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Abstract~~~Spectral studies of human placental microsomal q tochromcs provided cvidcnce that andros- 
tencdionc will bind either to two separate cqtochromcs or to two sites on the SIIIK cytochrome. 

Scatchard and Lincweavcr Burk plots indicated the procnce of a hindins \ite with high alfinit) and 
low capacity and a second site with a Iowcr aflinity but hIsher capacity. Both sitcs mcrc disccrnihlc 
in the presence of high concentrations of NADPH. and similar binding constants MUC obtained. The 

absorption maximum (450 nm) of the carbon monoxide complc~ of N;\DPH-rcduccd placental qto- 

chrome P-450 could be abolished completel\i by additions of IOM conccntratlons of androstcncdionc. 
19hydroxyndrostenedione or 1%oxoandrostcncdione. hut not b! high conccntration9 of I%norandros- 

tcnedione. l%nortestosterone. prcgnenolonc 01. ben~o[a]p)rsns. C‘ompounds capable of binding signifi- 
cantly to placental microsomal cytochromc P-450 appcarcd to fall into three catcgorics: (‘-IO or C-IX 

steroids. with structures similar to that of ;t11~Iro\tcncdlone OI- I’)-noran~~I-o~tenedionc: C-IX \tcroids 

with structures very similar to that of /I-estl-adiol: 01. aul~tanccs capable 01‘ li>rming ~~rrih~mochromcs. 
A large number of foreign organic compounds which produced [!~x-I handing spectra in rat livcl- 
microsome cxhibitcd either no or very minimal hlnding to placental c) tochrome P-450. Most con,- 
pounds that exhibited signilicant blnding to placental q tochrnmc P--l50 ;11so \vcrc mhihitors of rates 

of androstencdione aromatiration (aromatasc acti\it!). Important cxccptmns \scrc carbon monoxldc. 

me!yyaponc and nicotlnamide. Diethylstilbcstrol acted :I\ a reiari\cl) potent Inhlbttor of ;tromata\c 
activity but displayed no disccrniblc hindlng. Results of the \tud! \trongl! supported ;I functional 
role for placental qtochrome P-350 in the aromati/atlon rcact~on. 

In very recent years studies [l-6] have appeared in 
the literature that have verified and extended the ori- 
ginal observations of Mcigs and Ryan [7] concerning 
the presence of cytochromc P-450 in the cndoplasmic 
reticulum of human placental cells. Various properties 
of this cytochrome(s) have been described in the same 
reports. and solubilization and partial purification 
also have been achieved [2]. As yet. however. a dclini- 
tive biochemical role for placental microsomal c~to- 
chrome(s) P-450 has not been demonstrated convmc- 
ingly. although several possible functions have been 
postulated. On the basis of binding specificity, 
Thompson and Siitcri 13. 51 have proposed that the 
cytochrome may serve as the terminal oxidase in the 
conversion of androstencdionc to estrone. a mixed- 
function oxidative reaction which is not inhibitod bq 
high concentrations of carbon monoxide (CO). (In 
earlier studies. Meigs and Ryan [7] also proposed 
this Icmction Ibr the qtochromc.) The placental micro- 
somal mixed-function oxidation of foreign organic 
compounds including benro[a]pyrene [X. 91 and 
IFnorsteroids [3. 5. 73 can be inhibited readily by 
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CO. indicating ;I possible role li)r the cytochrome in 
these drug-metabolic reactions. Other investigators 
[IO. I I] ha\e suggcstcd that placental cytochrome 
P-450 ma) he functional in the facilitated transport 
of oxygen From the maternal to the fetal circulation. 
One group of workers [ 121 has postulated that cyto- 

chrome P-450 of the endoplasmic reticulum may foci- 

litatc transport of os~~gen from the cell surface to the 
mitochondt-ia. The possibilit> that cytochromc P-450 
may be observable in human placental microsomal 
fractions solely as a rcsutt 01‘ niitochondrial cross-con- 
tamination recently was rutcd out [4]. 

The purpose of the prcscnt investigation was to 
provide further inf&mation on the nature and poss- 
ible limctions of this highl) interesting cqtochromo. 
Evidence is prcscnted for the prcsencc of two or more 
CO-binding pigments in placental microsomat frac- 
tions. A Iargc hcrics 01‘ drugs and steroids was studied 
to provide further insights into the binding specificity. 
apparent relative allinit). ma\im;d spectral changes 
producible and numbers 01 apparent binding sites. 
Additional evidence M’;IS found to support our curlier 
theory [h] that the lack of obscrvablc drug-metabolic 
activities in placcntat microsomes is due. at Icast in 
part. to cxtremcl! low afinities ol’drug substrates lo1 
placental qtochromc P-450. This contrasts with ex- 
tremely hi@ atfinities for certain endogenous steroids. 
Evidence IS prcscntcd that androstencdionc and 
rclattzd steroids are cnpablc of preventing (‘0 from 
compteuing usith KADH-rcduccd placental microso- 
mal cytochronic P-350. 



I i\wcj,\. Human placentas \VCIY obtained at term 

from the dcliwr! room 01‘ the I’ni\crsit! uid Group 
Health Hospitals. Scattle. Wash. Honqcnxtss wcrc 
lmpmd ;I> dewibsd l~l-“vlously 121. M Icrc~x>lllcs 

1% 121-c prcparal b!, fir\1 witriftiginp the Iioinogenatz 

iit l-I.500 q Ihr 25 niin in an International (inodel 
H-701 rcfrigcratcd cwtril\igc in OI-dcr to minimi/c 
Inltoclloncirial cross-contalllin~1tion [A]. The micro- 

vmlal rraction then vi as s~diniented b! ccntrilllgin~ ;I( 

101.000 6, 1;)r I lir or I?\ prccipit;ition 11 itli calcium 

cliloriti~ ;ls follo\\~: :I I.0 RI solution of C‘aC‘l, \I;LX 

~ldiustcrl tc) pH 7.5 14, itll NaOH. anti 1 ml 01’ the 

C’:iC’I, solution 100 ml 01 s~ipcrnat;int was add4 to 
tlic l-l.SCX) i/ 5upcrnatant Craction slou 14 \4 itli \tii-rlnp. 

The solution ~1~ stirred lor ;III xiditional 5 111111 at 

4 Thix then \V;IS ccntrit’iigcd at X!.OoC) $1 lbr 30 min 

and ax mi~cli 01‘ the wliihlc I‘rxtion uas removed ;I\ 

poailk The pcllcts wcrc resurpwdcd in ;I solution 

contaming IO ’ M Tris HC’I (pH 7.71. IO ’ M d- 
thiothrcitol. I.1 ?‘,, KC‘1 and 5 x IO -( M (‘a(‘l, in ap- 
pro\imatcl! one-third the original volume. This wlu- 
tion Mas ccntriCuged at 73.000 (1 lix .30 min and tlic 
pcllct \\;I5 lrL!suspelldcd ill the s;1111c solutloll ;I second 

time‘ and rxentrifligcd. Procediircs Ibr prtxipitation 

also wcrc cniplowd in which potassium ziilfate. mag- 
noium siilfktc OI- sotliiim cliloridc was wbstitiita~ 01 

(‘a(‘ll. Spccilic actlvitics or tlic ;irom;1t;isc 4\stc‘iii 

\\ crc liiglwt u itli calciiini chlol-ids-pl-ccipitatcd niicro- 
x~mics: tlicrcfixc thi\ prqxir;ition Crcqtientl! \\;I\; 
111 ilki in ai/! nit asa! s and purilication proc~d~~~-~~. 

Microsomcs piwipitatcd \I itli wits. liwe\~r. \\c‘rc‘ 
Ias suitahlc ii>r 5pcctraI anal~.w\ lx~ausc 01‘ rapid set- 

tlin? in tlic cu\etta and alstl berC obtained iii ;I 

wiiic‘u hat lowci~ ! icld per g 01‘ tiwic (bet \\eight). 
For tlicw rc;~xms. micrc~somcs prep;iwt h! ultrxxn- 

ti-iliq~1tion al50 \+c’rc utilifcxi in iii;in~ of tlx anal!scs. 
Hcp;itic microsomc~ MC~C prcparcd from adult. malt. 

Spray Da\\ lc! Irat liwrs 2ccording to the rncthod 

descrhcd I?! \3;17cI [ I3 J. 

C‘/rcw~ic~,/f. Radiwcti\C cllwiical~ including [A-“( J 

androst~nedion~. [ 1-‘~(‘]testosterone. [4-‘4C‘]cstro1ie 

and L1-‘~C’]/i-cstradiol and tl1L\ corrcspondinf 

tritiated steroid\ \ccrc obtained l’rom NW F;ngl;~nd 
Nuclear (‘01-p. (Boston. M21ss.l. li)-Ouoandrostcn~- 

dionc was prcparcd according to methods dcsci-ihcd 
h\ hlcigz 
i,htaincd 

and R!:in [IJ]. Otliu ski-aids uct-c 
lj.oni Stcraloicls. Inc.. l’a\vllng. N.h 

YADP . NADPH. NADH. glucose 6-phosphate. $I- 

~0s~‘ h-pliospliak dchqdrogsnase. xxlitini cholatc. 

I-~diiced glutatliionc. wdium succinate and dietli\l\til- 
bcrtrol \hc‘rc obtain& from Sigma Chanical~ C 0.. 
Rochester. N.Y. Aminoplutethinl1~~~ and mctyaponc 
wc‘rc oht:tincd as gifts from C’iha Pliarmaccut1cal (‘0.. 
Summit. N.J. Hcwbarhital \~;Is ;I gilt ri.0111 tlic Sterl- 
ing Winthrop Rcvxrcl~ Institute. NW York N.\r’. All 

0th chemicals and solvents iitili/cd hcri‘ rcagcnt 
pradc and 01‘ tlic liiylicst purity commcrci~ill~ ;iv;iil- 

~IhlC. 



confirmed by establishing constant “H “c‘ ratios in 
three consecutiw recr\stnllizations. It is importanl to 
note that the tcslosteronc spot was radiochetnicall) 
pttre. since 2-hydroxqestrone ran wr) ~10s~ to the tes- 
tosterone spot in this system. Several spots \verc 
pooled in order to acctttnttlate sttllicicnt counts to 
provide for ;t 95 per cent stalistical contidcncc inlerval 
for each steroid. Rates of estrogen Ihrmation under 
Ihe dcscritxd conditions wrc liticar for I hr and in- 

crcaxcd litiearl~ I\ itli iticrcasitig protein coticetitru- 

ttotls. 

To determine the effect of varying CO COIICCIV 
trations on rates 01‘ arotnati~ation Or ~tndrostcn~dione 
and hydroxj Iation of heiiro[a]p!‘rcn~. appropriate 
amounts of Y >. 0, and CO \\crc miwd. and ;I con- 
tinuous stream of the gas of the daircd composition 
wits passed directly over the reaction tnixtttrc in lhc 
incubation flask. This flask was scaled except for inlet 
and otttlct +tssing nccdlcs. M icrosomes. b&ccl- and 

cofiictnrs \zcrc cqttilihratcd at 37 bvith the gas mix- 
ture for IS min prior to iniliation 0r tllc rcaction by 
addition of the appropriate substrate. N, and C-0 
\\irc dco\!gcnatcd prior to cntr\ into the 92s iiil\iiiF 
Itask b\ httl~l~ling the gases through a Gntcrcd disc 
in ii tdi (60 cm) column of ;I solution containing O.Y,, 
soditttn h~drosttltitc and O.OY’,, ~tnthraqttinoiic-~-sttl- 
fonatc in 0.1 N sodium hydroxide. All incubations 
and prtincttbatinns were carried out w.ith shaking in 
the absence or I,@. 

Analqscs of dtllcrcnce spectra \vort‘ perfortned with 
a model DW-2 recording spcctrophotometcr (Amcri- 
can Instrument Co). Each spcctrum \vas calihrntrd 
lvith ;t holmitim oxide liltor. Specific cxperimcntal 
details for variottb cxpzriments in which spectral 
analyses were performed arc given in the legends to 
ligttrcs and tables. All spectra were recorded at 6 
Concentrations of cytochromc P-450 wcrc dctcrmined 
by tttilizing the absorbance dill&-ence between 450 
and 500 ntn and calculating with an extinction coefti- 
cient of 100 mM ’ cm ’ accordiw to Ihe method 2 
of Greim [ 151. Protein concentrations wcrc deter- 
mined according to the method of Lo\\r> (jr rt/. [ Ih]. 
Ma.ximal spectral changes inducible (E,,,~,,) and spec- 
tral dissociation constants (K,) were detcrmincd bq 
tttiliration of linear transforms of the data. Dottblc 
reciprocal (Linwcaver ~&irk) plots and plots of A,,1 
concenlnttion \s concentration (Scatchard) ucrc both 
employed. 

Ptrrtitrl /w~ficYrtiorf o/’ /I/iK?rtttr/ ~~~~roC/t/Y~/ffC P-450. 
Partial purification of the placental tnicrosomal P-350 
cytochrotne(s) was accomplished bq modifying the 
procedttres described bq Symtns and Jttchau [2] and 
bq aflinitl chrotnatograph\. (‘alcittm chloride-precipi- 
tatcd tnicrosomcs (prepared as described above) were 
ttsed as the starting material in (hcsc procedttrcs. Micro- 
somnl pellets were resuspended b> gently homopon- 
izinp in ;I 0. I6 M solution of sucrose sttch that the 
final protein concentration M;I~ IS 25 tng.ml. F~I 
each ml of the solution. 044 ml glycerol. 0.20 ml 
potassium phosphate buffer (1.0 M. pH 7.7). 0.03 ml 
of 0.1 M EDTA and 002 ml of freshly prepared di- 
thiothreitol \\ere added. The microsomal sttspcnsion 
then was sonicated three times at full output (150 
W) for 20 set each with a Branson Sonifier. model 
W-185D. To each ml of the sonicated mixture. 0.16 
ml of ;I IO”,, sodium cholate solution containing IO .’ 

M but) latcd hqdroxytolttene \vas added and stirred 
under anacrnbic conditions for 30 min. The mixture 
then was centrifuged at 22.000 (1 for 30 tnin and the 
rttpcrnatant placed in ;I prechilled gradttalcd cylinder. 
To the sonicatcd. solttbilired preparation. sullicicnt 
ammonium sulfate (240 tng ml) to prodttcc ;I 4?,, 
saturnCon was added slow14 \\ ith stirring. The pH 
L+;IS maintained at 7.7 1~) adding ;I few drops of 2 
N NH,OH. The misturc then \\;Is slirrcd for 30 min 
and ccntrifttgcd at 20.000 0 for IO min. To rhc wpcr- 
natant. sullicient ammonittm sLtht~ (70 mp ml) to 
produce ;I 50”,~ saturation was added slowI! nith stir- 
ring. The pH L+;IS maintained at 7.7 with 2 N 
NH,OH. The mixture \vas stirred for 20 min and 
ccntrifttped :I( 20.0(X) g for IS min. The supernatanl 
fraction was c;tr&ll\ rcmovcd as completely xs poss- 
ible. and the prccip%ate \+as rcdissol\cd in ;I small 
\.olttmt’ of 0.01 M potassittm phosphalc hulfcr (pH 
7.7) containing 20”,, c _ ~~I\ccroI. IO- ’ M dithiothrcitol. 
5 x IO-’ M EDTA and O~OS’,, sodium cholatc. This 
resuspcndcd prcparution &as tither atial~zcd tmmcd- 
atclt. fttrthcr proccsscd or divided into small \oltttncs 
and stored anaerobically at -S5 A 3-f&l purifiot- 
tion M;IS obtainable with this procedure 

Studies on the binding of several steroids as wll 
as ;I Iarpc number of noncndogcnous compounds to 
human placental microsotnal cqtochrotnc P-450 indi- 
cated a high dcgrce of structural specificit) (Table I). 
None of the nonstcroidal cotnputtnds inccstigatcd 
produced clcarl~ obserwblc typeI diffcrcncc spectra 
in most preparations. although hcaobarbital. amino- 
pqrine and eth>ltnorphinc dtd produce \‘cr! weak 
typo-I spectral changes in one partialI! pttrified prep- 
aration. In several subsequent preparations. howc\w. 
no definitive type-1 spectral changes cottld bc dcteclcd 
at concentrat&s cxcecding IO-’ M. Dcsmeth!limi- 
pramtne. henrora]pyrene. dieth)Istilbestrol. ethanol 
and benzphctatniw at similar concentrations also 
failed to produce spectral chnngcs in placental micro- 
somcs. whereas the same compounds produced 
rcadil) observabl~spcctralchangcs in rat hcpaticmicro- 
some. Several steroids also failed to produce dis- 
cernible spectral changes in an> of the prcpal-ations 
studied cvt‘n when present in high concentrations 
(> IO i M). Included in this group were cot-tisol. 
deo~ycorticosteronc. progncnolonc. progesterortr. 
cholcstcrol. cstrone. cstriol and sodittm taurocholatc. 
Steroids which produced vcr) \vcak t!pc-I binding 
spectra inclttdcd deh!drocptandrostcroti~ 
(K, = 3.x x lOVJ MI and sodium dco\qcholate 
(K, > 10’ M). Compounds cvhibitinp inton\c t~pc-I 
binding spcctrit were close slructural conpcners 01 
androstencdionc for the most part. An imporlan t 
exception to this rule. ho)vevcr. was /I-estradiol and 
two of its hetnisttccinatc deri\atiw (Table I ). Binding 
constants obtained with these cot~~p~~~tlds wcrc highlq 
variable from prcp;ir:ilior to prepar:ttton and in wmc 
in\lancc\. no b~iid~iig could IX ~)bwr\ ccl. Hctntsuc- 
cinatc dcrivati\c5 01. andros~encdionc (substituted at 

the 6 and I7 positions) also exhihitcd rclativcl! pro- 
nounced difference spectra hith comparabl! high 
apparent attinities hut were not studied in the same 
preparation and arc therefore not included in Table 



01‘ vard~ility Ibr this capacit!. In general. NADPH 

VV:IS milch mot-c: clKxti\e than NADH as a reducing 

agent. but likcwisc cxhibitcd considerable \arlabilit> 
vchich appca~-cd rdatcd to the stabilit! 01‘ the rcduc- 

tasc. Addition\ 01’ sodium hyirosulfite to NADH- 

ot- N.4DPH-rcduccd c!tochromc P-J50 always pro- 

duced an additioiul large Incrwsc iii the conccii- 

tratiwi of rdtid c! tochromc I’--lO. c\cn though ;I\ 
m~ich as 30 min U’;IS ~tllowul liw reduction b\ the 
nnclwtidcs. NADH produwd no hlrther rcduct~on 01 

the qtochrome in the prescncc 01‘ CKXSS NADPH 
(3 x IO 3 MI. but N.4DPH normally produced ;I 

I 
-1 

x, Emax =0005I/mg protean 
\\ h,~15x10-9M 

--r 4 12 I6 20 24 28 32 
nbsorbance dlflerence (390-425 nmi x IOe3 



H tIman placental microsomal cytochrome P-450 797 

smull nicrcasc in the absorbance maximum at 450 
nm u hen added to microsomal preparations contain- 
ing high concentrations (3 x IO- M) of NADH. 

Compounds exhibiting type-1 spectral changes in 
both placental and hcpatic microsomal preparations 
exhibited much more intense changes in the placenta 
if these changes RCI’L‘ cxpresscd in terms of the cqto- 

chrome P-350 concentrations (Table I). When 
expressed in terms of protein concentrations the 
changes observed in hcpatic microsomes were slightly 
more pronounced. 

The onI\ nonstcroidul compounds that exhibited 
significant binding were those which produced type-II 
(or similar) diflrence spectra. Not all of the com- 
pounds exhibiting type-11 diffcrencc spectra were 
effective inhibitors of placental aromatase activity 
(Table 2). Mctyraponc and nicotinamide exhibited no 
dctcctable inhibitor\ effects at concentrations of 10 -’ 
M or greater. AmiliOgltltethimidc. aniline and potns- 
sium cyanide. on the other hand. were relativeI\. e&c- 
tice inhibitors. CO. which binds to ferrous hcme of 
cgtochromc P-450. displayed no inhibitory effects on 
the comersion of androstenedionr to estrogens. No 
inhibition could he dctcctcd in the presence of litnit- 

ing 0, and high concentrations of NADPH (Table 
3) in agreement with previous observations by Mcigs 
and Ryan 1141. Under identical reaction conditions 
and with the same microsomal preparations. conver- 
sion of benzo[a]pyrene to Shydroxybenzo[a]pyrene 
was readily inhibited by CO (Fig. 3). The capacity 
of CO to inhibit benzo[a]pyrene hydroxylation in 
placental microsomes was roughly equivalent to its 
capacity to inhibit the reaction in rat hepatic micro- 
somes. 

The presence of relatively low concentrations 
(< II)-’ M) of androstenedione and closely related 
steroids in placental microsomal preparations could 
completely prevent the appearance of an absorbance 
maximum at 450 nm when the cytochrome was 
reduced by NADPH (Table 4). Interestingly. sub- 
strates for placental mixed-function oxidation reac- 
tions that are inhibited by CO did not exhibit this 
effect. Compounds which exhibited no significant 
type-1 binding to the placental cvtochrome likewise 
did not produce the effect. Addiiion of androstene- 
dione to both the sample and reference cuvettes also 
eliminated the absorbance maximum at 450 nm sub- 
sequent to reduction with excess NADPH and equi- 
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and Icatoslct-one ~indergo ai-omatization cataly& at 
separatr w/ryme sites. and of Mcnini and Engel 1 IX]. 
who suggested that androstcnedione is the primar\ 
suhstratc for the aromatization reaction. Two popula- 
tions of binding sites could indicate the prcscncc of 
two sites on the same molecule or of two separate 
CJ tochromcs. The latter possibilit! would swn the 
more probable but the former has not been ruled out. 

Obscr\ations on the placental hqdrox~ Iation of 
ben/o[a]p\ rent pro\ ide an additional supgcstion 01 

multiple c~tochromc~ P-450 in plac~ii~al microsomes. 
Inhibition 1~) C‘O of this mixed-function oxidation 

implies. hut dots nol pro\c. the involwmcnt of c! to- 

chronic P-450 in the rcxtion. Lack of obscr~~iblc 
binding of bai/oLa]p> rcnc to placental micrnsomal 
q~ochromc P-450 (as dctcrmined with tan&m 
cu\cttcs XCOI-cling 10 mcthod~ dcscrihed b! .Iakobs- 
son (‘f i/l. [I(]) 3s ~4~11 25 lack of an\ correlations 
hct\\ ecn ar> I h~drwtrbon hydro‘i; I& act i\ it!, and 
cgnwitrations of cqtochromc P-430 or positions o( 
speclral m;i\ima [4] indicates that if 2 cvlochromc 
P-450 (or P-J-IX) is in\olwd. it ma> consktutc onI> 

;I wr> small li’action 01‘ the total prcsunt in placental 

microsoms~. 
A so111c\~11at clusi\c /i-cstradiol-binding C! to- 

chronic P-450 map rcprcscn( still another form of this 
placental microsomal pigmrnt. Its ;ibsence from some 
preparation\ that cshibited stray androstcncdione- 
binding \pcc(ra speaks for ;I separate cytochrome 
(\vhich also exhibiwd greater lability than the andros- 
tcnedion~-bincling form). /I-Estradiol undergoes wri- 

able rata ol’h!dro\~lation at positions 2 [X 211 and 
6 [22. 231. and it wems fcasiblc that ;I c>tochromc 
P-450 Lvhich binds /i-cstradiol could function in those 
reactions. Binding of the estrogen to placental cl to- 
chrome P-450 could suggest ;I possible negative fwd- 
back on the aromatization reaction. The studies of 
Sch\varxl (11 crl. [23]. ho~cvc‘r. tend to rule out an> 
negative feedback role for cstrogcnx. 

Elimination of the NADPH-dcpendcnl absorption 
maximum at 450 nm h) prior or subsequent additions 
of IoR concentrations of androstcnedionc. I C)-hydroxy- 
androst~n~dioii~ or 19.osoandrostclicdionc appears 
to proCdc ;I rcasonahlc criplanation for the lack of 
inhibition of;~romat~c bq CO. This hypothesis stems 
particularly attractive since subscratc‘s Ibr CO-inh- 
bitcd placental niiucd-fllncti~)n oxidations did not 
exhibit this clfcct. Such ohscr\ations ma! rcmow the 
last serious ohlcctions to earlier suggestions rcgardinp 
the functionalit) of placental microsomal cytochrome 
P-450 in estrogen biosynthesis from cndogenous 

androgens [S. 71. Details of these phenomena M ill be 
published ols~\\hcre. It is intercstinp 10 note. however. 

that Bcrghcim CI LI/. [I ] reported that steroids could 
modif! the dillk3icc spectrum produced 1~~. met!ra- 
pow. poqsibl> d~placing it from binding. A poss~blc 
explanation for thcsc kinds of obscrvcd spectral 
changes is based on considerations of interactions 01 
carbon monoxide with polo mcrs of c!tochrome C’ 
[Xl. It is suggested that the binding 01 androstenc- 
dione or similar structuralI> rela(ed steroids to pla- 
cental microsomal c~tochromc P-450 ma> produce ;i 
conformational change in the apoprotsin H hich 
results in ;i chary in the reactivity at the sixth ligand- 
ing position. This change could then pre\enl C‘O from 
binding to the haw as well as displace prcviousl! 

bound CO. C‘arcliil studies \vill be required to verify 
this hypothesis. If the obscrvcd spectral changes truly 
represent ;I change in the availability of the sixth 
coordination site for CO. xi important question 
which remains concerns the capacit> of 0, to bind 
to the same siie. Preliminary studies presented in this 
Irc’port (l-‘ig. -l) tend to indicate that placental micro- 
somal CL tochromc P-450 possesses ;i relatively 10~ 
:illinit> ior C’O in fhc prcscncc of small amounts 01 
O2 following reduction with NADPH. Quantitativt’ 
cll&Ys of ~indrclstcnodionc on the relati\c afinitics of 
the c! tochronic for O2 1’s C-0 rt‘main to bc invcsti- 
gatcd. It is kno\\ n Lhat r&tivc atIinities of CO vs 
0, cm wry marhcdl! among hcmc proteins and that 
such allinitw can hc altered considerabl!~ 1~~ the prcs- 
cncc ol‘uthcr substances. Cc. organic phosphates [Xl. 
It should bc notctl. ho\vevcr. that low concentrations 
of androstcncdionc could complctel! sliminatc the 
;ibsorb;mcc ma4imum at 450 nm. cwii in the presence 
of dco.x~gcnawd CO. Also. it is of significaticc that 
thy abwrplion mauimum was much less rcadil! dc- 
crcascd in the prescncc of dithionite. In sonic di- 
Ihionitc-rcduccd prepar~itions.cvcn highconcentrations 
(> IO- ’ M) protluc~d little effect on the absorption 
at 450 nm. After reduction with NADPH. howcvcr. 
the absorption maximum consistcntl) was abolished 
complctcl) with low concentrations of androstene- 
diow ( < IO _ M). Although Thompson and Siitcri 
[_‘I have suggested that lack of inhibition of aroma- 
tasc iiia~ lx explained in terms of 2 low clcctron flux. 
it now wcms more reawn:tblc to brlicw that lack 
of inhibition ma\ be due to displacement of CO from 

the cytochromc by ~lndrost~ncdioli~~ LZ hich not-mall) 
is present in reaction \~cswls in relati\cl> high con- 

ccntrations (> IO- ’ M). (WC MCI’L’ unable to observe 

inhibition at ~lndrostcnedion~ concentrations of 10~ (’ 
M and at IoMer concentrations the substrate is de- 
plcted rapidl?.) Displaccmcnt could occur as ;I result 

of an allostax transition as suggested abo\c or could 
bc due to ;I \er1 rapid Iroouidation of the ferrous cyto- 
chrome to the ferric f~~rm. Additional research will 
bc required to resolve this question. 

It should 1~~‘ rccmphasired that considerable caria- 

bility in certain measured parxnctcrs was observed 
bctkvcen placentas. This was particularly noticeable 
in mcasura~~t‘nts of K, \ulucs. quantities of KADPH- 
rcduciblc CO cytochrome P-450 complex. and bind- 

ins with /i-cstradiol. In addition. 15~‘ also observed 
variability in the tycs of spectra produced with 
3.6. I7-androslcnctrione. In most preparations [4] we 
observed classical type-f binding spectra with v;uiable 
intensity and high apparent afIinit>. In two olhers. 
however. wc obscrvcd diffcrcncc spectra with absorp- 
tion minima nt’;ir AS.? nm mid m:i\;ima nc;ir 4 I3 nm. 
In both of the latlcr caws the preparations had been 
solubilircd and partialI\ purified. but no such 
phcnomcnon was observed in two other similar prop- 
arations. WC obscrwd no dclinitivc correlation 
betwon the intcnsitics of the absorbance maxima of 
the CO vs androstcnedione complexes. in contrast to 
data reported by Thompson and Siitcri [5]. Andros- 
tcncdione could produce wry high values cvcn fol- 
lowing 70 HO per cent con\crsion of the CJ lochromc 
P-450 to P-120. 

Further signilicant progress in the resolution of the 
above problems and hypotheses probably will require 
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