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CHAPTER I
NTRODUCTION

Interest in the sdrenocortical hormones dates bsck to
1855 when Addison described the profound alterations of
numerous vital body funections sssosizted with czses of sd-
renocortical insufficiency. The multiplieity of functions
of these steroid hormones is now well dooumented.

ﬁeéently it hes been reaagnizedz that the hormones
regsponsible for the far reaching effects exerted by the
adrenal cortex mey be roughly ﬁiviﬁé& into two classes on
the basis of thelr physiological activities. One group of
gterolids functlons chiefly es 2 regulator of carbohydrate
metabolism, while the other group helps to govern electro-
lyte and water balsnce. These functions have been found to
overlap gom&wﬁuta, but esuch & division is s8till useful in
olaseification. This difference in function stems from o
difference in chemiocml configuration. The carbohydrate
regulating stercids all besr an oxygen stom at C-11, while
such & substituent is absent from this position in the
steroids regulating electrolyte and water balasnce., Further-
nore, oxXygenction at the 11 position seems to be mandatory

if the steroid is to exert the clinieslly observed function



]

of anti-inflemmation and efficacy in the repalr of the cole
lagen pathclagi@sa, Biochemioal interest in the C-11 oxygen
grouplng thus stems from the fmot that its presence on or
absence fron the proper stercidal nucleus has such & merked
effect on the end function of the steroid. This faet,
coupled with & growing body of evidence thaet such disease
entities as adrensl hyp@rplasia‘ and some forms of rheumatic
fevers are perheps due to & daficisﬁcy in function {(or per=
haps & 'biochemical lesion') in the 11-0 hydroxylsting
enzyme system of the adrensl gland, suggested that a study
of this enzyme system would be biochemically lucrative.

fuch of the work done in the brosd field of sdrenal
endocrinology has been accomplished on s strictly clinical
dose-effect basis, While this type of approsch is useful
in that studles of isolated clinical entities often bring
results as far as immedicte symptomstic ameliorizetion is
concerned, they do uot comtribute as much towerd an under-
stending of the underlying biochemicsl alterstions ococurring
in disease states as do studies of the sotual enzyme gys-
tems involved. In addition, the time is now approaching
when an investigation of the mechanism of action of an en=-
zyme system supersedes in importance the physiocal descrip-
tions of fractionsted enzyme preparations, so populer in
the last decade. Furthermore, a study of enzyme function

offers & more thorough comprehension of the nature of bodily



reactions.

Evidence from the literature concerning su odrenal en-
zyme system catalyzing the (-11-0 hydroxylation of steroid
substrates will be presented here, and aleso & brief descrip-
tion of enzymatic stercid reasctions related ¢to the sbove re-
action; and & sequential bilogenetic scheme will be given.

Pertinent steroid formulse will be found in Flgure 1ﬂ

(page 4&).

A., Histoxry

Hechter snd ?iﬂaugv, using the technique of sdrenal per-
fusion, showed that added amounts of desoxycorticosterone
were converted to a substance with merked glycogenic scotbivi-
ty, suggesting that the substance possessed a (-1l oxXygen
groupinga. soon afterward this substance was ghown to be
aortieogteraneﬁ. In an experiment making use of whole sd-
renal homogenate, and using li-desoxy-17-hydroxycortico-
sterone as substrate, ée@intyla was able to effect a con-
version to l7-hydroxycorticosterons,

sgvard, Green and ﬁ@wiai& obtained evidence for the
formation of 1iwckhy&raxylatﬁﬁ derivatives from both
ii-desoxycorticogterone and 17-hydroxy-ii-desoxycortico~
sterone on incubation wlth adrenal homojgenates.

Hayano, Dorfman and Y@m&ﬁalg incubated il-descxzycor-

tlcoaterone with adrenal homogenste and, in a preliminsry
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report, identifled the product ag & substance possgessing
strong glycogenic sction. These worksrs mode the sdditional
observations that ATP¥, DPN®®, aﬁd fumerate enhance the re-
action as evidenced by incressed yields. They noted also
that the resction is necessarily sercbic and that high
levels of li-desoxycorticosterone substrate inhibit the re-
action,

Kahnt and ﬁattsteimla confirmed the stimulatory effect
of added fumsrate in an extended study with dicsrboxylic
acids, and observed that the optimel stimulatory combina-
tion in thelr whole homogenate preparatlion was fumsrate plus
niecotinamide,

Hajor credit for showlng thet 1i-8 -hydroxylstion is &
function of the mitochomdrisl fraction goes to Swaa@&%, who
incubated 17-hydroxy-il-desoxycorticostercne with various
adrenal cell fractions and found that most of the actlvity
with resgpect to the conversion to 17-hydroxycorticosterone
could bLe explained on the besis of the 'inscliuble cellular
constituents®, which were later shown by this author to be
composed, in the main, of mitacﬁanﬂrialﬁ. lie also noted
that the conversion proceeds best at a pH around the neutral

polut and at temperatures between 35° and Lo Co, with

“Adenosine trivhosphate

“*Diphosphopyridine rucleotide



marked decline in activity above LO©,

An eualsgous conversion involving ”w1i~ﬁ5~hyaroxylaw
Yiom, in which desoxycorticosterone instesd of 17=nydroRy -
corticosterone was incubsted with sdrensl mitochondrial
preparations, was reported by Hayano and Darfmania. gorti-
costerone was the substance isolsted in this cage, and a
further requirement for the resction noted wss the pregence
of magnesium ions. In the seme report, these workers
showed that certain structural configurations of the sub-
strate have definite effects upon the extent of the ob-
served conversion. Host notebly, the presence of a hydroxyl
group at carbon 17 has no effect, but the lack of a hydroxyl
group at C-21, a reduced A ring, or the presence of s
hydroxyl group at C-20 all preclude 11~A3hydraxy1atian.

Brownie and Qraﬂbly in sn Intensive study isolasted cor-
ticosterone from mitochondrisl preperations incubsted with
desoxycorticosterone {(DUC) and made & survey of various
‘Ersbe cycle' acids to determine their effects on this reac-—
tion. These suthors discovered that (in sddition to fums-
rate) malste, succinate, cltrate, oxalacetmte and X -keto-
glutarate all catalyze the resctions, with X -ketoglutaurate

exerting the most merked effect. On this bagig, these in-
vestigators concluded that there is no specific requirement
for fumerate, but only for = member of the Krebs citric aecid

cyels,



ie ,
Sweat and Lipescomb  deseribed additionsi studies on
the specific enzyme system responsible for iiwﬁ3 hydroxylaw
39

tion end, in a later report , showed thut further reguire-
ments for thie conversion of DU{ to corticosterone inciude
& reduced Tri™ and e transhydrogenase enzyme,

Hayano and ﬂerfmanao confirmed the observation of
Sweat, i.e., that 7PN 1s = necessary adjunct to C-1i- O
hydroxylation, when they found that TPN alone could be sub-
stituted for DFN and ATP, The obvicus conclusion in this
case was that TPN was being formed from the sdded DPN and
ATP,

21

HBecent studies by both Grant and Brownie and Hayano,
Dorfman and ﬁaa@m%@rgﬂa reveal the signifiecant fact that ECi-
water-soluble extracts of scetone dried powders from adrenal
mitochondrial preparations possess the ability to introduce
8 0-11-08 hydrozyl group into li-desoxyoorticosterone. There
water soluble extracts exhibit the saeme need for fumarate
and reduced TN as did the earliier Ritochondrial prepara-
tions. The absolute requirement of aeroble conditions wags
also observed in this case.

While the literature cited sbove offers evidence for

the hydroxyiation of the two substretes, desoxycorticosterone

W
Iriphosphopyridine nuclestide



and 17-hydroxycorticosterone, numercus investigators have
shown the ¢-11-0 hydroxyletion of s variety of other
steroldal substrates using sdrennl gland homogenates., Thus
Brownie, Crant and Qaviﬁgemaﬁ nove shown the 1iwﬁ-dgﬁfaxyl~
ation of progesterone; Hayano and ﬁorfm&ngﬁ, the 11-Q-
hydroxylation of Aﬁ&«pr@g&@newéﬁ3,17c*,intr101~3,2§«ﬂiane;
a8 4
and Hayasno and Dorfmen , the 11~ hydroxyletion of & -
androstene-3,17-dione. Whether or not these resations rep-
resent physiological reslities remains in the fleld of con-
Jecture, at least in the ocase of the latter two compounds.
It seems pertinent to mention at this point studies
using microorganisme as catalysts of 11, 17, and 21 hydroxyl-
ation of various steroid substrotes. While these studies sd-
mittedly are of somewhat scademic interest, they do indicate
the presence of similsr enzyme systems, and, asg such, are
worthy of note from & biochemical standpoint. Keohnt et @136
prepared the C-1i- X hydrozy spimers of corticosterone and
i?why&rgxyaarﬁiaest@rmﬁa, whille Peterson znd = 3081&t€$27
developed & technique for the introduction of a Qeile X
hydroxyl group in the progesterone molecule using the fungus
Ehizopus Mucorales. Shull and Kitagg biosynthesized corti-~
costerons from iil-desoxycorticosterone through the sction of
Curvularis Luneats, and in eimilar experiments MeAleer and
Dulanéyaﬂ transformed progesterone to li-desoxycorticoste~

rone uslng the orgsnism Wojnoicia Graminis, showing & C-2i



20
hydroxylation, while Meister et al were successful in

producing the 17-X-hydroxy derivative of progesterone and

corticosterone through the use of Ceprhalothecium Nogeum.

B. Related Steroldal Oxidation Systems

Workers interested in sdrensl enzyme aystems, primarily
from & blogenetic standpoint, heve obtsined evidence for the
existerce of at lemst four sdditional enzyme systems ss
separate and distinet entities from the C-11-0 hydroxylating
system. Two of these systems, i.e., the 17-0X, 21 hydroxyl-
ating system and the 3-0 -0l dehydrogensse 8ystem, provide
methods for the synthesis of steroid hormones with o known
definite function. The other two systems, the 6~ nydroxyi-
ating and the 19 hydroxylating systems, may represent side
reactions or, at best, blosynthetic schemes for the produc-
tion of steroids with an unimown funotion.

Plager and S&muﬁlﬁsl, using the technique of differen-
tial centrifugation, isolated an enzyme aystem in the
soluble supernstent fraction of adrensl homogenatee capable
of hydroxylating progesterone to ii-desoxycorticosterone,
This resction represents both & i7-Xand o 21 hydroxylation.
These invegtigzators noted that 2l-hydroxylation ogccurred
with added DFN but that the 17= & hydroxylation required
both DPN and ATP, suggesting that perhaps 1{7- hydroxyla~

tion is TFN dependent.



38
samuels observed the presence of an enzyme in testis

-4
ovary, placents, and adremsl cortex, which catelyzes the
oxidation of & 3-O ~hydroxy group to a A*wums&tm‘at@i S
keto group on & stercid nucleus. Further invesiigation by
Beyer and Samuelab indicated that this enzyme system is
associated with the microsomal portion of sdrensl homo-
gonates {roctionated by differential centrifugation. This
enzymwe systes wae found to exhibit a requirsment for DPH.

Evidence for the presence of an enzyme whose function
is hydroxylation at the 6 position of the sterold nucleus
iz based mainly on studies of uri ary metabolites., Informa-
tion on this enzyme is meag@raﬁ, end the significance of
the enzyme system is completely unknowsn.

Haysno and Ea@fmanéS reported the coanversion of ii~
degoxycorticosterons %o i%«hydroxymiiwﬁesoxyaar@icaaterehe
after incubstion of the former with adrenal mitochondrisl
preparatlons. Levy and Ku@hﬁmsky$s isolated both 19~-hy-
droxy-ii-desoxycorticosterone and 17=-,1i9-dihydroxy~ii-
depoxycorticosterone from progesterone perfusate of the ade
reuasl. Interestingly enough, the latter compound was found
to have ten times the activity of il-desoxycorticosterone in
the sodium retention test. Other than this, nothing is
known of the bilological luportance of the euzymé system sone~

cerned in ite formation.
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C. Ldprena]l EStercid Metabolie isecctions

While a complete review of the metsbolism or end-
degradation of the steroid hormones is obviously beyond the
scope of tThis thesis, it seems well to mention & few EEHer-
alitles concerning adrenal steroild metabolic reactions in
the hope of presenting s somewhat more cohesive and clesrep
ricture,

an

sSemuels  states that the mein site of mdrensl stercld
wetabolism is the liver. This investigator also presents
evidence which indicates that kidney and peripheral tigsue
are not active in this respect. Sohneider and ﬁaratmgxnﬁﬁ,
however, report that reduction of tﬁ@é&ij keto grouping of
the steroid nucleus, with extensive side chain degradation,
ocours when steroids are incubsted with liver and with kid-
ney tissue., These workers in & later r@portaﬂ noted that
the carboxyl group at (=20 was reduced to a8 hydroxyl zroup
by rat liver enzyme. The production of (,, keto steroids
from Cu; steroids was reported by Gamisg‘ﬁxalrod and Miller“
in a study involving the incubation of 17=-hydroxy cortico~
sterone with kiduey tissue., A further observation of this
group was that of oxidation of the C~ii~ﬁ3-hy&roxyl group
to a ketone group, Hubener, Fukushims and G&llagh@réa, in
an intensive study of the substrate sp@sifieity of the
C=11,20 keto reduction énzyme systems of rat liver homogen~-

ate end cell fractions, found that the microsomal fraction



was the most sctive and was TPH dependent. They noted also

%
that reduction of an 11 keto group cccurred only if a &
uwnsaturated 3 keto group was present, indicating that an
orderly sequence of events is involved.

In summary, then, it is seen that four main typege of re-
actlon are operative in steroid metabolism: (1) redustion
of the at unsaturanted 3 keto groupinsg to a saturated 3-8-
hydroxyl group as recorded by Schneider and ﬁofﬁtm&mﬂ37 and
by Hechter&l; (2) reduction of the (=20 group to & hydroxyl
group a8 noted by Sohnelider = end by Hubener et &1«0; {3)
degradation of the X ketol side ohain of Cp, stercids to
form U, keto steroids ass shown by Ganis et &139 and by

43
Dorfman ; and (4) oxidetion of mctive 17~k and 11i- &
hydroxyl groups to yleld €., and Cus keto and C;, and ¢,,
deaoxy stercids reported by Ganis et &133.

In all likelihood, many other metabolic resctions toke
place in the ultimste degradation of the steroid horuones;
however, the four most consistently observed resctions have
been reviewed and, inm the interest of conclseness, the re-

gy

maining speclal cases will be omitted.

D. A Genersl Biogenetic Schene

Por the purpose of clarification and in order better to
loecallze the reference point which the work to be presented
in this thesis ococupies with respect to the seguential

biogenetic scheme, & reaction seguence of corticostercid
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v
blosynthesic in presented in Fipure 2 (page 1#), In this

reaction scheme it is seen that corticosterome and 17-hy

droxy corticosterone represent the end droducts That such
& 3

is the case 1s the comsidered opinion of Hechter , who

bages his conclusions on relative amounts of these steroids
found in different animel species from adrenal vein blood

ampling and on the tenet that doses of ACTHY vroduce the
same relative amounts whether the dosage 18 minimal or
maxinal .

Reaotlon 1, the conversion of acetats to cholesterol,
has been cbserved by many workers, including Srere, Chai-
koff and Bambeﬂ‘* who followed the conversion of acetate to
cholesterol in the adrenal.

feaction 2, the conversion of acetate to corticostercne
and 17-hydroxy gorticosterone, was noted by ﬂ&iﬁ@s4a in hog
adrenal homogenates. This inves tigator obaerved the forma-
tion Qf i7-hydroxy corticoster ne, eosrtlcosterons, and
17-hydroxy—~il-dehydrosorticosterone in the proportion of
92%, WE, and 47 respectively, snd coneluded on this besig
that i7-hydroxy corticosterone is the Predominant hormone in
the hog adrensl.

Heaotlion 3, the direct formation of corticosterons ond
17-hydroxy corticosterone from choles sterol, was mocomplished

&3
by Hechter , using bovine adrensls and perfusing them with

9%
"Adrenocorticotrophie hormone



Plgure 2

Heactlon Sequence of Compound F
end Compound B Synthesis
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redioactive cholestercl, This worker noted thet the grneci-

flc activity of the corticosterane formed from scotate was
higher than that of the cholesterol formed concomitantly
and postulated that perhisps & common precursor is involived,
This investigator envisaged o scheme whereby scetste con-
denses to either cholesterol or & steroid precursgor in =
menner simllsr to the condensation of Cp umits in the gyne
thesis of squalense., The cholestercl then remsing sg such
or is converted to sterolds through & precursor. By way of
confirming this condensation, Hechter cites proof for a (g
unit condensation with dehydroepesndrosterone (DHA), a (g

steroid, to form 17-hydroxy corticosterone, Moreover, DA

1

hoas besn shown to be & normel constituent of human sdrena

46
slices by Bloch, Dorfman and Pincus in & lste report.

-

These relationships sre summerized in the scheme diagrommed

L 4
below .

dehydroapiandrosterone cholesterol

Ca S 4 - corticoid

Heaoticn %, the sonversion of cholestercl to PYreSneno-
dlone, has been shown to occur by Sabz, Heechter and Stoneév,
us8ing cholesterol Ga‘ and bovine adrenal homogenstes. These
investigators caution, however,sgainst counsidering sdrenal
glend cholesterol as an homogeneous 'pool’ and cite the im-

portance of both exogenous choleeterol and scetute as pre-

CUIEOrd,
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Hesction 5, the direct formation of progesteroune from
cholesterol, has beeu effected by 3taple, Lynn mnd Gurin*g.
Both progesterone and pregnenclens were isolated by thils
group, using an enzyme preperetion found in the supernstant
fraction of sdrenel glend homogenste. The degraded sgide
chain of cholesterol was identified as isocsprole scid, with
troce amounts of proplonic acid,

Sequence 6, the conversion of pregnenclone to proges=-
terone, hos been sceomplished through the use of an enzyme
system assocliated with the microsomal fraction of adrenal
homogenates by Beyer and Samuelgag.

Jequence 7, the transformstion of progesterone to
17-X «hydroxy~-li-desoxycorticosterone, was effected by means
of gn enzyme system present in the soluble supernatant frec-
tion of asdrenal homogenate by Plager and ﬂamuelﬂax.

Hecction B, the conversion of 17-hydroxy-il-desoxycor-
ticosterone to 17«hydroxy corticosterone, wag originslly
noted by NeGinty et allﬁ, using adrensal homogenate, snd has
gince Dbeen intensively studled by numerous other work-

Xl,.‘i&
ers .

heaction 9, the formation of 1i-desoxyocorticosterone
from progesterone, was studled by Plager and ngu@lsﬁg,
using & soluble enzyme system present in the supernstant
fraction of adrensl homogenate., These workers indicated in

this report that the 17- S hydroxylation seems to be TPN-

linked, while the 21 hydroxylation involved in the produc-
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)

vion of il-desoxycorticosterone proceeds well in the
presence of DPH.

Resotion 10, the productlion of corticosterone from
il-desoxycorticosterone, which forms the bssis of this the~

v
sis, was initislly observed by Hechter and Pincus and has

- - ‘ B, AL 12,16, 17 18 19, 82, 22
since been exhsustively investigsted 3 o

Thus it is seen that each of the nteps from acetate to
the end preoduects 17-hydroxy corticosterone and corticoste-~
rone csn be aoccounted for. Evidence for the stepwise trans-
formation has been sdduced from studies involving both ad-
renal perfusion snd incubstion of the proper substrzte with
sdrenel homogensates. With respect to the work with edrensl
homogenates, some interesting conelusiocns have been report-
ed: 17-X hydroxylation can ocecur only if the stercid sube-
strate is not first hydroxylated at §~2131, and 1i=-8 - hy~
droxylation will not proceed if the substrate possesses &
Zi~desoxy group. Conversely, 17-hydroxylation and (=21
hydroxylations do not proceed well if the substrote is first
i1~ﬁ3~nydroxyl&t@ﬁ?. Briefly then, the seguence must be:
C-17 hydroxylation —s C-2i hydroxylstion — C-11~3 hy-
droxyletion; in addition, ring & oxidation to =z 43‘ ungat-
urated 3 keto group must precede all steps. FNor the pro-
duotion of 17-hydroxy corticosterone, then, from the °‘key®
molecule progesterone, the seguence would be: (1) C-17 X

hydroxylation to form 17-hydroxy-progesterone; (2) C-21
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hydroxylation teo form 17-hydroxy-il-desoxycorticosteronse;
and (3) and 11~ hydroxylation to pra&uca 17~hydroxycorti-
costerons. For the syntheslis of corticosteroune {rom pro-
gesterone the sequence would be: (i) C-21 hydroxyletion to
form li-desoxycorticosterone, sund (2) i1~ AP hydroxylation
to form corticosterone, The evidence presented above indi~
cates why corticosterone is not converted to 17-hydroxycor-
ticosterone and offers additional proof for the stztement
of ﬁeehtefaa te the effect that 17-nydroxycorticosterons
and corticosterone may be regorded z2s ‘end' uvroducte in sd-
rensl glend blosynthetic processes,

Uf the three extremely imvortant hydroxylation resc-
tions, l.e., =21, C~-17-X, and C-11~-3, the last is by far
the most interesting. In the first place, it revresents
the lest stzge in the blosynthetic processes culminating in
the formation of active steroid hornones. Secondly, it has
proved to be the most problematical from the stendpoint of
co-factor requirements and tissue preparstion. Thirdly, the
implication of the involvement of this enzyme system in two
well recognized disense stataa*’@ suggests that an investi-
gation into this system might conceivably bring rewsrd on &
clinical plune. Fourthly, the nature and location of the
system, functioning as it does within the mitoohondris,
closely assocliated with other enzyme systems snd with defi-

nite requiremente for s number of co-factors, sdvance the
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idea that 2 study of the mechanism of action of this enzyme
entity might serve to add to the growiry, body of knowledge
concerning fundsmental blochemical processes occurring in
the ndrensl gland,

Accordingly, & method for determining the source of
oxygen utilized by the enzyme syeten in the process of 11~ 0
hydroxylation wes devised, making use of the heavy isotope

of oxygen, in the hope that information would be gained as

ok

0 enzyme type and mechanism of actlon, In addition, to

of

est the hypothesis that catalsse or peroxidsse might func-
tion a8 non-gsnecific hydroxylating spgents, experiments were
undertaken with purified catalase and peroxidiose pfeprraw

tions in sn attempt to dupliecante the 11i-A8 hydroxylation ob=

perved, using asn srtificially constructed systenm,

These studies form the basgis of this thesis.



{j}iﬁk {i’ :.u. II

MATERIALS AND NMETHODS

& from fdrensl

&, Preperation and
Glands

Adrennl mitochondris were isolated in the following
faghion: bovine sdrensl glands were obtained from s loeal
abattolr, usually within 30 minutes after slaughter. The
glande were collected on crushed dry ice for freezing in
transit end placed in & desp freezer at ~40° ¢. for 24
hours before using. Following this freezing period, the
glands were allowed to thaw at 4° C. in & cold room, end
the excess fat and connsctive tissue were stripped off, bak-
ing care to avold lszceration of the glends themselves. The
glunde were then ground to & mince in a household type meat
grinder asnd the minoce weighed, 150 to 180 g. was the usual
amount utilized., fThe mince wes taken up in 750 ml. of dige

iiled weter and homogenized in & Waring blender for seven
seconds., The resulting suspension was filltered through two
lzyers of cheesecloth, and the filtrete was centrifuged at
300x G, for five minutes inm a refrigerated Sorvall centri-

fuge to remove lerger tissue particles and cellulzar debris.

20
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The supernatant weas removad by gentle suctlion into & large
Eriemeyer f{lask, decanted into lucite tubes, end recentri-
fuged for 20 minutes at 17,000-25,000 G. The supernatant
wug removed as before into a suctlon flask, care being taken
to avoid the settling of fat droplets on the mitochondrial
peliet; the supernateut was discarded,

The packed mitochondriasl paste remaining in the centri-
fuge tube was removed with & broad bladed spatula and placed
in a Potter~Elvehjem glese homogenizer and resuspended in
72 mli, of Haﬁla enriched wa tﬂrﬁ containing 1.4 atoms percent

- 58
sxcege Hph .

B, Incubstion with rgg

Twenty-eight milligrams of desoxycorticosterone (DUC),
obtained from Merck end Co., wes taken uy in cne milliliter
of sbsolute ethanol, dried under & stream of niltrogen, end
the process repeated. TG this solution of DOC snd ethanol
was edded a 6C ml, MJG solution of 31.4 mg. NalgrO,,
138.8 mg. lmgilrQ,q, 97.5 mg. MgCls, 25 mg, triphosphonyri-

dine nuclecotide (7T¥¢MN) ﬁ, end 174 mg, of godium fumarst

The sodium fumerste wes prepared from fumeris acid by ti-

tretion with 1N HaOH to a phenol red end point and

*Stuart Oxygen Co,, San Franeisco, Californisa.

“*Pabst Laboratories, Divislon of Pabst Brewing Co,, Hil-
waukee, Wisconsin, (1005 purity)
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Mmibsequent lyophilization of the nautrelized solution to a
dry powder, To this mixture wos oddsd the 72 ml. of ade-
renal mltoehondrial suspension; total woiume, 132 mi.

This wedium was incubated at J7° C. for three hours
with vigorous stirring effectsd by means of a magnetic
stirrer. 7The reactlion was oorried out in & 500 al, Erie~
seyor flask to imsure & good surface sres/volume ratlo, and
the gus phase wes air. Final pi of the solution wes 7.8,

¢. Extrmotion |

Following the inocubstion pariod, the entirs reastion
mizture waa transferred to s round bottom flsek and {rozen
in & bath of dry ice and methyl cellosclve, The frozem siz-
ture was then liyophilized to & dpy powder and the 2i,o“ Obwe
taiped from this procedurs gollected [or subsequent Jdistil-
lation. The dry powder was suspended in 130 ml, of distilled
water end homogenized in & ¥aring bleander. This water sus-
pengion was extrascted three times with 150 ml. portions of
double~distilled chiorofors by homogenizing the water sus~
pension and the chioroform together in a Waring blender
fitted with & smell blending head., The ohloroform-water
emulsion was separated by centrifugetion, and resoval of the

chloroform wus effeoted by mesns of a merum iifter”,

“Zoo=Line Manufseturing Co., 9slt Lake City, Utah,
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The chloroform extracts were combined, filtered through
Heeve~ingel lo. 202 open texture filter paper, and taken bto
dryness in vaocuo on a water bath at 50° ¢. The chloroform
residue was then partitioned between 20 ml. of 704 ethanol
and 100 ml. hexane to remove excess 1lipid, and the 704
ethanol fraction returned to the chloroform residue flask
The partitioning operation was repeeted with a fresh 100 ml.
of hexane snd the 70% ethsnol fraction collected in & 125
ml. Erlemeyer flask, The original chloroform residue flask
wes ringed with 5 ml, of 707 ethenol, and the combined ethe
anol fractions were taken to erne 38 in vacwo on 2 water
bath at 50° ¢. This semi-dry residue wes then iyophilized
to complete dryness to avoid sny weter conteminetion of the
chromatographic colum in the subsequent separstion and

purificstion.

18
D. HLecovery of the Hgd Bnriched Water

The ‘heavy water'® recovered from the lyophilization of
the resction mixture was firs t centrifuged to remove the
turbldity and filtered through Reeve-ingel No. 202 open tex-
ture filter pasper. This filtrate was then distilled in a
system designed to avoid dilution of the Hgl 19 with atmosg-
pheric water vapor. The distillation sppasratus consisted
of a flat bottom flask, a Vigreaux tube, a side arm con-
nected to a wWest-type condenser, & side srm comnected to a

calclum chloride tube, and & receiving flask, Heat Tor the



gysten was furnished by & small mantle. The recovered water

wag carefully sealed in gless stoppered bottles, and 3 ml.
ia

aligquots were seperately seanled for analysis of ligh COYi-

tent.

E. Construction of Column

The columm which was uped in gepareting end puriflying
the bilosynthesized steroid wes constructed from & 50 uml.
glass stopeock burette which was cut off at the 32 ml. merk.
A water Jacket for keeping the column at a constent tempera-
ture was constructed from s discarded Van Slyke avparstus
water jacket., The column was prepared for use by inserting
in order: a glass wool plug, 2 g. of washed reagent grade
sand, & fitted piece of Whatman lo, 2 filter paper, 3 g. of
gpecially prepared silics gel, another fitted pliece of What-
man do. 2 filter paper, and another small glass wool plug.

The silica gel, prior to use in the column, was first
washed with water, twlce washed with absolute methanol, and
dried in a dArying oven for 24 hours at 130° ¢. to rasmoves the
methanol, Activation of the siliecn gel was accomplished by
heating in a suffle furnace for three hours at 500° ¢, Thise
gel was sdded to the column in the form of 2 chloroform
slurry and permitted to settle by gravitational force. At
no time wasg the column sllowed to run dry.

The ecolumy was checked for efficliency of function prior

3 o

to ite use in sepsrating the biosynthesized steroid by sdding
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nown amounts of both DOC and corticosterons (Compound B)
end comporing the amounts eluted off with the known asmounts
added. The DOC wes eluted off quantitatively in the two
10 ml. 1% ethanol-in-chloroform washes, and the Compound B
in the first 15 mi. 5% ethenol-in-chloroform wash, The
average yield of DOC in three runs was 96%; averags yield
of Compound B in three runs was 972,

The column was also checked for separatory capaecity by
adding known smounte of DOC and checking for contsmination
in the §57 ethanoli-in-chloroform fractions, and by adding
known amounts of Compound B and checking for sontaminstion
in the 1% ethancl-in-chloroform frections. None occurred in

either case, Theee data are found in the following table:

DOC Compound B
Fhk) Added Hecovared Added Becovered
ko. g, Mg, A& Mg, M. 2.
i 25 24,5 98 25 25.0 100
2 25 24.2 97 25 24,2 97
3 15 14,0 93 i5 14,4 94

o

aAversge 9 Average 97



F. Separstion snd Purification

The residue contalned in the 70+~ ethancl {ractlion was
gseparated from residual DOC substraste and purified by means
of column chromatography, according to the method of
Sweat4@. This method makes use of asctivated silica el ss
the adsorbent and varylng concentrations of ethanol in
chloroform as the eluent. In this system, the ethanol is
the statiomary phase, and the chloroform is the moblle phasse.
The 707 ethanol residue was teken up in 2 mi. of chloroform,
placed on the column by means of & miero pipette, and |
washed onto the silica gel with an additional 2 ml, of
chloroform which had been used to rinse the regldue f{lask,
The column was then successively washed with two 10 ml, pore
tions of chloroform, two 10 ml. portions of 1% ethanol-in-
shloroform (V/V), two 15 ml, portions of 5% ethanol-in-
enloroform (V/V), =nd two 15 ml. portions of 7% ethanol-in-
ohloroform (V/¥). These fractions were collected, and two-
drop aliguots of these fractions were collected separately
for concentrated sulfuric acld chromogen te&tsao. The
fractions collected were taken to dryness under z zentle
gir stream on a water bath of 50° €., and the tubes con-
taining the residue from the two 57 ethanolwin-chloroform
fractions were filled with Ny gas ond sealed for future
purification procedures. The two drop sliquots were dried

under a direct sir strsam, taken up in six drops of absolute



ethsnol, and to each was added one ml., of comcentrated
Kgﬁﬁﬁ; These aliquots were then shsken and viewed under an
ultra violet lamp, & bright yellow-green {luorescence in-
dicating the presence of corticosterone and seorving as a
general check on the efficiency of the column, All of the
corticosterone synthesized was invariably found in the
first of the 15 ml, 5% ethanol-in-chloroform fractions on
the basis of the scid chromogen test; consequently, purifi-
cation procedures were limited to the white crystalline
residue remaining in this flask,.

Purifioation consisted of recrystallization from ben-

i

sne, aud ro-chromatography on the glliece gel column., He-
crystallization: 8 drops of benzene were added to the
white residue, shalien, hested gently on a water bath at
4oe ¢,, end cooled repidly in a bath of chopped iee. The
mother liquor containing colored impurities was removed

from the resulting white crystals by using s smsll filter

b5

stick, The crystals were then token up in 2 ml, of chloro-

bty

crm and re-chromatographed on the silica gel column aa
previcusly described. The tube containing the cryetalline
epidue from the first 15 ml. 157 ethanol-in~chloroform
wash (the only residue, in this case) was filled with B,
sos ond sealed for use in the identificstlon procedures

which follow,
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G. ddentification

Identification of the blosynthesized meterial was

based on five separate procedures, nsmely: (1) the sulfuric
B0

seid chromogen test of Sweat , (2) melting polnt determing-
B ; L
tions, (3) ultra violet absorption ecurves , (&) infra red

82
abgorption ourves, and (5) paper ochromatography .

1. The addition of conc. ligilg to corticosteroune pro=-
duced & bright green color in ordinery ilight, which under
ultrs viclet light fluoresced zs & bright yellow-green color.
The addition of HpS0, to DUC produced ne color, or & slight
brown color in visible light, fluoresciung oniy to a lfaint

83

extent under ultrs viclet light to glve a dull green .

w

This test was used throughout s an index of the progres
of the resction, and aleo as & gensral test for the finml
product since, according to Sweats&g it is the only asveroid
which under these conditions exnibivs this vivid gresen
fluorescence in ultra violet 1light.

2, HMNelting points on the five samples wers taken, and
mixed melting points with the five samples plus suthentie
corticosterone (Mercki and Co.) were made, These were all
made on an Eimer and Amend hot stage type melting point ap-
peratus using an *A-C' dial setting at 16 volts. Tue rate of
tempersture rise wasg two degrees per minute, and 2ll samples
were taken with the blosynthesized meterial betwesn two

glass cover plates,
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3. Sulfuric scld chromagen absorption spectrs were ob-
=]

1
tained by the method of Zaffaroni ; & three milligram sem-

e}

ple of the biosynthesized meterisl wee weighed and pleced in
g olean dry 10U ml, gredusted eoylinder fitted with a glass
stopper; to this was sdded 100 ml. of concentrated ligil,.
Followlng thorough mixing, the semple was incubsted at
room tempernture for ome hour. An suthentic 3 ml, sample
of corticosterone was weighed and incubsited in the same
fagshion., A 0.5 ml., aliguot of each semple was poured into
fused sllica miecro absorption cells, and optical density
readings were made between 220 and 600 4 in a Beckman
Fodel DU spectrophotometer apgsinst s sulfuric acid blenk.
The slit width was used to sdjust the optiesl density read-
ings to zero with respect to the sulfurie secid blank, thus
keeping the gensitivity of the instrument in the middle
range. The resdings wers plotted on standerd greph paper:
wave length against optical density. Final concentration
of steroid materisl was 15 «g. ver 0,5 ml,

4, Infra red absorption spectrometry woe performed
by the Consolidsted Eleétraﬂyﬁamiaﬁ Corporation of Pasadens,
California, using a Perkin-glmer Model 21 double beam infra
red spectrometer with a cosrse pen tracer, Tracings of an
euthentic sample of both corticogterone and DOC were made
for comparative purposes, The tracings were made covering

: _ -3
the range from 650 to 5,000 em
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5. ‘The bilosynthesized product was compared with &

known sample of corticosterons by menns of peper chroma-
tography using the technique of gaffmronisa. Both the ag-
cending and descending teckhnigues were utilized., Two inch
strivs of Whetmen No. 3 filter paver were washed in dis-
tilled de-~ionized water to remove fluoragens in the paver
and ions which might occlude astvercld migr&tibn; the strips
were then hung on stalnless steel clips and alr dried. The
dried strips were immersed in sz one-~-to-one mixture of
propylene glyecol and ethanol, blotted with large sheets of
blotting peper, then sir dried until sll the ethanol had
evaporated. Samples of the blogsynthesized meterial ond
sommercial corticosterone standard were applied to & ruled
starting line with micro pipettes, and a hot air drier wese
used to keep the spots delineated to a dismeter of 0.5 om.,
or less. The strips were hung in = sealed glass tank cone-
talning toluene, & large shest of lo, 3 Whatmen filter
peper, in contact with the toluene, provided a saturated
atmosphere, The strips were left in the sesled btank for
one hour to equilibrate, At the end of this period the
strips in the apcending system were placed in contzct with
the toluene at the bottom of the tank, with the starting
line at the bottom; the strips in the descending system were
placed in contact with the toluene at the top of the ﬁ&ﬁk,
with the starting line near the trough. The strips were

thus developed for three and one~half hours, removed, snd



air dried. Two stripe, eesch containing the reference stan-
dard and the biosynthesized corticosterone, were examined
under ultra viclet light. Two corresponding strips were lm-
mersed in & solubtion containing one part 0.2% aqueous solu~-
tion of triphenyl tetrazolium chloride and two parte 107
godium hydroxide solution, rinsed in water, dried, and
examined under visible light.

The spots on the untreated strips were visible undepr
ultre violet lipght as dsrker than the peper, due to ab-
sorbence; the spots on the treated strips were visible in
ordinsry lisht as red sreas, due %o the formation of colored

formazen derivetives of the stercids present.

In order to ascertaln whether or not there wag any upe
3 13 a ¢ r lg s -
taks of O from the solvent HyzH  of the incubstion mix-
ture by the blosynthesized compound, three pooled samples
ES
were pyrolyzed in an Unterzaucher pyrolysis spparatus to
Clg, which was trepped in & thin evmousted glass tube and
sesled, HMass gpectrometry was verformed on these samples
by the Comsolidated Zlectrodynamics Corporation to deter-

8

2 18
mine the atoms per ocent excess of Uy present as GOy .

i, Experiments with Catelsge

]
s 0.5 ml. of

orystalline beef liver catalase (obtained from Dr. liishits,

8
Using the method of La Du and Zannoni



Departument of Biochemistry, University of Cregon Medical
School ) was incubated in a wide wmouth 500 ml, irlemeyer
flask with 2 ml. of 0,2M phosphate buffer (pH 6.4), LOYH
of glutathione neutralized to pH 7.0 by the drop-wige addie
tion of C.1l sodium hydroxide, 200 ¥ of 2-6 dichloro-
phenolindophenol, and 4004 i of DOC dissolved in one ml., of
propylene glycol., The incubation time wes one hour; the
temperature of the reaction was 379 €, Vigorous stirring
was effected by means of a megnetic gtirrer, snd the gos
phese was alr, The entire incubstion mixture wes extrscted
with chloroform &s previously described (page 22}, dried,
partitioned between hexane snd 7070 ethanol, redried, lyo-
philized, and subjscted to columm chromstography., All elu~
tions from the silics gel column were checked for the
presence of corticosterone by the sulfuric seid chromogen
BO
test of Sweat .

Modiflcations in this bssic method in subsequent ex-
periments included the substitution of: (1) 404L N of di-
hydroxy fumeric acid for the 40U K of neutrslized sluta-
thione; (2) 40Y M of sodium fumerate for the 404 N of di-
hydroxy fumeric acid; (3) 404N of neutralized dihydroxy
fumsric acid for the unneutralized dihydroxy fumaric scid
used previously; (4) one ml, of absolute ethancl for the
one ml., of propyleme glycol as a solvent for the DOC sube

strete. A fifth modification was the addition of rat liver



nomogenate asuspended iun 0.88 ¥ spucrose scolution to the

originel system.

J. @xperiments with Peroxidase

To 33 mg. of DOC dissolved in one ml. of absolute
ethenol were sdded 25 ml, 0.1 ¥ acetate buffer (pH 5.0) ard
60 mg. of ome~half neutralized dihydroxy fumsric scid, to a
total volums of 30 ml, Oxygen was bubbled into the mixture,
and vigorous stirring wss sccomplished through the use of a
magnetic stirrer., Ten microgrems (0.5 ml. ) of horsersdish
peroxidase (purified by D. Keilin) were quickly blown into
the mixture, which was then incubsted for 20 minutes st
25% ¢. The entire resction mixture was then extracted with
chloroform, taken to dryness, partitioned between hexane and
704 ethenol, dried, chrometographed om & silica gel column,
and checked for corticosterone content by using the soid
chromogen test.

Varietions in this basic procedure included: (1) the
ong~halfl neutralized dihydroxy fumaric seid wag changed to
completely neutralized dihydroxy fumsrie acid; (2) the pH
of the reactlon was altered from the originel pH 5 to pH &,
and then to pH 6; (3) propylene glyeol was used to dissolve
the DOC in §iace of ethanai; (4) six drops of Tween 85 werse
added to the solution of DOU prior to the sddition of the

aqueous buffer solution in an attempt to produce a eolloidal
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susponsion of the DOC and to prevent possible prescipitation

f this substrate; {(5) the incubation time was increased

o
o]

rom 20 minutes to one hour; (6) the quentity of enzyme used

ry

was doubled {(from 10 to 204g. ).

On the bagls of what appeared to be &8 positive meid
chiromogen test for corticostercns in & peroxidage experi-
nent incorporating wodificetions (1) through {(4) smbove, the
following procedure was pﬁéfarmeﬁ a8 o confirmatory messure,
The chloroform extraction residue was parititioned between
hexane and 707 ethanol and the ethanol taken to drynese; the
ethanol residue was teken up in 2 ml, of absolute ethanol
end 100 ¥ of this solubtion were placed on duplicste twe inch
wide strips of Ho. 3 Whatman filter paper and chromoto-
graphed against an suthentic sample of both corticositerone
and DOC in en ascending system, Following = three and one-
half hour developing period, the strips were removed {rom
the chromatography teanks, dried, and examined under ultra
vioclet light to loente the aresms of migrstion of the unknown

residue., The spots containing this unknown compound were
eut out, cut into small pleceg, end sosked in 50 ml., of ab-
solute methancl for two hours, The methanol wae filtered
and teken to dryness in vecuo on & water bath of 5%5 0.
Ten ml, of conc. Hgl0, were added to this residue, thorough-
1y mixed, and incubated for ome hour., Opticel density read-

ings were made on 3 ml, of this solution against & sulfuric



acid blank at wave lengths from 220 to 600 md in & Beckmen
lodel U spectrophotometer and the results graphed, optical

density ageinst wave length.



CHAPITER III
BRIULTDS -

A. The Comversion of Desoxycorticosterone to Corti-

costerone by Adrensl lomogenates

(1) Criteris for Determining the Conversion
Two preliminery tests were used to determine

whether or not any conversion from DOC to corticostercne by
the adrenal mlitochondrial preparation had taken place, The
Tiret was the aoppearence of a white orystalline residue upon
evaporation of the solvent in the first 15 mi. 57 ethanol-
in-chloroform fraction following extraction, partitioning,
and column chromatography of the incubation mixture. The
second was the development of & bright yellow-green flucr-
escence whilch occurred whenever corticosterone wes present
upon the addltion of concentrated HgS0, and visuslization
under ultra violet light.

{2) Bffect of pi

A serles of five incubstions was ma@@ with com=-

pletely negative results as regards conversion from DOC to
Compound B, at which time it wae discovered that the finsl
ineubstion pil was approximately 4. Accordingly, another
series of five incubatlions wes made, in which the pH was

36
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graduslly raised over a range from 4 to 8 by alterins the
phosphate buffer constituent. The conversion began to in-
crease at pH 5, as evidenced through use of the aforemen-
tioned qualitative teests, to & maximum yleld at 7.4, These
data are reported in Figure 3 (page 38) and agree well with
the information provided by Hayeno snd D@rfmaﬂle.
(3) Effect of Dilution

Figure & (page 39) zraphe an attempt to increase
further the percentage conversion by running & series of ine
cubations while verying the dilution of the incubstion mix-
ture., Conversion was meximsl at total volume (i.e., mito~-
chondria plus buffer) diluted with three volumes of buffer.
However, since these studles were being made with heavy
water, it was considered best to overlook this sdvantege in
view of the faot that the water wag only 1.4 atoms excess
per cent to begin with, and further dilution might inter-

feres with msss spectrography.

¥rom the data furnished by five ineubetions, the
average conversion of corticosterone from DUC was 76.5%.
The general tendency of the per cent counversion to ineresse
is reflected in Table II (page W0) as the concentration of
of substrate decreases. This substrate inhibltion wes

BY
nieely illustrated in a study by Sweat .



Figure 3
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TABLE II

Conversion of Desoryoorticogterone to Cortlcosterone

Incubstion  Substrate DUC Compound B

Bumber = ___ _Smz.) ___ Becovered (mg) % Conversion
1 28 21.2 75.7
2 28 20.8 7h, 2
3 25 19.0 76.0
b 25 19.4 77.6
5 25 19.8 79.2
Average 7645

B. haracterization of the Blosynthesized Steroid

{1) Sulfuric acid chromogen tests were carried out on
esch of the five reported ssmples. The prosedure consisted,
aa previously degcribed, of taking =2 small semple of steroid
up in gix drops of absolute methanol and adding to it one ml.
concentrated l350,, The production of an intense yellow-
green fluorescence under ultrs violet light was taken as in-
dicative of the presence of corticosteronse., The recults in
the case of these five samoles were all uniformly affirma-
tive for the presence of corticosterone,.

(2) Melting voints were token on each of the five
samples and on & pooled mixture of all five samples, on an

Eimer-Amend hot stage type of apparatus., In addivion, a
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mixed melting point was taken on a sample composed of the
reference stendsrd plus a mixture of the five samples.

That the samples were of the same composition as the refer-
ence standsrd 1s showa by the faet that the melting pointe
are the same and not depressed by sdmixture. These data
are presented in Table III below, All velues are uncor-

B

rected, The melting point of corticosterone is gliven a8

180-181° C.

TABLE IIX

felting Points of Blosynthesized Steroid Semples

sample M.2, (1) M. p, (2) Average

Run 1 178¢ i80e 179
Run 2 | 180° i178® 1y9¢°
Bun 3 177° 179° 178°
Bun 4 178° 1800 179
Bun 5 179 180~ 180¢
Buns 1 through 5 mixed 178% 179 179¢
Authentic

Corticosterons i30° 180° 180°

Authentic Corticoster-
one * funs 1-5 pooled 1799 i79e 179e

(3) Ultre violet absorption spectra were made on 21l
samples, using & reference standerd sample with emch for
comparative purposes, The samples were read sgainst a con-

i v i 1 T35 e P PR er e K F
centrated sulfuric acid blank. The absorption mexims of
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“

the blosynthesized sterold were identiocal in shepe and posi-
tion with those of the standard, ococurring at 285, 330,
75,

only difference in the two curves was a verticsl displacew~

snd 455 my, with troughs at 230, 355, and 410 my. 7The

£
b

ment due to a small discrepanoy in relstive concentrations.
Figure 5 (page 43) summarizes the information and iz pre-

saented as being typicel of the determinations done on each
sample. Pigure 6 (page 4i) shows the same results obtained

on B mixed sample of all five camples rend with the stonde

ard against the acid blank., Again,. only difference be-
tween the curve exhibited by the biosynthesized steroid snd
the authentic steroid is that of o verticsl concentration

displaocnent,
%) Infre red absorption spectra were done on &
pooled sample representing sll five incubations, on an
suthentic sample of lMerok corticostercue, and on a sample
of the desounycorticostorone. 7These spectra were made by
the Consolldated Dleotrodynamics Corporation on o Porkin-
Elmer lodel 21 double beam infrs red spectrometer. From
the data presented in Flgures 7 and 8 (pages 45, 46) it cen

9

be seen thet the sbesorption bends of the synthesi

g
o
g

suthentic samples are identical, Figure 9 (page 47) is an
infra red absorption spectrum of DOC. The region of im-
portance with respect to corticosterone lies in tle niddle

of the sbsorption bend of atwospherlic water, lLowever, a
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comparison of this spectrum with those of the steroid
samplas is wnnecessary since the double beam instrument
uged in this snslysis compensates sutomatiecally for any
water vapor present.

{5) All samples were paper chrometographed in &
propylene pglyecol-toluene aystem using hoth ascending and
descending teclhniques, simultaneously with the standerd, as
wag A mixture contalning all five samplees, to determine
both purlity snd homogenelity. The position of the sterold
was looated by staining with basie triphenyl tetrazolium
biue, and by viewing under ultre vioclet light without stein-
ing. All sample spote, ineluding that of the pooled sample,
migreted uniformly to the same posgition asg did the refep-
ence stendard, There wes no svidence of more then one spot
produced by sny of the samples. Thie sneaks well for the
homogenelity of the bicsynthetic sterold., Typleslly, the
gpots in the sscending taahﬁiqua migrated to & pesition
about one lnech from the starting line, while those in the
descending technique moved to a distence of spproximastely
one and one-helf to one and three-quarters inches from the

point of origin.

18 is
€. 05z Uptake from Hz0 Incubations

The remninder of the biosynthetlic sorticosterone was
pooled inte three ssmples for Unterzsucher pyrolyeis and

mage spectrography. The CUp obtained from pyrelyzing the



&9

los was analyzed spectrographically against a €0y
18

stendard, The expected atoms per cent O for a sample oon~-
taining no atomsper ceunt exoess Qxa ie 0.21%. A1l three
samoles were found to contain C.21% atoms per cent @159 the

xpected naturally aecawriﬁg amount, which represents no
upbake @f‘ﬂla from the ”30 enriched water by the biosyn-
thetlic cortleosteronse,

The theoretical upteke for corticosterone egynthesized
from DOC in & system conbaining 1.4 atoms per cent excess Oln
available would be 0,36 stoms per cent, or an stoms per cent

excens of 0.36 - 0,21 = 0,15, Thus, one would expect Ltha

. ie
even 1f & smell uptake of Gy Irom the solvent water had oo-

graphic snalysis, for if only & :fiz‘.}ﬁ theoretical uptake had
oceurred 1t would be reflected by ean atoms per cent excess
of 0.03, which in this range is significant. Table IV be-
low is & report from Congclidated Elecirodynamics Corporg-

tion of the masg spectrography of the derived COa.

TABLE 1V

Haps Spectrometer ﬁnalga@a
- i8
Semple ko, Gatio B6/44  Mtoms & G t Excess & O
3268-9 G017 Q.21 « 00
GOy Control 00425 0. 21

2269=0 Lo0h22 0.24 .00
C0g Control Q024 0.21

3270-9 . 00419 0.21 o UL
COpn Control O0425 0.2

® s S
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abe with Catalsse

. Experpri

The two original catslase expsriments, slong with the
five modifications made upon the original method, gave con-
gistently negative resulte, i.e., no coanversion of DUC to
sortlicosterone, Acid chromogen teste on (i) the direot
chloroform extraction residue, (2) the residue after purti-
tioning between 70% ethanol and hexane, and (3) the 5%
ethanol in chloroform washes following ocolumn chrometog-
raphy were all negative on &ll the inocubations. For this
reason no further tests were made, inasmuch as this test
is pensitive enough to record guantities of corticosterone

in the microgram reange.

E. Bxperipments with Pe:x

Bight incubations were made mﬁiﬁg horseradish peroxi-
dase, The first of these wes negative to an scid chromo-
gen test on the same residue in the first modifiecation of
the original method, & duplicate run waeg made to isolate
eny biosynthesized corticosterone by subjecting the fat
free residue to silics gel columm chromatography. Re-
sults from the two 15 ml. 57 ethanol-in-~chloroform washes
from the silica gel column were negstive., The five sub-
gequent modificsations also produced negative results by
the seld chromogen test., Paper chromatography on a run

involving modifications (1) through (4) revealed, however,



a spov ooccupying the sams position ss the spot of the authen~
tle corticosterone control; however, methanol elution of
this spot geve o negstive test for corticosterone. 4 dupli-

cate apot was eluted off and s sulfuric acid absorption

o

gpectrum taken. PFigure 10 (page 52) is a graphic presenta-

tion of this spectrum, This spectrum wasg compared with

51’33

those obtained by Zaffaroni under siﬁila? conditions
ond resembled none of them, It exhibits an zbsorption
maeximum at 290 m4 which is typieal of a steroid contaluning
aHA:,B keto graupingﬁﬁ epd a small maxiwum at 490 my, which
ig atypliesl. Further, Zaffaroni states that compounds with
only xeto groups ezhibi% & single or no absorption meximum,
This sterold exhibited approximately the same polarity

paper snd silica gel ohromatography systoms as

toward both
d1d the reference corticosterone, appesring in the same
eluent frection following columm chromatography end migrat-
ing to the same position in the propyleme-glycol paper
chromatography.

Purther reseerch into this particular section of the
problem wes not instigated as it represents, sctually, a

new problem.
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CHAPTER IV

DISCUSSION

A. Qofsctor pequirements

Fo

(1) The Roles of TPHN and Funerate

Bxperiments using adrenal mitochondrial suspen-
sions as catalysts of the 11~ O hydroxylstion of DOC by
Hayano and Eurfmaﬂle led to their postulation that en ab-
molute requirement of thie system is fumerate, DBrownie
and Grantlv, however, were able to effect the same hydroxyl-
ation through the simultsneous addition of any one of &
number of Krebs cycle acides besides fumerate, mnd further
showed that the most powerful sctivation of this system o¢-
curred with the ‘one step' oxidation of added ©¢ ketogluta-
rate., These workers explained this apparent discrepsncy on
the basis of a difference in the state of the mitochondria
and claimed that the intensively washed mitochondrial yprep-
arations of Haysno and Dorfman exhilblted & specific need
for fumarate as & result of the loss of soluble enzymes ac-
tive in the oxidation of other Ereba oyele intermediates,
Thet such enzymes smre loecelized in the mitochondria and such
a loss doesg occur is shown in the work of gchneiﬂerﬁg and

ac
Hogeboom and EKuff .

A\
)



It would appesr, then, that the observed cofmctor re-
guirements fsr the 1i-08 hydroxylation of DCC using adrenal
mitochondrial suspensions &g catalysts depend to a certain
extent on how the tissue is prepared, In confirmation of
this statement, Brownie and Gre nﬁﬁz, using delliberately
demeged mitochondris, have been able to repent the cbser
tion of Haysno and ﬂarfm&nzﬁ of the specificity of the
fumsrste recquirement, Swettsg has observed that TPN is &
necesgary addition when aged or intensively washed tlissue
1e used and further states that if fresh tissue is used the
addition of exogenous TPN is unnecessary. This would besar
out the studles of Slekevitz and ﬁott@rss, who have shown
that mitochondris contain constant smounts of bound mucleo-
tldes which are loat under @ variety of conditions.

However, despite the different cofactor requirements
noted with varying degrees of cellular alterstion, and
while these variances probably refilect an lanterdependency
of celluler enzyme constituente, three observations of funde-
mental importance concerning ii-A2 hydroxylation heve been
described: Brownlie and (rant o have shown that under no

e

conditions will this reaction take place anaerobloeslly;
Swe&tlg has shown thaet reduced TPN in conjunction with a
traushydrogensse enzyme is required; and Grant and ﬁrawni&mz
observed that reduced TPH in the presence of oxygen would
permit i1~ A hydroxylotion in the absence of any Krebs

oycle acids. These reports strongly suggest that the



55

function of fumarste or the other members of the Krebs
cycle, known to catalyze this resctlon, is the generation

of reduced Tri. That this ssemes to be the case iz borne

. 21
out by the further findings of Greant and Brownle in which
they showed that in ter soluble extrscts of acetone dried

2

mitochondrie, fumarsie was a specifle cofactor requirement,
58 was Tel. The results of these investigators suggest
that fumsrate 1s reguired for the reduction of added TPH.

‘hese workers, in addition, preoduced evideuce to show that

&
.

the reduction of WPN proceeds through fumerate via malate
: . 4 64
by the lnterveunbtion of Ochoa's malic enzyme , since pyru-
vate wag isolated from the resction mixture.

It thus eppears that thse two fundamental requiremsnis
for this engyme system consist of oxygen and reduced TFN,

2

he older view thet concomitant oxidation of a Lkrebs cycle

T

interpedliate was necessary secms Lo be explainable now as &
function in the reduction of TFhk. In this ssnse, coupled
oxidative phosphorylation would not appesr to be a iimiting
factor. These findings are remorkably similer to those of
Drodie et & - who, in 8 study of the detoxification of
drugs by liver microsomes, noted the same requirement for
TPl and oxygen., This group postulated that a logical ex-
planation would be that TPHNH is oxidized by an oxidase sys-
ter and the generated Halp subsequentiy utlilized by & per-
oxidase type enzyme to accomplish the hydroxylation n