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CHAPTER I
INTRIDUCTION

Diseases of the thyroid gland have besn observed for
meny centuries. The preclse mechanisms of thyroid glend
function heve been determined in the ﬁwenti&th century in
which adequate scientific techniques and equipment for
studying preclse function have been available, Prior to
this period, beasic investigations of thyroid were
handicapped by the lack of sultable methods. Thyrold
function has been investigated from various aspects,

Oone of these has been the studies of the enzymatic steps
that regulate hormone production, storage, end relsase,
The present study is concerned with investigating the
properties of the enzyme(s) responsible for regulating
the release of thyroid hormones into the cireulation.

One of the Cirst investigations of thyrold gland
function using basic selentific techniques was reported
by Oswald in 1399. He reported the 1solation of an
iodine containing proteln fraction from saline extracts
of thyroid gland by precipltation in (KHQ)QSQ&.(27335)

He further purified this iodine centaining protein,
thyroglobulin, by iscelectric precipitetion. The protein
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wes found te¢ be very slightly soluble in water and
biologically active, manifesting the functional effects of
the crude thyreold substance. A succeeding important step
in the investigations of the thyroid gland function
occurred in 191l when Kendall, working at the Mayo
Clinic, demonstrated the existence of thyroxine in
thy?@glabuliﬂ.ilsﬁlg} Sir Charles Harington confirmed
Kendall's work end determined the structure of thyroxine
which was subsequently synthesized by Harington and
Barger,(12,13,11) fThese investigations laid the grounde
work for en ultimete understanding of the thyroid gland
function, although meny years passed before thyroxine was
finally accepted as the principal cireulating thyroid
hormone., This acceptance was principally through the
investigations of Taurog and Chaikoff who, in 1947,
clearly demonstrated that thyroxine was the prineipal
¢cireulating thyroid hormena.‘aB) Their findihgs were
confirmed by Leblond and Gross and by Leldlaw,{10,22,2l,25)
Since then thyroxlne has been repeatedly shown to be the
principal circulaiting thyrold hormone even though it is
accompanied by smell smounts of trilcdothyronine,

Most workers now agree that thyroxine is the

principal active circulating thyroild hormone, that it is
formed in the thyroid gland, and that it is secreted into



the cilrculation. In the blood stream it is transported
in & locse assceiation with a protein. The transpeorting
protein is called thyroxine binding protein (TBP) and it
nas an slectrophoretic mobllity tetween 1 and & o
globulin at pH B8.6. Thyroglobulin is itself cspable of
binding thyroxine in e similer fashlon,(16s25,46) gnie
would provide 2 mechanism by which the thyroxine released
from the thyroglobulin molecule could be held on its
surface prior to passing into the blood stream.

It is not known whether the biosynthesis of thyroid
hormone takes place within the thyroglobulin molecule or
not. However, there is good evidence ©That it do@s.{hﬁfsl)
That iodination of thyreoglobulin bound tyrosine to form
monoiodotyrosine (MIT) and diiodotyrosine (DIT) can occur
has been demonstrated using microsomalemitochondrisl
preparations.(45,16,51) Furthermore, the ease of coupling
of dilodotyrosine derivates in vitro suggests that
thyroxine is formed from bound dilodotyrosine in the
gland. (38,39)

The steps theoretically involved in the biosynthesis
of thyroxine are:

1., Concentration of iedide from the circulation by

the gland.



2. Oxidation of trapped lodide to iedine and its
incorperation into tyrosine to feorm MIT (organification).
2 I7 aws I,+2e
Ip e=y It s+ 1-
b tyrosine eep MIT
3. Further iodinstion of MIT to form DIT.
T Gaupiing of two molecules of DIT to form
thyroxine,
5s Coupling of MIT and DIT to form triledothyronine,
Thyroxine and triiodothyronine ars considered to be
the eireulating thyroid hormones, with thyrexine being the
prinecipal one, During transport they are loosely bound to
plasma proteins, espsclally TBP for which thyroxine has a
greabter affinity, They also exist in the free state on
the thyroglobulin meleculs where they sre held in a
similar loose association. Free MIT and DIT also exlst in
the thyroid gland but are normally present in very small
amounts in the serum,(10silsl6) mpiq is due to the action
of & deiodinase system which delodinates MIT and DIT when
they are not bound to protein and, therefore, ere in the
process of release from the gland., Since thyroxine and
triliodothyrenine are held in essocietion with thyro-

globulin and later, plasma proteins, they are not
deiodinated and can pass into the cireulaﬁione(ha‘ag)
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The iodide liberated by delodination in the thyreld gland
38 re-utilized by the gland in the formation of edditional
jodo-amine acids, This constitutes an eapecial system
called the intre-thyroidal iodide pump and serves to
increase the efficiency of the utilization of thyrold
iodide in the formation of hormonal ilodo-amine scids.

This enzyme will not deiodinate MIT and DIT when they

are bound to thyroglobulin,

In the interval betwsen the isolation and charecter-
i1zation of thyroxine by Kendall and Herington and the
establishment of ecceptance of 1t as the prinecipal
circulating thyroid hormone, investigetion of the
nechanisms of the storage of thyroid hormone and secretion
was conducted, These investigations were limited by
the fallure to recognize the principal secreted product.
One of the erguments against the acceptance of thyroxine
a8 the harmone was the observation that thyroglobulin had
a greater effect on axidaﬁian; an effect probably due to
the trilcdothyronine conbtained in thyroglobulin, Many of
the investigations that were conducted during this perioed,
between the identification of thyroxine and the
establishment of the primery role of that hormone, were
limited to the mechanism of storage and release of active

hormone without identification of its true nature. These



studies gemerally confused the problem, chiefly because
histologlcal and histochemical techniques were the major
methods of study. It is well knawn that these technigues
have definite limitations; structures that were later shown
to be srtefacts of fixation and staining were f{requently
the basis Tor formulation of théurias.{al’hg) The nature
of the collold was not precisely known, end non-uniform
steining of colloid in varlous follicles was thought to be
of mejor importance. It was later shown that non-uniform
steining was most often due to non-uniform fixahion.th*Su)
Histologlcal end histochemical investigations led to two
basic hypotheses explaining the mechanism of thyroid
hormone storage end release. The idea that colleid
material was produced by the follicular epithelial cells
and then released into the follicle where it was stored
until it was needed was besic o both hypotheses,
According to one hypothesis, the hormone then flowed
between the cells via inter-epithelial capillariss and
lymphatics, Immediate peripheral need for hormone could
be met by its direct secretion into the blood stream from
the epithelial cells, Thus, 2 two-way stream for hormone
secretion was gn&ﬁulataﬁ.{9v@9a50} The observation of an
inter-epithelial capillary network in submermeliesn
vertebrates was the fundamental basis for this

hgpﬂth@ﬁisa{1§)



The alternabe hypothesis proposed that colloid escaped
through the follicular cells and the intercellular spaces
by simple aiffusion, (41s53:514,55) oy hypothesis was
prompted by the observation of cyclical filling and
emptying of individual feollicles studied by transe
{1llumination, {53:51) 1he content of each follicle was
thought to be determined by the rate of secretion into
the follicle and the rate of diffusion from it. Secretion
and diffusion would depend equally on the functional
activity of the follicle., The follicle was supposedly
polarized, and therefore, no direct secretlon of colloid
from the cells into the blood stream occurred, Other
gupport for this hypothesis was the experimentally observed
passage of colloid through the inter-epithelial spaces
during ulﬁranaenﬁrifugation.(31}

The mechanisms of storage and release of thyroid
hormone were further developed by investigations which
1dentified thyroglobulin as the primery constituent of
the colloid. The large size of the thyroglobulin
molecule to which the epithelial and endothelial cells
wore lspermeabile raised doubts as to the validity of the
previous theorles. These doubte were reinforced by the
feilure to find ecirculating thyroglobulin in euthyroid
subjects.{26) nis suggested that fragments of
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thyroglobulin were split off by proteolysis and that they
passed into the circulation as small molecular weight
peptides.{9) Initial experimentel evidence supporting
this suggaétian waes the demonstration of & proteoclytic
enzyme in the follicular fluid of rat thyroid.(S)
Subsequent investigations have confirmed the presence of a
thyrold proteolytic snzymﬂe(1’2*39@'8’17'23'32'33’52)
These investigations, coupled with the proof that
thyroxine snd triicdethyronine are the cireculating thyreld
hormones, have led to peneral ascceptance of the Theory
that a proteolytic enzyme(s) iz eritical for secretion of
stored thyroid hormones.

Additional investigations have helped our understand-
ing of iodine metabeolism in the thyrold. These
investigations have helped to ldentify the site of action
of the proteolytic enzyme(s). Approximately one-third of
thyrold gland ilodide is present as hormonal jodide.
Approximately 2% of this is non-protein iodide and occurs
as lodinated amino acids and possibly some peptides, all
of which have been or will become part of thyroglobulin,
Thought these fractions constitute a small percentage of
the total gland lodine, they are critically
importanb.(ﬁgiué) Thyroxine lodide comprises three-fourths
of the hormonal iodide.(l2) The remaining iodide is



present in various other amino aclds and is retained
within the thyrold by the delodinase intra~thyrolidal pump.
Thyroglobulin is a relatively large moleculs with a
molscular weight of 670,000,(7,27:42) It is produced in
the follicular epithelial cells and is secreted into the
follisle where 1t 1s stored as colloid., Evidence sugpgests
that the blosynthesls of the thyroid hormones occurs
intracellulerly within the thyroglobulin molscule, (46s51)
This, plus the fact that thyroid hormones but not
thyroglobulin are normelly present in the cireulation,
guggests that these hormonal ilodo-amine acids are released
from thyroglobulin, The best evidence suggests that they

are released by & proteclytic ensyme.)

Imvsstigations‘gg the Proteolytic

Enzyme(s) of the Thyroid

Relatively few studies of this enzyme(s) have been
done since De Robertis first demonstrated its existence in
1941, The studlies have bteen chiefly concerned with the
demonstration of its presencs, the relationship of its
activity during verlous physioclogical states, snd 1lts
action ageinst various substrates,

In 1941 De Hobertis demonstrated the existence of an

intre-follicular proteclytic enzyme in rat thyreiéa.{53
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He used & micro~dissection spparatus to remove intra-
folliculer material from the lathmus of the g&énd.. He
placed this materisl on x-ray films and noted proteolytic
activity towerd the gelatin. Activity was cbaar#ad at
pH 6.6 and 7.0, the normal pH of the folllcle. Maximal
sctivity was observed at pH 3,0 and negligible activity
at pH 8.2, De Robertis found that the activity of this
enzyme(s) could be changed by altering the physiologleal
status of the animsl with edministration of potassium
iodide (KI) or pituitery thyroid stimulating hormone (TSH).

The properties of this enzyme(s) have been further
investigated in various physiological states in a more-
quantitative manner by Dziemian in 1943, who used
glycerol-water extracts of rat and guinea pig thyr@ids,(g)
Edestin was used for the substrate and proteolytic activity
was measured by micro-acetone titration of protein., The
activity of the thyroid proteolytic enzyme(s) was increased
for the first I8 hours sfter injection of TSH, returning
to normal st 72 hours. Activity varied with the duration
of KI therapy. Cysteine was found to ectivate the enzyme
whﬁrabyvthe suggestion was made that it was a catheptic
type ensyme. In general these studles confirmed those of
De Robertls.

In 1946 De Robertis and Nowinski reported on

investigaetions of the proteolytic activity in normal and
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abnormal human thyroid glands.(é) Glycerocl-water extracts
were used for the enzyme source, and edestin was used as
the substrate. Proteolysis was estimated by the amount of
tyrosine and tryptophan liberated., The results confirmed
those of Dzlemian, suggesting that the enzyme was of the
satheptic type end that the optimal pH was near 1.0,
Activity veried in patients with normal thyroid glands,
severe dif'fuse toxiec goiter, mild toxic golter, and simple
diffuse golter. Probveolytic ectivity was highest in those
with severe diffuse toxic golter, lowest in those with
simple diffuse non-toxic goiter, and below normal in
patlents with toxle golter treated with lodine suggesting
correlation with the TSH effect on the gland.

In still other investigetions, the quantitative
estimatlon of thyreld proteolytic enzyme activity wes
perfermed in glycerol ﬁxtraets of dog thyroia tissue
siices, (17) Beef hemoglobin was used for the substrate,
Activity was based upon the amount of tyrosine liberated
after 2l hours incubation at 37° C. The effect of
cysteine to increase proteolytic sctivity wes again
confivrmed, further establishling the catheptic nature of
the enzyme. The observed pH optimum was 3.55. Heat
insctivation of enzymic activity by bolling was

demonstreated,



iz

The previous experimenits proved the existence of the
enzyme and defined some of its properties, However, none
had attempted to define the enzyme or its action in
conprehensive terms. The first such appreach was that of
MeQuilien and co-workers using a partially purified enzyme
preparatlion made from hog thyrai&s.{32333} The substrate
was a purified I13l.lsvelled {in vivo) thyroglobulin.
Chromatogram radivautographs were mede to determine the
products of hydrolyeis. The spoecific sctivities of these
substances on the chromatogram were compared with those
ilberated by alkeline hydrolysls of the labelled
tuyroglobulin, 7The major lodine containing compounds
liberated by hydrolysls wewe MIEL, DIT, thyroxine,
trilodothyronine, and a "peptide” fraction. ©f these,
Mif, DIT, and "peptide” predominated. Proteolysis, using
labelled synthetle lodopeptides asz subsirates, indicated
that the enzyme(s) possesses amebivity at pk 3.5 which
preferentially attacked bonds Joining aromatliec amino acid
residues, They concluded that, in this respest, the
thyroid enzyme would behave similarly %o pepsin.

Another systematic investigatlen of the thyroid
proveolytic ensyne(s) was made Ly Welss using a partially
purified fraction of thyroid homogenate.(52) Proteinase

and alsc pepbtidase activity were eovaluated. Hemoglobin
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was used as the substrate for estimstion of proteinasse
activity and synthetlc di- and tri- paptidea'far
estimation of the peptidase activity. Proteinase activity
was demonstrated at pH 4.0 and peptidase activity at pH 7.8.
Minimal proteinase activity ocourred at the higher pHg
peptidase activity was not measured at the lower pH.
Proteinase activity was augmented in the presence of
eysteine and ascorbic acid, It was diminished in the
presence of pechloromercurobenzoate, Gu""*, aqueous iodine,
iocdoacetate and sulfide. These studies again confirmed

the ecysteine asctlvation previocusly noted, indicating the
probable necessity of sulfhydryl groups for activity, as
has been suggested for the cathepsin group of enzymes,

No effect on proteinase activity was observed in the
presence of thyroexinme, Pu**, an*t, Mp*t, Fet?, Co*t, and
gatt, Temperature effechs were atudied by heating the
preparation in a water hatn for five minubtes at the desired
temperaturs and then coeling them prior to use. No
appreciable inscilvation was noted by heating at 50° ¢, but
beyoud this temperature protoolytic activity was decreased
end at 65° C no sotivity remained, Subcellular fractione
ation studiss revealed that proteinase sotlivity did not
partition itsell into a fraction but was distributed
throughout, concentrating primarily in the nuclel and

mitochondria,
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The conditions necessary for optimal setivity of the
enzyme were investigated independently by Abelin and
Big@law.(l) This study is important for two reasons.
Firat, 1t serves as a model for characterization of certain
properties of the enzyme ageinst a thyroglobulin substrate.
Saeaﬁd, it represents an attempt to correlate general
pﬁataalytia effects with those of specific importence,
nemely, the release of iodinated products. It substen-
tiated the results of previous studies regarding
temperature and pH optima and cystelne activation and
defined them more specifically.

They used = fraction of thyroglobulin that contained
enzyme in high cencentration. They investigeted the
influence of temperature, pH, cysteine concentration, and
storage conditions upon enzyms activity. Proteolybic
activity was estimated by the snalysis of Free amino-
nitrogen and by the presence of 5% trichloroacetic ascid
(TCA) soluble lodine after proteolysis. Iodo-proteins are
precipitated by 5% TCA whereas the products of hydroly&iﬁ
are not. At conditlions of optimum pH and temperature,

50% of previously 5% TCA insoluble amino-nitrogen was
soluble by nine hours, After nine hours, the rate of
proteclysis decreased but continued for 72-96 hours. The
effect of pH was investigated over the range 3,0 to 7.0 at
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0.25 unit increments. Optimal activity was found in the
reglon L5 to 4.8, Cysteine activation was studied and
found to mctivate the enzyme maximally at a concentration
of 0,08 grams percent per 100 ml. It increesed
proteolysis by L2%. Double this amount of ecysteine ceaused
no additional inerease in proteolysis., Temperature effects
were studied, Samples were 1incubeted at [0°, 50°, and

60° ¢, At 50° ¢, proteolytic activity was decreased 38%
from that at [j0° C end at 60° ¢, d@araaﬁea 70%. Studies
of %hs effects of storage on stability revealed that at

pH 7.0, 2% of activity was lost by storage at «~10° ¢ by 15
days, and 10% of amctivity was lost by storage at 09 G by
15 days.

Another fundemental study was done by Alpers, Robbins,
and Rall, who investigated the activity of the enzyme(s) on
a purified thyroglobulin @xtraa%.{Z) ‘hey used phosphate
purified I13l.1abelled rat thyroglobulin for the substrate,
and an isotonic saline extract of rat thyroid tissue for
the enzyme source., Thelr aim was Co define the properties
of the substrate as well as those of the enzyme.
Proteolysis was estimated by salting-out, dialysis,
slectrophoresis, and chroanatography. Activity was
measured by the IX3l present in the soluble fraction after

salting~out and in the dlalysate. Chromatography was used



to separate the products of hydrolysis, and the 1131 gn
sach fraction was measured o gquantiitate them, Electroe
phoretic studies were done to obaserve the offscts on the
substrate. Results from the salting-out experiments
revealed 554 of the radicactivity was present in the
soluble fraction. No additional hydrolysis oceurred after
48 hours, The pH optimum wes L.9, and no hydrolysis took
place at pH 6.,6-6.7. Dielysis experiments concurred with
the above., Thirty-five to 50% of the I131l was removed by
dialysis after 2l hours incubation at 372 € and in the pH
range 3+5-5.0. NWo radioactivity was present in the
dielysats in ﬁan~in¢ubat§d specimens. Dislysis prior to
incubation d4id ndt affect proteclysis., Chromatography
showed 81l of the IM31 z¢ the orlgin In untreated samples,
Peaks of radioactiviby cheracteristis of MIT, DIT,
thyroxine, and inerganic lodide were seen. The fraction
of radloactivity present in each compound was comparable
ia all of the experiments, The values were MIT 9%,
DIT 15%, thyroxine 6%, and inorganic lodide /j%. Hlectro-
phoretic shudles revealed denaturation of ths substrate
was o primary step in the enzymatic proecsss.

The above studies were lollowed by uliracentrifugal
studies on tryreglobulin during hydrelysis.(3) fhme aim

was to observe the subsirabe durlng proteolysis,
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Proteolysis was measured by the same means as in the
previous experiment, ﬁ&lﬁiﬁg»@ﬁt, dielyasls, chromatography,
end electrophoresis. Samples were incubated at 379 ¢ for
35 hours at pH 5.2. Control specimens were not incubsted.
Thirty-three per cent of the eriginal radiocactivity was
present in the seluble fraction in salting-out studies.
Electrophoresis of the precipitate reveasled the major
radloactive peak between 1 and o< 5 globulin,
characteristic of denstured thyroglobulin, Dialysis removed
L6% of the initiel radicamctivity. No iodinated smino-ascids
or iodide were present in the non-dialysable fraction.
Electrophoresis showed a loss of radioactivity in the
albumin fraction (dilodotyrosine). These Tindings
confirmed those of the previous study.

These ultracenirifugal analyses by Alpers, Petermann
and Rell revealed that only 19% of the thyroglobulin was
uphydrelyzed, one-third in the form of native thyroglebulin
and two-thirds as denatwred thyroglobulin, Partition cell
atudies revealed that 36% of the origlnal radiocactivity
passed the partitlon. Six per cent was thyroglebulin;
15% was large fragments of substrate in various states of
ageregation, and the rest was & slowly sedimenting materisal.
Salting-out data agreed with this. Thirty-four per cent of
the initial redicactivity had the insolubility in phosphate
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characteristic of thyroglobulin. Assuming the pertition
cell studies to be accurate, 6% of this was unchanged
thyroglobulin and 28% was material which resembled
thyroglobulin in solubility but not in sedimentation
pehevior, This was thought to be the slow sedimenting
materisl.

The above c¢bservetions led to the postulation that
the hydrolysis of thyroglobulin by this enzyme liberated
intermediete substances of many sizes. This would be
compatible with ‘the proposel by Linderstrom-Lang thet a
proteolytic enzyme works in a zipper fashion, attacking
one peptide bond in every molecule before ettacking other
bonds.(28)  This would result in a mixbure of fragments
of assorted sizes as was observed., This type of resction
would depend upon an initial denaturation or unfolding of
the molecule which would open 1t up and expose bonds for
further proteolysis.

Studies pertaining to the nature of thyroglobulin
have further contributed to the above hypothesis.(39’30’3&)
Thess studies revealed a reversibly, partially denatured

A,

form of thyroglebulin, the " " form to be present

under certain conditions,

b 11}
e S ol

Native form g-=- ~ Form ««) Denatured form
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Papain hydrolysis of thyroglobulin in preparations
which favored the " < " form was studied. The
sedimentation pattern of the hydrolysate showed that the
n o4 ¥ popm was broken down most rapidly and thet it was
broken down by the interrupted type of proteolysis, Papain
was also active against native thyroglobulin, and broke it
down in a one-by-one mannsr.(B&) These studies are of
additional interest since papain behaves similar to the
cathepsin type enzymes.

Characteristics of the Proteolytic Enzyme(s)

Resolved by the Previous Studies

The previously cited experiments permit certain
conclusions to be made relative to the proteolytic enzyme(s).
The existence of & thyrold gland proteolytic enzyme(s) has
been demonstrated, It behaves as il it were & cathepsin.

It is active 1n the pH renge 2,5+5.2 and has opbimal
activity between pH 4.0 and L.9. It is activated by
cysteine., It is thermolablile, being greatly inactivated
at Pemperatures over 50° ¢ and almost totally inactivated
sbove 65° €., Dislyseble components are not necessary for

its sctivation or activity,

Its proteplytic effects have been evaluated agalnst

various substrates, including its most logical natural
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substrate, thyroglobulin. It is capable of hydrolyzing the
iodo-amino aclds from thyroglobulin, Its activity has been
compared to and is less than that of pepsin in its abilivy
to hydrolyze thyroglobulin, Variation in activity has been
demonstrated by in vivo alteration of the physioclogic stats
of enimal and humen thyroid metabolism, In vitro studles
with some of the same drugs that were used to alter in vivo

thyroid function have not preduced similer affacts.(&)

Discussion of the Previous Experiments

The thyroid proteolytic enzyme(s) is of physiologic
importance in the releasse of hormonal lodo-amino scids from
thyroglobulin., The previously cited studies are limited by
the fact that no quantitetive chemical measurements of these
compounds were made. The studles based upon the Ii3l
rediocactivity present in the hydrolytic products, which
wera separated by chromatography, cannot be accepted as a
quantitative measure of those compounds bscause the totel
quantities of the fractions present were not measured,
Solublility differentiation of 1127 and 113! guring dialysis,
selting-out, end acid precipitation indicates iodide
containing anmpeun&ﬁ have become separable from thyro-

globulin after incubation with an enzyme conbtalning
preparation of the thyroid, However, this does not
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indicate the precise nature of these substances nor thelr
relative amounts. The limitations imposed by using none
specific parameters for estimating and defining proteoclytic
activity was commented upon by one graup.(3z

- The estimation of proteolytle activity by indirect
chemical means, that is, the measuring of tyrosine or
terminal amino-nitrogen, has merit when substrates other
than thyroglobulin are used; however, thyroglobulin is the
natural and most biologleally important substrate. In
most of the cited studlies a truly purified preparation of
the enzyme was not used and thyroglobulin was present in
the enzyme preparation. Consequently, some of the tyrosine
that was measured may have been that released from the
thyrogleobulin in the enzyme aliquot rather than all of it
coming from the substrate. In the studies ia which
substrates other than thyroglobulin were used, a
preferentlal release of tyrosine from thyroglobulin rather

than the artificial substrate may have taken place,



CHAPTER II

PRESENT STwY

Proposel of the Presgent Study

The aim of tha present study is to affirm some of the
chapracteristics of the thyroid pratanlytié enzyme{s) using
hormonal lodide releassd as the parameter for meessuring
potivity. This represents the biologically active
end-products of hydrelyals from the nelural substrate,
thyroglobuline .They are the producte thet ere released
in yive if the proteclytic ensyme(s)} acts in its
proposed 1roleée

The measurement of hermonal iodide was possible by
using & micre-method for measuring butyl-alechol
extractable icdide, tne hormenal lodide, which w&é
geveloped in this laboratery. Use of tale nethod has
mede the present study possible with the small emounts of
pissue that were avallable.

The present study was divided luto Two pavts?

{1) the demonstratlion of the existence of the proteolytle

enzyme{s) in the Macague monkey (Macacs mulatte) during

the neonatal period of 1ife, and (2) the investigation of

some of the properiles of the ensyme{s).
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The neonatal period wasz chosen because it is =

critical period of thyroid function. Disruption or
cessation of activity during this period results in many
well known primary and secondary clinical changes. The
onset and development of function and the importeance of
the thywéid in fetal life is not well known; however, the
chronological appearance of important enzymes can be
jnferved by the eppearance of histologlcally recognizable
structures at different stages of devslopument. An sbrupt
need for endogenous thyroid hormene cccurs during the
perinatel period.{36) Incresssd proteolysis would oe
logically thought to talkas place as part of the mechaniam
of inereased sesretion of hormone during this period,
If the snzyme(s) functioned at a ocritical level during
this period, differences in aetivity might be expected
to appear at different steges., With this in mind, the
activity et verious ages in the neonatal life of the

Macague monkey (Macaoce mulettsa) was atudied. The

proviously desecribed properiles of the enzywe were tested
to affirm thelr presence and to sscertain the properties
of the enzyme in primate thyrold gianda for the present
gnd fvbure investigations.



CHAPTER IXI
METHODS EMPLOYED IN THE PRESENT STUDY

FPreparation of Tissue

Fresh, I13l.labelled (in vivo), thyrold glands wers
obtained from sacrificed newborn Macegue monkeys (Macace
mulatta)s The connective tissue was cleaned from them
with a Bard«Perker #11 blade and by blotting on gauze.

The cleaned gland was then weighed on a Roller-Smith
halance anﬁ was homogenized In approximately 3 ml of 0,11
M NeCl-0.04 Tris (hydroxymethyl) sminomethane buffer

(Tris buffer) in a moter driven, all gless, tube anrd
peatle tilssue homogenlzer which was pleced in an ice-water
bath., Homogenization was judged to be complete when an
even suspension (devoid of f{loating sedimenting particles)
was obtained, The homogenate was transferred to a 10 ml
volumetric flask and brought to volume with Tris buffer
that had besen used to rinse the homogenizer tube and
pestle, The pH of the homogenste in Tris buffer was 8.1.

An alliquot of the homogenate was transferred to a
volumetric flask and brought to volume using & 0.025 M
sodium acetate-scetic acid buffer (pH L.49) 28 the
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diluent. The volume of the allquot and the final volume
depended upon the weight of the thyroid gland., A final
concentration of approximately 1.0 mg thyroid tissue per
ml was sought. The range of concentrations obtained was
approximately 0,60-1.1 mg thyroid per ml, This amount of
tissue contained the most satisfactory amount of thyroxine
that could be determined 5y the micro-butyl-alcchol
extractable ilodine method. Cysteine as cysteine hydr ow
chloride was added to the homogenste with dilution with
the acetate buffer teo give a cysteilne concentration of
0.08 grams per cent. Toluene was added as a preservative,
In some of the specimens the remainder of the homogenate
in the Tris buffer was digested with pancreatic enzymés
and the iodo-amino acids and iodide were determinsd
chemlically and rediochemicelly after separation by paper

chromatography,

Prepsration of Samples for Chemical Analysis

One ml aliguots of tﬁe homogenate in acetate buffer
were transferred to glass stoppersd tubes. Five drops of
10% HRSG& (v/v) from a 5 ml blow-out serological pipet were
added to those tubes which were to serve as controls. The
pH after that amount of acld had been added was 0.90-1.0,

as determined on the Beclman model & portable pH meter.



The enzyme{s) being studied has been reported to be
inactive at this pﬁa(l) The reaction samples wers
incubated at 37° ¢ for vavying periods of time in an
uncovered water bath, Five dropu of 10% Hp80) (v/v)
deliversd from & 5 ml blow-out serological pipet were
added to these tubez at the end of their periocd of
incubation. In a separate group of experiments to be
described subsequently, the homogenate was placed in the
glass stoppered tubes and the tubes placed in a boiling
water bath for five minubtes, Acid was then sdded to those
that were to serve as controls and the others were
incubated at 379 ¢ slong with seamples handled in the
manner described above. :

The homogenate was incubated as soon ag it was
prepared; abt the same time acld was added to the control
speclmena which were not incubated. In most of the
sxperiments the hormonal fodide (thyroxine iodide) was
determined 1mm$diata1y after the additlon of the EQSOA
which inhibited enzyme(s) aectivity; however, in some of
the later experiments lmmedlate determination of hormenal
iodide was not fesaible and the samples were refrigerated
for periods of one to three davs before analysis,
Previous studies had shown that no enzyme activity exists
under these econditions of refrigeration (6° ¢) and
acidification (pH 1.0).
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Preliminary Study to Determine

the Prq&ucts of Hydrolysis

A paper chromatographic analysis of incubated, poocled,
nomogenized I13l.1lsbelled (in vivoe) rat thyrold glands was
done to determine the products liberated during the 2l-hour
incubation period. HRadloautograms were made from the
chromatograms, Pooled, I13l.labelled, rat thyreoid
homogenate was used for this study because a concentrated
thyrold homogenate of pH lhe2«l o5 was needed, This could
not be supplied with the monkey thyroid glands sinece their
disposition was fixed and none could be spared for such
investigations, The rat thyrolds wére homogenized in 3 ml
of normal saline in the hannar deseribed under the section
describing preparation of tissue,

The homogenate was diluted with 0,025 M sodium
acetate~acetic acld buffer (pH L .L9) and cysteine and
toluene were added. One allguot was placed iIn a glass
stoppered tube and incubated for 2l hours in an uncovered
water bath, Aliquots of the non-incubated aliquots were
placed dirvectly on paper fLor chromatographlec analysis.
Aliquots of the incubated homogenate were placed on the
paper at the completion of incubation. The chromatograms
were immediately developed., It was assumed that no

proteolysis would oceur after the sample had been placed
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on the chromatography paper end drled, The chromatograms
were developed with collidine-water (100:35) in an eammonia
atmosphere and butanol-dioxane-ammonia (i:1ls5). Descending
chromatography was used in both instances,

Chromatography /

Aliquots of the Il3l.labelled, pooled, rat thyroid
gland homogenate were applied in streaks to Whatman number
3 filter peper., This paper was found by our laberatory to
be the most satisfactory for separation of lodide and iodo-
amino acids liberated during hydrolysis and for the
chemical analysis of them when those areass wers cut from
the paper and analyzed for I'27, Such findings are in
sgreement with those reported by Kﬂwﬁabany.(gl) The paper
was found to be free of contaminants which could interfere
with the determination of I127,

The peper was laid on a dry, suitably cleaned glass
plate., A light pencil line was drawn scross the width of
the paper 5 cm from an end., Eight em from the same end an
interrupted parallel 1light pencil line was drawn. This
line extended 2.5 em in from each edge and continued after
leeving 3.5 em unlined intervels, This left two unlined
3.5 em arsas in which the sample could be applied in
streaks which could be aligned with the straight pencil

line. A 10 ml serological pipet was placed under the peper
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near the ares where the specimen was applled, elevating it
from the glass surface and serving %o prevent the sample
from blotting and being lost on the glase, The line 5 em
from the end was used as a gulde for folding the paper to
place over the glass rod during development.

The sample was applled in 3.5 enm streaka on the
degignated areas with 25 ul ecspilllary pivets, After sach
application the streak was dried with a bhair drysr beflore
additional sample was added, Cold air was uszed since it
was felt that warm alr might alter the protein in the
homogenate causing false products to be releassd.

The chromatograms were cdeveloped by descending chroma-
tography using c¢ollidine-water in an ammonia atmosphere
and n butanoi-dioxane-ammonia as selvents, The ammonia
atmosphere was achieved by placing a beaker of concentrated
NH) Ol in the tank, The chromabograus were developed in en
2ll glass tank coverad with a fitted plate glass top and
sealed with vacuum greass. The glass top was welghted to
maintain an airtight sesl during the peried of development,
Development proceeded fon 16 hours at room bempsraturs
which ranged from 20-22° ¢, The papers were dried in a
chrematography oven at a temperature ranging Trom 80-.900 ¢
for epproximately two hours., Separastion of the Lodo-aming

acids and iodide had beson satisfactory using these methods
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in our laboratoery.(37) They incorporate modifications of
procedures reported elsewhere,(10sli)
Radioautography

Thé solvent front and origln were marked with drops of
1131 and the paper wes exposed for four hours t6 non-sereen
zerey film. The developed radioautogram was used to
identify the iodo-amino acids and i1odide in the samples,
These were judged by comparison of thelr location with the

goation of them on chromatogrems which had been marked

with I331.1abelled MIT, DIT, trilodethyronine, thyroxine,
and lodide. The location was slac ascertained by
comparison of loecation with published Ry values of these
compounds separated by paper chromatography and develeped
with these solvents and of piletures of similar redioce
autographs of chromatograms developed with these

salvants.{ll)

Chemical Analysis of Thyroid Hormonal Iodide

Thyrold glend hormonal lodide was determined by the
microe-method for the estimation of butylealeohol

extractable hormonal iodlde described by Kontaxis and
Pickering. {20) This method affords a specific means for

evaluating the hormonally actlve ilodeo-amine acids,



Chemical Analysis of Thyrold Gland Todide

Thyrold gland total iodide content was determined by

e modification of the butyl-alcohol extractabls thyreid
hormonal iodide method, The modificetion consisted of
foregoing the ﬂ.butylualeehbl extractions and Blau's
Solution (LN NaOH - 5% HaZGQB) washing of the extract,
Thyroid gland homogenate was evaporated with KNG3 and
I‘iagcaz and ashed in the muffle furnace and the iodide
analyzed by the ceric-arsenious oxidation-reduction

reaction just as in the determination of hormonal leodide,

n



CHAPTER IV
RESULTS

Special Preliminary Study

A preliminary study was performed to determine the
products of enzymic hydrolysis in thyroid glands. Rat
thyroid glands were used to conserve monkey pglands,
Pooled, Il3l.labelled (in vive), rat thyroid glands were
homogenlzed and processed, and the products of hydrolysis
were determined by paper chromstography ané radioe
autography. Collidine-water-ammonie and butanol-dloxane-
ammonisa were the éelv&nts used Tfor the chromatographie
separation of preoducts. Non-incubated homogenates were
slso chromatographed and radlosutographed to serve as
contrels, The radicsutograms in Figures 1 and 2 validate
the method and clearly show the aapa?atian of lcdo-amino

acids released during incubation.



Flgure 1

Products separated using butenole
dioxane, smmonla, TIT = Trilodothyronine;
other symbols are the same as those used

in Pigure 2.

Figure 2

Proeducts of hydrolysis sepavsted
‘using collidine-water in an ammonis
atmosphere. O = origing MIT = monoe
lodotyrosine; DIT = difocdotyrosine;
Tx = thyroxine; I = inorganic fodide.
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Part I

The Presencs of ths Proteolytic Enzyme{s) in

Thyroid Tissue During the Neonatal Period

Thyrold homogenates of freshly secrificed neonatal

Macaque monkeys (Macace muletta) of different conceptional

sgest were prepared in the manner described under the
section on methods, The homogenstes contained 0,6«1.5 mg
thyroid tissue per ml (the majority contained 0,7-0.85 mg
thyroid tissue per ml). The homogenates were incubated for
2l hours in a 37° ¢ water bath., The proteolytic enzyme was
inactivated at the conclusion of incubation by the addition
of five drops of 10% HyS0; which lowered the pH of the
homogenate to approximstely 1.0, st which the enzyme(s) is
inactive. Activity was expressed ss the fraction of
hormonal iodide expressed es micromoles of thyroxine whieh
was relessed per mg of thyroid tissue during incubation.
Such activity was messured in glands from various neonatal

age groups. The results are listed in Table I.

1Concaption&1 age 1s the age in days of the animal dated
from the exposure time of the mating partners.
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Properiies of the Ensyme

Ineunbation Time and Enzyme Activity. The degree of

hydrolysis at different incubstion times was studied in
tissue preparaticns from animsls ef different age. Thyroid
glend samples were hydrolyzed for periods of time ranging
from six to 72 hours. The results sre presented in

Table II and data For sniuals of conceptional age 250 days
are plotted in Figure 2, Each indivldusl point on the

graph represents three or more analyses,



37

TABLE II
INFLUENCE OF INCUBATION TIME
Ol ENZYME ACTIVITY

e e e e e e e e e T

Rewrs % Hormonal I~ % Hormonal I~
Ineubation Releascd Released
PP 597 | PP 59l
6 18 ‘ 7.6
2l 22 17
ue 26 ——

?6 26 o o




Figure 3

Progress curve to show the influence

of incubation time on enzyme setivity.
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INFLUENCE OF INCUBATION TIME ON ENZYME ACTIVITY
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Influence of pH on Enzyme Activity. Homogenates were

adjusted to pH L.l end 8.2 and incubsted for 2l hours at

37° ¢. This was done to determine if the peptidase
reported to be active at the higher pH value would be able
to hydrolyze the thyroglobulin present in the homogenate.

The results are presented in Figure l.



Figure U4

Influence of pH on proteolytic activity.



INFLUENCE OF pH ON PROTEOLYTIC AGTIVITY

Animal PP59- IO Concepnonol age 250 days
Micrograms of Hormonal lodide x 10° per mgm Thyroid Glond

pH 4.08 pH 8.20
ks 135
—30
425
16.7 iz 177 6.1
b A |5 |4.6 235513::
10
-5
F T N -0 F T N

[T F=Free hormonal iodide
[: T=Total hormonal iodide released during 24 hrs. incubation
@N Net hormonal iodide released during 24 hrs. incubation




Influence of Boiling the Homogenate Prior to

L1

Incubation. Homogenates were placed in a boiling water

bath for five minutes prior to incubation at 37° ¢ for 2i

hours. This was done to determine (1) whether this

insctivated the enzyme(s), (2) whether hormonal lodide is

liberated by non-enzymic hydrolysis during the 2l hours

of incubstion at 37° ¢ at a pH of L.1, and {3) whether

hormonal iodide ls lost during incubetion and by beiling

et & pH of h.l. The results ave presented in Table III.

TABLE IIIX

INFLUENCE OF BOILING ON PROTEOLYTIC ACTIVITY

Date Expressed as mg Hormonal I per mg/Thyroid Tissue

Anigal- Control Tubég'(HESOQ) Eh-ﬁouf-Hyﬁralﬁsi&
Wot Bolled Bolled Not Bolled Bolled

CP 59«5

Age 225 ;

ﬁ&y& E,o’-{,ﬁ; 303}-{' 8005 1.80
oP wl
Ag&522§

days 1.87 1.66 10.62 1.58
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Inflnence of Refrigeretion at pH 1.0. The effect of
storage at refrigerator temperatures (6 C) and at pH 1.0
wes studied to determine whether under these conditions
(1) proteclysis occurred,or (2) hormonal iodide was lost.
The thyroid homogenates were acidified and placed in &
refrigerator for 2i hours prior to extraction with butyle
alcohol. These data were compered with those of samples
extracted immedistely after enzymatic activity was
stopped by acidification, The results are presented in
Table IV,

TABLE IV
INFLUENCE OF REFRIGERATION (6° ¢) ON PROTEOLYTIC ACTIVITY

- o 2& Hour'Refrigeratian'
Immediate Extraction Befers Extraction

ug Hormenal I«
mg Thyrold 0,001 0.000
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Influence of Substrate Concentration on Ensymic

Activity. A homogenate in which proteolytis aetivity had
been destroyed by heat and which contained six mg thyreid
tissue per ml was used for the substrate. The homogenate
in which enzyme activity was not destroyed was prepared
ia the usual manner, It contained 0.60 mg wet thyroid
tissue per ml, The thyrold tissue in this study was from
animal PP 60-5, coneceptional age 183 days. Inactivation
of the enzyme in the subatrate homogenate was sccomplished
by plaecing the thyreoid tissue homogenate in a boiling
water bath and bringing it to a temperature of 80-.850 ¢,
for 1.5-2.,0 minutes and then cooling it in an ice bath

to room temperature. This degree of heating inactivated
the proteolytic enzyme, Substrate homogenate in amounts
of 0.2 and 0.4 ml, containing 1.2 and 2.4 mg thyroid, were
edded to the reaction vessels which contained 1.0 ml of
the enzyme homogenate., The reaction volume was 1.40 ml
which was adjusted to volume with 0,025 M scetate buffer
(pH Le49)s The pH of the reaction mixture was l.35.
Iﬁéubatian temperature was 37% ¢ and reaction times were
6, 12, 18, end 2 hours. The resulbs are presented in

Teble V,



TABLE V

INFLUENCE COF 3UBSTRATE ON PHOTEOLYTIC ACTIVITY

Ineubation
Period

ugxl03 Hormonal Iedide Released
per Reaction Vessel

6 hrs,

iz hrs.

18 hrs., 24 hes,

Enge ’
Qﬁly -

9.3

15,

18.1 20,0

Enz., Hnge
plus g?% ml
Substrabe Img,

gy,

10.9

20,0

27«7

- Banz. lIng.
plus O.L ml
Substrate Hung.

Fely

2.1

33.2 35.6




CHAPTER v
DISCUSSION OF DATA

Preliminary Study to

Show the Products of Hydrolysis

The ledinsted products of hydrolysis uslng pooled,
1131 1abelled (in vivo), rat thyrold gleand homogenates
were determined by peper chromatography. Radloautograms
of the chromatogram are showm in Figure 1. The products
of hydrolysis are MIT, DIT, thyroxine, trilodethyronine,
and inorganic lodide.

These results indicate that the proteclytic enzyme(s)
{s not specific for the release of thyroid hormone, bub
that all of lodo-amino acids are released, Radloautography
psing 1131 as the source of radioactivity is useful for
deplcting the iodinated amino acids. This study conflrms
the findings of YeQuillan and Trikojus that all of the
jodo-amino acids and inorgenic iodide are resleased, but it
fails to support their claim that a fast moving lodine
containing "peptide” fraction is 1iberated.(33) No doubt
 peptides are liberated as has been stated and is shown by

the tail et the origin in the radicautogram shown in
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Figures 1 and 2, but it is certainly not fast moving. The
other suthors used different solvents and had to extract
end re-chromatograph spots to get their complete
separstion of products. In doing this they had to
coneentrate the extracted meterial in vacue prior to
re-development by chromatography. The extra handling
could have caused alteration of some of the compounds and
thus been responsible for the unknown products that wers
designated "peptides.”" Concentration of in vacuo butanol
extracts of labelled thyrold homogenate has been observed

to interfere with chromatographic separation of products.(ué)

Studies in Macaque Monkeys (Macace mulatta)

The properties of the thyrold gland proteolytic
enzyme(s) were studied using a semi~quantitative means lor
measuring enzyme activity. The method developed depended
on guaentitative measurement of the hormonal iodide released
with incubation of homogenized tissue under controlled
conditions, This method, specific in that it measures the
hormonal ende-products of proteolysis in thyrold tiassue,
has not been designed for studies of comparative,
guantitative assay of enzyme activity. Later studies, in
which proteolytiec activity was shown to vary with the
amount of substrate present, made apparsnh the fact that

the substrate concentration must be controlled to provide
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a basis for such comparative guantitative assessment of
activity. As employed in the studies reported in this
theais, the method used has been applicable in

inveatigations of the properties of the enzyme(s). Other

inveatigators reported studies using similar tissue
preparations, but have used less direct means for
evaluating the products of hydrolysis,{(2s3)
Proteolytic Qgtivi@z_gﬁ»@hggaig

Gland Tissue from Animals at Different Ages

Thyrold gland proteolytic activity was demonstrated
in thyrold tlissues of all of the animals studied at the
various ages nobted. Rn quantitative comparative
estimation of proteciytic activity was made between the
- different age groups for the reasons stated above,

Influence of Incubation

Time on Proteolytic Activity

Enzymic proteolytic activity veried with time in all
cases gtudled., These relationaships are shown in Figure 3.

Meximuu proteolytic activity occurred hetween 18-2l
hours after which a platesu was veached., These resulis

corroborate the reported cbservations of others, (1,2)
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Effect of pH, High Temperature,

and Refrigeration After Acidification

Proteolybtic activity was observed in the pH range
heOwlie5e Ho activity was observed at pH values of 8.2 or
1.0. These findings are consistent with the reports of
others.{1) The sbsonce of activity at pH 1.0 provided a
convenient basls for stopping proteolysis. The lack of
schivity at pH 8.2, a pH at which peptidase activity had
been reported, may indicate that the peptidase does not
play a role in the initlal hydrolysis of thyroglobulin,(52)

?roteoiytia,activity was destroyed by boiling the
homogenate for five minutes prior to incubation, No
hydrolysis occeurred when previously boiled homogenate was
incubated at 372 ¢ for 2L hours. The hormonal ilodide
released alter inecubation at 37° € and for 2l hours was
due to the activity of the thyroid proteolytic enzyme(s)
end was not due to the conditions of the experiment., The
effect of temperature was further defined in other studies
in which s markedly grester concentration of thyroid
homogenate wee used (30 mg thyroid/mi ve 0,89 mg/ml), in
which more engyme{s) might have been expected to be present.
The enzyme(s) present was destroyed by heating the

homogenete to s temperature of 80-85% ¢ for 1.5«2 minutes,

This was consistent with the values of heat insctivation
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of the enzyme(s) reported by others.{1:52) penaturation
of thyroglobulin takes place during incubation for 2i
hours a2t 37° ¢ at pH 2.6 which is near the iso-electrie
pH of thyroglebulin and is below the pH at which
thyreoglobulin becomes irreversibly denatured,(2:27) Other
studies have shown that denaturation of thyroglobulin iﬂ
an initial step in enzyme hydrulysis.(37 Therefare, heat
denaturation of the howmogenabte provided a sultable uselful
means for preparing a thyroglebulin eontaining preparastion
in which proteolytlc activiiy has been destroyed, but in
which the ausceptibility of the substrate to proteelytic
anzyme saction has no® been hindered,

¥o hormonal lodide was lost nor did additional
proteolysis occur durlng 2L hours of refrigeration {139 )
et a pH of 1.0. Thyroxine iodlde iz easlily oxidlzed st
room terporature and st acid condibions, snd it had been
Important to establish that storage did not affaet agsay
when immediate oxtraction with butylealochol was not done.

The studles reported in this thesis have defined
certain properties of the thyroid proteolytic enzyme(s).
The information derived from these studies 1s useful as
a frame of reference for future work with the enzyme(s).
The method presented has the advantage of being based

upon determinations of enzyme activity by a more specific
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parameter of thyroglobulin proteolysis than had been used
by previous investigators, I£ is a2 very sulteble basis
for future studies with purified enzyme and pubstrate
preparations, Detalled or quantitative definition of the
enzyme(s) and its propertlies must await such
investigations,

Influence of Substrate

Goncentration on Enzymic Activity

The influence of substrate concentration on enzymic
activity was lnvestigated by analysis of hydrolytic
activity of constant amounts of enzyme incubated with
varying amounts of substrate. The results indicated that
activity varled dirsctly with substrate concentration, as
would be expected in an enszyme catelysed process. These
studles indicated a severe limitation in investigstions
attempting to quantitatively measure enzyme aetivity in

preparations of unknown substrate concentration.



CHAPTER VI
SUMMARY AND CONCLUSIONS

Sunmary

A brief historicsal account of the development of
knowledge of th@vthyraia glnhd has been presented.
Especial attention has been glven to the thoories of ths
mechanism of storage and secretlion of thyrold hormone
pased on studies reported prior to ths suggestion that a
proteolytis enzyme(s) may be responsible for the release
of thyreld hormone from thyroglobulin, The investigative
data leading to the alscovery of this snzyme(s) have been
described along wlth subsoguent studies doscrlbing what
is knoun about the properiies of this enzyme(s).

This study bas presented a‘naw appyroach vo the
detection of the products of hydroiysis and was concsrned
with establishing tﬁ@ oxistense of the thyrold proteosliytic
enzyne{s) in noonatal primatos, and determining acme of
1ta proportics. The reasons Cor using s methed bassd on
the detormmination of the amount of hormonal iodlde
released from thyroglebulin as the parameber [or measuring

activity have besn discussed along with detalls of tae
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method which may be performed on small amounts of
tissue,

The results of the experiment have been presented
and discussed., The enzyme(s) has been shown not to be
specific for hydrolysis of hormonal iodo-amino acids but
hydrolyzes all of the iodo-amino acids from thyroglobulin.
I% hes been shown to be present in Macaque monkeys
{(Macace mulatta) throughout early extrauterine life.

Certain properties of the enzyme(s) have been described

and discussed.

Coneclusions

Certain conclusions may be made fram the results
obtained in the present investigeations. These are:

l. The enzyme(s) was not specific for hydrolysis of
the hormonal iodo-amine aeids., All of the ifodo-amine
acids were releassed during proteolysis,

2. A proteolytic enzyme(s) capasble of splitting
iodo-amino acids from thyroglebulin was present in
thyroeid gland homogenates in neonatal Macaque monkeys

(Mecaca mulatta). No difference in activity at different

ages in the neonatal period was demonstirated in this study.

3¢ The enzyme(s) showed proteolytic activity in the
pH range L.15 to 4.5, It was not active at pH 8.1 or at
pH 1.0,
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e Proteolytic activity was destroyed by heating
the enzyme(s) to a temperature of 80° to 850 ¢ for 1.5
minutes,

5. No non-enzymic proteolysis occurs under the
condition of incubation at 379 ¢ for 2l hours at a pH of
Lals

6. HNo proteolysis occurred and no hormenal lodide
wes lost when thyroid homogenate was stored at a pH of
1.0 at 6° C temperature for 2l hours.

7« Proteolysis increased with incressed substrate
concentration as would be expected in an enzymatie
proceas. This amount of substrate makes it necessary to
use specific quantities of substrate Tor assay of enzyme
activity. The determination of hydrolysis from homogenates
alone did not give a satisfactory measure of proteolytic

aﬁti?'ityu
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