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CHAPTER 1 

INTRODUCTION

In all vertebrates the thyroid gland. Is one of the important 
endocrine organs. Like all endocrine organs it has the function 
of synthesising within itself active substances which it releases 
as required into the blood stream to act at distant sites. In 
the case of the thyroid these active hormonal substances formed 

may be divided into two groups. Firstly, there are the 'Wo 
important hormones, thyroxine (T̂ ) and triiodothyronine (f̂ ) which 
act to regulate the general metabolic state of the body. The 
second type of hormone formed in the thyroid is the recently 

discovered calciumA-lowering hormone, calcitonin.

On loold.ng at a section of thyroid tissue, for instance the 
rat thyroid as shown in Fig* 1, it will be seen that the thyroid 
gland is made up in the resting state of approximately circular 
rings of cellular material, the spaces within the circle of cells 

being filled by an amorphous protein material, the colloid.
Serial sections reveal tlmt the cells surrounding the colloid form 
spheres which are referred to as follicles* The amount of colloid 
present and the height of the epithelial cells of the tliyroid 
follicles is determined by the state of activity of the thyroid 
gland. The normal vertebrate thyroid gland is rather unusual 
amongst the endocrine organs in having in its substance a much 
larger supply of its secretion product, T, and T̂ , than exists in
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other endoorin© organs mmh as the adrenal which has only a small 
supply of preformed cortisol present,

The normal thyroid gland is not autonomous hut functions 
physiologically under the control of the pituitary which releases 
from certain cells of the anterior pituitary a glycoprotein hormone, 
thyroid stimulating hormone (TBH), which is secreted in response to a 
falling blood level of and to stimulate the thyroid to greater 
activity (Fig# 2), The pituitaiy itself is likewise under control 
of the hypothalamus by means of the recently described tripeptide 
hormone, thyrotrophin releasing hormone (TBH), One must also bear 
in mind that the hypothalamus appears to be under a similar negative 
feedback control from the thyroid gland by mean© of falling levels 
of the thyroid hormones. It is also under a regulatory effect from 
the higher centres in the cortex. The exact nature of this 
controlling meohsmism has not yet been defined clearly.

When stimulation of the thyroid gland by the TRH and TSH 
mechanisms comes into play the resting thyroid gland responds by an
additional release of its preformed hormone from the colloid. The
epithelial cells are stimulated to hypertrophy which they do by 
changing from a flattened cuboidal epithelium to a rather tall 
columnar epithelium and therefore in the stimulated gland the ratio 
of colloid to cell as seen on histological section is greatly 
diminished.

Apart from the follicular epithelial cells, there is another 
variety of cells to be found in the thyroid especially in certain
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species such as the bat* These can be shown by special stains to 
belong to a different class of cell from the thyroid follicular 
cells and have been called the parafollicular cells, cells or 
light cells, and are currently believed to be the source of the 
calcium-lowering hormone, calcitonin, alluded to above* The effects 
of this calcium-lowering hormone are not pertinent to the present 
work and are not discussed further*

More detailed microscopic study of the thyroid epithelial cell 
has shown it to have a rather unusual structure. It rests on a 

basement membrane which places it in very close juxta-position to 
the capillary networks around the follicles. The apical end of the 
cell, that is the part which points towards the central colloid, has 
an irregular border which appears on eleqtronraicroscopy to be composed 
of microvilli* These structures are believed to play an important 
role both in the secretion of the thyroid hormones into the follicular 
colloid and also in resorption of the colloid from the follicle* 
prominent vesicles can be seen within the cell cytoplasm which are 
thought to represent resorption particles of thyroglohulin* The 
thyroid cell has a large nucleus usually situated in a basal position* 

Ttie cell is well supplied with the subcellular particles associated 
with an active synthetic and secretory cell, namely a rough endo- 
plastic reticulum, mitochondria and a prominent Golgi apparatus*

Since the advent of radioactive isotopes of iodine coupled to 
chromatographic, electrophoretic and ultracentrifugal techniques for 

examining the thyroid gland we have gained a great deal of insist



into the mechanism of the formation of the thyroid hormones* These 
studies have been greatly helped by the use of such modern techniques 
to study families who have congenital defects in biosynthesis of the 
thyroid hormones and by the advent of various antithyroid drugs 
which block different steps in the biosynthetic pathway. The broad 

steps involved in the process of synthesis of and are outlined 
below but it should be remembered that we have by no means a final 
idea of the intimate details of the processes involved* The accepted 
main steps consist of;

(a) The trapping of iodine by the thyroid from the capillary blood* 
This step is blocked by perchlorate and thiocyanate ions*

(b) The conversion of the trapped iodide to some as yet undefined 
form of iodine probably by some form of oxidative process 

mediated by the peroxidase enaynies present in the tliyroid 
gland*

(c) The incorporation of this changed iodine into tyrosine residues* 
Where one iodine atom per tyrosine residue is added the substance 
monoiodotyrosine (MIT) is formed and where two iodine residues 
per tyrosine molecule are added the substance diiodotyrosine 

(DIT) is formed* This step is blocked by many drugs including 
the thiouracil series and the thiocarbamide drugs such as 
carbimazole.

(d) The coming together of these iodinated tyrosine residues to 
form T^ and T̂ « The latter theoretically could be derived 

either from the joining together of one DIT and MIT molecule



or conceivably from two DIT molecules joining with the loss of 
one iodine atom.

Step a, the trapping of iodine, would seem clearly to be an 
aspect of thyroid cellular function as is step b, the oxidisation 
of iodide probably by some thyroid peroxidase system to give an 
•active form* of iodine*. The weight of evidence however, which will 
be discussed later, is that step c and d, the iodination of tyrosine 
and the formation of T^ and T̂  ̂take place not within the cell but 
within the intraluminal colloid probably just at the cell colloid 

interface* It is not at present considered that free tyrosine 

molecules are iodinated to give MIT and DIT but it is thought that 
the tyrosine residues which are iodinated are those already present 
on preformed, newly synthesised non-iodinated thyroglohulin chains.
(e) Because of this it must be considered that the synthesis of 

the protein backbone of thyroglohulin is one of the important 

steps in the formation of T^ and T̂ *
(f) When the hormones T^ and T^ are required to exert their 

metabolic effect they must be first split off from the thyro- 
globulin cliains and released into the plasma* It would seem 

likely therefore that there is a proteolytic step involved at 
this point and indeed thyroid proteases have been described*

(g) If there is excess formation of MIT and DIT these iodinated 
tyrosines are not lost to the thyroid when the thyroglohulin 
is broken down but it is believed that a dehalogenase or 

deiodinas© enzyme system in the thyroid splits the iodine off



the tyrosine residue and that this iodine which is released is 

then recycled within the thyroid and is available for further 
hormone synthesis. There is however a certain amount of 
information which would seem to indicate that this iodide 

released from iodotyroein© breakdown is not handled by the 
thyroid cell in quite the same wey as the iodine newly acquired 
from the plasma. It appears to enter a different compartment 
of the cell than newly trapped iodide and unlike the latter 
iodide is not readily dischargeable from the thyroid by 
substances like perchlorate or thiocyanate*

Tlyroglobulin which is the main soluble protein of the thyroid 

gland accounting for over three quarters of all the soluble proteins 
in the resting gland is a very complex iodinated glycoprotein. In 
recent years a great deal of interest has been paid to the synthesis 
of this important substance. As its name indicates, it is a protein 

with a significant sugar component which has iodine incorporated into 
it. The following two chapters will deal respectively with a review 
of the Imov/ledge of the chemistry of this protein and with its 

biosynthetic pathways.
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cHEM ism  OF mmoGLOBimiH

The chemical studies on the nature of thyroglohulin have approached 
the problem in two main ways* Firstly, detailed studies have been 
made, especially by Bdelhooh^s group, of various factors affecting 
the controlled breakdown of this large protein molecule and, secondly, 
other studies have been done on the non«̂ nsyraatic synthesis of thyro- 
globulin in vitro.
Protein structure of thyroglohulin

One of the reasons why a study of the breakdown of thyroglohulin 
has been rewarding is that it does enable more detailed study of this 
very large complex protein to be undertaken. There is general 
agreement that the molecular weight of thyroglohulin as estimated by 
ultracentrifugation, light scattering or diffusion techniques, is of 
the order of 660,000 670,000 (Bdelhoch, I960). When studied in
the ultracentrifuge, thyroglohulin from a normal gland gives a 
sedimentation constant of 198# In addition, however, in almost all 
vertebrate thyroids studied, small amounts of other proteins are 
present amongst soluble thyroid proteins. These include proteins 
which are heavier than 198 such as the 278 protein which, as discussed 
later, is thought to represent an aggregation of 198 and possibly 
other proteins, and also proteins lighter than 193, in particular a 
protein or series of proteins running in the region of 3 * 8&.
This group is thought to consist not only of probable thyroglohulin
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precursors but also as isolated from thyroid tissue, to include such 

proteins as haemoglobin, serum albumin and serum globulins* A 128 
protein is also found in certain animals especially in guinea pigs, 
land turtles, dogfish and rabbits (Salvatore et al, 1965a). In 
these animals however the main protein present still is 198 and the 

128 component, which is thought to represent a protein of half the 
molecular size of 198 protein, is a minor component. This same group 

of workers however (Aloj et al, 1967) have described finding in the 
lamprey, which is a primitive vertebrate fish, 128 as the predominant 
thyroid protein.

Studies by the Edelhoch group on the effect of alterations of 

pH on tliyroglobulin has given interesting data (EdeUioch et al, I960). 
They showed that up to a pH of 9*5 that 198 thyroglohulin remained 
the predominant protein but a 128 protein was also found to a certain 
extent. Above the level of pH 9.5, a 158 component and a 128 protein 
were also found but the main protein present at this pH level was 128. 
The thesis was that the 128 protein constituted half the molecular 
size of the 198 protein and this view was in keepiîig with the fact 
that the process was reversible up until pH 11 was reached. Until 
this point it was found that changing the pH back to approaching 

neutrality resulted in the reconstitution of the 198 protein and the 

disappearance of the 128 protein. As the pH was changed even more 
toward the alkaline side an 8S protein became the predominant unit 
at the region of pH 12 and at higher pH values than this all the
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protein was present in a 5 - 48 form#
The effect of heat was also studied by Edelhoch and Metzger 

(1961)# They showed that very mild heating of the 198 protein 
resulted in the formation of two slower aedimentlng components at 
a point before dénaturation was achieved#

Edelhoch and his group also studied the effect of the detergent 
agent, sodium dodecylsulphate (BD8), on the breakdown of thyroglohulin, 
They were able to show that at low concentrations of 8D8 of < 0.001 M 
that thyroglohulin dissociated into 128 fragments. In a similar 
fashion to the effects of pH these changes were reversible on 
dlalysittg out the SDS from the thyroglohulin solution*

Another substance which has been used in such studies has been 
betameroaptoethanol (BME). This substance has been widely used in 
the field of protein chemistry because like mauoy proteins of a 
complex nature thyroglohulin depends for stability on the presence 
of disulphide bonds. BME is utilised as a substance which has the 
property of reducing disulphide bonds and this property has been 
used in relation to tliyroglobulin by De Crombrugghe et al (1965,
1966)» These workers were able to show that, starting with a 128 
thyroglobulin preparation, exposure to BME resulted in formation of 
two approximately equal sized parts with sedimentation constants of 
the order of 68* Once again, they were able to show that during 
prolonged dialysis of the BMB that they were able to reconstitute 
the 128 and even the 198 proteins. This re-oxidised protein had
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the interesting property of being mieh more resistant to further 
breakdown by BMB than a thyroglobulin preparation which had not 
passed through these stages.

Study of the breakdown of the 27S protein of the thyroid has 
given interesting data. Since this is approximately twice the 
moleoular wei^t of the 19S protein it seemed possible that it 
merely was an aggregate of the 19S molecules. Studies by Salvatore 
et al (1965b) and Vecchio et al (1966) have however shown using müd 
heat, alkaline pR and low ionic strength buffers, i.e. methods 
which Should not break disulphide bonds, that treatment of a 27S 
preparation resulted in not only a 19S protein but also a 128 and 
2 * 8s con^nent. This work suggests therefore that the 2?S protein 
is made up of a more complex aggregation of 19S thyroglobulin and 
subunits. The same group also showed that the iodine content of 
the 27s protein was approximately twice that of the 19S material and 
suggested that this might act as a slowly turning over iodine store# 
This view has been reinforced by a recent paper on long term iodine 
deficiency in rats (Rossi et al, 1973) in which it was found a large 
percentage of the iodine present was in the 27S protein and not in 
the 19s thyroglobulin.

Standard enzymatic techniques of protein breakdown using such 
substances as trypsin had been utilised by Metzger et al (1962).
These studies have been relatively disappointing in that breakdown 
to very small components was achieved without any insight into the 
intermediate stages.
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Since# as mentioned above# the thyroid gland contains a 
proteolytic enzyme system# it would seem attractive to utilise what 
one assumes to be the physiological proteolytic system to break down 
thyroglobulin* In practice although studies of this type have been 
undertaken by Alpers et al (1956) and Pastan and Almqvlst (1965) 
these have not been very Informative. In general the thyroid 
proteases have not been very effective in vitro against thyroglobulin. 
They seem to require an *unphysiologlcal* pH of the order of 3*5 and 
in the studies mentioned above there was no evidence of formation of 
any presumed subunits,

Goldberg and Seed (1965) carried out studies on the non-enzymatic 
synthesis of thyroglobulin from presumed subunits. They were able 
to show that starting with thyroid proteins of the order of 123 and 
3 ** that they were able to reconstitute proteins of 193 size.
They were able also to show that this process was accelerated by the 
presence of a small amount of stable thyroglobulin and an in vitro 
iodination system.

This neat theory that 193 thyroglobulin is formed by the union 
of two 123 subunits which in turn are formed by two 6s units has 
been recently challenged. Vecchio et al (1971) found on fractionation 
of the labelled 3 ̂  SB peak from the rat thyroid# three components; 
namely 33# 63 and 73. The 6s and 73 appeared homogeneous by ultra­
centrifugation and polyacrylamide gel electrophoresis and could be 
precipitated by antlthyroglobulin antibodies.

More recently Spiro (1975) has performed detailed studies of
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possible thyroglobulin subunits. 8he found that approximately 20$é 
of the thyroglobulin was present in subunits smaller than 193 and 
128. This series of polypeptides ranged in sise from a moleoular 
weight of 215,000 to 20*000. A variety of possibilities for the 
incorporation of these subunits into 198 thyroglobulin were presented 
by Spiro (1973)» Studies presenting similar data are those by 
Rolland and Ussitsky (1972).
Iodine content of thyroglobulin

The iodine content of thyroglobulin has been the subject of 
much study over the last two to three decades. It was noted in 
1948 by Berrien et al that the iodine content of apparently pure 
thyroglobulin varied substantially. This work has been confirmed 
and extended by more recent studies and in particular by column 
chromatography with 2BAE cellulose, m  this particular technique 
the iodinated proteins of the thyroid are separated mainly on their 
iodine content. An example of studies of this type is that of 
Robbins (1963) who showed that beef thyroglobulin could be split 
into three separate fractions by this technique. In his studies 
the earlier eluting fraction had a lower iodine content both from 
initial material and the later eluting fractions. These studies 
also correlated well with the analysis of the iodotyrosine content 
of the thyroid tissue. Robbins was able to show that although the 
MIT content of all fractions was similar, the DIT and T^ content of 
the later eluting fractions was increased. Confirmation of the 
technique was obtained by the demonstration that in vityo iodination 
greatly diminished the earlier eluting fraction and increased the
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later eluting fraction©. The different iodine content© of the 

193 and 2?S proteins have been already discussed*

In the ultracentrifuge# poorly iodinated proteins run with an 
•S* value of rather less than 193, for instance of the order of 

17 18b (Goldberg and Seed, 1965; Thomson and Biseett# 1969b).
Inoue and Taurog (1968) have claimed that in iodine deficient 

rats the main protein present was a 12 - l4s protein but this has 
not been found by other workers. One likely explanation for the 

discrepancy is the fact that the poorly iodinated protein is much 
more liable to brealedown in vitro than the normally iodinated 193 
protein.

In vitro or in vivo iodination can be shown to increase the 

•3* value of iodine deficient thyroglobulin to the more usually 
found 193 or sometimes even to higher values. Pommier et al (1966) 
have in addition shown that the artificially iodinated material is 
more resistant to the effect of 8D8 than is the starting poorly 
iodinated material*
Carbohydrate structure of thyroglobulin

Our Imowledge of the carbohydrate structure of thyroglobulin 

has owed much to the work of Bpiro (1965) and Spiro and Spiro (1965)# 
These workers showed that thyroglobulin which contain© approximately 

10̂  ̂of carbohydrate contain© galactose, mannose# H-aootyl glucosamine# 

sialic acid and fucose. It has been shown that different vertebrates 
such as sheep# pig and calf have broadly similar sugar components. 
Minor differences were found between human thyroglobulin and, for 
example# sheep thyroglobulin in that the human thyroglobulin contains
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more carbohydrate due to a larger number of mannose and glucosamine 
residues. It was estimated that human tliyroglobulin contained 

approximately 35Û monosaccharide residues and the other species 290 
residues per molecule of glycoprotein*

Following digestion with pronaoe Spiro (1965) was able to 
demonstrate the presence of two carbohydrate-containing tliyro- 
globulin subunits* The first, which was labelled unit A, consisted 
of five residues of mannose to one of N-acetyl glucosamine and had 

a molecular weight of 1050. The other, unit B, consisted of tliree 
mannose residues and five of N-ncetyl glucosamine, four of galactose, 
two of sialic acid and one of fucose. The molecular v/eight of this 
latter fragment was of the order of 5200. It was estimated that 

there were approximately nine units A and fourteen units B in each 

thyroglobulin molecule. Similar results have been presented by 
Fuicuda and Bgami (1971a and b).

Spiro (1965) also used the technique of pronase digestion to 
obtain the carbohydrate portion of thyroglobulin relatively free 

from protein except for the few amino acids adjacent to the 
carbohydrate-peptide linkage. Analysis of these amino acids showed 
that for both unit A and unit B that aspartic acid was the only one 
present in sufficient quantity and constancy to be the amino acid 
lilcely to be involved in the glycopeptide linlcage.

Other studies in this field have been by Mur thy et al (1965) 
who found a single glycopeptide in a pronase digest of sheep 
thyroglobulin which contained 6CP/o of the total carbohydrate present.
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This glycopeptide had a molecular weight of 2,400 and contained 0*5 
residues of fucose, two of N-acetyl glucosamine and five of hexose 

and one of sialic acid* This finding has not been confirmed by 
other workers*

Robbins (1963) in earlier studies demonstrated that the different 
thyroglobulins isolated in a DEAE cellulose column had different 
sugar contents in addition to different iodine contents* He 

demonstrated that the later eluting fraction contained more sialic 
acid than the earlier eluting material. This work was not, however, 
confirmed by Bouchilloux et al (1964).

In more recent papers Spiro and his co-workers have extended 

their studies (Arima et al 1972; Arima and Spiro, 1972). They 

showed that the unit A of human and calf thyroglobulin were similar 
but that there was significant microheterogeneity in the mannose 
content which varied from five to eleven units per residue, the 
glucosamine content remaining constant at two residues in each uiit. 
Similarly unit B was shown to have pronounced microheterogenoity 

when fractionated in a DBAS cellulose column. Once again the 
variation only affected some of the sugar residues, the mannose 
remaining constant at three residues but there was considerable 
variation in the sialic acid, galactose and glucosamine residues.
The results found by these workers were also considered consistent 

with an additional unit (unit C) being present in human thyroglobulin. 
This unit was composed of galactosaraine residues occurring as an 
integral part of the protein and being distinct from carbohydrate
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units A and B, The galactosaniine residues appeared to be linked 
to serine and threonine residues and not to aspartic acid residues 
as in the case of units A and B*

Detailed studies of the structure of unit A were also undertaken 

(Arima and Spiro, 1972) using various glycopeptidase enzymes. These 
workers have put fon»;ard a tentative structure of unit A as a mannose 
core with additional mannose-containing residues added to the 
glucosafiiine residues to constitute the normal complement of mannose 

units•
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SUMMARY OF TIIE 0HÜMI8TKY OF 0?H.YROaX.OBULIN

The data presented in this section is consistent with the view 

that thyroglobulin (19S) is composed of subunits of 12S and 6s size* 
Larger proteins such as the 2?S protein are also present and various 
minor constituents have also been described* At least three 
carbohydrate subunits would appear to be involved in the structure 
of normal thyroglobulin and iodine appears to constitute an integral 

part of the structure* The weight of evidence at present is that 

iodine, in addition to being required for the formation of T^ and 
T||̂, is also required for full structural development of the thyro*. 
globulin molecule perhaps by influencing its tertiary structure*
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CmPTBR 3

THE Biosmamsm of thyroglobulin

In this chapter will be, presented the evidence for the present 
state of knowledge of the biosynthesis of the three aspects Of 
tbyroglobulin formation, namely iodine incorporation, amino acid 
incorporation and carbohydrate incorporation respectively*

Of (these three, that of iodine incorporation has been studied 
to the greatest extent* This was largely because of the availability 
early on of radioactive isotopes of iodine* Studies have been done 
using a variety of experimental techniques. At its simplest it can 
be shown in vitro using a cell free system that whole thyroid 
horaogenates and various suboellular fractions can incorporate iodine 
into thyroid protein at least to the stage of forming MIT (Taurog 
et al, 1955)• It must also be home in mind that under certain 
conditions *hat the iodination of proteins like casein can be made 
to proceed non*»̂ nsymatically* Such protein iodinating techniques 
ore, of course, nmr widely used in the preparation of radio* 
pharmaceuticals and indicate that the incorporation of iodine into 
protein is not necessarily an enzymatic process.

Using a thyroid slice technique It has readily been shown by 
many workers that iodine is incorporated into the thyroid proteins* 
Seed and Goldberg (1965) end liseitmky et al (1964) showed that 
^ I  is incorporated very rapidly into a thyroglobulin like protein 
which had a sedimentation constant of the order of l8s, that is
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lee© than the ©table 19S thyroglobulin* Seed end Goldberg 
found that no lighter protein was iodinated a© a regular ocourrenoe 
although Llselt&ky et al claimed to have found incorporation into 
3 * 8S and 12S proteins at early times of labelling# The results 
of the author and most other investigators are in keeping with the 
finding© of the former workers# Seed and Goldberg (1965) were 
further able to show t&at in the presence of propylthiouracil (BTU) 
in concentrations of 10**̂  M that incorporation into thyroglobulin
was virtually completely abolished. They were# however, able to
show that substance© lâltc aotinomycinfwhich interfere with protein 
synthesis do not affect iodine incorporation into thyroglobulin at 
least in the early stage©•

The fact that it appear© in most studies that a protein running 
just short of 195 thyroglobulin is formed is of interest# Both 
Goldberg and Seed (1965) and Runes et al (1965) have shown that 
chemical iodination w^l result in the formation of a truly 19S 
protein from this lighter weight protein#

In addition ̂  vivo studies by the author amongst others 
(Thomson and Goldberg, 1968) has shown that in the rat# iodine is 
usually incorporated into a protein of the order of l8s size with 
lighter proteins only being minimally labelled at very early interval© 
thus confirming the data obtained from the in vitro studies# 
Incorporation of amino acid©

This has been studied mainly using tissue slice techniques |n 
vitro# A series of papers by Seed and Goldberg (1963, 1965),
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ïAseitaky et al (1964) and Rimez et al (1965) are ail In agreement 

that labelled amino aoida are inoorporated in vitro into lighter 
weight protein© of 5 " and 128 size before the label becomes
incorporated into the 193 thyroglobulin. Seed and Goldberg showed

T>further by using puromyoin and aotinomycinl̂ that protein synthesis 
can be apecifieally inhibited without inhibiting iodination. The 
studies uŝ Jig aotinomyoin showed tiiat there was delay before this 
substance had an effect* Since it act© on protein synthesis by 
interfering with the formation of messenger Mk they were able to 

estimate that the BRA template for the thyroglobulin synthesis had 
a half'mlife of at least fifteen hours.

There have been fewer studies on the cell free incorporation 
of amino acids into thyroid proteins but the studies of Singh et al 

(196̂ f# 1965) and Nunes et al (1965) have shown that it was possible 
to incorporate labelled amino acids into protein using a cell sap 
preparation. This process was inhibited by puromycin. Nunez et 
al were able to ©how after purification of the protein that 5 * 8# 
and 193 protein had been formed. Similar result© were found in a 

cell free system by Moraia and Goldberg (1967).

Vecchio et al (1972) have extended these studies ^  vivo and
3in vitro and have shown that ÏÏ leucine is incorporated into the 

particulate proteins of the rat and guinea pig thyroid before 
labelling of the soluble proteins occur. The pattern of labelling 

in vivo suggested that the 125 units are precursors of 193 thyroglobulin 

but that the 63 or 73 units are probably derived from brealcdown of
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newly formed thyroglobulin.
Incorporation of carbohydrate

The work of Cartouzou et al (196?) has shovm that sheep thyroid 
polysomes were unable to incorporate glucosamine and ̂ 0̂ mannose 
into thyroglobulin. Using a calf thyroid slice system, however,

Spiro and Spiro (1966) were able to show that labelled glucose could 
be incorporated into a protein with similar electrophoretic and 
immunological characteristics to thyroglobulin# They were further
able to show that this process was related to the subcellular 

particles and in studies using puromycin they suggested that the 
incorporation of carbohydrate occurred after the synthesis of the 
polypeptide chain. Bouchilloux and Oheftel (1966) have produced 
very similar results.

Great interest was aroused by ;çapers of Herscovics (1969, 1970) 
who published in vitro studies using rat tliyroid hemilobes in which 

she showed that there seemed to be a difference in mechanism between 
the incorporation of galactose and mannose. Mannose appeared to be 
incorporated in a manner and time course similar to that of leucine; 

that is that there was incorporation of the labelled sugar into 
presumed thyroglobulin subunits before incoiporation into the 193 
protein occurred* On the other hand galactose was almost immediately 
incorporated into protein of 17 -• l8s size. She further showed that 
during the first hour of incubation that puromycin almost completely 

inhibited the incorporation of the labelled leucine and mnnose into 
the protein fraction but had little effect on ̂ Jicorporation of
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galactose. Fucoae v m  incorporated in the earn® manner as galactose 
and likewise was not inhibited by substances such as cycloheximide 
which block protein synthesis* Herscovics suggested that the 
results were consistent with the fact that mannose was incorporated 
earlier into the thyroglobulin protein than galactose and that 
galactose and fucose were added at the stage of formation of the 
17 « l8s protein prior to the iodination of the protein*

The study of these different types of carbohydrate incorporation 
was the starting point of the present worfs which was designed to 
explore the factors which might influence the incorporation of sugars 
particularly mannose and galactose into the rat thyroid. During the 
course of this work other papers have been published which are relevant 
to the present thesis. An attempt is made in the general discussion 
section to put these other publications into perspective and to 
incorporate the author*© own data into our present scheme of knowledge 
of thyroglobulin structure.
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SECTION 2

MATERIALS AND METHODS
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CHAPTER 4

MATERIALS

The materials and the suppliers utilised in this work are as 

follows.

Materials

'Male SPrague-Dawley rat; 
approx. 150 g
Potassium iodide (KI)

Thyroxine (T;̂ )

Propylthiouracil (PTU)

Potassium perchlorate (KCIO^)

Methimasole (2«mercapto--.l« 
methylimidazole)

Carbxmazole

Thytropar (thyrotropin)

Sodium pyruvate

D(-t-) galactose

D(f) mannose

Sucrose

Cycloheximide

2«mercaptoethanol

D-galac t os e-̂ l«CX4 
(30-40 mCl/m mole)

D-mannose-l-Cl4 
(20-30 mCi/m mole)
L«fucose«Cl4 (U)
(> 100 mCi/m mole)

A. Tuck & Son, Rayleigh, 
Essex

British Drug Houses Ltd,, 
Poole

British Drug Houses Ltd.

L* Light & Co., Golnbrook

British Drug Houses

Aldrich Chemical Go. Inc., 
Milwaukee, Wisconsin

Nicholas Research Institute

Armour Pharmaceutical Co.

Boehringer Corporation 
(London) Ltd*

Sigma Chemical Co.

British Drug Houses

British Drug Houses

Sigma Chemical Co.

British Drug Houses

The Radiochemical Centre, 
Amersham
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Materials

Inetagel

qL -tnaimosidase 
(from jack bean)

p  -galactosidas©
(from Escherichia coli)

Suppliers 

Packard Instrument Go. Inc.

The Boehringer Corporation 
(London) Ltd.
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CHAPTBH 3 

DiBTABT m aim s

Oonty®^ yftt«
Pxiisrofiit diet 4l (peXXetted)*

The e)cpe)Ki*emtel diet fed to the mte throughout the etudy wee 
the low iodiue teat diet (i^dered for*) (UD) obtained from the 
Nutritional Biochemioal Gorporation, Cleveland, Ohio, U*S«A* Thia 
diet waa aupplemented aa followa#
PTtr treated rata
LIB eupplemented with 5 mg KI + 0*2 g PTB/kg diet.
Methimazole treated rata
U D  eupplemented by 5 mg KI + 1,500 mg methimazole/kg diet. 
Carbimazole treated rata
LID eupplemented by 5 mg KI + 1,500 mg earbimassoXe/kg diet.
KOIOy t̂ Beated rata 
LID + 20 g miOi/kB diet.

Theae goitrogenia diets were fed for a period of three weeks 
before aaorifioe# The KC10|̂  group reoeived distilled water to 
drink. The remaining groups of rats received tap water# In 
some expérimenta animals reoeived additional iodine supplementation 
in their drinking water for one week before aaorifioe# This was 
given aa KI 0.05% in distilled water unless otherwise stated.
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CHAPTER 6 

EXPERIMENTAL TECHNIQUES

Methods

Male Gprague-Dawley rats of approximately 150 g were killed 
tinder ether anaesthesia. The thyroid glands were rapidly removed 

and placed in ice-cold phosphate buffered saline (PBS) (0*15 M 
sodium chloride in 0.01 M potassium phosphate, pH 6.8) contained in 
a Petri dish resting on a bed of crushed ice. After removal of all 
fatty tissue visible to the nalced eye the thyroid lobes were bisected 
using a razor blade. The thyroids from three rats, i.e.twelve 

hemilobes, were incubated in a 25 ml Erlenmeyer flask with 2 ml of 
a modified Krebs No. 2 buffer (Bisset and Alexander, i960) which 
had previously been gassed with oxygen for 10 minutes. The incubations 

were carried out at 57°0 in a Gallenlcarap metabolic shalcer under an 

atmosphere of oxygen. Following a 15 minute preincubation, 10 iiOi 
of the appropriate isotope were added to each flask, and incubations 
carried out for times varying from to 4 hours. At the end of the 
incubation period, the total flask contents were homogenised using a 

TRÏ-R STIR-R fitted with a glass homogenising tube with a teflon 

pestle* The homogenising tube was kept in crushed ice during the 
homogenisation process* As few strokes of the pestle were used as 
was consistent with good disruption of the tissues.

The homogenate was then spun in an MCE refrigerated centrifuge 
at 15,000 rpm (20,000 g) for 10 minutes to remove cellular debris.
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The eupemateuit va© then passed through a Pharmacia K9/30 column 
containing Sephadex G25 (coarse), bed length 25 cm to remove 
unincorporated labelled sugar.

The value of this particular step is shown in Fig. 3. In this 
and all subsequent figures depicting the ultracentrifugal analysis 
of the thyroid proteins the pattern of the stable proteins recorded 
at 280 mfi is shown by the solid line and that of the radioactivity 
present by the broken line. The main stable protein present is 
thyroglobulin and its position (193) is indicated by the peak of 
the stable protein from control rat thyroid tissue. The top of 
the gradient Is to the right and therefore all proteins lighter than 
198 appear to the right of the 198 peak. Conversely those of 
greater molecular weight than 198 appear to the left of the 198 peak.

It will be noted that before passage through the Sephadex 025
column, a process referred to as desalting, there is a suggestion of
a peak of radioactivity associated with the 198 peak after 3 hours

14incubation of normal rat thyroid with 0 mannose but very little 
evidence of other protein labelling* However after passage through 
the column it can be clearly seen that there is a peak of radio­
activity associated with the 198 protein, a second peak to the right 
of the 198 peak lying in the 128 position and a third peak nearer 
the top of the gradient in the 3 8S position. It should be noted 
that the removal of unincorporated radioactivity has resulted in a 
marked fall of radioactivity towards the top of the gradient.

The protein eluate was taken to 5095 saturation with ammonium
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sulphate, was thoroajĝ hly w W d  and kept on ice for one kowri after 
which it was again spun at 15,000 rpm for 10 minutes in a refrigerated 
centrifuge# The supernatant was discarded, the tube inverted and 
allowed to drain to remove as much ammonium sulphate as possible#
The tube was then blotted with tissues and the protein either 
processed immediately or else stored in the deep freene at # 20^G#

The protein precipitate was dissolved in as omall a volume of 
PBS as possible and layered on the top of a 5 - 20^ sucrose gradient 
in EB3 made using a Beckman gradient former# The samples were then 
spun using an Btf4l rotor in a Beoten model ultracentrifUge
at 20,000 rpm for 16 hours#

At the end of the period of ultracentrifugation, the pattern of 
the thyroid proteins was determined by aspiration from the bottom of 
the UltracentrifUge tube and passage throuab a Gilford 2000 absorbance 
recorder at 200 # #  Fifteen drop fractions were collected into 
polyethylene counting vials and, after the addition of 5 ml instagel, 
were counted in a Packard Tricarb liquid scintillation counter#

When dealing with human material, this was collected fresh from 
the operating theatre# It was transported from the theatre to the 
laboratory in a plastic bag on ice inside a vacuum flask# On arrival 
in the laboratory the specimen was placed in a Petri dish containing 
a small amount of ice#cold BBS, the Petri dish resting on crushed ice# 
Any obvious fatty tissue was dissected away following which thin 
slices of thyroid tissue were made by hand using a ranor blade# 
Approximately 500 mg of human thyroid tissue per Brlenymeyer flask 
was incubated and the material dealt with following appropriate time
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of incubation in the manner already described for the rat thyroid 
tissue*
Bee of gly<^psidase enzymes

Rat thyroids were incubated as previously described* Following 
incubation, the whole flask contents were homogenised, centrifuged 
at 20,000 g to remove cell debris and the homogenate was then passed 
through Sephadex <325 columns to remove unincorporated Isotope. Each 
sample was eluted from the column into a 25 ml Erlenmeyer flask, to 
which was added a few mgs of calcium chloride (CaOl^) and 25 mg 
pronase, along with a few drops of toluene* This mixture was incubated 
at 37^0 for 3 days, with the addition of a further few mgs pronase 
after 24 hours*

At the end of 3 days, the action of pronase was stopped by boiling 
the flask contents for a few minutes. The samples were then 
transferred to clean Erlenmeyer flasks and the pH adjusted to 
approximately 4*3. To each flask was added a few mgs of magnesium 
chloride (MgOlg) and 0.2 ml (1 mg) < ̂ -mannosidase or -galactosidase)4 
This mixture was incubated at 25^C ovemi^t. The samples were then 
boiled for a few minutes to stop the action of the glycosidase enzyme 
and centrifuged to remove debris* The supernatants were then 
concentrated to 0*5 ml using lyphogel# 60 pi of each sample was then 
chromatographed overnight on Whatman 3|J chromatography paper using 
N-butanol/pyridine/water (50 t 30 « 20) as solvent, with maaAcers of 
mannose, galactose and sialic acid. After drying, the chromatograms 
were cut into strips and scanned using a Packard chromatogram scanner* 
The position of the stable maa±er solutions was determined following
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spraying with, a saturated solution of para*-anisidine hydrochloride 

in M-butanol*
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SECTION 3

INCORPORATION OF RADIOACTIVE SUGARS

INTO M T  THYROID PROTEINS IN VITRO

Chapter ?

Chapter 8

Chapter 9

Chapter 10

Chapter 11 

Chapter 12 

Chapter 15 

Chapter l4 

Chapter 15

Incorporation of aiannose and ^̂ Ĉ galactose 

in control rats
Effect of goitrogenic diets on the incorporation

of ^̂ Ĉ mannose and ^̂ C galactose
Effect of administration of sodium thyroxine (T̂ )̂
to control rats on the incorporation of labelled
sugars
Effect of the administration of potassium iodide 
(KI) on the incorporation of mannose and ̂ *C 

galactose
Effect of TSH in vitro and in vivo on the
incorporation of ^̂ 0 mannose and ^̂ C galactose
Effect of cycloheximide on the incorporation of

mannose and ^^C galactose
Effect of addition of pyruvate to the incorporation 

l4of C mannose
Effect of the addition of stable sugars on the 
incorporation of ̂ ^G mannose and ^̂ *0 galactose 
Effect of added stable mannose and galactose on

% 125labelling with leucine and I
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Chapter l6 Incorporation of fucose in control rats
Chapter 17 Effect of propylthiouracil (PTU) on the

incorporation of ^^C fucose
Chapter l8 Effect of sodium thyroxine (T̂ ) on the

14incorporation of C fucose 

Chapter 19 Effect of iodine supplementation on incorporation
of fucose

Chapter 20 Effect of cycloheximide on the incorporation of
^̂ C fucose



3 4

CHAPTER 7

T 4 l4INCORPORATION. OF G MANNOSE AND G GAMCTOSB
IN CONTROL mT8 

l4The pattern of incorporation of ' C mannose into the tliyroid

proteins of control rats is as shovm in Fig. 4. It can be seen
t4that at half an hour there is no significant incorporation of C

mannose into the 19S pealc. There is a small amount of incorporation

into a radioactive peak running between the 198 and the 3 •* 08 stable

peaks, that is in the 128 position; associated with tho 3 ^ 08 peals

itself there is no discrete peals of incorporation but merely a tail

of radioactivity extending to the top of the gradient. At one hour
l4it will be noted that significantly more C mannose is incorporated

into the labelled 128 peak and now the appearances at the 3 - 08 peak
l4are more that of Incorporation of labelled C mannose into the 

protein arid not merely a non-specific contamination of the gradient. 

There is as yet, hov/ever, no significant incorporation into the 198 

peak although there is the suggestion of such an incorporation. By 

the time 2 hours has elapsed there is a very definite pattern of 

three discrete radioactive peaks. There is for the first time 

significant incorporation of the label into the area of 198 tlyro- 

globulin. This peak is not, however, quite symmetrical, is of a 

slightly lower *S* value than thyroglobulin and corresponds to an

value of approximately l8s. The 128 labelled peak has increased 

in specific activity and in proportion and there is now much more 

definite incorporation into the 3 - 0 8  protein* At 3 hours there is
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increased incorporation of the label into the peak in the l8s position 

and into the 12S pealc although the radioactivity associated with the

3 « 8s peak remains more or less static. Proportionately there is 

much more incorporation of the label into the 18S peak than in the 

previous tracing. At the end of this particular experiment, that is

4 hours, the incorporation of the label into the l8s peak had increased 

and similarly the incorporation into the 128 peak had increased* The 

radioactivity associated with the 3 * 8& peak was only marginally 

increased and therefore by proportion appeared to have decreased.

Fig* 5 shov/s the pattern of incorporation of t galactose into 

the tliyroid proteins of the control rat in vitro and here it can be 

seen that in contrast to the pattern found for ^^0 mannose incorporation 

there is at half an hour already some incorporation of the labelled 

sugar into the thyroglobulin peak. There is a rather ill-defined 128 

peak of radioactivity and a broad pealc of labelling in the region of 

the 3 "* 8s proteins. At one hour these three pealcs are much better 

defined. That associated with the 198 has increased markedly in 

specific activity and still exceeds the 128 pealc which has, however, 

also increased in activity, likewise, the amount of labelled material 

associated with the lightweight 3 - 88 proteins has also increased*

By the time 2 hours has elapsed there is a marked increase in radio­

activity associated with the thyroglobulin pealc which now more or less 

corresponds in position to the stable 198 pealc. The labelled 128 

pealc has also increased in specific activity but the amount of label 

associated with the 3 ~ 8s pealc is static. At 3 hours the pattern 

of incorporation of radioactivity and the specific activity of
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incorporation of the labelled galactose is very similar to that 
found on the 2 hour sample* (There still are predominant labelled 
peaks in the 19S and 3 - 8s regions with a rather smaller labelled 
12S pealc. In this particular tracing there is a slight suggestion 
of a labelled peak in the 27S region situated to the left of the 
1% peak. At 4 hours there is a change in proportion of the 

labelled pealcs. (The predominant pealc is now that in the 19S region 
which has increased in specific activity. (The pealc in the 128 area 
has shown a slight increase in specific activity whereas that in the 

3 * 88 peak is noif static and therefore has proportionately decreased. 

Once more in this sample there is some suggestion of labelling of 
proteins higher than the 198 proteins.

In view of the early appearance of a galactose labelled pealc 
associated with the thyroglobulin area, earlier incubation times 

were studied in addition. After 5 minutes incubation there was 
no incorporation of the label into either the thyroglobulin or 128 
region but by 13 minutes of incubation a tracing like that of the 

30 minute sample was obtained, that is there was a small labelled 
pealc in the thyroglobulin region without the appearance of the label 
in the 128 area.

From these experiments which were repeated on several occasions 
with reproducible results it can be concluded that the pattern of 
incorporation of ^ mannose and ̂ ^0 galactose is consistent with 
incorporation of the labelled sugar into presumed thyroglobulin 

subunits, namely 128 and 3 8s proteins, before there is incorporation 

of the label into the 198 proteins. The only tracing which might
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raise some doubts is tho vei-y small peak of incorporation of

galactose into the tliyroglobulin region at early time intervals
after incubation* The rest of the pattern of galactose incorporation

was, however, consistent with the incorporation into presumed thyro»

globulin subunits. The main difference between the patterns of

incorporation of mannose as opposed to galactose is that the
incorporation of labelled galactose into thyroglobulin occurs at
earlier time intervals and that the specific activity of labelling

l4of the tliyroglobulin-liîte protein using ‘ C galactose is always much
34higher at any given time than was found with ' C mannose.
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CHAPTER 8

EFFECT OF GOITROGENIC DIETS OH THE INCORPORATION
14.OF G MANNOSE AND G GALACTOSE

34In Fig* 6 is shovm the incorporation of ‘ C mannose into the 
thyroid proteins of rats which have been maintained on a goitrogenic 
diet as the result of the administration of potassium perchlorate 
(KClOjjĵ)* As a result of this dietary manipulation, goitres have 
been dmduced in these animals* This has resulted as previously 

described (Thomson and Goldberg, 1968) in an alteration of the 
stable tliyroid proteins* It will be noted that there is not a 
predominant stable 198 pealc present* The predominant peak is now 
in the lighter 3 « 8s region* Although not specifically run to 
shovj the proteins heavier than 198 thyroglobulin there is an 
abolition of the 278 pealc and its replacement seen in some tracings 
by a peak running in the 328 region (Thomson and Bissett, 1970)*

Following 30 minutes incubation with ̂ ^G mannose in vitro it 
will be noted that there is a definite labelled peak running in the 

128 region with no significant incorporation of radioactivity into 
either the pealc in the thyroglobu3in region or the 3 “ 8S region*
At one hour hovjever there now is a definite although small peak of 
radioactivity in the 198 region* The 128 peak, has increased greatly 
in siae and there is still no definite incorporation of label into 

the 3 ’** 8s region* At 2 hours the specific activity of the peak in 
the 3-98 region has increased, as has that in the 128 region* There 
remains no definite incorporation into the 3 ™ 88 area* At 3 hours



50000125-

4000

•3000

00625-

2000

-1000

0-125- 20000125 -1000 3 hoursIncubation  tim e ^2 hour

-600

E  00625-

o00N
00625

800-400

ra
400-200

COc4)TJ 19s

(0o 0-125 -1000 0125- 40004 hours
aO

-800 ■3200

-600 2400

00625- 00625-

400 1600

•200 -800

30 40 . 0

Fraction number

20 30

Ao
ooc3

VltraGeatrlfugal otuây of the timo ooursio of inoorporatioa of 
fflamose i»to tho thyroid protoim of rate receiving KCIO^# 

SW 4l Rotor at 28*000 rpm for 16 houre#



3 9

the specific activity of the peak ia the 1 %  region has increased
only slightly, Likewise the peak in the 128 region has remained

at a similar specific activity# There now appears to he a definite
peak of labelling in the 3 * 8s region with its activity slightly

greater than that in the 198 area# At 4 hours the specific activity
of the peak in the 198 region has increased both absolutely and in
proportion to the 128 pealc which has only increased slightly. The

3 « 8s peak has likewise remained almost stationary# It will be
noted by comparing Fig# 6 with Fig# 4, which shows the incorporation 

14of C mannose into control rat thyroid, that the radioactivity 

incorporated in rats on the goitrogenic regime is significantly 
greater than that of the control animal, that in all tracings there 
is an earlier appearance of the label in the 128 and in 198 peaks 
and that the proportion of the label incorporated in each tracing 

into the 198 pealc is greater on the goitrogenic diet4
Fig# 7 shows the pattern of incorporation of galactose in 

vitro into the thyroid proteins of rats on a KCIO^ diet* It will 
be seen that at 30 minutes there is an appreciable incorporation of 
the labelled sugar in the 198 protein# A smaller, though well- 

defined 128 pealc is present and there is a suggestion of incorporation 

of the label into the 3 - 8s peak# At one hour a broadly similar 
pattern is obtained although the specific activity of labelling has 
increased such that the 198 peak and 128 peak show almost double the 
radioactivity of the 30 mjjAute specimen# By 2 hours this process 

had increased markedly so that the specific activity of labelling of 

the 198 peak had increased by more tîian twice; the proportion of
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labelling of the 128 and 3 8S peaîcs remained in atep with this 
increase in specific activity. By 3 hours the specific activity 
of the 198 peak had increased again markedly and although the 

labelling of the 128 and 3 *« 88 peaks had also increased, 
proportionally there was much more label associated with the 198 
peak. In the k hour specimen it will be seen that this general 
tendency continued, that is that there was increased labelling 
associated with all peaks but that the proportion associated with 

the 198 peak greatly Increased* There was no significant association 

of the labelled sugar with proteins higher than 198*
14In a manner similar to that found with incorporation of G 

mannose the pattern obtained with labelled galactose in the goitro-» 

genic as compared to the control diet was of a greatly increased 

specific activity of labelling at aŝty given time and also a greater 

tendency for earlier labelling of the 198 protein and proportionally 
much greater labelling of the 198 protein compared to the other 
proteins present.

Various other goitrogenic regimes were used, namely propyl­

thiouracil (PTh), methimazole and carbimaaole* A similar pattern 
of labelling to that found on the KGIÔ  ̂diet was obtained using 
these other goitrogenic regimes, that is that the specific activity 
of labelling was increased with the goitrogenic regime and there was 
a greater tendency for labelling of the 198 protein earlier on the 
goitrogenic diet* Since these other diets gave a pattern virtually 

identical with that of the KCIO  ̂diet they have not been shown.
The fact that the effect was found no matter what goitrogenic regime
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was used, for instance one acting at the site of Iodine uptake such 
as KGIO^ or one acting at the site of iodine incorporation into 
tyrosine such as PTU or the other drugs mentioned would suggest that 
the effect shown is not specific to the drug itself but that it is 
the effect of goitre formation perhaps mediated by the increased 
levels of TSH which are undoubtedly present in these circumstances.
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CHAPTER 9

EFFECT OF ADMINISTRATION OF SODIUM THYROXINE 
TO CONTROL RATS ON THE INCORPORATION OF 

LABELLED 8 WARS

In this chapter is shown the effect of adding sodium thyroxine 

(T̂  ̂to the diet of control rats# Fig# 8 shows the pattern of 

incorporation of ^ *C mannose in vitro into the thyroid proteins of 

such rats. At half an hour there is very little incorporation of 

label but there does appear to be a small peak of radioactivity 

associated with the 198 protein without significant incorporation 

of label being associated with the 128 protein although there Is a 

largo 3 *- 8S peak labelled. At one hour the label associated with 

the 198 peak has increased in specific activity* A definite 128 

labelled peak is seen and the specific activity of the labelled 

3 - 8 8  peak has increased. By 2 hours there has been no significant 

increase in label associated with the 198 peak; the 3 ™ 88 pealt has 

increased in specific activity and the 128 peak has also increased 

in activity but is not well-defined in this particular tracing.

At 3 hours the radioactivity associated with the 198 pealc has 

increased both absolutely and proportionately* The labelled 128 

peak remains at approximately the sanio specific activity in the 3 

hour as in the 2 hour sample and the specific activity of labelling 

of the 3 - 8S peaic has decreased. There is a suggestion of slight 

labelling of the 2?S protein in this tracing. By 4 hours the 

specific activity of labelling of 198 peak has doubled; that of
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the 128 peak has also increased in specific activity# Likewise 

the labelled 3 *“ 8S peals has also increased both absolutely and 

proportionately *

Compared to the control experiment, incorporation of mannose 

into the rat on a diet containing sodium thyroxine is characterised 

by a very much lower incorporation of the labelled sugar than in the 

control run# There is, however, this interesting finding of earlier 

incorporation of the labelled sugar into the 198 protein although in 

the very early sample the absolute oount is so low that one should 

beware of reading too much into the small pealc obtained. One feature 

which is of interest is that the labelled peak in the 198 area in the 

thyroxine-treated animal does correspond very well with the stable 

protein peeds in this area* . It will be noted that compared with 

Fig# 4 the radioactive pealc and the stable pealc in the thyroxine- 
treated animal are virtually symmetrical whereas it will be recalled 

that in the control animal the *0 mannose peak runs in approximately 

the l8s position#

In the next figure (Fig* 9) can be seen the pattern of 
l4incorporation of ' C galactose ynto the tlnyroid proteins of rats on 

a diet containing thyroxine# At half hour of incubation there 

appears to be a small labelled 198 peak present# There is a broad 

band of labelling in the 128 position without a well-defined peak 

being seen but there is a definite peak of labelling in the 3 “ 

position# At one hour the specific activity of labelling of the 

198 peak had increased, the pattern of labelling of the 128 peali was 

now much more defined and it too had increased in specific activity|
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thô labelling of the 3 * Ss peali was not so well-defined but did 
appear to have decreased* By 2 hours there was marked increase 
ĵn specific activity of labelling of the 198 peak which now 
corresponded more or less with the stable protein peak. Liltewlse
the specific activity of labelling of the 128 and 3 * 8S peaîcs had
also increased, all three peaks being approximately similar in size, 
At 3 hours there was a diminution in labelling of the 198 and 128 
pealcs ; the 198 peak was the predominant labelled peak now present 
and by 4 hours the pattern of labelling had again changed further 
in this direction with the 198 peak increasing in specific activity 
and the 128 and 3 8s peaks relatively decreasing*

Compared to the ‘̂̂0 galactose incorporation into the control

rat, there was a constant decrease in all tracings of the specific

activity of labelling of the thyroid proteins of rats on the 
tliyroxDJne diet and a relative decrease in labelling of the proteins 

in the 198 region.
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CHAPTER 10

EFFECT OF Tim ADMINISTRATION OF POTASSIUM IODIDE (KI)
l4OM THE INCORPORATION OF 0 MANNOSE 

14'AND 0 GALACTOSE

Isa Fig* 10 is shown the effect of the addition of 0,05̂ 6 potassium
iodide (El) to the drinking water of rats on a normal diet on the 

l4incorporation of G mannose into the rat thyroid proteins in vitro*

It will be seen that at 30 minutes there is no significant incorporation 

of the isotope into the region of 198 tliyroglobulin* A small peak of 

radioactivity in the 12S region is visible and there is a large pealt 

of radioactivity in the lightweight 3 ™ 85 region* At one hour there 

is a small amount of the labelled sugar incorporated into the 198 area* 

The 128 pealc has increased in size but the peak in the 3 ™ 8S area 

has decreased* After an incubation of 2 hours the radioactive peak 

in the 198 region has increased in size and has increased proportionately 

compared to the 128 peak, the 3 ** pealc shows a further increase in

activity* At 3 hours of incubation the 198 peak and 128 pealc liave 

increased further with the 3 « 8S region remaining almost static in 

activity* This process continued further until the 4 hour time of 

incubation where the 198 and the 128 pealc had increased in size but 

tho 3 « 88 peak had remained fairly static.

Compared with labelled mannose incorporation into the control 

rat thyroid proteins, it will be seen that the pattern of incorporation 

is basically very similar, the only difference being that at any given 

time the specific activity of labelling of the thyroid proteins of
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rats Oïl an iodine supplemented diet is lower than In the control 

animals# The radioactivity on average is decreased by a factor of 2.

In Fig. 11 is shown the pattern of incorporation of galactose 

into the thyroid proteins where tho rats are maintained on the KI 
supplemented diet* It will be seen that at half an hour the labelled 
galactose appears in the 198, 128 and 3 " 8s pealcs* At one hour 
there is increased incorporation of the label into all three peaks 

occurring in approximately the same proportions as in the half hour
i

sample* By the time 2 hours has elapsed the pattern has changed 
somewhat* The labelled peak in the 198 region is now the predominant 
labelled peak present and has increased markedly in specific activity 
compared to that of the one hour sample* The 128 peak has also 

increased in specific activity, as has the 3 - 8s peak, but it now 
is the smallest of the three peaks which are labelled. At 3 hours 
the radioactivity incorporated Into the 198 region has again increased
further as has the radioactivity incorporated into the 128 and 3 ™ &8
pealcsj again at this time the labelled pealc in the 198 region is by 

far the largest. This pattern of incorporation continues at the 4 

hour sample in which there is increased incorporation into all three 
peaks with once more the labelled peak in the thyroglobulin region 

being the predominant one.
Compared to the galactose incorporation into the control animals, 

it will be seen that there is no striking difference in degree of 

specific activity achieved with the exception of the one hour sample 
in which the activity in the KI treated animals is significantly

less than in the control rats*
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CHAPTER 11 

EFFECT OF TOH IN VITRO AND IN VIVO
\L 1LON THE INCORPORATION OF G MANNOSE AND G GALACTOSE

Effect of TSH in vitro
In Fig* 12 can be seen the effect of adding 2 units of bovine 

TSH to the incubation medium on the incorporation of ^̂ C mannose 
into control rat thyroid proteins* At half an hour it will be 

seen there is already some Incorporation of the labelled mannose 

into the 19S region with very definite incorporation of the labelled 
sugar into the 12S and 3 “ 8s regions* At one hour this incorporation 
has increased strikingly with a very well-defined peak in the 198 
region and the activity in the 128 region has also increased markedly 

as has that associated with the 3 ™ 88 peali* After 2 hours of 

incubation there is a further striking increase jn the incorporation 

of ^̂ C mannose into the 198 peak which has increased relatively in 
sl%e compared to the other peaks although the labelled 128 peak is 
still the predominant one 5 the activity incorporated into the 
3 “ 8S pealc has remained virtually static from the one hour sample*
At 3 hours the total incorporation of the labelled sugar into the 
tigroid proteins has increased and the pattern has changed so that 
the labelled pealc in the thyroglobulin region is now the predominant 

one although the radioactivity in the 128 peak has also increased5 
the radioactivity in the 3 8s peak has increased somewhat but is 
now much less than the other two pealcs* This pattern of incorporation 
is continued in the 4 hour incubation sample in which again the
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labelled sugar in the 198 pealc is tho predominant one with the 
radioactivity in the 128 peak now much smaller* There is not much 
evidence of any discrete incorporation into the 3 ■» 8s proteins at 

this time.
It will be seen comparing the effect of TSH in vitro with the

Incorporation of *̂̂ 0 mannose in the control rats that the addition
of TSH to the medium has resulted in a much greater incorporation of
the labelled sugar into the thyroid proteins and has also resulted

in the much earlier appearance of a labelled pe^ in the thyroglobulin

region. This now appears as early as the half hour sample and at
this time the 128 peak is much greater than in the control sample.
Similarly at one hour there is much greater incorporation of the
labelled sugar into the thyroglobulin peak and into the 128 peak.

This pattern of increased total incorporation and more marked
incorporation of the labelled sugar into the thyroglobulin region is
continued in the 2 hour sample and it will be noted in the 3 hour

sample where in the TSH experiment the label is predominantly in
the thyroglobulin peak that this is not the case in the control

experiment. This difference is also marked in the 4 hour sample.
14Fig. 13 shows the pattern of incorporation of G galactose

into the rat thyroid proteins where 2 units of TSH is added to each
incubation flask. Using tliis technique, at half an hour there is

l4very good incorporation of G galactose into the thyroglobulin 

region which indeed exceeds the activity of the 128 peak significantly. 

There also is evidence of lightv/eight protein labelling present. At 
one hour the specific activity of the labelling has increased markedly
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and the 128 label has increased relative to the 198 label, the

labelling in the 3 - 8s region has also increased. At 2 hours the
l4total incorporation of the 0 galactose has increased further.

The label in the tliyroglobulin region has relatively increased as

compared to the 128 region but there still is a well-defined labelled

128 peak present. In the 3 hour sample there has been further
l4striking increase in the incorporation of the G galactose into the 

thyroglobulin region. The 128 pealc in this particular tracing is 

not well-defined but also it has increased compared to the 2 hour 

sample. The label in the lightweight region is proportionately 

much less than it was in the earlier samples. At 4 hours there 
has been a further increase in incorporation of the labelled sugar 

into the 198 protein and a further incorporation of label into the

128 protein. There is no definite labelling of the lightweight

proteins at this time.

It will be seen that compared to the incorporation of 

galactose into the control animals (Fig, 3) that when TSH is added 
to the medium there is a striking increase in the total incorporation 

of the label and also in the early labelling to a large extent of 

protein ixi the thyroglobulin and in 123 regions* It will be seen 

that as early as half an hour in the TSH sample that the predominant 

labelled peak present is the one in the thyroglobulin region whereas 

this is not achieved in the control experiment until the 2 hour 

sample. It will be noted in the TSH experiment at later times of

incubation such as 3 and 4 hours that there is very little incorporation

into the 128 and 3 8s regions compared to the control sample.
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Effect of TSH in vivo
Fig* l4 shows the pattern of labelling of the thyroid proteins 
l4with G mannose in rats which were injected with 2 units of bovine 

TSH by intraperitoneal injection 24 hours before sacrifice* At 
half an hour there is a suggestion of a small labelled pealc in the 
thyroglobulin region; there is a broad band of radioactivity in the 
128 area and a rather non-specific increase in activity over the 
lightweight protein region* At on© hour there is a more definite 
peak in the thyroglobulin region although the predominant labelled 
pealc is jn the 128 area; labelling in the lightweight region ic, 

not particularly marked* By 2 hours there is well-defined

incorporation of the labelled sugar of higher specific activity into
the thyroglobulin region, the 128 region which is the predominant 
label present, and into the 3 *• Ô8 proteins. At 3 hours this 
process is continued but the labelled 128 protein is still the 

predominant pealc, the specific activity of labelling of the thyro­
globulin and 128 peaks has increased but that of the 3 *• pealt has 
remained relatively static. At 4 hours of incubation there is a 
further increased incorporation of the labelled sugar into the 198
peak but the labelled 128 pealc is still the predominant one#

l4Compared to the incorporation of 0 mannose into the control
animal it will be seen that at half an hour the pattern of
incorporation of the labelled sugar is very similar in the two
samples. It is of interest that in the 1, 2 and 3 hour incubations

34that although the pattern of incorporation of the ' G mannose is 

broadly similar in the TSH and control samples, in fact the specific 
activity of label3.ing of the sugar into the TSH samples is rather
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leas than in the control experiments* It is only at the 4 hour
sample of incubation that there is the suggestion of an increased

l4incorporation of the 0 mannose into the thyroglobulin region in
the ISH treated animals* Part of the explanation of these
discrepancies may be due to the fact that inspection of the stable
protein patterns in the two tracings would suggest that less protein
is present in the gradients from the TSH treated animals.

l4Fig. 15 shows the pattern of incorporation of 0 galactose 
into the thyroids of rats injected into the peritoneum with 2 units 

of TSH 24 hours before sacrifice. It will be seen that at half an 
hour there is significant incorporation of the label into an l8s,
12S and 3 - 8S peak, all three peaks being well labelled but with 
the 12S pealt being the smallest of the three. At one hour the 

specific activity of labelling has increased and the 128 peak is now 
proportionately larger than the 3 - 88 peak and approximately equal 
to that of the thyroglobulin peak. At 2 hours the label in the 
thyroglobulin and 128 pealc lias increased markedly with the labelled 
pealt in the thyroglobulin region being now the predominant one; 
the incorpora.tion of the label into the 3  ̂&S pealt has also increased. 
This pattern of labelling continues in the 3 hour sample in which the 
specific activity of labelling of the thyroglobulin peak becomes more 
marked as does the labelling of the 128 pealï; that of the 3 - 8s 
peak increases slightly. At 4 hours there is further marked increase 

in specific activity of the thyroglobulin and of the 128 pealc; the 
labelling of the 3 « 8s peak is rather ill-defined taut continues at 
approximately the same level as in the 3 hour sample.
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Compared to the pattern of labelling of galactose into the 

control animals it will be noted that in the TSH treated animals 
there is an increased incorporation of the label into the tigroid 
proteins and also that tills incorporation of label appears much more 
strikingly at early time intervals into the protein running just 
short of the thyroglobulin region, that is In approximately the l8s 
position* The labelling of the 12S protein fraction is more marked 
in the TSH treated animals at early (30 minutes) and late (3 and 4 
hours) times of incubation but this does not apply at 1 or 2 hours 
incubation times#
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CHAPTER 12

EFFECT OF CYCLOffiaXIMXDE ON THE INOOjRPOEATIOM 
OF mmocE and galactose

Fig* 16 shows the effect of the addition of cyclohexiraide in 
vitro on the incorporation of  ̂ mannose into the rat tliyroid*
The pattern of incorporation of the ^ 0̂ mannose in the control 

experiment at half an hour is shown in the top part of the figure 

where it will be seen, as previously noted, that the main incorporation 
at this time is into the 12S and 5 - 8s protein with very little 
incorporation into the thyroglobulin region# The middle portion 
of the figure shows the anticipated result at 4 hours of incubation 
in the control animal, that is that the predominant incorporation of 

the marmose is now into the thyroglobulin region with a well- 
defined 128 peak still present but with little incorporation into 
the 5 - 8& area* When the oycloheximide is added in the 

concentration of 2*0 mM after half an hour of incubation and the 

incubation is continued until 4 hours (lower portion of figure) it 

will be noted that the predominant incorporation is into the 198 
protein with a small 128 pealc still present and a rather broad band 
in the 5 - 88 region. Compared to the control 4 hour figure the 

total incorporation of  ̂*̂0 mannose into the thyroglobulin region 

is diminished by a factor of some sevenfold as is the incorporation 
into the 128 region* Compared however to the half hour sample, 
that is the time at which the cycloheximide was added, there obviously 
has been incorporation of mannose from peaks lighter than, the 198 peali
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into the thyroglobulin region. This process has occurred despite 

the use of a concentration of cycloheximide which is sufficient to 

effectively block further uptake of sugars or oniino acids into the 
rat thyroid in vitro. This would therefore suggest that once the 
128 protein 1ms been formed that cyoloheximide is ineffective in 
stopping the formation of the 198 protein.

Fig. 17 shows a similar experiment on the effect of the addition
l4of cyclohexiraide in vitro on the incorporation of C galactose into 

the thyroid proteins of the rat. The control half hour incubation 
is shown again in the top part of the figure and this shows that at 
this tijft© there is, as previously noted, a small peak running 

approximately in the thyroglobulin region but not quite in 198 

position. There is a x*ather broad band of radioactivity in the 128 
region and in the ^ - 88 region. By 4 hours of the control incubation 
(middle part of the figure) the expected pattern is obtained with the 

predominant pealc being in the thyroglobulin region and with a well 

marked, although smaller 3 - 8 8  and 128 pealc present. The lower 
part of the figure again shows the pattern when 2*0 mM cyclohexlmide 
is added after half an hour of incubation but with the incubation 
continued for 4 hours. It will be noted that compared to the 4 hour 
control incubation the specific activity of labelling of the protein 

in the thyroglobulin region is down by approximately threefold. The 

labelling of the 128 protein is also strikingly lower than the 4 hour 
control incubation. Compared to the control half hour incubation 
however there obviously has been increasing accumulation of the 
labelled material in the 198 region and to a lesser extent in the 128
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region* This would again auggeot that the addition of oyoloheximide 
does not prevent the formation of labelled 198 protein provided that 
smaller units such as 128 and 3 « 8s proteins are allowed to be 
labelled before the addition of cyclohexiraide*
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CHAPTER 13

EFFECT OF ADDITION OF PYRUVATE TO THE 
IRCOm-̂ ORATIOE OF ^̂ 0 MANNOSE

Since it has been claimed (Herscovics, 1969) that the incorporation
of rnamios© into the thyroid proteins is decreased by the addition
of pyruvate, an experiment was performed to look at this effect in our
particular system* Figs, l8 and 19 show a simultaneously performed

l4comparison between the incorporation of G mannose into the rat 

tliyroid proteins in vitro without and with the addition of 10 mM 
sodium pyruvate. Fig, l8 shows the expected pattern of incorporation

lii,of C mannose as previously outlined, that is at half an hour with 

the most obvious poaic being in the 128 region with labelling of the 

3 - 8 8  proteins in addition, A pealc running just short of a 198 
region appears at one hour but still the predominant labelling is in 
the 128 poeOx and some labelling is also seen in the 3 **“ area*
The incorporation of the rŝ dioactivity increases by 2 hours of 

incubation but still with a predominant 128 peak labelled* This 

pattern was maintained at 3 hours with increasing incorporation of 
the label. By 4 hours the predominant labelled peak was running 
just short of the tliyroglobulin region with a well-defiined labelled 

128 peal{ and 3 *• 88 pealc still present*
14In Fig* 19 the effect of pyruvate on tiiis accumulation of G 

label].ed mannose into the thyroid proteins of the rat is shown. It 
will be seen that a very similar pattern of incorporation of radio­
activity is shown with the possible exception of the 4 hour incubation
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where there ie stiXX a predominant 128 peak which contrasts with 
the pattern in the control experiment where the 198 peak is 
predominant at this time* tPhe specific activity of labelling of 
the thyroglobulin peak was not» however, less than the control 
experiment* With this exception, however, there certainly was no 
evidence of any inhibition of incorporation of the mannose into 
the thyroid proteins as a result of adding pyruvate and if anything 
the total count rate achieved In the experiment with the addition 
of pyruvate exceeded that in the control run.
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CILA.PTER 14

BFFgOT OF THE ADDITION OF STABIiS. BtJGABS 
ON cens INOORPORATION OF MANH08E

AND GAXAC'JOSE

The effect of the addition of stable mannose on the incorporation 
of mannose into the rat thyroid in vitro is shown in Fig. 20. In 
this figure all the incubation times are hours* The control 

incubation without any added mannose gives the expected pattern at this 

time of incubation of a predominant pealc just short of the tliyroglobulin 
region with a large 128 peak still present. When 10 mM mannose is 
added it will be seen that the specific activity of labelling of the 
protein in the thyroglobulin region drops by a factor of about eight­

fold, as does the incorporation of the label into the 128 protein*
As the concentration of added stable mannose is increased to 50 mM 
the incorporation of labelled mannose decreases further by a factor 
of fourfold, as does the incorporation into the 128 protein. At 
100 mM stable mannose added in vitro there is now only a small peak 

of incorporation of the labelled material in the thyroglobulin and in 

the 128 region with a rather broad pealc of activity associated with 
the 3 - 8s proteins* At the concentration of 500 mM mannose added 
in vitro there is only the faintest suggestion of incorporation into 
the thyroglobulin region and no obvious incorporation into other 

proteins.
Similarly, in Fig. 21 is shown the effect of the addition of 

graded doses of stable galactose on the pattern of incorporation of
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galactose into the rat thyroid proteins after 4 hours incubation. 
At 4 hours in the control experiment the predominant labelled protein 
is, os expected, in the thyroglobulin region although just short of 
19S. ihero is a well-defined labelled peak in the 128 region vdth 
no very obvious peak in the 3 ^ 8,9 region. HJhe addition of 10 mîl 
stable galactose added in vitro causes a fall in the incorporation 
of radioactivity into the thyroglobulin region by a factor of some 
twentyfold* A slightly lessor effect is shewn on 128 protein
relative to the 198 but this still falls dramatically in activity,
KiO addition of 90 mM galactose brings about a further marked fall 
in the incorporation of radioaotivity into the thyroglobulin region 
and into the 128 region where only a faintly discernable peak 5^ now 
present* This situation is similar to that found when 100 mM 
galactose is added in vitro and when 900 mM galactose is added there 
is virtually no incorporation of the labelled galactose into the 
thyroglobulin region but there is rather a broad non-specific peak 
of radioactivity over the area of the 3 - 8s proteins*

Studies were also undertaken to see what effect the addition of 
mannose would have on galactose incorporation. The effect of 
galactose on mannose incorporation was also studied. A concentration 
of 200 mM added stable mannoso and galactose were used in these 
experiments because this concentration, based on the immediately 
preceding work, fell just short of total inhibition of incorporation.
Fig. 22 shows the effect of added stable mannose and galactose on the 
incorporation of mannose into the rat thyroid proteins in vitro* 
The incubation times are all at 4 hours and the control experiment
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(top of figure) shows the expected pattern of the predominant peak 
running just short of the tliyroglobulin region and a well marked 
128 pealc and a smaller 3 labelled pealc present. As anticipated 
at the concentration of 200 mM mannose, there was only a small 

amount of incorporation of *̂̂ 0 mannose into the proteins in the 
thyroglobulin region with a rather non-specific band at the top of 

the gradient (middle part of figure). The addition of 200 mM 
stable galactose, hov/ever, resulted in much less inhibition of 
incorporation of the mannose and it will be seen that there 
are small but well-defined pealcs occurring in the thyroglobulin 

region, the 128 region and in the 3 -* region (lower part of the 
figure).

Conversely, Fig. 23 shov;s the effect of 200 mM stable galactose 
and mannose on the incorporation of galactose into the rat thyroid 

proteins in vitro. The expected pattern found in the control 
incubation at 4 hours is shown (top of figure) and it will be seen 
that there is a predominant labelled pealc in the thyroglobulin region 
running just short of a 19S peak, a well marked 128 pealc and less 
well marked 3 * pealc are also seen. The addition of 200 mM 

galactose in vitro (middle of figure) results in virtual inhibition 

of labelling of the proteins with the exception of a minimal peak 
in the thyroglobulin region. The effect of the addition of 200 mM 
mannose is also shown and it will be seen that there is now a better 
defined pealc of labelling in the thyroglobulin region, a small 128 

peak and a pealc in the 3 88 region.
From this series of experiments it can be seen that the 

incorporation of labelled sugar is inhibited at increasing concentrations
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of the stable sugar# Furthermore, the results suggest that there 
is not merely a non-*specific inhibition of labelling due to such 
things as osmotic pressure but that each stable sugar is more 
effective in inhibiting the incorporation of its own labelled 
compound than is the other sugar tested*

The effect of the added stable sugars on the osmolality of the 

buffers is shown in Table 1* These were measured using an Advanced 
Osmometera It will be seen tliat at equal quantities of added mannose 
and galactose an equivalent increase in osmolality was obtained*



Table 1

EFFECT OF ADDED STABLE MAMOSB AND GALACT0SÏ5 
ON THE OSMOLALITY OF KREBS NO. 2 BUFFER

Buffer
Krebs no# 2 Buffer

I I

+ 10 mM Mannose 
+ 50 mM Mannose 
+ 100 mM Mannose 

+ 200 mM Mannose 
+ 500 mM Mannose

+ 10 m̂I Galactose 

+ 50 mM Galactose 

+ 100 mM Galactose 
+ 200 mM Galactose 
+ 500 mM Galactose

Osmolality (mOsm/Kg) 

275 
286
524 
575 
470 
759

284
525 
572 
465 
746
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CHAPTEE 15

EFFECT OF ADDED STABLE MNNOSE AND GALACTOSE 

ON LABELLING WITH &  LEUCINE ANDllt:smA7CXXixiBrsiturMBaafcw's;amxarfmrv:iixeîu»r!3t«rjit,riîvt?i>rr!ÿ̂!Ttfn̂

In this section some experiments are illustrated to show the

effect the addition of stable mannose and galactose on the incorporation

of labelled leucine and iodine into the rat thyroid proteins in vitro.
In Fig. 24 is shown the effect of added stable mannose and galactose

3in the concentration of 200 mM on incorporation of H leucine into the 
rat thyroid proteins. The control incubation is shown and it will be 

noted that at 4 hours, which is the time of incubation in all 

experiments in this section, that there is a well-defined peak of 
labelling running just short of the tliyroglobulin region, a rather 
broad 128 pealc of labelling is present and there also is a labelled 

peak in the 5 8s region. This pattern of labelling with %  leucine 
is what is regularly found in the experience of the author (Thomson 

and Goldberg, 1968) and of other workers. When 200 mH stable mannose 
is added to the incubation medium it will be seen that this pattern of 
labelling is broadly preserved although there is a definite fall in 

radioactivity by a factor of some threefold. When 200 mM stable 

galactose is added to the incubation medium it will be seen that 

there is a change in pattern of radioactivity with now the labelled 

pealc in the thyroglobulin region being decidedly smaller than the 
other two pealcs. There is an apparent fall in the radioactivity in 

addition but it must be borne in mind that there is less stable protein 

present in this run as judged by the sise of the thyroglobulin peak,
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therefore one could not be too dogmatic about changes in total counts 

incorporated* It would therefore seem that the addition of stable 
mannose and galactose in the concentration used has some slight

■a
effect in inliibiting the incorporation of H leucine into the rat 
thyroid in vitro with a suggestion that galactose may be more 

effective in inhibiting the incorporation into proteins in the 

thyroglobulin region than into other areas#

In Fig# 23 ie shown the effect of the same concentrations of
] OKstable mannose and galactose on incorporation of ' I into the rat

thyroid proteins in vitro# The incubation times are all 4 hours

and at this time in the rat thyroid, as shown by previous work, the

pattern of radioactivity is virtually that of a single pealc in the

region of thyroglobulin with perhaps a little labelling of 278
protein present in this particular specimen# The addition of 200
mM stable mannose results in approximately 30% reduction in the

radioactivity incorporated but the same pattern of incorporation is

maintained# With the added stable galactose a very similar pattern
to the control experiment was found and certainly there was no

125evidence of inhibition of I incorporation# If anything there
125was an augmentation of the ^1 incorporation under this circumstance, 

It can therefore be concluded that in the rat the addition of 

stable sugars in vitro at the concentrations used do not have a 

fundamental effect on the pattern of incorporation of iodine into the 
rat thyroid proteins# There is some suggestion that mannose might 
inhibit the total incorporation of the radioactivity but certainly 

galactose does not seem to have this effect#
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CHAHCER X6

imORPOmTlON QF ^̂ 0 rUGOSB 

IN CONTROL RATS

Fig* 2.6 show© the pattern of incorporation in vitro of fucoee 
into the thyroid proteins of control rats* At half an hour it will 
be noted that there is a small amount of radioactivity associated with 
the thyroglobulin peak with a broad 5 - 8 3  pattern of labelling being 
present* At one hour the predominant labelled peals present was in the 
thyroglobulin region* Oîhis had increased in specific activity compared 
to the 30 minute traoing and a small 128 pealc could also be discerned; 
a labelled peak in the 5 3s region was also seen* At 2 hours the 
labelled peak in the thyroglobulin region had increased raar!œdly and was 
now much the largest labelled peak present; there was a rather ill 
defined 128 peak labelled and the 5 - 8 3  proteins were also labelled to 
some extent* At 5 hours a similar pattern was obtained of predominant 
incorporation of the label into the thyroglobulin region although lunning 
short of the 198 protein; some shouldering of this radioaotivity peak 
between the 128 and l8s area was seen; the 5 - 8s pealc was also labelled, 
$his pattern of labelling was maintained to the 4 hour period of 
incubation when the specific activity of labelling of the proteins in 
the thyroglobulin region had increased; a similar shoulder of radio# 
activity going across from the l8s to 128 region is seen and a small 
amount of label was associated with the 3 - 8 8  proteins*

Compared to the patterns of mannose and galactose incorporation it 
will be seen that the pattern of fUcose incorporation corresponded
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rather wore to that of galactose than of waimoBe but at no time was 
the 128 label as clearly defined as in the pattern of labelling 
with galactose. There was also the appearance of radioaotivity 
running between the 128 and l8s region and distorting the shape of 
the thyroglobulin pealc which was not seen in the patterns of 
galactose and mannose incorporation»
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QïmTm 17

EFFECT QF PEQPYLTHlOimAGII, (PTU) ON 

THE ÏKGORPOMTION OF FUGOSK

The effect of propylthiouracil (PTU) on the pattern of incorporation 
l4of G fuoose into the rat tliyroid proteins in vitro is shown in Fig# 2?»

The alteration in the stable protein pattern with diminished, protein 
in the thyroglobulin region and increased protein in the 3 - 8s region 
previously noted on the KGlÔ j diet is again seen with PTU* It will be 
seen that at half an hour there is predominant Incorporation of the 
label into the thyroglobulin region with some shouldering occurring 

between the 128 and 198 region* At on© hour the specific activity of 

labelling of the protein in the thyroglobulin region had increased and 
there was only a small labelled pealc possibly present in the 128 area* 
This pattern of labelling persisted on the 2 hour sample with still the 
predominant labelling being associated with the thyroglobulin area* 

Further increases in the incorporation of radioactivity in this region 

were seen at 3 hours and at h hours*
l4Compared to the incorporation of C fuoose in the control rat the 

administration of a goitrogenic drug such as PTU resulted in a modest 
increase in incorporation of radioactivity * The difference in 

incorporation of labelled fuoose between control and goitrogen treated 

animals was not nearly as marked as with the incorporation of ̂ *̂G mannose 
or ^̂ Ĝ galactose in the presence of a goitrogenic drug* At no time 
during the incubation was there any striking incorporation of the 
fuoose into the 128 protein and at all times the buHc of radioactivity 

appeared to be associated with the proteins in the thyroglobulin region*
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CI'IAPTER 18

s m c T  OF sopxuM Timoxma (a?,̂) on

m  INCORPORATION OF ^̂ C FUCQSE

Fig# 20 shoi-/B the effect of adding to the diet of control 
rats on the incorporation of ^^0 fucose in vitro# At 30 minutes 
there is no significant labelling of proteins other than the 3 ••

8s proteins. After 1 hour has elapsed however there is definite 

labelling of the thyroglobulin peak and of the ^ 8s pealt but no 
labelling has occurred in the 128 region# At 2 hours the specific 
activity of labelling of the thyroglobulin peak has increased and 
now there is a email labelled peak in the 128 area) labelling of 

the 3 - 08 proteins is still present# A similar pattern of 

labelling is found at 3 and A- hours without any significant 
increase in labelling of the thyroglobulin region with the passage 
of time# As the incubation proceeds labelling of the 128 pealc 

diminishes#

Compared to the control incubation the addition of to the 
diet has resulted in diminution of labelling of thyroglobulin and 
relative increase of labelling of the ^ * 08 proteins#
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CIIAPinSR 19

n W G T  OF IODINE SUPPMÆimiATXQN 

ON INCORPOmTION OF FÏÏCOSîti

Fig# 29 shov7s the pattern of incorporation of fucose into 

the rat thyroid proteins when the rat's diet had been supplemented 

with potassium iodide (0.05/̂  KI) in the drinlcing water for one 

week# It will be seen that at half an hour of incubation there 

is a small pealt of labelling associated with the thyroglobulin 

region# At one hour the specific activity of this labelled peak 

has increased but there is no very obvious peak associated with 

any other protein present# At 2 hours of incubation the specific 

activity of labelling of the peal̂  in the thyroglobulin region has 

increased slightly and there is now the appearance of a small 

labelled peak in the 128 area# This pattern of labelling is 

continued for the 3 and 4 hour specimens in which there is increasing 

specific activity of labelling of the proteins in the thyroglobulin 

region with no discrete 128 peak present but some shouldering of 

radioactivity between the 128 and l8s area.

Compared to the control incorporation of fucose the pattern 

found with the administration of 0.05?̂  KI in the drinking water for 

one week is very similar although at any given time the specific 

activity of labelling is rather less* On average the iodine 

supplemented animals shov; approximately 30% of the specific activity 

of labelling of the control animals#
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O H A P M  20

EFFECT OF CYCLOHEXIMIDB ON THB 

INGORPOMTION OF FUCOSE

In fig. 30 is shown the effect of cyclohoximicl© on the incorporation 
of fucosG into the tliyroid proteins of control rats in vitro. The 

upper part of the figure shows tho pattern obtained after 30 minutes 
incubation without cyoloheximide. There is a small pealc of labelling 

in the thyroglobulin area with slight labelling of the 3 - 8s proteins.
In the middle part of tho figure is shov'in the pattern of labelling after 
4 hours incubation without cyclohexiraide where, as already shoi-fn, there 
is a predominant peak of labelling in the thyroglobulin region with only 

a slight shoulder of lighter labelled proteins present. In the lower 

portion of the figure is shown the pattern obtained when cyoloheximide 
is added after 30 minutes of incubation and the incubation is continued 
until 4 hours have ©lapsed. In this circumstance a definite labelled 

198 pealc is obtained; there is also some radioactivity present at the 

top of the gradient but not exactly coinciding with the stable 3 * 8& 
peak*

It can be seen from this figure that the addition of cyoloheximide 
does not prevent the formation of labelled 198 protein although the 
specific activity of labelling is approximately half that of the control 

4 hour incubation*
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l4Fig* 31 shows the pattern of incorporation of C mnnose into 
slices of thyroid gland obtained by biopsy from a patient who was 
undergoing a neck exploration for possible hyporparatliyroidism*
There was no thyroid abnormality at operation or on histological 
examination# and this has been designated as * normal* thyroid tissue.
It may be argued that this gland is not perhaps entirely normal but 
for ethical reasons it Is as close an approximation as one is lüteîy 
to achieve# It will be seen that with labelled mannose at lialf an 
hour there is slight labelling of the proteins in the thyroglobulin 
region# a definite 128 peak is present and there is label assoeiatod 
in larger quantity with the 3 * 88 peak. At one hour the label in 
the thyroglobulin region has become more definite and has approximately 
doubled in specific activity. The label associated with the 128 peak 
has kept in pace with this change and there is also more radioactivity 
associated with the top of the gradient. At 2 hours this pattern has 
continued in approximately tho same proportion with the specific 
activity in all three fractions increasing.

Fig. 32 shows the pattern obtained with labelling of the same 
l4gland with C galactose vitro. It will be seen that at half an 

hour there is a sli^t amount of label associated with tho proteins 
in the thyroglobulin region; a small rather ill-defined labelled 128 
peak is present and there is a large amount of label associated with 
the 3 * #8 fraction. After one hour Incubation the thyroglobulin
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peak bas increased, that associated with the 12S peak has only 
increased raarglnally and that associated with the 3 * 8s pealc 
has declined markedly* fhis pattern of labelling is continued 
on the 2 hour sample which shows approximately doubling of the 
label associated with the thyroglobulin region# !fhe label 
associated with the 128 region lias also increased slightly and 
the label associated with the 3 • 8lS region has also increased#

It will be seen therefore that the pattern of labellixig with 

^̂*̂0 mannose and ̂ ^0 galactose in this •normal* human thyroid gland 
is remarkably similar both in pattern of incorporation of the label 
and in the amount of the label incorporated# This similarity was 
also present amongst the other 2 *normal* human thyroid glands 
studied*

Compared to the patterns of incorporation seen in the rat, the 
normal human glands show a similar pattern of mannose and galactose 
incorporation but the specific activity of labelling was much greater 
in the rat thyroid tissue#
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l4Fig* 33 shows the pattern of incorporation of C mannose into 
thyroid tissue in vitro from a human non^toxio goitre# It will be 
seen that at half an hour there is significant labelled protein 
present in the thyroglobulin region, a definite labelled 128 peak 
is also present and there is rather non-specific labelling associated 
with the top of the gradient# At one hour greatly increased radio-* 
activity is associated with the proteins in the thyroglobulin region, 
the 128 region and the 3 * #8 region# All three peaks have increased 
in specific activity but that associated with the 128 region to the 
largest extent# At 2 hours this pattern of labelling continues with 
increased specific activity being associated with all three peaks with 
the main labelling being associated with the 3 * peak, then with 
the 128 peedc and lastly but only slightly less in extent with the peak 
in the thyroglobulin region.

Fig# 34 shows the pattern of incorporation of galactose into 
the same thyroid gland# At half an hour there is a very definite 
peak of labelling of the proteins in the thyroglobulin region, a 
smaller 128 labelled peak is present and there is some labelling 
associated with the proteins in the 3 - 8s region. At one hour this 
pattern of labelling is maintained with increased label associated 
with all three peaks, the 128 pealc remaining proportionately the 
smallest of the three peaks. At 2 hours the same pattern of 
labelling was found with the specific activities of each peak 
increasing in proportion#
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The pattern of labelling shown in fig. 33 and 34 was obtained 
in 13 of 18 non-toxic goitres examined. In the remaining 3 
specimens the patterns obtained were those described for the 
•normal* human thyroid.

It will be seen that in contrast to that found in the •normal* 
human gland the typical pattern of labelling of the non-toxic goitre 
showed some differences between ̂ *̂̂0 mannose and ^^0 galactose 
incorporation into the soluble thyroid proteins. There is labelling 
of the proteins in the thyroglobulin region to a greater extent at 
earlier time intervals with galactose and this larger amount of 
radioactivity associated with the proteins in the thyroglobulin 
region is maintained throughout the period of Incubation. It will 
be seen that compared to •normal* human tliyroid that there is 
typically a greatly increased specific activity of labelling at 
all time intervals and compared to the rat thyroid tissue studies 
there is much earlier labelling of proteins in the thyroglobulin 
region especially when mannose is utilised.
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Fig. 35 shows the pattern of incorporation of mannose into 
slices of a human thyroid adenoma. At half an hour there is a 
slight amount of labelling associated with the peak in the thyro- 
globulin region* no discrete 128 peak is seen but there is a peak 
of labelling associated with the 3 * Os proteins. At one hour there 
is definite incorporation of label into the thyroglobuliïi region at 
hi^er specific activity, a small labelled 128 peak ia now seen and 
there Is again labelling associated with the 3 « 8s proteins. At 
2 hours the label associated with the 128 peak had increased pro­
portionately compared to the other peaks. The specific activities 
in the other peaks were more or less unchanged. It should be 
noticed* however* that there is rather less protein on this gradient 
and therefore proportionally to the amount of stable protein present 
the radioactivity in the three peaks has increased in specific 
activity.

Fig. 36 shows the pattern of incorporation of galactose into 
the same human thyroid adenoma. At half an hour there is a small 
peak of labelling associated with the proteins in the thyroglobulin 
region with perhaps a small labelled 128 pealc present but it is 
difficult to be dogmatic about this. There is rather non-specific 
labelling associated with the top of the gradient. At one hour the 
labelling of the proteins in the thyroglobulin region has increased 
by about twofold. There is a small peak of 128 labelling now seen 
and the labelling associated with the 3 ~ 8# proteins is likewise
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hotter defined# At 2 hours the labelling of the proteins in the 
thyroglobulin region has markedly increased, the 123 peak is again 
seen but is not well marked and there is rather non*̂ specific 
labelling of the proteins on top of the gradient#

It will be seen that compared to the *nozmal* human tissue 

the amount of labelling achieved in the thyroid adenoma had 
increased both with mannose and galactose# It is interesting 
that in thi^ instance the label associated with the 128 pealt using 
galactose io not at all well-defined as compared to either the 
labelling in the •normal* thyroid or in the non-toxic goitre#

In view of the fact that the functional activity of thyroid 
adenomas vary when judged by the results of in vivo scanning with 
radioiodine it was thought worthwhile looking at the results of 
mannose and galactose incorporation taking the scanning results 

into account# In all, 12 nodules were found to show increased 
incorporation of mannose and galactose compared to •normal* human 
thyroid; of these 7 had been scanned before operation and all were 
found to be •hot* with respect to their iodine scan# In contrast 

7 adenomas showed a pattern of mannose and galactose incorporation 
similar to that found in •normal* human thyroid tissue# Of those 
4 had had radioiodine scans and all showed less accumulation of 
radioiodine in the adenoma than in the surrounding thyroid tissue, 
that is all were *cold* adenomas#
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Fig# 57 ahows thô pattern of incorporation of C maimoso into 
olioos from the thyroid of a patient with thyrotoxiooai»» $h# 
patient» «tttdied in this oeotion had all been treated pre*operatir#ly 
by conventional mean» with a courae of carbimamole therapy until 
rendered euthyroid and then given potanelum iodide 50 mg three time» 
a day for the ten day» before the operation. It will be »een that 
at half an hour there is no evidence of any labelling aaaooiated 
with the protein» in the thyroglobulin region or with the protein# 
in the 128 region* 3?here 1» acme labelling at the top of the 
gradient, however, in the region of the 3 Bs protein#* At one 
hour there 1» a tiny peak of labelling aaaooiated with the thyro## 
globulin region, a rather broad peak of labelled 128 protein present 
and the label aeaooiated with the 3 # 88 region has decreased in 
specific activity* At Z hour# the peak of labelling associated 
with the proteins in the thyroglobulin area has increased In specific 
activity, that of the protein# in the 128 region rather more than 
trebled in specific activity and the proteins associated with the 
3 # #8 area also i^ow increased labelling*

Fig* 38 shows the pattern of labelling of the same thyrotoxic 
gland with galactose in vitro# It will be seen that at half 
an hour there is a well marked labelled peak associated with the 
198 region, there is a well marked 128 peak also present and there 
is a considerable amount of label in the 3 ** 8s proteins. At one
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hour the labelling of all three peaks has increased, approximately 
the same proportion of labelling being maintained as found in the 

half hour specimen and by 2 hours the same pattern of labelling of 
the three peaks was obtained with in this instance proportionately 

much more label being associated with the thyroglobulin and 128 
peaics than with the 3 * 88 pealcs.

In all, 10 thyrotoxic patients treated pre^operatively with 
carbimaaole and potassium iodide were studied. The pattern of 
incorporation of labelled mannose and galactose was remarkably 

uniform. No significant discrepancies from that shovm in fig. 37 

and 38 were found.
It is of interest that in thyrotoxic glands there is a discrepancy 

in pattern between labelling with mannose and with galactose. There 
is much earlier labelling of proteins with galactose than with mannose 

and the degree of labelling achieved is much greater. It is of 

interest that the label associated with the 128 pealc using galactose 

is much more marked in the thyrotoxic gland than in the thyroid 

adenoma.
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CHAPTER 23

HASHXmO »S THYROIDITIS

Xu this condition there is alteration of the tliyroid epithelium 

to an abnormal type (Askanaay cells) and there a.s replacement of a 

large part of tho gland with a lymphocytic infiltrate which causes a 

diminution in the amount of thyroglobulin present in the gland* This 

is reflected in the different stable protein patterns seen here from 

the other human thyroid glands. It will be noted that there is 

proportionately much less stable protein in the tîiyroglobu3.in region 

and a rauch greater amount of protein associated with the 3 ^ 8s area*

This alteration of the thyroid protein pattern in Hashimoto*s tliyroiditis 

has been described by Thomson and Bissett (1969a) and others*

Fig# 39 shows the pattern of incorporation of mannose into 

such a gland in vitro* It will be seen that at half an hour there 

is virtually no labelling of proteins above the 3 * #8 area* There 

is a large peak of incorporation of the label into the lightweight 

proteins but there is no trace of a labelled 128 or 198 protein* At 

one hour the labelling of the 3 •* pealc had increased but again 

there was no labelling associated with the 128 or 198 proteins.

This pattern of labelling was also found in the 2 hour sample in 

which although tho labelled peal: of the 3 * 88 protein had increased 

markedly i/i specific activity there was no definite labelling of the 

other proteins*

Fig* 4o shows the pattern of labelling found using galactose.

At half an hour it will be seen that there is substantial labelling
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of the ) * 8a protein# but »t the meet only a alight auggestloa of 
labelling of protein# in the thyroglobulin region* At X hour there 
i# an inoreaee in «peoifio activity of labelling of the protein# in 
the ? ̂  8s area, there i# a email peak running ehort of the 198 area 
prenant but no definite evidence of 128 labelling. At 2 hour# the 
peak of labelling of the 5 ^ 8s proteins has further inoreaned#
There in some increase in labelling in the thyroglobulin area but 
there is no discrete peak of incorporation found*

Nine patients with Hashimoto*# thyroiditis were studied, in 6 
the pattern of mannose and galactose incorporation was as shown in 
figs* 39 and 4o. In 3 others however there was a small amount of 
labelling of the proteins in the thyroglobulin region* This only 
constituted a small proportion of the total labelled sugar incorporated 
and the amount of the label associated wi%i the thyroglobulin region 
did not increase with longer times of incubation*

Fig, 4l shows the 30 minute incubation studies from such a 
patient illustrating the small proportion of labelling of thyroglobulin 
found even in such patients* The figure also shows the results of 
labelling in vitro with &  leucine and It will be seen that

is incorporated into thyroglobulin but &  leucine is not.



HUMAN THYROID -  H A S H IM O TO ’S T H Y R O ID IT IS

20000125- moo 0125-
INCUBATION TIME ’2  h o u r  - ■>2 HOUR -  I^C -M A N N O S E

-1600■800

1200600

0 0625-0 0625-

600•400

I'
o00N

400-200

^2 HOUR -  -G A LA C TO S E

i l9 S

2000 20000125-0125-
’2 HOUR -  3 h -LE U C IN E

»
C

■o -1600-1600

(0u 1200■ 1200aO 006250 0625-

800-600

400400|19S

|1 9 S

20 303020

o
o

Fraction number

14,ültraCQntrlfügal study of the early incorporation of 0 mannose t 
galactose# leucine and into the thyroid proteins from 

Hashi«oto*e thyroiditis in vitro* Time of incubation - 30 minutes; 
SW 4l Rotor at 28,000 rpm for 16 hours.
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CHAPTER 26

CARCINOMA OF THYROID

Three patients with thyroid caroinoioa were studied* One patient
had an anaplastic carcinoma# one had a well differentiated papillary
carcinoma and the third patient had a medullary carcinoma# that is one
arising from the parafollicular or *0* cells of the thyroid* In this
last type of tumour there is replacement In the normal thyroid tissue
by masses of the abnormal cells which is reflected in the lack of
proteins in the thyroglobulin region in most of the gradients seen
and the presence of a large amount of stable protein in the 3 # 8a

l4area* Fig. 42 shows the pattern of labelling with C mannose in 
the medullary carcinoma and it can be seen that in this particular 
gradient a small amount of protein in the thyroglobulin region is 
present. There is a rather broad peak of labelling in the 128 area 
and label associated with the top of the gradient but no discrete peak 
of labelling in the thyroglobulin region* At 2 hours it can be seen 
that there is no discrete stable or radioactive protein in the thyro* 
globulin region or in the 128 region and there is no definite label 
associated with the 3 8s peak. At 4 hours a rather similar picture 
is obtained with a broad pattern of labelling being associated with 
the top of the gradient but not specifically with the 3 ** 8s peak* 
There is no stable or labelled protein associated in the other areas* 

Fig. 43 shows the pattern of labelling obtained using 
galactose* At half an hour there is no labelling of the proteins 
in the thyroglobulin and 123 area but a broad peak of labelling
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«wawlated nith tht top of tho gradiont* îEbio pattern io aloo 
found at 2 houra and at 4 hour»* In thin latter apeolwen tb*r# la 
a amali peak which could be aeaociated with the 128 region but it 
la difficult to be cure of the algnlfloanee of thia one area of 
rained count aeaociated with thia gradient* There la again a 
broad peak of labelUng over the area of the 3* # 8a protein#*

It will be eeen that neither ualng aennoee or galactoa# 
la there any definite pattern of incorporation of the material Into 
the thyroglobulinwlike protein# or into their poaaible preouraor# 
with the exception of the 30 minute mannoae aample. In thia aa%le 
there obvloualy la aome thyroglobulin*llke protein preaent and it 1# 
poaaible that fortuitouely aome relatively «normal* thyroid tlaaue 
at the edge of the tumour waa included dn thia incubation. Oertainly 
in none of the other gradient# except for the 4 hour mannoae apeoimen 
la there any auggeatlon of a atable protein In the thyroglobulin 
region*

The thyroid gland from the patient with anaplaatio carcinoma gave 
a elmllar lack of incorporation of labelled eugar other than into the 
3 » 88 peak* The result# from the patient with a well differentiated 
papillary tumour showed a considerable amount of thyroglobulin to be 
present and pattern# of incorporation similar to non**toxic goitre 
tissue %rare obtained*
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Chapter 27 
Chapter 28

Chapter 29

BffectG of dlaXyalB and betamercaptoethanol (BMS)
Chromatographic studies of thyroid proteins

1.4following incubation with C mannose and C 
galactose and exposure to specific glycosldaae 
enzymes

Bffect of ultracentrifugation at 23^0 on the
l4 14patterns of incorporation of 0 mannose and 0

galactose into rat thyroid protein
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In fig* 44 is shown the effect of dialysis and Bï® on the 
breakdown of thyroglobulin which has been labelled with ^̂ '0 mannose. 
At the top of the figure is shown the pattern expected after 
incubation of rat thyroid hemilobes for 4 hours in the presence of 
^^0 mannose. There is a well marked labelled peak running just 
short of the thyroglobulin region, a well marked 128 peak is also 
seen and there is label associated with the 3 8s proteins. It 
should be noted in the figures in this chapter that the speed of 
ultracentrifugation has been increased so that the thyroglobulin 
peak now runs much nearer the bottom of the gradient and enables 
more space for changes in the proteins in the intermediate regions 
to be seen. The middle part of the figure shows the effect of 
overnight dialysis at 4®G of the thyroid proteins obtained from 
the 4 hour incubation against (0.01 M) solution adjusted to
a pK of 10. It will be seen that this has the effect of greatly 
diminishing the concentration of labelled mannose into the proteins 
running in the thyroglobulin region but greatly increasing the 
labelling of the 128 proteins. There is some diminution in 
labelling of the proteins in the 3 8s area. This would imply 
therefore that the effect of dialysis, as anticipated from the 
work of Bdelhoch has resulted in the broalcdown of protein in the 
thyroglobulin region to protein in the 128 region. It should be 
noted that in this particular instance there also is now the
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appearance of a ©table peak of protein in the 128 area. In 
the lower part of the figure can be eeen what happens when the 

thyroid proteins, previously dialysed at pH 10, are exposed to 
the addition of BMG! and left overnight at 4°C. In this instance 

there is almost complete disappearance of the stable protein pealt 

in the thyroglobulin region. There is a small stable protein 
pealt in the 128 area and there is a broad stable protein peak 
extending over the 3 - 8s area. As regards labelling, there now 

is only a minimal peak of labelling associated with the 198 area, 
there is a large broad peak of labelling in the 128 region and 

proportionately there is much more label associated with the 

3 •<- 8s area. This would therefore fit in with the concept that 
the labelled material from both the thyroglobulin and from the 
128 area which have fallen markedly in specific activity has been 

transferred to proteins in the 3 - 8s region*
Fig. 43 shows a similar experiment conducted with galactose 

using rat thyroid hemilobes. Once again the control 4 hour 
incubation is shown in the top part of the figure and here will be 
seen the typical appearance of a predominant labelled peak running 

just short of the 198 peak, a labelled 128 peak present and some 
labelling over the 3 « 8s area. As a result of overnight dialysis 
(middle portion of the figure) at pH 10 there is a marked diminution 
of labelling of the pealc in the thyroglobulin area; a marked 
increase in labelling of the peak in the 128 area and this is again 
associated with the appearance of a small stable 128 peak; the 

labelling associated with the 3 8s region has also fallen. The
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effect of the addition of BÎ4B is shown in the lower part of the 
figure. It will he seen that once more the stable proteins are 
altered so that there is now abolition of the aprotein peak in the 
19s region* there is no discrete 125 stable peak present but there 
is merely a broad area of protein lying over the top of the gradient* 
There is no significant labelling of the 195 proteins present* there 
is a large 125 labelled peak although diminished in specific activity 
from the postmdialysis specimen and proportionately there is much 
more labelling of the peak in the 3 • 8S region. Once again this 
would imply the effect of the dialysis has been to break the protein 
in the thyroglobulin region down into the 125 region and the effect 
of BMS has been to break the protein in the 125 region down to 
proteins in the 3 8s region.

These studies would therefore suggest that mannose and galactose 
are associated not only with the proteins in the thyroglobulin region 
but also are associated with the 125 and 3 * 8s proteins during break# 
down of the thyroglobulin molecule. It is therefore conceivable that 
incorporation of the sugars could occur into the 3 8s and 125 proteins 
initially and the proteins in the thyroglobulin region be built up from 
these presumed submits#
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CHROmTOGEAHlXG STUDIES OF TOROIU PBOTSINa 
FOMXMING INCUBATION WITH MAUNOSE AND 
^^0 GAXACTOSB AND BXPOaURB TO 5HSCIFIC 

GLYC0SIDA5B BN2YMS8

HersoovicB (1969) has suggested that during incubation with ‘
O0f mannose there is some conversion of the mannose to galactose 
and that this could result in apparent early incorporation of ̂ ^0 
mannose into proteins in the thyroglobulin region.

In view of this* studies wore performed, as described in the 
methods section, to see whether this applied under the conditions used 
in this study.

Using mannose and galactose individually studies wore 
performed using rat thyroid tissue at incubation times of 1, H, 3*
4 hours. Following the incubations the flask contents were submitted 
to digestion with either ̂  «mannooidase or Ji #galactoaidase under 
the conditions outlined. Following this chromatography using butanol/ 
pyriditto/water solvent showed only a single peak corresponding to the 
stable matmose or galactose respectively.

No evidence was therefore obtained which would suggest tliat 
significant conversion of labelled sugars occurred in the present 
studies.
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EFTECT OF OlffiBACEmgnOAglOS AH 23*C OH IHE 
PAIHæiiHS OF IKCOKPOBATIOM OF ^^0 MAHMOSB AMD 

0 6AÎACT0SE IHgO RAJ ’HgBOIP PBOBIM

Schneider et al (1971) have suggested from their studies in 
the guiaiioa pig that the appearance of 125 labelling usirig %  leucine 
is a technical artefact* They suggest that storage at 2*4?G and 
subsequent ultracentrifugation at 4^0 results in a reversible 
alteration of the thyroglobulin#li!te proteins* Their studies were 
consistent with the breakdown of 195 protein to initially 13S protein 
and later to 123 protein* On raising the temperature of the 
experimental conditions to room temperature (23̂ 0) 128 protein was 
not seen and 198 protein was reconstituted*

In view of this, studies were undertaken where following the 
usual incubation at 37*fe» the flask contents were kept at room 
temperature thereafter and ultracentrifuged at 23^0*

The results are shown in figs* 46 and 47* It will be seen, 
both using mannose and galactose, that ultracentrifugation 
at 23^0 still gives the pattern of incorporation into 3 •* 8s, 128 
and tbyroglobulin#like proteins* The results obtained using either 
sugar arc very similar to the control rat experiments shown in figs*
4 and 3 with the exception of slightly earlier incorporation of 
mannose into thyroglobulin*
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GENERAL DISCUSSION

Tho author*s previous work (Thomson 1969) was devoted to looking

at the mechanisms of incorporation of iodine and leucine into rat
thyroglobulin in vivo and into human pathological glands vitro.
As already presented in the introductory section the evidence is that 
3H leucine is incorporated into lightweight protein fractions ( 3 "
8s and 12S) before incorporation into thyroglobulin occurs# In 

125contrast I is incorporated directly into the thyroglobulin region 
although usually just short of the true 198 position*

The work reported in the present thesis is therefore an extension 

of these studies looking at the patterns of incorporation of labelled 

sugars into the soluble thyroid proteins of t)xe rat thyroid in vitro 

and in the human pathological glands in vitro* The extension of 
these studies was prompted by the work of Herscovics (1969) who 
reported differences in the incorporation of certain labelled sugars 
into the soluble thyroid proteins of the rat* In particular, she 

found that labelled mannose was incorporated into the thyroid proteins 

in a manner similar to that for H leucine, that is the pattern was 

consistent with incorporation into presumed thyroglobulin subunits,
3 - 8s and 128, before there was incorporation of the label into 198 
thyroglobulin# In contrast she found tliat labelled galactose was 

incorporated in a manner similar to that of iodine, that is there was 

no incorporation of galactose into proteins lighter than the immediate 
thyroglobulin precursors, that is proteins of approximately 188 size* 
She, therefore, postulated that galactose in contrast to mannose was
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incorporated only into the completed non iodinated polypeptide 
ohadne of thyroglobulin# Oonsiotent with these studies were her 
results using substances which inhibit protein synthesis* She 
was, for instance, able to show using puroiryoin that there was 
almost complete inhibition of incorporation of labelled leucine 
and mannose but no effect on the incorporation of galactose* She 
later extended her studies to look at tmother sugar, fueose 
(Herscovics 1970)* This sugar theoretically should appear on the 
outer aspect of the carbohydrate chains of the thyroglobulin mole# 
oule# Herscovics found that labelled fucose was incorporated in 
a manner similar to that of labelled galactose, that is into a 
17 # 18S protein without incorporation into the presumed thyro# 
globulin subunits* She al*so found using fucose that the incorporation 
was not immediately affected by the use of cyolohoximi.de, another 
drug which inhibits protein synthesis* From the same laboratory 
autoradiographic studies supporting these biosynthetic differences 
in incorporation of labelled sugars have been reported (Whur et al 
1969)* labelled galactose was quickly concentrated over the Golgi 
apparatus whereas mannose was seen diffusely over the thyroid 
follicular cell cytoplasm* galactose was incorporated into colloid 
as early as 30 minutes but mannose took 2 hours to reach the colloid*

Because of the above results the initial study conducted by the
14author was to look at the pattern of incorporation of C mannose 

l4and G galactose in yltrp into rat thyroid hemilobes using the 
incubation techniques which the author has used extensively in 
studies of leucine and iodine incorporation*
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Before ooneidering the BimiXarities and differences between 
the present results and those found by Herscovics vm-ious 
technical points should perhaps bo considered# 1) The incubation 
system used in the two studies were broadly similar but one or two 
minor differences did exist# The buffer used in the present study 
was a modified Krebs Ho* 2 buffer which has been used very success# 
fully in the author*b laboratory for some years* Herscovics used 
a Krebs Ringer bicarbonate buffer# 2) Following incubation 
Herscovics used only the thyroid hemilobes and did not use the 
total flaslc contents as was used in the present study* The 
importance of this is that at long times of Incubation there is 
significant leaching of tljyroid protein© from the thyroid slices 
or hemilobes and these then appear in the medium* This was well 
documented some years ago by Heed and Goldberg (1963 ) who showed 
that after six hours of incubation there was vozy little thyro# 
globulin left in thyroid slices in vitro* 3) In the present 
study the uso of Hepliadex 023 column© to remove unincorporated 
labelled sugar© wa© particularly useful a© documented in fig* 3* 
This revealed easily seen labelled peaks in proteins lighter than 
198 which were obscured before the desalting step* This step in 
our studies preceded the ammonium sulphate precipitation step 
which was done in both studies* 4) In the present studies it 
was found that pyruvate made no difference to the pattern of 
incorporation of ̂ ^̂ 0 mannose and therefore this was not added in 
the present study a© a routine (see Chapter 13)* 3) One further
point was the present author*© inability to find any metabolism 
of mannose or galactose into any other labelled sugar©
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during the course of the incubation* This is in contrast to the 
finding of Herscovics that there was a significant conversion of 
C mannose into C galactose and this she postulated could alter 

the pattern of the results obtained* The author#© data in regard 
to this point in particular is reassuring since there is another 
paper (Mitranic and Moscarello 1972) which purports to show that 
following the injection of mannose into the bloodstream of a 
rat there is a rapid conversion of most of the carbohydrate to 
sialio acid*

As regards the results of the present studies of the incorporation 
of labelled sugars into rat soluble tigroid proteins in vitro it 
will be seen that the results for mannose follow closely those 
established for leucine, that is the pattern of incorporation is 
consistent with incorporation initially into 3 # 8S, and 12S proteins 
and then progressively into 193 protein* This is in keeping with 
the results of Herscovics (1969)# In contrast to her findings, 
however, the pattern of galactose incorporation followed a broadly 
very similar pattern in the present studies* There was progressive 
labelling of all three peaks, the 3 « 6S, the 123 and the 193 peaks 
with the passage of time* The only differences between galactose 
and mannose incorporation in the control rat in our studies was the 
fact that using galactose there was persistently earlier incorporation 
of the label into the thyroglobulin#llke proteins at any given time 
and that the specific activity of labelling of thyroglobulin-like 
proteins was higher at any given time of incubation compared to 
the same time interval using labelled mannose*
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Recently Schneider et al (1971) have suggested that the 
appearance of a 12S peak following the administration of a pulse 
of labelled amino acid in vitro is an artefact* They proposed 
that the appearance of this 12S peak and gradual accumulation as 
time passes of increasing amounts of label in the thyroglobulin 
proteins is due not to a precursor/product relationship between 
the 128 and 198 peaks but rather that the opposite is the case*
They proposed that newly formed thyroglobulin which is known to 
be more liable to breakdown than older thyroglobulin is rapidly 
labelled but easily breaks down to form a labelled 128 peak* The 
studies of the effect of dialysis of the soluble thyroid proteins 
at pH 10 show that certainly the labelled sugar remains as an 
integral part of the protein molecule when broken down from 198 
to 128 under these conditions* The reason for the gradual 
lessening of the 128 peak with the passage of time, according to 
Schneider et al, is because of the increasing stability of the 
198 thyroglobulin* They were able to show using the guinea pig 
as the experimental animal that these changes in their studies 
were temperature dependent and that the usual techniques of 
maintaining the proteins, either frozen or at low temperatures, 
would result in the preferential formation of a labelled 128 peak 
whereas maintaining it at room temperature (23®) resulted In the 
formation of a labelled 198 peak* It should be noted that their 
studies were performed in the guinea pig which is rather an unusual 
laboratory animal in that most workers have found regular stable 
128 thyroid protein present in this animal (Roche et al 1968)*

See pages 9*12 for discussion of relationship 
of 198 thyroglobulin and subunits
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Roche and co#workera have shown tîmt tho guinea pig alone out of 
sixteen different mammals studied was the only one found to have 

appreciable 128 protein present constituting approximately 14 

per cent of the total soluble thyroid proteins* In the author’s 

previous work (Thomson 1969) it has been noted that the guinea 
pig is unusual in having thyroid proteins which are much less 

iodinated than other vertebrate thyroid proteins* This presumably 

is due to its largelyf>yegetarian habits* The fact that poorly 
iodinated thyroglobulin is much more liable to show breakdown 
than normally iodinated tiyroglobulin thoroforo makes the guinea 
pig a rather unsatisfactory animal with which to study tlio 
relationship of possible tîjyroglobulin precursor subunits to 198 
thyroglobulin* Certainly as outlined in Section 3* Chapter 29, 

the author was unable to show in the rat that ultracentrifugation 

at 23® gave a significantly different pattern of âjicorporation of 
mannose and ^̂ 0̂ galactose into the soluble thyroid proteins 

compared to the similar studies at 4®C* Further support for tine 

author#© view that the presence of a labelled 123 protein the 

present studies is not just a technical artofact is the previous 
work from this laboratory using an identical incubation technique 
to study the labelling of extremely iodine deficient rat tl%rroid 
proteins with no protein < 18h size was iodinated (Thomson
and Bissett 1969b),

Having therefore validated the studies on teohnicaX grounds 
and examined the various factors which could possibly cause 
different results to bo obtained from those found by Herscovics, 
the various factors possibly involved in the incorporation of
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l4 1,4C mfiamose and c galactose into m t  eolubXe thyroid protein#
wore examined# The effect of admWetering a goitrogenic drug
ceitainly did not remit in any blockage of the incorporation of
14 l4<3 mannose or 0 galactose# In fact, the incorporation of
the labelled sugar# increased^ this has also been found previously
using leucine# The effect of the drug apart from increasing the
amount of incorporation of the label was to cause increased
labelling of the thyroglobulin#like proteins at earlier time
intervals and proportionately to greater extent than in the
control animals# As previously pointed out, this effect was not
specific for any single goitrogenic drug and suggested that peidiaps
the effect of the thyroid blocking drugs was to cause increasing
thyroid stimulation via the T8H mechanism by means of the well
known negative feed back mechanism activated by falling peripheral
blood hormone levels.

In keeping with this hypothesis were the results obtained
using thyroxine from which it can be seen that there is significant
inhibition of incorporation of both mannose and galactose with
mannose being rather more affected than galactose# Here
importantly one was able to reproduce the increased incorporation

l4 l4of C mannose and 0 galactose and also the early incorporation
into the thyroglobulin#like jcroteins with the use of TÔH added to
the incubation medium in vitro# It should be noted that although
T3K injected in vivo did produce some stimulation of incorporation
this was by no means marked and indeed occurred only at later time
intervals such as 3 4 hours and not early time intervals when if
anything there was relative inhibition of incorporation#
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Thia Ælecrapaîacy Wtweea reaiilts of the ^  and 
An fityo adialniJBtration of fSH might at flrat eight be coaeldered 
blwre* It ie poeelble that the dlfferenoeô found were merely 
teehnloal and that if a different doee or different time interval 
of admlnifltration had been need then different reeulta might be 
obtained* Varioiia atudleo were perfomed ueine different doeagee 
up to 3 unite per rat at different time Intervals but essentially 
liie same results were obtained# Assuming a broadly similar 
sensitivity of human and rat thyroid tissue to the effects of 
bovine ÎSH a dose of 1 # 3 units of WH to a 350 gm rat is not a 
small dose ocNopared to a dose of 10 units usually used in a 70 
Kilo man# fhere is however supporting evidence in the literature 
for this unusual effect of fSH# WSgar et al (1973) showed 
discrepancies between the action of 5?SH on thyroid protein synthesis 
in vivo and in vitro using labelled leucine. They found that when 
the concentration of stable leucine in the medium was low that there 
was initial inhibition of in vitro incorporation of labelled leuoine 
into the thyroid slices# This could be abolished by adding stable 
leucine to the medium, pi vivo they found that there was no 
stimulation of incorporation of labelled leucine into the thyroid 
proteins till after a lag phase of 4 hours after T3H administration# 
The finding of similar discrepancies with regard to labelled sugars 
is of interest but this topic has not been further looked at in the 
present study#

It can be seen from Chapter 10 that iodine in the form of 
potassium iodide in the drinking water does result in a similar
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14 14pattern of incorporation of 0 wannoee and 0 galaetoaa to that
found using control rats# There is# however# some diminution in
labelling under these oirouma tances $ it is known that potassium
iodide has rather ill undeimtood effects on the thyroid gland# one
of which almost certainly is to diminish the activity of TSH and
therefore the mild inhibition of incorporation could be e x p W m d
by postulating this mechanism#

m  contrast to the studies of herscovics <1969) it can be
seen from figs. 16 and 17 that the results of adding cycloheximid#
were broadly similar for mannose and galaotoee incorporation# that
is that the addition of the drug# although completely inhibiting
protein synthesis# did not inhibit the steady accumulation of
labelled 193 protein# This pattern is consistent with mannose
and galactose being incorporated into thyroglobulin subunits such
as 3 ** 8S and 123 rather than galactose being incorporated directly
into thyroglobiflin. It should be noted that the amount of cycle#
heximide used in the present experiments was much greater than that

14used by Herscovics in her study on 0 fucose incorporation# # e
amounts used in her study would have been quite ineffective in 
inhibiting polypeptide synthesis using the author's techniques.

The results of the use of added stable sugars to study the 
effect on incorporation of the specific labelled sugar are 
interesting# It was found# as anticipated# that adding increasing 
quantities of the stable sugar resulted in progressive inhibition 
of incorporation of the specific labelled sugar# This presumably 
happens by a mass action effect althouei% as outlined in Table 1
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it is possible that the osmotic effect shown also played a part*
It will be seen that mannose was more effective in inhibiting 
the incorporation of labelled mannose than labelled galactose 
and the converse was found for the addition of stable galactose*
It M s  been suggested that specific glyoosyltransferoee enzymes 
exist in the tliyroid (Spiro and Spiro 1968a and b)* Certainly 
the studies reported in the present work would be in keeping with 
specificity of incorporation of the labelled sugars* It was 
interesting, however, as seen in fig* 24 that the addition of 
imnnose and galactose had some inhibitory effect on the incorporation 
of labelled leuoine but not that of iodine. It is difficult on 
the present evidence to be sure that this effect is not merely 
that of alteration of osmotic pressure with resulting impairment 
of thyroid cell fimction. One might postulate if this were the 
case that the incorporation of leuoine into polypeptide chains 
might bo more affected than the addition of iodine to the completed 
polypeptide chain.

The experience with the incorporation of fucose reported
in the present work is consistent with the studies of Herscovics
(1970). Certainly there seemed no good evidence of incorporation
of fucose into presumed thyroglobulin subunits. labelling of the
195 prot0i.ns occurred very early and was progressive. One might
postulate that some of the slight shouldering effect of the radio- 

14active peak of C fucose incorporation was due to slight break­
down of the thyroglobulin proteins* It is interesting that the 
administration of a goitrogenic drug did not alter the pattern of



99

thie incorporation nor did it inoroaa# the amount of incorporation
to nearly the aeme extent on was found using mmose# ^^0
galactose# &  leucine or The effect of added thyroxine

l4on the incorporation of C fUcooe did suggest, however, that the
incorporation was also mediated throu^i the TSH meohanism in view
of the fact that under these circumstances the incorporation of 
14Q fucose was much diminished* This was supported by the modest 
reduction in incorporation as a result of the administration of 
potassium iodide* qycloheximide could he shown to he ineffective 
in inhibiting the formation of labelled thyroglobulin. This is 
in agreement with Herscovics (197Ô)*

The overall conclusion from these studios in the rat is that
l4 l4the patterns of incorporation of C mannose and 0 galactose

are consistent with the inooiporation of both sugars into presumed
subunit proteins of 3 * 08 and 123 eiae before there is striking
incorporation of the labelled protein into 198, that is the pattern
in both sugars more resembled that of the incorporation of amino
acids such as leucine rather than that of ̂ I *  It should be
noted that labelling of a 123 protein occurred routinely using
galactose, Even the studies with added T^ to the diet which
theoretically Ohould inhibit thyroglobulin breakdown still showed
labelling of the 123 protein (fig* 9)* In this instance the
labelling of the 123 protein was in keeping with it being a pre#
cursor of the labelled 198 peak* It is of interest that the
studies of the breakdown of thyroglobulin (Chapter 2?) have shown
during the degradation of the thyroglobulin molecule that the
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carbohydrate which had been incorporated into a 198 protein remained 
attached as far as the 3 ~ 08 stage and did not seem to be lost into 
the medium as unincorporated sugar*

In contrast, however, fucose appeared to be incorporated by a 
different mechanism and as stated by Herscovics (1970) appeared to 
be incorporated directly into thyroglobulin-like proteins without 
passing through stages of subunit incorporation*

The next main section of the thesis concerns the patterns of 
incorporation of mannose and galactose found in human thyroid 
glands studied in vitro. The pattern found in the 'normal* thyroid 
gland of the human was similar to that of the rat although the 
specific activity of labelling was not so great* This might be, 
of course, due to the fact that these patients were not strictly 
normal; they all had a neck exploration for a possible parathyroid 
tumour and there is no evidence at present of what effect an 
elevated serum calcium might have on the incorporation of these 
sugars* In keeping with this possibility is the fact that the 
non-toxic goitres showed by and large an increased amount of 
incorporation of labelled mannose and galactose than the 'normal* 
human gland. One might postulate that this effect could be 
mediated through the goitres being stimulated by increased levels 
of serum TSH* Hnfortunatoly, however, it has been regularly 
shown using current techniques of radioimmunoassay that there is 
no consistent picture of increased serum TSH levels in patients 
with simple goitre (Hall et al 1971)• It is possible in these 
circumstances that the results found in patients with non-toxic
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goitre are basically more 'normal' than those .found in so-called 
♦normal' thyroid glands*

It should be noted in the human also that the pattern of 
incorporation of ̂ '̂0 mannose and ^\î galactose was consistent 
with significant amounts of labelled 3 - 6 3  and 123 protein being 
formed in addition to labelling of the thyroglobulin proteins*

As regards the studies of the thyroid adenomas, it Is of 
interest that their behaviour in vitro could be predicted from 
the results of the in vivo scanning with radioactive iodine or 
teclmotium* Where the adenoma showed increased accumulation of 
either of these two isotopes in vivo it also always showed 
increased incorporation of the labelled sugars in vitro* In 
contrast where the adenoma was 'cold*, there was a decreased 
incorporation of the sugars* The fact that an adenoma was 'hot* 
or 'cold* did not reflect the activity of the gland as a whole*
In particular, thyroid adencaoas are not usually under increased 
TSH stimulation and the effect of increased incorporation of the 
various substances mentioned would seem to be due to the autonomous 
increase in activity of the adenomatous tissue* It is of interest 
that in the thyroid adenomas there is much less evidence of 123 
labelling than in any other condition studied* The reason for 
this is not at all clear*

The results of studies in patients with thyrotoxicosis are 
of interest in that this was the oaly situation in the present studies 
where there was a major discrepancy between the results of mannose 
and galactose Incorporation* Galactose was incorporated to a much
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greater extent and much earlier than mannose* It is possible 
that this discrepancy was the result either of the underlying 
thyrotoxic process or of the treatment administered* With 
regard to the latter possibility the results of the studies in 
the rat would be against the therapy having this effect* An 
antithyroid drug like carbimasole would bo expected to increase 
labelling both with mannose and galactose, and iodide would be 
expected to cause some slight diminution in the incorporation of 
both but not a major degree of discrepancy between the incorporation 
of both sugars* It may therefore be that in thyrotoxicosis there 
is something in the disease process itself that gives this effect* 
Perhaps for instance there might be a specific lack of the trans­
ferase enzymes responsible for the incorporation of mannose and 
this could well cause the results found* This possibility 
obviously will require further study but has not been examined 
further at present*

In contrast, the results found in Hoshimoto's thyroiditis 
were quite the opposite* In general# there was very poor 
incorporation of both mannose and galactose into the proteins in 
the thyroglobulin region* Indeed this was virtually absent in 
the majority of patients studied* Even in those in whom there 
was slight incorporation this did not increase with time and 
there was no suggestion of labelling of a 128 protein* This 
pattern of labelling virtually only 3 6s protein is that 
previously reported by the author for leucine (Thomson end 
Bissett 1969a) whereas iodine is usually well incorporated into
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the thyroglobulln-llke proteins# The explanation for this 
difference is not Immediately apparent especially since obviously 
some stable thyroglobulin is formed as judged by the ultra* 
centrifugal pattern of the stable thyroid proteins and also the 
fact that most patients studied were indeed euthyroid# Hoshimoto's 
thyroiditis is the one thyroid condition in which increased levels 
of T3H are universally found (Hall et al 1971)* Because of the 
high endogenous level of TSH one might have anticipated increased 
incorporation of labelled sugars and amino acids into the thyro* 
globulin-like proteins as this is the expected effect of TSH#
Perhaps again this is a condition In which there are specific 
deficiencies of glycosyltransferase enzymes and this area would 
obviously repay further study*

The pattern of results found in a small number of carcinomas
of thyroid were as anticipated from histology of the tumour#
Where the tumour was well differentiated as, for instance, in
papillary carcinoma there was good incorporation of the labelled
sugar into thyroglobulin* Where the carcinoma was undifferentiated
as in an anaplastic or a medullary carcinoma there was no significant
incorporation of labelled sugars into the proteins of the tumour
further than the 3 * 8s stage* This pattern of incorporation Is
consistent with that previously found using leucine (Thomson 1969)*

14The overall results of the incorporation of 0 mannose and
i40 galactose into the human thyroid glands were therefore of 
interest, in that certain conditions, notably thyroid adenoma, 
thyrotoxicosis, Hashimoto's thyroiditis and thyroid Carcinoma
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provide evidence of situations in which there are changes in the 
pattern of incorporation of the labelled sugars from that 
anticipated on theoretical grounds* As already mentioned, it 
is possible that in these abnormal glands there are deficiencies 
of particular transferase enzymes and indeed such a defect has 
been found for a rat thyroid tumour studied by Monaco and Bobbins 
(1973)# Study of such defects as well as their intrinsic 
soientifio interest might possibly throw some light on the 
pathogenesis of conditions such as thyrotoxicosis, thyroid 
adenoma and Hashiraoto's thyroiditis which are at present still 
poorly understood*
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SÜMIARY

This thesis examines the patterns of incorporation of labelled 
carbohydrates into the soluble proteins of the rat thyroid and of 
human pathological glands in vitro.

It has been previously postulated by Herscovics (1969) that
l4C mannose is DJicorporated lilce amino acids, that is into presumed 
thyroglobulin subunits of 3 - 85 and 128 size before there is 
labelling of the 195 protein. In contrast to this it was claimed 
that galactose and fucose are both incorporated directly 
into a protein just short of thyroglobulin running at approximately 
the 17 - l8s position on ultracentrifugation.

The present studies using the rat thyroid are in agreement with 
Herscovics with respect to the incorporation of ^̂ 0̂ mannose. However 
in the present studies galactose was also incorporated in a 
pattern consistent with subunit incorporation and not direct 
incorporation into a 17 - 185 protein. fucose, however, did
seem to be incorporated directly into thyroglobulin-like protein and 
not to be incorporated into presumed thyroglobulin subunits.

Various factors affecting the incorporation of these labelled 
sugars into the rat thyroid protein were examined. The process of 
incorporation was stimulated by the administration of an antithyroid 
drug or by TSH. All goitrogenic drugs gave the same effect suggesting 
that they might act through a TSH controlled mechanism. Further 
support for this possibility came from the study of the effect of 
sodium thyroxine and potassium iodide on the incorporation of
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labelled sugars when it could be shown that both substances interfered 
with the incorporation of all sugars studied. These effects were 
probably mediated via a TSH inhibiting mechanism.

In vitro studies of human thyroid glands showed results in 
•normal' human, thyroids and non-toxic goitres similar to those 

anticipated from the rat study, that is that the pattern, of incorporation 
of mannose and ^ galactose was consistent with that of subunit 
incorporation before labelling of thyroglobulin-lilte proteins. In 
certain human pathological conditions, however, discrepancies from 

this were found. In thyrotoxicosis there vjas very poor incorporation 
of mannose as compared to galactose; in thyroid adenomas there was 
very little labelling of 128 protein compared to labelling of proteins 
in the thyroglobulin region using either mannose or galactose and in 

Hashimoto*s thyroiditis there was in general very poor labelling of 
proteins in the thyroglobulin region with either sugar in contrast to 
the good labelling obtained with iodine. These discrepancies suggest 
that perhaps the differences in these pathological conditions might be 
due to deficiencies of specific glycosyltransferase enzymes.
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