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SUMMARY

This work presents data on the biosynthesis of
thyroglobulin, This protein of 19S size constitutes the
main thyroid protein in most normal vertebrate thyroid glands;
smaller amounts of 3-85 and 27S protein are usually present.

Initially it is shown that in vivo in the rat, as has

been previously shown in vitro by other workers, labelled
amino acids are incorporated into proteins of 3-8S and 12S
size before the label is incorporated into thyroglobulin.
The pattern of incorporation is consistent with the 12S and
with less certainty the 3-8S proteins being precursor
sub-units of the 19S5 protein, At long time intervals after
administration of a pulse of 3]1-1--1eucine, the pattern of
labelling of the 3-8S fraction could also be consistent with
this labelled fraction being a breakdown product of the
labelled 19S protein.

These findings with 3H-1eucine are in contrast to those
seen when 1251 is used. In this case 1251 is not incorporated
into proteins <18S, except for a small percentage transiently
incorporated into a 125 protein at very early time intervals

after administration of the label. At no time, however,

was/



was a protein lighter than 18S present as the predominant
labelled peak.

The production of a goitrous state in the rat, by means
of one of the antithyroid drugs which block at various
points the biosynthesis of thyroxine, alters the distribution
of the thyroid proteins. Thyroglobulin diminishes in
amount whereas the 3-85S proteins increase; the normally
present 27S peak is lost and a new OD peak is seen in the
32S region. In these goitrous glands the incorporation of

H-leucine into the thyroid proteins is enhanced, but a
truly 19S protein is not formed. As would be anticipated,
the incorporation of 1251 is blocked to a varying degree
depending on the potency of the goitrogen used.

When a mild iodine deficiency state is induced by
feeding a low iodine diet, the incorporation of 3H-1eucine
or 1251 into thyroglobulin is accelerated, presumably due
to increased TSH production by the pituitary. When a more
severe degree of iodine deficiency is present, an 185, as
opposed to a truly 19S protein, is labelled. There is
comparatively little labelling of the 3-8S proteins of iodine

deficient glands, as compared to drug-induced goitres.

The/



The administration of T4 to a goitrous, or normal,
‘1 . . 3 .
animal virtually inhibits the incorporation of H=-leucine and,
125_ , . .
to a lesser extent, I into the thyroid proteins. A stable
12S protein peak is seen under these conditions, which suggests
that this may represent a failure of incorporation of sub=-units
. . 125 . .
into 19S thyroglobulin., An I labelled 12S protein of high
specific activity is found during withdrawal of antithyroid
drugs in the rat.

The protein patterns of a series of 100 human thyroid
glands were studied. The normal human thyroid gland
showed a protein pattern similar to the rat and slices of
the tissue incorporated Z3I—I-1eucine into the 195 protein and
. cp s . 125
its presumed sub-units in vitro. I on the other hand was
incorporated only into an 18-19S protein.

In thyrotoxicosis, whether prepared pre-operatively

by carbimazole/iodide or by KC10 , the notable feature was

4°
the loss of proteins > 19S. This occurred despite differences
in distribution of the thyroid proteins in thyroid glands treated
pre-operatively with these two different regimes. The

glands from patients treated with carbimazole/iodide contained

more/



more thyroglobulin and a smaller amount of 3-8S5 protein
than glands treated with KClO4. The lack of a 27S protein
could not be correlated with iodine deficiency - the
thyrotoxic glands treated by either method of pre-operative
preparation having a similar iodine content which was further-
more similar to that found in non-toxic goitre in which a
27S protein was regularly found.
Most non-toxic goitres and thyroid adenomas showed a
protein pattern and pattern of incorporation of 3H-1eucine
and 1251 similar to the 'normal' human material. In only
2 of 17 adenomas studied was a 3-85S protein found as the
predominant thyroid protein. In both of these glands no
thyroglobulin was histologically demonstrable.
In Hashimoto's thyroiditis a relative loss of thyroglobulin
with increased 3-8S protein was present. A 325 OD peak
was seen in 2 of the 5 glands studied. 3H--leucine was
not incorporated into proteins> 3-8S, but 1251 was incorporated,
not only into thyroglobulin, but also into 12S and 3~8S proteins.
In malignant thyroid glands, as in the other human
thyroid glands studied, there was a good correlation between

the fraction of the thyroid proteins present as thyroglobulin

and/



-

and the presence of histologically demonstrable colloid.
In poorly differentiated tumours, neither 1251 or 3H-1eucine
were incorporated into the thyroid proteins,

The iodine content of 'mormal' human thyroid protein
was approximately 3 times that of any group of pathological
glands studied. Tumour tissue, as anticipated, contained
the least iodine.

In a series of vertebrate thyroid glands studied, the
thyroid protein pattern was similar to that of the normal
rat or human; the exception being the horse in which no
275 protein was found. The iodine content of the majority
of vertebrates was approximately twice that of the normal
human, the only exceptions being the guinea pig, which
contained less, and the cat and dog, in whom the thyroid
proteins were more highly iodinated than in the other animals
studied.

Evidence is presented that the 32S OD peak present in
the goitrous rat can be demonstrated after a variety of
techniques of preparation of the soluble thyroid proteins.
Study of this peak showed that it was not of iodoprotein nature,

but was consistent with it being composed of RNA.
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PREFACE

This work was started during the tenure of a United
States Public Health Service FPostdoctoral Research
Fellowship which I held during the academic year 1966~
1967. 1In this periodl worked at the Harvard Medical
School in the laboratory of Dr. Irving H, Goldberg at the
Beth Israel Hospital, Boston, Mass., U.5.A.

The initial stages of the project were discussed in
broad outline on ray arwvival in Boston but the day-to=-day
control of the experiments.remained my responsibility,
The work performed during this period wasg published
Jointly with Dr. Goldberg.

Following my veturn to Glaégow the studies have been

extended under my direct guidance,

’

#*Thomson, J.A., Goldberg, 1.H.
Endocrinology, 82, 805, 1968
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a.

CHAPTER 1

INTRODUCTION

The thyroid gland exists in all but the lowest forms
of life and provides the body with a site of manufacture and
stovage of the active thyvoid hormones thyroxine (T 4‘) and
i:riiodpthyronine ('1‘3). This function of providing a supply
of its active hormnone sufficient in normal man for some
weeks requirements is unigque amongst the endocrine organs,

The overall structure of the thyroid gland is shown in
fig. 1. It comsists of follicles lined in the resting state by
flattened cuboidal epithelium; the lumen of the follicles
being filled by an amorphous protein material - the colloid.

The synthesis of T 4 and T 3 is achieved by a complex
servies c:f metabolic steps. The advent of such technigues
as radigisotopes and chromatography and their application
to patients with sporadic goitrous cretinism and familial
goitre (Stanbury, 1966 and McGirr and Thomson, 1968)
coupled with the availability of a varviety of antithyroid drugs
which can be used experimentally to interupt the process at
specific points, has led to the recognition of seven main
steps in the synthesis and release of the thyroid hormones,

Although the steps are understood in broad outline the



Fig. 1

Histological section of normal rat thyroid. H and E x 190.



3.
detailed biochemlcal processes by which they are achieved
are by no means well defined.
The steps ave:
1. The irvapping of iodide « this step is blocked by

potaseium perchlorate (KC1O ) and thiocyanate,

4

é. The conversion of iodide to some active form
?iodine ?iodonium ion ~ this step is thought to be achieved
by a peroxidase enzyme system.,

3. The iodination of tyrosine. This step is blocked
by antithyroid drugs of the thiocarbamide group such as
prophylthiouracil (PTU), carbimazole, methimazole as
well as a variety of other drugs such as parva~aminosalicylic
acid (PAB), phenylbutagzone, etc,

4, The coupling of lodotyrosine molecules to form T 4
and TS - this can only take place correctly when the following
step is satisfied.

B. Synthesis of the peptic structure of thyroglobulin,

6. DBreakdown of thyroglobulin by a proteolytic enzyme
system.

7. Conservation of iodide veleased in the form of iodo=
tyrosines during the proteolyeis of thyroglobulin - this

dehalogenase step involves splitting of the iodine from the



4.
tyrosine residue and the recycling of the iodide in the
biosynthetic cycle of the thyroid hdrmone&s.

Current "ﬁhough*i:.ié that steps 1, 2, .5, and 7 take place
in the cell and that the other steps normally take place in
the colloid.

The T 4.m:mc:l iy g BT stored in the colloid of the thyroid
follicles as part of the molecules of thyvoglobulin, This is
a complex iodinated glycopeptide which accounts for some
T70-80% of the proteins formed by the thyroid follicular cells
and which is charactevised by its sedimentation properties
in the ultracentrifuge in which it has a sedimentation
constant of 193,

Other proteins are present in the nowmmal thyroid gland.
These include both proteins heavier than 195 such as 278
andﬂaltso lighter than 198, i.e. 3-8S% and occasionally 11-128.
There are ceriain species differences in the thyroid protein
of the various animals examined so far. Guinea pigs, land
turtles, dogfish and rabbits have appreciable guantities of a
128 protein normally present (Salvatove et al, 19652); the
predominent protein is however 198. Recently however Aloj
et al (1967) have found in the lamprey a species whose native

thyroid protein was predominently a 125 with smaller amounts



5,

of 55 and 178 protein also present,



6.

CHAPTER 4

CHEMISTRY OF THYROGLOBULIN

Most of the recent work on this aspect of the study
of thyroglobulin has been performed by Edelhoch and his
co=workers., This work has been‘recenﬂy reviewed
(Edelhoch and Rall, 1964; Edelhoch, 1965). This present
review will concentrate on those aspects of the chemistry
of thyroglobulin which are necessary for the understanding
oi the various proposed biosynthetic mechanisms,

a. Molecular weight of thyroglobulin This has been

studied by ultracentrifugation, diffusion and light scattering
techniques by Edelhoch (1960a). The results of these
various estimations gave a molecular weight of the order
of 2/ 3 million. This estimate is in agreement with that
found by other workevs.

b. Information derived from the brealkdown of the

thyroglobulin molecule using

l. pH Edelhoch (19602) showed that altering the pH of
a solution of calf thyroglobulin altered the molecular weight
of the protein found. In the pH range 5.,9-9.5 some 128
protein was present as well as 195, At pH 9.5 a 158 and an

838 protein were found although 128 was the predominent



e
protein until pH 11 was reached. Up to this point the
process was reversible on changing the pH back to the
neutval region. At pH 12, 85 was the praﬂomin«auﬁ uﬁiiz
and at pII"I. 12.17 all the protein wém present in the form of
348 units. VT'Eﬁs wmrkeréuun& avsimilaz: pati;ern: of results
by altering the ionic strength of t].-mv solvent buffer. ﬁlijer#:a;in
salts, ev.' g+ KCNS, }Ig++:. :(“;u‘;”‘-‘ and Ni‘{"i.. inareaséd ihe rate
of brt«z.akéawn in neutwal and alkaline molutioﬁ (Metzger énc‘t
deéllaoch, 1961).

2. Heat Idelhoch and Meétzger (1961) also

demonstirated a similar pattern <;>:€ breakdown of the thyro=
globulin molecule by mild heating in that the 195 molecule
was broken down into two slower sedimenting components at
a point before denaturaiion was reached, |

3. Detergents The effect of sodium dodecylsulphate

(SDS) was examined in a series of papers by Ldelhoch
and co~workers (Edelhoch and Lippoldﬁ. 1960; Hdelhoch,
1960b), They showed that low concentrations of this
substance (<0,001M) dissociated thyroglobulin inte 128
fragments which did not show changes in symmetry or
frictional properties from the 195 material. At higher

concentrations the thyroglobulin subunits become swollen



8.,
and showed changes in frictional properties, These
changes were veversible on dialysing out the 8D5., In
a concent-ratian of 0.015M SDS in 0.01M KH03 thyro=
globulin was almost completely dissociated into its

subunits.

4. Rffect of betamercaptoethanol (BMR)

de Crombrugghe et al (1965, 1966) investigated the
changes in thyroglobulin after the reduction of the di-
sulphide bonds by BME, They were able to demonstrate
using this agent that the 129 molecule could be aplit into
two equal sized particles of 6&5 sizme, Furthermore they
also demonstrated that during prolonged dialysis the di-
sulphide bonds could be reoxidised to veform 125 and 193
protein, This reoxidised thyroglobulin was more
resistant to further reduction by BME than the native
thyroglobulin and had similar but not identical immuno=
logical properties.

5, Proteolytic breakdown This aspect has been

comparatively little studied in so far as the production of
possible protein subunite as opposed to iodoamine acids
has been concerned., The production of subunits in one

study (O'Donnell et al, 1958) was found to be dependent on



9.
the absence of salt, However in studies of the tryptic
digestion of thyroglobulin (Metzger et al, 1962) although
the digestion procesded faster in the absence of salt, the
pattern of results was similar; no components with sedi-
mentation propertics between 35 and 195 were found; the 38
components although not in themselves antigenic were able
to inhibit the precipitation of native thyroglobulin with -
rabbit anti~-thyroglobulin antibody.

‘The hydrolysis of thyroglobulin has also been studied -
using vat thyroid particles sedimenting at 100,000g (Pastan
and Almgvist, 1965); The supernatant fraction was not
effective. The process could take place at physiological pii
but the presence of a salt and BME was needed for imaximal
activity suggesiing that veduction of disulphide bonds was a
necessary preliminary to the reaction, This system is
different frow the thyroid protease studied by other workers
which is most active at an acid pH (Pitt~Rivers, 1963) and is
stimulated by TSH and antithyrvoid drugs. Some light on this
discrepancy has been shed by the demonstration of proteolytic
activity at »H 7.8 in the supernatant and an acid protease in
the thyroid particles (Laver and Trikojus, 1955; Weiss, 1953),

Using a rat thyroid gland system Alpers et al (1956) were able
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to demonstrate only small particles formed during the
early stages of hydrolysis without the formation of larger
molecules of the 128 size,

¢, In vitro formation of thyroglobulin from prae-

sumed subunits by non-bioclogical means As

'm;emtianed above, when thy‘roglobﬁiin is broken dovv:n the
'fragmen;tﬁ can recombine to form 125 and 198 proteins
with some but not 5.11 the properties of the native 195
protein providing i:haf the proce.sys of degradation stops
short of the point of denaturation. Similar results have
bheen shown by Goldberg and Seed (1965) who further
demonstrated that the reaction was accelerated bj the
presence of ’carrier thyroglobulin and a source of iodine,
Toi et al (1963) have also studied the synthesis in vitro of
T 4 from thyroglobulin containing labelled mono~ and di-
iodotyrosine (MIT and DIT) when 4-hydroxy=3, 5 di=
iodophenylpyruvic acid (DIHFPA) and an oxygenating system
wera present.

d. Thyroid proteins other than 195 Normally a 3-85

and a 275 protein are present in the thyroid gland, In
certain animals a 125 protein is normally found, On

occasion traces of a 135 and a 31-345 protein have been



11,
found .(Nunez et al, 1965a), A 16~173 protein is also
present under abnormal conditions where lodination is
interfered with (Seed and Goldberg, 1966; MNunez et al,.
1966). The 3-85 {raction will contain the 68 protein
formed in vitro from degradation of 195 protein if the 68
fraction is indeed present physiolagicvallzr,. This fraction
however presents considerable difficulties in analysis as
it also containe the serurn proteins, haemoglobin and
structural proteins of the thyrold cell, A 65 protein
cannot therefore be isolated in puve form from the thyroid
gland and studiee on this protein have to be peviormed on
degradation products of 195 protein, Examination of all
the different proteins so far studied has shown that their
amino acid content is similar (Spiro, 1961),

The protein of this group which has been most studied
is the 278 protein (Salvatore et al, 1965b; Vecchio et al,
1966a). These workers have demonstrated common
immunological properiies of 275 and 198 proteins., The
molecular welight of the 275 protein is approximately twice
that of 195 and this would fit well with the original thoughts
that this represented an aggregate of two 198 units, However

Vecchio et al (1966a) have shown that under conditions which



12,
do not break disulphide bonds, namely low ionic strengh
of buffer, alkaline pH and mild heat that t]:a,ey‘ were able to
obtain 193, 125 and 65 from a pure 275 protein suggesting
that it was probable that the 65 units were not in disulphide
linkage but rather in a loose aggregation of 1938, 128 and 68
molecules.

e, Differences in iodine content of various thyroid

proteins  Although as mentioned above the various
thyroid proteins show a similar patiern of amino acidy there
does exist substantial differences in the amount of iodine in
each fraction. This was noted carly on by Derrien et al
{1948) who found that the iodine content of apparently pure
thyroglobulin varied. This work has been borne out by more
recent studies especially those involving the technique of
DEAE cellulose column chromatography where the sepa«
rvation of the iodinated proteins of the thyroid appears to he
dependent largely but not exclusively on their iodine content.
Studies of this type by Robbins (1963) have demonstrated that
beef thyroglobulin can be separated into three fractions by
this techmnique. The fractions differ in their iodine content,
the earliest eluting fractions having a lower iodine content

than the starting matevial and the later eluting fractions
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having a greater iodine content, This correlated well with
the analysis of the iodo~amino acid content in that although
the content of MIT was similar in all fractions the DIT and
T 4 contént inereased in the later eluting fractions. The
effect af.iod:ihétion of the starting matevial in ﬁti’o was to
.e:::w‘.sé tﬁe early eluting fraction to virtually ﬁ'iismppea:i;* and
the later eluting fraction to.increase. Broadly similay
results have been obtained by Bouchilloux et al (1964) and
Foxnﬁiei* et al {1966) who furi:he;:' demonstrated that a 175
componénﬂ raanufactured in vitro by sheep thyroid ‘alicés in
the présence of a drug which blocks tyrosine iodination could
be artificially lodinated to a 208 component, G‘Qldberg and
Seed (1965) and Pomunier et al (-»1%6) have both demonstrated
that artificially iodinated material is more resistant ty‘.e::v the
degradative effects of SDS than poorly iodinated material and
the latter group have also confirmed that the MIT/DIT ratio
is higher for the less iodinated i’more labile material. Simon
et al {1966) have also shown that poorly iodinated thyroglobulin-
like proteins arc more readily broken down tc a 125 protein by
freezing and thawing. The 278 component has been found to
have a significantly higher iodine content than 195 (Salvatore ot al,

1965%) but this was not confirmed by the studies of Lissitzky (1965).
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f. Carbolhydrate structure of thyroglobulin This hasg

been mainly studied by Spiro and Spiro (1968). Thyroglobulin
contains approximately . 10% carbobydrate and the above workers
have demonstrated that this consists of galactose, mannose,
N-acetyl glucosamine, sialic acid and fucose. Thyroglobulin
from sheep, pig and calf had a similar constitution. However
human thyroglobulin contained more carbohydrate due to
increased amounts of mannose and glucosamine, Following
prénaﬁe digestion it was found that two types of carbohydrate
units were present; unit A consisting of 5 residues of mannose
to one of N~acetyl glucosamine and having a molecular weight of
1050 and the other unit B, consisting of 3 residues of mannose,
5 of N~acetyl glucosamine, 4 of galactose, 2 of sialic acid and
1 of fucose, had molecular weight of 3200, It was calculated
that there were approximately 9 A units and 14 B units in each
thyroglobulin molecule. The B chain is thought to consist of
several oligosaccharide chains with a terminal sialic acid or
fucose residue linked to galactose which is in turn linked to
Ne~acetylglucosamine, Analysis of the aminoacids present in
the vicinity of carbohydrate favours the view that the glyco=~
peptide linkages are probably through aspartic acid residues,

Murthy et al (1965) found a glycopeptide in a pronase
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hydrolysate of sheep thyroglobulin, This contained 60% of
the total carbohydrate, The molecular weight was 2400
and it contained 0,5 residue of fucose, 2 of glucosamine, 5
of hexose and 1 of sialic acid. Thyroglobulin isclated on
DEAE cellulose column chramaﬁcgraphy has given discordant
results Robbine (1963) finding that the later eluted fraction
from a DEAE cellulose column contained more sialic acid
than did the early eluting matevial and Bouchilloux et al
(1964) finding no significant difference in the carbohydrate
content of the various fractions. Human thyroglobulins from
normal thyroid tissue and from non-toxic goltres were
examined by Pierce et al (1965) who found no difference in
carbohydrate content.

g. Summary of the chemistry of thyvoglobulin ‘The

facts presented in the preceding sections although not

decisive are consistent with the hypothesis that thyroglobulin
(198) is composed of subunits of 128 and 63 size., A 275 protein
which is normally present is twice the molecular welight of 195
but the evidence available favours the view that it represents

an aggregate of 195 + 128 + 68 subunits rather than iwo 195
fractions., Other proteins may be normally present in small

amaounts., Thyroglobulin contains at least 2 different carbohydrate
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subunits linked by aspartic acid residues to the peptide chains,
The iodine content of the thyroid protein varies being increased
with increasing molecular sir;:e.. Theve is considerable evidence
that iodination ig cssential for the stability of the thyroglobulin

molecule as well as being needed for the manuiscture of thyroxine.,
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CHAPTER 3

BIOSYNTHESIS OF THYROGLOBULIN

a. Cell free synthesia

1. Incorporation of jodine This has been studied over

a period of some yvears. In 1955 Taurog and colleagues
demonstrated that whole thyroid homogenates and the
'mitochondrialt fraction were able to form protein bound MIT
from jodine, The 'mitochondrial' fraction was most active
amﬁ the cell sap was inactivé. A note of caulion with regard
to naming subcellular {ractions of thyroid tissue can be
appreciated from the work of Ekholm (1961) who attempted to
isolate a pure mitochondrial fraction from guinea-pig thyroid
and found that in his best preparation there was as much as
50% contamination by microsomes, De Groot and Carvalho
(1960) likewise found that sheep '‘mitochondrial' and ‘micro=
somal' fractions could form labelled protein bound 1311 when
1311 was added to the incubation medium, This reaction was
heat labile and inhibited by catalase. The E«‘EMII existed as
MIT and DIT bound to an albumin~like protein immunologically
distinct from thyroglobulin. In contrast to these studies
Rappaport et al (1966) found that all cell fractions iodinated

195 thyroglobulin added to the incubating medium, Other
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proteins, a 3-83 and a particle bound 10-128 protein were
also labhelled but the patiern of labelling favoured the view
that they were not related to thyroglobulin, They proposed
that in vivo thyroglobulin may be the only protein normally
iodinated because iodination may occur in a site only
accessible to the thyroglobulin molecule,,

-2, Incorporation of amino acids This has been the

subject of a series of papers in the last few years. 8Singh

et al.(1964, 1965) showed that "mitochondrial® fractions
incorporated amino acids into protein in an energy dependent
reaction Awhic:h could be inhibited by actinomycin I} and
puromycin., They further showed that the 'microsomal’
fraction shared the same properties but required the presence
of cell sap and magnesium,. The amino acid incorporation
was not sensitive to actinomycin D or deoxyribonuclease
suggesting that a stable messenger RNA was present., In
these experiments the protein was not characterised..
Likewise Nunéz ef al (1965:) showed that. MC tyrosine was
able to be incorporated into TCA precipitable material in the
presence of cell sap and an ATP generating system. After
purification of the proteins they found that 3-83 and 195 .

material was formed, This rveaction was inhibited by puromycin,
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When the pariiculate fraction was extracted by digitonin only
3-88 proteins were found, Movrais and Goldberg (1964)
showed similar findings with the exception that in this
inr«:.‘canc‘e 80% of the 1“a£1ioactivit$r was particle bound. The
sedimentation patitern of the solulyalie protein showed f:hat 20-35%
of the inaferial aedimentedjust ssﬁért of 198 and the rést at
385, “ Labelling of the ithyroéiohulin fraction continued after
the radi-oactivii:y in the particulate fraction re}ache& its peak
suggesting that the latter wéw a precursor of the for‘mer. The
labelled particulate protein whez;l extracted by digitonin sedi=-
mented at 3-88. Some aiffe:re.ﬁces in the incorpora&ibn of the
various amino acids have been noted by Soffer and Mendelsohn
(1966) who showed the arginine was handled in two different
Ways: oné. requiring the presence of ribosomes and cell sap;
the other needing only cell sap was energy dependent and
required a source of S«RNA but did not require magnesium ions
and was not inhibited by puromycin, In a recent paper Cartouzou
et al (1967) found that sheep thyroid polysomes incorporated MC
leucine into TCA precipitable material when an energy source
and cell sap were supplied. The protein formed was however

immunologically distinct from thyroglobulin,
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3. Incorporation of carbohydrate Cartouzou et al (1967)

e » - N lA
have further demonstrated the lack of incorporation of ~ C

. i4 s
glucosamine and ~ ¢ mannose by sheep thyrdid polysomes,

be Cell culiuve techniques - Little work appears to have

been done by this tachnique, Pulvertait et al {(1959) using

buman pathological material showed that iodine was incorporated

4

'

into MIT in a protein bound:form.: In one patient T 3' and T
appeared to have been formed, In another study Raghupathy

et al (1965) showed that sheep thyvoid cell monolayers

B

. i3
incorporated

11 into a protein with o similar electrophovetic
mobility as thyroglobulin, the reaction being enhanced by TSH,
They further showed that although the "mitcchondrial' and

‘microsomalt {raciions contained protein bound lodine this did

not seern to be related electropheretically to thyroglobulin,

¢, Thyroid slice techniques

1. Incorporation of iodine Using a slice technique it has

been shown by Sced and Goldberg (1963) and Lissitzky et al

125, . : . s s
(1964) that I is rapldly incorporated into a thyroglobulin~like
protein of approximately 1838 size, In the studies of Seed and
Goldberg no protein lighter than 188 size was jodinated. However
Lissitzky et al found incorporation of lz&l into the light weight
proteins of 3+85 size at early times of labelling. They furthermozre

showed that al
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protein of 125 size was also labelled. Seed and Goldberg (1965)
showed that in the presence of propylihicuracil (FTU) in

$M-. ! 51 incorporation into thyroglobulin

concentration of 10
was completely abolished dlthough some incorporation into 3-83
protein persisted. This incorporation of 125}: was not inhibited
by preincubation with actiomycin: At a similar concentration
of PTU Nunez et al (1965¢c) found iodination of a 178 protein
which they called prethyroplobulin, Both they (Nunez et .al,
1965d) and Goldberg and Seed (1968) have demonstrated that
iodination can result in the foimation of a 192 protein from this

1758 material.

Z« Incorporvation of amino acid 1‘11%’:’5 has been examined

by various groups of workers (Sced and Goldberg, 1963, 1965;

Lissitzky et al, 1964; Nunez et al, 19658a). All are agreed
that 1abe1led amino acids become incorporated into light weight
proteins of 3~85 and 128 size before the label becomes
incorporated into the 198 protein which is the pre-existing
hormone. Using purvoraycin iodination can be shown to occur
after the cessation of protein synthesis, and using actinomycin
it was demonsirated that the RNA teraplate for thyroglobulin
synthesis must have a half life of at least 15 hours (Seed and

Goldberg, 1963),
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3. Incorporation of carbohydrate It has been shown

(Spiro and Spivo, 1966) that labelled glucose could be
incorporated by calf thyroid slices into a protein with
similar electrophoretic and immﬁnological characteristica
as thyvroglobulin,

d. Review of sites of incorporation of various

constituents of thyroglobulin

A. lodine This has given rise to the greatest degree

of controversy as to whefher jodination is a function of the
colloid, the cell or both. The data favouring iodination
taking place in the colloid is based mainly on autoradiographic
evidence which indicates in the normal animal at any rate that
radioactive iodine is found in the colloid within minﬁtes as

. opposed to approximately 4 hours using labelled amino acids
(Nadler et al, 1964)., There is also considerable evidence that
iodination takes place at the 17~1385 stage i.e¢. when the poly=-
peptide chain is completed. This was well illustrated by the
data of Seed and Goldberg (1965) who showed that puromycin
did not block iodination of thyroglobulin., Sellin and Goldberg
(1965) found no evidence of 125, incorporation into thyroid cell
pariicles in higher specific ai:tivity than'in the cell sap. On

the other hand there are reports favouring the view that, at
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least in certain abnormal conditions iodination is a function
of the thyroid epithelial cell, Such suggestions have been
made as the result of studies on a rat thyroid tumour in
which the thyroid pariicles accumulated a large percentage
of the administered radioiodine (Robhins et al, 1959); from
a.utoxa&iogtraphic studies in normal rats given stable iodine
in addition to radioiodine and in rats who have been hypo-
physectomised (Pitt~Rivers et al, 1964); and froxa studies of
autoradiographs of human dyshormonogenetic goitre of the
iodoprotein and dehalogenase type (Kennedy, 1965)., Such
autoradiographic studies have been criticised but in the large
series of human thyroid xﬁaﬁerial quoted above the appearance
of epithelial iodination was only seen in two types of very
hyperplastic goitre in which intrafollicular colloid is {ypically
scanty and was not gseen in a vaviety of other thyroidal states,
There is also evidence from comparative embryology that the
formation of the thyroid hormones precedes the formation of
thyroid follicles {Rankin, 1941; Koneff et al, 1949).
Pulvertaft et al (1959) have suggested from their experience
with isolated thyroid cells which bind iodine that this may be
a function which cells possess but which is usually latent

except in the absence of colloid. Nunez et al (1965d) have
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suggested on the basis of their work that there might be
two different sites of lodination, one in the cell and one in
the colloid. Recently Benabdeljlil et al (1967) using a
technique by which they claim to be able to isolate the
apical poles of sheep thyroid cells have provided evidence
that these portions had marked lodinating ability and have
suggested that this is the physiological site of iodination in

vivo,

B. Amino acids There is general agreement that

amino acid incorporation into thyroglobulin is a function of

the epithelial cells and is associated with the thyroid cell
particles (Sellin and Goldberg, 1965), As mentioned
previously it is difficult to obtain a pure microsomal fraction
which probably accounts for some of the accounts of the
activity of the 'mitochondrial' fraction in amino acid incorpor=
ation as opposed to the microsomal fraction which would
appear move probable on the basis of currvent theories of
molecular biology. Nunez et al (19654) differ from Sellin

and Goldberg (1965) in that the former group found high specific
activity of tritiated leucine in the 3-85 and 125 as well as 1935
fractions isolated from the thyroid cell particles wheveas the

latter group found only a highly labelled 195 protein. However,
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the techniques used were disimilar in that Nunez et al extracted
the particulate proteins with digitonin and deoxycholate and Sellin
and Goldberg used an ultrasonic disruption technique,

C. Carbohydrate Spiro and Spiro {1966) have provided

data that the incerporation of carbohydrate inte thyroglobulin
is also particle assaciated and from studies with puromycin
have suggested that the incorporation of carbohydrate occurred
after the synthesis of the polypeptide chain and oceurred in a
stepwise fashion., Bouchilloux and Cheftel (1966) have
confirmed that the synthesis of the pelypeptide chain eccurred
before the lncorporation of carbohydrate and scemed to be

asgociated with the rough endoplasmiec reticulum,

Summary of Thyroglobulin Biosyntheais

From the inforreation thus available it would appear that
amino acids are incorporated into thyroglobulin subunits of
3=85 and 128 size before thyroglobulin itself is formed. This
incorporation takes place in the thyroid cell particles as does
the incorporation of the carbohydrate moiety which appears
to be the next stage of carbohydrate synthesis, Jodination of
thyroglobulin now follows. The site of this is controversial

but the weight of evidence is that this occurs usually at the edge
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of the colloid although there is evidence that under certain
abnormal conditions iodination may occur in the thyroid
epithelial cells, suggesting that the mechanisies of
cellular iodination are normally present but perhape are
active only in conditions where there is cell hypertrophy

and/ or loss of colloid,
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Aims of the Present Study

The data presented in this work ware designed to extend

the study of the in vitro bilosynthesis of thyrcgleobulin to the

in vive sitvation In normal and goitrogen treated rats.

Some limited studies of biosynthesis of thyveglobulin in
different vertebrates were made, A ssries of human patho=
logical thyroid glands were also examined to see the protein
patterns obtained in discased states and to compare the
result of this with the histological examination of the rew

sacted material,
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SECTION 2

MATERIAL AND METHODS

Chapter 4 Introduction
Chapter 5 Materials
Chapter 6 Dietary regimes

Chapter 7 Experimental technigues
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CHAPTER 4

INTRODUCTION

It is proposed in this section to give a general account
of the methods used throughout the study. At varicms
times z'a,lte:t;ai;i.ons to the standard technigques were used or
alférnative techniques gubétituted tr.;: try to shed further
light on:particular aspects 05;’ the point under study at that
titne, Thesge changes to the standard methods will be dealt

with in the appropriate section.,
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CHAPTER 5

MATERIALS

Male Sprague~Dawley rats of approximately 150G
weight were used, They were obtained from either the
Charles River ﬂoz*lﬁoration. Cambridge, Mass, U.5.A.
or from A.J, Tuck and Son, Ltd., Rayleigh, Lssex,
England,

Propylthiouracil (PTU) was obtained from the Aldrich
Chemical Co., or from L., Light and Co, Lid.; methyl-
thiouracil (MTU) from British Drug Houses Litd.;
mnethimazole was obtained from the Aldrich Chemical Co.;
potassium perchiorate (KC10 4) from either Fisher Scientific
Co., or from British Drug Houses Ltd.; carbimazole was a
gift from Nicholas Liaboratories Ltd.; thyroxine (T 4) or tri=-
iodothyronine (T J) were obtained from the Sigmwa Chemical
Co., or from Koch~Light Laboratories Litd.; cycloheximide
wag a gift from the Upjohn Co.} L-leucinéw{!;. 5 e 3]E—I
(5A 5Cil mole) was obtained from the New England Nuclear
Corporation or in Brit\ain from the Radiochemical Centre,
Amersham (SA 250-1000mC/mole); carvier free 125 wase
obtained from either the New England Nuclear Corporation,

or from the Radiochemical Centre, Amersham,
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CHAPTER 6

DIETARY REGIMES

The basic diet fed to the rats throughout the study was
the low iodine test diet (powdered form) obtained from the
Nutritional Biochemical Co-rporation, Cleveland, Ohio,
U.8.A. This diet was supplemented for experimental
- purposes as follows: | |
Control rats - basic diet supplemented with 5mg potassium
‘iodide (KI}/k diet.
PTU treated rats - basic¢ diet supplemented with 5mg KI +
0.2G PTU/k diet,
PTU + T, treated rats ~ as for the PTU treated group, but
+ 2mg Tt&/k diet for the last week hefore sacrifice.
Methimazole treated group = ba'sic diet supplemenfed with S5mg
KI + 1500mg methimazole/k diet,
Carbimazole treated group - basic diet supplemented with 5mg
KI and 1500 carbimazolel/k diet,
1{0104: treated group = basic diet + 20G 1{0104/ k diet,
Low iodine diet group ~ unsupplemented basic diet,
These diets werve given for a period of three weeks except
for the low iodine diet which was given for times varying from

3=16 weeks,
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The low iodine diet and the KGO g BTOUPS received
distilled water to drink, the remaining groups received tap
water. In some experiments animals received additional
iodine supplementation in their drinking water for one week
before sacrifice, This was glven as KI 0,08% in distilled

water unless otherwise stated.
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CHAPTER 7

EXPERIMENTAL TECHNIQUES

Rats were injected with 3H-1eucine in a dose of 400~
500pc/ animal fox control rats or 100pe/animal for a ratc
on a goitrogemic regime, The injection was given sub=
cutanesouly inte the loose tissues at the back of the neck,
When 1251 was used a dose of 10-25pc/ animal was injected
intraperitonecally.

At the appropriate time after the administration of
either isotope the animals were killed by exsanguination
under ether anaesthesia, The thyroids were rapidly removed
and dissected free of adhervent fibro~fatty tissue, The
thyroids were homogenised in ice cold phosphate buifered
saline (FBS) (0. 15M sodium chloxide in 0,01M potassium
phosphate, pH 6,8) using a TRI~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 tissue. As a general
rule a goitrous gland was more friable than the thyroid gland
from a control rat, The homogenate was spun in a refrigerated

centrifuge at 15,000r.p.m.(20,000G) for ten minutes to remove
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cellular debris. The supernatant solution was taken to 50%
saturation with ammonium sulphate. The mixture was kept
on ice for one hour after which it was again ceni:rifuged at
15,000r.p.m. for ten mi%mtes. The supeirnatant was
discarded, the centrifuge tubeli;nverted to drain off as much
of the ammonium sulpﬁate solution as possible and 'the inside
of the tube blotted.

When human material was .undekr study a broaély similar
programme was followed, .Tissue was collected £r.esh from
the operaﬁng theatre. It was tfaﬁéported from the operating
theatre to the laboratory in a plastic bag on ice inside a
vacuum flasks, On arrival in the laboratory the specimen was
placed in a Petri dish containing a small amount of ice cold
PBS., The Petrl dish was kept on ice. After dissecting off
any fibro~fatty tissue, thin slices of thyroid tissue were made
by hand using a razor blade, BSome slices were taken
immediately for homogenisation and precipitation of the
thyroid proteins with ammonium sulphate as described above
for the rat thyroid gland., Other slices {approximately 300mg
tissue per flask) were incubated in 4ml of a modified Krebs
no. 2 buffer (Bisset and Alexandewr, 1960), pH 7.4 with glucose

(1mgf/ml) in a small Brlenmeyer flask containing either 20pc
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BI*I-vleucine or 20p.c 1351» These incubations were performed

at 37°C in a Gallenkamp metabolic shaker under an atmosphere
of oxygen for a period of four hours as a vouiine, This time of
incubation was selected on the Easis of previously published
Work‘(Seed and Goldberg, 1965) as being a tlme when labelled
amino acids should be incorpaﬁ:éted into thyroglobulin; in
certain cases incubation times leéé than four hours were
selected, At the end of incubation ﬂw flask contents were homo-
genised and dealt with as above.

épecimens from. ammals other than rats and human
operative specimens were obt'ai"neci by sacrifice of other
laboratory animals, such as haméters, rabbits. In these cases
the procedures used were similar to that used in the rat. In
the case of larger animals, such as sheep, cow, pig, the
specimens were collected fresh fl;om the slaughterhouse and
transported as in the case of the human operative specimens,
Some specimens of thyroid tissue from cat, dog, horse, were
obtained at post-mortem examination at the Veterinavy Hospital,
Garscube, as soon asg practicable after death, were transported
to the laboratory on ice and dealt with as above.
The proteins precipitated by ammonium sulphate were re-

dissolved in as small a volume of PBS as possible., As far as
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possible the specimens were examined immediately by
gradient ultracentrifugation. In a few cases this was not
practicable and the undissolved specimen was stored in the
deep freeme until it could be examined.

The protein solution was applied to a 5«20% sucrose in
PRBS gradient made using a Beckman gradient former." The
specimens were spun in a model L, a model LE’,&-SO-, or a
model L2~65B Beckman ultra,cent:cifuge, The rotor uéed.
the speed and the time of ultracentrifugation used as a routine,
were as follows:

a. SW 25.1 rotor at 21,000r,p.m, for 40 hours. This
was used for most of the .ear_ly rat experiments
described in Section 3.

h. 8W 39 rotor at 24,000r.p.m, for L6 hours,

¢, SW 41 rotow at 28,000r,p.m. for 16 hours.
Techniques b, and c. weve used for the bullkk of the other
experiments,

At the end of the period of ultracentrifugation, the pattern
of the thyroid proteins was determined by aspiration from the
bottom of the wltracenivifuge tube and passage through either a
Gilford 2000 or a Beckman DB automatic absorbance recorder

at 280p., Fractions were collected, the number of drops
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depending on the sizme of the gradient, but selected go that
approximately 40 samples were collected from each gradient.
The samples were normally collected into polyethylene count=
ing vials and counted in a Packard tricarb Mquid scintillation
counter after the addition of 10ml Bray's solution.  In some
studies, however, the samples were collected in glass test
tubes in order that the contents of various tubes could be
pooled for the estimation of the protein content by the method
of Lowry et al {1951), or the iodine content either by the
method of Farvell and Richmond (1961} or latterly (by courtesy
of the Biochemistry Departmeni, Royal Infirmary, Glasgow)
by use of the Technicon automated procedure,

As a routine a specimen of sheep thyroglobulin was spun
in each rotor for comparison with the position of the various
protein peaks, The sedimentation constant of the main optical
density (OD) peak at 280 was taken as 198 for reference
purposes. In some experiments the position of the protein
peak in the thyroglobulin region was checked by spinning some
unlabelled thyroid proteins from the test material in the same

‘ 125
ultracentrifuge tube as a trace amount of I

~labelled thyro=
globulin from a control animal injected 48 hours before sacrifice

at which time it was known to be incorporated into the 199

protein (see Section 3).
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The sedimentation values given in this work are those
found by either, oxr both, the above methods, Itis
appreciated that neither wethod is exact and that differences
of fractions of an 8 unit (between two individual experiments)
ave probably not significant, However, the abnormalities
reported have heen reproduced on enough occasions to make
the differences reported significant.

In a representative sclection of the animal and human
material an attempt was made by planimeiry, using an Albrit
planimeter, to quantitate the amount of protein in each peak.
This proved falrly sasy in a non=goitrous gland, but where
dealing with a goitrous gland it proved difficult to completely
separate the protein peaks from each other and the data
present by this method is to be regarded as scemi~guantitative

only, especlally when applied to goitrous material,
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SWCTION 3

INCORPORATION OF BI‘I*LEUCINE AND

&
12'31' INTO RAT THYROGLOBULIN

Chaptex &  Introduction
Chapter 9 . Thyroglobulin biosynthesis in

control rats

Chapter 10 Thyroglobulin biosynthesis in rats
made goitrous by antithyroid drugs
or low iodine diet

Chapter 11 Thyroglobulin biosynthesis during
the administration of T 4 and T 3
to goitrous and control rats

Chapter 12 Summary of Bection 3
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CHAPTER 8§

INTRODUCTION

The object of this part of the study was tofry and
demonstrate the incorporation of labelled proteins presumed
to be prec{wsor&} of thywroglobulin into the 195 protein,
Conditions of ultracentrifugation were therefore chosen
so that the 195 protein was found in the lower half of the
gradient at the end of the run, These conditions, however,
necessarily result in the crowding together of proteins
heavier than 195, The OD tracings in this section do not,
therefore, show the typical three peaks of a noxmal rat
thyroid protein namely 198, 3=85 and 278, The distribution
of the stable proteins in the rat is dealt with in a subsequent
section where different conditions of ultracentrifugation were

utilised.,
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CHAPTER 9

THYROGLOBULIN BIOSYNTHESIS IN CONTROIL, RATS

2
J - - - N - - -
H-leucine incorporation., Control rats were injected sub-

cutanecously with a pulse of 3Iqulexicine and were sacrificed
at intervals of 30 minutes to 72 hours later. The resulis
are shown in fig. 2.

At early time intervals (30 minutes) the leucine was
predominately incorporated into proteins lighier than 198 and
in fact the predominant peak was a broad band of radioactivity
in the 388 region, The noxt lavgest peak was that in the 128
area. There was, bowever, a small but well defined peak in
the 178 region with a broad tail of radioactivity extending over
the thyroglobulin region. At cne hour the specific activity (SA)
of the 125 peak had fallen, whereas that of the peak running
short of the 195 OD peak had increased and had shifted to
approximately the 188 position. The SA of the 3-85 remained
static. At four hours the labelled peak in the thyroglobulin
area was now the predominant one, the SA of the 1285 and 3~8S8
peaks having remained static., At 24 hours the SA of all three
peaks had fallen and by 48 hours the 125 peak could no longer
be scen. 1t should be noted that at 48 hours for the first time

the labelled pealt in the thyroglobulin area corresponded with



0 250]

TIME

30 min

RAT THYROID—~-CONTROL DIET

K 100

tos

120 TIME 24 brs

140

20

Q
~n
8

01254

0.0. 280 my {=—)

’IBS
—r -

0 2304

01123

'5 10 15

TIME 4 hrs

:E‘.‘ig. 2

10

wo |

L] 20 23 30 3%

TIME 48 hrs

TIME 72

ea %% o

o L J:esr

hrs

{80

lao

120

5 10
FRACTION NUMBER

Pattern of incorporation of 3H~Ieucine into control rat thyroid.
SW 25.1 rotor at 21,000x. p.m. for 40 hours,
subsequent OD tracings the top of the gradient is on the vight
of the figure and the bottom on the leit,

In this and all

COUNTS / min *H-LEUCINE {o---+)



42,

the OD peak of the thyroid proteins, At 72 hours the findings were

»

similar to that at 48 hours with, if anything, a slight increase
in the SA of the 3-89 peak,

In another experiment (fig. 3) two of a batch of 6 rats were
killed half an hour afier all weré injected with Bﬁ“laucine to
provide -a.l-pi;tui*e of the degreé of‘inearperaﬁion of leucine into
ti&iyroglobuﬁn and its subu—nité at fhirs tine, In this pairticular
group of ..rafs the leuciﬁe v}z‘aﬁ 'inc':c:rparated approxhﬁa{:ely equally
into the 195, the 128 and the 3-85 proteins at this time. Two of
the four mmainingv vats received ixﬁt%aperitoneally 20mg of
cyéiéheximide dissolved in normal saline at 30 :minutc—lzs after
the injection of the “H-leucine. This dose of cycloheximide had
been shown by'pmviaus experiments to block further iﬁcorparation
of 3?1«-1:—3&::&113 into the rat thyrbid -proteins. ' The two animals
"ixijected Qith cycloheximide were icill@d along with the two.
remai.ning control énimé,ls two héuﬁ@ later (i, e. 2% hours after
the start of the experiment), As can be seen in f:g 3. there was
a shift of the radioactive peaks from 3«83 and 128 areas to the
thyroglobulin area in both groups.,

12!5 h 2 - » ) 125 » 0y
I incorporation. The pattern of incorporation of I in vivo

is entirely different from that of “H~leucine. As shown in fig, 4

at all times the predominant labelled peak is in the thyroglobulin



RAT THYROID — EFFECT OF CYCLOHEXIMIDE
b
CONTROL TIME 30 MINUTES
30
0125
) I
m W
a &
E fms §
8 o250 5 ) 15 S n 3
E E
=1 4
o CONTROL TIME 2 HOURS CYCLOHEXIMIDE TREATED TIME 2 {HOURS S
(%]
£
o0
0125 §
400
200
fres tus
[ * 5 20 3 » £ 3 » [ 2 F:3 » 35
FRACTION NUMBER
Tig. 3

Pattern of incorporation of 3]E*}:~~1t~;n:|.¢:ine into control rat thyroid
~ offect of cycloheximide, SW 25.1 rotor at 21,000r.p.m.

for 40 hours.



—
RAT THYROID—CONTROL DIET
TIME 3 min T TIME 24 hrs
0250 !
B
4800
rlZuKJ'
012] < .
' .Gll(f
.-" L aa0*
. 1y s :
o -‘.-*7.,--‘--:"' 1 s "-ﬁ..qﬁ*"‘j"‘-nv..,..‘,wovvj" o _,...'..‘...-.-f‘ J 19 s"‘:-”..,?‘ - . o
L) 10 15 20 23 30 38 L) 10 L 20 25 30 » -
[)
7 i
0250/ TIME 1 hr TIME 48 hrs _
L i 3
& s £
[=]
g 2 IZIK’,;
] 5 5
o .
o * Lauo"g
0y '
.-va-:fn. . ‘IB 5' Fooe ng oy — 4]
5 (5] 1} 20 25 30 35
TIME 4 hes TIME 72 hrs
ozso{ 4
T
LlZaIO’
’ . . * - ' pasl O
L3 10 15 20 25 30 35
FRACTION NUMBER
Fig. 4
T e

fod
Pattern of incorporation of 12"1 into control rat thyroid.
SW 25.1 rotox at 21,000r.p.m, for 40 hours.



43,
region although at time intervals of up to 48 hours this peak
has an S value of slightly less than 193, At, and aftei;, 48
hours the OD peak and the radioactive peaks coincvide. The
SA of the labelled peak in tfxe thyroglobulin region steadily
increases to reach a peak at 4 hours and to steadily decline
thereafter over the time of the experiment. At \.reryu ela.r}.y

Ny

e s L 125, .
time intervals after injection of 51 (1+5 minuies) a small
_ . 125

amount of labelled 128 protein was found; no I was ever
found associated with the 3~88 peak. 1t should, however, be
emphasised that the labelled peak in the thyroglobulin region
was always the predominant peak and at no time did the
radioactivity in the 125 peak appear in more than trace amounts,

”

. - - » ‘5 L3
in contrast to the situation with H~leucine,
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CHAPTER 10

THYROGLOBULIN BIOSYNTHESIS IN
RATS MADE GOITROUS BY ANTITHYROID
DRUGS OR LOW IODINE DIET

a. Eiffect of propylthiouracil (P’J.‘T{). The administration

of PTU and other goitrogenic drugs resulted as anticipated in
the formation of a goitre in the rats. Table 1 indicates the
pize of the resultant gl:anda. Fig. b shows the histological
appearance of a rat thyroid treated by PTU, This should be
contrasted with fig. 1 which shows a normal rat thyroid. (The
other goitrogenic regimes gave a very similas histological
picture and are omitted to avoid repetition.) The obvious
features which are present are that there is in a goitrous gland
a marked increase in follicular cell height and g marked loss of
colloid as compared to the control animal., The size of the
thyroid follicles is also increased.

JHeloucine incorporation (fig. 6}, There is a marked change in the

OD pattern of the thyroid proteins, This will be discussed in detail
in a later section, but for the present it is sufficient to note that
there is a striking increase in the protein peak in the 3=8S5 area =
this is now the predominant peak, A definite peak still occurs

in the thyroglobulin region, but now falling short of 195



Table 1:

- Rat thyroid

Thyroid weights on various dietary regimes

Thyroid wt. (mg)

Type of diet a?z?x;x:fa Mean Range S.D.
Control 53 9.8 7-12 *ti,s
PTU 30 31,4 25-40 %7.2
PTU + T, 26 9.4 6-13 f1.8
Methimazole 24 28,9 24-35 15,4
KC1O, | 24 25.7 20-33 %5,8
Low iodine (3 weeks) 26 12,2 8=19 2.3
Low iodine (6 weeks) 36 30,3 2340 6.9
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Histological section of thyroid of PTU treated rat. H and £ x 190.
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and running in approximately the 185 position. Significant
protein was present between the 3-835 peak and the 188 peak
and in some of the tracings a definite 125 protein peak
could be seen,

T.he pattern of 31~I-leucine incorporation was broadly
similar to that found in the conf;n':ol animals, Signiﬁéant
differenceé were however noted‘. At 30 minuteé ‘the main
incorporation of leucine was into fhe 3=85 peak with a
sraaller amount incorporated into a 125 protein, In contrast
to the control animal there was no incorporation of the label
into proteins larger than 125 at this time. At one hour the
pattern of incorporation was reminiscent of that of the control
animals at 30 minutes; the predominant peak was still the
3-85 peal although the SA of this peak had fallen., The 1285
peak had increased relative to the 3~8S peak and its SA had
approximately doubled. For the first time a labelled peak in
the thyvoglobulin region (although running short of the stable
peak, which itself was short of 195) was seen, At 4 hours
the 3-88 and 1285 peaks were approximately equal in specific
activity, the SA of the latter peak in particular having increasoed
markedly, The peak in the thyroglobulin region now corre=

gponded to the OD pealk, but it should be noted never truly
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reached the 198 position, At 24 hours the SA of all peaks had
fallen ma.rlﬁédly w the 3«88 peél{ was again the predominant
one} the iZiS peak was only just discernible and tl‘le peak in
the thyfoglobulin region was small., At 48 hours the. .12‘.3 peak
bc‘:uld no zlonger be seen; the SA of the 3«85 pealc:'hadl fallen
fm.jther , although at 72 ho‘urs this peak did in fact’incréase in
Sh.

In sﬁmmary, the main differences between 3H-1<eucine
incorporation into control ahd PTU treated animals were that
the labelléd pealk in the thyr’oélo"bulin region appeared later in
the go-itrous animals and never became the predominant
peak; this peak never became truly 198, although it coincided
with the OD peak at 4 hours, as opposed to 48 hours in the
control animals; the 125 peak was more prominent in the goitrous
animals, as was the 3-88 peak, especially at 72 hours after the
pulse of leucine,

%51 incorporation, In fig., 7 can be seen the pattern of 1251

incorporation while on PTU one hour after administration of a

12! . . 125
pulse of 1. As could be anticipated, very little of the 1

was specifically incorporated into the thyroglobulin region,
125
Most of the t ’1 merely appears as a broad band over the top

of the gradient almost certainly representing diffusion of
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iodine and not due to the specific incorporation of the lahel
into any particular protein,

b. Effect of mnethimazole, This drug has a similar

effect to PTU on the thyroid, i.e. it results in the Hocking of
iodination of tyrosine, Thra‘ histological changes and the
effect on thce OD patterns of the thyroid proteins are similar
to those found with PTU,

“f-leucine incorporation (fig, 8). In this instance at 30

minutes the 3~83 and the 125 peaks are of similar SA;
there is a.' small labelled peak running short of the O'D peak
in the thyroglobulin region., By one hour this peak had
become the predominant peak and now corresponded to the
OD peak; the SA of the 128 and 3-8S peaks had, however,
increased in addition., By four hours the peak in the thyro=
globulin region was still the predominant one, but the SA of
all three peaks had fallen, At 24 hours the SA. of the peak
in the thyroglobulin region and the 3«83 peaks had fallen
further and the 128 peak could no longer be definitely
distinguished; the 3-83 peak was now just the predominant
one. At 48 hours, although a further {all in SA of both the
3«85 peak and the peak in the thyroglobulin arceca had resulted,

the pealk in the 3-8S area was now definitely predominant and
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this became increasingly noticeable at 72 hours,

In summary, therefore, the results from the methimaszole
treated rats were similar to those of the PTU treated animals,
although in the methimaszole group the labelled peak in the
thyroglobulin regilon became the predominant one at an carly
stage, whersas that of the PTU treated rats never became
predominant., In this respect the methimazole treated glands
tended to resernble the control glands although, like the PTU
treated gland, the labelled peak in the 195 avea never quite
reached the 195 position. In addition, like the PTU {reated
animals, the 3-85 peak 'wass. present in markedly increased
arnounts relative to the peak in the thyroglobulin region at
long time intervals after administration of the pulse of leucine,

P
u"’l incorporation., As shown in fig, 7 1251 given one hour

before sacrifice was incorporated into the thyroid proteins of
the methimazole treated rat, In contrast to a PTU treated
animal, the bulk of the isotope present was incorporvated into
the thyroglobulin region. A significant amount of labelled 125
protein was also present, There was no incorporation of the
lsotope into 3-8S5 protein. It should be noted however that the
methimazole treated animals have incorporated only approxi-

mately 1% of the total counts that the control animals
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incorporated into the thyroglobulin region,

c. Bffect of KCLO 4t This drug which acts in a different
way to PTU or methimazole, was also studied. The action of
KC10 4 is to block the trapping of iodine by the thyroid as
opposed to the incorporation of lodine into tyrosine, as is the
case with the other drugs. The OD patiern of the thyroid
proteins and the histological pattern of the thyroid tissue is
altered from the control animals in a similar manner to that
found when PTU or methimanole is used,

3 . . - P
H~leucine incovporation. The paticrn of incorpovation of

leucine {fig. 9) is very similar to that found in the methimazole
treated animals. At 30 minutes the 3~83 and the 128 peaks
are approximately eqgual in size; there is no incorporation

into the thyvoglobulin region. At one hour a peak in the thyvo~
globulin region has appeared and is approximately equal in SA
to the 125 and 3«83 peaks which both, however, have increased
in SA. At 4 hours all three peaks have shown a marked fall in
SA with the 3«85 peak now predorminant, At 24 hours the 3-85
peak has maintained its SA, but the peak in the thyroglobulin
region is much diminished; the 125 peak can no longer be seen.
The pattern at 48 and 72 hours is basically similar to that at

24 hours, with perhaps slight increase in the SA of the 3~-8S
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peak at 72 hours,

In summary, the pattern of leucine incorporation when
K‘Cl()é has been given most closely 1‘lesse.m.bl&£—: methimaszole
with the early appearance of a prominent pealk c:orréspénding
to the OD pealk in the thyroglobulin region, but alwayé
remaining short of 195, The pattern of a predominant 3«88
peal, especially at long time intervals after administration
of the leucine was similar to that found with other goitrogenic
regimes,

51 incorporation (fig. 7). In contrast to the situation found

in the PTU treated animals, but similar to that found in the

: . 4 s ' A 125
methimazole treated animals, theve is incorpovation of T,
given one hour before sacrifice, into the thyroglobulin region
to the extent of approximately 2% of that found in the control
animals, A 1238 labelled peak was also present, but in
approximately half the amount present in the methimazole treated

. . 125 .

animals, This incorporation of I at one hour into a 128
protein is quite different to the results obtained in the control

animals, where a small amount of label was present in the 125

protein only within a few minutes of its administration,
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d. 8tudies of the thyroid protein patterns and the

125 . s e
pattern of [ incorporation during induction of a

goitrous state and during withdrawal of the

goitrogenic ageni. In fig. 10 can be sceen the alter-

atién in the thyroid protein pattern and 1851 incorporation
during induction of the goltrous étate, At early time

intervals (two days) some 128 labelling appeaved, although no
alteration in OD had yet become manifest; at day 6 the 3-85
protein pealk increased in size and the stable peak in the thyro-
globﬁlin region shifted té 189, At day 12 on the diet the typical
pattern of a drug induced goitrlé appeared.

During withdrawal of PTU ({fig. 11) definite alterations in
the protein pattern and in the pattern of j'2'55]2 tabelling occurred,
The pattez;n of 1251 labelling whiia on the drug has alveady been
digcussed. As the drug is withdrawn there is a progressive
relative increase in incorporation of 1251 into thyroglobulin, At
one hour off the drug a small amount of the label is incorporated
into a 125 protein. The proportion of the label incorporated
into the 128 protein relative to the 195 protein steadily increases
with tiree until at 24 hours off the drug, the size of the labelled
125 peak actually exceeds the labelled 198 peak., At this time

a stable 128 peak can be faintly discerned, At 48 hours off the
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drug the 1251 is virtually all incorporated into the thyro-
globulin region; a tvace amou.nt only being seen in the 128
position. At this time there was a striking increase in the
percentage of the administerved dose of 1251 incorporated
into the thyroid protein.

Similar studics were performed during the withdrawal
of methima.zole.(fig; 12}y  Ae already pointed out, -foea the
z.ats"s ‘Were treated with :methimaé.ole there was signiﬁc;a,nt
labelling of protein in the thyl;oglobulin region an'cl of 128
prof;e:in while the drug was still béing a.dn"zinisﬁ@red; At one
hc)ur‘off the drug the labelled 128 protein increaséd pPro«-
pcr'tfi;enally to the labelled protein in the thyroglobulin region,
However, at 4 hours the proportion of labelled 125 prétein had
strikingly decreased relative to the labelled peak in the thyro-
globulin avea. A.L this timé the percentage of the administered
dose of 1251 incorporated into protein had increased; At 12
houre off the drug the SA of the 128 peak had increased once
more, but rapidly declined thereafter, to be not detectable at
48 houre off the drug,

During withdrawal of I(.'JI‘.?lC.‘J4 (fig.a 13)a simila:.; serics of
events took place. As in the case of methimazole, there was

significant labelling of protein in the thyroglobulin region and
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in the 125 region during administration of the dvug, AL one
hour off the drug the proportion of labelled 125 protein
showed a relative increase, but by 4 hours off the drug
the 128 labelled peak had decreased, but it did however
persist until 24 hours off the drug, when it could no longer
be distinguished.

e. Eifect of a low iodine diet

2
d L * - L] -
H~leucine incorporation. A similar series of studies were

conducted after induction of a goitre in the rats by placing

them on a low ilodine diet. The initial studies were done 3

weeks after stavting the diet, At this time no goitre had yet
resulted (Table 1) but histological changes of increased thyroid
stimulation namely increased follicular cell height and increased
numberg of vesicles at the periphery of the colloid had appearved.,
The OD pattern of the thyroid proteins (flg, 14) was similar to
that of the control animals. However in the low iodine diet group
the BH-leucine was incorporated into thyroglobulin at very early
time intervals after subcutaneous injection of the isotope so that by
15 minutes the labelled peak in the thyroglobulin area was already
the predominant one, At 30 minutes the 125 labelled peak had
increased in SA as had the 3-85 peak. At one hour the SA of

the thyroglobulin peak had shown a striking increase whereas
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the SA of the 128 and 3-88 peaks did not significantly change.
At 4 hours there was a slight diminution in SA of all three
peaks, At 24 hours the 128 peak had virtwally disappeared,
the 84 of the thyroglebulin peak had increased whereas that
of the 3~88 peak had remained static, At 72 hours the 3-85
peak was 0 longer siguificantly labelled and the thyroglebulin
peak was the only one containing a significant amount of
radioactivity.,

Subsequent studies were carried out at 6 weeks on the diet
at which time signlficant thyroid enlargement had occurred.
The pattern of results can be seen in fig. 15. The changes
in QD pattern were similar to those obtained in other goitrow
genic regimes, except that although the expected increase in
385 protein cceurred the OD peak in the thyroglobulin region
remained at 195, The pattern of SI—Imleucine incorpovation was
broadly similar to that obtained with the drug induced goitres,
but with certain important differences, Hven as early as 30
minutes after administration of the leucine the isotope had
appeared in the thyroglobulin region and in fact corresponded
gxactly to the OD peak at 193, At this time, however, the
labelléd 125 peak had the highest SA and the 3-85 peak was

also labelled. At times of one hour and later after
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administration of the label the 195 peak was the predominant
labelled peak present, but the 125 labelled peak could be zeen
until 24 hours, after which it could nodonger be visualised.
The SA of the 195 peak was highest at 4 hours after adminis-
tration of the leucine, after which it fell. It was noticeable
that neither at early nor at late time intervals afier adminis«
t:sfatioﬁ of the label was the 3-89 peak of the highest specific
activity, this being in striking contrast to that found in all
the other goitrous states,

125 . ) U 11 . :
I incorporation, Using I a similar ¢arly incorporation

of the label into the 195 protein was found (fig. 16). It should
be noted that as carly as one minute after the intraperitoneal
injection of the label it appeaved in the thyroglobulin region
corresponding exacily to the OD peak, A trace amount of
labelled 125 protein was also found,

Because of subsequent other publications on the incorpo=-
ration of 3}'1”1611611’16 and 1251 into the thywoid gland of iodine
deficient rats, which suggested that in iodine deficient glands
a protein much less than 18~-198 was labelled with these
isotopes (see Discussion), the degree of iodine deficiency was
increasecd in later studies by increasing the period on the low

iodine diet up to 16 weeks, Table 2 shows that a significant
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Table 2:

Relationship of iodine content of thyroid proteins
to duration of low«iodine diet in the rat

Iodine content of

Duration of diet thyroid proteins.

(weeks) ",'(p.g iodine/ mg protein) .
0 3,460
.6 1.646
10 0,185
12 0.183
14 0.077

16 0.056
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increase in goitre size and decrease in iodine content of

the thyrold protein was achieved by this means, Despite

the lncreased degree of goitre formation, the OD peak

remained in the thyroglobulin region, although shifting

from 195 to approximately 18~18,58 (mean of 9 experiments

o 4t o 125 oy

18,55, range 18,1~18.88), I was Incorporated into the

185 reglon at short time intervals (5 minutes) after injection

of a pulse of label (fig. 17). A slight degree of shouldering
}.23 . » "

of the I labelled peak consistent with the presence of a

small armount of labelled material of 8 value le2ss than 188,

‘ . 3 - 4 - b

Likewise, H~-lecucine was incorporated into the 183 protein

(fig. 18) 2 houwvs afier the subcutaneous injection of the

labelled aminoacid,
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CHAPTER 11

THYROGLOBULIN BIOSYNTHIESIS DURING
THE ADMINISTRATION OF T JORT 3
[

TO CONTROL AND GOITROUS RATS

A series of experiments was conducted in which
following the induction of a goitre by a goitrogenic drug,
such as PTU, the diet was supplemented by T:;;' This
resulted, afier a period of two days, in the appearance of
a amall.protein peak in the 12S region (flg. 19) which
steadily increased in quantity as the T% suppressed the
thyroid, as shown by the decreasing gland weight (Table 3).
During this time the peak in the thyroglobulin area increased
and that in the 3~85 area decreased. At 7 days on T;}_ in
addition to PTU the histological appearance of the thyroid
gland was as shown in fig. 21. Comparison with fig, 1 and 6
will show that the histological pattern of the rat thyroid now
resembles very closely the pattern of the control rat. The
effect of T 4 in suppressing TSH production by the pitultary
has resulted in a diminution of follicular cell height and a ve=
accurnulation of colloid in the lumen of the thyvoid follicles,
At this time the GD patiern of the thyroid proteins was as

shown in the upper part of fig, 20, There was a large peal
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Table 3

Relationship of thyroid weight to the duration of
thyroxine suppression of PTU treated rat thyroid gland

Duration of Gland weight (mg)
thyroxine treatment  (mean of 2 animals)

1 day 38.5
2 days 24.5
3 days 22.5
4 days 19.5
5 days 18.5
6 days 16,0

7 da-ya i0.5
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in the thyroglobulin region, a definite peak in the 128 region,
with a small 3-85 peak, The area between the thyroglobulin
peak and the 125 peak was shouldered suggesting the possibility
of a proieiu of 8 value betwaen. 198 and 125 heing pfesem.
Boih the thyroglobulin peak and the 128 peaks could be labelled
with io&ine in vivo roughly in 151;oportierx to their concentration,
but the allzolcaéific activity of 1ab§311§.ng was qnclersi:andébly low in
ﬁilewl of the suppression of- TSH é:)yt t;hyrc»:{ine. A very similar
OD pattern of thyvoid proteins was produced by the adminis-

tration of T, in equivalent dosage, either parenterally or ovally,

3

- Attemptis were made to label PTU + T treated glands with

4

2

“H-leucine. There was uniform lack of incorporation of the
label into the thywroid proteins of rats treated this way.

The effect of administration of T or T, to control rats. A

similar experiment to the above of administering T, or T, to
o J

4
the diet of a control animal alteréd the OD tracing of the thyroid
proteins as shown in the lower part of fig, 20. Although the pre=-
dominant protein remained 195, a small but definite 128 peak
was seen in addition to the 3«88 pealk. Both the 195 and the 125

peaks were labelled with 1&51 in proportion to the stable proteins

present.
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CHARPTER 12

SUMMARY OF SECTION 3

The studies presented in this Section confirm that

» » L] - 3 L] L 03
in vivo as in vitro that H leucine was incorporated in the

normal rat into proteins lighter than 195 and that the pattern
of incorporation was comsistent with the 128 and possibly
the 3«85 proteins being precursors of the 193 protein,

In contrast to the findings with BI-Ivleucine. 12'51' wa.s
incorporated rapidly into thyroglobulin and only transiently
and mininally into the 125 protein and not at all into the
3«85 protein.’

Goitrogenic drugs, although they alter the OD pattern
of the thyroid proteins giving a largen;* amount of the 3-88
protein relative to thyroglobulin, do not fundamentally alter
the pattern of 3Hr-1cmcine incorporation. These drugs,
however, prevent either a stable or a labelled protein which
is truly 193 being formed, l2'51 labelling of the thyroid
proteins was markedly diminished while an antithyroid dyrug
was being admini@ter@d. Some differences existed amongst
the individual drugs in this respect, the PTU regime being
more effective in blocking iodination than either methimazole

or KClOé.
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. . . 125
During withdrawal of a goitrogenic dyug, a ~ |
labelled 1238 protein can be demonsirated in increased amount.
When a low lodine diet is given for such a time to
produce a modest degree of iodine deficiency, there was
o o 3 . 125
an accelerated incorporation of both He~leucine and 1
into the 198 protain. When the degree of iodine deficiency
was more severe, a protein of 18~18, 59 size was labelled
instead of a truly 1938 protein,

The addition of either T 4 OF T. to both a goitrogenic

3
regime or to control animals, resulted in increased
quantities of a stable 125 protein being formed, When a
goitrous gland wap so treated, it furthermore showed a

diminished stable 3~88 peak and an increased pcak in the

thyroglobulin region.
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SECTION 4

PROTEIN PATTERNS OF HUMAN THYROID GLANDS

Chapter 13 '"Normal' human thyroid glands
Chapter 14 Thyrotoxic thyroid glands

Chapter 15 Non=toxic goitres

Chapter 16 Hashimoto's thyroiditis

Chapter 17 Malignant thyroid glands

Chapter 18 A possible dyshormonogenetic goitre
Chapter 19 Cozrrelation of iodine content of

thyroid proteins with type of
pathological process

Chapter 20 Summary of Section 4
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CHAPTER 13

'NORMAL' HUMAN THYROID GLANDS (Case 1«8)

'Normal! human thyroid tissue was obtained from 8 patients,
6 of whom were undergo.ing neck exploration for parathyroid
adenomata and 2 of whom were having neck operations for non=
endocrine conditions, In all 8 the thyroid appeared normal on
naked eye examination and part of the biopsy was submitted to
histological examination and was shown to be of normal
appearance, Fig, 22 shows the thyroid from one of the patients,
The tissue is composed of large well filled vesicles with
abundant colloid lined by a flattened cuboidal epithelium. Fig, 23
sfxows the OD pattern of the corresponding thyroid gland., The
predominant OD peak is in the thyroglobulin region with smaller,
but definite, peaks in the 27S and 3-8S region. In one of the 8
patients studied a small peak in the 325 region was noted.

In the grdup of 8 patients (Table 4) the 19S5 protein made up
between 61.0 and 86, 5% (mean 73.3, 8D T 9,2) of the total protein
present, Between 5,7 and 22.7% of the protein was present in the
275 component (mean 13.0%, SD t ‘6. 8) and between 5.5 and 23.2%
(mean 13.7, 8D ¥ 6,0) in the 3~88 region. Fig. 24 shows the

. . 125, 3 . .
incorporation of I and H-leucine into slices of a 'normal'




~

Fig. 22

Histological section of 'mormal' human thyroid. H and E x 190.
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Fig, 23

Pattern of thyroid proteins of 'normal' human thyroid,
SW 39 rotor at 24,000z, p.m, for 16 hours,




Table 4:

'Normal! human thyroid glands
% of thyroid proteins

fife 278 195 3-85
1 16,0 74.0 10.0
2 22,7 68. 1 9.2
3 6.0 86,5 7.5
4 14,8 62.0 23.2
5 11.5 83.0 5,5
6 21,2 61.0 17.8
7 5,7 73,5 20.8
8 6. 1 78,2 15.7

Mean 13,0 Meanil%.?s Mean 13,7
S‘-D. t6.8 SoDo ""‘9-2 S-Ds t6u6
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Pattern of incorporation of ! I and B}inleucine into thyroid slices
of 'mormal' human thyroid gland after 4 hours incubation., SW 39
rotor at 24,000r.p.m, for 16 hours,
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125

human thyroid gland, . I is incorporated almost exclusively

" - 3 . * . - o
into the 195 protein whereas ~FH-leucine in addition to being
incorporated into the thyroglobulin reglon just short of the
main OD peak, is also incorporated into lighter protcins ~

at this time of incubation (4 hours) mainly into the 3-85 fraction.,
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CHAPTER 14

THYROTOXIC HUMAN THYROID GLANDS (Cases 9-43)
Material was obtained at.c:pération from a series of 35
human thyvotoxic glénds » The patients were prepared for
surgery in two ways. (1) . By control of the thyrotoxicosis
by carbimazole which acts by blocking the iodination of
tyrosine, followed by 7-10 days pre~opérative treatment with
iodide, either in the form of KI 30mg t.i.d, or Lugol's
iodine 0.3ml t.i,d, (Lugol's iodine contains 5%W/V of iodine
and 10% KI in watexr) (Cases 9-38); ox; (2) by pre~operative
control of the thywvatoxicosis by KClO 4 which acts by blocking
the uptake of iodine (Cases 39-43). In these patients iodine is
not given pre-operatively in case the drug induced block in iodine
uptake is overcome by diffusion of the iodide into the thyroid.

P re-~treatment with carbimazole/iodide. Fig., 25 shows the

typical OD pattern obtained from such a thyroids The full
details of protein compouoition are presented in Table 5, It will
be noted that the predominant protein peak is in the thyroglobulin
region (mean 68.8%, 8D % 11,4), with a well marked 3«83 OD
peak also present (mean 29.2%, 8D L 11, 3). No peak heavier

than 198 was seen in the majority of the thyrolds and this was
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Fig. 25

Faitern of thyroid proteins from a thyrotoxic human thyroid
ireated with carbimazolel/iodide. Incovporation of 1251 and

H«leucine into thyroid elices after 4 houvs incubation. SW 39
rotor at 24,000¢,p,m, for 16 hours,




Table 5:

Human thyrotoxic glands « controlled hefore
operation with carbimazole/iodide treatment

% of thyroid proteins

Case

278 198 . 128 388
no, ) »

9 - 67.5 - 32.5
10 - 69.0: = 31.0
1) - . .86.0 = 14,0
12 - 69.1 - ' 30.9
13 - 776 - - - 2244
14 1.3 | 57,7 41,0
15 - 72.9 " 27. 1
16 2ed 78,1 - 19.5
17 - | 71.2 = 28.8
18 - 65.0 - 35,0
19 - T 52,9 . 47.1
20 - 641» 3 1507 30-0
21 - 77.0 - 23.0
22 - 84.4 - 15,6
23 - 748 = 25,2
24 - 81.5 - 18,5
25 - 71.8 - 28.2
26 - 62.8 - 37.2
27 - 6304 - 36.6
28 - 62&5 - 37' 5
29 - 65.3 - 34,7
30 1.9 74.5 - 23,6
31 - ) 62#6 - 37-‘4
32 - 53,8 - 46,2
33 3.6 69.6 - 26.8
34 - 73,2 - 26.8
35 - 57.0 18,6 24,4
36 Trace 95,1 - 469
37 - 73,4 - 26,6

%38 - 2¢3 - 97.7
Mean 68,8 Mean 29,2
s.D. 1.4 s.D.%11,3

slhxcluded from statistical analysis,
case description in text
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confirmed in a further study (fig, 26) where the proteins were
spun at a lower speed to give better separation of proteins >193,
As will be seen from Table B, in 5 of the 30 patients a trace
amount (up to 3,6%) of the total proteins was present in the 275
area. In 2 patients (Cases 20 and 35) a significant amount of
128 protein was present., Both were in patients whose pre=
operative conirol was achieved with considerable difficulty, In
addition, in both cases the thyroid proteins precipitated by 509%
saturation with ammoniuro sulphate had been stored in the
frozen state for 7 and 23 da;.‘ys'- respectively before sﬁucly; In these
cases i’c is therefore impossible to exclude sorae breakdown of
the 198 protein (see Discussicn).

“As will be seen in fig, 25, Sﬂaieuaine was well incorporated
into the thyroglobulin region, although slightly short of the OD
peak; 1251 was not significantly incorporated into the proteins of
the thyroid slices, instcad it merely appeared as a broad band
across the upper half of the gradient, almost certainly representing
diffusion of non~organically bound 2LZ'E;I and not specific incorporation
of the isotope into any proiein bound fraction,

Fig. &7 shows the histological appearance of a thyrotoxic

gland treated pre-opervatively with carbimazole/iodide, Although
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Fig, 26

Pattern of thyroid proteins from a thyrotoxic hnwman thyroid
treated with carbimaszole/iodide. SW 39 rotor at 21,000r.p.m,
for 16 hours,
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Fig. 27

Hifitological section of thyrotoxic human thyroid gland treated
with carbiinazole/iodide. H and £ x 190.
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the follicular epitheliuro is more cuboidal than in the normal
gland (fig. 22), thewre is abundant colloid present which
correlates with the predominant thyroglobulin peak,

Case 38 was excluded from the statistical analysis because
the pattern of the thyrold proteins was obviously differvent from
that of the other casces studied., Although this patient presented
the classical clinical picture of thyrotoxicosis and showed
appropriate clinlcal improvement on treatment with antithyroid
drugs, histological exaraination of the resecied specimen (fig. 28)
showed the presence of severe generalised thyroiditis, ine
distinguishable from that of Hashimoto's disease (auto~immune
thyroiditis), As can be seen, very little colloid was present in
this gland,

Pre~freatment with KCIO . Fig. 29 shows the OD pattern of the

thyroid proteins usually present in a thyrotexzic gland contreolled
with this drug. As shown in Table 6, in Cases 39«42 inclusive,
there was wove protein in the 3~8% peak (mean 62.6%) than in the
195 peak (mean 37,4%). No OD peak >195 was scen in any of
these glands,
125 . 3 . .

Both I and "IH~leucine were incorporated into the thyro=

globulin region,; elthough the SA of 1'abI labelling was very low,

a
“H~leucine wasa also incorporated into the 385 region,
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Fig. 28

Histological section of the thyroid gland of Case 38. H and E x 75.
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Paitern of thyroid proteins from a thyretexic human thyroid
treated with KClO 4 Incorporation of "1 and "H~leucine
into thyroid slices after 4 hours incubation. SW 39 rotor at
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Table 6!

Human thyrotoxic glands - controlled before
operation with KC1lO , treatiment

4
Case  ,uq 198 3488
no. |
39 - 37:9 621 1
40 o 45, 2 h4,8
41 - 38!5 61.5
‘4:3 - 280 1 7109
x43 - 75,5 24,5

Mean 37.4 Mean 62.6

*Excluded {rom calculation of mean values,
case description in text
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Case 43 showed a protein pattern at variance with those
of the other patients in this group, Further investigation of
this patient's prewoperative drug history showed that he had
inadvertantly received two doses of 0.3ml Lugol's iodine
three days before opevation,

The typical histological picture of a thyrotoxic gland
treated with KClO 4 is shown in fig. 30. It will be noted that
there is intense cellular hyperplasia. The lumina of the thyroid

follicles are reduced to slits and only very little colloid is present,




Fig. 30

Histological section of a thyrotoxic human thyroid gland

treated with KCIO4° H and E x 190,
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NON=TOXIC GOITRES (Cases 44=39)

These were dealt with in two groups. (1) Those patients
with a diffuse or multinodular non~toxic goitve (Cases 44~72),
(2) Those with a cliﬁically single thyroid nodule (Cases 73-89).
| In both groups, howeéver, the QD patterns were basically
similar (fig. 31); the predominant peak was in the thyroglobulin
region (mean 74.4%, SD T 7.7) for diffuse and multinodular
goitres (T'able 7) and 66.0% (SD t .. 2) for thyroid adenomas
(Table 8). In diffuse or multinodular goitres 8,6% (SD i 4., 4%)
of the total proteins were in the 275 area; in the case of the
thyroid nodules 6.6% (5D ¥ 4.3%). One diffusely enlarged
thyroid gland and two adenomas showed no demonstrable 275
protein., Two of these, .the diffusely enlarged gland and one
nodule, were studied early on in the series and on review of the
OD patterns, it is impossible to exclude slight overloading of the
sucrose gradients which would obscure protein >195. Other two/
patients {(Cases 88 and 89) will be separately discussed.

The 3-85 protein constituted 17.6% (SD 16, 1) of the protein
in the diffuse or multinodular non=toxic goitre group and 27.3%
(sD 2. 5) in the case of the Ysolitary nodules.

An attempt was made to see whether the thyroid protein
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Fig, 31

Pattern of thyroid proteins from a diffuse non-toxic human
goitre, Incorporation of 1251 and “Hsleucine into thyroid

slices after 4 hours incubation., S8W 39 rotov at 24,000r,p.m.
for 16 hours.




Table T2

Human thyroid glands -~ diffuse and
multinodular non+toxic goitres

Y% of thyroid proteins

Case 278 195 3-88
no.
4.4‘... - 77.5 22-5
45 6.1 4.2 19.7
46 13,6 65,1 21.3
47 5.1 85.2 9.7
48 6.3 73.4 20.3
49 11.0 65,5 23.5
50 9.6 70.4 20.0
51 3.4 71.0 25,6
52 5.7 7.3 17.0
53 11.2 6445 24.3
54 6.2 82,0 11.8
55 11.3 68,5 20,2
56 18,1 69.0 12,9
57 - 5.7 84.8 9.5
58 1447 64, 8 20.5
59 4.0 76,0 20,0
61 4.5 86,2 9.3
62 9,2 75.0 15.8
63 7.0 62.0 31.0
64 13,1 77.0 9.9
65 Ted 69.8 23.0
66 11,5 76.5 12,0
67 2k 89.0 8.6
68 16,2 63.2 20.6
A9 8,4 70.6 21.0
70 14,7 65.6 19.17
71 Te2 T2.1 20,7
72 4.9 79,1 16,0
Mean 8.6 Mean 34.4 Mean 41}7. 6
SeD, =4, 4 SaD. =77 6,1




Table &
Huroan thyroid glands -
clinically solitary thyvoid nodules
% of thyroid proteins

Case 275 198 485

No.
73 - 76.5 23,5
14 5,6  51.8 42.6
5 12,5 79,2 8.3
76 4.5 . 81,0 16.5
77 6.0 6145 32,5
78 10,7 6240 27.3
79 3.9 54,4 41,7
80 - 52,2 47,8
81 8,6 84,0 1.4
82 12,0 66,3 &1, 7
83 11.8 45,4 42,8
84 6,1 65,1 28.8
85 2.4 76.2 21.3
86 10.1 59,0 3049
87 7.1 764 6 16.3
“88 - - 100
%89 . 5.0 95,0

Mean ‘*_6.6 Mean 66,0 Mean 27.3
S.D. %4,3 8.pD.}t12,2 s.p.t12.5

*Excluded from statistical analysis;
cage description in text
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pattern of solitary nodules showed any correlation with the
pre=operative thyroid scan. Theére was no pignificant difference
in the OD patterns of a nodule which had been 'hot' oz; pre=
operative scanning and om; which h;d been ‘cold!.

in all cages of diffwaé ofv muli:inodular goitre, the main
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