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destroyed by boilinz, This dechalogenase, hoviever, was
shown to possess no ability to deiodiuwte Tx. Ths presence
of this enzyme in the zland has been sugmested, by ..oche
and his co-workers, to provide a mzans of racycling iodine
tied up in ufl and DIT residues which were uzavailable for

conversion to I'x rather than as & means of corvsrting Tx to

ct

a more active horrmone. This suggestion implies thuat the iodin-
ation process in the thyroid is spontansous,

A lipase and an esterase havs dbeen rasportzd in the
thyroid (44,64), but their function ian hormone biogeresis

remains obscure,
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20 minutes, The supernatant was thern decanted through sever-
al layers of surgical gauze into chilled contasiners and
maintained at a temperature of approximately 4° C prior to
use. where a second or third extraction was desired, the
sediment in the centrifuge tubes was resuspended in the
appropriate concentration of ice cold solvent by the aid of
a glass stirring rod. Supernatants of these extractions were
obtained as previously by centrifugation at 2,500 g and 0°
C for 20 minutes, followed by decantation.

where large quantities of homogenate supernatant were
not required the Potter-tlvehjem glass homogenizer was used.
Except where otherwise stated, supernatants used were prepared
in the following fashion. Fresh, trimmed, tissue was quickly
weighed on a chilled watch glass and added to an homogenizer
tube immersed in an ice-water bath. The desired volume of
ice-cold isotonic potassium chloride solution was added and
homogenization carried to completion as quickly as possible.
Eomogenates so prepared were decanted into chilled "Lusteroig”
tubes and centrifuged at 2,500 g and 0° C in a refriserated
centrifuge for 20 minutes. The supernatant was decanted

through gauze to remove fat particles and then amsintained

at approximately 4° C until used.
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tified spot runninz at the solvent front. Fancreatin treat-
ment of the labelled mitochondria, prior to chromatographic
separation, results in greatly reduced origin activity and
origin component is protein bound £:IT from which the free
amino acid is released on pancreatin nydrolysis and offer
these observations as support of the theory that primary
organic binding of iodine is through iodination of protein.
The iodide binding system of 3tanbury and ‘'yngaarden (116)
supplementation is not required for synthesis and the iritial
product of iodination appears to be protein bound L-tyrosine.
‘fhe iodination observed with this systen, hovever, is less
than tnat with isolated mitochondria. It is entirely possible
that these two systems are essentially the same and that the
weaker iodination observed in the Stanbury-.yngaazrden system is
due to the lower concentration of mitochondria present.

The foregoing discussion illustrates the state of con-
fusion which now exists in thyroid enzyme work. nt least two
organic iodine binding systems are presently defined and these
have been showu to differ viith respect to substrate require-
ments, need for supplementation, and solubllity of thec enzyme
system. Since it appears probable that only one'thyroidal

iodine binding systewm oxists, it would be of value to deter-
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A number of theories have besen advarced to explain
the Tfact that excess iodide ion inhibits norzal thyroid
function. Two of these hypotheses, vhich attempt to ex-
plain the phenomenon on a molecular basis, have been singled
out for experimental attention.

Pitt-itivers (108) and Harington (109) have postulated
that hypoiodous acid is the reactive form of lodine which
reacts with tyrosine in the thyroid gland. This substance
is formed by the hydrolysis of elemental iodine as siiowin in
equation [l] .

I,0 « Ip == HIO + HY + I- (1]
it is evident that addition of excess iodidse ion tu ths
above system Will decrease the concentration of hygoiodous
acid. sny decrease in the ceffective concentration of the
iodinating species will be reflected in a decrszsed level
of orgenic binding of iodine.

The second hypothesis, advanced by ifawcett and irk-
wood (110) suggests that the effect of excess iodide ion is
exerted through the ability of the ion to combine with el-
emental iodine to form the triiodide ion [2] ,

I" 4 I, 13 =]

hence reducing the effective concsntration of elemantal
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ixpression [13] allows calculation of the extent of inhib-
ition produced by wny concentration of iodide ion, provided
that the mechanisms of inhibition is through reaction [2] .
This follows since (I) / (I3~) is a measure of the iodinating
species in hound form, and the steady state concentration of
elemental iodine is constant at jodide concentrations above
the optimuwa, s calculation of this ratio at the optimum

jodide concentration (5 x 10~2 .i) shows it to be in accord
with the experimental fact.

(1) 0.00170

U — (22

(13—) 5x 10-5

!
]
2
>~

Under these conditions only about 3 percent of the iodirne
is bound in the form of the complex. The value of this ratio
at the level of iodine producing 55 percent inhibition
(10-3 ) is 1.7, that is, 35 percent of the available iodine
is bound in the inactive form. It is obvious from this that
the majoi part of the inhibition van be accounted for on the
basis that it is mediated tiarough reaction [2] . |

fhe inhibition to be expected from reaction [i} can
be calculated in the following fashion. The equilibrium con-

stant for this reaction is:

(110) (H*)(I-)
=S []_Q

This can be rearranged to:



(€



107

intact mouse thyroid, after the injection of graded doses
of iodide. They ocome to the conclusion that the Favwcett-
Kirkwood mechanism will account reasonably well for the
inhibition produced by hizher levels of iodide, but will
not account for the inhibition first observed as the level
of iodide in the gland is increased. They make the erron-
eous assumption that a decrease in the amount of radio-
iodide bound by the gland is a direct measure of inhibi-
tion of the binding process. It should be pointed out

thet this is not the case and that the addition of stable
iodide to any iodinating system will lower ths amount of
radioiodide bound merely by decreasing its specific activ-
ity while at the same time it may not affect, in any vay,
the amount of organic-iodine formed. This is seen if both
the percent radioiodide bound in «iIf, and the actual number
of moles of IT synthesized, are plotted a:jainst added
iodide, using the dialyzed enzyme system previously de-
seribed (Fig.18). It is evident that the percent incorpor-
ation of radioiodide falls off at iodide levels consider-
ably below those that produce the meximum rate of synthesis
of MIT. An examination of Wollman and Gcow's data on the
actual amount of iodine bound in micrograms / hour shows
that they observe no inhibition in organric binding at iodide
concentrations where Fawcett-iirkviood mechanism predicts
there should be none and that the amount observed at higher

jodide concentrations agrees quite well with that predicted
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concentration of both of these cations. As has been point-
ed out, iodide ion causes merked decrease in the concentra-
tion of elemental iodine because the equilibrium point of
reaction [2] is to the right (153). It has been conclus-
ively demonstrated that the inhibiting action of iodide on
the jodination of aniline i1s mediated through its ability
to form a complex with molecular iodine (151). There is no
obvious reason why the enzyme catalyzed iodination of ty-
rosine should behave in a different fashion.

The method of conversion of elemsntal iodine into
the active iodinating species in the gland cannot, as yet,
be settled with any degree of certainty. I'wo pathways for
utilization of elemental iodine appear possible. Thus el-
emental iodine may be released to its environment where it
will enter into equilibrium with I¥, This positive form of
oxidized iodide may then be accepted by tyrosine iodinase
to be employed in L-tyrosine iodination. Alternately ele-
mental iodine may be directly taken up by tyrosine iodinzse
which could catalyze the lodination of L-tyrosine by
causinz the elemental iodine to dissociate to I¥ on its
surface. A method of distinguishing between these two mech-
anisms is not readily available.

Correlation witih Clinical Observations on the Action
of Iodide on the Thyroid

If iodide exerts its action, in whole or in part,

through the mechanism of triiodide binding of 2lemental














































124

HIT are formad in additicn to that which appsers to bs

bound to protvein. Yhis observetion raises a reasonatle

doubt as to whether the originai substrete iodinatad in ths
mitochondrial svsten is Irse or protein tound L-tyrosine,

The possibility exists that thie LIIT observed associét:d with
protein in ths aitochondrial iodinatirz svystew mizht be free
~1T held to tie protein by physical rauner thial. by choemical
forces. wxposure of mitochondrie to ultrasonic vibratiorns,
mechanical zbrasion, hypotonic solutions, thiozlycollic acid,
ribonucleass, desoxyribonuclzese, lipase, =znd ana ~A-
amylase liberstes no fres :’IT, This inebility to release free

3 )

AI? by physical, chzaical, or snzymatic msans, other than by

cleavace of peptide bonds, stron;ly suzzssts that the L-tyro-
sine iodinated within ths aitocuondrial zystem is protein
bound. since free Lil foriwad in extrathyroidal mitoclhiondrial
systeus cannot be sxplained as the result ol the iodiratior of

free L-tyrosians, tava it must be concluded tuat 2 protzase is

associated witih thess mitochondria. inis conclusion is veri-
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fied and a correlation is sstablishsa batwe
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activity or the .aivochkondria and the quantity ol Ired <X

-
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Tformced by thasil.
& study is made of the iodoprotsins srivad fron

thyroid, submexillary, and xorsorbisal iscrimal mitocaondriz

with respacb to their bshaviour in tias relzaze of Iree iU

uuder tlhz action o crystalline popsin a.d tryssin. - aarked

P s . g -t -
similarity is obssrvea betusen these jog&3dproteirs 2110 wilyTro
































































++






H
o} 0 o@
I I I I I I
-2HY
— —+
R @R R
I\v :
0 0 R
R
1 I
I I
CH,= C(NH,)COOE  —+ HO 0 R
\ I 1
H [o)
N 7
CHyCCO0K _— CHBCCOOH + iH,

































































































































BIBLIOGRAEIY

1. K. Fink, and R. i, Fink, Science, 108, 358 (1948).

2 D. s Fawcett, and 3, Kirkwood, J. Biol. Chem.,
205, 795 (1953).

3. D. !, Fawcett, and S, Firkwood, J. Biol. Chem.,
209, 249 (1954).

Lo De 1, Fawcett, and S, Kirkwood, 3cience, 120, 547
(1954).

5. A, Teurog, G. D. Potter, and I. L., Chaikoff, J. Biol,
Cnem., 213, 119 (1954).

6. T. wharton, Adenographia: sive, glandularum totius
corporis descripto., p. 121, London (1659); C. R.
llarinzton, The thyroid gland, p. 1, Oxford University
Press, London (1933).

7. E. D. Goldsmith, Arn, W, Y, icad. Sci., 50, 283 (1949).
8. A, Gorbman, Physiol. Revs., 35, 336 (1955).

9. C. R, Harington, The thyroid gland, p. 172, Oxford
University EFress, London (1933).

10. . W. Gull, Trans. Clin. Soc. London, 7, 18C (1874);
C. R. Harington, The thyroid gland, p. 5, Oxford
University Press, London (1933).

11. G. R, iurray, Brit. ied. J., 2, 796 (1891).

12, A, idagnus-ievy, Berlin. klin. Jochschr., 32, 650 (1895);
C. R, Ilarington, The thyroid szland, p. 17, Cxford
University Yress, London (1933).

13, E. Baumenn, Z. Physiol. Chew., 21, 319 (1896); C. R.
Harington, The thyroid gland, p. 23, Oxford University
Press, Londoa (1933).

14, - E. Baumann, sunch. med., 43, 309 (1895); C, R.
Haringston, Ths thyroid glard, p. 25, Oxford University
Press, London (1933).

15. Ae. Oswald, Z. Foysiol. Chem., 27, 14 (1899); C. K.
Harineston, The thyroid zland, p. 29, Oxford University
Fress, London (1933).

190






xilversjn.it
















197

124, W, 3. Latinmer, Oxidation potertials, 2né ed., p. 44,
. Prentice I'all Inc., (1952}.

125. G. L, Johnson, i, &, Leininug:r, and 2. Segréz J. Chem.
Thys., 17, 1 (1949).

126, J. G. Hauilton, C. %, .isling, .. .. Garrison, znd
K. G, wcott, Univ. Calif. Fubls. rharmacol,, 2, 283
(1953). .

127. 1, simon, Bull, soc, ital. biol., sper., 22, 1151 (1947);
Chem., abstr., 41, 6337 (1947).

128, 1, ., Lenhoff, and I, O, Kaplan, J. Biol. Chem., 220,
967 (1955).

129, &, Y. Dempsey, Amn., F. Y. acade Sci., 50, 336 (1549)

M

130, I, Laser, Diochem. J., 61, 122 (1955),

131. P. £. Cohen, Chemical pzihviays of wetabolism, Vol, 1I,
ps 11, scad. Press Inc., iaw Yorlk (1954).

132, il. Y. Shapiro, Biokhimiya, 13, 323 (194&)}; Chea, abstr.,

133. . A, Jaters, Crzanic chenistry, Yol. iV, p. 1157,
John iiiley and Jons lnc., iiew fork (19533.

ry

134. A. V. Wase, and Y. 3. L. Fenp, liature, 177, 624 (19506).

135. P, Z. Smith, ard ‘i. 4. Copenhaver, Jailey's textbook of
histology, 12%th ed., p. 782, ~illiums and ilkins Co.,
Baltimore, (194R).

136. G. . FYalade, anat. iecord, ilk, 427 (1952).
137. 4. Claude, J. Ixp. iled., 84, 51 (1946).

H, ilozeboom, end .. C. Schnsider, hature, 166, 302

138. G,
(1950).

139, I ¥, wauner, and !, Fraenkel-lonrat, J. 2iol. Chen.,
193, 125 (1951).

140, F. i, Putnam, The proteins, ¥ol., I, Fart B, p, 913,
academic Fress Inc., liew York (1953).

141. ©. Larrow, and u, l.azur, Jextbock of bilochouistry,

6th ed., p. 46, .\. 5. 3aunders Co., rhiladelphia (1$54).









