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3. Introﬂuction

Injection of hypothyroid rats with L-thyroxine pro-
duces significant changes toward normal respiratery
conirol in liver mitochondria within two minutes f1].
These easly changes were r2versible and thus were
more likely primary furcvional changes due to the
presence of the hormone rather than secondary efferts
also attributed to thyroxine {2]. If the primary action
of thyroxine is at the sile of oxidative phosphorylation
in the mitochondiia, the inner membrane, iodine
shonid be present at that locus. Measurements of the
amount of iodine in subrnitochongdrial particies pre-
pared by drastic sonication were made to determine
if the hormones was present, and to compare with the
jodine conient in the iniact mitochondia.

3. Haterials and methods

Jodine was determined by a highly sensitive meth-
od baseé on that of Benotti et al. [3]. To a sampie of
0.5 ml was zdded 0.2 md of 0.5% Ne, €104 plus 3 mi

of 28% chloric acid prepared as in {3}. The mixture

was digested thirty minutes at 90°C in an oit bath and

‘then at 145°C for a total time of 3 hr. The digest was
shaken with 1 anl of distilled water, then 2.0 mnl of
-0.3% arsenious acid was added, and incubated 30 min
at 37°C. Afier. :aﬂdmg 0.5 mi of 0.5% ceric ammonium
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sulfate, incobation wvas continued in o constant iem-
perature water bath al 37°C for exactly 30 min. The
disappearance of the yellow color, ceiaivzed by io-
dine, was read in a Kleit colorimeter at 420 1. Cal-
culations were based op an internz! siandard of 5 mug
of iodine_ added as potassium iodate, prepared from
the dried analytics. seagent {Mallinckirod:). The
method measered & mug of odine with a precisicn
expressed hy a 219; coefiicient of variation in 13
consecutive samples.

Rat liver mitochondria were prepzred {41 in .25
M sucrose. Sebmitochondrial pariicles were prepared
from the mitochondria by a methot similar to that
of Gregg 51, in tzis-HCI bulfer preyared from Toie-
ma base (Sipma). The mitockondria were conledina
chambar by an alcohol flow at 263°K and dismupied
with a 60 ¥ sonifier (Heat Svstems. Inc., Modet W
185 G), fer 15 min. The sonicated suspension was
genizifoged a1 L0 00D X g for 40 mo'n, and finally sue-
pended in 2 ml of water: Three zat livers were used
to prepare each submitcchondrial assay and two for
each mitochondrind assay. Thyroxine-injected rats
received 2.5 pg of Lthyroxine soibus: penishydrale

- {a gift from Smith, Kline and French 1.aboratories)

intraperitonegily per gram body weight per day for

- thzee days. AR rats were then starve € overnigai aind

sacrificed the nexr day. Protein wa: determined by a

* biezet method [€] using Sigma biuret reagent and

deoxycholate, with bovine serum alpumin (Sagma)
as tlie standard.
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Table 1

Jodine contents of zat liver mitochondria and of particles pre-
pared thexefrom hy drastic sonication.

pz iodine/
Eprotein
Rat Yiver mitochondria {4} 0.50 £0.08
Sonicated submitochomdrial particles {5] 1.26*%0.19
Sonicated submitochondrial pasticles 27
Irom 2 groups of 3 rats, each+ LT3,
25npfeld X 3d £9
* p<< 0.001.

The number ai assays appears in parentheses; each mito-
chondrial assay was performed using the livers of two rats,
angd each particle assay, three rats; the values for particles
prepared from two groups of three L-1thyroxine-injected rats
are shown, Mean iodine contents are given  SE.

3. Resulis

The iodine content of mitochondria {(table 1) varied
irom 0.25 1o 0.8C pg Ijg protein with a mean value of
0.50 = 0.08 (SE) pg 1/z protein. Submitcshondrial
parlicies p:epared from these mitochond. a contained
1.1 to 2.3 pg Ife protein with an aveiage of 1.46 2 0.19
ug I/g proiein. Submitochondrial particles from two
groups of thyroxine-injected rats contained 18 and 47
Himes as much iodine per g protein as those from nosr-
mal rzis. From 13 to 17% {mean = 15%) of the mito-
chondrial protein was recovered in the particles, where-
as iodine recovery was higher, with a range of 31 1o
66% and an average of 46%. Thus the thres-fold higher
iodine conient in the particles as compared with the
mitochondria is diee io iodine accumulation.

4. Discnssion

The rodine in mitochondria eblained from tl.e
livers of rormal rats, or 7ats previously injected with
LAhyroxine, represenis mainly thyroid hormone,
about 75% being butanolextractable or -insoluble -
{7]. The present resulis demonstraie that iodine, pre-
sumably as thyroxine, is associated with the particles -

- that are prepared from the inner membrane of mito-
~ cliondria by drastic sonication. Since such particles
contain the electron-transpori and phosphorylative
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apparatus, the present results are consistent with a
direct action of the hormone upon oxidative phos-
phorylation, as posiulated from previous measure-

:nis of mnochondnal function and jodine content
[3,2].

The degree of association between mito chondrial
iodine and the oxidative phosphorylation apparatus,
ie. whether all the hormone or only part of it is in
the particles, is not determined by the present dala.
In similar submitochondrial particles prepared from
beef heart {8] and S. cerevisicge [9], the protein r2-
presented 67% and 77% of the milochondrial protein.
We recovered 46% cof the total iodine in the partides.
Measurements of the cytochrome contents of oux
mitechondria and parficles should indieate whether
the number of molecules of hormone per respiratory
assembly, caloulated as 1:200 in mitochondria [7], is
different in the particles. The three-fold accomplation
of icdine in the normal particles, angd the 33-fold in-
crease in the particles from hormone injected rats,
speak for at least the same or perhaps a higher stoich-

ionietry beiween hormorne and respiratory assembly.
The association of thyroid hormozne with submito-

chondrial particles that show no respiratory contzol
[5] hes implicitions thet will be discussed elsewkere
(Hocl, F. L., in preparation).
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