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CHAPTER I
INTRODUCTION

The subject of this thesis is the mechanism of enzymic
11ﬁ-hydraxylation of desoxycorticosterone, This problem is
of general intefest for several reascons. It is concerned
‘with the metabollsm of sterold hormones, wlth the metabollsn
of oxyren and with the process by ﬁhich enzynetie catalysis
takes place, In deseribing the thesis work that hes been
done, and 1ts significance, & review of sterei& hormone

bilosynthesls will be presented first.

A, IZxperimentsl Develoopment of Adrensl Steroid DRiocsynthetic

Segquence

Studies of the blosynthesis of adrenocortical steroids
began with the identiflcatlon of epproximately 30 eteroidal
substences by Hendell and naaon,(?) Uintersteiner(2) ana
Relchstein.(?) After the structural characterizatlon of
these compounds, the problen of the mechanlism of thelr
blosynthesies was then investigated,

Vogt(#) in 1943 uged the direct method of adrenal
venous vlood sampling combined with biloassay ﬁechni@ues to
eveluate the biologieal activity of the adrenal seceretory

roducts in the 1iving animal, Following this study

microchemicel techniques were introduced vhich allowed the
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CHOLESTEROL CORTICOSTEROIDOGENIC SEQUENCE

Ha 2o
CH=CH, - CH,—CH,— CH
CHs | SCH,
- CHg
2 ¢=0
\ @ CHa
HO i
CHOLESTEROL
J PREGNENOLONE
H
p oy @
C=0
CHa
CHs
® "
CH PROGESTERONE
- CH,OH
c=0 & N @ ¢=0
CHs l—oH CH |
CHs CHa
I70H PROGESTERONE DESOXYCORTICOSTERONE
0" o’z
l CHZOH l CH4OH
c=0
CH
@ CH3z OH @ H 31
CHs
I7 OH DESOXY -
CORTICOSTERONE
o’/ O’/
CH,OH
® | ¢=0 CORTICOSTERONE
Y CHsl
HO pah
CHs

I7 HYDROXYCORTICOSTERONE



Zach of these reactlons hae been studied by Hechter,
Pincus et al,(7:8,13,16,17,18) who utilized the isolated,

ndrenal sland, This method »rovides a systenm

a
B
¥
=
o
@
o
L
-

whereby cellular metabollism can be studled st a higher
level of organization than in the tissue clice or
homogenate, Since the best of perfuslon conditions cannct
exnctly duplicate the physiolozical conditione which arige
An vive the perfusion method in common with other in witro
technigues can only reveal reactions which may occur

in ¥ive but affords no guarantee that they are of physio-
16$ica1 importaﬁce. They do lead to the development of
conceptes which may be tested experimentally in the 1llving
anlael and at the cellular and sub cellular level in
tigsue sllces and homogenates. The data collected by the
above mentloned authors are summarized in the following

Ltaple,
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Infornation about sterold transformations which hag
been obtained in experiments with bovine adrensl
perfuslons as sunmarized in Table I have been partially
substentlated by the rerults of studies utilizing adrenal
honogenates,

T™he conversion of (AE—BE Ol sterols to A“% ketones

1,

and the 17, 20 and 11,-hydroxyletlons have been achleved

with adrenal honopgenates,
Table II provides a summery of the work which has

o

been done wlth adrensl homoge

nates. It glves the compounds

which have been used aeg substrates, the products which have

veen lsolated and the type of lissue preparation,
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The following peneralizations may be drawn from the
Mliem M ma T ardd TY e
L=l PR e d o B
¥ — = " B i I P, P |
Ts 11, Hydroxylation is nost efficlently accomplighed
P & " W . L. 3o T e resam f**'\'-‘--s*{- e e g
when A%=3 hetonle ketols ars subzirates,
Es b - B 2% P R e N (q
2 it appears thet hydroxylation at O-~21

vrecede 1ig~hydroxylation.

ke | » Py el - oy e T o - o
- ™ ince nelither desoxycorticosterone or cortico-

: : g R e FF ey wp - * - 3 g -
asterone 1s 17 hydroxylated elther In mﬂ?mna; perfusion or
. Ty o ~ - 2 & 2 T maw P o § Ay £ - .
adrenal homogenates it 1a the hydroxylation at

G=17 must precede the hydroxylations at C-21 or C-11 to

nroduece hyvdrogortlizons.
2

4, widence suggests that when the 11

function 1s present in the nucleua it is 4iffloult to

introduce the 17 or 21 hydroxyl functlon, Thus perfusion
& h 2

of 11, hydrozyprogestercne does not yleld hydrocortlisone

or corticosterone in sirnficant azmovunt nor are slignificant

copgtoercne ia nob

letely changed,

yiated at C=-17
T argde oy o g gy '

£

LeTd Eroup.ing

v, thet 21

Ty ep d Vg v agron™} g do A Pa—— N & e = e T B ome we amg s B ety ey
hydroxylation readily occurs both in parfuslion and
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B. Lesctlions in fdrennl Stereld Biosyntheslis

With thesze generslizations In mind we moy discuss in
more detall the individual steps which cecur during the
blogynthesis of the adrenal cortical steroids, cortlico-
sterone and 17-hydroxycortliecosterone, from cheolesterol,

These steps wlll be teken up in the order in vhich they

s 2 - <] e b
are glven in Figurel,

He. 1. Ereakdown of the Cholesterel

slde Chain from Cry 30 Loy

Little is known of reaction No, 1 that takes pluce

between cholesterol and the first postulated intermediate

\.I't

ealcnolo“v.( ) Some information may be goined from the

fact thet when 1% cholestenone is perfuged throuch glands
for three hours with and without added ACTH, although
gilzeble amountszs of corticosteroids are produced with ACTH,
the 17-hydroxycorticosterone and corticosterone spots
sluted Tollowing paper chreomotography 7o not contain
neagurable redloac ivity.(12) Thie would appear to
excliude cholestenone from the pathway and suggests that
the removal of the side chain (62?--GQ?) precedes the

subsequent oxidation at C-3 to fora the &&hﬁ ketosteroid

grouping.
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rapldly thon thelir 3« igomers, The presence or nbasence

of the double bond seemed Lo meke little difference in the
oxldative rate but an alcohol or ketgne group in position

17 or 20 markedly incressed the rate of oxidation. The

esence of a methyl group on carbon 17 decreased the

g
+d

i

w

te of reasctiopin.

]

Ho. 2. Hydroxylation at 17« Fogition

S atis s

saction lio, 3, the converslon of prosesterone to
17 « - hydroxyprogestérone, has been demonsirated by
perfugsion *uuﬂ*e“~“ 6) and studl ag usl
homa;en&tcﬁ.(u5s»a) Flager snd Sopuels working with the
supernatant fraction of beel adrenal homogenates é@ntrifugeﬁ
at 20,000xg for 0,% hour reported the presence of enzyme
systemg whieh will oxidize the 21-nethyl group of
progesterone to a primary alcohol group and introduce @
17=-hydroxyl mroup into the progesteronc molecule. (20} on
invectigating the cofemetor requiremente for the 17
hydroxylating systen it was found that neither ATP or TPN
alone could introduce the hydroxyl group into the steroid
nueleus but required the presence of both substances,(20,21)
The suthors offered the lollowing explanation:
. 8ince high energy phosphate ls required for
the rea ut%cﬂ and exomples of the utilization
of this type of enersy have go far been

usually fTound to linvolve the Tormatlon of a2
phosphate intermediste with the substrate 1t



‘J. - 1 l‘.«“ LR P»L: >3 R
bar ~t.:c'.i".,tf: ia ezaent

-

of progesterone to 17 ““4ruw~f*wgs

ie not unlikely that a
i

o
s

‘:"‘2/‘ 1

aonve
-t BTy
£ B ONG

T ca e o A e, »gm E . - v-”~ 3 S )
This type of cosmound 1a one posalble expls

lose™ noted in Incubstio

L ™ e pig - & - " ¥ y o . ¢ P T
17-hydroxzylating activity wes obtained,
W, I e A R o+ dels & o5 3 st &L B
alternative to this interpretation of

r.»ﬂl?‘{

LA \--

engzywe sgyetem to have & ap

P &% S TV v 5 P
aridl that the PN and | utiltized as ool
LA AT e B ey T )

431 ] 1 Jic P %;k RAgLS .Y gl Y

.
% Py i
OO LTI O

{a's -,
Vi ,i:-} have propoas

R cia
studien ¥ :

7‘!“-,’4"5""(}:" »% A Y m;fﬂ
i) i

ocour after :

mtion of 17-hydroxycortl

v - . ] - o U P . s i4
noted that progesterone was converted t

. oy ® G e

and »roicosterone while
e — . S a £ v vep e L& + 1
went only to corticosterone, ince thi

stercid biosynthesis could have resulted

eharneteriztic of thelr(7,12) .

vy o=
idd

Y = 1
A B

mbtlion gained from adrenal

o

0

e

R

3

"

(2

nation of

A ot G

LCIL LY

e Jaas

o e
o R

nerfusion

that 17-

s Y o

Wiy el

o
bt

teron

agordtiao

ation

ﬂ’”ﬂ I

L2

dagoxyoorbiosns

enzynatlic apecificity of the 17-hydroxylatling syst
was checked by I 1:’.*;@?{7?5 ) untilizing the supernatan
froction of adrepal homogenates

Hir data confirmed the order of 17~ and 21«
hydroxylation es propoaed by Hechter, The results
be depictod as followa:

1t

p
!

aoting
E Ty g
A,H u.!m L%
TV g
,1.’;3‘1:,;,'
erone
terone
Pl
Lk g
1 Trom
Sy ,‘5..%.'



4 o a4 S o ; - T . T g,
i+ Fropgesterone T{=-hydroxy-1i-denorxyeortico-
nterone f}
7 s «.-J % g e - [l
11—Aosoxveorticonterone LY
4y o - e on g L R, PURPR e ;
% ‘inol- n"_’; '{_;L f_f}:ﬁuﬁ;‘;“ DI 1 I~ ‘”_';1{ € "{:’-",:'. —? 'i-.. ?
il W
cortlcostercons
11-dasoxycorticoeteronse
none
b 4 - vy - - q,..» e,
2 Azosterone 17-hydroxy-11- desoxy-
omrii“Jzﬁc rone ﬁgnu
wag 8lso found to be a sex difference in
i i i v ruilh & oy g | 3 3 s e . 3 -
enzynetic activity, the adrenals far producing a
L % il ooy e - & |, - o, pr— ] Lo e Cae & -na-,» oy
grenter amount of 17-hydroxy-it-depoxyecorticosterone, The
production of this compound by bull edrenals waps less and
that of steer adrenals

W I 17w 1 o o
10 . ;;'x;,q MY F}I‘rh’.«( 14 - ua.\ ?- iy .‘bi'} l.'.-lj ;
=~ o F.—% N

teaction No, &, is patal by the
pane céellular freaction whilech cerries sut 17 hydreoxylation,
mpernatant fraction of wgenates obtelined by
gentrifugetion, Other characte o
hydroxylaase pyeten are similar to the 17 hydroxylase
syatem, It has found that the nmost marked amounts of
takao & pregance of DFN plus 4

oo i il b 2 & 2 2 ams gl e e o g a- -
bt there 1p iificant formation of wyeorticocl
P 5 - -3 _— - W - [N L a1 - Ly T
when preofestercne 1g incubated with DPH alone, Thils
& = s - Tt ) v e P s ate Ml am ol e Y O PESEE Sy THESN
intiente that the 1t Le roooalds with DPH es hydro

arnne




1y - N T A
t» AL '%w QaenY 1l i e
- i e b el MR gan W ol o B o —
Q 2a OOONE V4 Gl o lnoraaaed *Lne ol

t* Py 5 . & o e .y - 4
i-oxidation. It was y Jamuels and
oY ,_,1.,{.‘ el e e '5"‘0‘ PTTTRE TR W ey o g
L iJ i Lk b LGty il L6 L~ Lom N
R 4 R i R i - . A4 - pye - el » .
seemns to affect the relative yielde of 11-84 soxyoeortico-
A mremre mys A B e T on o gy oy g A -
pterone and 17-h oxy-1i-desoxyco fro
b | = a9 ,,1....., ——y e +1 Th o ) o B
do. . Hydroxylotion ot the 113 Zegition
[ ol B el S e N . o = > “ »
5 1i.-hydroxylation, takes place in
) s« o 2 _
B
g Do nm F . P — - — 3 . , T N
BLhvay of adrenal cortionl ateroild bioayn-
) 3
R - —— — o o i - - & W e -
thesglisz and bee en referred to aa the reaction that siven

[ [EE—— o . L] PP ~ m o, iz Rt
teroi wielecule 1ts trede peek

‘ o) I o0
?raﬂmm@.(jw} I 1949 Hayano et W¢C “¢ Inoubated desoxy-

1 o e oy g g o o B ) g § o e o A
corticosterone with adrenocortical clices

and demonstra t;m? tha formatiocn of mnterizl

homoprenat

B 3§ j = ey g e} - . o oo o i
which poeneseed glveogenle actlivit

g

* -
. % e T AR, T
1..._1_.,{}.;4 AR TSI

o o2 ¥ T v NE VO ..
LLE%LNE BUren L lectomd

e lahtor

rylation

I o o] o e T pm n g g o .,«_.2- L] -
oceurred and that desoxycortico-

i e e Tr— iyt A e . "
BLerone wae copverted to cortisosterons,

in some detall

APl e @

§p

opment will be taken up here,

-

theoretical considerations will be reserved I

ot
-
y
‘J
]
-
]
!
d
-y
1
o
;]
53
]
(= §
o




=
P > adrens
a4 Waoie ad 7'&'al

&
In 1950 HeGinbty, V=) utilizin
¥
O T Tl e B A keaen) ca i Salil aim E  #ovneweisd
homogennte supplemented with glucose and fumerate,

ieolated 17« -hydroxycorticoaoterone as o trancfornation

4

e i o A g # o B s S pe—, oy o . e genc . iy e
product of 17« - hydroxy-11-desoxycorticosterone, OSavar

-y Y
N el r "'*5! J.-f . P = u e Nl G o s PO A 3 - A
Green and ;«,G‘U.ﬁt‘}iw +} ghtained ovidence Tor Tormation of

g ol e u - fs
aRLwerolie on

fron 11-deeoxycortic

-

P - . P B g o ey b gy v e oo o oy gy 4y A R o
incubatlion with adrenal homogenates withond fead

funmorate or other cofactors,

Eahnt and Vetbotein(B1) sonfixied the stiouie tory
aeffect of added fumarate and obtalned evidence that ATP
could replace funmarete ag a cofactor. They aleo stated

“‘D . ]

T a4 S "
unarate ptimulsasted the »revarsition

that nlcotinanide and

maximally. Glucose, inorganic phosphate and magnes

. — Al 3 & e Ak e Eyir
lons were without L‘,.,v,E‘v e Thege authors el80 sugEes vhafd

e By g e %

E s + 4% e "s, — - PE LT o g
that the proceos of oxidetive phosphorylation nay

%0} . . -
LS danonetrated that 1l.-hydroxylating
iz - :
eotivity 1o assoclisted with the nitochondrisal froction of
adrenal homogenates, On the basles of heat,

inhibitor studies concluded thnt the convarsion wsas

e i o ke

a% ol & dw wpd AN N ‘:»
b4 Mg

L0 Ll G

3
v | TR " T calle B b i . AT o
e - OYAroxy i i—degoxycoriicosverone ag: au 134 e
i b g £ & % W TR b B IR p— - k. i v &
incupating 1% with adrenal eell porticles in A nedium

ok - L il B0 . m" . B i s - —
gupplenented with glucose, funarete znd yritegium lons,

?



Py
:
Yoo

{E2Y "
E R i & i B B cadbete i KRR iy B e i ki ki e
HAYano S grinant~<~+/ foun eofle 41 D000 e 18
A T Capapa e skl Fivnnlom A ECTS 'V aaisrbbsr Av e ahaa
residuen b,j‘ 261 ._"’.‘?.*u.f A0 B% :,;{3 0 ETGV.LGY, AI'a vWaane

2 e ol g TF T -
} ahed regldues are no

with saline phospbhate

wffer, the w

3 T e »
T, DN

]

g8 prepared

g e e s 5 e S, g f ey X P ” =
from glands atored at 09 for long periods required ATP,

s,

P and Mp++ plus fumarate or TPN plus fumarete order

o rectora schivity

: LS
B J?Hﬁﬁgi “*; utilizing intact

e -1 A ES . Al S I R o B 2 B e
atudied the effecitivenesa of Kreb

S =) Bl e B o i g - il . e Ry PRS—— 4 8 o

eycle intermedlates en meotlivators of 1lp-hydroexylation of
= . ae s r— e, & - = Ay R = T — Y

11-denoxycorticosterone, Thelir resultc indloated that

TR —— T — K o s 4 2 5 4 po— i o popany

funarate, uwalate, suceinate, cltrate, oxalecetate, B

oC ketorlutarate all catelyze the

< g el AR

lutara

do not ell

- & = n——
requlrenen

formed from other intermedintes by operation of the Irebs
eyele, The authors used the inhibltlon of succlinate Ly
wlonete to show that the one step remction o heto-

to sucelinete conld ivate 213‘h’fﬂﬁﬂy3ﬁiiﬁﬁ

i L JP— s P - ) ——— o pm augn T3 e v 4 z e .
of 1i-desoxycorticostsronc Thone resulis Indicata that

& M R P - £ - Il ers — . L ?
T seaulrane ; Y .
thaere 1z no speciflc requirement for fumarate in intact
T ey PRI ch B e e R il i Wk
N1%E ﬂ:!s'i&.' BAT* LA o :i:t Wa L 80 [DwE LK wieae LOVE Ll




4 e i

.
that 2initrophencl, 2 x 10™%l, gave a %0 par cent

& . w o # P - p—
irhibitlion of 1ig-hydroxy
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more e¢ffective in sctivating Tyt wdoxylation of desoxy~
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eorbicosterone thon either DPUH or

evidence for the requirement of TPEH wae cobtained by a
atudy of the rates at which citrate, c¢cis-nconitate and
isocitrate in the presence of TPN enhance the rete of
depoxyeorticosterone hydroxyletion, Thelr data g‘.-::;;q} that

isoclitrate was the nost effective of the three acide, It

appears that in the 11y hydrexylation of 1i-desoxyeorticow

aterone the effects of the 4l- and

Lo e e LR -

largely Aue to their role in cupplying

W

with thies conclueion are other resul

inveatigators that potasslum ferrie
toluidine blue, asure I, methyl vioclopgen and benszyl
viologen all of which are effective electron acceptors,
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introduce & 11 -hydroxyl group into 11-desoxy cortico-

sterone.
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The enaynic activity of these clear red water soluble
axtracts obtalned by centrifuging at 20,000xg for ore-half

hour have the followlng characteristice:

te Hydroxylation doeg not occur in sbaence of
Cf"":" "'{)"'1 »

2 roxylation is inmhibited Ly phosphete lons,

Ce Hydroxylation ie inhibited by dialyeis apaingt

distilled water,
4, Hydroxylation ie slightly inhibited by 10mME
It wae elso noted that Tumerete could be replaced by
I~tinlate or inccitrate Mt not by K hketoglutarate, the

moet potent activator of 11y hydroxylatlon with intect

Previous speculatlon on the nechanisn of the
introduction of & hydroxyl group lnto the Cilip position of
a aterold waa biged on an analogous situation, the well
known step-wise transformetion of succinate -- funarate --
malate involving the cblipatory unsaturated derivatives,
Desoxycorticoatercne wves visuallzed to proceed primarily
to the A {11} o the A 1112} goppound which would then
be hydroxylated by the apymmetric addition of the elenents
cf water to yleld the product corticosterone,

Thies question was ctudied by Heysno and Torine . (38)

Ry ki i

Inveatigation of the A 2(11} unsaturated snoloruen of

L

deaoxycorticosterone and 1i-desoxycortisol as postible
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internedisten in the conversion of desoxycortlcosterone to
corticosterone and 11-desoxycortiscl to cortisol
denmonstrated no utilization of thece structures, Vhen
carried out in = deuterium oxide conteining media no

deuteriun entered o stable position on the aolacule; ir

the course of 11 hydroxylation. These Tacts woull exclude

o

the poselbllity of any blosynthetic mechanlem involving the
direct addition of water.
In suanary, 11p-hydroxylatlon of degoxycorticosterone
has been Aenonsirated in the vhole homogenates of adrenal
glande, the intsct adrensl mitochondrie, Aisrupted adrenal
mitochondrio, acetone »nowders and acqueous extracis of
acetone powders, The cofestor reguirenents depend upon
“the tig=mue opreparatlon, Intedt mitochondrls regulre
oxygen, Various members of the Krebs cycle, TPH and Mg+
are gbtimuletory. Disrupted mitochondris reguire oxygen,
fumarate, Mo++, ot PH 7.4 and added TPN stinmuletes the
reaction,

When acetone pow’er extracts were used oxysmen and TPW
were required and Tumersate had the greatest stimuletory
action. 11yp~-Hydroxylatlon has been nost effectively
inhibited by compounds that set os electron acceptors such
as methylene blue, Other substances inhibliing this
reactlion are ascorbic acid, glutaethione, ICH, diethylithio-

carbamate, methylene blue, arsenate, fluorids, versene, and



desoxyeorticosterone,

tudles of the mechanlen of 11,4 hydroxylation

~iem

sxoluded intermediste double bonded struecture and the

pogaibility ¢of e hydreoxyleticon mechoniaom invelving

i o

direct hydration of an intermediate gtructure, TMurther

studiee on the amechanlsim of 115 hydroxriation and more

specifically the source of oxymen for thle
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ferm the besils of the work to be presentsd in this thesls,

o ]
" . " < b v - o I % @
leoently vason{I9) hos utilized 0?18 and 1,012 ag
- s
tracers to deternine the source of oxygen usad by the
phenolase complex in ite hydroxyintive phase, Sinilar

methods to those used by Msson were utilized in the

experinents that follow to determine the sourge of

¢+]

for the 11yhy yaroxyletion of desoxycortliccsterons,

veen

XY



* 15 . 5 - el gy e *
i fl.‘ E-t a'n =t -'-l-zi l“ .'-illl ‘J- ey »1:- il

L. Zgelatlon and Irevaratlion of Adrenal Altocheondrie

Wdrenal glends obtalned from Armour and 0e. were
stored in a deep {reeze at -400C for approxinately one
weesk, The glands were taken fron the deep freeze toc a
cold roon where they were allowed to thew ot & wamperature
of 0=4°0,

The Tollowing operations were nerformed ot o
temperature of 0-49C, The rlends were gtripped of fat and
comnectlive tiseue, then ground in a neat grinder which had
been previously ceoled, One hundred to one hundred and

Tifty grans of mince obtained by grinding whole glands
were diluted with BOC-~T750 ml of cold distilled water,
Small allouots of this suspension were Lranaferred o a
arling Jlender and honogenized for seven aeconds, The
homogenate oblalned iIn this menner wes straines through
two layers of cheesecloth. " The Tilirate obbtained by

training through cheescloth wage centrifuged in a

refrigerated Jervall centrifuge for Tive minutes at 00 =x
gravity., The supernatant was carefully ayphoned off
without disturbing the resldue, The residue was discardod

and the gupernatant was plsced in lucite tu bes and
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was thowed and

atock solution

e, Sl 52

i a4 - ES [ . ar ik
filuted up to 12 ml wit

K Sk 1 ke odey 2

make & 0.0025M TPHN sclutlion.

o
o

& men on

2 2 7 - - E
1 dlatillied water 4o

@. Stock Jolution of Desoxycorticosterone,

+

160 mg of desoxyeorticosterons diseolved i

»

f o TR —— N r
« Preparatlion of Incubatio

"

1 Medium and Ineut

ki g oh i e

ot

¥

Elghteen ml, of the stock solutlien of

P

.

5
o
bt

T T e LT 24 & an A . — v
8 ANoUDATIOH Bedium ¢ méillL wers Drepansd

o ey vl A o - 3 g S b -
degsoxycorticosterone weo transferred to the

% .. = 0 gmy - T .,
resction flask and evanorated te dryne:

- - L T . 1 .
gtream, One ml of ethianol was

ag in
b &1

247

‘s,
[
)
=
{7
Fnd
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added and rotated untll the desoxycortico-

gterone wag completely 4dAlssolved, Twelve

e I W e o+ o e 7 8 5 2
milliliters of esch of the following s

(] < 25 1, - s s, - o
{2) 0.04 M magnesium
ol / .
{3) 0.1 ¥ fumarate, ar

(4) ©0,00251 TPN.

Oxyoen~Tree

ras WA _L S
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&

throusgh thils resctlion nixture for apnroxi-

wmtely 20 mimutes, This procedure was
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a pertiaslly closed system, The stop cock was
then tﬁﬁned and & stream of oXygen generated
from the attached electrolyeis apparatus
utillizing water enriched with 018 waz bubbled
through the ihcub&timn nixture,

After asweeping the mixture with oxygen
enriched with 0218 the mitochondrisl preparo-
tion was introduced into the reaction flask
through & closed system alter having hydrogen
gas bubbled through 1t. This resctlon
aixture wes agltated by the use of teflon
covered magnetic stirring ber, Temperature

thot surrounded

4-4

n 4 - S e e b
ras maintained by a water bath

+ flask keeping the contents at & constant

=
5]

temperature of 359C, This incubation of
despxycorticosterone with mitochondrie in an

€ i
0m1“ enriched atmosphere continued for three

D Extraction of Incubation Medla:
At the end of the three hour incubstlon period

the reactlon flesk wee removed ITrom the oxygen

generating apparstus and 200 nl of redistilled

chloroforn was introdueced, This nixture of chloro=

form and incubatlon reactunts were agltated

-

ay

then divided into

-
b
3

£y

hand for about 10 ninutes an
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egual parts, placed in 250 nl centrifupge

and centrifuged at 2500 r.p«aa., for 10

mlirutes, The shloroforae frascilon was asplirated

£ L .
OJ. - -‘:‘-4

- ...xO uﬂ

] o g % 7 P 1 _ - 4 " 3
nd placed In 2 1000 ml Erlenmeyer flask,

a8y 200 ml of chlioroeform waz uzed 1o extract

the incubation misturs 2 gecond and third tinme

arn 1]

T

200 ml chloroform waghes were combined in the

1000

- | -
dryne

’\ﬁ"‘\"'}'r"’*

T . o 4 o gt &
Irlenmeyer lask and evaporated 4o

ag in an alr stream at a temperaiure

oy s L . e 4 Y o cahe sy & gy R e 3 kY
sing from 45-500C, This flask contelning the

Pieation could be ecarried oul,

Purification of Dlesynthesined Sterold

Partition Extrection

Tg the dry resldue of the ehloroform
extraction was added 100 ul of hexane then
20 nl of 70 per cent ethancl, The flask was
shaken snd allowed to stand 30 aihutes The
two ligulds were asein intermixed severel
times by shoking and trensferred to o separa-
tory fumnel where they were allowed to

separate, The TO per cent ethanol layer wac

returned tc the original {lask and the hexene
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Flgure 2

Siliee Gel Chromatography Column
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COLU.Zy FOR S:IPARATLNHG MILLIGRAM Quanyili®s 3 4.

5!1

OF ZI'wRG1DS

15 mm OD

N

rrevants
vapor or
air bubbles

———j}--ycold water from form-

iag in
8iziea geol.

36 mm diemeter
water jacket

glass wool
filter paper

silica gel

filter raper
sand

filter paper
glass wool

4L mm bore
stop cock

vlass wool should be
cleaned in cono. nm03

Filter paper should be
extracted with xTOH

Sand should be washed
with BETOH and water,
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eogents
‘daorbent
A nixture of 250 nl of 95 per cent
ethyl alecohol, 750 ml of chlorofor: ond
200 grame of silies zel {(Mavison Chemical

Gorp., Saltlamore, [d,, siliece gel lio,
022=00-00«226-T200) won ollowed to stand
several hours. 7The aolvent nixture was
filtered under gentle suction on o
Duchner fumnel, 7The sillea gel was

- - 5% .4 e S e 7% . x
washed succesnslively with 200 nm1 of = to 1

- 4. Fe Lo “? T ) L NP " » 7 F 5
95 per cent ethyl alcohol, The partizlly
- & E.J - ® e F el e ”‘l o

dried slllica gel was then tronsferred to

Fon N % | Yl - 8 .

& dour liter beaker contalnling two liters
e o & — a2 P - 1 =y % sig L = -

of distilled water, Ilack porticles were

removed during the water woshinge by

L

. N e & gy obe . P F o
awirling the woater silica pel mixture in

Oy L -

& - W P, o all e ok 4 41
aultable size beakers and decanting the

suapended silica gel fr

- - 5 . s s - e 8 4 1 -
portlicles which accumilated in the botton

s M - & v, - — 1. = 2
and center of the beskers, The silica
- « & % 2 F 4
gel was partislly dried on a

e P o o " T W & ka8 3 - el
fummel and then spread on a elsan surface

TR

to complete drylnsz, After the silice pel
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Pl

wag completely dry snd free of aleohol Ii

wag activoted in a muffle furnmeco at

& F
500°¢ for three hours.
=thyl Alcohol:

\ Y e Tow, Ry - R e
Absolute ethyl alcohol was Alstllled
R P -~ ~ o~ g e o £ &
fron & water-{ree systenm; the Tirst and

£ i AT

o e =~ & i o iy £ X - e P
were digeerded, The distlilled ethyl

S ks e £ & o \ C P I e T .
plcohol waeg stored in the derk in bottles

8 & ia R bd b oY W e i
with close fitting plass stoppers.

Halliekrodt analytical resgent grade

4 " 5o inig P & oavs 23 ) e g e ey
” 10 ﬁu‘.ﬁ 341 (,;L. ﬁr)l,ﬂ. e 4 ] ,')1‘:" 8 CONLELNBASrs
e ke & | 3 - e, . ] Y e i P N P
wag distilled from an all glasa, water

-

aratus, The chiloro-

free distillation am

Torm enployed in chromateograni]

w18, m .
-

ok

wd
=

the

=y

senbed the First 90 per cent

(™ i i 4 1. I » w_—
Preparation of Chromatograpghy Column

R — . P - g P ¢
Firat a plur of waghed o888 wool

e e A NS, T w—— 5 - -
wes placed in the column then & small
“ = a 1 Na ¥ 3 - - o " . e 4 -
Aige of Tilter paper was ploced on top

i .

of the glass wool, With the atoep cock

open and with cold tap

through the cooling jJecket enough

-
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chlorofor wached sand vas odded +o the
colunn o form a layer 1 om to 1.5 em

. Tmgm SVEM L o e i D % ey
ebove the filter paper 4isc. The san

guantity of chleorolforn., The chloroform
wae allowed to drain; the stop cock was
closed and another filter poper disc was
placed on the top of the send, A& susven~
sion of 2 to 3 grame of activated sgilica
gel in 20 ml of redictilled chleoroform
wae poured into the colusmn, Two

Aitionel © a1l cquantities of chloroferm
were ugsed to rinse the beaker and the
zides of the column, The stop cook
remained cloced until the silice el had
gettled completely then another filter

- e b I 1 ".( s -
paper dlsc and a glasgs wool plug were
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E@d
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ol
2

o
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ok
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¥
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e
Jone
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houd
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The chlorofora wes allowed to run

off untll 1ts upper level coinecided with

filter paper on top of the silice gel.

s Y - Tl TR . = sl ods £ = 4 -y P w—
hree 10 0l cuantities of chlorofom

il R 3 & L — . .
vere a4dded to the colunn in successlon

a1 m 3

and allowed to Arein to the top of the

}.a

-, a . |
ilice pel.
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Addition of Sample and Developsm
Colunn

Eovenne | G SR
The 5 ml of eshleroferm cont
the vartialiy surified repldue

+ e
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ronetorrad Nte

Lrg rad to colunn
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wash 4
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e tn

gurface
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per cent e
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» T A 4 o [ e R
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J . . - 5
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e e T L - - i e r e
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Lach one of the ethyl aleohol-chlorofornm effluent

{A-J) were ovaperated in vecuo at 509, The dried

Wy WOL

& o

eryastalline residues obitained by the cbove methods of
rurification were sgtored in refrigerator until mnalyels
could be carried out, The resulits of the column
chvomatographlic purification nethod will be Alscussed in

+the nevt aacty

L9 LB aue Ll »,-.g
] Moy 2 e & e
£ Cryatallizstion

P - (RS X P ~ - R Ry e B Py £7 L & b
Further purification of Triactlon € and H from bhenzane

- - Fre # B Exa L e &3 =

was done ac 2 drope of benzene were added to
o o & ey o A} Y - PR P S 4, }

the white residue, shaken, hested on s water bath at 40°

and cooled repldly in e bath of chopped ice, The mother

17
E P PRV P A a e B " - 4 Kal -
ligquor containing colored impurities was removed from the
b & 2 : bl i i i y — A s o - w17 e s il & =

resulting white cryetals by ueing o small Tilter atick,

The tube containing the erystalline residue wes ssaled for
-
& - 2 & A B S e L S % Fs ‘
use in the identificstion procedures which follow,.

D, Identification of Biosynthesized Cterold

@ % g i EN T - - - &
Of the relatively largs number of cortico-

ey

F
- b ondkad Foor Tral abied ol e i L —_— '}} o |
steroids tested by Nelchstein and . N2 an
fame 1B el sy h PR 1 £ 2 o BT (f s
by Winterstelner and Priffner three
et g o o o PR X | Lo -:"-.«.-.M-., s A o
substances corticesterone, 1T7-hydroxycortico-

L

sterone, andpl-pregnene=~11, 17X 20 3

e

- ey o e w2 - # il o g e & . & P - 4 2
J-one were Tound to soxhiblit sulfurie acid«induced

- - i Tt & Pl . o~ 2 oy &
fluorescence The fluorescent propertiless o

.i. e Sl (R SR REROR oo A 5 SLE
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P T Ry ST - N s A T O
corticosterone have been studied extenalively by

% Z P3 A R [ o o o~y
Pound that the maximal Adspres

of Tluorescence of corticosterone is Induced Ly
lizht wave length in the 455 to 460 mu reglon

o+
s
s
@
j»-w

ug ! & “ 6 ,ﬂvs)’\m?i;

oroduced by cortigosterone in ethanelie sulfurie

Y- 3 g =S B
s BTk " | 2 P ? -
Boid 2 maximum at the 530 to 540 mu
Y gy o ks [$ 8NN e I i T L
region,  The small samples of 4 or 5 drops

gollected from the effluents of the silice gel
colunn were exanined for thies characterishtic

my

- u
arone, AR1AS

;:3
s
|~
o
4
2y
i
&
£
]
=4

‘5 - o .. F >
Tluorescence of cortioos

property of corticosterone
sy . A N S e W X 3 : e F

used to indleate conversion of desoxycortico=-

sterone to corisicosteronse,

& v e . & TRE A e Ly N S
Another method use? for determining the

activity of the incubatic

" 7»«1:1\ - of - e B =3 g TR P e B
ne degree of cynthesls of corticosterone wms the

8 o R — EL I S SN e e
mesgurenent of the ultrovio

sbsorptlon of a

ey

colution of the purified stercid at 270, 240 and

By w o ety gy A " .
=00 mu.  Jterolds pospeselng

UL e R

o A%=3 ketone groun

Abit a atrong
Tl o o w & v ! o ben o B %
dried residue of the 10 effluents from the ailica
el column were anelyred by dissolving thea in

~

E P E sl ", 5 ki 3 P e progps wig o i -y A
5 ml of sbsclute ethanol, traneferring them to



in a Jecknen D.U. spec

previouely mentloned i
that the maximum

dlsplayed by frections o,

o5 PATE
correspond with Sweat's Asta (40}

depoxyeorticost
Abeorption e
The method uned

ey
wiLs

whie)

e

placed in & tube

aeld was added, The

P

allowed to stand at room

The abesoryhticn

Tenlmg

an D,U,

of a

oy,
c.‘:c

wavelensths

sulfurice aclid ap 2

5 & blank,
were obtalned by C

Sherold
17 hydroxy cortlcosterone

Corticosterone

fractions ¢ and ¥ when bl

gterone wag separasted on

wavelengths

abegorpticn

of Sulfuries Acid Chro

e 4 HE e o (o)
1 70 o 90 microgrems of

and 2 ml

~ ey oy 0 -
epectrum of this

apactrophotoneter b

to 600 mu,

it .{ fl-om J-Jml

combined

h*)
3

trophotoneter at the

+ It waas Tound

at 240 mu was
D and G, Hi This would
tor elution of
therone,

hromogens
thet of Zafferoni{®#4) in
r-%\ aro

Pram— - -
dry 14 wag

concentroted sulfurice

*, & - -
tube wag atonpered and

etween the

Led

using concentrate

The following repults

als(44)
sboorption leximun
.r'é 9 -7 f%f"? 5

oftE  RB . W T3, 455

Ld0

method o 1.0 mg sample

P e - E ¥ . .
ry residues from

&

coyntheslized cortico=-

the silleca gel column,
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This sample waa placed In a graduated cylinder and
-« oo ¥ Lo oy o e L - TR by ) -, . > o
20 ml of concentrated sulfuric aecid wos added,

Ty T - A ol . ik 1 B s
The solution was allowed to stand at roon tenpore

o . k! -y ey - 1.
ature for two hours and 0.5 ml aliquot was the
i P . i kT4 P, P T “ %, i S R
read in a Deckman D,U, spectrophotoneter between

=} £y

o et s

o b on

the vy eths 28

1.,.;

{

660 mu, Ax

1 np sasple of corticosberons was weished and
anelyzed in the same manner,
4, Infraz “:alysim of Bilosynthetic Steroids
V5 mg sammle of the 75 mg of purified
bioeynthesized covbicosterons wes dried and sent

to Oregon Stete College for Infrared ‘“MLY$LM

A 20 mg sample of purified corticoamterones coteined
from e Thernaceutlenl was also
annlyzed as & control., A Mulol blank was used and
the sanmples w snalyzed in a Perkin-Ilmer model
12-C modified gingle benm double paps infrared

" - 2 e o faw o & =
spectroneter using an HaCl pri:
T Ao Y omm S o I R X e 4 T L PP fiﬁ
o Malygia &f CopLtlcosterone for 0
ReEN
" e &
1. Preparsaticni
N - T8 5 ] e 8 P . op— Y ey RS
The bilosyntheslized cortlcosterone puriflied by
T L P N T T I . LSRG A O O S
the previously mentioned techmicuesn of partltion
- . 2 n g e ot o g - oy
extraction, colunn chromatography an
o [ e " . e IRy - pe » &
zation was trenaferred to emall platd

fTollowing
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murified sterold material was divided into three
parts by directly transferring the sample to the
platinun oyrolysls boats by the use of a clean
spatula, Care wos token not to Introduce any
foreign materiel into the sample that would alter
the flnsl results by introducling extraneous
oxygen. The vlocynthesized rtlcoeterone and

- 3
ol i

¢ hoalts were placed in a dlissicator under

b
e

[+

reduced pressure Tor 24 hours and then pyrolyzed
in an Unterzaucher pyrolysis ag;aﬁatuf.(Aﬁ) The

COp Tormed from the pyrolyszed corticosterone was

. S A p 2 ey g de om S o - deraly % G T

trapped in a thin evocuated glass tube and the
i d " &% 2 vy ity

tube was sealed., The C0, samples were analyazed

by masg spoectrometry to determine the atoms

&
o
¥

cent excess of 0218 present in the CO, collected
from the Unterszaucher pyrolysis procedure,

The mass spectrometry was carried out by the
Consolidated DMectroedynmmics Corporation,

o, B
Pasadens, Callfornia,
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orticosterone with i,

Irenal

Ultochondria
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When the previously

L incuietlon u
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’&u‘}

siste

11 Bvdroxy

4

=5

ok Jeal B 5 5408 3
dencyribed procedures

ey .
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Tor salati

ochrondria con=

except on one

wolon, when the refrigerating mechanlism of the deep
freeze failed to maintaln a =40°0C tempersture, The adrensl
tinsue that woe stored in the deep freeze during this

period of time (2-3 days) was later De
B L o 4 - At 3
as far o 11y hydrolating actlvity was concerned, This
et ol
i o il ¢ 1 4 s S T ™ o 8 P :
tisocue woe discorded and edrenal glands for subseguent

yxperimente were obtained from the local Swift and Co,
slaughter house, The preliminary tests for 113—hy@rﬁxv-
lating activity were the epppearance of ¢ stalline
regldue upon svaroration of the scolvent Trom fractions G
and H collected from the gilica gel column and the
characteristic sulfuriec acid induced {luorescence of

£
e ¥

ound in

corticostero 8 iguot of the inow
wediun, 7The percentage converslon of

-y - - iy
to corticosterone In & study by C, H. denruin(®T) wta

on sycten

elicuct of the
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ibation

N

desoxycorticoaterons

14 ¢t

LA A

na;;

-
5 per cent.

-



of
25

X4

srlieatio

v oiea

e

Sharsohi

'
_&3

2

oy

e
L SpN s 4

i 0T

X

%

o
£
(]
L
&
iy
€.

3

q
1 £y - T
o, e 4--:)rlk

-
14

%
pal

Qé

cen

TOTE
wores

) 9 &

W
=t

N

uremant

O
SRR s

2
i

bl

-

»
= &

el
s
e

+
o nld

4+ o

KA

oW

Kngwn &

i
A s

::,‘{3 A :L-w.-. o

N -
ted oy
£

21 that

T4

i

?&3

A

P
"

aring

comp

1
]

55 #14

Tumn

5
H

&

by

n

a

34

&
[}

ptee

wha 4

gy e
e A T

il

: o g

L

the

0n

erone i

el
Sl B B

e
SLrLiT

e
=
ol
i1

<+

o'

ul

. r‘!

0
e




4

Z90° + 920° + 'y 0°4 5
0g9z° % 1£0° + I 04 G
0dott A A ¢ b B 0°¢ <
ofz*1 bt 1119 S 4 Eann s 0 g°s <
q90° & 0Eo® + & 0°¢ g WmTod
1%0° + 980° + g 0°4 g X
osH" a4 fon® 0 a 0°1 § Jusndotessq
Bt® + doz° + - 0°1 ¢
eno* + 250° + 24 0°t g
#90° + 110° ¢] v 0°1 4
0zo° 0 110° 0 0*0 g ! Prodens
[ 20 UOTITemW
£E€0° * 610° + v 0°0 Gt TEnToN
§¢0° 0 620° 4] 1 0°0 411 0
DIG® G £10° 9 ¥ oG o1 Fapuest)
oppe . — JeqEmy Ko oy
02 “Q°Q esue0saIOnTg (42 ("D euesselonTy UoT0BAL TOHD quenTy
PrOIess SU0.183900TaI0 N0 6] - syop

_ guUOJE

HATO0 THE VOITIS HOUd SUIOHHLS 4D

ROTLYNTIEALAC CHY HOLIVHYLES
AT FIOVE



45

of Sulfuric Acid Chromogens:!

ft B oy o ey ' 4 - o . ) STy —ry
fathentic sanmples of corticosterone, desoxy-

i

corticoaterone the effluents G

b )

= . g k% o gy e A = £ oy AT q
snd H were analyzed by the metheod of Zaffaroni
e P o gy 4oy 2 % b - 2 54 % wse e o - g 2 o - A
ang degeribed previcusgly, The results obialned

were ac follown:

herolds ‘bsorption Maxlins

A v 1 2 g il & B A RYE =l
withentic Corticosterone 285, 330, FS, A50

Depoxyeorticosterone 290, 70, 440

1ot Gt

Bl o - Crp—— e TR e Lo

DLAOR ,m.u,al{«u,lvmu L JLBTO L0 XSy SV e A
T B il Bt : 1z SRR el it R o 1
158 SDEOrPLLAOnN MAXIME 01l WhNe ULOEYNWNSlL zed

corticosterone, .
wred Spectrad

The infrared absorptlion spectra of the 5 mg
gample of the 75 mp of poeoled blosynthesgized

sterold and the sample of suthenlle Herek cortico-

L -
tho

showsd that i

region between 1500 cn'l and 1800 en~1 were

o

& 2 g L, a e T &
identical, The maximal absorpbtic

"

twe semples were st 1700 en~! 1660 a1

i g . PPy g
eoinclides with the maxinal

for corticosterone published by

Dobrinew, (46)
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0. Incorporation of G 18 into Dlosynthesized

Corticosterone

b
£

The expected ntoms per cent o8 rop sample contain-
ing no atoms per cent excess 019 iz 0,2 per cent, All
three samples were Tound to contaln 0,32 per cent, The
theoretical uptake for corticosterone synthesized from DOC
in a system contoining 1.4 atons per cent excess 8318

able would be 0,36 atome per cent or an ator

fis]

Q
ps J
5]
g
€]
3
(o]
&
e
o*

excess of 0,%6«~0.21 = 0,15, Table V is a report from
Jonsolidated Zlectrodynomics Corporation of the nocs
spectronetry of the {0 derived from the pyrolyzed

bioaynthetle corticosterone,.
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CHAPTLER IV
DISCULSION

We have shown in thils thesles that nmolecular oxycen is
Incorporated into the steroid nucleus when cortlcosterone
iz enzymatically formed from desoxycorilcosterone, Jiudles
on the mechanlsn of 11, hydroxylation that were done
slnultaneously with the work presented in this thesis (54,57
confirm the results that the source of oxygen for 11;-
hydroxylotion 1s molecular oxypen. Hayano et 1 {5%)
devised on experiment in which decoxyeorticesterone was
incubated with adrenal homogensie residue in an etmogphere
ol oxygmen enriched with,ﬁﬁfg. They found that 1,05 atom
ner cent excess 018 (theoretical 1.2 otom per cent) wos
incorporated lnto the bilogyntheslized corticosterone,

Thege reszults are in full sgreenent with those prerented in.
this thesis thot molecular oxypen 1l utilized directly in
the hydroxyl group at the 11, position of cortlcosterone,

Therefore, it may be taken that ensynlc incorperstion
of molecular oxycen at the 11 . position of corticosterone
lg established., There remains to be dlscussed the
mechanion of this enzymle reactlon, particulsrly the nature
ol the cofactor reguirement and its meaning in terms of the

reguirenent for molecular oxygen.



f. Gofactor Regulrements for 1ip-Hydromylation in Verlous

Tiooue Prenarations

Veriousz tigsue preparations have been used in the
study of 11 hydroxylation, It is evident from previous
dlgeussion that the cofanctors and conditlions necegsary for
11p-hydroxylation vary and are dependent on the state of

ntegration of the cellulsr components of the tiscue. The

f ]

Y

1lssue preparstlons that will be discussed ore: the intact

r?-

mitochondria, disrupted miiochondris,ocetone powders and
the extracts of scetone powders,

-

Using intact mitochondria Browmle and aront(74) rouna
thet the highest level of 11,-hydroxylation could be
obtalined in the pregence of geveral of the citric acld
eycle intermedistes plus ATP or ADP and magnesliun lons,

They conecluded goncurrent oxidative phosphorylation was

Sweat and Lipecomb, {35) incubating mitochkondria in
0.04 I sodlum phosphate bulfer (PH 7.4), 0.0081 lpCls and
40 microprems of Adesoxycorticosterone, noted that funarate

PHH or

gw

and nalate induced higher rates of activity than
isocitrate and that the glucose-G~phosphate TFH systen
Induced the highest rate of asctivity of 21l the cofa tars

wd b

uged, It is of interest concerning this last point that

Kelly(QS) haos reported thot slucose~6-phosphate dehydrogens

age activity is higher in the adrenal cortex then any
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other tissue tested; lecently Haynes and serthet (49) nove
reported that ACTH added to medla containing adrenal
slices ceanses & repid and specific sctivatlon of phos=-
phorylase in adrenal tissue, Increased phosphorylase
activity leads to the conversion of glycogen to plucose-G-
phosphates This conpound leg nmetabollzed primarily by
dehydrogenation, In the process of dehydrogenation, TPHH
is generated, and this can be utllized to stlmulate
steroid synthesils by acting ss a cofactor in the mony
hydrexylating reactlions in the blosyntheltlc sequence of
edrenal steroids, In =y oplnion, this most significant

gsvetben ig lost when the intesrity of the adrensl tissue is
i o

destroyed by homogenizetion and fractlonation.

Hayano and “O“~ﬁ?“()3933) have usged adrenal

homopenates prepared in the Waring blendor, an instrusent
known to disrupt the mitochondria, This preporatlion wes
centrifuced at EQOO ¥ to yield a pediment which was twice
resuspended in soline end centrifuged to remove coluble
material, The washing process served to dlminish the
level of endogenocus 11,-hydroxyletion to sueh & point that
no troneformetlon of desoxycorticosterone wos observed
unless fumarate and magnesiuwm lons wero afdcﬁ.{ﬁz} Thege
repidue preparations required no added ATP or DPN when
fresh. Aged preparations 414 require both these cofactors

or TPN slone.(38) 1ihen 7PN was used the requirement for



\
i

nagnesliun lone was no longer presgent lndlcating the
transformation of ATP and DPN to the more specliilieally
required TPH in the presence of this ion.

The fact that 113~p; Iroxylation activity is found in
acetone §cwﬂers{38) of the above residue, whilich known to be
deficlent in cytochrowme oxidase metivity, would indicate
that thic trensfer ol electrons from TFHE is indenendent
of the cytochrome system. This would slso 1lndicate that
concurrent oxidailve phosphorylaetion is not an eaaenﬁi&l
factor in the 113~hyﬁfoxylﬁﬁﬁan reaction.

Brownle and Grant, (36} wp ng & K01 extract of dried
acetone powlers of adrenal mitochondris, Tound that oxygen
was essential to the resction, that fum wrate, melate or
lsocitrate coul&.be used as genserators of roduced TP, and

e " AR ] § g o - * & 2 o -
that TPNH ig B definite cofasctor.

8. Zropcsed lechanigns of 11.-Hydroxylation

,.v)

»

llumerous theorlies hove been propoced for the mechanienm
of 11.hydroxylation of adrenal sterolds, Come of these
theorles have been tested experimentally and others have
heen meorely postulated on theoretieccl basls,

On the baalg of steric coneiderations, the 11
hydroxylation is an interesting resectlion glince the‘hyéroggn
ot 11.L position is reactive while the 113 nydronen 1s
chemleally n:ﬂuaﬁtiv&(TO} and sterically hindered, (ne

&

mecnanleon that hes been proposed on the basgles of the



inerenced reactivity of the 11£ hydrosen =8 compared to
(% 5

the 11+, hydrogen 1g as follows: inltially there may be an

B

attack on the 11t H of a 1i=decoxyesterolid to form the
11ol OH. Thie sequence wes tested znd it wos found that
the reductlon of ithe 11 ketone to 11, hydroxy does not
oceur with cortlzone as substrate in either adrenal
nerfus s1onf12) or adrenal | hompgenntes, (12)

Another speculation on the mecheanism of the lntroduc-
tlon of a hydroxyl group into the 11y poegition of = sterold

+ <oy ¥ Fekat—] e o 3 -y 5 e % g
natterned on an snaslogous situation, the stepwise

is

{;

o

roanaformation of succinete to funmarate to malate involving
the obligatory unsaturated derivatives. The posslble
intermediacy of the 9(11} gtructure wae elininsted by the
uge of the unsaturated analogs of des :yacrticmpt@rmmﬁ and
/

11 desoxycortis 201, {11} mile A11(1~) dehydre TNCC has not
: . 2(11) - 1112
heen tested Torfmen et a have reported that A .
dehydroprogesterone 1z not converted to corticosterone by

erufle adrenal homogenstes which contain both the 11

@)

O=21-hydroxylation systeme, It would thus seem ponslble

T

that the mechanism of pfi;&ry déhydrogenation coupled with
gecondary hydration mey not be inveolved in the 115
hydroxylatlion reaction.

er(52) nee suggested that the biclogical oxidation

at C1l1 may take the path of formation of a seco derivatlve

of desoxycoorticosterone, allylic oxiddation et €11, and
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ring closure, No evidence for or agsinst this view ls as
yet avellable,

levy et a1(16) have suggested a mechanienm whereby OH
free radicals are involved in the direct oxidation of
desoxycorticosterone, In this process the of hydrogen at
¢1l is removed snd a2 steroid radical is formed which then
- couples with the hydroxyl radical. Macon(53) made the
following commente on this mechanigm:

If free radlcals were inveolved in thils system

non soeclfic reactions characterigtic of

radicels would oceur bubt 11pn hydroxylation is

both position and stero-specific, TFor this

reagon 1t 1lg likely that consumed molecular

oxygen remoins under enzymic control until

the product i1s formed,

Additional evidence agalnst the free radiecal mechanisn can
be found in the work of Hayanetsﬁ) and de%ruin(47) where
HEQ73 enriched water was uced without an incorporation of
018 inte the hydroxylated product,

Previous to these studies utilizing Hp01® Hoysne end
ﬂarfwan(EB) examined the possibility of the additlon of
water to a precurgsor of the 11y hydroxylated sterold by
using deuterium oxide. No deuterium in excess of normal
abundance was found incorporated in the end product, The
experinents by Hayan0(54) and debruin{47) nentioned ebove
confirmed this finding snd completely ruléﬂ out the

participation of water as a source of oxygen in the 11;-

hydroxylation reactlon,
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The posslbllity of a peroxidase enzyne systen requiring
oxygen aend TPUH as suggested by Brodie (55) must ve
congldered as o Cll-hydroxylating mechenlem. 7This systen
was studled by ﬂejymin(&f} uging horseradish p 10;1& LG58 as
the enzyme and desoxycorticosterone os the substrate, This
aygﬁmn falled to convert desoxycorticosterone to
corticosterone,

With these preliminary resulids in zind 1t would appear

wt the 11, hydroxylating enzyme of adrenal mitochondris
would L1t in the category of o mixed function oxidace
according to the clagsiflication of Mason. -/

To identify an @nzyme as & mixed function oxidase it
is necessary:!

1. to determine the amount of oxygen consuned per

molecule of substrate transforned,

to determine the anount of oxysen incorporsted

P
.

into the product,
3. to deterulne the cource of the lncorporated oxysen
4, to show that the two Poﬂualsﬁ ccmavhlcnt are also
consuned Fu@inu the reactlion
It is evident “wom the preceding discusslion that

further characterization of the enzyae an’ deternmination of
«—\‘.' "y

the stolchlometric relationship between oxygen, TPNI and

substrate are now requirved Lo confira thie classification,
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Jummary

Nesoxycorticosterone was incubsted in the presence of
edrenal mitochondrie, fumerate, magnesium, TFH and in an
atungophere of oxypen enriched with Q218. The cortico-
sterone enzymaticelly syntheslized wao subjected to éass
spectrometer snalycis. An averagse of 75 per cent

heoreticel incorpcfdﬁion ol 0218 wes found, It was
concluded from thepe Aote thet molecuvlar oxyoen 1o utlilized

directly in the hydroxylation of steroide ot the C-114,-

position.



(913}

T

G

10.

BIBLIOGRAPHY

& B

Kendall, E, C,, Hormones of the Adrenal Cortex,
erinology, 30:85%-860, 1942,

Wintersteiner, 0., Lchwenk, E., Hirechmann, H., and

Hhiu¢1n, Je s Chemical “”+urc of Follicular Hormone,

J. ﬂz-mF*T. wl’le ﬂ‘ &..IGC: ¥ _JU igér?bze‘_}_iy 19;{:’

;eichstein, Tos Xhenpeeg Ce We, The Hormones of the

Adrenal Cortex. Vitemine and Hormones, 1:345-413,

1943,

Vogt, ., The Oulput of Cortical Hormone by the
Hamaelien suprarenal. -J. Physiology, 102:341-356,
1947,

Busgh, I. E., Species Differences in Adrenccortical

Jecretion, J. Infdoerinology, 9:95-100, 1953,
2 ]

Simpeon, S. A., Talt, J, P., Seoretion of = Salt
iet&i?*ﬂg uarmane by the Nammellan Adrenal Cortex,
Lancet, 263:226-227, 19%2,

ES

Hechter, Q., Z@ffaroni, A, Jacobgen, K, P,, Levy, H.,
Jeanloz, . ¥,., Sehenker, V., and “innus, G., The
Mature and the DRlogenesls of the Adrencl Secretory
Product, lece nt 3ro;z g5 in Hormone J@SG@;Bb,

stone, D, and Ieebtav, Cuy Studies on ACTH fction in
Perfused CDovline Adrenals: The Site of fction of ACTH
in Co “Lino"+ aﬂ”c jeneslis, Areh, Blochem, and
1lophys., 51:457-469, 1054,

Heehter, 0., Solomon, M. ., Zafferonl, A., and
Tincue, G., Transforuation of ihg?c“tﬁ rol and
Acetete to Adrenal Cortical Hormon Arch, Blochenm,
and Riophys., #6:1201-213, 1957,

Zaffaroni, A, and Hubin, B, A,, In Vitro Syntheais of
Corticosteroids, Discussion., Cibe Foundation
Colloqula on Zndeoerinolegy, 7:204, 1953,



11

12.

14,
5.

16,

7.
18.

57

P

Dorfman, N, I., Hayano, M., Haynes, B, and Savard, k.,
The In Vitro Synthesls of Adrenal Cortilcel =Zteroids,
Cibe Foundation Colloquia on Indocrinolomy, T:191-200,
1953,

Hechter, 0., Slogenesis of Adrenal Cortical Hormones.
Ciba FPoundation Colloquis on Endoerinology, T:161-173,
1953,

Meyer, A.,, Chemlcal Transformetions of Sterolds by
Ldrenal Perfusion., V, Zlcood Incubatlons and
Perfusion with Cortisone, J. Blol. Chem., 204:469-
487, 1953,

Levy, H., Unpublished resulis,

lechter, 0. and 3tone, U,, Unpublished regults,

Levy, H,, Jeanloz, 9, ¥,, Marghall, C, ., Jacobeen,
R, P,, Hechter, 0,, Schenker, V., and Pincus, G,.,
Chemical Transformations of ISterolds by Adrenal
Perfusion, II ti-Desoxycorticosterone and 17-Hydrox;
11-Desoxycorticosterone, J, Blol, Chem., 203:433-451,

Meyer, (., Unpuplished results,

Jeanloz, R. W., Levy, H., Jacobmen, i, P,, Hechter, 0.,
Bchenker, V., and Pincus, G., Zhemical Tr&?sformations
of Steroids by Adrenal Perfusion. III A% Androstene
3, 17 Dione, J. Blol., Chem,, 203:453-461, 1953,

Hechter, Q.

and Pincus, G,., Genesls of the Adrenc-
cortical Secretion. Physiol. Tev,,

w4 859-406, 1954,

Plager, J. E., and Semuels, L, T., nzyme fystem
Involved in the Cxidatlon of Carbon-21 Zterolds,
Fed, Proo., 111383, 1982.

lager, J, &, and 3Samuels, L. T., Factors Affecting
fctivity of the Inzymes Oxidizing Carbons 17 and 21
of the FPregnene Nucleus., Fed, Proc., 12:357, 1953,

R v

Beyer, K. ¥. and Jomuels,; L, T., Tistribution of

terold 3p ol Dehydrogenase in Cellular Structures of
the Adrenal Clend. J. Blol, Chem,, 219:60-76, 1956,

Samuels, L., T., Helmreich, M, L., Laster, ¥. B.,
dlelich, H., An Znzyme in ndoerdine Tissues ‘hich
Oxidizer A 5-3 Hydroxy Steroids to « - Unsoturated
Xetones., Science, 113:490-491, 1951.



Y

L%

N

3%

586

Jamuels, L. T,, 3tudies of the fZnzymesz Involved in the
Synthesls and Degradation of the Hormones of the
sdrenal Cortex, Ciba Poundatlion Collogule on
indoerinology, T:176-190, 1953,

sabs, N.,, Hechter, O. and Stone, D., The Conversion of
Cholesterol to Pregnencolone in ovine Adrenal
Houmogenates, J, Amer, Chem, Soc., 76:3862-3864, 1954,

Plager, J, Z. and Samuels, L. 7., The Conversion of
Progecterone to 17-Hydroxy-11-Desoxycorticosterons by
Fractionated Beel Adrenal Homogenates., J, Blol,
Chen,, 211:21-29, 1954, -

Plager, J, E,; Samuels, 1. T., Synthesis of 014~17~
Hydroxy 11-Desoxycorticosterone and 17-Hydroxycortico-
sterone by Practlonated Extracte of Adrenal
Homogenates, Arch, of Blochem, and Blophys.,
Let4TT-478, 1953,

Hayano, M., Dorfman, R. I., Prins, D. 4., Metabolism
of the Steroid Hormones. Conversion of Desoxy-
corticosterone to Glycogmenle Material in Vitro,

Fr?c. of the Soc. for Exp. Biol. and led,, 72:700-701,
1949, '

MeGinty, D. 4., Seith, G, N,, Wileson, H. L, and

Worrel, o, 3., The Dlosynthesis of 17-Hylroxycortico-
sterone from 11-Desoxy-17-Hydroxycortlcosterone,
Selence, 112:806, 1950,

Savard, K., Green, A, 4,, end Lewis, L. A,, Oxidation
of 11-Desoxycorticosterolds with Adrenal Tissue
Homogenates, Endocrinology, 47:418-428, 1950,

Kehnt, F, ¥, and Wetlstein, A., Die 11-0xidation von
Desoxycorticosteron und Neichstein'® Substenz mmit
Bilfe Tlerischer Orgen Homogenate, Bildung von
Corticosteron und 17-Oxycorticosteron. <Chin. Acta,
34:1701-1808, 1951,

Sweat, i, L., Inzymatic Synthesis of 17-Hydroxycor-
ticosterone, J. Amer, Chem, Soc., T3:4056, 1951,

Hayano, M. and Dorfman, R, I., The Enzymatic C-11-.
Hydroxylation of Steroids., J. BElol. Chem, 201 f
175-188, 1953,

Brownle, 4, C. and Grant, J. K., The in Vitro Enzymie
Hydroxylation of Sterolid Hormones, 7lochen, J.,
57 :1255-203, 1954,



"
55

B
N

Sweat, M, L. and Idpscomb, M., D., & Transhydrosenase
and Zeduced Triphosphopyridine uclostlide Invelved in
the Oxidetlon of Desoxycorticosterone to Cortico-
sterone by Adrensl Tlssue, J. Amer, Chem. Hoc,,
T7:5185-5186, 1955. ‘

Grant, J, L. and Brownle, &, C., The licle of Fumarate
and m“ﬂ in Oterold Enzynlc 11w dyércxv ation,
Biochen, et., Biophys. Acta, 18:433-434, 1955,

Hayano, M,, Dorfmen, R. I., and Rosenberg, E.,
otereld Hydroxylases of the Adrensl, Fed, Proc.,

l‘l
142224, 19585,

Hayano, M., Dorfmeny R. 1., On the Mechanliszm of the
G-??-d Hydrozxylatlon of Steroide, J. 31ol. Chem,,
1:227-235, 1954,

“ﬂ"on, H. 8., Fowlks, T L. and Peterson, i,, Oxygen
Transfer and g]ectwan rangport by the Phenolasge

Complex, J, Amer, whcr S0C. 7fn°Q?4 19,;.
sweet, M. L., S1llica Gel Mierocolunn for Chromato-
aphlc Negolution of Cortlecal Stereolds, Anal, Chen,,
1

W
E&r
26:1964-1967, 1954,

Zaffaroni, A,, Absor ntion Spectra of Sulfuric Acid
Chromogen Obteined from Adrepnsl Steroids and Telated
Compounds, J. Am, Chen, Zoc.y 72:3829, 1950,

‘wc ¥a Ley, Sulfuric ifcid Induced Fluorescence of
4* osteroids, Anal, Them., 26:7T73=T776, 1954,

Wintercteiner, €. and ~f,f&ne;3 Je de, Chemical
studies on the Adrenal Cortex III., J. Biol, Cheu,,
1?’)onw,? 1(} Y ?9 Sg

L = O

Zaffaroni, A,, Hicrozmethods for the Analysis of
Adrenoccortlicel Sterolds, Recent Progress in Hormone
esearch, 8:51, 1953,

Deering, VW, ﬁ. and “0r€mam, Ty w~’ﬁfniuﬁ of the
Peracld-Ketone Ester Conversion., Anaslysis of Orgenic
Compounds for Ofyf ﬁ~1u. J. Amer, Chem, I0c.,
?"““GOF-KPQU, c.f., 8leo Unterzaucher, J. Der,.,

T3 3:1291-404, 1940,

Dobriner, ¥,, Katzenellenbogen, &, ?., Jones, N, R.,
Infrered Absorptlon Spectra of Steroids.
Interscience Publiagwf? 1953,



he
-

Ut
s
*

(811
PO
&

\
~3
-

60

de Bruin, C. H., The Tole of ¥Water in the In Vitre
unsyale Hfﬂ“atv¢wtioh of 11-Desoxycoritlcosterone,
Thesis 1957, bjive§w¢ty of Oregon Medlesl School,

Kelley, T, L., Rlelson, %, E., Johnson, R. B,, and

chtiin*, Te Doy Flucose«G-Phosphate W&hﬂﬁfogen&sﬁ of
4 1 hx {?’J.l 3»}. Ti ﬂgllf',o ‘J o ad --Ol-t hﬁ- I “t B 5«1 oy E}/S" MJ.J4 1955 -

Haynes, R, C. and Berthet, L., <tudles on the
Gechandpy ct? on of tﬂ@ Adrenocorticotroplic
] _LQ-L ‘—r}:-s.e’:'.i& F :"225 < ‘I 1;]-1 ;.'..}'t‘g TE’}{E‘?’.

F. and Fleser, M., Natural Products Related

TRl ...:.!,
to Phensnthrene., lew Yorks Deinhold, )ra Ed,, 1949,
j£ 4?!»

Hayano and Dorfman, Unpublished observations,

Fleger, L, F., Genersl Discussgion, Clba Foundation
tolloquia on Indocrinologsy, .:“89, 953,

Mason, H. 5., Mechanisms of
Advencegs in .mzjzoloWﬂ 79
Hayano, M., Lindberg, M. C., Dorfmen, R. I., Hancock,
s Es h. and Doering, W. von £,, On the lMechanisms of
the g~11-~ §“ﬂ“c%guuﬁlon of Steroids; A Study VWith
and 0,'9, Arch., Riochem. and Biophys,.,
¢ s

Brofile, B. Bs, Axelrad, J., Cooper, J. R,, CGauderre,
L., la™, V. N.y Choeo, M,, and Udenfriend, S.,
Detoxicso t’c‘ of Drugs and Qther Forelgn ¢ nnauaﬁﬂ

y Liver llicrosomes, clence, 121:603-604, 1955,

tlason, He S¢, Mechanlem of O::,_,;f-:;er; Metebollom,
Science, 125:1185-1188, 1957,

« &N ..u.u“L’ 1:; ZJ., 3 1&1”1 }.}9 E?L. ..:-. ¥ C‘Q ;Mmliyly *«‘; * II‘." H3
~ow1t@, W, L., Heleelt, I. R,, and Mason, H., 8.,
Incorporation of ;olﬂcular Cxygen into 11w Position of

Corticosherolids, red, Proc., “*1°&C 1956,



ot ]
Typed by

s

Freida M, Smith





