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<chlorotyrosines. Under strong oxidative conditions both may be formed together
with chlorobromotyrosine and further oxidation products, which migrate relatively
slowly on ionophoresis at pH 1.85.

This loss of tyrosine could be avoided in our experiments by the addition of
sma!l amounts of cempounds that are readily oxidized, e.g. thiég[ycollic acid, or
halogenated, e.g. phenol or hydrazine (Fig. 2). These additives may prove generally
useful in preserving tyrosine during acid hydrolysis.

We wish to thank Mrs. G. Jupn for assistance with the ion-exchange chroma-
tography.
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Loss of the 4-f hydrogen in the conversion of [4-§-*}4] cholesterol
to cortisol by the guinea-pig adrenal gland homogenate

The conversion of pregnenolone to progestercne, considered one of the principal
reactions in the biosynthesis of cortisol from cholesterol, has been shown to occur
in perfused beef-adrenal glands? and in adrenal-gland slices®. It has also been effected
by two bacterial enzymes acting consecutively: an NAD-linked 38-ol-43-steroid de-
hydrogenase which oxidizes the 38-hydroxy to a 3-keto group?, and a 3-ketosteroid
45-4% isomerase (steroid 4-isomerase, EC 5.3.3.1) which shifts the double bond from
the 5-6 to the 4-5 position, a process that involves an intramolecular hydrogen
transfer from C-4 to C-6 (see ref. 4).

With the aid of cholesterol labeled with tritium almost exclusively in the
B-position of C-4, by the procedure described by IRELAND ¢t al.5, we have studied
certain aspects of the mechanism of 45-3-ketosteroid isomerization in the intact
guinea pig. Animals that had been fed a mixture of [4-'4C]cholesterol- and [4-8-*H]-
cholesterol for 10 days excreted [4-C]cortisol and 68-[4-**C]hydroxycortisol con-
taining negligible amounts of 3H. Since guinea-pig urine is alkaline, and the ethyl
acetate used to extract the steroids was washed with 0.1 N NaOH, the possibility
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existed that, if tritium had been present on C-4 or C-6 of these two steroids, it was
lost during their isolation. Because of this possibility, we studied the conversion of
a mixture of the two labeled cholesterols to cortisol by a guinea-pig adrenal homo-
genate®7 in a neutral buffer. Cortisol was isolated under neutral conditions. The
results shown in Table I are in harmony with those recorded above with the intact
guinea-pigs. The added cholesterol with a disintegration/min ratio of 3H to 4C of
1.97 was converted to cortisol with a ratio of 0.04 (Column 4). The constancy in the
values for the 4C-specific activities of the isolated cortisol {Column 3) is strong evidence
for its radiochemical homogeneity.

The residue from the methanol eluates of blank paper used for the chromatog-
raphy displaced the tritium pulse spectrum giving rise to a higher count rate in the
upper window of the liquid scintillation spectrometer. Because of the losses incurred
in the purification of the cortisol, less paper was involved in the elution of the cortisol
in the later steps, and this probably accounts for the declining tritium values shown
in Column 2. It should be noted that the labeled cortisol acetate was practically
devoid of spurious tritium counts after its crystallization.

Although the conversion of cholesterol to cortisol is brought about by a number
of enzymes acting at different points on the sterol molecule, it is logical to assume,
in keeping with current concepts of cortisol biosynthesis, that steroid 4-isomerase,
which is concerned with altering the atomic configuration of pregn-5-ene-3,20-dione
at Positions 4, 5 and 6, is responsible for the loss of the 4-8 hydrogen. Tentatively
then, this enzyme, in the adrenal gland, may be envisaged as effecting either of the
following atomic and electronic sequences:

e e,

A mechanism somewhat analogous to that shown in sequence A has been postu-
lated for the enzymic isomerization of isopentenyl pyrophosphate to dimethylallyl
pyrophosphate?®, The mechanism of this double bond shift has been elaborated by
AGRANOFF ¢f al.!. Sequence B involves the addition of a hydride ion to C-6 and loss
of a hydride ion at C-4. The possible enzymic reduction of the carbon double bond
of a-B-unsaturated ketones by hydride-ion transfer is discussed by NoRrcross ef al.1®
and by CORNFORTH?3,

Other expianations for the findings shown in Table I may be suggested. For
example, chemical enolization could have resulted in loss of tritium from position
4 of pregnenolone or from the 4 or 6 positions of cortisol. But chemical enolization
of a steroid generally requires an acid or alkaline medium. In this study the incubation
and the isolation of the cortisol were carried out at pH 7.1. The labilization of tritium
from pregnenolone or cortisol could, of course, have been brought about by an enzymic

Biochim, Bivphys. Acta, 71 (1963) 471 474



HORT COMMUNICATIONS

) o H(U'P€E€ia9'T) jaojem
— [ouRYIOW — 13 wndponad — oudzuag 1) waisss 5100413 audpddord-suanioy 1 wagsde +(Sz:€z:08) PIEN — [OUBYIOW — dU0ZUI] Y WH)SAG .
SHUNIOS JOIPUTWLISIP 1om0] pue 1addn ay3 1o} papioaar spunon ) 03 19O 2 PUR I PuuRy) .
‘aInIXIW proe
SPIOUD PA[ABL O3 WO INO PILIRD SEA ORI SH} JO UOLRUIULIBIEP IYF, .

DIV =IO UE WIOIY IDINY PIZIRISAIO0T Uda PRy JRYI SIPHUOIGIP J0IO%:

8w 0'S pajunoy * S1z-.S'rrz drwm
‘01PUAN[O} - AUBXO( WOLy PAzZI[eISAL) 03L3808 [0S7I00
PAPqej-uou jo 3w £2°6¢ 03 poppe pue pone (8w oz'x)

[ ogof g1 23e3a0e [0S0 *, | ) weysAs ut Aydeiforewonyo y-z1 °§

Pajunod pue pyng (Jur z6°1)
170 ot6z fog 93B3 (0810 *, ¢ we3sAs ur AydeiSoyewonyo y-L1 ¥

o €1 pajunod pue roded woly paynpo (Sur L-1)
of 19 o 1€ 1901 23e390% [0S0 ©, | 5 weyshs ut Aydesdoreworyd y-z1 €

® PojeI£190€ pue NN [CS[3I0)) “I0jRI LIS
aAownr 03 g woals..s ur Aydeidoyeworyd y-L1 -z

z1 {1
.wm s 0z°0 DIjuno pue paynpa [osp0) | v woysss ur Ayderfoyeworys y-z1 ‘1
JT—— S
s SO HIOOUPISIINSIP [ SHONRSIMSIP Dyr SUCHDASHUISD He
appuaioroy asary T o .%::gnﬁ::fv:ﬁﬂ? o dais wormnfung

Jusagos Suzpeno;)

*cteoaf popost josizeny

“gPt {32 ONBI-JOTRLIWLISIP Y3 Aq PIRMI[EI dIdM UTW/SUOT)eIIoRuISIp
Jr PUT He “(GIF1€ 19po1y) 1930wo3aads uoneiaubs prmbl| pleyoe] € U0 IpBW A10M SIUdUSINSeIul dapeoIpRI pue ‘sozexojdusydip-€'z jo Sw St
Sutare3uod auan(o3 Jo [w o-C1 pur SURNOIP JO [ 0'7 Ul paA[ossp 31w sajdueg saded 1 cON urmEYA\ POySEM - [OURYIOW UO paydeifoyeworyd sea
SMPISAL A} PUT 'WANIEA IIPUN SSIULID OF PA|IHSIP UIYD ST [OURYIOW snoanbe ay 1, ~10y3d wnofosyad jo sown(oa [enbo Yim sowry € pajdeIIxa uayy sem
JouBy3oW snoanbe ayy, Ia3en ©5 0f pue [PULYIA % 0l Jo FuNSISUOD UOHN(OS © UL dn 1Y SBM ANpISaI oY ], ‘0nIve %2 sSOUAIp 03 PA[IISIP pue ‘ajeyins
WRIPOS SNOIPAUUE 1010 PALID "I0ITM ILM POYSEA 212N SIOBIIXD PIUIGUIOD JY T 93LIIIE [AYPO YITm SoWn € PIJORIIXG 210A PUE I31BM UIIm PaIn[Ip alom
SOINIXIW YIOf] UOHTGNIUL DYY JO PUD Y3 JE {STY Y213 03 PIPPE sem (Jw 0°€) (0513109 J0LLIE)) “[OI}10D © SE PAAIDS SUOBIPUOD JWIES O} IOpUN S[019353[0Y
Pa12qe[ 93 Yirm pajeqnout sjeuafowoy 1aal] paftoq v paduzyoun seam 1-Z 9jeuaSowoy ay3 jo Hd rerjur oy ‘uof4xo sopun oL€ 38 uoneqnour Jo y =
193y 100418 sudlidord jo [w 170 ur paajossip yioq ‘[019389[0Yd Oy-+] Jo 1 £g0 pue [0133s910d He-g-+] 30 D7 S9°1 ypm paxrw sem juejeisadns oYy
‘Ut 9105 § X 00/ 3€ UOHEANILIIU0 1035y eIRWNG [{ S00°0 SUTUIEIU0d glaynq Joyongg Jo [ by yim paziuadowoy a1aa spue(d [euarpe ajoum jo § z-F

ALYNIOONOH TYNINAY DI4-VANIND A€ T0SIL¥0D M-t 03 _(L6°1 = Jy/H, TOYALSTTOHO Heg-g-+*Dpp-¥] 10 NoO1SHEANOD
I 47dvL

Biochim. Biophys. Acta, 71 (1963) 471374



474 SHORT COMMUNICATIONS

reaction as yet unknown. The mechanism presented here, however, is in line with the
current concept for the biogenesis of cortisol.

The capable assistance of Mrs. B. A. MUELLER is gratefully acknowledged.

This investigation was aided by a grant from the United States Public Health
Service.

Note added in proof. We recently found that acetone-washed beef adrenal mito-
chendria convert [4-1C, 4-B-*H]cholesterol to pregnenolone with tritium retention
and to progesterone with loss of tritium. These findings support the view that steroid
A-isomerase mediates the tritium loss from pregn-5-ene-3,20-dione.

(Received March 5th, 1963)
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SC 2225
Gas-chromatographic identification of progesterone

in human pregnancy plasma

Methods for the microquantitative detection of steroids have improved greatly in
recent years. The association of thin-layer adsorption and gas-liquid chromatography
offers the advantages of rapidity, simplicity, sensitivity as well as specificity. In the
present report evidence is indicated that progesterone can be qualitatively detected
in peripheral plasma by gas-chromatographic techniques.

A Research Specialties gas chromatograph (model-600) equipped with a hydrogen
flame detector was used in association with a 1-mV recorder. Three columns were
packed and prepared according to the methods of HORNING, MOSCATELLI AND
SweELEY?. The use of a solids injector device? allowed for the introduction of 1-30-ul
aliquots of sample without significant solvent interference. The latter was kept against
the “flash heater” (330°) for 30 sec.
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