostate(W) 
(N) 
(N)

Rat prostate(N) 
Human breast(M) 
Human prostate(M)

Human foreskin(M) 
Genital skin fibro
blasts
Human epididymis(M)

Human prostate(W) 
Rat anterior (M) 
pituitary
Rat hypothalamus(M)

Testosterone 0.79 
Testosterone 0.90 
Progesterone 0.35 
Deoxycortico- 1.17 
sterone
Testosterone 1.05 
Testosterone 0.90 
Testosterone 0.01- 

0.05
Testosterone 1.10

Testosterone 0.08 
Testosterone 0.12 
Cortisol 3.6
Testosterone 0.037 
Progesterone 0.193

Progesterone 0.113

20 Liang et al(1985a)
21 Liang & Heiss(1981)
20 Frederkisen &

Wilson(1971)

Nozu & Tomaoki(1974)
Hodgins & Gaggini(1983)

11 11 11 11

Voigt et al(1970)

40 Leshin et al(1978)
Fisher et al(1978)

2.0 Houston and Habib(1984)
Bertics & Karavolas(1984

Bertics & Karavolas(1984

** M = microsomal; N = nuclear; W = whole particulate
* K m ’s expressed in umol/1

As can be seen early studies on the rat liver microsomal

enzyme (McGuire and Tomkins, 1960; McGuire et a l , 1960; /..
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Nozu and Tamaoki 1974) gave Km values for steroid far in 

excess of that reported in this study (approx. 100-500 

fold greater). In the first two studies (McGuire and 

Tomkins, 1960; McGuire et a l , 1960) steroid 56(-r educ tase 

a ct iv ity was assayed spectr ophotomet rically by monitoring 

the decrea se in absorbance at 240nm which occurs on 

r ed uc tion of the 4 - 5  double bond. The concen tra tion 

of steroid substrate was varied from 10 - 250umol/l - 

a c o n c e nt ration  range approximately 1000-fold higher than 

that used in the present system. Clearly this assay system 

was much less sensitive than that used in the present study 

and again the concentrations of steroid present far exceeded 

their aqueous solubility. Roy (1971) reported a Km(app) 

t e s t o ster on e of 2umol/l or app roximately 5-fold higher 

than that reported in this study. Although Roy does not 

specify the concentration range over which his kinetic 

m e a s u r e m e n t s  were made, his assays of rat liver microsomal 

551 -reductas e activity were routinely performed at 67umol/l. 

The ma ximum  concentration of steroid used in this study in 

the det ermi natio n of the Km(app) testosterone was 400nmol/l 

(see Fig. 12; section 3.1.5). A valid criticism of the 

data reported in this study is that the maximum concentration 

of sub strate used is only just higher than the Km(app) value 

obtained. This means that the conce ntration of testosterone 

may not have been high enough to give an accurate value for 

V m a x . This would consequently lead to an und erestimation 

of Km(app) testosterone. Therefore if Roy (1971) used higher 

co nc entrati on s of testosterone in his kinetic studies,his 

value for the Km(app) of testosterone (2u mol/1) may be /..
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a more accurate determination. The values for the Km(app) 

NADPH for rat liver microsomal 5&(-r educ tase reported by 

other wor ke rs- 500umol/I(McGuire and T o m k i n s ,1960), 200umol 

/I ( R o y , 1971) are much higher than those reported in the 

pr esent study. Roy(1971) has suggested that this may be 

an ove r-esti ma te of the Km(app) NADPH value for 5I)IL- 

red uc tase  caused by the the consumption of NADPH by other 

mi cr o s o m a l  NAD PH-oxidising enzymes(eg. NAD PH-cyt ochrom e C 

reductase). Thus at the higher concentra tions  of microsomal 

pro tei n used in these studies(200 ug/assay in the case of 

R o y ’s report) significant oxidatioji of NADPH may have 

occurred, reducing the amount of NADPH available to 5U- 

reductase. Indeed Roy(1971) has forwarded this as an 

e xp la nation  for the larger Km(app) NADPH of the rat liver 

enzyme than the prostate enzyme reported by him and 

su bs eque nt ly  by other w o r k e r s (Frederiksen and W i l s o n , 1971; 

Liang and Heiss,1981).

The Vmax value reported in Section 3.1.5 when 

the concen trati on  of NADPH was fixed at 0*5 mmol/1 and 

tes toste ro ne  was the variable s u b s t r a t e ( 1•74 nmol/min/mg) 

was about two-fold lower than that reported when the 

c o n c e ntra ti on of testosterone was fixed at lumol/1 and 

NAD PH was the variable substrate (3-37 nmol/min/mg). As 

indi cated above in the former "case the highest c o n c e n t r a t 

ion of testosterone used was only just above the determined 

Km(app) value and this could have accounted for the 

discrepanc ie s inthe values obtained. Indeed the latter 

value for Vmax is closer to the value obtained for the 

specific activity of 5DUreduc tase of 4-6 nmol/min/mg from 

the time course (see F i g .9;Section 3.1.2 ) , the reaction
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v elo city versus enzyme concentration plot ( see F i g . 10; 

S ec t i o n 3 . 1 . 3  ) and the pH optimum determination (see Fig. 

11; Section 3.1.4 ). The value reported for the Km(app) 

t e s t o st erone in this present study falls in the range 

0 * 0 8- 3*60 umol/1 reported for the Km(app) steroid for 5fl(- 

re du ctas es  from other tissues- see Table VII.

Evidence has been provided in this study of a 

s eq uen tia l reaction mechanism for rat hepatic microsomal 

50(-r educ tase (see F i g . 14; Section 3.1.7). This finding has 

not been reported previously , however Bertics et al (1984) 

reporte d that 4 - a z a - 4 - m e t h y 1 - 5 ^ - p r e g n a n e - 3 ,20-dione 

in hib ited rat pituitary progesterone 50(-r educ tase c o m p e t i t 

ively with respect to testosterone (Ki=7*2 nmol/1) and 

un comp e t i t i v e l y  with respect to NADPH (Ki=17*9 nmol/1). 

Ber tic s et al (1984) interpreted this data as being c o n s i s 

tent with a reaction mechanism whereby NADPH binds to 5(1-

re ductase before steroid. In a similar vein Liang et al
3

(1983) demonstrated that the binding of [1,2- H] 17 -N,N- 

diethyl c a r b a m o y l —4 —methyl — 4 — a z a —5/K— a n d r o stan-3-one to 

hep ati c microsomal 5(/-reductase required the obligatory 

presen ce of NADPH. This data suggested a binding site on 

the 5tf-reductase for both NADPH and steroid. An alternative 

reactio n mec hanism for 5^—reductase has been suggested 

however. This will be discussed in the final section (see 

Section 4) .
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3.2. Solubilisation of hepatic microsomal testosterone 

- r e d u c t a s e .

3. 2. 1. Definition of solubilised enzyme activity.

For the purposes of this section solubilised enzyme 

activity is defined as the activity recovered from the 

supernatant following centrifugation of microsomes 

treated with solubilisation solution at 105000g for lh.

This is one of the criteria used by Razin(1972) to define 

soluble enzyme activity.

3.2.2. Solubilisation of 5(^-r educ tase by chaotropic agents. 

The ability of salt solutions and urea to solubilise 

microsomal 5/)(-reduc tase was examined. The results are 

illustrated in Table VIII. As can be seen each of these 

treatments solubilised less than 6% of the total microsomal 

50^— reductase activity. Thus 0*5mol/l KC1 + 0*5 mol/1 

sodium citrate released only 5*6% of the total 5D(-r ed uc tase 

activity into the supernatant. Furthermore solubilisation 

of microsomes with these agents left substantial amounts

of 50(-reductase activity in the pellet(see TableVIII). 

Treatment of microsomes with higher concentrations of 

urea (4mol/l and 8mol/l) caused inactivation of 50(- 

reductase (J.Mackie; final year Dissertation in Molecular 

Biology; 1985). The fact that treatment of membranes with salt 

and urea solutions resulted in the solubilisation of 

small amounts of 50<-reductase activity suggested that the 

enzyme protein was embedded in the hydrophobic part of 

the membrane. Such proteins require detergent /...
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t re atment for effective solubilisation. For this reason 

ex pe rime nt s were undertaken to evaluate the ability of 

various detergents to solubilise microsomal 5(k -reductase .
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3.2.3.1. Inhibition of microsomal 50C—reductase by various 

d e t e r g e n t s .

The carry over of detergent from solubilisation experiments 

into the assay mixture may result in inhibition of 5bL-r educ tase 

activity. (Houston et al; 1984). It is important therefore 

to ensure that 5fit-reductase activity is not inhibited by 

the con centratio ns of detergents likely to be present 

during the assay. I investigated the ability of three 

detergen ts -Lubrol  WX (a non-ionic pol yoxyethylene alcohol 

ether), Chaps (a zwitterionic bile salt derivative) and 

n-octyl glucoside (a non-ionic glycoside) to solubilise 

5GC -reductase. Fig. 15 is a dose response curve of the 

in hi biti on  of microsomal 5^-reductase by these three 

detergents. From this data it can be seen that the 

a p p r ox im ate ^I D ^ Q s for Lubrol W X , Chaps and n-octyl 

glucosiiie- are 0.025% (w/v), 0.05% (w/v) and 0.27% (w/v).

Assay of solubilised protein involves a considerable 

diluti on of the preparation (approx. 1— * 1000). At these

levels the final concentration of detergent in the assay
_3

soluti on is of the order of 10 % ( w / v ) . As can be seen

from Fig. 15 at- these concentrations Lubrol W X , Chaps 

and n —octyl glucoside have no effect on 5Ck— reductase 

activity .

* I D 50 is that concentration of detergent required to  ̂

inhibit 5iX-r educ tase activity by 50%.



Enzyme
activity

As%of control

-a n-octyl glucoside 

Chaps 

-•Lubrol WX

100

6 0

20-

-2 -1 Log Detergent (%w|v)

Fig. 15 - Inhibition of hepatic microsomal testosterone

-reductase by various detergents. Standard 

assay conditions with incubations containing 

varying concentrati ons of n-octyl glucoside, 

Chaps or Lubrol WX as indicated. Results are 

expressed as % of control enzyme activity 

(no detergent). For experiments with Lubrol WX 

and Chaps the control enzyme activity was 

2.48-0.15 nmol min  ̂ mg ^[mean - S.E.; n=3]. 

For experiments with n-octyl glucoside the 

control enzyme activity was 1.71-0.10 nmol 

m i n - ^mg- ^ [m e a n - S .E . ; n=3]. For each detergent

concentration, triplicate assays were performed 

and the results are expressed as the mean - S.E
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3.2.3.2. Solubilisation of 5Q(-r educ tase by d e t e r g e n t s .

The ability of Lubrol WX,Chaps and n-octyl glucoside 

to solubilise microsomal 50(—r educ tase at various 

d e t e r g e n t :protein ratios (D:P) ratios was examined.

The data are presented in Table IX, summarised in Fig.

16 and discussed below.

Chaps was effective in solubilising 50C- 

reduc tas e only at the lowest D:P ratio examined (0-1).

It should be noted that the concentration of Chaps used 

in this experiment (0*07%) is below the CMC of Chaps. At 

this low concent rat ion of Chaps substantial 5C*-r educ tase 

acti vi ty  remained in the pellet. As Chaps was used at 

increas ing  D:P ratios enzyme activity was progressively 

dec reased in the pellet. However , no augmenta tio n of 

so lub ilised 5^-reductase activity was observed.

When LubrolWX was examined it was found that 

at the lowest D:P ratio examined (0*2) , a ”fluffy l a y e r ”

was present over a more compact pellet. this was c a r e 

fully removed from the pellet and clear supernatant and 

was found to contain 7% of the total 50(-r educ tase activity. 

This was considered to be insoluble enzyme activity and 

was added to the 83-5% total enzyme activity recovered in 

the compact pellet to give a total of 90*5% of enzyme 

remaining insoluble after treatment with LubrolWX at a 

D:P ratio of 0*2. When the D:P ratio was increased to 

0*4 , a clear supernatant containing 26% of the total enzyme

act iv ity was obtained. Further increases in the D:P ratio 

resulted in a sharp decrease in the yield of 50̂  — reductase 

activity recoverable in the supernatant .
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n-octyl glucoside prove to be the most effective detergent 

of the three examined in solubilising enzyme activity. At 

an optimum D:P ratio of 1.25, 30.7% of the total enzyme 

activity was solubilised. At this D:P ratio little 

enzyme activity remained in the pellet.

One other d e t e r g e n t , sodium deo xycholate proved to be 

ineffec ti ve at solubilising 50(-r educ tase activity.

Indeed at low con centrations (0.14% w/v) this bile salt 

directly inhibited 501-reductase activity. [The structures 

of the detergents used in these solubilisation studies 

are shown in Table X ] .



For so lubilisa tion protocol see Methods Section 2.2.3. 

De te rg ents were present at the indicated concen tra tion  

in 1 ml of solubilisation buffer A. The microsomal protein 

co nce n t r a t i o n  during solubilisation was 7 mg/ml (10 mg/ml 

for Chaps). Triplicate enzyme assays were performed on 

each m i c r o some -s olubili si ng solution suspension prior 

to centrifuga ti on and on each supernatant and pellet 

obtained. Specific activities are reported as the means. 

Ind ivi dual values obtained for each experiment differed 

by less than 10%. The mean % total enzyme activity 

re covered in each supernatant and pellet is expressed 

relative to the mean total enzyme activity present prior 

to centrifugation. Standard assay conditions with 2 ug 

p r o t e i n / a s s a y .
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%Enzyme 
activity solubilsed

30 -

1 0  n— octyl gjucoside  

-A. Lubro lW X

- § (  C haps

25 -

20-

15-

10-

Detergent: Protein Ratio (w

F i 8- 16
Op ti mu m detergent : protein ratios for sol ubilisation of

hepatic microsoma l 5ftl-reductase by Chaps, Lubrol WX and n-octyl 

g l u c o s i d e . This figure summarises some of the data presented 

in. Table XI • The mean % total enzyme activity recovered in 

the supernatant is plotted in relation to the D/P ratio for 

each detergent.



Table X Structural Formulae of Detergents used to

Solubilise microsomal 5&-reductase

Chaps

s= c
II0

n-Octvl glucoside 
HO

i«“Ou

Oh

Lubrol WX

O' Na*



3.2.4. Stability of solubilised 5$( — reductase

5<X-reductase activity solubilised by chaotropic agents 

(Table VI) appeared to be stable to freezing and thawing 

with little loss of enzyme activity on storage at -20°C 

for 1 week. Similarly Chaps - and Lubrol WX — solubilised 

enzyme activity was stable at -20°C. However this was 

not the case for the n-octyl glucoside solubilised 

enzyme. Almost all n-octyl glucoside solubilised enzyme 

activity was lost after 5 days whether the enzyme was 

stored at 4 ° C , -20°C or at -120°C in liquid ^ . - see 

Table XI.

Table XI Instability of n-octyl glucoside - solubilised

5^-reductase a c t i v i t y .

-1 -1T i m e (d a y ) Sp.Act(n mol min mg )

0 3.45(^0.04)
T°C

-20 -120
1 0.93(-0.03) 1.36(-0.02) 1.59(±0.05)

4 0.04(^0.007) 0.102(-0.010)0.092(-0.028)

Mi c r osomes  were solubilised with n-octyl glucoside at 

a D/P ratio of 1.25 as described in Methods section 2.2.3. 

50C -reductase activity was assayed and the solubilised 

micr osome s were then divided into three aliquots and 

stored at either 4°C, -20°C or -120°C. After 1 and 4 

days the solubilised microsomes were thawed and assayed 

for 50t-reductase activity. Enzyme assays were /...
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p er formed in triplicate and the data are presented
.fas the mean - S.E. Standard assay conditions with 

2ug protein/assay.



3.2.5. Discussion

Tr eatme nt  of hepatic microsomal membranes with chaotropic 

agent s solubilised small amounts of 5 D(— reductase activity.

(see Table VIII; section 3.2.2.) There are no other 

repo rts  in the literature concerning the sol ubilisation 

of hepatic microsomal 5 ^ — reductase by treatment of membranes 

with salt or urea. Recently however, Houston and Habib

(1984) have demonstrated that homog enisation  of human 

pr os tati c tissue in a medium which contained 0.5mol/l 

KC1 and 0.5mol/l sodium citrate solubilised 50% of the 

total 5^ -reductase activity. Earlier Scheer and Robaire 

(1983) had demonstrated that 50% of the total rat epididymal 

-reductase activity could be solubilised by treatment 

with the same concentrations of KC1 and sodium citrate.

In this case the solubilisation buffer contained 20% (v/v) 

glycerol and 0.1mmol/l NADPH. It may be that the c o m p a r a t i v e 

ly small yield of hepatic 5l/-reductase solubilised by salt 

or urea treatment reflects a difference in the location of 

5b( -re ducta se in the membrane of hepatic microsomes with 

the enzyme being deeply embedded in the hydrophobic part 

of the membrane. In the human prostate and rat epididymis 

the enzyme may have a more peripheral location in the 

m e m br an e and thus treatment with salt solutions solubilised 

s ig ni ficant amounts of activity.

An int eresting finding was that solubilisation of microsomes 

with salts or urea was always associated with a loss of 

enzyme activity - that is % enzyme activity recovered in 

p e l l e t + s u p e r n a t a n t ^ 100 (see Table VIII Section 3.2.2.).

Values / . . .
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for recoveries of enzyme activity following centrif ugation 

varied from 28.1% (0.5mol/l KC1) to 47% (0.3mol/l KC1 +

0 . 3mol/l sodium citrate). It may be that centrifugation 

se par ated into the supernatant and pellet components 

who se interaction were necessary for maximum 5^-reductase 

activity. This could be tested by attempting to restore 

enzyme activity by recombination of supernatant and pellet.

As a preliminary to the study of the solub ilisa tion of 

hep ati c microsomal 5$-reductase by detergents we investigated 

the inh ibition of enzyme activity by the detergents used.

If present at a sufficiently high concentration (5mg/ml - 

see Fig. 15; section 3.2.3.1), Lubrol W X , Chaps and n-octyl 

glu co side  all significantly inhibited 5#-reductase activity. 

Ho uston  et al (1985) using Lubrol P X , reported that the 

pr ese nce of this detergent in the assay inhibited human 

pros tat ic 5D(-r educ t a s e . Inhibition is evident at a d e t e r 

gent concentra tion of 20ug/ml and is essentially complete 

at concent ratiorrs of lOOug/ml. In this study an ID50 for 

Lubrol WX inhibition of rat hepatic microsomal 5&-reductase 

of 250ug/ml is reported. The apparent discrepancies 

between these figures may be the result of decreased se n s i t i 

vity of the rat hepatic enzyme to inhibition or it may 

simply be that Lubrol PX is a more effective inhibitory 

agent than the related detergent Lubrol W X .

The successful solubilisation of hepatic microsomal 501-  

redu cta se by Lubrol WX confirmed the previous findings of 

Golf and Graef (1978). These authors used Lubrol WX at 

higher D:P ratios (0.67 - 1.00) than those found to be /...
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su ccessful  in the present study. They used a s o l u b i l i s a 

tion buffer which contained O.lmol/1 K C 1 , 0.1mol/l sodium 

cit rat e and 40% (v/v) glycerol. The authors did not report 

a yield of solubilised enzyme. It may be that the higher 

co n c e n tra ti ons of glycerol used in Golf and G r a e f 's study 

all ow for greater stability of hepatic microsomal 5&(— 

red uc tase  at higher D:P ratios.

Lubrol WX has also proved successful in solub ili sation 

of the rat epididymal microsomal and nuclear enzymes 

(Scheer and Robaire, 1983). Thus at a D:P ratio of 

0.5 - 0.7 and in a buffer containing O.lmol/1 K C 1 , O.lmol/1 

sodiu m citrate and 20% (v/v) glycerol, they reported 25% 

of the total 5D< -reductase activity solubilised.

This work provides the first report of the successful 

s o lubi li sa tion of rat hepatic microsomal 5t/-r educ tase by 

tr eatment with the non-ionic detergent n-octyl glucoside. 

Previously, however Bertics and Karavolas (1985) had 

d emons tr ated that the pituitary microsomal progesterone 

5 DC- red uctase could be solubilised by a combination of 

n-octyl glucoside (final D:P ratio 2.5) and lmol/1 K C 1 .

The composition of the solubilisation buffer used by 

Bert ics  and Karavolas (1985) was similar to that used in 

the present study except that it did not contain sodium 

citrate and the final con centration of NADPH was 5mmol/l. 

Nev ert heless, they report a similar value (38%) for the 

total 5{*j(-r educ tase activity solubilised compared to the /...



-104-

value obtained for the solubilisation of hepatic microsomal 

5(^-reductase activity at optimum D:P ratios of n —octyl 

gluc os ide (30.7% - see Table IX).

Chaps proved to be disappointing in respect of -reductase 

solubilisa tio n. Indeed this detergent appeared to directly 

inhibit microsomal 5(X-r educ tase activity as it was added 

to micr osoma l suspensions in increasing concentrations.

There are no reports on the solubilisati on of 5G(-reductases 

from other tissues using Chaps.

The inhibit ion  of microsomal 50^-r educ tase by deoxycholate 

confir ms the previous findings of Roy (1971).

As was the case when the solubilisation of microsomal 5X- 

re duc ta se with chaotropic agents was studied, s o l u b i l i s a 

tion of hepatic microsomal 5^- reductase with detergents 

also caused a loss of 5^- reductase activity. Again, this 

may be explained as the separation into the supernatant 

and pellet of components whose interaction are necessary 

for ma xi mu m 5&t-r educ tase activity. A more likely ex p l a n a 

tion however, may be the inactivation known to occur to 

m e m b r a n e — bound enzymes at increasing D:P ratios.

(Hjelmeland and Chrambach, 1984). Indeed in the case of 

5H- reductases, the yield of solubilised enzyme decreased 

as the n-octyl g l u c o s i d e :microsomal protein ratio was 

increased (Bertics and Karavolas, 1985). Similarly (Scheer 

and Robaire, 1983) demonstrated that the yield of solubilised 

rat epididymal microsomal 5d(-r educ tase decreased as the 

ratio of Tween 80 or Lubrol W X :microsomal protein was 

increased .
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In this study it is reported that 21-63% of n-octyl 

gluc os ide solubilised raicrosoraal 5^ — reductase activity 

was lost over one day (see Table XI; section 3.2.4). The 

amount of enzyme activity remaining depended on the t e m p e r a t 

ure at which the solubilised microsomes were stored, with 

enzyme stability being favoured by lower temperatures. 

Be rtics and Karavolas (1985) reported that the n-octyl 

gl uc osid e solubilised rat pituitary pro gesterone 5#- 

re du ctas e was stable for 1 day at 4°C. This preparation 

howe ver  had previously been extensively dialysed against 

n o n-de te rg ent containing buffer and it would seem r e a s o n 

able to postulate that the stability of the enzyme may 

be inversely related to the concen tration of n-octyl 

glu co si de present in the solubilised preparation.

For the solubilisation studies reported in Table VIII 

(section 3.2.2) and Table IX (section 3.2.3.2) a new 

batch of rat liver microsomes was prepared. The specific 

activ ity  of this preparation (8-9nmol/min/mg) was 

ap prox i m a t e l y  two-fold higher than that described in 

Sec tio n 3.1. It appeared therefore that therewas some 

i nter- ba tc h variation in microsomal 5^- reductase activity.
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 — j-— f.il t r a t ion of solubilised 5^-reductase activity

M i c r o s o m a l  56(— reductase activity which had been solubilised 

either by treatment with chaotropic agents (Table VIII; 

se ction 3.2.2) or by use of detergents (Table IX; section 

3.2.3.2) was subjected to high-performance  gel filtration 

on a Superose 6 gel filtration column - see Methods 2.2.5.

3.3.1. Gel filtration of Salt-, urea- and CHAPS- solubilised 

- r e d uctas e activity

On gel filtration of these solubilised supernatants no 

enzyme activity was recovered in any of the column fractions. 

A c t ivity could not be restored by assaying for enzyme 

ac ti vi ty in the presence of lmg/ml sonicated phosphatidyl 

choline liposomes. In a further attempt to restore enzyme 

activity various column fractions were combined and assayed 

for 5{/.-reductase activity. Details of the recombined 

column fractions tested for 5^-reductase activity are shown 

in Table XII.

Table XII Recombinat ions of column fractions from gel

filtration of salt-, urea- and CHAPS- solubilised 

microsomes 

A 200ul each of fractions 9-15

B 200ul each of fractions 16-20

C 200ul each of fractions 21-28

D 200ul A + 200ul B

E 200ul A + 200ul C / .....
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Ta ble  XII contd./..

F 200ul B + 200ul C

G 200ul A + 200ul B + 200ul C

lOOul each of the recombination (A—G) was assayed in 

t r i p li ca te for 51/- reductase activity in the presence and 

ab sence  of lmg/ml sonicated phosphatidyl choline liposomes. 

St and ar d assay conditions.

A t t em pts to restore 5^-reductase activity by this method 

were  unifo rml y unsuccessful. The 0D280 profiles obtained 

on gel filtration of these three solubilised extracts are 

shown in Fig. 17 (a) - (c).



Fig. 17(a) O P 280 profile obtained on gel filtration of 

Chaps - solubilised m i c r o s o m e s .

lOmg of microsomal protein were solubilised in 1ml of 

s o l u b i l i s a t i o n  buffer A containing 0.1% (w/v)Chaps (final 

D:P ratio = 0.1) according to the procedure described in 

Me t h o d s  section 2.2.3. 250ul of the resulting supernatant

(approx. l.OOmg protein) was applied to a Superose 6 gel 

f il tr ation column. The column was equilibrated and eluted 

with  so lubilisa tion buffer A containing 1.0% (w/v) Chaps. 

Eluent flow rate was 0.4 ml/min and fraction sizes were 

lml. No 5()(-reductase activity was recovered in any of 

the column fractions. The 0D280 profile obtained is shown.

Fig. 17(b) 0D280 profile obtained on gel filtration of 

s a l t- so lu bilis ed  m i c r o s o m e s .

lOmg of microsomal protein were solubilised in lml of 

so lubi l i s a t i o n  buffer B containing 0.1 mol/1 KC1 and 0.1 

m o l /1 sodium citrate according to the procedure described 

in Me thods section 2.2.3. 250ul of the resulting supernatant

(approx. 0 . 3mg protein) was applied to a Superose 6 gel 

fi ltration  column. The column was equilibrated and eluted 

with so lubilis ation buffer B containing 0.1 mol/1 KC1 and 

0.1 mol/1 sodium citrate. Eluent flow rate was 0.4 ml/min 

and fraction sizes were lml. No 5(1 -reductase activity was 

r ec overed in any of the column fractions. The 0D280 profile 

obtai ned  is shown.



Fig. 17(c) 0D280 profile obtained on gel filtration of

u r e a - s o l u b i l i s e d  m i c r o s o m e s .

lOmg of microso mal  protein were solubilised in lml of 

s o l u b i l i s a t i o n  buffer B containing 2 mol/1 urea according 

to the procedure described in Methods section 2.2.3. 250ul 

of the resulting supernatant (approx. 0 .9mg protein) was 

applied to a Superose gel filtration column. The column 

was equ ili brate d and eluted with solubilisation buffer B 

co nt ai ning 2 mol/1 urea. Eluent flow rate was 0.4ml/min and 

fraction sizes were lml. No 5&-reductase activity was 

re co ve red in any of the column fractions. The 0D280 profile 

obtained is shown.
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3.3.2. Gel filtration of Lubrol WX — solubilised 50C-

r e d uctase activity

The enzyme profile obtained on gel filtration of the Lubrol 

WX - solubilised enzyme activity is shown in Fig. 18. As 

can be seen all the 50C-reductase activity eluted at or near 

the void volume. Table XIII lists the specific activity 

found for column fractions containing active enzyme.

Tab le XIII Specific activity of 5b(-r educ tase in column 

fractions from gel filtration of Lubrol - 

solubilised 5ft(-reductase

•a*"T*Specific Activity Purificati on Factor

Ori gi nal
enzyme

solubilised 0.49 1

Fraction No. 11 1 .64 X 3.3

Fractio n No. 12 0.29 X 0.6

Fractio n No. 13 0.12 X 0.2

* in nmo l/min/mg

The original solubilised enzyme activity which was applied 

to the gel filtration column was assayed in triplicate and 

column fractions were assayed in duplicate according to the 

procedure described in the legend to Fig. 18. The mean 

specific activities found are reported.

In the first fraction obtained from the gel filtration 

column (No. 11) there is indeed some purification of 50U 

red uctase activity (^/3 -fold). The recovery of enzyme/-.-
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ac ti vi ty from the gel filtration column was approx. 15% 

of the total activity applied to the column in the soluble 

s u p e r n a t a n t .
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Fig. 18 - High performance gel filtration of Lubrol WX solubilised 
hepatic microsomal 5h(-reductase

7mg of microsomal protein were solubilised in 1 ml of solubilisation 
buffer A containing 0.28% (w/v) Lubrol WX (final D:P ratio 0.4) 
according to the procedure described in Methods section 2.2.3. 200ul
of the resulting supernatant (approx. 1.25mg protein) was applied 
to a Superose 6 FPLC gel filtration column. The column was equilibrated 
and eluted with solubilisation buffer A containing 0.3% (w/v) Lubrol WX. 
Eluent flow rate was 0.4ml/min and fraction sizes were lml. 50ul 
aliquots of column fractions were assayed in duplicate for 5c4-reductase 
activity. The assay mixture contained (in a total volume of 500ul)
0.1 mol/1 Tris Cl (pH 7.0), 1 umol/1 testosterone, 10^ d.p.m.(0.38 umol/1) 
5fcC—DHT and 0.5 mmol/l NADPH. Incubations were at 37°C for 20 min.
The mean 5&-reductase activity for each fraction is expressed as 

' nmol min-l ml- -̂. The Lubrol WX - solubilised microsomal extract was 
incubated at ambient temperature for the duration of the gel filtration 
run (y l-|hr) and was assayed along with and under identical conditions 
to those pertaining for the column fractions. The activity of this 
unfractionated enzyme represented the control enzyme activity of the 
applied extract and was 0.49* 0.04 nmol min-1 mg~l [mean ± S.E.; 
n=3]. It did not differ significantly from the activity of freshly 
solubilised microsomal 5b(-reductase activity. Two experiments were 
performed with Lubrol WX - solubilised microsomes and similar results 
were obtained in both instances.
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3.3.3. Gel filtrat ion of n-octyl glucoside solubilised

50( - r e d u c t a s e  activity

As was the case with the Chaps-, s alt— and u r e a — solubilised 

5{j(-reductase (see section 3.3.1) on gel filtration of the 

n — octyl glucoside  solubilised enzyme no activity was 

r e c o ve re d in any of the column fractions when the eluent 

buffer con tained 0.87% (w/v) n-octyl glucoside. Activity 

was not restored by assaying the column fractions in the 

pr e sen ce  of lmg/ml sonicated phospha tidyl  choline solution 

added to the enzyme assay. As with the Chaps-, salt- and 

urea- sol ubi li sed enzymes (see section 3.3.1), column 

fr a cti on s were recombined in an attempt to restore 5 

re d u c t a s e  activity. Details of the recombined column 

fr a cti on s tested for 5&C-r educ tase activity are given below 

in Table XIV.

Ta bl e XIV R e co mbinat io ns of column fractions from gel

filtration of n-octyl glucoside solubilised 

micr os omes

A 200ul each of fractions 13-17

B 200ul each of fractions 18-23

C 200ul each of fractions 24-29

D 200ul A + 200ul B

E 200ul B + 200ul C

F 200ul A + 200ul C

G 200ul A + 200ul B + 200ul C

lOOul each of the recombinations (A-G) was assayed in 

triplic at e for 50C-r educ tase activity in the presence and/.
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absence  of lmg/ml phosphatidyl choline. Standard assay 

c o n d i t i o n s  .

As with the Chaps-, salt- and urea solubilised enzymes, 

at t e m p t s  to restore 50(— reductase activity by recombi nation  

of frac ti ons were unsuccessful. It was observed however 

that the 0D280 profile obtained on gel filtration of the 

n- oc ty l glu coside solubilised enzyme was different from 

that of the Lubrol WX solubilised enzyme. The 0D280 profile 

of the n-octyl glucoside solubilised microsomes  is shown 

in Fig. 19. The 0D280 profile from the Lubrol WX gel 

f i l t r a t i o n  in Fig. 18 is super-imposed for comparison.

Notice in the case of the n-octyl glucoside so lubilisa tion 

and gel filtrati on the absence of the early-e luting 

m a t e r i a l  con taining  enzyme activity which was seen for the 

Lubrol WX solubilisati on and gel filtration. The o b s e r v a 

tions suggested that any 5^-reduc tase activity recovered 

on gel fil tration  was present in a large agg regated form 

and c ondit io ns which caused dis saggr eg ation of this complex 

led to a loss of enzyme acitvity. It has been hy po thesi sed 

that non -i onic  detergents such as Triton and Lubrol do not 

d i s a g g r e g a t e  proteins as effectively as other detergents 

(H j e l m e l a n d  and Chrambach, 1984) and this may be why the 

only time enzyme activity is recovered is as large aggregates 

on Lubrol WX solubilisa tion and gel filtration. Further 

support for this theory was obtained from a series of 

e x p e r i m e n t s  which examined the enzyme profile obtained when 

th e n-octyl glucoside solubilised enzyme was again s u b j e c t 

ed to gel filtration with the mod ifi ca tion that the elution 

buffer con tained 0.05% w/v n-octyl glucoside. This is /...
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Fig. 19 - Comparison of the 0D280. profiles obtained on gel filtration 

of Lubrol WX and n-octyl glucoside solubilised microsomal extracts.

7mg of microsomal protein were solubilised in 1 ml of solubilisation 

buffer A containing 0.87% (w/v) n-octyl glucoside (final detergent: 

protein ratio = 1.25) according to the procedures described in Methods 

section 2 .2 .3 . 200ul of the resulting supernatant (approximately lmg

protein) was applied to the Superose 6 FPLC column. The column was 

equilibrated and eluted with solubilisation buffer A containing 0.87% 

(w/v) n-octyl glucoside. Eluant flow rate was 0.4 ml min 1 and fraction 

sizes were lml. The 0D280 profile obtained is compared with that seen 

in Fig. 18 for the Lubrol WX-solubilised microsomal extract.
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Fig. 20 High-performance gel filtration of n-octyl glucoside 
solubilised hepatic microsomal 5^,-reductase.

7mg of microsomal protein were solubilised in lml of solubilisation buffer 
A containing 0.87% (w/v) n-octyl glucoside (final detergent:protein ratio 
= 1.25) according to the procedures described in Methods section 2.2.3.
400ul of supernatant (approx. 2mg protein) was applied to the Superose
6 gel filtration column. Elution conditions were as described in Fig.19 
except that the elution buffer contained 0.05% (w/v) n-octyl glucoside.
25ul aliquots of column fractions were assayed in duplicate for 5GUreductase 
activity under standard assay conditions. The mean 5oCrreductase activity 
found for each fraction is expressed as nmol min~l ml-l . The column 
fractions were assayed for protein content and this is also plotted.
The n-octyl glucoside-solubilised microsomal extract was incubated 
at ambient temperature for the duration of the gel filtration run 
( "V l-jhr) and was assayed along with and under identical conditions to 
those pertaining for the column fractions. The activity of this un
fractionated enzyme represented the control enzyme activity of the applied 
extract and was 1.25* 0.30 nmol min-  ̂mg-l [mean* S.E. ; n=3]. It did 
not differ significantly from the activity of freshly solubilised 
microsomes. Three experiments were performed with n-octyl glucoside 
solubilised microsomes and similar results were obtained in each instance.
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well below the published CMC value for n-octyl glucoside 

(0.73% w/v) (Hjelmeland and Chrarabach, 1984). Three 

e x p e r i m e n t s  were done in total and similar results were 

ob t ain ed  in each instance. The results of a rep re sentative 

e x p e r i m e n t  are shown in Fig. 20. Notice the re —appea ran ce 

of ea r l y - e l u t i n g  material containing approx. 70% of the 

applied  enzyme activity. Notice also the presence of 

enzyme  activity well included on the gel filtration column. 

This amoun ts to some 10% of the total applied enzyme 

a c t iv it y and was observed in each of these separate 

ex pe rime nt s. Table XV lists the specific activity found 

for some of the column fractions containing active enzyme.

Tab le XV Specific activity of 50(-r educ tase in column 

fractions from n - o c t y 1 -gl uco si de-sol ub ilised 

micr oso mes
-j+
Specific Activity Puri fi cation Factor

O ri gi nal
enzyme

solubilised 1 .25 1

F r a ct io n No. 8 4.60 X 3.7

F ra ct ion No. 9 3.20 X 2.6

F r a ct ion No . 10 3.40 X 2.7

F r a ct ion No . 23 2 .85 X 2.3

Fr actio n No. 24 2.05 X 1.6

Fr act i o n No. 25 4.80 X 3.8

Fr actio n No. 26 1 .45 X 1.2

* in nmo 1 /min/mg

The origin al solubilised enzyme activity which was ;

to the gsl filtrat ion  column was assayed in triplicate and 

column fra ctions were assayed in duplicate according to the 

p ro ce dure described in the legend to Fig. 20. The mean 

specific activities found are reported. Individual values 

varied by ^ 10%. In the column fractions listed in /....



Ta bl e XV purifi cation factors for 5{)( — reductase activity

ra nging from 1.2 - 3.8 were found.

That the conce ntration of n-octyl glucoside in the FPLC 

e l u ti on buffer was a critical factor in the recovery of 

5D(— re d u e t a s e  activity was illustrated by a series of 

e x p e r i m e n t s  which are described in Fig. 21. N-octyl 

g lu c o s i d e  solubilised extracts were incubated with s o l u b i l i s a 

tion buffer A containing different concentra tions of n-octyl 

glu cos ide. Conditions were chosen so as to represent 

those pertaining on gel filtration of n-octyl glucoside 

so lu b i l i s e d  microso mes using elution- buffers containing 

n -o cty l glucoside at the concentrations indicated in Fig.

21. As can be seen 50C-reductase activity was stable on 

pr e - i n c u b a t i o n  in buffer containing 0.45% (w/v) n-octyl 

glucoside, there being little loss of enzyme activity 

over a two hour period. However, if the conc ent ratio n of 

n-octyl glucoside was increased by only 0.05% (w/v) there 

was a rapid loss of enzyme activity with only 30% of the 

control activity remaining after 2 hr. If the c o n c e n t r a 

tion of n-octyl glucoside was raised by a further 0.05% (w/v) 

to 0 .5 5 % (w/v) there was an instantaneous loss of enzyme 

ac ti vi ty and no activity remained after 2 h r . When n —octyl 

gl u c oside solubilised mic rosomes were subjected to gel 

fi l t ration  and elution with a buffer containing 0.45% (w/v) 

n — octyl glucoside, then an enzyme and protein profile 

similar to that obtained on elution with a buffer containing 

0.05% (w/v) n-octyl glucoside was seen. This is shown in 

Fig. 22. Again the bulk of the enzyme activity (83% of 

the total applied) eluted early at or near the void volume. 

Note however that in this experiment the included enzyme /•••
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Fig. 21 Time-dependant loss of 5flC-rediictase activity on pre-incubation 
at varying concentrations of n-octyl glucoside.

7mg of microsomal protein were solubilised with n-octyl glucoside at a 
D/P ratio of 1.25 according to the procedures described in Figs. 19 and 
20 and in Methods section 2.2.3. 25ug of the solubilised protein was 
added to 975ul of solubilisation buffer A containing 0.45%, 0.50% or 
0.55% (w/v) n-octyl glucoside and incubated at room temperature . This 
gives D/P ratios in the pre-incubation solutions of 18, 20 and 22 
respectively. At the indicated time intervals, aloquots (80ul; 2ug 
protein) were removed and assayed for residual 5&-reductase activity. 
(Standard assay conditions). Assays were performed in duplicate and the 
results are expressed as the mean* range. For solubilised microsomes 
incubated at 0 .45% (w/v) n-octyl glucoside, the specific activity of 
50(-reductase at t=0min was 2.81* 0.20 nmol min~l mg-1 [mean* range ; 
n = 2]. This is normalised to 100% enzyme activity and all other values 
are expressed relative to this for comparison. This activity was not 
significantly different from that of freshly solubilised microsomal 
5$r-reductase assayed under standard assay conditions 2.30— 0.07 nmol. min—  ̂
mg~l [meaniS.E. n = 4].
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Fig. 22 High performance gel filtration of n-octyl glucoside solubilised 
hepatic microsomal 5b(-reductase.

7mg of microsomal protein were solubilised with n-octyl glucoside at 
a D/P ratio of 1.25 according to the procedures described in Figs. 19 
and 20 and Methods section 2.2.3. FPLC elution conditions were as 
described for Fig. 20  ̂ except that the elution buffer contained 0.45% 
(w/v) n-octyl glucoside. 400ul of supernatant (approx. 2mg protein) 
was applied to the Superose 6 FPLC column. 25ul aliquots of column 
fractions were assayed in duplicate for 5&r-reductase activity under 
standard assay conditions. The mean enjyme activity found for each 
fraction is expressed as nmol min~^ ml . The column fractions were 
assayed for protein content and this is also plotted. The n-octyl 
glucoside-solubilised microsomal extract was incubated at ambient 
temperature for the duration of the gel filtration run ( l^hr) and 
was assayed along with and under identical conditions to those pertaining 
for the column fractions. The activity of this unfractionated enzyme 
represented the control enzyme activity of the applied extract and 
was 3.27^ 0.04 nmol min“l mg-  ̂ [mean^ S.E. ; n = 3]. It did not differ 
significantly from the 5&(-reductase activity of freshly solubilised 
microsomes.



a c t i v i t y  which was seen on elution with a buffer containing 

0.05% (w/v) n-octyl glucoside is not seen when this 

hig her  con centrat io n of n-octyl glucoside is used although 

there was a peak evident at Ve = 18ml.

Whe n n-oc tyl glucoside - solubilised enzyme was eluted 

from the gel filtration column with a buffer containing 

0.5 (w/v) n-octyl glucoside ( a concen tration  of n-octyl 

g l u c o s i d e  which caused a rapid decrease in 5lA-reductase 

ac t i v i t y  when pre-incubated with n-octyl glucoside 

s o l u b i l i s e d  microsomes - see Fig. 21) then an enzyme and 

pr ot ei n profile similar to that seen on elution with 

0.87% (w/v) n-octyl glucoside was obtained - see Fig. 19. 

Thus there was no enzyme activity recovered in any 

fr ac ti ons with an absence of early-eluting material and 

the asso ci ated peak of enzyme activity. It seemed, from 

this series of experiments, that further charact er is ation  

of enzyme activity would be hampered by the fact that 

con d i t i o n s  which resulted in the true solubil isation of 

the enzyme protein would result in the loss of the bulk 

of the enzyme activity. We therefore decided to adopt 

an a l t e rnativ e approach in an attempt to further c h a r a c t e r 

ise 5c(— reductase . (see Results Section 4).
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3.3.4. Tr ans f o r m a t i o n  of testosterone and 5X -dihydr o- 

t e s t o s t e r o n e  by other microsomal steroid metabo lising  

e n z y m e s .

Before leaving this section it must be stated that some

of the column fractions from the gel filtration experiments
3d e s c ri be d in this section were able to metabol ise  H-t esto-

3sterone to products other than H 5&-DHT and were also

cap able of metaboli sing the l4C 5#-DHT present in the assay
3 1L.mixture. In these instances, and were recovered

from an area in the t.l.c. plate just behind the position 

of t es tostero ne  and also from an area close to the origin.

In the salt-, Chaps-, Lubrol WX- and n-octyl glucoside 

s ol u b i l i s e d  enzymes the peaks of activity were always 

pr esent  in Fraction Nos. 20 and 21. In the u r e a —solubilised

m i c r o s o m e s  this enzyme activity was not detected. Although

no further attempts were made to characterise these enzyme 

a c t i v i t i e s  they probably represent the mic rosomal cytochrome 

P450 steroid hydroxylases and the 3-hydroxy steroid d e 

hy d r o g e n a s e s  which convert testosterone and 5^-DHT to andro- 

s t a n ed io ls and polar hydroxylated steroid metabolites. A 

ty pical enzyme profile is shown in Fig. 23. The results in. 

this figure indicate the radioactivity (3H and C) recovered 

from the area of the t.llc. plate close to the origin ( R f < 0 - 2 )  

and thus ind icated those column fractions which contained 

the steroid hy dr oxylating activity.
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2Fig. 23 Met a b o l i s m  of [ H ]-testosterone and 5^-dihYd ro- 
14[ C l - t e s t o s t e r o n e  to polar compounds.

A l i q u o t s  of column fractions from gel filtration were _
3i nc ub ated in duplicate with [ H ]-testosterone and 5^-

dihydro-[ ]-testosterone under identical conditions to

those describe d in the legend to Fig. 20. Following t.l.c.

re lev en t portions of the t.l.c, plate close to the origin

( Rf ^0*2 ) were removed and the radioactivity determined.
5 3The in cu b a t i o n  mixtures contained 3*97*10 d.p.m. [ H ]—

• • 3 14
t e s t o s t e r o n e  and 7*16 10 d.p.m. 5b^— dihydro — [ C ] —

te sto sterone .
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3.3.5. Disc ussio n

There are only two reports in the literature 

de sc r i b i n g  the chromat ographic behaviour of 5<* -reductase.

In 1974, Moore and Wilson described the behaviour 

of solu bi lised nuclear and microsomal rat prostatic 

5 & - r e d u c t a s e  on gel filtration. The enzyme activity was 

s o l u bi li sed by a combination of digitonin (D/P ratio = 2) 

and 3M K C 1 . When the solubilised microsomal 561 -reductase 

enzyme activi ty was applied to a Bio-Gel A-1.5m gel 

f il t r a t i o n  column 35% of recovered enzyme activity was 

excl ud ed  from the column. The remaining enzyme activity 

eluted  in a peak correspo nding to a molecular weight of 

2 5 0 - 3 5 0 k . If KC1 was omitted from the so lubilisation  

and column elution buffers then the amount of enzyme 

ac tivit y excluded from the column increased to 75%.

Si milar results were obtained with the solubilised nuclear 

enzyme, although in the absence of KC1 no enzyme activity 

was recovered from the gel filtration column. The authors 

sug ge st ed that this was due to the pre cip itation of the 

enzyme on the column.

In 1978, Golf and Graef described the results of 

some exper ime nts which examined the behaviour of solubilised 

rat hepatic microsomal 5bl-reductase on affinity chromatography. 

In these studies the authors employed a te stosteron e-linked 

Sep ha rose  4B column and applied Lubrol WX — solubilised 

50^-reductase activity (D/P ratio 0.6-1.0) to this column./..
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They obtained four fractions which they identify as X — 

membraneous fragments” ; II - NADPH ; cytochrome oxido— 

reductase; III — testosterone 5{ji(—r e d u c t a s e ; the authors 

also indicated that sonicated phosphatidyl choline could 

replace fraction IV. A re-combination of all four fractions 

was necessary for maximal 5^-reductase activity. The authors 

indicated that the testosterone concentration bound to 

Sepharose was very important for the reproducibility of 

these results.

As well as the report by Moore and Wilson (1974) of the 

presence of species of 5$(-r educ tase in different states of 

aggregation, Larner and Wiebe (1983) described similar 

properties in a different microsomal steroid metabolising 

enzyme, the 5-ane-3^-hydroxy steroid oxidoreductase from rat 

Leydig cells. They reported that the partially purified 

enzyme can exist as a molecule with an Mr of 35000 or as 

aggregates of Mr 150000, a finding not dissimilar to that 

described above for microsomal 55(-reductase. Note that the 

we ll- included enzyme activity apparent on elution with 0*05% 

n-octyl glucoside is outwith the resolving power of the gel 

filtration column and it is highly likely that there is some 

form of interaction between this species and the column 

material. Indeed Clezardin et al (1986) found that m o n o 

clonal IgM (Mr 900000) can either elute at the void volume 

( Ve = 10ml. ) or at Ve = 21ml. depending on the composition

of the gel filtration elution buffer. These workers also 

used a Superose 6 column.

Two other anomalies must be raised in relation to the n-octyl 

glucoside - solubilisation/gel giltration experiments.
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F i r s t l y , when n octyl glucoside — solubilised enzyme was 

eluted from the gel filtration column with a buffer c o n t a i n 

ing 0-45% (w/v) n-octyl glucoside (which is a sub-CMC 

co n c e n t r a t i o n  of n — octyl glucoside) then again the bulk 

of the enzyme activity applied eluted at the void volume. 

However, in this instance, the w e l l — included enzyme activity 

seen on -elution with 0-05% (w/v) n-octyl glucoside is not 

evident. In order to explain these findings it can be 

pos t u l a t e d  that the well included form of the enzyme is 

di rectl y inhibited by 0-45% (w/v) n-octyl glucoside but not 

by 0*05% (w/v) n-octyl glucoside. (This in contrast to 

the in hi bitio n of enzyme activity by disag grega tion when 

the conce n t r a t i o n  of n-octyl glucoside is raised above 

the CMC). Indeed there were some results described in 

this thesis which lent tentative support to this conclusion. 

Ca reful inspect ion of Fig. 21 (Section 3.3.3.) indicates 

that p r e - i n cu ba tion of n-octyl glucoside solubilised 

m i c r o s o m e s  in 0-45% (w/v) n-octyl glucoside did lead to 

a slight, but perceptible loss of enzyme activity (10- 20%). 

This loss of enzyme activity is not seen when solubilised 

enzyme is pre-inc ubate d in 0*05%(w/v) n-octyl glucoside. 

About 10% of the total enzyme activity was found to be well- 

in clu ded (see Fig. 20 Section 3.3.3).

The second phenomenon which requires some explanation is 

the comple te loss of enzyme activity on elution with 0*87% 

(w/v) n-octyl glucoside despite the fact that successful 

s o l u b i l i s a t i o n  of enzyme activity occurs at 0*87% (w/v).

One expl anation for this may be that it is D:P ratios which 

are important when considering inactivation of enzyme (see 

this Section and Fig. 16 ; Section 3.2.3.2). Gel f i l t r a 

tion involves dilution of protein sample which in turn /...
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leads to an increase in the D:P ratio in each fraction 

from the gel filtration column. It is possible that the 

rapid loss of enzyme activity may be associated with this 

p h e n o m e n o n  .

The observation of steroid hydroxylase and hydroxy-  

steroid de hy drogenase activity in some column fractions 

will be discussed in detail in the final section of this 

thesis - M4. General Discussion and Con clusions."

As mentioned at the end of Section 3.3.3. the 

lability of 5b(-reductase enzyme activity during further 

m a n i p u l a t i o n s  led us to attempts to characterise the enzyme 

by a l t e r n a t i v e  techniques. The results of these experiments 

are rep orted  in the following section (3.4).
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3.4. P h o t o - a f f i n i t y  labelling of hepatic microsomal 5X- 
red uc ta se with Diazo-MAPD

3.4.1. The speci ficity of binding of diazo-MAPD to microso mal 

- r e d uc ta se

D i a z o - M A P D  has been reported to bind specifically to rat 

liver and prostate microsomal 5(^-reductase (Liang et a l ,

1985b ). If this is the case then radioactively labelled 

D i a z o - M A P D  could be linked to 5ti -reductase and used as a 

m ark er for the enzyme under conditions where 50(-reductase 

no rm al ly loses its activity. A series of experiments were 

ca rried out to investigate the specificity of binding of 

[1,2-^H] - Diaz o-MAP D to rat liver microsomes. The results 

of these exp er ime nts  are presented in Fig. 24 and discussed 

b e l o w .

In the control incubation (a) in Fig. 24 the binding of

[ 3H ] - D i a z o - M A P D  was 600^ 95dpm/ug solubilised protein.

When UV irrad iat ion was performed in the presence of a 1000-

fold excess of unlabelled diazo-MAPD binding was reduced by

87% to 80-10 dpm/ug solubilised protein. This provides an
3

in di cati on  as to the extent of non-specific binding of [ H] — 

Dia zo-MAPD. When NADPH was omitted from the incubation 

mi xture  or when irradiation was not performed the binding of 

[^H] - D i a z o- MAPD to rat liver microsomes was 29% and 21% 

of that in the control incubations. The results described 

in Fig. 24 indicated that [^H] - Diazo-MAPD was binding to 

he patic micr os om es in a specific, NADPH-dependant manner and 

that this binding required UV irradiation.
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HdMAPD;NADPH

b - HdMAPD;NADPH;dM

c-HdMAPD

d-3HdMAPD;NAPDH 
No irradiation

Fig. 24 Photo-affinity labelling of hepatic microsomal 5fll-reductase.

For conditions during photo-labelling see Methods - section 2.2.4. For
the test incubation and three controls, results are expressed as
3 +H d.p.m.-bound/ug solubilised protein and are the means - S.E. of
three separate experiments.
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3.4 ,2. Gel filtration of solubilised, p h ot o— affinity

labelled micros omal 5&-reductase

As with n-octyl glucoside solubilised enzyme activity, the 

n - octy l glucoside  solubilised, photo-af fin ity labelled 50U 

re d u c t a s e  was analysed by high performance gel filtration.
o

M i c r o s o m e s  were labelled with [ H] -Diazo-MAPD in the 

p re se nce or absence of a 1000-fold excess of unlabelled 

D i a z o - M A P D  and in the absence of NADPH [Fig. 24 (a),(b) 

and (c)]. The three preparations were solubilised and 

ap plied  to the Superose 6 gel filtration column. The 

r a d i o - a c t i v e  profiles obtained for each of the three 

p r e p a r a t i o n s  is shown in Fig. 25 (a) - (c). For each of

the three preparat ions 2 peaks of radio-a ctivity were 

ob t ain ed  eluting at Ve 18ml and Ve 23ml. This former peak 

c o r r e s p o n d s  to a Mr of 42000. The latter peak has a 

larger elution volume than cytochrome C [Ve 21ml; Mr = 

12300].

Alt ho ugh present in all the three experiments, the 

peaks eluting at Ve 18ml and Ve 23ml, contain much less 

r a d i o - a c t i v i t y  in the experiments in which mic rosomes  were 

p h o t o - a f f i n i t y  labelled in the presence of excess unlabelled 

D i a z o - M A P D  and when microsomes were labelled in the , 

ab se nc e of NADPH. [See Fig. 25]. In addition, in these 

two exp er im ents the presence of additional peaks of 

r ad io a c t i v i t y  was noted. Thus in the case of microsomes 

lab ell ed in the presence of excess radio-inert Diazo- 

MAPD peaks eluting at Ve 28ml and Ve 31-32ml were observed. 

This latter peak was also observed when microsomes /...
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label led  in the absence of NADPH were solubilised and gel 

filte red  and it corresponded to the elution position of free 

[3H] Diazo-MAPD . [Fig. 25]

In an ad ditio na l experiment, n-octyl g l u c o s i d e - s o l u b i l i s e d ,

p h o t o - a f f i n i t y  labelled microsomes were applied to a TSK G3000

SW h i g h - p e r f o r m a n c e  gel filtration column. This column

prov id es  better resolution of proteins over the molecular
3weight r a n g e . 5-300 x 10 . The results of this experiment 

are shown in Fig. 26 and described below. Notice, as was the 

case with gel filtration on the Superose 6 column, two peaks 

of r a d i o - a c t i v i t y  were obtained eluting at Ve 18ml and Ve 27- 

28ml. This former peak corresponded to a Mr of 52000 whereas 

the latter peak again shows a larger elution volume than the 

c y t o c h r o m e  C Mr. marker [Ve = 23ml]. When the TSK G3000 SW 

column was used, free steroid eluted at Ve 32ml.

In three separate experiments which resembled those described 

in results Section 3.3.3, the radioactive profile obtained 

when solubilised, photo-affinity labelled microsomes were 

applied to the Superose 6 column and eluted with buffer 

co n t aining  s u b — CMC concentrations of n— octyl glucoside was 

examined. The results obtained in one of these experiments 

are shown in Fig. 27 and should be compared with the r a d i o 

active profile seen in Fig. 25. In both instances a peak 

of radio a c t i v i t y  eluted at Ve 2 3 - 2 4 m l . However, when the 

co n c e n t r a t i o n  of n —octyl glucoside in the FPLC elution buffer 

was reduced below the CMC to 0.05% (w/v) the peak evident at 

Ve 18ml in Fig. 25 was not seen. Instead a broad peak of /...
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Fig. 26 ~ High performance gel filtration of n-octyl glucoside
solubilised, photo-affinity labelled microsomes.

Photo-affinity labelling and HPLC conditions were as described in 
the legend to Fig. 28(a). 200ul of supernatant (containing 370ug
protein; 88000 d.p.m.) was applied to a TSK G3000 SW high performance 
gel filtration column. Elution conditions are identical to those 
described in the legend to Fig. 25.
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Fig. 27 - High performance gel filtration of n-octyl glucoside
solubilised, photo-affinity labelled microsomes.

All conditions are identical to those described in Fig. 25 , with 
the exception that the FPLC elution buffer contained 0.05% (w/v) 
n/octyl glucoside. 300ug protein (55800d.p.m.) was applied to the 
Superose 6 column.
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ear l y — eluti ng radioactivity was evident along with early 

eluting protein. This early-eluting material was not seen 

in Fig. 25 but was evident when solubilised 5)(-r eductase 

enzyme was eluted with buffer containing 0.05% (w/v) n-octyl 

glucoside. (see Fig. 20 : results section 3.3.3). Also 

notice that the position of elution of the major ratio- 

active peaks in Fig. 27 co-incides with the elution position 

of s o l u b i l i s e d  enzyme activity in Fig. 20.

The enzym e profile from Fig. 20 is super-imposed on the r a d i o 

act ive prof ile of Fig. 27 for comparison. (see Fig. 28).



5&reductase activity
(nmol/min/ml) *10 dpm /tract ion M O  ) a

12-3k443k 66k
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186 8 1410 12 16 3020 22 24 26 28

Ve (ml.)

Fig. 28 A comparison of the gel filtration profiles of 

n-octyl glucoside solubilised 5fr(-reductase activity and 

n- octyl glucoside s o l u b i l i i s e d , photo-af fin ity labelled 

m i c r o s o m e s .

The enzyme profile is that shown in Fig. 20 and the r a d i o 

act ivi ty profile is that depicted in Fig. 27. Experimental 

conditions  are described in the relevant figure legends.
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3.4.3. S D S — PAGE of photo-aff inity labelled microsomal 

50(-r eductas e

This tech nique was used in an attempt to detect the radio-

labelled protein produced by photo-a ffinity labelling of
3m i c r o s o m e s  with [ H] Diazo-MAPD. Two approaches were used : 

Fo l l owing ele ctr ophoresis, relevant gel tracks were cut into 

slices, the gel pieces dissolved and taken for determination  

of ra di o a c t i v i t y  (see Methods section 2.2.6.3). Some of 

the gel was also processed for fluorography (see Methods 

section 2.2.6.2) and the developed fluorograp h was examined 

for the presence of radi o- label led protein. The results of 

a gel slicing experiment are shown in Fig. 29 and are 

described  below.

Fo l l owing el ectrop horesis of solubilised, pho to-affinity 

labelled micro so mes all the radio activity is recovered at 

or near the dye front. The results of a fluorograph are 

shown in Fig. 30 and confirm the findings described in Fig. 

29 with bands represen ting tritium present near or close to 

the dye front. This may represent the labelling of a small 

Mr (10-15k) protein although two other explanations could 

be forwa rded for the results obtained in the gel slicing 

and fluor og ra phy experiments.

(a) During sample preparation for electrophoresis, tritium
3exchan ge with sample buffer was occuring and (b) [ H] Diazo-

MAPD is not covalently bound to 50t-r eductase protein and 

thus free [^H] Diazo-MAPD, having a low Mr (380) runs at 

the dye front on electrophoresis. Experiments were u n d e r 

taken to examine these possibilities.



dpmjgel slice (xJOT̂ _) 
f  250k 2 9 k6 6 k  45k dye

front

0-8H

0*6H

0 - 4 4

Slice403530252010

Fig.29 SDS - PAGE of n-octyl glucoside solubilised, photo-affinity 
labelled microsomes.

150ug of solubilised protein was loaded to each of two gel wells.
3Gels were run, the relevant portions sliced and the H d.p.m. 

determined according .to the procedure described in Methods section 
2.2.6.3.
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Fig. 30 Fluorograph of photo-affinity labelled rat liver microsomes

3
Microsomes were photo-affinity labelled with [ H] D iazo-MAPD according 
to the procedure described in Methods, section 2.2.4. 10, 25, 50 and
lOOug of microsomal protein were loaded into the gel wells. Gels were 
processed for fluorography as described in Methods, section 2.6.6.2.
The position of molecular weight markers is indicated. Lana 1 - lOOug 
microsomal protein; 2 - 50ug; 3 - 25ug; 4 - lOug.
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3’3.4.4. Ext ra ct ion of [.. H..]., Diazo-MAPD from photo-aff inity 

labelled mic ros omes

O
The ability of organic solvents to extract[ H]D iazo- MA PD 

from labelled micros omal preparations was examined. The 

results^ of a re presentat ive experiment are shown in Table XVI 

and de sc ribed  below.

Table XVI The extraction of \ 3H 1 Diazo-MAPD from p h o t o 

affinity labelled microsomes

195ug (28740dpm) of labelled, n-octyl glucoside solubilised 

m i c r o s o m e s  were precipitated with an equal volume of 10% (w/v) 

T C A .

An aliquot of the supernatant was removed for the det erm ination
3of H d.p.m. The pellet was washed with ethanol and then with

ethyl acetate. Aliquots of these or gan ic.extrac ts were
3removed for determ ina tion of H d.p.m.

3H dpm %

Label le d Mic ro so mes 28470 100

TCA supernatant 8025 28.1

Ethanol wash 19475 68.4

Ethyl acetate wash 520 '1.8

The results illustrated above in Table XVI suggest that almost

all the [3H ] D i a zo-MA PD  can be extracted from pho to-affinity

labelled microsomes. Following pre cipitation of microsomal
3protein with TCA almost o n e — third of the H d.p.m. remain in 

the supernatant. When the TCA precipitate is washed with /..
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e t h a n o l , the remainder of the radio-active ligand can be 

remo ved  from the microsomes.
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3.4.5. Di s c u s s i o n

In 1985, Lia ng et al described a diazo steroid which 

s p e c i f i c a l l y  labelled hepatic microsomal 5^(-reductase.

The s t r u c t u r e  of this compound - 21-Diazo-4-m e t h y l - 4 - a z a - 

5^(-pregnane-3, 20-dione (Diazo-MAPD) is shown below.

Fig. 31 The structure of Diazo-MAPD



-128-

The chemical basis of binding of Diazo-MAPD to 

m i c r o s o m a l  5frL-reductase .

R e s o n a n c e  structures can be drawn for the A ring of Diazo- 

M APD as shown in F i g . 32.

Fig. 32. The resonance structures of the A ring of Diazo- 

MAPD

o

Me Me
\

The m e c h a n i s m  of testosterone 5bl-reduction is believed to 

inv olv e the addition of hydride ion to - see section

1.2.5. and Fig. 7. The similarity of the transition state 

s tr uc ture involved in 5ty-reduction and of the A ring of 

D i a z o - M A P D  is shown below in F i g . 33.

Fig. 33. Structural similarity of the suggested enol 

interme dia te formed during testosterone 5&-

reduction and the A-ring of Dia zo-MAPD
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Thus it has been postulated that Diazo-M APD is in fact 

a tr an sitio n state analogue and this could explain the 

s p e c if ic ity of Diazo-M APD binding to 5 & U re d u c t a s e . Indeed 

D i a z o - M A P D  has been shown to inhibit hepatic microsomal 

5{* -reductase, Ki = 8.7nmol/l (Liang et a l , 1985b). This 

i n h i bi ti on has been shown to be competitive with respect 

to testosterone.  On UV irradiation of microso mal  suspensions 

in the presence of Diazo-M APD this inh ibition was irreversible. 

It has been suggested that on UV irradiation the diazo group 

on the 17 ft side chain decomposed to form reactive carbene 

and ke ten e int erm ediates (Liang et a l , 1985b) - see Fig. 34.

F i g . 34 The decomp osition  of the diazo functional group 

of diazo-MAPD to form carbene and ketene i n t e r 

media tes  .

H
t=C = (R  c  C H N 0 UV v R  C ---- CH  * R  C = C = 0y 2  > n

0 0 [after Liang
et a l ](1 9 8 5 b )

The se reacti ve int ermediates presumably form covalent 

li nka ges with adjacent amino acid side chain groups on the 

enzym e protein.
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Liang et al (1985(b)) provided further evidence that 

Diazo- MAP D bound specifically to microsomal 50(-reductase .

They demonstrated that the level of binding in the microsomes 

of different rat tissues correlated with the known levels 

of 50( —reductase in that tissue. Therefore compared to 

female rat liver microsomes, binding to male rat liver 

microsomes, to prostate microsomes and to skeletal muscle 

mi crosomes was <43%, 1% and 0.2% respectively.

Also, substrates of 5&( -reductase (testosterone and progesterone)
3inhibited the binding of [ H] - Diazo-MAPD to microsomes, 

whereas 5K-reduced steroid - 5&(-dihydrotestosterone and 

50(-andr ostandiol (which are substrates for cyt.P450 hydroxylase 

and 3-hydroxysteroid dehydrogenase) had no effect on binding.

3
The finding that the binding of [ H] Diazo-MAPD to microsomes 

was stimulated by NADPH and was UV-irradiation-dependant 

(see Fig. 24; section 3.4.1) agreed with the results reported 

by Liang et al (1985b).

The results of the photo-affinity labelling and gel filtration 

experiments reported in Section 3.4.2 lend support to the 

hypothesis that there exists an aggregatory and non-aggregatory 

form (perhaps a proteolytic fragment) of 5t*-reduc t a s e . The 

similarity of enzymic and radio-active profiles obtained on 

gel filtration (see Fig. 28; section 3.4.2) ie particularly 

SSWvineing in this respect. When a CMC (0.81% (w/v))

©dliufeion of n-octyl glucoside was used for column elution, 

the broad early-eluting radioactive material is replaced /..
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by a major peak eluting with an estimated Mr of 42000 

(Superose 6 - see Fig. 25 ; section 3.4.2) or 52000 (TSK 

G3000 SW - see Fig. 26 ; section 3.4.2). This would suggest 

that it is this species of the enzyme which aggrega tes on 

el ution with a sub-CMC (0.05% (w/v)) con centrat ion of n- 

octyl glucoside.

Liang et at (1985b) reported that on high per formance gel 

f il tr ation of photo -affi nity labelled microsomes, r a d i o 

a c t iv ity eluted in one major peak with Mr = 50000. It 

should be noted however that these workers used Lubrol PX 

for m i c r osom e solub ili sation and applied whole extracts (i.e. 

u n c e n t r i f u g e d  preparations) to their gel filtration column.

It may be that these dif ferences in me th odology account for 

the diff er ence in radio-active profiles obtained on gel 

f i l t r a t i o n .

3I re ported that [ H] - Diazo-MAPD could be extracted from 

labelled microsomes by acid pre cipitat ion of microsomal 

protein and washing of the resulting pellet with organic 

solvent (see Table XVI; section 3.4.4). This observation 

must be reconciled with the results reported in this 

thesis (see Fig. 24; section 3.4.1) and also demonstrated 

by Liang et al (1985b) that binding of [ H ]-Diaz o-MAPD to 

m i c r o s o m e s  is dependant on UV irradiation.

In sp ec tion of the data presented in Table XVI; section 3.4.4 

in dic ates that following TCA pre cipitation of photo-affinity 

labelled microsomes 28% of the ligand is recovered in the 

supernatant. Inspection of Fig. 24; section 3.4.1 indicates 

that this level of radio-activity can be accounted for by/...



n o n - s p e c i f i c  binding of ligand- The ext racti on of the r e m a i n 

der of the label by washing with organic solvent may be 

e xp la ined if [ H ]-Diazo-M APD does not bind to the 5&- 

re d u c t a s e  enzyme protein per se but rather to lipid tightly 

a s s o c i a t e d  with and closely related to the enzyme active 

site. Th is l i p i d — linked radio-a ctive ligand would be 

e x t r a c t a b l e  by organic solvent treatment. Indeed Levitski 

(1986) has described the covalent linkage of a ligand specific 

for the £ -ad renergic receptor to pho spho li pid tightly 

a s s o c i a t e d  with the receptor rather than to the receptor 

itself. This would be comp atible with the results of the 

g e l ' s l i c i n g  and fluorogr aph y experiment s des cribed in 

se ction  3 . 4 . 3 . which demo nst rated the pre se nc e of tritium 

cl ose  to the solvent front, with the [ H ] — D i azo—M A P D  linked 

to a low mo lec ular weight micros omal lipid.

The final section of the experime ntal work unde rtaken in 

this thesis describes some experi ments which investigated 

a poss ib le  relation ship between testosterone 50(-reductase 

and m i c r os om al enoyl CoA reductase, an enzyme involved in 

the malonyl CoA-dependant  elo ng ation of fatty acids.

(Nugteren, 1965) - see Section 3.5.
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3.5. Effect of crotonyl CoA on hepatic microsomal 5^- 

reducta se  activity.

3.5.1. Inhibit ion of rat hepatic microsomal 5(X-reductase 

by cro ton yl CoA.

The ability of crotonyl CoA to inhibit the rat 

hepatic conversio n of testosterone to 50^-DHT was tested over 

the c o ncen tr ation range 0-10 mmol/1. Two separate experiments 

were done and similar results were obtained in both instances. 

The results of one experiment are illustrated in F i g . 35.

The exp eri me ntal conditions are described in the accompanying 

figure legend. F i g . 35 shows that crotonyl CoA only inhibited 

he pat ic microsomal 5$-reductase when present at high c o n c e n 

trations. Thus when [crotonyl C o A ]= 10 m m o l / 1 (rep resenting
6an inhib itor : substrate ratio of 4 X 10 ) , there was

about a 20% inhibition of -reductase activity. Under 

id ent ical assay conditions and at a final [crotonyl CoA] of 

1 mmol/1 , no inhibition of 50(-reduc tase was a p p a r e n t .(see Fig.

35 ).| - - ..
The ability of crotonyl CoA to inhibit the conversion

of te sto ste rone to 5tf-DHT by human prostate microsomes  has

also been examined (Hodgins , 1983 ). The results of a dose

- respons e curve for the prostatic microsomal enzyme are

shown in F i g . 36. A comparison of F i g . 35 and 36 indicated

that the human prostatic enzyme was far more sensitive

to crotonyl CoA inhibition with the ID^ q  (half—maximal

inhibiti on )at around 300 umol/1. The i n h i b i t o r :substrate
4

ratio at this point was 1*25 X 10 .
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Fig. 35 Inhibition of hepatit— microsomal’ 5&reductase activity 
by crotonyl CoA

For inhibition of rat hepatic mic rosomal 5b^-reductase, 
the '[T e s t o s t e r o n e ] = 2*45 nmol/1 and [NADPH] = lmmol/1. 
Otherwise standard assay conditions. Crotonyl CoA 
was added to the final indicated concentration. In" 
the control incubation, the % conversion of T .to 5^- 
DHT was 16.35 (± 2*05%)(n = 2; mean - range).
For each concentration of crotonyl CoA, duplicate 
incubations were performed and the results are 
expressed as the mean - range A =  lmmol/1 U  -methyl 
crotonyl CoA : ■ =  lmmol/1 P  -methyl crotonyl CoA.
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Fig. 36 Inhibition of prostatic microsom al 5#-reductase 
activity by crotonyl CoA.

For inhibition of prostatic microso mal 5&(-r educ tase 
activity, the [Testosterone] = 25 nmol/1, the 
[NADPH] = 2 rnmol/1 and 11 ug of microsomal protein 
were present in a total volume of 200 ul 0.1 M 
Tris/Citrate buffer (pH 1-5). Incubation was at 
37°C for 15 min . Crotonyl CoA was added to the 
.final indicated concentration. In the control 
incubation [CrCoA = 0], the % conversion of T to#5 - 
DHT was 13*9 - 1*2%; (n=2: mean - range). For each 
concentration of crotonyl CoA, duplicate incubations 
were performed and the results are expressed as the 
mean - range. (After P. Gaggini personal comm.).
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3.5.2. M e t a bo lism of crotonyl CoA by rat hepatic microsomes.

One reason for the differential sensitivity of the 50^- 

reducta se  from these two tissues to crotonyl CoA inhibition 

may have been that crotonyl CoA was being met abolised by 

rat liver microsomes. Experiments were therefore undertaken 

to establ is h an assay for microsomal crotonyl CoA reductase 

activity. The results of these experiments are reported 

below.

Rat hepatic microsomal crotonyl CoA reductase activity 

was assayed spect rophotome trically as described in Methods 

section 2 . 2 . 7 . (b) In all , three mic rosomal ,p reparat io ns 

were assayed for endogenous and crotonyl CoA-induced NADPH 

oxidation. Seven observations of endogenous and crotonyl 

Co A- i n d u c e d  NADPH oxidation were made in total and the results 

are expres sed as the meanj^ S.E.

ENDOGENOUS RATE CROTONYL CoA-INDUCED RATE

11*2 ( + 2 ‘l)nmol/min/mg 22*5(jLl*8)nmol/min/mg

[n=7 + S.E. ] [n=7 + S.E. ]

Subtrac ti ng the mean endogenous rate of NADPH oxidation from 

the mean crotonyl CoA-induced rate gave an average net 

crotonyl CoA reductase activity of 11*3 nmol/min/mg. The 

presence of testosterone in the assay solution (final 

c o n c e ntra ti on = lumol/1 ) did not affect the rate of crotonyl 

CoA induced NADPH oxidation.

Microso me s are able to convert , unsaturated acyl CoA 

substrates  into products other th a n  th e  corresponding saturated 

acid* Nugtere n (1965) demonstrated the conversion of trans- 

2- he xa deceno yl  CoA into both palmitic and £ -hydroxy palmitic 

acid. This latter product is formed by the action of a /...
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m i c r o s o m a l  enoyl hydratase activity (E.C. 4.2.1.7.) (Seubert 

et al,1968). Indeed it was apparent that microsomes 

m e t a b o l i s e d  crotonyl CoA in the absence of NADPH (as judged 

by the decrease in absorbance at 280nm - Dodds et al , 1981). 

see F i g .37

F i g . 37 M et abolism  of crotonyl CoA by rat liver microsomes 

in-the absence of N A D P H .

& O D 2 8 0

0*05

0*04

0*03

0*02

0*01

Assay conditions as for those described for the sp e c t r o p h — 

ot ome tric determination of crotonyl CoA reductase activity ( 

see Metho ds section 2.2.7.(b) except that NADPH was omitted 

from the incubation mixture. The crotonyl CoA concentration /..
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was 100 umol/1 and the reaction was initiated by the addition 

of 70ug microsomal protein.

The rate of N A DPH— independant , microsomal crotonyl 

CoA m e t a bo lism was measured in duplicate in two seperate 

m i c r os om al preparations and a value of 17-1+2-8 nmol/min/mg
o o r \ O

(mea n+ S.E.) was obtained ( E crotonyl CoA = 5 X 10 ).

It was therefore decided to try and detect the products of 

hepatic microsomal crotonyl CoA metabolism. This was done 

by the g.l.c. analysis described in Methods section 2 . 2 . 7 . (a)

3.5.3. Products of rat hepatic microso mal crotonyl CoA 

m e t a b o l i s m .

The separation of butyric(4;0) , c r o t o n i c (4:1) and 

p e n t a n o i c (5:0) acids by g.l.c. is shown below in Fig38.

F i g . 38 The separation of 4:0 , 4:1 and 5:0 by gas-liquid 

ch rom atography.

SAMPLE INJECTION



Under the exp erimental conditions the retention times for 

these compo und s were 2.3, 4.7 and 7.3 min. respectively 

and were reproducible  from experiment to experiment.

In Table XVII below, the results of eight separate e x p e r i 

ment s exa mining the amounts of butyric and crotonic acids 

formed in the presence and absence of microsomes are shown.

The assay conditions are described in Methods section 2.2.7(a).

For each experiment the amount (ug) of b u t yric  and crotonic 

acids present was obtained from the ratio of the peak area 

for 4:0 or 4:1 with that of the 5:0 internal standard. The 

results are expressed as a % of the crotonyl CoA added to 

the assay mixture. The following points should be n o t e d :-

(i) even in the absence of microsomes a considerable amount 

of 4:0 is present (mean value 11.7%).

(ii) in the blank, the total amount of 4:0 and 4:1 recovered 

amoun ts to only 66-5% (11-7 + 54-8) of the added crotonyl CoA.

(i i i ) in the presence of microsomes the amount of 4:0 

reco ver ed from the assay mixture is increased to a mean value 

of 25*5% whereas very little crotonic acid is present (mean 

5*8%). No extra peaks were observed when the products of /...

Tab le XVII Rat hepatic microsomal metab olism of crotonyl CoA

BLANK +MICR0S0MES
%4:0 %4:1 %4:0 %4:1
14.0
14.0 
11.6
13.4
12.5 
7.4 
8.1

50.2 
56.8
52.5
51.3 
54.0
52.5 
63.2

29.1
21.7 
26.4 
26.0 
24.3
27.7 
25.0
23.8

2.5
7.0
3.0
2.0
2.5
2.5 

12.0 
14.6

(25.5-0.8) (5 .8-1.8)
(Me-an-rS.E.)
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cr oto ny l CoA metabolism by microsomes were analysed by this 

me tho d .

3.5.4. Discussi on

M i c r o s o m a l  enoyl CoA reductase catalyses the final step 

in the elon gation of fatty acids (Nugteren, 1965) namely 

the sat urati on  of trans-2-enoy1 CoA derivatives. Early 

st udies (Podack and Seubert, 1972) described some of the 

p r o p er ti es of a microsomal enzyme which was able to catalyse 

the red uc ti on of trans-2, 3-hexenoyl CoA and trans-2, 3- 

dec en oyl CoA. This enzyme could use either NADH or NADPH 

as co-fa ct or and exhibited a pH optimum at pH 7*9. More 

recent studies however have indicated the presence, in 

mi cro somes, of two enoyl CoA reductases (Cinti et a l , 1982; 

Pras ad et a l , 1983; Nagi et a l , 1983; Prasad et a l , 1985).

These work ers  have demonstrated the presence of an NADPH- 

d e p e ndant  enoyl CoA reductase and another enoyl CoA reductase 

wh ich  can utilise either NADPH or NADH. Crotonyl CoA is 

m et a b o l i s e d  by the NADPH-depe ndant enzyme. This enzyme has 

been solubilis ed from microsomes by treatment with sodium 

chol ate  and has been purified to near homogeneity by DEAE- 

5 2 ,2f5 - A D P - s e p h a r o s e  and NADP-aga rose chromatography. The 

Mr on SDS-PA GE is 51000.

It is reported in this present study (see Section 3.5.1 and 

Figs. 35 and 36) that crotonyl CoA is not as effective an 

inhi bit or of the rat liver microsomal 56(— reductase as it is 

of the human prostatic microsomal 50^— reductase . Crotonyl 

CoA was reported to be a competitive inhibitor of prostatic 

mi crosomal  5o( — r eductase (with respect to t e s t o s t e r o n e ) , Ki =/. . .
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Ki = 12 5 u m o l /1 . Interestingly, Nagi et al (1983) reported 

a Km value of 125umol/l for crotonyl CoA for microsomal 

enoyl CoA reductase. The Km (testosterone) value for the 

pr os ta tic microso mal enzyme was reported at 10 nmol/1 

(Hodgin and G a g g i n i , 1983). This gives a Ki(crotonyl CoA)/ 

Km (te stosterone) ratio of 1-25 x 10^. If one assumed that 

the rat liver enzyme displayed the same relative affinities 

for tes tost erone and crotonyl CoA as the human prostatic 

enzyme, then assuming a Km(testosterone) for the rat liver 

enzyme of 370 nmol/1 (see Section 3.1.5), a Ki (crotonyl)

CoA of approx. 4*6 mmol/1 would be expected. Thus under 

e x p e r imen ta l conditions where the [testosterone] ^  Km (as 

per ta ins for the dose .response curve described in Fig. 35), 

this concentra ti on of crotonyl CoA would be expected to give 

50% in hibition  of testosterone 5D(-reductase. As indicated 

in section 3.5.1, crotonyl CoA, at a final concen tration of 

10 mmol/ 1 inhibited rat hepatic testosterone  5&(-reductase by 

only 20%.

We reasoned that P -methyl crotonyl CoA would be a more 

effe ctive  inhibitor of 5&(-r educ tase due to i t ’s greater 

st ru ctur al  analogy to the A and B rings of testosterone — 

see Fig. 39.



Fig. 39 Structure of crotonyl- and ^ - m e t h y l  crotonyl

CoA and comparison to A and B rings of testosterone

A and B ring of A. - 3 - k e t o s t e r o i d .

SCoA
P -methyl crotonyl CoA

SCoA

crotonyl CoA

However at a final concen tration  of 1 mmol/1, -methyl 

crotonyl CoA did not inhibit tes tosterone 5 &(-reductase 

activity. & -methyl crotonyl CoA also failed to inhibit 5 di- 

redu ct ase activity (see Fig 35; Section 3.5.1)

It was postulated that the reason crotonyl CoA failed to inhibit 

testost er one 5&(-reductase was due to its rapid metabolism 

by microsomes. The microsomal me ta bolis m of crotonyl CoA 

was therefore examined. When crotonyl CoA reductase activity 

was meas ured by spe ctroph ot ometric al ly monitoring the rate 

of crotonyl CoA induced NADPH oxidation an average crotonyl 

CoA red uctase activity of 11*3 nmol/min/mg was obtained.

At a crotonyl CoA concentration of 200 umol/1, Nagi et al 

(1983) reported a V max value of 10 nmol/min/mg. As they 

also reported a Km value for crotonyl CoA of 125 umol/1 it /..
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is likely that the V max value is an underestimate. In 

this present study the observed rate of 11-3 nmol/min/mg 

was obtained at a crotonyl CoA concentra tion of 500 umol/1.

The m e t a b o l i s m  of crotonyl CoA by micro somes in the absence 

of NAD PH was also observed. At a co ncentrati on of 100 umol/1 

crotonyl CoA the rate of this NADPH-indep en dant crotonyl CoA 

me t a b o l i s m  was measured at 17*1 nmol/min/mg. Bernert and 

Sprecher (1977) have demonstrated the conversion of trans- 

2, 3-o c t a d e c -  enoic acid to ^ - h y d r o x y o c t a d e c e n o i c  acid by 

a reverse dehydrase present in rat liver microsomes. At 

a sub st ra te con centrat ion of 200 umol/1 (which according to 

their data is not saturating) they report this activity at 

30 nmol/min/mg. Furthermore in the presence of NADPH they 

d e m o ns tr ate the simultaneous conversion of trans - 1/, - u n 

saturated fatty acyl CoAs to the ^ - h y d r o x y  and saturated 

derivat iv es by microsomes. These authors found that the 

relative activities of the reverse dehydrase and enoyl CoA 

reducta se  enzymes depended on whether albumin was present in 

the assay solution. In the presence of albumin, the enoyl CoA 

reductase activity was over three times greater than the 

reverse dehydrase activity. However when albumin was omitted 

from the assay medium then reverse dehydrase activity was

2-3 times greater than enoyl CoA reductase activity. In this 

present study, crotonyl CoA reductase activity was assayed in 

the abs ence of albumin. Enoyl CoA reductase activity is 

reported as 11*3 nmol/min/mg, whereas NADPH-independan t 

crotonyl CoA me tabolism (presumably reverse dehydrase activity) 

is reported at 17*1 nmol/min/mg (1*5— fold higher). Note /..



-142-

however that in this present study crotonyl CoA reductase

activ it y was measured at a substrate concentration five times

higher than the NADP H- indep endant microsomal crotonyl CoA

metabolism, (500 umol/1 versus 100 umol/1). As the apparent

Km (crotonyl CoA) for the microsomal reverse dehydrase reaction

is unknown, it may be that if enoyl CoA reductase and reverse

dehydra se  reactions were measured at the same concentration

of crotonyl CoA an ever greater difference in the enzyme

ac t i v i t i e s  would be found. Although these findings of NADPH-

i n d e p enda nt  crotonyl CoA meta bolis m by microsome s reported in

this study and the des cription of a reverse dehydrase activity

in rat liver mic rosomes  reported by other workers could explain

the inabil ity of crotonyl CoA to inhibit microsomal testosterone

50C-reductase this is unlikely if the data presented in this

thesis are examined carefully. Thus it was found that at lmmol/1

crotonyl CoA did not inhibit 5b/-reductase activity under

standard assay conditions (200 ul assay volume; 1 ug microsomal

protein). Under these conditions, there are 200 nmol of

croton yl CoA present. Assuming under these conditions that

the rates of crotonyl CoA reductase and crotonyl CoA reverse

dehyd ra se proceed at the values reported in this study (11*3

and 17*1 nmol/mi n/mg respectively; total = 28*4 nmol/min/mg),
_1__

then after a 10 min incubation period a total of 1000 x 28-4 x 

10 = 284 pmol of crotonyl CoA would be metabolised. The 

incu batio n solution contained 200 nmol of crotonyl CoA (lmmol/

1 final con cen trati on in a total volume of 200 ul). Therefore 

from the above cal culations it would appear that less than 0*3% 

of the crotonyl CoA would be met abolised by microsomes. It 

would appear therefore that the suggestion that crotonyl CoA 

is unable to inhibit microsomal 5#-reductase because of its /. . .
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rapid and ext ensive metabol ism  by microsomes is untenable.

Re la ted to the discussion of the relationship between hepatic 

mic r o s o m a l  5b^— reductase and enoyl CoA reductase is the report 

by Nagi et al (1983) and Prasad et al (1985) of the successful 

s o l u b i l i s a t i o n  of enoyl CoA reductase by treatment with a 

so lut ion containing 20% (v/v) glycerol, 0-1 mol/1 Tris Cl (pH 

7*7), 1 mmol/1 D T T , 0*1 mmol/1 PMSF and sodium cholate (D/P 

0*5 - 1*5). Following treatment of microsomes with this 

sol uti on (stirred for lh. at 4°C) and centrifugat ion at 

120000g for 45 m i n . , 70% of the total enzyme activity was 

re co v e r a b l e  in the supernatant. In the course of the present 

study it was found that treatment of mic rosom es with exactly 

the same sol ub il isa tion cocktail did not solubilise any 

t es to s t e r o n e  5ft(-r eductase activity from the microsomes. Al- 

th ought this finding would appear to provide indirect evidence 

for the hypothesis that testosterone 5^-reductase and enoyl 

CoA reducta se are in fact separate enzymes, recent findings 

(Prasad et a l , 1985) provides evidence which may explain the 

inab ili ty of crotonyl CoA to influence testosterone 5^C- 

reductase. Thus in the course of the purification of enoyl 

CoA reductase they noted that the enzyme would catalyse the 

NA D P H - d e p e n d a n t  reduction ofo( -unsaturated enoyl CoAs of 

vary ing  chain lengths (crotonyl CoA to hexadecenoyl CoA). 

H ow eve r it was noted that hexenoyl CoA did not inhibit the 

re duction of hexadecenoyl CoA or decenoyl CoA, but did inhibit 

the reduction of crotonyl CoA. The authors suggested that 

these findings were compatible with several possibilites —
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(i) their final enzyme preparation could in fact contain two 

separate enzymes with a similar molecular weight - one which 

used short chain substrates and one which used long chain 

s ub st rates .

(ii) could be a single enzyme with an active site for short 

chain sub strates and a site for long chain substrates.

(iii) could be an enzyme with one active site but when long 

chain substrates are bound, a confirmational change occurs 

such that short chain substrates no longer bind.

W h ich ever of these alternatives proved to be the case they 

could provide a rational explanation for the inability of 

crotonyl CoA to inhibit testosterone 5 # - r e d u c t a s e . In this 

model testosteron e would be "seen" by the enzyme(s) as a long 

chain fatty acyl CoA substrate and thus according to the data 

of Prasad et al (1985) its reduction would not be inhibited 

by crotonyl CoA. The inhibition of prostatic 5#-reductase 

by crotonyl CoA could be explained by the fact that the 

prost at e contains a single enoyl CoA reductase with a broad 

chain length specificity for short- and long- chain enoyl CoAs 

One way this theory could be tested would be to determine 

whether hexadecenoyl CoA could inhibit rat liver testosterone 

5 </- reductase and whether it could also inhibit prostatic 5tf- 

r e d u c t a s e .

Results of the GLC analysis of the microsomal metabol ism of 

crotonyl CoA showed some rather unusual features. Firstly, 

even in the absence of microsomes, substantial amounds of 

butyrat e were formed — see Table XVII ; section 3.5.3. T h e r e 

fore it would appear that there was substantial n o n —enzymic 

reduction of the double bond of crotonyl CoA during the assay/
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chain su bs tra tes and a site for long chain substrates.

(iii) could be an enzyme with one active site but when long 

chain sub strates are bound, a confirmational change occurs 

such that short chain substrates no longer bind.

W h i c h  ever of these alternatives  proved to be the case they 

could pro vide a rational explanation for the inability of 

cro to nyl CoA to inhibit testosterone 5 ^ - r e d u c t a s e . In this 

model te sto ste rone would be "seen" by the enzyme(s) as a long 

chain fatty acyl CoA substrate and thus according to the data 

of Prasad et al (1985) its reduction would not be inhibited 

by croton yl CoA. The inhibition of prostatic 5#-reductase 

by crotonyl CoA could be explained by the fact that the 

pro sta te contains a single enoyl CoA reductase with a broad 

chain length specificity for short- and long- chain enoyl CoAs. 

One way this theory could be tested would be to determine 

wh et he r hexa decenoyl CoA could inhibit rat liver testosterone 

5(/_reductase and whether it could also inhibit prostatic 5U- 

reductase.

Re sults of the GLC analysis of the microsomal metabolism of 

croto nyl  CoA showed some rather unusual features. Firstly, 

even in the absence of microsomes, substantial amounds of 

bu tyr ate were formed — see Table XVII ; section 3.5.3. T h e r e 

fore it would appear that there was substantial n o n — enzymic 

redu cti on of the double bond of crotonyl CoA during the assay/* •
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wo rk -u p procedure. This phenomenon was not reported by 

other wor ker s using exactly the same assay procedure (see 

for example Nagi et a l , 1983). It was not due to the 

c o n t a m i n a t i o n  of either crotonyl CoA or the pentanoic acid 

by but yric acid. Also in the control (no microsomes) 

i n c u ba ti on only 66*5% of the added substrate is recovered 

(11*7% 4:0 + 54*8% 4:1). This leaves 33*5% of the added 

substra te  unacco unted for. It is known that under aqueous 

acid conditions, double bonds undergo hydration (Conrow and 

McDonald, 1971). As the assay procedure involves adjusting 

the pH of the incubation solution to pHl prior to organic 

ex t r a c t i o n  of reactants and products it is possible that this 

may cause any unreacted crotonic acid to be converted to 

-hydroxy butyric acid. This compound is not detected by 

the GLC column used in the present study (Cinti et a l , 1982). 

Thus the apparent loss of crotonyl CoA may be accounted for 

by its non-en zymic conversion to ft- h y d r o x y b u t y r a t e . In the 

presence of microsomes the amount of butyric acid recovered 

is more than doubled (25*5% compared to 11*7%). However, 

the corres pondi ng  decrease in crotonic acid recovered is 

much greater (5*8% compared to 54*8%). Thus it would appear 

that crotonyl CoA is also being metabolised by the m i c r o 

somal reverse dehydrase enzyme to (3 -hydroxy butyrate which 

as me ntioned  above is undetectable in this assay system.

The residual crotonic acid recovered may reflect simply the 

amount of crotonyl CoA which is not metabolised by the m i c r o 

somes on the other hand it may reflect the activity of another 

mi c r osomal  enzyme — thioesterase which acts to convert /...



cr oto nyl CoA to crotonic acid. Crotonic acid, stripped of 

its CoA moiety  would cease to be a substrate for the other 

m i c r o s o m a l  enzymes.
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4. G E N ERA L DISCUSSI ON AND CONCLUSIONS

It is intere sting to compare the properties of hepatic 

mic r o s o m a l  5b£—reductase (outlined in section 3.1) described 

in this present study with related steroid metabolising 

e n z y m e s .

The soluble 5^-reduc tase of rat liver has been purified 

to h o m o g en ei ty (Mode and Rafter, 1985). The Mr of the 

enzyme on gel filtration was 42000 and the specific 

activit y reported for the enzyme from female rat liver 

was 0.1 nmol/min/mg* protein, about 50-fold lower than 

that reported for the microsomal 5X-reductase in this 

present study. The 5^-reductase had a pH optimum at 

pH 7-8, similar to that found for the 50(-reductase and 

the purified enzyme had a Km(app) for steroid substrate 

of 10.2 umol/1 - an order of magnitude higher than that 

reported for 50(-reductase.

Although this present study has described the properties 

of an NA DPH-depe ndant 56(-reductase the presence of an 

NADH -dependant microsomal 5b(-reductase in rat liver 

mi cr os omes has also been described (Graef et a l , 1978;

Golf and Graef, 1982; Graef and Golf, 1984; Golf et a l ,

1985). This NADH -dependant enzyme activity was d i ffer

entiated from the N A D P H —dependant activity on the basis 

of dif ferential  inhibition by nucleotide analogues (Golf 

and Graef, 1982), by differing conditions for s o l u b i l i s a - / ...



s o l u b i l i s a t i o n  (Graef et al, 197B), by a circadian rhythm 

d e m o n s t r a t e d  by the N A D H -dependant activity {(Graef and 

Golf, 1984) and by the dependence of this encrime on the 

pres enc e of phosphate in the assay soluticn (Leybold and 

St aud inger, 1962). The pH optimum reported for the 

enzyme was 6.5 and the specific activity at 38.4 nmol/ 

min/mg was 10-fold greater than that reported for NADPH 

50(-reductase in this study. Interestingly these workers 

re por ted inc orp orati on of tritium into steroid from NADPH 

la bel led in the 48- position with tritium. This is the 

same st er eo selecti vi ty for hydrogen transfer as that 

p re vi ously demonstrated for the NADPH-de pendant 5<A- 

red uc ta se activity (McGuire and Tomkins, 1960b; Bjorkhem, 

1969b; A b u l - H a j j , 1972).

A neutral pH optimum was reported for hepatic microsomal 

5fl(-reductase. This was contrasted with the acidic pH 

op timum reported for 50(-reductases from different tissues 

and also with the one report describing an acidic pH 

op timum for the rat liver enzyme.(see Section 3.1.9)

It was suggested that an acidic pH optimum may reflect 

the reaction mechanism being favoured by the mass action 

law by a high concentration of protons. It is interesting 

in this light to note the pH profile exhibited by the 

mic ro soma l 5-ane- 3i? -hydroxysteroid oxidoreductase (Larner 

and Wiebe, 1983). This enzyme catalyses the reversible 

re duc ti on of 50(-dihydrot estosterone to 5fl(-androstan.-3j3, /..
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17f3-diol. The reduction reaction showed a pH optimum 

of 6.6, whereas the oxidation reaction had an alkaline 

pH optimum of 8.0-8.5. These findings are compatible 

with the hypothesis that the observed pH optima were 

related to the reaction mechanism.

Although it has been strongly suggested by data presented

in this present study and by the work of other laboratories

(see Section 3.1.9) that the 5A(-reductase enzyme contained

a binding site for both NADPH and steroid and that the

reaction proceeded by the direct transfer of hydride

from co-factor to steroid, an alternative reaction mechanism

was suggested by Golf and Graef (1978). They proposed

that NADPH transferred reducing equivalents to co-enzyme

Q 1q via N A D P H :cytochrome oxidoreductase and then to

steroid via 50C-r educ t a s e . In support of this they cited

data showing the inhibition of testosterone 5^-reductase

activity by antisera raised to NADPH cytochrome oxido-

reductase and also demonstrated that QH 2 can replace NADPH

as the electron donor for testosterone 5ft£-reduction.

It is however difficult to reconcile this conclusion with

the observation by other workers of direct incorporation
3of tritium into steroid from NADP H. If the mechanism 

described by Golf and Graef were to pertain then it
3

would be expected that equilibration of label (from NADP H)

with protons present in the assay solution would occur

and little label would be expected to appear in the steroid.
3

However, it siay be rationalised that H transfer from 

NADP^H to the FAD moiety of NADPH cytochrome oxido- 

reductase then to Q 10 and finally to steroid may occur. 

Evidence presented in this thesis (see F i s 23, section

3.3.4) /. .
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in dicated that testosterone 5^- reductase activity can be 

se parated from steroid hydroxylase activity. Fractions 

c ap able of hydroxylati ng steroids must contain NADPH 

c y t o c h r o m e  oxido reductase  and therefore the dependance 

of 50L -red uctase on the transfer of reducing equivalents 

from N A D P H :cytochr ome  oxidoreducta se would appear to be 

doubtful. It would appear therefore that the balance 

of evide nce suggested that in rat liver - as in rat 

prostate, seminal vesicles and epididymis (Cooke and 

Robaire, 1984) - NADPH and steroid bound to the same 

enzyme protein and there was direct transfer of hydride 

from co-fa ct or to substrate. This type of mechanism 

was de monstrated for other steroid met abolising enzymes 

including  the 5j£-reductase of rat liver cytosol (Abul- 

Hajj, 1972), the hepatic microsomal 3j2-hydroxysteroid 

dehyd r o g e n a s e  (Bjorkhem and Daniellson, 1970) and the 

soluble 3o(-hydroxy steroid dehydrogenase (Bjorkhem and 

Da nie llson, 1970).

In det ailing the importance of deterg ent :membrane  protein 

ratios and choice of detergent for the solubilisation 

of membrane proteins with retention of function, Hjelmeland 

and Chr ambach (1984) described four outcomes which may 

arise ^
(1) t r o f  membranes with detergent led to

t&a progressive solubilisation of functional protein 

ttoe ratio increased. Biological activity

reaofeedl ®  plateau and remained stable at high 

detergent concentrations.
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(ii) biolo gical activity rose and then fell as 

dete rge nt concent ration was increased leading to 

an optimum D/P ratio.

(iii) all biological activity remained in the pellet even 

at high D/P ratios.

(iv) all activity was lost upon treatment of membranes 

with detergent.

It was clear on inspection of Fig. 16 (section 3.2.3.2) 

that for n-octyl glucoside, Lubrol WX and Chaps 

s o l u b i l i s a t i o n  of hepatic microsomal 50C-r educ tase 

cat eg ory (ii) described by Hjelmeland and Chrambach 

applied. Sodium deo xycholate fell into category (iv).

It was interesting to note that although sodium d e o x y 

c ho late was ineffective in solubilisation of 50(-r educ tase 

the closely related zwitterionic bile acid Chaps did 

show limited success.

The importa nce of a correct n-octyl g l u c o s i d e :microsomal 

prot ein  ratio for effective solubilisation of 50(-r educ tase 

was indirec tly  corroborated by other workers. Bertics 

and Karav olas (1984) reported that when n-octyl glucoside 

was used at a D:P ratio of 3.5, less than 5% of hypothalamic 

p r o g e ster on e 5(* -reductase was solubilised. In a subsequent 

p u b l i cati on  however, Bertics and Karavolas (1985) 

d e mons tr ated that under otherwise identical conditions 

n — octyl glucoside at a D jP ratio of 2.5 was able to 

so lu bili se  up to 45% of rat pituitary progesterone /...
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5 ^ - r e d u c t a s e .

Hjelmeland and Chrambach (1984) have also described the 

physical characteristics of detergent interaction with 

membranes as the D:P ratio is progressively increased.

Thus at low d e t e r g e n t :protein ratios « 0 . 1 )  detergent 

bound to membranes and as the D:P ratio was increased 

to 1-2, membrane lysis occured and lipid-protein 

detergent and lipid-detergent complexes were produced.

It was only when the D:P ratio was increased to 10-20 

that effective membrane solubilisation occurred with the 

production of detergent-protein and detergent-lipid 

micelles. It was immediately obvious that at the D:P 

ratios which proved effective for the solubilisation 

of hepatic microsomal 50(-reductase (see Table IX; section 

3.2.3.2) - by the criterion of non-sedimentation of 

enzyme activity following high-speed centrifugation - 

that judged by the model of Hjelmeland and Chrambach 

complete membrane solubilisation did not occur. Indeed 

in solubilisation experiments of hepatic microsomal 5^- 

reductase with Lubrol WX at the lowest D:P ratio of 0.2 

the supernatant was not clear, but contained opaque 

material which slowly sedimented to form a "fluffy layer" 

over a compact pellet (see section 3.2.3.2). Bertics and 

Karavolas (1984) observed the same type of phenomenon on 

solubilisation of pituitary progesterone 56(-reductase with 

n-octyl glucoside at a final concentration of 15 mmol/1.

As this is below the published CMC of n-octyl glucoside /. .
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( 25mmol/I . Hjelmeland and Chrambach; 1984) this finding 

may not be altogether surprising. However, when Chaps 

was used at a D:P ratio of 0.1, its final concentration 

was below its CMC value and the supernatant obtained 

followi ng  centrifugation appeared transparent.

An intere sting finding was the dif ferential stability of 

the Lubrol WX-, Chaps- and n-octyl glucoside - solubilised 

enzyme (see Table XI; section 3.2.4). This suggested that 

the nature of the detergent shell around the solubilised 

enzyme was important in maintainin g the activity of 

solubilis ed  enzyme.

Althoug h the success or failure of various combinations of 

detergents  in solubilising hepatic microsomal 5 &  -reductase 

was not investigated in the course of this present study, 

t es to steron e 16&(-hydroxylase was solubilised from mouse 

liver mic ros omes by treatment with a combination of 0.5% 

(w/v) sodium cholate and 0.05% Chaps (Devore et a l , 1985) 

and this is an area which deserves further investigation.

The 5b(-reductase of Mycob acter iu m smegmatis can be released 

from the subcellular membranes of the bacterium by 

sonicatio n (Lestrovaja et al, 1977), with about 50% 

of the enzyme activity being recovered in the supernatant 

following high-speed centrifugation of sonicated cell 

suspensions. The porcine testicular microsomal 17^— 

hydroxys te roid dehydrogenase was also solubilised by 

sonication and in this form the enzyme is well included /..



(eluting at 1.80 void volumes) on gel filtration (Inano and 

Tamaoki, 1973). Although the solubilisation of hepatic 

microsomal 5^—reductase by sonication was not investigated, 

the results presented in this present study (s«e Section 3.2) 

indicatin g that 5^-reductase was deeply embedded in the 

mi cr o s o m a l  membrane suggested that sonication would: lead 

to the pro duc tion of an enzyme species still bound- to 

m e m b r a n o u s  fragments.

As well as examining the gel filtration properties of 5&- 

reductase, it was also noted that certain of the fractions 

o bta ined on gel filtration of solubilised microsomal 

extra cts  me tabol ised testosterone and 5fc(-dihydrotestosterone 

to more polar (probably h y d r o x y l a t e d ) steroids. Therefore 

these fractions must contain both N A D P H :cytochrome c 

(cyto chr ome P450) oxidoreductase (E .C .1.6.2.4) (Yasukochi 

and Masters, 1976) and cytochrome P450. These two enzymes 

form the microso mal  "mixed function oxidase" system which 

is re sp ons ibl e for the stereo specific hydroxylation of the 

steroid nucleus. Testosterone was shown to be converted 

to 2^, 66(, 6(3, Idi, 150t, 16bt and 16^-hy dr oxy testosterone

(Ford et a l , 1975) on incubation with mouse liver microsomes.

Th e pur ific at ion of several forms of cytochrome P450 each 

disp lay  ing a specific stereo selectivity for steroid 

bydrO’xTy 1 a t i 0 ns' was reported (Cheng and Schenkman , 1982;

198;2 ;' Agosin et a l , 1979; Gungeri.ch et a l , 1982; 

U a r a d a  afld Wegisfei , 1984). For example a P450 150((a testo- 

steroffl# 15^-fey dro>%ylase was solubilised from mouse liver 

microtomes and purified to homogeneity (Harada & Negishi, 

1984). The Mr of P450 150<on SDS-PAGE was 48000 and when /.



r e c o n s t i t u t e d  with NAD PH: cytochrome P 4 5 0 oxidoreductase was 

able, in the presence of NADPH, to hydroxylate testosterone 

at a rate of 1349 nmol/min/mg microsomes. The authors report 

that this was a rate 1000-fold higher than that in the 

original solubilised preparation. The purified NADPH: 

c y t o ch ro me P450 oxi do-reductase of rat liver microsomes has 

a Mr of 78000 (Yasukochi and Masters, 1976). Despite the 

d if f e r e n c e s  in Mr of the N A D P H :cytochrome P450 oxi doreductases 

and the cytochrome P450s (Mr 50000) these two enzyme activities 

must be present together in those fractions from the gel 

fi lt ra tion column which show hydroxylating activity.

For demo ns tration  of maximal hyd roxylation activity the two 

enzyme activities were re-constituted in the presence of 

dil.auroyl phosphatidyl choline (Harada and N e g i s h i , 1984;

Devore et a l , 1985). It was not reported that the presence 

of phospholi pi d was required to demonstrate hydroxylation 

and indeed in this present study hydroxy lat ion of t e s t o 

sterone in the absence of phospholipid in the assay was 

demonst ra ted .

Lxang et al (1985b) undertook a Scatchard analysis of the

binding of [ H] diazo-MAPD to female rat liver microsomes

and reported saturation of binding at approx. 400 nmol/1

f % ]  dia zo -M APD and that there were 125 p mo l binding sites/mg

protein. In the same publication, they reported Vmax value

of 16 nm ol/mi n/mg for female rat liver microsomal 5^- reductase.

Th ese  data allow one to calculate a turnover number for the

enzyme I * » where Et = the concentration of enzyme

active sites (Barnuro, 1969). Thus in the case of 5 reductase

v = 16nmol/min/mg _ 128/min. The binding data provided by 
125 p m o l / m g

Liang et al (1985b) also allow for calculation of the /..
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relative abundance of 50(-r educ tase enzyme protein in the 

microsomes. Assuming a Mr for microsomal 5^*-r educ tase of 

50000 (the Mr of the radio—labelled conjugate reported by 

Liang et a l , (1985b)) and assuming one steroid binding site 

per enzyme molecule, then 125pmol of enzyme/mg microsomal 

protein represents (125x50000) pg or 6.25 ug enzyme protein/mg 

microsomal protein i.e. 5fl(-reductase represents approx.

0.6% of the total microsomal protein. Mode and Rafter (1985) 

raised anti-serum to purified rat liver cytosolic 5@- 

reductase and quantitated the amount of enzyme present in 

rat liver cytosol by Western blotting. They reported that 

cytosolic 5^-reductase constituted 0.3% of the total cytosolic 

proteins of rat liver.

As the photo-affinity binding experiments reported in this 

present study were performed at a [dMAPD] = 15 nmol/1 

(see Section 3.4) I was unable to corroborate the value 

obtained by Liang et al (1985b) for the relative abundance 

of microsomal 5D^-r educ tase .

Experiments were undertaken to investigate the hypothesis 

that hepatic microsomal 5D(-reductase and enoyl CoA reductase 

were in fact the same enzyme protein. Results of competition 

experiments suggested that this was not the case although 

it was pointed out that in the light of recent data of 

Cinti and c o - w o r k e r s ,(Cinti et a l , 1982; Prasad et al, 1983;

Nagi et al, 1983; Prasad et a l , 1985) further experiments

should be undertaken in order to confirm this finding.

The a bi lit y of s t e r o i d - m e t a b o l i s i n g  enzymes to act on /.
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s ub st rates other than steroids is well documented. For 

example, mouse liver testosterone 1 5,̂ -h ydr ox ylase can also 

c at al yse benzph etamine  N —d e m e t h y l a t i o n , 7—e t h o x y —coumarin 

0 - d e - e t h y l a t i o n  , aniline 4 - h y d r o x y l a t i o n , benzo(U) pyrene

3— h y d r o x y l a t i o n , acetanilide 4-hydroxyla tion and, i n t e r e s t 

ingly in the light of the present investigation, lauric acid 

h y d r o x y l a t i o n  at positions 11 and 12 (Harada and Negishi,

1984). The cytosolic 3(X-hydroxysteroid dehydrogenase of 

rat liver has been purified to homogeneity (Penning et a l , 

1984). As well as being responsible for the oxidation of 

a n d r o s t e r o n e  this enzyme will also catalyse the oxidation 

of 1-a ce naphthenol  and benzene (1,2) di-hydro diol. Further, ii 

the presence of either NADH or NADPH it will promote the 

r ed uc tion of certain quinones, aromatic aldehydes and 

ketones. Another intriguing finding from the point of view 

of this study is the observation that arachidonic acid

inhib its  this enzyme competitively with respect to

a n d r o s t e r o n e  (1C 5o = 15 In each of these two examples

th er efor e the s t ero id —metabolising enzymes were able to act

on fatty acid substrates and it may be the case that other

steroid metab ol is ing enzymes are able to metabolise fatty 

acids .

In the light of the findings reported in this study and of 

recent reports from other laboratories, several avenues of 

study remain open for investigations into, the enzymological 

pr op erties and physiological significance of testosterone 

50C -reduct ase .
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P u r i f i c a t i o n  of active 5£(-r educ tase necessitates the true 

so l u b i l i s a t i o n  of the enzyme under conditions in which it 

ma i n tains its activity during further manipulations. One 

s u g g es ti on which was made (See Section 3.2.5) was that 

co mb i n a t i o n s  of detergents could be tested in an effort to 

achieve this aim.

It was found that when 5(Z-reductase activity was lost during 

gel filtration, (see Section 3.3) enzyme activity could not 

be restored by the addition of phosphatidyl choline to the 

assay solution. In a study of the epididymal microsomal 

5K -reductase, Cooke and Robaire, (1985) demonstrated that 

the activity of the solubilised enzyme was stimulated only 

by the addition of phospholipids of defined chemical structure 

(the most effective was dilau roy1-phosphatidyl choline).

It may be that the activity of rat liver 5&(,-reductase could 

be restored by recombination with phospho-jLipid micelles of 

defined chemical structure, whereas simply assaying for 

enzyme activity in the presence of sonicated suspensions of 

crude phosphatidyl choline (as was done in this present study) 

is unsuccessful.

The use of [3H ]-Diazo-MAPD as an affinity label for 5&- 

reductase also opens up other potential fields of study.

The enzyme specie(s) could be purified using this technique. 

Although under these conditions the enzyme itself has lost 

all activity the protein itself could be used to raise an 

a n t i — serum. Such an a nt i— serum could prove a useful tool /...
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in i n ve stigati on s of both the normal and of mutant 5fi(- 

reducta se  (eg. those of FIMPII patients - see Section 1.2.4).

Fu rt her chara cterisati on of 5^ -reductase is by no means a 

purely academic exercise as further physiological questions 

r e g arding the 5&-reduction of testosterone remain to be 

answered. Recently, Andriole et al(1987) demonstrated 

that admi ni stratio n of 17&- N, N-d iethy lc arbomoy l- 4-methy l-

4-aza-5(X-androstan-3-one (4-MA)-to mice bearing the human 

a n d r o g e n - r e s p o n s i v e  genito-urinary tumour (PC-82) significantly 

inhi bi ted tumour growth. In a completely different vein, 

Ri t t master  et a l , (1987) observed that the same compound 

(4-MA) topically applied daily over a period of 27 months, 

prevented  the development of baldness in the stump-tailed 

macaque. Although 4-MA is a powerful inhibitor of 5fl(- 

reducta se  (Ki = 5*3 nmol/1) Liang et al (1984), it also has 

a weak affinity for the androgen receptor. It is impossible 

therefore, to state unequivocally by which mec hanism 4-MA 

oper ate s .

In relati on to the involvement of 5fc(-reductase in the d e ve lop

ment of other skin disorders, Dijkstra et al (1987) recently 

reported that the levels of 5&(-r educ tase activity amongst 

various human skin substructures was highest in the sebaceous 

glands. They suggested, therefore, that the higher levels 

of 5b(-reductase found in acne-bearing skin (see Section 1.2.4) 

were simply a reflection of the hypertrophy of sebaceous 

glands known to occur in this condition.
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In a recent detailed study of the effects of phospholipases 

on epid idy mal 5^-reductase activity Cooke and Robaire (1987) 

have shown that treatment of nuclear and microsomal membranes 

with 50(-r educ tase led to a decrease in the 5&£-reduc tase 

ac ti vi ty of both intra-cellular compartments. The possibility 

exist s the refore for the control of 51)1 -reductase in vivo 

by the acti va tion or inhibition of cellular phospholipases 

and subsequ ent modulation of 5^-reductase activity. This 

may indeed fee one mechanism whereby altered levels of i n tra

c e l l u l a r  5 & —BHT are generated in some pathological situations.

,f**K J
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IN SUMMARY

(1) Hepatic microsomal 5()C-reductase of female rat liver 

microsomes  has been characterised with respect to 

pH optimum and the enzyme has been shown to display 

normal Michaelis- Menten kinetics. Values for the 

Km (app) testosterone and Km (app) NADPH were 

reported at 370 nmol/1 and 1.5 umol/1 respectively. 

Further kinetic evidence suggestive of a sequential 

reaction mec hanism was reported.

(2) Three detergents - Lubrol W X , Chaps and n-octyl

glucoside - were shown to be successful in 

solubilising 5C(.-r educ tase activity. Of these n- 

octyl glucoside proved to be the most effective, 

solubilising over 30*5%of the total enzyme activity 

at a D:P ratio of 1.25.

(3) Solubilised enzyme has been further characterised

by gel filtration. On gel filtration of the Chaps-

- - _ solubilised enzyme all activity was lost. When

the Lubrol-WX solubilised enzyme was subject to 

gel filtration enzyme activity was recovered at 

the void volume. When the n-octyl glucoside 

enzyme was gel filtered and eluted with a buffer 

containing 0.87% (w/v) n-octyl glucoside again all 

enzyme activity was lost. When the enzyme was 

eluted with a buffer containing 0.05% (w/v) n- 

octyl glucoside 70% of the applied activity eluted 

early at or near the void volume. 10% of the total 

enzyme activity was well included.



Microsoma l 50^—reductase has been p h oto—affinity 

labelled with the specific ligand [3H] Diazo-MAPD. 

The binding has been shown to be NADPH- and UV 

i r r a d i a t i o n —d e p e n d a n t . P h ot o—affinity labelled 

n-octyl glucoside solubilised microsomes have 

also been characterised by high-perform ance gel 

filtration. On elution with 0.05% (w/v) n-octyl 

glucoside, early-and late-eluting peaks of r a dio

activity were observed. The radio-active profile 

obtained is similar to the corresponding enzymic 

profile. On elution with 0.87% (w/v) n-octyl 

glucoside the early-eluting radio-activity is 

replaced by a single peak eluting with a molecular 

weight of 40-50k.

Indirect evidence is presented that binding of 

radio-active ligand may be to a non-protein 

component of the microsomes.

Crotonyl CoA inhibits hepatic microsomal 5fi(- 

reductase activity onlyat high inhibitor /substrat e 

ratios. However, the hypothesis that there is a 

relationship between the enzymes testosterone 5fl(- 

reductase and e n o y l - C o A r e d u c t a s e ( s )  requires 

further investigation.
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