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Average M

concentration

required to Equipotent W

Compound depolarize to 45 mV ratio

Acetylcholine 5 X 10-8 1
Acetylthiolcholine 3 X 10-3 17
Acetylthionocholine 5 X 10-° 1.7

enzyme formed during the hydrolysis of either AeCh
or AcSCh.

Electric eel acetylcholinesterase was used for these
studies. The K, of the thiono ester was found to be
6 X 10— M, compared with a K, of 1 X 10~*for AcCh
and 0.6 X 10~%for AeSCh. The 174, of the hydrolysis
of acetylthionocholine was significantly lower than that
of AcCh or AcSCh,

Experimental Section

Acetylthionocholine Bromide.—Na (200 mg) was dissolved in
5.0 g of 2-dimethylaminoethanol, followed by the addition of a
solution of 8.0 g of ethyl thionoacetate!® in 100 ml of toluene.
A slow stream of N, was passed into the niixture which was heated
at 97-98° for 2 hr. The reaction mixture was concentrated
in vacuo in a 50° bath. The residue was acidified with 5 ml of
concentrated HCI in 70 ml of ice-cold H:O and the niixture
was filtered. The filtrate was extracted with 200 m! of Et,O to
remove unreacted ethyl thiotoacetate. The aqueous layer was
shaken with 35 ml of ice-cold saturated Na,COj;, followed by
extraction with 40-ml portions of Et.0. The organic extracts
were washed with H.O and dried /Mg.SO,).  Addition of 2.0
ml! of MeBr to the Et.O led, after refrigeration, to the formation

(18) U. Schmidt, E. Heymann, and KX. Kabitzke, Chemn. Ber., 96, 1478
(1963).
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of 2.4 g of light yellow crystals. The product was recrystallized
from 2:1 Me,CO-EtOH; mp 151-152°;% uv Amss (EtOH) 237
my (em x 8440).

Anal. (C;H,,BrNOS) C, 34.71; H, 6.65; 8, 13.23. Found:
C,34.81; H,6.68; S, 12.82.

Acetylthionothiolcholine Bromide—This compound was ob-
tained in 209 yield by the reaction of 6.0 g of 2-dimethylamino-
ethanethiol and 8.0 g of ethyl thionoacetate in toluene followed
by quaternization with MeBr. After three recrystallizations
from EtOH the product melted at 169°; uv (EtOH) Amax 298
mu (emax 7830).

Anal. (C'[H]GBI‘NSz) C, H, S.

Depolarizing Activity —The depolarizing activity of acetyl-
thionocholine was measured in the isolated single cell electroplax
preparation, using cells from the electric organ of E. electricus. %!
Eserine was added to prevent hydrolysis by acetylcholinesterase
present in the tissue.

Hydrolysis by Acetylcholinesterase —Highly purified electrie
eel acetylcholinesterase was used for these studies. Enzyme
assays were carried out titrimetrically, using a Radiometer auto-
titrator. A constant pH of 7.5 & 0.02 was maintained during
enzymatic hydrolysis by the automatic addition of 0.01 & NaOH
to neutralize the acetic acid produced by substrate hydrolysis.
Initial rates were used, the rate being constant for at least 2 min,

Acknowledgments.—We are indebted to Mrs. Eva
Bartels of Columbia University for the electroplax
assays and to Professor David Nachmansohn of Colum-
bia University for a gift of the acetylcholinesterase
used in these studies. This work was supported by
grants from the National Science Foundation (GB-
6835) and the National Institute for Neurological Dis-
eases (NB-07835).

(19) The melting point was determined with a Gallenkamp melting point
apparatus and has been corrected.

(20) E. Schoeffeniels, Biochim. Biophys. Acia, 26, 585 (1957).

(21) H. B, Higman and E. Bartels, ibid., 54, 543 (1962).
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Nineteen thyroid hormone analogs were tested in an in vitro cholesterolgenic liver homogenate system ob-

tained from rats.
mone analogs to the system.

HC-Acetate was used as substrate, DMSO was used as a solvent for adding the thyroid hor-
Of those compounds tested, L-triiodothyronine, n-thyroxine, pi-triiodothyronine,

and pL-3,5-diiodo-3'-phenylthyronine at 1.0 X 10~* M inhibited cholesterclgenesis from 4C-acetate substrate.

No effect was elicited by Ty or Ty when mevalonate was substrate.

These studies indicated that the 3’-I or a

bulky 3'-Ph associated with either p- or L-thyronine is necessary for inhibition of in vitro cholesterolgenesis. The
D isomer is more active than the . i~omer in this system. The need for higher than physiological levels of the
thyroid hormones (tritodothyremine or thyroxine) in this system is in part a result of the nonspecific binding of
the hormones to inert proteins in the honiogenate system. When enough hormone is present to saturate the
binding sites on the inert proteins the remnaining hormone binds to active proteins contained in the microsomes

resulting in an inhibition of cholesterolgenesis.

The alteration of blood cholesterol concentrations
associated with thyroid function is well known. The
hypocholesterolemia associated with thyroxine ad-
ministration is attributed in part to an increased con-
version of cholesterol into bile acids which overrides
the increased cholesterolgenesis caused by thyroxine.!
In thyroidectomized animalz a decrease in the level
of B-hydroxy-g-methylglutaryl-coenzyme A reductase
(HMG-reductase) occurs whereas the administration
of thyroxine increases the levels of HNG-reductase re-

(1) D. Kritchevsky, Metabolism, 9, 984 (1964).

sulting in increased cholesterolgenesis.??* In addition
to the studies above, a new parameter was recently re-
ported in which the addition of L-triiodothyronine (T3)
and L-thyroxine (T,) to an 4n vitro cholesterolgenic rat
liver homogenate from euthyroid rats resulted in de-
creased cholesterolgenesis.* The studies presented here
are an extension of those studies and indicate that a
structural specificity similar to that of T3 and T, is

(2) W. Gruder, I. Nolte, and O. Wieland, Eur. J. Biochem., 4, 273
(1968).

(3) F. A, Gries, F. Matschinsky, and O. Wieland, Biochim. Biophys. Acta,
56, 615 (1962).

(4) C. D, Eskelson, Life Sci., 467 (1968).
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genernlly necessary for the decreased cholesterolgenic
response.  Evidence isx presented indicating that the
hormone response resides primarily in the microsomos
and that the response oceurs only after all the Ty or T,
binding ~ites on the soluble protehns and most of the
binding =ite= on mierosomal protehns ave satisfied.

Methods

The methods have been deseribed earliert and coun-
izt of 1 broken cell preparation of liver econtaining only
nicrozomes and the soluble cellular fraction prepared
with modification according to the procedure of Bucher
and MeGarrahan”  Either MC-acetate or C-me-
vialonate was emploved as substrate.  Cofactors and
pH 7.0 phosphate buffer described by Knauss, ef al. f
were also added to the enzymie system. All of the
thyroid analogs were added to the system in 0.2 ml of
DMSO.  The final total volume of the sy=tem was ad-
justed to 5.0 ml and ineubated for 1 he in o water bath
miintained at 37°. The de noro <ynthesized cholesterol
wits isokated from the system by extraction with petro-
leum  ether aud preeipitation with tomatine. The
radiometrie determination wax made aceording to the
procechure of Wabara, ef al.’

The disintegration rate min (dpm), mean, stan-
dard deviation (std dev), and student “t" tests be-
tween medns were eommputed by an IBM 1620 computer.
The tabular and graphieal representations are expressed
ax the average of four determinations = the standard
deviation.  Ouly P vahies equial to or greater than 9867
level were accepted as significant.

Many of the enzvme preparations used i these
studiex were stored up to 7 weeks at Dry lee tempera-
turex which doex not alter enzymic activity in this
sy=tem.®

Experimental Section

Ty and T4 Binding Studies.-—"I'lie hinding of Ty aud Ty 1o the
protetux and microsomes i the euzyvinie svstem was delermined
in the regular incubation wixtre containing nonradioactive
acetate substrate.

The thyvoid hormones were added 1o the liver homogeumie
svetemn at 1.0 1073 1.0 X 107, and 1.0 X 107 A, with a
fiual Ty conceniration of 4.4 X 1078 3 aud a final Ty conceniva-
tion of 4 X 1079 M. There were 5.86 uCi of radioaciive Ty aud
5.68 uCli of radioacrive Ty i1 the respective flasks,

The <tndies were done i duplicate by tneubaring the enzymie
sy=(eln coutaining rhe varions concenrrutions of hormones for 1
L. Iuch flask’s conrenrs was cooled 10 ice {eniperatures ard
thien teansferred 1o individiual centvifuge rubes by rinsing with
6wl of 3:1 HO solution-pH 7.0 buffer. The =olution wux
centrifuged al 0°, 104,000¢ for 30 min and the supernarant
wus pored off and diluted 1o 15wl with TLO. - The =upernatam
wis allowed to drain for 10 win from the microsome bhutiouw in
the bottom of the ceutrifuge tube.  The microsomes were theu
diszolved in 2 ml of H .V NaOH. Thixxolution (I ml) was counted
ina well-type =cimillation counder as was 1 ml of the diluted
supernatanr,  To 1 ml of the diluted =npernatant was added
2l of 0.6 N HCIO, and the protein buiron obtained by centrifu-
gation.  The excess supernatant fluid was allowed to drain
from the protein biiton for 3 min.  The radioactivity in the
protein binton was determined by meanns of a well-type scintilla-
tion counter.  The values in Figurex 3 and 4 are expressed ax

30 N LU RO Beeher and Ko MeGarrahan, J. Biol. Chem., 222, 1 (1956).

() J. 1. Knauss, J. W. Porter, and G. Wasson, 7bid., 284, 2835 (1959).

17 J.J. Kabara, 1. T, McLapglhlin, and C. A. Riegel, Aral. Chem., 33,
305 11011,

iRy O DL Eskelson, P, Thesiz, Vniversity of Nebraska, Lincoln.
Neblan 1947,

Vol. 13

the per cent ol the toral radioancerive s or Ty added 1o the o
ZVINIe =yElell,

Determination of Thyroid Hormone Site of Action.—To deter-
mine the site of action of the thyroid hormones 1 thiz system
Hcote wax nsed s osubsirave, The experiment wus cob-
dinred nsing nine groups. The enzy e pool diver hormogenute:
wits divided o three equal volumes. To the eoneol enzyine
pool wis added DoF 1wl of DMSO ml of enzymie =oliion. To
the secoud enzymie pool was added 0.8 utl of DNMSO 1l of enzy e
=olition aud cotaainiug enongli =Ty <ot the final coneentv-
tion i the ctzyvime mixire s 2.5 X 1070 W0 To the thivd
etzyine pool wax added 0.1 nd of DASO nd of enzyvine =olinion
and conrniniug enough 1-T <0t the final concenreation in the
cuzyie nuixtire = 2.5 X 10 These enzyiuie pools were then
icnhared for 1o o ar 37° and then rapidly cooled to 5% The
nierosomes sud soluble proteins were next =eparated brom ench
pool by centrifugarione ar 09 and 1 104,000g. - The microsotnes
frowe GO il each of the pretreated Lonogeiite were restuzpended
i 20 b of a o dilorion pl 705 phiosphiste tenbation hatfer
with 1L, Crossover studies asing microsomes ¢ M1 wlhich were
pretresied with DM=R0O, those pretvenved with t=T¢ Mot and
those pretreaterd] with LT M) were done by adding the vavions
<oluble enzytues whicl were obtaived front the pretreated cn-
zyvtnie pool, Ce., those soluble enzytues 1155 that were prefveated
with DMSO, with 1-Ty(Bg s and with =Ty Evc The firs
aranp which =erved ax the conrol group contained et =anmples.
The venuiining grosips ench consizred of fouwr satples,  To e
=atuples of the fiest; <econd, and thivd groups was added 1l of
the niicrosomial <u=pen=ion from the enzyiiie prepavtion pres
trestted with DRSO

Tothe =atuples of the test, =econd, nud third gronps wus added
2l of thie erzyvine =olinious which were pretreated witle DMSO,
LT and n-Ty vespectively. To all of the <amples of groups 4, 7,
and Gwasadded Fd of wierozomal =uzpension obrained frot the
etzyvatie pool pretreated with -1 To thie saples of the
fonrth, fitth aod <ixth gronps was added 2 ml of enzyvine <olu-
tions which were pretrented with =Ty, t=Ty nnd DMSO, respec-
vivelv. To all of the =amples of groups 7, 8, and O wax added |
ml of nderosomal ~oliniorc obiained fromn the enzymice pool pre-
teestred withe =Ty To the =atmples of the =evely, eighth nd
ninth groups was= added 2 il of enzyine =olutions which were pre-
treated witly w121y and DMSO, vespertively,  The resulis
ave expressed us described evlier rsee Table TV,

Results

The deeveased rate of cholesterolgenesix by Ty =
ilhustrated in ligine 1. The complete system using
acetate ax substeate with DAMSO added ax 2 control
proceeds with a linear rate, after a 1i-min lag. 1t 1=
helieved that the tag ix due to the equilibration of the
system to substrates, temperature, ete. Ty added at
1.0 X 10-* 3/ depresses the rite of cholesterol synthesis
to abhout H0%. of its normal rate.  No inhibition ix ob-
served in the cholesterol biosynthesis system with T,
when mevalonate i< used ax substrate (Table T).

The inhibition of eholesterolgenesis from acetate hy
Ty i~ proportional to the added Ty coneentration.  lig-
ure 2 depicts the sensitivity of Ty's imhibition s begin-
ning at the level ot 2.5 X 10-* /.

The result= of the binding experiments are shown
Figures 3 and 4. It was previously reported®? tht
Ty 'T'. and other thyroid analogs bind to subeelhilar
components=: microsomes, mitochondria, soluble pro-
teinx, ete. Ty i< bound to both microsomes (M) and
soluble celhilar proveins (1) of this system. The rela-
tive binding of the two fractions for Ty varies with the
T; concentration: for the microsomes, the per cent bind-
ing of the total **'1I-T added to the enzymic system in-
creases from 3267 at 4 X 10 1/ to 619 at 1 X 10— 2,

@) J.R. Tala, L. Frnsier and 1 M. Saranyi. Biochim, Biophys. et 80,
480 (1962).
(105 103 Tata. L. Erpsrer, and 1. M, Snranyi, 1bid,, 60, 461 11062,
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Figure 1.—The time course of *C-acetate incorporation into
cholesterol and the effect of vr-tritodothyronine on cholesterol
svtithesis. The ordinate represents corrected DPM observed in
the isolated cholesterol tomatinide. Each point of the curvesx
represents the average of four replicaies = the standard deviation:
control line (@); Ty line (9).

whereas the percentage binding to the protein fraction
decreases from 449, to 89, at the respective T; con-
centrations.

In this system most of the T, binding sites on the
soluble proteins are saturated at 1 X 10—3 M Ty, since
the total T, bound to the proteins drops off signifi-
cantly at this hormone concentration. The data for
T, binding in Figure 4 are generally similar to those for
the T binding curves. T, binds to both microsomes
and the soluble proteins, the degree of binding varying
with the T. concentration. However some differences
are noted. At 1.0 X 10=3 3/ T, and Ts, 309, of the T,
and 159 of the T; are bound to soluble protein, whereas
529, T, and 609, T; are bound to the microsomes, re-
spectively. The binding of sodium radioidide to the
soluble protein and microsomes was also studied in this
system. At a Nal concentration of 1.0 X 103 3,
1.8% of radioiodide was bound to microsomes; 5.1
was bound to the soluble proteins; and 93.09, was
found in the supernatant fluid. The high levels of
binding of T3 and T, to the microsomes plus the very
low level of binding of radiciodide to the microsomes
lends credence to the metabolic stability of the T3 and
T, in this system. Tata, ef ¢l.,? in their studies have
shown by chromatography that 76-839 of the radioac-
tivity present in the various subceltular components is
undegraded T; and T,.

The 19 thyroid hormone analogs were tested in the
standard system using '“C-acetate as the precursor.
These results are expressed in Table I.  Also tested was
the effect of T, p-Ty, 1-thyronine, and pL-T; on cho-
lesterolgenesis using *C-mevalonate as the precursor.
Because of the limitations of the number of samples
to be assayed, the testing had to be conducted in a
series of four experiments. In each case a group of
samples to which T; was added was included to compare
Ts's action for that preparation with the other analogs.
All precursors were tested at 1.0 X 10~¢ M concentra-
tion. Experiment 1 indicates that the solvent, DMSO,
used for dissolving the analogs enhances cholesterol
synthesis from acetate but not from mevalonate. This
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TaBLe I
Tuar EFrect oF VarIOUs THYROID ANALOGS
ON in Vitro CHOLESTEROLGENESIS?

From From
HC-acetate 1sC-mevalonate

Group Additions to the substrate, dpm == substrate, dpm =
No. enzymic system std dev std dev
Expt 1
1 Control 2388° 185
2 0.2 ml of DMSO 4006° 180 18,977 895
3 L-Ts 21174 186 18,872 507
4 p-Tq 26387 915 18,717 739
5 L-Thyronine 5228 1318 19,428 937
6 pL-T; 1813¢ 125 19,740 794
Expt 2
1 Control 4121 400
2 L-Ts 3021° 261
3 3,5-Dilodo-3-L-ethyl- 3786 793
thyronine
4 3.5-Diiodo-3'-L-is0- 4105 593
propylthyronine
5 3,5-Diiodo-3'-L-phenyl- 1930¢ 199
thyronine
6 3.5-Diiodo-3'-L-is0- 4442 882
butylthyronine
7 3.5-Diiod0-3"-1-t-hutyl- 3966 495
thyronine
Expt 3
1 Control 3465 441
2 L-T; 1633° 71
3 3.5-Diiodothyronine 2861 374
4 3-Iodothyronine 3760 396
3 3,3’.5'-Trichlorotliyronine 3421 20
6 3.3’-Dichlorothyronine 3152 344
T 3-Chlorothyronine 3641 62
8 Thyroxamine 3585 221
9 Each of 3-iodothyronine 2661 184
and L-Ts
Expt 4
1 Control 20,864 1549
2 Ts 18,181° 1002

3 3,3,3",5'-Tetraiodothyro- 23,507 1525
propionic acid

4 3.5.3',5'-Tetraiodoformic 23,013 854
acid
3 3.5.3'-Triiodothyro- 22,125 788

propionic acid
6 3.5.3'-Triiodothyro-
acetic acid
e Nineteen analogs were tested i a series of four experiments.
All analogs were added in 0.2 ml of DMSO =olvent so that the
final concentration was 1.0 X 10~*M. The first four analogs
listed in expt 1 were also tested in this systeni using *C-mevalon-
ate as the precursor for cholesterol synthesis. ? The results are
expressed as the average of four replicates of the corrected
dpm = the standard deviation of the isolated cholesterol
tomatinide. ¢ Significant from group 1. < Siguificant from
group 2.

23,221 1153

has been previously reported and observed faithfully
for the system® (see Table I). As a consequence, all
testing included a control group to which DMSO was
added. All analogs added were dissolved in the same
volume of DMSO (0.2 ml) as was added to the control.
We have also observed the inhibition of T; on cholesterol
synthesis using acetate as precursor when aqueous
solvents were used in the control and as the solvent
vehicle for T3¢ The basal rate at which cholesterol
synthesis proceeds in the standard system using
HC-acetate as precursors varies with each preparation.
The variability is known to be related in part to the
nutritional status of the animals prior to sacrifice as
well as to other factors of preparation of the enzyme
extracts.®63.11

Of the analogs tested, none affected synthesis of
cholesterol from mevalonate. Whether this is true for

(11) T. A. Miettinen, J. Lab. Clin. Med., 71, 537 (1968).
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TRI-I0DOTHYRONINE BINDING TO MICROSOMES AND PROTEIN
IN THE CHOLESTEROLGENIC ENZYME SYSTEM
80}
- TOTAL T3 BOUND
° v
Q Q
o}
60} A " A
“— MICROSOMES Figure 3. —Per cemr of towal ¥t
=] - labeled 1. udded 10 the enzymie
2 ~v=remn which is bound 10 microsomes
=} o] 41 and soluble protein (@) fractions.
®_ 40p Iiach poiune represenis the average of
133 / duplicate  determinations.  The toind
& Ti bonud Traciion 1= equal to the =um
= - PROTEIN of the 'T; bound to provein and raiero-
~omal fractions (9,
20k
O 1 L L A il i . . )
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MOLES OF T3/LITER

the other analogs, which were not tested, ix not known.

Of the analogs tested, T;. pL-Ts, p-T,, and pL-3,5-di-
iodo-3’-phenylthyronine were effectively inhibiting cha-
lesterol synthesis from acetate precursor.

Table IT indicatex the results of 4 study on the effect
of adding both T; and T, at 0.5 X 10~* 3/ each as well
as 2.0 X 107% 2/ each. At the former concentration a
significant inhibition of cholesterol synthesis is ob-
served, indicating a synergism between the two com-
pounds. It should be noted that T; added at 0.5 X
10—* M lowers cholesterolgenesis, but by our statistical
analvses fails to record significance (P’s are for the 989
level).

The data in Table III indicate that »-T, inhibits
cholesterolgenesis significantly, whereas at the same
concentration L-T, does not. The data suggest that
p-T, is more effective than r-Ty, but the differences be-
tween these groups (3 and 4) are not significant.  Once
again a nonsignificant depression of synthesiz ix ob-

Tasre 1T

SYNERGISM oF 3.0,3“TRITODOTEYRONINE AND
Tnyroxiye aN CHOLESTEROLGENESIS FROM HC-Acurary

Gronyy

no, Sehlrbears w0 the pazy 0He sysEennn Dpm £ std dew

| Control INsde a2

2 (2 1p of DMRO 34048 1791

3 1.2 0 of DASO Ty and Ty eaclim PR 1357
0.5 X 0=+

1 0.2 ml of DMSO Ty and Ty each at 4042 239

2.0 X
s The resilis ure expressed as the average of four replicates
of the corrected dpm = rhe standard deviation of isolated
cholesterol tomatinide, * Significant from group 1. ¢ Signifi-
eant from group 2.

served when L-T. 1= n~ed nt 1.0 X 104 M.
concentrations .-, inhibits this system.*

It is conceivuble that many of the thyroid analogs
tested here condd have an effect on the cholesterolgenie

At higher
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Figure 4.—Binding of 1¥1I-labeled T4
to the microsomes (A) and soluble
protein fractions (Z). Conditions were
the same as for Figure 3.

107° 10°* 10-¢ 10
MOLES OF T4 /LITER

Tasre II1

CoMPARISON OF THL EFFrcTs OF L-Tj, L-Ty, AND
p-T, ON CHOLESTEROLGENESIS FROM HC-ACETATE

Group Additions to the Expt 1 Expt 2
no. enzymic system dpm = std dev dpm = std dev
1 0.2 ml of DMSO 2249« 325 5326 1317
Control
2 0.2 ml of DMSO
1.0 X 10+
L-T, 1824 175 4290 526
3 0.2 ml of DMSO
1.0 X 107*M
p-T, 846° 307 2348 553
4 0.2 ml of DMSO
1.0 X 10~*M 11830 126 2976% 643
L-T

@ The results are expressed as the average of four replicates
of the corrected dpm = the standard deviation of isolated
cholesterol tomatinide. ? Significant froni groups 1 and 2.

system. For example, the possibility exists that if
they were more avidly bound to inert proteius than T
or T, their influences would not be elicited at the hor-
mone concentrations studied here.

The data for the pretreatment of the enzyvmic sys-
tem with T; and T, followed by separation and re-
combination are shown in Table IV. The enzymic
activity of the reconstituted svstem iz severely de-
pressed. This may be due to the various manipulative
stages involved. The isolated microsomes are sticky
and difficult to resuspend, and were subjected to con-
siderable trauma. It is kuown that simply overhomog-
enizing the initial preparation leads to loss of activity®
suggesting that the integrity of the microsomal struec-
ture is an important consideration for an active prep-
aration.

In all cases pretreatment of either or both fractions
with T; or T, leads to significant lowering of cholesterol
formation. It was not possible to discern whether
pretreating the microsomes alone with either T; or T,
was more effective in lowering cholesterol formation
than with pretreatment of the E fraction. The data

102

TasLe IV
Tae ErFecr oN CHOLESTEROL BIoSYNTHESIS OF PRETREATING
MicroSOMES OR SOLUBLE ProTrINs wiTH T; or T,

Group Pretreatment of microsomes

no. and/or soluble enzymes dpm = std dev

1 Me + E? 262¢ 40
2 M+ Egd 176/ 28
3 M+ Epe 172/ 50
4 MY + Er, 106/ 17
3 Mr; + Er, 1007 9
6 M, + E 122/ 32
7 Mz’ + Enq 109/ 23
8 Mz, + Enp, 105/ 34
9 Mp, +E 100/ 27

e M (Microsomes). ? E (soluble cellular enzymes). ¢ Each
value represents the mean of four replicate determinations, ex-
cept for group 1, of the corrected dpm = the standard devia-
tion of the isolated cholesterol tomatinide. Group 1 was repli-
cated ten times. ¢ Er, (soluble cellular enzymes pretreated with
Ts). ¢ Er, (soluble cellular enzymes pretreated with T¢). 7 Sig-
nificant from 1. ¢ My, (microsomes pretreated with T;). * Sig-
nificant from 2. { Significant from 3. 7 Mrp, (microsomes pre-
treated with T)).

suggest that this is true, but significance at 989 level
was not achieved. Pretreatment and combination of
both fractions appear to inhibit maximally, especially
when the microsomes had been pretreated with T;
(groups 4 and 5). Undoubtedly the reconstituted sys-
tems undergo a reequilibration of the T; and T, for the
various binding sites on both the microsomes and pro-
tein fraction. The data suggest that the inhibition ob-
served with pretreated E fractions (groups 2 and 3) may
be due to reassociation with the untreated microsomes
by the T3 or T, bound to the E fraction. The reverse
may also be true (groups 6 and 9) but the indication is
that the microsomes bind T; and T4 more firmly than
does the E fraction (Figure 4).

Discussion

The rate-determining step of cholesterolgenesis occurs
in the microsomes and is concerned with the reduction
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of HMG-coenzyme A to form mevalonice aecid.'* When
mevalonie aeid i1s used s substrate, the rate-determin-
ing cholesterolgenie reaction ix bypassed. The results
i Table 1. expt 1. indicate that the thyroid hormones
are influencing cholesterolgenesix from “C-neetate and
not from MC-mevalonate.
determining reaction for cholesterolgenesix ix under
thyroid hormone influence. This coneept is further
supported by the data recorded in Table IV i which
microsomes exposed to Ty or T have the lowest ability
for cholesterolgenesix. The =tudiex of I'letecher and
Myunt®® using liver homogenates from rats pretreated
with high levels of T, also support these coneepts. The
decreased cholesterolgenesi= observed (see Tuble TV)
when microsomes are incubated with sohible enzyvmes
which were exposed to the thyroid hormones is probably
a refleetion of the transference of Ty or T, due to binding
competition (gee ligurex 3 and 4) hetween the cell =up
protens and nierosomal proteins,

The rte of cholesterolgenesix ix deereased by Ty and
ix proportional to the amount of T; pre=ent in the in
vitro system (gee Ifigures 1 oand The high cou-
centrations of the thyroid holmonos neeessary to elieit
the response in this system certainly <uggest pharmaco-
logienl levels are necessary. and may be necessary be-
cnuse of a nonspecifie binding of Ty and T, to inert
proteins, effectively removing them from the active sites
ou the cholesterolgenic enzyimes (see Figures 3 and ).
\'im-o “Ty and T, aetivity' resides in the microsomes

{xce Table I'V), and from the data in Figures 3 and 4 it
nmy be conchided that either Ty is twice as effective ax
T. in deereasing Ch()le\temlgeuo\l\ or that twice ax
many T binding sites exist ou the mmo\ome

A\l(m_v of the binding sites for Ty and T, are identicn]
ax ilhistrated in Table IIT in which a synergistic action
between Ty and Ty ix demonstrated.  Sinee T, secins
more avidly bound by the sy=tem it may be suggested
that T, ix occupying some of the binding sites of Ty,
thus freeing Ty to react with cuzvmes being mfluenced
by the thyroid hormone. 3-Todothyronine does not
scem to bind the proteins of the svxtem ax does Ty (xec
Table I, expt 3. group 9), sinee no =<vnergism is elicited
hetween 3-iodothyronine and T,

Speeifie =truetural requirements seem necessary for
the action elieited by the thyvroid hormones. The
carboxyl group 1= exsentinl since thyroxamine does not
elicit i respouse.  The earboxyl group must be « to an
amino group =inee 3,5,3’-trilodothyropropionic acid
doex not elicit o response (see Table 1. expt 3 and 4).

(1 NL LR Baelier, Is. MeGarraban, 10 Gould, aad NV, Lond, /.

Rivl. (‘hem. 234, 262 (1959).
{13y Ko Fleteher and N B Myani, thysiology, 154, 15 146D,

Thix =uggest= that the rate-
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The »oi=omer appeals more active than the Loisower
and may be explained on the basix that it doex not bind
to proteins or \ul)colhllar particles™ ax mnieh ax he
L -i=omer (see Tables T and IT1. expt 1), Evidenec =ug-
gest< that the 3.5-diiodo groups are not nceessary;
however, the 3-indo group or a <imilar bulky eons=tituen:
who=e moleeulir weight ix greater than 77, e, Phoas
exsentinl for inhibitory cholesterolgenic activity isce
Table Tj. The PhO grouping ix at least spatially
ex=envind <ince ditodotyrosine ix not active in the <vs-
ten.t Irony the data presented heve it may be postu-
Inted that the most uaetive unticholexterolgenie com-
pound would be a p-3'-iodo- (or bulky constitueniy
thyronine. 1t is suggested that the enzyme which s
affeeted by 15 ov T bindx the hormone st three points,
i.e. carboxyl group, amino group, and 3'-iodo group.

Attemipts to demonstrate altered mierosomal <tirie-
ture by thyroid hormones, uxing the methodx nf
Tedesehi. ¢t al. have failed to indicate this process
oceinrs as suggested carlier.?

It i probable that the HMG-CoA reducetase 1= being
inhibited by these hormones.  Thix possibility is in-
terexting since HMG-CoA reduetase =yuthesis scems
to be controlled by the thyroid hormones**  These
faets are =ignificant in that the influenced enzyme 1=
rate determining'? and catalyzes an irreversible reaction,
It ix coneeivuble therefore. if the HMG-CoA reduetase
activity was not controtled and the enzyme coneentra-
tion ncreased, that many metabolie processes would
decrease dite to the <lnmting of acetyl-CoA from the
general body pool. Aun hmportant prineiple may be
phicated here, <ince an enzyme whose synthesis re-
quire< 1 ~mall amount of the hormoue's presenee may
alzo have itx netivity controlled by larger mmonnts of
the <ame hormone.  Inthe ease of the thyroid ormones
idications ave that viavious protein binding =sites nust
be filled, and thus greater concentrations of hormotic
are needed. before the hormone elieits @ inhibition on
the netive euzyrce.
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