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" S U M  M A :r I «

‘riifHOGLOBULIN AND HELA» lODOPHOÏEINS IN TUE THYHOÏD GLAND

The object of thio investigation was to study the metabolism 
of the thyroidal iodoprotelns during goltrogonesis in the rat and 
to examine the physico-chemical properties of the iodoprotelns in 
established goitrous human glæids,

Goitrogenesis was jjiduced in rats, following ’equilibrium 
labelling* of thyroidal iodine, by daily administration of methyl^ 
thiouracil (MTU)* After a latent period of 3 days there was a 
rapid increase in gland weight to 3 times the control value after 
10 days on the MTU regime* Tliroughout goitrogenesis, the total
1 pq *1 pc5X content of the gland decreased logarithmically but the * I 
was removed at a faster rate from the 125,000 g supernatant 
fraction than from the whole gland homogenate* These data 
suggest that the rate of colloid resorption is greater than the 
rate of proteolysis or the rate of acquisition of.the hydrolytic 

enzymes by the colloid droplets* In the study of the metabolism 

of the soluble iodoprotelns, the 125,000 g supernatants were 
fractionated by DEAL cellulose chromatography, sucrose gradient

ultracentrifugation and polyacrylamide gel electrophoresis.
125/Uialysis of the decrease in I content of the iodoprotein 

fractions, separated by these techniques, showed that the newly 
iodinated iodoprotein molecules frre metabolised at a faster rate 

than/
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thau the older more highly iodinated molecules and demonstrated 
that the 275 iodoprotein is metabolised at a slower rate than 

the 195 thyroglobtilin• ICn another study, thyroidal protein
synthesis during goitrogenesis was examined by ' H-leucine 
incorporation into thyroidal protoins *in vivo*, A pronounced 
stimulation of labelled aminoacid incorporation occurred between 
the 3rd and 6th days of goitrogenesis and the ^U^leucine v;as 
incorporated into a protein with sedimentation constant less 
than 195, After 8 days, however, label could also be detected 
in a heavier protein component corresponding to 24 - 255, It 
is suggested that this represents a precursor of the 2?S iodo«- 
protein which accumulates when iodide organification is 
inhibited by MTU and provides additional evidence that 
iodination is not a prerequisite for subunit aggregation.

In studying the physico-chemical properties of the 
iodoprotelns in established goitrous human glands, the iodo^ 
proteins were purified by gel filtration from a number of 

goitres removed at operation from patients. In general, 
iodoprote:lns from non*«toxic goitres contained considerably less 
iod:ine per mg protein than normal although they resembled 

thyroglobulin from normal tissue iai cmi^ohydrate content, 
electrophoretic mobility and sedimentation properties. An 
exception, however, occurred in the iodoprotelns from cases of 

Heishimoto * s/



Haahimoto’s thyroiditis where the hexose levels were elevated and 
the iodoprotein had a sedimentation constant of 20  ̂215•
Estimation of the degree of heterogeneity of the iodoprotelns from 
goitrous glands by DBAS cellulose revealed that in non-toxic goitres 
the iodoprotelns compared with those from the normal gland in 
heterogeneity while in all other cases studies the iodoprotelns 
were, in general, considerably more homogeneous, Peptide finger­
prints of the 8*oarboxymothylated iodoprotelns (SCM) did not reveal 
any gross dissimilarities in the primary structures of the proteins 
although a variability in the presence of certain groups of poptides 
was found between the native and SCH proteins# In some cases, 

these variations could be related to the absence of a 278 iodo­
protein from these glands and a heterogeneity of the tyrosyl 
residues in the protein with regard to the extent of iodination.
In general. In physical properties studied, the iodoprotelns from 
goitrous glands were indistinguishable from normal thyroglobulin 
and the dissimilarities which occurred in the chemical properties 
could, for the most part, be related to the iodination level of the 
protein•

In two goitrous glands studied, abnormalities were, however, 
detected in the iodoprotelns isolated. In one case, in addition 

to a normal thyroglobulin component, an iodinated albumin and 
pre-albumin were isolated. However, a structural similarity 
between these iodoprotelns and normal thyroglobulin was revealed

by/



by peptide fingerprinting and it is suggested that they represent 
iodinated subunits of thyroglobulin# 'hi the other case, a high 
molecular weight iodoprotein was isolated which, although related 
to thyroglobulinI had only half the normal carbohydrate content 
and readily dissociated, under the conditions of isolation, to 
smaller subunits# Furthermore, an iodoalburain was also 
isolated from this gland which produced a peptide fingerprint 
significantly different from normal thyx'oglobulin# It is 
suggested that in this gland an abnormal subunit is synthesised 
which prevents normal aggregation and stabilisation mechanisms 

taking place.
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OmERAL IN W m C T IO N

It wae realised towards the end of the 19th Century that the 
tl'jyroid gland produced a Buhat&moe eeaential for health (Sehlff, 
l884| Hofmeiater, 1894$ Horsley, l886$ Fox, l892; Mackenzie, 1892).
The search for the postulated active constituent led Baumann (1896 a,b) 
to the discovery that the thyroid gland contained considerable 
quantities of iodine confined to a protein fraction which, on 
hydrolysis, yielded a substance effective In the relief of thë signs 
and symptoms of myxoedema* Purification of the active constituent 
was not, however, achieved until Kendall (1913, 1919) Isolated the 
crystalliîie product which contained 65 per cent iodine# Harington 
(1926 a,b) and larington and Barger (192?) improved on Kendall*a 
method of isolation and finally ohareicteriaed and synthoeiaed the 

compound which Kendall had name thyroxine# Further advances in 
thyroid biochemistry followed the introduction of newer and more 
refined analytical techniques# The introduction of radioisotopes 
of iodine, together with refined chromatographi,c tecMilques, led 
Gross and Pitt-Hivera (1932) to the discovery of a second biologically 
active constituent of the thyroid gland, namely tri-iodo tl̂ yronine#

Parallel with the discovery of tliyroxlne, another important 
factor in thya'‘oid function was ahovAi by Smith and Braith (1922), They 
demonstrated/



demonstrated that the atrophic thyroid gland of the hypophyaootomised 
tadpole could foe made hypertrophic by Injections of bovine anterior 
pituitary gland extracts. Thus, the fmctlon of the thyroid gland 
appears to be the synthesis, storage md secretion of its om unique 
iodine containing hormones ->* the elaboration of which is stimulated 
by thyroid stimulating hormone (TSH) from the anterior pituitary#
In the following sections an outline of the general biochemistry of 
the thyroid gland Is given, with special attention to the subject 
under investlgatim, namely the iodoprotelns of the thyroid glmd*

AND OYTOLO# OF THE THYROID GLAND 

The unit of thyroid fmtction is the follicle (fig. l). It 

consists of a group of cells whose apices border on a spherical mass 
of colloid* The lateral cell borders are in contact with one another 
and the bases of the cells rest on the follicular basement membrane 
which surrounds the group. The normal thyroid follicle, in cross 
section, appears as a simple ringlet of cuboidal cells surrounding 
a mass of colloid* In the normal human adult, the follicles vary 
considerably in size, the average diameter being about 300#* On 
stimulation of the thyroid with fBH, the ringlet of cufooidal cells 
beoomes a large irregular3-y outlined structure composed of tall 
columnar calls. Ihnotionally the ceils of the follicles are the site 
of horraone synthesis; the biomogeneoua colloid filling the lumen of 
the follicle represents the storage form of the hormone as part of 
the/
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Fig. 1, Section through normal rat thyroid gland showing
colloid-fi!Ded follicles (x4o). Stained with haematoxylin and 
eosin.



the primary atx’ucture of the principal protein of the colloid, 
thyroglobulin #

Hie fine etruetare of the thyroid follicular cell is shoim 
dlagrammatioally in fig# 2# The electron mioroGcopy studies of 
Mdiolm and Bjostrand (3,95?) and Wissig (3,960) show the colloid as a 
mass of medium density and faintly granular texture# Thyroid 
follicular ce3,ls appear basically similar to the epitîxelial cells 
of exocrine glands engaged in protein excretion# Microvilli occur 
along the aptioal surface and the nucleus is centrally placed# The 
follicle Go‘11 is surrounded by a triple layered plasma membrane 
composed of two osmophilic layers separated by an electron 
transparent layer # In the apical plasma membrane the three layers 
are of equal thickness (Seljelid, 1967a) although 'hi the lateral and 
basal plasma membranes the internal osmophllic layer is twice as 
thick as the external# The outer tmrface of the basal membx*ane is 
closely applied to the follicular basement membrane which englobes 
the follicle and helps maintain the integrity of the functional unit #

The cytoplasm of the thyroid cell is a complex structure 
containing mitochondria, granules and a variety of organelles*
The tliyroid cell has an extensive ergastoplastic network which is 
involved in the synthesis and elaboration of thyrog3,obuliii* It also 
has an extensive Golgl apparatus which consists of smooth surfaced 

Imiollae. The thyroid cell, therefore, appears to be of the 
merocrine type elaborating thyroglobulin Intracellularly and 
transporting/
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îUg* 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)*



tranaportimg this material apically to be secreted into the eol3.oid* 
Bhlike exocrine cells, however, they have an additional secretory 
ftmction since they act as endocrine celle by releasing thyroxine 
into the perifollicular capillaries* Before the hormones can be 
released into the circulation, the colloid or thyroglobulin must be 
rosorbed into the follicular cells and hydrolysed# Miiute pores in 
the perifollicular capillaries allow plasma to come into direct 
contact with the basal membrane permittteg diffusion of materials 
in and out of the acinar celle.

# D  m m #  or TmrmiD iiomgoNBa 

This topic has been reviewed by Do Groot (196$). The thyroid 
gland assimilates inorganic iodide and establishes a concentration 
gradient betimen the gland and plasma. The accumulated iodide is 
initially oxidised and bound to tyrosine residues present in peptide 
linkage in thyroglobulin. There then occurs a little understood 
process whereby the iodinated tyrosines mono and di-iodo tyrosines 
couple to form the lodothyrontoe molecules, thyroxine and tri»*iodo 
thyrontoe, which remain within the peptide chains of thyroglobulin. 
Those iodo amino acids are subsequently liberated by the thyroid 
proteolytic system of en^moa. The iodothyronines are released into 
the plasma while the iodotyroainea are doiodinated and their iodide 
reutillsed within the gland. The iodotbyroninea are transported in 
the plasma by specific serum proteins to their target organa where 
they exert their metabolic effect and in turn are degraded. Their 
iodide/



iodide 1$ reloaaod to mix with the plasma pool and traverse this 
cycle once again*
l o m m  GONomTmTma

IODIDE C0&m§mTmG°lÊ6&3rg§^^  axvMed toto two atagea!-
i) Iodide transport
ii) Iodide orgaYiification.

This has been reviewed by Wolff (1964) amd lialmi (1964). Ithtry 
of iodide into the follicular cell occurs by two. processes § a) by 
diffusion and b) tmtsporb- Diffusion la, however, an almost 
negligible pathway of iodide entry into the thyroid gland at 
physiological iodide concentrations in the plasma* Active transport 
is the more important mechanism by which the gland assimilates the 

Êffition. Admis'iietratloh of after goitrogen treatment (which 
prevents organic binding of iodide) leads to accumulation of iodide 
in the follicular lumina (Pitt-Rlvers and Trotter, 1953)* Although 
this might suggest that the site of active transport is confined to 
the apical margin of the cell, transferring iodide into the colloid 
apace, data are available which locate the mechanism at the cell 
base. The most direct evidence for this is the concentration of 
free iodide by isolated thyroid cells (Tong, Kerkoff and Chailsoff, 
1962)* The exact mechanism of iodide transport is mdmoim, 
although several reports have provided evidence for the existence 
of a specific iodide carrier in the cell membrane (Berson and lalow, 

1955/



X955| Wollmmï, 19561 Wollman mû Heed, 1952$ Wyagaardea, Stanbuïy 
and Happ, 1953)* The form of the proposed iodide carrier is 
miknom although fllkki (1962) suggested that thyroidal lecithin 
was involved* The kinetics of iodide binding to thyroidal 
leoith:Ws has been studied by Schneider and Wolff (1965)*, Jîhrther*̂  
more, it has been sîtovrn that the mechanism is energy dependent (Freinkel 

and Ingbar, 1955)? ** dependent (WoIfE'md Mauroy, 1958) and
related to the ATBase activity of the follicular cell membrane 
(IWkington, 1962). Seljelid (1967c) using oytoohemical 
procedures has shorn that AfPase activity is present in the basal 
plasma membrane ^ the proposed site of active transport but not 
:în the apical plasma membrane*

actual site of iodide organification is still largely 
speculative although It is imiversaXly accepted that organification 
involves the binding of iodine to tyrosine moieties In the primary 

structure of thyroglobull̂ i. and not to free tyrosine molecules which 
are subsequently incorporated into protein* The evidence for this 
sequence of events is the complete absence of specific iodotyrostee- 
activating msymes or receptor t-îMâ in the thyroid gland 
(AlexanderI 1964$ Gartousou, Aquaron and lissltsky, 1964), and the 
inloibition of amino acid incorporation into thyroglobulin̂  ̂by 
puroB^oln without affecting the organification of iodide (3oodak, 
Maloof and Bato, 1964$ Bead and Goldberg, 1965)* One of the major 
e ontroveralee/



controversiee ie whether the alto of orgaaificatioB is oonfiaecl 
to the colloid, the follicular cell or occurs in both# In this

respect, radioautographic studies have been generally eouflictiug.
131I^oteih bound I has been demonstrated completely confined to 

the follicular colloid even a few seconds after administration of 
tracer isotope (VIollman and Wodimaky, 1955; Pitt*̂ Biv©rs, Niven and 
Young, 1964)* However, at very early times after administration 
of the isotope, the radioactivity was detected, at first as rings 

around the periphery of the luminal space, later diffusing to give 
uniform blackening of the colloid* It aeems therefore that 

iodination initially occurs at or near the colloid**.cell interface 

in close proximity to the micrpvilli (Btein and Gross, 1964; Williams 

and Vickery, 1965)* In support of this, Benabdeljlil,

Miohol-Bechet and liasitelqr (1967) have produced evidence that 
the apical poles of the follioulâ^ cells are the sole sites of 
iQd:Uiation« However, radloautographe of foetal thyroids have ehotm 
that prior to the development of oolloid̂ f̂illed follicles, protein 

bound is located within the folXiculœ cell (Rankin, 1941; 

Eoneff, Nichols, Wolff and ühaikoff, 1949)* Gn the other hand, 
from Btudiee with survivl̂ .’ig sheep thyroid siloes, Nunes, Mauohamp, 

Macchia and Hoche (1963) have postulated two rlndepondent sites of 
organification, one intracellular involving newly synthesised 
thyroglobulin and the other colloidal where the older thyroglobulin 
molecules undergo further iodination*



FOEMÏIOÎI OP lODQWHOSIMES AND lODOTHYSOEIKES

Msteaglsii
l^om in vivo studies, it has boon shovjsi that momo^lodotyrosine 

is the precursor of dl-iodotyrosine (Tatirog, Tong and Oliaikoff,

19581 Pitt«»livera, 1962). However, observations by de Groot and 
Davis (1961) have suggested that this is not- a simple precursor 
product relationship* Mayberry, Hall, Sertoli and Berman (1964) 
and Roche, Idasitslg, Michel and Michel (1951)» studying in vitro 
model systems of tyrosine iod:mation, showed that the formation of 
monowiodotyrosine from tyrosine goes through a maximuitï with 

increasing iodination before the di^iodo form is produced# In 

contrast, Bdelhoch (1962) and Van %1 and Bdellioeh C1967) showed 
that on iodination,. in vitro, of a preparation of thyroglobulixi 
containing 110 moles tyrosine, addition of 55 moles iodine produced 
only a small increase in mono iodotyroaiae content with no further 
increase occurring up to JfO moles iodine added# The di-iodotyrosine 
content, on the other hand, Increased almost linearly from 0*»110 moles 

iodine before levelling off# Whoa, however, the organisation of the 
protein was altered with 8M urea, iodination approached that escpected 
from the model system. It has been proposed (Van %“1 and Bdelhoch, 
1967) that the globular form of the protein funotione to p3?evmt 
the extensive aynthesis of mono««doclotyroBine m d  promote the synthesis 
of di-iodotyroaine thereby conserving iodide for iodothyronine 
syntheaia#

The/



The meetoiiem of cellular ayiithesis of mono and cîi**iodotyrosines 
has been studied by do Groot and oo#workers (do Groot and Carvalho, 
19605 do Groot and Davis, 196I5 de Oroot, Thomson and Dmm, I965) 
in subeolXula.T'partioloa from sheep and oalf thyroid tissue. Both

131tissues contain an enzyme capable of binding I to soluble 
tyrosine (de Groot and Davie, 1962; Mahoney and Igo, I966), These 

reactions are augmented by producing syatoma and are Inhibited 
by 0H compounds, oatalaae and especially anti thyroid drugs# The 
available evidence suggests that either peroxide per ae or acme other 

biological oxidation system oxidises the iodide to a more reactive 

state for ioddnation of the tyrosine# Fischer, Schulz and Oliner 
(1966) have suggested a role for mono amine oxidase of mitochondrial 
and microsomal fractions of thyroid homogenatea in the production of 

thyroidal peroxide# The thyroidal microsomal eniayme is present in 
greater amounts than in any other tissue and differs in substrate 
specificity from extrathyroldal en^me# Although there is no 
evidence for the existence of a specific tyrosine iodî iase, there 

is evidence that a single enzyme catalyses both the oxidation of 
iodide and the iodination of tyrosine (Klebanoff, Tip and Kessler, 
1962; Taurog and Howel3»s, 1966)# Further evidence that a specific 
entsyme is not necessary has been produced (de Grombrugghe, Beckers 
and de Vlaacher, 196?) by studying in vitro iodination of human 
thyroglobulin #
Xodothyronines/



The iodothyroninea, thyroxine aad trl*iodothyrmlne, are formed 
by the coupling of tvjo iodotyroaiEe reaiduea with the aplitting out 

of the residue of one alanlno side chain (Johnam sracl Tewkesbury, 
1942; Plaekett and Barnaby, 3,964). Pltt«@ivers (1962) produced 
evidence that, in the rat* the distribution of in di-iodo« 
tyroszWe and thyroxine suggested a precursor product relationship* 
Bdelhooh (1962) and Van %1 and Bdelhoch (196?), from studies on in 
vitro iodinatio.E of native thyroglobulin showed that thyroxine 
was only formed after dl<“iodotyrosine synthesis was largely completed. 
This contrasts with thyroglobulin extracted from thyroid glands where 
the iodine content is relatively low* In this instance* about 
one«**third of the iodine is in the thyronyl derivatives (Bobbins and 
Ball, i960) implying that, in vivo, there is a much higher efficiency 
of utilisation of incorporated iodine for hormone synthesis* 
I»tethermore, Kdellioch (I962) shovied that the native structure of 
thyroglobulin was not a pre-requisite for tliyrox:ine synthesis in 
vitro, since aynthoaia ‘ was similar when iodination was carried out 

in either water or 8M urea* However, polypeptide chains containing 
only a single tyrosyl residue were not effective mi tliyros&ne 
synthesis*. De Orcmbrugghe, Beckers and do Vlsscher (1967) provided 
evidence that coupling occurs between di-̂ iodotyrosines in the 
polypeptide chains*

Another/



Another meohaniam for tb;yronine synthesis has emerged from 
studies with model systems involving the coupling of di^iodotyroslne
residues in peptide linkage with a free molecule of di hydro%y* 
phenyl pyruvic acid (DIHPBA)* Toi* Salvatore and Oalmrnmm (I963, 
196̂ ?) could find no increase In thyrô clne levels of thyrogldbulin 
which had been xodiiiatecl in vitro* However* when the iodinated 
protein was reacted with DIIIPM in the presence of CL$ analysis of 
the protein revealed labelled thyroKlno and tri iodethyronine*
It has been suggested that the coupling reaction involves formation 

of a free radicle of DIHPPA (%tsuura* Kon end Calmmann, 1964;
Blaei* 1966 a and b)« Recently Burtea (1968) has shown the 
presence of BlIïPPâ in extracts of rat thyroid glanxls*' Fischer# 

Bchulz, and Oliner (1965) have shown that a bovine microsomal 
fraction contains m. ensyme which catalyses thyronJaie eyntheais 
from mono iodohydroxy phenyl pyruvic acid mid mono iodotyroslne

P I»in the presence of pyridoxal phosphate and %  " ions* It la 
suggested that a pyridoxal phosphate lodotyroslne chelate of 
the mangaiulo Ion may function as the initiator of the free radicle 
wlxloh has been suggested is involved in the coupling reaction*
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Thyroglobiîlrln serves as the matrix within which lodlnation 
takes place to form the lodotyrosines and the coupling of iodo- 
tyrosines occurs to form the loclothyronlnes* In addition, it 
represents the form in which the hormones are stored within the 
follicular colloid* Release of the thyroid hormones depends on 
resorption of thyroglobulln from the colloid followed by proteolysis 
within the follicular cell. The structure and biosynthesis of 
thyroglobulin are therefore of prime importance in the understanding 
of thyroid function.

This has been reviewed by Edelhoch and Rail (1964) and 
Bdelhooh (I969)* It has been well documented that thyroglobulin 
is an iodoprotein of molecular weight close to 650,000 and axial 
ratio 10 (Derrien, Michel, Pederson and Roche, 1949; Edelhoch, 
i960I O'Donnell, Baldwin and Williams, 1958| Bhulman, Rose and 
Mitebsky, 1955)#
Subunit structure of

i) Bffeet of and ionic strength
Bdelhoeh (I960), using purified 1% calf thyroglobulin, studied 

the effect of variation of pH <m the ultraoentrifitgal pattern of 
the protein* In 0.15M increasing the pH to 9#5 led to the
appearance/
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appearance of a slower sedimentiEg 12S componeEt which amounted 

to 30 per oemt of the total protein at pH 9.5* Further increases 
in pH were aocompanied by increased 12B component and the appearance 
of a 17B component which Steiner and Edelhoch (I961) suggested 
had the same molecular weight as the 198 component arising by 
association of two 128 components at new surfaces exposed during 
unfolding of the protein.* These transformations were almost 
completely reversible* At pH values above pH 11, 198 component 
gave rise to an additional component with sedimentation constant 8 
(Fdelhoch and Metsger, 1961)* At pH 12, a 38 component was also 
found to be present* It was suggested that these latter 
transformations may arise by rupture of labile Intramolecular 
covalent bonds under the alkaline conditions.

Similar transformations of the 198 component to the 128 
component were produced by lowering the ionic strength of the 
solution (Lundgren and Williams, 19391 O'Donnell, Baldwin and 
Willlmns, 1958). I'hrthermore, sensitivity of the I98 component to 
alkali was enhanced by lowering the ionic strength of the solution 

(Bclelhooh, i960). Melhooh and Metsger (1961) showed that the rate 
of dissociation could also be increased by the presence of certain , 
divalent cations Mi^^ and

Egfeol; pf.

Dénaturation of a protein is always initiated by raising the 
tempereiture/



temperature of the aoXntion to levels depending on the protedm, pH 

and ionic strength of the solution, Thyroglobulin undergoes 
dénaturation at measurable rates at room temperature and pH 11,3 
(Metsger and Edelhooh, 1961a)* At neutral pH, elevated temperatures 
are required and the presence of neutral salts increase the rate 
of dénaturation at both neutral and alkaline pH,

-Melhooh and Metsger (196I) also showed that at pH 9*5 and 
55^6, 198 thyroglobulin dissociated to produce 123 and 17B components. 
These species were denatured since they had lost solubility at 

pH5, However, at pH 9*5 and temperatures below 55^6$ the same tv/o 
products resulted but wore soluble at pH5# From viseoalty and 
optical rotation measurements of the two solutions, it was concluded 
that the loss of solubility in the former instance was due to minor 

configurational changes (Metmger and Melhoch, 1961b), 
ill) Effect of nrotein dénaturants on native thyroglobu3.in 

Protein dénaturants such as sodium dodeoyl sulphate (8D3), 
guanidrin© and urea are effective in rupturing both intermoleoular 
and intramolecular non***covalent bonds proteins. At low 
concentrations BPS (<0,001M), a 123 component was produced from 
native 19S thyroglobulin without accompany:lng imfoMing of either 
form (Melhooh and Lippoldt, I96O), Increasing the concentration 
of 3D8 led to progressive unfolding of both the 193 and 123 
components to forma which behaved as random chain polymers.

The/
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The effect of urea was studied by Edolhoch and Xdppoldt (1964). 

At 0one entrât iona Xesa than 2M tarea, the 128 component only was 
formed* At higher concentrâtions the résulta were similar to 
those foimd In aqueous alkaline aolutioiis; three new molecular 
species with sedimentation coefficient between 128 and 193 were 
formed. At 9^ urea, unfolding of both 198 and 128 components 
occurred to produce new sedlmenting boundaries at 10*03 and 6.28 

respeotiVoly* At no concentration of either 31)8 or urea was 
transformation of 193 into the 123 aubmiits complete and it was 
suggested that, at neutral pH, there exists a fraction of native '
198 thyroglobulin which la resistant to dissociation, 

iv) Reduction of diaiilnhicle linkages in native thyroglobulin 
Piaulphide linkages in prot©;kaa can be either intrachain or 

interchainI reduction of the former produces changes In shape while 
reduction of the latter can result, predominantly $ in changes in 
molecular si^e* De Crombrugghe, Pitt^Rivera and Edelhoch (1966) 
studied the effect of variation of the molar ratio of̂'feS.H (i.e. 
the ratio, ̂ timber of moles MBiQŝ iumber of moles tlyroglobulin x 202][). 

on 193 tlfjyroglobulin# They showed that the extent of reduction was 

a function of pH, concentration of reductant, the solvent, and the 
time of reduction. The degree of reduction of dieulphide bonds 

was oonaldex̂ ably less in water than in 8M urea at corresponding 
pH values *

Employing/



BirpXoying low molar ratios, De Grombruggh©, Pitt*«Biv©rs and 
Edelhoch (1966) studied the molecular produots of reduction in 
the analytical ultracentrifuge. The conditions were so adjusted 
that predominantly interchain disulphide linkages would be reduced 
with the minimum Intrachain reductions* In 2M urea, pH 8l, the 
unreduced protein showed as three boundaries corresponding to 193, 
1?8 and 120. Reduction at molar ratios of 0*6 or less resulted 
in the appearance of a new component with sedimentation coefficient 
60. Increasing the molar ratio produced a second new component at 
80. At molar ratio 25 the latter species predominated, the 60 
component almost disappeared and a much slower sedimenting 50 
component was present* Viscosity measurements shov/ed that these 
new components were formed by dissociation of the parent molecule 

and not from an increase in frictional coefficients* Bimilar 
results were obtained at pH 9.0 and 1*0M urea although at pH 10.1 
and 1Î4 urea, the 63 and 80 components were formed slmultaneously*
It has been suggested that the 65 component is formed from the 120 
component and from the viscosity data has a molecular weight of 
165,000. The BB component is presumed to b© an associated from of 
the 6S species.

From this and other data it has been suggested that the 190 
thyroglobulin is composed of two 125 components which are linked 
by primarily covalent bonds. The 128 components, in turn, are
themselves/
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themselves composed of two polypeptide chains of similar molecular 
weight folded into globular forma. The disulphide bonds 
tliyroglobulin are pr©dominantly kitraohain with only a fevi 

serving to link the two chains compriaing the 123 molecule.
Edelhoch and do Orombrugghe (1956) etudiodthe structure of 

reduced and alkylated thyroglobulin. Complete reduction of 193 
thyroglobulin with MBH in 8M urea followed by transfer to m  
aqueous medium showed that reduced thyroglobulin is a two chain 
molecule with a rigidity comparable to the native molecule although 
highly permeated with water. That there still existed considerable 
tertiary structure suggested that the pairing of the disulphide 

llxdcages is not a randgm process in thyroglobulin but a function 
of the primary structure of the protein and therefore the expression 
of the genetic mechanism* Furthermore, reoxidation of reduced 

thyroglobulin (Melhooh and de Orornbrugghe, 1965b))produced components 
with sedimentation coefficients of 10 and 12. This reoxidised 
protein had a partial identity to native thyroglobulin immiuiologleally 

but differed chemically in that it was only partially reduced under 
conditions which normally completely reduce native thyroglobulin.
(v) Effect of in vitro iodination on native thyroglobulin

ÏMelîloch and Lippoldt (1962) studied the configurational 
changes occurring in native thyroglobulin iodinated in vitro to 
different levels* They showed that the configurational properties 
remained/
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remained unaltered until approximately 40 per cent of the tyrosyX 

residues had been iodinatod. At low levels of iodination, hovmver, 
the molecule becomes more prone to thermal and alkaline pH 
treatment* This instability inoreasea as the level of iodination 
Increasea, resulting in enhanced formation of 120 and components* 
Similar results were obtained by Robbins (1963) on the iodoprotein 
fractions of native thyroglobulin isolated by DME cellulose* At 

high levels of iodination thyroglobulin is denatured and the 

properties of the denatured protein closely resemble those of the 

thermally denatured protein (BdeXhoch and lippoldt, 1962§ Bdelhoch 
and Metsger, I961)* fhrthermore, the rate of tryptic hydrolysis, 

wliioh is extremely sensitive to minor alterations in protein 
structure, was unaltered at low levels of iodinatlon but increased 
at higher levels*

Mauohamp, Pomnier, Cirkovic and Booh© C1966) using an 
enzymic method of iodination showed that the introduction of an 
additional 10 atoms X/molaoule did not affect the sedimentation 

coefficient of thyroglobulin which already contained 20̂ 30 atoms 
per molecule* However, molecules with 100 atoms I per molecule had 
Bodimentatiom coefficienta approaching 205* This transition occurred 
between EO-JO atoms X per molecule* Furthermore,. ease of dissociation 

increased the lower the iodination level of the molecule*
W B O im i, lODDPBGTBms O llim  T IW  198 TmBOGLOBUhlN

Normally, analytical ultracentrifugation of tl'iyroid gland extracts



show boimdarles at 3*88 as well as at 195* In oortaia
apeolee o.g* guinea pig, dormouse and polkilotherme, a native 
128 component has also been reported Clacliivor, Fontaine and 
MartrlJi, 1965)* daqnemin, Brim and Hooh© (1965) have also
solubilised a 320 protoM from partiales of sheep thyroid siloes* 

Furthermore, Bhulman, Hates and Bronson (196?) have recently 

isolated from hmtan thyroid glands two additional proteins which 
ooaur in the 3-88 fraction*

278 iodoprotein has been isolated in a pure form by Salvatore,
Fecohio, Salvatore, Gahnmmm and Bobbins (1965)* It has a molecular

6weight of 1.2 X 10 , the earn© amino acid composition and immuno­
chemical properties as 198 thyroglobulin although the iodine content 
is much higher. Employing condltlone which rupture only non# 
eavalent linkages, FeocMo, E'ielhooh, Robbins and Weathers (1966) 
have shown that the 278 iodoprotein may not simply bp m iiior @f 
19$ molecules as previously postulated since the data could equally

well fit a molecule with oquimolar amounts of 198, 128 and 68 sub- 
units. However, the matter is not fully resolved since experiments 
with rats produced data which was best explained by the dimer 

hypothesis. One additional feature of the 27$ iodoprotein is that 
there was a complete lack of reversibility in the diasooiatian 
experiments.

HecentHy. Salvatore, Aloj, Salvatore and Bdelhooh (196?) isolated 
the native 128 protein from gurlnea pig thyroid glands. It differed 

in/
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iji Iodine content from the 10S tîiyroglobiîlin prepared froKî the 
same extract* It was neither derived from nor did it dimorise to 
190 thyroglobulin although it could form liybrid molecules with 123 
components prepared by dissociation of 19$ thyroglobulin. They 
have suggested that thyroglobulin consists of two different 123 
subunits one of which is equivalent to the native 123 molecule* 
Salvatore, Aloj, Balvatore and Roche (I967) have also isolated a 
native 123 protein from lamprey tîiyroid gland. This had a 
sedimentation constant of 11,73 a molecular weight of 331,000, 
îlilse labelling of the lamprey thyroid also indicated the presence 
of iodinated 173 and 53 proteins* It is suggested that in the 

lamprey the rate of aggregation is much slower than the rate of 
iodination resulting in the iodination of subunits,

A 4S thyroid protein has been reported by vailous workers in 
both normal mid abnormal thyroid glands from different animal 
species (V/itebsky, Rose and Shulman, 1936; Roche, Richel, Michel, 

Deltour mid Lissitsky, 1930; Robbims, Wolff and Rail, 1939; Btfuiley, 

19635 Hales, Lane, Richards and Btmiley, 19635 Ramogopal, Bpiro and 
31anbury, 1963; Roitt, Hones and Mills, 1963)* Bhiilman proposed the
name tliyralbumin for the 43 protoir isolated from hog tl'iyroid.
The exact nature of the 4.3 proteins from the different species is 
as yet unlaiown* Ramogopal et al C1963) showed that the 43 iodo­
protein from the abnormal human glands was imnimiologically and electro? 
phoretically similar to human serum albumbi although. Tata, Rail and 
Rawson/
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Rawson (1956) could show n© iniHiunoXogic similarity to sorum albumin 
in their preparation. Beckers and de Visscher (1961, 1965) showed 
that non#iod:Jnated proteins occurred In certain human thyroid extracts 
which were similar to 48 protein from hog thyroid extracts. Recently, 

Bhulman, Mates and Bronson (I967)iüiiated thè 4,9 protein from human 
thyroid extracts and showed that it could be resolved electrophoretically 

into two components, both of which had antigenic properties related to 

198 thyroglobulin. Ihrthermore, an additional 7$ component was also 
isolated which could be resolved into two components eleotrophoretically; 
only one of these, however, bore an antigenic relationship to 
tî'jyroglobulin. The precis© role of these lightweight tîiyroidal proteins 

isi the normal fimotioning thyroid gland and the reason for their 

increase in pathological glands is still largely speculative m d  awaits 
clen̂ if ication.
HETKHOaMEOT OF THTHOGLOBÜLXN PREPARATIONS 

(i) Iodine m d lodoamino acid content
It has been Imown for some time that the iodine content of tJriyro- 

globulin cem very considerably from one preparation to another although 

the amino acid compositions remained identical (Beiriea, Michel,
Pederson and Hocho, 19495 Robbins and Rail, i960). However, from 
studies on DEAB celluose column chromâtôgrapîiy of tîiyx’oglobulln 
£>reparations it has been found that the protein did not behave 

homogeneously. IngBar, Askonas and Work (1959) using a gra,dient elution 
technique/
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technique, showed that sheep tl^roglobulin was eluted as a single
eisaymmetrlo poEik. Differences in iodine content as determined with 
131Î were observed between the early and late eluttîjig fractions.
Bobbins (1961) using a stepwise elution gradient fractionated beef
thyroglobulin into three distinct fractions which, when rechroniato#
graphed were eluted in their original positions. Hi, Taxutani, Kendo
and Tamura (196I) by a similar procedure fractionated hog thyroglobu3Jn
into six arbitrarily selected fractions and showed that the fractions

127eluted at higher ionic strength contained higher X to nitrogen 
ratios than the early fractions. Bhulman and Stanley (1961) using 
a gradient elution showed that hog thyroglobulin sub-fractions 

differed in iodo amino acid content* Bobbins (1963) studied fmother 
the tteee sub-fVaetions obtained previously showed that the fraction 
eluted at the highest ionic strength had more ioddjie than the starting 
material while that eluted at the lowest ionic strength, had less. All . 
three fractions had identical mono-iodotyroslne contents but differed 
in di-iodotyrosine content and to a lesser degree thyroxine* Iodination 

of the starting material prior to cliromatography resulted in the 
disappearance of the early ©luting fraction and an increased, higher 
iodinated, later eluting fraction* These results showed that the 
behaviour of thyroglobulin on DEA.E cellulose could be related, at least 

partly, to the iodine content of the molecules. Iodination of tyrosyl 
residues results in a lowering of the pK value of the phenolic hydroxyl 
group and since Chromatograpliy was performed at pH 6*9, where only 
diiodilnated tyrosines and thyronines are ionised, the higher the 

di/



dliodotyrosin© content of the molecule, the more firmly it will be 

bound to the DME cellulose, However, while this is undoubtedly a 

major factor, the rlnfluence of other factors such as sialic acid 

content of the thyroglobulin molecules cannot be excluded (Bobbins, 
1963)# Similar results were obtained by Bouchilloux, Rolland, 
Torresani, Roques and Mssltsky (3.964) who fractionated sheep 
thyroglobulin on DEAE cellulose using a stepwise elution gradient, 
However, they could find no difference in sialic acid content between 

the fractions obtained-» They showed that the amino acid composition 

and peptide maps after tryptic digestion were identical in all 
thyroglobulin fractions. Thus, it would appear that thyroglobulin 
represents a mixture of a large number of molecules which differ only 
:îji the re3.ative proportions of the constituent iodo amino acids and * 
in these properties reflecting this factor,
ii) îlltracontrifugal heterogeneity of thyroglobulin

Bobbins, Salvatore, Vecchio and Hi (1966) shovJed that IgS 
thyroglobulin could be separated, by sucrose gradient centrifugation, 
into two fractions differing in iodine content* These results 

correlated with the behaviour of the I98 component on DEAE cellulose; 
the faster sedimenting components were the more strongly retained* 
This heterogeneity appears to bo related to molecular weight, density 

and shape of the |>rotein molecule, hi (1962) showed that the higher 
the iodine content of thyroglobulin, the greater is the density, as 
shown/
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shovm by GsCl^ density oontrifugation. Nimea, Mauchamp, Macchla and
Boehe (1965) and Seed and Goldberg (1965) both showed that non#
iodinated t%rog].obul^n has a sedimentation ooefficiont of 1? and
sediments in the eisoending limb of the normal thyroglobulin peaiî on
sucrose density gradient centri fugation,
lii)...................

In addition to the above aspects, thyroglobitlin has also been

found to display a heterogeneity after pulse labelling with radioisotope •
DEAB cellulose ohromatôgî’aphy of tliyroglobulin, pulse labelled with

radioiodine, resulted in the elution of fractions which differed in

specific activity. There was a decrease in the specific activity of

the fs*actiens eluted with increasing ionic strength of the eluting
buffer (Hobbrlne, 1963; 3'ngbar, Aekonas mà NofR, 1959 § Ëot&chilloux,
Rolland, Torresani, Roques and lissitsîcy, 1964; Nune£3, Mauohamp,
Pommier, Cirkovio and Roche, 1066)• The latter authors have also
shorn that on incubation of thyroid slices with ' ̂ H-tyrosine, the 

3non-iodinated H-thyroglobulin. was eluted at a lower ionic strength 
than the halogenated molecules, f̂urthermore, the distribution of 
raclioiodino in the thyroglobulin pealc, on density gradient centrifugation. 
Varied with the interval between pulse labelling and sampling. At 

short intervals, the highest'specific activities wore recorded in the 
slowest eedimenting fractions, whereas after longer intervals the specific 
activities were highest in the faster sedimenting fractions (Robbins, 
Balvatore, Vecchio and Hi, 1966). Bimilaiiy Nunez et al (1966), using 

tiiyroicl/
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thyroid alicos rbioubated in vitro, showed that wae Incorporated 

into 170 and 18.6 B components whioh could bo separated by DKAE 
cellulose chromatograploy* The in vitro labelled protein io more 

labile to 8D8 them preformed thyroglobulln (Beilin and Goldberg,
1965) and has a higher MIT/DXT ratio (Nunez et al, I966)* Similar 
results have been obtained with iodoproteins labelled *Jm vivo in the 
rat (Lisaitsky, Roques, Torrescmi and Simon, 19641 Ms^aitskŷ  , Roques, 
Torresani and Simon, 1965; lissitslcy, Simon, Roques and Torresani, 1966) 
Vecchio, Kdelhooh, Bobbins and Weathers (I966) have also indicated the 
existence of a degree of heterogeneity anong the molecules of 27$ 

iodoprotein#
In conclusion, it would appear that the evidence at present 

indicates that thyroglobulin represents a complete spectrum of 
molecular species which have the same primery structure but differ 
in iodine content, possibly carbohydrate content, negative charge at 

neutral pH, density and symmetry# All these factors have been related 
to the ma.tu.rity of the molecule and are probable all manifestations of 

the different iodine contents of the individual molecules.

CAIBOMDHATE STOJCTOBB OF S 0 BC3GlOBl?lIi:f

Bpiro and Spiro (1965) have shown that thyroglobulin contains 

a|)prozimately ten per cent carbohydrate in the form of galactose, 
rnaimoBe, fuoose, N acetyl glucosamine and sialic acid. Similar 
proportions of these sugars have been found in sheep, pig and calf 
thyroglobulins although human thyroglobulin differed, in that it 

contained/
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contaiïi'ied relatively more maunoae and glucosandEe. Those carboliydratos 

are contained in tv/o distinct glycopeptides s glyeopeptide A with 
molecular weight IO3O which consisted of 3 residues, mannose to 1 
residue N.acetyl glucosamine mid glycopeptide B (rnol.wt* 3*200) 
containing maimoee, N*acetyl glucosamine, galactose, fucose and 
sialic acid in the ratio 3"5s4sl22. Thyroglobulin was shovm to 

contain 9 moles A and l4 moles B per mole protein* Amino acid analysis 
of the glycopeptides suggested that, as in ovalbumin, aspai'tic acid 

is probably the aj?ii;io acid dnvolvod in the glycopeptide linkage* 

Furthermore, from the ease of removal of sialic acid by ueuramidase, 

sialic acid is also probably in a termJjial position in the glycopeptide* 
Bimilar results have been obta:lned by Naïdshiiîîha Murtîiy, Baghupathy 

mtû Ohaikoff (1965) #
BIOSYNTHESIS OF THE OARBQIIYmTB MOITO OF TlfYROGLOBÜLÎH

By the thyroid slice teolmique Spiro and Spiro (1966) shov/ed that
l4O-gliicose was incorporated into particle bound protein which, on 

solubilisation, behaves immmio-chemioally and electrophoretically
like thyroglobulin* Using a cell free syatom, similar incorporation

i4 l4of both C^leucine and ‘ G^glucose v;ae obtained fmd the label waë'
incorporated into both glycopeptide units* Using puromycin they

showed that the carbohydrate moieties are added after completion
of the polypeptide end probably in a stepv/iae fashion* Bimilar
results have been obta:lned by Gartouzoq, Greiff, Dipieds and lissitsky

(1967) and Bouchilloux and Chef tel (3.966).
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AMINO ACID COMPOSITION OF THYRaÆOBULiN

Amino acid compositiens of thyroglobulin from various animal 
specie© have been reported by Bouchilloux, Rolland, Torresani,
Roques and Lissitslcy (1964); Fdelhooh and Rail (1964); Pierce, 
Rawita, Brovm and Stanley (1965), A statistical analysis of the 
composition of thyroglobulin from 7 mammals and 1 bird was cai'ried 

out by Rolland, Bismuth, Fonderai and Lissitslcy (1966). They 
showed that hog, beef and horse had identical amino acid compositions 
although significant variation occurred among the other species. One 
constant factor, however, was the content of valine, leucine and 
cystine as well as the sum of the amino acids with hydrophobic side 
chains which suggested a great similarity in secondary and tertiary 
structure of the thyroglobulins studied. .Recently Pitt-Hivers and 
Schwartz (1968) have shovm that in thyroglobulin the cystûiîie xesidues 
are not all present in disulphide linkage, but are present as free 
sulphdryl groups.
BIOSYNTHESIS OF THYR0C410BÜX.IN.

1, In vitro thyroid slice technique
Seed an.d Goldberg (1963, 1963a) and Lissitsky, Roques, Torresani 

and Simon (1964) demonstrated the rapid incorporation of ^^^I into a 

protein with sedimentation coefficient 18.3 0. At very early times, 
the label was also incorporated into light weight components 
(3-8S) and also a 12S component. The origin of these smaller 
labelled units isolated from thyroid slices has not been 

fully/



—28—

fully resolved; either they are formed by iodination of the lighter 
precursor proteins or result from the dissociation of an extremely 
labile thyroglobulin* Evidence that newly iodinated thyroglobiîlin 
is very labile, at least in comparison with preformed thyrog3.obulin, 
has been produced by Nunes, Mauchamp,Pommier, Gircovic and Roche 

(1966)5 Beilin and Goldberg (I965); Iiissitsl̂ y, Bimon, Roques, To3?reeani5
<1966).

Many workers have shovm that iodination occurs after the formation 
of the polypeptide backbone of thyroglobulin (Goldberg* Seed,

Schneider and Sellin, 19645 Taiirog and Howells, 1964; Soodalt, Maloof 

and Sato, 1964), addition Seed and Goldberg (1963, 1965a),
Lissitsky et al (1964), Nunez, Mauchmip, %cchia and Rocho (1965) 
showed that labelled amino adds were incorporated :into a 5^8S and 
12s protein before appeaŝ ing in a 17S-18S protein* The hypothesis 

that the lighter weight proteins represent subunits of thyroglobulin 
and possibly precursors was supported by daetic, physical and 

immunological studies (Seed and Goldberg, I965, 1965, Lissitsky et 
al, 1964; Beilin and Goldberg, 1965)« Furthermore, since iodination 
of the amino acid labelled 17-180 protein produced 19$ thyroglobulin 
(Nunez et al, 196G5 Goldberg and Seed, I965) and since '̂̂ *̂ X*-labelled 
thyroglobulin was intermediate in ease of dissociation between amino 
acid labelled pre-thyroglobulin mad preformed thyroglobulin (Nunez 
et al, 19665 Liasitsîcy et al, 1966; Beilin and Goldberg, 1965) it



has been suggested that iodination is not a pre-requisite for 
siibimit aggregation but is essential for maturation, i.e. 

increased stability of the protein* Further proof of this 
îiypothesis has been provided by Seed and Goldberg (1963b).

3?5At very short times after Injection of the label was

incorporated into an l8S protein ?'• incorporation into 198 protein 
only occurred at much later times up to 48 hours (Thomson and 
Goldbe3?g, 3.968). Since at no time was detected in either 3-8$ 
or 12s proteins this would suggest that the appearance of these 
labelled proteins in the in vitro studies was indeed artifactual* 
However, the same authors have demonstrated a labelled 120 protein 
in rats recently withdrawn from a propylthiouracil regime. It is 
not precisely Imoivn whether , in this case, a true iodijiation of 
a subunit has occurred or whether this is, as before, a dissociation 

products of a labile 18-I98 iodinated protein.
Using labelled amino acids, Thomson end Goldberg (196?) confirmed 

the in vitro studied in the rat demonstrating incorporation of the 
label into 3-88 and 128 protoin prior to incorporation into a 19$ 
protein after 48 hours. On the other hand, Vecchio, Balvatore and 

Salvatore (1966) could not demonstrate a labelled 128 protein in the 
rat although they did find this species in the guinea pig. Recently, 
Claar, Gax̂ lamagno and Vecchio (I968) have isolated a labelled 68 
protein/
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protein from the 3-80 fraction and shorn a precursor product 
relationship between this species and 198 thyroglobulin. They have 
suggested that the 6B proteiai represents on© quarter of the 198 
molecule.
Site of Protein Synthesis

There is general agrreement that protedn synthesis is the property 
of the epithelial cell occurring in the particulate fraction of tissue 
homogonates. %'om autoradiographic studies Nadler, Young, Le blond 
amd Mitmaker (1964) showed that within 10 minutes of injection of 
H-lauciae the label could be detected over the endoplasmic reticulum. 
Over the next hour the label travelled from the ribosomes to the lumen 
of the cisternaè. of the endoplasmic reticulum but did not appear in the 
colloid until 4 hours later. 0ingh,Raghupathy and Ohaikoff (1964,
1965) and Mcholm and Btrandberg (I966) demonstrated that the microsomal 
fractions of tissue homogenates incorporated amino acids into protein 

in an energy x’oquirlng reaction. The latter authors also demonstrated 
the tr^msfer of the label from the microsomal fraction to the soluble 
supernatant* Characterisation of the protein synthesised by the 
thyroidal microsomal system has been performed by Nunez, Hauchamp,

Macchia and derusalmi (I965) and Morrais an,d Goldberg (I966). The 
labelled amino acid was incorporated into a 3-80 protein and a 19$ 
protein although digitonin extraction of the particles yielded 3-8$ 
protein only. Recently Gartouzou,Greiff, Dipieds and Lissitksy (1967) 
and Morrais emd Goldberg (I967) have successfully shown the incorporation 
of/
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of labelled amino acids into protein by isolated polyribosomal 

fractions. The protein synthesised was, however, imrnunologically 
different from thyroglobulin. Morrais and Goldberg (196?) have 
suggested that membranous structures are essential in the synthesis 
of true thyroglobulin precursor protein.
RELEASE OF THYEOIP HORMONE

The function of thyroglobulin is the synthesis £in.d 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, i9605 
McQuillan, Mathews and Trikojus, I96I5 Poffenbarger, Powell jmd Deiss, 
1963; Limdbland, Bernback and Widemann, I966). The association of this 
proteolytic activity with a thyroidal particulate fraction has been 
demonstrated by Pastan and Alinquist (I963) and Deiss, Balasubramaîiiain, 
Peake, Starret and Powell (1966). However, the exact nature of the 

enzyme-containing particles is not Imown. Nevertheless, the presence 
in many cells of organelles called lysosomes (Applerams, Wattiaux and 
de Duve, 1955) which contain a variety of proteolytic enzymes has ].ed 
to the proposition that these organelles may be involved in the 
proteolysis of thyroglobulin. Colloid droplets have been detected in 
the cytoplasm of the follicular cells after TBH stimulation (V/ollman, 
Spicer and Burstone, 1964; Wetzel, Spicer and Wollman, I9635 Seljelid, 
19671). Acid phosphatase and esterase activity were located in these 
particles/
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particles and also in cytosornes which wore found in and, aroimcl the
Golgi apparatus. These liydrolytio enzymes are characteristic of lysosomes

(de Duve,1959)* Seljelid (19671) has demonstrated the fusion of the
cytosomes containing hydrolytic activity with colloid droplets. Thus
it appears that the follicular Cells contain preformed hydrolytic
enzymes associated with cytosomes or lysosomes. Biochemical evidence

for this was provided by Balasubramaniàm , Deiss, Tan and Powell (I965).
131Dog thyroids were prelabelled with I smd the animals killed after

T8H treatment* Differential centrifugation of the homogenised glands
131showed the highest labelling of the PB‘ 1 in that fraction where 

lysosomes sediment.

In conclusion, the available evidence suggests that thyroglobulin 
is resorbed from the colloid by a process of endocytoaia to form colloid 
droplets. A fusion process then occurs between the colloid droplets 

and the enzyme-containing lysosomes. Tiiyroglobulin is subsequently 
hydrolysed within these vacuoles with release of the hormones into 
the perifollicular capillary network.

NATURE OF THE PRESENT INVE0TIGATION0 

The present investigations were designed to study the metabolism 
of the thyroidal iodoproteins dxirfmg goitrogenoaia and to examine the 

•physicochemical properties of the iodoproteins in established goitres. 
Since a number of clinically defined goitre© have been described 

humans, goitres removed from patients at operation were used as 
the/
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the source of iodoproteins from established goitres* The following 
parameters of the iodoproteins from the goitrous glands have been 

studied and compared with thyroglobulin isolated from a normal 
gland, electrophoretic axid sedimentation properties, iodine and 
carboloydrate content, heterogeneity on DEAL cellulose and peptide 

fingerprints•

In the study of the thyroidal iodoprotein metabolism during 
goitrogenesia, it was impossible for obvious reasons to use human 
thyroid glands* Goitres were therefore induced in rats by the 

administration of methylthiouraeil. The iodoproteins, at intervals 
throughout goitrogenesia, were fractionated on WAB cellulose, sucrose 
gradients and polyacrylamide eleotrophoresia, to examine the 

relationship between the heterogeneity exhibited by the iodoproteins 
in those systems and tl'iyroid function# Furthermore, during the 
goitrogen regime, the iodo am:lno acid content of the iodoproteins was 
estimated to demonstrate whether or not the iodoproteûuis with the 

slowest turnover rates ftad also the highest iodothyronine content* 

Finally, the effect of the goitrogen regime on tliyroidal iodoprotedn 
synthesis v/as studied in vivo by the administration of H-leucine to 

the rats throughout goitrogonesis#



SECTION 1

tœPABOLISM OF TlfflîOIML IODO PBOÏEINS IN THE EAT 
DUEING GOITHE INDUCTION.
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INTRODUCTION
The evidence for the heterogeneity of the soluble iodoproteins 

has been outlined in the general int)roduction. In addition to this 
physical and chemical heterogeneity, several workers have reported 
evidence for the existence of a functional heterogeneity# 
Triantaphylidis (1958 a, fo) showed, in perchlorate treated rats,

T/i;following a single injection of I, that the thyroid glands lost
131 127a greater per cent of the I than the I# In the absence of

goitrogen, she also demonstrated that radioiodine accumulated in
] 31the gland over a period of time was lost more slowly than I talien 

up from a sdnigle injection. She concluded that newly accumulated 
iodine is metabolised in a pool comprising approximately one-third of 
the total thyroidal iodoproteins and that this small pool is the source 
of the secreted hormone. Similarly, Schneider (1964) in a double- 
labelling experiment, was able to distinguish between the release of 
old iodine and newly accumulated iodrUie. 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 teolmiques 
such as DEAF cellulose chromatography and sucrose gradient ultra­
centrifugation. In addition it was possible to differentiate, by 
these/
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these techniques, the newly iod:ln.ated from the older more highly 

iodinated molecules» It followed, therefore, that it should be 
possible to demonstrate the functional heterogeneity of 
thyrogXobulin by fractionation of the iodoproteins with these 
techniques»

The following section deals with this and other aspects of 
thyroidal protein metabolism during goitrogenesis»

MATJiPvlALS AND W H O D S
1# Materials

Male rats were obtained from A» Tuck and Sons Ltd», Essex»
Vims dog biscuits were manufactured by the Molassine Go# Ltd.,
Greenwich» and L»Leucine''*4,5- H were obtained from the
Badiochemical Centre, Amersham, Bucks. Amylopectiii (pure),
Garbowax (polyethylene g3.ycol H»V/»6000) and Pronase were supplied

by Koch«Light Laboratories, Bucks» Silica gel was obtained from
Merck as Keiselgel G containing GaBOjî  as binder* Methylthiouracil
(MTU) and Cyanogum were supplied by B.D.H» Ltd., Poole.
2. Treatment of Animals

Male rats of approximately 350 g weight were maintained for
2-3 weeks on a low iodine diet consisting of Vims dog biscuits and
de-ionised glass distilled water. A physically decaying solution 

125of X-labolled KÏ was then added to the drinking water; sp.act.
at/
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3 23 127at the onset was 0*1 p.G* ' X per pg “ I at a concentrât ion of
0.1 mg per cent Kl. The rats remained on this diet for 6-9 weeks,
after which time it was considered that they had sufficiently

123approached the state of *isotopic equilibrium*. " I-labelled KI 
was withdrawn from the diet and the rats were given daiJy, by gavage, 

ho mg MTU dissolved in a slightly alkaline solution.
3In ■'̂ H-leuciiie labelling experiments the procedure was similar

125with the exception that I was omitted from the diet* Dur:lng the
3MTU regime 30 pC ^H-leucine was given daily by intraperitoneal 

injection*
In one other experiment not involving * equilibrium labelling*

rats on a control diet were given, by gavage, a single dose of 10 mg
125or 40 mg MTU* They were then given a single injection of 30 pC I 

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

3. Prepai’ation of thyroidal 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.8., O.I3M NaCl 
in O.OIM potassium phosphate buffer pH 6.8) and homogenised using a 

loosely fitting Teflon pestle (12 strokes at setting 4.3 on a Tri-B, 
&tir-B tissue homogeniser, Jamaica, New York), The homogenate was 
then centrifuged at 123,000 g for 30 minutes in the Bpinco model L 

ultracentrifuge/

/
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txltracentrifuge at 4̂ 0, The supernatant was dialysed for 24 hours 
at 4^0 against 0.9 per cent KaCl  ̂and finally concentrated^by 
Carbowax to give a final protein concentration of 1.3 nig per 0.1 ml. 
Protein estimations were performed prior to concentration by the 
method of Lowry, Kosebrough, Farr and Bandall (l93l)*

In experiments involving tissue fractionation, the minced thyroid 
glands were homogenised in ice-cold 0.44M sucrose and the homogenate 
centrifuged as before at 123,000 g for 2 hours* The pel3.et was 
resuspended in 1*0 ml 0.44M sucrose and gently rehomogenised (4 strokes 
at setting 3*3) and the suspension re-centrifuged* The final pellet 
was washed once with the ice-cold sucrose solution and the supernatants 
and washings pooled. Aliquots of the original homogenate, 123,000 g 
supernatant and the resuspended particulate fraction were talcen for 
radioactivity measurements.

4* Analytical procedures
A. Fractionation of thyroidal iodoproteins

i) DFAE cellulose cM'omatography
Whatman DEAF cellulose was pre-cycled by washing with 0.3 N HGl 

followed by deionised water to pH 4-3* The cellulose was then washed 
with 0.3 H NaOH and finally deionised water until the washings were 
pH 7* The treated cellulose was freed from 'fines* and stored in 2M 
KaCl.

The column was half-filled with 2M NaCl solution and the DEAE 

cellulose/
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cellulose slurry poured into the column# The excess fluid was 
allowed to run, out of the bottom of the column leaving sufficient 
fluid above to permit air bubbles to escape while the slurry was 
being added# The column was packed to the desired volume (26 cms x 1cm) 
by applying pressure with a small handpump# The addition of the 

DEAF cellulose slurry in saline solution prevents the tendency to 

mat mid gives a uniform bed# The column was then washed free from 

chloride with deionised water. Presence of chloride weis detected by 
adding a few drops of a 10 per cent Ag NO^ solution to a seunple of the 

column effluent acidified with cone * nitric acid. The column was 

finally equilibrated with the starting buffer - 0.023M potassium 
phosphate, pH 6.8.

The 123,000 g supernatant from tlrcee rat thyroid glands was
applied to the column and washed on with 1 column volume of the starting
buffer. The column was eluted by applying a stepwise gradient of
NaCl in 0.023M phosphate buffer pH 6.8* The protein eluted at O.lgM,
0.2M, O.23M, O.3OM and 2.0M NaCl was collected# The column effluent
was collected in 3 ml fractions. The flow rate was approximately
13 ml per hour. The total iodoprotezui eluted in each of the steps was

125obtained by measuring the I content of the fractions eluted#

ii) Sucrose gradient u3.tr ac en trifugation
III ,iigi n  ii*! II .  I ,  .B  piwiinnr li, ■! t ■ I «in .  n iii#i> I 'l. .  i 1.1 iifiifii I i >r < >■< f «m** iifXi* ■ *~i~w i tth' i w '*i#rn'Wi *iii~i i m i < ~̂ r inn ir"» r n

Approximately 0.1 - 0.2 ml of the 123,000 g supernatants
contailing 1-2 mg protein was applied to a 3ml, 3*20 per cent linear 
sucrose density gradient in PBS. Gradients were centrifuged for 6 hours 
at/
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at 38,000 rpm in a Spineo Model L* ultracentrifuge (S.W.39 rotor).
The optical density at 280 mp (O.D. at 280 mp) of the gradient was 
recorded with an automatic absorbance recorder attached to the 
Beckman DB spectrophotometer; 10 drop fractions were collected,

A specimen of sheep thyroglobulii was always spun -jji each rotor 
as a control. The sedimentation constant of the main OD peak at 
280 mp in the control was taken as 19B for reference purposes*
iii) Polyacrylamide gel electrophoresis

Electrophoresis was carried out on 3 per cent gels prepared as 
follows. 30 ml 23 per cent Cyanogum were added to 23 ml 0.33M THIS 
O.O3M sodium citrate buffer pH 8,3 and diluted with 173 ml distilled 
water. The solution was mixed and de-aereated in vacuo. 0,3 ml

I ^23 per cent (V//V) ammonium persulphate and 0,23 ml N, N, If , N - 
tetramethylethylenediamine were then added and the solution mixed by 

gently rotating the flask. The contents of the flaics were rapidly 
poured into a perspex mould (dimensions 17 x 12 x 0.8 cm) and covered 
with a lid fitted with projections to provide sample slots in the gel. 
Fifteen-thirty rmUiutes were allowed for polymerisation.

0,1 ml samples of the 123,000 g supernatants were pipetted into 
the sample slots in the gel and electrophoresis was carried out at 
230 V for three hours at 4̂ 0. The buffer in the electrophoresis tank 
was prepared from 18.3 g boric acid and 20 g NaOH dissolved in 1 litre 
distilled water and adjusted to pH 8.3,

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
3 per cent glacial acetic acid for 2-3 minutes. The background stain
was removed from the gel by continuous washing with 3 per cent glacial
acetic acid. This process was greatly facilitated by washing at 37 Ĝ.

125To determine the distribution of I, the stained gel was sliced 
into 1 mm sections using an ordinary tissue slicer (H. Mickle, Surrey), 
The individual slices were placed in test tubes containing 2 ml water 
for radio-activity measurements,
B. Estimation of iodoamino acid content of thyroidal iodoproteins

i) Pronase digestion
123,000 g supernatants from three rat thyroids were incubated with 

pronase under the conditions of Bobbins, Salvatore, Vocchio and Ui
(1966).
ii) Paper chromatoKrapliy

Descending chromatography was carried out with VAiatman 3 MM paper 
at room temperature using n.butanol-acetic acid-water (78:3:1?) as 
solvent. The iodoamino acids were identified by comparison with loiowfn 

markers run on every cliromatogrcim.
iii) Thin l(^er chromatograph (T,L,C,)

B.T *##ii wiKWimmfHiMT fi llipm,Iitr  11,11

TLC was performed by a modification of the method of West, Wayne 
au.d Ghavre (1963). The silica gel was washed with 1,2 N UGl in 90 
per cent aqueous methanol until the eluates were free from iron by 
tlxe/
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the dipyridyl test, followed by absolute methanol until alkaline to 
Congo red. The washed gel was dried at 90°G,

Thin layers (0.23 mm) of silica gel were prepared on clean, glass 
plates (3 X 20 cm) using the Shandon applicator. The gel was 

obtained by mixing thoroughly 28.3 g washed Kieselgel, G., 1.3 g 
amylopectin and 63 ml water, (Ballieux, Sebens and tîul, 1967). The 
plates were dried in a desiccator and used within 48 hours. The 
addition of amylopectin prevented the thin layer crumbling after 
chromatography *

3-10 pi aliquots of the pronase digests were applied to the thin 
layers and dried in a stream of cold air. The thin 3-ayer plate was 
developed in a single dimension with n-butanol saturated with 2N M^^OH 
to a solvent front 13 cm from the origin. The iodoaiaino acids were 
identified by comparison with Imoim markers run on every plate.

C. Measurement of radioactivity
125Measurement of 1 was carried out on a smaple changer type 

W693 Fcko Electronics, Essex. Badioiodine quantitation of iodoamino 
acids separated by paper chromatography was performed on segments 
cut from the paper strips. Similarly, with TLO this was performed on
portions of the gel which had been scraped from the glass plate.

3H-«leucine was measured in a Nuclear Chicago liquid scintillation 
spectrometer. Fractions from sucrose gradients were washed into 
liquid scintillation vials with 10 ml Bray's solution (720 g 
Napthalene, 48 g PPO, 24 g POPOP, 1,2 litres methanol mid 240 ml 
ethy].ene glycol made up to 12 litres witji p-dioxane).
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îmSULTS
«w^ÿMiwaiiWiaflewtiâefiwea

i) Effect of MTU dose on the organification of by the rat
tWroid gland

125'!î?he incorporation of X 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 iodide organification, 
The results tire shown in figure 3# Both MTU doses effect maximum 
inhibition of iodine organification within 5 hours of administration 
although in neither instance is inhibition complete* At 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 MTU on the other hand there is only 
a very small reversal of the inhibition over this period and at 24 
hours the level of organification is still only 5 per cent of the 
control*

The purpose of this experiment was the determination of a MTU 
dose which would reduce iodine organification to a minimum over a 
period of 24 hours so that follicular iodine metabolism could be 
studied without the complication of the utilisation of extra thyroidal 
iodine or re-cycled iodine* The results show that at 10 rag MTU the 
detoxication reactions of rat tissues have reduced the effectiveness 
of the goitrogen considerably over the 24 hour period* Therefore, 
the dose level of 40 mg MTU was chosen as that which when administered 
daily would fulfil the requirements outlined above*
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Fig. 3, Male rats were given, hj gavage, a single dose of lOiiig 
or 40 Rig M.l'.IJ. followed by a single injection of 50/iG " I,
intraperitoneally, 1 hr. before sacrifice, llie organification of 
iodide is expressed as the ots/100 secs. incorporated into
the dialysed 125,000g supernatant fraction X the thyroid weight 
per lOOg body weight. Each point represents the mean of tv/o 
experiments involving 2 rats per estimation.
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ii) Hesponse of the rat thyroid gland to MTU
The effect of daily administration of 40 mg MTU on the thyroid 

gland weight is shovm in figure 4 and table 1. A typical response 
in the gland weight as a function of the duration of goitrogen 
treatment was obtained. The mean gland weights ranged from 4.4 mg 
per cent body weight for untreated animals to a maximum of l4 mg per 
cent for rats treated with MTU for l4 days. There was no significant 
increase in gland si%e until after the third day. In the following 

sections the behaviour of the thyroidal iodoproteins during these 
phases of goitre induction is examined.
iii) Metabolism of thyroidal iodine in the rat during goitre induction

The results are summarised in table 2 and fifgure fp. Table 2 shows
123 123the turnover of thyroidal I per unit of thyroid weight. The I

content of the whole gland, represented by the tissue homogenate, and
the soluble gland iod̂ jie, represented by the 123,000 g supernatant,
decreased as expected after initiation of the MTU regime. The
particulate iodine of the gland represented by the 123,000 g pellet,
increased over the first five d;ays of treatment then decreased over
the next few days when the thyroid gland weight was undergoing a
rapid increase. In table 2 and figure 3 the iodine remaining in each
of these compartments is also expressed as a per cent of the zero time

value. As can be seen from figure 3, total thyroidal iodine and soluble

iodine content decreased in an apparent logarithmic m&mner. This is

in/
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Days after MTU initiation

Fig'*4« Ifeile rats were given daily, by gavage, 40 mg M*'r*TJ. 
I’he reaponoe of the thyroidglan.ds to the goitrogen regime is 
expressed as thyroid gland weight (mg ) per 100 g body weight. 
Details of the experiment are shown on table 1*



arable 1 Hespanse of the rat tîiyroid gland to ÎOT

Days after 
MTU 

initiation

No. of 
animals

mgms thyroid wt per 100 g 
body weight

syiv?g^.n»w gtfitaca«g«wi8i»s»ij i . i t  #ii,m, ■■.it ,ii<j—.^ i in m s y ji

0

!?
6
7
8
9
10
14

l4
l4
1̂!'
10
7
4
4
5
6

Kean Hange

4*4 2*8™ 7*1
4.3 3.3- 6.2
4*9 3• 6“» 6*6
3.3 3.0" 3.8

8.6 7*3- 9.6
8^6 6.3-llé2
9*8 9.1-10.4
10*3 9.6-10*8
12*2 10.4-14*0
14*0 12*6-13.4

8.D.

± 1.8
-  0.8
1 0,9
i 0.1 
i 0.8
- 1*9
-  0*2
- 0*13
-  1.1 
-  1*6
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DAYS AFTER MTU. INITIATION

Fig. 5* Metabolism of Thyroidal locloprotein iu the rat during 
goi trogenes i s•

125The I remaining in the v/hole thyroid gland, the
125,000g supernatant and the 125,000g particulate fraction is

125expressed as a percent of the “ 1 present in each of the fractions 
at zero time.
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in agreement with the results of Hosenberg, La Foche and'Lhlert (1966),
However, fhom the slopes of the lines it can be seen that iodine was
lost from the soluble compartment at a faster rate than from the whole
gland. This can be related to the particulate iodide compartment.
As seen in figure ^ this Increased over the first days before
decreasing over the remaining period of goitrogen treatment* In
additionI the slope of the line during the latter phase is similar
to that showing loss of iodide from the whole gland. Finally, in
table 2 the iodide contents of the soluble and particulate compartments
a3?e expressed as a per cent of the total gland iodide at the appropriate
time interval. At zero time the soluble iodide represented 88 per cent
of the total gland iodide. Over the first 6 days of goitrogen treatment
this fell sharply until after 6 days the iodide was more or less
equally distributed between the two cellular conipai'tments.
iv) 8tudy of the turnover of thyroidal iodoproteins by DFAB cellulose 

chromâtography
125The amount of I**labelled iodoprotein eluted a.t each of the steps

in the elution gradient was expressed as a per cent of the total
radioactivity eluted from the column at each interval. Step 1 (0.20 M
NaCl) represents that fraction of the total radioactivity eluted
between O.I5M and 0.20M NaCl. The results are summarised in table 3*
It can be seen that during goitrogenesis changes occurred in the

125relative proportions of the I-labelled iodoprotezln fractions.
At/
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At zero^time the greatest proportion (63.3 per cent) of the iodoprotein
was eluted at step 1. This, however, decreased with time until after
12 days on MTU it constituted only 23.6 per cent of the total
labelled iodoprotein eluted. The proportion of the total iodoprotein
in step 2 on the other hand increased from 23.8 per cent at zero time
to 37 per cent after 6 days before decreasing to 23 per cent after
12 days. The iodoprotein eluted at step 3 end step 4 represented
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 results are also shown expressed as
a per cent of the radioactivity eluted at the appropriate zero time
value. When these results are produced as a semi-logarithmic plot

125(figure 6) it can be seen that the " I-labelled iodoprotein eluted 
at each of the steps in the elution gradient decreased logarithmically. 
Furthermore, from the slopes of the lines it is apparent that iodo­
protein was lost from these fractions at different rates. Thus the 

iodoprotein eluted at step 1 appears to 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 m y  significant 
difference between the rates of metabolism of the iodoprotein eluted 

at steps 2 and 3»
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6 Study of the turnover of Thyroidal Iodoproteins
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12̂ 5The ■ I remaining each of the iodoprotein fractions 
isolated by stepwise gradiont elution from DKAB cellulose is 
expressed as a per cent of the l^^I eluted rUi the fractions at the 
appropriate sero time*
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v) A study of the nietabollsm of thyroidal lodom'oteiiia by sucrose 
gradient ultracentrifugation
The results of sucrose gradient centrifugation of the soluble 

iodoproteins in the rat thyroid gland during the goitrogen regime are 

shown in figures 7-9* The aero time pattern shows the normal 
distribution of thyroidal proteins of control animals; a 27# 
component, a major 19^ component and a 3™8S component. The large 
3-8S pealî in the control rats is due to the fact that no initial 
salting out of the thyroidal iodoproteins was carried out. As can be 
seen in 'equilibrium labelled' rat t?iyroids at sero time the labelled 

pealc and the protein peak are coincident at the I9S position. After 
initiation of the MTU regime at each interval studied there was a 
small but definite shift in the position of the labelled pealc towards 
the bottom of the gradient. Thus, after 7-9 days the labelled pealc 
had shifted from the 19̂  position at aero time to a position corresponding 
to 20.5s at 9 days. Considering the protein pattern, as shovm by the 
absorbance at 280 mp, there v/ould appear to be a discrepancy. If, as 
expected in 'equilibrium labelling',the iodoproteins of the thyroid gland 
are uniformly labelled it would be expected that any shift in the 
labelled peak would be paralleled by a corresponding shift in the 
protein pealc. As can be seen, however, this is not the situation - the 
protein pealc is always displaced tov/ards the top of the gradient.
A possible explanation is that the inherent error in fraction collection 

produces/
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Sucrose gradient ultracentrifugation patterns of the 

soluble proteins prepared from rat thyroid glands during 
goitrogenesis. Goitres were induced in the rats, which were in 
a. state approaching "isotopic equilibrium" with I, by the 
daily administration of 40 mg M.T.ÏÏ. Animals were used in 
groups of 3*
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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 
Gimll shift in the position of the labelled pealc 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 pealc represents only 
iodoprotein while the Oh peak measures protein in general* As there 
was no initial, purification of the iodoproteins, it is possible that 
the increased protein synthesis causes contamination of the iodoprotein 
peak with lighter protê ja molecules. This could conceivably prevent 

the fractional changes in the position of the iodoprotein peali which 

are likely to occur. At any rate, the evidence suggests that a small
125but definite shift in the I-labelled iodoprotein pealc occurs 

during goitrogenesis*
In addition to the labelled peak at 198, as already mentioned 

there was also a small labelled peak corresponding to 278 iodoprotein* 
The labelled pealc was evident throughout the MTU regime, although at 
7-9 days no corresponding OD pealc was discernible. Nevertheless, when 
the amount of radioactivity in the 198 and 278 peaks at the appropriate 
time intervals were expressed as a per cent of the values at zoto time 
both were found to decrease logaritlimically. From the slopes of the 
lines it is apparent that 198 iodoprotein is metabolised at a faster 
rate than 278 iodoprotein (figure 10). 
vi/
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Metabolism of the 19S and 273 iodoproteins in the rat
tliyroid during goitrogenesis*

The 193 and 278 iodoproteins were isolated from the
soluble proteins of rat thyroid gland honiogenates by sucrose density

12bgradient ultracentrifugation* (of Figs*7~9)* The I remaining
in each of the iodoprotein components is expressed as a percent of 

12bthe I content of the component at the appropriate aero time#
Bach point represents the mean of 2 experiments. Animats were used 
in groups of 5*
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vi) Btudy of the metabolism of thyroidal iodqproteino by polyacrylamide 
gel electrophoresis
The position of the stajzied proteins and the distribution of

along the gel at intervals after initiation of MTU aj?e shoim in figures
11̂ -12. At aero time the major protein band (oomp*B) coincided with
the largest labelled peak which contained approximately 39*3 per cent
of the total radioactivity. A lightly stained slower migrating

component (comp.A) had 19*5 per cent of the total radioactivity and
a small labelled peal̂  (comp.G) corresponding to a faster migrating
component had 9.7 per cent. The remainder of the radioactivity was
distributed between origin material which had barely entered the gel

and a small labelled peak which migrated ahead of serum albumin at the
front of electrophoresis. Figure 13 and table 4 show the chtmges
occurring in each of these labelled components following initiation

of the goitrogen regime. As can be seen, iodoprotein was lost within
one day from both comp B and comp 0. However, it is obvious from
figure 13 that iodoprotein was lost eit a faster rate from comp B than

123comp C. On the other hand, there was little change in the I-
labelled iodoprotein content of comp A tmd the origin material prior
to the third day of the MTU regime. On the fifth day, however, there

125was a dramatic fall :ln the Content of both components to 20*5 and
15*3 per cent respectively of the aero time value. The iodinated 
material at the front (table 4) increased to almost 3 times the aero 
time value after three days before decreasing over the next few days. 

However/
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Figs. 11-12. Polyacrylamide gel electrophoresis patterns of the
soluble proteins prepared from rat tliyroid glands during goitrogenesis.
Rats were treated as described under Figs. 7-9• The lower part of

12*5each fig. shows the distribution of I - labelled iodoproteins 
along the gel. The upper part represents the distribution of 
protein along the gel after staining with Ifo Amide black.
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Table 4 A otudj of the metabolism of thyroidal iodoproteins 
by polyacrylamide gel electrophoresis

Per Gent ^^1 Remaining

Days after 
MTÜ 

Initiation

"Origin" Component
A

Component
B

0 100 100 100

1 98 100 51.5

3 96 90.5 34.5

5 15.3 20.5 25.8

6 8.4 20.5
[ _ ...

12.1

Component
G

100

82

66.5

42.5 

42.3

’’Front"

100

120

273

22?

'123% e  table shows the I remaining in each of the protein components 
separated by electrophoresis ê cpressed as a -per cent of the sere 
time value.

**Origin” refera to iodinated material at the origin of 
electrophoresis which had not exitered the gel»
**Front**** refers to iodinated material migrating with 
the electrophoretic front

Components A, B and 0 are described in figs* 11 12.
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125Fig. 13# 1 remaining in each of the iodoprotein components
separated by polyacrylamide gel electrophoresis expressed as a 
percent of the appropriate aero time value.



However at six days it was still double the control value.
In the stained gels (figures 11«12) oomp B corresponded to the 

major Iodoprotein component of sheep thyroglobylin^ i.e* I9B iodo­
protein. Comp A, however, did not coincide with the slower migrating 

component (2?S iodoprotein) in the sheep control. Instead it migrated 
as a broad diffuse band ahead of the control. I'he comp C migrated 
with a similar minor 128 component in the sheep control. After five 
days Comp G appeared to be composed of two separate bcuids - a heavily 
stained band with a lighter band migrating ahead of it.
vii) ïodoamino acid content of the thyroidal iodoproteins during 

goitre induction

Aliquots of pronase digests of the supernatants of rat thyroid 
homogenates at different times after initiation of the MTU' regime 
were analysed by TLG and paper chromatography. The results are 

expressed in table 5* At sero time, by paper chromatography, iodo- 
tyrosines constituted 6l.4% and the iodothyronine 16.89̂ of the total 
radioactivity. Over the next five days the proportion of the tota.l 
radioactivity released as iodotyrosines decreased slightly while that 
of the iodothyronines increased. Consequently the ratio of iodothyronines 
to iodotyrosines increased marginally over the first five days of 
goitrogenesis. However, an important factor is 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

1 PSThyroidal "I « Per Cent Distribution

T̂ +T̂ /MIT-miTMIT+DITIteys aftei
im

initiation
Origin j y ^4

0.251 0,273

0,286

0.286 0,293

0.328 0,331

0.212

The Ïodoamino acid content oT thyroidal iodoproteins 
diu?lng goitrogenesis

Pats v/ere treated as described under figs 7 9*
The i%î contents of the iodoarnino acids are expressed 
as a per cent of the total -̂̂ 3l recovered fẑ om tho 
chromatograms. ^ach result is the mean of two 
estiïiiatlüns. Eats were used in 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).



125fall in the per cent of the total " I released as iodotyrosines 
and iodothyronines to 44 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. Furthermore, the ratio of iodothyronines 
to iodotyrosines fell below the control value over this latter 
period.

A typical separation of iodoarnino acids as effected by TLG is
shown ijji figure l4. When the pronase digests were analysed by this

technique, as shown in table 3, the results for the first five days
closely approximated to the results obtained by paper chromatography.

No values were obtained for days 7-9 since, due to the smaller amounts
of material which can be analysed by this teclinique, the radioactivity
recorded for the iodothyronines was not significant. Nevertheless,
the greatest proportion of the radioactivity recorded was found at the
origin in agreement with the results obtained by paper chromatography#
viii) Protein synthesis in the thyroid gland durinp; goitre induction

The results are shown in figures 19«17# During the first three
days after initiation of the MTU regime, there v/as no significant

5ilncorporation of ' H*̂ leucine 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 peak corresponded to the protezm in the 3-BtS region and 
there/
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Figs, Sucrose gradient ultracentrifugation patterns of the
soluble proteins prepared from rat thyroid glands. Pattern of the 
incorporation of ^H-leuoine into the thyzroidal proteins during 
goitrogenesis. Hats, maintained on a lov/̂ iodine diet, were given 
daily, by gavage, 40 mg . and 50pO ^H-leuoine intra-
peritoneally. Animals were used in groups of 5»

Notea Fig, I7 shows the pattern of 5H»leucine incorporation 
after 8 and 10 days.
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there was also a labelled 12^ component present. The labelled peak 

in the thyroglobulin region corresponded to 18.5-19^* After eight 
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~l8&# In addition there was also a small 
discrete peak corresponding to indicating that the labelled
amino acid was also incorporated into a heavier protein component. 
After ten days there was a farther increase in the label incorporated, 

The pealc in the thyroglobnlin region remained in the 17.5-188 region 
and the small labelled peak corresponding to 24-258 was more 

significant.



DISCUSSION

i) Metabolism of thyroidal iodine durlnpf goitre Indiiotion
As outlined in the general introduction, the metabolism of

colloidal iodoprotein wMcli represents most of the soluble gland

iodine involves engulfment of the colloid by a process of endocytosis*
This is followed by fusion of the engulfed colloid or colloid
droplet with lysosomal structures (Seljelid, 19671) which are
presumed to contain the onsyinatic machinery necessary for hydrolysis
of the iodoprotein# Seljelid (1967c) has also shown that durnng
stimulation of the thyroid gland with TSH the resultant colloid
droplets ore much larger end more numerous than in normal glands
and the Gi%e depends on the degree of stimulation. Furthermore,
stimulated glands compared to normal glands had a higher proportion
of colloid droplets which did not exhibit the signs of possessing
tho iiydrolytic en^me system (Soljelid, 19671). This implied that
in the stimulated gland, at least at eariy times after stimulation,
the resorption of the colloid occurred at a faster rate than the
existing hydrolytic machinery could contend with* This affords
m  explanation for the difference in rates of disappearance of 
12*5I from tho whole gland and the 123$000g supernatant *
Administration of MTU would lead to increased TSH stimulation of 
the thyroid and result presumably in the sequence of events 
described. Initially the rate of colloid resorption would be 
greater/



greater tium the rate of acquisition of îiyclrolytic eiisymes by 

the colloid droplets* This in turn v/oixld lead to an accumulation
IptTjof colloid filled particles and produce the increased I content

1P5of the 125 0̂00g particulate fraction and decreased X content
of the supernatant Abaction encountered (figure 5)» since the

125rate of dlsa%}]peæ;an.ce of ‘ I from the 125,000g supernatfrnt and
the whole gland would reflect the differences Mi the rate of
colloid resorption and the overall rate of proteoi^ysis. With

time* however, it is not inconceivable that continued T8H
stimulation* either directly or indirectly could lead to the
induction of further lysosomal units or increase the rate of
fusion between existing lysosomes mid colloid droplets* Sobol

(1961) showed increased acid phosphatase activity* which is an
index of lysosomal presence* in the rat thyroid after cold exposure -
conditions Imown to produce increased TBH stimulation* If this
is indeed the course of events the colloid droplets would eventually
be supplied with hydrolytic enmymes and this could account for the

125later decrease in the X content of the particulate fraction*
In this connection the decrease in X content of the particulate 

fraction coincides with tho time when the gland Bi%o is rapidly 
increasing and* ae will bo shown later* thyroidal protein 
synthesis is under stimulation* However, another possible

explanation for the results obtained is that due to continuous 

depletion/
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depletion of the colloid the rate of resorption eventually
125declines and the decrease in I content of the particulate

fraction is the result of a decreased rate of resorption. It
125is interesting that at this time the I content of the thyroid

gland is uniformly distributed between the particulate and
soluble fractions•
ii) A study of the metabolism of thyroidal iodoproteins by 

DEAF cellulose chromatography
It h£U3 been shown by several workers (Ingbar* Askonas and 

Work, 19595 Robbins* I96I; I9635 hi, Tarutani* Kondo and Tamura*
19615 Shulman and Stanley* 1961$ Bouchilloux* Holland* Torresani* 
Hoques and lissitslty* 1964) that DEAF cellulose chromâtograpliy 

fractionates thyroglobulin according to the iodine content, of the 

molecules. The higher the di-iodotyroslne content of the molecule 

the more strongly it is retained by DKAE cellulose and the higher 
the ionic strength of the buffer required to elute it# Furthermore* 

it has been shovm that newly accumulated iodine is incorporated 
Into the eai'*ly eluting fractions before the later eluting fractions. 
Thus fractionation of thyroglobulin on DEAF cellulose reflects 

the maturity of the constituent iodoprotein molecules - the 
younger molecules being eluted before the older, more highly 
iodinated* molecules. The results of the present investigation 

would therefore appear to indicate that the heterogeneity of 
tliyroglobulin molecules obtained by DEAF cellulose chromatography 

has/
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has indeed a functional slgnific.ance tho rate of metabolism
of the individual iodoprotein fractions eluted being a function

of the iodine content and mEiturity of the molecules# lie
p3?oteMi eluted at step 1* which constitutes the greatest pear cent of
the total iodoprotein in the controls, represents that fraction
with the lowest iodine content and contains on average the
younger molecules* As shown (figure 6), this fraction has the
highest turnover rate* ilie oldest and most highly iodinated

molecules represented by the fraction eluted at step 4 is metabolised
at a rate approximately 20 per cent of that eluted in step 1*

125This also represents the smallest per cent of the total '■'̂Î-iodo 
protein in control rats* The fractions eluted at steps 2 and 3 
which are intorjuediate in iodine content and maturity are 
correspondingly metabolised at a rate intermediate between those 
eluted at step 1 and step 4*

Thus the results indicated that the heterogeneity displayed 
by thyroglobulin on DFAE cellulose is functional and confirms the 

®last come, first served* hypothesis (Schneider* 1964)* However* 
it is not possible to demonstrate by this technique whether this 
heterogeneity is intorfollicular or intrafollicular or a 
combination of both, 
ili )/
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ili) Study of the metabolism of Thyroidal lodoproteiaa by sucrose 
g:radiexit ultracentrifugation
Although thyrogiobtxlin sediments as a symmetrical peaîi in the 

analytical ultracentrifuge* Robbins * Salvatore* Vecchio and Ui <1966)* 
Seed and Goldberg (1963* 1965a) lissitsky et al (1964* 1966) have all 
demonstrated a heterogeneity in the thyroglobulin peak by ultra­

centrifugation in a linear sucrose density gradient, The slower 
sedimenting fractions have the lower iodine content and are the 

earliest labelled following a single injection of radio^iodine»

Thomson and Goldberg (1968) found that the label did not coincide
125with 198 thyroglobulin until 48 hours after a pulse dose of I.

Thus* the newly formed tliyroglobulin molecules are found in the 

slower sedimenting fractions of the 198 protein peak while the more 
mature molecules are found in the faster sedimenting fractions*
In the %)i'esent investigation, the shift in the labelled pealt towards 
the bottom of the gradient during goitrogenesis indicates that 198 
thyroglobulin is not metabolised at a uniform rate. The slower 
sedimentdjig molecules are turned over at a faster rate than the 

faster sedimenting fractions* confirming the results of DEAF 

cellulose that the younger newly iodinated molecules are metabolised 
at a faster rate than the older more highly iodinated molecules.

That the 278 iodoprotein is a structural and functional entity 
which is independent of 198 iodoprotein is becoming apparent.
Robbins/
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Robbins et al (I966) shov/ed that although there v/as little
difference in Incorporation of iodine into 198 and 278 iodoproteins
after two days during ♦equilibrium labelling♦* pulse labelling
experiments shov/ed that 198 iodoprotein v/as labelled at a faster
rate than 278. Vecchio and Claar (196?) demonstrated also, that 
3■̂ H-leucine v/as incorporated into 2?8 iodoprotein at a much slower 
rate than 198 iodoprotein and Vecchio, Edelhooh, Bobbins and 
Weathers (1966) provided evidence for the structural individuality 
of the 278 iodoprotein. The present study has also provided 
evidence which suggests that the 278 iodoprotein also differs 
from 198 iodoprotein in its rate of metabolism. The difference 
in the slopes of the lines in fig. 10 suggests that 278 iodo- 
protein is timied over at a slower rate. Furtheriiiore, it 
would appear that while 198 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 278 
protein is not a product of all the follicles in the thyi/oid 0 
gland and that the delay is related to T8H levels in the blood.

Only when a critical level of stimulation is reached are the 
follicles producing 278 iodoprotein stimulated. This would agree 

with the hypothesis that 2?8 iodoprotein represents a thyroxine 
store which is only metabolised When the metabolism of I98 iodo­
protein alone cannot meet the functional requirements, 
iv)/
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:lv) Study of the metabolism of Thyroidal Iodoproteins usinæ
polyacrylamide gel electrophoresis#

Tho data show clearly that differences in metabolism exist 
between comps B and C and comp A and the origin material, which 

appear to be metabolised at similar rates. However* it is 
unlikely 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 tîjyr oglobulin * 

represents a fraction of 198 tliyroglobulin. However* the results 

obtained for tlie control rats are not consistent with comp A being 
analogous to 278 iodoproteins. By sucrose gradient ultra- 

centrifugation of the iodoproteins from •equilibrium labelled* 
rat thyroids* the 278 iodoprotein accounted for only 10 - 12?̂  

of the total radioactivity whereas by gel electrophoresis* comp A 
amounted to 2%. It follows* therefore* that other iodoproteins 

are contributing to comp A. A possible explanation is that* under 
the conditions of electrophoresis* there is a breakdown of the 278 

iodoprotein and a fraction of the 198 iodoprotein. Vecchio, 

Edelhoch* Robbins and heathers (1966) showed that rat 278 iodo­

protein was unstable under alkaline conditions dissociating to 
form 198* 128 and 68 oomponentsi The same workers also 

demonstrated that* under their conditions the older 198 tliyro- 
globulin molecules were more labile than, the younger molecules* 

Under/
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Under the alkaline conditions and slightly elevated temperatures 
prevailing during electrophoresis* it is highly probable that the 
278 iodoprotein molecules and a fraction of the older 198 protein 
molecules undergo dissociation to their respective subunits. It 

is not Ijaconceivable that some artifactual aggregation of those 
subunits could then take 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 0 and since its 
metabolism occurs at a slower rate than comp B* this would 

suggest that it was derived from a different fraction of the 
iodoproteins than comp B. In conclusion, although the conventional 

terms applied to thyroglobulin species cannot be used in connection 
with the components fractionated by gel electrophoresis, the results 
confirm a heterogeneity in the turnover of the thyroidal iodo­
proteins .

The exact nature of the labelled material migrating with the 

electrophoretic front is not loi own. However, since it increases

with time cifter initiation of the Î4TU regime, it seems not unlikely 
that it represents large imdialysable iodopeptides produced during 

proteolysis of the iodoproteins. The additional fast migrating 
component migrating aliead of comp 0. which appeared on the 5 th 
day/
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day Oïl MTU could be, presumably, a serum protein contaminant since 
it is not labelled to any significant degree* However, since it 
is well established that MTU does not inhibit thyroglobulin 
precursor synthesis* it could represent a non-iodinated subunit,
V) Iodoarnino acid content of Thyroidal Iodoproteins during

Goitre Indue tion♦
IdsBxtsky* Simon* Hoques and Torresani* (I966) concluded 

that as maturation of thyroglobulin proceeds* the di-iodotyrosine 
and iodothyronine content of the molecule increased* The 
intention of the present investigation was to confirm this by 
demonstrating that as metabolism of tixyroglobulin progressed 

during goitrogenesis, there was a correspondiag increase in the 

hormonal content of the thyroglobulin remaining. Although the 
observed increase in the ratio of iodothyronines to iodotyrosines 
(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 tMs proves that 
there is an increase in the iodothyronine content of the iodo­
protein remaining at each interval since there is always a 
large proportion of the total radioactivity remaining at the 
origin after ciiromatograpliy* There are several interpretations 
of the origin material* It could be the result of poor pronase 
preparation since only one prepai'ation, supplied by Koch-light 

labs * *
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Labs», v/as used. It could represent either completely undigested 
protein* tho undigested core of partially hyrirolysed iodoprotein 
or both* Without more detailed knowledge of the exact nature of 

the orig:la material, it is difficult to interpret the results on 
the basis of the above proposition* A further factor is the large 
increase in the proportion of the total radioactivity which remains 
at the origin during the latter half of the goitrogenic regime* 
Sucrose gradient centrifugation and DEAF cellulose chromatography 

of the iodoproteins have shorn that between days 7 and 9 on MTU 
the predominant iodoprotein fractions represent the older, more 

highly iodinated proteins* Pitt-XbLvers (1963) showed that the 
higher the degree of iodination of the thyroglobulin molecules ' 

tXie more they resisted hydrolysis* Therefore, a possible 
explanation of the nature of the origin material is that it 

represents a higlily iodinated iodoprotein species which is very 
slowly metabolised and resists proteolysis by pronase. XIowever, 
a more detailed investigation of the origin material is necessary 
before firm conclusions regarding its nature can be drawn* 

vi ) Drpterin synthesis in the Tljyroid Gl&md during Goitre Induction 

Cavalier! and Bearle (1967) showed that T8h stimulated the 
synthesis of protein in the intact rat* Eidiolm and Strandberg
(1967) showed a similar result in guinea pigs.* In tXie present

3investigation no incorporation of H-leucfne into thyroidal 
px’o teins/
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proteins was detected until after the 3rd day on MTU, Since
Thomson and Goldberg (1966) and Vecchio, Salvatore and Salvatore
(1966) both demonstrated *̂ H-leucine incorporation into thyroid protean

within 30 minutes of administration to control rats, failure to detect
significant incorporation of the label for the fiirst three days must

3he due to the lower dose level of H-leucine administered in this 
experiment. however, tXie appearance of labelled amino acid in the 
thyroid proteins on the 6th day must reflect the stimulatory influence 
of T8H on protein synthesis diu'ing the third and sixth dtiya.
Presumably, during tho early period of MTU treatment, the hormone 
stores in the gland bto sufficient to maintain a low level of 
circulating T8H# After 3 days, however, as shown previously the 
iodoprote:ln content and hence the hormone store of the gland have 

been severely depleted* This would result in a drop in the levels 
of circulating ho.rnione and effect a stimulation of the pituitary 
gland to release T8H, This, in turn, would stimulate the general 
metabolism of the thyroid gland and result j_n tXie increased 

incorporation of E-leucine into prote;in duriag the 3rd and 6th 
days.

Thomson and Goldberg (1968) showed îji ’’in vivo” experiments, 
that goitrogenic drugs which block iodide organification cause 
incorporation of labelled amino acids into a 17 - 3-8S protein 
rather than true 198 thyroglobulin* In the present Investigation 

a/
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a similar incorporation of H-leuclne into a 1? - 188 protein
v/ae found between days 8 and 10 of the goitrogen regime. On the

6th day, however, the label was incorporated into a slightly
heavier protein with sedimentation constant in the range

18*5 198# Nunes, Mauchamp, Pommier, Cirkovic and Roche (1966)
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 with a higher iodine content than that formed later.
Although Tong (1965) could find no evidence that the stimulatory
influence of T3H on iodide organification was related to increased

enayme protein synthesis, the conditions of the experiment do not
completely rule out this possibility* Furthermore, since under
the conditions of the present investigation, the period of
stimulation is presumably much longer, the possibility that net
synthesis of enzyme protein has occurred, is increased. This

could lead to a certain degree of relief fi'om the MTÜ induced

inhibition of iodide organification. Iodide produced by
dehalogenase activity within the gland could then be recycled to
a limited extent into the newly synthesised thyroglobulin

3precursors to produce a Xï-leucine labelled protein with the 

sedimentation/



sediîiioïxtatioïi conetant found after 6 days on MflT. It 1b not
unliicely that under the prevailing conditions of increased
protein catabolism that this protein would be rapidly metabolised*
FurthermoreI with the continuous loss of glandular iodide there
would eventually be insufficient iodide available fof this
residual reaction* The result would be the incorporation of
labelled amino acid into the lighter protein molecules with
sedimentation constants 17 * l8S found after 8 days on MTU*

3A further feature of H*leucine incorporation throughout 
the MTU regime, is the appearance of the labelled amino aoid in 
a protein with sedimentation constant 24 * 23̂  between days 8 and 
10. Vecchio and Glaar (1967) showed that after 10 days, Ĥ̂ leucjjrie 
is incorporated into a small 278 peak in the rat* They found no 
precursor product relationship between I98 md 278 proteins &md 
concluded that the latter is synthesised at a much slower rate*
It is possible that the 24 * 238 component found in the present 
investigation bears the same relationship to the 278 iodoproteias 

as 17 ^ 18s protein to I98 thyroglobulin* It may represent a
precursor of 278 iodoproteias which accumulates under the 
conditions produced by MTU administration* The similarity 
between the time of labelling of the 278 by Vecchio and Claar 
(1967) and the 24 * 238 protein would add support to this. 
Furthermore, the appearance of this component is additional 
proof that iodination is not a prerequisite for aggregation of 
the newly synthesised subunits.
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Summary

Investigations have been carried out on the metabolism of rat 
thyroidal iodoproteins during goitre induction* Tîie following 
results were obtained .
1. The iodoproteiii 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 heterogeneity of the thyroglobulin molecules which is
obtained by fractionation of the protein by DEAF cellulose 
chromatography, sucrose gradient ultracentrifugation and 
polyacrylamide gel electrophoresis was shown to have a functional 
significance during goitre Induction* The former techniques 
Indicated that the newly iodinated iodoprotein molecules are 
metabolised at a faster rate than the older more highly iodinated 
molecules. Ihirthermore, the evidence indicated that the 278 

iodoprotein is metabolised at a slower rate than the 198 protein.

3* Attempts to show that, during the metabolism of the thyroidal
iodoproteins, the iodothyronine 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 radioactivity of the pronaae 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 resistant to pronase digestion*
4, Incorporation of H*leucine into thyroidal proteins of the 
rat *in vivo* showed that, during goitrogenesis induced by MTU 
administration, stimulation of protein synthesis occurred after 
3 days on the goitrogen. Initially the labelled amino acid was 

incorporated into a protein with sedimentation constant 18.3-198 
but after 8 days the label was predominantly present in a 17*l88 
protein. It is suggested that the heavier component is the result 

of a residual iodination reaction resulting from T8H stimulation of 
the gland.' Finally there is evidence that during MTU treatment, 
between 8 * 10 days, ^B*leuoine is also incorporated into a 
protein with sedimentation constant 24*238 a probable non*iodinated 
precursor of the 278 iodoprotein.
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INTRODUCTION
The present knowledge regarding the structure and biosynthesis 

of thyroglobulin has been obtained from the study of thyroglobulin 
from animal sources. 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.
Most of the studios involving human thyroglobulin have, therefore, 
been directed towards the comparison of the iodoproteins from 
normal and pathological thyroid glands. In general this has 
involved estimation of the solubility of the iodoproteins, 
their electrophoretic mobilities, sedimentation coefficients and 
immunologic properties* From this approach certain abnormalities 
in the iodoproteins from certain pathological glands have been 
described eg. Easty, Slater and Stanley (1938) described an 
electrophoretically abnormal thyroglobulin in thyroid cancer and 
iodoproteins with electrophoretic mobilities identical to serum 
albumin have been described in adenomas, nodular goitres (Robbins, 
Wolff and Hall, 1939b); congenital goitre (De Groot and Stanbury, 
1939)5 endemic cretinism (Beckers, De Fisscher, 196I; Lobo Da Silva, 
Hargreaves and Conceiro, 1964) and colloid goitre (De Groot and 

Ĉ urvalho, 1960b). Furthermore, iodoproteins with electrophoretic 
mobilities similar to pre*alburains have also been described in 

goitrous/
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goitrous subjects by Lissitsky, Godaccioni, Cartou%ou and Hants 
(1964) and Murray, McGirr, Thomson and Hutchison (1963)* The 
exact nature of these abnormal proteins and their role in thyroidal 

iodoprotein metabolism is still largely conjectural. It has been 
suggested 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 thyroid disease. In this respect Bhulman, Mates and Bronson
(1967) have isolated proteins from normal human thyroids which had 
sedimentation constants of 48 and and they have demonstrated an 
immunological relationship between these proteins and thyroglobulin.

Recently by virtue of gel filtration techniques, highly 
purified preparations of human thyroglobulin have been studied. 

Ramogopal, Spiro and Stanbury (1965) showed that thyroglobulin 
from goitrous glands was less iodinated and had higher mono* 
iodotyrosine (HIT) to diiodotyrosine (DIT) ratios than that from 
normal controls. They also showed that the level of iodination 
had no effect on the electrophoretic mobility or solubility of the 
tliyroglobulin preparation.. Bismuth, Roll&md and lissitsl-cy (I966) 
could find no significant difference in the amino acid compositions 
of 193 thyroglobulin from normal and goitrous glands# Similarly 
Pierce, Eawits, Brovm and Stanley (I963) found no difference in the 
amino acid compositions, carbohydrate contents, electrophoretic or 

centrifugal/
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centrifugal properties between the thyroglobulin from normal glands 
and non*toxic goitres.

The following section represents a report of the results 
obtained 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 iodide and carboî:iydrate 
contents, electrophoretic mobilities and sedimentation properties 

of the iodoproteins have been collected* Ihirthermore, information 
regai-'ding the degree of heterogeneity of the iodoprotein present in 
established goitres has been obtained by fractionation of the protein 
by DME cellulose cliroraatography. Finally, the primary structures 
of these iodoproteins have been studied by analysing tryptic digests 

of the peptide fingerprinting technique.
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MATERIALS AND METHODS
1» MATERIALS

Normal hitman thyroid gland v/as 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 removal. All glands were stored
frosen until used.

Sephadex G200 was obtained from Pharmacia, Uppsala, Sweden.
Whatman DEAR cellulose type DE 11 was used in all ion*exchange 

131 125experiments* I and * I were-purchased from the Radio­
chemical Centre, Amersham, Bucks* Crystallised trypsin was the 
product of BDH Ltd., Poole.
2* Preparation of Thyroid Extracts

The glands were washed free from excess blood and the 
extraneous tissue removed* They t̂ ere then frozen, sliced by 
hand and tho slices extracted for 12 hours at 4^0 with 0.9?'? 
saline (2 ml per g. tissue). The tissue debris was removed by 
filtration through•cheese-cloth and the filtrate centrifuged at 

4^0 for 30 minutes at 38,000 rpm in the Spineo model L* (30 rotor)* 
The extracts were finally dialysed against distilled water for 
24 hours at 4^0 and lyophilised* These lyophilised saline 
extracts of the glands were stored at *l4^C until required*

3. G2QQ Bephadex Gel Filtration
The dry gel beads were allowed to swell for 48 hours in 

deionised/
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deionised watox* to which a bacteriostat had been added. The 

♦fines* vjere removed by repeated décantation and the gel was finally 

equilibrated with 0,1 M KOI - 0*02 H sodium phosphate buffer pH 7*3 
(KOl-phosphate buffer). Columns were packed by a continuous flow 

technique until the required bed volume was attaijfied - at no time 
during packing was the difference between the level of fluid in the 
column and the outlet allowed to exceed 10 cms* The oolmm was 
then stabilised with several column volumes of KCl-phosphate 
buffer at room temperature and then equilibrated at 4^C* Column 
packing was checked by applying a small volume of a concentrated 
solution of Blue Bextran 2000 (Pharmacia, Sweden) amd eluting with 
the KCl-phosphate buffer*

Fox' preparative purposes the dimensions of the gel bed were 

adjusted to 2*3 % 53 cms* 2 ml of a 7?̂ solution of the lyophilised 
saline extracts of the glands were carefully layei*ed on top of the 
gel under the KCl-phosphate buffer* The density of the protein 
solution was increased by the addition of 2-5 drops of a 20?6 

sucrose solution* The top of the gel bed was protected during 

sample application and subsequent elution by a nylon net sample 
applicator* The protein was eluted with KCl-phosphate buffer at 
a flow rate of 1-2 ml/cm /hr and 2 ml fractions were collected in 
an automatic fraction collector* The fractions were assayed for 

protein by measuring the optical density of each fraction at 280 mp 
in/
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in a Unieam 8P500 spectrophotometer and for haemoglobin by measuring the
optical density (CD) at 4l4 mp, VJiien the patient had been given 

3 25or ' I pre-operatively, the presence of radioactivity in the eluate was 
measured by the EJ:Cco sample changer type N693* Further pm'ification of 
the iodoprotein was accomplished by pooling the necessary fractions from 
the first cycle through the column and concentrating the proteiln to the 
required volume with Oarbowax. The above procedure was then repeated.
The purified iodoprotein was finally dialysed against distilled water at 
4^0 for 24 hours, lyophilised and stored deseicated at -l4^C,I
4# Estimation of Protein Concentration, Iodide and Gmrbohydrate

content of the iodoproteins
The protein concentration of all solutions was determined by the 

method of Lowry, Rosebrough, Farr and IWidall (l93l) using a bovine serum 
albumin standard. Hexose content of the Iodoproteins was determined by 
the orcinol-sulphurio aoid method described by Winzler (1933) using a 
standard of matmose, galactose to the ratio 1:1, Sialic acid estimations 
were performed by the thiobarbituric aoid method of Warren (1939) and 
total iodide was determined by the method of Farell emd Richmond (I961).
In the latter case, the estimations were performed on di3.utions of 
iodoprotein solutions to 1$ bovine serum albumin to minimise the loss of 
protein on glassware at high dilutions*
3. Sucrose Gradient Ultracentrifugatiou

The method was the same as that described in materials and methods 

section 1./
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section lé The protein applied to the gradient was obtained by 
making solutions of the lyophilised saline extracts in PBS 30?̂  
with respect to ammonium sulphate. After 1 hour at 4 0̂, the 
solution was centrifuged at 16,000 rpm in an HSE refrigerated 

centrifuge,with a high speed attachment. The supernatant was 
discarded and the precipitate dissolved in BBS, Xn some cases 
(of results, 3), the purified and lyophilised iodoprotein 
dissolved to PBS was used.
6. Polyacrylamide Gel Electrophoresis

Olie tecîmique was identical to that described to the materials 
and methods, section 1.
7* DEAE Cellulose Ohroraatogx’apliy

The DEAE cellulose was prepared and the columns packed as 

described to materials and methods, section 1* The dimensions of 
the columns used were 2*3 % 32 cms* 100 mg to 200 mg of pi*oteto 
were applied to the column and washed on with 1 colimn volume of 
0.025 M potassium phosphate buffer pH 6.5» All operations were 
performed at 4̂ 0, The protein was eluted by applying a stepwise 

gradient of MaOl to 0,025 M potassium phosphate buffer pH 6,5 
The proteto eluted at O.G^ H, 0,10 M etc* to 0,30 M and 2,0 M 
Had was collected* Xn cases 1-10, the iodoprotein purified 
by gel filtration was applied to the column while to cases 11 - 12, 
the lyophilised saline extracts of the glands were applied. The 
flow rates were adjusted to 30 ml per hour and 5 ml fractions were 
collated. The presence of proteto to the fractions was determined 
as/
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ao described previously* Aliquots of oacli protein fraction eluted 

were dialysed extensively against 0*9?̂  saline at 4*̂ 0 æ.id concentrated 
by Carbowax, Tlie protein in these samples was then mialyaed by 

polyacrylamide gel electrophoresis. The remainder of the protein 
in each fraction was dialysed against distilled water at 4-̂ C until 
free from chloride, lyophilised and stored desiccated at -14^C*
8* Prep;n?ation of 8; Carboxyniethylated Iodoproteins

The method of reduction and alkylation described by Edelhoeh 

and do Caroito'Ugghe (1966) was used# 3 mg iodoprotein was dissolved 
in 2 ml 8 M urea - 0#063 M mercaptoethmol 0*013 M bicarbonate
solution pH 10,2* This solution was left at room temperature 

for 30 minutes and then 1 ml of an 0,13 M iodoacetic acid solution 
in 8 M urea pH 10.2 was added* After a further 30 minutes, the 
solution was dialysed against 3 changes of distilled water.
Dialysis v/as then cmtinued for a period of 24 hours at 4% 
against 0*2 M ammonium bicax'bonate buffer pH 8*3, 0,03 mg trypsin
v/as added and the solution incubated at 37^0 for 24 hours* A small 

quf-mtity of sodium azide was added as a bac ter lost at,

9, Peptide Fingea.iDrints of Native and B.Garboxymo'ttoleted
Iodoproteins
Limited digests of native and 8. carboxymethylated (8GM) 

iodoproteins with trypsin wore obtained as described above for 

SOM iodoprote:bis * Concentration of the digests v/as earned out 

by lyophilisation emd redissolving the residue in the minimum of 
0*2 M/



0*2 M ammonium bicarbonate buffer pH 8*3* Aliquots of the 
digest© containing equiva3,ent to 1 - 2 mg iodoproteins wore 
then spotted on Whatm&m 3'̂ ^̂  paper (46 x 37 cms*).
Electrophoresis v/as carried out at 10 mA for 16 hours at pH 3#3 

(pyridine, acetic acid, water ; IsIDs293)* The voltage varied 
from 230 V at the start to 200 V at completion of the electro- 
phoresis* Descending chroraatograpliy for 17 hours with n 

butanol, acetic acid, water (4:1:3) was performed in the second dimension* 
The position of the peptidés v;as detected by spraying the paper with 
a solution of 0*010 niiihydrto in collidine, acetic aoid, ethanol 
(l%23;7*3 V/V/V,) and heatrlng in an oven* The spots were marked by 
viev/tog the chromatograms over a fluorescent light and tracings of 
the chromatograms taken as records* Autioradiographs pf the 
chromatograms which were labelled with radioiodine were obtained 
with Kodak-Kodirex %-ray film with an exposure j>criocl of 1 - 2 v/eeks*
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KESITLTS

1* Q200 Sephadex Gel Filtration.
Elution profiles of the proteins from extracts of normal 

and goitrous human thyroid glands are shown by the distribution 
curves in figa* l8 - 23# The polyacrylamide gel electrophoretic 
patterns of the gland extracts and the protein eluted in peak 1 
(of, fig. l8) are also shomi, In almost all cases, three protein 
peaks were eluted. Differences in the relative proportions of 

these peaks were related to the degree of contamtoation of the 
gland extracts with serum proteins. As can be seen from the 
elution profiles, one cycle through G200 Sephadex was not 

sufficient to remove all traces of haemoglobin^ as measured by OD 
at 4l4 mji from peak 1* However, in most oases this could be 
accomplished by recycling the proteto in pealc 1 although in some 
cases several cycles v/ere required to remove all detectable traces 
of the haemoglobin.
i) Normal Thyroid Gland (Case Ij fig. l8)

Pealc 3 contained predominantly haemoglobin and serum albumin, 

Peak 2 contained traces of proteins from peak land peak 3 and was 
not investigated further* Peak 1 contained protein with electro­
phoretic properties identical to purified sheep thyroglobulin.
The protein migrated as ttoree distinct bands (A, B and 0) as 
described by Spiro (1964), Component 0 can be attributed to 
dialysis/



I II
CVJ

III!
LU

CO

CO

CO

in

o
CO

oZ
Zo§
QH

a o
-PH ^

'H
«•

I o
t“i CO 3 QJ

n i M ta (0 ra60^ h m 
■o ’Ûg .

CÎ3 -H H  nd
l i f e4») r*l O 

p  to

4̂ g
a 8
O i j  ((-1

■g
K Sy , o

4 ° ‘̂ ®
to 0  ,̂ 4

Kf 8 g .
I is ra o
g B S 
i “ 
g §

% ®.
«.9

H *P p.)
9 8 ^tii
.p
s

s -’4 H



-77- '

dialysis and lyophilisation of tho protein prior to electrophoresis.
While it has been established that these procedures result in
dissociation of tho thyroidal iodoproteins| they were adopted as the
most convenient method of storage of both the gXan.d extracts and the

purified iodoprotein* Since all proteins were treated identically,
it was concluded that, bearing in mind the effect on the proteins,
this would not seriously affect the results obtained*
ii) Won-̂ toxic Goitre (cases 2 ^ 4, flR* 19)

131In case 2, the patient was given X preoperatively and, 
as shoxm, the label was eluted exclusively in peals 1:* In all 
oases the components of peak 1 corresponded to the normal- thyroidal 
iodoproteins*

ill) Congenital Goitre (cases 5 - 6, fig* 20)
131Both patients received I and, as above, this was confined 

to the protein fraction eluted an peak 1* Electrophoretically, 
the labelled protein corresponded to the normal components B and C* 
Component A was missing*
iv) Ihyroid Carcinoma (oases 7-8* fig* 21)

* 131Both patients received I and, as, before, the label was eluted 
only in peak 1. Protein bands corresponding to the normal iodo^ 
protein components were present in both cases although in case 7 
component C appeared as a faint narrow 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 carcinoma of the thyroid 
gland is not loxovaa although it is possible that it represents a 
serum protein contaminant#

1^1Both patients received I preoperatively# In both cases,
over 9̂ % of the label was eluted jjn peak 1; the remainder of the 
radioiodine was eluted with peaîi 3* By slicing the stained protein 
bands from the gel after electrophoresis of the gland extraot, the 

minor labelled component was found to migrate with serum albumin# 
Electrophoretically, the purified protein from pealt 1 corresponded 
to the normal components band C and there was a faint nm^row band 

with a mobility similar to component A# Component 0 appeared to 
have split into two discrete bands both of which wore labelled#
It was not possible to determine whether this was artifactual or 

an abnormality of the condition* A similar situation was encountered 

in section 1 in rata maintained on MIU for over 3 days, although in 
this case the faster migrating band was not labelled# Finally, 
both oases showed faintly stained bands in the region of the serum y 

globulins.
vi) Byahormonogenetic Goitres (cases 11 12, fig# 23)

131Both patients received ' I preoperatively# Xn addition to 
the normal labelled peak 1, 40 - of the total ^^^1 was eluted 

fractionally ahead of the haemoglobin peak. In case 11, 
electrophorosie/
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©lectropUoreiBis of ]?eak 1 shov/od the preaence of a a arrow band 

corresponding to component B and a heavily stained baud which 
migrated with sea?um albumin# Both bands were labelled. There 

were also two faintly stained imlabelled bands between the origin 
and component B# Due to the high degree of contamination of 
this extract with serum protein these bands are probabj^ derived 
from the latter# In case 12$ peak 1 comprised only one labelled 
Component corresponding to the normal component B* The second 

pealc Contained a labelled albumin-*like iodoprotein#

In general» G200 Sephadex gel filtration is a convenient 
method for the purification of large amounts of tliyroglobulin 
from human gland extracts and has the additional capacity to 
detect abnormalities in the thyroidal iodoproteins# In those 
oases where there is a high degree of contamination of the 
extracts with serum proteins o#g* tîiyroid carcinoma» Hashimoto*8 
thyroiditis, it is not possible to remove all the contaminating 

proteins particularly the serum jj globulins# However» it was, 
always possible, by careful selection of the fractions from 

pealc 1» to obtain a preparation of thyroglobulin which was 
essentially free from these contaminants#
2* Bucrose Gradient Hltraccntrifugation

The sedimentation properties of the iodoproteins from 

human goitrous glands were studied in 3 - 20% linear sucrose 

density/
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density gradients* The OD patterns at 280 mp of the gradients are 

shown in figs* 24 - 29# In cases I» 2, 6, 10 m.d 12 the protein 
applied to the gradient was obtained from peak 1 gel filtration 
profiles after dialysis and lyophilisation* In all others, the 

protein was obtained from the redissolvecl precipitate after ammonium 
sulphate precipitation of the gland extract*
i) Normal Thyroid Gland (case 1, fig* 24)

Three OD peaks were present corresponding to sedimentation 
constants 278, 195 and 128* The latter, in this case and cases 2,
6 and 12, was the result of dia].ysis and lyophilisation of the 
protein*
ii) Npn^tqxic Goitres (cases 2 *  4. figs* 24 ^ 25)

All three oases had components corresponding to 198 and 278 

iodoproteins. The 3 - 88 proteins in cases 3» 4 and also cases 
3, 7 - 10 are mainly serum proteins not complete3.y removed by the 
ammonium sulphate precipitation step*
ill) Congenital Goitre (cases 5 - 6* fig* .26)

Both cases contained a 198 iodoprotein peak only no heavier 

components wei'o apparent * This agrees with the failure to detect a 
slower migrating component (comp A) on electrophoresis of the purified 
proteins.
iv) Thyroid Carcinoma (cases 7 8 * fig* 27)

Both cases had the major 198 iodoprotein and a heavier iodoprotein 

corresponding to 26 278,
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v) Hashimoto^s HiyroicHtis (cases 9 *"10-. fir% 28)

In these G a s e s  the only 010 pealc in the reg:l.on of thyreoglobulin 
had a sedimentation constant corresponding to 20 20,ji)S# There were
no hea.vier components present#

vi) Dyohormonogenetic Goitre (Cases 11, 12. Fipu 29)
Case 11, the iodoprotein purified by ge3. filtration had no OB 

pealES in either the 193 or 273 regions of the gradient in spite of the 
fact that this protein had been eluted jn the exclusion volume from 0200 

3ephade2c# The onliy protein pealc present corresponded to a eediïjnentation 
constant of ̂  ^ 63* Ceisc 12, on the other hand, had 2 CD pe&lm; the 
major peak corresjponded to l8#53 and the minor peaîc to 123*

3* Iodide and Carbohydrate content of the Purified Xodoprotein

Samples of the iodoproteins purified by gel filtration were mialysod 
for hoxose, sialic acid and iodide# The results are chovm in table 6*
As expected, the iodide content of the iodoproteina vm?ied widely#
However, in general the values obtained for the iodoprotein from goitrous 
glsmde were lower than those for norma], human thyroglobul:?-n* Normal 

values for hexose end sialic acid contents were obtained in all cases 

except Hashimoto*B thyroditis and case 11# In. the former, liigher 
hexosG levels were consistently obtained while in the latter, both 
the liexose an.d eialic acid contents weire 30% lower than the values 
recorded for normal thyrog]..obulin#

4. DEA33 Cellulose Olu'omatom?aphy of Ilirlfied lodoproteins
The degree of heterogeneity of the iodoproteina from norma]. m%d 

goitrous/



Table 6 Iodide and carboîî ydirate conbentB of purified 
iodoproteins from human tliyroid glands

PBI 
iag 1 %  
per rag 
pro term

I Case Ho Clinical Condition

0.^6 1.6Hon Toxic Goitre

3*8

h,?.0.76 1.7

0.18Congenital Goitre 1*5
1.3

4.2

1.80.23
0.2810 1.9

11 0.30 1.9hÿ'shormonogene t ic 
Goitre 3.813



goitrous glands was studied by DEAB cellulose ohromatograpliy.

In figs* 30 - 34 the proteinst as measured by the OX) at 280 mp* 
eluted at each stop in the elution gradient is expressed as a 
per cent of the total OD at 280 mp eluted from the column* In 

cases 1*9» the iodoprotein purified by gel filtration was 
fractionated*
i) Normal Thyroid Gland (case 1, fig* 30)

Iodoprotein was eluted at each step in the gradient from 
0.20 •»* 2.0 M NaCX. While the highest per cent of the total protein 

was eluted at O.23 M NaOl the protein was fairly uniformly 
distributed between the early eluting steps (o*20 « 0.23 H NaCl) and 
the later olut3J:ig steps (0*3 2.0 M NaCl). Eleotrophoretically
the lodoproteins oluted at each stop v;ere identical.

ii) Non*#toxic Goitre (cases 2 ^ 4* fig# 31)
In each case» iodoprotein was e3.utod at the same steps in the

gradient as the normal although in. case 2 iodoprotein was also eluted
at 0.13 M NaOl* In cases 2 3» the highest per cent of the total
protein was eluted at 0.20 M compared to 2.0 M NaCl in case 4. 
Furthermore, in cases 3 and 4 the protein was faicly evenly 
distributed between the early and later eluting steps while, in case 2, 
over 8(% of the total protein was eluted in the early steps# 
FXoctrophoretiOally the lodoproteins fractions in each case were 
normal although in cases 2 and 4 the slower migrating component was 

absent/
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A. DEAE cellulose 
50 chromatography.
40
30
20

10

=1,EoCO 50CS)
(T3 40
Qb 30_j
? 20o1- 10

B. Polyacrylamide gel 
electrophoresis.

0 54 Case 2

0 45 0 85

2 03 3:1• • •

Case 3

4-2
3-3 3-8VI

Case 4
0-8440

30 0 44
0 6220 0-77

10

0-15 0 20 0 25 0 30
MOLARITY OF NaCl IN BUFFER

Fig. 31*
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abaent In the iodoprotein eluted at 0,13 M NaOl and 0^20 M HaCl 

respectively•
ill) Thyroid Carcinoma (cases 7 8* fig. 32)

In both casesI iodoprotein waa also confined to the steps in
the gradient between 0*20 and 2*0 M NaCl. However| the highest 
per cent of the total protein was eluted at 2.0 H NaCl with the 
result that 63 «• 70}̂ of the protein was present in the later 
©luting fractions. Fleotrophorotically the iodoprotein eluted at 

each of the steps was normal although in case 7# the slower migrating 
component was absent from the early eluting steps while 'm case 8 
this component was only present in the fraction eluted at 2.0 M NaCl.

iv) Hashimoto*s Ihyroiditia (cases 9 *■ 10, fig. 33)  .

In case 9t iodoprotein was confined to the same fractions as

the normal although in case 10 iodoprotein was eluted only at O.3O
and 2.0 M NaCl. In both cases the highest per cent of the protein 
was eluted at 2*0 M NaOl and, as a result, 76% of the total protein 
was eluted at the later stops in case 9 ond lOQ?̂  in case 10. 

lilectrophoretioally, all iodoprotein fractions contaijaed a protein 

component indistinguisheible from normal thyroglobulîm but the slower 

migrating component was confined to the later eluting steps in case 9 
£tnd to the fraction ©luted at 2*0 M NaCl iji case 10*
v) Jlyshormonogenetic Goitre (caaos 11 12. fig* ^4)

Since the gland extracts contained albumin - like lodoproteins

when/



A. DEAE cellulose
chromatography.

B. Polyacrylamide gel
electrophoresis.

0 89 Case 7601
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B. Polyacrylamide gel
electrophoresis.

A. DEAE cellulose
chromatography

Case 9
0 27

60

50

40

30

 ̂20 
o
s  10 0 12

0 20 0-25 0 30 2 0D

g
O 60

^  50

40
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20
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0 31
Case 10
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B. Polyacrylamide gel
electrophoresis.

DEAE cellulose
chromatography

Case 11

0 4750
40
30
20

10 Q 37 0-42
ro
Q

gOH
àP

60
50
40
30
20

10

Case 12

0 57

0 25

0 48
0 41

0 10 0 15 0 20 0 25 0-30 2 0 
MOLARirV OF NaCl IN BUFFER

0 15 0 20 0-25 0 30 2 0

3CÛ
20
g>1 (-_i
o(THZOV

Fig, 34 .OEAB cellulose chromatograpliy of the saljzie extracts 
of the thyroid glands 1320m cases 11 and 12 (of* legend figs#
30 * 33)



when fraotionated by gel filtration» the gland ê ctraots were also 
chromatographed on 'BFAE cellulose lîn an attempt to isolate these 

abnormal lodoproteins* .

In both oases» serum proteins and haemoglobin were eluted at 

steps 0*03 0*13 M NaOl* In case 11 at 0*20 H, where previously
thyroglobulin had been eluted» electrophoreticaZLly the proteins 
eluted corresponded to serum albumin and other unidentified proteins 

which were possibly other serum proteins* Similarly at 0.23 2*0

M NaOl the major protein eluted had an electrophoretic mobility 

similar to serum albumin* Fturthe.rmore, at 0*30 2*0 M NaGl other
min.or protein components wore eluted one of which migrated electi'o*- 
phorotioal3y like normal human thyroglobiilin* Sdnce serum albumin 
was elùtod» in this system» at 0.13 ^ 0*20 M NaCl» it seems unlikely 

that the albumin proteins eluted between 0*23 ^ 2,0 M NaCl represent 
true serum albumin* Furthermore» the P*B*I* value recorded for the 
protein eluted at 0.25 H NaCl is indicative of the iodinated structure 
of the protoDji,

In case 12» the fraction eluted at 0*20 M NaCl contained two 
protein components; one migrated as normal human thyroglobulin » the 
other as serum albumin * At o*23 ^ 0,30 M NaC].» 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 

distinct/



distinct bands ahead of serum albumin* The P*B*1* values recorded 
for the protein eluted between 0#23 **• 2*0 M NaOl Indicates the 
presence of lodoproteins in these fractions*

In figs* 33 **• 40» tracings of the original peptide maps for both 
native (fig* A) and BGM iodoprotein (fig* B) are shown#
i) Normal Thyroid Gland (case 1* fig* 33)

Fig * 3SA represents the peptide map obtain.ed from the tryptia 

digest of nâ tive thyr oglobulin* There were 29 distinct ninhydrin 
positive spots together with a large streali: of heavily stained material 
along the origin line of eleotrophoretic separation* The latter is 
presumably derived from large undigestible polypeptides* The peptides 
have been numbered as shoxm in fig* 38A for reference purposes since 

no attempt has yet been made to identify them further* Fig# 38B 
represents the peptide map obtained for the BOM iodoprotein* The 
number of peptides which were clearly discernible had increased to 60* 
Peptides clearly common to both patterns ax̂e marked* From the large 
increase in the number of peptides it is clear that reduction has 
exposed many additional sites to the trypsin which were previously 
masked,
ii) Non**toxic Goitre (cases 2 4* fig* 36)

In all cases» the peptide maps for the native and BOM lodoproteins

were/



Case 1. A. ©

>. c. ;
C ase 1. B.

o

Figs* 35  ̂ '̂!-0 Peptide fiagerpriate of the tryptia digeots of the 
purified lodoproteins from normal and abnormal thyroid glands.

Am peptide fingerprints of the tryptic digests of the 
native lodoproteins*

B, peptide fingerprints of the tryptic digests of the 
BGIÏ lodoproteins *
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viere imdiBtlngniGhable from the normal# ®ie position of the peptide 
spots in these and the other pattoams did not always correspond 
exactly to the position of similar spots in the normal pattern# 
However, this is bxi error inherent in the method since, even in 
dnplicate chromatograms, differences in the relative position of the 
same spots occurred# nevertheless, groups of peptides clearly 
similar to those obtained in figs# 3BA and B were found 3ja each case#
iii) Congenital Goitre (cases 5 « 6# fig# 37)

Both peptide maps of the native lodoproteins were similar 
although they differed in many respects from the normal pattern i 

There were only 11 clearly defined peptides present§ the normal 
peptides A, B and groups 0 and G together with 2 additional 

peptides C6 and 07 in group 0# Peptides cerresponding to groups 

F, Bh 3 and 1(4 were alec discernible although it was difficult 
to identify them due to the iyxdistinotiveness of the ninhydrjji 
colour. The difficulty in distinguishing these latter peptides 
suggested that possibly the other missing peptides were also 

present in. too small quantities to be clearly identified# This 
was substantiated by the results obtained for the BOM lodoproteins 
(fig* B). The number of peptides had increased to 38 - 4o and 
those corresponding to the 9 groups present ûn the pattern for 
normal thyr oglobulin were clearly visible. Furthermore, the 
additional peptides corresponded closely to peptides present in 

the/
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the normal BOM iodoprotein fingerprint. Nevertheless, there were

several peptides which were clearly missing? 3 peptides between 
groups B and peptides 03 ** 5* 9 peptides between peptide A and the 
origin and the group wliich migrated aiiead of peptide G-1.
Therefore, the peptides which were missing from the pattern for 
native lodoproteins were released by trypsin only after reduction of 
the protein and a large number of peptides were missing from the 
pattern for the 8GM proteins.
iv) Thyroid Carcinoma (cases 7 8# fig. 38)

The peptide maps for both the native and BOM lodoproteins 
resembled closely these obtained for' normal tîiyroglobulin.
However, as in cases 3 6, there were two additional faint peptides

corresponding to 66 ** ?•

v) Hashimotô*s Thyroiditis (cases 9 - 10. fig. 39)
those obtained in cases 5 -** 6 than the normal pattern although in
case 10 there was an additional pê rkide 68 in group G# No peptides

corresponding to groups F, H or K were visible* In case 9, the
lodoproteins had been labelled 'in vivo' with ^^^1 and the dotted

131broken linos in fig. 39A represents the positions of the I«labelled 

peptides. There were 9 labelled peptides together with, streaked 
areas of dense radioactivity arovmd the origin# 8 of the labelled 
peptides were confined to group 0 and it is interesting that none of 

them/
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them coincided exactly with the ninfiydrin stained areas* Movement 
of the x*-ray film relative to the oliromatogram was ruled out as a 
reason for this lack of coincidence since the paper and negative 
were rigidly held by staples placed at each corner*

After reduction of the iodoprotê jas, the peptide maps for the 
80M proteans were indistinguishable from the pattern for normal «SGM 
thyroglobulin *
vi) Pyshormonor̂ enetic Goitre (cases 11 12# fig# 4o)

The native iodoprotein from case 11 produced a peptide pattern 
indistinguishable from that of case 10# Heduction of the protein* 
however * did not produce the normal pattern for SCM thyroglobuliln#
The pattern more closely resembled that of the normcfl. pattern for 

native thyroglobulin with B? distinct peptides*

In case 12, the peptide pattern for the native protein was 
identical to that described for cases 5 6 although there were no
detectable peptides corresponding to groups F* H or K. Reduction 
of the protein* however * produced a pattern which closely resembled 
that for normal SOM thyroglobulin#

6# Peptide Finger?jrints of Iodoprotein fractions separated by DFAF 
cellulose chromatography
The iodoprotein fractions separated by stepwise gradient elution 

from DBA13 cel3.ulose columns were incubated with trypsin and the 
resulting/
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resulting limit digests analysed by the peptide mapping teclmique#
The tracings of the original peptide maps are shomi in figs* 4l «• 45*
i) Normal Tlwroid Gland (case 1, fig* 4].)

The peptide maps for all iodoprotein fractions eluted between 
0*20 H 2*0 M NaOl wore essentially similar. Furthermore, there 
were no detectable differences between these patterns and the pattern 
for the imfraotionated thyroglobtU.in shown in fig* 4lA*
ii) Non«vtoxic Goitre (case 3, fig* 42)

The results wore similar to those described zîai case 1* 

ili) Thyroid Carcinoma (case 7* fig* 43)
In the fraction eluted at 0*20 ¥i NaOl* thei-e Mere only 11 

clearly defined peptides the peptide pattern obtained* These 
peptides corresponded to the normal peptides A, B and groups C m%d 
G* Ẑ aintly stained peptides corresponding to peptides C6 and 07 
were also present * A similar pattern was also obtained for the 
fraction eluted at 0*25 M NaCl although faiaitly stained peptides 
corresponding td the peptides in groups .F, II and K were also 
present* The inability to detect peptides in groups J) and E and 
the indistinctiveness of those present in groups F, II and IC was 
unexpected since the pattern for the unfractionated protein was 
normal* However, the peptide patterns for the remaining iodo« 
protein fractions eluted at 0*50 M and 2*0 M NaCl were identical 

to/
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to that for normal native tlî roglobulin ^ peptidea C6 and 7 
were not discernible*
v) Hashimoto's Thyroiditis (case 9* fig« 44)

The iodoprotein fractions elated at each of the steps between
0.20 M and 2.0 M NaCl produced Indistinguishable peptide patterns 
which were identical to that obtained for the unfractionatecl 
iodoprotein*

vi) %Bhormonogenetic Goitre (cases 11 12, fig* 45)
In case 11$ those iodoprotein fractions eluted between 0*25 «« 

2*0 M NaCl were analysed* The iodoprotein eluted at 0*25 which 
behaved eloetrophoretically like serum albumin^ produced a peptide 
map vjith 1? distinct peptides* These included the peptides A, B 

and group G together with the additional peptides C6 •» 8*

The x»emain:lng peptides were in a group which migrated 
electrophoretioally ahead of group C» They have been labelled 
HI 8 for reference purposes. By comparing the positions of 

those peptides in the pattern for normal thyroglobulin it is 
tentatively suggested that peptides N4$ 5 end ? correspond to HI, 2 
and 4s N8 to K2 and NX and 6 to F2 and 3* This comparison is, 
however$ purely superficial since identities camiot be equivocably 

established without more detailed chemiĉ O- ema3.ysis. An interesting 

feature, however, is the absence of peptides G1 and 2 since this io 

the/
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the only instance where these peptides were missing from the 
fingerprint. A similar pattern was obtained, for the iodo"- 
proteiit fraction eluted at 0*30 M NaCl although peptides N1 
and 8 were missing. The fraction eluted at 2*0 M NaCl 

produced a pattern which contained peptides corresponding 
to those found in the fraction eluted at 0*30 M NaCl*

HoweverI in addition, the peptides 01 and 2 were now present, 
In case 12, the protein fractions eluted at 0.23 M * 

2*0 H NaCl were also analysed* Tiie peptide maps for all 

three fractions were similar end indistinguishable from that 

described in the case of the native unfractionated protein*



Discussion

1. General Properties of the Xodoprotelne in established
Human Goitres

The purified iodoproteins from non^toxic goitres and the 
thyroid carcinomas studied were, in general, indistinguishable 

from normal human, tliyroglobulin in electrophoretic properties, 
sedimentation constants and carbohydrate contents* oince the 

only significant difference was the total iodine content of the 
proteins, this clearly indicates that reduction of the iodlnation 
levels of iodoproteins to those recorded for these iodoproteins 

has no effect on these properties of the iodo%)roteins* Further*̂  
more^ in cases 3# 6 and 12 where the iodine content of the iodo* 
proteins were even lower, the major iodoprotein had the same 
pîiysicô chemiGal properties as normal human 19G tliyroglobulin* 
However, an these latter cases and cases 9 10, no component
corresponding to 2?8 iodoprotein was present* It has been 
suggested that, in view of the higher level of iodlnation of the 
278 iodoprotein, this component provides a. large proportion of 
tl'iyroxine content of the gland and represents a hormone store

(Bobbins, Ŝ ilvatore, Vecchio and Hi, 1966)* In section 1
%IWeucine incorporation studies into rat thyroidal protein.s 
during goitrogenesis suggested that, in the absence of iodiaiation, 
a precursor of the 278 iodoprotein with sedimentation constant of 
24/



24 298 was synthesised. It is possible that aha those glands
where the iodine content of the existing protein is 3,ow (0.l6 *-»

1?*70*32 pg X per mg), synthesis of a 2?8 protein precursor 
continues but due to a lesion in the iodine metabolism of the 

gland, e.g# iodide organification, iodide conservation or iodide 
transport, iodlnation of this precursor to a level which affords 
a degree of stability to the molecule does not occur. Further- 
more, since the turnover of the 2?S iodoprotein is considerably 
slower than, the 198 protein, under the above conditions, the 

available iodine would be mainly channelled into the 198 component* 
In oases 9 10, Hashimoto’s thyroiditis, the major iodo*

protoin component resembled normal thyroglobulin electrophox*etically 
but sedimented in sucrose gradient centrifugation ae a 20 - 218 
component* While a similar iodoprotein was encountered in the rat 
thyroid after 8 * 10 days (cf section l) on MTÏÏ, it is unlikely, in 
view of the low iodine contents of these iodoproteins (0*23 - 0*28

1 prj
pg "I per mg), that these are the older more highly iodlnated 
molecules* Since a higher hexose value than normal was recorded 
for these proteins it is-quite possible that the higher sedi­

mentation constant is related to this* An abnormal carbohydrate 
moiety 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 material 
from these glands prevented a more detailed analysis of the 
carbohydrate moieties of the iodoproteins•

Gases11 and 12 were similar in that both gland extracts 
contained iodo a3*bumins in addition to a larger iodoprotein 
eluted in the exclusion volume from 0200 Sephadex* However, 
while this latter protein, in case 12, resembled the normal 198 
iodoprotein in its properties the same protertn from case 11 
differed in many respects* It was high3,y unstable to the 
isolation techniques used, being completely broken dovm to 
smaller units, and contained on3y 0̂}é of the normal hexose and 
sialic acid content. Fdelhoch (1969) and lissitslty, ïîolland 
and Bergot (I969) showed that 198 thyroglobulin is an aggregate 
of 2 dissimilar 6s subunits and it is interesting that the 
sedimentation constant of the dissociated protein in case 11 

was approximately 6S. However, since reductim of disulphide 
linkages in the 198 iodoprotein was necessary to produce these 
subunits, the ease of dissociation of this iodoprotein suggests 
that its subunits are held together by non-covalent linkages only, 
Therefore, at this level of investigation, there would eippear to 
be no real Identity between this iodoprotein and normal human 
tl'iyroglobulin •
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2. DEAF Cellulose Chromâtô yranhy of the Purified Iodoproteins
Tiiyroglobulin exists as a whole spectrum of molecules differing 

only in their level of iodlnation* This confers on the molecules a 
heterogeneity wliich can be assessed by ion-exoiumgo chromatography on 
DKAJ5 cellulose. This capacity can be related to the dilodotyrosine 
and, to a lesser extent, the thyroxine contents of the molecules: 
the higher the diiodotyrosine level the more strongly the molecule is 
retained by the DSAB cellulose* In this study, the degrees of 
heterogeneity of the iodoproteins from established human goitres 
were studied.

In general, the iodoproteins from normal goitrous glands were 
eluted between the same limits of the apx̂ lied gradient.

In case 2, however, iodoprotein was also eluted at a lower 
ionic strength and over 8c^ of the total protein was coniiaied to the 

early eluting steps. In cas0^3 ^ 4, on the other hand, the iodo­
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 glmid* Assuming that the diiodo­
tyrosine content of the molecules is the major contributing factor 

in this reaction, this would imply that in cases 3 4, on average,
the diiodotyrosine distribution among the molecules closely resembles 
that of the normal gland, whereas in case 2 there is, on average, a 

higher/
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higher proportion of monoiodotyroB'ine than diiodotyrosino aîîiong the 
mo3,eoules compared to the normal. In cases of Hashimoto’s 
thyroiditis and thyroid omrcinoma, on the other hmid, the general 
feature v;as that over of th.e total protein v/as eluted in the 
later eluting steps. If the above reasoning v/as applied in this 
case, it wou].d imply on average that there was a highea? proportion 
of diiodotyrosine residues in these iodoproteins than in the iodo- 
proteins from the normeil gland. however, comparing the iodine contents 
of the proteins in the later eluting fractions with those obtained 

for the Bcjne fractions from the normal gland (cf Figs. 30, 32 and 33), 
there is a wide divergence of values, A possible oxx>lanation is 
th£it sterio factors are involved. Since only groups on the surface 
of the protein will be available for interaction with the charged 
grou%js on the cellulose, it is possible that even at lov; levels of 

iodjme aimilfir diiodotyrosine concentrations can occur at the 
surface of the molecule to that present :ln the more higlily 
iodlnated molecules - the differences in iodine content between 
the proteins being accounted for by iodotyrosines buried in the 
molecule and unavailable for interdiction with, the cellulose* In 

general, however, the results indicate that in oases of thŷ roid 
carcinoma and Hashimotois thyroiditis the iodoprotein is more 
liomogenous than normal while In non-toxic goitre the degreo of 
het erogeneity/
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heterogeneity resembles that fomid in the normal glaîicT*

3 • Peptide Fjrigerprints of Iodoproteins iii llstablished Humcgg
Goitres arid Normal Thyroid Gland

In recent years some viorkors have applied the technique of 
peptide fingerprinting to the study of the })rimary structure of 
tl'iyroglobulin. Spiro (1964) produced peptide maps of salt 
fractionated sheep thyroglobulin in which she detected 29 - 30 
different peptides# This is very similar to the results 
obtained in this study for the fingerprint of normal human 
thyroglobulin. Furthermore, allowing for differences in the 
teoîmlques, there is a definite similarity in the grouping of the 
peptides between the fingerprints of native sheep and human 
thyroglobulin. LissitsJ^, Holland and Bergot (1963) performed 
similar experiments with 8GM sheep thyroglobu3.in. However, there
is a large discrepancy in the number of peptides reported for the 

sheep thyroglobulii and that found in the present study for 80M 

human tliyroglobulin. Binoe bissitsky et al did not reproduce 
their peptide fingerprints, the discrepancy oaiuiot be further 
elucidated. However, it could be related to tJae better 
resolution afforded by high volt«age electrophoresis techniques 
as opposed to the low voltage method employed in this study.

In the present investigation, the peptide fingerprinting 
technique/
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teclmique was applied to compare the prximrry structures of the 
Iodoproteins from normal mad goitrous thyroid glands, Tlie 
similarity in the pattern of the peptides for both the native 
and SGM iodoproteins from non-toxic goitres, thyroid carcinomas 
and the normal gland suggest that these proteins have identical 
primary structures. However, the fingerprints of the native 
iodoproteins from the other cases studied deviated to a 
significant degree from the normal pattern. This was due to 
the absence of peptides in the groups D, F, F,,H, and K an,d the 
presence of additional peptides in group 0, It is interesting 

that the presence of the former groups of peptides coincide with 

those iodoprotein preparations contaiin̂ jig significant amounts of 
278 iodoprotein# Ittrther evidence of this was obtained from the 
fingerprints of the iodoprotein; fractions eluted from DEAF 
cellulose in case 7# The early eluting fractions had no 
detectable 278 iodoprotein and the corresponding peptide finger­
prints lacked these particular peptides* Any explanation, 
however, must also take into accoimt that, on reduction and 
alkylation of the iodoprotein preparations lacking the B?B 
component, the resulting peptide fzlngerprints were similar to 
that for the normal 8CM iodoprotein which contained the 278 
component* Since trypsin can release the same peptides from 
reduced 19S iodoprotein as a reduced iodoprotein preparation 
containing/
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contâ Jiing both I98 and 278 components, this v?onld suggest that 
both these iodoproteins are composed of submilts with identical 

%)rimary structures* However, since fewer peptides are released 
from native 198 iodoprotein than from the native protein 
preparation containing both components this would suggest that in 
278 iodoproteiîai certain peptide bonds are available to the trypsin 
which are protected in the 198 protein due, presumably, to steric 
factors* Vecchio, Kdelhooh, Bobbins and Weathers (1966) showed 
that, while reduction of disulphide bonds in the 198 iodoprotein 

was essential to the release of a subunit with sedimentation 
constant 68, a similar subunit could be released from 278 iodo« 
protein under conditions which ruptured non^covalent bonds only*
It follows, therefore, that during enzymic digestion of iodo­
protein preparations containing 278 iodoprotein, certain sites in 
the 68 subunit could be exposed to trypsin which would not be 

available in the 198 protein v;ithout reduction and aDi^lation*

I'lir therm ore, in the peptide maps of the native icdoproteiis 
which contained the peptide groups D, S, F, H and K, the 
Intensity of the nlnhydrin stained spots in these groups was 
much less than that in peptides A, B groups C and G* Subsequent 
reduction, however, greatly increased the intensity of the co3-our 

in those regions* Such a situation would occur if these peptides 

were/
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were derived from exposure to the trypsin of additional sites 
of action by dissociation of the 278 iodoprotein as described 
above and if similar sites of action were exposed in the I98 
iodoprotein components on reduction and alkylation*

ihe appearance of the additional peptides in. group G in 
cases 9f 6 and 9  ̂12 are difficult to explsiln since no 
attempt has been made to identify the chemical nature of the 
peptides released by trypsin# However, the possibi3.ity that 
they are the result of endogenous exopeptidase activity is 
unlikely since they are also present in the peptide maps of 
the 8CM iodoproteins and the conditions of reduction and 
alkylation would have inactivated any proteo3.ytic enzymes in 
the preparations # A possible explanation is that proposed by 
Alexander (I968) to explain a similar situation encountered in 
the peptide maps of rat thyroglobulin. In thyroglobulin 
preparations there could exist a heterogeneity with regard to 
the iodlnation of different tyrosyl sites or to the extent of 
iodlnation of the same tyrosyl site. In case 9, the auto­
radiograph of the fingerprmt indicated the presence of iodo- 
peptide spots overlapping the ninliydrin colour of peptides C6 
and 07* If one assumes that a pa3?ticulor tyrosine residue in 
the iodoprotein can be either non-iodinated, mono-iodinated or 
diiodinat ed/
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dliodinated, then in case 9 the peptides C6 - 7 could represent 
the non-iodinated form of the peptide and the spot on the 

autoradiograph could represent the monoiodinated derivative*
Ihis could explain the lack of coincidence of the ninhydriii and 
radioactive spots# If under normal conditions these particular 

tyrosyl sites ai’O generally readily iodlnated to the diiodo- 
tyrosyl level then it is possible that the omission of these 

peptides from the normal pattern could be due to this alone or the 

fact that these iodotyrosyl residues could be involved in the 
iodotyrosyl coupling reactions 3,eading to thyroxin.e formation*
In either instmice it is not inconceivable that the position of 
the particulai:* peptide in the fingerprint would be altered*
Further proof that a heterogeneity of tyrosyl residues with 
respect to iodlnation could be the reason for the variability 
in the presence of these peptides is that, although they were 

not detected in the fingerprint of tho native iodoprotein in case 7, 
they were present the fingerprints of the fractions of this 

iodoprotein which were eluted from DEAB cellulose at the lower 
ionic strengths*

In cases g and 6, although the fingerprint of the SGM iodo­
protein closely resembled that of the normal 8GM protein, at least 
20 peptides were missing# The overall similarity of the physical 

and/



—102—

and chemical properties of this iodoprotein and the normal 
iodoprotein does not suggest the existence of an abnormality 
in the primary structure of tho protein expected by the 
omission of 20 peptides* Since the iodine contents of these 
proteins are very 3*ov/ compared to the other iodoprotein 
studies I it seems reasonable that these differences might also 
be related to the heterogeneity of the tyrosyl residues with 
regard to iodrlnation*

Oases 11 and 12 aX'O discussed separate3,y because, as 
mentioned earlier, both gland extracts contained iodoproteins 
which migrated olectrophoretically like serum albumims * In 
case 11, the results of the peptide fingerprints of the iodo- 
proteins are best discussed in relation to the other properties 

of the iodoproteins5 1* The ease of dissociation of the iodo­

protein eluted in the exclusion vo].ume from Sophadex to subunits 
which behaved electrophorotically like serum albumii and had a 

sedimentation constant of 6S* 2* The low hexose and sialic
acid content of this iodoprotein* 3* Tho similarity between
the fingerprints and the 8GM iodoprotein and that of nsitive normal 
thyroglobulin* 4* The elution of iodoproteins, which resembled 

serum albumin electrophoretically, from DFAB cellulose between 

0#29 M - 2*0 M NaCl* 3* The general similarity between the 
peptide fingerprints of those iodoprotoins and tho native iodo- 

urotein/
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indoprotein and the omioBion of the groupGr peptides from the 

fingerprints of the fractions eluted between 0»23 M - 0*30 H 

KaiCl* It 1g difficult to f:lnd a single ex%)lanation which 

covers all the eibnormalities encountered in the iodoproteins 
from this gland* However, the results of peptide finger­
printing does suggest that there is a structural relationship 
between these iodoproteins and normal thyroglobulin^ The 
studies of Kdelhoch (1963) which provided evidence that 
thyroglobulin consists of 2 dissimilar 68 subunits and tîiat 
reduction of the protein is essential to release these 
components could provide a possible explanation, If it is 
postulated that in this gland one of the 68 subunits is 
structurally abnormal then the iodoprotein isolated from gel 
filtration could re%)resent an artifactual aggregation of the 
normal subunits. If disulphide linlcages ojr-e normally only 
formed between dissimilar 68 subunits, an abnormality in one 

of the Bubmiits could prevent tM.s occurring and result in 
the case of dissociation of the iodoprotein. purified by gel 
filtration,; The absence of the other subim.it the aggregate could 
explain the low carbohydrate content mid the absence of over 30 

peptides from the peptide pattern of the 8CH iodoprotein# The 
fact that the group G peptides were present in all peptide finger­

prints except those of the iodo albumins eluted between 0*23 M - 
0,30 M NaCl from DFAE cellulose suggest that these fractions might 
be the abnormal subunit* The iodlnation of subunits is not 
unknown/
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\3jiknomi since Salvatore, Salvatore and Koche (196?) demonstrated 
the iodlnation of a 38 atibimlt in the lamprey* They postulated 

that under conditions where there is a slow rate of polymerisation 
of the subunits iodlnation of the auhunit could occur*

In case 3.2, while two iodoproteins wore also olutod from 
G-200 Sephadex, the iodoprotein eluted iai the void volunje was 

stable and resembled normal 198 thyroglobulin in electrophoretic 

properties, sedimentation constant and carbohydrate content* 
f̂urthermore, the peptide fingerprint of the SGM iodoprotein 

suggested that this iodoprotein had the smie primary structure 

as normal 198 thyroglobulin* Therefore it would appeal* that, 
in this case, a normal thyroglobulin. molecule is synthesised* 
However, by hliiS cellulose chromatography of the gland extract, 
in addition to the normal thyroglobulin, iodoproteins with 
electrophoretic mobilities similar to serum albumin mid pre­

albumin were olu tod* By sucrose density gradient centri­

fugation, the iodo a3,bumin and the iodo pre-albumin had 

sedimentation constants in the rage 3 - 68 and 3 - 4,8 
respectively* Since the peptide fingerprûnts of these iodo- 
proteins closely resembled those of the native thyroglobulin of 
the gland, a structural relationship would seem to exist between 

these iodoproteins # A possible explanation is that they are 

iodlnated subunits of a normal thyroglobulin which was 
particulairly/
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paz'ticiilarly labile under the conditions of Isolation* However, 

it has boon established that submit aggregation occurs inmediatoly 
aft03:' prote.m syithesis during thyroglobulii% formation and that 
reduction of disulphlde limkages is ossentleJ. to release tho 68 
subunits. Furthermore, the existence of what apperu?s to be a 

normal thyroglobulii species in the gland and the lodxjie contents 
of tVris protein and the iodo albumin suggests that the normal 
mechanisms which are considered to confer stability to tho iodo- 
%)roteins are potentially available in the gland* The alternative 
is that th,Q subunits per s g  are iodlnated* This then raises the 

question why some subunits should aggregate to form normal thyro­
globulin while others do not* If, however, as explained foa:* 
case 11, there are 2 dissimilar 6.3 subunits involved in the 
thy:roglobu3.:ln fo:nmation, it is possible that normally there exists 
a balanced synthesis of both subunits and that this balance is 

maintained by some mechanism of protein synthesis control* It is 

not inconeeivable that, i:f this were the case, a 3.eslon in the 
control mechanism could result in either an increased or a decreased 
synthesis of one of the subunits compared to the normal* This 
would result in the excessive synthesis of one of the subunits and 
lead to its accumulât:lon siioe the aggregation of the subunits to 
form thyroglobulin would then be limited by the rate of synthesis 
of/
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of tho other submit* This subimit could then be iodlnated and result 
in the formation of the iodo albumins* The iodo pre-albumin could 
theji be formed by the dissociation of the more highly iodlnated 6S 
subunits under the conditions of isolation*
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SÜWÎAEÏ
1# Iodoproteins were purified from the thyroid glands of
12 patients presented with established goitres*
2* In 8 of the cases, the iodoproteins were indistinguishable
from normal thyroglobulin in electrophoretic properties, 

sedimentation constants and carbohydrate contents although the 
iodine content of the proteins was, in genera]., lower than that 
recorded for normal thyroglobulin. In two cases of Hashimoto*s 
thyroiditis, the hexose content of the iodoprotein was elevated 
and the sedimentation constant was In the range 20 - 218.
3# The heterogeneity of the purified iodoproteins in 10 of the
cases was examined by DEAE cellulose cliromaography. In non-toxic 
goitre the heterogeneity of the iodoproteins resembled that of 
normal thyroglobulin whereas in thyroid carcinoma and Hasliimoto’s 
thyroiditis the iodoproteins were considerably more homogeneous. 
4. Peptide fingerprints of the native mid 8CM iodoproteins
showed that in all cases the iodoproteins had similar primary 

structures as the normal thyroglobulin prepmration. The 
differences which were encoimtered in the fingerprints of the 

iodoproteins in 7 cases could be attributed to the absence of 
tho 278 iodoprotein in these glands and to the existence of a 

heterogeneity of the tyrosyl residues with regard to the extent 

of iodlnation.

3./
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3* In two cases abnormalities were detected in the iodoproteins 
isolated* In one case, in addition to a normal thyroglobulin, an 
iodlnated albumiLn end pre-albumin were isolated. However, a 
structural similarity between those iodoproteins and normal 
thyroglobulin was revealed by peptide f:uigerxrr:Lnting and it is 
suggested that they represent iodlnated subunits of normal 
thyroglobulin* In the other case, a high molecular weight iodo- 
protein was isolated which, although related to normal thyroglobulin, 
had only half the normal carbohydrate content and readily dissociated 
under conditions of isolation to smaller subunits* An iodo albumin 
was also isolated from this gland which px*oduced a peptide finger­

print signifleantly different from normal tliyroglobulin. It is 
suggested that in this gland on abnormal subunit is synthesised 
which prevents normal aggregation, and stabilisation mechanisms 

occurring.
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