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SUMMARY
Radiocactive iodine was used to study the distribution of
jodine in the tissues of several species of sscidisns. Barlier
work had shown that radiocactive iodine was accumulated in certain

zones of the endostyle and the cuticle of the tunic of Ciona

intestinalis L. A higher concentration of radiciodine in the
medium wes used in this project. |

Antoradiographs of histological sections of B 11 treated
enimals showed thet protein bound iodine (P.B.I.) was present in
the tunie,gonods,endostylar zones 7 and 8 and the blood and heart.
It was elso present in the endostylar appendix and pericardiac

body of Ciona. The tunic contained 131

131

I in the matrix and cuticle,
The I was esscoiated with the cellular and fibrous elements and
it is postulated that these components of the tunic matrix cerry
the icdo-amino acids from the blood vessels to the cuticle where
they ave incorporsted into scleroproteins. This implies that the
blood is a primary iodine binding tissue,in contrast to Barrington's
hypothesis thet the twndc was the first tissue to contuin orgaric

iodine compounds. P.B.13 11.- was slso found to be abundent in the

body wall of the larve of Ciona.

The nature of the iodine compounds in these tissues was
investiguted by chromatography of homogenised and hydrolysed samples.
It wes found that the dowminant iodo~amino ecid which was ineorpor-
ated into proteins was monoiodotyrosine. Smal; amounts of diiodo~-

tyrosine, thyroxin and triiodothyronine were also found. The effects
i



of the anti~thyroid drugs methyl thiouracil and potassium thio-
cyanate were also studied., A considerable amount of iodide was
accumilated in their presence and incorporated into amino acids
‘and. proteins. This is in contrast to their effeoct in higher
vertebrates with a true thyroid glamd., It is suggested that
ascidians have a predoninantly primitive system of iodine util-
isation akin to that recently claimed to be present in mammals
to & very small extent. It is poesible that ascidians also have
a more advanced system such as is dominant in the higher verte-

brates and which is sensitive to the effects of goitrogens,

ii



This thesis containe no material which has been accepted
for the award of any other degree or diplome in any University,
and to the best of my knowledge and belief it contains no material
previously publighed ox written by snother person,except where

due reference is made in the texts
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Paxt 1, INTRODUCTION

In 1819 Fyfe found iodine in sponges and in 1825 Balard
found it in corals, Since 1896,when Baumann noted its associat-
ion with the vertebrate thyroid gland,studies on iodine in animals
have been mostly confined to man and other mammals,and only a few
workers have turned their atiention to other sorts of animdls,

The work on animals other than mammals was reviewed by Gorbman
(1955), Fleisctmann (1951),and Viijm (1958),

In vertebrates the greatest concentration of organically
bound iodine is in the thyroid gland,though the iodine compounds
formed in that gland are disiributed and metabolised in other parts
of the body. It seems that the compounds which ocour in mammalisn
thyroid glands are also found in other vertebrates,although there
ney be differences,perhaps only in degree,in the function of these
compounds 28 hormones,

Iodine compounds similar %o those of the vertebrates are
found in the inveriebyates 2lso,but in different paris of the body,
The compounds occur most freqw.;éntfly in scleroproteins,mucus glands
and gonads,but Iimpel snd Cassida (1957) found organically bound
iodine in tissues other than these in Periplaneta.

It has not yet been demonsimated that the lodine compounda
in invertebrates have any metsbolic significemce such as they have

in the higher vertebrates. The evolution of the hormonal fimction



of these iodine ocompounds (iodinated amino acids derived from
tyrosine) may have been closely sssociated with the evolution of
the thyroid gland but is quite likely to have developed before
the gland assumed its follloular form, The non-vertebrate members
of the phylum Chordate do not have a fpllicular thyroid gland,but
they do have the morphological,and possibly physiclogicel,pre-
cursor of it,the emdostyle, It is now generally agreed that =ome
part of an endostyle - like atructure evolved into the typical
thyroid gland of the wvortebrates (Leach,1959; Gorbmen and Creaser,
1942; Barrington end Franchi,1956), The Cephalochordats,such as
Amphioxug,and the ammocoete laxva of the Cyclostomata both have
tracts of muous glands and cliliated cells in the endostyle. A
suall group of cells in the endostyle of both of these types of
animsl accumilates radiosctive iodine, This was demonstrated by
Thomas{1956) and Baxrrington {1958) for Amphioxus,and by Gorbman
and Creaser (1942) for the ammocoetelarva, It has alsc been
ghown that the ammocoete lurva produces the same iodine compoumds
as are found in the vertebrate thyroid gland - momiodotsmaina,
diiodotyroeine and thyroxin (Leloup and Berg,1954);similar .work
has not yet been done on Amphiozus,

The other olass of the prochordates which has an endostyle
in the pharynx is the “uniocata. In this class the endostyle has a
bagically similar structure to that of the Amphioxussbut it includes
& zone of simple cuboidal cells very like those which line the



thyroid follicles of vertebrates. It was shown by Barrington (1957)
that these cells ascoumulate radioiodine in Ciona intestinalis and
he postulated thet they mey be homologous with the thyroid gland
of vertebrates,

The purposes of this project were to find out if the
scoummlation of lodine in this group of cells is sommon amongst
ascidiansy to determine whether the iodine is accumulated by ouy
other tissuem; snd to see if the lodine eompounds are the same as
those in the vertebrates,

The techniques of histology end chromatography were used,
both of them in conjunction with autoradiogravhy of radioactive
iodine. The work was divided into a histological survey of the
distribution of iodine in the species avallable locally and the

gy, “nd a shyomatograpiie enalysls of

the orgenically bound radioiodine compounds, ZEstimations of the
total iodine in the loocal sea water and escidians were also done,
A general discussion corrvelates the results of the vavicus

investigations.



Part 2, THE DETERMINATION OF THE CONDITIONS OF TREATMENT

WITH RADIOACTIVE IODINE

2.1 Genersl

2.2 Dextermination of optimum treatment time

2.3 Conditions of treatment

2.4 Injection method

Figures 1 and 2
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2.1
The usual way to apply > I to experimental animals,

yarti_euia.r%y terrestrial ones,is to inject 1t. The rsasens for
thias are th;e nature of the isotope,which has a rather short halfe
1ife of 8,1 days (Francis,Mulligan and Wormall,195% ); also 2
high level of radiocasctivity would have o0 be maintained in the
medium in many experiments and this must be avoided, A few
experiments have been done,mostly with aquatic animals,in which
the radicisotope has been dissolved in the medium and the animals
allowed to absorb it 'maturally!.

A mmber of experiments with tadpoles have been reported
but I was unable to discover the concentrations of 3 11 which
were used. The only work done with aseidiens was that of Gorbman
(1941) on Perophors smnegtans snd that of Barrington (1956,1957)
on Ciona intestinalis, Barrington used a concentration of 0.2 po/ml
13, Roche et a1.(1961),working with ayclostomes,used 0,75 po/ul.
I decided to try concentrations higher than those used by Barringe
ton because of the possibility that lodine could be accumulated
to a lesser expent in tissues other than the endostyle and tunie
and those accumulations might not be delectable at the lower son-
centrations in the medium,

It was observed that 1 liter of water was needed for about

20g (wet weight) of animals to ensure healthy survival over a
period of treaiment of up to four days, Since it was not practice

able to mse more than 1 me of15”£ at a time,because of the



radietion hazard,the mex{mm concentration of redioisctope used
was 1 me/liter,or 1 pe/ml, in analytical experimenta, Conocen=
trations up to 2 po/ml were possible for histologleal experiments
using only a few animals and therefore less: water,



2,2

To determine the optimum treatment time,the rate of uptuke
of the radioisotope was studied. This was done in two ways;

1) directly by detemmining the radioactivity in the tissues at
various times,and 2) indirectly by estimating the loss of activity
from the meditm, The former method hed several disadvantages
which could lead to misinterpretations of the regsulta,

The most important disadventage was that the rate of uptake
and total fodine content would vary in the individual animels, The
use of a large sample would overconse this,but the amount of redige
active iodine required for such experiments was prohibitive,

The semples used were of two or three animals only,and somciimes
less at the longer $ime intervsls of three or four days, This
canged some uncertainty about the ghape of the graph at the later
times., The other main disadvantsge was that a2 part of the medium
wag enclosed in the branchial cavities and unlesa this seawatepy
vag eompletely removed from the cavities before the radicactivity
of the tissues wag defermined a false high count would hav: been
recorded. due to Na'> 'f in the medfum. It was not feasible to out
open the pharynx and atriwm to remove enclosed seawater as con~=
siderable loss of blood would have ocourred. Since fiona has a
filtering rate of 0.3 = 0.7 liters per hour (Jorgensen,1949) it
was concidered adventageous to rinse them for a few minhtes in
non~-radioactive seawater to help remove radiocactive water from the

brenchial cavities, A large Ciona with a pharyngeal wolume of
T



15 mis will replace the water in the pharynx in 1.3 minutes.
The amount of radiocactive iodine excreted during this time would
be negligible,

Because of ithese mourcez of error in the direct estimation
of iodine absorbed by the tissues,the results were checked by the
indirect method of measuring the loss of iodine from the medium.

&fter rinsing and draining the animals were weighed, then
out iny: mall pieces into about 90 mls 5N NaOH in & small beaker.
The tissucs were hydrolysed by gentle heating for five minutes.
The hydrolysate was filtered through & loose plug of glass wool
to remove any undigested tumiecin remaining snd the latter were
waghed with dilute HaOH and the washings added to the filtrate,
ifter suitable dilution,to make the counting ruie of the various
solutlons of the same order,(thus obviating correetions fop
mechenical deficiency of the scaler unit st high count ratoes)
the activities of the hydrolysates were determined in a liquid
counting tube (M6 or M6I),

The sbove method was followed with snimsls treated at
various concentrations (0.1, 0.2, 0.7, 1.0 po/ml) for periods
up to four days. The rcosults were sorrected for decay and plotted
as cownts per hundred seconds per grem azainst time of treatment.
The resulis are shown in Pig.t. The graphs show that paximum
tissue activity occurred after approximately two days btrestment
at 1.0 po/ml but the activity did not apprecicbly lessem until after

8



thres doys, When this experiment was repeated with different
sets of animals the graphs obtuined were the same shape but the
actual counts differed because several different combihations of
Geiger counting tubes and scaling units were used.

the comparable loss of activity from the medium was slse
studied. An approximately equal w eight of Liona was kept in
seavater containing 0.5 and 1.0 pc/ml By, me initial and sube
sequent activities of the water were determined by teking tem
aliquots of 0.01 mls by a micromeier syringe from the waiex,
which was previously well stirred. The aliquots were drained
onto eusl sized pieces of Kleenax tissue on planchettes and the
glass nozzles of the syringe washed out with equal quantities of
dilute NaOH onto the Kleenex. The activity of esch aliquot was
counted and the mean token. Bach mean value was plotted sgainst
the time,as in Fig.2. 7The graph shows that after the equilibre
ium between uptoke and exoretion was reached it wos maintained
for a short time before excretion exceeded uptake,as sean by the
increase in activity of the medium, Yhis indicated that there was
insufficient iodide in the medium to replace the iodine excreted,
From this it could be inferred that the cxoretediodine was in a
form not reudily made available for reabsorbtion as iodide.

The main disadvantage of this method wes that other organ=
iems in the medium,particularly the algae,slso accumulcte iodine.
A sudden inoresse in the amount of algae after three days =lways
oceurred and removed much activity from the medium. This growth

occurred even after thorough initial cleansing of the ascidizns;
g;



it was impossible to remove gome of thealgel thalli which were
deeply embedded in the villous portion of the tunic withouh
demeging the asfidians and it was theze rermants which gave pise
to the later growths,

The very noticesble weturn of radiociodide to the medium,
ag indicated by the increasing comnt rote after equilibrium, was
not detectsd by the tissue activity eocunts except at 1.0 pc/ml.
The raother inaccurate sampling method,using vary few animals,pro=
bably accounted for this. The data for Fig.Z . were from experi=
ments done within a few weels of cone znother using the seme countw
ing sulment for all.

However, the purpose of studying the rate of upteke waa to
determine the time recuired for the animels to scoumulate the
maxioum amount of radiolodine and this could be estimated from the

graphs obtoined,cs is discussed in the next section,

10



2,3
Fron these graphs it was decided that treatment for two

to three days with the maximum concentration of 3

I which could
be used would give the best general picture of radicicdine
distribution in Ciona. For amslytical experiments,in which a
larger nember of animals were required,the concentration was
usually 0,8 = 1,0 po/ml for 60 - 70 hours., The duration of
treatment was varded in some analytical expsriments as is explaine
ed in the relevant section (4.4)s It was discovered from such
experiments that the amount of protein bound iodine (P.B.I,)

wag much higher in the tlssues after three dgys treatment then it
was after two days and subsequent histolegical experiments wers
all done with the longsr time of treotment. In the earlier histo-
logisal experinentaswiich ware done before e maalytios work
was commenced,the time had mostly been two days,following
Barrington's (1957) method, However,experiments done at %,1,2,
and 3 days trestment had shown that after 4 er 1 day littls

P.BsI, was present,especially in the tunicjafter ¥ days ( in radio-
active seawater) the density of radioiodinated proteins was often
noticeably greater in most animals than after 1 « 2 days. 7Thie
observation was substantiated by the subsequent analytical woxk

(Paxt &)
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2.4

The injection of tracer emounts of Na'> I into the body
cavities or bloed vessels was also tried,since it asllowed the
introduction of a large amount of radioactive iodine in a very
short time, In Clona a fine glass capillary needle could be used
for plercing the body wall and heart through an ineision in the
tunic but in the other large,solitary ascidiens (Byura,Styels,
Asciddia)s fine steel hypodermic needle wes required. This wmethod
however had a serious drawback,in that the muscle tone of the
heart walls and even the body walls was insufficient to retain
the injected fluid and leckage oocurred fron the puncture,pariice
vlarly in Cione and alsc in the Pleurogonid species. For histow
logical work this was not 2 serious defect and the meth-d was
used in some experiments., It wos considered that a more accurate
picture of the distribution of iodine ould be obtained if the
aninals were allowed to acoumulate the element by the natural

means from the surrounding medium,

12
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3;1 Materig
The simple ascidian Ciona intestinalis L. ocours in the

sheltered waters of the Inner Harbour of Fort Adelaide. Ciona
is ususlly found in estuaries and it flourishes in the tidal
Port River during the winter,spring and early summer when some
frash water enters the harbour as rain and storm dralnage. In
cool temperate climates its life oycle occupies 12 18 months;
generations overlap and sexually mature animals ocour throughout
the year (Millaz,1953). In Port Adelaide however it is not abun-
dant throughout the ysar but dies off rapidly after midw~summer
and from Jenmmary to May is almost unobtainable,except by dredging,
Exposure to the air by the greater fall in the low tide levels which
occur from mid ~ summer to sutumn is responsible for the death
of the mejority. Those which are not exposed also die off at
this time end it is thought that this may be dufle to the high
summer temperstmres amd the inecrease of salinily caused by these.
The chlorinity vexies from 15 g/m 0 21 % oo Turing the eooler
months but may rise as high as 24 %/ oo during the sumer, The
temperature of the water at the level in which Clona grows varies
from 10°C to more than 27° C gver a twelve month period.
Occasional specimens of Ascidia aspersa (Muller) and
Styels stolonifera (Herdmen) also occur at the Inner Harbour.
Siyela is more tolerant of the summer conditions then Ciona and
replaces it as the dominant speeies during the late summer,but
in much smaller numbers.

At the Outer Harbour of Port Adelaide,which is on the open
14



coasgt,the following ascidians are found at various seasonsie

Byura stolonifers Heller,P, irmesularis (Herdman),Podoclavellas
gustralis (Herdman),Botrylloides leschii Sevigny,B, pigrum
aldl (Herdman).

Small colonies of o Didemmum species are occasionally foundjalso
sporadic speeimens of Ciona and Aseidis aspersa,

Most of these species could only be obtained ¢t low water
spring tides during those months of the year when the water level
fell to within 2,5 feet of datum, Vhen the specimens were collect-
ed the temperature of the water was noted,and the ehlorinity of
& sample estimated by titration with silver nitrate.

A @pecial rake wes used to facilitate ocolleotion of speci-
mens from several feet under water. It consisted of a handle
four feet lond which ocould be extended to eight feet,the tw parts
being joined by brass ferrules. The lower end was fixed to o
roking device of cadmium plated steel, 'The rake wus rectangular
in section,9 x 12 inches,being fixed to the handle at the centre
of ome of the longer sides, The opposite side was serrated along
the upper edge. A sirong net of ¥ inch mesh,closed at the bottom,
wag attoched to the lower edge of the roke freme,

At the commencment of this work aome difficulty was experi-
enced in obtaining iona and other species from the Inner Hapbour
because of the removal of the old hulls and barges on which the
epcidians were growing., Therefore a wooden raft,thoroughly ecated

with!Betapol?,end fitted with vertiocally suspended, sandblasted,
15



glass plates wes conmstructed, This was lowered into thw water

wnder the wherf piles by 2 strong copper wire and attached to a
convenient horizontsl member of the vwhaxf, It could thus be raised
to the surface of the water whenever required,

Ciona in perticuler grew stundently on this raft,the
greatest concentration being on the under surxface of the wooden
partes, Very few Ciona setiled on the glass plates,but overcrowd=
ing on the raft was scvere. The sompound aseldicne which were
sometdnos found in the Port River on barges and bouys brought in
from the coast,were the only aseidians which chose to settle on
the vertical surfaces in preference to the horizontel, Chittle-
borough (1952) found = less definite selection of sites in his
work on the marine fouling organisms of the seme harbour. In the
sbsence of horizontal besms Clona grows abumdantly on the vertical
wooden piles,but the crevices on the surfase of the piles,and
adherent weeds and molluses probably provide ample ‘overhead!
shelter for the tadpole larvae %o seitle on.

Vhen the old wooden piles were replaced with metel sheet
piling in 1958 - % the usual sources of Clone were no longer
available, Another ares,further up-river,wss discovered in which
Cions wes undisturbed and could be easily obtained with the rake.
It was noticed that there was 2 gharp decline in the population of
compound escldians duwing the yeurs 1958 « 61,and the species
studied by Chittleboxough eould hardly be considered as causing

serdous fouling now. "



3.2 JMethod

The conditions of ireatment with rodiciodine were decided
upon as stated in Part 2, Specimens for histological examination
were freguently treated in the same racioiodinated seawater sa were
those for chenical analysis,the quantity of seavater used being
adjusted to the mmber of animals used, A minimm of 0.5 liters
to five Ciona less than 5 om long was allowed. The radiciodine
concentration in the seawaler was 0.8 =« 1,0 poul,added as carrier
froe ﬁaﬁ 11.

The ascidlans were left in this water for three doys,bsing
serated 211 the time. At the end of this time the foeces had all
been volded,but there wos still some rmous in the elimentory canal
with some food particles in it. Dried liver powder (Wisely,196%)
waa spayringly added es a plunkion substitute.

Species such os Clona,vhich usually produced loxvee in the
labor atory ccusrium,still &4 so affer trectuent. Sowe dlificddty
was sxperienced in keeoping boiryllid eolonies alive Jor three duys
and trectment tire wes usually elwrtoned Yo two doys for tnem.

Introduction of the lruocer iodide into the hlood siream by
injection wos also treed, the aninals being fixed & few hours later,

oo ante~thyroid drugs were used o test the effect of
goiﬁrogﬁgb on the binding of lodine, Hethyl thiourceil (0.005z/1)

1

was pud into the meddum 2& hours defore the Na 5 1I wvas added;

KCNS (0.02g/1) wes added similaxly,



After itreatment with radiolodine the apecimens wore allowed
to expand in clean seawater to wash osub radioactive seawater from
the peribranchial cevities, Chlorbutol or menthol was added to
tils water as & narcotic. The animals were then fixed,either
whole or dlissected into separate organs,in Bouin's in seawater
or Susa, ihe ascidians with a thick tunie wore removed from it
before fixation.

After fixgtion the specimens were embedded in paraffin wax
and sectioned st 7 « #0p. Some éiffiocul ty wus experianced with
the Pyure speeies as they went brittle even after shortened
dehydration times and it wos difficult to out good sections of
them,

Somatimes the sections were stained with hacmatoxylin or
hagmalum before autoradiography. Otherwise: adjacent segbions
wore stained with Mslloxy's Yriple stein ox Erhlich's haematoxylin
~gosin f‘or_ﬁsompariaonu«@mth; autoradiographed sections. MclMonuns'
PoA, 8, teamique (19&8)&1& Lison's(1953) Alcian blue = Chloran-
tine red stain for mucins were also used.

Ante radiography wes done with Koduk Autoradiogranhic
Stripping Film {A.R.10). "he exposurc time was %iw weels,during
vhich time the slides were kept at less than 5°C, %he f£ilms

weve subsequently developed with D19b,

18



5.3, Results

fhe interpretation of autoradiographs of histological
gections is based on the assumption that the only radicactive
jodine present in the tissues after the processes of fixation and
embedding is protein bound iodine., According to Leblond and
Gross (1948) all inorganioc iodine and free amino acids are
removed from the tissues during fixation and subsequent dehydration
by elcohols,whilst only protein bound iodine is precipitated in
the tissues by the fixative,

Apart from the sccumulation of radioactive icdine in the
endostyle and tunic as ascertained by Barrington {1956, 1957,1959)
and confirmed for the species here investigated,it has also been
found in the gonads and in the blood and associated tissues.

A fow specimens of various species (Styels,Ascidia,Pyura)
hove shown & definite uptake of 1511‘. around the epithelium lining
the atrial cavity,particularly in sssocistion with the muscle blocks.
e 131 appeared to be concentrated between the muscle blocks
and rarely extended into them, In some cases (specimens of Styela)
this uptake of icdine co:1d have been associzted with the gonadisal
evithelium but in others this was not so. It is interesting to
note that Barrington (1956) also mentioned that he thought he had
detected iodine in the body epithelium,but he later discounted
his evidence. In my work it has only been detected in a few
specimens,all of which showed an unusually heavy uptake in general.

It is not yet known whether it has any significance in connection

19



with the binding of 1511 by the epidermis of the lurvae.



}s# &dosg;}.e
Jhe results published by Barrington (1957,1959) on the

uptake of iodine by the endostyle of Ciona have been generally
confirmedjan accumulation of padiclodine was associated with
zones 7 and 8 of Barrington (?ig.3% and some was often seen on
the free ends of the long cilia of zone 1, This has been
observed in a variety if genera - Cions, Pyurs, Styela, Ascidis,
Podocluvella, The pisture was not so clear in the small =zooids
of the colonial gemera but the pheryngeal lips of the endostyle
gave a radiographic image (Fig.4a), The difficulty of producing
n good section of a botxyklid endostyle was mentioned by Bexwing-
ton (1959). It was even more difficult to find a good endostyle
seoction which also gove a rediographic image. It wes observed in
all colonies investigated that only a small proportion of the
zooide present gave an autoradiogrsphic image from the endostyle.
This spplied also to members of the Didemmidae. There is no
mention in the seneral literature on ascidians,or in Herdman's
monosr-ph on YBotryllus! (1926) thut the zooids do not all feed
together,but that would be & reagonable explanation of the sporadic
uphake @f 3 11 by the endostyles of a colony.

Some variations on the distribution of lodine over zones
7 and 8 were noted. A few specimens showad an almost complete
absence of iodine from zone T,vhilst it was accumulated over zone
8. Variations in the density of the image over the width of zone
7 were frequent., A 'centre! of icdinatior was seen usually at

21



one pert or another of the row of cells but it rarely extended over
the whole row., 'his suggests that some regulation may be imoosed
on the uptake of iodine by the cells, It is possible that they
exhibit = periodicity in their zbility to eccumulate iodine end
thet this periodicity affects a group of cells and not just a
single celljor it could be that the rate of iodination is actually
very low end the localised higher density of the radiographic
image is due to sneffiecient clearing of the iodinated gompoimds
from the suriace of the cells.

Barrington (1957) ssserts that the rediogrephic image of
gore 7 extends over the cells,wheress that of zore 8 is limited to
the distal surface of the cella. His argument is thet the radie-
jodine is intracellulcr in zone T butb entitely extracellular Pt
sone 8. My own observations do not,at first sicht,agree with his.
Allowing for the effect of scattering of the B-particles through
the tissue,it was citen observed that the radiograshic image wes
wholly extracellular at zone 7 also. This could be sxplained,
however,by 21llowing the suggested periodicity in scovnulation and
subsequent secretion of radiciodine. Barrington's observations
require that the cells be contimally ccoumulating iodine,but this
does not account for the umeven distribution along the width of
the mome. It seaus necessary to postulate some periodicity,
although the sortrolling factor is unlmowmn. If it coild be showm
that zscidisns are re?l';;:?'onive to thyroid hormones then some kind of
gelf-regulating mechanism night be inferred. However the metzbolism
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of iodine by zone 7 cells may be subsidiary to some other process
which ia definitely regulated,

The Periodic Acid - Schiff reagent (Pehe8,) 8nd Alcian Blue-
Chlorsntine Hed stuins for mucins were sged in order to detect
any such gecretions from the endostyle., Since the endosiyle is
a part of the pharynx one would expect to find that its secretions
are of & type usuzlly found in alimentery epitheliasthat is they
would contain the carbohydrate polyners knowm as acid mucopoly~=
saccharid-s or amino nolysaccharides, The zone 1 cells show a
strong positive reaction apically with Aleian Blue,which indicated
+he presence of amino polysaccharides. HNone of the other secretory
zones gave # definite positive resction. Occasionslly some small
droplets at the asurfuce of zone 7 cells have heen seen to glive
& woak reschtion with the stoin,as they do with PedsS8s

Tre experiments done by injecting trucer iodi e into the
blood stream gove an interesting regult in the .ptske by the endow
style. Several enimels were injected snd fixed &t differernt tinme
intervels. Those which wexe fixed 6 = 10 hours after injection
showed very 1ittle iodine in the endostyle except at the basel or
posterior end, An intervel of ot lecst 24 hours wes needad before
1511 weg found in the aniterior endostyle. This suggests either
that the jodine may be carried to the endosiyle by the blood stream
and passed into the zone 7 cells os lodide or iodinated sminoacids
for uliimate incorporétion into ?,B.I. = or that the endostyle wus
taking up iodine excreted from the coelom &nd blood stresm into

the phayynx, The experiments on the rate of uptake however
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susgested that iodine is excreted in a form not ~uickly mude
available for reabsorption =md the analysis of excreted iodine
compounds shows the excretory producis to contain mninq acida,
possibly with some iodid(;iﬁllgxless these amino acids were trapped
by the endostylar mucus and converted there to P.B.I, it seems
unlikely that the 13 11 in the endostyle of injected specimens
ceme from the medium, Some detailed work on the organic iodine
compoumde excreted and the in vitro and in vivo iodination of the
endostylar mucus is needed to elucidate the situation. It has
already been shown by Thomas (1962) that the mucus of the house

of QOlkorleuxa does not take up 131

I directly from seawater.

The possibility that the endostylar mucus could have
been ‘he 'original! iodine binding substance in the lower chord-
ates must not be neglected in spite of the negative evidence
so for obtained sbout the in vitro iodination of guch mucins.

Berrington,in particular,is of the onfnion that fragments of
jodinated tunic scleroprotein,ingested by the early tunicecies,
set up a metebolic dependence on iodine in that class, Thomas,
hovever, (personal comrumication) hes advanced ihe idea that
surface mucins might zlso be sasily jodinated,ns apparently
happens in the Hemichordate,and as has been reported for some
jnvertebrates,especially annelids (Gorbman, 1954), Such an origin
for iodinated amino scids implies that the mmcins concerned must
oontain a relatively nom=specific oxidising system capable of
desling with the sea vater jodide. A system of this kind has yet

to be demonstrated. Barrington's hypothesis necesaitates that 1%
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evists in the tunic also. It iz just as likely to exist in the
endostyle in which & variety of chemical reactions tckes place which
is probably greater than in the tunic scleroproteins. HoweveT,it
js doubtful if the tunic is setively engaged in binding iodine
dirvectly from the external medium as Barrington's hypothesis
requires.(see 3.,8) Verious enzyme sysbeus must be present in the
metabolicslly active endostyle rud it is more likely that the endo-
style,or perhaps the blood,was the initiator of iodine binding in

ascidians,.

Asginilstion of Jodinated ¥ucing
ihe passage of the lodinated mucus can be triced through the

length of the olimentary cancl. Very little radioactive iodine is
present in the facces,bul considerable amounts con be seen in the
nid - intesiine whers the mucus rope from the sesophagus is still
iargely intuct and wrapped ayound the food masses, If this lodine
is protein bound,zs it is assumed to be in autorediographs,its
presence in the intestinal mucus would indicate it mo very
ef{ective endostylar protease is present.

Giona treated with more than 1.0 pe/ml 1371 showed the pang=-
gre of the irccer =cross the intestinal ¢nithelium to the blood

spaces around 1% (Pig.5a).



345 Bndostylar Appendix
The endostylar appendix 1s aupther structure whichg,like

the pericardiec body,has been described only in Ciona,although
Brien (1948) states that :scidians in genersl have both anterior
and posterior touls - de - mac! to the endostyle. Berrill
(personal communication) however considers $he endostylar appendix
to be sbsent from other aseidisns end that it is one of the primi-
tive 'i‘oa,tums retained by Ciona,the only analogous organ being
found in the Thaliacea (Berrill,1950),

| e structure of the endostylar appendix of Clona was seen
in most seotions to be slightly different from that published by
#illar (1955)y(Mes 6 .). The specimens investigated here have
shown & band of zone 7 cells on both sides of the fube, Sections
from the distal end of the tube however show that these bands of
cells ars zbsent frou that poxrt and the seotions have the same
appearance as in Millarts diesgrem. The sections of the endosiylar
appoendiz shown on Figs.7aand 75 werse token from the distal third
of the tube and condain no zone 7 cells between the cilisted roof
cells and the zone 6 of that side., ilcian Klue shows vexry well the
intracellular formation end secretion of the mucus into the lunen
of the tube., The mucus geve the intense siaining resction typiocal
of the mucus of the wid - gut epithel,im,w%zich was rerely seen in
the endostyle except in a few instences in zone 7 cells. The major

part,if not all,of the appendix mucus ocomes from the ciliated



colusmar epithelium end none is seen in cescciation with the cuboids
al onithelivm. Jutoraddographe show ot this mecus ounbodna

uuch By {Plg.70}s The racioliodine dues mot eppeer tc be intres
ca:luler ot 211 but is sssovisted only with tie mucus lying in the
lumen of the sppendix. Shis fodinated mucus will be pos sad out

of the tobe onto the cilic of the retyophuaryngenl band end hence to
the cesophogus, The casb:bogesl spithelimm slap secroton puch
mucus kot 1t dowve wt bind ioding.

e endostylor sppendizees segn in 11 ssctiong.iz &
collassed bube,anirally twlated doveelly,sad closed at the distol
end. I% 1ies dlrectly wrednat the heort end ity susmmwocding plocs
of bluod speces is susslied by & smell vessel £rew Ghe vhexyngesl
ond of ihe hesrt. In Life the sprendly fo sonevhat stretohed by
temalon frcs swtammal serbremes,bat the lwion is still mocdl end
the intemal eritislis ape closaly onposeds e grwsencs of
{oddnated awedns in the distel portion of the tube,even in the soute
mmele formod Y the Junetion of the cuboidsl wd columny enitheling
suzpeets thet icdinniion os coourrlng in the tube throuh the aooncy
of the yoof vellSe fn altamative intorsretation ia thal the

fodinoted oouporends of o macus ope possed indo the Yuppert

vagion of the lueon fran the sune 7 cells in 2 nonmer miatloay to
that shich Lo swestmed to Goke mlege in the andosiyiae Hyeaver the
cilisow sotien of the colwmsy enlihelim pust enanxe it the
gmons ia penoved fyom the Jumom of the Gpresaliy and one woeld nod
therefore expect o find =ny %511 in the least scoessible purts of

ne lLumen. Iodinstida of the mucus through the a.rﬁev of eithoy



or boih halves of the roof of the appendix is therefore indica%ed.
e source of the iodine could be from the coelomic fluid or the
blood in the plexus around the appendix.

It is tempting to speculate whether this otherwise appar-
ently functionless organ oould be phylogenetically related to the
thyroid glend. I%s loss in the more specialised ascidians and
other tunicates suggests that it is not necessary to the nommal
functioning of the adult animal,but it eould be,in Ciona,a remnant
of an embryonic potentiality which was trensmitted by the most
primttive larvae to their derivatives,the vertebrates,if neotony
of ascidien larvae was indeed the origin of thot class as suggested
by Berrill (1955).



306 EOO&
The presence of iodine in the blood was to be expected but

that it should be revecled in the very small quantity of blood
protein remaining in an histologlical section was gongsidered
unlikely. However,sections through the heart and adjacent blood
veasels showed iodine to be presemt in the lumen and occasional
images were seen in the sub - endostylar vessel, Radiolodine was
also detected in the spaces of the spongy tissue around the gut
in some species and was seen clearly 40 be present in the tissue
gurrounding the gut of Ciona (Fig.54).

Protein bound iodine was also found in the cell ~ pacied
stolonic vessels of Podoclavella (Big.8b), It did not appear to
be closely associated with the cell clumps,but was distributed
more or less evenly over the section of tue vessels.

e, ] shows 111 associsted with a blood clot in the heart
of Giona treated with 1.0 po/ml for 50 hours at 20° ¢. The sane
goction showed iodine to be present in,or closely adhering to, the
walls of the heart. It was found that it was always the myocardium
which accumulated iodine in the fibres. The pericardium also had
gome iodine associated with it,but mever %o the samesexient zs did
the myocardium. Seclions of the heart vhen stained with Alcian
Blue (Fig.8a) gave a positive rcaction in the short crosswise fibres
in the walls,indicating the presence of an acid mucopolyssccharide.
It would appear from autoradiographs that the B 13‘. is probably
associated with these fibres.

Sections through the heart of Ciona algso showed that the
3



pericardiac body accumulated much radiciodine (Fig.q )» 'This body
hes not been seen in any other species znd Berrill {1950) made uno
reference to it. It is thought to be ccmposed of fibres derived
from the walls of the major blood vessels (Millar,1953)s ‘hat it
conteins met bolically active materisl is shown by the great
density of the iodine upieke which penetrates to the centre of the
mass. Since the perdcardiac body only slowly increases in gize
due to the addition of more fAbres during the life of the animal,
the great qusntity of iodine present cennot have been derived only
from thet slready present in fibres added during the two days treabe
ment.

The scoumulation of radioicdine by the myocardium walls,
mhich sre derived embryologically from the pericardium, suggests
that the myoesrdiuvm has become & goecielised iodine binding tissue.
It is possible that the controctile tissues of the heart ngy be
a site for the metsbolism of protein bound iodine. In view of
the continuity of the ococlomic fluid in the epicardial sacs with
$he gocwater in the pharynx it would not be surprising if such &
source of iodine were utilised by an animal which had developed a
metabolic dependence on the elenent. Injection of thyroxin in &
suitable solvent into the blood streen might show vhether the heart

is sffected by hormonsl iodldne,
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3.7 Gonads

The first observations of iodine in the gonads were from
the Pyura species and Skyels where & faint,éven image was noticed
over the testioculsr lobes. The iodine was seen to spread inwards
to the ovarian portion of the gonads through the parts of the testis
layers., This distribution suggested ithat the penetration of iodine
into the gonads might be by diffusion directly from the surround-
ing fluids, It was also noticed that only the younger cocytes
acoumulated iodine. These sslls lie closest to the interstitial
tissue so it is possible that iodine compounds are carried to the
gonads by the blocd. In view of the 1. emovnt of iodine found
in the blood it seems gquite likely that tis source of iodine is in
fact utilised, Further evidence that iodine is carried to the
gonade by the blood was chiained from a section through Styela
gonads which showed radioiodine to be present only in the inter-
stitial tissue of the testis and some parts of the ovarian follicles,
(Fige/ode P'1 was also found in the developing eggs of & botryllid
colony in which there was an unusually heavy overall uptake.

When radioactive iodine was injected into the coelom of
Giona the upteke by the gonads,purticularly the ovary,was definite
(ﬁg..%,&:). The young oocytes showed the densest image,though fodine
wes present in all developmental steges,including ripe ove in the
oviduct. The testis lobes showed some uptake 2lso,although no
marked zomation was seen. Follicles were soretimes seen in which

the photographic image was demser over the spermatozos snd spermam
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tids than over the spermatogonial aress, (Fig Sb).

This distribution suggests that the iodine is accwmlated
only before the first meiotic division of the oocytes and that the
guantity does not increase further with the growth of the egg. The
slightly greater density of iodine in the spermatids than in the
spermatogytes would be due to the concentration of the protein inio

a smaller volume during spematogenesis.

32



3.6 Tunlo
131

I was found in autoradiographs of all species examined

(Ciona intestinalis,Styela stolonifera,Ascidia aspersa,byura

irregularis,Botrylloides leachii,Diplosoma macdonaldi,Podoclavella
sustralis). The extent of the binding varied greatly however,both

in local concentrations and the aree in which it occurred. 4Also
individuals were often found in which the sections studied showed
no uptake,although the animzls were apperently gquite healthy when
fixed. Since mamy sections were cut in which iodine was detected
only in small patehes it is quite possible that the animals in which
none was observed were not in fect completely devoid of iodine in
the tunic.

In general iodire wes metazbolised in the younger or sctively
growing parts of the tunic. This was so both in the solitary and
colonisl forms. In the latter there was more likelihood of finding
iodine jowards the sdges of the colony than in the centre and in
' the simple forms such as Ciona the accumulations of iodine were
closer together and denser in the bazsal parts of the tunie¢ than on
the distal parts.

Although a thin image of radioiodine wes often slmost contin-
vous over the surface of the tunic,this was frequently interrupted
by denser accumulations which appezred to originate from very small
or point sources. Sometimes several such sources would be lucated
close together,giving an extensive dense image. This was usually
found to be due to fragments of algae or serpulid worm tubes. Other-
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wise these zrecs of relatively dense uptoke could only be explained

on the basis of activity greater than the general rate as might
take place during regeneration of the tissues or replacement of
worn off cuticle. This was seen particularly in those species
wh;eh have & thin,almost brittle cuticle and a xelatively non -
fibrous matrix,such as Ciona,iscidiz and Podoclawella. In Eyura
and Styela the picture was souewhat obscured by the thickened,rough
cuticle.

The precise location of the iodine in the structure of the
tunio wos not cssily determined but good evidence of iodine in the
motrix of the tunic was found in Pyuras epp.,Ascidia and Podoclavella
colonies. In some botryllid colonies tie 3 11 extended further into
the matrix then was usuelly seen. The colonies were small and the
iodine occurred at the periphery only. Sections through terminal
ampullae of these colonies showed a faint photograchic imege of
B es would be expecied if such iodine were present in the ’blood(F"}"f@.
3 11 wzs d finitely found in the fibrous layers around the blood
vessels in Pyura tunic sections (Fig./z). It was observed to be
most concentrated around the blood vessel,the density deoreasing
direetly as the fibres and ceilular components beczme more scatter-
ed in the matrix. The density of tha% 11 incressed agzin nesr the
cuticular luyers,which in Pyura ere stratified ond broken (Fig./2b).
There did not appear to be any greater concentration of iodine in
the actusl cuticle than in the sub - cuticular layers in any of the
specimens examined. The cuticle is derk coloured in Pyura sections

and thus m:y screen some of the photogruphic image of radioiodine
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but there certainly is not enough iodine present,after three days
trestment at 0.8 no/ml,to radiate beyond the limits of the fragment-
ing cuticle. Also it wus observed that frugmente of cuticle which
were slmost detached from the mein part gave no sign of iodine
being present. This suggests that iodine is not taken up by the
cuticle itself from the secwater but is supplied to it by the
underiyirg tissues. The short fibres which were zbundant in the

matrix of Pyura tunic were not definitely associsted with el

I
but meny of them presented 2 beaded appeurince which suggested that
there was just enough 151I present to affect the photographic
emulsion. Certainly the densest aress of iodine also sondained
pany fibres and cellular components,including refringent granules,
In hscidia (Mig.[39 the 1511 wag seen to be closely cssooiate
ed with the large cells,containing refringent gramules,which migrate
across the tunic to the cuticle. Where such cells were grouped
together in the sub = cuticular layers much iodine was present.
It was alao seen th:t these largs cells.when incorporated into the
cuticle,mey be extruded from the tunic {Pig.3b). It wes noted that
Ascidia treated for one dsy,whilst containing much iodine in the
pharyngesl nueus and some in the muscles,hzd very litile in the
tunic,even in the cuticie, Thers was soue evidence of it in the
jnner tunic layers adjacent to the muscles and blood vessela(Fig./ob).
After two days treatment the smount of lodine wus greatly inereused
throughout the tunic,as described above. This observation was made

on seperate individuals and therefore subject to the variztions
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wiich might ocour,but this does not jnvalidate the result entirely
gince there was plenty of evidence from other experinents to show

thet one days treatment was insufficient to give definite results

for 1511’ in the tunic.

‘the association of B 11 with cellular components of the tunic
was also observed in specimens of Sfyela,Byura and Clona,

| Barrington snd Barron (1961) have investigated the histe-
chemical charscteristics of the tunic of Ciona. Their results
with Alcisn Blue snd P.A.S, stains agree with mine;the tunic con-
tains many fibres,especially towards the surface,which give =
positive zeaction with these two stains,indicating that the fibres
contain scid mucopolysaccharides. The reuction of the cuticle 1s
negative for to Aleian Blue but positive to Pe4.S. and to tegts
for tyrosine,indicating that the cuticle is composad of & mixture of
carbohydrate and protein.

Barrington and Berron noted slso that the refringent gran-
ules,which are found in close association with the cuticle znd the
fibbes,gave the same recctions as the cuticle. The positive response
of the granules to tie tests for tyrosine and related amino acids
is especially interesting in relation to the uneven &istribution
of radinactive iocdine observed st the tunic surface of such s@'eciea
as Ciona,Podoclavells and the botryllids. The presance of tyrosine
in the fibres and grenules would tend to confirm the impression
obtained from autorsdiograshs that iodine is sssociated with the
fibres, ‘The spparent sbsence of i dine from the matrix of relestively

non = finrous tunics could then be explained by the low density of



fibres in those tunics and the correspondingly decreased cdncentra~
tion of radiocactive iodine. It was also observed in specimens of
Styela,Byura and £iongithat lodine was associated with the cellular
cd&ponents of the tunic but the density of the photographic image
was not often sufficiently different from the background for any
definite conclusions to be made about its precise origin. However
specimens of 4scidia which were examined ( see above ) showed
conclusively that iodine is tranaporte@ to the surface of the tumic
by the large cells with refringent granules.

The important question of the direction of transport of the
jodine can be studied most usefully from the results observed for
Pyura end Ascidia, From the evidence obtained by Barrington (1957)
and the suthor about the distribution of radiozctive iodine in the
tunic of Ciona it would appear that only the scleroproteins of the
tunic cuticle contoin iodine. Barrington apparently assumues that
this iodine could have been accumlatsd directly from the geavater.
However it is suggested by the evikdence of fodine in the tunic of
Pyura and Ascidis that it could be,and probably is,tirensported to
the cuticle from the blood stream by the migration of the fibres and
granules from the walls of the blood vessels and from the epidermis
4o the cuticle. This migration of fibres and cellular components
was studied by Bodean (1955,1961).

Since the cutiele is sloughed off continuwously it would be
rezsonsble to suppose that there is a contimuous passage of iodinet-
ed proteins through the tunic,the protein: being incorporéted into
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the substance of the fibres and granules during their formation

and subsequently eliminated from the animal at the tunic surface.
This supposition is in agreement with the presence of protein bound
jodine in the seawater examined for the excretory products of

Ciona (4.8). It would not be reasonable %o suppose that the cuticle
ghedding centributes a major part to the axcretory mechanisms of
agcidians,although definite excretory organs are not present in
most of them,

It seems probakle then that the iodine in the cuticle origine-
ates partly,if not wholly,from within the enimals. That lodine is
not sbsorbed directly from the secwsier by the cuticle was demons
strated,in Byura for example,by the absence of radiociodine from
pieces of cuticle pertially deteched from the underlying cuticle=
forming layers,in which iodine wus accunulated amongst the fibres
and cell frogments. Therefore Berrinzton's hypothesis that the
assinilation of iodinated fregments of ingested cuticle led to the
development of & metzbolic use for that element by ascidians must
be re-oxanined,since the iodine must be present in the blood
before it can be utilised in the formation of the cuticle. Undoubt~-
edly fragments of {odinated outicle will be amongst the ingested
detritus uvon which ascidians feed but the iodine in then is in a
much less chemkeally active form than the inorganie iodine compounds
present in the sesvater. fhe presence of iodine in the cuticle
can therefore be regarded as fortuitous,it being spgociated primar-

ily with the blood plasia ond thence tae cells which carry iodinated
%8



tyrosine compounds from the blood stream to the tissues.
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3.9 Laxvee

Larvae of Ciona were bred in the lehoratory by mixing eggs
and sperm siripped from several adults. The experimental procedure
was taken from that published by Berrill (1937). It wes found that
very dim light conditions were necesssry for the successful hatche
ing of the larvze. Under lszboratory conditions the lurvae began
metamorphosis szbout 12 « 20 hours after hatching. Free svimming
larvze were taken from the culture and treated with 0.2 - 0.5 uc/ml
1}"I in clean seawater for one to twelve hours. They were itrinse
ferred to filtered seawater to remove excess radiociodide and then
drooped individually into the fixative ( hot formol-seline ).
ifter fixing,the larvee were stained lightly in bulk with borax
caymine to make handling easier, Whole lrrvae were dehydiated and
clesred before being vlaced on rdcroscope slides in & Jdxop of
dilute collodion solution. When the eollodion was drxy the slides
were prepzred for sutoradiogr:phy in the usuwal way. BSome groups
of larvae we.e embedded and sectioned 2t 5p before autoradiczraphy.

‘the aultoradiographs revesled thet the larvee take up iodine
in several regions of the body. All the autoradiogrophs exemined
showed & fine,even distribution of radioiocdine over the outer sure
foce of the larvae,but it did not in sll cases oxtend tc the edges
of the dorsal and ventrsl fins and r*érely at &ll into the peosterior

extension of the fina (WigJ4d). This suggested that the 31

I was
present in the epidernal cells and their secreted product,the cuticle,
but it was not activély absorbed by the subst:ince of the fins which

are extensions of the cuticle. This observation was confirmed by
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the fuft thet vhen itne internal structures of the tail =re resorbed
during metamorphosis the tunic or cuticle is left behind with little
or no icdine in it whailst the dedifferentiated cell clumps contain
muck: iodine (Pig./4b).

Internal uptske of iodine wes varied. In only two larvae was
there any concemtration associated with the notochord,and thet
appeared to be in the walls or shecths Apart from this no upteke
associeted with internsl structurcs was seen in the tail region.

In the trunk region soma larvee showed a slight concentration
in the zres dorso-posterisd to the sensory organs vhich is presump=
tive neural couplex (Willey, 1893). This concentration was more
parked in the metamorphosing larvee,where the lodine pressnt in
the vesorbed cells passed imto the trunk (Fiz./sb).

Ho lsxvae,of any &:e or daration of treatment with rzdiclodine
,ohowed sy uptoke by the otolith or the ccellﬁs.

In the ventrel pharynx the most common condition wes & patchy
dense up'ake &t or nesr the mid-ventril iine,but & few larvae ware
seen in tiich thero was ¢ definite concentrsiion in the pharyni,
witich may have been due to accumulation by the cells lining ihe
pharynx, that is the presumptive endostyle. This was more noticecble
in attoched larvos,during metamorphosis. In several such larvaa
some accwnulation by the enterior purt of the trunk wes noticed.
This part of the farva 1S not dircetly connected with the Jefinitive
tissues of the adult,beilng mostly concerned with the adhesion of the
laxva prior to metambxﬂzbsia. Puring meitsmorphosis the structures

of the tail are resorbed into the trunk in what appeur to be lzxige
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clumps of cells,though the regular arrengement of these clumps may
be due to the shrinking of the epidernis,as suggested by Berrill
(1937). Almost all of the tail structures are utilised in the
production of the aseidiozooid in this veyjonly the tunic or cuticle
is left behind. The larve in Fig.Sashows this process nearly
completed; the stump of the notochord is seen protruding from the
srumk end the snterior quarter of the $all contains meny large clunps
of dedifferentiated cells with vwhich is sssociated 2 considerable
quentity of radioiodine. There is no iodine in the vacated poste
erior portion of the #sil emcept in a few acattered cells, In the
seme lorve an increased concentrotion of radiciodine is seen in the
posterior part of the trunk and en accumulation of it is seen in
the pharynx (Fig./5b).

According to Berrill (1955) the tadpole larva of the ascide
jans is a creation of their own,especially suited to their needs
for & motile,hsbitat seeking phase in the life~cycle,vhich by
neotony gave rise to the ancestral vertebrate stokk, Cions is
thousht by Berrill to be the most primitive of the nodern 2scidians
and its lorva likewise, The physiological phenomens of the cionid
1arvs eve therefore more likely to be allied to those of the
vertebrates then are those present in other tunicates,or even in
Amphioxus,which is considered to be an offshoot of the evolutionary
1line.

Several important questions arise from the foregoing obser=
vations; (1) has the icdine any metebolic significance for neta-

morphosis? (2) did this metsbolic use,if any,originate with the
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ascidien larva? (3) is the accumulation of iodine inherited from &
pre-ascidisn ancestor,regurdless of ite metebolic sighificance?

The very extensive end rapid sccurmlation of so much lodine
suggests thet it may have = metaholic significunce. If the binding
of iodine by the epidemis of the tadpole lerva dkd not originate
in the ascidians then =a inheriied metabolic neckasity for binding
iodine could be implied, the larve atilising 1ts major sbsorbtive
ares,the epidemis,for this purpose since no {unctional phorynx
and gut are pﬁésen‘b. It zould also bo that the ebility fc cccumue
laie iodine in the e3siriemzis wee inhoerited fron 2 pre-aseidion
form end that it sssumued meta olic slimilicance vhen combined with
the vhenomenon of meianorphosis found in the sseddian larve, Tn
this case it wonld not be surorising to £ind that ihe epidermnis of
the wdult retedned some of iic primitive copucity to bind lodine.
Barrington (1956) mentioned thet sone oscasiontl troces of lodine
hed boen seen in associstion with the aoidermis of odult Giona
and this has slso been the case with the vork reported here. The
occurrence of iodire in the epidernsl glaands of gsone Hemichordabes
(Gorbien, 1955; Thonas, 1963) morits attention in this respect,since
it demonstreted that fcdine can be bownd by extern 1 tissues other
than sclerorroielns.

I the iodine comvounds present in thege inrvee ean be showma
to exert & definite motobolic effect,rmost probably on the »ots of
metemorphosia, then it would be zafe 4o eoseluic thet the ascidiams,
ii: not other tunicaies,ars cloaely allied fo the main vertebrate

stocks, It hos already been shown that thyroxin,amonzst voxious
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other substances,exerts a considerable effect on the rate of meta~
morphosis in ascidian lorvae (Grave and Nicoll,1940;Berrill, 1947
Weiss,1928), Grave (1944),from experiments on Styels partita
concluded thot the larvoe produce a subsiance which accelerates
netamorphosig tnd its concentration increases throughout the larval
life antil = lethsl concenbration may be reached, Could it not dbe
that the icdine bound by the larval epideruis is in a compound
which sy affects the metabolic rate,and hence the rate of metaw
norphosis,that o lethal concentration of .he compound might arise
under leboratory conditions and even in some individuals in natume?
A dependence on & minimum concentration of such a compound for the
compietion of metemorphosis would nccessitote o sufficient supply
of iodine. Omce the dependence wes esiahlished then metamorphosis
would be delgyed 1f insufficient iodine wos asvallsble,as might
happen in the less saline enviromment of the estuzries in which

the evoluticn of the vertebrotes is sup osed to have occurred,



3.10 Zhe Bffect of Goitrogens

Sonme macroscopic effects of the antithyroid drugs used were
noteds In the intuct animal it was seen that the muscle tone wus
very poor and the nerve refiexes slow after trectuent. Alse the
tunic wns visibly swollem in such species as Ciona and sgeidis.

On épening the tuniec it wes seen that the heart and blood vessels
were disvended, The gonoducts contained a great accumlaiion of
ganetes which had not been discharged nomelly. The endgatyle was
also seen to protrude further iuto the vhaxynx then was usual,but
whether that wes due to hypexplasia of the endostyle or to the
distension of the subwendosgylar bluod vessel wes not imvediately
claar,

Sections of ascidizns treatod with goltrozens showed that
the histological chenge wiich they caused wog an acowmlation of
fiuld in cells with secrcioxy Mcticm. Such cells had greatly
erdeaged vacwoles, Tiis was very obvious in the mucus secreting
culls of ‘t}:;e endosfyle,tat is zones 1,2,/4,6 and to a smeller extend
Zoue ‘i'(.m%w cuboided epitheliuwm of the phuaymnr was also generally
enlorped by svelling qf the vacuoles. The gut epithelium wes like»
wise affected and also the follicle celis ol the ovixy. There wms
sowe thiccening of the collagenous wellis of the subwendostyler
blood vessel in fiona and also of the tissue supporting the lips of
the endosijle. “In the endostylar appendix the epithelia of the roof
ghowed sﬁma }érperplasia,w}ﬁch vwas more noileeszble in the colurmex,
ciliated epitiwliwa then in the cuboidsl epithelium,

The binding of radlozctive iodine into proteins was completely
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suppressed both by XONS enmd by methyl thiourseil, Ho activily
wes recorded by the sivipping £ilm teclrdque of avtoradiography
frorn ddetolozical sasutionss £ thoush chromato: sophdocl snelyals
of minilorly treuted ascidiens shoved thet the wpitcke snd binding
of radloactive icdine was not completely suppressced by these sgents
(Be3 = 846) 1t is quite vnderatindable that the very snell apmounts
of activity prosent in o vooled hemogenste of severrl poitrosem
trected Ciona would mot be datectable on Ty sections from individual
enimala,

The sbeence of roedioactive ilodine Trom seckions of thioe
urnell trested ascidions is o confimation of the cloim hy Leblond
gnd Grosa {see 3.3 ) that only ¥,B.I. senains in histelosdesl
sociions since iodinated anlno acids and mu.oh iodide were dotected

YWy cheonabospaly of windlerly tvected andnels (Faxt 4},



FIG. 3a.

Diazrammatic drawing cf an ascidian

endostyle to show the zones as numbered

by Barrington.
m = mucus, ph.ep. s pharyngeal epithelium



FIG., 3b. Autoradiograph of T.S. endostyle of Ciona. 3 11 ia

present at zones 7 and 8. Both intre~ and extrae

131

celluley I ig seer in both zones.

Fig. 3c. Autorcdiograph of = ssetion through the ovzry of Ciona,

troated with B 11 for three days. B 11 is present in

all stages of oogenesis;it is seen in both oytoplasm and nuclei.
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FIG. 4a, T.S. endostyle of Botrylloides leachii. Autoradio-

131

graph. I is accumulated over zones 7 and 8;

also on the pharyngeal epithelium,

®IG. 4b. Autoradiogroph of section of tunid of B, leachii
fron edge of colony. Section includes an ampulla,
3 .11 present in the cuticle and matrix of tuniec

and epithelisl lining of ampulla.






FIG, 5a. Autoradiograph of T.S. abdominal region of Ciona
showing passage of 1511 through the intestinal
epithelium and some acoumulation in the surrounding

testis follicles,

FIG, 5b, Autoradiograph of T.S. testis of Ciona. Upteke
of I denser in the centre of the follicles,

i.e, in the spermetids.
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7I6.7a. Autoradiograph of T.S. endostylar appendix of Ciona,
ghowing 1311 scoumulated along the surface of the
ciliated colupmar epithelium. There is a dense acoum=

uletion in the apex of the roofs

FIG. Tb. T.S. of an adjacent section to Fig. 7a stained with
Alcien Blue,which shows the mucus on the surface of

the columnar epithelium.
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FIG., 8a. Section through the heaxt of Ciona stained with
Aleian Blue., fThe myocardium shows cross fibres which
atain blue. The pericardium contains a smaller
numver of these fibres, The clump of ecells present

also stained deeply whth Alcian Blue.

FIG. 8b, Auborsdiosruph of section through stolonic bud of
Podoclevella containing undifferentiated cells,
131 ia distributed throvghout the bud, H.P,






FIG, 9. Autoradiogrsph of section through the heart of Ciona
treated with 1.0 po/ml for three deys. Dense uptake
by the pericurdiac body and myocardium; uptake also

by the pericardium and blood clots,
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FIG, 10a. Autoradiogreph. T.5,. Styela testis follicles
showing interstitial 13 1Z{.

FIG, 10b, mtﬁ?ﬁﬁiogr@{ﬁh- T.8. Asecidis body wall snd t‘mj.e,

shovwing 3 11 associated with muscle blocks and the

matrix of the tunice






FI1G, 11a. Autorziograph of seection through blood vessel in
the tunic of Eyurs showing decreasing density of

1511 awoy from the walls of the vessel.

FIG. 11b, Autoradiograph of section through the tunic of
Podoclavells showing L 11 acounulated ab walls of

vesssl.
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F1G, 12a. imtoradiograph of a section through the tunic of

Eyura with & piece of cuticle almost detached

1

4
which contains no 2 I, Photograph teken

immediately adjacent to lower figure,which coniains

much 131

1 associated with cellular and fibroudelements

I in the cuticle. Section also shows

in tunic netriz,

FiG.12b. As above,showing low density of 15 13: in the innerx
matrix and greatly inere:sed density in the sube

cuticular layers and cuticle,
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FIG, 13a. Autoradiograph of 1.8. Ascidia tunic,showing the
association of 1511 with large cells,cﬁains of which

pass from the inner tunic to the cuticle,

FIG. 13b. autoradiograph of 1.S. Aseidia tuniec, showing the
incorporation of the cells containing L 11 into

the cuticle.
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FIG., 1ha.

FIiG. b,

Autoradiograph of whole mount of a free-swimming
larve of Ciona. 1""'11 is present over the surface of
the body but does not extend into the region of the
fins. Thexre is no concentretion of 13 ?I in the

sensory vesicle.

iutoradiogreph of vwhole mount oi Ciona larva at
comuencenent of metamorphosis. kost of the tail

has been resorbed into the tyrunk. The anterior

part of the tail contains 13 11 dn zssociution with

the cell clumps. There is much 1511 in the trunk.






FIG., 158, H.P. of Fig, 1hb showing the passage of 1 into

the trunk with the resorbed tail cells.

FIG, 15b, Autorzddograph of whole mount of meteamorphosing

larve, shoving very dense upioke of L 11 in posterior

trunk snd accumulation of L 11 in the pharynx and

anterior trunk region,
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FI1G, 16.

T.S. endostyle of Ciona treasted with methyl thio-
uracil. Alcian Blue / Chlorzntine Red stadin.
Shows the enlarged vacuoles in zones 2,4,6,7 and 8
and in the pharyngesl epithelium; distortion of
the zones and distemsion of the collagen around

the subeendostylar blood wvessel,
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The sinple ascidian Clona integtinalis was used almost
exclusively for this womk. Pyuye stolonifera gonads were used for
some experinents. Cions was sivsen because it wos easier to dissect
out the various organs required from it than from other species
and it wes pexticularly easy o obtoin the blood., dlso it wes
obtoinable for seversl montha of ithe yeax.

CGions were collected as required for experiments. Uhen less
then 5 ame long about ten were used for experiments,or parts thereef,
Less than ten of the larger animuls were nesded in order to obbadin

1 in the samples but the nmbor used

sdequate concentrations of
was 0o lorge as possible in oxder to eliminate the offects of indi-
vidual voriations in the corpounds. Dimalure zooids were not mixed
with meture ones in these egnexinmon sy

1

the Gione were frested with Ha 5 11 ot an initial concentrole

ion of TeB = 140 po/ml for vaxying tines according to the object
of the experinent. 7.0 po/ml represcnts on increase of 0.01) per
cent in $he icdide content of the locel seawmber,at ohloxdinity
19.36 °/ - The addition of tidis much iodine would not therefore
couse en shmormel inorease in tho lodine counbent of the medium,
inspite of the runge of salinities experienced in the locality
where Ciona was ccllectad.

For qualitative examinciion of the 3 1I cormounds before and
after hydrolysis o period of two of three days wos allowed, JDuwing
this time a little extra food wos ndded (as dried liver powder).

Mve or six aninmels of 7 = 10 om length were trentsd in each litexy
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of seawater with constant seration., The water level was kept cone
stant as evaporation occurred. The tempercaiure was noi controlled
unless the air tempersture exceeded 200'6; then a water bath was
used to keep the scawater at this tempsroture. The temperature of
the water in which (iona is found looally regularly exceeds 20%¢
during the swmer months so experinental terperctures up to thot
were not considered to be delrimental to the animals,

After treactment the Ciona were allowed to expand in normal
seowater; they were then drained as thoroughly aspossible, Ko
narcotising agent was added in ese it interfered with the iodine
metsbolion end becsuse excretion of iodine corpounds would have
occurred during the period of narcotisation,which usually required
soverasl Lours.

Me tinic was removed sné the lvmer gelaiinous 1:yexr scraped
off it;leoving only the tough ouwbrsrperi,vhidh included the sclero=
proteing., ALl enbedded poxriticlies were removed before 1t wes oub
into pieces p rior to homogenisation.

The body wldl was cut tronsvorsely scioss the shiomingd regione
This relecsed the eoelomic fliud winch was washed ~woy with seowater,
aftoy widcoh the sndned woe LloSited dyy wiih Kleenex tissue. The
heart woo carefully freed fron its svrroumnding snembrunes and the
aninal ervorosd on & ﬁissue so that Uhw heawt vrojectsd awey fron
the other orgens. The tip of the heswrt vas cub off and the bLlood
dzndined into o reoceiving tube. dwny Liuvid coming from the body
cavidies was provented from resciding the heart of the tube by the
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tissne. It was found tha$ far more blood could be collected from
each aninal in this wey than by using & hypodermic syringe introe
duced into the hecrt as the vory thin walls of the heart invaricbly
collapsed and blocked the mouth of the needle, OCuiting the heart
veleased the fluid from the pericardial cavity and this was there-
fore included in the fluid termed 'whole blood!, However there
wos no detectable difference in the iodine compounds obtained by
the two methods.

The pharynx wos then opened by = lateral,longitudinal
incision., ‘he endostyle was rewoved with as litile adherent tissue
as possibles 'the endostyler appendix wus nlso oxclsed sud pooled
with the endosiyles.

The ovary was ioken out and the gui cut st he bogluning ond
ond. of the vesion covered by the diffuse white testis, The gut was
corefully freed of cny contonts. Abtempte to free the testis from
the gut wall were not successful. The gonuds were gortbined after
early experiments hod shown thot both tesbtis snd overy had the same
iodine conpounds.

The endostyle,gut,overy and {tunic were dipped into distilled
water before being collecied in icewcold phosphate buifer ob pH 8,2,
As litile buffer os possible wos used to avoid diluting the sonples.
The blood wos diluted with the seme amount of buffer. About 100 mg
of methyl thiouracil were added to the collections ol organs and
the blood o provent avtefoct formotion in the presence of any froe

iodine which might be liberated (Tourog et al.,1955;Glecson,1955),
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Some finc glass powder was then added «lso and the orgens homogenis=
ed finely by =n eleciric homogeniser. The hunogenstes were then
coarsely Filtered through glass wool snd theflltrates ,containing
fine particles,were collected in graduated tubes. The volume of
filtrate was between two snd three milliliters. The filtrates were
divided into two equal perts if hydrolyses were to be done. The bl
blood was well stirred then divided likewise, An extrs 50 ng
methyl taiouracil wes added to the portions to be hydrolysed to
prevent the utilisation of any free lodine released during hydrolysis.
The other halves of the filirates were frozen until used for chromam
togravhy a8 unhydrolysed samples,in futuve referred to as the *homow
genotest,

Chropatogrophe were prepared of equel aliquots (9.} nls)
of the homogenates mnd hydrolysates. The aligquots wore measured
with an Agla micrometer syringe fitted with chongesble L -shoped
glass capillaxy tubes,intstead of the usual hypodermic needle.
The scmples were applied se 2 om strips across the origin line of
the chromatogrephs, In intial experiments the sanples were applied
to & conplete sheel of paper. It was often noticed thet veadable
degrees of sproading of the samples occurred as they were carried
down the paper, This made quantitative estimation of the iodine
compounds in & strip cut from the sheet inscourate. To evercome
this the p aper was divided into the necesscxry number of 2 em strips
before developmsnt by cuiting out 1 o» strips fron just above the

origin line to within two cma of the foot of the paper. This meant
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that 211 the applied sample was. contbained in the 2 em styrip. The
najor drawback to this method was that the solvent front was not at
the same level right a2cross the paper becouse of interierence by
various azents in the sanples, Chromatograephy on whole cheets of
paper elininated thése variations by the latercl pull of the solvent
front on adjacent arvess. The veristion in the sohvent front in the
pre=cut sirip method was only significont in the sonad ssmples
developed in B.DsA, amd initially led to some misinterpretation of
the results, The effect wag eliminated by extiracting the homogen=
ates with chloroform before applying siiquots of both the agueous
and chlerofom lgyers to the paper.

Waatnan Ho.1 paper was used for oll experiments, Stande:
of mono- sad d=iodotyrosine,triiodotiyyonine and thyroxin (E&. sa.lts}
dissolved in n~butanol were applied to the sane sheet of puper as
the samples. In this thesis the abbreviations used for these
iodo~aninoacids are those pronssed by Horrington ond Piit~Rivers |
(1957 ),08 follows =

monoiovdotyrosine « MIT thyroxin - T&
diiodotyrosine ~ DIT ioddde - I
triicdothyronine - §§ protein bound jcdine =~ F.B.I1,

Dunlieate chronstogruaphs were developed with two solvenis
gystems to chieck tho ideniilicaition of compounds, One systen wos
the diphasic n~butencl - dioxsn = susonia /4 - 1 - 5 (Gross,
Leblond Frenidlin and masﬁel‘,ﬁ%},wl@ﬁch is abbreviated to B.D.A.
The other solvent wes the monophagic n-bubtanol - acetic acid -woabex

/78 = 7 = 15,sbbreviated to B.Ac, The latter gives good separation
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of MIT and DIT but differentiates poorly between the thyronines,
which are carries close tot the solvent front. The B.D.A. separates
‘I‘5 and T4 well but does not differentiate so clearly between MIT
and DI%. Iodide is carried to different Rf values by these solvemts,

The chromatographs were developed in dscending solvent for
12 = 15 hours at 25°C to eabout 30 cm length. The papers were then
thoroughly air dried before being sprayed with a solution of nin-
hydrin (0.5 per cent in 95 percent ethyl alcohol) to locate the
standards.

In some experiments the relative amounts of the various
iodine compounds were determined by passing the 2 cm wide strips of
paper containing the chromatographed samples below the window of
& Gil4 tube. The strips were pulled through a special lead Bolder
to prevent radiation from the remainder of the strip being counted
as well as that passing through the slit in the lead holder. mt;{e
slit was 0.5 x 220 cme The stiips were then placed against Kodak
Medical X-ray film for autoradiography and exposed for at least
ten days. The films were developed in D 19b.

The activity of the comsecutive sections was pPlotted against
the distance of each section from the origin,for each sample, In
many experiments the radioactive peaks were quite distinct and
there was almost no activity recorded from the intervals between
the peaks. In such cases the percentage compostion was easily cale
culated from the summation of the activity for each peak. Some
experiments however, and particularly the blood samples,gave chroma=

to graphs which had a varisble but continuous residual activity 53
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glonz the strip, which usually ceased asbout 10 om or less behind ¢
the front. In such cases it was sometimes d&ifficult to be certain
just where the limits of the peaks were. The limits were therefoxre
determined fyom the subsequent sutoradiographs,simce autoradio=
graphy was much more sensitive to lowx;.otivities then the scanning
ecquipment used and the true peaks were better defined. The activity
of such peaks wes still caleulated from the scanning data and gave
resulta in good agreement with those from clear chyomatographs.

It is considered though that the data derived from the scamming

of the chronatographs,whilst giving a good indication of the com=
position of the sampies,should not be taken as absolute. Errors
due to the residusl activity wiuld cause sn increase in the rela=
tive amounts calcultaed for the compounds with the least activity
which may therefore be smaller th:n the amounts given.

Vhere the rel:tive smounts of the iodine compounds are
given the figures refer ouly to the activity of the compounds. KO
attempt hes been made to transiate these activities into the =mounts
of the actuial compounds,since it is not certsin how many of the
iodine atoms in say,i‘k?are radioactive, becsuse the thyronines mey
not be composed entirely of radiciodinated tyrvsines.

For convenience of reproduction the wutoradio;raphs of the
chromatographs have besn trzced. The cross-hatching is intenddd
orly zs z guide to the density of the activities of the various

peaks on the same chromatograph.



4.2 Hydrolysis
To determine which iodo- amino acids were incorporated into

proteins hydrolyses of those tissues known to contain protein
boundiodine were done, These hydrolysates were compared with
unhydrolysed samples of the same tidsues and differences in the
amino acid composition were determined by scanning the radiosctive
¢ romatograchs and by subsequent antoradiosrephy of those cironmato-
grephs, Technicel and theoreticel information for this work was
obtained from Block,Durrum and Zweig (1958),Fieser and Fieser(1950),
Sehmidt (1938),Cowgill and Pardee (1957)and lieister (1957}).

This work was not attempted umtil & number of unkydrolysed
samples had been studied so that the veria ions inftissms iodine
content had been observed. The effecis of 1311 concentration
in the medium end the duration of treztment were also siudied
before hrdrolyses were done,

The duration of treaitment wss wn inportant factor., Since
there is a progressive incorporation of iodine,firstly from iodide
into amino zeids,thence into protein,the mexdmm amount of protein
bound iodine would not necessarily coincide with the eguilibrdum
staze between upitake and excretion of ifodine. The rote oilimcorp-
oration of 211 into protein was studied in the blood and some
other tissues (4.3 et seq.). From there results it was decided
thet trestment for three dayas before hydrolysis of the tissues
would give the best resultm., Frolonging the treatment would have
given a higher P.B,I. content but & considerably lover total

activity which would have made scanning,and even eutoradiocgruphy,
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inefficient,

Several metiods of hyrdrolysis were tried sc thot the resultis
sould be coupared. BEnzymatic hydrolysis wos the first o be conside
ered since it is the most natural way of breuking down substances
which pass through the zlimentary oanel,such as the endostylax
gecrotions, The preparations of tryossin and pancreaidin which were
jrsnedistely available proved to be largely inzctive,having been
stored for some years in uncontrolled atmospheric conditions,

Some fresh pancreatin (Iight's 3x U.S.P.) was ordered by aimeil
and stored in a rofrigerator on svwival. It wus used over & period
of soversl moaths and gove opparently similar results !l the time.
in experiment done when it had been stored for more then one yeor
however showed thot its hydrolytic powers were not as strong o8
they had been.

Somples which were to be hydrolysed with pancreatin vere
collected in vewrcmal or phosvhate buffer at pH 8.2. One helf of
the preparcd homogenate wes irozen at once,whilst to the other half
was odded apsroximaiely 100 mg pancroatin. The hydrolyses were
corried out in 15 ml centrifuge tubes which were thoroughiy clezned
and oven dxdied ay 100°¢, They were stored inverted until used.

The usuzl expedient of covering the hydrolysls miviture with & thin
layerxr <I>£ tdluene vas sbendoned when it was observed thut some of
the radioactive jodine pussed into the toluene, or inte any other
0il used to prevent the eniry of zirborne bacteria inio the mixture.
Instesd Gthe clean,dry tubes were not turned mouth upvwards until the
final mixture wos poured ingthey were then sealed lmmediately
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with Parsafilm. o more noticeable putrifaction occurred with this
method thon with the toluene nethod. The tubes were then pl:ced

in an incubating oven at 38”% for three days. The hydrolysates were
centifuged o settle the sediment before aldgots were tvaken of the
supernatants for chromatogreaphy.

Hycrolyses were also tried with HGI,B&(OH)2 and NaOH, Only
the NaOH gave raeclly consistent resuliés. The various smino acids
wore sometiunes detected by antoradicsravhy but 1t wes  evident that
deiodination wes ocowxrring in HCL wnd Ba(GH}z hydrolysetea. Thore
was usually much evidence of ivdine towards and =% the front ef
chrouetographs whlch wes interpreted 2s belng due % asrtofacts wmd
elamental iodine formed during the hydrolyses. Hrdyolyases done
with HC1 slways showed iodine at the front of chiromatographs
developed with B.he,,which was cousidered to be slemental iodine
releaged from the tissues by the acid medium. Other srielzcts were
not prominent in #0l hydyolysates. ifuch iodife wes probably lost
from the hydrolysates during the remcval of egcess HCL by evapore
stion. Attenphs tu overcome this by neutralising the excess acid
resulted in ?salbing' iroubles on the chromatographs. The best
results were obisined by teking H-butancl extracts of the acid
hydrolysates and rcducing them in vaocuo at room temperature.

“he hydrolyses done with Ba(@ﬁ)z (by adaptoiion of the method
of Kendzll,1914) resultad in heswy oxidatior to iodide and iodine.
Some amino &cids were detected but the method was not persued furth-
&X',
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Some success wes obtoined with NaQH as the hydrolytic agent.
The use of methyl thiouracil %o prevent artefact formation (Gleazson,
1955; Taurog, 1955; Kennedy, 1958) greatly enhsnced the clarity of the
chronctogranhs although some smcmalons vesults were obfained in
gone experinents. Iodine compounds which did not correspond to
the stondords used were located on seversld chvomabngraphs,but no
consistency wes observed in the location (Bf) of these unknowns.
Moatly ihey were in the widdle region of B.D.As chromatograpis,
forwsyd of the iodide bendRf 0.43) but mot fur emoush forward to
be identified with the unknowns siudied by Xennedy (1958). Some
of the feinl iodine bands locoted between sbout 0.6 and 0.7 in
By,Daiis could have been due to ilodothyrenines other then "Ej and i“g%.
The rost persistent artefccts formed were subdivisions of the iodide
band. These are discusced more fully in the scetion on artefact
formation,

s methed vsed for hydxolysis with NalH wes as followa,
‘e tissucs were honggenised in distilled water with methyl thio=
weeil to prevent the fuorther utiliiscvion of iodide, Arter extrac=
tion of the honosenatas with &5—2&15 znd filtering,half of esch
filtrale was frozen., The ouher part(1 - 2uls} was wade uwp to 2K by
the addition of 5F NaCH, An extra 0 mg ol methyl ithiourseil was
glso added, This mixture was ploced in o centrifuse tube and &
bubble ztooper placed in the mouth of the tube. iHydwolysis wus
carried out in & stesms bath for ot lwast 5 hours. The resultant
hydrolysate was peniralised by st% and. excess sold added to give

o pH 3 = &, Aiftor centrifugation %o ramove eny procipitates
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present,either butanol ll extracts were tiken and reduced ln vacuo a%
room tempersiure,or the aqueous hydmlyga.tes were applied directly
to papers for chromatography. The mmvtiﬁml,:fsed homogenches were
thawed and centrifvged and serples of the supernsients applied %o
the pepers slongside the hydrolysates. Since FeBoI. is not soluble
in butenol it wes not feasible to ertract the homogenstes with
butanol hefore chromatogsrsohing the samples., Butanol extrsctioa,
whilst giving clearer chromatozravhs was not necessary so long =8
the homorenates were well filtered omd mnot too muoch =is apnlied
to the popers. Choosing the optimm corditions for treatment
with 431:[ grostlyinerecsed the netivity of the semrles and hence
made amaller aliquots necesaaxy for successful seanning and anbom
eodicgraohye

Butenol extrasction of hydrolysales wes done since all the
products of hydrolysis of iodinated proteins should be snluble in
ne~butanol .wherss meny inorganic compounds ars comparatively
insoluble, However o direct comnurison of honogenates ond thelr
hydmolysates woe not possible unless both were In agueons salutions
gince the inorgenic iodide compomdis and P.B.I. were only purtially

gsoluble in butanol.

Artefact Formaticn
Yo tesi the possibiliy that compounds of puncreatic origin

might become iodinated during hydrolyiis sone pancreatin was incub-

131

ated with o few microcuries of Ha Z I in phosphate buffer with and

without methyl thiourscil. A sample of boiled panecreatin wes also
)



teasted, The hydrolysates were chromotographed in both developing
8 lvenis. The double tiodide' band was the only artefzct formed
snd was zuppressed by methyl thiouracil. %his inorgwnic iodine
artefact was not consistent in sppearance duning these experinents
nor in the penersl expeviments on hydiolysis., It was occasicnzlly
seen in unhydrolysed dissue samples. Naw’ 11 also gave a double
band when chromzfographed in B.Ac, and the same sample had &
diffuse lower border when developed in B.D.A. The sample had been
stored for 2t leagt two weels in the leboratory since its dispatch
from the Commonwealth Yeray and Radium Leboratory, The foxmztion

of this double bend was not usually noticed in the No'o |

131

I used sg

& siaadaxd durlnr enperiments,vhich I wuld have been slored

wnder loboratory conditions for o much shorter time. These rzeaults
suzgeat that the formation of -the inorganic iodine compownds is
brought about by the developing solvents snd not by the alfccte of
hydrolgsis, The double iodide bond alao agpeareﬁ sometimes ¢n
chromatograshs of HeQH hydrolysates.

the foreution of an oxidised form of jodine hes been irveste
igated by Yawrog(1961). The use of methyl thiouracil to provent
srtefict forastion was proposed by Glesson (1955) and Teuroz{1955).
Gleason siated that radicketive iodide does not exchiange with the
stzdle atoms in lodethyronines in conditions which ensure couplete
shaence of free lodine but will do so readily in synthetic solutions
in ghysiological pH ranze. Ailexander (1961) however aaserts that

131

in viirp there is no exchange of I with 127! in thyvonines



in homogenates of human and rat thyroid glands under f;onditiona
where iodination of tyrosines takes pla.ce T8 dily. Alax&mder also
cleims that,in vivo,only MIT will exchnmge 12?1 or E tor B35 4n
the presence of iodide peroxidases and that thyronines are not
affected under the same conditions.

Kennedy (1957) investigeted the fomation of en avtefact
formed during FaOH hydrolysis of iodinated proteins. fie found it

was also supressed by methyl thiouracil.
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.3 e Elood Iodine Com ds
The blood of Ciona contains a larger amount of iodine than is

found in tervestrial vertebrates. Zypical figures are 126 pg/100 mls
for Ciona and an average value of 6.3 1g/100 nls for human blood
(total plasma iodine). For the purposes of comparison it is stated
here that the iodine content of the local seawater was found o be
about 6 1g/100 mls. fhe proportion of the ascidian blood ieodine
which is organically bound is considerably less than in human blood
but 8till_zccounts for the layger part of the total blood iodine.
Half or more of the organically bound iodine in Ciona blood was
found to be firmly protein bound and could not be sepsrated by
butanol extraction,as can be done with the human serum protein-
thyroxin system. Of the remaining organically bound iodine in
Giona blood,thyroxin was & consistent component,and its precursors
MIT and DI¥ were also found. '!3 was sometimes present,

There were marked variations in the percentage composition
of the blood 'I compounds after similar periods of treatment. The
data for three such experiments are given in Table 1. After two
days trestment at 0.8 = 1.0 ue/ml 12 the equilibrium stage should
heve been peached,and it should have been possible to determine the

proportions of organicslly bound 1311 and inorganic L

I at that
stage. The variations in the data obtained however mede 1t necessary
for some other method to be employed. Therefore the percentage
composition of the blood iodine compounds at various times was invest=
igated and average values for the equilibrium composition der¥ved

from the histogram obtained.(Fig.!7 ). The ratio of organic to .,
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inorganic 3 I at 50 hours was found to be approximately egusl.

This means that the srganie iodine content of Ciona blood is ahout
60 1:2/10C mis. Therefore (iona blood contains ten times the asomt

of orgenicolly bound iodine which is found inm bumen blood,
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Shout 35 paxcent of tho bleod 2 'I is contsined in MIT,DI%,

3

is fimly protein bound snd elthough the proteins are partially

and. %Blg- The remainirxg 35 porcent of the orgenically bound 3 11

poluble in mebutanol,thyroxin is not reloased from the proteins by
extraotion with n-bnml,mjsem perhaps that which {s conbained in
the 15 parcent of froe aminp veids, This inaicated that the blood
of Ciona is mot iodinated in the seme way sa is vertchraie hlood.
 the' proteins of Giona blood were therefors presipitsted by
’i‘,.’fl.fzg and seporated Lrom the plasee by centrifugation., The pre-
ocipitate wau hydrolysed with 23 FUL in sealed tubes st 90°C.
Chromatosrenhs of vhole blood,hydrolysed Rlood proteing und the
deproteinised supernatint wore prepixed. Ma./fshowe thet only
BIT wes peoduced from the propein by hydyolysis. & smell amount of
whydralysed protuin, e little fodide snd mveh fxee lodine were aleo
;m-ea&xt. Only the fodine wns sbaent Crom the wmhydrolysed sanples.
Both the whole blood and the swernatasd eonboined jodo=-thyronines,
Subsequent hydrolyses with EnOf or Pencrestin c-ufirmed these rosults.
(Fiz4/9920) Thers wus sosetizes an indiestion of & very suell increase
in the tiyroxin contemt but it wes guite dafinlte thet MIT wes the
najor orgenle lodine compoment of hydrolysed blood. By tresting
the eninels for ot least three duys with %‘!I the ssount of P.B. B 11.
in the blood was increused to shout 7O percent of ithe totel sctivity,
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and little or no 1

I remained as iodowtyrosines. ience sny MIT
found in the hydrolysates could only have come from the proteins,

Fo attempt was mede to determine which ¥ype of plzsma protein bound
the iodine in Ciona because very little is known about the compesit-
jon of aseidian blood. Macroscopic examination of the blood of
Pyura and of Clone showed that considerable felotting® tool place
{n the former but none was evident in Cionafindicating that the
blood is not of the same composition in the two genera. The Director
of Rutgers Serclogical luseum was unable to give sny information
about the proteins of cscidian blood. It was felt that an electro=
phoretic examination of Ciona blood would be of little value with-
out & knowledge of the basic constituents of the blood.

The effect of goitro ens on Ciona blood was not easy te inter-
pret (Table 2). Both XCNS and metiyl thiowneil (m=TU) reduced the
total activity of O'I in the blood to less then one fifth of the
control velue. The residusl activity however was still distributed
more or less nomszlly between organic and inorganic fractions,al though
the amount of protein bound iodine wes much less them in the controls,
there being an accumulation of the jodo=-zminoacids instezd. This
would indicate thet these goitrogens affected not only the iodide
sccunulating mechanism but also the formation of proteins from amino
scida, This was seen to be so in the other tissues investigated as
well. The most inexplicable feature of the effect of these goifro~
gens was that in the blood (but not in the endostyle and tunic)
m-TU did not block the formation of iodo-amino acids to the extent

which might be expected from its effect on mammalian blood iodine.
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The inorganic fodine content wae 1¥6s than A0 percent of the total
with hoth the higher end lower concentrations of-the guitrogens
which were :med. Ihe Dhigher sonmcentration of meTU (3.4 x ?0"!)
coumed definite blockase of iodseaminos seid formation in the other
tissues. The lover concontretion (2.8 x ﬁo"%z) did note The
formution of oxgoniezlly bound iodine compounds in the presence of
£CHS would be explicable since iodide wiich embered the bleod by
diffusion would be bownd in the normal way. Methyl tiiouresil
howaver should prevent the bindims of fodide which diffuced into
the bleod,uniess sone other binding mechanism,not involviag a
very specifie ensyme aystem,is presemt in sseldians,. Such o
srizd tive mechanisn heas bew postuleted (Pitt-Rivers ot al., 1999}
to explein the presemce of smsell guantities of protein bownd MIT
resodning in rots treated with thiowracil,

It wez thought poseible that some physiologioal cud envizen
mentsl footors might influence the oxganic iodine compounds of
the tisaues,peribiculavly those in the sirenlailng system,the hHlood.
The most L kely enviromental foctors to saffeet the fodine compounds
are the awnply of iodine end the toupercture of she sewwater. The
aifeot of temperature cn the rolutive compssition of the bloed
joldine conpounds was investigeted by trestipg the animals with B ‘SI
2t teaperstuves of 6°C (low winter tenpercture in boveal webers)
snd 20%C {moderately high swmer benpersture in South Zustralism
vaters). (he lov tempersture wes meintaoined in a speoisl velwigere
ator, the aninels veing constenly seyoted and receiving perfodie
11lwrination, The experiment wos done in summer when the moxmal
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water temperature was about 2@00,30 those animals treated at 20°¢
were in faot a control set whilst the others were exposed %o a
temperature which was unnaturally low for them., There were na
marked differences in the composition of the blood iodine compounds

B3 Gas the

of the two groups. The ratio of inorganic to orxganic
seme at both temperatures (14.5 percent iodide)., There was however
an increase of sbout 30 percent in the total activity in the 8°C
group over that of the conirol group,but this result would need

to be verified by a larger number of experiments before any signif-
iomnoe oan be attached to it.

The most important intermal factor which might alter the
pattern of the iodine compounds was thought to be the state of
maturity of the gonads, Therefore some very young ones,less than
three centimetr es long with undeveloped gonads,were treated with
some fully reproductive animales. The blood of the young ones was
found to contain 19 percent inorganic iodine and 81 percent
orgenic 13 'gI whilst the mature animals contained 14.5 percent and
85,5 percent respectively, Whilst these differences are very
slight a great discrepancy appeared between the total activities
for the two sampless the younger blood contained nearly twice as
much radioiodine as did the older blood. This can best be explained
by assuming that the increased amount of tunic substunce and the
maturation of the gonads depleted the blood of its iodine compounds
in the fully mature sninals, Other wise it can be inferred that the
metabolic rate of the young animals influences the total iodine

content of the blood and possibly of the other tiasues, 66



Included in the experiments on artefact formation (4.2)
was & series to test the ability of the biood fto utilise radio-
active iodime ip vitre. It was found that whole blood formed
P.B,I. when incubated in phosphate buffer at pH 8.0 (the natural
pH as determined by pH meter). Boiled blood and blood with nethyl
thiouracil added 4id not form P.B.X. Although this latter result
is contradictory to that of the experiments dore to agcertein the
effeot of goitrogens on the tissues of intact animals ( in which
methyl thisuracil ¢id not entirely suppress the formation of P.B.IT)
it is possible that the guentity of blood used for the in vitro
experiment would not permit the amount of P.B.I, formed,in the
presence of & relatively large amount of m-T0, 80 be detscted by

autoradiogrephye
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4,4 The Endostyle Iodine Compounds

Homogenates of the endestyles with associated mucus and the
endostylar zppendices gave 2 generally consistent analysis with
P.B.I. and iodide as the major components. The proportion of
radiocactivity in the protein and iodide fractions naturally varied
with the length of treatment with radioiodine but also varied in
experimetns using the same conditions of treatment. The most
likely cause of such veriations would be the amount of inorgenie
jodine adsorbed on the endostylar mucus,and not the concentration
of P.B.I. present, The latter will vary between individuals,end
may also be affected by ihe rate of production of mucus for feeding
purposes. As noted in Part 3,4 there may be varietion iniodine
binding in the endostyle but the entire endostylelmay,if there is
any oontrol iodine metabolism,bind jodine at a more or leas steady
rate whilst normal feeding talkes place. Extreme variation amongst
individusls in a pooled group wpuld ecsily offect the ratios of
the compounds however. FPerhaps _the best guide to the cause of
these variations is the relative amount of the compounde in the
other tissues of the same group of eninals. Some figures are
given in Teble | to {llustrate the variation in percentage com=
position of the blood,endostyle and tunic.

From autoradiographs of chromatographs it wos evkdent $hat
the smount of P.B.I. increased continuously over the period investi=
gated,that is,up to three duys. The amount of P.B.I. at three doys
wes,by visual exemination,at least twice that present at one day.

Scanning the chromatographs showed thet at three days there was
68



often four or five times as much P,B.I as at one day. However,

as the one and three day samples were not taken from the sane
animals these figures are not an absolute value for the increase
of P,B.I. with time, They indicate that some storage of organic
iodine compounds must have occurred in the andostyle;alternatively
the endostyle was not binding iodine directly from the seawater,
but was supplied by the blood stream and therefore could form
P.B.l. only at the raie governed by the supply of iodo-amino acids
from the blood.

Pree iodo-enmino scids were occesionally detected in the
endostylar homogenates,but only in very small quantities. A trace
of Tz; was found in zbout fifty percent of homogenates,but its
identification was often doubtful because of the diffuseness of
the autoradiogrephic image. 4lso it wes noted that it occurred
only on chromatographs d:veloped in B D.A, This may have been due
to the inefficliency of B.ic, 8s & developing solvent for thyronines
or perhaps to deiodination by that solvent. The presence of methyl
thiourseil in the homogenstes should have prevented the srtefuct
fomation during cihromatogrpehy,so presumably the traces of iodo-
amino acids were gonuine, Vhether they were dve to endostylar
jodine binding activity zlone or also to the small traces of blood
left in the sinuses around the endostyle is uot known.

Hydrolysis of the endostyle and mucus,either by NaOH or by
panoreatin produced MIT as the most zbundant iode-amino acid, (Fig 20).
Traces of DIT omd Tl& weve found in one or two hydrolysates;their
presence in the control homogenates of these hydrolyses was negative

69



or doubtful, Hydrolysis by puncreatin produced & very small amownt
of an unknown iodine compound which van at Bf 0,35 in BeDede
Chromatoarephs developed in B.io. gove a definite artefact which
was not sevaraied completely from the iodide band,which it slightly
preceded (Bf 0.23 for 1I7). There was no other distinct redioactive
ares on B.Ac, chromatographs which could have corresponded to the
tunimown' seen on B.D.A, chromatographs. The same compound was
present in the blood and $unio hydrolysates and gonad homogenates.
A similar compound was present in NAOH hydrolysates of the blood,
but wus pot detected on the corresponding endostyle hydrolysates.
The possibility of jodinated histidines beins formed wus considered,
put the location of the compound on the chromatographs did not

correspond with the Rf values for EIH and DIH in the solvents used.
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If the endostyle binds iodine in a truly thyroidal msmmer
(takirs up iodine from the internal mediumyor perhups the external
medium and converting it to iodo-amino acids and proteins) then
similar effocts wbuld be expected from higher vertebrates and
ascidians tre:ted with goitrogens. Thus thiocyanate would be
expected to elininate both bound fodine and iodide from the body
since it blocks the iodide accunulating mechanism and methyl thio-
uracil would be expected to reduce greatly the organically bound
iodine with = comsequent accumulation of iodide sbove the nomsel
level,

The two goitrogens had 2 similar effect on the total activity
of the endostyle in that they reduced the activity to apiroximately
fifty percent of the control value in allemperimsnts. The results
of two typical experiments are shown in Tsble3a and b. In (8)
the goitrogen concentration was relatively low (E‘s 3.0, 1058.]2{6118
and 2.8 x 107N methyl thiouraeil). In (b) the concentration of
goitrogens was higher (2.0 x 10"5% KehS and 3.5 x 0™ n-T0),
Infortunately the concentration of 3 11 was not the same for the
two experiments but by increasing vl:hé tine of traezgnen'& with the
loweruconcentration the controls of the two experiments hed almost
equal amounts of inorganic and organically bound iodine.

The ZCHS did not have the sffect expecied of & thyroidsl
gystem since it vermitted the accumlation of zbout fifty percent
of the conirol total sctivity with bLoth the high end the low

concentrations used. In both ccses the proportién of organiocally
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bound to inorganic iodine was the same,and only differed slightly
from the control ratios. Thus it would seem that iodide is not
sccumlated by the endostyle entirely in the same mamner s in the
thyroid gland of vertebrates.

With methyl thiouracil the lower concentration made only &
smell effect on the proporiion of orgenic to inorganic iodine,but
the hizher concentration exerted & definite effect,reducing the
organicelly bowmd iodine from 58 to 14 percent. The total sctivity
of the inorpunic iodine remsined the ssme in both control énd
treated enimals., The fact that both concentrations of methyl thic-
urceil reduced hhe total cotivity of the samples by fifty rercent
is best explained by sssumuing that it has some side effect on the
general metabolism of the snim:ls. This mgy,or may notf,indicate
that the orgenic iodine produced by the endostyle exerts un
hormonal effect on the metebolic rate,since the behaviour of the
endostyle mey be governed by the blood ifodine content.

the results from these experiments show that although the
iodine bindiny wechenisms of the endostyle show some affinities
vith those of the thyroid gland of vertebrates,it is not entirely
sirmdilar snd cannot,on the basis of these resulis,be vegsrded =g

phyeiologiecally homologous with the thyroid gland.



4,5 The Jonadel Jodine Compounds

In the great majority of these experiments only F.B.i. and
iodide were found,the relative activity of the fractions varying
considerably. On hydrolysis the prodsin was usually completely
broken down,in contrast to the hydrolytic products in the other
tissues where a smasll amount of iodinated protein remained even
after the acid or alkaline hydrolyses, (Fiy 2')-

The acitivity counted for the gonadal FP.B.I., was not
merkedly less than (and sometimes more them) that in the endostyle
or tunic samples of ithe same experiment, One would therefore
expect & similzxr degree of hydrolysie %o be effected under similar
conditions unless the type of protein concerned was different from
that in the other tissues. If the indine =~ protein relationship
were different then the hydrolytic vroducts might also be differemt.
The only certain difference detected was in the mwounts of HIT and
inorgarde iodine produced,ther being little of the wmino zeid
released and ar incresse in the iodide fraction. In the other tiss-

ues there weg

little or no increzse in the iodide fruectiorn on hydro-
lysis.

Because some of the gut of Ciona was in the gonads semple
there was the possibility that the 151:{ compounds detected were not
solely derived from the gonads. Some experiments were therefore
done using Pyurs gonads,whicih are discrete orgens except for their
blood supply. Protein bound > 'I end 1315 vere found in Byuxe
gonads as in Clona, (Fig 22 5 23)

Te goitrogens used eliminated organically bound iodine. 73



4,6 The Tunic Iodine Compounmds
Barrington and Barron (1960} treated the outer loyer of

the tunic of Ciona in various ways to detemine iis composition.
They found that the Hydrolysed scleroproteins contained DIT and
sonetimes Tk,with possible traces of T3' The experiments reported
here,whilst not contradicting their resulis,do not entirely agree
with them.

The most important difference was that in all my experiments
HIT wos present,usually as the dominant iodo-amino acid,in temms
of percentage of contained redioactive iodine. Barrington and
Bexron did not find HIT at 2ll, ilso,less than half of my experi-
ments ylelded any thyroxin and DIT occurred in only half of them,
These resulis were compiled from experiments using either homogen=
ates only or hydrolysates emd control homogenstes., The results of
these experiments ere given in Table 4, Earlier experimefits in
which the analytic:sl vrocedure wes ot standordised were not include
ed in the table,but many geve similar results.

The month of the year in which the experiments were done was
ineiuded because the aze of the zooids is possibly relevant to the
presence of thyroxin in the tunic. ‘Those experimehis in which
thyrorin was definitely found were done with very large animsls
about six months old. The local populution of Ciona is character-
ised by a gradusl discoloretion of the tunie both by detritus and
mud deposits and by the growth of micro-organisms, This discolora-
tion,particularly by al ae,is not ususlly noticeable wntil the

animsls ave at least four months obd. Although the loose detritus
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end macroscopic zlgae und serpulid tubea were renoved from

the tunic before starting experiments it was inevitable that micro=-
scopic particles would resain. This suggests that the presence of
thyroxin could be due to exiraneous matter,particularly to micro=
scopic algze. Until some method of removing or preventing such
growths is invented the part played by the ageing of the tunic ida
self cannot be properly investigated. It is evkdent th anyone
handling Ciona that the scleroprotein layer becomes thickened
durine the first few months of growth md it is therefore likely
that the protein-thyrdxin content increases during this time.

The #bsence of NIT from Barrington's aznslyses could be due
to the low concentrution of trazcer iodine used,the HIT which was

formed with 31

I beirns commletely incorporated into DIT and thyxo-
nines after two days. Berrington and Buywon did not specify the
quentity of seewator in which their Ciona werz treated,but unless
it was cbout 5 liters to 20g wet weight of animels it would be

surprising if they detected much radiocactivity &8s Mﬁ.ll'i‘.
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The Bffect of Goitrozens on the Tumio,

ihe effzct of gzoitrogens on the tunic iodine compounds was
gimilar to thait found in the _end.ostyle. From Tables 5 a and &
i% is seen that both XCNS and methyl thiourscil reduced the total
activity of the samples to half or less of the controll sample.
Methyl thiouracil had the more severe effect on the amount of PJB.I.
The weaker concentration used reduced the F.B. B 1I. $0 1.8 percent
of the total asctivity but the total organically bound 1 11: wasa
elmost equal o that of the control. The higher concentration,
whilst it did not have such & marked effect on the L".B.ﬁ“I. caused
a great increase in the inorganic iodine fraction.

KCNS in the higher concentration did not affect the inorganie
3 11 content,which would suggest that the iodide carn be absorbed
directly from the medivm and utilised by the cuticle foxming layers,
This vesult was not corroborated by the experiment using the lower
concentretion. The effect of the stronger concentr:tion appears

to be enomalous.
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TABLE 1

Tissue P.B.I.| iodo- | total inorganic unknown
and _ amino organicig.'llly iodide
Exp.Ho. acids | bound I
BLOOD 1 | 23.75 1,60 | 25.35 74.40 0.28
2 151,70 20.50 72.20 16,50 11.30 Rf pre~
iodide
3 148,20 3730 85,50 14,50 —_
ENDOSs 1 112,94 2.47 1541 84.20 0.39
& 2 %07‘0 b il %t?@ 41030 —
TUKIC 1 117.70 15.72 32.42 59,60 2.38
2 | 64,50 14,15 | 78.65 21,50 -
3 | 36,60 52,30 |  78.90 21,10 -

Percentage of total 1311 sctivity in iodo-compounds of the Blood,
Endostyle snd Tunic., Results of three experiments in which the
animals were ireated for two dsys at 0.8 = 1.0 pe/ml 15?I.




TABLE 2e

Exp. |Total Tviio TolP.B.1. | lodo= jorgenicelly | inorganic |Tatic %6 [uumown

gotivity ocontrol anino bo und151I jodide joontrol

c.p.me| activity acids activity

ettt o e b e T

Control 14635 | 1,0 51,70 |20,50] 72.20 16,50 1.0 11,30
KCNS 2185 0.149 |17.15 |32.05| 49.20 38420 0.345 | 12.60
2;0 X '
10" %
neTU | 2855 0.195 12,00 |38.50] 50.80 35,50 0,420 14,00
3.4 X
10”0y

The effec of goitrogens on the blood iodine eompounds,

Experiment - 24 hours in geitrogen solution,followed by 50 hours in fresh

goitrogen solution plus 0.9 pe/ml 1311.




TABLE 2b

EXPa Potal Bﬁ:ﬁm"g PuBel. i"&f - ’a"“i‘;f;‘%ly fnorganic | Ratio ;n
aetivity bound © 1 iodide contro

4 .activj.ty acids activity
CONTROL | 19122 1.0 P2,80 134,50 | 57.30 26,80 | 1.0 15.90
KCNS 2028 0,108 9,70 53,00 |62,70 28,20 0.115 9,10
$0™Bu
2&8 x
10~%u

The effect of goitrogens on the blood iodine compounds,

Experiment = 24 hours in goitrogem solution,followed by 70 hours in fresh

goltrogen solution plus 0,66 pe/ml oYy,

The results are expressed as percemteges of the fotal activity.



TABLE 3a

Total Ratio tol[P.B.I.| Iodo- | Total Inorgenie! Ratio to|Uniaw
Expe ectivity| control amino | organically iodine control [knowh
C.pota | activity acids bo md?}’lr sctivity
CONTROL | 1611 1.0 29,00 | 29.20] 58.20 39,10 1.0 ”2’&-.70
$.98)
KGNS 673 O.418 5.05 | h45.65| 48.70 51.30 0,55 -
108
=T 709 0. 440 1.05| 49.60| 51,10 48,90 0.56 -
248 x
10™x

The effeet of goitrogens on the endostylar iodine compormds.

Experinent « 24 hours in goitrogen solution,followved by 70 hours in fresh goitrogen

solution plus 0,66 uc/ml 3 11.

The resulis are expressed as percentases of the total activity.



TABLE 3b

Total Batio to Iodo= (Total InO sonie | Ratio to
Bxp. activity! control| P.B.I.|amino organiqg}ly 1 oﬁ.ne gentrel
c.p.m. |activily ecids |bound..” I : activity
XCHS 775 C.728 24,00 24.00! 48,00 52.00 0.92
2.‘9
10
i 520 0.488 10,50 3.80 | 14.30 85.70 1.0
305 X
10~

The effect of poitrogens on the endostylar iodine compounis,

Experiment « 24 hours in goitrogen solution,followed by 50 hours in fresh

goitrogen plus 0.9 po/mi 2

1

I,

The results are expressed ag percentages of the total activity.




TiBLE &
The occurrence of lodo-anino acids in homogensutes and
hydrolysates of the timic at various tiies of the year,
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TABLE 5a

Totel Retio to || . | Todo= |Totel Inoreanid 8tio o
Exp. activity control PoBo 1 amino org:mj‘gqlly io d::.; a control
GeDelle aotivity ecids [boumd -~ I activity
CONTROL 2105 1.0 64.50 | 14,10) 78.60 21,40 1.0
Kens | 1095 0.52 22,00 | 35.50] 57.50 42,50 1.0%
2»0 x
Po"5ﬂ
T ] ,_
p-TU 590 0.28 12,00 25.50 36.50 63450 0.835
S X : : ‘
o""n |

The effeot of goitrogens on the tunic iodine compounds.

Experiment -~ 24 hours in goitrogen solution,followed by 50 hours in fresh

goitrogen solution plus 0.9 pe/ml 3 11.

The results are expressed as porcentzzes of the total activity of 13 11.




H ]
Total Retio toll PuBul.| Iodo= [Total . -
Bxp. activity control i smino lorpunically I;xgg:x;ici ifﬁi’:ﬂ;o
. 5 1 %) 151 s

Ge Dallle setivity aeids bound I activity
COKTROL| 2280 1.0 23.20 25.00| 53.20 46.80 1.0
KCNS 907 el 4.50 37,00 41,40 58.60 0.5
10~
me 1 1126 0.495 1.80 47.00| 48.80 51.20 0.535
2.8 X
10~

The effect of goitroguns on the tunic iodine conpounds.

Experiment = 24 hours ir goitrogen solution,foldowed by 70 heurs in fresh

goitrogen solution plus 0.66 pe/ml 3 11.

Results are expreseed as percenta-es of the totel activity of L 11.
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FI1G,18, Products of hydrolysis by HCl of the bloocd proteins.
From autoradiograph of chromatograph.
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FIG. 19, Products of hydrolysis of the blood by NaOH,
Graph of radiocactivity of chromatograph.
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Port 5. THE INCRGANIC ANALYSYS OF ICDINE

5.1 The Yodine Content of Local Sea Water

5¢2 The Detemimtion of Todine in Ascidisns
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5.1 The Todine Content of Local Seawmber.

In oaloulating the percentasp smount of mdiciodine present
in the ssawter used for these experiments one impertant approxi-
mtion wms mde ~ that of the noxmal iodine oomtent of the local
scamter, which wmas taken to be 507/1, This was an average
walue given by Barvey (1945) and Sverdup, Jobneon & Fleming
(1942) . It was derived from msasuements dane in the earlisr
part of ithis century on waters from waricus ocsans. It is now
recognised that those measurements may bo a little insccurate dus
to imadoquacies in the sssay methods used Pefore the discowxy of
the catalytio sotion of iodine on the reduction of Ceric salts Yy
arsenicus acid (Chaney, 1940). This is the most sensitive
wothod generally awveailable for detemmining very small amomts of
iodine, There is still scope for improvement in the methods of
releasing the icdine frum its vavious compounds for the fimal

assay. Inorganic snalyses, such as natursl waters, do not



present great problems mich as are encountered in analyses of
organically bound iodine.

The method finally used was that of Barimly and Thompson
(1960) . Previcusly the method given by Dubwaveio (1953, 1955)
was tried. Although it gave some resulta which agreed fairly
well with those obtained by Barimly and Thompson's methed, there
was considerable inoonsistenqy even smong duplicate ssmples in
the same Datch and the method was abendonsd in favour of the
latsr one. It is worth noting however that the two methods 4id
give comparable results. Had the fault, probably technicel, in
Dubraveic's method been corrected the two methods wiuld have been
an excsllent check for oms anothor since they are very diffevent,
both in the manner of releasing the iodine fram its compounds and
in the colour camplex whose optical density is msasured.

All the semples were diluted to standard chlorinity
(19.38 %/00) for the estimations. The iodins content of the sea
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mter fron ths upper basin of the Port River was found to de
53.271. The water from the Oiter Harbour at the seme season of
the year (outumm) comtained fyom 60 - 65 T/1. The salinity of
the original semples wer 20,75 %00 ot the Outer Harbour and
20,27 °/c0 in the upper besin, The high walue of 627 /1 ves fram
an offghome water sawmpls whioh had bean in a sealad bottla for
sans time, Dubravoic!s method gave vemilis of 7O - 757 /1 for
wter from the Outer Harbhour.

Tt weos concluded freom thees experiments that the assmumption
of an lodine valus af 50 7/1 was valid and would not affect the
total ledine convantration {:(127 «,a'f”) significantly 4in the

exporimepts dome,



5.2 The Deterninatisn of Iodine in Asoidisng

Some e¢stimations of the iodine content of ascidians were dene
by Cameron (1915). He used an analytical method which he feund
convenient rather than acourate (Kendall, 1914) and which was able
to deteot ameunts of iodine over 0.005mg. He cmsequently had to
use largs amounts of ash in order to deteot quantities as low as
0,001 8. It is not surprising that he failed to dateot iodine in
saxples of the endostyls weighing less than 0.01g. He placed
omsiderable emphasis on the relatively large amcunt present in the
tater tunic and the apparent abssnce of the element from the soft
tisswes. He noted that the inmer tunio of Pyurs contains 1odine,
uniiks his findings with othsr species. This is predably due to
the larger blood supply to the tunic in that germs than in many
other speoies. He gave no details of the growih of algas eto. en
the tunic of the species ha used, but since he was aware of the
large anount of lodine oontained in algee he premumably removed any
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mich growth. His results showed that lodine in the tunic wus
gonerally of the erder of n x 10 > %, incveasing to n x 107 % 4n
the Pyuridas and Styelidas, which spocies have a thick, well
vascularised tunie, FHe made no estimation of the amount of iodine
in the animels as a whele, Wt & value of n = 10°* & can be deduoced
from his resuits.

Vinogradov (1953) reviewsd the meny iedine and bremine esti-
mations for animals and ssawmtar, including Cemerun's pepers in
vhich *test' is onfused with 'testes'. The walues forr scawnter
be gives as Ten x 10°° %, Brnn x 107> %,  He concluded, premmedly
from Cameren's work, that asoidians accumilate iodine preferentially
ton z 107% % and that the bromine content ws generslly of the
same ordsy as in seawmter. The degres of concentration of these
elements %y fuwertobrates in genexal and by fishes he gives as
Ten x 16°%, Bren x 107 and Ten x 1072, Br - n x 1672 % dryweight,
in invertebrates and fishes respectively. Some sponges and cerals
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accumilate these to a higher degree, with iodine still being comoen—
trated more effectively than btromine., The differences in the
amounts of these elements in the varicus types of animels is
apperently aue to the relative amounts of skeletal protein they
oontain.

When this work was started it was hopad that the lodine
oomtent of the varicus tissues, particulsrly the bdlood, would be
determined for several gpecies, under various conditions of
external iodine ommcentration. Although it would have been
diffieult to reducs the iodine content of seawater without upset-
ting the matural belance of the elements (as would happen if
artifiolal seawater were usad) it was hoped that the great affinity
for iodine which ths bromm algae exhibit could have been used to
mibstantially :mmea the iodine ommient of some meawnter before
ascidians were put into it., In Vinegradov's review it is stated
that most marine organisms acoummlate iodine in properticn to the
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amount of the element pressnt in the water. The vertebrates alam,
having a metabolic use for iodine, maintain certain lewels of the
olsment in their bodies, although the lewel may changs at different
times in the life qrels. If it could be shown that aseidians main-
tain 2 definite iodine cencentyation in spite of fluctuating external
oconditions 1t would add greatly to the evidenos for the arguwent that
ascidians are closely allisd to the vertebrates.

Unfortunately it was not possible to ocomplete such a large
program of work and iodine determimations were therefore restrioted
to the ash of same of the local species. With exception of Pyurs
and Styele they represent families not assayed by Cameron,

In choosing a method for iodine detexmination cextain factors
have %0 De considexed. These are (a) the method of release of
iodine from the tissues and (b) the method of determining the iodine
released. The warious methods are mmaymw& Johnston

(1948) , Riggs and Mann (1940) and Acland (1957).



There axe several wys of 1eleasing iodine from crganic
ompounds ~ by hydrolysis or oxidation with strong acids or alkaline
incinerstion ox oxidation in m& solution. The iodine must then
be reducsd to a volatiles form and distilled off. It can then be
ostimated Yy titration with thiomilphate and starch indicator or
oolorimetrically by its sffect ss a cetalyst on the reductica of
ceric selts bty arsenious acid., The latter method is the cow now
usially emplayed, being very sensitive and comwnient when a large
mumbey of samples have to be handled. It has been argied by
(e.g. Acland 1957) that acid hydroiysis always results in loss of
fodine and thet alkaline incinerstien is the caly relisble method,
Howewer the ocost of the apparatus for Acland' s method was prohibi~
tive and it had to be ruled out for smuch m:t;ammm
activity. This method i used by the Dopartment of Medicine st
the Queen Elissbsth Hospital Woodville, B.A. for research inte
okine obumelism ek Re, B, ok of 4t dapiimont Xially
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determined the iodine oomtent of the dlood of Cioma. The vesult
of this estimation, by alkaline incinermation, was 126 wg % /v (total
iodine). Taking the icdine oontent of the local ssawater to be
60 ng/1 the blood of Cioma is fomnd to accumulate iodine to twenty-
one times the level in the external medium. Only the one estimation
was dono, the blood sample having been pocled frem several animals.
The other methods of relsasing iodine from organic oompounds
wore surveyed with a view to choosing one which oould oops with an
unknown quantity of iodins in a relatiwvely large amount of organic
matter. The method finally chosen wes that of Taurog ot al. (1946)
in vhich digestion was dons with chremio and sulphuric acids. The
oxidiged jedine was held in solution as nem-volatile 10dio acid until
released by reduction with phosphorous acid as the volatile lodine,
or possibly lodids. fThe iedine was distilled off end ccllected in o
sodium hydroxide trap. An aliquoet of the hydroxide solution was

amalysed for iodine by the oceric - cerocus reduotion method. The



distillation apparatus was adapted from Chaney (1940), the propor-
tiens of the apparmtus being changsd from those in his disagrem and
a stopoock added to facilitate yemoval of the distillate, as was
described by Talbot et al. (1544).

The method was checked for possible loss of iodins during the
digastion phase by digssting known amounts of iodine as XI and as
DIT. Both thess substances were digested and distilled without
any loss of iocdina. The DIT was used (at 0,17/ml) to test the
release of lodine from an er@gaisc compound. The acouragy of the
colorimetric technique was tested by adding known amounts of iodine
to the samples distillates before mwasuring the cerio-osrous reaction,
The resction rate was found to b unaffocted by additional iodide in
the mange of concentratiens used (0,0 to 0.3 Y/ml).

Because of the relatiwvely high lodine omtent of asoidian ash
the sime of the aliquots of digtillate had to be reduoced from 4 nls
(as used by Taurog) to 0.5 mls. The blank distillate aliquots were
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likewise reduced. The standard eurve, obtained by using blank
distillate and known amounts of iedine, as EKI, covered the range of
0.00 %0 0.30 7 /ml. The distilled wmter ussd was prepered Yy pessing
ordirery distilled water threugh an "Elgastat" ion exchangs column,
the effiuent having a resistance of more than & x 16° ems. This
water had ne deteotable iodine oentant,

The samples were prepaxed 1y hemegmising theveughly oleansd
and drained animals in jodine fres water, using a "T0S0OC* blendor.
Iwo selndes of Podoglavella, sach eentaining 30-50 mooids, werw
canbined. Three or more specimens of the solitayy ascidians were
pooled, and the Didespuia semples were fram three ssperate colanies.
The Stvels, Cigma and Didemmm were free of any mecroscepic growths,
but Stysla had a thin layer of mierosoopic organimms which wes
11ghtly scrudbed off. Pyurs ves mors &ifficult to clean, tut
sorveping and sorubbing removed most of ths adherent matter. Vheve
umswmnﬂm#mmcmmtminmwm.
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largs enbedied particles.

The homogenates wore spread on petri dishes previeusly cleamed
in chromio a0id and rinsed with iodine-free water. m dishes wore
placed in an oven at 95°C for seversl hours. The ash was then
soraped ocut snd thoroughly ground up before being placed in weighing
boktles. It was then redried o constant weight and stered in e
dssicontor. When used for experiments O.1g mas weighed out and
digested as previousiy described. At least threc semples of the ash

of each gpecies were analyssd. The resulis are shown in Table below.

Sems Zodine as % dry weight
Didewmrzon 55 x 10~k
Cicne 3.6 x T
Pyure 1,32 x 107
Styela 2.28 x 107
Podoclavella 2.h x 107
Seawater 5.86 x 10"‘

The smount of iodine in these ascidians is thus seen to be
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more then that found by Camerom, there being ten times as much in
Eyurs and Styela then estimated by him. In view of the relative
thicdaess of the tunic and the ramifications of the stelenine
vessels in Podeclavells it is not muirprising that the iodine comtent
of that speciss should Be of a higher order than in the other geners
of the order Enterogoma, although the sclercprotein layer of the
tunic is very thin,

A preliminaxry estimation of the iodine ocntent of the bleod of
Pyura gave a figare far in excess of that for Clama. The bLlood waa
obtained Yy slicing through the tunic and allowing the exuded fluid
to drip into a container, as described by Endean (1960). Pyuzs
blood iz quite diffeyent fyrem that of Ciewe in thet 4% is slightly
viscous and cloudy and it "clote' into & very viscous form. These
properties are not exhibited by Clama. The clotbing of ascidian
blood 1z net fMully understood but 3t 4o thought to ba a different

mechanism from that in the vertebrates. The dispevity between



Eyura and Ciona blood is probably due to differences in the serum
pretein lewel; this in tumn eculd have a significent effect on the
iodine ocontent of the blood, which could pertially acomnt for the
differencs in the iodine oomtent of the whole animals., Determina-
tiona of the serum protein - bourd iodine would have to be dome, as
well ap total blood iodine, before comparisons of the bleod iodine
levels of varisus spscies could be meds, It does not seem likely
though that animels whoss blood is very different from that of

vertebrates, end which blood even differs within the sams class,

could have o physiclogy comparable with that of the higher chordates.
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6.1 The Significance of the Regults of Experiments and Obgorva-~
tions Recexded in 3.

In the species investigated, whioh represent all the orders
and maxy of the families of the Tuniceta, it is seen that radio-
active iodine is incerporated in a protein camponent of the mucus
of the endostyls. Whether or not this jodine is taken direotly
from the incurrent seawmter, or is passed to the endostyle frem
the bloodsiresm, as other wmetabolites must be, is not certain.
The injection of radioiodinated thyroxin into the blood, followed
by histologionl and chremmtographionl analyses might slucidate
this important problem. Fluorescent antibedy techniques could
also be used to ascertain the relationships of the iodo-proteins
of the variocus tissues.

The use of rediciodinated thyrsain would aluo help in
anmalysing the formation of ths icdinated scleroproteins in the

tunie. It seems fairly clear, from the evidence presented heve,
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that the outioular icdine oompounds are formed from oocmpounds carried
to it from the blood stream and net directly froem the ssawmmter. It
is not impossible however that iodide and other ions could pass
through the protective, waterproof cuticle, espscially where it is
broken. Such iems oculd then be metabolissd Ly the underlying
outicle-foming layers. This appayently happens in the larwme sinoce
their cuticle does not appear o contain iodine, the element being
prosent in the underlying tisswes. It must reach thoss tissues by
penstrating the auticle as the larvae do net have a funotiomal
pharynx. Barringbon (1957, 1960) does not mention what he oonsiders
to be the path taksn by the iodine to the cuticle, tut he presumably
Palieowes it to be ébtained directly frem the sea, since he oomsiders
the tunic sclercproteins to be the primitive scurce of ilodimeted
proteins which asoidians utiliped during their evelution. The

resilts presented in Part 3.8 howaver meoassitate o re-examination of

his hypothesis.



The tunic and the endostyle almost alweys showsd some uptaks
of 131 - if sither lacked 1t entively then the other umslly aid
0o, which weuld indicate that uptake by both tissues is dependent
on the metabolic state of the entire snimal. That sich » oorrela-
tion doos exist was shown in Part 4 in which it was found that the
proportiens of ergndc V'T and inerginic I in the endostyle ama
tunic varies with the smount of crganicelly bound 1o'r mmﬁm.
(Tadble | ). |

The other tissuies which were faund to ocontain '>'I gve less
consistent results. In the blood this was almost certainly due to
the low ommcentration of ssxum proteins or their loss from the
ssotions during histological processing. That they were found
mostly in the heart cavities, and their association with the walls
of those oavitiss, suggests that they hawe s metabolic significance
in that organ. FPhysiclogical experiments on the intact animals and
bicchemioal asseys with the relevant tissues oould be dons to
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elucidate this problem.

The variations in uptake by the gonads carmot be explained by
the loss of protein during fimtion. However the smeunt of ' in
the reproductive gystem of Cicne was cnly of the ssme order or less
than thet in the endostyle (Part 4) so it would be very sparssly
distrituted through the gonads, Also, from Clopa, it was seen that
1311 was acamilated enly during the early stages of cognests and
therefore snimels whose oocytes were not in an scoumilative phase
would not take up lodine during treatmsnt. Even so some gooids
wore found in cempound ascidians and Podoclavella cclonies in which
1311 was evident on suteradiographs of the few ceqytes present.

The presence of iodine in the gomads, perticularly in the
ovary, ws t0 be expected since thers is chemicel evidence of its
presence in the ovarics of various chordates, and autorsdiogrephic
evidence of its pressnce in some of them. Ielaup and Fontaine
(1960), mumerising the extra=-thyroidal ocourvence of iodine in the

96



lower vertebrates, state that the lamprey can sccumlate up te 70
percent of a doss of tracer iodine, most of which remains inerganie
but some of which is pretein bound hiy the owary. The testis dees
Mhhupumehndhnﬂnmﬂ. In selachians and dipnoi
the developing couytss oonosnirate radioiodine (as was cbserved in
Cicua). The amphibian ovary alao scoumlates iodine - Rema will
taks up 43 percent of an injscted dose into the ovary. Bixds oo
osntrate iodine in the developing egg to a considerable extent, the
olement being taken up by the egg during yolk fermation {Boohe,
Michel, Michel, Maurois, 1951). Memmals are slso known $0 acouma-
late iodine (Roche and Desruisssan, 1950) but to a lesser extent than
do the birds; the difference baimg due to the mode of dewlopment of
ths embryoc.
In & tevisw of the extra~thyroidal metaboliem of iodine

Brown-Grant (1961) caments en the relatiwely largs amcunt of iodine
in the ovaries of vertebrates compered with the amount present in
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mr non-thyroidal tissies. The presence of iodine in the eggs and
its acoumulation by the larwal or foetal stages iz thus seen to be

common 0 both aseidians and vertebrates and might be taken as an

indication of close phylogsnetic relationship. Some Jnowledge of

the pocurrence of iodine in echinoderms end theiy larvas weuld be of
interest in view of the sippesed ewolutiomexy commection between the
two phyla.

In spite of the individual variations the histelogical survey
shows that ascidians gmerslly scemmilate iodine frem the seawaber
and form protein beund iodins in the endostyle, tunie, gonads and
bloed. - Thet they saccumilate iodine to a lewsl shove its oomcentre-
tion in the ssawator is ghown in Part 5. The twe lewels of iedine
oancentratim: (nmo"j and 1 x 10™F pewoent) can best be explained
by cemparing the volume and surface axes of the tunic of those
spocios with the greater iodine comtent (Pyure, Styela, Pedeclavells)

with the stxucture of the tunic of the other species (Cioms, Didemuw).
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Although all the chrametographical analyess were dane on
Ciona thore is no reascn to suppose that the remilts are not walid
for other species also. Ay significant diffexences between the
iodine compounds of varicus speciss whioh mey be found will tend
to mapport the theory that the oompounds conterned are not part of
a woll organised hormomml aystem.

Farhaps the most intsresting feature of the results of these
analyses is the demonstration of the largs amount of iodine present
in the blood as protein bound iodine. One factor which must be
borme in mind when dimcussing the bleod jodine compounds is that
the blood of asoidians @iffers in many respects from that of verte~
brates. Unfortunately so little is known about the proteins of
ua:iﬂ&an blood that 2 useful oomparisom of their physislogy with
that of vertebrate biood camnot yet be nade. The most significant
thing about the escidian blood iodine is that it is fimly protein
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bourd and is present mestly, if net wholly, as MI¥., This is in
oontrast to the condition found in thoss vertelantes which hawve a
thyroid gland with a definite endscwine function; 4in these the
bloed iodire is almost entirely ocmtained in lodothyrenines which axe
loessly bound to certain senmm protsins. This latter system is
primarily ane gpecislised for the itzenspert of the hormanel campounds.
In Cione 1t would seem thet such & sywtem has net been developed,
either besause there are no iodo-eampaunds with an hermenel fumetion
oy beccuse the metabolic pathways involved are quilte different fram
these in the higher vertebmmtes. If it is tque that the vertebretes
evolved from o stock closely related to the ascidians then the former
oonditicn would seem to be the more likely, zince the thyrcid hoymons
system of the vertebrates would have evelved from the primitive physio-
logical oonditions found in the lowsr ehurdates.

The presence of small quantities of lode~thyronines in the
blood is interesting. It oould indicate that, in spite af the
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with hexmenal significance, is also present. These thyronines
eould aiso be transported in ths vertebrate mennexr tut during
chromstography in lutanol sclvents they would have become detached
from the protein oampenents and so considered to be 'free' iodo-
amino acids, The blood was the only tismue in vhich the presence
of Sedo-thyrenines was consistent, although they weres cccasienally
found in homoginates of the endostyle and tunic almse, If the
sudostyle is to be considersd he mere impertant iedine binding
tissue then a mere omsaistent oceourzence of these compounds might
be expecied.

Whet is the origin of the ifodo-crganic ommpounds present in
the blood? Aye thay all forwed hy the blood itaslf or do they
enter the blood stream threugh the intestinal wall as iodo-tyrosines
(from the endostylar mugua) which ave then utilised to form the
tlood proteins. My results give same indication that there may
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e dual origin, A ssall mmber of histologicel auteradiographs
showed that scme 'I ms trensperted eaross the intestinel
epithelium in a form which was precipitated hy the fixative.

There is no reason to supposs thet that pertion of the iodine,
presumadly in peptide ocubinsiion, is the only part to be {rans~
ported across these o9lls sinc: amino aolds and inorguils ocmpounds
will net be preoipitated, It is quite pessidle that the bleed
itself, boing s complex tissue, can alse form oarganic icdime
oompounds fren inorgenic loddne, It has bsen shown that the blood
cen form P.3.'7'2, when incubated in phosphate tuffer with maic-
active iodide. This formetion of P.B.I, was smypresssd Ly the
addition of methyl thicaracil, Although no quantitative results
wore obtained frem this experiment (vwhich weg one of 2 sexries an
artefact formation Part 4.2) it shows that the endostyle is not the
only primayy iodims binding tissue in maeidiers, It has not yet
been determined whether the tunic can bind inorganic iodine in vitro.
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Whatever the origin of its argnic iedine ocmpounds, the blood
certainly conteins more of them than any other tissue in Cions.
Whether this is true of the species with thick fibeous tunics {e.g.
Pyare) is net certein, tut the iodine in the autiecle of such tunics
is no lmger available for dlstributien to ether tissues (unless the
tunic i reserbed during a peried ¢ staxvation) and therefexe
caxnot be inoluded in an cssesswent of the iedine which is aveilable
for genexal metebolima,

The largs amount of P.B.I. in the blood suggests that the
blood £s the 'astexehouse’ of iodie in sscidians, as the thyreid
gland is in vertebrates. The presence of o atere of essily tzons-
- portaile crganicelly bound iodine in the blewod also suggests that it
may hawe sane physiological significence, ut it scems doubiful if
the metabolic pethways invelwed in its utilisatic: can be closely
similar to those in the veriebrates. Hexe agein the flucrescent
aﬁtﬁbﬁy techniques might be used Lo detesxmine the destinatien ef
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the blood proteins vhich comtein iedine, It might be found that the
mib-neumrnl gland is affected by the circulating blood iodine campounds.
No dsfinite evidence ws foumd fyem my sutoradiographs that 'Y waw
located in the neursl camplex of the spscies studisd but a mmber of
specimens oxamined (mestly Cioma and Pyurs, tut also iscidia and Siyels)
gave a doubtful positive entorediograph from the ganglion and same
(Cioma) from the duot of the gland vhare it ms juxtapessd io the
ganglion, Radiciodinated thyrecin, injected into the blood stresm and
inte the neural glend, might be a good my of sscertaining whethexr
thexe is any normal supply of thyrexin to the neural coamplex and
particularly if it pasees botween the two ommpements of the oamplex.
Positive results would sugpest that the complex dves have 2 ‘pituitery
13l function, as miggested by Cexlisls (1951) and earlier suthors
(Baog and Flozitin, 1935; BEutcher, 1930). Recent work has tended to
disoomt this evidence that the complex has such a functiom (Dedd,
1955, 1959).
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The P.B.I. of the blood exhibits a greater susceptibiiity to
the action of goitregens than that of the other jiedine binding
tissues. This migeests that some paxt of the iodine Winding poten-
M#hﬂﬁh”ﬂha%u%hﬁtm
regulates the binling by the other tismwes and a pert of the bloed,
The greet decrease in the blood P.B.T7. cantent effected by golirogns
may be due to a more specialised mechenimm allied to that found in
blood mey repressut a more primitive system of iodine binding snd its
regulation. The ferm "primitive” in this ombext is used by Pitt-
Rivers ot al. (1958) as meaning a system different frem that which
is dominant in memmels. In recent years, sspecially since radio-
sotive iodine campounds became gemerally svailable, workers studying
the effacts of goitrogens heve discovered that these smubstances 4o not
entively suppress the formation of protein bound iodins fran the
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vertebrate body. A wexry small amount of iodine is still bound in
spite of heavy or continmuocus doses of thess agents, oanbined or alone.
Tauroz, Potter and Chaikeff (1955) fomd that rat thyroid home-
gonate formed MIT from iodide without any additiomal substrate and it
wes firmly protein bound, Taurog, Tong and Chaikoff (1958) also
discovered that untreated, hyporhyseotamised rats contimied to bind
jodine at a very low lewel, mainly as MIT. Evwans et al (1960) gave
young, hypophysectanised rats large doses of iodide and discovered
that it exerted a marked effect on the growth rate although no extra-
thyroidal thyroxin was formed. Thess resilts influesnced Pitt~Rivers
and her associates (Pitt~Rivers, Galston and Halmi, 1958; Pitt-Rivers
and Tata, 1959; Pitt-Rivers, 1960) in the formation of the idea that
there are two iodine binding mechanisms acting in vertebrates - a
highly specialised one which needs special engymes to oonvert MIT to
DIT and the thyromines, which enxymes are very sensitive to the aotion
of goitrogens; and e primitive iodine binding mechanism which utilises
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a leas specialised and less goitrogen sensitive oxidising enzyme for

the formation of MIT, which is ultimately used in protein gynthesis.

Pitt~-Rivers (1960) claims that this gystem is very resistant to &ugs
and to cell damage,

Soms very recent work on the mechanism of iodination has yielded
same interesting results. Alexander (1961), investigating the mechan-
imns of iodination in the thyroid and saliwary glands, disoovered that
the peroxidases of the latter will oxidise bramide as well as iodide -
that is, the salivaxy gland has not such a specific peroxidase system
as has the thyroid gland, Ailso these peroxidases cen iodinate histidine
although if tyrosine is also present it will be iodinated preferentially,
Galton and Ingher (1961), investigating peripheral thyroid hormone mete-
boliam, discovered that some tissues could form an oxidised form of
iodine which could re~icdinate organic campamds to give new P,B.I. from
the seyum thyrexin supplied to the tissues. They did some experiments
with snimals of vertebrate orders other than mammals and discovered that
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tadpole liver was the least specialised tissue of the series investi-
gated, Tadpole liver oould de~icdinate !#, '!3, Triic, Tetric, DIT
and ¥IT and was the most active in adverse conditions in forming
PB.I. from libemted iodine., Mouse liver however oculd net form
similar P.B.I. from MIT and DIT, This suggests that amphibia have a
less specialised gystem for metebolising erganic iodine than the mouse
has,

This evidence does suggest that two systems of lodine binding
aye present in the choxdates and that the Palance between them has
changed during the evolution of the vertebrates. It is quite likely
then that the ascidians may have only the begimings of the more
specialised aystem, wihich may be the only one linked with hormenal

icdina,
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In view of the dominance of MIT in the protein bound iodine
gystem of the adult ascidians it would be vexry interesting to lnow
which iodine campounds are pressnt in the larwal proteins, The
larwel P.B.I. is spparvently located mostly in the epidermis, which is
consistent with evidence of its location in the Hemichordata and

fpoi(ckoglossvg
Iarwaces. (e.g. in Belanoslessun; as found Yy Gorbmen et al, 1942;
and in Secooglosms, es found by Thomas, 1962; also Thames (1962) has
some evidencs of '2'T binding by the epidermis of Olkopleurs).
Poasibly it mey be beund by the underlying muselss in the tail and in
the undifferentisted cell clumps in the trunk. It does not seem to
be in the actual cuticls - that is, it is not bound in sclsroproteins
as in the adult cuticle, The extensive presence of orgenically bound
jodins in thess larwes, whose free swimming period is a matter of hours,
implies some metabolic significance for the iodine acommlated during

that time., This is corroborated by the presence of iodine in the eggs
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and sperm end henoe in the embryos before hatching as laxrwae. If any

7es ave present in the laxvel preteins

then it would be reasareble to suppose that they may exert same influenoce
on the growth rate and on metamorphosis. If only MIT is found then it

seems unlikely that hommonal action of the vertebrate type will be found
to exist in the larval ascidians. The work of Galton and Ingber (1961)
mist be borme in mind however, sinoe it indicates the possibility of ths
existence in lower vertebrates of 2 much less specialised system than is

fomnd in the higher vertebrates for the binding and fransport of iodine

which mey still have an hormmal functien.
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6.5 Conclusion

1t hes been shown in this thesis that protein bound iodine
is distributed in the same tissues as those in which it is present
in the vertebrates ( with the exception of the tunic which is an
anomelous tissue )o The organisation of the iodine compounds in
the adult tissues in a system which is less sensitive to the
action of goitrogens than that of vertebrates suggests that the
utiiisation of orgsnic iodine in the ascidians is not as gpecial-
ised sz in higher vertebrates., The dominance of HIT in the ascid=-
jan iodo-proteins corroborates this end suggests that ascidians
may have two systems of iodine metabolism,the predominant one
being concerned with the fomation snd utilisation of MIT,the other
1ike that of the higher vertcbrates being concerned with the more
complex iodo-amino acids. thether or not either of these systems

has any hormonal activity in ascidians has yet to be demonstrated.
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