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I, INTRODUCTION
A THE THROID GIAND D THIRCXINE

The purpose of this theals is to atudy the production of todinsted
fayroastive proteins, Such compounis have remited from & vesserch for an
artificiel thyrosstive meterial similar %o thet profeed by the thyroid gland
of the body, |

Glinical obseyvations led to the majority of dlscoveries coseerning the
funstion of the thyroid glend., There are numerous conditions dus to mise
funetion of this gland such as goiters, hypothyroid stetes (eretiniem, myze-
dmma), and hyperthyreid etates, Aeoording to Harington(l), "mme unotion of
- the thyreld glsnd is to maintain the genorel metadolie rate of the organism
at ite proper lsvel and to sshieve this dy the produstion of the requisite
amount of a specifis seoretion or homone,” This represcnts & goneral overe
all ovalmtion of the funotion of the thyreid gland,

It wae noted etrly that lodine exerted fuvomdle effecte in the treate
mont of certain thyroid eonditions, In 1906 Bewmmn(®) estedlished that the
gland containg & large amount of fodime in organic combimation., That 1% is
present ne un fodoprotein wes dissovered by Hutohiscal®) end m‘*h
Baturally, work wes dirested towards isolstion of the setive primeipls of
the thyroid gand, Beumenn'®) suceseded in cbtaintng & hydrolytic consen-
trate shioh be nemed lofothyrin, Mtehtson{®), fn furthering the work of
Beumenn, obdtained sn even more petent contemtmate, Mimally, thyroglobaulis,
vhich contains the sotive lodime comatitusat, was prepared by Gewand!d),

The active principle, thyroxine, was finslly iselsted by Femda1nl®) g4n
1919, This achievement provided the final proo? of the essential connestion



of fodine with the astivity of the thyroid, i believed the empiriesl
formle %o be O)yl;,0nIse It wes not uniil 1987 thet the corrset chemissl
fornula, Gygf, 0451, and tha configuration of thyroxine were esteblished
by Haringbon and krw‘ﬂ« They sonfirmed thelr work by synthesising thye
roxzine, whose strustural formula 1s shown beolow,

1 1 |
b e
1 1

3,8,3°,5¢ tetra-icdothyronine

Thyroxine hes the following phyeical and chemics) churscteristias, It
soours as solarless. odorless; tactoless, nesdle«liks awvedals. I8 iz une
stable to light. The melting point iz £31-202%, with decomposition end
evelution of fofiine. The d and 1 forms differ from the recemio ¢ompound
only in their slightly higher melting points of 235-236%0, ‘he molooular
wolght of thyroxines is V96,77, The iodine content ie 65.36% and the
nitrogen comtent is 1.80%,

Thyroxine is insoludle in water, in slschol, snd iz the ueusl organie
eéolvents, Dut in the presenss of mineral seids or alkalics, it dieso‘ves
in aleohol. IV is soluble in solutions of the alkali hydroxzides and in hot
solutions of the alkall carbonates, When alksli hydroxide solutions of
thyrozine are eaturated with sodlum shloride, the sodium sait of thyroxine
separates,

The monosodium asli is also prepared by dissolviag thyrezine fm the
minjsum quantity of e boiling Q.1 ¥ solution of sodfum earbonate. Upon
ecollng, the very imsoluble malt presipitstes, This prossdurs is of use
in sepsrating pure thyroxime fram other subatanses,



Commoreial thyroid powder which o used thevapeutisally sonsaine from
017 %0 0.83% ledine, over balf of it as thyroxine, The dossge in thyreid
dotfieiensien 15 from 20 to 60 mg. W"hen pure thyroxins ie usel, 0.2 to 2 mg,
s the dosoges Thyroxine produces less effect when given orelly tham when
injesteds This appoars to be due to ineffictent abmyfsaa bessuse of the
limited solubllity of the compound, Since thyroid powder is offective
orally, is less exponsive ond iz resdily obteined, it fs generally used
therapeutically, (1,8,9)

B, ARTIVICIAL ICDINATED FROTEINS

Eismultanscue with the work on the neturel thyroié proteins end thyw
roxine, invsetigetions on artificial iodinsted proteins were being conduectsd,
Apparsntly the earifest work on sush substsnoss wes carried out by Boehm
snd w{w) in 1878, Blu-(u), in 1807, made olaims to the profuation of
iodoprotein, but these wers not gonfirmed, Hﬁtahuon{n had attempted %o inw
erease ihe potensy of thyroid protein by further icdinmation dut was Une
susoeseful, Liobrichs!™®) 1odinated casein and after further trestoent
ebtained a series of products with varying iodine contents, lie reseted 20 gm,
of lodine with 80 ga. of casein at 100%0, Further prosedures consisted in
extraeting the brown powder odtained with ether, in treatment with slieline
bisulrite, and in digestion with sulfurie acid, About the sanme time, both
Hotnetster'’® sns muresere(14) soasnates protesns with fodine iiderated
from e mixtare of potassium lodide, potessium iodste end sulfurie acid.
Various time fntervals and temperstures were used, but, in general, the

temperstures employed were low,



18) |
¢ found Shat the hydricdic seid liderated

In 1898, Blum and Veubdel
a8 5 side produwet prevented the reaction from going to complodion, This led
to the use of a sodium disarbonsts buffer sclution which neutralized the
acids The techniyues now ussd for meking iodinated protoins are very similer
to thie process of forty years sgs.

dmmoniscsl solutions heve beon used more resently for the iodination of
proteins, Blum and streusst:®! omploysd a 1,824 solution of protein in
-4/ ammonia to which was added 0.1 ¥ lodins solutlon in emell portioms, The
reaotion was gsrried cut st room tempersture,

ritogerald!}?) prosused e "proteineiodine” compound by brisging the
protein and fodine together in the dry state enmd griniing in a closed vesssl.
The grinding sad heet thus produced apparently veporised the iodine and esused
it to ocombine with the protein,

The foregoing investigations were only the begimnings of tie prodlem of
proparing fodoproteins. 4 new era bogsn with the work of Iudwig end von Mute
zembeshor(18:19) {4 the late 1930%s. The fuot thet their prosess for making
iodoproteins formed s sudstence eimilay $o the active proteln of she thyroid
gland was esteblished by the actual fsolation of Shyroxine from their produst,
They firet accomplished this isolation, To prapare iofoprotaim they mixzed
100 gne of casein, 4 1 of water and 30 g sodimm bicerbomete and then edded
20 gue of finely ground fodins in smell portions, The resetion temperature
vas 5%, and the mizture wes stirred for 24 hours. IFrom the lodocesein
produced in this resstion, which contained V5 iodine, they wers able to
isolate thyrexise, |
B

These investigntions on the iodimation of proteins led %o spsculations
as to the mature of the combinetion of iodine with the proteins, Omne of
the first facts noSed sbout the resction was Shat the Millon and Adamkienwtoz

reastions beoame negative after iodimation, therefore both tyrusine and



tryptophene were involved, In addition, protein sulfur wes oxidized indle
eating some breakdown of the pﬁ*tl@;tw'“}

The importanse of tyrozine as en io@ino«diniing grenp wes fuvrther indie
gated by the discovery of 4iledotyrosine in gorponin, a protela Ssrived
from thy axlal akeleton of the soral. Dilodotyrosine was fsolated from iodine
ated protetns by oewa1a ™) 1n 1010, and Mmestngton®L) feo1sted 1t frem &
hydrelysate of the thrroid gland in 1931,

Iofine~-binding groups other then tyrosive wers found to de present in
proteins, Histidine, for sxample, takes up fodine, the sxtent depenmiing
upon the alkalinity of the sclution end the smount of iodine used, s8ids
reastions with tryptophens and oystine teke plmoe in the presonce of exoes-
sive amounta of iodine,

In summary, the resctions of jodine with proteins sre sz follows:
carbon jodination of tyrosime and hietidine, HI forsstion fyom subetitution,
unitropen lodimetion of histidine, and cxidstion of eyetins and tryptophane,
B 1 doti i

The ultimate aim of this work on iodinating proteine wes the produeiion
of a phyelologieally agtive subetenoce similer to the activs protein of the
thyrold gland. Various elnims %o thyroidsl aetivity of todoproteoins were
made during the early investisgstions, |

ouderoatoon {22}, 1n 1013, observes that thyvoid s@stases stimlstes
the mstamorphosis of frog tsdpoles, Thet fodineted protedns atw capable of
produeing the ssme effect wes indiceted by the work of korse'™), Lonners(®%)
and Rogoft and Marime®%), ivever, thetr exporiments were ot considered

conelunive,
Brands, Mattds, and Holte!*®) mare the firet %o somentrate a physio-

logleally notive substance from lodimated proteins. The asid imsoluble



prosipitate obtained after alksline kydrolysis stimlated the netamorphosts
of frog tadpoles, aderin{®”) designated wais substanss es hamothyroxine,
is mtad before, Ludwig and von lm:onboehor{m’lﬁ were the first to {s0-
1&“ thyrozine from wdfhll'hﬁ proteins, and this work “tnbulhﬂ that lodine
ated proteins eontain the mnms setive eubstanes 8 the tigrold glemd,

Thers has boen prolongsd eontyovarsy fa the litereture as to shether
or not hydrolysis of lodoprotein preliminary to orsl administr:tion fo negans
ssry for phyelologienl setivity. Brends\®), and abersn(®*) verteves nyasory
810 to bo nessesary, Zaer(®), Lopmen and se1ter(®®), fmrington and sttt
Rivers{®) gonsidered hydrolyste to be umecessery, Reincke and Purmer(S))
recentiy ewtablished that their mpunmu of iodosssein produse Shyrotdsl
Dﬂﬁﬁ when gives omlly without preliminery hyérelysts.

'Mn, icdoproteins were found to show thyroid sotivity without prelinge
nary bydrolyeis, & new field of research was opemed up, This comcernsd the
posaible use of thyrcastive iolopreteins for the sontrol of cortoin processee
in domestic szimals, For ezample, by 1084 the thyroid gland hed bdeen found o
ozart @ great {nflusnee on the milk ené butterfat meoretion in cows, (%%
Eithor dosiecated thyroid tissue or thyroxine insrecses milk amnd dutterfot
produetion,

Pifferent types and breede of enfmale exhivit varisble basal metsbeiio
rates which indicates normel weriations im thyroid hormene seeretion. Types
of iivu‘!rm ured for fatteming purposes have a low thyrotd sutivity shile
others, sueh ss dairy ocows, bave 2 higher sotivity, Alse, there ies & morma}
dooline in metsbolism with advenoing age. Invirommental temperetuzes sffest
the metabolls rate for eold weather ssuses 1t to ineresse,

These cbservations ahow that umin procemees in domostio snimals can



ba comtrolled with the thyroid homone, Karly experimentationm showed that
partial thyrotdectomy inoresses fattening in etoers and causes s redustion
1n the milk production of deiry satslo. 4s stated, Grahemi™), gn 1936,
roported the effects of thyroxine in stimleting milk prodwetion. This wae
confimed by Jack and Seohdel!®%), meiley am mu‘m und Herman, Grehanm,
and Tarner{®},

These findings, however interesting, were not practicel dne to the bigh
sos% of the pure thyroxine and the Jeslccated thyroid glamd, The development
of thyrosotive fodoproteins mede suah uses of this hormone possible and set
off & musber of investigations, Hot only ere the iodoproteins inexpensive
and simple to produce, but they sleo contain s high percentage of thyroxine,
approximately 57 compared to She less than 0,27 in desicssted thyroid.
Research was direoted towards inoressing milk produstion in cows end ime
proving growth end egg production in poultry,

The feeding of lodoprotein develops & hyperthyroid state in the enimal,
Scme of the symptoms of extreme hyperthyroidism are; soselerated pulse,
inereased sireulation rete, sardiac Gilatation end hypertrophy, myoesrdial
fatlure, nervous exeitability, musculsr weakness, protrueion of the sysballs,
motabolic vete inoreecsss, lowered tolsranve to high temperetures end diesi.
pation of the fal stores, The degree of these symptome depends on the dogree
of hypsrthyroidiom. Thus the foeding of thywoxine in the form of iodow
protein to norm) snimals must be sarefully controlled so that the hypere
thyroidism remaine subeciinicsl.

When the produetiom of thyreproteins made the hormohs availabls for
large soale tests, Reinske and Turmer 1sd the Tisld of investigstion!36),
Braxter!), Reses!™), vy randtagnent®®), irentve1ral®0), seasn(él),
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uoore'*®) and many others 414 extensive verk with fofinsted protetas and

domestic amimals, Although memy of the results confliet, end undoubdtsdly
the mh‘u story {s uniknown, the work to date allows some definite QoL
slusions to be dramm, ‘

As montioned, most of the researeh concerned the effests of feoding
thyroprotein to dairy cows, It is agreed that milk produstion is inevessed,
comotimes us muoh as 204, The bmtterfat may show a BOY increase, The ususl
dosage 1s mow considered to be around 1 gm. per 100 pounds of body welight.

I% 48 important %o wateR the individusl cow so that, if negsssary, the dosage
may aither be m or raised, whatever the case mmy ds, Thers are & grest
many varisblea governing the affests of thyroprotelin om the animal, such as:
the phass of lactation, the smount fed, fndividual diffevenses. breed A41ffar.
ences aaa snvironmental Semperature.

Tayreprotein is partisulerly beneficial when ©8d fa the deolining phiases
of lastation as it msinteins the milk production at & high level. In older
enimels whose thyroid setivity bus deoreased mormsily, thyroprotein again
mainteine milk production. When the feeding of thyroprotsin ia stopped, thoe
eome go 4ry., It is nossssary to imoreuse the fool intake of the animels
vorresponding to the inurewase in milk produstion,

The effeet of this treatment on the composition of the milk has been
studied, The most lmportant fmet found is that no Sthyroxine appears in the
=d 1k,

There is no definite evidence that thyroprotein hes harmful effests on
the oow when it is fod sorrectly., 4s the dasel metsbolisw is imoressed, the
hoart deat is inorensed, dut within limits thie cannot be ccnsidered hermful,

The effects of feeding thyroprotein to pouliry have been otudied,
Exparimentation on growth offects shows a stimulation of growth ia ghicks,



Teathering is also spoeded up, Lge production im lsying hens is improved,
um&alw in the summer and in the ease ol older hens, Thyroxine doss mot

sppear in the egs.

Ths pousible large consumption of lodoproteins in the fie1d of endmal
huabandry would mske attractive say chemisel msnufasturing prosess that
sould inexpensively yleld iodsproteins of bigh thyreidal potemcy. lecently,
Reinske and Turnex{™) juveetiguted the various fostors influansing the re-
sction of icdimating proteins emd thelr relstion to the potsney of the fimel
preduet,

ae Irosefuze

4lthough Heinelts and Turner used the general prossdure for foldinating
proteins set up by Blum and vewdel!1®), shioh wan also used by Ludwiz and
von iutzanbecher!1®1%), tngy wads two mejor changss, Firet, they Limited
the amommt of 1odine used and sesond, they inoubsted the ndxture at elevated
temperatures, Thelr gemersl procedure is as fulloms!®);

Twenty gn. of easein Ao placed in 700 ¢, of dlstilied

wster containing & gm. of sodium biocarbdom te, and is dlasolved

by stirring. 7The mixture is then pluced in a water dath held

at 33-40%C,, and o total of 5.7 gn, of finely powdered fodins

is added in amall portions over a poviod of 5«4 Bours, the

solation seanvhile belng agitated vigorously »ith a meebanteal

stirver, fWhen the requisite amount of iodins has beoen added,

the selution is insudnted at 70%,, with vigorous stirriag for

18 to 20 bours, After dialysis, tho jodinsted protein is

regovered by isoelectrie precipitetion, dried and ground to a

fine powder,



Their produsts were tosted for thyroidsl potemey by both blologissl
and chemioal asseys.

b  Jodimotion

Reineke snd Turmer first studied the offests of the extest of ledination
on the resstion. Iudvig and von Mutzendeshar(l®) suggested the limitasion of
the amount of jodine used in the progess, but the effest of this on the potensy
of the profuct was mot stateds lams'®®), wiile werking with serum albumin
in an ammoniseal mediwm, bed shown thyroidel astivity to mwﬁn until Se4
atoms of fodime per mole of tyrosine wers combined. However, loineke and
rarnor %4} obtained differont results. They found She sctivity imoressed
with iseressing lodinstion until 4-5 atoms of lodine per mole of tyrmine had
been added, Sisss in the isdinstion resction ona half of the tetsl fodins
added is comverted to hydriodic seid, two atoms of fofine per mole of tyrosime
ars substituted, ascording to the follewing equation:

Tyrosioe + 21, — > Dilodotyrosins + 2HI
Furthor fodination ceused & doovesse in the potemey of the fodoproteis, Thls
observetion held oven at the higher insubation temperatures, The reason for
 thie desresse in asctivity at higher levels of jodimation fe probably the
further cxidatione and side reactions shioh teke place. In addition to this
iimitation of fodinetion, Reisake slso uced low, 28°C,, temporetures Tor
fodination and added ihe jodlae in smell imoremente over a Se4 hour pericd,

% il

The pil of the Tesction mixture was alsc found to be quits important(®8),
- The pH affests the relutive resclivity of the iodinesbinding groups in the
protein and thue the emount of thyroxine formed, As montionsd defore, a good
buffor system is necessary to tabo sare of the hydriodic aeld whish is come
$iaually bedang formed, The optimum pH for the reaction ie pH 7 or above,
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&, Temperature

The most moticesble deviation fmm the early methods of foming iodo-
proteins is the inoreassd tamperature of the imoubation periecd. Early worke
ors bad formed their iodoproteins st 3790, and hed incubated for £ to S days
in some cases, Reinske and m:-r‘wi used the low temperetures at firat
but found that raising the Stemperature to 60 and 70°C, imereased the potensy
of the produet 'mw&}y and shortensd the incubation time. 4 temperature of
309, for 28 houss gave little insresss in potency, bus reising the temper-
ature to ll"c‘ during the last 18 hours of imcubstion gave large insreases
in the panﬁtm of thyroxine of the fimal product. They then ineubated
at various temperabures frem 30 to 97°0, Frem 30 o 45%. the potensy
remained 2¢ o unifors level, Thers ves & rise as 8090, and the saximm
temperature was found to be 0%, Further increases %o 97°0. resulted in a
dacline in activity, The thyroxine sontent also insressed pnp-ui'uly
upen inoreasing the length of the incubetion periocd up to 24 hours, At this
point the thyroxine formstion sppears to contimme, but at a sonstantly
diminishing rate. | ‘

o gatalyst
‘ Reineke and hm‘“’ observed ﬂﬁt lodoproteins prepared inm the presence
of & ooumon brass stirrer eontained s higher pereentage of thyroxine tham
those made with glass equipment. They believed the metal $o be catelysing
the reaction, ﬂlﬂt of the oxides of copper, irom, and cerium were tried,
with no effeot, However, manganese compounds affegted the results markedly.
With all vothar fustors constant, Magl4 and gluecse redused Km0y mrmoﬁ
mmflwf the thyroxine content of iodoproteins. Other manganess compounds
gave smaller but definite imereases. |

The mate of stirring is another important faetor. F¥rom the results of



their experimente on éilcdotyrouinel®?), Keinske ané Twmer believe the
effent of shirring to be dus to aeration and cxygenstion of the solution.
The necossity for the presence of sir wes further establisied by experiments
eondveted iv an etmosphers of nitrogens It is postulsted that mangamese will
aseolemmte the resstion only in tho presense of oxygen, seting posaibly as
an oxygen oarrier,

3y the addition of the catelyst and with suffisim$ stirring, the tiye
roxine content of lodoeasein wes ingreased fram 2,8 $o 3.99% in 2¢ houvs,
Singe the tyroaine sontent of cscein is 5,487, the theoretical yleld of thye
roxine 16 10.8%, so that e thyroxine content of 3% represents a 509 yield,

£, Proteins suited i |

slthough sarein generelly wes weed by Reineke sad Turmer snd previcus
iaveatigetors, other proteins are suitebls for iodination and the formstion
of thyrometive compounds if they comtein tyrosine, The relative positions of
the tyrosine molecules within the protein, ue well es ite tyrosine oontent,
undoubtedly govern the Shyroidel potency of the jodime ted product, As all
provious work shows, the percentegs of thyroxine depends also on & suitable
method of fodinetion, Seaue of the protesus used other then cssein ave serum
slbumin, serum globmlin, silk fibroin, sdestin, milk proveins, soybeen

proteine, end egg eldumin,

O MRGHANISH OF THURCXINE JORMAYION

The euuvation mentioned above showing ths combinstion of icdine with
tyrosine to form diiodotyrosine illustrates meraly the Tiret ‘stage in the
syathesie of thyrexine. The groviously discussed iseubutioa period iz con=
osrnoé with the eoupling or condemsation of diiodotyrusine molegules to form



i3

Shyroxine, Harington snd ‘ﬂmrm‘” auggestsd the ollowlng cobame to

acesunt for this reaation,

T iy
4
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A% thet $ime this oxidative meohaniem ssemed the most femsible explanstion.
4 move recent detailed schems was proposed by Johnsom and Tewkesbury(%®)
whe need mmtmm rathor than the complax protein for their experie

mentation,
1
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Oil, = O(Nily)000H—>- OHO(WK)000HE ——> OB, 00°00CH + NH,
Ocmpound III would be formsd from the oxidutive eoupiing of two molesulss
of ditodotyrosine, Tt eould them follow ome of two oourses, (a) molesulay
dimsogiation with the loss of one alanine side shain ul the formetion of |
thyroxine, IV, and imine pyruvie acid, or (b) hydrolysis, with the profuce
tion of serine, Sinoe pyruvie aeid snd ammonia have been identified im the
reaction mizture, it is likely that scheme (2] is the predominent ama,

Meny of the sarly veports(i®,30,48.49,50) yy)ioved the coupling resetion
to be brought sbout by the mild oxidative reastion of hypoiodits, However,
the nsososity for eir and/for oxygen in the aystem wes shows by Berkdoll and
m-"’” and Reineks and Turner(47), iluo mengeness oxids is effestive as
& ontalyst in the presence, but mot ia the abaense of added sir, It appears,
then, that atmoapheriec oxygum rether then the hypoiodite is responsidle for
the oxidative mglh; reaglion.



Ils BAPERIMENTAL

As BULIPRGRT

¥ith the yealization that many phases of the produstion of thyroagtive
isdoproteins are ss yet mot complotely understood, I undertcok an fnvestie
gation of the various factors infivemcing the resotion., JYs sddition %o
attempting to almplify and modify existing procedures, the time, tempere=
ture and catalyst were studied with the aim of improving ithe thyroxins cone
tent of iodosasein,

To bogia with, Reineke'’s procedure was referrved to, lowever, the fivet
problem to solve wus that of obteininz the right type of reaction flask and
#o0essory oquipment.

AECRLT &
A Fisher Unitized constnnt tempemture water bash was nsed to saintain

incubation tempsratures, For atirring the resction mizture, the olectris
stirrer of the Yarburg dbath, rpm 1550, wes utilizel, This was fitted with
a 1/4 insh stainless steel shaft and & 1-1/2 ineh peddle with four blades,
With open resstion vessels, the probdlem of exsossive evaporation at the
high temperatures wsed during the long inoubation period was encountered,
I the preparations became too concentreted or complutely dry, the reaction
had to be disosrded. Therefore, a olosed oystem was dovised with the use of
& two liter three-necked flask fitted with stirrer, wator conienser, and air
inlet tude, This flask was errenged in the constant tempemture, sonstent
level wator bath, Weshed air was supplied to the system through a tubdbe which
extended below She surfuce of the mizxturs, and the stirrer shaft was ssaled
by & bearing mounted in & $1zht mudbder stopprer, The condenser was mede
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esposially long to tale care of the oxseasive evaporation emooumtered due
not only to the temperature, dut aleo to the atreawm of air bLiowing through
the system. With thie spparatus $he volume of the resstion mixture remaived
oonatants. This assanbly served to stuly resotion mixtures of cne 11%er watey
volune, : - \
ASSEDLY B

As Assembly A was quite cushorsome and not too precticsl, a WY Arrange-
mwmmtmln;-m It wos found that & two Liter round bdottem
flask with a 1~5/8 inoh neok opening supported in & 20 gallon stean jocketed
kettle for the sonstant temperature water bath gave a sutisfactory sssembly,
The tempereture sontrol was a Trerice stesm regulator velvs which eculd be
adfusted for temperatures withis the ramge of 140-180%F. 4 1/2 howsepowsr
Lightnin® mixer with & 1/2 imeh steinless stesl shaft fitted with o amall
1»1/2 tnsh paddle was mountsd over the kettls on & £x6 ineh plenk whish was
bosurely bolted to the maconry wall, Stirring was adjusted %o schieve vigor-
ous agitation and to give & god wortex, sssuring maximum cerati on. Dus
perhaps to the size of the shaft and/or some other unknown eomiitions, serie
ous aveporation was not ensountered to the extent it had deen in the early
expariments with open flaske.
ASSEMBIY O

Toen 4% was found necessary to rum two datobes simltensously, another
apparstus was 9% ups A mall Lightndn® mizer with o 1/4 inoh stainloss
stool shaft and & 1«1/2 inoh paddls with four bdlades was wsed, ‘The Fisher
Unitized sonstant twoﬁam, constant level water bath wes used again,
Some evaporation from the two liter round bottom roaction fiask oscurred,

ut s 2t & minimm,
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ASOQUTLT D
The sbove assemblics served to atuly resctions of 1 liter water volume,

In an attempt to slmmlate pilot plant conditions, & twenty gallon, stainless
stesl, stean jasksted kettle was utilized for large preparetions of a 10 gale
lon water voluwe, ounted over the kettle wes he 1/4 horsepover Lightain®
uizer squipped with a 1/8 inoh steinloss steel ehaft 30 inobes long snd two
3 ineh, thrwe bluded puddicas The rpu of the stirror wvas sd Jjusted o schieve
vigorous aglitation and to glve & good vortex, assuring maximum seretion. The
stoam juoketed stainless steel kettle was equipped with a Trevies tomperee
ture control which could bde sdjusted for temperutures withim the wange of
140 o 1%0°%,

Be ALY FROCEDURE

limgh of the sarly wm on fodincted proteins was difffcult to ovaluate
dus to tho abssuse of suitable stenderd methoda of enslysis. Biologisal
assays were used for the moet part, 1o asesy my preparations for thyroxime,
the chemioal procedure which Reineke (52) mudified frem Bisu's metaoa!58)
wes used, is estadlished that this ghemical asssy agreed with the bilologi=
¢al apsays vhioh were in use, suoch se the stimulstien of metamorphoais in
frog tadpoles and the elevaiion of the motabolic rate and deorsase ip body
wolght of gainea pigs. The chemioal procedure with modificstions is as
follows:

EXDROLYILS
Braetly L gue of fodinated casein, 5.2 gm. of Ba(0H)y*@N0 and 8,4 es.

of Qiotilled water ore placed in & 14x8 em. test tube, ain eir cooled refiux
condenser is sttached and the test tube is pleced in & vigoreusly boiling



water bath, When the barium has dissolved, the comtents of the tube ave
stirred well, core being sauken to work eny mberial adbering to the side
walls dowa into the solutions Tho preparstion is then yeplaced in the belle
ing water bath ané the heating is contimued for & %t} of 20 hours, The
hyérolysate is mixed with 25 9o, of dtstilled water and ast sside for a few
minutes to allow the cosrae precipitete of barium salts to settle., The
supernatent Fluld is then decanted indc a 100 ee. volusetwe flask, The
progipitate of barium salis remaining in the test tube L& then dssemposed
by adding £ 06s of webubanol (re~distilled) ani emmctly 5.0 ee. of B85 N
01, sheking end wurming slightly in s water bath to effeet complete solu-
tion of the precipiiate, The dissolved sudstange is $rensferred guantita-
tively to the volumstric flssk, and distilled weter is added to bBrinz the
volune up %o 100 oo,
SATRADTIGE

A 80 oo, aliquok of the wellemized hydrolysate $o del iversd inte e
250 ¢o. suparatory funncl, and ome &rop of a 0u.BE bromoeresol green indicator
solution, meds up in 0.1 # sodium carbomate, is added. The zolution is then
soldified with the 3,5 N 501 to & definitely yellowr volor (sbout 3 drope)s

he thyroxine is exirasted frum the hydrolysate Dy shaking with 50 e,
of nebutenol, them with 10 ces of n~bdutencl. 9 cocbined datamol extyacte
are purified in turn by sbeking with 28 co., them with 15 oo, of 4 N sodiun
hydroxide solution containing 37 soidum bisarbonsts, prepsred as uﬂu a
liter at a tlme, The combined sodium hydroxide washes are then extrescted
with 16 ses nebutanol. After cach sxtrsstion the solutions ave left long
enough to insure good ssparation befors the aquecus layer is drawn off,

The purifisd s-butanol extrest is filtered direstly into a 280 ae,
nickel erueible through s softly pesked plug of glsss wool that is placed
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in the stem of the seperatory fuamel., Finmally, the sepurstory funnel is
rinsed with 6 0os of nebutanol, which is Srained through the glass wool into
the erusible, 7The m-butanol is most conveniently removed by evapcrstion om
@ steam bath under a atrean of air in s hood,

Zopine pevsaguToNit)

After m;sonuu. B gne of sodium hydroxide psllets amd & ce, of water
are added to the srusidle. whem total fodins 1o Delng determined on the
sample of loflocasein, 0.5 gm. of iolocessin is used, The misture is evepor-
a%ed by eautious heating with o emall Bunsen burmer and whem the water has
been driven off, the fusion iz continued by stromg hosting with ¢ Meekey
burner in @ deep sand bath, Towards the end of the rescticn, pariodiesl
additions of e for milligrams of potessium nitvete are made until the organte
mattor 16 entirely destroyed, as indicatod by the absense of effervesoence
after sddition of nitmie, After cooling, the melt is tremeforred quantitae
tively to & 800 ¢o. wideemouthed Erlemmeyer flask sith the aid of 200 ec. of
watsr; & 1ithle methyl orange and I 90, of 107 sodius bisulfite are added
%o the solntion, followed by syrupy phosphorio seid mnsil the indiestor is
fuintly pink, Suffieient bromine is introduced to color the solution strongly

the mizture is stirred with an olestric mizer, and then bodled driskly for
10 minutes with the addition of & few Hanger gromuless to promote smooth ebule
1ition, AfSer addition of 10 drops of 5% agueous scéium salioylate, the
solution is cooled, trsated with § eu. of 10% potessium jodide and 6 go, of
sympy phosphorie acid, The liberated lodine is titrated with 0.008 ¥ sodium
thiosulfate prepared and standardized as dirested in the Student Biochemistry
laboratory Manual{54), ustng freshly prepared 0,54 soluble stareh selutics,
mede up assording to “(&5). a8 indicator. One 6e. of G,0080 thiosulfute

is equivalent to 0,106 mgs of lodine, The percent thyroxine in the semple
io thon ostimsted by muliiplying the pereent iodine by 1,520,



Tho modifications soneisted of extrecting the 20 oe. aliguot of the
hydrolysate a second btime with 10 ces of mebutanol and extresting the som.
bined sodium hydroxide woshes with 15 go. of nebutemol. In an investigation
of the asssy provedure, mns mmmim thyroxine, 1t was found thet a
significent smount of thyroxine was recovered in these sxtrs washes,

¥rom the results of sesays on aixtures of 1 gu. of casein and &8 mg.
of pure thyroxins, it wns determined that around 975 of the thyrexine sould
be resacvered by this assay procedure.

FYor convenienss, & Iactor for camputing Shyroxine and total iodins pere
coatages was formulated each time new thicsulfete was prepared, Zzmmpls of
¢ ealoulation follows; ' Al Oa -

% Thyroxine; ' &

£ Total Yodine:
dowL0e =  Pestor
Taotor x 6e. of aporox, 0.1 N This = ¢ Total Todine

Go EXFERIVIETS AND RISVLIS

1.
The first objective was to follow Reinoke wnd Turner‘s work in an attempt
to duplieate their results, The remults of ths wverious resctione which were
rus are found on Table I. Veing Harris' purilfied caseln, Heinske's procedure
was followsd, and sfter & number of failures due to &ifficulties with appa-
ratus ¢ 24 hour produet contaising approximately 3¢ thyrexise and 7% total
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fodine was a&uzuld#ﬂv) In this resstion, 100 o6, of colloidal mangansce
oxides prepared sesording %o Petors and Vas Sivks!®®) were wed as tbe cate-
lyst, The mizture was well somted and rapidly stirred. During resstion of
$he cusain with bisarbouste to form soluble sodium caseinste, mueh carbon
dioxids is evolved ﬁﬁt attendant foamings Fomming is cnestuntered also during
the lodinsticn atep @ue to the bicarbomeate resetisg with the hydricdis sefd
wiich is formed, %o overcame this fosming, caprylic aleochol wae umed,

Urufie food cessin wes uwwed in plece of Havria oesein and was found to
react in the came manner,(/7) This esssin wes used in subsequent proparations

Reineke dialyied his preperations againmet water as a purifisation pro-
celdure, In order to determine whother or not this is necessary, half s
preperation obisined after sreeipitation and rewsclution wns dialyzed.!dA)
Both total iaﬂm and ihe peremntage of Shyroxime in the dislysed portion
were the seme 85 found in the undieclyszed freotion. Dinlyeis, asccordingly,
was omitted in suseesding preparations.

‘In one preparation (f10) the estalyst, concentration and msthod of
iodimation were veried relative % Relnske's procefure, The entalyst was
propared by refueing 1 gm. of K, with 0.2 gme gluocoss dissolved in 50 eo,
of water containing 0u5 gme of NaliCOy, Ome half of this preparstion was
used, The fodimstion was ocarried out at 70%C, over & pericd of sn hour,

The consentration of casein in the resctlon mixture was insreasof to 60 gm.
por 1000 es. of watey and the other ingredisnts wore increzsed proportiocn-
ately, The thyroxine sontent of the resulting preperation afSer 24 hours
renstion tims was sstisfectory. | |

A vontrol without catelyst was tried (f11) giving e profuct eontaining
less than 8¢ thyroxine in 24 hours,

Various reactions wers run under the gonditions of inerenesd concen
tration and ineressed tempersture of iodimatien with the aim of finding &



suitabdle method of casalysis, Teblo IJ svmmarizes these resulss., Reineks
recomzenied lingl, whieh was wnevallable. Inm an attempt to mke this compound,
Rim0, wae heated in & furmaee et 600 o 500°Cs ané ths resulting material used
%o sutolyze & resction.(#20) In sdditiom %o using tho collefdal oxildes of
EOARganOse prepared Bewording %o Peters and Van 's'w‘“’{ﬁwa! and thm
formed by ths redustion with glusoss ae Sesordded adove {#10-13), a solution
aof m‘ wis redused with ensein an&v the mixture used as catalyst.{#14,18)

48 the latser procsiure gave good remits, pormanganate wss dissolved in
wator and added Mrestly to the resotion mizture,(f19) ill of these produsts
prepured with the above catalyets guve bigh yields of thyroxine with the
exgeption of that prepsred with the catalyst obtained by heating M* in the
furnege. A8 the ues of potsssium permengansts, FMnO,, direetly is the most
sonveniens, this method of satalyzing Shs resstion was wtilized.

2

With the Imowledge gained from the above experiments, Neinsks's basie
prosedurs was sltered in order to chbdain o simplifisd snd improved method
of proparing lodocasein,

o Gopgentration

The concentretion of casein was inoreased from 20 gw, per Y00 oo, of
water to 80 gme por 1000 86, of water. Tha other ingrodients were increesed
in coneentration proportienally, Although the coneentretiosn was mri than
double thet used by Reineke, the resulting preparations bad thyroxzine come
Souts similer %o bis preparetions. This ineroassd concentration is of cone
siderable importance in any conteaplated largs seals operstion.

b Zodiastion

The lodineticn step wae modified, In Relnske's procsfure, fiunsly ground
fodine is added over a 3-4 hour period st 58409, It was found thet unground
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iodins added ut 70%, sll at onve gave somewhat better yields of thyroxise.
Ia the large preperetions (10 gellen) this method of jodimatiion wae found
to s necsesary for high yields of thyvoximes The higher tempersture of
70%, mMollitetes solution of the oesein and slso the fodination resstion,

S Antifosm |

Caprylic slcohol wae Firet used to deeresse the fouming ensountered,( fl«
14} This agon® has an ahjuﬂémhh odor, wae required in rnmﬁwly large
quantities, and was lost by evaporation, A Dow Ovrming Silicone antifosm
preparation wes obtained snd found to be very setiefustory., This agmt was
developed for suppressing fuaming in agueous sclutionse Ds O antifosm 4
ie & colorless, tasteloss, translucent miteris) with a honeyelike eonsissensy.
It is inert physiologisally and only minute quantities ave reguired.

4y Presipitetion

The dislysic step was alimimated, A helpful faed coneorning the proe
eipitetion was noted, It wes Sfound that when the reastion solution weas
precipitated while ebill warm, the precipitate setiled better and was easier
fo f1lter then when precipitated in the colds The hot presipitetion profmeed
a partially ccagulsied produst. |

The relation of pil to the precipitetion wee invessigated and found to
be not oo eriticel, This mas done by taking sliguots, procipitating them
st verious pi velues os determised with the Beckmmn pii meter, filtering the
preoipitatos on Goosh erusibles, end determiming the weights and pereenteges
of thyroxine of the presipitaies,(#24) The precipitations were carried out
both at room tempercture and &t 80%, Variations in pii yalues between 3 and
#.5 wore found to have mo effest oa the yield of iodocasein or the perecent
thyrexine, despite $he faet that the iscelsotris pi of iodosesein is 35,9,
Assordingly, it was established thet iﬂiutur paper would suifiee for the
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pH determination in the isocelectrie presipitation, Purthermors, this experi-
mont estadlished that presipitation of the high temperetures had no sdverse
effeots upon the yield of preduct or its thyvoxine contemt,

e Frocedure I

With these now techuiques, & method was formulated for the prem ration
of thyroastive iodosasein which gave consistently high yields of thyroxine
and proved less ecmplionted thanm previous methods, The improved procedure
is as follows:

7o one liter of water, whish is stirred rapidly to allow

onximum seretion, is adlied 15 gms of iR, ma. Sufficieat

{0.0 to 1 004} D0y intifosm & 1a introduced, then 60 gme of

Avoset Teod snsein is sdied olowly, The casein is allowed to

dissolve for 15 mimutes while the temperaturs is going wp %o

70%. 4% this time, 10.4 ga. of Resublimed fo0ine is sdded

all at onse, Thia is allowed to go into solution and veaod for

15 mimtes. The solution besames quite yellow, Then the catse

iyst, 200 mg. of w* dlssolved in water, is added, and the

solution turns a deep brown., The resation is ullowed to proe

csed for 24 hours after tho addition of the catalyst. The

iodocasein is precipitated at 6090, by the addision of ail,

HCL to pil 5,9 as dotearmined with Ascutint indicetor paper, The

prosipitate is collegted on & Busimer Dunnel end dried in a

vacuun desiceator over some. sulfuric seid,

After this prosedure was found to glve consistent Yesults of 38,80
thyroxins in B4 hours, rescarch was degun to improve the procese so that @
higher yield of thyroxins might be obtained.

3 Jurther Investigstion of Varisbles
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8. Qatelysis

The most obvious verishle to begin with wes the scatalyst, The results
of these investigstions are tabulsted in Twdble II, 4s stated, manganese in
the form of EMm0, or mnganess oxides wes quite efficlent as & oatalyst,
Relnoks belisvel these substanses would mot work mnloss oxygen was present,
Ho postuleted that the mangansse was an oxygen ssrrier, bud no somslusive
proof for this wes advanced.

The posaible eatalysis of the resotion by other metal ions war investie
@ated. Some of the lous wideh were studied briefly were msguesimm, niekel,
copper, cobuls, chramate, and irom, These lons were used slohe, in combine
ation and with xma‘. (#51,38,40,51) They were usol in the form of selts
(100 mz. ] or salte pre-reduced with glwoss. Thare was no motiseable sstelv-
8is by any of the esmpounds trisd,

Dus to the spparent nocessity for oxidsiive confitions to Pasilitats
the coupling resetion, various peroxides were used for catulysis. Butyl
peroxide and hydrogen peroxids wore used alome and with Kain0, « { 735, 56,57,
30,41,48) Again the reaction was mot cltered. llemoglodin also failed as

a satalyst.(/3,50,41,42)

b Proportions

The proportiens of the ingredients had previously besm kept the same
as in Roineke's procedurss Im his prosedure, suffielenmt m' 0 noutralize
the I formsd and keep the mixturs buffered is present, liowever, in ome
reastion (f44) 20 gm., mather thom 15 gm., of Nalil0, was added, with no
benoficisl offoots on the yield of thyroxine,

Borlier investigations showed the adverse offests of oxcess iodine, &v, -
in ons reaction (f48) the amount of iodine was incressed from 10.4 to 15 gu.
Ap expected, this Srentmant csuseld ¢ deorsase in the peroent thyrozine of
the final produet,



8 Solubility

5in0¢ & highly conceatrated eolloidal proteln system wes being s tudied,
not only the solubility, but alsoc the degree of dispereion of the cesein
had to be consideveds OSolubiliming agents manufectured by atlas { O 2800,
AFL6209 end Tween 20) weve sdded to reastions (/4,08) to imvestizste Shese
polats. The agents had nmo effect upon the muih.

6 Eressure

Having noted tho effests of inaressud temperature on the resotion, it
w8 attengted to atudy the offeots of inoressed pressurs, In many ceses
shemfoel resotivity ie infivenced by ineressing the preseuve om & system,
4 vough experimsat (§é0) investigating this wes sarried out by incubsting
the sclntien after sea;satiea i= 2 sresguvre sogher with ss stiswtas or adds
aiy, Asopthor yosstion (f62) wss rum with oxygemation of the solution and
atmosphere thoroughly, previcus to applying the pressure; The resstion was
not influenced by pressure under tiwse conditions,

*. Gonoentraticn

- The sonsentyation of the eassin hed previcusly boen imsreased to 80 gn,

per liter of water. The posaidility of weing 75 gu. of sasein per liter wes
investigated, In 8 series of preparetions ({f43,52,56,50,199) it was found
that & bigh potensy produst eould be prodused evem with the more sonsentrated
solution, However, as shown inm Table III, the percentagmof thyroxine were
gemerally slightly lower than those obtained uning 80 gm. sesein por liter.

In all the above-mentioned Tesearoh, mo faotor bad boen found which
affeoted the reastion mirkedly, either in specding it up or in inoressing

the peroentage of thyroxine in the fimal produst,
s, Effost of oxygen

48 seretion of the mixturs is nevessary for maxismum yislde of thy~
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“ W

roxine, and as this is undoudtedly due %o the oxygen of the aiy, pure oxygen
was bubbled through the esolution during @ Tesctions(/é4) Iz this resetim
the estalyst, Kind,, wes added after the casein hed dissclved end was allowed
%0 react for 16 minutes before the lodine was edded. Ome preparation (76S)
had indteated thet this early sdiitiom of the permnganate might be advane
tageous, The resction wee further varied in that it wes carried out et 80%,
Sueh treateent bed o marked effest on the prossss for the velosity of the
reaotion sas inoreassd so that a produet comtaining 5% thyroxine was obtained
at & hours. Frevicusly, meny 24 hour prepurations comtained caly 3¢ thy~
roxine. Furthemmora, the 2¢ hour produst of this reaction somtained about
4% tayroxine, mather then the ususl 3% This high yleld of fhyroxine hat
not besn attaimd previcusly. Thus, the effest of oxygen appears to b
two=fold: (1) speeding the rate of reection and (8) incressing the possible
poreentage of thyroxine, This same treataent wus tried & number of tines
and was found %o give consistent results, The yisld of lodocusein wes not
affooted by this more drestic proocess, Thus, from these findings, = new
proceoss for msking lodocasein was tnmh%o&l

b EProgedure I

To ons liter of weber, which is stirred repidly to ellow

for maximum seyation, is sdded 15 gms AuRe Na:iilne Then suf~

fiotent De0. An¥ifoam A to prevent fosming {0 edded, Bixty om.

of ivoset onsein is added slovly, The casein is allowed to

dissolve for 15 minutes wihile the temperature is @ing up to

80%. Then the catalyet, 200 mg. of K0, dissolved in water,

fo sdded. The solution turas brown. This is allowed to resst

for 15 mimutes, 4t this time 10.4 gme of lodine 1a added all

st omoe, Oxygen is then bubbled through a tube intc the so~



lution in & steady stream to allow maximum saturation of

the solution with oxygen. The resction is allowed to proe

¢eeld for B4 hours from this $ime, The precipitation is as

deserived in Frosedurs I,

With this new procedure esteblished, various expsriments were conmducted
conseraing the different factors whieh surroumd sueh a prosess., It was
Tound that by inoreasing the comeentration of casein to 75 gm. per liter
good yislds of thyroxine were obtained, but they gemsrally weve not as high
as when 60 gm. per liter were used.(f67,60,70,76,78,118) A swmmary of the
effeats of consentration of the solution is on Pabls III.

8, Oxygeu-EiinQ, Inter-rslaticms

Tabls IV summarizes these studiss. The effeet of srygen slaome, withous

the catalyst, permsnganate, was investigated.{#68,74,108) In the case of
the 70%. remstiom, the results suggested that oxygen ooculd largely replsce
permanganate as 2 catalyst, and at 80%., this point was oven mors evident.
Used alome, oXygen or permanganate can thus be sonsidered equivelent im
their power to affest the percentage of thyrozine of the finma) produet. Pure
oxygen and permanganate used together have o definite additive effeet in
catalyzing the resotion. These statoments are based on experiments sarried
out with Kin0 in the presence of almospherie oxygsm.

The aotion of oxygen is obviously that of providing maximum oxidst fve
eonditions for the coupling reastion. The sction of permanganste in cata-
lyzing the remotion 1s not so ¢lear, Kin0, 1s a very officient exidizing
agent, but sinee it is redueced immedistely uwpon addition to the easein
solution, its oxidative effects are of short duration. The oxygen, on the
other hand, provides oxidative conditions throughout the entire ingubation
pericd, while the coupling resction goes om, The coupling does not ocour
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Gonsentration of casein

20 gme / 700 eo. Hp0

60 gu. / 1000 on. HgD

76 gn / 1000 oo, Hgd
75 ga. / 1000 oo, Hgo
75 gne / 1000 oo, Hgd
6 gm. / 1000 ea. MO
5 gue / 1000 oe, Hy0

78 gn. / 1000 ee. Hgo
78 gme / 1000 as, M0
5 gue / 1000 00, 0
¥8 gn. / 1000 oo, Hy0
?5 gn. / 1000 oo, ligh

76 gae / 1000 oo, Hpd

20 gn. HAECOg

i85 gne Iodine

1 gn. KinOg

% Thyroxine
24 bours

.00

BB 8%

285
0405
8,77
.20
2,02

Badl
Be 32
3.68
Bed®
3,45

Badd

.08

E443

1,90



until dlledotyrosine is formed and 1s not an instentancous prosess. Under
these conditions, 1t is eesier to underetand the velation of oxyzen to the
soupling Pesgtion than the srelation of tho short oxidetive effect of the
M0, Since KO, is effective when added either befors or after fodine
ation, and sinoe the oxides of Km0, are sffective, 1¢s wie zay be that
of a simple eatelyst snd not related to 1%e oxidative povers. Relacke's
findings that manganese eompounds are not eatalybtic whem the resetion {s
sarried out in an etmosphero of nitvogen indiostes that the permaganate soms-
how makes the cxygen of the resotion atmoaphere aveilobls to the mixture,
Some preliminmary experimmmts ssre curried out in an atmespleve of nitroe
@m, FHResctions with Kiin0g, without N0, and with the uﬂlﬂwtlhq‘.ﬂn
™um, The remlite chtained with resctions yun im nitrogen withous o,
show that & ¢ertain amount of thyroxine is Hyrmod even under the most sdverse
- conditionn. The results from this investi @ation substamtiate Heinske's work,
aes 80 noticeable catalyeis of the resction waes odtsined shon B0, was used

in the sbeensce of oxygun,



{  assembly Frocedure Treatnent % Toyroxine
| 8 hours 24 hours
I WinG, 840 8.0 -

8 B X Ho KunOy . 2.0
8 B 1 No KMaO.p Op 2.0 2,5

B0, oxl des 240 20
4 11 Bin0, - 840 4.0
% B b+ ¥o mMnD, Se8
8 B 44 o Km0, 2.5
09 B e Yo KitnO, et N
iz B I Oxides of KMnOg 2.9 .0
120 ¢ ¥p EM0,; 80%, 1.8 2,5
1 ¢ Hg K04y 7000, L.®
12 ¢ Hy o Km0g; 80%, 1.8 %
134 o Hg Ho MinG,; 70%, L8
12 0 Ng Oxides of KinOg; 80%. 1.2 1.8

In gonnection with the study om the sction ¢f pormangamate, an
attenpt was wade to determine the mianlwum emoumt of the Kinyg necessary
for high ylelds of thyroxine. (#94,98,107,110) 4s seen in Table ¥, &
guantity as amall ae 10 mg. per the liter resetion i: suffiecient S0 pro-
duce & high yield of thyrexine. Assuming B molesulsr weight of 78,000
for cassin, the 10 mg. of KMnlg repreasntc a 10 to 1 molar retic %o the
ensein, But dus to the meny redusing groupe in one moleeuls of e¢asein,

this amount of KinOg rmst still be considered catulytio.



TAENLE ¥
KENSOT OF T KMnOy QONORNTRATION
{ Assembly Froesdure Amount of Kind, % Thyroxine
24 hours

s ¢ 1 10 mg. ' - &0

a4 o { 25 ng, 2.0
82 4 X 800 mg, 8.0
ot B ¢ 1 om. 2.8
107 B X1 10 mg, Seb
&4 B k44 200 g 4.0
119 3 & 1 1 gne 2,8
6 Hota) Gatalyeis

Previcusly 4t was stated that Reineke firet noticed the sffect
of metal jone eatelyEing the resstion from the results obtsined whem a
brass atirrer wee used, The type of bruss wae not ssntionsd, but in most
brass, sopper is present to 00-70% and zinp to 50-40%5, Lead and iron are
in trece amounte only.

To investigate this metal satalysis, peddles for the stainless steol
shaft wore made out of brqes, copper, sine, end tin, EHoaetlions were run
using these paddles alone or in combination, without Ein0ge Table 3
shows the results of these reastions, |

The tin mddle had the effect of raieing the yield of thyroxine oaly
nliﬁth.

The copper, brass and zine paddlea wore used together in one resction,
The results fram this were quite strange, Various stages of the assay
protedurs looked 4ifferent from the mommal and the result was the lowest
ever obtained, the figure for thyroexine being adout 0,58 The sanme



results ware obteined in resotions rum with the eopper snd brass peddles
used together and with suech used slome. Sinoe copper fa the setel coumon
ta these reastions, 1% muet be the agent responsible for these resulte.

Just bow the metal stirrer soted in catalyming Helueke's veaction ia
unknovm. Perhaps & type of contact satelysis was oporating, The other
poasibility is that et the surface of the paddle thave was sslution of the
metal end the jome thus produced catelysed the resetien, It is diffiouls
to explain the resulis obtained hers (Tubls VI), for She setion may bave
been negative catalysism or actual destruotion. The consentration of metel
pmay have beem different than Reineke's in these experiments, Perbaps s
small emsunt of sueh metels i» eatalyiie snd & larger mmount & mot.

4 resation wsing the copper paddle wes run [§132). ané at 8 hours,
the iofceasein contained 2§ thyroxine, This indiestes that during the
sarly stages of the reastion copper may be eadalyifo., The resulis obteined
above with resetions run for 24 hours with copper present indiests thad
destruation of thyroxine oeeurs, agein, thie might be s eoncentrstion
effect. A% 8 hours, Af there is solution of the metal, the consentration
vould mot be a5 great as at £4 hours, Whem the copper conommtration resches
s csrtain point, some sort of destruction of the thyrozine my begin.



# Assesbdly Proesdure Paddle % Thyroxine

24 hours
a2 B i Stainless 2.0
80 o i 0u, Zn, Beass 08
CiY 8 Reineke Ou, Zn, Bress 043
108 @ I Cu, Brass 0
16 ¢ Reineks Ou, Bress 0ud
e ¢ Boincke Ou 046
% ¢ X Brass 0.8
1858 ¢ I Zn 2.1
8% g b 4 Tin B8
s ¢ Rainoke Tin | | 8.8
138 4] 9 Guj 8 houree,0

7. Bngymatic Conversions

Although the theoreticsl yield of thyrozine from sasein is around
10%; the higheet ever obtained was &, When the size end sonfiguretion
of a protein molecule is coneidervd, 1% cosms logical that the position
of the tyrosine moleeules within the protein méy govern the yield of
thyroxine, Cinoe the tyrosine moleoules coour at eertain intervals in
the profein strusture, and as these intervals snd the spacs arreagsment
ef the protein are unimown, 4t is impossible to prediet the smount of
ecupling of dijodotyrosine molecules that will ocesur, It is possidle
that the S-4f ylelds of thyroxine repressnt the meximum yield im the une
altered protein mologule. Altering the molocule in some way so that more
diiodotyrosine units could coms in conteet might silow more thyroximes to

he Tormed.



To test this tlwir. the anzyme papain was utilined, This is
relatively stadle, proteclytic enzyme whish is active at an alkaline pii,
and at 60-70%0. 1% s fasotivated by oxidizing sgentss 4 emall amount
of "Jeroid® (sn astivetad sommercial papain) m;um in glyocerin vap
added to the sasein solution and allowed to reaet for 30 minubtes st 8097,
From this point on Progedure Ii was -nd. This firet preparation ($#78)
eontained the highest perventeage of thyroxine ever cbisimed, A% eizhit
hours, 1t eontained &% thyroxine and st 8¢ hours, it conteined 4,68, The
yield of iodocasoin was very low, indiosting breakdown of the protein
moloouls, This breskdown of the molecule and alteraiion of the sonfigare
ation is usdoudbtedly the fuctor shieh brings about the ingressed formation
of thyroxine. Hore of the éitedotymoeine melssulas msy some in sontuse
end gouples The problem remsins yet to find the amount of endyms which
will sllov for maximum yislds of Shywoxine with » minimum emount of ‘
breakdown, so thet a ressonsble yleld of icdocasein may bhe obimined,

- Further experiments wers attempted ueing various brands of papein,
but nons of the results were es striking as the first, The ylslés of
thyroxine and the lodosaseln, however, were satisfmotory, Teble VII
shows the Tosults of this investigation. This preliminsry work hss
opensd up a new field of study and meny interesting experiments remsin
to be doae.
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#  Acemidly Imosedure Troadusut % Tayroxing Tield
8 hours 24 hours gms,
75 B Iz Caroid L ™) 47 e
Y8 ¢ ix fSerold; 70 ane )
ensatn/L 2o s
84 a il Pepuain ¥ ¥ Bl s <]
124 8 I UpSine papain Sal 83

Eines results obtained with Procedure II indiceted thet Samporus
turs bad & great offeot on the resstion, s series of resstions were run
in order tn axtensively study the time ané tempersture relations, Both
Froeefure I snd IX were wsed, sad as twe resetions were run daily, both
Assambly B and C were utilized, Four temveratures were investigated;
e, 709, 0% ©0PC, Time sanmples wers taken at 4, 8, 12, 16, wod 54
houta,

Sefors these results are presentod, & Gisoussion of the varisbles
sffosting the renotion and ives resulte is pertiment, First, there is s
wite rangs of norus) varietion in the pn'mi thyroxise obtalnad, 4is can
be aseen from results with Frosedure I (Tadle 1), the Shyvoxine aontent
way wary feom 2,781 %o 3.80 under suppossdly standayd conditions, 45 &
minimum, there is & uormal varistion of 0,55 thyroxine under the condie
tions used,

The long sssay prossdure is = vsriable, as there are ¢ numbor of
atepa vhare bsﬁ positive m negative errors may oocsur, ¥ith preotice,
Guplioates show 4ifferendes of 0.5% thyroxine whioh repreesents only £ or



3 en. of 0,008 ¥ thiosulfate with titration values of 20«40 es. This
is approzimetely a 108 arror,

There are s mumber of fastors which may very during the running of
8 resction iteelf es 1t io very diffioult to stendardize conditiens,

The feot that four difforent assemblics wore used wdds to the problem of
interpreting results. In & 24 hour prosess, there are many oghanpes for
variations, One importent festor is the atirring. It wam elways attempted
to have the stivring rapid end vigorous so the mazimos amount of sir or
oxygen would de mized in. However, the losstion of the shaft is respoot
to the center of the flask and also the depth of the paddle may greoatly
ohangs the amount of eir drawn into the resction. ”

Anothsr variable encountered was the evaporation fram the roastien
flusk, The offects on the resetion of ooneentrating ths solution ave
unknown, Either an inorease or decrouse of the thyroxine oontent of the
final produet mey de brought sdout by this concentration of the solution,
Although 1t sas always etienpted to msintain ﬁm lavel of the solution
in the vesotion flesk, & significent amount of oveporation 8id osonr and
was extramely variable,

The other factor whioh might ssgount for difforenses and varistions
in results is the teuporature, Uonstant temperature water baths wers used,
Hormally, they held the temperatures quite well with only B« Jagrse
varistions on either side of the requived tenparatures. However, even
thie variation is eignificent when there is only & 10 degree difference
botwean the teuperatures baing tested. During the latter paré of the
exporiasntation, the steam keottle temperature ocontrol was not funationing
woll. Varietions of § degress on oither side of the reguired semperature
wore sometimos ensountersd, Due to the eritiecal effect of tespsreture
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on the results, these oxcursicans of temperature must be responsible foy
mBENY m‘ the varistions in Shyrozine yields shioh were found,

Xﬁ spite of these umconsrellable variables, the results from the
tine snd temperature resobions do allow for seme imteresting conalusions.
Tables VILI, IX, I 2nd Figures l-4 summarize the results of this investie
gation. Some yesotions were run 3 or 4 time, But the apssays wars not
done in duplicates From the general trend of results, it is possidle te
draw some conclusions. ‘The resulte of the resotions were avarage, but
sertailn values which were obteinsd snd known to be grossly in error were
sot used. Ourves wero draws fram these svereges to illustvate the effects
of time and temperature on the yield of thyrexime, Dus to the previonsly
mentionad veristions to whish the rasults wers subjesd, ths veluss are
not sbeclute, but only representative, Treating the resulte in this way
allowe the general effects of time, temperature and the procedure nsed Ho
be illuetreted.

Figures l-¢ {ndicate that the meximun tempersture for the reastion
1o not 709, a= wes stated by Reineke, The differences in the procedures
used mey sccount for this diserepanay, but this 18 not iikely, In the
range of temperstures investignted, 60-90%0,, s direct relstionship exists
betwoon ths temperature of the resction end the perosntage of thyroxine
obtained, (Figure 4} This i» true with both Procedures I end I, These
sffeots of temperature cen probably be sxplained by the faet that inereas=
ing the temperatuvre in a systen wsually epeeds up the rete of & chemiesl
reuction,

The ability of oxygen to inorease the yield of thyroxine over thst
oblained with Procedure I is illustreted in Figures 2, 8, and 4, This
effeet ia most noticcable iu the lower temperature range., 4t 909C, the



great effeat of this high vemperaturs, though not over-riding the effest
of oxygen, deereases 1t. | o

The .u‘ﬂt of previous inveetigators fadicsted that a Je35.57 thyroxine
yield wes maximm. Lven when the resction was allowed to gontinue for
mdu then 24 hours, this figure was not surpassed. Figures leé show that
products contalning over & Shyroxine sre odtained when $he rssction is
run at 80 and w‘a, The results obtained with mr-tié sonversions sugw
@as% that these high rosetion tempevetures mey be funetioning sinilar to
o proteolytie snzyme. In sdéition to the effest of ineveasing the vats
of the ochemimal resction, 80 and 90%, nay possidly bring about some
breaidown or e¢bange in the configuration of the protein molesule. While
et 7000, the unaltered protein molssuls may be reseting, at 8000, tha
avletule may be sltered so thai more dilodotyrosine residuses sre in cone
tend, thus bringing sbout isereesed thyroxine formation,

The resulls as seen in Figures 1, 2, 3, sesm to indicate the impore
tanos of the zero to 4 hour period in thyroxine fuu_nunn, The groatest
amount of thyroxine per unit time {e formed luring this pericd, ‘The
treatment employed in the early pert of the resction probably influenses
the rost of the proocess and the thyroxine sontsnt of sim final praiuct.
The four hour reoetion time should, therefors, be investigated mors
thoroughly with the aim of improviag she ﬂold of thyroxins snd shoytening
the reastion time neosessery for high yielde of thammim.-
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IXX. SUMMARY

This thesis prosents the Mesults of an investigation of the
produsction of lodoeasein, New prosedurss for the preparation of lodinated
oasein containing high percentages of thyroxine bhave boen devised. Froe
s2dure 1 represents 2 simplification of previous mothods,

During en isvestigation of the many variables influenoing the
rosotion, the use of pure oxygen et 80%C, wae found to give greatly ime
proved yields of thyrexise in shorter resction times. From this Finding
m 11 war formulated.

The role of ozygen and IMaly in the resotion was investigated., It
was oonoludod that the oxyaen proviles maximm oxidative ennditions foy
the aoupling reaction, The KOy apperently acts only as a satalyet,
possibly as an oxygen aarriar,

The matal, copper, wae found to affect the remction advaraslyy This
vas sanifestsd by abnormslly low 24 hour thyrexine velues, The reason
for this is uninown,

Proliminary work on enzymstie pre-digestion of the essain shows that
maoh higher ylelds of thyroxine then those obhtained previously ars psossible.
- Ths enzyne papsin mﬁebiy aote by bresking down the large protein molesuls
fato smeller frastions, so that more &itcdotyrosine residuer are in close
soatuet and thus able to soupls,

The tice and temperature relations of Procedurs I and II were in-
vestigated. The rate of the resction inoresced with inereased tmmm
betweon 80 and 909, High ylelde of thyroxins may de obtained by em
ploying high reagtion temperatures, In the temperaturs vangs studied



]

the use of pure oxygon in the resstion mizture insvesses the ylold
of thyroxine over that obteined with Procedure I at eay one time or
tenmperature,

The results presented in thia thesis have elarified esrtain phases
of the resction end in sddition havs indiented baw 1ines of investie

gation to de followed in resesreh 0a thyroaotive lofimated proteins.
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