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1. Review of the Li ature .
1

“1. A. Horse Lfver Alcohol Dehydrogenase.
-i.  Isolation and Purification s
_One of the first successful’ attempts to igblate horse

{|ver nI_cnhnl'deh):drogenasé (HLADH) was reported by i
.

Bonnischsen and H[sse’i (1) in 1948. They extracted ground
. .

5 E horse Tiver'with water, separaited‘ the aqueous extract by

*centrifugation.and precipitated an agtive d:pydrogenasa
fraction with ammonium sulphate. A fur‘ther 'pur1f‘icut1.un was
, effec’t’ed .byv’ath'annl prec!pl‘t’atlan from phosphate §uffer.

- A N Ten _y'ur.s_ dater, Dal_ziel (2) separated a more acidic
: 7 _- HLADH ‘fraction ysing an ion excha.nge column (:ar@e‘thyl

-~ .celdulose). Up to 4 HLADH fractions, later terme Tsozymes,

cb!fid be resolved. by starch gel electrephoresis (3).

; - Ethanol was found to be a substrate for HLADH; litel’..l.lllyl"‘
’ (4,5) noted the IMD.- aependent: interconversion of certain™3
,-keto and 3B-hydroxysteroids. These reactions for-e& the
busts for the classification of HLADH isozmes, as discussed
in Section ii. . A. B s

By 1970,- HLADH had been seﬁanted into 12 distinct

bands by electrophoresis: (6). Von Wartburg (7) separate‘d

- d HLADH into its major, components by chromatography on

Frr .k ? . :cirhox,ymathy‘ culluluse\ Stlrch gel electrophoresis

fo}loued a further diethyhll.noethyl (DEAE) cellulose |

& & nolunn. lmi shoud hn-ngeneous components.




. and forming a stable Innafy complex (13) The: enzymes, are,

) associated with onl

An important advance in the purifjcat!un of HLADH was
the u’se of afflntt‘y techniques which‘ permitted the
develupﬂl ent - of a, simﬂe'step puriflgatiun of HLADH from the
crude mixture of the\enzymes (8). Affinit}techrﬂques
ge_n__eraﬂy involyed an immobilized cofactor (NAD or AMP) .or
inhibitor (pyrazole) attached to a support (9, 10, 11, 12).

. Dehyhrogen)ses selectively bind to the'cofactor or inhibitor

presumgbly by accepting'the llgand into. some znzym!c pncker.

then differentiall_y‘ e'lute_d as.a cofactor or’ inhibitor is:

nas: dimeric and

By 1967’1t HiS known tnat NLAD

comprised ot‘ two "subunits (13). St:roid actlvity was 2
>ane type of. subunit, uMle enunul

activity was found in both. Theorell (15) named the tno

types of. protein, chains E (for ethanol actiy

stero!d utive) The main |sozyues uere thus numed EE, ES

-and $5..7SS 1s_the most' basic (pI -)10), ES'is intermedme

(pl = 9 3) and EE 1is the lust basic (pI = 8.7). (7)
cammercia'l preparatinns of HLADH conta#n EE snmet!mes
with a simall amount of ES, Crude horse Tiver hol{nugenates‘

coptain relatively large amounts of EE and ES with

"cansidenbly less SS (observation by Mr. G. Murphy.of our

laboratory), = ¥

f
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the sequam:fng may also occur. The amino acid exchanges

& charged than ‘the . TMs is in agreement’ u|th the -nsu

The amino acid sequence of the E subunit was determined
by Jornval (17)4. and is seen in Fig. 1. The sequence for §
was not deternineggm but by.detecting the p?ptl‘des in
the § suhuut\fyﬁlt differed on electrophoresis fl‘(;l the E

peptides. \ Each subunit contains 374 amino acids. ‘The E to
S exchanges are shown below the E sequence. There are onl!
6 amino acid differencesl.. 0f these known differences, the
aspartne to serine c)unge is not entirely certain. "It is

possible that there has been a dt!eth)n rather than 2 serine

subsntutinn (17). Und:tect:d changes, which wou?d not cause

L a. dlfference in the charge of “the pzptfde fragment us:d 1n e

resu]ted in the S ehain being’ three units nore pos’lt!ve y

electrophoreuc -oh”nles of the |sozy-es containing the S
subunit. The' -olecuhr -elgnt, originally determined" to be
80, 000 - 88, DDO (lB. 19 20) was calculated to be 79, 958

\(17) : =

“ Winor |nterlcdhle fracﬂons are seen on .

electrophnrn!s (3 i, 21). A complete s:hemuc pattern of

. ele:trapnoret ¢’ snpantion is shown in Fig. 2. !

A tMrd type o! subunit, named Ay has been reported .

; (22). Elnctraphur(ﬂu”y it behaves Hkl § but it is nnt a

stzraN dehydroganasq. The cnmpusiﬂnn of \this subunit has

at ¥ been reported. . It ‘can be distinguished from S by

& (t§ ‘much higher acuvnyrtnnrds acetaldehyde.” Apparently, i




Horse 1iver alcohol dehydrogenase contains four Zn**

jons per molecule; two.ions per subunit (23). The Zn** is

I
-probably coordinated in an octahedral configuration (24).

Loss of two of the four 2n** fons resulted in the loss of
the catalytic, activity of the enzyme (15). T‘he\te_rtlary
structure of the enzyme was maintained. It was thus
suggested that HLADH contains two different kinds of Zn**
In/the subunit onesZn** is required for the catalytic
activity and is called the catalytic Zn"; the other may be
requ(red for the maintenance of the tertiary structure and
1s ' called the nuncutalyth': ntt

The Zn** - free apoenzyme of HLADH binds NAD, NADH and
ADP & ribose and forms'-ternary complexes with the coenzyme
and subsﬂ'dte cnmpetltive inhibitors (.K) Their

_d!ssuc(anon constants are similar to those of the native

enzyme. ,

The three dimensional structure of h_nrse-'llve}' alcohol
dehydrogenase was detzrqﬁned by X-ray crystallography in
1976 (26). Each subunit contains two domains; one which
binds the coen}yme and ong which contains the two Zn*¥ fons.
one zn** {s located near the active s(‘te of the enzyme

(catalytic zn**), while the other is held internally

(nonc;t;iytic n**) see Fig. 3. The crysu]s of the native
enzyme are not |somorphous with those of " the coenzyme e
cump'lex (27), but the tertiary structures are sufficiently
similar that‘dlscussinn of the active site on the basis of

these structures is probably valid.

|
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Examination of a model of HLADH with ADP-ribose in
position (obtained from Vis-Aid Devices, 857 Mulvey Ave.,

’ !
Winnepeg, Manitoba, Canada) suggested that the corresponding

portion of NAD sits in the same location since this analogue

competes with the coenzyme at the binding.site (28, 29). If .

a NAD molecule is constructed to the same scale as the model
and placed 'so that the ADP-ribose functions coincide H|‘th
that of the analogue, thelnicut(namide moiety fits _nicely :
ipto a pocket comprised of the residues Thr-178, Val-203,

‘Va§-292, Gly-293 and Ile-318 (30). This fully extended

conformation has been shown to be very siw{”ar to that of
NAD in lactate dehydrogenase (31). .1In this form the
carboxyamide. of the nicotimamide cdn easily hydrogen bond to
Thr-178 and the carbon C-4 ‘{5 4.5°A from the catalytic zn™*
(32)¢ The A side of ‘the cofactor faces the Zn**, in
agreement with the known 4-pro-R stereochemis:ry‘ of hydride
transfer (32). :

On examining the active site in the EE |sozyme. an
amino acid corridor .is evident. Branden (33) calls this the *
“hydrophobic barrel, see Fig. 4. The cata'l_ync 't 4s
located at the end of this tunnel. .On the basis of best-fit
of substrate and the ‘fa'ci’lny of hydride transfer, Brandén
has fdentified potential substrates and predicted their
relative Km values. It shquld, however, be noted that Km is
related "stickiness" only if the fsubstr‘nte_-o_n‘ rate is
s|gnvlfd:§tly rntq-delermiuigg. ’

\




acnve site, A salt bridge exlsts from Asp-115 to Arg-120)

Fig. 5. presents a different view of the active site of
an E-subunit. The steroid substrate, 38-hydroxy-56-

v
cholanoic acid, experiences an unfavorable interactidn

between its C-18 methyl and Leu-116. This 1nteract16n

presumably prevents the steroid from binding in the \assuned
productive orientation in the E subuntt.. The corresponding
Si-hydroxy-k-steroid_ has most of its body out of the active
site in a space densely occupied b,‘y ntnovacids ‘of the
protein chain. Brdndén ‘has predicted that an 18-nor steroid
(6% or 58) should be a substrate for the EE isozyme hecausa
it lacks the critical C-18 --- Leu- 116‘ rnpulshm (33)
Because the E and the S suhunits differ in only 6

detected amino acids out of 374 in the subunit, it is
expected that both will have the same general conformation
and indeed the ES isozyme has been crystallized (34). One
expects the differences to be confined to the areas of these
excl\l‘ng:s.

) One of the amino acid exchanges is at amino acid 1'15
uhére aspartate is changed to a serine. It is congeivnble i
that this change may result in a loss of tn‘e repulsion of

Leu-116 with the steroid C-18. Th! Leu-116 may bend out of

the hydrophobic barrel thus allenng steroids: access to th

see Fig. 5. This apparently ;‘;reduces this steric “hump*
the active site. The exchange of Asp-115 for serine, as
seen in the S subunit, may remove this hump and enable

sterofd molecules to function as substrates for the enz
. /




. iii. Catalytic Properties . & .
.1.)

_ Horse liver alcohol dehydrogenase™ (EC. 1
ig catalySes the oxidation of a wide varfety of alcohols to
their corresponding aldehydes and ketones with nicotine
adenine .d!nu\?leoﬂde (NAD) as cofactor. This conyersion is
reversible. The 4 - pro-R hydrogen of IMDH_ (dum/t_ed H*) is
pru;abl_y transferred as a hydride anfon or it's equivalent

to ;h; 1 - pro-R pos{tiyf s!mph pr‘imry alcohol produf:ts
such as ethanol, see Fig. 6. As a steroid dehydrogenase,
uldatlo‘n and reduction at the 3-position ha; been reported
only-for 38- alcohols. ln'F_g. 6 these two 'reactions are’
;hnwn in the same orfentation. ! )

A ufique, compulsory ordered kineti¢ mechanism,
described by Theorell and Chance (35), applies to the
p’rimary' alcohol d:hydrogenas'e reaction catalysed by HLADH.

It is characterized by the ful\ouing sequc;ce of steps.
1. Toenzymes bind to the free enzyme before the-
substrate. ’ . N ‘
2. The terna_ry. complexes, enzymes-NADH-aldehyde and «-
enzyme-NAD-alcohol are in rapid e‘qu“lbr’!nn. C g
3. The s‘ubstnt‘e is less tfshtly bound to the enzyjng'
T than to thl'cnenz_yme and therefore the ternary
complexes 1liberate. the substrate first.
4. T?he‘d!ssuc!a;lon of the binary enzyme-coenzyme
complex is the last phase of the pjelctlnn- and {s

rate 1imiting, uhén both substrate and coenzyme are
5 .




_negatively charged-alcoholate ion, see Fig. 7a.

| ’ .8 .
at high cnncentratl}on.vThIs mechanism does not \

apply to substances such as ‘secondary alcohols (36, |

o | |

37). 1 N |
|

It was noted that when nethanol or isopropanol are |

substrates, ternary complex interconverswu is the rate N

. 1imiting step if both substrate and coenzyme are present in

saturating (equimolar) cund1t1un§ (38).

Isotu:_ae effécts for deut‘é‘\;ium (up to kH/kD = 6) and
tritium transfer have been obégryed. The catalytic
mechanism suggested by grﬁndén\ (39) is seen ‘in F_g_.. 1. X *
ray structure informatioﬁ suggésts that the Zn”, the z(nc- »
bound water mulecu]e, the hy/ﬂroxyl group of Ser-48 and the >
imidazole group of His-51 may he involved in the binding and
polar!zac(on of the reactive pa‘rt of the substrate. This
process i% mediated by eléctrnp;hil]ic catalysis by.the
active site zn'**. The alcohol m%y bind to zn*t as the

Recent structure-éctivity studies seem t‘o indicate that
no charge develops on the subslrate during catalysis (40).
Therefore, the release of the pruton of the alcohol and the

Fig. 7b, the hydroxide fon remains bound to Zn**; the:zn**

|
hydride transfer.occur-simultaneously. In this_mechan‘lsm,_ f
B i

bound hydroxide fon is' thought to be the geliera'l base-
catalyst for the oxidation of alcohols (41).<
Correspondingly, the zn** bound water molecule would be the

acid catalyst for the reduction of a'ldehydes in the lcid -

base catalysis mechanism. \




a. Cys:tnne Residues

*a salicylate molecule substituted 'with mercury (39). cys-.46>

| - iv. Effect of StimuTators and/or Inhibitors on N
g Struture/Actvity Relationships of HLADK - i
The major form of HLADH found in liver is EE.
Commercial “as well as iaboratory preparations of NL‘ADH‘
produced by the method of Bénnis:h;en an& Wassén contain .
from 50 - 80% EE isozyme (observation ‘of G. Murphy of our
laboratory).

~Both E and § forms_ ox1d1ze ethanol. The. § form »

_catalyses the ox1daﬂnn at 1/10 the rate of the E form (42)

The s form cataLyses ‘the oxidation of the same substrates as

the E subunit and in additlon ouj\ues 3@-hydroxy steruids‘
Steroids with an A/B cis configuration (56- hydrogen) are”

preferred and oxidized at approximately tem times the rate

of similar steroids with an A/B trans configuration (8- e .
hydrogen) (43, 44). The EE enzyme is apnérently ndt

inhibited by sterolds {ndicating that binding does ‘not occur

e .

CHEH»ICA.L MQDIFICATION OF. HLADH ° n
boi o - }
HLADH is inhibited by mercurials’and other thiol

reagents (24). "Two active site cysteine residues were ’

identified using iodoacetate ~(Cys-éﬁ and Cys-174) (45, ‘§6,

47, 48, 49, 50). Cysteine residues have been alkylated with

and Cys-174 modification inactivated both the E and the §

subunits, however, the enzyme was protected against

7
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inactivation by NAD lnd_’NADH‘} Vl:ys-ts and Cys-74 are located
in the amino acid‘-llhed cav‘]t“y through which the cofactor is
exteﬁded; prior binding of th‘g cofactor would be expected to-
prevent entry of the chemical modifier.
b. Lysine Residues x‘
Plapp (51) found that methyl picolinimidate enhanced
the activity of HLADH. Most ol" the lysine w-amino residues
were modified; but H.A was found tha the activation was the
result of oniy one amino gruup'\subsﬂtut‘hn per molecule.

The lysine group was protected lfl-cun modification by NAD and

pyrazole or NADH nnd 1sobutyrau1de (sz), and was, thus
| : ¢
thought to be near the coenz)‘me\blnﬁng sitel Tnis residue

) has-been identified. as Lys—{?ﬂ (53, 54) vhich is very close

to the adenine moiety of thklcnf?:tur‘ modification probably
results in removal of a ster‘(c crowding. ' . \
Nezhyla’cipn_zf 'lysllne residues by reaction with
fornaldehyde. and sodium hydroxid‘: was found to activate the
enzyme (55, 56). i % o & O
Imido esters (52) have been used to introduce
radioactivity into HLADH without ‘rloss of activity.
. | v
c. Histidine Residues 4 ' V‘ i
Histidine residues have been preferentially destroy:d
by phntonxidn(un (57, 58). The degree of lct!vity Toss
varies with different cnanzyme |nlloguu and the affected.

residues havé not been fdentified.




d. Tyrosine Residuels

Iodination of tyroslne does not affect enzy-e activity
indicating that there are apparently no-strategic tyrosine
residues in the enzy-e qr that fodination did not occur, or
that the space so ﬂned was not crincn for the substrate

(ethanol) useq7|n the assay (59). y

e. Arginine Residues
Eniyme activity ‘is lost when butanedjone and
phe'nylg'lyuxn are used to modify the enzyme arginine

residues (60). There may be two arginine residues

associated with the loss of enzyme activity, but so far

these have not been identified. The enzyme is protected
against the-arginine modification and the loss of Enxy-e'

activity by NADH. It is thought that the arginine resldue;

* participate in the binding of the cofactor. Arg-47 which

Tines the cavity through. which the cofactor extends is the
most Tikely resfidue affected. Modification of this residue
may result in -the inability of the cofactor to bind to this

clefts .
= There are two atoms of Zn** present per subunit in the
enzyme .(23). The n*t assoctated with the active site
(:atﬂyﬂc‘ Zn") 1s that first to be removed during
dluﬁs'ls. If all four zinc fons are removed, the enzyme
remains dimeric, hence the second Zn** is not necessary - for
subunit assoch‘tion. MLADH}ac'Hnt.y 1s;nn1ned‘nntn ln".
was substituted by other dtvalent cations such as co** and

\‘( o ) ) .

v
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*atpH=5

ca** (61,62, 63). MLADH Toses activity and In*
and remains in a dimeric state (64,.65). At lowe.r pH the
enzyme dtséociate; into‘subunits in 7 to 8 M urea (18, 66,
67, 68), 5 to 6 M guanidine HC! (69, 70) and in .5 mM .
dodecylsulfate (71). [ ' ‘ LN
~NAD and NADH protec€ against thermal 1n_act1vat10n (7'2.‘

73). =




e N ‘ coomi e e
! 1. Review of the Literature (continued) ; i

1. B. Chemistry of Cyclopropanols" : - 3

i. Use as Substrate ) 3 c s ok
_Simple cyc\o@'lr,oho]sv have rarely been studied as
.substrates for HLADH. It is known that cyclohgxanol and

cycloheptanol are substrates buc not- cyclnpentanul (74, 75, P

76). Cyclapropanol is of 'specml 1nt.erest. i this compound .
is a substgate for the enzyme, then. follw1ng oxidntioh
% cyclupruya&ne would be produced. Cyclopropanone is 2 very |
. : unstab'le _species: it is not. known at ropm tenperature but "" Huegm
- " has heen observed below -78°C (77). There is good evldence
that éycloprupananes s'nc‘h_as ‘g"are !n;ermedletgs in the
Favorskii Rearrangement, see Fig. 8a., ‘a]thou‘gh it ﬁas ot ) ! N
been isolated and identified. Hydroxyl (U] attack on cms E
cyclopropanone »mu'ld give the prnduct that |nd=ed is; p -

isolated in the reaction (78, 79)“ \-_‘ L T N
95 . Using this rearrangement as a; modei, we vlould expect .

. T that if a cyclopropa 0l were converted to tha cycllc ketone”
‘oo e
- »then attack by a nucfleophile in the active site would cause ¢

:ova'lent attachme@it uf the substrue. presumnb]y by 8 B8 .
'menhanism such as that seen in '___q 8b.,
- Recently cyc'lepr nol has‘-been‘shaun to ,inaét.ivafé.

methanol dehydrogenase isolated from Hethxlomonls e:hanica
H ' strain S1 (BO). This is presumed to be a mebnan!sm-based qr

su1c|de |n|cnvnnon of. the enzyme. .When

dipactive - . !

] . B x D
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o

{ ’ P cyc!opropano! was used, the radioactiv'ty was seen to be

; ‘9 “associated with- thexenzyme . fol'louing oxidation. w7 i

P . ~In grder tg attach a stefoid. covadently ;o L}leg

. subunit, it wou’]d first be necessary to 1'ncarporate the
cyc\uprqpano\ functiunath into $he steroid. -Since: the 9 ;-
steroid active enzyme is a 3¢- hydroxy st.ermd dehydrngenase,

the alcohol funcnunal group of the cycloprapanol must be in

. i
1 d K - the 3- pasition of the ster‘nid. This wuuld restrict the A- i
[ -ring-of the steroid to the, type shown as structure of Fig. - . i
' & ‘ a - i

‘ - . e

Ve . Y A literature search revg.ah'd ghat compound g,‘hé(been -

Y & ] . .

. +synthesized 1 975 by Templeton and Wie (81) from 5«-DHT.. L ¢

“ i B‘otxh isomers at the -pnsition (\‘N- Ynd»Gd nydroxy) had” been({ e,
..

. synthesized and separated. u s kiown that the close]y

'similap Si-al@\stane-w 176~ diul Js 2 substraté fgr the

; -(83). : S wowln o T
' 11,. Synthesis uf Cyclupfopanols/CycIopropEnones s
Q clopropane has heen synthaslzed in M}h yield b,y
) reatifig 1, 3-dibromo cnmpounds with sodium metal in . .
< refluxing solvents (Wurtz Reaction)e(84). Bicyclobutane has® -

i also been prepared in, t!ﬂs fashion hy/t_he action of sodium. » |

metal-on 1,3-dibromocyclobutane (85). /It fs not known if 1

‘cyc]o‘i{ropanols can be prepared by t,/ls at“ﬁ\ﬁ. A A_ '
¢+ The synthesis of sacoﬁdary'c:flnprupahx\:ls was first “5

" described in 1942 (86). Hag'neslu‘ bromide, ferric chloride, ..

efhy] magnesfum bromide and acid ! Are';ddmi successively to j




The, reaction presumably

. epichlorhydrin (9), see F Fig. 9.
occurs by theJnechanism shown in the same figure. Methyl
1ithium and Tithium aluminum hydride have, also been used to
c1eave.cyclnpropyll- acetatés 16 generated from the -
thernniys}s of pyrazu'leddn-é-yl acetates (87), ;(\the
Baeyer-Vlnger rearrangément of the ketone 13 (88){'3 The
‘Simmons-Smfith cyclopropanation of vinyl acet‘ate’s 15 does
oceur, but with poor yields (89).

. At vt \

111 Synthes|s of 2, Q- clostero1ds tuow

1 o In 1975 Templeton and Wie (81) puh](shed the synthes{s
° of 2R}.45-2.A-cyc1‘o-5:<-androstan_e-3=( and 3@,17@-@191-17
. acetate 213 and 22b, see Fig. 10, As ment{onedin the

introductton. (part 1. B. i.) the 3&-6yc10pr0p‘dn‘ﬂ1 was of °
special interest because of its potential as a substrate for
.3@ hydroxy steroid dehydrogenase. Temp'letun treated 5( DHT.
18, with excess bromin‘&to form the dibromo ketone 19. This

reacMon accurred in high yield (>90%). Reduction uith
sod|uM\hurohydride gave a'mixture of the 3% and 36 hydroxy

epimers 201 and 20b. Fractlcnal :rystallization was-.used to

separate the alcohols but tMs genenny gave Tow yiaws of
pure compounds 21a und 21b. The ratio of the two isomers

was”found to be 3«/36 = 4 (6.C, of the sﬂyl ethers). A 2%

(by weight) zinc/copper couple was found to give a‘low yield

of l:he steroid cyclupropanols frum the dIbrnmoncuhoIs
(<10$)




. 1. Review of Literature (cantinuad)

\

1. C. Objectives of the Study,
3 Ve T

The t1r:u'lnt|n§ levels of. the hormonal st'zrnh‘is Iﬁ th;
moha;-genaran'y. 1075 < 10710 w, afe such that tight (high .
affinfty) binding’to 'specific‘anyn'-‘norea regions o,
proteins is of critical 1mportqnce in stero!d hormane

actmn. Sternid hormones gxert the1r =ff=cc by, moHify|ng

‘ the specch receptnr proteins so that the,v. 1n turn, pass

on the hormonﬂ sig ? tn regulate processqs w|th|n the 3
cell. The high aff1n1ty uf st:rn'dr pracursors f.or the 3

Masyntheuc enzymes and for the stenold degrldatlve enzynes

hnr-‘nes in the hlood. ‘- i " .
Yhe purpnsz of “the propo‘sed s\(.udy is to.attach e
steroid hy-a :nulent bond to thg aenve sue of an enzyle

as a first st!p |n obtaining a bener undorsundl.ng of the

-Interacnon hetleen steroids .and th: active sites’ nf protein

_'molecules. aur undersnnﬂng nF :he a-h\o acid res(dues

actual'ly (nvnlved in fornlng the (presumh!y) l\ydrophoMc
pocket sulcab]e for interacnnn with stern1ds is scHI in_
its infancy. One can expect tlut nmino ucids such a J
tryptophan, phenyhlaninﬂ' and .tyrosine, bﬂng planar and. in
part," hydropnnMc are: erly ‘to be involved, bat this has -

m)t yzt been |s lhlishod At tMs stage of,our

" 1. %

NS
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| d|ugerh‘:'.‘ tfue active enzyme apears to be either EE, ES or SS.

17

steroids with pure, ‘n.el] defined proteins about which much
is 'alreédy ’knonn.‘ The hydroxysteroid dehydrogenases are a
group of such proteins. - R

' Horse' liver -alcohol dehydrogenase, in-particular,
g pre‘;'epts some interesting features. The normal substrate
for‘,t‘h!s' enzyme appears to be ethanol, which is “converted. to
acetaldehyde. ‘There are. apparently two maj;:r isozymes of

the d'ehydrogenase'; the E and ‘the S. Since the enzyme is

.-Only ES and §S have activity in the reversible reduction of

‘ste’ro(d Z-ketanes ‘to the corresponding 3@-a1cohn\ (44). Of
purtlcuhr in erest is the fact that the E and the S

ozymes dlffer 1n on]y six known amina acid residues out of
374 (17) Th

sequences 1n these tuo isozymes, only one of which is

are thus two closely similar. aminn acid

capable of binding and trnnsforming steroid ketones.
Having chosen the enzyme, the choice of the reactive

stéroid 'was made. .Covalent at’tachment of steroid to enzyme

cou\d be effected by the use eithsr of a reactiva substrate

or by the use of an unreactive substrate specifically *

designed to be transfnrmed by the enzyme to a highly

reactive (electropMHc) prcduct. The later class of
t
inhibitors are termed “suicide" or- "mechanism based"

©* inhibitors (90) A herelofore inexplored type of suicide

|nh|hitor involves the enz,vmic formation of a highly .
a\ectrnph”lc cyclopropanone group.” Since a survey of the .

.'I(.ter_ature revealed that the -approprhte 3-hydroxy=-2,4-




18

cyclosteroids had been synthesized (81), this group was
chosen for study. .

This thesis describes,the purification and
characterization of the al;xyues and the 2.0-:ycloster6|d§.
the discovery of a new method of chemical synthesis of

cyclopropane rings and ihe inactivation of the enzyme by one

-of the steroidal cyclopropanols, together with preliminary

evidence that covalent linkage has occurred.” -



Fig. 1. 'Amino Acid Sequence 6f the E Subunit of Horse Liver

Alcohol Dehydrogenase (S Subunit Exchanges
Includéd). Jornval et al (17).
\ .
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Fig. 2. Schematic Pattern of _Electruﬁhnretio Separation
. of the Components of HLADH. ‘Pietruszko (21).
(Starch Gel; Buffer, Tris,HC1, pH = 8.5)
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i \ Fig. 3. Position of Cofactor Relative to the Catalytic Zinc
and the Active Site.in Horse Liver Alcohol

Dehydrogenase (E Subunit). ‘BrAndE.n et al (.30)'. »

. 3 - \







. Fig. 4. Hydrophobic Barrel in Active Site in the E Subunit
of Horse Liver Alcohol Dehydrogenase. ™ Brindén ‘et

al (30).

|
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Fig. 5. stera!ds_P'hce‘d, in“the Active Site of the E Subupit
of Horse Liver ‘Alcohol Dehydrog’enisl. Brindén et N

al (30). - - . "

-
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Diagram of the Assumed ProductfVve HLADH - NAD® =
Alcohol Complex Suggested by: »

a) Brindén et al (39). v
b) Dworschack and Plapp (40).
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"Fig. 8.

a)
b)

o

Favorskii Rearrangement.
l'unctiv; ion’c’zf Methanol l!s.hydrogenase by
Cycloproplnn].

A Ring of P_otential 38-hydroxy §_teratd
Denyd‘rngenase Inactivator. o
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Fig. 10. Templeton Procedure for Producing 2,4-steroid -

¢ iyclcprupanols (§1.). . . C . -
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2. Materials and Methodology
|
2. A. Isolation of Horse Liver Alcohol Dehydrogenase

»i. Sources of Materials

. Horse liver used in this [;rocedure was supplied by
“Boucherie Raymond*, 4025 Est Rue Jean Talon, Montreal,
Quebec, Canada. The liver had been frozen inmediately after
slaughter. DEAE cellulose waQ purchased from Pharmacia I_=ine
Chemicals (Sephtel) CM-52 was obtained from Whatman
Chem\{als.’ Dialysis was performed using Spectrophot #2¢
tubing (12,000 :o'u,oou m.w. cutoff). The dialysis tubing
was prepared by heating in water containing a traog of EDTA

and sodium bicarbonate.

ii. Enzyme Assays
Prptein ls!lys'uzre performed by the method of Lowry
(91). ;nzyne activity assays were performed by the method
of Pietruszko (92).
a. Aunlqahyde Assay -

. An aliquot (lﬂO/:.L') of a stock solution of icetaldehyde L

(0,20 mL of fresh1y distilled acetaldehyde in 100 mloof
water) was added to'a 3.0 mL cuvette containing phosphate

buffer (Z;‘B ni, 0.1 M, pf® 7.0) with NADH (0.18 mM). The

final acewaldehyde concentration was 0.12 mM. The reaction
was started Ey the addition of the enzyme and the rate of.
change of absorftion (340 nm) was monitored on a Gilford UV

\
- . - ) _ ;
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Spectrophotometer Hod‘el 6680. Solntlnns.:nntiining all
assay constituents but without enzyme (“no-enzyme blank®)
and another without substrate (“no-substrate blank*) were
run siuuuaneousfy to assure that the observed change in
absorption was due to reduction of acetaldehyde by the “
dehydrogenase enzymé. A cuvette containing pur: water was
used to check for instrumental variations. : . *
N . b, 5@-DHT hssay ' i, @

V'An aquuot'(IO/LL) of a solution of 58-DHT (Si:era'l‘olds,
10.0 mg in {.0 mL freshly distilled t-butanol) was added to ' P
‘a 3.0 mL cuvette containing phosphate buffer (2:9 wk, ‘u',_l M,
pH = 7.0), with NADH (0.18 mM). The final 58-DHT
concentration was 0.11 mM. The reaction was started by 'the'
addition of enzyme and monitored at 340 nm as in the
acetaldehyde assay, "no-enzyme®, 'no-subs‘true' and water oFS

blanks were used. Note esvg‘cially that the "no-substrate*

blank.still contained the stéroid s!zlvenh, t-buzam(r-(see »
page 97). b 4

Starch gel ele'ctrophor:sl‘s was performed by‘ the method
of. Pletrusxka'(SZ) (pH = 8.5 in tris-HCl buffer) .

Polyacrylamide gel electropnoresis was performed\by the
*method ‘of Taber and Snern;n (93).
. .,

s

® ¢
i1i.  Isolation 4f the Isozymas of Horse Liver Alcoflol -

Dehydrogenase, see Fig. ll.
The preparation of ES and SS |snxmes was general'l_v

-perforled using"a 500-1000 g snvl: of horse 1iver. This |
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’ -
wa3 removed from the whole frozen (-80°C) Tiver and th7w'ed

/

preparation is given,
’H‘\ a

in buffer (Tris-HC1, 20 M, pH = 9.0)." A typical

A sample of érﬂzen horse Hver (607 g) was groun
meat grinder and further homogenized in a Sorval-Omni Mix.
Buffer’ (Tris.HCl, 20 mM, pH = 9.0) was added to give o
volume of 810 nﬂ. AThe‘humngenate as centrifuged at 15, 003
X 9, 11/2 b, §.0%C (Becknan 3-21°8 centrifuge). The |

\
supernatant (300 m1) was collected and centrifuged at| \

\

)

100,000 X g, 1 1/2°h, 4. 0°C (Beckman LZ 65 Ultracentrifuge). i

The supernatant (225 m’leas cul'lected. 130 ml was
placed on’a- DEAE cellulose culum_n. see Fig. 12, and eluted
_with buffer (Tris.HCl, 20 mM, pH = 9.0). "Fractions 56\ 76
appeared. cloudy, Fractions 56 - 88 had s\,qnificant (.
a:etaldehyde and 5B8-DHT dehyarogenase activity. Fractions
56 - 76, containing 53 and-ES 1sozymes—{starch and \\"
po!yacrylamide gel e]ectrophores(s) were comhined separaﬁely
from fraption 77 - 88, which contained ES and EE isozymes\.
The 56 - 76 voul was centrifuged (15 000 X g,-0.5 h 4.0° C.
Beckman J-21 B centrifuge). Both ponls were then -dialized
separately (Z X ten hﬂd volume: of huffér; sodium uhnsphale,

0.01 M, pH = 7.0, 8 h, 4.0% ) ]

The 77 - '88 pool was :V@\graphed on CM-52 cal'lque
(first CM-52 Cellulose Column, sé¥.Fig. 13).. A Hnen; } -
gradient from 0.01 to 0.1 M%odium phosphate buffer, pH = -
7.0 was applied. Thi 56 - 75 pool was chromatographed und‘br )
the same conditiéns (second CM-52 Cellulose Column, see ﬂ_g_




;
i
t

- 14) Starch gel electrophares(s showed one fractwn of pur

-

i

ES isozyme from Eaéh pool (fraction 15 from the first CM 52

column and fractjon 39 from the second CM-52 cedlulose ¢

on s'tarch gél.r Po]yacrylamlde gel eiéictrophoresis was

therefore used-to lid'entify this isézyme. ‘One pure sample

was seen (sanup'le ¥ 43, secnnd CM-52 column) see Fig.
Frnctiun 14 (f(rst CM-52 column) contained a cnntamnant

e

.columy, see Fig. ﬁ). The SS isozyme was hot easily detected - -

that migratqd betwﬁen EE and 5SS - possiply ES'. Fra:tbun 40

(second CM-52 column) contained a small amount of EE- -
resuH:ing in a steroidlacetawehyde activity ratio 1ower

than in fraction’39, s . &
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2. B. Synthesjs of Steroids (see Fig. 17)

1. Sources of Chemicals and Instrul:ntatt‘onf

An Ielting points were taken on a Reichert-Kofler

e ayplntus and are corrected. Rotary enporition was

£
i

" as a gist by Dr. W. .‘kdnrls. Syntexa-Inc. Palo Alto, X <

- androstane -3« andA”.ﬂo-dioI-n monoacetates were kindly

performd.on a Buchi-Brinkman Rotavapor-R. N.m.r. spectra .

were recorded using a Brukker WP 80. All stareids were

dissolved in duuteriochloruf‘orn with tetrmetnylslhn: as an T
internal standard. Hgss spectra were recorded on”a vm.n

NAT 311-‘ instrument. Tlc was porfnrmed on silica-l GF

‘nhta!ned from Analtech Inc..with ether/toluene (Z 1) eluent._

A Waters 244 Liquid Chromatograph equipped with a R401
differential refractnne;er and a uod.l 450 variaBle

navelenqth déte:tor‘uu used for hplc separations. Steroids
were seyarned on efther a Whatman Partisil 10/25 Column or
a Waters ,Bo:mlp\l c18 (30, ¢ta) coluvlnvi._' 5-DHT was supplied

s >

California, U.S.A.- Authentic samples of Z.‘l-cyclo-s"-‘

provided by Dr J. Templeton, Dept. of Pharmacology, oy |
Unjversity of Manftoba. . - §

‘1’1. syntmsi’s'of Z-l.b'l-dtbron‘n-5'<-lndros?an-:!-unn-l?p

' -acetate 19. ‘ . ' T
‘}Brultnl (8.40%mL, 163.1 mmol) in accti‘c acid (200 ML)
was added dro‘pﬁn with stirring to 5<-DHT 18 (20.0 g, 68.9 3

mmol) 1n acetic’acid (1.5 L) at room temperature. Yht’
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‘_solution_was stirred for 24 h, then poured into water (2 L).

-The precipitate that formed was fi]tered washed with water

(3 X 400 mL) and dried in a vacuum desslcatnr overnight to
give 2¢, 4'l\dlbromo 5«-androstan-3-one-178-acetate 19 (32. Z)-

9 96%). The r)me product was recrystallized several times

'from methylene chloride/methanol to give product whose

meTting point range was 187.0 -191.5°C, 1it. (81) M.p. =.202
- '204%. P.m.r. (CHCI ) 4.76 (1, 'd of d, J = 6 and 13 Hz, 28
-proton), 1.16 (3, s, 19-methyl) and 0.80 (3, s, 18- methyl)
Pepeme Holecu]ar ue!ght (mass spec) = 490 (c“H32 79y -
81gy 03 most abundant sp‘e‘cizs).

111.. Synthesis of 2«,4<-dibromo-5<-androstane-3%and 38

¢ ,176-di01 -17-acetate (20a and 20b).

¥ Sodfumuu:)ydride (500 mg, 13.2 mmol). was stirred in
ethann]\(lﬂ*ﬂ fur 40 min. After centrifugation (1600 rpm)
to remove apgroxlnﬂ»ely 5 mg of hazy vrecivitAate. the clear
solution was added dropwise to 2«,4<;dibromo-5%-androstan-3-
one-d?@-a‘c‘etﬁte (7.5 g.|15.3 mmol) 1nv ethanol- (1.5 L) with
sgirring at room temperature. After 30 min, the reaction
nixture was =vaporated. Water, (Eﬂd }nl) was added and the

crude product was extracted with-ethyl acet te (3

fﬂtered through cotton wool and evayorated. Thls resulted
in a quqntitative yleld ofa mixture of the 3~ and 38-
epimers:(20a and 20b). "The ratid of the isomers by‘hplc

(CNClalﬁaxlﬁe, 1:1 on a silica column, Partisil 16/25) was 3.

/36.% 3.85. M.p. (3«-isomer = 205 -206%, ‘11t (81) m.p. =
. : gt
.

.

200 u}L),




2, &
206 - 207°C. M.p. (3@isomer) = 248, 5 - 251%, 1it. (81)

m.p. 253 - 255°C. Pum.r. (3<- 1somer) (cuc13) 4.59 (1, t, o=
8.0 Hz, 17%-proton), 4.36 (1, m, 28-proton), 4.27 (1, t, J =

.2.5 Hz, 3¢-proton), 2.03 (3, s, 178-acetoxy methyl), 0.89

(3, s, 19-methyl) and 0.77 (3, s, 18-methyl) pip.m.. P.m.r.
(3g-1isomer) (CDC1;) 4.59 (1, t, J = 8.0 Hz, 17<-proton),

" 3.84 (I, t, J = 10.0 Hz, 3«-proton), 2.03 (3, s, 178-acetoxy

methyl), 0.89 (3, B 19-methyl) and 0.77 (3.15. 18-methyl)

p.p.m. Molecular weight (mass spec) = 492.

©'iv. Synthesis of ZIné/COppe; Couple

Zinc ‘dust (14.13 g, 0.2 mmo1) was grourd with cupric
acetate monohydrate (0.86 g, 0.004 mmol) in a n;omr and
pestle. }ue mixture was added‘with stirring to boiling
gl)cial acetic acid (150 mL). The slurry was stirred for 20
min after which cold glacial acetic acid was added (50 mL,
0‘7;;) and. the mixture was cooled to.rodm temperature. T?’m
slurry was filtered, through a medium sintered glass funnel.
Ether’'was added to the couple so that=durimy fﬂtrat_ian it
always remained wet. The éther - mcistquple::was used

immediately.

¢

v. Synthesis of 2R, 45 Z - cyclo-S-‘-undrnstane J«and
38,178-diol, l7-a,cetne (21a and 21b). Hethod
of Templeton and Wie (81)
2-4,4-(-dibrnmu-sd-androsélne-3-<and 3g,176-d1ol, 17-
acetate (3¢/38 = 3,85, 1.0 ?, 2,02 mmol) in ethanol (300 mL)
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was treated with zinc/copper couple (1.0 g, ether-moist
couple). The lurry was stirred at 50°C for 11/2 hi The
reaction mixture was centrifuged (1600 rpm) and the
supernatant poured off and c‘oll‘ected. Solvent was rennved‘
by rotary evaporation and the residue extracted with ethyl
- acetate (50 mL). The organic layer was washed with water (3
x 50 mL), filtered through cotton wool and evaporated. The
crude productv was found to contain n‘bout 20% yield of a
mixture of 3«- and 3@-epimers of ‘ZR,4§-Z.4-cyclo-5_<-
androstane-3«<and 38,178-diol, 17-acetate in the iame ratio
(3«/38) as in the starting .mateﬂal. (hple, nurm'a\l phase,
chloroforn/hexame,4/1). (tlc, ether/totuene, 2/i, R.f. (3¢-
‘) = 0.81, R.f. (38-) = 0.72. M.p. (‘_3"-1son_er) = 145 - 1_46"_C, )
lit. (81) myp. = 143 - 146%CC K.p. (38-isomer)= 130 -
133.5%, Tit. (81), m.p. 130 - 132%. P. (3<-isomer)
(cocly) 4.59 (1, t, J = 8.0 Hz, 17«-proton), 3.84 (1, d of
d, § = 10 and 2.5 Hz, 3e-protoh). 2.03 (3, 5, #17-acetoxy
methyl), 0.94 (3, s, 19-methyl) and 0.77 (3, s, 1a--g:n’|)
.m.r, (38-1somer) (CDC13) 4.55 (1, t, J = 8.0 Hz, 17«
Z‘so]ved t, -proton), 2.03 (3, s, 17

Pepem.
7pruton). 3.13 (1, unRe
-acetoxy methyl), 0.85 (3, s, i9-mthyl) and 0.77 (3, s, 18-
y _weight _(mass spec) = 332 for both

isoners. the spectrl were 1nd1s;1ngu|shable.“ Both had a
characteristic fragmentation: 1loss of 31 a'm u from the

molecular fon and from:M-15, L o
.
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v.l. Synthesis of 2R,45-2,4-cyclo-5«-androstane-3«
and 38,176-dfo1, (23a and 23b). . . od
a. From the monoacetates. -
To 2R,45-2,4-cyclo-5«-androstane-3< or 36,176-diol, 17-
acetate (giff of Dr. J. Templeton, 100 mg, 0.30 mm::l) in dry
ether (10 m_\.) was added 1.0 mL of a concentrated ether
solution of thinm’a]uminum hydride. After 15 min, water
(15 mL) was cautiously added with stirring until no more
evolution of gas was seen. The ether layer.uas removed and
washed with water (3 X 10 mL), filtgged. through cotton wool
and evaporated to give 3 quantitati¥e yield of crude dIol.'
If the ﬂlepimzi's were not separated before removal of the
17-aqeta!_:e, then these. could easily-by sepuratef\on hplc

(normal phase, chloroform/hexane = 4, tlc, R.f. (3«-) =

0.52, R.f. (36-) = 0.48, (ether/toluene = 2). '
e - " b. From 2<,4%-dibromo-5<-androstane-3<or 3, 176
[, -dfol, 17-acetate, (20a and 20b).

& Liquid ammonia (100 mL) was del(veré from an ﬁn'erted
cylinder into an Erl‘enmeyer flask (Cleay - Fit) surrounded
l}y vermiculite and protected from contact with the air by a

loose fitting Clear - Fit stopper. Lithium wire (30 X 3 mm) '

was cut, washed (2 X 30 JuL hexane) and added to the liquid '

’ ammgnia; the solution was stirred magnetically using a glass

- jacketed magnet. The intense blue color that immediately
formed indicated the presence of excess solvated electrons.
2-4,4&.4|bromo-5-<-nndrostane-!-qnd 3@, 178-diol, 17-acetate

(200°mg, 0.41 mmol) was dissolved in dioxane (20 mL, freshly
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distilled from sod‘l’um metal) and agded‘to the 1iquid ammonia
solution. More 1ithium was added as.nzcessary to maintain
the blue colour. After 30 min, no starting material
remained (hplc, normal phase, chloroform/hexane = ¢4). The .
product was a mixture of 2R,48-2,4-cyclo-5¢-androstane-3%
and 36,176 -diols (tlc, silica GF, ether/toluene = 2, hplc,
normal ‘phase, chloroform/hexane = 4). In this exptr‘i/ment’,
mixtures of the 2,4-dibfomo 3« and 36 -epimers 20a and 20b
were used. The resulting cyclopropanol epimers at’ the 3-

- 3 .
T E??‘“““ (23a, 23b) were of the same ratio as that °;f'”_'e

;starting mater{
"7 Sol1d ammonium chloride wa; added until ‘the blue color
* disappeared. The flask was removed from the insulating
— vermiculite, allowing the ammonia to[ho”"af’f. When most of
the ammonia have been removed, the Tesidue was extracted
with ethyl acetate (50 nL) and washed with. water (4 X 50 d R
nL). The ethyl acetate was filtered through cotton wool ’
into a round battom flask and the solvept removed by rotary ,
% . evaporation. ' This glva‘ZR.CS—Z,l-cycln‘/-S-(-androstane-.’i‘and C ¢
39,17@-:“‘01 (23a and 23b) (0.107 g, 90%).. Tlc, R.f..(3« -
’ isomer) = 0.52, R.f. (36-isomer) = 0.48,_ (AsHIcaIF. . E ‘
r. (3¢-1somer) (CDCI3)3.77 (1, 8,

7 J = 6.0 Hz, 17<-pwgton), 3.62 (1, t, J = 8.0 Hz, 36 - s @
£,
.

= "e’t_herltolugge =2).

proton), 0.94 (3,~s, 19-methyl) and 0.73\~ (3; S, lB-methyf)'
pepame. Pimor. (36 =1somer) (CDCl3), 3.62 (1, t, J = 8.0 Hz,
17« -proton), 3.11 (1,-'t, J = 4.0 Hz, 3« -proton), 0.85 (3,
s, 19.nethyl) and 0.73 (3, s, 18-methyl) p.p.m.. M.p. (3




fsomer) = 73 - 75°C, m.p. (3¢-isomer) = 104 - 105.5°C.
Molecular weight (mass spec) (3%- and 38 -isomers) = 290.




& . 2. C. Enzyme Inactivation ® &
: / . f L :
¥ Ina typ.jial experiment the enzyme was dissolved in ’
buffer (pyrophosphate. 0.05 M, pH'= 9.0); the final en‘z\y}ne...‘ . .
' concentration was 0,01 - 0.05 mM. NAD was then added to :
give a final :nncentra‘é‘lon of 6 - 11 mM. This solution was !
then divided into“two equal volumes (experimental and' N

control). and placed in a water bath maintamed at 25.0°C.
The actual inactivation experiment was stab‘ted by the o
. addition of steroid (dissolved in t- butanal, freshly

distilled). The sane volume of t-butanol was added to the \
control,, Aliquots .(usually mo/.l.‘) were vemoved
periodically.and assayed for dcetaldehyde and 5B- DHT

\ dehydrogenase activity‘. The assay sol‘u‘tinn was carefully
monitored for precipitation of either the steroid or the _( )
enzyme. Sterpid concentrations greater thin.0.261 mM B

were not used due to solibility problems.
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Fig. 12. Diethylaminoethyl (DEAE) Cellulése Column.
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Fig. 13.

First za;boxyyethyI celluTose Column

Protein (mg) -a s . ¥ .
Acetaldehyde Activity 0 in.mg) -0

5p- 'Dzhydrogen'aseAAchn yuollnin.ul)-v\n.
(Buffer, Sodium Phosphate, 0.01 - 0.1 M Linear

Gradient, pH = 7.0) 5
. .
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Starch. Gel Elnqtraphorehs of Fractions from
v
Carboxymethyl Cellulose: Proteln\c_o!ulns,. b
a.  Fractions from First Column. V
N b
(Fraction #15 Labz'll/ed)\

b. Fractions from Second Column.

(Frut!on 139 Labelled) (\
. -
(lsx Starch sel, Electrophoresis wa% performed

~at 125y, for 16 h. at 4.0°C with Tris.HC
Buffer, 0,03 mM, pH = 8.6, \un Buffen, Tris.
NCI.OZN.pH-SS)
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Column. *

Polyacrylamide Gel Electrophoresis of Fractions
from Second Carboxymethyl Cellulose Protein

(Electrophoresis was performed at 125 v. for 16

“h. at 4.0°C with Glycine.KOH Buffer, 0.63 K, ph =

7.3, Mell Buffer, Glycine.KOH, 0.18 M and
Lutidine, 0.3-M, pH = 8.3)
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3. MResults and Discussion -

B o

3. A. Enzyme Purification

Horse liver sdmple“ had been frozen immediately after
slaughter -apd stored at -80°C until used. Periodic sampling
of the frozen livers showed that there was no change in the
“isozyme pattern during stor"agé (2. .years). iFresh Tiver ua‘s
also ohta!ne‘d and exhibited the, same |sazy;ne pattern as that
of the frazemmate‘ria].

A schema’ﬂc diagram of the steps of the enzyme
purification s shown in Fig. 11, Section 2..A. The .
procedure is based on” the unusually high ‘|soelectr1c point -
.of the S-containing isozymes. . Enzyme pur'flcathn r;snlts ,..’

are shown in Table 1.

Approximte’ly 40% of the _prnte‘ln applied to the DEAE

column was' recovered. A large quankity of solid material
remained grec\ipi//uzedv at the head of ch: cnlﬂmn; also :
n:gatively charged protein remained associated with the N
column packing material as.the positively charged isozymes *
of HLADH were eluted. Use of a prior snnrt'columr:’ (DEAE)
significantly reduced the quantity of protein that was
applied to the large DEAE colulmn. .-

The specific acetaldehyde activity f' the pool of
protein from the DEAé column was .5.72 ;Iollminmg'(see Table

~. v
1); S@-?NT activity was 0,036 umol/min. mg:™ Activity could /
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not be measured on the crude materfal because fts intense -
color r.edliced 'l|g‘ht transmission sufficiently to prevent its
assay. - 4

Protein yields from the CM-52 columns were of the order
of 90%. The ES sample from the first CM-52 colymn (fraction
#15) had a specific acetaldvehyde activity of 16.52
mal/mjn.mg and 56-DHT activity of 0.113 amol/min.mg. That
for the second CM-52 cﬂump ES sample (fraction #39) was
125.8 umol/min.mg and 0.87 amol/min.mg respectively. The
ratio of the 58-DHT/acetaldehyde act‘iv(ty was the same for

és samp]es from the two separate CM-52 columns/ ( = 0.007).

s [} 2 .

Specific acetaldehyde activity of the SS sample from the

. -

second CM-52 column (fraction #43) was 4.38 umol/min. mg, 7

and specific 56-DHT activity was 0.70 pmol/min.mg. "' The
‘ranq of 58-DHT/acetaldehyde activity is 0.16, Starch and
pul&acrylamide gels of these fractinns" can be seen ip Figs.
B8 >

Severa‘I protein samples were examined on hplc. Most
hplc columns are derlvat{zlgd silica beads. 'The TSK 3000\ SW
(Altex !ndustrles)’(s one such (;oluniﬁ that has ;n
isopropylglycerdl function attached to the 'sihn[ﬂ groups.
Separation of prote!\n.s ;s pé(mrﬂy a function ‘of\ molecular
size and shape. Empirically, there appears tp be a
relationship between the logarithm of molecular ‘weight and
elution volume within :hi“speciﬂed‘ molecular weight N.nna»
of the column (10,000 - 200,000).
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The three major isozymes of HLADH have essentially the

same molecular weight and should therefore coelute from -the

"TSK column at high ionic strength. Uéing‘u.ﬂﬁ M sodium

phosphate buffer it-ks possible, however, to achieve % small
but significant separation of th;z three isozymes based on .

charge, see Fig. 18 and Fig. 19. The order of the fsozyme

elutfon is EE, ES"and lastly SS. Whether the greater

positive charge or a size effect‘ is responsiblé¢ for this ~

- —difference 1s not yet known. This difference can-be used

for identification of the isozmes but only after caHbrg}gjni\/_”

of the column with known samples. & N
» As seen in Fig. 18a, a commercially available sample
(Sigma Chemicals] contained abdut 15% of a‘n.!mfurity, P
possibly inactive SS (sample showed no steraid activity).
Another commercially available sample (Sigma Chemicals -
different lot number) {s shown in Fig. 1%a. This sample P
contained approx!mately 50% of a protein elutlng after SS.
The order of elution qf the\jjuzynes is EE fi en ES
and $S last, Fig. 18. )
A s_ampl:' of ES wis. stored at 49 f:r.tno months. While
retaining. its atetalehyde and’sterow dehydrogenase
activity, po!ya,cr,ylamid: gel electrophoresis s_hned that ES
hIad beep converted to ES' which runs on polyacr\yhmide
h%twee'n EE and ES (see Fig. 2, section 1. A.). Hplc of this
species shoved a homogeneous pedk " that anomalously eh‘ated
after 55, Fig, 19b. :




i
3. B. Synthesis of Steroid Inactivator -

The reaction sequence for producing 2R,45-2,4-cyclo-5«-

androstane-3<and 38,178 -diol form 5¢-DHT is shown in Fig. 17
-_'(Section 2. B.) Bromination of 5¢-DHT occurs quickly a{; in
h}(gh' yield (> 90%). Br'om\‘ne is first added at the 2%-
position and secondly at the 28-position. Thekulumnvis .
left overnight and rearranges to.gife the most sterically
stable .dibvomo species with the two bromines in the 2 and 4
equatorial positions. rThe product may be is:\ﬂated by.
precipitation when the glacial acetic acid solution is
poured into water or by‘methylene chloride extraction, In. —
glacial acetic acid solution an acetate group is In_troduced F .
at the 17-position. The bromination has also been performed ) .
in ethyl ether thus retaining the 17-alcohol function.

The precipnat_e was washed t‘horough]y‘ to remove all
traces of acetic acid and then dried in a vacuum desiccator'
over C;clz'. The crude product was recr_ystaIH.ud from
*methylene chloride/methanol to §1ve long‘needle-shaped
‘érystals. There is a slow decomposition of the bromo "
compound and fhe product should be stored at low temperatu‘re‘
in the ibk. LY

The ster1ca11y hindered dibromo ketone 17-acetate (19)

is consjderqbly less polar on tlc than the starting m\terlﬂ -

(R.f. (5%-DHT) = 0.27; R.f. {19) = 0.72; chloroform). ‘
sodium borohydride reduction of this ketone procuded §

rapidly to give a mixture of the 3«- and‘!ﬂ- hydroxy isomers

|
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20a and 20b. The axial alcohol (3«-) is the major product

due tn'equltnrhl crowding by the bromines (hpic; reverse
phase-octadecylsilane, chl.‘;ufor- eluent).- N.m.r. spectra.
of the cn-pounds 20a .and 20b showed the pr!senu of a
triplet at 4.27 p. p.n. (3 = 2.5 Hz) and 3.84 pip.m. (U =
. 10.0 Hz) resp, :tively. This is consistgnt with axul- R =
equatorial c"obng u|tl\Van equ»atnrhl proton at C-3 {3x- :
isamer) and diaxial coup]dn}g of _a‘n axial proton at C-3 (3#-‘
v isomer) r:spel:nu!y. . N e = 3

Th! 2, d(-dlbremo\‘.‘:l |ndros£nn-3-l and 3# 178 -diol 17 > ¥
acetates (_D_a and leb) could not b sepcrand on gle; the
A unexpectedly Iow polarity: of the 3#-=n|nr |s yresumhly due
. tn steric crowding nf tne 30 alcohol group by N:e hrnlun:

atom Hple an rnnrse phas‘s o:tade ylslhng ns used ‘to

d:t:rline the.ratio o' the. epilers nrnduced in Nl: sodium . ’ 2
gl . hnrohydrlde reduction. . This’ lethod was of Hu]e use In
prep-rln’grsgocks qf the rq{olvgu nroducts because the B y e el
_solvent. system (methanol/acetonitrile) pel“l"t.d the:
separation of only minute :q\;lntltlu of stlrvu!d's (limited by
the solubility of the steroids in the mobile wi\a) Hplc’ i h

% . on silica gave poorer rnolutlon but allowed injecti f

hrver quantities of nuth . By thn npurnl colle: on

of - ascemﬂng and duccndlnq P t1ons ol“the pelks (sl\aving)
the eplmeri were separated, see Fig. 2‘ #

The main, peak if Fig. 20a cons!sted of | n1xture of the .
-y
3¢ and 3p-epimers (202 and 20b). By ‘?lhcnnq the eluent

.'from the hplc column outflow in two frdctions (A-- isund




’ the cu’de nrodu:t frol the boruhydrld: reducunn nf the 3- Y

" mjor- pruducts. llsnlt! n anuq!ly poor

< . & - <

and ‘part of the des:emﬂng peak; B .- ;ailing poruan of thes
descend‘lng peak. Reinjection of portign A is sho-n |n_ ig.
X .

20c. Re(nJeann of portlou&‘s shuun in th. ZOb. Note

the resolution of two peaks, :orrespondlng to 3-‘; and 3

4so-ers. not possible in a single Inje:tlan on our colu-n.

The Waters 244 L|qu1¢ Chrnntograph nas‘g recyl:le
function.that perdﬂts the column eluent to be reinJected :

g contlnuously into the column. A mixture g isomers was

recychd so that after. 3 passes through the column a taﬁlng
peak Md been ruolvad. see Fig. 21, Zl. Aqlln, these ‘are t;ha 34.
g and.w- Isouef_ 20a and ZDb. . L g
; e i-(- |nd~35
cnuld hsly be scparated on -tlé md hp1c. utal/auonu L

eipners of the 2R, 4s- cyl:'lu series-

reducﬂve cy:LI!\Hnn was bherefnrn routinely ger ud on

ketone. = : .
Ruction of the dlbrolo 34- and 'Ja-lwlngrle ﬂcahols

with zinc/cupper by the nthqq of Templeton et al. (81),_~ -
cnnslsunﬂy gave !o- yields nf the cyclized products In our
hnnds (see Sectlou 2. B. v.). TMs pnsun\]yns due to n
_less ructln couy]e thln that uged by Tnphton ﬂtm)qgh

there also, thc unslturnted conpounds nra found’ to be'the’-

th 2 nc/c'oppﬁr

tuuﬂe: anflvned by hydrnchlnrlc acld. These re: ults
prnnpud th- sqarcn for an a'ltarnnu uthod of cy:Hxing thl

Hﬂ Birch reduction (by E| or Yb in? Ilqu1d
LN s '

2 A S 3 A,

onl_vl) was 7,

|
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x*(d tc give a high yield ()Bl)i) of the cyclized product.
Th

apparently r,pres:nts a new synthesis of

qutckly r{ng open to Q‘ve aldghxdes in the presence of acid

S, or hlso (Bl) mem hydroxide ls prasent during the: .

~workup after the B|rcn ‘reduction so a rlpid\utrut}un 15
cssentu! for, Mgh yield. The staro|d§ should be stored 4t
Tow le-venture in the dark. In the crystalline form they
Lare applrenﬂy quHSsuble. '

A T*e c-18 and C-15 methyl yuks of the blo-oketune-ll-
acétate 119) lppelr at 0 80 and 1. 16 pP.p.m. respectively.
/Sndiun borohydride raduction shlus the C-19 to 0.89 p. p‘m.,.

while ne 18 uethyl s shifted only illghtly to 0.]7

'p ;).m. The tuo stereoisours 20 d 20b have both angular

methyl uhsorytions at the same field posulons (3%~ and 36-

C+18 = 0.77 p.p.m.; (:/19 = 0. 89.) and are |ndjstlnguishible
3 o i

2.)s The spectra differ,

based on t‘ﬁcs_a' data (see Table

i cy:loprnplnnls. v B é' N
. ‘:** The tycloproplnol s:ero'ds nrzl unstnble in solution |nd>

/

however in the resonances due to the i-urotqn. the 3-proton

"= 3,84, 3g-proton = 4,37 ppem.
AR L
Cyclization of the.C-2, C-4 position {n"the A ring. has
R)d .
“1ttle effect on the Cc- 18 lnlulqunlthh field pos1t1on in

¥y l.ithll‘ ‘honar, but tm c-19 mthyl 1s shifted upfield |n the*

36- 1umr to 0.85 p p.u. and daunﬂold in the 3%-1somer to
0.94 v.‘p.l. Removal of the 17-acethte ufocn only the C- lB/

methyl, which in each isomer 1s shifted Aupfhlq to 0.73 «
% "

-7

S



’On the irasis of .the Tel'up.le‘r.on a‘ssignmeqt of
,j:ste‘reochemis:ry the 3%-proton of the 3B-alcohol is an
" unresolved tr(plet at 3.13 p.pim. while the 39 -proton of the
3=-alcol®l s a doublet of doubAets at 3.84 p.p.m. - On -
-inspection of models (___g. 22) the difference in cuupﬂng.
co‘nstants could-not bg.related to the differencé in dfhedral
faﬁgle between the 3-hydrogens and the vicinal proton. As fis

i i
noted in Jackman and Steinhall -(94) p. 286, a cyclopropane

ring.being planar, the subsﬂtuents lie at dihédral angles“
of 0n or 120° which correspond, using the Karp'lus relation .
to caupl!ng constants of 7-12Hz and 4-10Hz respectively.
This is too close for discr!minanjon of stereochemistry to
be reliable. The evidence fa_r assignment of structufuiven
By Templeton” does, honeﬁr. ippenr to be well based on the
'vety large difference in reactlvity of the der|veii 3- :
’toluene p- sulfona!es.

The mass’ spectra of the 3«- and 38- 1soners 23a and 23b
are ‘lnd|st|ngu1shab|’é’. This is true for both”the 17-alcohol
and 17-acetate derivatives. Both have well defined
molecular ion peaks and the 17-acetate shows loss of acetic
acid as fts most facile elimination.

Analysis of the metastable fons of the DADI spectra
(Direct Analysis of Daughter Ions) showed no difference in
the stabilfty ‘of the ions pruduuﬂ in Lhe fngmnnutlon of
"efther the 3«- and 36~ 1snuer: (23a and 235) There 1: a
characteristic loss of frlgnlnt CNZOH due t_n th‘c three

I . : . 74
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3. C. Enzyme Inactivation Results (

A watgpdpiscible solvent was required to add tw/

steroid to the aqueous buffer containing the enzyme. . Both

e primary and $econdary alcohols nrg,fs'ubstrates for the enxyme‘
and thus unéuitub]e as solvents. Dioxane had been commonly
used /fur st‘\g{ dnpdrpgenasz assays (93), but in our
expell'nents was found significantly to lna:tlvate the

en.xyne. A survey of various potenthl solvents was made,

. sed Table 3. L
.
. Aliquots (10/.1) of each solvent was added to'a 3.0 ml
v buffer solution  (sodium phosmue. 0.1 N. pH = 7.0) of L)

cunner:h’lly obtained HLADH enzymz (Sigma Chemicals). The
speclfic activity of the enzyme was melsur:d both before and
after addition of the test solvent. Pyridine,

* - dimethylformamide and dimethylsulfoxide are potent
inhibitors of HLADH (IO/A of each solvent completely

\ . ) inhibited the enzyme). Tetrahydrofuran removed ~70% of the
enzyme activity. Dioxane, Triton X100, formamide and
-~ acetonitrile were h:iernedi-te,_inhibltors resulting in 20-
) 40% inhibition. Brij-35 contained a substrate for the P I
0 'enzyme‘ and was therefore un;ultfhla as a solvent. 4
Sk t-Butanol is a tertiary alcohol, It is not a sub,stra;:e‘_ I

for the enzyme sinu it cnntnlns ng_hjdrngens attached to . |

the carbon bearing oxygen (reqq!rcd for sqhgtrﬂ'b lctivlty.‘
g see L—l 6, Section 1.:A). ‘lt
for the suraids. and 1t ﬂid\ not inhibit thl enzyme in the

s found to be a good solvent




. dehydrogenase. . .

- <gs

concentrations used in the assay. rger volumes (> 20/.1)

' ——resulted In a significant. fnhibition. This is the first

report of this tertury a1cohol being used as ‘I vehicle for
substrate in stero'd denydrugenase assays., It is the

prgferred solvent for assay’ of hbrse Hver alcohol

ﬁmmary of 'the results of the Huctlva'no‘n 2 .
e

exq nts involving the cycIupropyl sterbids is shnun in_
Tab'le 4. No inactivation was nbserved. when ZR 45-2,4- cyclo-
5-androstane-32,178- -dio1’ (A) was Mcubuted w(th either ES

or SS isozyme. The specific activity of the snlution e

.

/:ontn|n|ng steraw and cufnccur remuned unchanged from that

“of the tontrol conta!ning cofactor hut no steroid. Although

the enzyme is rapnrted to be 2 3B-hydroxy sterdid
dehydrogenase. the;orrespond!ug 3 -isomer was also

exam!ned The results are also shown. in Table\d. (3«-

hydroxy isome B Various trations.of Awere
ydroxy isomer = B). Various concen 0 ‘U\r//
examained for 1ncuhuion with ES and SS - ([steroid] / ict‘lve
site] =2-7), but no 1nl‘ct|€,_1mvuas observed. .

F| . .23 shows the acetaldehyde activity of a sample of
ES enzyme -incub&ted with (B). ~The "o" symbol rej eqts the

enzyme solution containing cofactor (NADH).'t-b 01 (IO/J)

ln;t no steroid inactivator ("no steroid" blank or "no ™

suroih"\xral). The "a" symbol shows that incubation
with tho.su cunst‘tunnts hut in addftion"the steroid
(nlceivntor (8) (“experimental® ([nernid] / [enzymg = 5)).
Fig. 24 shows the :nrrgspond‘lnq Sf-DHT dohydruglmso
activity of the "nd steroid” control (Q) and the ’

S o




) = 76

‘exﬁ?lmenta'l" (0). Note th;t over “the Yyration |;f the
e’ipEriment (2000 min, 33 h.) 100% of the ste oide «
dqhydrogenase aptivity nf\the enzyme is lost; compared with
141 of cne control ucﬂvity. 40, 6$ of thvacetaldehyde
act(vﬂ.y was lost compared'with ~4% of the acetaldehg&
activity of the co‘ntrol._ The -ES |sozyme is a "dimer" of E
and.§ subun(ts. Both are capable of reducmg acetaldahyde

to ethanol hut only the S sublinit 1s reactive toward '

*steroids.™

T TIn Fig. 27 is ';noun the results of incubating (B) with
s:s isozyme. .“9: is thegacetaldehyde assay result of the "no
steroid" contﬁol_and *a™" that ‘of the “experimental®
([steroid] / [enzyme] = 6.8; '[steraIdJ / [active site] =
3%4). "0” and "O" represent 5P-DHT assay results-of the
'no steroid control' and ‘experimental’ res‘yectlvely. After .

2600%in ‘(43 h.) no steroid dehydrogenase activity remaine@'

o . g o
|r;‘ the exper.‘lm‘epnl compared with~73% in the control. .

Approximately 60% of the‘acet’aldehyde activity had been lost
-

compared with only ¥7% for the control. -~

Fig. 29 shows an experiment involving SS isozyme where

qui\;llent

in add!tl’nn to using .a equimolar quaitlty of st‘:d (8)

v
([sterotd] / [active site] & 1), a fess than one

"quantity ([sterofd] / [active site] < 1) was also fncubated.

“o" is the SP-DNT dahydrogennse activity of the control.
;Q' represents u\a un! {tuund lxpnrimntll ([steroid] /
[enzyme, ‘1 47; [steroid] / [active. sn-] = 0.71). “o* is
the saturated experimental ([steroid] / [cnx,ynu] - z.n'
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“[steroid] 7 [active site] = 1). At the termination of_the

incubation (1500 min, 25 h.) the solution with equal_
quantities of steroid and S-subunit ([sterolnﬂ / [active
site] = 1) had lost all steroid dehydrogenase activity. . *
That with [steroid] / [active site] = 0.71 had lost
approximately 57% of .its total steroid dehydrogenase .
activity. This suggests a highly specific, afflcun’t
interaction §ntwlen the 3“-cycl.npropyl stgo(d and the&
“active site of the S subunit. No steroid could be extracted
from the remaining enzyme solution (methylene chlu}r'de
_‘ex.trnctia'n) ln‘these expar‘lments (l_ess than equimolar
quantity), whereas, when extess'steroid was used,
inactivator could be recovered in the org_lnic solvent. Thls
suggests that the steroid may be covalently bound to the -
4 protein. The inactivatéd enzyme behaved similarly to the
‘ICC'V& enzyme with respect to retantion volume on hplc.
A s‘uic(de inagtivation mechanism requires “the enzynjc *

transformation of a benign precursor to a rcactlvi species.

¢ ,The propasled oxidation of the cyclopropanol mofety of the

steroid to a cyclopropanone uoult! occur only wiﬂ\nssoch}nd %
reduction ‘of cofactor- (NAD:HenADH). Experiments were
performed using both ES and SS {sozymes to !nusngat- the
potential requirement of cofactor for {nactivation. The
results are shown in Figs. 30 to 33.

Fig, 30 shou‘s the acetaldehyde assay results of “o"
(no steroid, cofactor (NAD) included), "o* (steroid,
cofactor I(OIIAD)). *"o0" (no steroid, no NAD) and "a*




. containing no cofactor gradually lost activity. That

“remaining in the enzyme at the. end of the exper iment .

(steroid, no NAD). The enzyme- solutions containing no §
cofactor gradually lost a;;tivig. The “no-steroid" control '

(o) lost ~30% of its ace;_ﬂd,ehyde activity over 2000 min A

(33 'h.). The nnzyme tncubated with steroid and cofactor had

only 37% of its initial activity. " .
Ule corresponding 5(-DH'[ activity is shown in Fig. $1. \.

There 1s virtuglly no change in the st‘eroM' dehydrogenase ‘.

activity of the control (E)‘ Ag’ain. the enzyme solution

containing stergid and cofactor quickly lost steroid \'
dehydrogenase activity; there was no 58-DHT activity

Fig. 32 illustrates the results for a similar

.e‘xperiment performed with SS ‘isozyme. Again, activityis

lust without NAD present. The enzyme incubated with.steroid :
‘and cofactor retalns about 34% of the arignal acetaldehyde
activity, the control (no steroid, cofactor included) -
I"!t‘iil\s ~70% of the initial activity after* 2000 m!n (33 h.).

In _F_,g 33 is shown the corresponding SJ-DHT:
activities. In keeping with the exp'erimnt using ES_

{sozyme, when steroid and cofactor are present, all steroid’

s

dehydrogenase activity 1s quickly lTost., [Incubations without
NAD gradually lose activity, That with no steroid but

including NAD retained most of the sterold 'n:hydrunnun v ’.

activity (~94%) over the duu‘tlo;k of the experiment. £ e
Obviously the cofactor, NAD, has a ‘nﬁbmu}\n effect .

on the enzyme, as has been noted ‘ur'thn EE 1sozyme - ADPR W

3




« . « I .
hluhly ructiu cyq,lopmplnonn

complex (71, 95). The steroid, 2R,45-2,4-cyclo-5%-

androstane-3«,178-diol, apparently ddes not st\'i)binze t.ne
enzyme §|nc= activity’loss is similar to that without the
steroid behig present (O ,a). In é_ne absence of cofactor
the ‘enzyme gradually loses activity Fegardless 6f the
presence or absence of steroid inactivator. When the,

steriod and the cofactor are present, approximately 40% of :

" the acetaldehyde activity and all the SG-DMT;peh)droqenase

activity is lost. This is in a§reement with the proposed
suicide mechanism. ) ’ .

The trir‘lsf‘ormaﬂon product of the 3<-cyclopropyl
steroid is presumably covalently attached to- the protein,”’
The amino acid residue to uhj,ceh 1t may be attached is .
unknown. Synthesis of .radluu:t\ﬂe 2R,45-2,4-cyclo-5«-
androstane-3«,178-dfol is required and a demonstrated
association of radioactivity with eluting protzln qn . .
chromatography. Digestion of the mxyue'.’”shuuld funher
yield a peptide fragment with associated radioactivity.

\\sv«e the. amino acid dequence of the S (steroid active) »

subunit. is essentially known, identification of the residue

may be possible. : ! 5.z

R Bacausn of the complete loss of scerotd dnhydrnganau o

attivﬂy in Nn snroid n:t‘u onzyml. ‘apparently ulth a

sterotd to act‘ve site ratic of 1:1, and because of the

ny genera .|d by
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enzyme. Had the steroid product escaped into solution and
only later attacked the enzyme‘,’ less than stoichiometric
1n‘activation would be expected. Also there is apparently
no non-enzymic reaction involving the steroid since the
steroid is recoverable from the incubation solution when
no enz;fme is present. Aceta]:lehyd’e still functions as a .

substrate, eyen after completé loss of steroid

dehydrogenase activity, suggesting thap the active si'te .

is not completely obstructed. The cycldpropanone

function will most likely react with nucleophilis agents G

near the active ‘me. Exnm!nati.on of the three dimensional
. mod.el of HLADH proMptesthe suggestion of Lsyl-lla, Lys-315
and Met-118 as possible reactive residues.
0f great’interest is theé fact that only the 3«-hydroxy-
2,4~cyc1n'isomer is recognized by t:p‘e enz,_vmé while the 3p-
isomer is nnt.. Th/e three. membered ring introduced into the

+ A ring of the 5e{ = DHT greatly changes its geometry. The

hydroxyl group of the ad-hydréxy isomer is located under the

A'ring in an unlikely location for catalysis (see Fig. 22).

1t would be 1ikely that the 3B-hydroxy isomer is a substrate
fpr some. F-hydraxy steroid dehydrogenases..
. R -
In Fig, 34 1s shown Dreiding riodels of 38-hydroxy-5f-

.

DHT and the M-h&droxy-z.&-cyﬂo inactivator, When the B, §

/'nnﬁ D ri‘ are* superimposed the i\ydroxy"l group of the A .
s «Fe : e
ring of both steroi e almost coincident. This may help

((*}.‘explnn"the Jﬁ-hydra;(y steroid dehydrogenase recognition

the Mrhydrnxyscerniﬁ,u a substrate. Because, “however,

v b i

s
o
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" .
it is the 3-hyd}\gen that is transferred by the enzyme, the ,
3%-hydroxysteroidimay enter the active,site upside down

compared to the, entry of 58-DHT.

Lmj plots of the ihactivation of ES l‘nd Ssﬂsuzym;s
are p‘re\ented in ﬁ_g' 25, 26 and 28, Thes‘e i‘r!dicate t_;lit
inactivation of the enzyme'is not first 'nrder;ﬁindeed‘.

Figs. 25 and 28 indicate that a’ bip?;asic type of me_chanism

may occur. The naturé of this biphasic mechanism wds not *
investigated. 4 o L -

’ vThe SF-hydrnxysterovid dehydrogenases ’are crucial to the
hb{osyntvhes(‘s wof all hor{novnal steroids. This discowery of a
specific inhibitor may prove useful in the study of hormonal
mechanisms in experimental-an'mll.s. and perhaps even be .

useful in therapy.




Table 1.

Enzyme Purifjcation Results.
A change of 1.000 0D units at 340 nm in 3.0 m)
is equivalent th transfer of 477.6'“01 of NAD(H),
(€ 6200 at Amax 340 nm in H,0, 1.000 0D units =
159.2/wml NADH). 1 unit of ativity is defined
educing 1.0/m'| of NAD per minute.at 25.0°C.
Specific activity }s defined as units vper mg of
protein. % yield is calculated from ‘the total =

. -~ o |
. specific activity (Sﬂ-nNT) after chromatography

* callulose. Spectfic activity of the pool of

- of the samplé after chromatography nq'cH-SZ

on CM-52 cellulose. Purification is calculated ,

from thé {ncreaser in specific activity (5:DHT)
s \

protetn from the DEAE r.:n'lunﬁ Yeborted on page 65 ~»

is calculated from,the‘total activity of<all
fractions eluted fromepe column. . . .
A ( / ' | v

A}
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Hg. 18., HPLC of HLADM Is\ozynes. B g

(15K 3000 SN Protein c&‘lunn. o 05H Phnsyhﬂe
Buffer, pH = 7. 0)

a. Conerchny available. Sapple EE (sigm g
Ay cn-mcns)

gb.v ::S (Fraction: 1,).5)
» .t ss (Fru:ﬂnn 143)







Fig. 19 WALC of\lst;xyu.s'Continuod.

! o - a. Commercially Available Sample EE (sl’gn s %
T = e -
) * . .Chemicals) . A -
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'F|g. 20.‘ ITlustration of Peak "Shaving" in the%SEpnrutlnn
of 2«,4<-dibromo-5«-androstane-3< and '3,6.17/!-.“01

© .17-acetate. -
! . (Whatman Partisi1°10/25 Silica Column, chloroform/
" hexane (1:1) Eluent) : -\
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Flg. 21, Exa-ple of the use of the Recycle in tqe - . - N
Sepantion of 2<,44-dibromo- So(-androshne 3 and L &
38,17B-diol, 17-acetate. :

(Whatman hrtisﬂ 10725 sl'llu Column, chlorofornl .
hexane (1:1) Eluent) = M
. 2 L. - - =
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Tuble 2, é-Values. of t 18 and C-19-Methyl Groups of Se’lected @

“Steroids fron “the Synthesis of 2R,45-2,4- cycln-5-<-
xndrastnne-:—tand 38,176-diol from 5¢-DHT.

- 3 .

¢
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Stereachemistry of 3-hydroxyl in. z%t,os-zh-:j:u-s-(
-:nd?osunc-i"‘.‘lk-ﬁol (a) and 2R,45-2,4-cyclo-5<%.

-androstane-38,178-diol (b).\
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Table 3. Survey of lnhlhltlnn of HLADH by Various Hater
) Alﬂsc!hle Solvents. . . His,
& @ Aliguots® (10)) of each solvent were added to a. : P

3.0 m1 buffer solution (sodium phosphate, 0{;1 M,
pH = 7.0) of commercially obtained HLADH enzyme ) ol

) (Sign Chen!cals) The specific acﬁvity was
measured hath before-and after addiuonﬂr

% test solvent.
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Fi.g.

23.. Inactivation of ES Isozyme.

. c‘m}trul/)\.b

‘9- Acetaldehyde ls:lj ("no steroid’
. a- Acetaldehyde assay (experiuimtg'l‘)

(Buffel;. pyrophosphate, 0.05 M, pH = 9.0; Enzyme,
1047 mM; NAD, 8.10 mM; Steroid, 0.261 mM;-

Incubation Telpl,ritl""e-. 25.0%c) "k
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~ .+ Fig, 24." Inactivation of ES- Isozyme.
. -

o- 5f-DHT assay ("no steroid" control)

0- SP-DEET assay (experimental)

(Buffer, pyrophosphate, 0.05 M, pH = 9.0; Enzyme,
. 0.047 mM; NAD, 8.10 mM; Steroid, 0.261 mM;

! Incubation Temperature, 25.0°C)
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Fig: 25.

Log. Plot: Inaci‘lvation of ES Isozyme.

o~ A;:etaldehyde assay ("no steroid". control)

*, b=~ Acetaldehyde assay (experimental)

(Buffer, pyrophosptate, 0.05 M, pH'= 9.0; Enzyme,
0.047 mM; NAD, 8.10 mM; Steroid, 0.261 mM;

Incubation Temperature, 25.0°C)
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Fiﬂ. 26. Log.‘ Plot: [n‘acnvation of ES Isozyme.

Q- 56 -DHT assay ("no steroid"
o- Sf-Din assay (experimentdl)
(Buffer,. pyrophosphate, 0.05
. -

0.047 mM;, NAD, 8.10.mM; Steroid

. Incubation Temperature, 25.0“6)

control)
PH = 9.0; Enzyme,
» 0.261 mM;
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‘Inactivation of SS Isozyme.

o'~ Acetaldehyde assa} ("no steroid" control)

o- 5f-DHT Sssay-("no steroid" control)

&~ Acetaldehyde assay (expetinental)

0-- 5p-DHT assay (enperlme'gta'l)
i (Buffer, pyrophosphate, 0.05 M, pH = 9.0; Enzyme,
0,028 mM; NAD, 6.95 mM; Steroid, 0.191 mM;

Incubation T‘_smperature, 25.0%¢) ~.
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Fig. 28.

==

Log."Plot: Inactivation of §S Isozyme.

o - Acetaldgﬁydé assay '("no steroid" }nnt}a1)

o - 5p+DHT assay ("novsteroia" coritrol)

a- Acetaldghydeka;say (experimental)

o- SP-DHT _S,ssay (e}per!‘gn‘e}nta,l b2 ]
(Bufie;. pyrqphosphate; 0.05 M, pH = 9.0; E,nzyv'ne‘,
0.028 mM;, NAD; 6.95 m; Steroid, 0.191.mM; .

ey

Incubation Temperature, 25.0°C)
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% Fig. 29. innct!vaglon‘ of S5 lsoxy‘le. .

-u-, 5p-DHT assay. ("no steroid" cqntru'l)

o= SB-DAT assay (Sterotd)/ factive sitg <1).

Q- 5B-DHT assay (Etema]/pcme s1u]=1)

(Buffer, pyrofHosphate, 0.05°M, pH = 9.0% Enzyme,

0.028 mM; NAD, 6.95 mM; Steroid, &= 0.041 oM,
A o= 0.0587-!‘1; Incubation T:nperithrg. 25.0°¢)
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Acetaldehyde Assay of ES Isozyme.

o- "no steroid" control, '+ NAD.

o~ steroid, +°NAD
©- "no steroid"®, ‘no NAD

&< sterbid, no NAD

; . (Buffer, sodium phqsf;hate. 0.1 M, pH = 7.0; NAD,
0.18 mM; Acetaldehyde, 0.2 mM; Steroid, 0.11 mM;
. R R
380 nm) .. 3
¢ |
: ' Ly

"‘
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Fig. 31. 5p-DHT Assay of ES -Isozyme.

o-""no steroid" control, + NAD

o - steroid, + NAD

0 - "no steroid" , no NAD

& - steroid, no NAD =

(Buffer, sodium phosphate, 0.1 M, pH = 7.0; NAD,"

0.18 mM; Acetaldehyde, 0.12 mM; Steroid, 0.11 mM;




117




Fig. 32. Acetaldenyde Assay of S \Isu;mé.
‘o~ "no steroid" control, + NAD
o- steroid, + NAD ’
©- "no steroid", no NAD
. a-'steroid, no NAD .
(Buffer, sodium phosphate, 0.1 M, pH = 7.0; NAD,
0.18 mM; Acetaldehyde, 0.12 mM; Stéruld. 0.11 mM;

340 nm) g
<

i
i
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Fig. 33.

5p-DHT Assay of SS Isozyme

"0 "no steroid" control, + NAD

0 - steroid, + NAD \
0.~ "no steroid", no NAD

a - steroid, no NAD

' N g
(Buffer, sodium phosphate, 0.1 M, pH = 7.0; NAD

0.18 mM; Acetaldehyde, 0.12 m!
340 nm) ¥
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Fig. 3. Dreiding Models of 5g-androstane-3¢,176-diol and ° :
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