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made up to the original volume of the homozenate supserinatant
with 0.1 Li phosphate buffer (pl 7.4) and used as such in

enzyme agsayse.

Assay for TProtsolytic activity

rroteolytic activity wea dstermined by a modification
of snson's procedure for measurement of pepsin activity (112).

Fyrex test tubes 15 nm., x 125 mm, containinz 5.0 al.
of a 2 percent agueous solution oif dizlyz=2d bovine haemoglobin
substrate powder (worthinzton Siochemical Co., <reshold il.d.)
were brought to 38° C in o constent teuperature bath. Coe ml,
quantities of gzraded concentrations of the enzyms preparztions
to be assayed were added to the Gtubes which were thsi incubatsd
for 30 minutes. A% the end of this period 10 nl. of 0.3 ..
trichloracetic acid were added to stor proteolytic action «wnd
to precipitate protein material which was reuwoved by suction
filtration. l'ive ml. of the clzar filtrate was then added to
10 ml. of 0.5 W sodiun hydroxide solution. Thrze ml., of Folin-
Ciocalteu reagent (diluted to one-half concentretion) was
added and the intensity of the colour recad in a spectropho-
torneter at 535 mr +« 'The concentration of the amaterlal which
gave s colour with the rsagent was expressed in tsras of the
amount of tyrosine required to give a colour of equal intensity.
IF'olin-Ciocalteu lisagent

The folin-Ciocalteu reagent was prepared accordinsg

to the method of its orisinators (113).
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tified spot running at the solvent froant. Fancreatin treat-
ment of the labelled mitochondria, prior to chromatozraphic
separation, results in greatly reduced origin activity and
origin component is protein bound :«:IT from which the free
amino acid is released on pancreatin hydrolysis and offezr
these observations as support of the tuceory that primary
organic binding of iodine is through iodination of protein.
The iodide binding systen of Jtanbury and .“yngaarden (116)
bears a strong resemblance to that of Taurog et_gl.(5) in that
supplementation is not required for synthesis and the iritial
product of iodination appears to be protein bound L-tyrosine.
fhe iodination observed witi this system, hovever, is less
than that with isolated mitochondria. It is euntirely possible
that these tvo systeams are essentially the sawme 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 oxists in thyroid enzyme vork. ot least two
organic iodine binding systems are presently defined znd tasse
have been showu to difrer with respect to substrate require-
ments, need for supplementation, and solubility of the enzyme
system. <Sinco it appears probable that only one‘thyroidal

iodine binding system oxists, it would be of value to deter-
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susceptible to spontaneous iodination.

Talcen es a whole the results of the catalase,
Br-82, and trypsin studies would appear to indicate that
the mitochondrial enzyme system contains a hydrogen per-
oxids generating system coupled with a peroxidase ard this
combination is concerned with the formation of elemsntal
iodine whose point of attack on a protein molecule is con-

trolled by an iodinase.,
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iodinstes proteins has proved an obstacle to tihe corceg-
tion that the two snzyme systems are of tne same nature.
The idea of an enzyme system which will handle both free
and protein bound amino acids is, howzsver, not out of the
question. lhus tyrosinase has becen demonstrated to oxidize
both free and crotein bound tyrosine (149). 1t was decided,
to present the tyrosine iodinase system with a series of
tyrosine dipeptides and a poly-tyrosine to detarmins if
they would function as substrates. vonsequently L-lsucyl-
L-tyrosine, L-glycyl-L-tyrosine, L-lysyl-L-tyrosine and
poly-L-tyrosine (the latter prepared from the wnzuch's
anhydride) were substituted for L-tyrosine in the t:rosins
iodinase assay system using beef submaxillary and bsef
thyroid tissue extracts as enzyme sources, The results of
this study are given in Table iIV, It is seen that all di-
peptides studied served as substrates. in view of the con-
clusion reached, throush trypsin studies, that the tyrosine
residues in mitochondrial iodoproteins are locatsd adja-
cent to lysyl=- or arginyl-moieties, it is of particular
interest to note that L-lysyl-L-tyrosins is a better sub-
strate Tor the tyrosine iodinass system than is L-tyrosine
itself. The protein-like molecule poly-l-tyrosine is also
accepted by the tyrosine iodinase system. lhat it is not
iodinated to the same extent as the dipentides may well be
a pii effect. It was necessary to dissolve the polypeptide

in sodium hydroxide solution prior to addition to the assay
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of 103 .., The amount of iIT synthesized in a givesn time
vas determined by multiplying the frection of radioiodide
converted to .IIT by the wmolar concentration of iodide
present in the medium. 3ince the fraction of radioiodide
convarted to LIIT becane increasingly smaller as tha iodide
concz2ntration was raised, both owing to inhibition anpd to
dilution of the specific activity of ths iodide, tih¢ accur-
acy of its measurement steadily decrcased. althouzir this
was partially coancensatad for by increasing the azounts of
radiododide used, ].0"3 " iodide reprssents the hizhest
iodide concentration at which reliabls values could be obt-

tained.

The ilechanism of Inhibition
The possibility that the enzyme system is beinz
inhibited by either reaction [1] or [2) can bs investigated
by calculating the extent of inhibition to be sxpected from
each reaction and comparing it to the observed inhibition.
The equilibrium constant of reaction [2] is known

(153) and has the value:
(L37)

This canh be rearranged to:

(Ip° 0.00170

= (13

(13-/ (1-)







(1)
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intact mouse thyroid, after the injection of graded doses
of iodide. They come to the conclusion that the Favicett-
Kirkwood mechanism will account reasonably viell 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. tThey 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

that 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 way,
the amount of organic-iodine formed. Tlhis is seen if toth
the percent radioiodide bound in wIf, and the actual number
of moles of LIIT synthesized, are plotted ajainst 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 maximum r;te of svnthesis
of MIT. An examination of \ollman and Jcovw's data on the
actual amount of iodine bound in microzrams / hour shows
that they observe no inhibition in organic binding at iodide
concentrations whore Fawcett-iirkwood mechanism predicts
there should be none and that the amount observed at hizher

ijodide 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 iodination of aniline is mediated through its ability
to form a complex with molecular iodine (151). There is no
obvious recason why the enzyme catalyzed iodination of ty-
rosine should behave in a different fashion.

The method of conversion of elemental iodine into
the active iodinating species in the gland cannot, as yet,
be settled with any degree of certainty. lvwo 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 iodinase
which could catalyze the iodination of L-tyrosine by
causing the clemental iodine to dissociate to 1% on its
surface. A method of distinguishing between these two mech-
anisms is not feadily available,

Correlabion with Clinical Observations on the Action
of Iodide on ths Thyroid

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

through the mechanism of triiodide binding of 2lemental
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ingestion of iodide-containing mixtures by normal sub-
jects. Althouszh the reported incidence of iodide pre-
cipitated myxedema is sufficiently larze to be of indis-
putable significance, it is obviously not near the value
that would be expected if all euthyroid persons exposed
to iodide treatment succumbed to its antithyroid'action.
‘The Fawcett-Xirkwood mechanism viould predict, ho.ever, a
thyroid inhibition in all cases. Tha ansver tc uiiis scea-
inz contradiction may lie in an evaluation of tihe rssults
of a recant study of the antithyroid action of iocdide ion

conducted by Scharf (152). This author administsred largze

o

doses of iodide ion to rats and followed ths progress of

[¢

its effect on th2 thyroid throush acasursmcnts of the
basal metabolic rate of the animals, Scharf found that in
all cases a thyroidal response could be detectsd, for a
transitory depression in BLiR, indicative of a deprsssion
in hormons release was observed with all animals. This
depression was followed by an increase in BSR to a point
above the normal value. after a period of 15 to 20 days
however the animals regained their noraml Bii level. ocherf
also observed a transitory formation of "thyroidecctoay™
colls® in the pituitary gzlands of animals which raceived
hizh conocentrations of iodide. Those cells arc generailly
observed, as the name inplies, aftor thyroidectony and

are indicetive of a drastic curtailment in thyroid hormons

production. 48 applied to the rfawcett-..irkwood theory,
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thus not a specific function or the thyroid and, in view
of the large quantities of elemental iodins which wer:
required ror ths in_vitro denaturation of ths protease, is
most 1liisly of 1little physioloxical significarce,

ihus, on tine basis of ths data discussed in this
thesis, it .ould appear tiat, cf all theoriss advanced to

thz trilodide

(8]
o)
-

explain tihz antithyroid action of iodiie i

e

inhipbicion mechanisam merits the fewest objsctions., 1t
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iodirase, which was assumsd to euploy slaamsutal jodiue,
generated by cupric ion oxidation, to iodiuate L-tyroaine.
Calculations of the minute quantity of I wirich would be
expected to be forred throuzh cupric ion oxidatiou of iodide
ion, taken in conjunction withi a study of the efrect of
excess iodide ion on the kinetics o2 tie tyrosiae icdinase
system, now lead tc the conclusior tiazt, the function of
cupric ion cannot possibly be to gsusiete elewentsl lodiane.,
The results of the kinetic study describp=d ir the thesis

are more consistent with the idea that a furtaer 2azyume
systen is responsibls for the oxidation of iodide lon to
elexental iodine. Direct evidernce for an iodide oxidiziag
enzyme system is presentcd througn tae observation that
reactive aromatic iodire acceptors such as resorcirnol,
m-aninorhenol, m-phenylensdiamine, and p-chloromsrcuri-
thanol will “collect" iodine from unboiled tyrosine iodin-

tie zrzyeatic

[

32 preparations but not from thoss in wailc

[a}]

activity has been destroy:d by boiling. » study of tae rate
of iodination of these aromatic "collectors' &s a fuaction

of their concentratior is employsd to shed licht on the
mechanism of action of certain aro:atic antitiyroid asgents.
Two mechanisme hzve been advanced to explein tie hshaviour
of this group of compounds. The first of these surgests that
inhibition of thyroid esctivity is efirected by o competi-
tion of the aron.tic compounds with L-tyrosire for clemental

jodine. The second mechanism susgests that inhibitiorn is
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¥igure 1
H
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descrivtiocn of Ji-ure 2

A ¥res Liadical l.ochwmnisn Tor Yavroxine Biozenssis
It >

The reaction seguence of Fizure 2 involvin~ free
radical intermediatos Las been suggested by farington (19]

as a model of thyroxine biogenesis.
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Description of i#imure 6

Iodidas Uxidation Via a Spscific Gxidace

figure 6 depicts schematically the nossible inter-

fic

e

[&

relationship which might exist bstween an ozidass ssec

for iodide iou and tyrosine iodinase. Two variations of the
general schemxe misht occur:

(a) a spzcific oxidase functions through ths ramoval
of two clectrons Trom iodidz ior to provide I* which
then direetly reacts with tyrosine to generate ~IT
through the agency of tyrosine iocdinase,
(b) oxidetion of iodide occurs as in (a) with tas ezcep-
tion that tihe product oX the oxidase is elemsntal iodine

which is accepted in this form by tyrosine iodinzss,
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Joescription of wtisurs 14

fhe sssociation of the "rFronv'and "Grixzin”
Components of the ::itochondrial usnzyms
wystem with rarticulate waterial

The radioautographs of Figure 14 dsnonstrate the close
association or Ghe "front" and Yoiigin' comporants, present in
I-131 incubated mitochondria, with the mitochondriac or sous
other weter insoluble material.

Radioautograph - is darlived from z chroaatogram of
beefl thyroid mitochondris after a two hour ircubation with

i-131 at 38° C, The "front", iodide, aad "orizin®” components

are ilmmediately obvious,

obtained throuzh centrifuzation of tie suspznsion at 25,

H e Lo )

for a period of 20 minutes. Doch “"front” andé 'orizin" coaton-

ents are absent.






175

Description_of Jigure 15

The iffect of Catalase on the .:itochongrial
snzyme systern
The experimental curve of rigurs 15 vas dsrivad

from a study of the inhibitinz effects of varying concentra-
tions of catalase on the iancorporation of I-131 into rrotein
bound form by thyroid nitochondria. for tinis purpose 3.0 ml,
volumes of beef thyroid mitochonrdrial suspensiorn ware incu-
bated with I-131 for two hours et 389 { in the presenmce of
araded concentrations of a crystalline preraration of beef
liver catalase, The analyses of the peroent of i1-131 con-
verted to a protein bound fora was carried out by procedur:s

described in the sxporimental Section of this thesis.











































































