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THYROGLOBULIN AND RELATED TODOPROTEING TN THE THYROID GLAND

The object of this investigatlion was to study the metabollsm
of the thyroidal ilodoproteins during goltrogenesis in the rat and
to examine the physico-chemilcal properties of the ilodoproteins in
established goitrous human glands.

Goitrogenesils was induced in vrats, Tfollowing 'ecquilibrium

labelling' of thyroidal iodine, by daily administration of methyl.

thiouracil (MIU)., After a latent period of 5 days there was a
rapid increase in gland welght to 3 times the control valuve after
10 days on the MIU regime. Throughout goitrogenesis, the total
1251 content of the gland decreased logarithmically but the 1251
was removed at a faster rate from the 125,000 g supernatant
froction than from the whole gland homogenate. These data
suggest that the rate of collold resorption is greater than the
rate of proteolysis or the rate of acquisition of the hydrolytic
enzymes by the collold droplets. ITn the study of the metabolism
of the soluble iodoproteins, the 125,000 g supernatants were
fractionated by DUEAR cellulose chromatography, sucrose gradient
ultracentrifugation and polyacrylamide gel electrophoresis.
Malysis of the decrease in 1251 content of the lodoprotein
fractions, separated by these techniques, showed that the newly
jodinated fodoprotein molecules are metabolised at a faster rate

than/
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than the older more highly lodinated molecules and demonstrated
that the 275 lodoprotein is metabolised at a slower rate than
the 198 thyroglobulin, In another study, thyroidal protein
synthesis during goitrogenesis was examined by 3H#1@ucine
incorporation into thyroidal proteins *in vive'. A pronounced
stimulation of labelled aminocacild incorporation occurred hetween
the 3rd and 6th days of goltrogenesis and the BHmleucine was
incorporated into a protein with sedimentation constant less
than 198. After 8 days, however, label could also be detected
in a heavier protein component corresponding to 24 - 258, It
is suggested that this represents a precursor of the 278 1odo-
protein which accumulates when lodide organification is
inhibited by MTU and provides additional evidence thatl
iodination is nol a prervequisite for subunit aggregation.

In studying the physico-chemical properties of the
iodoproteins in established goltrous human glands, the lodow
proteins were purified hy gel filtration from a number of
goltres vemoved at operation from patients. In geoneral,
lodoproteins from non-toxic goitres contained considerably less
fodine per mg protein than nommal although they resembled
thyroglobulin from normal tissue in carbohydrate content,
electrophoretic moblility and sedimentation propertics. An
exception, however, occurred in the ilodoprotelins from cases of

Hashimotots/



Hashimoto's thyrolditis where the hexose levels were elevated and
the ilodoprotein had a sedimentation constant of 20 ~ 215.
Bgtimation of the degree of heterogeneily of the lodoproteins from
goltrous glends by DEAE cellulose revealed that in non-toxic goitres .
the lodoproteins compared with those from the normal gland in
heterogenedty vhile in all other cases studies the lodoproteins
were, in general, considerably nore homogeneous. Peptide fingeipw
prints of the S.carboxymethylated lodoproteins (8CM) did not reveal
any gross Glssimilayities in the primavy structures of the proteius
although a vardiebility in the presence of certain grouvs of peptides
was found between the native and SCM proteinse In some cases,
these variations could be related to the absence of a 275 1lodom
protein from these glands and a heterogeneity of the tyrosyl
regidues in the protein with regard to bhe exbent of lodination.
In general, in physical properties studied, the ilodoproteins from
goitrous glands were indistinguishable from normal. thyroglobulin
and the dissimilarities which occurred in the chewmical properties
could, for the most part, be related to the ilodination level of the
protein.

In two goitrous glands studied, abnormalities were, however,
detected in the Llodoproteins idsclated. In one casey in addition
to a normal thyroglobulin component, an lodinated albumin and
pre-~albumin were isolated. However, a structural simllarity

between these lodoproteins and normal thyroglobulin was revealed
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by peptide fingerprinting and it is supgested that they represent
iodinated subunits of thyroglobulin. In the other case, a high
molecular weight lodoprotein was isolated whichg although related
to thyroglobulin, had only half the normal carbohydrate content
and readlly dissociated, under the conditions of isolation, to
smaller subunits. Furthermore, an iodoalbumin was also

isolated from this gland which produced a peptide fingerprint
significantly different from normal thyroglobulin, It is
suggested that in this gland an abnormal subunit is synthesised
which prevents normal aggfezation and stabilisation mechanisms

taking place.
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GENERAT, INTRODUCTTON

HISPORTCAL

Tt was vealised towards the end of the 19th Century that the
thyrold gland produced a substence cessentlal for health (Schiff,
1884 Yofmeister, 189h; Horsley, 18865 Fox, 1802; Mackenzie, 1802).
The search for the postulated active constiltuent led Bauvmenn (1896 a,b)
to the discovery that the thyrold gland contained considerable
guentities of lodine confined to a proteln Lraction which, on
hydrolysis, yielded a substance effective ln the velief of thé sipus
and symptons of myxooedema. Puprdfication of the active constituent
vas not, however, achleved uatil Kendall (31915, 1919) isolated the
crystalline product which centained 63 per cent iodine. Haringtoﬁn
(1926 a,b) and Haringbon and Barger (1927) luproved on Kendall's
nethod of isolation and £inally chavacterised amd synthesised the
compound whiéh Kendall had name thyroxine. Farthor aavaﬂceé in
thyroid biochemistyry followed the intyoduction of newer end more
rvefined antalytical teclmigues. The introduction of radloisotopes
of lodine, together with vefined chromatopraphic technigues, led
Grops and Pltt-Rivers (1952) to the dlscovery of & second blologically
active constituent of the thyrold glend, nomely trie~iodo thyronine.

Parallel with the discovery of thyroxine, another importent
factor in thyroid function ves shown by Swilih and Smith (1922)., They

demonstrated/



denonstrated that the atvophic thyrold glend of the hypophysectomlised
tadpole could be made hypertrophle by injections of bovine anterlor
pltultery glend oxtvacts. Whus, the function of the thyrold gland
appears to bavth@ synthesis, storage snd secretion of its own wnlque
lodine contailning hormones - the elabopyation of which ds stimulated
by thy&aid gtimulating hormene (TSH) from the anterior pituitapry.

Ya the following sections an outline of the geoneral biothemistry of
the thyrold gland is glven, with special attentlon to the subject
undey Iuvestigationg namely the lodoproteins of the thyroid glend.

MORPHOTOGY AND CYTOLOGY OF $HE THYROID GLAND

The widt of thyrold fumetion is the follicle (fig. 1). It
conslots of a group of cells vhose aplees border on a sphevrical mass
of colloid. The lateral ¢ell bopders ave in contact vith one anothey
ond vhe bases of the ¢ells yvest on the follloular badement membrane
which surroundas the group. The novmal thyreid follicle, in ecross
gection, appears as & simple riuglet of cuboidal ecells surrounding
a mass of colloidse In the noemal hwman adult, the follicles vary
considerably in slze, the average diaumeter belng ebout 300p. On
gtimalatilon of the thyrold with TSH, the ringlet of cuboldal cells
becomes a lavge irvegularly outlined sbructure composed of tall
columnar coells. Functlonally the cells of the follicles ave the mite
of hormone synthesless the homogeneous eolloid filling the lumen of

(x)

the follicle represents the storage forma of the hormone - ag part of

tho/



Fig. 1, Section through normal rat thyroid gland showing
colloid-fi!'Ded follicles (x40). Stained with haematoxylin and

eosin.
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the primazy structure of the principal protein of the colloid,
thyroglobulin,

The fine structure of the thyroid folliculay cell is showm
diagrammatically in flgs 2. The slectron micvoscopy studles of
fkholn and Sjostrand (1957) and Wissig (1960) show the colloid as a
mass of medium density and faintly granuley texture., Thyroid
folliculay cells appear baslcally silmllar to the epithelial cells
of exocrine glands engeged in protein excretiom. IMicrovilli oceour
along the apleal surface and the nucleus is cenblrally placeds The
follicle cell is surroumded by a tyiple layered plasma mnembrane
composed of two osmophilic layers separated by an electron
trensparent layers In the apical plasme membyrane the three layevs
are of equal thickmess (Seljelid, 196%7a) although in the lateral and
basal pleasma membranes the internal osmophilic layer i= twlce as
thick as the external. The oulter surface of the basal meubrane is
closely applied to the folliculsr basement membrane which englobos

o

the follicle and heolps maintain the integrity of the functional wnite
The cytoplasm @f the thyrold cell is o complex struciture

contedining mitovhondria, granules and a variety of orgenelles.

The thyrolid cell bhas an exbensive erpastoplastic network which im

involved in the synthesis and elaboration of thyroplobuline. It also

has an exbensive Golgli apparatus which consists of smooth surfaced

lanclloe. The thyroid cell, thevefore, appears to be of the

merocrine type elsborating thyroglobulin intracellularly and

transporting/
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iUg* 2. Schematic representation of a thyroid cell showing
the nucleus, mitochondria, ribosome-studded endoplasmic reticulum
and Golgi apparatus* Large granules are also shown towards the
apex of the cell which borders the colloid* Tlie base of the cell
lies in close proximity to a capillary* (reproduced from I3diolm
and Sjostrand, 1957)%*
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transporting this material apiecally to be secreted into the colloid.
thlike excerine cells, however, they have en additional secretory
function since they act as endocrine cells by éeleaaing thyroxine
into the perifollicular capilleries. Defore the howmones cen be
veleased lnte the clvculation, the colloid or thyroglobulin must be
vesorhad into the follicular cells and hydrolysed, Minube pores in
the perifmilianlar capillavies allov plasma to come into direct
contact with the basal membrone permitting diffision of meterials

in and out of the acinar cells.

DIOSYNTHESTS AND RELEASH OF THYROID HORMONIES

This topic has been rveviewed by De Groot (1965). The thyrold
glend assimilates inorgenic lodide and establishes a concentraticn
gradient betweon the gland and plasma. The accwmilated lodide is
inltially owldised and bound to tyrosine resgldues present in peptide
linkage in thyroglobulin. There then oceurs a Little unéersﬁaoa
process vhereby the lodinated tyrosines mono and di-lodo tyrosines
couple to form the iodothyronine molecules, thyroxine snd tri-iodo
thyronine, vhich remainlwithin the peptide chaing of thyroglobulive
These iodo amino aside ave subsegquently lLiberated by the thyrold
proteolytic sysbem of enzymes. The lodethyrenines ave released into
- the plagme while the lodobyrosines are delodinated and thely iodide
reutilised within the glands The iodothyronines are trensported iun
the plasma by specifiec serum protoins to thelr target orgens where
they emert theilr metabolic effect and in turn ave degraded. Thelr

iodide/
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jodide is released to mix with the plasma pool and traverse thia
eycle once apgaine

ZODIDE CONCENTIRATING FROCISS

N Jihd e con T enbhd doowed” 1vid 4 de e FEIES & o
TopInE cORCEVERAe TR Protiagtly divided dato two stages

1) Todide tvausport
ii) Iodide ovgeniflcation.

Todide tronsport

This has been reviewed by Wolff (1064) and Halmi (1964). Intey
of iodide into the folliculer cell ocours by two processes; a) by
diffusion and b) treusport. Diffusion is, however, an almost
nagligible pathuey of iodide entry into the thyrold gland at
phyalological lodide concentrations In the plasma. Active trensport
igs the move lupdritant mechandsm by which the gland assimilates the

BLe . 32 b et esy 4 e
I after goltrogen twoatment (which

anion. Adminlstration of
provents organic binding of lodide) leads to acoumulation of iodide
in the follicular lumina (Pitt-Rivers and Trotter, 1953). Although
this night suggest that the site of active brausport is eonfiuned to
the apleal margin of the cell, btreusferving ilodide into the colloid
space, data are available which locabe the mechanism at the gell
base. The most diveet evidence for this is the concenbration of
free iodide by isolabed thyroid cells (Tong, Kerkoff and Chaikoff,
1962).  The exact mechanism of lodide trensport is unknowa,
although several reports have provided evidence for the existence

of a specific iodide cavrier in the cell membrane (Berson and Valow,

1955/
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19553 Wollmen, 19563 Wollman and Reed, 1962; Wyngaarden, Stanbury
and Repp, l95§).‘ The form of the proposed iodlde cavvier is
wnknowm although Vilklki (1962) suggested that thyroidal lecithin
was davolveds The kiuetice of iodide binding %o thyroldal
leeithins has beon atudied-hy Sehneider and Wolf? (1963)., Turthers
morey 1t has been shown that the mochenismm is energy dependent (Freinkel
ond Ingbar, 1955), K « dependent (Wolffand Mauvey, 1958) end
related to the ATPase sctivity of the folllcular cell membrane
(Turkington, 1962). Seljeiid (1967¢) using cytochemlecal
procedures has shouwn that APase activity is present in the basal
ploswa membrene » the proposed site of actlve transport - but not
in the aplcal plasime menbrancs
Todide orgemification

The actual slte of lodide opgenification iz stlll largely
speculative although 1t s wailversally accepted that orgenification
iavolves the binding of lodine to tyrosine moletles in the primery
structure of thyroglobulin and not to free tyrosine moledules which
are subgequently incorporated into protein. The evidence for this
sequence of evente ls the complete abgence of spegific lodotyrosings
acﬁivating enzymes or yegepbor t-MNA in the thyroid glend
(4lexander, 19643 Cartousou, Aqueron aud Lissitsky, 1964), aud the
inhibition of amino acld incorporation into thyrmglmbmlig%by
puvonyein withont affesting the organification of lodide (&nodal,
Maloof and Sato, 19643 Seed and Goldberg, 1965). (ne of the major

controversies/
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controversios is vhether the site of orgamification is confined
- to the colloid, the follicular cell or oceurs in both. In this
respect, radloautographic studies have been generally conflicting.

. ~
Protedn bound ot

I has been demonstrated completely confined to

the follicunlar colleold even a few seconds after administrabtion of
tracer isobope (Wollman end Wodinsky, 19553 PitteRivers, Niven and
Young, 1964). However, at very oavly times after administration

of the lsotope, the yradicactivity vas detected, at fivet as rings
around the poriphery of the luminal space, later diffusing to glve
uniform blackening of the gollokd. It seems thovefore that
iodivation initially cccurs at or near the colloildecell interfacs
in close proximity bo the microvilli (Stoin and Gross, 19643 Willioms
and Vickery, 1965). In support of this, Bensbdeljlil,
Michel-Bachet and Lissiteky (1967) have produsced evidence that

the apical poles of the fmllieula? cells ave the sole sites of
dodination. However, radivaubographs of foelal thyrolds have shown
that prior o the development of coliodd=Iilled follicles, protein
bound P 15 located within the follicular cell (Remkin, 1041;
Koneff, Nichols, Wolff smd Chaikoff, 1949). On the other hand,
from atﬁdies with sueviving sheep thyrold slices, Nunem, Mauchamp,
Macohia snd Roche (1965) have pestulated two independent sites of
aéganiﬁieatian, ene intracellular iuvolving newly syanthesised
thyroglobulin and the other colloidal where the elder thyroglobulin

molecules wadergo further lodinalion,
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FORMATTON OF TODOTYROSINES AND TODOTHYRONINGS

Yodotyrosines

From in vivo sﬁudies, it has boen shown that mono~iodobyrosine
iz the precurser of dimlodotyrosine (Paurog, Tong snd Chalkors,
1958y PlitwRivers, 1962), However, observations by de Groot end
Davis (1961) have suggeatﬁdAﬁhaﬁ this is not a simple precursor
product velationship, Mayberwy, Rall, Bertoli end Deeman (1964)
and Roche, Lissiteky, Michel and Michel (1951), studying in vitro
model systems of tyrosine iodination, showed that the formabion of
mono=iodotyrosine from tyrosine goes through & maximwm with
increasing lodination before the di-ioedo form is produced. In
contvast, Idelhoch (1962) and Ven Zyl and Bdelhoch (1969) showed
that on iodination, in vitro, of a preparation of thyroglobulin
containing 110 gmles tyrosine, additlion of 5% moles lodine produced
only & small ingiease in mono lodotyresine contend with no further
inerease cecurring up to 350 moles lodine added. The dimiodotyrosine
content, on the other hand, increased almost lineavly from 0110 moles
io@ine before levelllug off, Uuen, however, Uhe organisation of the
proteln was altered with 8M urea, lodination approached that expected
from the model systems It has been proposed (Van &yl and Edelhoch,
1967) that the glcbulér form of the proteln functions to prevent
the extensive synthesis of monowiodotyrosine snd promote the synthesis
of dimlodotyromine thereby conserving fodide For dodothyronine
synthesls.

The/
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The mechenism of cellular synthesis of mono and dl-ilodotyrosines
has been studied by de Groot end cowworkers (de Groot end Carvalho,
19605 de Groot =snd Davis, 19613 de Groot, Thomson and Duna, 1965)

Jun subcellularparticles fvom sheep and calf thyrold tlissue. Both
tissues contaln an enmyme capable of binding 131K to soluble
tyrosine (de Groot and Davis, 19623 Mahoney snd Igo, 1966). These
reagtions ave avgmented by Haﬁa prﬁaécing systemns and are dnhibited
by SH compounda, datalaﬁalmnd especlally anti thyroid drugs. The
avallable eviﬁénce ﬁuggésts ﬁhét elther peroxlde per se oy some other
blological oxidation system oxldises the icdide to a more veactive
state fop iodinakion of the tyrosine. Fischer, Schulz and Oliner
{1966) have suggested a vole for mono amine oxldase of mitochondrial
and milcrosomal fractlens of fhyraid homogenates in the production of
thyroidal peroxides The thyroidal microsomal enzyme is prosont in
preater smounts than in any other tissue and éifféra in subetrate
ép@ﬂifieity from extrathyroidal engyme. Although there is no
evidence for the exlstence of a speeific tyrosine dodinase, thore

is evidense that é aiﬁgle enwyme catalyses both the oxildetion of
lodide and %h@ fodination of tyras&ne-(xlahancff, Vip and Keseler,
19625 Tavrog end HQwélla, 1966). Turther evidence that a specliic
enzyme is not necesseary has been produced {de Crombrupgehe, Beckers
ond de Visscher, 1967) by @tudyimg in vitro dodination of human
thyroglobulia,

Todothyrouines/
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Zodothyvonines

The icdothyronines, thyroxine and twi~lodothyronine, ave formed
by the coupling of ﬁwu_iadotyroﬁiﬂ@ residues with the splitting out
of vhe residue aE one alanine side chaln (Jolmeon and Teukesbury,
1942; Plaskett and Bevnphy, 1964).  Pltt-Rivers (1962) produced

31y sn dieiodos

evidence that, in the ral, che distzibution of
tyrosine end thyroxine supgpesited a precursor product relationship.
Edelhoch (1962) an& Van %yl end Edelhoch (1967), fvom studies on in
vitro iodination of nabtlve thyroglobulin shoved thet thyroxine

wos only formed after di-icdobyrosine synthesls was lavgely completed.
This contrasts wmhh vhyroglobulin oxbracted from thyrold glands wheve
the jodine content is relatively lovwe In this instance, aboutb
one-third of the dodine is in the thyronyl devivatives (Robbins and
Rall, 1960) implyimg that, in vivo, there is a much higher efficiency
of utilisation of incorporabed lodine for hormone synthosise
Fopthermore, Idelhoch (1962) showed that the native struchtwre of
thyroglobulin was not a pre-requisite for thyroxine synthesls in
vitrp, aince synthesds was similar when lodivetion was carried out

in either waber or SM uren. However, palypegtldé ¢hains contalining
only & gingle tyrosyl resmidue werg not effective on thyroxine
synﬁheaia; De Crombrugghe, Beckers end de Visscher (1967) provided
ovidence that coupling occurs between di-lodebyrosines in the
polypoptide chainse
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Another mechaniom for thyronine synthesis has emerged Lrom
studies with model systems involving the coupling of di-iodotyrosine
residues in pepbide linkage with a free molecule of dl hydromky-
phenyl pyvuvic acld (DIHPPA), Toi, Salvatore and Cahomenn (1963,
1965) could find no incremse in thyroxine levels of thyroglobulin
which had been lodinated in vitro. However, when the flodinated
probedn was reacted with DINEPPA in tho presence of Qaﬁ enalysds of
the proteln revealed labelled thyrowine and trl lodethyronine.

It has been suggested that the coupling reaction involves formation
of a free radicle of DIHFRA (Matsuura, Kon and Cabnmenn, 1964
Blasi, 1966 a and b)e. Recently Surtes (1968) has shoun the
presence of DIHPPA in exiracts of wat thyroid glands. Ilecher,
Sohulz, end Cliner (1963) have shown thet a bovine microsomal
fractlon contains an enzyme which catalyses thyronine synthesis
from mono lodohydrvoxy phenyl pyruvic acid and mono ia@oﬁyrésine

16 the presence of pyridoxal phosphate and Mt sons. It 4s
suggested that a pyridoxmal phogphate - lodobyrosine chelate of

the mangemic ilon may function as the dnibiator of the Iree radicle

which has been suggested is invelved in the coupling reaction.
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HYROTDAT, TODOPROTIING

Thyroglobulin

Thyroglobulin serves as the matrix within which iodinatica
takes place to form the lodotyrosines and the coupling of lodo-
tyrogines ocours to form the iodothyronines. In addition, it
vopresents the form in which the hormones are stored within the
follicular collold. Release of the thyrold hormones depends on
vesorpblon of thyroglobulin from the colleld followed by proteclysis
within the follicular ¢ell. The structure and biosynthesis of
thyroglobulin ave therefore of prime importance in the uwnderstending
of thyrold fuwction.

Confiouratlonal properviies of thyroelobulin

This has been reviewed by Sdelhoch and Rall (196%) and
Bdelhoch (1965). It has been well documented that thyroglobulin
is an lodoprotein of molecular welght ¢lose to 650,000 and axiel
rabio 10 (Derrien, Michel, Pederson snd Roche, 19493 Bdelhoch,
19603 O'Donnell, Paldwin and Williams, 19583 Shulmen, Rose and

Vitebsky, 1055).

Subunit structure of thyrogiobulin

1) Bffect of pll and lonie strensmth on native thyromlobulin

Idelhoch (1960), uelng purified 195 calf thyroglobulin, studied
the effect of variation of pH on the ultrvacentrifugal pattern of
the protein. In 0.15M Kmﬁﬁ, increasing the pH to 9.5 led to the
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oppearance of a slower sedimenting 125 component which amounted
to 30 per cont of the total protein at pH 9,5, Turther increases
in pH were accompanied by increased 128 component and the appearance
of a 198 component which Steiner and Edelhoch (1961) sugpestad
had the seme moleculay welght és the 198 component arising by
asgoclation of two 125 components ab new mnrfaaes'expaﬁed during
wfolding of the protein. These fvensformations wore almost
completely reversible. AL pH values above pH 11, 198 component
gave rise to an additional component with sedimentation constant 8
{Idelhoch and Mebtsger, 1961). At pH 12, a 38 component wes also
found to be present. It was suggested that these lattey
trensformations mey arisge by rupture of labile intramolecular
govalent bonds under the alkallne conditions.

Similar trensformations of the 198 component to the 128
component were produced by lowerlng the lonic strength of the
solutlon (lundgren and Williams, 19%9: O*Dommell, Baldwin and
Williams, 1958). Iurthermore, sensitivity of the 195 component to
alkall was enhanced by lowerding the lonle strength of the solution
(Edeihoch, 1960). Idelhoch and Metzger (1961) showed that the rate
of dissociation could also be increased by the presence of certain |
divalent cations Eg2+, N1%F ang u®,

i4) Bffect of heatine on netlve thyroglobulin

Donatvration of a protein is always initisted by roising the
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tomperature of the solution to levels depending on the protein, pH
and lonlc strength of the solution. Thyroglobulin wadergoes
denaturation at measurable yvabes at room temperabure and pH 11.3
(Metzger and Bdelhoch, 1961a). At neutral pl, elevated temperatures
ave required and the presence of neubtral salte increase the rate

of denaturation abt both neutral and alkaline pH.

Edelhoch amd Metzger (1961) also showed that abt pH 9.5 and
53“6, 198 thyrmglﬂbulmn dlasociated to produce 128 mmd 178 components.
These species were dematured since they bad lost solubility at
pHS. However, at pl 9.5 and temperatures below §30?g the sane two
products wesullted but were soluble ab plb, From viscogity snd
optical rotation woeasuvements of the two solubiong, it was concluded
that the lose of sélubiliby in the formor instance was due to minor
configurational chenges (Metzger and Bdelhoch, 1961b).

144) Bffect of protein dematurants on natlve thyroplobulin

Protein denaturants such as sodium dodecyl sulphate (SDS),
guenidine and ures are effective in rupturing both intermolecular
and dntramolecular non-covalent bonds in proteins. AL low
concentrations SDS («<0.001M), a 125 component was produced from
native 199 thyroglobulin without accompanying unfolding of either
form (Edelhoch and Lippoldt, 1960). Increasing the concentration
of SDS led to progresmive wnfolding of both the 195 and 128
compenents to forms which behaved asg random chaln polymers.

The/
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The effect of urea was studicd by Bdelhoch amd Ldppoldt (196h).
At concentrations less than 2M uwren, bthe 125 component only was
formed. At higher concentrations the results were similar to
those found in agqueous alkaline solutionsg three new molecular
gpecles with sedimentation coefficient between 125 and 198 were
formed. At OM uvrea, unﬁalﬂing‘af both 198 and 128 components
occurred to produce new sedimenting boundaries at 10,08 and 6e25
respectively. At no concenbration of elther SDS or urea was
%ransf@rma%i@n of 19$“inta the 128 subunits complete and it wus
suggested that, at neutyval pH, thoere exlsts a .:Erac't::i.ﬂn of native -
198 thyroglobulin which is yesistent to dissoclation.

iv) Beduction of disulphide Limkeges in native thyroslobulin

Disulphide linkages in protelus com be eithor intrachaln ox
interchaing reduction of the former produces changes in shape wbile
reduction of the latter cen result, predominaatly, in changes in
molecular size. De Crowbrugghe, PitteRivers and Bdelhoch (1966)
studied the effect of varlation of the'molaw vablo Qf?@ﬁﬂ (Lecs
the ratio, [number of moles MSHllhumber of moles *E;ﬁymglébuliﬂ % 202)
on 198 thyroglobulin. They showed that the extent of ﬁeducﬁien wam
a functlon of pi, concentration of veductant, the molvent, and the
time of reductlon. The degree of ym&ugtian of disulphide bonds
was considerably less in water than in SM urea at correspomding
pH values.
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Bnploying low molay ratios, De Crombrugghe, Plitt-Rivers and
Idelhoch (1966) studied the molecular products of reduction in
the analytical ultracentrifuge. The conditlions were so adjusted
that predominantly interchain disulphide Llinkages wonld be redused
with the minimum intrechain reductions. In 2M urea, pH 81, the
wnreduced protein shoved as three hounderies corvesponting bo 198,
178 and 128, Redustion at molay rabilos of 0.0 or less resulbed
in the appeéramce of a new component with sedimentabtion coefflcient
68« Increasivng the molar ratlo produced a second new component at
85. At molar ratio 35 the latter species predominated, the 6§
componient almost Alsappeaved and a wmuch slowey ﬁediﬁenﬁing 25
conponent was present. Viscosily measurvements showed that these
new components wers formed by dissocdatlion of the parent molecule
and not from an incremse in frictional coefficlents. Similow
resulbs were obtained at pH 9.0 and 1.08 ures although abt pH 10.1
and 1M urea, the 63 and 88 components were formed simuliancously.
Tt has boen suggested that the 65 component is formed from the 128
component and frowm the viscosity data has a molecular weight of
165,000, The &Y component is presumed to be an associabed from of
the 68 species.

from this and other data it has beeon pupggested that the 198
thyroglobulin isg composed of two 128 components which are linked
by primarily non-covalent bonds. The 128 components, in tuvm, Be
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themselves composed of two polypeptide chadns of similar molecular
weight folded duto globuler forms. The disulphide bonds in
thyroglobulin ave predominantly intrachain with only a few
gerving o link the two chains comprising the 128 molecule.
fgelhoch and do Crombrugghe (1966) studied the structure of
veduted and allylated thyroglobulin. Complete reduction of 198
thyroglobulin with MSH in 8M urea followed by trausfer to an
aguoous medium showed that reduced thyroglobulin is a two chain
molecule with a xigldity comparable to the native molecule although
highly permeated with water. That there still exlsted considerable
tertliary structure suggested that the paliring of the disulphide
Linkapges ls not a yandom process in thyroglobulin but a funcition
af the primavy structure of the proteln and therefore the exprussion
of the genetic mechanisms Iurthermore, reoxlidabtion of reduced
thyroglobulin (Bdelhoch and de Crombrugghe, 1966b)produced components
with sedimentation cceificlents of 12 and 12. This reoxidised
protein had a partial dldentity to native thyroglobulin ilmswnologically
but differed chemieally in that it was only pavbially reduced under

conditions which normally completely reduce native thyroglobulin.

(v) Bffect of in vitro iodination om native thyroslobulin
Bdelhoch and Lippoldt (1962) situdied the configuvational
changes ogcurring in native thyroglobulin lodinated in viiro to
different levels. They showed that the configurational properiies
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remained wnaltered vntll approximately 40 per cent of the tyrosyl
residues had been lodinated, A% Llow levels of Jodinabion, however,
the molecule becomes moye prone to thermal eand alkaline pH
treatments Yhis dnstability increases as the level of lodination
increases, resulting in onhenced formation of 1285 and 178 components.
Similar results were obbtained by Robbins (1963) on the iodoprotein
fractions of native thyroglobulin lsolated by DEAR cellulose. At
high levels of ifodinatlon thyroglobulin is denabtured and the
properties of the denatured protein closely resemble those of the
thermelly denatured protein (Bdelhoch end Lippoldt, 19623 Fdelhoch
and Metzger, 1961). Furthermore, the rate of trypiic hydrolysis,
vhich ds extremely sensitive Lo winor alterations in protein
sltruebure, was waltered at low levels of lodinablon bul Increased
at higher levels.

Nunewn, Mauchamp, Pommier, Civkovie and Roche (1966) using an
enzymic mothod of jodination showed that the lutvotuetion of en
additional 10 atona I/molecule did not affect the sedlmentatlon
goeificlent of thyroglobulin which already contalned 20-30 atoms
per molecule. However, molecules with 100 atowms I per molecule had
sedimentation coefficlents approaching 205, This traneition ocounrred
botwean 20=30 atoms I per molecule. Furthermore, case of dissoclation
increased the lower the loddnabilon level of the molecule.

THYROLDAL, TODOPROTEING OTHER THUAN 108 THVROGLOBULIN

Normally, snalytical uwltracentrifugation of thyrold gland extracts
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ghow boundarvies at 275, 3«08 as well as at 198, In cortain
spéeiea Qega Buinea plg, durmouse snd poikllotherng, a anatlve
128 component heas also been reported (Lachiver, Fontaine and
Mértin, 1965). Nunez, Jdaguemin, Syun and Roche (1965) have alaat
solubilised a 328 protein from partlcles of sheep thyrold slices,
Pupthermore, Shulnen, Mabtes and Bronson (1967) have recently
igolated from buman thyrold glands twe additional proteins which
ouctur in the 3«88 fraction.

278 lodoprotein has been dsolated in a pure form by Salvatore,
Vecchio, Salvatore, Cahvmenn and Robbins (1965). It has a molecular
waight of 1.2 = 106, the gome amino acdd composition and immunios
chemical properties as 199 ﬁhywqglebulin although ﬁhe iodine contont
iz wuck higher. Hmploying conditions which rupiture only none
cavalent linkages, Vecchio, Edelboch, Robbing and Wemthers (1966)
have shown that the 2?$ icdoprotein mey not simply bg & dimewr ef
198 molecules as previously postulated since the data could equally
well fit a molecule with equimolay amgunts of 198, 128 and 68 sub-
uwnilts. However, the matter is not fully resolved since experimeﬁﬁa
wilbh rabs produced data which was best explained by the dimer
hypothesis. One additional feature of the 278 dodoprotein is that
there was a complete lack of reversibility in the dissoclation
exporimnents.

Recently Salvatore, Aloj, Salvatore and Edelhooh (1967) lsolated
the native 123 protein from guines plg thyvoid glends. It diffeved
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in iodine content from the 198 thyroglobulin prepaved from the
same extract. Il was neither derived from nor did it dimerise to
198 thyroglobulin although it could form hybrid molecules with 128
components prepaved by dissociation of 198 thyroglobulin. They
have suggested that thyroglobulin consists of two different 129
subunits one of which is eguivalent to the native 125 molecule.
Salvatore, Aloj, Salvatore and Roche (1967) have also isolated a
native 128 protein from lamprey Cthyroid gland. This had a
sedimentation constant of 11,78 and a molecular welight of 331,000,
Pulse labelling of the lamprey thyrold also indicated the presence
of lodinated 173 and 58 proteins. It is suggested that in the
lamprey the rate of aggregation is much slower than the rate of
lodination resulbing in the iodination of subunito.

A LS thyroid proteln has been reported by various vorkers iun
both normal and sbnormal thyrold glends from different animal
species (Witehsky, Rose and Shulmen, 19%6; Roche, Michel, Michel,
Deltour and Lissitsky, 195035 Hobbins, Wolff and Rall, 1959; Stonley,
1963; Uales, Lene, Richavrds and Stenley, 1965; DRamogopal, Spire and
Stanbury, 1965: Roltt, Jones and Mills, 1965). Shulman proposed the
name thyralbumin for the 4S5 protein isolated from hog thyroid.
The exact nature of the 48 proteins from the different upoc¢e3 is
as yeb malmown. Ramogopal et al (1965) showed that the 45 icdom
protein from the abnormal human glands was immunologically and electrow-
phoretically similaer to human serum albunin although Tata, Rall and
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Rawson (1956) could show ne immunologie similarily to serum albumin

in thelr proparation. Beckers and de Viescher (1961, 1963) shoved

that non=lodinated protelns ocenrred in certain human thyrold exiracts
whiich were similar to 48 protein from hog thyroid extracts. Recontly,
Stulman, Mates and Bronson (1967)icdnated thé 48 protein from human
thyroid extracts and showed that 1t could ba resolved electrophoretically
Iuto two components, both of vhich had antigenic properties relabed to
198 thyroglobulin, PFarthermore, an aﬂdi%ional 78 component was also
isolated which could be resolved into two components electrophoreticallys
only one of these, however, bore an anbtigenic velationshlp to
thyroglobuline. The precise role of these lightweipght thyroldal proteins
in the novmal functioning thyrold gland and the yesson for their
increase in pathological glands is stlll largely speculative end awalts
clavification.

HETEROGENTITY OF THYROGLOBULLIN PREPARATIONS

(1) Iogine and Iodoamino acid content

It has been lmoun for some time that the iodine content of thyro-
glomlin cen very counslderably from one preperation to another although
the amino acld compositions remained identical (Derrien, Michel,
Pederson and Roche, 19493 Robbins and Rall, 1960). However, from

L]

studios on DEAE celluose columm chromabography of thyroglobulin
preparationg it has been found that the protéin did not behave
homogeneously. Ingbar, Askonas and Work (1959) using a gradient elution
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technlgue, showed that sheep thyroglobulin ves eluted ag a single
agsgymuetric peak, Differences in iodine content as determined with
lﬁll vere observed between the eaviy and late eluting fractions.
Robbing (1961) using a stepwise elution gradlent fractionated beef
thyroglobulin into three distinet fracticns which, when rechromabos
graphed were eluied in thelr original positvlions. UL, Tarutani, Kondo
ond Tamura (1961) by a sluilar procedure fractionated hog thyroglobulin
into siz grbitrarlly selected fractions and showed that the fractlons
eluted at higher ienlec strengbth contained highew 12?X to nitrogen
ratios then the early fractions, Shulman and Stanley (1961) using
a gradient elutlon showed that hog thyroglobulin subw-fractions
differed in jodo amino acid content. Robbins (1963) studied Further
the thiee sub-~iractions obbained previously showed that the fraction
eluted at the highest lonic strength had more lfodine than the sterting
material while that eluted al the lowest iondlc strength had less. All
thyee fractions had identilcal mono-lodobyrosine contents but differed
in di~lodotyrosine content and to a lesser degree thyroxine, Iodination
of the stariing materilal prior to chromatography resulted in the
disgppearcance of the eavly eluting fraction aﬁﬂ an increased, higher
lodinated, later eluting fractiony These rosulis showed that the
behaviouy of Shyroglobulin on DEAE cellulose could be related, at least
partly, to the dodine content of the molecules. ITodination of tyrosyl
rvesidues resulis in a lowering of the §K value of the phenolﬁc hydroxyl
proup and since éhromabography was performed at pH 0.9, where only
diiodlnated tyromines end thyronines ave iomilged, the higher the
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ditodotyrosine content 0flthe molecule, the more £irmly it will be
bound to the DEAL ceolluvloses. However, while fthis is wndoubtedly a
majoyr factor, the influence of other factors such as slalic acid
content of the thyroglobulin molecules cannot be excluded (Robbing,
1063) . Simi;ar results were obtained by Douchilloux, Rolland,
Torresanl, Rogues and ldssitsly (1964) who fractionated sheep
thyroglobulin on DEAE cellunlose usiag a stepwise elution gradicat.
However, they could find no difference ib sialic scid conteni between
the fractions obtalned. They showed that the amino acid composition
and poeptide maps after tryptic digestlon were ideuntical in all
thyroglobulin fractions, .Thuﬂ, it would appear that thyroglobulin
represents a mixture of a large number of molecuiea which differ only
in the relative propovtions of the constituent lodo amlno acids and
in these propervties reflesting thls factor,

1) Ultrecentrifusel heteropenelty of thyroglobulin

Robbins, Salvatore, Vecchio and Ul (1966) showed that 195
thyEOglﬁﬁulin could be geparvated, by sucrose gradient centrifugaticn,
into two fractions differing in iodine content. These resulis
covrelated with the behaviour of the 198 component on DEAD cellulose;
the faster sedimenting componoents were the more strongly retained.
This heterogenelty appears to be related to molecular welght, densily
and shape of the protein molecules Ul (1.962) showed that the higher
the lodine content of vhyroglobulin, the greater is the density, as
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‘shovm by OsCl, density centrifugation. Nunez, Mouchamp, Macchia and
Roche (1965) and Seed and Goldberg (1965) both showed that none
iodinated thyvoglobulin has a sedlmentvation coefficient of 17 and
sodiments in the ascending limb of the normal thyroglobulin peak on
sugronse density gradlent centbrl fugaﬁion.

1ii) Heteropeneity after 'pulse~labellingfof thyroglobulin

In addition to the above aspects, thyroglobully has also been
found to display a heteregqneity after pulse labelling with radioisotope .
DEAE cellulose chvomatography of thyroglobulin, pulse labelled with
vadlioiodine, vesulted in the clution of fractions which Alffered in
speciflic activity. There vas o decrease in the apecifie'anﬁiviﬁy of
the fractions oluted with increasing ionic strength of the elﬁﬁing
buffer (Robbins, 19633 Ingbar, Agkonas and Work, 19593 Bouchlllowvst,
Rolland, Torresani, Rogques and Idissitsky, 19643 Nunez, Mauchaup,
Pommler, Cirkovic snd Roche, 1966). The lattér authors have also
shownr thal on dncubation of thyroid slices with ﬁ?Haﬁywoaime, the
nou~lodinated BHmthyroglobulin was eluted ab a lower ilonic strengih
than the halogenated moieculea. TMurthermnore, the distribution of
radiolodine in the thyroglobulin peals, on density gradient centyifupgation,
varied wvith the interval between pulse lebelling and sampling. AU
short intervals, the highest specific activities were recérded in the
glovest sedimenting fractions, whereas after loagor inbtervals the specific
activities vweyre highest in the fasbes sedimenting fractions (Robbins,
Salvatore, Vecchio end Ui, 1966). Similarly Nunow et al (1966), uaing
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thyroid mllces incubated in vitro, showed thob 1¢5§ was dncorporvated
into 178 and 18.6 8 components which could be peparvated by DBAK
celinlome chromatographye. The in vitro labelled proteln is morve

labile to SDS thean preformed thyroglobulin (Sellin and Goldberg,

1965) and has a higher MIT/DIT ratio (Nunez et al, 1966). Similay
vesulis have beea oblained wlth ilodoproteins labelled du vive in the
vat (Ilesitsky, Roques, Torresani and Simon, 19643 Tiseitsky. , Roques,
Torreseni and Simon, 19653 Lissitsky, Simon, Roguus emd Torresani, 1966).
Vecchio, Edelhoch, Robbins and Weathers (1966) have also indicated the
exietence of a degree of heterogenelty among the molecules of 278
lodoproteine. |

In conglusion, it would appéax that the evidence at present
indicabes that thyroglobulin represents a complete spectrum of
molecular specles which have the same priwery structure but diffey
in ilodine conteént, possibly cavbohydrate coutent, negative chavge at
neutral pi, donsilty and symmetry. ALL theme ﬂacﬁoéa have been welatod
to the maturity of the molecule and ave probable all manlfestablons of
the different lodine conbenls of the ludividual molecules.

GARBOIVDRATE STRUCTURE OF P ROGLOBILIN

Spirvo end Spivo (1965) have shoun thet thyroglobulin contalns
approzimately ten per cent carbohydrate in the form of galactose,
mennose, fucoses N acetyl glucosamine and sialice acid. Similay
proportions of these sugars have been found in sheep, pig snd calf
thyroglobulines although humen thyroglobulin dlffered, in ihat it

contained/



w2

contained relatively more manmose and glucosamine. These carbohydrates
are contalined in two distinet glycopeptidest glycopeptide A with
molecular weight 1050 which consisted of 5 resgidues mannose to 1
rasidue N.acouyl glucosamine and glycepeptide B (mol.wh. ;,POO)
containing mannose, Ne.acetyl glucosamine, galacbose, fuccse end
slalic acld 1o the watio 3:5:4:1:2. Thyroglobulin was shown Lo
contein 9 moles A and 14 moles B per mole protein. Amino acid anelysis
of the glycopeptides suggested that, as in ovalbuming, aspartic acld
is probably the amino acld involved in the glycopeplide linkage.
Purthermorve, from the ease of vemoval of slalie acid by neuramidase
slalic acid is also probably in a terminal positlon lu the glycopeptida.
Similer vesults have been oblbained hy Nayishimha.Murthy, Raghupathy
and Chaikoff (1965).

BLOSYNTHESIS OF TUHH CARDOHYDRATE MOTGTY OF THYRCCLOBULIN

By the thyrgid plice technique Spiro end Spiro (1966) showed that
lq}«glucose was incorporated iuto particle bound protein which, on
golubilisation, behaves lmmuno~chemleally snd electyophoretically

lilke thyroglobulin, Using a cell frec system, similay incorporation
of hoth “}Cwlaucima and lqcmglueese was cbtained and the label was
incorporated into both glycopeptide wnits. Uslng puromycin they
showed that the carbohydrate moletles are added after completion

of the polypeptide and probably in a stepwise fashion. &Slmilap

rosults have been obtained by Cartouzoy,Greiff, Dipleds and Lissitsky

(1967) and Bouchilloux and Cheftel (1966).
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AMINO ACID COMPOSITION OF THYROGLOBULIN

Amino acid compositions of thyroglobulin from varlous animal
species have been reported by Bouchilloux, Rolland, Torresani,
Rogues and Idissiteky (1964); Idelhoch and Rall (1964); Pierce,
Rawitz, Brown and Stanley (1965). A statistical analysis of the
composition of thyroglobulin from 7 mammals and 1 bird was carriéd
out by Rollamd, Bismuth, Fondarai and Lissitsky (1966). They
showed that hog, beef énd horse had identical amino acid compositions’
although significant variation occurred among the other specles. One
constant facﬁo:r, however, was the content of valine, leucine and
cystine as well as the sum of the amino aclds with hydrophobic side
chains which suggested a great similarity in secondary and tertiary
structure of the thyroglobulins studled. Recently Pitt~Rivers and
Schwartz (1968) have shown that in thyroglobulin thecystéine yesidues
are not all present in disulphide linkage, but are present as free
sulphdryl groups.

BIOSYNTHESTS OF THYROGLOBULIN

1. In vitro thyroid slice technique

Seed and Goldberg (1963, 1965a) and lLissitsky, Roques, Torresani
and Simon (1964) demonstrated the rapid incorporation of 1251 into a
protein with sedimentation coefficient 18.5 8. At very early times,
the label was also incorporated into light weight components
(3-88) and also a 128 component. The origin of these smaller
labelled units isolated from thyroid slices has unot been
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fully vesolved; either they are formed by lodination of the lighter
precursor protelns or result from the dissociation of an extremely
lablle thyroglobulin., lvidence that newly iodinated thyroglobulin
is very labile, at least in comparison with preformed thyroglobulin,
has been produced by Nunez, Mauchamp,Pommier, Circovie and Roche
(1966) 5 Bellin and Goldberg (1965); Lissitsky, Simon, Roques, Torresani,
(1966).
Many workers have shown that lodination eccurs after the formetion
of the polypeptide backbone of thyroglobulin (Goldberg, Seed,
Schheider and Sellin, 196ks Taurog and Howells, 19643 Soodak, Maloof
and Sato, 1964). In additlon Seced and.ﬂolﬁberg (1963, 1965a),
Lissitsky et al (1964), Nunewz, Mauchamp, Macchia and Roche (1965)
showed that labelled amino agids were incorpovaled into a 3-88 and
125 protein before appearing in a 178-188 protein. The hypothesis
that the lighter welght proteins represent subunits of thyvoglobulin
and possibly precursors was supported by kinetic, physical and
tmmnological studies (Seed and Goldberg, 1963, 1965 Lissitsky et
aly 196h; Sellin and Goldberg, 1965). furthermore, siuce Lodinabion
of the amino acld labelled 17-188 protein produced 195 thyroglobulin
(Nunez et al, 19665 Goldberg and Seed, 1965) and since 125Im1abelled
thyroglobulin was intermediate in ease of disaociation.between aﬁﬁno
acld labelled pre-thyroglobulin end preformed thyroglobulin (Nunes
et al, 19663 Lissitsky et al, 1966; Sellin and Goldberg, 1965) it
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has been suggested that ilodivation is nol a pre-requisite fov
subunit aggregation but is essential for matvration, l.e.
inereased stabllity of the proteins Further proof of this
hypothesis has been provided by Seed and Goldberg (1965b).

2. In vivo blosynbhesisg

At very short times after injeotion of 1251, the label was
Incorporated into an 185 protein -~ incorporation into 198 protein
only occurred at much later times up to 48 hours (Thomson and
Goldberg, 1968). Since at no time was 125I detected in elther 3«88
or 125 proteins this would suggest that the appearance of these
Jabelled proteins in the in vitro studies was indeed artifactual.
However, the same authors have demonstrated a labelled 128 protein
in rats recently withdrawn from a propylthiouracil regime. It is
not precisely known whether , in this case, a tvue lodination of

a subunit has occurred or whether thils is, as before, a dissociatlon
products of g labile 18-198 lodinated protein.

Using labelled amino aclds, Thomson and Goldberg (1967) confirmed
the in vitro studied in the rat demonstrating incorporatlon of the
label into 3«85 and 129 protein piior to incorporation inte a 198
protein after 48 hours. On the other hand, Vecchlo, Salvatore and
Salvatore (1966) could not demonstrate a labelled 128 protein in the
rat although they did find this species in the guinea pig. Recently,
Clasy, Carlamagno and Vecchio (1968) have isclated a labelled 6S

protein/
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protein from the 3-89 fractlion and shown a precursor product
relationship betvween this species and 195 thyroglobulin. They have
suggested that the 68 protein represents one quarter of the 199

molecule,

Site of Protein Synthesis

There im general agreement that protein synthesls is the property
of the epithelial cell occurving in the particulate fraction of tismue
homogenates. From autoradiographic studies Nadler, Young, Le blond
and Mitmoker (1064) showed that within 10 minutes of injection of
Bﬁulaucine the label could he detected over the endoplasmic retlculum.
Over the next hour the label travelled from the ribosomes to the lumen
of thecisternaé of the endoplasmic reticulum but did nol appear in the
colleoid until & hours later. Slagh,Reghupathy and Chaikoff (196%4,
1965) and ¥kholm and Strandberg (1966) demonstrated that the micfosomal
fractione of btissue homoegenates incorporated amino aglds into protein
in an energy roquiving reaction. The latter authors also demonstrated
the transfer of the label from the microsomal fraction to the soluble
gupernatant. Characterisation of the protein synthesised by the
thyroidal microsomal system has bheen perforwmed by Nunezm, Mauchamp,
Macchia ond Jerusalmi (1965) and Morrais snd Goldberg (1966). The
labelled amino acld was incovporated inteo a 3-89 protein snd a 195
proteln although digitonin extraction of the particles yielded 3-88
protein only. Recently Cartouzoy,Greiff, Dipieds and Liseitksy (1967)
and. Morvais and Goldberg (1967) have successfully shown the incorporation

ot/
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of labelled amino acids into protein by isolabed polyribosomal
fractions. The protein synthesised was, however, immunologlcally
different from thyroglobulin. Morrais and Goldberg (1967) have
suggested that membranous structures are essential in the synthesis
of true thyroglobulin precursor protein.

RELEASE OfF TIIYROID HORMONE

The function of thyroglobulin is the synthesis and storage of
the thyroid hormones, release of which requires the action of
proteolytic enzymes., Several proteases exist in the thyroid gland
which are capable of hydrolysing thyroglobulin (litonjua, 1960
McQuillan, Mathews and Trikojus, 19613 Poffenbarger, Powell and Deiss,
19633 Lundbland, Bernback and Widemann, 1966). The association of this
proteolytic activity with a thyroidal par%iculate fraction has been
demonstrated by Pastan and Alinquist (1965) and Deiss, Balasubrameniam,
Pealke, Starret and Powell (1966). However, the exact nature of the
engzyme-containing particles is not known. Nevertheless, the presence
in many cells of organelles called lysosomes (Applemsns, Wattiaux and
de Duve, 1955) which contain a variety of proteolytic euzymes has led
to the proposition that these organelles may he involved in the
proteolysis of thyroglobulin. Colloid droplets have been detected in
the cytoplasm of the follicular cells after TSH stimulation (Wollman,
Spicer and Burstone, 1964 WGtzel,lSpicer and Wollmen, 1965; Seljelid,
1967d). Acid phosphatase and esterase activity were located in these

particles/



particles and also in cytosomes which were fouvnd in and around the

Golgl appavatus. These hydrolytilc ensymes are chavacteristic of lysosomes
(8¢ Duve, 1959},  Seljelid (1967d) has demonsitrated the fusion of the
cytosomes containing hydvolytic sctivity with colloid droplets. Thus

It appears that the follicular cells contain preformed hydrolytic
engymes assoclabted with cytosomes owv 1jaa$omes. Biochemical evidence
for this was provided by Balasubramaniam ,. Deiss, Tan and Powell (1965).
Dog thyrolds were prelobelled with 1§ll and the animals killed after

TSH treatment. Differential centrifugation of the homogeunlsed glanﬁg
showad the highest labelling of the PBlﬁli in that fraction where
lysosomnes sediment.

In conclusion, the available evidence suggests thal thyroglobulin
is resorbed from the colloid by a process of endocytosis to form collold
droplets. A fuslon process then occurs between the colloid droplets
end the eazyme~contaiuing lysomomaes. Thyroglobulin is subsequently
hydrolysed within these vacuoles with release of the hormones luto
the perifollicular ceplllary nelwoirl.

NAYURE OF THE PRESINT INVESTIGATIONS

The present investigations were desligned to study the metabolism
of the thyroidal ledoproteins during goltrogenesis and to examine the
-physicochemical properviles of the ilodoproteins in established goitres.

Since a number of clinically defined goiltres have been described
in humens, goltres removed from patients at operation were used as

the/
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the sourece of lodoproteins from established goiltres. The following
paraneters of the lodoproteins from the goltrous glands have been
studied and compaved with thyroglobulin isolated from a normal
gland, clectrophoretic and sedimentation propeyrties, lodine and
cavboliydrate content, helervogeneity on DEAR cellulose and peptide
fingorprints.

In the study of the thyroidal iodoprotein metsbollsm during
goitrogenesis, it was lmpossible for obviocus reasons to use humen
thyrold glands. Goitres were theorefore induced in rats by the
aduinistration of methylthiouracil. The lodoproteins, at intervals
throughout goltrogenesls, were fractionated on DIAB calluleée, BUCTOS6
gradients and polyacrylamide electrophoresis, to examine the
relationshlp between the heterogenelbty exhibilted by the iodoproteins
in those~aystem3 and thyvoid function. YFurthermore, during the
goitrogen rogime, ﬁhs-io&o aming acid éontent of the iodoproteins was
eabimated to demonstrate whether or not the ilodoproteins with the
slowest turnover rates Had also the highest lodothyronine content.
Pinally, the effect of the goltrogen regime on thyrolidal lodoprotein
synthesis was studled in vivo by the administration of 3H»1euciﬂe to

the rats throughout goitrogenesis.



SECTION 1

METABOLISM OF THYROIDAL TODO PROTWINS IN THE RAT

DURING GOLITRE INDUCTION,
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INTRODUCTTION

The evidence for the helerogeneity of the soluble iodoproteins
has been outlined in the general introduction. In addition to this
physical and chemical heterogeneity, several workers have reported
evidence for the existence of a functlonal heterogeneity.
Triantaphylidis (1958 a, b) showed, in perchlorate treated rats,
following a single injection of lﬁllg that the thyroid glands lost
a greater per cent of the 1311 than the 1271. In the abaencefof
goitrogen, she also demonstrated that radioiodine accumulatedlin
the gland over a period of time was 1ost‘more slowly than 1311 taken
up from a single injection. She concluded that newly accumulated
iodine is metabolised in a pool comprising approximately one-third of
the total thyroidal ilodoproteins and that this small pool is the source
of the secreted hormone. Similarly, Schneider (1964) in a double~
labelling experiment, was able to éistinguish between the release of
old iodine and newly accumulated iodine. From the results, he formulated
an hypothesis whereby the thyroid gland uses recently formed organic
iodine before the older, in a "last come, first served" manner.

These results were confirmed by Rosenberg, La Roche and Ehlert (1966).

The existence of a physico-chemical heterogeneity among
thyroglobulin molecules was originally demonstrated by techniques
such as DEAE cellulose chromatography and sucrose gradient ulira-
centrifugation. In addition it was possible to differentiate, by

these/



these techniques, the newly iodinated from the older more highly
iodinated molecules. It followed, therefore, that it should be
possible to demonstrate the functional heterogeneity of
thyroglobulin by fractionation of the jodoproteins with these
techniques.

The following section deals with this and other aspects of

thyroidal protein metabolism during goltrogencesis,.

MATERTALS AND METHODS

l. Materials

Male rats were obtained from A. Tuck and Sons Ltd., lssex.
Vims dog biscuits were manufactured by the Molassine Co. Ltd.,
Creenwich, 1251 and L.LeucinemH,SwBH were obtalned from the
Radiochemical Centre, Amersham, Bucks. Amylopectin (pure),
Carbowax (polyethylene glycol M.W.6000) and Pronase were supplied
by Koch-Light Laboratories, Bucks. Silica gel was obtaiged from
Mercle as Keiselgel G containing GaSO# as binder., Methylthiouracil
(MTU) and Cyanogum were supplied by B.D.H, Ltd., Foole.

2. Treatment of Animals

Male rats of approximately 350 g weight were maintained for

2«3 weeks on a low lodine diet consisting of Vims dog biscults and

de~ionised glass distilled water. A physically decaying solution
3
of lzjlmlabelled KT was then added to the drinking water: sp.act.

at/
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at the onset was O.l uC. 125y per pg 1271 at a concentration of
0.1 mg per cent Kl. The rats remained on thls diet for 6-9 weeks,
after which time it was considered that they had sufficiently
approached the state of 'isotopic equilibriuwa'. 125leabe11ed KT
vas withdrawn from the diet and the rats were given daily, by gavage,
40O mg MIU dissolved in a slightly alkaline solution.

In 3I-Imleuc:‘me labelling experiments the procedure wvas simllar
with the exception that 1251 was omitbed from the diet. During the
MIU regime 50 O BHmleucine was given daily by intraperitoneal
injection.

In one other experiment not involving 'equilibriuvm labelling!
"yrats on a control diet were given, by gavage, a sinple dose of 10 mg
125I

or 40 ng MTU, They were then given a single injection of 50 pC

intraperitoneally one hour before sacrifice over a period of 24 hours.

%e Preparation of thyroldal iodoproteins

At the appropriate time the rats were killed by ether anaesthesia.
The thyroid glands were removed, dissected free from fibro~fatty
tissue and carefully minced by hand at 4°C, The minced tissue was
transferred to ice-cold phosphate buffered saline (P,B.S., 0.15M NaCl
in 0.01LM potéssium phosphate buffer pH 6.8) and homogenised using a
loosely fitting Teflon pestle (12 strokes at setting 4.5 on a Tri-R,
Stir-R tissue homogeniser, Jamaica, New York). The homogenate was
then centrifuged at 125,000 g for 30 wminutes in the Spinco model L

ultracentrifuge/



ultracentrifuge at 4°¢, The supernatent was dialysed for 24 hours
at 490 against 0.9 per cent NaCl - and finally concentrated-by
Carbowax to give a final protein concentration of 1.5 mg per 0.1 ml.
Protein estimations were performed prior to concentration by the
method of Lowry, Rosebrough, Farr and Randall (1951).

In experiments involving tissue fractionation, the minced thyrolid
glends were homogenised in icewcold OJ44M sucrose and the homogenabe
centrifuged as before at 125,000 g for 2 hours. The pellet was
resuspended in 1.0 ml OJ44M sucrose and gently rchomogenised (4 strokes
at selbting 3.5) and the suspension re-centrifuged. The final pellet
was vashed once with the ice~cold sucrose solution and the supernatants
and washings pooled. Aliguots of the original homogenate, 125,C00 g
supernatant and the resuspended particulate fracltion were taken for
radioactivity measurements,

he Analytical procedures

Ao Fractionation of thyreoidal lodoproteins

i) DEAR cellulose chromatopraphy

Whatman DEAG cellulose was pre-cycled by washing with 0,5 N HCL
followed by deionised water to pH 4=5, The cellulose was then washed
with 0.5 N NaOl and finally delonised waber until the washings were
P 7. The treated cellulose was freed from 'fines' and stored in 2M
NaCl.

The column was half-filled with 2M NaCl solutlon end the DEAL

gellulose/
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¢ellulose slurry poured into the colume. The excess fluld was

allowed to run out of the bottom of the column leaving sufficient
fluid above to permilt air bubbles to escape while the slurfy vas
being addeds The colum was packed to the desired volume (26 cas i lem)
by applying pressure with a swmall handpump. The addition of the

DEAL cellulose slurry in saline solulion prevents the tendency to

mat and gives a uniform beds The column was then washed free from
chloride with deionised water. FPresence of chloride was deteclted by
adding a few drops of a 10 per cent Ap NOE solution to a sample of the
column effluent acidified with conc. nitric acide. The colum was
finally equilibrated with the stavting buffer - 0.025M potassium
phosphate, pH 6.8,

The 125,000 g supernatant from three rat thyroid glands was
applied to the colum and washed on with 1 columm volume of the starting
buffer., The column was eluted by applying o stepwise gradient of
NaCl in 0.025M phosphate buffer pl 6.8. The protein eluted at 0.15M,
Oe2M, 0,25M, 0,30M and 2.,0M NalCl was collected, The column effluent
was collected in 3 ml frections. The flow rate was approximately
15 ml per hour. The total iodoprotein eluted in each of the steps was
obtained by measuring the 125I content of the fractions eluted,

ii) Sucrose gradient ultracentrifugation

Approximately Q.1 = 0.2 ml of the 125,000 g supernatants
containing 1l-2 mg protein was applied to a Sml, 5~20 per cent linear
sucrose density gradient in PBS. Gradients were centrifuged for 6 hours

at/



at 38,000 rpm in 2 Spinco Model L. ultracentrifuge (S.W.39 rotor).
The optical density at 280 mp (0.D. at 280 mu) of the gradient was
recorded with an aubomatic absorbance recorder abitached to the
eckman DB spectrophotometer; 10 drop fractions were collected.

A specimen of sheep thyroglobulin was always spun in each rotor
as a controls The sedimentabion constant of the main OD peak at

280 mp in the control was taken as 198 for reference purposes.

iii) Polyacrylamide pel electvophoresis

Electrophoresis was cavried out on 5 per cent gels prepared as
followse. 50 ml 25 per cent Cyanogum were added to 25 ml O.35M TRIS
0,05M sodium citrate buffer pH 8.5 and diluted with 175 ml distilled
water. The solution was mixed and d@maere%ted in vacuo. 0.5 ml
25 per cent (W/V) ammonium persulphate and 0.25 ml N, N, Nl, N~
tetramethylethylenedliamine were then added and the solution mixed by
gently rotating the flask. The contents of the flaks were rapidly
poﬁred into a perspex mould (dimensions 17 x 12 x 0.8 cm) and covered
with a lid fitted with projections Lo provide sample slots in the gel.
Fifteenwthirty minutes were alloved for polymerisation.

0.1 ml samples of the 125,000 g supernatanls were pipetted into
the sample slots in the gel. and electrophoresis was carried out at
250 v for three hours at 4°C. The buffer in the electrophoresis teamk
was prepared from 18.5 g boric acid and 20 g NaOl dissolved in 1 litre
distilled wvater and adjusted to pH 8.5

After/
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After electrophoresis a 2«3 mm slice was removed from the upper
surface of the gel, using the Shandon gel slicing apparatus. The
remaining portion was stained with 1 per cent amido black solution in
5 per cent glacial acetic acid for 2-3% minutes. The backgroumd stain
was removed from the gel by continuous washing with 5 per cent placial
acetic acid. This process was greably facilitated by washing ab 5700.

To determine the distribution of lEBI, the stained gel was sliced
into 1 mm sections using an ordinavy tissue slicer (H. Mickle, Surrey).
The individual slices were placed in test tubes containing 2 ml water
for radlow-activity measurements.

B. lstimation of iodoamino acid content of thyroidal iodoproteins

i) Pronase digestion

125,000 g supernatants from three rat thyroids were incubated with
pronase under the conditions of Robbins, Salvatore, Vecchlo and Ul
(1966),

il) Paper chromatography

Descending chromatography was carried out with Whatman 3 MM paper
al room temperabture using n.buﬁanolnacetic acidwwater (78:5:17) as
solvent. The iodoamino acids were ldentified by comparison with known
markers run on every chromatogram.

1ii) Thin layer chromatograph (Telel.)

TLC was performed by a modification of the method of West, Wayne
and Chavre (1965). The silica gel was washed with 1.2 N HIC1 in 90
per cent aqueous methanol until the eluates were free from iron by
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the dipyridyl test, followed by absolute methanol until alkaline %o
Congo red. The washed gel was dried at 9000.

Thin layers (0.25 mm) of silica gel were prepared on clean glass
plates (5 x 20 cm) using the Shandon applicator. The gel was
obtalned by mixing thoroughly 28.5 g washed Kieselgel, G., 1.5 g
amylopectin and 65 ml watér, (Ballieux, Sebens and Mul, 1967). The
plates were dried in a desiccabor and used within 48 hours. The
addition of amylopectin prevented the thin layer crumbling after
chromafography.

510 nl aliguots of the pronase digests were applied to the thin
léyers and dried in a stream of cold aiv. The thin layer plate was
déveloped in a single dimension with n-butanol saturated with 2N NH40H
to a solvent front 15 ¢m from the origine. The iodoamino acids were
identified by comparison with koown markers run on every plate.

Co Measurement of radioactivity

Measurement of 125 I was carried out on a smaple changer type
N695 Teko Eledtroniﬁs, Issexs Radiolodine quantitation of iodoamino
acids separated by paper chromatography was performed on segments
cut from the paper strips. Similarly, with TLC this was performed on
portions of the gel which had been scraped from the glass plate.

3ﬂlleucine was measured in a Nuclear Chicago liquid scintillation
spectrometer. Fractions from sucrose gradients were washed into
Tiquid scintillation vials with 10 wl Bray's solution (720 g
Napthalene, 48 g FPO, 24k g POPOP, 1.2 litres methanol and 240 ml

ethylene glycol made up to 12 litres with p-dioxane).
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i) Bffect of MIU dose on the organification of 12")I by the rat
thyroid gland

The incorporation of 1251 into the 125,000 g supernatant fraction
of rat thyroid homogenates, which had been previously dialysed to
remove inorganic iodide, was taken as an index of lodide organification.
The results ave shown in figure 3. Both MIU doses effect maximum
inhibition of iodine organification within 5 hours of administration
although in neither instance is inhibition complete. AL the level of
10 mg MTU, between 8 and 24 hours there is a reversal of the inhibition
and at 24 hours the level of organification has returned to 78 per cent
of the control value. At 40 mg MIU on the other hand there is only
a very small reversal of the inhibition over this period amd at 24
hours the level of organification ls still only 3 per cent of the
control,

The purpose of this experiment was the determination of a MIU
dose which would reduce iodine organification to a minimun over a
period of 24 hours so that follicular iodine metabolism could be
studied without the complication of the utllisation of extra thyroidal
iodine oxr re-cycled iodine. The resulis show that at 10 mg MTU the
detoxication reactions of raﬁ‘tissues have reduced the effectiveness
of the goitrogen considerably over the 24 hour period. Thevefore,
the dose level of 40 mg MIU was chosen as that which when administered

daily would fulfil the requirements outlined above.
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Mige 3« IHale vats were given, by gavage, a single dose of 10mg
or 40 mg M.T.U., followed by & single injectién of 501G 1251
intraperitoneally, 1 bhr, before sacrifice, The organification of
iodide is expressed as the cts/lOO 8E08. 1251 incorporated into

the dialysed 125,000g supernatant fraction X the thyroid weight

per 100g body weight. Fach point vepresents the mean of two

exporiments involving 2 rats per estimation.
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11) Response of the rat thyvoid gland to MIU

The effect of daily administration of 40 mg MTU on the thyroid
gland weight is shown in figure 4 and table 1, A typical response
in the gland welighlt as a funciion of the duration of goitrogen
treatment was obtained. The mean gland weights ranged from Lol ng
per cent body welght for untreated animals to a maximum of 14 mg per
cent for rats treated with MIU for 14 days. There was no sipnificant
increase in gland size until after the third day. W the following
sections the behaviour of the thyroidal iodoproteins during these
phases of goitre induction is examined.

iil) Metabolism of thyroidal jodine in the rat durineg goitre induction

The results are summarised iu table 2 and figure 5. Table 2 shows
the turnover of thyroidal 1251 per unit of thyroid weight. The 1251
content of the vhole gland, represented by the tissue homogenate, and
the soluble gland iodine, represented by the 125,000 g supernatant,
decreased as expected after initiation of the MIU regime. The
particulate lodine of the gland represented by the 125,000 g pellet,
increased over the firgt five days of {reatment then decreased over
the next few days when the thyroid glend weight was undergoing a
rapld increase. In table 2 and figure 5 the ilodine remaining in each
of these compartments is also expressed as a per cent of the zero time
value. As can be seen from figure H, tptal thyroidal iodine and soluble
iodine content decreased in an apparent logavithmic maunner. This is

in/



Thyroid weight mg %

0 — r r v ; —
2 4 6 8 10 12 14

Days after MTU initiation

Migeds Male rats were given daily, by gavage, 40 mg HM.,7.U,
The vesponse of the thyroidglands to the goitrogen regime is
expressed as thyroid gland weight (mg ) per 100 ¢ body weight.
Details of the experdiment are shown on table 1,



Table 1 Response of the rat thyroid gland to MIU

Days after Noa. of mgns thyroid wi per 100 g
MTU animals body weight
initiation
Mean Range - Sella
0 14 boh 2.8- 700 L1.8
1 14 B3 FuSw Ge2 E 0.8
3 14 bad 7 Bube 66 % 0.9
5 10 53 Gelu 5.8 S04
6 7 8:6 75w 946 X 0.8
2 A 8i6  6iBm1le2 5 149
8 b 98 O.1wl0.h o
9 5 1063 9461048 . 0,15
10 6 1262 10441440 L1
1k 4 1440 12,6015k “ 1.6
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180+ Particulate
1601 Fraction
1401

Homogenate

THYROIDAL IODINE - % REMAINING

2 4 s s 1
DAYS AFTER MT.U. INITIATION

Mge 5¢ Metabolism of Thyroidal Iodoprotein in the rat during
goitrogenesis.,

| The‘1251 remaining in the whole thyroid gland, the
125,000g supernatant and the 125,000g particulate fraction is

125

expressed as & percent of the I present in each of the fractions

at zZero time,
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in agreement with the results of Rosenberg, La Roche and Ehlert (1966).
However, from the slopes of the lines it can be seen thal iodine was |
lost from the soluble compartment at a faster rate than from the whole
glond. This can be related to the particulate iodide comﬁartﬂeut.

Az seen in figure 5 this increased over the first 5-6 days before
decreasing over the remaining period of golitrogen téeaﬁment. In
addition, the slope of the line during the latter phase is simllap

to that showing loss of lodide fr;m the whole gland, Mnally, in

table 2 the iodide contents of the soluble and particulate compartments
are expressed as a per cent of the total gland iodide at the appropriate
time interval. AL zero time the soluble lodide represented 68 per cent
of the total gland iodide. Over the Ffirst 6 days of goitrogen treatment
this fell sharply until after 6 days the lodide was more or less

egually distributed between the two cellular compartments.

iv) Study of the turnover of thyroidal iodoproteins by DEAD cellulose
chromatography

The amount of 1251«1abelled iodoprotein eluted at each of the steps
in the elubion gradient was expressed as a per cent of the total
radioactivity eluted from the colum at each interval., Step 1 (0,20 M
NaClLl) represents that fraction of the total radiocactivity eluted
hetween 0.,15M and 0.20M NaCl. The results are summarised in table 3.
It can be seen that during goltrogenesis changes occurred in the
relative proportions of the 125I~labelled ilodoprotein fractions.

At/
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At zero~time the greatest proportion (65.3 per cent) of the jodoprotein
was eluted at step 1. This, however, decreased with time until aflter
12 days on MIU it constituted only 23.06 per cent of the total 125y
labelled icdoprotein eluted. The proportlion of the total ilodoprotein
in step 2 on the other hand increased from 25.8 per cent at zero time
to 37 per cent after 6 days before decreasing to 25 per cent after
12 days. The iodoprotein eluted at step 3 and step 4 repreosented
only a small proportion of the total radioactivity at zero time.
However, over the period of goitrogenesis this increased, being more
pronounced in step 4 than step 3.

In table 3 and figure 6 the resulls are also shown expressed as
a per cent of the radiocactivity cluted at the appropriate zero time
value. VWhen these results are produced as a semi-logarithmic plot
(figure 6) it can be seen that the 1251w1abelled iodoprotein eluted
at each of the steps in the elution gradient decreased logarithmically.
TMurthermore, from the slopes of the lines it is apparent that iodo-
protein was lost from these fractions at different rates. Thus the
lodoprotein eluted at step 1 appears Lo be metabolised at the fastest
rate while that eluted at step 4 was metabolised at a much slower
rate. The iodoprotein fractions eluted at steps 2 and 3 were metabolised
at intermediate rates. There would not appear to be any significant
difference between the rates of metabolism of the iodoprotein eluted

at steps 2 and 3.
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v) A study of the metabolism of thyroidal iodoproteins by sucrose
gradient ultracentrifupation

The results of sucrose gradient centrifugation of the soluble
lodoproteins in the rat thyroid gland during the goitrogen regime are
shown in figures 7-9. The zero time pattern shows the normal
distribution of thyroidal proteins of control animals; a 278
component, a major 198 component and a 3«85 component. The large
3«83 peak in the control rats is due to the fact that no initial
salting out of the thyroidal lodoproteins was carried out. As can be
seen in 'equilibrimm labelled' rat thyroids al mero time the labelled
peak and the protein peak are coincident at the 199 position. After
initiation of the MTU regime at each interval studied there was a
small but definite shift in the position of the labelled peak towards
the bottom of the gradient. Thus, after 7=9 days the labelled pealk
had shifted from the 19S position at zero time to a position corresponding
to 20,58 at 9 days. Considering the protein pattern, as shown by the
absorbance at 280 my, there would appear to be a discrepancy. If, as
expected in ‘equilibrium labelling',the ilodoproteins of the thyroid gland
are wniformly labelled it would be expected that any shift in the
labelled pealk would be paralleled by a corresponding shift in the
protein peak. As can be seen, however, this is not the situation - the
protein pealk is always displaced towards the top of the gradient.

A possible explanation is that the inherent error in fraction collection

produces/
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produces an artifactual shift in the labelled peak. This was, however,
ruled out by the fact that in three separate experiments a similar
small shift in the position of the labelled pealk was obtained.
Alternatively, the failure of the protein peak and the labelled peak
to coincide could be due to the increased protein synthesis which
occurs during goitrogenesis. The labelled peak represents only
Lodoprotein while the 0D peak measures protein in generals. As there
was no initial purification of the iodoproteins, it is possible that
the increased protein synthesis causes contamination of the iodoprotein -
peak with Llighter protein molecules. This could conceivably prevent
the fractional changes in the position of the iodoprotein peak which
are likely to occur. At any rate, the evidence supggests thal a small
but definite shift in the lgEIulabelled lodoprotein peak occurs

during goltrogenesis,

In addition to the labelled peak at 198, as already mentioned
there was also a small labelled peak corresponding to 275 lodoprotein.
The labelled peak was evident throughout the MIU regime, although at
7=9 days no cofrésponding 0D peak was discernible. Nevertheless, vhen
the amount of radiocactivity in the 198 and 2878 peaks at the appropriate
time intervals were expressed as a per cent of the values at zero time
both‘were found Lo decrease logarithmically. From the slopes of the
lines it is apparvent that 195 ilodoprotein is metabolised at a faster
rate than 278 iodoprotein (figure 10).

vi/
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Tige10, lMetbtabolism of the 198 and 279 iodoproteins in the rat
thyroid during goitrogenesis.

The 199 and 2738 iodoproteins were isolated from the
soluble proteins of rat thyroid glend homogenates by sucrose density
grafient ultracentrifugation. (of Migs.7-9). The 1251 remaining
in each of the lodoprotein components ig expressed as a percent of
the 1251 content of the component at the appropriate zero time,
fach point vepresents the mean of 2 experiments. Animals were used

in groups of 3.
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vi) Study of the metabolism of thyroidal ilodoproteins by polyacrylaide
sel electrovhoresis

The position of the stained proteins snd the distribution of 1251
along the gel at intervals after initiation of MIU are shown in figures
11=12. At zero time the major protein band (comp.B) coincided with
the largest labelled peak which contalned approximately 59.5 per cent
of the total radiocactivity. A lightly stained slower migrating
component (comp.A) had 19.5 per cent of the total radioactivity and

a small labelled peak (comp.C) corresponding to a faster migrating
component had 9«7 per cent. The remainder of Cthe radiocactivity was
distributed between origin material which had barely entered the gel
and a small labelled peak whgch migrated ahead of serum albumin at the
front of electrophoresis. Higure 13 and table 4 show the changes
occurring in each of these labelled components following initiation

of the goltrogen regime. As can be seen, lodoprotein was lost within
one day from both comp B and comp C. However, 1t is cobvious from
figure 13 that dodoprotein was lost at a faster rate from comp B than
comp Ce On the other hand, there was little change in the 1251m
labelled iodoprotein content of comp A and the origin material prior
to the third day of the MIU regimes On the fifth day, however, there
was a dramatic fall ian the lagl-content of both components to 20,5 and
15.3 per cent respectively of the zevo time value. The ilodinated
material at the front (table 4) increased to almost 3 times the zmero
time value aiter three days before decreasing over the nexlt few days.

However/
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Table & A study of the metabolism of thyroidal ilodoproteins

by polyacrylamide gel clectrophoresis

Per Cent 125% Repaining
Days after |"Origin" | Component | Component | Component | "TFroni!
lnigggtion' A B G
0 100 1.00 100 100 100
i o8 100 5145 82 . 120
3 96 9045 3hed G645 350
V] A543 2045 2548 h243 27%
6 Balt 2045 1241 b2 R27

125 e | "
The table shows the ~ I remaining in each of the protein compounents
sepavated by electrophovesis expressed as a per cent of the mero
time values

"origin® refers to lodinated material at the origin of
electrophoresis which had not entered the gel,

Trront'" refers to lodinated material migrating with
the electrophovetlic front

Sompenents Ay B and O are described in figse 1l « 12.
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However at six days it was still double the control value.

In the stained gels (figures 11~12) comp B corresponded to the
major dodoprotein component of sheep thyroglobylin, f.e. 198 iodo-
protein. Comp A, however, did not coincide with the slower migrating
component (278 iodoprotein) in the sheep control. Instead it migrated
as a broad diffuse band ahead of the control. The comp C migrated
with a similar minor 128 component in the sheep control. After five
days Comp C appeared to be composed of two separvate bands ~ o heavily
stained band with a lighter band migrating ahead of it.

vii) Todoamino acid content of the thyroidal iodoproteins duriung
goitre induction

Aliguots of pronase digests of the supernatents of rat thyroid
homogenates at different times after initiation of the MTU regime
were analysed by TLC amd paper chromatography. The results are
expressed in table 5. AL mero time, by paper chromatography, iodo-
tyrogines constituted 6L,4% and the icdothyronine 16.8% of the total
radiocactivity. Over the next five days the proportion of the total
radiocactivity released as iodotyrosines decreased slightly while that
of the lodothyronines increased. Consequently the ratio of lodothyronines
to ilodotyrosines increased marginally over the first five days of
goilrogenesis. However, an important factor ls that at all times there
was a large proportion (17~18 per cent) of the total radioactivity
which remained at the origin. After seven days there was a sharp

fall/




Table 5

Thyroidal % - Per Cent Distribution

Da}y.ignafter Oripgin MIC+DIT ’J.’EM'I% '1'34-&34/1411";@:@
dnitiation PO TLe PC TLC PC TLC PC TG

0 17. | 23.9 | 6L | 59.8 | 1545 | 1643 | 0,251 | 0,273

1 175 | 23.9 58.8‘ 58.6 16.8 | 16.9 | 0.286 | 0,289

3 18.2 | 24,1 | 8576 | B8.7 | 16,5 | 17.2 | 0.286 | 0,293

5 18uLe | 2540 | 57,01 57,1 | 18,7 | 17.9 | 0.328 | oﬁ,3:51

v 3947 | - f-m;a - Ge? & - 0,22 ‘V -

9 GO0 | - 2741 - 548 | = 0u212 -

The lodoamino acid content of thyroidal iodeproteins
during goltbrogenesis

Bats vere treated as described under figs 7 « Q.

The 1251 contonts of the iodoamino aclds are oxpressed
as a per eent of the total 1251 recovered from the
chromatograms.  Hach wesult is the mean of two
estinations. Bats were used dn groups of 3,



Fig. 14# Thin Layer Chromatography of Thyroidal Iodotyrosines
and Iodothyronines.

The plates were prepared and developed as described in
materials and methods. From origin to solvent front the order of
separation is DIT, JUT, T4 and T).
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fall in the per cent of the total 125I released as lodotyrosines
and iodothyronines to 4h per cent and 9.4 per cent respectively.
This trend continued over the next two days and at nine days on
the goitrogen the origin material'had increased to 60 per cent of
the total radioactivity. Iurthermore, the ratio of igdothyrohiheS
to iodotyrosines fell below the control value over this latler
periode

A typical separation of iodoaminoe acids as effected by TLC is
shown in figure 14. VWhen the pronase digests were analysed by this
techniqgue, as shown in teble 5, the resulis for the first five days
closely approximated to the results obtained by paper chromatography.
No values were obtained for days 7=90 since, due to the smaller amounts
of material which can be analysed by this teclnique, the radioactivity
recorded for the iodothyronines was wnot significant. Nevertheless,
the greatest proportion of the radiocactivity recorded was found at the
origin in agreement with the resullts obltained by paper chromatography e

viii) Protein asynthesis in the thyroid gland during goitre induction

The results are shown in figures 15«1Y7. During the first three
days after initiation of the MIU regime, there was no significant
incorporation of Bﬂmleucine into thyroidal proteins. Between day 3
and day 6 however the labelled amino acid was incorporated into
thyroidal protein to a significant extent. At day 6 the largest

labelled pealk corresponded to the protein in the 3«88 region and

there/
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Hotes Mg. 17 shows the pattern of JH~leucine incorporation
after 8 and 10 days.
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there was also a labelled 1285 component presents. The labelled peak

in the thyroglobulin region corresponded to 18.5-19S. After cight
days there was an increased incorporation of the label into all
components and the labelled peak in the thyroglobulin region now
corresponded to 17.5~185. In addition there was also a small

discrete peak corrvesponding to 24~258 indicating that the labelled
amino acid was also incorporated into a heavier protein component.
After ten days there was a further increase in the label incorporated.
The peak in the thyroglobulin region remained in the 17.5-18S region
and the small labelled peal: corresponding to 2L-258 was more

significant.
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DISCUSSION

1) Metabolism of thyroidal iodine during goitre induction

As outlined in the general introduction, the metabolism of
colloidal lodoprotein which represents most of the soluble gland
iodine involves engulfment of the ¢olloid by a process of endocyltosls.
This is followed by fusion of the engulfed colloid or colloid
droplet with lysosomal structures (Seljelid, 196%d4) which are
presumed to contain the engymatic machinery necessary for hydrolysis
of the iodoproteine. Seljelid (1967¢) has also shown that during
stimilation of the thyroid glend with TSH the resultant colloid
droplets avre much larger and more nunerouvs than in normal glands
and the size deopends on the degree of stimulation. Murthermore,
stimulated glands compared to norvmal glands had a higher proportlon
of collold droplets which did not exhiblt the signs of possessing
the hydrolytic enzyme system (Seljelid, 1967d). This implied that
in the stimulated gland, at least abt early times after stimulation,
the resorption of the colloid occurred at a faster rate than the
existing hydrolytic machinery could contend with. This affords
an explanation for the difference in rates of disappearance of
1251 from the whole gland and the 125,000g supernatant.
Administration of MIU would lead to increased TSH stimulation of
the thyroid and result presumably in the sequence of events
describeds Initially the rate of colloid resorption would be

greater/
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greatey than the rate of acquisition of hydevolytic engymes by

the colloid droplebs. This in turn would lead to an accumulation

i |
of colleld filled purbicles and produce the increased 1“)1 content
AT L Y o S N J . Ko e - B , 12‘5“ | PPy ?
of the 125,000z particulaste fraction and decicased L content

X4

of the supernabant fraction encommtered (figure 5), since the

1285,
rate of dlsappearance of T

from the 125,000z supernatont and

the whole gland would veflect the differences in the rabe of
colloid wesorption and the Qvarali rate of proteolysis. With

time, however, it is not inconceivable that cwntiﬁued TSH
stimulation, elther directly or indirectly could lead to the
induction of further lysosomal units or increase the rate of

fusion between existing lysosomes and colléid dropietss Sobel
(1961) showed increased ocid phesphatase activity, vhich is an
index of lysosomal presence, in the rat thyrolid after cold exposure -
conditions kooun to produce increased TSH stimulation. If this

is indeed the course of evenbs the collold droplets would evenbually
be supplied with hydrolytic ensymes snd this could account for the

G
1 Br ] (] ) mn L]
2T content of the particulate fvaction.

- L) ) " ) af"". 4 ) -
In this connection the decrcase in 1 YT content of the particulabe

later decrease in the

fraction colnclides with the time when the glend size im ropldly
increasing and, as will be shown later, thyroidal profein
synthesis is under stimulation. However, another possible

explenation for the resulis obhitained ig that dve to continuous

depletion/
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depletion of the colloid the rate of resorption eventually
declines and the decrease in 125I content of the particulate
fraction is the result of a decreased rate of resorption. It

is interesting that at this time the ~~ I content of the thyroid
gland is uniformly distributed between the particulate and
soluble fractions.

13) A study of the metabolism of thyroidal lodoproteins by
DEAE cellulose chromatography

It hao boen shown by several workers (Ingbar, Askonas and
Worle, 19593 Robbins, 1961; 1963; Ui, Tarutani, Kondo and Tamure,
19613 Shulman and Stanley, 19613 Bouchilloux, Rolland, Torresani,
Rogues amd Lissitsky, 1964) that DEAE cellulose chromabography
fractionates thyroglobulin according to the lodine content of the
moleculess The higher the di-lodotyrosine content of the molecule
the more strongly it is retained by DEAN cellulose and the higher
the ionic strength of the buffer required to elute it. Furthermore,
it hes becn shown that newly accumulated iodine is incorporated
into the early eluting fractions before the later eluting fractions.
Thus fractionation of thyroglobulin on DEAL cellulose reflects
the maturity of the constituent iodoprotein molecules - the
younger molecules heing eluted before the older, more highly
flodinated, molecules. The results of the present investigation
would therefore appear to indicate that the heterogenelty of
thyroglobulin molecules obtained by DEAR eellulose chromatography
has/
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hag indeed a functional significance - the rate of metabolien

of the individual iodoprotein fractions eluted belng a Tunchion

of the lodine content and maturity of the molecuwles. The

protein cluted ab sbep 1, which comsbitubes the greatest per cent of
the tobal iodoprobein in the conbrols, represents thal fraction

with the lowest lodine content and conteins on average the

younger molecules. As shown (figure 6), this fraction has the
highest turnover rates The oldest and most hipghly lodinated
molecules represented by the fraction eluted at step & is metabolised
at a rate approximately 20 per cent of that eluted in step 1.

This also reprosents the smallest por cent of the total 1a51mi0do
protein in contirol ralse The fractions eluled al steps 2 and 3
which are intormediate in iodine content and maturily ave
corvespondingly metabollsed at a rate intermediabe hetueen those
eluted ot step 1 and step 4.

Thus the results indicated that the heterogeneily displayed
by thyroglobulin on DEAL cellulose is Hunctional and confirms the
"last come, first served! hypothesis (Schneider, 1964), However,
1t is not possible to demonstraie by this technique whether this
heterogenelby s interfollicular or intrafollicular or a
combination of bothe

il
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iii) Study of the metebolism of Thyroidal Iodoproteins by sucrose
gradient ultracentrifugation

Mlthough thyroglobulin sediments as a symmetrical peak in the

analytical ultracentrifuge, Robbins, Salvatore, Vecchio and Ui €1966),
Seed and Goldberg (1963, 1965a) Limsiteky ot al (1964, 1966) have all
demonstrated a heterogeneity in the thyroglobulin peak by ultra-
centrifugation in a linear sucrose density gradient. The slower
gsedimenting fractions have the lower iodine content and are the
earliest labelled following a single injection of radioe~iodine.
Thomson end Goldberg (1968) found that the label did not coincide
vith 198 thyroglobulin until 48 hours after a pulse dose of 1251.
Thus, the newly formed thyroglobulin molecules are found in the
slower sedimenting fractions of the 198 protein peak while the more
mature molecules are found in the faster sedimenting fractlons.
In the present investigation, the shift in the labelled peak towards
the bottom of the gradient during goitrogenesis indicates that 195
thyroglobulin ls not metabolised at a wnlform rate. The slower
sedimenting molecules are turned over at a faster rate than the
Taster sedimenting fractions, confirming the results of DEAR
cellulose that the younger newly lodinated molecules are metabolised
at a faster rate thon the older more highly ilodinated molecules.
That the 275 iodoprotein is a structural and functional entity
which ls independent of 198 lodoprotein is bhecoming apparent.

Robhinsg/
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Robbina et al (1966) showed that although there was 1little
difference in incorporation of iodine into 198 end 278 iodoproteins
after two days during 'equilibrivm labelling', pulse labelling
experinents éhowed that 198 ilodoprotein was lebelled at a faster
rate than 275. Vecchio and Claar (1967) demonstrated also, that
3H~1@ucine was incorporated into 275 iodoprotein at a much slower
rate than 195 ilodoprotein and Veechio, Edelhoch, Reobbins and
Weathers (1966) provided evidence for the structural individuality
of the 275 iodoproteine The preéent study has also provided
evidence which suggests that the 278 iodoprotein also differs
from 195 lodoprotein in its rate of metabolisu. The difference
in the slopes of the lines in fig. 10 suggests that 275 lodo-
protein is turned over at a slover rate. Turthermore, it
would appéar that while 195 catabolism is initiated within 24
hours of commencement of the goitrogen regime, there is a delay
in the turnover of the 278 protein. It is possible that 298
protein is not a product of all the follicles in the thyroid .
gland and that the delay is related to TSH levels in the blood.
Only when a critical level of stimulation is reached are the
follicles producing 278 icodoprotein stimulated. This would agree
with the hypothesis that 278 iodoprotein represents a thyroxine
gtore which is only metabolised when the metabolism of 195 iodow
protein alone cannot meet the functional requirements,.

iv)/
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iv)  Study of the metabolism of Thyroidal Todoproteins using
polyacrylanide gel electrophoresis,

The daba show clearly that differences in metabolism exist
between comps B and C and comp A and the origin material, which
appear to ﬂe metabolised at similar rates. However, it is
wnlikely that these components per se exist in the thyroid
gland. Comp B, since it corresponds in electrophoretic
mobility with the major protein component of sheep thyroglobulin,
represents a fraction of 198 thyroglobulin. However, the results
obtalned for the control rats are not consistent with comp A belug
analogous to 275 iodoproteins. By sucrose gradient ulbra-
centrifugation of the lodoproteins from *equilibrium labelled!
rat thyroids, the 2973 iodoprotein accounted for only 10 -~ 12%
of the total radicvactivily whereas by gel electrophoresis, comp A
amounted to 20%. Il follows, btherefore, that other lodoproteins
are contributing to comp A&. A possible explanation is that, under
the conditions of electrophoresis, there is a breakdowm of the 278
lodoprotein and a fraction of the 198 ilodoprotein. Vecchio,
Fdelhoch, Robbius and Weathers (1966) showed that rat 275 iodo-
protein was mwstable under alkaline conditions dissociating to
form 195, 125 and 6S componentsa The same workers also
demonstrated that, uader their conditions the older 195 thyro
globulin molecules were more labile than the younger molegules.

Under/



Under the alkaline conditions and slightly elevated temperatures
prevailing durdong electrophoresis, it is highly probable that the
275 iodoprotein molecules and a fractlon of the older 198 protein
molecules undergo dissoclation to thelr respective subunits. It

is not inconcelvable thalb some artifactual aggregation of those
subunits could then tzke place to produce larger molecules which
migrate as the broad diffuse band of comp A. By the same
reasoning, larger aggregates or unfolded forms of these labile
components might account for the labelled material at the origin.
furthermore, this could also account for comp C and since its
metabolism ocours at a slower rate than comp B, this would

suggest that it was derived from a different fraction of the
lodoproteins then comp Be  In conclusioun, although the conventional
terms applied to thyroglobulin speciles cannot be used in connection
with the components fractionated by gel electrophoresis, the results
confirm a heterogeneity in the twmnover of the thyroidal lodo-
proteins.

The exact nature of the labelled material migrating with the
electrophoretic front is not known. However, since it increases
with time after initiation of the MIU regime, it seems not unlikely
that it represents large undlalysable iodopeptides produced during
proteolysis of the iodoproteins. The additional fast mipgrating
compontent migrabting ahead of comp C. which appeared on the 5th

day/
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day on HIU could be, presumably, a serum prolein contaminsnt since
it is not labelled to any significant degree. However, since it
is well established that MIU does not inhibit thyroglobulin
precursor synthesls, it could represent a non-iodinated subunit.

V) Lodoamino acld content of Thyroldal lodoproteins during
Goltre Induction.

Limsiteky, Simon, Roques and Torresanil, (1966) concluded
that as maturation of thyvoglobulin proceeds, the di~iodotyrosine
and lodothyronine content of the molecule increased. The
intentlion of the present iluvestlgation was to confirm this by
demonstrating that as metabolism of thyroglobulin progressed
during goltrogenesis, there wasm a corresponding increase in the
hormonal countent of the thyroglomlin remainings  Although the
observed increase in the ratio of lodothyronines to lodotyrosines
(table 5) is small that similar results were obtained by two
different systems would suggest that the increase is significant.
However, it is not possible to conclude that this proves that
there is an increase in the lodothyronine content of the iodo-
protein remaining at each dnterval since there ls always a
larpe proportion of the total radiometivity remaining at the
ovigin alfter chromatography. There are several interpretations
of the origin materlal. It could be the result of poor pronase
preparation since only one preparation, supplied by Koch-Light

Labs. s
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Labs,., was used. It could represent either completely undigested
protein, the undigested core of partially hydrolysed lodoprotein

or both. Without more detailed kmovledge of the exact nature of
the origin material, it is difficult to interpreﬁ the vresults on
the basis of the above proposition. 4 further factor is the large
increase in the proportion of the total radicactivity which remains
at the origin during the latter half of the goltrogenic regime.
Sucrose gradient centrifugation and DEAE cellulose chromatography
of the lodoproteins have shown that between days 7 and 9 on MIU

the predominant iodoprotein fractions represent the older, more
highly iodinated proteins. Pitt~Rivers (1963) showed that the
higher the degree of iodination of the thyroglobulin molecules -
the more they resisted hydrolysis. Therefore, a possible
explanation of the nature of the origin material is that it
represents a highly lodinated ldodoprotein species which is very
glowly mebubolised and resists proteolysis by pronase. However,

a more detailed investigalion of the ordgin material ils necessary
before firm conclusions regerding ite nature cean be drawn.

vi) Protein synthesis in the Thyroid Gland during Goltre Induction

Cavalieri and Searle (1967) showed that TSH stimulated the
synthesis of protein in the lutact rat. Bkholm and Strandberg
(1967) showed a similar result in guinea pigs. In the present
investigation no incorpovation of Eﬂmleucin@ into thyroildal

proteins/
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proteins was detected until after the 3vrd day on MU, Since

Thomson ané Goldberg (1968) and Vecchio, Salvatore and Salvatore
(1966) both denonstrated ﬁﬂwleucina incorporation into thyrold protein
within 30 minutes of administration to control rats, failure to detect
significant incorporation of the label for the first three days must
he due to the lower dose level of 3H~leucine admninistered in this
experinent. However, the appearance of labelled amino acid in the
thyroid proteins on the 6th day must refleet the stimuletory influence
of T8l on protein synthesis during the third and sixth days.
Presumably, during the early period of MU treatwent, the hormone
stores in the gland arve sufficient to maintain a low level of
circulating T8l, After 3 days, however, as shown previocusly the
iodeprotein content and hence the hormone store of the gland have

been severely depleted, This would result in a drop in the levels

of circulating hormone and effect a stimulation of the pituitary
gland to release TSH., This, in turn, would stimulate the general
metabolism of the thyroid gland and resull in the dncreased
incorporation of 3H—1euaine into protein during the 3rd and 6th

days.

Thomson and Goldberpg (1968) showed in Min wivo! experiments,
that goibrogenic drugs which block lodide organification'cause
incorporation of labelled amino acids into a 17 - 138 protein
rather than true 195 thyroglobulin. In the present investigation

a/
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a similar incorporation of 3H~1@ucine into a 17 - 188 protein

was found between days 8 and 10 of the goltrogen regime. On the
6th day, however, the label was incorporated into a slightly
heavier protein with sedimentation constant in the range

18.5 ~ 198, Nunem, Mauchamp, Pommier, Cirkovic smd Roche (1.966)
showed that the higher the iodine content of the thyroglobulin
molecule, the higher the sedimentation constant of the protein in
the ultracentrifuge. It follows, therefore, that between day 3
and day 6 of goitrogenesis, the labelled amino acid is incorporated
into a protein wlth a higher lodine content thon that formed later,
Although Tong (1965) could find no evidence that the stimulatory
influence of TSH on iodide orgenification was related to increased;
enzyme protein synthesis, the conditions of the experiment do not
completely rule out this possibility. TFurthermore, since under
the conditions of the present lunvestigation, the period of
ﬁtimulation is presumably much longer, the possibility that net
gynthesis of enzyme protein has occurred, is increased., This
could lead to a certaln degree of relief from the MIU induced
inhibition of lodide organification. Todide produced hy
dehalogenase activity within the gland could then be recycled to

a limited extent into the newly synthesised thyroglobulin
precursors to produce a 3H~leucine labelled protein with the

sedimentation/
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sedimentation constant found after 6 days on MIU., It is not
unlikely that under the prevailing oconditions of increased
protein catabolism that this proteln would be rapidly metabolised.
furthermore, with the continuous loss of glandular iodide there
would eventually be insufficient lodide available fof this
residual reactlons The result would be the incorporation of
labelled amino acid into the lighter protein molecules with
sedimentation constants 17 - 188 Tound after 8 deays on MIU,

A further featuve of BHmleucinm incorporation throughout
the MIVU regime, is the appearance of the labelled amine acid in
a protein with sedimentation constant 24 - 258 between days 8 and
10. Vecchio and Claar (1967) showed that after 10 days, Jwleucine
is incorporated into a small 278 peek in the rat. They found no
precursor product relatlionship between 19$ and 275 proteins and
concluded that the latter is synthesised at a much slower rate.
It is possible that the 24 - 25S component found in the present
investigation bears the same relationship to the 278 iodoproteins
ag 17 = 188 protein to 198 thyroglobulin. It may represent a
precursor of 278 lodoproteins which accumulates under the
conditions produced by MIU administration. The similarity
between the time of labelling of the 278 by Vecchio and Claar
(1967) end the 24 - 258 protein would add support to this.
Furthermore, the appearance of this component is additional
proof that ilodinabion is not a prerequisite for aggregation of

the newly synthesised subunits.
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Summarx

Investigations have been carried out on the metabolism of rat
thyroidal ilodoproteins during goltre induction: The following
results were obtained . |
1. The ilodoprotein content of the thyroid gland decreased
logarithmically and the results showed that the rate of colloid
resorption is faster than the rate of release of iodide from the
whole gland.

2 The heterogenéity of the thyroglobulin molecules which is
obtained by fractionation of the protein by DEAE cellulose
chromatography, sucrose gradient ultracentrifugation and
polyacrylamide gel electrophoresis was shown to have a funectional
significance during goltre induction., The former technigues
indicated that the newly lodinated iodoprotein molecules are
metabolised at a faster rate than the older more highly iodinated
molecules. IMurthermove, the evidence indicated that the 275
lodoprotein is metabolised at a slower rate than the 1935 protein.
S MAttempts to show that, during the metabolism of the thyroidal
iodoproteins, the lodothyronine content of the remaining molecules
increased were not conclusive. This was primarily-due to the
presence, at all times during goitrogenesis, of a large per cent
of the total radiocactivity of the pronase digests remaining at the

origin/
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origin of the chromatograms. It is suggested that this may
represent a highly iodinated iodoprotein which has a slow turnover
rate and is particularly vesistant to pronase digestione.

4, Incorporation of 3H~1@ucine into thyroidal proteins of the
rat 'in vivo'! showed that, during goitrogenesis induced by MIU
administration, stimulation of protein aynthesis occurred after

3 days on the goitrogen. Tnitially the labelled amino acid was
incorporatéd into a protein with sedimentation constant 18.5-198
but after § days the label was predominantly present in a 17~188
protein. IL is suggested that the heavier component is the result
of a residual iodinstion reaction resulting from TSH stimulation.of
the glands IFinally there ie evidence that during MIU treatment,
between 8 =~ 10 days, 3H#leueine is also lncorporated into a
protein with sedimentation constant 24~258 a probable non~lodinated

precursor of the 278 iodoprotein.
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INTRODUCTION

The present knowledge regarding the structure and blosynthesis
of thyroglobulin has been cbtained from the study of thyroglobulin
from animal sovrees., For the most part, comparable work with
human thyroglobulin has been largely neglected primarily due to
the difficulty in obtaining fresh normal human thyroid glands.
Moat of the studies involving human thyroglobulin have, therefore,
been directed towards the comparison of the iodoproteins fiom
normal and pathological thyroid glands. In general this has
involved estimation of the solubility of the iﬁdoproteins,
thelr electrophoretic mobilities, sedimentation coefficients and
immunologle propertiess TFrom this approach certain abnormalities
in the ilodoproteins from certain pathological glands have been
described eg. Hasty, Slater and Stanley (1958) desoribed an
electrophoretically abnormal thyroglcobulin in thyroid cancer and
ilodoproteins with electrophoretic mobllities identical to serum
albumin have been described in adenomas, nodular goitres (Robbins,
Wolff amd Rall, 1959h): congenital goitre (De Groot and Stanbury,
1959); endemic ecretinism (Beckers, De Visscher, 1961l; Lobo Da Silva,
Hargreaves and Conceiro, 1964) and colloid goitre (De Groot and
Carvalho, 1960b). Furthermore, iodoproteins with electrophoretic
mobilities similar to pre-albuming have also been described in
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goitrous subjects by Lissitsky, Codaccioni, Cartouzou and Mante
(1964) and Murray, McGirr, Thomson and Hutchison (1965). The
exact nature of these abnormal proteins and thelr role in thyroidal
lodoprotein metabolism ds stlll largely conjectural. It has been
sugeested that they could be iodinated subunits of thyroglobulin or
normal constituents of the thyroid gland, independent of thyro-
globulin, whose synthesis is accelerated in the conditions prevailing
in thyrold disease. In this respect Shulmen, Mates amd Bronson
(1967) have isolated proteins from normal'human thyroids which had
sedimentation constants of 45 and 79 and they have demonstrated an
immunological relationshlp between these proteins and thyroglobulin.
Recently by virtue of gel filtration techniques, highly
purified preparations of human thyroglobulin have been studled.
Ramogopal, Spire and Stenbury (1965) showed that thyraglobulin
from goitrous glands was less iodinated and had highey monow
iodotyrosine (MIT) to diiodotyrosine (DIT) ratios than that from
normal controlss They also showed that the level of dodination
had no effect on the electrophoretic mobllily or solubility of the
thyroglobulin preparation.. Bismuth, Rolland and Lissitsky (1966)
conld find no significant difference in the amino acid compositions
of 198 thyroglobulin from normal and goltrous glandse Similarly
Pierce, Rawitz, Brown and Stanley (1965) found no difference in the
aminoe acid compositions, carbohydrate contents, clectrophoretic or
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centrifugal properties between the thyroglobulin from novmal glands
and non~toxic poitres.

The following section represents a report of the resulis
cbtained from the analysis of the properties of the iodoproteins
present in established human goitres which were collected over a
period of 2 « 3 years. Data regarding the ilodide and carbohydrate
contents, electrophoretic mobilities and sedimentation properties
of the lodoproteins have been collected. Turthermore, information
regarding the degree of heterogenelity of the iodoprotein present in
established golitres has been obtained by fractionation of the protein
by DEAE cellulose chromatography e Pinally, the primary structures
of these ilodoproteins have heeﬁ studied by analysing tryptic digests

of the peptide fingerprinting technique.
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MATERIALS AND METHODS

L MATERTALS

Normal bhuman thyroid gland was collected on ice following
post mortem examination of a patient with no previous history
of thyroid disease. Goitrous glands were collected on ice
immediately following surgical vemoval. All glands were stored
frozen until used.

Sephadex G200 was obtained from Pharmacia, ﬁypgalg, Sweden.
Whatman DEAK cellulose type DU 1l was used in all ion-exchange

= 4
1311 and 12}1 were -purchased from the Radio-

experiments,
chemical Centre, Amersham, Bucks. Crystallised trypsin;was the
product of BDH Ltd., Poole.

e Preparvation of Thyrold Extracts

The glands were washed free from excess blood and the
extraneous btissue removed. They were then frozen, gliced by
hand and the slices extracted for 12 hours at 4°C with 0.9%
saline (2 ml per g tissue). The tissue debris was removed by
filtration through . cheese~cloth and the filtrate centrifuged at
4°C for 30 minutes at 38,000 rpm in the Spinco model L. (50 votor).
The extracts were finally dialysed against distilled water for
24 hours at 4°C and lyophilised. These lyophilised saline
extracte of the glands were stored at ~14°C until requived.

S G200 Sephadex Gel Filﬁfation
The dry gel beads were allowed to swell for 48 hours in

deionised/
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ﬁeioﬁised water to which a bacteriostat had been adaed. The
'Pines! were.femoved by repeated decantation and the gel was finally
equilibrated with O.1 M KC; - 0.02 M sodium phosphate buflfer pH 7.5
(KCl~phosphate buffer).-' Columns were packed by a continuous flow
technique until the required bed voluﬁe vas attained -~ at no time
during packiﬁg was the difference between the level of fluia-in the
column and the outlet allowed to exceed 10 cms. The colum was
then stabilised with several columm volumes of KCl~phosphate

buffer at room t;mperature and then equilibrated at 4°¢.  Column
packing ﬁas checked by applying a small volume of a councentrated
solution of Blue Dextran 2000 (Pharmacia, Sweden) and eluting with
the KCl~phosphate buffer.

For preparative purposes the dimensions of the gel bed were
adjusted to 2.5 » 35 cus. 2 ml of a 7% solution of the lyophilised
saline extracts of the glands were carefully layered on top of the
gel under the KCl-phosphate buffer., The density of the protein
solution was increased by the addition of 2~3 drops of a 20%
sucrose solutione The top of the gel bed was protécﬁed during
sample application and subseguent elution by'a nylon unet sample
applicator. The protein was eluted with KClephosphate buffer at
a Tlow rate of 1-2 ml/bmg/hr and 2 ml fractions were collected in
an automatic fraction collector., The fractions were assayed for
protein by measuring the optilcal density of each fraction at 280 mp

in/
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in a Unicam SPS00 gpectrophotometer and for haemoglobin by measuring the
optical densibty (0D) at 41k wmp. VWhen the patient had been given 1311
or 125I pre~oparatively, the presence of yradicactivity in the eluate was
measured by the Fkeco sample changer type N695. TFurther purification of
the jodoprotein was accomplished by pooling the necessary fractions from
the first c¢ycle through the columm and concentrating the protein to the
required volume with Carbowax. The above procedure was then repcated.
The purified iodoprotein was finally dialysed against distilled wabter at
59C for 24 hours, 1y0phili?@d and stored dessicated at w-14°C,

L, Istimation of Protein Concentration, Yodlde and Carbohydrate

content of the lodoproteins

The protein concentration of all solutions was determined by the
method of Lowry, Rosebrough, Fary and Randall (1951) using a bovine serum
albunin standard. Hexose content of the dodoproteins was determined by
the orcinolw-sulphuric acid wmethod described by Winzler (195%) using a
standard of mannose, galactose in the rabio Lil. Slalic acid estimabtliona
were performed by the thiobarbituric acid method of Warren (1959) and
total dlodide was determined by the method of Farvell and Richmond (1961).
In the latter case, the estimations were performed on dilutiocns of
Lodoprotein solutions in 1% bovine serum albumin to minimise the loss of
protein on glassware at high dilutions.

Se Sucrose Gradient Ulbracentrifugation

The method was the same as thalt deseribed in materials snd methods

seetion 1./
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section le¢ The protein applied to the gradient was obtalned by
noking solutions of the lyophllised saline extracts in PBS 504
with respect to ammonium sulphate. After 1 hour at 4°C, the
solution was centrifuged at 16,000 rpm.in an MSH refrigerated
centrifoge.with a high speed attachment., The supernatont wvas
discardedﬁand the precipitate dissolved in PB&. In some cases
(ef results, 3), the purified and lyophilised lodoprotein
diszolved in PBS was used.

Ge Polvacrvlamide Gel Electrophoresis

The technilgue was identical to that described in the materisls
and methods, seotion 1.

7 e DEARL Cellulose Chromatography

The DEAL cellulose was prepared and the columns packed ag
described in materials and methods, section 1. The dimensions of
the columnns used were 2.5 K 32 cms. 100 mg to 200 mg of protein
were applied to the columm and washed on with 1 column volume of
0.025 M potagssium phosphate buffer pl 6.5, All operations were
performed at 4°Cc,  The protein was eluted by applying a stepuise
gradient of NaCl in 0.025 M potassium phosphate buffer pH 6.5
The protein eluted at 04035 M, 0,10 M etcs to 0,30 M and 2.0 M
NaCl was collected. In cases 1 ~ 10, the iodoprotein purified
by gel filtrabion was applied to the column while in cases 11 - 12,
the lyophilised saline extracts of the glands were applied. The
flov rates were adjusted to 30 ml per hour and 5 ml fractions were

colleteds The presence of protelin in the fractions was determined
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s deseribed previously. Allguobs of cach protein froction eluted
vere dlalysed ewbensively apgainst 0.9% saline st 4°C and concenbrated
by Carbowax, The protein in these samples was then mmalysed by
polyacrylamide gel electrophoresis. The romainder of the protein

in each fraction vas dialysed againgt distilled wvater ot 4%¢ unbil
free from chlovide, lyophilised and stored desiccated at -14°C.

8 Proparabion of 5. Carboxymethyleted ledoprotelns

The method of reduction and alkylabion described by Edelhoch
and de Crombrugghe (1966) vas used. 5 mg ilodoprotein was dlssolved
in 2 ml 8 M urea = 0,063 M mercaptoethanol - 04015 M bicarbonate
solution pH 10«2+ This solubtion was left at roon temperabure |
for 30 minutes end then 1 ml of an 0.15 M iodoacetic acid solubion
in 6 M uvea pH 10.2 was addeds After o further 30 minntes, the
golutlon vas dialysed apgainst 3 changes of distilled water.

Pialysis was then continued for a period of 2L hours ab 1O

against 0.2 M ammonium bicarbomate buffer pH 8.5. 0,05 wpy teypsin
yas added and the solution incubated at 3700 for 24 hours, A suell
quantity of sodiuvm azide was added as a bacterlostatl.

Ve Peptide Fingerprints of Notive and S.Carbonymebhylated

Todoproteilns

Limited digests of native and S. carboxymothylated (HCH)

iodoproteins wilth trypsin wore obtained as described above for
SCH dodoproteins. Concentration of the dipgests was cavded out

by lyophilisation and redissolving the residwe in the minimaum of
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0.2 M ammonium bicarbonate buffer pH 8.5. Aliquots of the

digests containing equivalent to 1 « 2 mg iodoproteins wore

then spotted on Whabmem 3 MM paper (46 x 57 cmse).

Eleatrophoresis was carrvied out at 10 mA for 16 hours at pH 3.5
(pyridine, acetic aszid, wabter j 1:10:295). The voltage varied

from 250 V at the start to 200 V at completion of the electrow
phoresis. Descending chromatography for 17 hours with n

butanol, acetic acid, water (4:115) was performed in the second dimension.
The position of the peptides Was‘detecteé by spraying the papef with
a solution of 0,01% niﬁhydrin in collidine, acebic acid, ethanol
(L12557.5 V/V/V) and heating in an oven. The spots were marked by
viewing the chromatograms over a fluorescent light and traciungs of
the chromatoéram& talten as recgords. Autioradiographs of the
chromatograms which werelabelled with radlioiodine were obtained

with KodakwKodivex xe-ray film with an exposure period of 1 - 2 weeks.
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RESUTAS

NI A S WA

1. G200 Sephadex Gel Iiltration

flution profiles of the proteins from exiracts of normal
and goitrous human thyroid glaads are shown by the distrlbution
curves in figs. 19 ~ 23 The polyacrylawide gel electrophoratic
patterns of the gland extracts and the protein eluted la peak 1
(cfe fige. 18) are also shown. Tu almost all cames, three protein
peaks werve eluted. Differences in the relative proportions of
these peaks were related to the degree of comtamination of the
gland extracts with serum proteins. As can be seen from the
elution profiles, one cycle through G200 Sephadex was not
sufficient to ?emove all traces of haemoglobin, as measured by OD
at bl my from peak 1.  However, in wost cases this could be
accomplished by'fecycling the protein in peals 1 although in some
cases several cyeles were required to remove all detectable traces
of the haemgglobin.‘

i) Normal Thyroid Gland (Case 1; fige 18)

Peak 3 contained predominantly haemoglobin and serum albumin.,
Pealt 2 contained traces of proteins from peak 1 and pealr 3 and was
not investigated furthers Peak 1 contained protein with electrow
phovetic properties identlcal to purified sheep thyroglobulin.
The protein migreted as three distinct bands (4, B aud €¢) as
described by Spiro (1964).  Component ¢ can be attributed to

dlalysis/
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dlalysis and lyophilisation of the protein prior to electrophoresis.
Vhilé it has been established that these procedures vesult in
disaociation of the thyroidal iodoproteins, they were adopted as the
most convenient method of storage of both the gland extracts and the
purified lodoprotein. &ince all proteins were treated identically,
it was concluded that, bearing in mind the effect on the proteins,
this would not seriously affect the results obtalned.

ii) Non-toxic Goitre (cases 2 - by fig. 19)

In case 2, the patient was given 131I preoperatively and,
as shown, the label vas eluted exclusively in peak 15 In all
cases the components of pealk 1 corvrvesponded to the normal thyroidal
lodoproteins. |

A oaow

i14) Congenital Goltre (cases 5 = 6, fig. 20)
131

Both patients received I and, as above, this was confined
to the protein fraction eluted in peak l. BElectrophoretically,
~ the labelled protein corresponded to the normal components B and C.

Component A was wmissing.

iv)  Thyroid Carcinoma (cases 7 = 0y fifge 21)

Both pat1ents recelved ° 511 andy as bafore, the label was eluted
only in peak l. Protein bands corvesponding to the normal iodow
protein components were present in both cases although in case 7
component C appeared as a faint navrrow band. In addition, there
was minor component migrating between components A and B.  The

relationship/
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relationship of this protein, if any, to cavcinoma of the thyroid
gland is not kmown although it ls possible that it represents a
serum protein contaminant.

v) Haghimoto's Thyroiditis (cases 9 - 10, fig, 22)

Both patients received 1311 preoperatively. In both cases,
over 95% of the label was eluted in peak 1; the remainder of the
radioiodine wag eluted with peal 3» By slicing the stained protein
bends from the gel after electrophoresis of the gland exiraot, the
minoy labelled component was found to wmlgrate with serum alburin.
Bleetrophoretically, the purified protein from peak 1 corresponded
to the normal components band € and there waz a faint narrow band
with a mobility similar to component A. Component € appeaved to
have split into two diserete bands both of which were labelled.

It was not posmible to determine whether this was artifactual or

an abnormallty of the condition. A similar situation was encountered
in section 1 in rats maintained on MIU for over 5 days, although in
this cage the faster migrating band was not labelled. Iinally,

both cases shovwed falntlystaivned bands in the region of the serum ¥
globulins.

vi)  Dyshormonopenciic Goitres (cases 11 « 12, fim. 23)
131

Both patients recaived I preoperatively. In addition to
the normal labelied peak 1, 40 = 50% of the total Ly vas eluted
fractionally ahead of the haemoglobin peak. In case 11,
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electrophoresis of pealk 1 showed the presence of a narrow band
corresponding to component B and a heavily stained band which
migrated with serum albumine. Both bands were labelled. ‘There
were also two faintly stained unlabelled bands belween the origin
and component B. ~ Due to the high degree of conbamination of
this extract with serum proteln these bands are probably derived
from the latters Iun case 12, peak 1 comprised only one labelled
component corresponding to the normel component Ba  The second
peak contained a labelled albuminelike lodoprotein.

In general, G200 Sephadex gel filtration is a convenient
method for the purlfication of large amounts of thyroglobulin
from hunan gland exbtracts and has the additional capacity to
detect abnormalities in the thyroidal lodoproteins. In those
cases where there is a high degree of contaminabtion of the
extracts with serum proteins o.ge thyroid carcinoma, Hashlmoto's
thyroiditis, it is not possible to remove all the conbtaminating
proteins particularly the serum ¥ globulins. Hovever, it was,
alwayé possible, by careful selection of the fractions from
peak 1, to obtain a prepavation of thyroglobulin vhich was
egsentially free from these contaminanta.

2e Sucrose Gradient Ultracentyidfusation

The sedimentation propertiecs of the lodoproteins from

humen goltrous glands were studied in 5 « 20% lineay sucrose

density/
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density gradients, The OD patterns at 200 mp of the gradients are
shown in figs. 24 - 29, In cases L, 2, 6, 10 and 12 the protein
applied to the gradient was obtained from peak 1 in gel £iltration
profiles after dialysis and lyophilisation. In all otheré, the
protein was obtained from the redissolved precipibate after ammonium
sulphate precipitation of the gland extract.

1) Normal Thyroid Gland (case 1, flg. 24)

Three OD peaks were present corrvesponding to sedimentation
constants 275, 198 and 128. The latter, in ihis case and cases 2,
6 and 12, was the result of dialysis and lyophilisation of the
probeine.

14)  Non=toxic Goltres (cases 2 ~ 4, fipgse 24 « 25)

All three cases had components corresponding to 195 and 275
iodoproteins, The 3 ~ 88 proteins in cases 3, 4 and also cases
5y 7 = 10 are mainly serum proteins not completely vemoved by the
ammonium sulphate precipitation step.

ii1) Congenitel Goitre (cases 5 w 6, fim, 20)

Both cases contalned a 198 lodoprotein pealk only =~ no heavier
components weve apparent. This agrees with the failure to detect a
slower migrating component (comp A) on electrophoresis of the purified
proteins.

iv)  Thyroid Coveinoma (cases 7 = & , fige 27)

Both cases had the wajor 199 iodoprotein and a heavier iodoprotein

corresponding to 26 = 273,
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NORMAL THYROID GLAND CASE 1
40

NON-TOXIC GOITRE CASE 2

2
NOISSIWSNVHL IN3D ¥3d

Tiga. 2 w» 29 Sucrose gradient ultracentrifugation patterns
of proteins from normal and abnormal thyroid glanda. In each

case the bottom of the gradient is to the left of the fipure.
T™Me, 24 From top to bottom of gradient, the peaks correspond
to the following sedimentation coefficients: Case 13 12.53,
19,58, 27.58, Case 23 12,185 19.285 27.h8,
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CONGENITAL GOITRE

CASE 5

CONGENITAL GOITRE

CASE 6

Mige 26 From top to bottom of gradient, the peaks corres

the following sedimentation coefficients:
Case 6, 12,183 19.48,

CaseS5, 3 - 8
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THYROID CARCINOMA CASE 7
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THYROID CARCINOMA CASE 8 30 @
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Tige 27 Irom top to botbtom of gradient, the peaks correspond to
the following sedimentation coefficients: Case 7, 3-053 18,983
26,383 Case 8, »=353; 19.18; 268,




HASHIMOTO'S THYROIDITIS CASE 9 40

70

80

90

HASHIMOTO'S THYROIDITIS CASE 10
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Iigs. 26 From top tp bottom of gradient, the peals corvespond to
the following sedimentation coefficientss Case 9, 3 = 8835 20,83

Case 10, 3 = 88: 20.68,




DYSHORMONOGENETIC GOITRE CASE 1

DYSHORMONOGENETIC GOITRE CASE 12

NOISSINSNVdl LN3D ¥3d

Tigs 20 Trom top to bottom of the gradient the peaks correspond to
] L] ) al - n(:'.

the following sedimentation coefficientss Case 11, 5053

Case 12, 1253 18.58.
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V) Hashimoto's Thyroiditis (cases 9 « 10, fim, 20)

In these cases the ouly 0D peak in the reglon of thyroglobulin
had a sedimentation constant corrvesponding to 20 « 20,55, There were
1o heavier components presanta.

vi)  Dyghovmonogenctic Goitre (Cases 11, 12, Fie, 209)

Case 11, the ilodopyotein purified by gel filirabtlicn had no OD
peaks diu elther the 195 or 278 repglong of the gﬁa&gent in spite of the
fact that this protein had been eluted in the exclusion volume from G200
Sephadexs The only protein pealk present corresponded to a sedimentation
constont of % - 63, Case 12, on the other hand, had 2 0D peaks; the
major peak corrvesponded to 18.58 and the minor peals to 129,

bl

e Lfodide eamd Corbohydrate content of the Purifiecd Todoprobein

I al

Samples of the lodoproteins purified by gel filtratlion were analysed
for hexose, siallc acid ond iodide. The resulis are showa in table 6.
As expected, the ilodide content of the lodoproteins voyied widely.
However, in general the values obtained for the lodoprotein from goltrovs
glands were lower than thome for normal human thyroglobulin. Novmal
values for hexose and sialic acid contends were obtained in all cases
except Haghlmotol!s thyroditis and case 1l. Tn the former, higher
hexose levels vere conglstently obtained while din the latter, both
the hexose and slalic acid contents were 504 lover than the values
recorded for novmal thyroglobulin,

b DEAE Cellulose Chromatography of Pnrified fodopiroteins

The degree of heberogeneily of the dodoproteins from normel and

poltrons/




Table 6

lodide amd carbohydrate conbents of purified

ilodoprotelns from human thyroid glands

PRI PR
. 1% T e e :?31&11:1.0
| Case Nos | Clinical Conditicn | M8 T°7T | Hex S | hAcid
| per mg mg B Ty
protein _ O
1 Buthyroid 342 4.0 14
2 Non Towic Goitre 0456 b0 Le6
3 3.5 3;8 1.7
L 0476 h,2 Le7
! 5 Congenital Goltre 0.18 547 1.5
i
6 Q.2 kR LeB
v Cavdinoma 0.72 349 1,97
8 0-89 L,2 1.8
/ e
9 Hashimoto's .23 6.2 1.8
10 Thyroiditis 0.28 5.9 149
11 Dyshormonogenctic 0e30 Led} Oe2
12 Goltre 0.32 3.8 172
Shoep - 747 4.6 1a7




goitrous glands was studled by DEAL cellulose chromatography .
Iﬁ figss 30 = 34 the proteins, as measured by the 0D at 280 my,
eluted at each step in the elution gradient is expressed as a
per cent of the total 0D at 280 wp eluﬁed from the column. In
cases 1 -~ 9, the lodoprotein purified by gel;filtraﬁion was
fractionated,

i) Normal Thyroid Gland (case 1, figm. 30)

Todoprotein was eluted at each step in the gradient from
0e20 = 2,0 M NaCl. VWhile the highest per cent of the total protein
vas eluted at 0.25 M NaCl the protein wes falrly wilformly
distributed between the carly eluting steps (0620 = 0.25 M NaCl) and
the later eluting steps (0.3 = 2.0 M NaCl). Eloctrophoretically
the iodoproteins oluted at each step were identical.

14)  Nonwtoxic Goitre (cases 2 « 4, fim. 31)

In each casoe, ilodoprotein was eluted al the seme steps in the
gradient as the normal although in case 2 lodoprotein was alse eluted
at Q.15 M NaGl; In cases 2 ~ %, the higheat per cont of the total
protein was elunted at 0.20 M compared to 2,0 M NaCl in case 4,
Furthermore, in cases 3 and & the protein was falrly evenly
distributed between the early and later eluting'st@ps while, in case 2,
over 80% of the total proltein wes eluted in the early steps.
Ilectrophoretlically the lodoproteins fractions in cach case were
normal although in cases & and 4 the slower migrating component was

absent/
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abgent in the iodoprotein eluted at 0,15 M NaCl and 0,20 M NaCl
respectively.

1dii) Thyroid Carcinoma (cases 7 » 8, fig. 32)

in both cases, lodoprotein was also confined to the steps in
the gradient between 0.20 and 2.0 M NaCl. IHowever, the highest
per cent of the total protein wag eluted at 2.0 M NaCl with the
result that 65 = 70% of the protein was present in the later
eluting fractlons. Blectrophoretically the lodoprotein eluted atl
each of the steps was normal although in case 7, the slower migrating
compenent was absent from the early eluting steps while in case 8
this component was only present in the fraction eluted at 2.0 M NaCl.

iv) Hashimoto's Thyroiditis {cases 9 = 10, fig. 33)

In case 9, lodoprotein was confined to the same fractlons aa.
the normal although in case 10 lodoprotein was eluted only at 030
and 2,0 M NaCl. In both cases the highest per cent of the protein
was eluted at 2.0 M NaCl and, as a result, 76% of the total protein
was eluted at the later steps in case 9 and 1006 in case 10.
Tlectrophoretically, all ilodoprotein fractions contained a protein
component indistinguishable from normal thyroglobulin but the slower
nigrating component was confined to the later eluting steps in cese 9
and to the fraction eluted at 2.0 M NaCl in case 10.

v) Dyshormonopenetic Goitre (cases 11 « 12, fip. 34)

Since the gland extracits contained albumin - 1ike ilodoproteins

when/
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A. DEAE cellulose B. Polyacrylamide gel
chromatography electrophoresis.
Case 9
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A. DEAE cellulose B. Polyacrylamide gel
chromatography electrophoresis.
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of the thyroid glands from cases 11 and 12 (cf. legend figs.
30 = 33)




Bl

when fractionated by gel filtration, the gland extracts were also
chromatographed on DEAE cellulose in an attempt to lsolate these
abnormal iodoproteins. .

In both cases, serum proteins and haemoglobin were eluted at
steps 0.05 = 0,15 M NaCl. In case 11 at 0.20 M, vwhere previously
thyroglobulin had been eluted, electrophoretilcally the proteins
eluted corresponded to serum albumin and other wnidentified proteins
vhich were possibly other serum proteins. Similavly abt 0.25 -~ 2.0
M NaCl the major protein elubed had an electrophoretic mobility
similar to serum albumine. Furthermore, at 0.30 « 2.0 M NaCl other
minor protein components were eluted one of which migrated electro-
" phoretically like normal himan thyroglobuline. Since éerum albumin
wvas elubed, in this system, at 0.15 = 0.20 M NaCl, it seems unlikely
that the albumin protelns elubted bebween 0.25 ~ 2.0 M NaCl represent
true serum albumin. TFurthermore, the P.B.l. value recorded for the
protein eluted at 0.25 M NaCl is indicative of the iodinated structure
of the protein.

In case 12, the fraction cluted at 0,20 M NaCl contained two
protein components; one migrabted as normal humen thyroglobulin, the
other as serum albumin, At 0.2% = 0430 M NaCl, there was only one
protein component eluted which behaved electrophoretically like serum
albumin. However, at 2.0 M NaCl the protein eluted migrated as two

distinet/
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distinct bands ahead of serum albumin. The P.B.I. values recorded
for the protein eluted between 0425 « 2.0 M NaCl indicates the
presence of dodoproteins in these fractions.

Se Peptlde Mingerprints of Purified Todoproteins

In fipse 35 « 40, tracings of the original peptide maps for both
nabive (fige A) and SCM iodoprotein (fig. B) are shown,

i) Normel Thyroid Gland (case 1, fim. 35)

Tige 38A represents the peptlde map obtained from the tryphic
digest of native thyroglobulin, There were 29 distinct ninhydrin
positive spots together with a large sireak of heavily stained material
along the origin line of electrophoretic separation. The latter is
presumgbly derived. from lavge undigestible polypeptides. The peptides
have been numbered as shown in fig. 36A for reference purposes since
no attempt has yet been made to identify them further. Tig, 383
represents the peptide map obtained for the SCM iodoprotein. The
number of pepbtides which were clearly discernible had increased to 60.
Peptides clearly commonr to both patterms are marked. Irom the large
increase in the number of peptides it is clear that reduction has
exposed many additional sites to the trypsin which were previocusly
masked .

ii)  Noneltoxic Goitre (cases 2 = 4, fig. 36)

In all cases, the peptide maps for the native and SCM iodoproteins

were/




Figne 35 = 40 Peptide fingerprints of the tryptic digests of the
purified lodoproteins from normal and abnormal thyrold glands.

Ao  peptide fingerprints of the tryptic digests of the
native ilodoproteins.

B. peptide fingerprints of the tryptic digests of the

SCM dodoproteins,
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vere undlstinguishable from the normal. The position of the peptide
spots dn these and the other patterns did not always correspond
oxactly to the positiqn of sinilar spots in the normal pattern.
However, this is an eryor inhevent in the method since, eoven in
duplicate chromatograms, differences in the relative pogition of the
same spots occurred, Nevertheless, groups of peptides cleavrly
eimilar $o those obbtained in figs. 308A andlB ware found in each case,

111i) Conegenital Goltre (cases 5 = 6, fim. 37)

Both peptide maps of the native lodoproteins were simllay
although they differed in many respects from the normal patlterni
There were only 1l clearly defined peptides presenti the normal
peptides A, B and groups C and G together with 2 additional
peptides C6 and C7 din group C. Peptides corresponding to groups
Py U4 « 5 and Kb were also discernible although it was difficult
to identify them due to the indistinctiveness of the aninhydrin
colour. The difflculty in distinguishing these latter peptides
suggested that possibly the other missing peptldes were also
present in too small quantities to be clearly ldentified. This
was substantiated by the resulbs obtained for the SCM iodoproteins
(fig. B). The nunber of peptides had increased to 38 = 40 and
those corresponding to the 9 groups present in the pattern for
normal thyroglobulin were clearly visibles Furthermore, the

additional peplides corresponded closely to peptides present in

the/
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the normal SCM lodoprotein fingerprint. Nevertheless, there were
seveoral peptides which were cleerly missing; 5 pepbides between
groups I and peptides C3 « 5, 9 pepltlides between peptide A and the
origin and the group which migrated ahead of pepltide CGwl.

Therefore, ﬁhe peptides vhich were missing from the pattern for
native icdoproteins were released by tiypsin only after reduction of
the protein and a large number of peplides were'miésing from the
pattern for the SCM proteins.

iv)  Thyroid Carcinoma (cases 7 = 8, fip. 38)

The peptide maps for both the native and SCM lodoproteins
vesembled closely these obtained for normal thyroglobulin,.
However, as in cases 5 =~ 6, there were two additional faint peptides
corresponding to €6 ~ 7,

v) Haghimoto's Thyroiditis (cases 9 - 10, fim. 39)

"i""hr_-s ﬂ’:ﬂ"“"‘n%ﬂm ‘Pﬂm ‘t:"n? 'V':M‘g"": LTI 4 AA M'm\mn‘g'nﬂmm -w\mﬁn’-\ ﬂloael lqesen»}bled
v)  Hashimoto's Thyrolditis (cages O = 30, fim, 39) v

those obtained in ceses 5 - 6 than the normal pattern although in

case 10 there was an additional peptide C8 in group Cs No peptides
corresponding to groups ¥, H or K were visible. Iu case 9, the
iodoproteins had been Lebelled 'in wvivo! with 151 and the dobted
broken lines in fig. 390 represents the positions of the lBlInlabelled
peptidess There were 9 labelled peptides together with.streaked
areas of dense radicactivity arvound the origin. &8 of the labelled
peptides were confined to group C and it is interesting that none of

then/
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them coincided exactly with the ninhydrin stained areas. Movement
of the xeray £ilm relative to the chromatogram was ruled oubt as a
reason for this lack of coincldence since the paper and negative
vere ripgidly held by staples placed at each corner.

After reduction of the lodoproteins, the peptide maps for the
8CM proteins were indistinguishable from the pabtern for normal SCH
thyroglobulin,

vi)  Dyshormonogenetic Goitre (cases 11 » 12, fig. 40)

The native iodoprotein from case 11 produced a peptide pabtern
indistinguishable from that of case 10. Reduction of the protein,
howaver, did not produce the nowmal pattern for SCM thyroglobulin.
The pattern more closely resenbled that of the normel patitern for
native thyroglobulin with 27 distinet peptides.

In case 12, the peptide pattern for the nelive protein was
identical to thal described for cases 5 - 6 although there were no
detectable peptides corresponding to groups Iy H or Ke Reduction
of the protein, however, produced a pattern which closely resembled
that for normal SCM thyroglobulin.

Go Peptide Finperprints of Ilodoproteln fractions separated by DEAL

cellulose chromatopraphy
The lodoprotein fractions separalted by slepwlse gradient elution
from DUAL cellulome columns were incubated with trypein and the

resulting/
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resulting linit digests analysed by the pepiide mapping technique.
The tracings of the originsl peptide maps are shown in figs. 41 - 45,

i) Normal Thyroid Gland (case 1, figz. 471)

The peptide maps for all lodoproteln fractions eluted beltuwecn
0e20 M » 2,0 M NaCl wore essenltially simllar. EHEtherﬁore, theve
were no detectable diffevences between these patterns and the patiern
for the wfractionated thyroglobulin shown in fige 414

14)  HNop-tloxic Goitre (case %, fige 42)

The results vere simllar to those described in case le.

idl)  Phyroid Carcinoma (vase 7, fige 43)

In the froction eluted at 0.20 M NaCl, there were only 11
clearly defined peptides in the peptide pattern obtained. These
peptides corresponded to the normal pepitides A, B and groups C ond
Ge Taintly stained peptides corrvesponding to peptides C6 wmd C7
were also presentb. A similar pattern was also obtained for the
fracticn eluted at 0.25 M NaCl although faintly stained peptides
corresponding t¢ the peptides in groups ¥y, I and XK were also
present . The inability to detect peplides in groups D and T and
the indistincltiveness of these present in pgroups Ty U and X was
wmexpected since the pattern for the unfractionated protein was
normal. However, the peptide patterns for the remaining lodo-
probtein fractions eluted at 0.0 M and 2.0 M NaCl were identical

to/
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Figs 41 = 45 Peptide Tingerprints of tryptic digests of the
lodoprotein fractions separated by DEAL cellulose chromatography.
0e20 = 240 M NaCl refers to the molarity of NaCl abt which the

iodoproteins were eluted from the columms,
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%o that for normal native thyroglobulin ~ peptides €6 and 7
were not discernible.

V) Hashimoto's Thyroiditis (case 9, fige 44)

The dlodoprotein froctiong eluted at each of thq steps betwesn
020 M pnd 2.0 M NaCl produced indistinguisbable peptide pabterns
which were identical to thalt obtained for the unfractionated
Lodoprotein,

x

vi)  Dyshormonogenebic Goltre (scases 11 - 12, Ffig, 45)

In case 11, those iodoprotein fractions eluted between 0425 w
2.0 M NaCl veve analysed, ‘The ilodoprotein eluted at 0.25 M, which
behaved electrophoretically like serum albuwin, produced a peptide
map with 17 distinct peptidess Thesme included the peptides A, B
and group C together with the additional peptides C6 - 8.

The remaining peptides were in a group thch migrated
electrophovetically alhead of group C. They have been labelled
N1 «» 8 for reference purposes. By comparing the positions of
those peplides in the pattern for norvmal thyroglobulin it is
tentatively sugpested that peptides Nh, 5 and 7 correspond to Hl, 2
and 4t N8 to K2 and N1 and 6 to IF2 and 3. This comparlson is,
however, purely superiicial gince ideptliies cannot be cquivocably
established without more detailed chemicel analysis. An interesting
feature, however, is the absence of peptides Gl and 2 since this isg

the/
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the only inastance where these peplides were missing from the
fingerprints A similar pattern was obtained for the lodo~
protein fraction eluted at 0,30 M NaCl although peptides N1
and O were missing. The fraction eluted at 2,0 M NaCl
produced a patltern which contained peptides corresponding
to those foumd :in the fraction eluted at Q.50 M Nall.
However, in addition, the p@@ti&ea Gl and 2 were now present.
In case 12, the protein fractions eluted at 0.25 M =
240 M NaCl were also analyseds The peptlide maps for all
three fractions were similar end indlistinguishable from thatl

described in the case of the nabive wnfractionated protein.
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Discussion

Le General Properties of the lodoproteins in established

Humem Goltres

The purified lodoproteins from non~toxic golibtres and the
thyroid carcinomas studied were, in general, indistinguishable
from novmal human, thyroglobulin in electrophoretic properties,
sedimenbation constants and cavbohydrate contents. wince tha
only significant difference was the total lodine content of the
proteins, this clearly dndicates that vreduction of the ilodination
levels of ilodoproteins to those recorded for these lodoproteins
has no effect on these properties of the lodoproteins, Furtherw
more, in cases 5, 6 and 12 vhere the lodine content of the iodow
proteins were even lowery the major iodoproﬁein had the same
physico~chemical properties as normal hummn 198 thyroglobulin.
However, in these latter cases emd cases 9 =~ 10, no component
corresponding to 275 lodoprotein was present. It has bheen
suggested that, in view of the bigher level of dodiuation of the
275 lodoprotein, this component provides o large proportion of
thyroxine content of the glend and vepresents a hormone store
(Robbing, Salvatore, Vecchio end Ui, 1966), In section 1
Eﬁaleucine incorporation studies into rat thyroidal proteins
during goltrogenesis suggested thaty in the absence of Lodination,
a precursor of the 278 lodoprotein with sedimentation constant of

2/
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2l w 258 was synthesised. It is poseible thab in those glends
where the iodine content of the exisbing protein is low (0,18 ~
0432 ug ety per mug), syathesis of a 2Y8 protein precursor
conbinunes but due to a lesion in the iodine metabollsm of the
gland, .5 dodide organiiication, lodide comservation or dlodide
transport, lodinabion of thils precursor to a level which affords
a degree of stabllity to the mol@gule does not occur. Furthere
more, since the turnover of the 278 iodoproteln is considerably
slower them the 198 protein, under the above conditions, the
available iodine would be mainly channelled into the 198 component.
v cases 9 « 10, Hashimoto's thyrolditis, the major iodos
protein componen’ resenbled normal thyroglobulin electrophoretically
but sedimented in sucrosce gradient centrifugation as a 20 - 218
component. While a simllar iodoprotein was encountered in the rat
thyroid after 8 - 10 days (of scotion 1) on MIU, it is unlikely, in
view of the low iodine contents of these lodoproteing (0.23 ~ 0.08
g 7T por mg), that these ave the older move highly lodinated
nolecules. Since a higher hexose value than normal was recorded
for these proteins it ié'quite possible that the higher sedl
mentation constant is related to this. An sbnormal carbohydrate
molety in the protein could conceivably affect the configuration
of the molecule sufficiently to alter the sedimentation properties

of/
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of the molecule, However, the lack of sufficient molerial
from these glands provented a more detailed analysis of the
carbobydrate moieties of the iodoproteins.

Casesll and 12 were similar in that both gland extracts
contained lodo albuming in addition to a larvpger lodoprotein
gluted in the exeluslion volumé firom G200 Sephadex,  However,
vhile this latter protein, in case 12, resenbled the novmal 198
lodoprotein in its properties the same protein from case 11
differed in many respects. It was highly unstable to the
isolation techniques used, being complebely broken dovm to
smaller vaits, and contained only 504 of the normal hexose and
siolic acid content. Hdelhoch (1965) and limsitsky, Rolland
and Bergot (1965) showed that 195 thyroglobulin is an aggrogabe
of 2 digsimilar 6S subunits and it is interesting tﬂaﬁ the
sedimentation constemt of the disscciated protein in case 11
was approximately 68. However, since reduction of disulphide
linkages in the 198 iodoprobein was necessavy to produce these
subunits, the case of dissociation of this lodoprotein suggests
that its subunits ave held together by nonecovalent linkages only.
Therefore, at this level of investigation, there would appear to
be no real identity bhetween this iﬂdopratein-and normal human

thyroglobulin.
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2a DEAE Celliulose Chromatosraphy of the Purified Todomvoteins

Thyroglobulin exists as a vhole spectrum of molecules differing
only in their level of ilodination. This confers on the molecules a
heterogeneity which can be assessed by iloneexchange chromatography on
DEAL cellulose. This capacity can be related to the dilodotyrosine
andy to a lessor extent, the thyroxmine contents of the molecules:
the higher the diiodotyrosine level the more strongly the molecule is
retained by the DEAE cellulose, In this study, the degrees ;f
heterogenelity of the iodoproteins from established human goitres
were studied.

In general, the lodoproteins from normal. geoitrous glands were
eluted between the same limits of the applied pgradient.

In case 2, hqwever, jodoprotelin was also eluted at a lower
ionic strength and over 80% of the total protein was confined to the
early eluting steps. Tn cases3 - U, on the other hand, the lodo-
protein was more evenly distributed between the early and late
eluting steps and in this respect resembled the pattern for the
iodoprotein from the normal gland. Assuming that the diiodow
tyrosine content of the molecules is the major contributing factor
in this reaction, this would imply that in cases 3 = 4y on average,
the diilodotyrosine distribution among the molecules closely resembles
that of the normel gland, whereas in case 2 there is, on average, a

higher/
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higher proporition of monciodotyrosine than didodotyrosine wmong the
nolecules compared to the normal. In cases of Hashimobols
thyroiditis and thyrold cavcinoma, on the other hand, the general
Loature was that over 70% of the total protein was cluted in the
later eluting steps. If the above reasoning vas applied in this
case, 1t would imply on average that there was a higher proportion

ofl diilodotyrosine residues in these lodoprotelns than in the lodow=
proveing from the noymal glonmd.  However, compariug the iodine contents
of the proteins in the later eluting fractions with those obtained
for the same fractions from the normal glend (of ?igs; 30, 32 and 33),
there is a wide divergence of values. A possible explanation is
that steric factors are involveds Since only groups on the suwface
of the protein willl be availsble for interaction with the charged
grroups on the cellulose, it 1o possible that even at low levels of
iodine plmilar dilodotyrosine concentrations can ocecur at the

surface of the molecule to that present in the more highly

iodinated molecules - the differences in dodine content between

the proteins being sccounted for by ilodotyvrosines buvied in the
molecule and unavailable for interaction with the cellulose, In
peneral, hovever, the results indicate that in cases of thyroid
carcinoma and Haghimoto's thyroiditis the jodoprotein is more

homogenous than normal while in non-toxic goitre the degree of

heberogeneity/
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heterogensily remembles that found in the normal glends

B Peptide Fingeroprints of lodoproteins in Fgtablished Human

Goitres and Normal Thyroid Gleand

In recent years some workors have applied the technique of
peptide fingerprinting to the gtudy of the primary structure of
thyroglobulin. Spiro (1964) produced peptide maps of salt
Iractionated sheep thyroglobulin in which she detected 29 « 30
different peptides. This is very similar to the resulls
obtained in this study for the Tfingerprint of normal humen
thyroglobuline. Furthermore, allowing for differences in the
techniques, there is a definite similarity in the grouping of the
peptides between the fingerprints of native sheep and human
thyvroglobulin.  Lissitsky, Rolland and Bergot (1965) performed
similar experiments with SCM sheep thyroglobulin. However, there
is a large discrepancy in the number of peptides reported for the
sheep thyroglobulin and thab Ffound in the present study for SCM
human thyroglobulin.  Since Lissitsky et al did not vreproduce
their peptide Tingerprints, the discrepancy cannobt be fﬁrther
elucidated. ﬁowever, it could be related to the hetler
resolution afforded by high wvoltage electrophoresis techniques
as opposed to the low voltage method employed in this study.

B Jn the present investigation, the peptide fingerprinting

technique/
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technique was applied to compare the primary structures of the
lodoproteins from normal and goitrous thyrold glands. The
sluilarity in the pattern of the peptides for both the natlve
and SCM iodoproteins from non-toxic goilbrves, thyroid carcinomas
and the normal gland suggest that these protelins have ildentical
prinary structures. However, the fingerprints of the native
lodoproteins from the other cases studied deviated to a
slgnificant degree from the normal pattern. This was due %o
the absence of peptides in the groups D, %, Fy, H, and K and the
vresence of additional peptides in group C. It iﬁ interesting
that the presence of the former groups of peptideé coinclde with
those lodoprotein preparations containing sigunificant amounts of
278 lodoprotein. Murther evidence of this was obtained from the
fingerprints of the ilodoprotein: fractions eluted from DEAR
cellulose in case 7. The early‘eluting fractions had no
detectable 275 lodoprotein and the corresponding peptide Tingore
prints lacked these particular peptides. Any explanation,
however, must also take into accomt that, on reduction and
alkylation of the lodoprotein prepavations lacking the 275
component, the resulting peptide fingerprints were similar to
that for the normal SCM jiodoprotein which contained the 278
component. Since trypsin can release the same peptides from
reduced 198 ilodoprotein as a reduced lodoprotein prepavation

containing/
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containing both 195 and 278 components, this would suggest that
hoth these ilodoproteins are composed of subunits with identlcal
primary structures. Hovever, since fewer peptidec are released
from native 198 iodoprotein than from the native protein
preparation contalning both components this would suggest that in
278 lodoprotein certain peptide bonds ave available to the trypsin
which ave probected in the 198 protein due, presumably, to steric
factors. Vecchio, delhoch, Robbins and Weathers (1966) showed
that, while reduction of disulphide bonds in the 195 iodoprotein
was essential. to the release of a subunit with sedimentation
constant 68, o similar subunit could be released from 275 iodo-
probein under conditions which ruptured non~covalent bonds only.
It follows, therefore, that during enzymic digestion of lodo-
protein preparvations containing 278 iodoprotein, certain sites in
the 68 subunit could be exposed to trypsin which would not be
avallable in the 195 protein without reduction and allkylation.
Purthermorey in the peptide maps of the nabive lodoproteins
vhich contained the peptide groups D, B, I’y H and K, the
intensity of the ninhydrin stained spobte in these groups was
much less than that in peptides A, B groups C and G.  Subsequent
reduction, however, greatly increased the inteunsity of the colour
in those reglons. Such a situation would occur if these peptides

were/
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vere derived from exposure Lo the trypsin of additional sites
of action by dissociation of the 278 iodoprotein as described
ebove and 1f similar sites of action were exposed in the 198
Lodoprotein components on reductlon and alkylation,

The appeavance of the additional pepiides in group C in
cages 5, 6 and 9 -~ 12 ave dAifficult to explain since vo
attempt has been made to identify the chemical nature of the
peptides released by trypsin. However, the possibility that
they are,the result of endogenous exopeptidase activity is
unlikely since they are also present in the peptide maps of
the 5CM iodoproteins and the conditions of reduction and
alkylation would have inactivated any prolbeolybic engymes in
the prepavations, A posgible explanation is that proposed by
Mlexander (1968) o explain a similar situation encountered in
the peptide maps of ralt thyroglobulin. In thyroglobulin
preparations there could exist a hebterogeneily with regard to
the dfodination of different tyrosyl sites or to the extent of
iodination of the sawme tyrosyl site. In cose 9, the antow
radiograph of the fingerprint indicated the presence of iodo-
peptide spots overlapping the ninbydrin colour of peptides C6
and CY.  If one sssumes that a particular tyrosine residue in
the lodoprotein can be either nonwlodinated, mono~iodinated or

diiodinated/
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diilodinated, then in case 9 the peptides C6 -~ 7 could represent
the nou-icdinated form of the peptide end the spol on the
sutoradiograph could represent the monoiodinated devivative.
This could explain the lack of colneidence of the ninhydyrin and
radioactive spots. If under normal conditions these particular
tyrosyl sites ave generally readily lodinated to the diiodo-
tyrogyl level then it is possible that the omission of these
peptides from the normal pattern could he due to this alone or the
fact that these ioﬂotyrésyl residues could be involved in the
ilodobyrosyl coupling reactious leading to thyroxive formation.
In either instance it is not inconceivable thal the position of
the particular peptide in the fingerprint would be altered.
Turther proof that a heterogenelty of tyrosyl residues with
respect to lodination could he the reason for the wariability
in the presence of these peptides is that, although they were
not detected in the Finpgerprint of the native lodoprotein in case 7,
they were present in the fingerprints of the fractions of this
ﬂiodoprotein vhich were eluted from DEAE cellulose at the lower
ionic strengths.

n cases 5 and 64 although the fingerprint of the SCM iodow
protein c¢losely wvesembled that of the normal SCM protein, at least
20 peptides were missing. The overall similarity of the physical

and/
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and chemical propervties of this lodoprotein and the normal
Lodoprotedn does nol suggest the existence of an abnormaliby
in the priwary structure of the proteln expected Ly the
omission of 20 peptides. Since the iodine contents of these
proteins are very 10w compared to the other ilodoprotein
gtudies, 1t seems reasonable that these diiferences might also
be rvelated to the hetervogeneily of the tyrosyl residues with
vegard Lo lodinabion.

Cases 1L and L2 ave discussed separately becauge, as
mentiloned earlier, both gland extracts contained lodoproteins
which migrated electrophoretically like seyum albuming, In
case 11, the resulits of the peptide fingerprints of the ilodow
probeins are best discussed in velabtion to the other properties
of the icdoproteinsy Lle The ease of dissociation of the lodo=
protein eluted in the exclusion volume frowm Sephadex Lo subunits
vhich behaved electrophoretically like sorum albumin and had a
sedimentation conshtant of 68, 2+ The low hexose and sialic
acid content of this lodoprobtein. 3o« The simllardty betwoen
the fingerprints and the SCM lodoprotein amd that of native normal
thyroglobulin. 4%, The elution of lodoproteins, which resembled
geyum albumin electrophoretically, from DEAE cellulose between
0a25 M = 2,0 1 NaCle 5+ The general similarity between the
peptide fingevprints of those lodoproteins and the native ilodo-

protein/
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iodoprotein and the omission of the groupt peptides from the

Fingerprints of the fractions elulbed between Ca25 M m 0,30 M

(4]

NaCl. It i difficult to flnd a siugle explanation which
covers all the abnormelities encouatered in the iodoproteins
from this gland. However, the results of pepltide Lingere
printing does suggest that there in a structurel wrelolblonship
between theme iodoproteins and normal thyroglobulin. The
studies of Bdelhoch (1965) which provided evidence that
thyroglobulin coneists of 2 dissimilar 65 subunits and that
reduction of the protéin is essential bto release these
components could provide a possible explanation, If it is
posbulated that in this gland one of the 65 subunits is
strvchturally abnernal, then the lodoprotein isclated from gel
filtration could represent an artifoctual apgregation of the

normal subunits, I disulphide linkages sre normally only

formed between dissimilar 65 subunita, au abnormality in one

of the svbunits could prevent this ovcurring and result in

the case of dissociabion of the iodoprolteln purifled by gel
Piltration. The absence of the other subunit iun the aggregate could
explain the Low caybohydrate content and the sbsence of over 30
peptides from the peptide pmttern of the SCM iodoprotein.  The

fact that the group ¢ peptides were present in all pepbtide fingers
prints except those of the lodo albuming eluted between 0.25 M =
0.30 M Nall from DEAE cellulose suggest that These fractions might

be the abnormal subunit. The iodination of subunits is not

unknovn,/
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nknown since Salvatore, ﬁalﬁakere aad Roche (1967) demonstrabed
The iodination of a 5% subunit in the laupreys They postulated
that wader condltions where there im a slow rate of polymerisaiion
of the subunits lodination of the subunit could occur.

In case 12, vhile {wo lodoproteins were also eluted from
G200 Sephadex, the lodoprotein eluted in the void volume was
gtable and resembled normal 195 thyroglobulin in elsctrophorebic
propevties, sedimentation constant and carbohydrate content.
Furthernore, the peptlide fingerprint of the SCM iodoprotein
augpested that this lodoproteln had the same primary structurve
ag normal 198 thyroglobulin.  Therefore it wowld appear that,
in this casey, a normal thyroglobulin molecule 1& syntheslsed.
Howaver, by DEAB cellulose chyromatography of the gland extract,
in addition to the normal thyroglobulin, ilodoproteins with
electrophoretic mobllities siwmilay to scrum albumin and prew
albunin vere eluted. By sucrose densliy gradient centiyde
fugation, the iodo albumin and the ioﬁé pre~albumin had
sedimentaticn coustants in the rage 5 - 68 and 3 - 49
respectivelys. Since the peptide fingerprints of these lodoe
proteins closely resembled those of the native thyroglobulin of
the gland, a structural relationship would seem to exist between
these dodoproteins. A possible explenation is thatv they are
iodinated subunits of a normal thyroglobulin which was

particularly/
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particularly labile under the conditions of isolation. lowever,
it has beon established that subtnit aggregation occurs immediately
after protein gynthesis during thyroglobulin formation and that
reduoction of disuvlphide linkages is essentinl to release the 65
subunits.  Fwthermore, the existence of what appears to be a
normal. thyroglobulin specles in the gland and the iodine contents
of this protein and the lodo albumin suggeshs that the normel
mechanisms vhich are conmidered to confer stability to the ilodow
proteing are notentlally availeble in the gland. The altemative
Lo that the subumits per se are lodinated. This then ralses the
question why some subunita\should agpregate to form norvmel thyrow
globulin vhile others do not. If, however, as explained for

case 11, there ave 2 dissimilar 65 subunits involved in the
thyroglobulin Tommatdion, 4t 1s possible that normslly there exists
a halanced synthesis of both subunits and thabt this balance is

naintained by some mechenism of probein synthesis control. It is

hat, if this were the vase, a lesion ln the

not inconceivable ¢
control mechanisn could result in either an increasced or a decrecased
gynthesis of one of the subunils compared to the normals. This

would result in the excessive synthesis of one of the subunits and

lead to its accumilation since the aggregation of the subunits to
form thyroglobulin would then be limited by the wate of synthesis

of/

LlllllllIIII----------4




we L OGme

of the other subunit. This subunit could then he lodinated and result
in the formation of the iodo albumins. The iodo pre-albumin could
then be formed by the dissoclation of the more highly iodinated 68

subunits wder the conditions of isclation.
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Le Todoproteins weve purified from the thyroid glande of

12 patients presented with established goitres.

2 In 8 of the cases, the iodoproteins were indistinguishable
from normal thyroglobulin in electrophoretic properities,
sedimentation constants and carbohydrate contents although the
iodine content of the proteins was, in general, lower than that
recorded for normal thyroglobuline. In two cames of Hashimoto's
thyroiditis, the hexose content of the iodoprotein was elevated
and the sedimentation constant was in the range 20 - 218,

S The heterogeneity of the purified iodoproteins in 10 of the
cases was examined by DEAL cellulose chromaography. JIn non-toxic
goltre the heterogeneity of the iodoproteins resembled that of
normwal thyrogleobulin whereas in thyrold carcinoma and Hashimoto's
thyroiditis the iodoprotveins were considerably more homogeneous.
b, Peptide fingerprints of the native and SCM iodoproteins
ghowed thal in all cases the lodoproteins had similar primary
structures as the normal thyroglobulin preparation. The
differences which were encountered in the fingerprints of the
iodoproteins in 7 cases could be attyibuted to the absence of
the 278 lodoprotein in these glands and to the existence of a
heterogenelty of the tyrosyl residues with regard to the extent

of iodination.
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S5 In two cases abnormalities were detected in the lodoproteins
isolated. In one case, in addition to a normal thyroglcbulin, an
iodinated albumin and pre-albumin were isolated. However, a
structural similarity between those lodoproteins and normal
thyroglobulin was revealed by peptide fingerpriuting and it is
sug-ested that they represent iodinated subunits of normal

thyroglobuline. In the other case, a high molecular welght ilodo-

protein was isolated which, although related to normal. thyroglobulin,

had only half the normal carbohydwrale content and readily dissociated

wnder conditions of dsolation to smaller subunits. An ilodo albumiu

vas also isolated from this glemd which produced a peptide finger-
print significantly different from normal thyroglobulin. It is
suggested that in this gland an abnormal subunit is synthesised
which prevents normal aggregﬁtion‘and stabilisation mechanisms
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