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CHAPPER 3
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FHTRODT G EoN
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Phe thycold was firet vecognised aa a seeretovy ovgan hy King (1)
in 1836, who sotudied the gland®s santomy awnd vasoular systenm and pab=
mitted bthe viscous fluwid whioh ocould be sxpressed fvom 1% 4o chomiecsl
featue By the ond of the 19th cemituzy it was realised that the
thyroid gland prodused somo mubsitonce necessary for goed health. (2)
Pounenn in 1896 found that a provein Teaction from the thyroid zland
eontained considerable emounts of iodine. Thin fraction on hydrolysis
ven offeotive in the reliel of synptoms of myxeedema, Purification
of this iodine containing constituent wes not achieved untll 1919 when
Kondell {3+4) isolated a orystalline product combaining 65¢ ilodine,
which waa nemed Thyrozine (¥ﬁ)w Tmpreovements to Kondall's nethods (5)
led o the syatheois awd elucidation of tho chemisal strueture of
thyroxine anl s0 the valure of the thyreld hormone wan seemlugly euvlab=
linhode

Howaver, Grosa snd Pitt-Rivers (6) found a compound with thres ioiine
atomey Teilodothyronine (T3)9 both in the thyroid gland end la plecnhue
Tain compound proved to be quicker acting on the motabolism than the
fory lodine atomed thyroxine and eleo was effective ln the reliel of
myxaedema. Both thyroxine and tviiodothyeondne act to f@gulgte the
genoral metabolio sbtate of tho bolye

Another type of horpone Pfound in the thyroid is the hormone

oaleitoning which nets ae & caleium lowering agente (7)



The function of the thyroid gland thus appears to be the synthesie,
ghborage and secretion of its unigque hormaneég controlled by thyroid
stimulating hormone (TSH) from the anterior pituitary. An outline
of the biochemistry of the thyroid gland, with particular reference to
the subjedt being investigated, namely the lipoprotein agssociated with

thyroglobulin, will be given in the following chapters.

FUNCTTONAL ANATOMY OF THYROID GLAND

The thyroid gland consists of an aggregation of follicles (g 1),
ecach made up of a single layer of epithelial cells surrounding a central
lumen which contains an amorphous, viscous fluid known as the colloid.
The follicular cells possess a definite polarity, their apices directed
toward the lumen of the follicle and their bases toward the basement
membrane, the height of these cells being determined by the state of
activity of the thyroid. The thyroid cell mucleus is large and uvsually
gituated in a basal position. In the normal human adult the size of the
follicles variceg from 50 to 500p in diameter. The follicular cells are
the site of hormone synthesiss the colloid representing the inert storage
form of the hormone.

On electron microscopyy the apical eni of the cell has an unusual
irregular border which appears to be composed of microvilli which are
believed to play a part in the secretion of the thyroid hormones into
the colloid. These microvilli could also play a role in the resorption
of the colloid from the follicles. The cytoplasm of the thyroid cell
conbaing mitochondrias; granules or vescicles thought to represent

colloid (thyroglobulin) resorption particles, and a variety of organelles./
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Pig. 1. Section tl.rongli normal rat tlyroid gland showing
colloid filled follicles (x 40), stained with
Eaeinatojylin and Eosin.



Jorgenolles, There is an exbensive network of endoplastic relioulum
and prominent Golgl apparatus involved inte synthesis and secrebtion
functions of the cells Unlike exoecrine cells which secrete into the
body cavity, thyrodd cells not only secrete into the colloid buk
resorb from it and release the thyroxive and triiodothyronine into the
perifollicular caplllaries.

SYNTHRSTS OF THE THYROTD HORMONES

The process whereby ilodine is concentrated can be divided into
two stagesy lodine transport and iodine organification. The trapping
of lodine by the thyroid frem the coplillary Wlood into the follicular
cell occurs by two processes, namoly by diffusion and by tranaport.k%%D%'
Diffumion dg an almogt neglisible method of iodine enitry into the thy=-
roid gland, active transport is therefore the more lmportant mechanimme
Todine is transporited into the thyroid asgainst an electhrochemical grad-—
ient (8) and this process is dependent on oxidative phosphorylation.
Phig active transport mechanism accumuletes 25 to 100 times the concen=
tration of dodine in the thyroid thean found im the moruns

The d etalls of iodine organification are still mainly spooulative
slthough the conversion of wrapped iodine is prcbably an oxidative
process carried out by the thyroid peroxidase ensyme sym%em. Thig
aotivated" or "chanwed" dedine don is then bound to byrosine molecules
in the primary shoucture of thyroglobuline  These iodinated tyrosine
residues then couple togebther to form T4 and 13 The latter could be
dorived from the joining of monoiodotyromine and dilcdotyrogine mole~
cules or by’dﬁiaainatian'af Pde Az can be deduced from this organilfi-
cation process the synthesis of the thyroglolulin skeleton is one of the
most/

*Qqﬂ)Texthook of Endocrinoclogy, 5th Iditiony, Mdited by ReH. Williams,
Published by W.B. Saunders Company, p.102 (1974)
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/most importent steps in the formation of the thyroid hormoncse It
has been suzgested that the protein moeity of thyroglobulin is syathe~
sised on the ribosone studded membrans, then moves in the follicular
cells through the endoplastic reticulumy the Golgzi vesicles, apical
vesicles into the colloid.

Whon 13 ond T4 ave required for matabollsmy stored thyrozlotulin
is resorbed from the colloid by a pinooytosis-like process and is hydro=
lysed probably by thyroid proteases, thus reloasing the thyroid hormoncs.
The lodotyrosines released are de~lcdinated by spocific enmymes and their
iodine reoyclod for further use by the glande A aschematic representat~
ion of the iodine metabelism pathway in the thyroid is shown in fige 2.
T™e jodine released Trom the breskdown of lodotyrosines however appears
to be handled diffevently From newly brapped ioldine ag it is not casily
discharged from the thyroid by substonces suoh as thlocyanate or
perchlorate. This iodine has been referred to as the second iodine

pool of the thyroid.
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Tig. 2. Iodine Yetabolism Pathweys in the Whyrold.

Active iodide tramsport through basal membrane.

Iodide oxidation within the cell.

¢) Iodination of thyroglobulin.

d) Regorption of stored thyroglobulin from the colloid.

e) Hydrolysig of thyroglobulin to release iodoiyrosines
and iodothyronines.

f) Deiodination of iodotyrosines and recycling of released
lodine through the iodide pool of the thyroid .

&) Discharge of lodothyronines into the extra cellular
fluid .

a)
b)

After Werner "The Thyroid' 3rd Ediiion.



CHAPTRR 2
MO RTINS

THYRCGLOTULIN  BEOSYNTHESTS & CHEMISTRY

Thyroglobulin blosynthesis can be sub-~divided lnto thres major
atages: (a) synthesis and assembly of polypeptide chains, (b) carbo-
hydrate attachment; end (c) iodination and maturation of the nolecuila.
Current beliefs are that these three processes are independent and occcur
ssgquentially dwn the thyroide

Polypeptide synthesis in the thyroid has been mtudied by incor~

Yo or Yp-1abolled aminomacids into proteins in vitro and

porating
dn vivoe  Sheep thyroid slices incubated with radio-labelled smino-
acids and snalysis of the subsequently labelled proteins by means of
sucrose density gradient ulbracentrifugzation (9+10) showed that most

of the radlosctivity was firstly assoclated with a 128 component corros—
ponding to a stractural sub-unit of thyrozlobulin. 3=83 proteins, which
nay possess single polypeptide chains of the thyroglobulin molecule were
aloo labelled at this stoge. Farther incubation with unlabelled aming-
aclds showed radiocsctivity sccoumuleting in the region of 198 thyro=
globulin with concomitant deoreasen ia 1285 label. {1L). It was thua
concluded from these kinetic studies that 128 protein and presunmably

3-89 proteins are precursors of thyroglobulin, that is to say thyro=
globﬁlin.is gynthesised from gstructural sub—~units. Newly synithesised
thyroglobuling however, possesses some different properiies from older
more mature thyroglobulin. These differences are fourd mainly in

slightly, but difinitely, lower sdédimeniation coefficlents. fnr/
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Tor prample, nowly synthesiced sheep thyroglebulin seliments st 17185
and rat thyroglobulin at 16-16.88 compared to 198 Por maturs thyro-
globulin feom thone snimalse (}55-

Thyraziobulin blosynthesia com boe summarised as {ollowmg=
of 3788) — 2(128) ——— non~iodinated thyroglobnulin
neo-iodicated thyroglebulin + lodine — matursd, lodinnted thyroslobuline
# ropresonts the unlmown mmbey of polypepbtide chains comprising thyro-
globulin,

In vivo incorporation oxperiments (12) confimm that 129 amd pre=
sunably 3-89 proteins are procursors of thyroglobuling but the paami%w
ildty of the 1298 component belng a disacciation product of newly formoed
thyroglotnlln cannot be entirely wmled ocute The incorxporation of
amino-acita and conversion of low moleculasr weisht prodeins into thyro=
globulin appasns 0 be gopbrolled by TN sines injection of this madarial
o ratp dmecdiotely enbanoos coaversioae of 125 protels into 18-194
thyroglotulin.

sarbolyydis to Tnonenovatica

2

Thyroglobulin centains 8-100 carbobydrate comprising two, op
poaaibly thvee different types of unit. 05).

Galf thyrvold slices incbated with 14€m1abell@ﬁ glucose (13)
showed that madioactivity wan incorporated iunto five suger components
of both particelsate bousd protoin ard soluble thyroglobuline  On solu~
bilization of the particulate bound prpbein uwing deoxyeholabe, 1t won
proved from 1ty chemiocal, lmmvnochemical and olectrophovetico properilios
30 be a precursor of thyroeglobuline. Thyrold p riloulate freebions could

14

aleoe ineorporete vodicactivity freom 7 T(Mlabelled glusose into sugarg in

the partioulote~bound thyzroglobulin<like protein, which suzgects/



/suggests carbohydrate synthesis of the thyroglobulin molecule occurs
at a particulate site, Incubations containing puromycin, using both
thyroid slices and particulate fractions, reveal that carbohydrate
incorporation occurs independently of and later than the synthesis of
the polypeptide portion of the molecule., This is proven by the fact
that incorporation of.. radicactivity into soluble thyroglobulin did not
decrease even though amino—acid incorporation was completely inhibited
by puromycine Particulate bound thyroglobulin precurszors, however,
showed partial impairement of carbohydrate incorporation in the pres-
ence of puromycing the more internally located sugars being affected to
a greater degree than those éxternally located. This variable degree
of inhibition suggests that carbohydrate incorporation is accomplished
in a stepwise manner by the addition of one sugar molecule at a time

to the enlarging carbohydrate chain.

A difference in mechanism between the incorporation of mannose
and galactose was reported by Herscovics (14). Mannose appeared to be
incorporated in a manner and time course similar to that of leucine in
that only the 128 and 3-8S8 fractions were labelled at early times after
incubation. On the other hand galactose was incorporated into 19S
thyroglobulin directly. These differences in time of incorporation pro-—
vide further evidence for stepwise attachment of the monosaccharide
molecules. It should also be noted that thyroglobulin newly labelled

with 14

C carbohydrate had a lower sedimentation coefficient (17-18s)
than that of mature thyroglobulin (198). Carbohydrate incorporation is
not impaired by propylthiouracil whiech totally inhibits iodine uptake

armd so indicates that carbohydrate attachment is indeperdant of/



/ independant of jodinatiome Bince litélo if any carbeohydrate radionctivity

T

wag observed In the volysomes it wo s concluded fhot carbohyfzate ineoe-
poration wes lbdependent of polypeptide chain syntheslioe
Aeddpubion

Afber completion of polypepiide and carbobydraternictios of
thyroglobuling icdination of tyvoeyl residues ond subsogquent forpation
ol fi".s avid '?4 wokes plso within the matrlx of the moleonlas  Yodinetion
progesds in @ otepwice fashion, the degreo of lodinntion being varlable
depending on the physiologiosl miats of ;i'.h,e thyrold glande  In vwiimo
cell ffres systems show that vhole homogeastes .nd voricus subgellulay
Fraciions ingorporete ledime inbe thyvold perotein ot lsanid to the stegs
of monoicdotyrosine (MIT)e  Phis Incorporation of lodine into prodein
moy wov neccsearily be an ensymatlc process sinee other proteins such
ag albumin and easedn can be non-epsymabically iodinated.  Heod and

. - 129
Goldbong (15) dncorporated 7

I dmbo s thyroglobulin-~like probein which
sadimented at 10U which ls slightly lover then native thyrozlobuline

o lightwwelght profeins wore found to he loldimaited and Tvetheyr wozl
invelving the use of piopylihiouracid sbowed that this vompound oo
pletely sbolished iodimotion of fthyregiobuline Paking this lighter
en noresl 189 protein and iolinsiing chemicslly beancforsms % dnto

g true 195 thyroglobuline In additdon to the jn yitrg evidence
fhomeon and Goldborg (12) showed by in vive sitnddes in the »at that
lodine is incorporaded into e protein which selinents at 188y Lighie
weight protolns were only minimelly lodinated 4 jeodinated at ail.

Chemiatry of Thyroglobulin/




Chemistry of Thyroglobulin

Thyroglobulin is an iodoprotein of molecular weight of the order
of 660,000~-670,000 (16) and axial ratio 10

Variation of pH on thyroglobulin has produced interesting data
on the ultracentrifugal pattern of the protein. (16) 198 thyro=
globulin was the major protein up to pl%e5; a 128 protein being
found to a certain extent at this pHe Above pHY.5, 158 and 129 protein
components were Tfound, the 128 protein being the major constituent.
It was peostulated that the 128 protein accounted for half the molecular
size of the 195 protein, which wag in keeping with the Tact that the
process wag reversible up to pHIl. At this pH and above an 8% proiein
predominated and at pHl2 and above all protein was present in a 3-43
forme

The effect of heating on native thyroglobulin was studied by
Bdelhoch and Metzger (17)y who found that thyroglobulin denatured
measureably at room temperature and pHll.3s At neutral plly high tem=
reratures are reguired for denaturation to commence; the process being
aided by nentral salts and alkaline pH. The above mentioned workers
also showed that at pH 9«5 and 53009 198 thyroglobulin dissoclated to
produce 128 and 178 proteins, which denatured immediately sice their
solubility (it was shown later) was lost above pH5. At temperatures
below 5300, these two products were sgoluble at pHb. The loss of
solubility was found by various methods to be due o minor configur-
ational changes.

Protein denaturants such as sodium dodecyl sulphate (SDS),

guanidine and urea rupture protein non—covalent bounds, bolh intra and/



/hnd inter nolecularly. A% low concentrations SDB (<0¢001M) a 128
component was produced from pative 198 thyroglobuline This process
was shown to be reveraible on Qlalysie of the D3 from the protein
golution in & manner similae $0 pH induced changese Increasing
concantrations of 803 leadws to progressive unfolding of hoth 195 and
128 componente to forms which behave as random chain polymers., Urea
was found to behave in a sinllar noannery ot at oo concentrshion of
urea o SDS was trensformation from 198 o 128 found 4o be complete.
This would suggest that at neoutral pl a fraction of 198 thyroglobulin
remadng resistant to dlspocintion.

Reducticon of dlsulphide linkagesy which can be inter or intra
chalny can result in changes of moleculay size or ln changes of shape.
he exbtont of reduchilon (18) ig o function of pl, veductant concentration,
nolvent and reduction time. Hola mercaptocthancl (BME) is o substance
which hag the property of reducing disulphide bhonds, Starting with a
128 thyroglobulin preparation anl reducing with BME two egual siged
compenents sedimenting at approximatoly 68 wesuli. "n prolonged dialy=
aimy reconstitution of the reduced products ensvnes aud 125 and even
198 probeins can be restored. This regstored protein is found ko be
more reaistant to reduvetlion with TME than mative 193 thyrozlobuline
Trom thie and other data it has been suggested that 193 thyroglotulin
is composed of two non—covalently bound components of 128 size.

Study of 279 icdoprotein (appraximataly twice the molecular
weight of 1935 protein) resulted in nob only 193 but also 128 end

388 components being formed, which sugmests that 278 iadoprotein/
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Jiodoprotein is made up of & cowplex aggrenstion of 19% thyrsglobulin
and smbunids.

Recently there has hoss some dispute voncerning the theory that
193 thyroplolalin is forusd by the coupling of twe 125 subeunlite which
in turn Lo fommed from two 63 upiitse.  On fractionation of the labollod
3=03 peak from the vat thyreid {(19), throe componentas were found,
nemaly 3 63 apd T8 protednse The latbor two were fowyd 4o be homo=
gensous ultra—contrifugelly by pelynerylomide gel oleotrophorosia snd
precipitable with aptithyroglotulin antidbodies. Hove dedsiled stuliesn
(20) show $hat omaller sub-upite than 199 and 129 mocount for approxie
mately 207 of thyrcoglobwline  These smaller polypepiides runge in size
from molecsular welsht of 20,000 4o 250,000, Tneodporation of thesa gule
undita dnto thyroglobulin gives rise o asp iuntavestlng avwber of posaibe
ilitden (20421),

Tt hag been shown {(22) that the cuvbohydrate cowponond scsounts
for mpproximately 108 of the thyroplobulin moleewls.  This carbee
hydrato molety consists of gulactows, momnose, fuoose, W-ncetylglucosanine
end glalic aold. Ten Jdatinot glycopeptdden acotunt Lop thewso garbo~
hydratest glyeopeptide A with neleculer waight 1,080 couslatba of five
mioanese residues 40 one wvasidua of I acetylglucosanine: glyconeptide B
with moleculay weight 2200 conbeing mannode, Neacotylzlucooamnineds
galactone; fucose ond sielic zeild dn the rablo 3:%52420:8. Thypow
#lobulia hos beepn chown 40 possess 9 molas 4 and 14 molen ﬂ/hal@ protieilie

Prom eminocacid analysis it appears that the amino~ooidy aspuetic

aedd 4s most probably the one lmvolved in the glycopeptide linkuges/
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Jlinkoge.  Tialic acidy being the oasiest of the sugars to hydroelyze
Prom the nolaoilas wovnld appoar o be the bfemmlpal sumor in the
alyeopeptido.  Bore recomt sbuldies have produced resultn (23424) whieh
ghowed that an alditional wnit (unii ﬁ) wan possibly preesent In human
fhyroglobuline  Unit ¢ wvas cowposed of geloctosamine residuen ogouring
g an dnbesral part of the protein, anl completely distivet fron vaite
A apd By  Thege galooboswrine valbs belng linked to sopine and
shyconinge residuoss

The jcddne conbeat of thyroglobulin has beon shown o vary considep
ably. Diethylaminoothyl (DBsE) cellulose chicmatozraphy Trectionatos
thyroglobulin inte theee fractions dependent on thely iodine content,
the sarliey slubiog fractlion gonbtainipy less lodine than thoe laber
alubting {ractions end the storting materials  All thyes Tractions bhad
ddendlopd MUY contente bt differed in DIT content and %0 o lesger oxtond
Tdu Todination of the starving matericl (in vitro) resulted in the
ddaappencense of the eavly olubing fraction ond an incorcosed, higher
dodinadedy later clubting fraetion. Marthor ovidenos of 4iflevancss in
todine content oan be obiained using the uwltracentriluge, sinee poorly
indinated thyroplomlin sediments with an *S" value less then 198
Tor examplo, 17-108«  Thuep it wevld appear that thyroglobulin represents
o mixtune of molecules which differ only in the reladive proportions of

thode aongtituent Lodo~anine noldo.
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CHAPTER 3

REVIEN OF PUBLISHED WORK ON PURIFICATION OF THYROLD

PROTRINS AND THYROLIPIDS

purification of thyroid proteins and since lipid products are to be
described, a review of purification procedures and lipids contained

in the thyroid gland would seem appropriate.

PURTFICATION PROCEDURES APPLIED TO THYROID PROTEINS

Tor many years it¥*was thought that only one kind of icdoprotein,
thyroglobulin, was contained in the thyroid, but several iodoproteinsﬁ}h—ﬂﬁ*
both soluble and puarticulate~bound exist in the thyroid although
umally to a2 much lesser degrees This necessarily leads to the term
thyroglobulin having to be defineds Robbins and Rall (25) recommended
in 1960 that a soluble iodoprotein of thyroid orizin must possess the
following properties to be named thyroglobulins=

(a) sedimentation coefficient (82 ) of approximately 198

ow
(b) electrophoretic mobility in veronal buffer, pHS.6 of approximately
*5x10-5cm2/s. Vs ond (e) a sharp insolubility at about 38% é;;;nium
sulphates The most important discriminatory property is the sedimen=-
tation coeflficlents It must also be noted that this definition only
denoteg a family of related molecules and not a single molecular species.
Thyroglobulin is almost exclusively Tound in the intrafollicular

colloid, amounting to 20=30% concentration of this medium, and =0 may

be extracted fairly readily by slicing thyroid glands thinly (or/

*WQMHQ@extbook of Endocrinology, 5th Idition, Hdited by R.H. Williams,
Published by WeB. Seunders Company, p.107 (1974) -



/(or homogenising) and suspending in cold neutral saline. Early
purification procedures were described by Haprington (26) but later
work by Heidelberger and Palmer (27) and Cavett et al (28) showed
that ammonium sulphate precipitation was an extremely useful methode
This salting out method was extensively studied by Derrien et al (29)
who recommended fractional precipitation between 37 and 43% maturation
with ammonium sulphate at pH6.5 and 22%¢, However, an equimolar
mixture of 3.5M monopotassium and dipotassium phosphate at pH6.5 and
20°¢ at 43=48% saturation provided similar results. Although these
authors claim homogenelity both by ultracentrifugation and electro—
phoreticallyy salling out does not remove all contaminating proteins.
Shulman and Witebsky (30) using narrower ammonium sulphate 1imits
(3943=4147% saturation) showed thaty, “fairly concentrated solutions"
(0e5%)y ultracentrifugally consisted of one principal componéglm(95%0,
although the yield was low.

Thyroglobulin prepared by salting out is heavily contaminated by
proteolytic enzymes and so Ui and Tarutani (31) recommended fractional
precipitation in the cold with between 1,50 and 1.80M ammonium sulphate
at pH6.,8 followed by reprecipitation between 1.55 and l«75Ma

Farther purification can be achieved by differential cég;;ifugation
(32) which produces highly purified 198 thyroglobulin afier multiple
rungy, howevers the yield is fairly lows  Sucrosme dené;tngradient
centrifugation (33) gives complete separation in good yield but the
amount that can be processed iz limited, and lence is suitable for small

geale analytical purposes onlye. /



Jonly.

Gel filtration fractlonates protein mixtures according to mize
‘and. has proved useful in the purification of thyroidal iocdoproteins.
Perelmutter et al (34) have reported a simple purification procedure
for thyroglobulin using Sephadex G200, After two passages an ultra=
centrifugally homogeneous fraction was obtained. Again limited (34)
amounts of pure 19S5 thyroglobulin are recovered owing to poor separation
from 278 iodoprotein. The use of agar or agarose gelysuch as Sepharose
4B oxr 6B, giQes better meparation and is both suitable for small and
large~scale ﬁreparations, but combined umse of other fractionation pro—
cedures is necessary for isolating a highly purified sample of 198 ‘
thyroglobuline. DEAE-cellulose chromatography can be used. Ingbar et al
(35) mshowed that sheep thyroglobulin prepared by salting out gave an
agymetrical elution curve when gradient elution was used with a DEADR-
cellulose column. At constant pH(6.5) thyroglobulin and other related
iodoproteins are eluted from DEAE-cellulose at higher ionle strength
than that of contaminating proteins, (36+37) hence a preparation of
thyroglobulin along with small amounts of 278 and other icdoproteins
but free from non iodoproteinas, can easily be obtained by stepwise
elution. Since 279 and other heavier thyroglobulin related iodoproteins
are bound Qore strongly to DEAF~cellulose than most of 193 thyroglobulin,
an uvltracentrifugally pure thyroglobulin may be obtained by elution
at lower ionic strength than that necessary for complete elution of all
related molecules. Karlsson et al (38) combined pretreatment with
sephadex G200 and DEAB~cellulose chromatography to obiain pure samples

of both pig and human thyroglobulin. DEAB~cellulose other then/




/than providing a vehicle for the production of pure thyroglobulin,
samples is also extyemely useful in subfractionation of 198 thyro=
globuline

Thyroid lipidg

The follicular epithelium and the colloid of the thyroid gland
possess: . an abundance of material with an affinity for lipid stains,
and lipids have been extracted in larsge amounts from thyroid tissue
(39)e The chemical nature of these lipids has not yet been fully
investigated but it hasg been sﬁggested that they may act as iodide
carrierg, or serve as substrates and regulators of thyroid metabolism
(40+41)., Normal thyroid slices actively oxidise free fatty acids even
in the presence of glucosey which becomes the preferred suhstrate only
in the presence of TSH,

Todine uptake by the thyroid gland may be due to a specific thy-
roidal lecithin fraction which binds iodine reversibly in vitco (42).
These active binding lipids were found to he unsaturated lecithins or
choline plasmalogens and the inactivity of soy bean and calf brain leci=-
thing shows that anion binding is more than a trivial property of these
lipids. This also suggests that these thyroidal lecithing may be
involved in anion transport ﬁithin the gzland. Marther evidence for
thisg "carrier" or transport role is the fact that phosphatidic acid
turnover iz increased when transport of secretion were stimulated.

Wervonic acid is found in appreciable amounts in iodide=com=
plexing samples but not in lecithins which do not possess this property.

Tha affinity of inactive thyro~lysoleclthin for lodide can be resﬁored/



/restored by reattachment of nervonic acid into the/3 position and so
it is suggested that oL'*acyl:}g~nerv0nia-Lmlecithin is the structure
responsible for iodide~complexing (43)e The exact nature of the
iodide~lecithin linkage is not known, but appears to be a looge one
probably depending on the micellar state of lecithin and so no enzy-
matic activity or energy is needed for the complex to form. The
glgnificance of this system is dependent on the fact that the specific
lecithin was only found in significant quantities in the thyroid gland
and. 80 the first step in iodide uptake, that isy from the blood to the
thyroid cell may be explained by this systems Posner and Ordonez (44)
ghowed that lipid-iodide-binding is ionic in nature and that iodine

ig bound co-valently to lipid.

Neutral glycosphingolipids have been identified as minor con-
stituents of the lipid fraction of most memmalian tissues, these com-
pounde beling most concentrated in the plasma membrane of the cell and
g0 may play some role in membrane funchtions. The membrane of the thy=
roid cell may be the locus of the lodine trapping mechanism. The
lipids of the *thyroid gland have been shown (45) to eossivsis of
neutral glycosphingolipids and sulphatides. The pattern of humﬁn
thyroid glycolipids differs considerably from that of other non-nervous
human tissues. There is, howevsry, some similarity between human
thyrold and kidney in that glycosphingolipid content is similar although
total glycolipid content in the thyroid is reduced., This may indicate
that the role played by these lipids is common for the two tissues,
namely active lon transport.

Other 1ipids such as triglycervide, free fatty acids and/



Jand cholesterol, present in the thyrold have been studied by
Lipshaw and Foa (46), both under normal comditions and after treate
ment with TSH for various periods of time.,  Thoze workers suguent
that alter trestment with T8H the triglyceride content of the thy—
roid increasad because the ToH-induced lipolysis iuncreased the

amount of free Tatty acid avallable for esteriflcation. During

his indtisl phase of THI stimulation there was a generalized increase
in the turnover of all lipid moietiesy cxcept cholestercol, and fatty
acld myntheslis was accelerated. Glueowe serves as o primary oxi-
dative substrate and provides glyeerol for fatty acild esterificationa
Prolonged TSl treatmont shows fabtty acid synthesis is atill elevated,
but overtalten by fatty acld catabolism.  Acetyl—-Cod proluced in this

mamner is converted to oholesterol and it is suggestéd that this

=

cholesterol productlon im acting as en irreversible irap for scetyle
Cods which may mininipe the inhibitory effeet of this substance on
glyocolysis and fatty acid blosynthesls and so act as a metabolic
regulatoy in the thyroid.

The ourrent lnterest being shown in the lipids of the thyrpid
giad purification procadures prompted the present work which was
deslined to elucidate and characterise a lipid Tredim found un attem-

pted fractionation and vurification of the thyroid proteins.
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DINTARY REGIMES

Two basic diets were Ted to the rals throughout the course of
the study.

Control Rats

Oxoid Diet 41B from Herbert C. Styles (Bewdley) Lid.  Tapwater
to drink,

Ixperimental Rats

The experimental diet fed to the rats throughout the course of
thiz study was the low iodine test diet (LID), powdered Fforme sup-
plied by the Wutritional Biochemical Corporation, Cleveland, Ohioy
UosBeAs  Drinking water fowx all LID fed groups, unless otherwise stated

wag digtilled water.

SUPPLEMINTS TO BASIC DIATS

PoTallo Supplementation

Hypo=Todine PoTelUs Group

LID was supplemented by the addition of 0.2g PoTelU. fcg diet,
distilled water was given o drink.

Hyper~lodine Ve TelUs Group

Oxiod 41B wasg supplemented by the addition of G.2g P.T.U./kg
diety, the drinlking water was 0,05PKI solution.

Normal=Todine P.TeU« Group

As & control diet for the above two groups oxoid 41B was sup=
plemented by the addition of Q.2g P.T.U./kg dioty tap water was glven
to drinks

The above diets were fed for 28 days before sacrifice.
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CHAPTER 6

S

JIXPERIMINTAL — TRCHN TG BS

In this section a description of various techniques employed
routinely is givene However, various methods used only to clarify
cerlain aspects of the work are not included, bul are described, where
relevanty; in the resulis seciion.

Purification of Thyroglobulin

Thyroid glands from freshly slaughtered sheep were brought from
the local abattoir in plastic bags on ice contained in a vacuum flask.
The glands were carefully dissected from [fibro=fTaitty btissue and placed
in ice=cold phosphate buffered saline (PBS) (0.15 sodium chloride in
0.01M potassium phosphate, pH6.8) contained in a boro=silicate glass
MEE UHimogeniser moxtar resting on a bed of ices The thyroids were
then homogenised in PBS (5mls PBS/@ wet woight thyroid) using an MSE
Tissue Homogeniser unbil homogenisation was complete (approximately
3 minvtes at maximum revolutions). The homogenised glands were placed
in the refrigerator overpnight to facilitate extraction of the thyro~
globulin. At the end of the extraction period the crude thyroglobulin
contbaining homogenate was filtered through glass wool to bHrap most of
the extracted tissue, the filtrate being centifuged at 20,000 g fox
10 minutesy, in 8 Beckman Spinco liodel 1, refrigerated ultbracentifuge,
to mpin down any other comtaminating thyroid tissue.

Puprification of the thyroglobulin containing supernatant was

accomplished by 704 ammonium sulphate precipitation and centrifugation/



enfd 5-».

ié&mﬁfifugatimn (5,000mpm for 15 minvbos, KSE Super Medium Comtrifuge),
the resulding precipitate belng wedissolved in PBR. Thisg procolurs
wag repeated sl Yimos o give a reasovably pure icdoprotein sample
(madnly 199 thyroglotulin)e The purlfication procciure was carried
out at room bemperature.

Ret thyroglobulin was prepered by the mane procedurs, except shat
the male Spragua~Davley rots ﬁiEOwiﬁﬂg)'wefe gacrificed by ether anasse
thesing the thyrold glands being quickly exoised and placed in icewcold
PRS hafore baing fregd from fihro=fatity btilsmies

Purificd sheep thyrozlobulin was stored at &Qﬂ afber frease=
drying veing an %1 odg Hpeedivac pump ond a Ouickfit freoze deying
anparatis,e

Hleotrophoretic Hetheds

Asaroso Gel Blectrophoropis

1% pgarvosme gel wap propared iu P0Oml batches by heatbing 25
agaroge gel granules in 200mle Barbital bulfer pHB.6 avd 0.05 ionic
strenzth (1)9 in o constant bolling water bath. he agarose solutlon
was sbirred and measuved into btest-tubes (1%nls/tube) and allowed to
oool aml get before belng mtored in the refvlgerator at 4°ca Tads
nethod gasures that each gel ig identical to every othor from the sene
hatohs Before alectrophorvesis was somnenced 15mlec of sgarose gel
vas co~melted in o water bath end poured evenly {lmm thick) over 6
Slass nicrozeops 8liden oontoined in a heats reslstand plastie holder
placed on o tevelling table. 7he mix pels were allowed b0 cool and

gody dust and other contaminanits belny sxoluded fyvom the gels by a/
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/o stainless steel hoode

2.5mn dismeter sample wells were cut in the gels (two inh ecach
gl at mid-point of microssope €lide) and the plastic holder ploced
in a Shandon electrophoresis syeten contuining a water codled cow=
partment which provented the gels overheating on elecﬁrmphareég;e
The sumplens o be olectrophoresed weore then addsd to the wells nt a
concentration of lmg/ul, sufficlent volume being added to just £i11
the wolle  This methed allowed agix different gels to run simal i+
aneonsly.  Filbtor paper wicks previovgly soaked in bavrbital taffer -
pH 866, 0,051, completed electrical contact botween zelsy, buffer and
aloctrodes.

The xels were electrophoresed at 150v. for one hmr haefore
staining overnight with Amido Mack stain (1% amide black in 5%
glacial acetlo ancld)e  This stain also fixes the proteins in the gel
snd thus prevents leaching.  Ilxeess gtain was removed from the gels
by frequent washes of 57 acetic aecid,

Flectrofocuassing

The equipment used was as followsse

IXB 8102 440ml Ampholine column

IXB 3371 Power Supply R
LED 83014 Flow Analyser, control unitx
1KB 83034 Mow Analysers detector unit
kB 10200 Perpex Punp

KB 6121 Jradient Mixer

The smpholine columm was assembledy the cooling water turned

on ond the procedure for £illing the column begun. Dense electrods/
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/’electrade golution was prepared by dlssolving 0.2mls concentrated sul=
phuric acid and 12.0g sucrose in 14.0mlas distilled water.  This
electrode solution was then pumped carefully into the central iube of
the column and so became the anode. The column outlet was opéggd
to remove trapped air and closed when the electrode solution emerzged.
The meniscus of the anode solution was positioned at least 20mm above
the lower end of the central column tube.

The dense soluiion for the density gradient was preparved by
diluting three-quarters (9mls) of the carrier ampholytes (pH 345<10
or pli 4=~6 dependen% on range required) to 150mls with distilled water
and dissolving 100g sucrose In this solubtione. The light solutlion
was prepared by diluting one-quarter (3mls) of the carrier ampholytes
0 215mls with distilled water and dissolving the sample to be
focussed in this solution. The density gradient was prepared by means
of a gradient mixer, the dense solution being poured into the vessel
containing an electrically driven stirrer and the light solution into
the vessel containing a perspex conical density compensator. 210mls
of solution were added {0 each vessel, The outlet tube from the grad=
ient mixer was abbached $0 a pump and thence into the electrofocussing
compartment of the columm so that the end of the tubing reached 2=3cm
below the compartment inlet. The gradient mixer was started by
connecting to the mains and the clamp between the light and dense
solution vessels removed ag was the clamp on the outlet tube, the
liguid being pumped smoothly down the inner wall of the electrofocuss=

ing compartment (flow rate not more than 4ml/min)e The density/
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Jlensity gredient should not reach the wpper olectvode Tt 48 this is
the onag thon aome was sncked outds

Light electreds soluwiion van prepaved by dleselving Ol sodiunm
hydrozide in 40.0mls Qisbilled water and this solution was vomped on
to the tep of the density gredient o foram the onthoGe. The gooling
water and tho pover ewpply were thoen switohsd on and the voltszge et
at 500v (naximam power at beginning 436 not oxcesd 4~60)e  Voltoge
value at end of rmn was usua: Ly 600=1,000v snd the run lasbed for
482 houroe

The oolwmn was exphied by suckidng off the olectrode soluilon in
the conbral tabe bo decrease the wish of mininzs  The sutled wasn
openszd anl the columw contanbs forced cut by pouplnzg water onde the
Hop of the column, whidh subsequontly filled the cdumm with waters A
flow wate of 1=Bm)/min was voed pnd 2wl fractions colleoted afftor the
affluent bed Desn analyeed by a flow amnlysor llnked to a racorder.
The pH valuss of the collested froctlions were obiainsd by usling an
FLL medel 234 oH metery; the samples boing reed at the game temperatuns

@ thay were cellected. Csre was takon thet fractions wors nob

axposed o eovbonr dioxdde frow the air and so all ftubes wore stoppered
dmmaediately on oollection.

Paolvagrylemide Gel #lsctrophoragin

Hdook BHolutionn

(1) Teig buffer solukion

A6e 32 Toizon baso, ABeOnle 13 HEL, Oo4G6ml [HEMED,
dlatilied waber 0 100mlas

(2) serviomide solution/
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/ (2) Acrylamide solution

30.0g Acrylamide, 0.8z N',N*', methylencbisacrylamide,
distilled water to 100mls.
(3) Initiator

0.14g Ammonium persulphate, distilled water to 100mls.

Tight running tubes (7e5cms x O.5cms internal diameter) with

dnes énd gtoppered were set up vertically and gel solution prepared by
mixing = 3mls tris buffery 6mle acrylamide solution, 12mls initiator
and dmls distilled water. This gel solution was deaerated for approx=
imately one ﬁinute using a vacuum pumpe The running tubes were then
£illed with gel solution to within le5cm of the topy the gel =zolution
being overlayered with O.Hems distilled water and polymerisation
allowed to proceed. After polymerisation was complete (approximately
45 minutes) the water was removed from the top of the gels, the stoppers
from the bage and the running tubes were set up in the electrophoresis
apparatus (Shandon Disc Flectrophoresis mystem).|The gels so produced]
.were at a concentration of T+ 5% “

"TReservoir buffer was prepared by dissolving 28.8g glycine and
6.0g Trizma base in distilled water, adjusting the pH to pHB8.5 and
making up to one litre with digtilled water. Approximately 50pul of
electrophoresis sample in either glycerol or sucrose solubion was
applied to the top of the gel, one drop 0.001% bromo=phenol blue
added as an indicatory, and reservoir buffer layered carefully on top
of the samples. The buffer compartments were filled with buffer and
the power supply comnected with the positive electrode to the bottonm

chamber and the negative to the top chamber. Electrophoresis was/



[was carvied out at BmA/%ube, that lsy 40mA total current for approxi=
mately 90 minutes or until the bromophenol blue band had migrated
nearly to the end of the gel. The gels were removed from their run=
ning tubes by forcing 5% acetic acid from a syringewith a narrvow guage
needle between the gel and the tube wall and staining was accomplished
with Coomassie brilliant blue (0.5 in7¢ acetic acid) stain for four
hours, Destaining was carried out by frequent washings of 7% acetic
acide.

5D5 and TN Polyvacrylamide Gel Glectrophoresis

This method wag utilised to help determine molecular weights of
proteins and thelr comstiluent chaing. Similar experiments were sel
up as described above but a 9% gel was used, which was prepared from

the following solutionss=

(1) Acrylamide Gel

2040g acrylamide and 0.06g N',N*', methylencbisacrylanide
made up to 1l00mls with distilled water.

(2) 1+5g Ammoniun persulphate made up to 100mls with distilled
water.

(3) N,N,N',N'y = tetramethylencdiamine.

(4) Eleotrophoresis Buffer:

G828 NeH,,PO 4 2H,0 )
25.8g Na, HPO ,«2H,0 3 per
a2 . ) - litre
2,0z Sodium dodecy sulphate (SDS) pHT.5 )

This buffer was diluted 1:1 with distilled water before being/



/being used as the romervoly bullfor.

e gol was vrapared Dy mizlag 13.%50ks golugion (1)9 1wl
solutien (4}, 0:04%5mln solution (3) and le%wle solution (2)s  The
mlrtute was deassvated walng o vacmm puso ond the solubtion quickly
tranafereed imbo the eolegirophoresis running Wwbhes (polymerlisation
ooours Lo opproximately 20 mixmbes). The zeols were then traated
exactly as described previously.

prapavetion of Hemples fov Blachrophorenls

sanples of protein at l.Omz/ml protein consontration wers inous
bated Loy tws houwe at 3?m€ in QoO01H phospbatbe buffer, pHT(y with
<
D8 ond B &%‘m finel eoncentration of 1% cachs  Bufore applyles
the 20p1 sssplos b0 the gels the somples were made morve dense by the
addition of sborose or glycoroly mod one drop bhromophanol blne added

as an dindiontovs

Snorems Donslly Geaddont Ultracentridfumation

Appreocimately Oel-0s4mle of protein selubion osnielnlng -dng
protoln was applied o a 12mly 5207 linear mmovove density pradient
in PBE made using & Bedckmon gradient fomere.  Grudients were then
ponbrifuned for L6 hours at 28,000 rpm uslng ew 89 431 T4 votor in &
Rookipan medel L2=058 ulitracentrifugo.

Aftor ultracentrifugation the optiecal density ot 280mm of the
gredient was reocourded with an antomablo absorbauce recovder
{Gatford 20CG0) by miobion From the boittom of the wuliracentrifuge
sabes 15 drop Teaotlons were eollocted.  The ultenoentrifagal

patharn of the thyrold icdoproteins was thus obtained.  Other thyr@id/
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/%hymni& iodoprotein ultracontrifwiation patterns wero obizined
ushng 095 and 20~40% morocse dengity gratients.

Golomn Chronsbogpanhy

Sephadex G200 gely was sllowed fo swoll in oxcess solvent and
was left to gband Ffor three dayse. burlng swelling ewcessive
shireing wae avoided as mpture of the gol beads mey be caused,
fop nll gel types the ewelling clhage woy be ascelerated by placing

the wol slurey on @ boiling water bath. This mothed of awelling

A

av&i&a-ﬁhé.pr@bl@m of trapped alzx tubbles in the gol and was found
Ho ho more setlafactory.

The glass oolumn {Pharsecin type K26/100) was mounbed verbicalls
avd the deal apace under the gel supporting not apd the tubing were
£illed with eluent to vemove any trapped ady bubbles and the suileds
alozede The gely previously swollen snd dezsvated was ellowed o
aotbtle and excees olusnt degsnted to leave & falrly thieck slurry,
which wan carefully pouved down the lnner wall of the solumn.

Since the ecolunn wag pob completely £illel with slurry elusnt was
added untill the colump was completely M1l and an oluant reomorvoir
wam-nanm&ééé& w0 bho columne Trapped air wag rewoved by bleod iz
sheonzgh an alr vent in the coluwn top plece. The flov vas sborted
dmmadiately after CL1ling the column in oxder to obituin en even sedi-
menbntion of the gol. Peo or three column volumes of eluant weme
paased bthrough the column o stabilize ond equilibrate bthe gel bed,
the gawe Loy rote bDelng veed as that for cxperimental work ,
(Emim/ﬁmim%)g agd the operebing vrassure wag nol allowed to vary Lrom
the reuge 4-106ome Haﬁw

(Y74
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/48 a checlk on the homogenelty of the gel bed a ng/hl aolution
off Blue Dextran 2000 v.os run through the column and a shaxply defined
band glving sharp peaks indicated thst the column was sulbtable for use,
Jample zoplicention wag achieved by sucking off most of the
elvuant above the gel surface and then opening tho column outlet to
drain the remaiulng oluent awaye. After closing the column outletd
the sample was carefully layered on top of the gel beds the column
outlet wos then opened gnd toue sample allowed to drain into the gel
bed. The gel surface amd column wall in conbact with the sample
wore washed with a small amount of eluant which was thon allowed to
drain into the zel bede The column was filled with elwant and con~
nected o the eluent reservoir. Fractions (2ml) were collected and
analysed using an LKB Ultroraci and flow analyser syateme
Sephadex (G200 has an oxclusion limit of 800,000 for peptides
and globular proteins and so it was necessary to chromatograph thyrvo=

6 for

globulin in Sepharose 6By, which has an excluslon limit of 4 x 10
probeins, o oblain more destalled separations. The Sepharose 6B

columme wore packed ag desorlbed for Ssphadex G200, the only differ—

once being that Sepharose gels ave supplied as dense suspeasions of swole
len beads in distilled watery and hepoe only dilution of the pre~swollen

glurry was necessary before column packing.

Tatimation of @, Regin Uptake and T da Bxperimental Animal's Serum
- (s

Both T3 Roain Uphake and T4 lovels in experimental animal's sera
were determined using the methods of Oxford Labowatories, Foster City,
Californias, U.Seds

T., Resin Uptake Esﬁimatiug/
wd




/'ﬂ3 fesin Uptake Batimation

The vial assenbliss conbalaing the reagent sysbtem .nd cont. L
gors were vemoved from the rafrigérator and allowed 40 come to room
hemperature befors testing was bogun. The wianl caps were removed from
the counting vials and O.2mls of serum sample (or standerd) was
pipettsd into the vial and subsequently dilubed with 340mls distilled
waber. The ceps contalniong the tost reagents weve placed - the
counting vials which were chaken until ﬁha reagents were uniformly
suapended ., Incubation was gllowed bo proceed for a minlmunm of
10 minutos,. Slight variations in room temporature have little or no
effoct on the teat resulilsn, and incubatlon may proceed Ffor up to two
honrs with ac effect on the vesultse The vial assemblies were shalken
and invorted so thatl the cap was at the botbtom before beinz centrifuged
ot 5,000 rpm Ffor 10 minulbes,  When the vialsg were removed from the
centrifuge they wews turned over immediately so that the precipitate
in the cap was at the top and remixing was avoided. The radivactivity
in the liquid poxtion wog counted in a Packard Selekitronik Model
AB142-0L pamma counter set for 1251, care being taken that radio~
aobivity in the »Tecipitate was not beilrg couvnled. A minimum of
10,000 ooumﬁs/hinute should be recorded for each sample, the back=
ground being subtracted svbomatioally. Result~ were calcoulated ag
Pollowse-

Sta T3 index = reforence serwn opin X L
net test opm veference serum value

1, Betimetion /



/ T EBsbimation
i

O;Emls of serum (or standard) were dispensed into a suitably
labelled vial, The Sta T4 Silica Ixtractant was vigourously shaken
before 3 mls were dispensed into the vials. Tach vial was capped and
the vinl aszemblies placed in a centrifuge (cap uppermost), care being
taken not Lo shake the vials end—fo—end or cause the suspension te
gplatter uvup into the csp. The vials were centrifuged at 1,500zpm
for five minutes to lightly pack the silica. After cepntrifugation
the vials were inverted as each was removed from the cepntrifuge: this
procedure prevented resuspending the silica. The vials were removed
from the ceps which were discarded along with their contents. The
magnesium carbonate absorbent was vigourously shaken before 3 mlg
were dispensed into each wial containing the lightly packed silica.
Bach vial was capped with a c¢lean cap and shaken to resuspend the
gilica. The assemblies were allowed to ghtand for 10=20 minutes
at room temperature before being shaken briefly anmd centrifuged
(5y000rpm for 10 minutes) to pack the precipitate into the caps.

The vials were inveprted and the liguid phase counted in a Packard
Selektronik Model A5142-0) gamma counter set for 12510 The counter
was programmed to read out the time necessary for 20,000 county and
the wesulis obtained from a gtandard graph of time (weconds) versus

concentration T, (om/1).
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CHAPTER_ T,

ASHBESEGANT O HOMOGENEITY O  SANPLIES

Thyroglobulin was prepared by ammonium sulphate precipitation
as previously described, and gel filtration carried out with Sephadex

(G200 and Sepharose 6B, as a check on purity.

(a) -Sephadex G200 Chromatography

A Pharmacia ¥ 26/100 (100 x 2.6cms internal diameter) glass
colunn was sel up and Sephadex G200 gel siurry added to give a bed
height of 95.0cms. After eguilibration of the column with threee col=
umn volumes of eluant (PBS, pl6.8); 10 mls of thyrozlobulin solution,
in PIS, concentraition lmg/ﬁlg was applied to the top of the columne
The flow rate was adjusied %o 2m1s/5mins by slowing the rate of eacape
of eluant from the column with avn LEB Perpex pump. By using the pump
as o brake, packing of the column bed was prevented and so column lifae
enhanced. Two ml fraclions were collected.

The separation produced (Iig 3), gave an almost gsymmetrical peak
at fraction 46, which indicated a fairly high degree of puridy. It
was, however, nobed that thie peal wag found extremely near to the
void wolume of the column (Blue Dextran 2,000 eluted at fraction 42)
and 8o the sample may wnot have penetrated the gel sufficiently to
aepgraﬁe it into 1ts congtituents. It was thus decided to use
another zel type with a higher exclusion limit than Sephadex G200 and
0 %n identical coluwmn was preparved using Sepharose 6B, agaln to check
on sample purity. s

(b) Sepharose 6B Chromatography /
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Fig. 3. Blution pattern of sheep thyroglobulin
frowm a sephadex G220 colu.m, {bed height
J5.0 cums., 2.6 cus. dianeter), eluted with
P33 buffer, pH 6.8.



(b) Sepharose 6B Chromatography

The separation produced (Mg 4) gave an assymmetrical elution
patbern which contained three main veaks in accordance with the
literature (47). This study was limited to the first two maein peaks,
which were designated Peak 1 and Peak 2. The latter will be subse-
quently shown to be 198 thyroglobulin.

An assymmetry can be taken to indicate non~hetervogeneitbye it
was assumed that the sample passed through the 6B colump was inpure,
so the fractions containing peak 1 were pooled, dialysed overnightb
against diztilled water to remove buffer salts and freeze dled; befors
dissolving in PBS and agaln passing through the Sepharose 6B columne
This passage produced a single symmsetrical pealk at the same position
a9 din the first passage through the column, that igs fraction 60.

On repesting this procedure with the pooled fractions conbalning peak 2
a similar result was produced, In that a single symmetrical peak was
found in the position of peak 2 on the Ffirst passage, that is, Ffraction
100 It would appear from these resulis that this procedure was a
reasonable methed for producing a faifly pure sample of peal 1 and

pealt 2y Free from contawinants of each other or other lighter weighi
proteins (the third main peak), and so this method was adopted for the
production of stocks of freeze dried samples of peak 1 and peak 2 to

be uged for further study.

The void volume of the Sepharose 65 column was found o be 11l6mls
(fraction 58) by the use of Blue Dextran 2000, and so peak 1 was Just
being retarded by the gel in the column since iits elution volume was

120mls (Fraction 60), which also indlcated that pesk 1 was a 1&:(*;3;@/
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Fig. 4. Elution nattern of sheep thyroglobulin
from a sepharose 6B colurm, (bed heiyht
)50 cusey, 2.6 cms. diameter), eluted with
PBS uffer, pi 6.3.
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[large molecular weight species.

According o the literature (47) the sepavation patbtern obiained
with Sepharoge 6B wag that of pure thyroglobulin which raised the
questiony, whether peal 1 was an aggregation of 195 thyroglobnlin or a
completely different molecﬁla, present due to an incomplete purifieation
procedure. / } /

On passing a sample of commercially available thyroglobulin
{Porcine thyroglobulin) through the Sepharose 6B column (Wig 5) an
identlecal meparation patitern was Tound, whichy, although not excluding
the possibility of incomplete purification, leni support to the hypo=—
thesis that psak 1 was something other than thyroglobulin. Mrther
gtudy into the possibility of peal 1 being produced by an aggrézation
effect of peak 2 was then carried outl.

(e) Absorbafice Spectrum Analysis

The spechbrum (Fig 6) of a lnq/bl solution of peak 1 Ffrom 230nm
10 300mm was measured uslng o Gilford 2000 absorbance spectrophotometer
%0 determine whether peak 1 wWwo S Y&TED of protein, RNA opr carbo—
hydrate and the spectrum of peak 2 measured in the same manner was
compared with peak L. The spechrun of peak 2 was that of a protein
solntion with aw absorbance pesk al 200nmy, whereas that of peak 1
appeared to be of something obher than protein, which indicated that
.thia molecule wmay not be an agzregation of 1935 thyroglobuline Thig
gsinple test virtually ruled outh the poessibility of peak 1 being 278
aggregabion of thyroglobulin, howevery a 328 aggregation still remained

a poseibility asz previous work in the department has suggested thaﬁ/



50

% Transmission

10082660 80 100 120 W0 750 TBO 200
Fraction NO.

Fig. 5. Elution pattern of commercially available
thyroglobulin (Porcine thyroglobulin), from
a sepuarose 63 colum, (bed height 35.0 cris.,
2.6 cus. diameter), eluted with PBS buffer,
pH 6 B
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=0

/%hat 328 thyrozleohbulin is composed of a mixture of protein and RHA
theyefpra a 1mg/h1 solution of peak 1 was treated with abeolute ethyl
alcohol to precipitate the BNA/@roteim complex if one did indeed exist.
RHA was extraocted with 10% sodium chloride solution and ﬁhe spechrum
again measured, with the same result as previocugly, namely a broad
platean between 260~290nm. Thid “reoul ¥ Sielided the ‘poda= =

1ibility. of RuA contributing to “this patterns “singe if ony -

EBAnwam-p:ssent-a atrang'abdhxbanoa'peakraﬁ~260nm:WQu1&‘ha R S
faﬁnd.wsbwhe\plataauHeffectxmuatlthorefare*bb produced by dome
other molecule than iNA."

. ;
PR S Peoe
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(d) Agarose Gel IHlectrophoresis

Po try to olarify this situation agarose gel electwophoresis was
carvied out on samples of both peak 1 and peak 2, (both at a concentration
of lmg/ml), using a 1% gel in barhital buffer plBe.6, 0.05L for one hour
at 150V, Two staining regimes were used on the gelsy namely one set
of gelas were stalned for the detection of protein and another set of
gels being stained for the presence of RNA. The protein stains vsed
were amido black (1% in 5% acetic acid) and coowassie brilliant blue
(0e5% in 7% acetic acid)s Both stains showed that pealk 1 migrated
slightly further towards the anode than peak 2 (Fig 7) and so must be
glightly more elacﬁrmnega%ively'oharged than peak 2. The gels stained
for WA (toluidine blue 1% in 5P acetic acid or pyronin 1% in 5%
acetic acid) proved to be negativey, and so 1t appeared that no RNA
was pregent in either peak 1 ov peak 2.  Appropriate controls vere

run along with the teast semples; namely albumin apd an RNA sample from/
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Pige 7. Agarose gel electrophoresis of peaks 1 and 2
(1 mg/ml solutions of each) using a I gel and
barbital buffer pll 8.6, 0.05I for one hour st 150 V.



/from rat braing; both of which stained with the appropriate stain.

The elecﬁrbphoresis experiments were repeated using polyacrylamide gels
as previously described, the staininz regimes used were identical to
those in the agarose gel experiments. The resulte obtained were

again negative for BNA bul positive for protein which again indicated
that peak 1 wag not a 323 azgregation moleculs of protein and RNA.

(e) Comparison with 328 Peak from PTU Treated Rat Thyroid

As a Purther check that peak 1 was not a 328 apgregation molecule
an experiment to prepare a 328 thyroid protein sample was set up. Rats
were fed a diet containing 200mg PTU/Kg diety for 28 days before their
thyroids were excised and the thyroglobulin extracted and purified as
previously described. PTU enhances the production of 323 thyrsid (uﬂ%sfp
protein and so after passage through the Sepharose 6B co}umn a sample
of 328 thyroid protein was obtained. This sample's spectrum (200=
350nm) was compared with the spectrum of a sample of 198 thyroglobulin
(also from rat)s This showed that the spectrum of 325 thyroglobulin
was completely different from that of peak 1; since 328 thyroglobulin
possesged a peak at approximately 260nm. This is similar to that found
by Thomson and Bissett (1970) (Fis 8).

(f) Sucrose Density Gradient Ultracentrifuzation

Sucrose density gradients were prepared (5-207 sucrose in PBS)
to elucidate the "S" values of peak 1 and peak 2. A few drops of each
sample solution were carefully dropped on to the surface of a 5% sUCTOSe
solution in PBS contained in a test tube to check that the sample sol-
utions were not denser than the top of the gradient. This procedure
eliminated the possibility of the sample sinking in the zradient before

ul tracentrifucation began. A small volume of sample solution was then/

; *&f;qtﬂ)’l;homson 7‘30;&;( - Piio]). 'T{‘ilééis , pp.38“‘4l .
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/then floated on top of the sucrose density gradients and the samples
spun at 28,000rpm for 16 hours using an SW 41 Ti rotor in a Backman
hodel 1.2=65B ultracentrifuge. The temperature throughout the ultra—-
centrifugal run was maintained at 23°C (room temperature). At the

end of the run the gradients were removed from the centrifuge and care=—
fully placed in a rack 1o .avoid mixing of the gradient. The ultra=
centrifugal pattern was determined at 280nm with a Gilford 2000
absorbance spectrophotometer which gave an automatic print out on a
chart recorder. Peak 1 did not appear at any point on the 5=20%
sucrose gradient, but peak 2 sedimented in a posgition expected of 198
thyrorlobuling no 278 peak was found (Fig 9).  These results gave

the initial impression that peak 1 most probably sedimented to a zreater
density than that allowed for in the gradient; so the experiment was
repeated (Fig 10) using 20=40% sucrose density gradients, (length of
spin, speed and temperature constant). Again peak 1 wag not detectable
at any point on the gradient, peak 2 was nolt seen as it would be
expected to remain at the top of the zradient. This led to the con~
clusion that peak 1 was possibly lighter than pealk 2 and bas been sedi-
menting at a position near 4o the top of the 5—20% gradient anl so was
not being shown on the absorbance trace. If this was correct peal 1
would only float on top of the 20~-407" gradient and so would be lost on
the chart print out.

Murther graiients (Pig 11) were prepared using less dense sucrose
solubions so that the final gradient was 2-107. The gsamples of peak 1
and peals 2 were then layered on top of these gradients and again spun
in the ultracentrifuge. Yet again peak 1 wag undetectable on the

gradient but pesk 2 was readily identified. No other sucrose density/
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/ﬁensity gradient ranges weve possible since peak 1 would not layer
on top of a gradient which was less than 2% sucrose.

5*20% sucrose denslty gradients were agaln prepared and samples
of a 13l mixture of peak 1 and peak 2 layered on top, whole sheep
thyroglobulin belng run with these gradients as an internal control
(Mg 12)e A1l the gradients were spun as before and again no trace
of peak 1 wed found in either the mixture gradients or sheep thyroglob—
ulin gradienis, This showed that pgak 2 did nol exert any influence
on peak 1, such as binding with pealt 1 and smo caunsing it to sediment
in the gradient. Peak 2 was nob affected by this admixture with
peak 1 since it sedimented at the 1985 pomition.

The only other Tactor which might have affected the sedimentation

of pealk 1 was the temperature of the gra&iantso To eliminate this
factor 5~20% zradients containing peak 1 or peak 2 or peak 1 and
peak 2 mixture and sheep thyroglobulin were spun at 400 (rig 13) and
compared with those spun at 2300 (Fig 14)ﬂ The graiients at 4°C were
found to be more viscous and so it was thought that peak 1 might sedi=
ment within the gradient; but on examinatlon these gradients gave
identical results o those at 23°C.

These sucrose density gradient results gave rise to the hypothesgis
that pealk 1 must be a very low density molecule, which was simply
floating or "sedimentinz® on the top of the gradienty, no matber whatb
denglty range was being used. It has already hoen established from
the results obtained from column chyomatography (Sephadex G200,
Sepharose 6B) that peak 1 was a large, high molecular wight molecules

() Amino Acid Analysis /
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(&) 2Amino Acid Analveis

Binee peak 1 was ddentifiable with protein stalns, but 414 nob
give a true "peotein dype™ spoctrum it was decided o gursy oul an
amino acid analysis on both peak 1 and peok 2. By this means it was
souglit to verify pesk 2 as baing 198 thyroglobulin and to tey Ho
identify which nmoleculer species pesk 1 bolongad.

Aodd hydvolysis of freege dried somplos (Smg) of pesk 1 wnd peok
2 ueing Inls O bydrochlorio aeld was carrviod out in evacuied tubes
at IEQQC For 45 bhours o brenk down the protelins inte their constituent
amine aclds anl zo provide the storting materlal for subsequant analy=
gin by Amino Acid Analyser using the method of Sfeon (52),

0:2=0:5m1 of the seld hydeolysis samples pl2,2 was used for tho
gomplote detesmivation of the scldicy, neutral awnd bagic amino agldsa.
The samplé was applied do o short water<jockeied oolumn f£illed with don~
oxchango vesin {(Uk-40) by wesne of a wierersyringe which was then washed
out with one drop of sodium citrate buiffer, pH2eds

Tue chromatogzesphle conditions wepre that the initial oolumn
Semperature was 30°§acg but at 76 minvtes olution time the tempoaratunc
was raised $o 60“0 and madntained sd this level uwnbtll aiginine wan
oluted (time gradient was eizht mimiten). Flow »ates weress
67wt fhour Por the bulffew, 43ml/honr for ninlydrin and the back pressuro
wag notb alluwed to excood I00psi.

Hution was atarbed with sodium clitrabte bulfor pH3.17, aftex
99 miywtes the buffer pH wap changed to plde24 and at 182 minutes tho
pll wan azain changed to pHdel5%.  Phe finel Wuffer pH chanpge was cap«
ried oub ob 323 mlnutes to pH5:36 (1) buffors used being sodium

oibrnta)e./



/biﬁrate)u 27 minutes were requirved for the buffer pH changes to
appear on the charty colour development was observed at 570 and
440nm and the total time for complete analysis wes 6 hourss

The results (Table 1) showed that peak 1 differs from peak 2 in
amino acid contents, the most noticible differences being that wmethis=
onine and ¥ amino bubyric acld were abzent from peak 1 bud present in
peak 2.  On closer comparison of the aming acid analysis of both
profeing it was noted that four amino acids were present in approxi=~
mately similar amounts in both peak 1 arxd peak @ (Table 2); howevers
ten amino acids wore present in peak 1 apd peak 2 in an approximate
ratio of 13% (Mable 3)e  The most significant of these was the amino
acid tyrosine which in thyroglobulin glves rise to all the thywroid
hormones. The amine acid analysis was vepeated using the same con=
ditions for the acid hydwolysis and amount of protein being hydrolysed
except that the hydrolysis tubes were filled with oxypen-free nitrogen
ingtead of being evacualed to eliminate the possibility of oxidation
producing anomalous results. The subsegnent amine acid analymis
wag ddentical to vhat of the previous experiment. TFour other amino
acids confained in peal 1 and peak 2 were alwo found to be glignificantly
different from each other, which gave a total of gixieen differences
in peak 1 from peak 23 out of a Hobal of twenty~one aminc acids. It
was thus concluded that peal L was a different protein from peak 2,
and so different from 198 thyroglobulin, since the anino scid analysis
of peak 2 was the same as that established as thyroglobulin. The
purification procedure for the produetion of thyrozlobulin was obviougly
incomplete in both personally prepared and commercially available

thyroglobuline. /



PEAK 3 PRAL 2

LI | 7/} ol
Nor Leucine (3TD) 500 6e55 500 6e55
Aspartic acld 1748 0.2 14e3 0.2
Threonine 648 0.08 Sel 0.l
Serine 2062 0.2 21 .0 Ne2
Glutamic acid 135 0.2 2040 043
Proline 25841 30 84042 9eT
Glycine 6641 045 34163 246
Alanine 397 «4 345 154040 1763
Valino 1713 2.0 1944 9.3
Kethionine - - 563 0408
Tmo Leucine 46e4 06 - 208,.8 26T
Leucine 14945 2401 61944 Bl
Tyrosine 219 Dl 97s3 1.76
Thenylalanine 5LeT 0.9 258.9 4¢3
Ornithine ot geparvated from other Ninhydein Positive

conponsnte

Lysine 2543 Qad 14460 241
Histidine 1244 0.2 3545 05
Arginine 8446 15 4801 8.4
L Amino twiyric acld 34 043 190.9 2,0
Allo Iso Leucine 3T 0e5 917 1.2
/3 Alanine 304 03 4841 Oe4
¥ Amino butyria acid - = 3448 0s4

ABLE 1

Amino Acld Ansiysis of Peak 1 and Pealk 2



Regidue Moles Amino Acid Residue/ Mole Thyroglobulin

Hog Sheep Peak 2

Lysine 155 164 113
Histidine TT 66 27
Arginine 371 326 453
Aspartic Acid 368 385 386
Threonine 289 210 219
Serine 482 494 5617
Glutamic Aeid 673 660 540
Proline 412 365 262
Alanine 498 “ 456 467
Valine 327 329 251
Nethionine 54 T2 72
Iscleusine 131 136 145
Leucine 541 489 437
Tyrosine 101 118 97
Phenylalanine 251 251 232
Glycine 425 a7 523

Table 1§a2 Amino Acid composition of thyroglobulin peak 2 values
caleulated from those given in Table J.
Hog and sheep values from Spiro, MsJe. J. Biol, Chem.

245 5820 (1970).




JL/3, el 1/ ns
tor Leucine (&1D) 500 6655 500 6055
Aspartic acid 17«8 Oul 1463 0a2
Threonine a8 0,08 8ol Oel
Serine 2042 0Oa2 2140 Oe2
Glutamic acid 135 0e2 20,0 0.3

Amino acids presept in approximately similar quantities in
hoth Peal 1 snd Peak 2



PEAY 1
Fanhivnndiie

i/ mgk
Mor Levcine (9TD) 500 655
Proline 2658,1 3.0
Glycine 6641 065
Alenine 397.4 3¢5
Valine 171.3 2.0
Iso Leucine 4664 0.6
Leucine 149.5 2.0
Tyrogine 21,9 0.4
Phenylalanine 517 0.9
Lysine 2563 Oed
Arzinine 84.6 1.5

TABLE 3

[ e e

PEAK 2

B/
500
840.2
3413
1940,0
79404
208,48
619.4
9743
258,9
14440

48041

6.55
947
2.6
173
9.3
2o
8.1
1,76
4e3
2.1
Bed

Amino acids present in Peak 1 and Peal 2 in approximately

125 ratio



/thyroglobuline

(n) Carbohydrate Analysis of Peaks 1 and 2

Another difference between peak 1 and peal 2 was Ffound to be the
presence of carbohydrate, The carbohydrate content of pealk 1 and
peak 2 was estimated by the phenol—sulphuric method which utilizes 5%
agueous phenol solution and Analar concentrated swlphuric acid. The
carbohydrate containing solubion (1ml) was mixed with 2ml of the phenol
solubion and then 5ml of the concentrated sulphuric acid was added
dirvectly on to the surface of the phenol/carbohyﬂrate solution
(vigourously from an all-glass syringe)e The solubtion beceme haated
cauging the hydrolysis of the carbohydrate material. The solutions
weore zllowed to stand at room temperature for 15 mimutes and then
cooled in water before the optical density was measured at 490nm.

This method is very sensitive to traces of unwanted carbohydrate
material, foxr example, f{ilter paper; which may alhere to the test—tubes,
and 50 a set of test—tubes are kept solely for this methods having
been previously washed out with the reagenise.

The phenol/ﬂulphuric teat showed that peak 1 did not contain
any carbohydrate but peak 2 contalined & substantial”™ amount of
carbohydrate material. This reinforced the belief that peak 1 was

some molecule other than thyroglobuline
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CHAPTIER 8

IDENTLFTCATION OF PRAY 1

In the previous chapter it was shown that peak 1 wap a completely
different molecule Ffrom peak 2 and so different from 198 thyroglobnline
This chapter will now deal with the ldentification of peak 1.

A solution of peak 1 waz found to be an opalescent clouw, . 2ily
type of solution, whereas o solubion of peak 2 was transpavent. Thism
opalesconce was thought to arise from the possibility thet peak 1 was
not a pure protein molecule and may have been conbaminated by fat in
gome ways or may be a lipoprotein. The meparation poduced on
Sephareose 6B gave a shayrp spike~like peak for peak 1 which was typical
of that produced by a lipoprotein subjected t0 column chromatographye.
Peak 2 on the other hand gave a vormal distribution btype curve which
agaln indiceted that this molecule was different from peak 1, and since
peak 1 was eluted from the column just behind the void volume it was
taken to be a large molecular wiizht molecule, but as peal 1 wag not
detected on sncrose density gradients and was presumably floating on
top of these gradisnts, 1% was thought 40 be a low density moleculoe
Since most lipoproieins are large molecular weighb, low density mole=~
culesy 1t was posgible thot peak 1 was a low dennilsy lipoproteine

Lipid Analysin of Pesks 1 and 2

A lipoprotein screen was carried out on both veak 1 and peslt 2
t0 establish whethey opr not any lipoprotein opr welated molacule el
ag briglyceride and cholesterol was present in these peaks.

The/
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/Tha triglyceride estimatidon utilised a semi=avtomated procedure
baged on the method of Kessler and Ledever (48) and used a Technicon
Auto Anelyaere  The sample was extracted with isopropanol in the
prosence of a glurey of zeolite, copper lime and Lloyd reagente The
Lipid exbracth was then sampled into an alr-segmented alecholie potasmsium
bydworide solution and ssponification of {triglycerides to glycerol
ogouryed, on-sboean in o 5000 heating bathe After ssponificatlci,
périodat@ reagent was added to the reaction mixture to oxidise the
glycevnl 4o fovmaldehyde. This was followed by condensation with
dlacetylacetons od ammonia to give a fluorescent product, 3,5 =
dlaceiyl = 1,4 dihydrolutidine. The oxmidation and condensation siteps
were also earwvied et in s 5006 heating bath.  Afber heating the reac—
tion mixzture enbered the fluorimeber whereo the air was removed and the
fluorescence acbtlvated. Comparison wlth gtandarde gave the results
as ng/100mLs.

Total cholesterol was estimated by the modificatien of the Liéber-
mann=~Burchard roaction (49) with the Ffollowing modificationsi~

(1) The amount of mample was reduced from 0.4ﬁ1 t0 0s02mle
The Tinsl volume for photometry nevertheless remained
at le22wl and wes sufficlent for photometyy ln sewmi~-
micro cuvatbeose.

(2) The wmmber of reagents was further reduced go that only
theee pipetiings, (sample, cholesterol veagent and sul=
phuric acid) were rvegquired during the menmipulations.

Tho cholestorol standard used wes 400mg/100mls acetic acids the chol=

epborol was recrystallised several times from methanol and dried wall/
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/&ell to free from impurities. The results were again reported as
mgz/100m1 s

Lipoproteins were esltimated by the elecirophoretic method repor=—
ted by Mrings et al (50), in which lipoproteins were geparated in
polyacrylanide gel, both on electrophoretic mobility and by molecular
size. The sample was prestained with Sudan Black B in a sample o
loading gel and then resolved by electrophoresis in a disconbinuous pH
gystem consisting of the sample zel, a concentrating .2el and a separat-
ing gel. A Shandon Dise Electrophoresis gysten was employed for this
geparatlon. The peak 1 sample was compared with human serum lipoprotein
gamples afber elecltrophoresis for 35 minutes at SmA per gele

The results obtained from the lipoprotein screen showed that peak 1
contained trislyceride at a concentration of EOmg/iOOmlsg cholesterol
at 10mg/100m13 and a very low density lipoprotein (VLDL) present on
polyacrylamide electrophoresis in the pre-8 rezion as compared 90
human gerum Lipoproteing, (Pig 15)e. Teak 2 was found Ho possess fri-
glyceride in a concenbration of 10mg/100mlsg but both cholesterol and
VLUL ware abzenl.

The above procedure verified peak 1 as being a low density mole—
cule, namely a lipoprotein, but as a Ffinal check it was decided to
prepare & sample of VLDL from sheep serum and compare the elubion
patbern from %the 3ephavose 6B column to that of peak 1.  The method
used was esmentially that of Lees & Hatch (51). sheep's blood from
freshly slaughtered sheep was allowed to clot at Boom temperzture

Por two hours before the serum was spun off in a low speed oentrifuge»/



Peak1

Human Serum
Lipoprotein

Feeder gel +
Excess stain

Pre-yS

15» Polyaciy*laiiiide Gel electropi.oresis of peak 1 and human
serumli%$DOprotein. Samples pre-stained with Sudan
Black B and electrophoresis carried out in a Shandon Disc

Fig.

Electrophoresis Apparatus for 55 minutes at 5“W d
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Joentrifuge. 0,0lml of a 5% INTA-solution (w/¥) per ml of serum was
added and the serum stored at 4OCQ and 4mle of this treated serum
pipetted into 2%in x Sin diameter cellulose nitrate centrifuge tubes.
The tubes were then filled to the brim by carefully layering on a
1.006 density solution (11.40g sodium chloride and O.lg of EDTAN&Z,
Iml 1N NaCH, made up 0o one litre and 3mls of additional distilled
water added) on top of the serum. The tubes were slowly capped,
allowing excess fluid to run down the oubtwide of bthe tubes before

being placed in a 40.3 rotor of a Beckmen Model L ultracentrifuge; and
centelfuged for 16 hours at 40,000rpm at a temperature of 16=18°¢.

After oentrifugation the tubes were placed in a tube slicer aml cut to
give a top Lfraction VLDL of approximately 2ml. These 2ml fractions
were transferred quantitatively to a volumetric flask using an all

glass syringe, small quantities of the 1.006 density solution were

used to rinse the slicer and the tube topse A 10ml sample of this
sheep serum VLDL was then passed through a Sepharose 6B column (1den-
tical to that used for separating peak 1 anl peak 2) and the elution
pattern obtained (Fig 16)o Sheep serum VLDL wag eluted from the col-
umn betwsen fractions 46 and 56 (using PBS pH6.8) with a peak at
frachion 50, again a sharp spike-like peak bein; observed. Peak 1
which was eluted at fraction 60 was marginally but significantly differ=
ent from the serum VIDL peak. This irdigated that sheep gerum VIDL was
2 larger molecule than peak 1. Since this semple was eluted in approx=
imately the =same elution volume as peak 1, and zave a similarly shaped

peak to peak 1y it suggests that pealt I was indeed a very 1ow/
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Fige. 16. Elution paltern of shecp serum VIDL fronm a
sepharose 6B colum (bed heicht 95.0 cus.,
2.6 cms. diametor) cluted with PRS buffer,
p].': 6 8



Jlow density lipoprotein.

Attempted lNxtraction of Lipid from Protein of Peak 1

dince pesk 1 bhas heen found 4o be a lipoprotein and since the
lipid portion of thils molecule containz only triglyceride and choles~
teroly that lsy no phosphate present, it was decided to strip off the
1ipid to free the protein part of the molecule for further gtudy such
as wltracentrifugations electrophovesis and electrofocussing.

The 1ipid portion of peak 1 was separated from the protein by
treating a freeze—~dried, desalted, sample with an ether:ethancl mix—
ture in the ratid 123, with consbant shaking for 16 hours at 400.

The precipitated protein was spun down and the procedure repeated
twloe, shaking for four hours sach time. The protein moiety so
produced was ether dried before solubillsation of the zample was attem—
pteds  The protein so produced was unfortunately insoluble in aqueous
buffer gystens snd se no further investigation into this part of {the
molecule could be carried oute Thig proeedure showed that the lipid
gould be sgeparated from the protein relatively easily which verified
the sbsence of phosphatee However, the method did notb clarify the
position regarding the properties possessed by the protein part of the

molaculte
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CHAPRIR 9

STUDY OF POSCTELE ARTEMACTS PRODUCING PIAK 1

B e i s

BIUDY . CF POSSTELE RRlnmACcTs  PRODUGING  PUAL 1

O oA e

Poak 1 has been dentified as being o lipoprotein of the pre- 2
varialy when coanpared to humen serum lipoprotein, and so it was
cempidered nesessary o investipgate the possibility of this molemile
arigivg from sone other sourge than the collold of the thyroid cells.
In other wonde, 1s peek 1 an artefact produced by the purification
progedura employed for productiom of thyroglobulin?

An lnwvestigation inko possible sources of lipoprotein contamine
ation was carzied oul with the firet powsibllity belng the cell membronsg
which is known Lo possess lipopreotein (or Lipids and protein) in
goneiderable smounts. Peoak 1 conld possibly be due o mmall frazments
of cell menbrane, produced during tissue homogendsation, which wers of
small epough mize to pass theough the sephorose 6B gel columns and so
give »ise %o peak 1 sitaated just behind the column void volwiee
Thin poseibility would be ruled out by ultracentrifugation at paflic~
rtent speed b0 spin down any swoh fragments of cell debris. iN0ng of
frosge dried sheep thyroglobulin dissolved in Omls PDS wore spun atb
100,000g for 16 hours (50 rotor) in a Spinco licdel L2658 refvigerated
Ultxzacentrifuge and alter cenvrifugation the somple was passed threough &
pepharose 6B column and the elution pattern rocorded. The elution
paddorn Ald not differ in any vespect from thome previously obiainod,
that isy uncentrifuged, and so 1t was concluded thal peak 1 did not

consiat of fragments of cell wembroncs/



Jmenbrance

Another possible source of lipoproteln contamination was incomplete
ramoval of blood serun durxing the purification procedure, This possi=
bility, however, was discounted since a sheep serum VLDL fraction was
oluted from the sepharose 6B column in a significantly different
ropion to that of peak l.

Since all experiments carried out wo far used freeze dried samples
of wsheep thyroglobulin (commercially available thyroglobulin was alaso
freezme dried), it may be that this drying process was in some way res=
ponsible for the appearance of peak 1. To investigate this poseibility
a Treeshly prepaved sample of sheap thyroglobulin was passed throvgh the
gepharose 6B columny, since & similar elution pattern of peak 1 and pealk
2 wore obtained this theory was discounted.

Thyroids obtained from the local abattolr were embedded in fibro-
fatty tigsue which war glesned before thyroglobulin was extracted.
Cleaning means Yoleaned” to the naked eyea Histolozical sections
were prepared from "clesned' thyroids and stained for lipid with Sudan
Blaclk and Oil Red "0 stains (Mes 17+18).  As can be meen from these
sectionsy thyrolds previously conmidered to be free from fibro-fatty
tissne were still extensively contaminated. On examination of the
Qil Red ™OY phetomicrograph it can alao be seen thal there are a few
pockets of fat within the thyrold gland. =nd so it was thouvght this
mey be the source of the peal 1 lipoprotein., On further investigatiocn,
by stalning with Sudan IV and Wile Blue staine, of this fibro~fatty
capsule surrounding the thyroid and of the fat pockedts within the gland

it was Ffound to be Neutral Fat and so was nob.the source of the lipo~ /



Untreated

),

Sudan Black

Pig. 17 . Sections tlirougli "cleaned” thyroid gland.
Upper portion - Unstained
Lower %iortion - Stained with Sudan Black stain to show
the presence of fat.



Pig. 13. Sections tlirougli "cleaned” tlyroia gland.
Upper portion - Unstained
Lower ortion - Stained with Dil Pod "3" stain to show
the nresenco of fat.



/lipoprotein peak L.
Prom the above experiments it wes coneluded thab peak 1 o=
vdg mosteprobabl yithyroidal invodiging ‘andipartiofotie eolloid?

 Paund swdthin: thyroid ceall dyosinde various.othes possibilitien

such az oell membrend, blood sexum and fibro~fatty tissus

gurrounrding the thyrold glewd have hoen discounted., Poak 1

- hap also boen shown to be prasent in Preshly prepoaved thyro—
globuling that is thyveslelnlin which bas not been subjected

o froome=deying, ond oo thiz wmolecwle most probably plays

gone pole in thyroid funotion.
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HLEGTROVHORBUIS & WLECTROVOCUGSING OF DPRAKS 1 & 2

Folysorylamide Gel #lcobrophuresis

Tolyaorylanide gel elecihrepboresis wes carried out on both peal 1
and peak 2 using desslbed, fresso-dreied samples of both of thesoe mele-
aulege.  The electvophoresis conditlons were asm previously desoribed.

Blestrophoresls on polysorylenmide gel Gepends on woleenlar glge
awvk the chapge posussssd by the molecule.  The reswlts obtained from
the experiment (Mg 19) show $hat peak 2 hap btravelled in the gel to
& slightly greater distence than peak 1 (pesk 2 boas moved ilnto the gel
for 2um whoreas posk 1 has moved only lo5mm)e  These resulits iniieate
that peak 1 ds & lapzer nolecule then peosk 2.

Another smperinendy using JUS-comtaining gels 2ud 9NE treated
gemples of poul 1 and pealk By waa set up o elucidate the molewlary

walghta of 'tﬁ@ss::s o melecules.  Suiltable standardm, namely Fibrinogen
(30 390,000), Immaneglobuline, Tzh (Gissociated &F 200,000), Tsd

{37 160,000) ond Bovine Sovum Albumin (M 66,3500) wera trested identi-
sally to the peak 1 and pesk 2 sanples. Heotrophorasis gonditiong
wara ae previously desoribed. The use of 08 in breatmont of the
electvophoresis sw.rles, in the gels awl eleotrophorssls Wfler io to
mallify the chavgs possosseld by engh molecule

e be electrophoresed pad po mobllity within the gels will be dlrecltly
proporilonal bo the moloculos nolecular welghb.

e/



pig. |j Poft*aery1cuiid.e gel electrophoresis of peoZ: 1 aiid j&£al: 2.
Electrophoresis carried out in tris-*lycine buffer,
pE 3.5, for minutes at “ruad/jcl,
Sample size - 30/ of a ImQ"ml solution of each
molecule.
Denatured material at origin of gel.
Peal; 2 - left gel.
Pool: 1 - ri*ht gel.



/The separation obbained (Fig 20) shows that both peak 1 and peak 2
are large noleculay woight molscules, sinco both have remained neap
to the top of the gel, wheress the standards have moved in the gel io
varying degrcess 'The smaller less dense bands which can be seen in
the standards gel are impurities from the Fibrinozen and ifwmmunoglobulin
semplesy (Kabi Fibrinogen is only 94% clottable and was subsequently
ghown {53) to conbain small quantlitics of Factor VEIT, Tibrin sbtabilig-
ing Tactor and Plasminogeu), and so those additional bands are %o be
ignored,. On measuring the distances migrated by each @tandard,(}ﬂq 1£>A),
(Table 4) and plotting these results on semi~log paper against the
molecular waights of the standards a straight line graph is obiained.
then the distances travelled by peak 1 and peak 2 are measured and
vead off on this graph the molecular weight of these molecules can
he asceriained. Peak 1 moved in the gel to a distance of lmm from
the origin and so the moleculsr weight of this molecule was found o
he TO04000, Paak 2 mizrated in the gel fto a dirtance of 3Jmm which
gave a moleculay weight of 670,000 for this molecule.  The published
molecular weight for thyroglobulin is 660,000 and so this method can
be taken to be falrly accurate in the debexmination of molecular welghis.
Thease resulis, therefore; ocomfimm that both peak 1 and peak 2 are high
molecular weight moleculos

Tarther investigation of bolth peak 1 and peak 2 was carpied oul
uging polyaecrylemide gel electrophoresis in comjunction with samplo
pre=trealtment with SDB and B mercoptoothanol (PME)e This pre~treatment

ghould split ﬁha‘moleculesinto their constituent polypephide chains/



Fig.

20.

rolyacrylaj.-dde gel electrophoresis of peal: 1, peal: 2 and
standards in sodium pliospliate/SD3 buffer, pll 7'5, for
90 minutes at 5iaA/gel.

Sai'jple size - 2071 of a Irj” J solution of each
:nolecule, pro-treated vrith 1 ; SD3.

Standards - Fibrinogen, IgA, IgG, Bovine Serum Albumin

Pealc 2 - left gel.
Peal: 1 - middle gel.
Standards - riglit gel



Disyenoe lidgrated (mm) lioloenlay Yelsht

Mbrinogen 330 3404000
Teh (Dissooiated) 5640 200, 000
Tat 70,0 160,000
BGA 1060 : 664 500
Poal 3 100 | 7004600
Peak 2 3.0 670,000

TABLE 4

[0 ST

Gomparison of disbtance migrated in polyserylamide gel olevtrophoresis
$o noleculnr welghd.

Yalues given Tor both peal 1 and »nesl 2 are estimeted from linear
graph obtained from standards values,
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Fig. 20(a) Graph of distance migrated (m.m.) against molecular
weight of known staniards.
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/ahaimy by the cleaving of disulphide beidges. The romalts obinined
(ﬁﬁg 21) show gix bands in the gel on which peak 1 was elecirophorsssd
and nine bends lu that fopr pesk 2 In sach case one of the bands ig
denzsoeyr then the others whinch sugrents that the polypeptide prawent ian
gach of these bande is st a higher concentration than the otherg.

The resalts suggest that pesk 1 is composed of at least sizx difforont
polypentide ahainsﬁ however, one polypeptide may be prosent in move
than one part of the moleouley that igy moy be proent in two or threo
&iffer@mﬁ aites, (this is ouggested by ono band being denser hhapn the
others)e  Peak 2 on tho obher hend possessos st lenst nine different
polypeptide chaingy, one band szain being densey than the othors whioh
suggestn that thig polypeptide is present possibly in more than one
position in the meolecule.  The two denser bandsy, however, do notb
appear 0 be the same polypeptides in both moleonleg.  Yhen nossweew
ments of distance wmigrated (Table 5) from the ovigin (top of the gol)s
are takon for saeoh polypeptide band Lfor both peak 1 end pesk 2, exnod
veplication of bunds are found in five out of the siw possibdle bendn
in pesle 1. Yhe omly dissimilerdiy occura in band 4wo of paak 1 whigh
miyeates Gmm wherens the second band of peak 2 migrates 6.%mme Thin
small difference may be aignificant when the total atracture of the
molecule is considered. Phe frst sisilar bande (lma from fop of the
gol) should probably be discounted as denatursd orizinal material
trapped in the gel, which siill gives foup slellsrities out of Live

posgible in peak Lo

sinoe/



Fig. 21. PolyacrylaLiide gel electrophoresis of peal: 1 and

jiead: 2 in sodium pl:osphate/3DS buffer, pH 7*5»
after pre-treatment vd.th I'j SD3 and B?.E.
Electrophoresis for 90 minutes at $%iti/ijBI.

Sample size - 20/Al of a 1 mg/ml solution of
each molecule.
Arrows show densest band,gels origionally same length,
Peal: 1 - left gel.

Peal: 2 - ri*?it gel.



Dighance Migrated (mm) by Constituent Polypeptides

1.0 1.0

6,0 6e5

9.0 940

115 1145
155 1545
18,0 18.0
205

38.0

4440

TABLE 5
Comparison of distance migrated by constituent polypeptides, of

peak 1 and peak 2, on polyacrylamide gel elcectrophoresis.
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/ Bince peak 1 appears o be almost idenbical to peak 2 in its
higher moleoulay welght polypeptide chainsy the only morked differences
being the absence of three small molecular weiszht components, it would
seem that th2 poobein molety of peak 1 is in fazet a shortened type of
poak 2 molecule. This relationship was further investigatel by wre=
peating the sbove experiment using greatly incrsased concentrations
(5mg/ul) of peak 1 end peak 2, to show whether any low molecular
weight polypeptide chaing were present and had not been stained in the
_previmus experimant due 4o low concentration. The vesults obtained
were identleal to those described above and so it was assuned that the
hypothesis that peal 1 and peak 2 had a proportion of similar peptides
was correct.

The polyacrylamide gel electrophoresis results show the differ~
ences belwesn pealt 1 apd psak 2 due to molceulay sizey and so egperiments
wers depigned to show any differences between these molecules simply
due o the overall net charge popsessed by thems

Blectrofocussing

The technlque employed for this was iso-electric focusmsing, which
concentrates molecules of differing overall net charge al their iso~
electric points (TEP). ‘fhe experimental details have been described
previouslye
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