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whxch must be mvolved in their génesjs.

ldcnuﬁcd by thin’ layer chmmamgmphy And by high p:rfcrmnnceﬁguld chmmmogrﬁ

< of the human placenta was very unstable.

ABSTRACT

Although the major metabolites of 3-ketosteroids voidcg in human urine are 3;1-_

E +
hydroxysteroids ‘or their derivatives, there has been very little published work on the

purification’ and charactenzanon of the human 3oc-] hydmxystcrond dehydmgemsa::

The prescnce of the 30t-hydmxysuroid dehydrogenases in human liver. kidney

§ and placenta has been demoristated by mcubauon of exmcts of these- ussues wnh’

170a-methyl-50- andxosnane— o, 17B-dml which. was canvened 0 xhe 3 kelone 'nus wusﬂ :

phy and by further i after sod.lumq hydride réduction of !he “ketone
to.the 3p alcohol.” X - ol

The NAD dspendent liver cytosol' erzyme activity found in’ the 40- 60%

ammonium sulphate pmcxpnmc has becn partially punﬁed using lon-cxchange and gel

filtration ¢hmmatography The 30c-] HSD activity appears to reslde in a number of i iso-

zymes separablc by lulos ) one is lemauvely
identified as Being a human ﬁver ADH, |31[31 which was shown byliso-electric focuss-
ing to Have a pI- between 9 and 10. 4~,Memyl pyrazole was found to inhibit the

dney

ethanol dchydmgenase'activily but not the 3a-HSD activity z:f these isozymes.

A two-fold ratio of 30- 3B-HSD activity was observed in the human-

cytosol but the acnvﬂy in 1.he microsomal fraction-was ennrely due 10 3p- HSP wuh

only a trace of 3a-HSD acuvny/. ,,_The‘ﬂa-HSb activity found in-the cywsol\c‘fr‘acnun
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E -
E -~
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3a-Hya[-9xy»5a-androsm-17-m .

'11B,17,21-Trihydroxy-4-pregnene-3,20-dionc . .

17,21-Dihydroxy-4-pregnene-3;11,20-trione

3t __Cholesterol 5-Cholesten-3B-ol
T of g 5 stane-30,17B-diol ' :
= " 50-Di cstosy And 17B-0l-3-one
‘ Pregnenolone 3Hydroxy-5-pregnen-20-onc
Progesterone 4-nghcne43,20-d.ig/x.w .
Testosterone "17p-Hyéroxy-4-androsten-3-one
 Tewshydrocortsone . 36,11B,170:21 Tetrahydroxy- Soc pregnan-20-one
Tetrahydrocortisol 3,11,17,21-Tetrahydrory-S-pregnan-20-one
© 0+ Abbreviations i
4 ) ..
3 3 . P
7 DHT o é Sa—bihydxélesloslcmne
' nNap .+ Nicotinamide adenine dinucleotide
NADP . Nicotinamide adenine di
: $ Nicoﬁnlnﬁd:ldenine }iinucie{)ﬁdc (reduced) :




DEAE-Sephacel

- xii - -
Nicotinamide adenine dinucleotide phosphate (reduced)
Thin layer chromatography
High pressure liquid chromatography

Diethylaminoethyl-Sephacel

2:Amino-2-hydroxymethylpropane-1,3-diol
Retention time of the sample relative 1o solvent peak

Relative distance of migration with respect to the

o™ Carboxymethyl-cellulosé , .
HSD Hydroxysteroid dehy'dmgenm .
ME 2-Mercaptocthanol
uv . Ultraviolet
2 ‘ 2
NBT ' Nitro blue tetrazolium
PMS Phenazine methosulphate
TEMED E.N,N‘.N'-Teli'am;d\ylelhyle‘nedinminc '
DIT - Dithiothreitol
EDTA 5 Edlylentd.inn:_\inclcmclic acid
Tris
K (HPLC)
Rf (TLC)
~solvent front % N
SM ., ¢ Starting material ,
pl Isoelectric point
ADH

|Alcohol dehydrogenase . “
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s CHAPTER 1

f

! INTRODUCTION
With the exception of .the estrogens, the major biologically active steroid hor-
mones of man all contain a 3-ketone group. ‘l‘he-major steroid excretory products in

adult human urine are the 3o-hydroxy and 3B-hydroxy androstanes and prégnanes of

rhc Sa- and 5B-series and their derivati The 3

(E.C.Ll.l.SO) of human'liver are lhus on a major route of steroid macnvauon

This thesis repms ‘a smdy of the Sa hydmxystcmld dehydrogenase activity of

hurnan liver and, to a lesser extent, that of placenta, md kldney cytosol. The impor-

tance of the 3 i es in_the ism of ns, pro-

” gestins and) in the synthesis of the bile acids, and the fact that, in man, the enzymes
involved have.not been characterized previously prompted this-work. Al\.hough. as
will be seen lgclow. 3a-HSD activity has been incidentally found in human liver, there
has as yet been nq publication in which this enzyme activity of human liver cytosdl
h}; been followed lﬁmugh several steps of purification. The substrate used in this
study for detection and nssny of 3a-HSD activity is a Sa-androstane-3¢x, [7-diol
blocked at the 17-position by msemon ofa 17«1 methyl gmup so that it is capable only

—ofetabolism at the 3-position. . Y -

This xhesls reports a partial punﬁcmon and characxenuucn of one of the 3o -

HSD enzymes, and us tentative 1dcnuﬁcauon as human liver- alcolml dehydmgenase

- isozyme BIPI.
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CHAPTER I1
LITERATURE REVIEW
1. The Steroid Hormones
i) Physiological Activities of the Hormones “a

It has long been known that the biologically active steroid Hormones mmnining‘ a’

conjugated 4-en-3-one structure in ring A are exm\siv}ely inactivated by 5B-reduction

- of the double bond, followed by 3-ketone reduction to the 3a-alcohols. The two most .

abundant C(19) steroids in human uririe are the two 3a-hydroxysteroids shown at ihe
bottom of Fig. 1. The 3u-l-‘lSD activity is thus of considerable imponh’ﬁce ih‘h regu-

lation of ‘the concentrations of s:eroxd hormones and may xh:refcrc play a mle in such

hormonal . effects as sex. di iation, mai of the ri ion of '

energy utilization nnd electrolyte balance, muscle-and hair growth, xr{ainlcnnnce of cell

integrity, snppresslon of the immune reaction and of inflimmation generally. Slemd

also play an i nt role in ifying the rate of growth of certain

tumours, particularly those of the breast and prostate gland.
a . h

i) Catabolism of Steroid-Hormones

The principal metabolic changes undergone by steroids are ox:dmon and/or

reduction, jugation and lysis. Conjugation-usually” mvo]ves convcrswn nf'

steroid hydroxyl groups to either the glucyronide or the sulphate ester, Ahhough it is
often claimed that these processes fer;dcr the steroids water-soluble, it is likely that
conjugation is part ‘of a more complex control process, as the hormonally-active
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swmid§ are already at conceritrations well below their solubility limit.
The processes of oxidation and reduction include hydroxy-ketone interconversion,
reducnon of double bonds, hydroxylations or oxidative scissions of the side chain. The
liver a.nd kuiney are major steroid-metabolizing organs m/ /the’ body, the liver being the
more important. Both ‘in animals and in man, it has been demonstrated that steroids
are normally metabolized so rapidly in the liver that only poorly metabolizable syn-
Lhcd‘c substrates or very high doses of natural estrogens can bypass the enzymatic
machinery present in the liver.
2 e ;
_ ili) Androgens and their cmbohsm S
Male sex hormone eff¢cts in thc body havc been considered to be duc to the pres-
ence of mslpst\emne\.ln many of ifs effects, howcvcr, testosterone appears to act only
after conversion o Sa-DHT. ‘A third »consid-enbiy_ “weaker androgen is 3B-
hydroxyandrost-5-en-17-one (DHA). All mwc are to a large extent converted to 3ot~
hydmxystcmlds befom cxmuon
Andmgen effects are diverse; most nppmm is that they control early de\glopmcnt"
in utero, and later development at puberty to the male habitus. 3c-HSD activity is
'in the bolism and ion of ;hu levels of testasterone and of 5o~

DHT. . T one has been i in the izati of neurénal pa;.‘r‘xways in -

’ the neonate brain (McEwen, 1982) and may account for differences between male dnd
female behaviour (Rainbow and McEwen, 1984). In addjﬁoﬁ{ male sexual behavious
in females and castrates, for example, clasping in the frog, song in the bird and mating

in the Tat gan be sti by nnd its ites (Erulkar et al.,'1981;"

Nottenbohm,: 1980; Goy and McEwen. 1980) Teswstm:mc is.also involved in the

of the release of luteinizi hor- 1 g hormone in the

(Martini, 1982; Schally etal, 197388). .
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In many androgen target tissues, testosterone is reduced by enzymes of the cell

nucleus to an active ite, 17p-hydrpxy-5 dro 3 (5a.-DHT) (Wils‘oﬁ
and Gloyna, 1970). Extensive evidence ‘has Vbeen accumulated that this me;nboliu: IS
*an important mediator of androgen action both in utero and in adult life (’Br’uchovsky
and Wilson, 1968; Gloyna and Wilson, 1969). '
- In nearly all tissues, 5a-DHT can further be reduced to Sa-androstane-3¢t, 17p-
diol (;ig 1) (Gore and Baron, 1965). The latter membolite’has generally been regarded
_ as a less active degradation product (Bruchovsky and Wilson, i968). héwevcr in
several organs such ﬂs'tile at iddney (Xerhoévcn, 1976).‘ rat exorbital lncrimxil gland
: (Cnv;llcm and Offner, 1967), rat prostate and seminal vesicles (Dorfman. and D_orfmnn.
1963) and mouse kidney (Kochak;an. 1944; dhne et al, 1971; Barjlin e(‘ui., 1973), the
hcu'virx of 5o-androstane-3a,17B-diol equals or surpasses that of testosterone (Cekan
and Pelc, 1966; Moore and Wilson, 1972). Furthermore, it has been. shown that, in

vivo, 3at-aridrostanediol can be converted to 50-DHT (Bardin et al., 1973; Bruchovsky,

1971; Becker et al,,1973). The site of this conversion, however and its significance in

the overall scheme of androgen metabolism and action remain obscure. It has been

- that  the jon of So-dil (5a-DHT)' into So-
androstane-3c,17B-diol @y regula\_e androgen action in androgen-dependent tissues
(Walsh - and Wilson, 1976; Delglcrk et al.,, 1979). 3a-HSD-mediated conversion of
50-DHT to Sa-androstane-3c,17B-diol has been reported to be localized in the cytosol _.
of human bmistv cancer cells (MacIndoe and Woods, i9Bl) and ovaries of imrqalm -
rats (Suzuki et al., 1978). . '

. . . o = . b

*iv) Pregnanes and Corticosteroids and their Metabolism

In the metabolism ©f the corti i ?a—HSDs inate over 38-HSD in

manE in most animals, however, 3B-HSDs appear to pred_ominm (Gower and Honour,




- .
. 7 -
1984). The first stage in (e reduction of the A-ring Mwwities involves a 4-ene-SB- - - '

reductase or a 4-ene-Se-reductase. The second stage utilizes ‘the 3o and 3B-HSD

enzyme activities. . Thus for the ‘major ite is, SB-preg |
30,200-diol, and for cortisol (11B,17,21-trihydroxy-4-pregnene-3,20-dione) and cor-
tisoge (17.21—d.ih)fdmxy—4—pregnene, 11,20-trione), lhc‘ ~major products are lctm’.hy‘c;m—
cortisol (3(1.llB.l7a.21‘-tcn’ahydm‘§&5u-pmgnan-204me) . and lewaiiyd:oéémsonc

- (3, 17a1,21-tetrahydroxy-50-pregnan-11,20-diorie).\

v) Bile Acids _nnd their Metabolism

In the conversion of cholesterol to the primary bile icids chenodeoxycholic acid

* . and cholic asid, the S-ene-3p-hydroxy don of is fmed in

" ; liver by several steps to the saturated 3- kc:o)‘x.then by a.30:HSD 0 the 3o hydmxy-
« 5P bile acids (Flg 2). e

The crude 30.-HSD of rat liver cytosol functions as well with NADPH as' with

NADH as §ofamr (Tomkins, 1956). Tt is believed that, in vivo, in animals, the rever-

sible dehydrogenation bf Ja-hfd:vxy bile acids is not catalyzed by liver enzymes but

by intestinal microorganisms (Hx'a;annka et-al, 1972). Ogura (1959) and Be;§eus

(1967) have reported, however, that Tat liver enzymes can seduce 3-0xo bile acids o+ *
" 3-hydroxy bile acids. ™

In common with. other dual
cw ] "K 3 i i promote. ion between NADPH and

- ' NADin (h: presence of catalytic concentratipns of slemxds and may therefore also be
involved in the ion of - nicotinamil i / “(Hurlock and
¥ mu.y.,wss; Talalay and Williams-Ashman, 1958 a,b). ) &
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2. Dehydrogenases and their Properties s

i) Alcohol dehydrogenases
® Hydroxysteroid dehydmﬁs’cs are members of the larger clnss/of alcohol dehy-
drogenases about which much is known, both with respect to the physical and chemi-

cal pmpcﬂ:es of the enzymes, and to the mechamsm and stereochemistry of the reac-

_nons they catalyze. Some dehyAernascs named the A-type, cause transfer of the 4-

proR hydmgen of the NAD(P)H cofacx% The remainder (the B-type)-transfer only
the 4-pms hydmgen Rat liver mxcrosomal 3a-HSD is descnbed as being a B- type of
hydroxysteroid dchydmgcnase (B]elkhem ctal, 1973. see Fig 3).

The soluble cnzyme‘ from the rat liver cytosol was h_owcvcr found to be the opposite,

being a A-type-of hy i r (Bj and Danielsson, 1970).
o oohal e - »

‘The NAQ(P)-1i -alcohol dehydrogenases constitute a group of enzymes that is
both widespread and 'important in phyla from plant to m;m. Once obtained jn prepara-
tions of defined characteristics, these enzymes arc especially nmenable‘/t/o démilc;i
mechanistic and steréochemical study. The ljcacliyn is in general feadily reversible;
both substr‘*and coenzyme teacﬁgns are stereospecific; the transferred hydride ion
does riot usually exchange with hjdmgcn. of water and there are two exl;erimemnlly
available hct;vicr isotopes differing so greatly m'w‘s from the common isotope that
the three have appreciably different rates of reaction in many cases. Hydrogen transfer

from nicotinami alcohol I is hydride-like: and does not
involve radical intermediates (Nonhebe] et al., 1982). Our knowledge of the mechan-

ism, istry and 'othcr teristics of “alcohol g “Teaction

dexives principnlly’ from early work 6n jhe enzymic oxidation of ,edmnol,

Ethanol dchydrogenases have been identified in w‘dely\m{ed life forms including
bacteria, * ycast, insects, plants, fish and mammals (Brandxn et al, 1975) but the
enzymes’ have been punﬁed in only relatively few instances.




FIG. 2 Rolé of 3a-Hydroxysteroid Dehydrogenase in Bile Acid Synthesis.

'R =(CH,),SO,0H
R = CH,.COOH

(taurocholic acid)

(glycocholic acid)
7.
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Horsé liver and yeast alcobol dehydrogenases have been purified and crysthlized and

" have been used in many studies including structure-function relationships (Branden et

al,,1975; Jomvall, 1973; Li and Vallee, 1965), tnzyme kinetics, and of the role of zinc
-

. in biological syslcms (Dmm et al., 1967).

Some gen;uc suudies of Dmsophlla and maize alcohol dehydrogenases (Scan-
dalios, 1969; Ursprung and Leone, 1965) and also of human liver alcohol dehydro-
genase (Smnh et al, 1973) have been-performed utilizing acgiviiy méasurements of par-

tially purified enzymes: Ethanol oxidation has been accepted as the primary function of

. yeast a;cohol'dehydrog:nnsc since the enzyme was first isolated and crystallized by

Fhcorell ‘and. Bonnichsen, (1951). This assumed role” has been cxtended to the horse

(Bonnichsen and Wassen, 1948). and human forms (von Wartburg et al.,'1965) of the

enzyme. o

i) Human llver alcohol dehydmgenase

Human liver ‘alcohol déhydrogenase was first isolated by von' Wanburg et al.,
964 and’ fractionated into chromatographically distinct forms by Blair and Valice
(1966). Subsequently, after three major molecular forms of horse liver alcohol dehy-
drogenise were found to be the dimers of dissimilar polypegkide chaiis, Schenker et

al,, (1971) and Pietruszko et al., (1972) that similar considerati y also
pertain to some of the molecular forms of human liver alcohol dehydrogenases then

known. This has been nfi by the detailed i igati of Vallee and his co-

wo}ken(f983).‘ 3

Alcohol dnhydmgcnas; is Lhe primary enzyme responsible for the mem\)ollsm of
ethanol in. humans (Li, 1977). Thxs egzyme represents 2-3% of the soluble ymw)n in
normal h);mn liver, which suggests that aside from its action on exogenous elhunol u

may serve other lmgomnt though pmsendy unknown funcuon(s) in mtennedmry
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mq{bulism. Human liver alcohol denydmgenns; (ADH; E.C. 1.1.1.1) has a complex
ésozymc patten with forms differing in elecnvphoresic mobility, kinetic and immuno-
logical properties. The human liver alcohol dehydrogenases have been”been divided
into three classes (Vallee and Bazzone, 1983). Class I consists of pyrazole-sensitive,
basic isozymes; class II consists of léss pyrazole sensitive, less basic isozymes and
class T]I is composed of forms with anodal electrophoretic obility and low ethanol
dehydrogenase activity (Strydom and Vallee, 1982).

Class I isozymes consist (‘:f' homo- and. heterodimers of o, B and y subunits,
which are codt.:d for by three gene loci, ADH!. ADH2 and ADH3 (Smith et al,, 1971).
Genetic alleles are known to’ ocour at the ADH2 locus coding for Bl and P2 subunits
of known structures (Jcmva.ll‘e[ al., 1984a; Buhler et al. 1984a) and fo{ PB-Indianapolis
subunits (Bosron et al., 1980). Similarly ¥1 and ¥2 subunits have been ascribed to the
ADH3 locus (Smith et al., 1971) while allclic vnriums hnv; not hecn defined for the
o-subunit. The o] polypepnde is predominang in early fetal liver (Smuh et al, 1971),
while in adult livers - xnhumls and (apparently to’a lesser extcm) ¥ subum(s predom-
inate.” Differences in efficiency of ethanol oxldanon amtm other enzymatic properties
are fornd’fm the homodimeric class 1 isozymes' (Bosron et u 1983). The primary
structures of the B1 B2 and y1 subunits have been determined as well as nicleotide
sequence of the cDNA corresponding to the BmRNA (Duester et al., 1984; lkuta et al.,
1985; Heden ét al., 1986). Three different size classes of cDNA clones coding for the
“B-subunit of the human liver alcohol dehydrogenases have been characterized from a
human liver cDNA lxbnry (Lars Olof Heden et al., 1986), however, one i$ only a par-
l}l sequence * (Duester et al., 1984). Another (Lkuta et al., I985) ‘contains o fow
differences in relation to the protein strycture reported (Hempel et al., 1984), and

]

results from a'third suggest & cDNA-with the presence of a #letion. Active site struc-

tures and sequerice cm:msponding to a missing region in distantly related alcohol

L

~
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dehydrogenases have also been studied for the a-subunit, showing the overall relation-
ship among the class 1 polypeptides (Hempel et al., 1985). The class 1 isozymes
migrate as & group towards the cathode on starch gel electrophoresis at pH 7.7-8.6.
The iso-electric points of the human liver isozymes is as follows: Class I, 9-11 (Li and
Theorell, 1969); class I, 8:9 (Li et al., 1977); and class [T, 6.4 (Wagner ct'al, 1984).

The class. I isozymes have been isolated as a group by chromatography on

DEAE-cellulose and on an affinity resin, Sepharose 4B activated with cyanogen

bromide and coupled to 4(3-(N-6-ami i pyrazole (CappGapp-
Sepharose) which contains a pyrazole-like end group (Lange et al., 1976). An appreci-
able amount (10-30%) of enzymically:active proteirf does not bind to the CappGapp- -
Sepharose immobilized ligand. This is associated with the 7 isozym\é. Thite are foud
homodimers, o, BIBL, Y1yl and 1212 and six heterodimers, apl, @ o, pin, -
B172 and ¥1¥2 that would be Brmed by 1 jom combination of the four subunits,
and all have been detected. '

The individual class I isozymes were separated ‘fror

other by CM-cellulose
chromatography (Wagner et al., 1983). Al cliss I fsozymes are very stable and retain
virually full acivity towerds ethanol over a period,of one month when stored in smM
trs-Cl bufler with 0:5mM NAD and 0.1mM DTT, pH 7.3 (Deetz et al., 1984). The
specific activity of the BIP1 isozyme*with ethagpl as substrate is 0.2U/mg, while that

~ for the other class I isozymes is 0:6-1.2U/mg, Class III has an activity of 0.4-0.6U/mg
-~ ' N i .

protein. DI ide gel is in the presence of 7M urea

at pH 7.2 resolves the calhodic‘supunit chains of human liver alcohol dehydrogenase

'. i, m, o, B, y1 and 12 (Keung et al., 1985). From the relative positions of the result-

ing subunit bands, individual alcohol can be identified
(Keung ot al;1985). The tryptic peptide HPLC elition profiles of the class | isozymes
are similar to one another (Strydom and Vallee., 1982) and antibody pﬂ':pl!ﬁd to P1B1
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cross-reacts with all the isozymes within this group (Adinolfi et al, 179) suggesting
close structural homology. -

* The enzyme forms, belonging to the class I (r-ADH) and Il (¢-ADH) differ sub-

stantially from the class I forms with respect to electrophoretic mobility, tryptic pep-

tide maps, antibody ivity and kinetic ies. The eight
cathodic class T [——- isozymes o2, Y22, @y, aBl. BIv2; yiyl, Byl and
B1B1 all oxidize ethanol, ethylene glycol, methanol, benzyl alcohol, octanol, cyclohex-
anol and 16-hydroxyhexadecanoic acid at the pH optimum, 10.0. However as judged
by kinefic criteria, in no case is’ ethanol the best substrate: for any of the.class I iso-
zyyphes (Pietruszko, 1979; Wagner et al., 1983). .
The class 1T (n-ADH) are less pyrazole sensitive, cationic protcins which have
been puri.rﬁed' and characterized (Bosron et al., 1980; Wagner ct aL,‘ 1983). Th; ci_nss
II ADHs caulyze the oxidition of ethanol, pentanol and 3-pyridinyl-carbinol Bit do .
not oxidize methanol, glycerol or any of the cardiac sterols (Vallee and Bazzone,
1983). - . ' - .

Screening liver extracts by means of starch gel electrophoresis followed by stain-

ing with an alcohol of long.cr chain length, i.e. pentanol, led to the identification of an
isoz‘yme ‘which hardly oxidizes ethanol at all (Pares and Vallee, 1981). The substrate
specificity and the kinetic and physicochemical behaviour of this enzyme provn;‘ to
differ from those' of class I and class H‘, it is anionic at neutral to slightly alkaline pH
values and is not saturated by ethanol at concentrations up to 2M. Similar ADH iso-
zymes have now been detecled_ and isolated from liver p){mcu of species other than
the hu’man 'a;ld have been named provi:sionally %-ADH (class IIl. (Pares and Vallee,
1981). i o v

Class TNl ADH is the sole molecular form in human placenta (Wagner et al.,

1984) and brain (Beisswenger ct al., 1985) while class Il may well be liver-specific but




1%

coexist there with other ADH forms (Ditlow et al., 1984). In oo;m the B-subunits
of class I were detected in lung, skin, hair roots and adult kidney (Smith et al., 1971;
Goedde et al., 1980) ln}Y’subumrs were identified in stomach and ‘infaht hdncy In
the testis, hmnunohlslochamal localization of ADH is primarily in the seminiferous
epithelium and Leydig cells (Buhler et al., 1984), the major molecular form of testicu-
1 ADH is class IT1 ADH. ug-ADH is genetically distinct from other isozyme classes.
Antibodies prepared against By2, Byl and B (class ) and %-ADH (ciass IT) do fot
cross-react with human x-ADH. However antibodies towards both horse and human
chr y-isozymes do cross-react with each other (Vallee and Bazzone, 1983) The
opumum activity of ethanol oxidation for all three classes of human hver alcohol
dehydrogenase occurs between pH 9.0 and 11.0 (Lutswrf et al,, 1970; anner et al,,

1984; Ditlow et al., 1984). . 5

The m‘l;lrk:b\e polymorphism of human liver ADH md_l‘h'c accompanying
differences in substrate specificities and unefsfn“mnem suggests participation in
multiple -metbolic pathways. Clearly the oxidation of ethanol is not the' sole or
perhaps even the primary function of all ADH molecular forms. All the human liver
alcohol dehydrogenases characterized to date are dimers of molecilar weight approxi-
mately 85,000, Those that have been tested contain 4g atoms of zinc/mol, bind ‘two
mols of NAD readily oxidin long chain aliphatic and aromatic primary alcotiols
(Bosmw/:;O Lange and Vlllee. 1976; Pares and Vlllee. 1981) Most of the
clmlydc pmpenus of the human protein are similar to those of the enzyme “from hoxse

liver. but they diﬁer in regard to tlnc magnitudes of the Michaelis oonsnnts for sub- |

sn'ates md'c'%nzymes and in\substlite specificity. In pnmcullr, human liver alcohol

dehydmxemse u)udu.u ethylene glycol and methanol at high rates, whezeas the hmse'

enzyme ex!ul;m little qr no activity towards these alcohols.. Unlike horse hver alcohol
: dei_lydmgemse isozymes, the ‘isolafed components.of the human liver could not be

-
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diséinguished from each other by their steroid ncu'viLy. Earlier work reported that all
‘Lhe isolated isozymes appeared to be active with steroids with a 3B-HSD activity about
5% of thit of ethanol. '

‘While there was a two-fold difference seen between males and females in the
amount of ADH contained in adult mouse and human kidney per gram of tissue, the
same could not be said of human liver (Ohno et al., 1970). Kidney ADH activity of
adult females is about one-fourth and lha(. of adult males is about one-half of the liver

"ADH activity. In man, the ethanol dehydrogenase activity is not inducible. It has also

+ been observed that neither ADH nar aldchydc_ dehydrogenase of liver was affected by,

ingestiort of androgenic steroids (Ohno etal, 1970).

. .
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iii) Hydroxysteroid dehydrogenases -

Among the alcohol i are a particu-
larly interesting group because of the importance. of steroids in man. 1 steroid hor-
mones have in their biosynthesis at least one reaction catalyzed b/\a hydroxysteroid
EC.

-~
1.L.1.n) are a family of enzymes catalyzing the interconversion of hydroxyl and car-

bonyl functions located on the steroid skeleton or the side chain (Talalay, 1963). These

e &
dehydrogenases are pyridine nucleotide-dependegt enzymes. A general formulation of
the oxidoreduction reaction is:

Hydroxysterold + NAD(P) zz-.-> Ketosteroid + NAD(P)H + H*
Dehydrogenases acting on 3a-, 3p-, 6a-, 6B-, 7a-, 7f-, 110t-, 11B-, 120-, 12B-,
150-, 158-, 16a, 16p-, 170, 17B-, 20a-, 20B-, and,21-hydroxy-steroids are among

isth or by i ion and isola-

tion of metabolites, either with crude enzyme preparations or after purification of the
enzymes (T: llal;y. 1963; Baillic e al., 1966). Estrogen oxidoreductases viz. 6a-, 6B-,
7a-, 7p-, 11B-, 15a-, 15p-, 16a-, i6B-. 17a-, and 17- have been reviewed by Breuer
and Knuppen (1969). '

In addition to thcxr mle in steroid - menbollm. HSDs serve as models for the
study of steroid receptor proteins. The hxghly specific interaction berween steroids and
receptor proteins, vital to hormonal ncnvuy. is perhaps more readxly smdxed in hydmx-
ysteroid dehydrogenases for whlch rapid and sensitive assays of the cnzymanc ncuvny
are ayailable. .

Some of these enzymes, e.g placental estradiol 17f-dehydrogenase (Engel and
Groman , l§74) have narrow specificity with only estradiol and a few closely similar

" estrogens dcting as substrates. Others, for example those of Pscudomonas testosteroni

- 3(17)B-HSD (Marcus and Talalay, 1956) and Streptomyces hydrogenans (3c:,20B-
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HSD) have wider specificities; both are capable of recognizing carbonyl groups fat both
ends of the steroid molecule as substrates: All of the above have been ysed for
“ covalent stcr\nid-pmlein linkage experiments which have impro\fed our undeTs(ﬁnding
of l}ic requirements for forming a sxeroi(recepmr site on a p/mlein. |
Of the commercially available steroid. dehydrogenases, only two are, dffeed in
crystalline form. The 3,20B-HSD of Streptomyces hydrogenans has becr; obmin‘cd
crystalline (Edwards and Orr, 1978), though the commercially available enzyme has
d:lil;cmtcly been diluted with bqvinc serum albumin to give a pm&ucl pf' reproducible
spcci.ﬁc\acﬁvi!y._ The only other i obt:

inghle commer-
ciallyin crystalline form is horse liver alcohol dehydrogenase, but the stc‘r’oid activity
of this enzyme is associated primarily with the minor (S; steroid-active) su‘hunil.’ rather
than the major (E; ethanol active) fubunit (Pietruszko nnd"lhwrcil, 1969).

The majority of the steroid alcohol dehydrogenases tl‘ms far examined (Bentley,
1970) catalyze the transfer of hydride from Hf€”steroids to the 4-pro-S-position of the
reduced NAD(P) (Henbest and Jackson, 1962). Akhtar et al, (1972) have listed a
series of nine NADPH steroid reductases of mammalian origin in which the hydride
transferred to the 'a-faoe of the steroid was the '4-pro-S hydrogen of the coenzyme and
that transfesred to the B-face was the 4-pro-R hydrogen.* The avian enzymes also
employ NADP as cofactor bit do not follow the mechanism described above. In the

case of the 3o~ and the 3p- id” y of P testos- "

. teroni, both utilize the 4-pro-S proton o{ NADPH. - ’ .

iv) Human Li\.rer 3a-Hydroxysteroid Dc}}yd:ngcnnscs
5o~ and 5B-DHT are reduced to_a small éxlem to the comrésponding 3a- and 3p-
hydroxysteroids by the miémsomal ﬁw;ﬁon of human liver in the presence of i‘lADPH
§ and NADH; NA‘DH bein.g the preferred cofactor (Bjorkhem o al,, 1972). .3a-. and

\




LN

v e21

e ;

3B-hydroxy-androstane oxidation by the microsomal fraction of human liver has also

been reported (Bjorkhem, 1976) although no attempts were made to purify or charac-

terize the enzymu The ratio of 3a- to 3B-reduction v:s about 2:1 in male liver

microsomes. No sex differences could be detected in the acuvuy of 3| hydmxystemd

dehydrogenase in human liver (Bjorkhcm et g 1972, l976) Age -dependent changes

in the activities of various human liver steroid- merabohzmg enzymes, mcludmg the
3a-HSD ucuvuy, were reported by Reym’)ys (1966).

Using biopsy, samples from 17 patients, Lang et al. (1986) detected soluble and
microsomal 30.-HSD from human liver, and optimized assay systems for the dcmv
nation of the enzymes were developed. The mean and standard deviations for the cym~
plasmic 3o-HSD acs’xity was 1.03 £ 0.34 nmol{min/mg protein and that for the micro-

somal enzyme was 2.07 + 1.16 protein. Using radioactive 5o-DHT as

subsﬁu, PH optima_ for the cytosolic and microsomal enzyme activities were found to

be 6.0 and 5.5 respectively. The Vmax for the microsomial 3a-HSD was reached at a
E 7

NADH concentration of about 1.0mM. No correlation with sex, age, or disease was

detected.

v) Other ian 3 id Deh
The rat is the major animal used for 30-HSD research and liver is the predom-

inant tissuc studied. 3a-HSD activity has, however, been found'in homogenates of rat
kidney (Verhoevén et al,, 1977) and in several other tissues (Inano et al., 1977; Thien
et al, 1977). .

 The pmscnf:e of soluble 39&-HSD activity, capable of reducing androstanes and
pregnanes, in. unfmcticnm?d rat liver cytosol was first described by Tomkins in 1956,
and has been rwiéw'ed by Talalay (1963).. Mc;r/e recently, four isozymes of 3a-HSD,
designated F1 fo F-4, q‘ne' NADH- and three NADPH:linked, have been found in rat’

2 I
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liver cytosol (Ikedh et al, 1981). The four fractions were separated by DEAE-
cellulose. The molecularimasses were estimated to be 32,000 Da. The main fraction,

F-1, is NADH-dependent while F-3 was NADPH-dependent; these two isozymes have

o

/

- 5 \
In the c:)nversion of chn!es(crol to the main’ primary bile acids, cholic acid and

been chafacterized.

chenodeoxycholic acid, both aq/NAD-depenéam 30-HSD and a 30-HSD which can

utilize either NAD or NADP are involved. At least six isozymes ofgda-HSD of rat

liver cytosol have later been described-(Ikeda. et al., 1984). All the isozymes were able
- St

to catalyze the e ion of 3 ids of differing carbon skeletons

(€19, C-22, C—ﬁ\ C-24, C-25 and C-26). They also found that 5B-cholestan-3c,70:-

diol which is believed to be an i i iate in the fc ion of

chulic acid from cholesterol, was the poorest subsv;a('e for all of their F-4 enzymes.
Their findings sugges‘l that the ];azhi:vays of chenodeoxycholic acid formation ‘presented
by Mitropoulos and Myant (1967), (pathway B), and Ayaki and Yamasaki (1972),
(pathway C), may function in rats (Fig 4).
This work supports results obtained by Koide (1969) who found that the 3a-HSD
involved in 9~|e metabolism of steroid hormones also catalyzes reactions ;‘onccm
with the biosynthesis of bile acids from cholesterol.

Sanyal €t al., (1974) reported that in i study-of 5P-reduction of Jz;tosn:mn: to
5P-androstanc-3a,17p-diol by d

gt liver cytosol, production of the 3o

allylic steroid alcohol, “' 4 3¢,17B-diol, was ool an carly, but reversi-

: ble evcn; They then established that dehydrogenases presept’in the cytosol were capa-

ble of reducing the 3-ketone of both the unwnjukalcg 4-cn-3-one and the saturated
5B-DHT to the orresponding 3a-hydroxysteroid. By.studying the metabolism of the
3[3-dem=ﬁ9—3a-nllylic alcohol they -showed that d:ulemél foss was an obligatory step

in its cbnvcrsion to the sawrated 5pB-androstane-3c,17B-diol and concluded that né




.
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FIG. 4 Role of 3a-Hydroxysteroid Dehydrogenase in Cholic Acid and

Chenodeoxycholic Agid Biosynthesis (Tkéda et al., 1984).
. <
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reductase requires the conjugated 4-en-3-one structure.

The ion of Sa-DHT to 3 iol, appears to be the major route
for the meu’holism‘gf testosterone ullgi 50.-DHT in brain and has been demonstrated in
vivo and in brain tissue slices (Denlcf et al., 1973; Celofti ct al., 1979; Martini, 1982).
Kricger and Scott (1984), using '“C-DHT and NADPH as cofactor described a single
method for the assay of the soluble 3a-HSD in homugenate; of 1at bram cyw;ol and
mapped out the activity in fourteen brain regions. An NADPH‘-depergdem 3a-HSD
. . from rat brain cytasol was also purified by Penning et al.,(1985).

# .
Three Jq-HSD activities were found in the rat kidney (Verhoeven et al.,

1977). One is,microsomnl, NADPH linked. The other two are soluble; one NADH-/ v
linked, one NADPH:linked. The microsomal NXD-d_ependcm 3a-HSD was found to

convert 3a-androstanediol to So-DHT (Verhoéven et al., 1977). The activity of 3o- .
HSDs in-mammalian kidney cytosol has been reported (lVerhocvcn é{al‘., 1976; Ghraf

et al., 1978). An NADP-dependent 3a-HSD was found in the rat kidney cytosol. The

enzyme exhibits a higher affinity for S5at-DHT than for 3a-androstanediol (de Moor et

al, 1975; lVerhoeven et al,, 1976). Because NADPH/NADP ratios are greater than 1 in.

the c}'losoi of mammalian tissues, de Moor et al., (1975) concluded that the cyto-

plasmic activity of Su—HSl; plays a major role in the transformation 6f Su—Dll-l'rkm the
. 3a—andmsune<‘ﬁ’ol under in vivo as ﬁell as in vitro conditions. Ce

. Hliﬁngs,_el al,, (1980), have lulso described the presence and ﬁnedcs of both

. NADPH and NABH-dependent 1a~HSD sctivie| in i Tt testis. Tau‘mg and his col-

_(,- _ le_ugucs (1975) }wve shown that the reduction of - 5a-dihydraotestosterone  to 30-

androstanediol is the major metabolic route for the androgens in the rat prostate and

have li the 3] i : in the ion of androgen

action. The ion"of 5e-DHT to 3 iol is-in general reversible in tar- .

N " get organs (Taurog et al., 1975; Becker et al., 1973; Krieg et al,, 1975; Dionne et al.,

; . . ¢ 1




1974). Furl.hennore. the melabclism of 5a-DHT to 3o imdrbsmnediol in the muscles
may’ be an lmponant factor for the total body- a'ndmgcn smtus, slmfc the musculmurc .

conmbulcs more than one- dnrd of the body mass. v N
~—
The presence of at least two isozymes of 3a.- HS}D in rat testis, grostate and epidi-

dymis cytosol preparauons has been demonsxmted (Krause and Kumvolns 1980). The
NADPH- and I\RDH-dcpendcm enzymes could be separated from each o(h/er on
Sephadex G-206 column chromatography. The one eluting in the void vulume is pri-
marily NADH- dependem whereas the cLher wuh a moleeular weight of 340(&15
predominantly NADPH‘Ecpendem (Hasungs et al, 1980). - -

In contrast to convcnuonal wisdom ihal 3(! HSDs are. mvolved in the destruction
of hormonal ﬁvn& of slem:ds Jacobi et nl (1978) reported induction of slgmﬁcnm

* growth in rat pmsme as a result of the presence of S0 undrosmn&!a l'lﬁ-dxol

The majomy of the 30-HSD activity was found in the cytosolic fﬁcnon rather
than th&nuclear and microsomal fractions in rat hean, diaphragm, skeletal muscle and
the bulbocavernosus/levator ani (BCLA), (Smith et al., 1980) Extensive slux;ies on the
chmc(cnsncs of the C-19 steroid 3a-HSD activities m rtat liver (Koide, 1969; Hoff

and ief 1973), kidney et al, |976' Ghraf et al,, 1977), prostate

(Taurog et al., 1975; van Doomn et al,, 1975; Inano et al 1977) and anterior pituitary

(Celom et al,, 1979; Th:en etal, 1977) have ‘beep made. Both NADPH- and NADH-

dependent 3a-HSD.scnvmcs wtlQ:)d in the hypothalamus, thé former being a cyto-

solic enzymie, and the latter, a plasha membrane enzyme (Kmuse and Karavolas.

1980) Rat hy mic Set-di e, NADH- lmked 3a-HSD is reported
to bc “associated _with, plasm membrancs with a broad pH optimum of 6-10 (Krause
nnd Karavolas, 1981). Smithgall and Penning (19 5) also.-demonstrated the presence

of soluble 3a-HSD activity ini rat Jung and testis. = . v
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A 30-HSD has also bgcn reported to'have been isolated from rabbit liver cytosol
an‘d ‘was named F-SAI Th‘is enzyme was NADPH-dependent and had a M.W. of 29,000
(Sawada et al., 1980). An enzyme having dual 3(17)a-HSD activity in the rabbit kid-

ney has been described by Lau et al.,(1979).

It has been found that S 3,17-dione is e to mixtures of 3a-
hydroxy-iu-andmsén—ﬂ-une and C’fl}—hydmxy-sa-andrpstan-l7-onc by 391- and 3p-
'HSD in b‘enr testis (Brophy and Gower, 1972) and submaxillary salivary glands (Kat-
kov et al,; 1972) and.gilt nasai epithelium., ln boar testis, Sct-androst-16-en-3p-ol
predominates but in the immature animal, the 3a-hydroxy compound predominates, the
change to 3pB-hydroxy compound occurring gradually as the age of the animal
increases (Booth, 1975). e o

The baboon kidney was found to have 3-HSD activity, converting 3o-
androstanediol to 5¢-DHT (Okumura et al., 1979). ‘

) oo
Vi) Other Enzymie Activities Associated with Mammalian 30-HSD

It has been reported that human liver ethanol dehydrogenases are also 3B-

h s, and that their nding ketones are all substrates'
for the human li;'er alcohol dmyd:vgcnas;s, All.ho(ugh a 3a-hydroxysteroid is
“described as an inhibitor of this " 3B-HSD acﬁ;/ily. no metabolism of the 3a-
“hydroxysteroid by human liver gmmoi dehydrogenase has been reported (Reynier et
al,, 1969). “These observations were made, however, long before the multiple human
ethanol dehydxv‘fg:nnscs were characterized.

" 30:HSD activity has been implicated in the detoxification of carcinogens derived

3

by oxidation in vivo' 3 ic aromatic hyd 3 ids can

_ also be oxidized by enzymes other thian thosé primarily moognimi as 3a-HSD. Multi- .
ple forms' of mouse liver cytosolic benzenc dihydrodiol (trans-1,2-dihydroxy-3,5-
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NADP- i i desig-
nated DD1, DD2, DD3 and DD4 have been purified (Bolcsak and Nerland, 1983). The

liver enzyme, also NADP- linke&, has a MW of 35, (Penning and Talalay,
/P s . $ o

1983). These enzymes have been shown to catalyze the oxidation of 3a-

ids as well as i iol. An NAD(P) 30-HSD was
v -
. purified to homogeneity from rat liver cytosol where it was responsible for most if not

all of the capacity for the oxidation of 1-aceh and b

drodiol (P4nning, Mukharji, Barrows and Talalay, 1984).

Vogel (1980) has reported that the dihydrodiol dehydroggpase activity of rat liver
co-purifies with 3a-HSD and may play a vial role in the detoxification of ultimate
'cammogens (Glat o al; 1982), The enzyme also promoted me reduction of quiiones

% and certain aromatic nldehydes~and ketones and is mhlbued by most of the major types

S of n idal anti-ii ry drugs. The was found to bind arachi-
donic acid and was potently inhibited by certain prostaglandins (Penning and Talalay,

1983). % M E
It has been shown (Hurlock and Talalay, 1958; Talalay and Williams-Ashman,
‘1958a.b) that the NAD(P)-linked rat liver cytosolic 3a-HSD promoted an cfficient
hydrogen flow (ranshydrogenation) between NADPH and NAD in the pmuncé of
ca\talydc,amoums of steroid substrates. Tmnshydrogeiladon may serve a regulatory

mle\ by controlling hydrogen flow between NADH- and NADPH-deper‘udcm reactions.

vii) The mlq‘ of Su-HSD in dcvelapmem‘and control
Both NADH- and NADPH-linked 3a-HSD activities l.m sex-linked in the rat
A (Verhoeven et al., 1977). Th; soluble NADPH:linked activity -is.more active in lh:l
fe;mal:. ‘The microsomal NADPH-linked enzyme activity was however 35 times more
active in thie male than in the female. Tho,NADH-linked 30.-HSD agu\nty is subject to
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complex dcvelopmelilal cbangcs.(\’cmoevcn et al., 1977). Hoff and Schriefers fl973)
have demonstrated sex differences iq the rate of 5u~andmsmn-?,17-dionc reduction
catalyzed by rat li\;er cy.tosolic “30-HSD, while Verhoeven et al., (1976) have shown
that the redction of 5a-DHT to 3a-androstanediol caralyzed l;y rat kidney cytosol is
two-fold higher in females. Th; latter difference has also been dttributed to regulation,,
of the enzyme by estrogen (Ghraf et al, 1975) -

Due to their potential i in ing S5o-DHT iboli 30-HSD,

activities in rat heart, diaphragm, skeletal muscle and the BCl;,A have been stud‘ied.
The role of the 3a-HSD in hormone metabolism has also been studied b){ Pietruszko
and Chen ( 1976). They found that the acetaldehyde reductase from r;al liver cytosol is
also a 3o-hydroxysteroid dehydrogenase. .

3 ids have been implicated as-inhibitors of ethanol dehydrogénases

and must therefore bim'i to them. In the conversion pf\smt:;id ketone to alcohol, com-

pounds of the A/B cis configuration (5B-) were found to be metabolized at about ten
““times faster més than stcroids_or A/B trans (5a-) configuration. In the oxidation from

alcohol to ketone, A/B trans steroidal 3B-alcohols were better substrates than the A/B

cis comp@nds.‘ The Km/Vmax values determined for 3]3-hydmxysumi§s and their

ketones arc generally low, suggesti‘ng that such steroids are good substrates (Cmn.holm

etal, T975).

3\ . " 5

\ ) ~

viii) Bacterial 3a-Hydroxysteroid Dehydrogenases

Several baclcdal‘:i-hydmxys(eroid dehydrogenases have been studied in consider-

able detail. An advantage of bacterial steroid dchyhgenuses is that the enzymes-are -

N
inducible, offering the ibility of obtaining signi amounts of protein. They are

also reasonably stable and cm{be purified to apparent homogeneity. These enzymes
can be subjected to genetic ipulations, itting amino uéid itut, to be.

\

/
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made, and allowing a novel approach to studying protein-steroid interactions. Purified

* bacterial ot~ and B-hydroxysteroid rlchydmzenascs serve as models for the study of the

interaction of steroids with enzymatically active melein surfaces. The affinity of these
enzymes for their steroidal substrates is high and relatively specific.

Using testosterone as the sole source of carbon, Marcus and Talalay (1956) iso-

_lated a Pseudomonad which they named P i. This

ism had o~ and B-HSD‘ac:iviﬁes, catalyzing oxidation-reduction at the C-3 and C-17
posilions of androstanes. \1“

By seleclilng Emwfh on ‘testosteron estradiol-17f as |;mvidir_|g the only source
of orgmﬁc carbon, Payne and Talalay (1985), isolated a number of soil n‘dcrocrgnnisms
which comliin highly active and inﬂuciﬁle, NAD-linked 3o, 3B-, and 17]5!
hydroxysteroid dehydrogenases. Such enzymes are suitable for the microanalysis of
steroids and of stcroid—msforrping.enzymcs. as well as for performing stercoselective

and ions of steroids. Microbial 3a- and 3B-HSDs are now available

for analytical purposes (Shikita and Talalay, l§79). An observation that may be
relevant to. the work reported in ‘this thesis is that the 3a-HSD of P. testosterpni is
inhibited by superoxide radicals (Oz") and that the: presence of NADH prevents this
inhibition (Kim ct L, 1986). : ’

The inducible 30,20-hyd i from hydro- .

genails has been the subject of a large number of studies. Much is now known “about

3 {
it’s physical properties and the range of acceptable steroid substrates. The enzyme is

tetrameric, each idcnﬁéu_ subunit has a, M.W of approximately 24,000. For-5cc-DHT,
the 3a-HSD activity has a Vmax of 19.6umol/min mg of protein.and a Km of 289uM.

. ‘inary X-ray cry;mllographic data has now: been obtained by Fitzgerald, Duuxu. Punzi

and Orr (1984) on the Streptomyces hydrogenans 3.,208-HSD. More recently, single

" The _properties of this cnzyme have been reviewed- (Edwards ‘and Om, 1978). Prelim-- .
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crystals of the 3,20B- i of square bi id shape have

been grown at room temperature in the presence of excess NADH (Ghosh et al., .
1986). This enzyme may soon become the first HSD of known three-dimensional

geometry.
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: CHAPTER III . N
K

. MATERIALS AND METHODS

y
!. MATERIALS -
i) Steroids
17B-hydroxy-170-methyl-5 ds 3 , 17 thyl-5 3a,17B-diol,
170-methyl-5 3B,178-diol, 17 hyl-58-androstan-17p-ol-3-one,  5B-
androstane-3,17-dione, and 5t 3,17-dione were from i

Inc. Wilton, NH. So-androstan-17B-ol-3-one, So-androstanc-3,17B-diol, 5&-

3B,17p-diol, 5p-and 17B-0l-3-one, 5B- 30,17B-diol, . Sot-

androstane-3B,17-diol, 5B-androstan-3B-ol-17-one, 5B-androstan-3a-ol-17-one, 5p-

pregnan-3a-0l-20-one, and Sa-pregnan-3a-ol-20-one were purchased from Sigrﬁa

hvlte

Chemical Co. -St Louis, Missouri. 17 c and were pur-
chased from Searle Chemicals, Inc., Chicago, Ill. 5o-androstan-3c-ol-17-one was pur-
chased from Schwarz/Mann, Division of Becton, Dicﬁn;on md.Co. NY.

.
ii) Coenzymes
NAD, (Grade Illv ﬁ\:m yeast), NADP (monosodium salt), NADP, (Monosod@um salt,
Sigma grade, from yeast), NADPH (wmso;iium salt) were from Sigma Chemical Co.,

St Louis, Missouri.
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iif) Chromatographic and Electrophoretic Chemicals
Sephadex G-25, 6-200. DEAE-Sephacel were.from Pharmacia Fine Chemicals, Upp-
sala, S;ﬁcden. EMS2 (CM-cellulose, preswollen) was from Whatman, England. LC.L
Procion Blue MX3G dye 'bound to Sepharose 4B-200 was prepared by Mr. Gordon
Murphy in our l\aborawry Starch-Hydrolysed was from Connaught Laboratories Ltd., .
Willowdale, Ont. \Acrylamidc, i ide, TEMED, i Pyro-

nin Y(G) were, from Bio-Rad L i i Calif. Gl jone (reduced)

was from Aldrich-Fine Chemicals, Milwaukee, V\K Amido Black 10B was from The
British Drug Houses (Canada) Lid., Toronto, Ont. Redi-Plate Silica Gel GF were from

-Fisher Scientific Company, Pittsburgh, Pa. Ampholine pl»i fanges 9-11 and 3.5-10

were: from LKB, Bromma, Sweden. Spectrapor membrane tubing was from Spectrum

- Medical Tndustries, Inc. Los Angeles, Ca.

Negative pressure protein dialysis membrane, -& ProDiMem, was purchased from
Pierce” Chemical Co., Rockford, Tl Enzyme assays were done on the Gilford U.V.

Specu'cph;wmetcr. Model 240 with.a Model 6050 sample chfainger‘

iv) Protein Smndaés. Enzymes and Related Compounds
Bovine serum albumin, 2-mercaptocthanol, f{BT, PMS, 3a-HSD (Pscudomonas testos-
teroni) were from Sigma Chemical Co,, St Louis, Missouri. Coomassie Brilliant Blue
R-250 was from Eastman Kodak Co., Rochester, N.Y. l;lumanrplaf:enm was obtained
immediately after delivery from St Clare’s Hospital, St John's, NAd. Human Kidney
and liver, free from disease, were obmlned lmmaila(ely after autopsy from the Health

* Sciences Ccnne. St John's, Nfid. wnh the \appmpnnte approval of the Human Investi-

gations Committee.
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Al salts and solvents were the highest purity preparation available, of reagent grade or

v) Buffer salts and solvents
) ;

better. ﬁey were purchased from, Fisher Scientiﬁc"?o., Owawa, Ont., fmm Canadian
Lab. Supplies, Ottawa. Ont., from Aldrich Chemical Co., Inc. Milwaukee, Wis., from
Sigma Chemical Co., St Louis, Missouri. . or from BDH Chemicals, Toronto,Qnt.
= HPLC solvents were purchased from the suppliers listed above or from Burdick and
Jackson ,Inc., Muskegon, Michigan, USA. The water was de-ionized and further
purified by a reverse-osmosis system (Milli-Q, Millipore Corporation).
4 ¥ 2




~35-.
2. METHODS
/ ,
"Melting points were measured on a Kofler apparatus and are uncorrected. NMR

spectra were determined with a Brukker WP 80 for solutions in deuteriochloroform

with tetramethylsilane &s internal standard. Products were analysed or s;/pn%x?d by

HPLC using - Waters 244 liquid with a R401
and a Modél 450 variable wavelength detector with a Whatman Partisil silica 10/2
column. The solvent system was hexane/isopropanol 95:5 by volume run at 1 mL/min,
at about 1000'p,si Retention timés ;f the steroids varied somewhat from day to day,
being critically depéndent on the exact compdsition of the solvent mixture, but were
satisfactorily consistent for a given solvent batch. Standards were run each time;”
phenanthrene and cholesterol were also run as additional standards. Retention times
relat‘i‘ye to cholesterol were constant. The tic Rf valves reported are on silica GF,
Analtech Inc., Newark, Delaware, with sol\;ent system ether/ toluene 2;1 in which

androst-4-ene-3,17-dione standard had a Rf of 0.51 and testosterone 0.37.

8) Enzyme Assays ,
Enzyme assays arc based on the generation or loss of NADH, readily detected by

its absorption at 340 nm, (Fig. 5).




. 3
FIG. 5 Reaction used in Assay of 3a-Hydroxysteroid Dehydrogenase
Activity. .
(The forward reaction proceeds optimally at pH 9.Qghile

the reverse is optimum at pH 7.0. A m340 nm; €6,200).




-37-

n_u_vxb

el

FIG 5

) RPPRA
-1 N
_ _ e HoN b =l
“Od H

.

OH
<CH3




/ -38- /

i) Alcohol oxidation with NAD(P)

The thcubation mixture consiswd' of steroid alcohol substrate (10mM) in freshly
distilled tert-butanol, 100fiL; 4.4mL of S0mM sodium pyrophosphate buffer containing
2.3mM NAD(P), pH 9.0 and generally 0.5mL of the cnzy;ne solution. The blank con-
tain_ed all of the above except the steroid substrate. Instead, 100UL tert-butanol was
added. For kinetic assays, the change in NAD(P)H concentration was measured at 340
nm on the Gilford spectrophotometer, A typical assay medium consisted of a 50 mM
sodium pyrophosphate buffer containing 2.3 mM NAD(P), 29 mL, 100uL of the
enzyme solution and 10ML of the 5 mM steroid substrate. The control cuvette con-
tained 10uL of t-butanol instead of the steroid substrate,Where identification of meta-
bolites was desired, incubation was carried out in t{e warm room at 37°C ovemnight.

.Forlmj ethanol dehydrogenase assay, 0.5 mL of 2.0 M ethanol (6.06 mL of
ethanol in 50 mL deionizsd water) was used as substrate with pyrophosphate buffer
(1.5 mL, pH 9) and NAD (1.0mL of 25 mM in pyrophosphate buffer).

ii) Carbonyl group reduction with NAD(P)H

The conditions anQ concentrations were as above except that the kcwslemid#

0.176 mM NAD(P)H, and 50mM potassium phosphate buffer of pH 7.0 were used.

The control experiment contained no steroid.

¢

“ b) Isolation t‘)f_Melxholita after Incubation

were inated by the ion of the steroid substrate and product
with 5 mL of. methylene chloride. The mixture was then spun in an IEC Clinical Cen-
trifuge to scpamxe the orgamn Jayer from the sater. The methylene chloride layer was
then passed x.hmugh a small plug of cotton wool in a Pasteur pxpene to remove wa‘cr

droplets and then evaporated to dryness under nitrogen. A few drops of methylene

#
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»
chloride were added to the dried samples and the mixture wals then spotted on thin

layer plates coated wuh silica gel GF and vently separated by
in the solvent system cther: toluene (2:1). Appmpnme authentic reference samples
were also spotted on the same plate. -

In the case of samples which were lawer studied by high performance liquid
chromatography (HPLC), the methylene chloride mixture was refiltered through
another plug of cotton wool. before injection. For further characterization in one case

whete the 3o-hydroxysteroid had  been converied  to  17g-methyl-So-

the 3: id was further characwnz«i by_ dissolving in

clhnnol and reduced to the 3p-hydroxysteroid; the product isolated as fore and
Rt
chmclenzed by HPLC (see results).

-
\ 2 e
The thin layer chromatography was carried out on 20 x 10 cm plates coated with

c) Thin layer chromatography (TLC)

0.25mm of silica gel GF. Samples were spotted 3 cm from the lower edge of the plate
and 1.5 cm apart. Chromatography was done at room temnperature. After development,
the plates were allowed fo air dry. The plates were then visualized under ultraviolet
light (UV) at 375 nm to determine which spots were UV absorbent. The steroids were
* ther detected by spraying the plates with a 1:1 solution of concentrated sulphuric acid

and ethanol, followed by heating in a glass-fronted oven at 100 degrees for a few

minutes. Under these conditions, different steroids give different characteristic colours

which in almost all cases change with time.

a) High liquid (HPLC) L

" A Waters 244 Liquid Chronfatograph equipped with a R401 differential refragtom-
eter and a Schoeffel model 450 variable wavelength detector was used for the HPLC ~
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separations. The steroids were separated on cither a Whatman Partisil 10/25 Column or
on a Waters uBondapak C18 (30cm) column. ~For identification of the products of the
incubation, the methylene chloride extract was refiltered through a plug of cotton wool
and then injected. Cholesterol and phenanthrene together with the three steroid sub-
—_— strates were used as sungards. The peaks were identified by measuring their retention
times relative 1o that of the solvent peak (K') and comparing them to those of the stan-

e

dards. A

-
) Protein Detérminations v

& All protein getenninnu'/ons were caried out according to the method of Lowry et -

al., (1951). Bovine serum albumin was used as the standard. e

) Rapid spot plate technique
Initial search for 3¢-HSD activity was done using a modified form of the tech-

nique developed by Rimsay and Orr (1982). “Afier column chromatography, detection

Of enzyme activity was achieved by incubating. I0UL samples of the frictions with Ce

solution A containing 10mg NAD, Lmg phenazine methosulphate and 2.5mg fitro bluc

tetrazolium made up to 10mL of SOmM phosphate buffer, pH 7.5 and solution B con-

sisting of SmM of the steroid substrate in t-buzanol. The t-butanol was freshly distilled

by refluxing with lithium aluminium hydride and testing for peroxides with starch and

iodide. iminary i had shown that the t-butanol did not con- 0
tain a substrate for the human liver 3-HSD. Incubations were done at 37°C in the

z
dark for 30-60 minutes.
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* @ Iso-electric focussing
i) Preparation of the gel solutions
LKB ampholytes pH 3.5-10 and pH 8-10.5 were used.

Stock solutions were prepared as follows: g

Stock Solution

~
Acrylamide solution 29.1% wiv,
-N,N’-methylenebisacrylamide (bis) 0.9% w/v‘
Ammonium persulphate (prepared fresh) 1% wiv

The derylamide and the bis were filtéred and stored in a dark bottle at 4 degrees
C. For onc 0.5mm thin-layer polyacrylamide gel (%T=5, where %T is the percentage
total ;ncnomcr i.e grams acrylamide plus bisacrylamide/100 mL; C=3%, where C is the
degree of }:rqs;-linking due to the bisacrylamide/100 mL).
THe compos-hion ofthe gel was as follows:

Gel Composition
Acrylamide stock solution 3.5 mh
Bis-acrylamide stock solution 35mL"
LKB Ampholine carrier nmpholy?ck‘ 1.5mL

o
Distilled water 12mL !
P d

" This was de-acreated undex vacuum for 10 minutes . Ammonium persulphate (0.5 mL)

was added to the mixture and poured, and the gel allowed to stand and sct.
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i) Focussing con

1
The electrode solutions consisted of 1M phosphoric acid at the anode and 1M sodium

hydroxide solution at the cathode. The electrode strips were evenly soaked with the
appropriate electrode solution remgving excess solution with tissue paper or filter
paper. Parts of the electrode strips which protruded beyond the end of the gel were cut
off with sharp scissors. The Pharmacia Flat Bed Apparatus, FBE 3000 and the Phar-
macia Electrophoresis Constant Power Supply, ECPS 3000/150 were used. A small
amount of kerosene was spread on the template and the polyacrylamide gel laid on the
. template within the’ outermost lines, avoiding trapping of air bubbles. The cooling
plate was connected to a thermostat and a Haake K 11 flow-through cooling apparatus
and the temperature was set at 10 degrees C. Dry application sample strips were
applied to the surface of the gel using the template as a guide. 10UL samples of the
dialyzed protein were applied. by means of a micropipette. The pressure bar with the
electrodes was applied to the electrode strips and fixed into the holes of the safety lid.

Focussing was done at constant power of 25W for 60 minutes. - b

ifi) pH Gradient measurements
After focussing, the pH gradient in the gel was measured with an Ingold-R surface

electrode at 1 cm intervals. The gel was then cut into strips afd stained for activity

and protein, : v
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iv) Staining /
«
For the protein stain, the—sﬁinlng solution consisted of Coomassie Brilliant Blue R
250, 0.35 g dissolved in 300 mL of destaining solution with stirring. The flask was
sealed with foil and then heated to 60 degrees C. The destaining solution was made

. upof:

Destaining Solution

- Ethanol 500 mL mL L

Aceticacid 160 mLL

Distiled waterto 2L

The fixing solution consisted of: . ‘
Fixing Solution

Trichloroacetic acid ~ 34.5 g4 g mL - -

Sulphosalicylic acid 10.4 g mL
Distilled water to 300 mL 5 (

Preserving solution consisted of 30 mL glycerol diluted with destaining solution and

' made up to300 mL.

For activity stain, the gels were il with o) éroid sub-

strate dissolved in t-butanol in 50 mL of SOmM phosphate buffer, pH 7.5 containing

_ 2.3mM NAD at 37°C for 30 minutes and then 5 mL of S0mM phosphate buffer, pH

7.5 ining 0.5mg of i ethost and i.25mg of nitro blue tetrazolium
(lhe‘snluﬁon A of the rapid spo‘l plate technique, -bnt without the added NAD). The
d.is;mce moved by the enzymes as deterggined by movement across the gel was meas-
ured and lhe pI found by extrapolation on the pH gradient curve obtained. Ethanol

dehydrogenase activity was checked for by staining usihg ethanol and penunof&s sub-.

strates.
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h) Polyacrylamide gel electmﬁhorcsis

Polyacry_lamidc gel electrophoresis was done by a modification of the method of

Maurer and Allen (1972). Protean’ MII polyacrylamide gel electrophoretic apparatus

was used. The gels were prepared as follows:

For !h%nlnning gel:

Two parts of solution ‘A consistifig of IN KOH (8.0mL), Glycine (19.0 g),
TEMED (g<08 mL) and water made up to 100 mL.

One part of solution B isting of acrylamide (60.0 g), bisacry
(1.6 g) and water to 100 mL.

One part of solution C isting of 0.55 g i in 100mL
and four parts of water. ’

These were mixed and de-gassed and poured. ~
The stacking gel consisted of: )
One part of solution A, L

One part of water,

Four parts of sucrose (40.6 g/100 mL),

One part of a solution consisting of 20.0 g of auylsnﬁéc and 3.5 g of
bisacrylamide in 100 mL of water and

One part of riboflavin (4.0 /100 mL).

This was.alsu de-gassed and poured and allowed to set on top of the running

gel with the well comb in place.)

The electrode buffer solution ' consisted of a 10% solution of 2,6-lutidine (2,6 "

dimethylpyridine), 38.2 mL, and 13.7 g glycine in 1000 mL water, pH 8.3. 50pL 'sam-

ples of the various ammonium suiphale précipiul:s of both hors¢ arid human liver

cytosdl in sucrose were ruf. The gels were run at 150V for 24 hours and then stained

-
_ for 30-HSD activity and for protein.. '
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i) Starch gel electrophoresis
Starch gel (Connaught, 15% w/v) wahnade in 0.025M tris-Cl buffer, pH 8.6 (350
mL). The mixture was heated over a Bunsen burner with shaking until it was clear and
almost boiling. This was de-gassed while still shaking (about }0 sec) under vacuum
(house). This was then poured into a mould (18 x 18 cm). After cooling for about 2
minutes, a glass plate was placed on top of the gel taking care that no air bubbles were
trapped. This was held in place till the gel set. A transverse strip, 1.cm wide was
remcved from Lhe middle of the gel and then 10pL samples udsorbcd on filter paper
were msened in the gel. The two halves were thcn brought wget.her The running
buffer was 0.3M tris-Cl, buffer, pH 8.64 Good electrodé contact was nde by  using
. filter paper on the gel and then covered with cheese cloth dippind: the electrode

solution. The gel was run for 15 hours a; 100V constant voltage, covered with Saran

Wrap® and heat dissi by a fan.. After is, the gel was sliced laterally
along its smallest (5 mm) dimension into two equal halves with a wire gel slicer and
then each layer stained separately for activity and protein. Alcohol dehydrogenase

activity v?ns also stained for using ethanol and eccasionally pentanol as subsﬁ’ares.

. \
N
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CHAPTER Iv_ "

EXPERIMENTAL RESULTS

a) Synthesis of Steroid Substrates (Fig 6)

The synthetic steps are outlined in Fig 6.

i) 17a-Methyl-DHT

17 (3g 9 was dissolved in terahydrofuran, The pale
straw-coloured solution was added by imne to a blue solution of lithium in ammonia
(liquid, approximately 90mL, distilled in, not poured from an inverted cylinder). The
lithium and steroid solution were added alternately in portions to judgé the progress of
the reaction by the colour. Approximately 1.5 lithium atoms per steroid molecule, Were

Vnecessary to give a permanent blue colour. The reaction was fast (< 1 min., perhaps>
limited by the steroid solubility in the ammonia / tetrahydrofuran).

‘When the blue coﬁ)ur appcareA.lo be much slower to disappear (dependent on the
ketonization of the enolate anion or perhaps due to loss of lithium by the production of
LiNHl). the solution was: left stirring for a fx_mher 5 min. and then acetone a’ddcd to
the solution to remove the remaining lithium metal, followed by ether. The ammonia
liquid was evnporawd off i m about 10 min. in a warm water bath until the solution
became warm (b.p. of ether rathcr than of ammonia). The slcmld was extracted with
ether/water and the.ether washed about seven times when no ammonia smell remained.
The ether solution was filtered to remove approximately 5 mg of a white precipitate

and evaporated to about 50 mL when it crystallized as prisms. TLC of the ether extract

showed it to cumai'n X 90% of onc com later shown to be 170

\
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memyi-Sa-DHT. On attempted recrystallization, the product did not dissolve even
with 200 mL ether, but dissdlved upon addition of methanol and crystallized nicely
upon cvaporation. The melting point was 189-191°C. Results from TLC showed the

e product to consist of the following: 17a-methyl-DHT 90%, allylic 3u-alcohol 3%,
allylic 3p-alcohol 1%, |7a-mmyw 6%.

RW crystallization of the product from methylene chloride and isopropanol
gave 17a-methyl-DHT as essentially a single spot on TLC (solvent system:
ctherfioluene 2:1) with Rf = 046. HPLC retention time 10.3 min; relative to
cholesterol(6.4 min): 1.6, The melting point was determined to be 187-190°C. The
reported value is 189-192°C. .

‘\ . ii) 17a-methyl-5a-androstane-3,17p-diol . 5 .
The 3B-alcohol was prepared from 17a-methyl-5a-DHT by reduction with *
sodium in isopropanol. 17c-Methyl-50-DHT (approximately 100 mg) was dissolved
i in'}»o mL of isopropanol and then sodium was added; it dissolved slowly. The mixture
was heated to reflux and then left overnight at room temperature. Thcmms'wm
extractsd with etherfwateghastaric acid mixture in 8 separatory funnel. The ether layer
/ was passed through a plug of cotton wool and warmed gently on a water bath. On &
=4 cooling, the solution yielded crystals which were later recrystallized from methylene
", chloride/isopropanol. Results from TEC showed the formation of the desired product
as a more polar steroid with Rf = 026. HPLC retention time 14.0 ofin; relative to
fholcslcml (6.4 min): 2.19. M.p. 205-207°C; the reported value from the literature is
208-209°C. ' ,
s n s
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FIG 6. Synthesis of Steroid Substrates.

(For product ratios, see section a) above.). n e
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iif) 17c-methyl-5a-androstane-3a,17B-diol . #

For the synthesis of the 3a-alcohol, Lhe‘ method of Gondos and Orr (1982) was
used. 17a-Methyl-50.-DHT (100 mg) in tetrahydrofuran (approximately 25 mL) and 10
mL of K-selectride (IM in tetrahydrofuran) were stirred at room temperature over-
night. The mixture was extracted with ethyl acetate and washed with water. The ethyl

acetate layer was rotary evaporated and then recrystallized from methylene

o There was i 70% ion to the 3a-alcohol, 10%
3B-alcohol and 20% starting material, as judged by TLC. Repeated recrystallization
from methylene chloride/isopropanol gave the required 3c,17p diol as a pure product,
the melting point of which was determined to be 179-183 C. The reported value from
the literature is 182-185 C. The 3a-alcohol (Rf 0.38) was less, polar than the 3[!:
alcohol (Rf 0.25), and more pclm_' than the 3-ketone (f7m-med1yl-5u-DHT. Rf 0.47) as
shown by TLC. HPLC retention time 12,14.min; relative to cholesterol(6.4 min): 1.90.
‘The order of polarity on HPLC corresponds to that for TLC. The above three products
were identical in T{.C and HPLC characteristics with authentic samples later purchased

from Steraloids Inc.

b) Purification of the Human 3a-Hydroxysteroid Dehydrogenase

The preparation. of the human livér i i was

using 200-300 gram-samples of human li‘veﬂ: obtained immediately after autopsy with
the nppécval of the Human Investigations %inec. ‘When not used immediately, the
li\:us were stored at :70 Cina p]ast:‘c bag. :

Typically, if frozen, the livers were thawed in a S0mM Tris-Cl bul;'cr c‘«onlnining
1mM NAD, pH 8.5 at 4 C. The thawed liver was ground in a meat grinder and homé)-
genized in a Sorvall-Omni Mix. F'l.mher buffer was’ added to give a ratio of 1 gram
liver/L mL of bufer. g
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i) Centrifugation .
The homogenate was centrifuged ag, 10,000 x g for 30 minutes at 4°C (Beckman
e
J-21B centrifuge) and filtered through cheese cloth to remove the cell debris and lhr‘
v

fatty upper layer. The resulting supcmn;:m was centrifuged at 100,000 x g for 1 hour

L2-65 Ultrafentri giving a mi pellet and € clear supematant
fraction. The supernatant was then passed through cheese cloth. A typical preparation
using 270 g of liver gave 192 mL of cytosol. Part of the supernmatant (7 mL), ref;md

“to as the cymsof was kept for assays and incubations. Thesremainder of the cytosol
was used for the next part of the purification.

~

ii) Ammonium Sulphate Precipitation

':ulphne'/ ipitation wag’carried out to determine which
fraction Had most of the 3€-HSD activity. Ammonium sulphate precipitated fractions
of 0-20%, 20-40%, 40-60%, 60-80% and 80-100% of satiration (100% = 4.1 M) were
produced using . solid jum sulphate. The jum sulphate crystals were

added to the cytosol acwlywhueixwassﬁnedua‘c; the mixture was re-adjusted to
pH 8.5 if necessary and left to stand for about l;mm The precipitate was collected
after a 10m0xgspmfa30mmzs. This preliminary test showed mést of the 3a-

" msp activity to bé in the 40-60% ammonium sulphate precipitated fraction (Fig 7).
For larger scale enzyme isolation, an example is as follo%v‘s: 4495 grams of
sulphate - »dissolved il:l 185 mL of the cytosol and centrifuged at

'16.060 xg fu;' 30 minutes. The‘ precipitate (0-40% fraction) w:ﬁwnrdéd. ‘;o the
supemnatant (150 mL), 16.8 grams Wnium sulphate crystals were added and stirred
gently dll lhey.dissolved. ‘I‘I\'suspension'wu allowed 10 stand for 15 min. and spun at
10,000 x g for 30 minutes to obtain the 40-60% fraction. This precipitgge was then
hotmogenized with a small amount of S0mM fris-Cl bufer conaining 1mM of NAD,

V.
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.FIG7 3a- and 3B-Hydroxysteroid Dehydrogenase Specific Activity
in Ammonium Sulphate Precipitated Cytosolic
Frat.:tions of one Human Liver.
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pH 8.5 in an Potter-Elvejhem hamogenizermn{xd the solution dialyzed in two 9-litre
batches of 10mM Tris-Cl buffer, pH 8.0 using Spectrapor tubing with a MW cut-off of
6000-8000. The tubing had been prepared by hegting in water containing 3 tracc of
disodium EDTA and sodium bicarbonate. The dialyzed solution (128 mL) was used

for the next stage of the purification.

i) DEAE-S‘ephaccl Chromatography
» A column (35 x 25 cm) was Backcd at room lemécmm.n: with prc-swollcn. .

DEAE-Sephacel and then. equilibrated at 4 C with 10mM Tris-Cl buffcr.’_pH 8.0; the
buffer being pumped’on to the column. The dialyzed 40-60% fraction was then lay-
ered on to the column and 15 minute fractions of approximately 11 niL were collected.
Preliminary experiments had indicated that the 3a-HSD activity was not significantly
retarded by the column and so no salt gradient was used. The bulk of the inactive
protein remained on the column. Fractions 30-46 contained activity as judged b’y the
spot pi;ale technique described later. Using the specially prepared substrates, 30- and
3B-HSD as well gs ethanol dehy;‘]mgenasc activity assays were p:rformc‘d i

.iv) CM-Cellulose Chromatography

The actjve fractions were pooled and concentrated/dialyzed using the Multiple
'
-aMicro-Pro-DiCon, Model MPDC-315 (Pierce Chemical Company, Rockford, IIL.).
The concentrated fractions were then applied to a CM-cellulose column equilibrated ~

b ; .
with 10mM Tris-Cl buffer, pH 8.0. The active fractions were eluted with a lincar gra-

B d.ier;: of 10-250mM Tris-Cl buffer. Approximately 10 mL fractions were collected each

15 minutes. Enzyme activity was tested for by the spot plate technique dhd by Spectro-
£ N %

photometric assays. .




v) Affinity chromatography

An attempt was made to purify the 3a-HSD by an affinity column chromatogra-
phy utilizing a blue dye, MX3G, covalently-bound to Sepharose 4B-200 (prepared by
Gordon Murphy in our laboratory). It was not a success, as the spot plate test showed
the 3a-HSD activity to be spread widely throughout the fractions, however a consider-
able amount of protein was separated from the 3a-HSD activity. The elution was
done as follows: after the sample was loaded on to the column, enzymé was cluted
with 10mM Tris buffer, pH 8.5.and then with the same buffer containing 1mM NAD.

The rest of the protein was eluted with IM NaCl in the same b_nﬂ'en

] Snluhilizglion‘(‘)l Placental and Kidney Micruaonllu
A solubilized microsomal fraction of each tissue (200-300g) was prepared essen-
tally as described by Wicbe and Limer (1977).' Tris-Cl buffer, 10 mM, pH 8.6, con-
taining DTT and EDTA (cach 1mM) was prepared. NaCl was added to a portion of -
mzmﬂum;ive.m;oluumwmév}as.djmdmna(1M):qpi{s.a To 50
mL of the microsomal fraction suspended in the buffer, 50 mL of the NaCl-buffer was
added slowly with stirring to bring the concentration to 2M NaCl. The Solution, was
incubated on ice.for 2 hours and then kept at -20 C overnight. The pxq;amion was
thep du-\yed at 4°C and centrifuged at 145,000 x g (40K, 50.2Ti rotor). The supema-
tant cm-\nining. solubilized enzymes was then dialyzed in two successive 5-litre batches
of 10mM Tris-Cl buffer containing DTT and EDTA (0.25mM each). F_nzyme assays
s well as incubations using 3~ and 3B-alcohols were donk to-check for activity. Incu-
bations using' the 3-ketone were also done which demonstrated the reversibility of the
reactions. * . S ’

The 3a-HSD activity in the human placenta was_however very unstable as il
deteriorated very fast at 4°C in the absence of cofactor. The presence of added
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cofactor stabilized the enzyme for up to about eight days. Duc to the relatively,
unstable nature of the placental 3a-HSD, further chunv:cxerimdon of the enzyme was
not pursued.
d) 3o- and 3B-HSD Activity in other Tiuu/ .
- The cyms«# obtained from human kidney had approximately a 4:3 ratio of 3a- to
3B-HSD activity. The solubilized enz‘ymcs from the microsomes however had about
90% 3B-HSD activity to 10% 3a-HSD activity. A: with the placental cytosol studies,
. these results were obtajned from kinetic assays of enzyme activity nnd’wem supported
by chmc:cr_izan‘on of the incubation products. The cytosolic enxymes from human
kidney were much more stable than those of the placenta, but relative scarcity of kid-
ney tissue did not permit further purification and chmcl.eriutionv. Sinﬂ{u studies don.e
with horse liver revealed the presence of a 3a-HSD activity' in both the cytosol and
microsomal Wdons. In Table 1, the assays were not performed in-duplicate qnless an

error was suspected.
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Table 1

v Enzyme Activity in Various Tissue Cytosols and Microsomes
Tissue Fraction 30-HSD Activity 3B-HSD Activity

(m’ul/min. mg protein)  (nmol/min. mg protein)

Liver Cytosol o 218 291
Kidney Cytosol 82 59
microsomes 17 118
Placenta Cytosol 28 42
microsomes . 3is
Horse Liver  Cytosol 8 © 102
Microsomes . 144

€) Preliminary Investigation of the Human Liver 30.HSD

Many investigators have used ME or DTT in buffers as a means of preserving
unstable enzymes. In this study, it was. discovered that addition of ME to the cytosol

c\nuud appreciai:lc reduction of NAD to NADH (Table 2). -

Table 2

Observed NADH Generation in the Presence of Various Substances I4

‘Substance « - Volume Used ° Conc.  Activity (nmolfmin)
Sodium pyrophosphate . . 1AL 05M | 0
+-Butanol 104L \ 0
Mcrcnpl;edunol 10uL 03M 1‘ y 89

NAD ) 1004L 23 mM 1\ '\ 0.
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Glutathione (reduced) 1L 10 mM- ' 0
Low MW substances 40pL 13

-

(from cytosol)

f) Substrate Specificity of the Human Liver 30.-H8D
The "advity of the 3e-HSD in the human liver was assessed using various
steroids as substrates. The steroids were dissolved' in t-butanol and 10uL samples k;l

the 5 mM solutions were used in the assy (see results,later).

'
g) Effect of 4-Methyl Pyrazole on Human Liver 3u-H5<)

Thie s’ Smiplé Wi/ ool OE aitive FicHons fom CM-cellulose column
wu.h protein concentration of 1.4 mg/mL. ‘One cuvette was assayed as described in
Methods. To a second cuvette, 4-methyl pyrazole was added immediately before ini- _
tiating the assay by adding the steroid. In the absence of the inhibitor; the 3oc-HSD
?cﬁviw was”0.253 nmol/minuL while the ethanol activity was 2,436 n’mcllminJlL.
With 10pL of the free base of the liquid 4-m'e:hvy1 pMe (0.12 mmol¥) in 3.0 mL of
assdy medium, all the ethariol dehydrogenase activity was  abolished while 0.248 .
nmol/minpL of 3c-HSD activity remained, representing 0% and 98% of the control,
respectively . ’ |

.
h) of Low fo Weight from

the Human Liver Cytosol

During the enzyme assays of early preparations ‘of the human liver 3a-HSD, it
became apparent that -in the unfrattionated cytosol, there was an appreciable conver-
sion of NAD to NADH evidenced by a slow inmnse in absorbance at,340nm in the

absence of added subsni_w. ‘This increase in absorbance did not occur when there was .

.
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no added NAD. It therefore appeared that there was an endogenous substrate which
was slowly wnvemng NAD to NADH. In order to examine funhu this hypothesis,
the "enzyme" (macromolecule) and “endogenous substrate” fractions were separated.

A 100 mL syringe (1.5 x 85 cm) was packed with approximately 6.5cm of
Sephadex G25 (preswollen, ; jonation range 1,000-5,000 M.W) and equilibrated
with a 50 mM Tris-Cl buffer, pH 8.5. A 2.0 mL sample of the red cytosol was loaded
on to the column and fractions of 16 drops (approximately 0.8 mL) were_collected.
Blood-containing fractions (3-9) were used for the assays since these contained the
bulk of the protein, The following colourless fractions (10-15), presumably containing
the low molecular weight substances, were then tested for the presence of substrates
sesponsible for the-drift of the hli‘ms.in the enzyme assays. The mu;:miﬂolecule frac-
tions (3-9) did not cause any increased absorbance at 340‘nm when added to the assay
buffer containing NAD. There was however an appreciable increase inl&smhmee
when any of fractions 10-15 was thereafter added to the enzyme/NAD/buffer combina-

= don The smnll-molec;ﬂe fraction of cytosol contains one or more- substrates for l.he
cytosol NAD-dependent dehydrogenases.

i) .Demonstration of the Praence of a Mercaptoethanol .

Dehydrogenase in the Cytosolic Fraction of Human Liver ¥

During the. enzyme pltpmn‘on, a number of m;&ns had been added. It was *
consldemd that these were potential substrates, or might conmn subsn-uu:s as impuri-
des These im:luded NAD; glumﬂuone. t-butanol, sodium pymphosphatc. and mercap-
teelhnnol. These were added sequentially to the reaction medium in the cuvette and
their effects on the absorbance at 340 nm obs:rved. M;n:aploelhlnol was included
since, befm/thu :ludy was done it had been mcluded in the buﬂ'er as u had fre-
qnenlly been used in ished enzyme i
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Using a 50 mM sod.ium pyrophosphate buffer (2.9 mL), NAD, and SOpL of the
cytosol macromolecular fraction, éach of the above substances was investigated. It
was observed that in the presence of the low molecular weight substances obtained
from fractionation from the cytosol, there was appucinPlc ‘conversion of NAD to
NADH (increased 340nm absorbance). There was however a much greater increase in
absorbance when mercaptocthanol was added as a substrate suggesting ‘pcrhnps the
presence of ‘an enzyme capable of utilizing mercaptoethanol as a s‘ubsmue. ‘Whether
the }hiol or hydroxyl - group of mercaptoethanol was being oxidized was not deter-
mined. No increase in absorbance was observed when glutathione, t-butanol or sodium

pyrophosphate was tested for the presence of substrate. These observations led to the

S

of 1 from the purification technique.

j) Stability Studies, Cofactor Requirement and pH Optima
The stabilh)" of the 30-HSD in the. cytosolic fraction of the human }iver was
assessed ,in the presence ‘and in the absence of cofactors at 4°C, Total 3a-HSD

activity was daily using 17 thyl-5 30,17B-diol as substrate.

Generally, higher activities were observed with NAD than with NADP and enzyme
activities decma‘sed faster in the fractions that did not contain added cofactor, suggest-
ing that the presence of cofactors is beneficial in preserving cnzyme\;:ctivi!y. Atd 3
even with added NADH, enzyme activity was less than 50% of the inili.nl‘ activity -hcr
twosweeks. The preparations which did not have cofactors present had corresponding
lower actiyities (Fig 33). The cthanol dehydrogenase aetivity in lhé preparations were
still high and could still be detected after four weeks. )
In order to, determine the pH optima for the human liver 3a-HSD, the cytosol in
vmﬁ’s buffers at pH_ 4,6,7,89 an.d 10 Qn assayed for'enzyme activity (Table 5).

Using 17a-methyl-5a-androstane-3c,17B-diol. as substrate, the preparation in buffer at
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pH 9.0 had the highest 3q--HSD activity. Reduction of the corresponding 3-ketone was
maximal at pH 7.0. ¢

Fig 8 shows the formation of the 3-ketone, together with a larger peak of unal-
tered l7&-mclhyl-5a-andmsmne-3a.17B-diol. The identity of the incubation product,
170-methyl-5¢-DHT was confirmed by reduction of the ketone by sodium borohydride
to the 3B-hydroxy compound, clearly seen even in the continued presence of 170~
methyl-5o-androstane-3aj17B-diol (Fig 9). The identity of the HPLC peaks was
assessed by measuring the retention times (and calculating the K's) and comparing
them to those of the aud_lenlic. steroids and cholesterol, which is present in the humar} )
liver cytosol (Fig 10). A similar NAl?H impbnlion with the 17a-methyl DHT as sub-
strate at pH 7.0 gave both the 30- and the 3B-hydroxysteroids (Fig 11).

k) Partial Puriﬂcnlion of the Human Liver 3a-HSD

An carly indication of .the charge characteristics of the "%-HSD was obtained
from lhe clution profile of a preliminary DEAE-Sephacel column. - This was confirmed
in the later more detailed DEAE-Sephacel column (Fig 15). Since the enzyme activity
was observed in thé early fractions withoul any salt gradienL it became clear t.ha: the
enzyme did not bind to the poslnvely charged DEAE and that the cnzymc was tself
positively gﬁarged at pH 8.0. No nddxt;nal 3a-HSD activity was d:tcctcd after ely-
tion of the column with a salt gradient.

A lgrger scale purification pmcrxlure'is oudjned in Fig 13. The rapid spot-plate
technique Wwas very useful in locating the fractions with the 3u—HSD 'az':dvily‘immedi-
ately after the DEAE separation. AS is ‘shown in Fig 14, the active fractions with the
3a-] hydmxystumd used for enzym: assay on me Gllford spectrophotometer. The first -
column chromatographic step, on DEAE-! Seph(cel was followed by mulnple enzyme
assays usmg in nddmon to the 3] hydmxysm:d ethanol and So.- &ndmsun l7u—

h

.d\
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methyl-3B,17B-diol. The results are shown in an 15. Partial separation of the 3a-
from 36—HSD activity had been effected. The acuve fractions from the DEAE column
(p were further separated on a CM-cellulose column using a ’n-is-Cl gradient
(F?Ih:)

least three different forms of the.3a-HSD activity, peaking in the regions of fraction

16). The rapid spot-plate assay on these colufin fractions show the presence of at

44, 50, and 56 (Fig 17).

The enzyme binds tightly to the CM-cellulose column and is only eluted when
the Tris buffer gradient rpaches about 80mM. Activity-staining for 3a-HSD on
polyacrylamide gels shows bands coincident with the ethanol activity (see later). All
fmcdor;s which had 3a-HSD activity (spot plate test) also had sEong ethanol dehydro-
genase activity. A later CM column (ME absent) followed by Gilford assays for 3o .
HSD ac.tivity, showed the presence of at least four forms (Fig 18). Here ngain, frac-
tions which had prcdoﬁnan( 30-HSD activity also had strong ethanol dehydrogenase
aéﬁvily. The pmi;l purification of the cytosolic. 3a-HSD from a scparate liver
different fr':m that of Fxg 15 i is summanzed in Table 3.

Inhibition of the ethanol dehydrogenase acuvuy by 4—melhyl pyrazole was essen-
tially complete, however there was no significant effect on the 3a-HSD activity.- After
CM-cellulose chromatography, the ratio of 3a-HSD activity to ethanol activity was 1 :
10. W‘ﬁﬁl—me&hyl pyramlr. (10uL, 0.12 mmols) in the assay medium, all the ethanol
activity (243.6 nmnlllmn) was abohshei The initial 30-HSD ncnvnty%é\nmol/mln

|
/
1) Characterization of the Hullrnn Liver 3a-HSD /

only dropped to 24.8 nmollmln} G 3 /

. ;. /
The n:lan'\(e rates of transformation of several steroid 3a-alcohols are shown in

\

Table 4. They include steroid i (F‘g 19) dnd ites of lly

occying pregnanes (Fig 20). The cytosolic 3a-HSD (pool of fmcuons 43-46 of the

»




-63-

¥ CM-cellulose column) more rapidly oxidized the S-steroid substrate. than the SB-
substrate in the two pairs in which comparison can be made.” The steroid naesthetic
Alfathesin® (Glaxo), is a 3 : 1 mixture of alfaxalone and alfadolone acetate (Fig 19).
Both compounds are 3a-hydroxy-5a-pregnane derivatives; they are included in the stu-
dies which show that both are efficiently transformed in the direction of steroid oxida-
tion. '
Among the steroids tested, Sa-pregnan-3a-ol-20-one is the next best substrate to
l7a-nwd:y;—5u—udmsmﬂa.l7ﬁ~diol for the human liver 3a-HSD activity (Table 4)
under the assay conditions and might nﬂecl the importance of the 3a-HSD in the

of (Fig 20). Qualitative cofactor irement studies by incu-
bation and enzyme nsislys using NAD and NADP suggested NAD .as the preferred
" cofactor. Most of the studies done on rat and mouse liver 3a-HSD report NADP as the
preferred cofactor. The pl of the 30-HSD activity is 8.6-90, the same region as
cthanol dehydrogenase activity (Fig 22 and 23). Though the 30-HSD activity was
near the very end of the gel, the mm_wmwmuc.
~In isoelectric focussing experiments on various fractions of the human liver cyto-

. sol, using ampholytes with pH ranges of 3-10.5 (Fig 24) and 8-10.5 (Fig 25), single
bands stined for 30-HSD sctivity. The protein stain however showed the presence of
at least 8 protein®ands (Fig 26). Ttis interesting to note that the band that stained for
30-HSD activity was the most basic. B

‘The optimum pH recorded during enzyme assays was 9.0 for the oxidation

reaction ahd 7.0 for the reduction reaction (Tal;le,s). The enzyme itself Cras stable at

pH 6.0 and above with the.opﬁmum at pH 9.0. Even though the pH optima rect;rded

for the reduction reaction was 7.0, this could not be ascribed to the 3u~HSﬁ activity
alone since the reduction of the carbonyl group was due mm¢m-m 3B-HSD

r ’

activities. Polyacrylamide gel electrophorésis showed that the active fractions from the
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CM-cellulose column appear as a single band when suined for activity. It is possible

thyt the different enzyme forms differ in suibilily or that all but one were lost from the

gel. The comresponding protein staig showed about six bands. On prolonged starch gel

electrophoresis, single activity bands were obtained. It was also evident that the 3o \

HSD from Pseudomonas testosteroni was an entirely different enzymé. This is because !

the bacterial enzyme migrated in the direction opposite to that of the human liver cyto- /.

, solic enzyme (Fig 27) and appeared to be positively charged at pH 8.3. The slnrchge/r

also shlowed that the protein bands that stained for ethanol dehydrogcnué activity
im:lu(lied that of the 30-HSD (Fig 28), although the bifnds arc somewhat diffuse. Fig-
/uxes 29, 30 .and 31 also shov; the activity staining of various ﬁﬁcl‘i})ns of the human
liver cytosol towards ethanol, 5o-androstan-170-methyl-3e,17B-diol and 5o
androstan-17¢- methyl-3j3,17f-diol after starch gel elecn'opho;tsis. From the "sxnining
results, it appears that the eth;nol. n:nd 3B- and 30--HSD activities are coincident. ,

is of different

" The resilts from the polyacrylapide gel ¢
sulphate preparations from horse and human }ivct suggeste(i’ that the ethanol dehydro-
genase activity in Lhe.two ﬁ;sues were different. While the 40-60% %ﬂwﬁon of the
human liver cytosol has two bands, the corresponding fraction in the horse liver cyto-
sol has four or more (F'ig 32). The 3a-HSD ncﬁ\llity stain in these two /lissues could
not be obtained for’cox;paxison, as the enzyme became inactive before this study was

Karried out. Stability studies of the human liver cytosolic 3ax-HSD activity and ethanol

K dehydrogenase activity were done with and without added cofactors. It wu\hown that

at 4°C both enizyme activitiesgare %mbiliud' to some extent (Fig 33).

b L)
Enzyme deterioration was faster in both cases without added cofactor. The 3ot~

HSD activity however was'less stable than the ing cthanol .

. activity. While the specific activity of the ethanol dehydrogenase remained, at about

80% of the initial ocu'vity in'the presence of ud.déd factors. after a month, lh{ 3a- )

NG
L Y
” .
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HSD activity drdpped to less than 50% of the initial activity.
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Table 3. Purification of the Human Liver Cytosolic 30.-HSD

Activity (same batch as described in Fig 13 Procedure).




‘|ToTAL

% TOTAL- [SPECIFIC |ENZYME
PROTEIN |ENZYME |acTiviTy |RECOVERY
(mg). ACTIVITY
£ (u) {/mg) | (%)
B -
= :
1: 13680 1505 " | 0.11 100
. - £
2. AMMON. SULPH. 5540 869 0.16 57.
(a0-60)™ i
3. DEAE-Sephacel v231.3 ) 7'51‘\' 3.24 ag.
4. CM-cellulose N
e 1.5 122.7 58.0 0.47 L) .3
. 23-33 ¥ ofab 76.% 37.0 0.48 2.5 =
. 34-41 1 EE 83.7 85.6 1@ 5.7 ° .3
.+ 42-46 1.0 44.1 78.5 1.78 5.2 4
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Table 4. Substrate Specificity Studies of the '
4 ;
Hyman Liver Cytosolic 3ct-HSD Activity. (

e _ The compounds jin series aré; :
. § s
170-methyl-5-androstane-3¢,17(3-diol o

5p-androstan-30:-ol-17-one »

i

i s
3u-hydroxy-Sai-pregnane- 11,20-dione

5p-pregnan-30-ol-20-one,
7 -
34,21-dihydroxy-5a-pregnarc-11,20-dionc-21-acctate (alfadolone acetate)
7

So-androstan-30t-ol-17-one

Su-preg{mn-Bu-ol-ZO-nne ) : =

170-methyl-5a-androstane-3B,17B-¢




[ReTative Spec.
eac(llvilxpec 2

0.03

0.82

0.28
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FIG 8. HPLC Analysis of Products of Incubation of
17u.-m:d|yl-5%andros_lmo-3l1,l7B-diol
with Human Liver Cytosol. .
(Whatman Partisil 10/25 Column; Isopropanol-Hexane (5:95) . .
Eluent 1.0 mL/min.). : .,)

§ : N\
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FIG 9. HPLC Analysis of Borohydride Reduction'of Incubation
Products of 170:-methyl-Sz-androstane-3ct, 1 7-diol
with Human Liver Cytosol. :

(Whatman Partisil 10725 Colum; Isopropanol-Hexane (5195)
® Eluent 1.0 mL/min.). ‘
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FIG 10. HPLC Analysis of Stcr;lid Substrate Standards.
*y (Wh#han Partisil 1025 éohlmn; Isopropanol-Hexane (5:95)
.y \_  EuemlOmUmin) - ’
1 S
\ - Rl
: /
» / " .
s o . } . .
B . .
o ~
) ) \ \
. i
. rE o . ¥
I ; e 2
s v
\ w o S
4 ” . ;




Ke}
= P ‘ .2
Lo
toig -ge :
1010~ og

¥ 5 B Quoley ¢ = iu B w

h :
w 3 -0

. !_o._:cn..u.bm N & .
R '
) 4 E_:u.._%, FO

Xapu| aA119D1}8Y

Time (min,)




-76-

FIG 11. HPLC Analysis of Products of Incubation of . v
* 17B-hydroxy-170~methy!-5a-anrostan-3-one,
“with Human Liver Cytosol.

. (Whatman Partisil 10/25 éolumh: Isopropanol-Hexane (5:95)

Eluent 1.0 mL/min.). * -
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FIG 12. Protein Elution Profile from DEAE-Sephacel Column.
Sample was from d}lyud'do-a)% ammonium sulphate pptd.
Human Liver Cytosol. 5
Buffer; 10 mM Tris-Cl, pH 8.0; Gradient, Tris-Cl 10-250 mM,
pH 8.0 started after Fraction 70. Bulk of eluted protein not

shown.
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P ¥,
’ EI N
N PURIFICATION PROCEDURE
LIVER . ’ )
(270g) . 8 o
’ 1. Homogenize (tris-C1, 50mM,, 1mM NAD,
pH 8.5 1ml/g)
2. Centrifuge, 10 000 x g, 30 min
5 , PELLET . sumz}umm
B < © (discard) 1. Filter, cheese cloth
2. Centrifuge, 100,000 x g. 1 hr
PELLET © cvTosoL
(microsomes) €192 m1)
~ 1. (NH,)
s 2. mﬂsi
pentrifuge, 10 000 % g, 30 min
-
~ ! 0-40% OF SATURATION SUPERNATANT
‘ (NHAJZSOR PPT. . (150 m1) B
- 1. (NH,),S0 i .
2. adilst, pnos.0 .
| 3. Centrifuge, 10,000 x g,
(30 min) o
; . ! 2\
40-60% OF SATURATION '
(NH4)250 PPT, SUPERNATANT . X
412 Redissoive *E
2., Dialyze, 2 x 8L tris-C1, 10mM, pH 8.0 - v
DIALYSATE

(128 ml) »
DEAE-Sephacel Chromatography
10mM tris-C1, pH 8.0
MOST ACTIVE FMCTIONS
(35-35), 40 ml
: CH-cellulose Chromatography
o gradzent 10-250mM tris C] pH 8.0

e B

ACTIVE FRACTIONS
(43-46)
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FIG 14 Rapid Spot-Plate Test (see Methods) for 36-HSD Activity.
Fractions from DEAE-Sephacel Column.

(The main activity is in fractions 31-44 (C7 10 D 8]).
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(X X X ) Protein concentration (Lowry)
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( @ @@ ) 3c-HSD Activity :
TAAA ) 3p-HSD Aétivity . )




§ - & g 8

2 g

>
- &

(R )

30’

o
<

(1w/bw) 300

weiow

_ Figl5. Protein- (umu,mm- of Fractions from DEAE - Sephacsl Columa

>




FIG

k

16 Protein and Dehydrogenase Activity

" Protein Elition Profile from CM-celiulose Column, .
The Sample loaded wps'Fractions 31-44 pooled from DEAE-Sephacel

Column (FIG 14). : B
. (Buffer, 1'mM ris-Cl, pH 8.0; Gradient: 10-250 mM Tris-C‘l)L i

. 'The region of 3a-HSD dctivity was detected only by tie

spot plate test.
. :
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jxc 17 Rapid Spot an:* ftoe: 30 HSD Aeuvny.

Fractions from %cellulosu Column (Fig 16).

(MiiinActivities axein EractionsD8. E8).
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FIG:519s Structures of ‘Alfadolone Acetate and Alfaxalone

* : (Alfathesin is a 1:3 mixture of alfadolone . o T
5

e . . "
.+ acefate and alfaxalone). o ’ ' o~ .
These two steroids were efficiently msfom:d'i:f/lﬁe
Human Liver 30-HSD. . . ) )
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FIG 20 A Pathway of Cﬁmboﬁsm ol’f’mgestemne 0 a'major excretory

prrodﬁc(. Pregnanediol.
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FIG 21 pH Gradient Measurement and Focussing ‘Corditions.
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FIG 22 Ethanol Dehydrogenase Aativity Stain. =
(iso-electri ing, LKB Ainp PH 3-10.5) L .
PH 3-10.5) : - . \
’ Trick 1 CM-cellulose Active Fractions (pool) F 43-46
_ Track 2 Ammon. sulph. ppt (40-60%) ’ lf
Track 3 DEAE-Sephacel Active Fractions (pool) F 31-44 !
(For Visualization, see section under Activity Staining N
in text). ‘ =
u . )
a
oy :
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2 FIG 23 Composhe. Diagram [llustrating the PM of Human Liver

: : . A .
7 Ethanol Dehydrogenase Detected by High Voltage Starch Gel
L c is (A) and Isoclecri ing (B) sum:
from many russ. (Harida et al, 1978).
“ .
ot
. ¥ . ; r
L .
¥ .
. ;
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FIG 24 3a-HSD, Activity Stain: Isoelectric
Focussing (LKB Ampholyte pH 3-10.5)
Track | CM-cellulose Active Fractions (pool) F 43-46
. Track2 Ammonium sulphate fraction (40-60%)
Track 3 DEAE-Sephacel Active Fractions (pool) F 31-44 -
(Fm' Visudlization, see section under Activity Staining -

in text.).
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. FIG 25 3a-HSD Activity Stain: Isoelectric
- Focussing (LKB Ampholyte pH, 8-10.5) :
iy -
(40-60% and 60-80% refer to Ammonium sulpha\xg )
fractions precipitated from the cytosol)
(For Visualization, see sr,a‘ﬂon under Activity Staining in
. 4 L
text.)
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ISO-ELECTRIC FOCUSSING(IEF) LKB AMPHOLYTES pH B8-10.5

Activity Stain 3-alpha HSD

l 3
DEAE active fractions \ © °
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26 Protein Stain: Iso-electric
Focussing-(LKB Ampholyte pH 3-10.5)
< v .

Track 1 & 2 CM-cellulose column, acfive f_racricns pool
Track 3 & 4 ammonium suphate cytosol ppt. (40-60%)

(For Visualization, see section under Protein Stain in text)
, E
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[3-HSD AGTIVITY
lAlcohol oxidation

TOTAL 3-HSD_
ACTIVMY,
Carbonyl group

wi AD reduction with- NADH | .
He ?
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-
% 6.3 ¢ ., 60.1 " "
A .
7 4/'2.4 M ,. 68.7 v f
% N
g
8- 69.3 54.3
o ]
. b0
9 87.4-" 5 ‘T ..
< '
S
10 643 n L L2 g
.-
~a
1 I‘



-110-

¢ -
ZF_IC 27‘ 30-HSD Activity Stain: Starch Gelll;:le;ubphoresis

(_‘15% quh‘G:l. Electrophoresis was performed at 10V
for {5he at 4 C’ with Tris-HCI Buffer, 0.0é M, pH 8.6,

- Well Buffer, Tris-HC, 0.3.M, PHEE)
0-20%

' 20-40%  refer 0 ammonium sulphate precipitates
40-60%  of the t;ylosol. )
60-80% .
30-HSD from P. i was added-for c

(For Visualizatioh, see section under Activity Staining

in text.)

A



STARCH GEL ELECTROPHORESIS

ACTIVITY STAIN 3-ALPHA HSD

B

ORIGIN

f

P. testosteroni
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%0904y
%0v—03>

%0Z=0> i



112~

FIG 28 Ethanol Dehydrogenase Activity Stain: Starch Gel
Electrophorosis. ‘
(15% Starch Gel, Electrophoresis was performed at 100V
for 15 h. at 4 C with Tris-Cl Buffer, 0.03 M, pH 8.6,
Well Buffer, Tris-Cl, 0.3 M, pH 8.6)
The numbers refer to-ammoniur sulphate precipitates of
the cytosol. . ’
(For Visnaling'on, see section under Activity Slaining/

in text.) '
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FIG 29 3p-HSD Acévi:y Stain after Starch Gel Electrophoresis.
Track 1 Active fraction from CM-cellulose column, (F 43-46 pool)
Track 2. Cytosol o 3
Track 3  Active fractign from DEAEAcolumn. (Fn‘wtion 31-44 pool)
Track 4 40-60% ammonium sulphate fraction
-, ’ Track 5 60-80% -ammonium sulphate fraction -

(For Visualization, see section under Activity Staining in text.)
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FIG 30 30-HSD Activity Stain after Starch Gel Electrophoresis.

(For legend of tracks and Visualization procedures, refer to Fig 29).




FIG 30
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FIG 31 Ethanol Dehydrogenase Activity Stain, Starch Gel

Electrophoresis.

(15% Starch Gel, Electrophoresis was performed at 100V

for 15 h. at 4 C with Tris-HCl Buffer, 0.03 M, pH 8.6,

Well Buffer; Tris-HCl, 0.3 M, pH 8.6) A

Track 1

e Track 2

Track 3
Tmik 4

Track 5,

Track 6
Track 7

20-40% Ammonium sulphate fraction

40-60% Ammonium sulphate fraction

40-60% Ammonium sulpha(e‘fmcﬁon

DEAE column fractions (30-HSD activity Eool; F 31-44)
CM-cellulose fractions (30-HSD activity pool; F 43-46)
Cytosol . : )
DEAE column fractions (30-HSD activity pool; F 31-44)

(For Visualization procedures, see section under Activity Staining

in text.)

~ .
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! FIG 32 -Polyacrylamide Gel Electrophoresis of Fractions from
Human and Horse Liver Cy‘msol (Ammonium Sulphate pptd)
Ethanol Dehydrogenase Activity S!ain.
(Electrophoresis- was performed at lSO‘y for24 h.at4 C M
with Glycine, 0.18 M and Lul{ﬁne, 0.54 M (10% solution), /
| - pH 8.3)
‘ . . The numbers refer to the ammonium sulphate precipitates of
EE the cytosol.
L (For Staining procedures, see section under Activity staining

in text) 3 .
. .
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"FIG 33 Stability Studies of Human Liver Cytosolic 3a-HSD and
Ethanol Dehydmg:;nase Activities. -
( 000 ) 3&:HSD (with NAD)

7 ( 000 )30HSD (without NAD) !
( WYV )Ethanol DH (with NAD)

~( UVV ) Ethanol DH (without NAD)

(30-HSD-Wwas assayed widea.Andmsmi-17a-memy|-3a,
17p-diol, 5mM as substrate; Ethanol Dehydrogenase .~

Activity was assayed with 2 M Ethanol. \
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CHAPTER V

DISCUSSION
a) Steroid Synthesis
The synthesis of the steroid substrates with a 17a-methyl group was carried out
as these s;nbscratcs allowed the study of enzymic oxidation/reduction re’acrions uniquely
at C-3 of the sterpid molecule. The sodium/liquid ammonia reduction of the 170-
mer.hylte‘smslcmne gave about 90% yield of 17a-methyl-50.-DHT, the remaining 10%

’ being allylic alcohols and starting material. Reduction of the saturated 3-ketone, 17a-- -

methyl-5a-DHT, to the required axial 3a-alcohol was effected b?' K-Selectride (potas-

. sium  ti(R,S-s-butyl)borohydride), and to the equatorial 3B-alcohol by

sodium/isopropanol. Both methods gave good yields. All three steroids were purified

by repeated recrystallization from 1 i and their identity

established by bompnrison of their TLC, HPLC and’mciling point data with authentic

. reference samples. . «

b) 3a- and 3B-HSD Activity in the Human Placenta

‘i) Cytosol

Experiments on the human placenta indicated that there is indeed acytosolic 3a-

"HSD presem ‘This result was obtained fmm incubations of the initial cytosol fraction

and of various ammonium sulphate pmclpxwles with the steroid subsm\les The incu-
bations indicated that, in the presence of added NAD, 17c-methyl-5a-androstane-
30, 17B-diol was converted .to v.he%omspondmg 3-ketone. Both the 3a- and the 3p-

dlcohols were produced from the 3-ketone in incubations in the presence of NADH. -
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They were identified by comparison with authentic samples on TLC and also by
further characterization on HPLC.. The crude cytosol when incubated with the 3-
ketone in the presence of NADH gave a 3:2 ratio of 3B- : 3a-alcohol. However, in the
+40-60% ammonium sulphate precipitate the ratio of 3a- : 3B-activity was lppmxi-.
mately 3:1. This observation is consistent with the results obtained in the preliminary
experiment done to find the ammonium sulphate precipitate with the highesf 3a-HSD
activity. Conversely, 3B-HSD activity was mostly found in the 0-40% fymions. The
incubations also suggested that NAD may bel the preferred cofactor éer NADP. Vari-
ous investigators had suggested NADP as the preferred cofactor for the 3o-HSD iso-
lated from rat and mouse l?ver cytosol. 1 ’
ii) Microsomes %
The method dcscn;:ed by Wiebe and Larner (1977) was very effective in solubilizing
the enzymes from the microsomes. In-these two organs (placenta and kidney), 3B-HSD
activity predominate. This would seem to suggest that the 3B-HSD is a microsomal
enzyme in these tissucs dnd that the 3a-HSD activity etected may have come from
possible contamination from the cytosol during separation. In the placenta, the 3a- .
. HSD activity is very unstable. The enzymes in both tissues, however could be stabil-
ized by addition of NAD or NADH. It was not surprising to find that a larger pr6p0r~
Qon of 3a HSD aenvuy was found in the kidney cytosol as the kidney is a point

whcre xhe steroids conld be metabolized finally before they are excm:d in the urine.
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c) Partial Purification of the Human Liver 30-HSD

The ME-dehydrogenase did utilize NADP but more slowly than NAD. It is the
fore probable that there exists in human liver cytosol a ME-dehydrogenase. Since t
product of. this reaction was not examined, it is not k.nown’ii( the hydroxyl or thiol
group was being oxidized, 'nor indeed if the ME was instead acting as the ultimate
reducing agénx in a redox chain. From the practical viewpoint of this study of 3-HS[’)’
activties, however, it was clear that ;he presence of ME reduced the accuracy of the
3-HSD assays by increasing the background activity. It was unfortunate thiat this
source of the high background was not discovered until relatively late in the sndy.
Low molecular weight substances were found in human Liver cytosol by Sephadex
G25 gel filirafion (which Qcpamles low molecular weight substances from protein) that
could act as substrates for the soluble enzymes in the preparation in the presence of
NAD(P). Both 3a- and 3B-HSD activity was detected in all the ammonium sulphate
precipitates of human liver cytosol. The 30.-HSD activity is, however, concentrated in
 the 40-60% precipitate. Even though the activities measured show significant amounts

of 30-HSD activity in the other ammonium sulphate precipitates, later analysis by gel

is. and activity-staining indicated that most of the activity was
localized in the 46-60% ammonium sulphate p_recipimte. This fraction also contained
the bulk of the protein (about 50%). Even though there appears to be appreciable 3p-
"HSD activity; -it—was- convenj:nr to use this fraction for the next stage of the

purification.

This imi i ion- was very i in the

steps to isolate the 3a-HSD activity from the human liver cytosoly” The working
buffers were prepared without added ME or DTT. No EDTA was ddded; it is wcll.
known that the human liver cthanol dehydrogenase contains zinc (Bosron et al., 1979;

Lange and Vallee, 1976; Pares 4nd Vallee, 1981) and o or more of the human liver

v
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3a-HSD may be ethanol dehydrogenases and may contain zinc removable by EDTA.

Using the prepared substrates, the presence of 3at- and 3B- HSD activities was

of 17a-methyl DHT by. incubation of 17a-

methyl-Sa-androstane-3a,17B-diol at 37°C, pH 9.0 with NAD was indicative of the
presence of a 3a-HSD. Since the enzyme activity was observed in the early fractions
without any salt gradient, it became clear that the enzyme did not bind to the posi-
tively éhmged DEAE and that the enzyme was itself positively charged at pH 8.0.
These properties place the human liver 3a-HSD in a category correspondmg to the

human liver elhanol dehydmgcnasc class l enzymes or a class II enzyme (a small

amount of class Il :nzymesaelules with the bulk of the ppsitively charged proteins)..

The rapid spot-plate technique was very useful in locating«the fractions with the 3a-

HSD activity immediately after the DEAE separation. This'lechniq'ue is very useful

where very labile enzymes are involved. Ap_an from detecting the enzyme activity very
early in the chromatography, enzyme assays and kinetic studies could be performed
‘while the column is still being run.

The SQ-HSD‘IEﬁVily binds tightly to CM-cellulose column. Since none of the
isozymes of the ethanol dehydmgemse class I enzymes binds tightly to a CM:column,
it is likely that the 3a-H~SD activity is due to one or more enzymes similar or identical
to ADH class I isozymes. The reason for the ;efcunce to human liver alcohol dehy-
drogenase enzymes is that 3a-HSD ncn’vity-suining on polyacrylamide gels shows
bands coincident wu.h the ethanol activity. . All fractions which had 3a-HSD activity
+ (spot plate test) nlsc *d strong ethanol dehydrogenase activity. A later CM column

(ME absent) l'qllowed by Gilford assays for 3a-HSD activity, showed the presence of
- —

af least four forms. Here again, fractions which had predominant 3a-HSD activity

also had strong ethanol dehydrogenase activity. Inhibition of the ethanol dehydro-

genase activity by 4-methyl pyrazole was essentially complete under conditions in
‘ 2

N
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which there was no significant effect on the 3a-HS} acfivity.
d) Characterization of the Human Liver 3o-HSD

The substrate specificity studies (Table 4) showed that a partially purified cyto-
solic 3a-HSD pool more rapidl); oxidized the Se-steroid substrate than the 5p-steroid
substrate in the two pairs, one of androstanes, the other of pmgna.xcs in which com-
parison can be made. The steroid anaesthetic Alfathesin® (Glaxo), a mixture of 3o-
hydroxypregnanes were also efficiently transformed. 4

The pl of the human livcr cytosolic 3a-HSD is about 8.6-9.0. It therefore
appears lhm the hnman hver cytosolic 3a-HSD is at least close to, and probably coin-
cident with the Blp\ isozyme of human liver alcohol dehydrogenase (class I).
The considerable gcneuc polymorphism of human liver alcohol dehydrogenases, make
the characleriza’ﬁon only'teumﬁ've. Isoclectric focussing expérhngnts on various frac-
tions of ;he human livér cytosol using nmpholytcs wnh pH ranges of 3-10.5 and 8-10.5

showed single bands staining for 3a-HSD activity. On the olhcr‘hand, the protein

stain however showed the presence of at least 8 protein bands lndfca;ing the presence

of more than one i_sozyme with the 3a-HSD activity being the most basic.
For the o);idaﬁon reaction, a pH optimum of 9.0 was recorded whilst 7.0 was

recorded for the reduction. E‘nzymc stability was observed at pH 6.0-9.0 with the

" optimum at 9.0. Though the pH optima recorded for the reduction reaction was 7.0,

this could not be ascribed to the 30-HSD activity alone since the reduction of the car-

5onyl group was due to bgm 3a- and 3B-HSD activities. Lang et al, (1986), had

reported a pH oplimum of 10.0 for the microsomal 3a-HSD. A pH optimum for the
n: ; .

cymsohc 30-HSD was however not reported.

With the polyacrylamide gel electrophoresis, the active fractions from the CM-

cellulose column appear as a single band when stained for activity. Ttis possible that
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the different enzyme forms differ in stability or that all but one were lost from the gel.
The comresporfling protein stain showed about six bands. Single activity bands were

stained for activity after p: starch gel is. Also evident was the

fact that the 30-HSD from Psecudomonas fEstosteroni was an entirely different enzyme.
This bacterial enzyme migrated in the direction opposite to that of the human liver
cytosolic enzyme and appeared to be positively charged at pI 8.3,

The: results from the polyacrylamide gel t is of diﬁcl%m

sulphate- preparations from horse and human liver suggested that the ethanol dehydxb—.
* genase activity in the two tissues were different, While the 40-60% fraction of the
human liver cytosol has two bands, the corresponding fraction in the hqrsc liver cyto-,
sol has four or more. The 3a-HSD activity Stain in these two tissues could not be
ol;mined for compnrispn. as the enzyme became inactive before this study was carried
out. Siébil\ily studies of the human liver cytosolic_ia-HSD activity and cthanol &ehy- -
drogenase a}ﬁyity were done with and without added cofactors. It was shown that at
4°C both enzyme activities are stabilized to some extent.by the presence of NAD.
Enzyme deterioration was faster in both cases without -added cofacmr.l Th} 3a-

HSD activity however ‘was less stable than the ing ethanol

activity. While the specific activity /of the ethanol 'd‘qhydmﬁenasc remained at about
80% of the -initial activity in the presence of added ‘cofactors after a month, the 3a-
HSD activity dropped to less than 50% of the initial activity. This suggests that cither
the two activities reside on different proteins or that there is a mixture of unresolved

isozymes.
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Concluding Remarks

3a-HSD plays an important part in the synthesis of bile acids, and in the degrada-
tion of testosterone, progesterone, cortisol and other steroids in man. The lack of
cans‘ive study on this enzyme in the human, unlike the 3p-HSD, prompted this study.

the only ization of the human liver cytosolic 3a-HSD as a pro-.

tein (Lang et al., 1986) refers to activity in the erude cytosol. This M.Sc thesis there-
fore appears lo the first systematic am:mp( to isolate and characterize this important
human cy:osohc enzyme activity by following the 3a-HSD activity lhmugh a sequence
of purification steps. Lang et al., 1986 reports cofactor requirement of this enzyme to

. be NADP with the microsomal enzyme utilizing NAD. Although it was not studied in
detail, NAD was found to be the more efficient cofactor in this work.

The enzyme appears to possess- ethanol dei|ydxogennsc activity which is strongly
inhibited by 4-methyl pyrazole. The. fact that the steroid activity persists dfter such
inhibition may suggest that there are different catalytic sites for stcroids and ethanol or
more likely may merely reflect differences in binding characteristics of the two types
of substrates. The enzyme appears to coincide with the B1B1 isozyme- of the human
alcohol dehydrogenase on starch and: polyacrylamide gel electrophoresis. Since there
are different polymorphic forms of-the human liver nlcohol dchydmgenases this assign-
ment is tentative pending further study, The presence of at least fvur separfte enzyme
activities after CM-cellulose chromatography which also stain for ethanol activity gives
support for the above assignment of the major one as P1B1, of human liver alcohol
dchydmgcnnse activity,

The pl ‘determined is. ¢loser to the pI of the class I isozymes of human liver
alcohol dehydmge’nase (Pl 7.7- 8.6) than to class II or class II.

The presence of a 30-HSD in the human placental cytosol has been demor(‘nstmted.
The unstable nature of this enzyme may make characterization difficult. Metabolism of
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3 ids to the 3-hydroxysteroid is definitely catalyzed by two enzyme activities.

The presence of 3a-HSD activity in the human kidney and in horse liver cytosol has
also been demonstrated. It is interesting to note that the 3c-HSD activity is twice that
of the 33-HSD in the cytosol of the human kidney, buu:redominumly 38-HSD"
in the microsomal fraction.

More complete c}{am(erizntiagn of the human liver 3c-HSD activities is necessary
before we can asses$ the range of substrates for each iom. The relation between this
rather unknown enzyme group and the widely known class I isozymes of the human

liver alcohol dehydrogenases is also worthy of further study. -

B
b\ e
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