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ABSTRACT

1. Bínding of L25:'-3,5,3'-rriiodo-L-rhyronine (r:*¡ rrrd l251-L-thyroxine

(fAi.¡ to plasma proteins was studied in brook trout (Salvelinus

fonËinalis) acclimated at 10 C.

2. By precípitation with tríchloroacetic acíd 94.20-95.337. of. T3* and

94.15-96.367" of. T4* was protein-bound following incubation of the

hormones with fish plasma. Using equilibriun dialysis 99 .57-99,677.

of T3* and 98.56-99.36% of T4* was protein-bound. The exËent of

binding was índependent of added hormone concerit.ration over a range

of 0.05-5. O yelrnJ_.

3. Owing to low bíndíng affinities for thyronines by fish plasma proteíns,

cellulose polyacetate and paper medía \,rere unacceptable for electro-

phoretic ídentification of specific thyronine-binding proËein

fractions. Electrophoresis of plasma-radiothyronine mixtures on a

7 .5% acrylamide gel using a tris-HCl-glycine buffer at pH 8.1 indÍ-

cated rhat T3* r,{as associated with beta-globulin-like, albumin-like,

and prealbumin-like fractions r¿hile T4* was associated with beta-

globulin-like and prealbumín-like fractions. The same plasma protein

fractions bound T3* and T4* over added Ëhvronine concenËrations of

0.05*5.0 ¡slmr.

4. Followíng íntraperítoneal injection of tracer levels of T3* and T4*,

acrylamide ge1 electrophoresis of fish plasma índicated T4* and T3*

binding by beËa-globulin-like, albumin-like and prealbuminrlike
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fracËions. Follov¡ing inJection of radioiodide (125I-) and acrylamíde

ge1 elecËrophoresis of trout plasma, endogenous radioiodocompounds

coincíded r¡ith beta-globulin-like, a1-bumin-like and prealbumin-like

fractions.

5. As determíned v¡ith the thyroxine-by-column method, normal thyronine

levels in the plasrna of brook trout were found to be 0.005-0.009

fqlnl (mean, 0.007 yelnL).

I^lhile large amounts of T3* and T4* are bound urainly by alburuin-like

and prealburnín-like fractions, at more physiological thyronine levels

(0.007 )tg/ni-) beta-globulin-like fractions are involved. ro a much

greaÈer extent in Ëhe binding of thyroid hormones. AË higher

thyronÍne concentïations prealbumÍn- and albumin-like fracÈions may

serve to take up excess hormone rvith little resultíng change in Ëhe

circulaËing free thyronine levels.

6.
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INTRODUCTION

PrÍnarily as a result of studies on mammals, it has been deter-

míned Èhat 3,5,3'-triiodo-L-thyronine (T3) and L-thyroxine (T4), hormones

produced by the thyroid gland , a:re secreted into the circulatory system

and there exist ín the free and proteín-bound states (Lybeck , L957;

Robbins and Rall, 1957; rngbar, 1960; rngbar and Frienkel, 1960; Robbins

and Rall, 1960; Tata, 1960; stirling and Tabachníck, 196I; Tara, 1962;

Rall et al., 1964; Salvatore et al. , L966).

In humans, three major plasma protein fractíons normally assocíate

with the thyroíd hormones. These have been identified according Eo

elecËrophoretic mobility as prealbumín, albumín and ínteralpha (thyroxine-

bindíng globulin) fractions (Deíss gs "r., 
1952, 1953; Gordon er al.,

19523 Lybeck, 7957; Ingbar, 1958; Tara, Lg64; Salvarore er a1., 1966).

There are fer+ investigations on the binding of thyroid hormones

to Ëhe plasma proteins of fish. Leloup and Fontaine (1960) state Ëhat

Tata (unpublished) deuionstrated the exístence of a thyroxÍne-bínding

plasma protein ín the plaice (Pleuronectes platessa) and brown trout

(salqo trutta). Leloup (196la, 196lb) described rhe presence of

thyroxine-binding plasma protein fracËions ín the AtlanËic salmon (Salmo

salar), the shad (41.Êg_ alos,a), rhe eel (Anguilla anguilla), Ëhe lungfish

(3t"_tgL!_"r"1 annectens), the ammocoete larva of the lainprey Gggggrrg.

planeJí), the mullet, the hagfish, the sea perch and the conger eel

(no species given). These studíes, along with those of Salvatore et al.

(1959) on the arnmocoete larva of the lamprey (pet.romyzon planeri);

Farer et al. (1962) on the snapper (Lutianu vaigiensis), the jack fish
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(!.r"15 sexascuatus) and the tuna (Gymnosarda ryg.); Refetoff et al.
(1969) on the trout (no species given); and Tanabe er al. (1969) on the

eel (Anguilla japonica), rhe gíbe1 rcgr:ffglgq giblio longsdorfí) and

the globefish (Fugu niphobles) have resulted in a rather inconsistent

picËure regarding this phenomenon. Nearly all plasma protein fractions
have been descríbed as thyroxíne binders, but it is impossible Ëo deËer-

míne if observed differences are species specific or the result of

varíation ín electrophoretic technique. fnvestigations on fish have

been restrícted to T4-binding even though T3 seems promínent in the

circulation of raÍnbow trout (Sa1mo gaírdneri) (Jacoby and HÍckman, 1966)

and plaice (pleuronectes platessa) (osborne and sÍ-mpson, 1969).

Ì{ost information regardíng thyroid hormone binding to plasma

proteins and the relationshÍp of this binding to the overall picture of
thyroicl. funcÈion has been compíred from experiments conduct.ed. on

mammals (reviewed by: sterlíng, rg64b; Tata , 1964; Lemarchand-Beraud

et al. ' 1964; Salvarore et al., 1966; osorío, 1967). The low lever of
potentially metabolically active free hormone is normally maintained

within narro\^r limits by the buffering capacity of the plasma proteins.

Factors altering the binding properties seriously influence the inter-
pretation of thyroid function. Furthermore, any method depending on

plasma-proÈein binding of the hormone to determine thyroid function
(e.g., anion exchange resin or protein precipíËation) is based on the

assumptíon Ëhat most of Ëhe hormone is in the protein-bound state. fn

víew of this and the few and conflict{ng data available for físhes the

Present study was undertaken to obtain informatíon regarding Ëhe binding

of T3 and T4 by the plasma proteÍ-ns of the brook trout (salvelÍnus

fontÍnalis) .
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Specific objectives llrere: (1) to determine the extent of T3* and

T4:l hind íno ¡.ri rlr tl'a nl ¡om- ^-^+"-".r thê plasma proteins; (2) to develop a method for

electrophoretically identífying plasma protein fractíons binding these

hormones; (3) to investigate Ëhe influence of various electrophoretic

media on the interpretatíon of results; and (4) to assess the effect of
hormone concentratíon on the binding phenomenon.



LITERATURE REVIEIù

1. Protein-Chemícal Complexes

The association of substances rvith proteins in Ëhe form of
protein-chemícar complexes has been kno¡¿n for some time. Thís is lndi_
cated by the rvork of starling (1896), who discovered the regurated.
Ëransport of v¡aÈer by fixatÍon to the plasma proteins, and sdrenson
(1909), who noted. the formatíon of protein-ion comprexes. comprehensive
reviews have been written by Goldstein (1g4g), r{70L2 (1953) and scatchard
et aI' (1954)' several recent reviews have emphasized the interaction
of a multitude of blood consËituents with the plasma proteins: Bennhold
(1966) on rhe rransport of dyesruffs and iron; Gui]lor (1966) on bonds
betrveen proteins and carried. molecules; cohen et al. (1966) on the use
of radioacti-ve isotopes in investígating transport phenomena by the plasma
proteins; vannotti and scazziga (1966) on the importance of the Eransport
functions of the prasma proteins; poronovski (1966) on the role of prasma
proteins in the transpoït of lipids; sarvatore et ar. (1966) on the
i-nteraction of thyroid hormones and plasma proteins; Froesh et ar. (1966)
on the nature and biological properties of various forms of insulín-like
activíty in rhe blood; Desgrez (1966)

cortÍcosteroid transfer; Raoul (1966)

the blood; Latner (1966) on the bínding of circulating enzymes by plasma
proteins; LaÈhe et al. (1966) on bilirubin rransport by plasma protein;
and Brodie (1966) on the pharmacological and crínicar irnplicaËions of
drug transpoïË. Table r summarizes the chemicar interactions v¡ith protein
electrophoretÍc fractions .

on

on

the role of plasma proteins in

the transport of vitamíns in



TABLE I

SURVEY OF ELECTROPHORETIC PLAS¡ÍA PROTEIN FRACT]ONS
THAT BIND SUBSTANCESA

BOUND PLASMA PROTEINS
SPECIES SUBSTANCE G B A, A1 A PA REFERENCE

l-{onosapíens ,za + + + + + Bennhold (Igoo)'t(rnan) Ca# +
Cu# ++
Zn#+++

Salmo gairdneri 13I_-
I(rainbow trout) r

Salmo salar 131_--7-,=..-: 
-:-r \ I +(lì'E.tanE].C salmon)

Esox lucius I25_--7----- .;-.. . I\norEnern pr_Ke)

Coregonus clupea- 125_-
ffi I
whitefish)

Salmo gairdnerí I2S--
Crai"¡rn tr"itf r +

Thymallus arcticus I25_-
l"r.trc grãtti"gt- r +

Homo sapiens 51^_#
(rLan) ur -r Î 'r

*3+
-te

Phospholipids
lecÍthins
sphíngomyelins + + +
lysolecíthins + + +

m
Cholesterol + + +
Glycolipids + + +
Triglycerides +
FattyAcids + + + *,

ñILA"++++

++

+++

+ Leloup & Fontaine
( le60)

+ Huang and Híckman
(1968)

+

Cohen (1gee)'l

Bennhold (ige0)x

Pol-onovski (1966) *

Insulin

Corticosteroíds

Froesch et al.
(1966)¡t - -

+ + Desgrez (1966)'*



SPEC]ES
BOIJND

SUBSTANCE

TABLE I (continued)

PLASI.ÍA PROTEINS
GBAzAtAPA RNFERENCE

Homo sapiens
(man)

Cow
(no species
given)

Homo sapiensG*)-

Estrone
Estradiol
Progesterone
Testosterone
Aldosterone
Corticosterone
Hydrocortisone

Vitamin A
Vitamin B. ^t¿
Vitamin C

Vitamin D

Vitamin E

Vítamin K
Trypsin
Esterases
Cholinesterase
Tetracycline
Barbíturates
Chloramphenicol
lli oi f nvi n

Penicillin
SalicylaÈes

acíd

++
+++

++
+

+
+

+
+
+

+++

+
+
+
+
+
+
+

++
+

+

+
+
+

+
+
+
+

+
+
+

+

+

++
+
+
+
+
+
+
+

+
+
+
+
+
+

,c'1.

+
+
+
+
+
+

Bennhold (1900)-x

Tata (1964)

Lathe et a1. (190e)*
Bennholã- (rooO¡o

Raoul (1900)x

Raoul (1900)x'

Bennhold (1900)*
Raoul (1900)x'

Bennhold (1966),k
Raoul (1966)*

Bennhold (1900)*
Latner (i900)x

Bennhold (1966)""
Bennhold (i966)*

L-thyroxine
3 ,5 ,3 t -tríiodo-L-Ëhyronine
3 ,3 ' ,5-triiodo-L-thyroníne
3, 5 -diiodo-L-thyronine
3 ' ,5 

t -diiodo-Dl-rhyronine
3 r5, 3 t r5 

t -tetraiodothyroacetíc
3 r5 r3 

t-triíodothyroacetic acid

Bilirubin
Bile acids
HaematÍn
Porphyrins
Haemoglob in
Uric AcÍd
Acetylcholine
Adensoine

Carotenes

Carotenes

+

+

+

+

+

+

+
m



TABLE I (continued)

BOUND PLASI'{A PROTEINS
SPECTES SUBSTANCE G B A^ A. A PA REFERENCE

¿I

Homo saoiens Sulfonamides
(man) Streptomycin

Congo Red
Acid Dyes

+ Bennhold (1900)*
+

+++
++

Symbols used: + positíon of binding substance ín relation to
plasma protein fraction

G ganuna g1obu1ín fracËion
B . . beta globulin fraction
47, 42, , alpha, and alpha, Blobulins

A alburnin fraction
PA ..prealbuminfraction
m . . . protein fraction with whích the major portion

of the bindine substance Ís assocíated.

a^,-Thyroid hormone binding to físh plasma proteins is summarized in
Fígures 2 and 3, and Tabte IV.

n"substance with ínsulin-like activitv.
Cnh.'*^-i 

-*..J--^-.,e or thyroxine-like compounds are here bound to the
thyroxine-binding globulin (TBG) rvhich migrates betrreen Ëhe alpha, and
aLpha, globulins.

*Data from Desgrez and Traverse (1966).



The term "bindíng" has been used to indícate the assocj.ation

betr+een a complexing chemical and some part of the protein molecule. In

the formation o.f a specific protein-chemical complex, additional non-

protein substances may assist in the formation of the bond or act as

intermediaries between the protein and complexing chemical.

2. Methods for Investigating Protein-Chemj-cal ComPlexes

Techniques for studying protein-chemical complexes have been out-

lined by Klotz (i953) and Cohen et al. (1966). Those relating to the

present study used a radíoactive isotope as the complexing chemical or

as a labelling componenË of the complexíng chemícal. The complex vras

later isolated by Sephadex-gel filtration, íon-exchange chromatography

or protein precipitatíon with tríchloroacetic acíd or neutral salts.

The plasma protein fractions forming such complexes have been identified

by a variety of methods (Klotz, 1953; Cohen et a1. 1966), but the research

of Gordon et al. (1952) is particularly pertinent to the present study.

These auth.ors, by employing paper electrophoresis, obtained the first

specifíc information regarding thyroxíne-binding to human-serum-protein

fractions. Sterling et al. (1962) and Oppenheimer et al. (1963) used

equilibrium dialysis to study the binding of T4 fo human serum proteins.

Sirnílar techniques r"rere employed by Huang and Hickman (1968) in their

ínvestígation of íodide bínding to fish plasma proteins.

3. Thyroid Hormones in the Circulatory System

Rall (1950), while studyíng iodocompounds in Ëhe blood and

urine of man, identified T4 in human plasma. At about the same Ëime

Gross and ?iËt-Rívers (195I) identifíed T3 in human plasma.



u¿

Tata (1964) acknorvledged that T3 and T4 constitute the bulk.of organic

iodine in the blood of many mammals, as well as some birds, amphíbíans

and reptÍles. L-thyroxine ancl T3 have been reported in the öircu1atory
system of a number of fish species (Table rr). The chemical struccure
of these hormones is shown in Figure 1.

a' Structural Determinants of Thyroid.-Hormone Bíndíng to plasma

Proteins. sLerlíng (r964a,b), using thyroxine analogues, found Ëhe

followÍng structuïal properËies important in the bínding of thyroxine to
human serum albumin: (1) the diphenyl ether structure, (2) the presence

of iodine atoms; (3) the presence of a dÍssociared (anionic) phenolic

hydroxyl group; and (4) the alanine side chain with íts carboxyl group.

As a resulË of thís knowledge he proposed a model for the bindÍng rocus

on the proteín molecule (sterling, L964a,b) whích stressed the ímportance

of free cationic groups on the protein mo1ecule. He suggested that such

cationic groups could ínteract r+ith the phenolate and carboxyl groups of
thyroxine' Betrveen these catj-oníc groups one might expecË aromatic amino

acids of the protein to be attracted to the díphenyl ether structure of
thyroxine by means of hydrogen bonding or van der trrtaalst forces (sterling,
1964a). comparable ínteractions r,¿ould appear possible between T3 and

plasma proteins.

b' Thyronine-Bínding to HunÌa.n Plasma Proteins. This subject has

been reviewed exrensively by Robbins and Rall (1957), srerlÍng (1964b),

TaËa (1964), Lemarchand-Beraud et ar. (1964), salvarore er a1. (1966),

and Osorio (L967). Therefore, only aspects of particular importance to
the present investigation are considered.
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TABLE ]I

OCCURRENCE OF IODOAI,IINOACIDS
IN FISH BLOOD

SPECIES T4 T3 IT SOIIRCE

Lampetra planeri ++ Leloup (1955)
(lamprey)

Periophthal-muskoelreteri + + + T,eloup(1956)
(mudskípper)

Protopterus annectens + +
t4 - , r \r I rrnolt qn I

Umbra 1ímí.7.-.---;--]-r
(muc mr-nnov/,,

F,ntatretrrs storrtíi
=1:::_:_=:i:(hagfísh)

Carassíus auratus-----;- 

-
(goldrr-snJ

Salmo gaírdnerí
(rainborv trout )

Pleuronectes platessa + +
(plaice)

++

+

+ Chavin and Bour,¡man
(196s)

+ + + Jacobv and Hickman
(1966)

Osborne and Símpson
(1969)

Leloup (1958)

Berg et al. (1959)

Tong et al. (i961)

Symbols used: IT . iodotyrosines

+ , indicates Dresence of substance.



Fisure 1. Chemical structure of 3r5r3'-triiodo-L-thyroníne and

3r5r3' r5'-tetraiodo-L-thyronine (L-thyroxine)'
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"V'Vc*z-i,-¡-oH
I

3 ,5 ,3 
t -triiodo-L-thyronine

3 ,5 ,3 I ,5 ! -tetraiodo-L..thyroníne (L-thyroxine)
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In humans most of the circulating thyroid hormone is Ín the form

of T4, the iodide of r.rhich accounts for 9o"a of the organically bound

iodine. small a'nounts of T3 and trace amounts of 313t15t-triiodo-L-
Ëhyroníne (reverse triiodothyroníne), monoiodotyrosÍ-ne, diíodotyrosine
and other compounds are liberated by the thyroid gland. l,fost circulaËing
T4 is bound to the plasma proteins by reversible non-covalent bindíne.
Less than 0.12 (0.004 lCl100 ml) is free (Ganong, tg67).

Since Gordon et al. (1952) flrst ídentifíed T4 ín the albumin and

alpha g1obulÍn regions and since rngbar (1958) noted that prealbumin

also bound T4, numerous electrophoretic techniques have been used in the
ídentification of plasrna protein fractions bindÍng thyroid hormones.

Horr'ever' the results in general have been the same implicating prealbumin,

albumin and thyroxine-binding globulin of the alpha groburin regÍon.
Exceptions \./ere noted by christensen (1960) , who observed tr¿o areas of
radioactivity in the alburnin region when plasma which had been previously
incubated r¿ith T4* rvas subjected to starch ge1 electrophoresís; and

Launay (7966), v¡ho found some bínding of T4x to the gamma globulin
fraction when human plasma v¡as electrophoresed on cellulose polyacetate.

Each of the three major protein fractions bínding thyroid hormones

has a different affínity (type of binding site) and a different maximum

binding capacity (number of bínding sites) for the hormones (Table rrr).
Abnormal protein-binding has been reported in a number of physiorogical
and parhological condirions (Clark, 1967).

c. Thyroxine*Binding to Fish plasma proteins. Electrophoretic
studies of fish plasma proteins (salvatore et a1. , rg5g; Leroup and

Fontaine, 1960; Leloup, r.961a,b; Farer et al. , 1962; Tarrabe et ar. , Lg6g)
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TABLE III

CHARACTERISTICS OF THE MAJOR TTIYROXINE-BINÐTNG SITES OF
THYROXINE_BINDING GLOBULIN (TBG), THYROXINE-BINDING

PREALBUMIN (TBPA) , AND SERI]M ALBUMTN (A) IN
HUMAN SERU}I

CHARACTERISTICS
RELATIVE BINDING AFFIN]TY AND CAPACTTY

PROTEIN 0F DERIVATIVES IN I^IHOLE SERUM

TBG

TBPA

T-T
+J

T, > T^: T^:0¿+ 5' 5

aHigh affÍnity-, 1ow
^--.^^t+--hLdPdul Ly -

Moderately hígh affinity,
high capacity

Both about the same Low affiníty, very high
capac]-ty

Data from Tata (1964)

alndícative of the types of bíndíng sites.
h"Indicatíve of the number of binding sites.
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suggest the binding of T4 by al1 protein fractions excepr garmna globulin.

Postalbumin, albumin and prealbumín fractions seem rnost frequently

involved (Figures 2 and 3; Table IV). Although differences are apparent

between species it is difficult to tell if these are real or simply the

result of varíation in electrophoretic Ëechníque. Furthermore, these

sËudies assume bindíng to be indicated sírnply by positional similarities

in the location of plasma protein fractions and T4* fo1lowíng electro-

phoresÍ-s. Sínce no dialysÍ-s experiments were conducted to verify binding,

thís seems a questionable assumption. The binding of T3 to fish plasma

proteins has not been investigated usíng electrophoretic techni-ques. As

a result of these facts it ís partícularly diffícult to arrive at

generaLízations regarding the binding of thyroid hormones to fish plasma

proteins.

d. Thyroníne-Bínding to Plasma Proteins of Other Vertebrates.

The binding of T4 to Ëhe plasma proteins of vertebraËes other Ëhan humans

and fishes has been examined by Farer et al. (L962) and. Tanabe et al.

(1969). Table V summarizes Èhe occuïrence of thyroxine-binding proteins

in eight species indícaËing interspecies variation along with varíatíon

related to electrophoretic techníque. Tanabe et al. (1969) suggesÈ that

thyroxine-bindíng alpha globulin (thyroxine-binding globulin) is resrricted

to higher maurnals such as primates, ungulates and some carnivores.

However, this theory conflicts with the results of Salvatore et al. (1959)

and Leloup (1961a,b) who describe TBG-Iike proteíns in Petromyzon planeri

Lampetra planerí, the sea perch and the conger eel (Fígure a) .

In the few mammals studied, most of the círculating T3 is bound by

thyroxine-binding globulin. A thyroxine-binding globulín-1ike prorein
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fraction has not been identified in birds and T3 along with T4 both
exhibit equal affinities for albumin-like and prealbumin-like componenrs

(Tata , 1964),



Fígure 2. Proteín association of radioactivity ín plasma-radiothyroxíne
mixture (0.015-0.7 Fg/nI) after paper electrophòresís. Location of
T4à' indícated by rrxrs't. PosiÈíons shov¡n are relative to an electïo-
phoretic separatíon of iruman serum r^¡ith fractions indicated bv
rectangles.



SPECIES

Leloup (196la, paper electropho
H B.6l

LampeËra planeri
(ammocoete larva of

Scylliun stellare
(dogfish)

Salmo salar
(Atfa"tl" 

""tmon)
Alosa alosa
Gtr"al-
Anguilla anguilla
(eel)

Protopterus
(lungfísh)

annectens

XXX*

XXX

rL
XXX"

)oü

XXXC

Sea perch
(no species gíven)

l-nnaor aa'l

(no species given)

Mullet
(no species given)

Salvatore et al.

Petromyzon pl-aneri
(ammocoete larva of

1^---^,-\LdLtLP LeJ ,l

(1959) Reverse flow paper electrophu"lo""'Ï"i'"' 
Ii" 

"iJ 
lt_J Lt L__t L_

ÐcK

XXX

I

XXX

T.IE[;I l_f
l96lh) Rpverse flow
Barbital buffer - p

I

lamprey)

a-' L^-^--i^ ^ç ^1 ^^^^ t,L t^..-^ ^EL^- i-i^-!-,^- --i!r- 131---Electrophoresis of plasma 46 hours after injectíon with r .
All other species were analyzed af.ter incubation of plasma l^¡ith T4x.

h-T4^* l¡as present in this region only rn'hen the plasma \ùas subjected
to starch ge1 electrophoresis. Thís region of radioacËívity was not
apparent with paper electrophoresis.

cNo change in the fractions to which T4* was bound occurred over T4
concentrations ranging from 1.5-10,0 ye/nl plasma.

Abbreviations used: G, gamma globulin; B, beta globulín) L2, alpha-2-
globulini AI, alpha-l-glc¡bulin; ALB, albumini PA, prealburnín.

AT D

-^^: ^r cbaS

)CXXC

XXXC

9r eÞaÞ

PA



Figure 3. Protein association of radioactivity in serum-radiothyroxine
Itixtures (0.01-0.5 ¡g/nl) after starch gel electrophoresis. Locarion
of T4'i'inciicated by "Xrs", Positions shorvn are relative to an elecËro-
phoretÍc separation oí human serum r.¡ith fractions being named pre-
albu:lin, albunin and postalburuin. Electrophoresis r,¿as carried out
using starch gel nedium and veronal (i.e., barbiLar) buffer, pH 8.6.
Data from Farer ei al. , (1962) 

"
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SPECIES POSTALBUMIN
SERUM PROTEIN FRACTION

ALBIJI'IIN PREALBIIMIN

Lut.ianu vaieiensis
(snapper)

X XXX
X XXX

X XXX
X ÐO(

X XXX

^ 
-Ãl\-À.

X
x

Caranx
'h-'-----:-

(J acK
sexfasciatus

f-íehì

nuda

Homo sapien-sa
(nan)

lt
X

X
v

XX
XX

XXX
XXX

a_Incl_uded tor comparÍson,
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TABLE IV

PROTEIN ASSOCIATTON OF R¿DIOACTIV]TY IN
PIASI''ÍA-RáDI0THYROXINE (5. 0 ¡rgl100 m1)

MIXTURE AFTER CELLULOSE 
^

POLYACETATE ELECTROPHORESIS.

SPECIES POSTALBUMTN
PROTEIN FRACTION

ALBI]MIN PREALBI]MIN

AngJ:illa j aponíca
(eel )

Carrassius giblio

Fugu niphobles
(globefish)

12.9

17 .8

18. 9

50 .8

56.9

42.5

19.8

10 .8

6.8

*Location of the radioactivity is relative to an electrophoretic
separation of human plasma vrith fractions being classÍfied as prealbumin,
albumin and postalbumin. RadíoacËivity is expressed as a percent of Ëhe
total on the stríp. ElecLrophoresís v¡as carried out using cellulose
acetate medium with barbital buffetpH 8.6. Data from Tanabe et a1. (1969).
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TABLE V

PROTEIN ASSOCIATION OF RAÐIOACTIVITY IN SERUM-RADIOTHYROXINE
ln r¡r-ô ( ,,ft/*1 \ Mrvl.rrDE' a-^LLOhtING ELECTROPIIORESISv o J 

16l 
LtrL / LLLz\Lv r\! ! v

SPECIES PAPERA PAPERb STARCH GELC

Macaca mulatta
lnh*"" oro"t.y)

Sus scrofa
T"r"iãã)--

Ovis sp.
(sheep )

Felis
TõãÐ

LdL Uù

1ivía

Callorhinus ursinus
@
Marmota a¡1r'--+^LarrÈidLd

(marmot )

Columba
Grg""")

AG;A;PA

ã9 ró

õu tÃ

AG;A

AG;A

AG;A
another globulin

(s1or^¡er)

A;PA

AG;A;PA

^c. ^

AG;A

AG;A
another globulin

(slor.'er )

^.ÞÁ

POA; A, ; A, ; PA

POA;Ab

POA;Ab

POA;Ab

A;PA; tvro
bands in
globulin region

Meleagris gallopavo
[turkey)

Synrbols used: PA prealbumin region
A albumin region

A, and A. . two separate bands occurring in thet-)
albumin region after electrophoresis
on starch ge1 medium. A" is the faster
migrating band and A2 thó slorver.

AG alpha globulín regíon
Aa leadíng edge of albumin regíon
Ab . trailing edge of albumin region

POA ..postalbuminregion
Regions are relative to an electrophoretic separatíon of human serum.

"R".r"rru flor+ electrophoresis, barbital buffer, pH 8.6.
r)-Reverse floru' electrophoresis, ammonium carbonate buffer, pH 8.6.
cVertical starch ge1 electrophoresis, boraËe buffer, pH 8.6.
Data from Farer et al. (1962).



MATERIALS AND METHODS

Fish Maintenance

One-year-old brook trout, from common brood stock maíntained by

the Ontario DepartmenÉ of Lands and Forests (Doríon Hatchery), \.,rere

períodically brought to the laboratory from the Province of Manítoba

trout hatchery at West Hawk Lake. Mean lengths and weights of the físh

are given in Table VI. They were held in the laboratory under a natural

photoperiod in a 560-liter fiberglass holding tank supplied wíth con-

tinuously running, dechlorinated Ëap water, the temperature of rn'hÍch

varied from 3 C in April to 17 C in August (.seasonal- extremes ) .

Groups of up Ëo 40 experimental fishes r,{eïe taken from the holding

Ëank and placed ín 200-1iter fiberglass tanks supplied with constantly

flowing, dechlorinated tap \,/ater at 10 t 0.5 c. The experimental tanks

were enclosed r¿iËh líght-proof wooden covers housing a 4O-I,rtaËt daylíght

fluorescent tube 25 cm from the waËer surface. photoperíod (12 hour

light - 12 hour dark) Idas controlled automatically (Carter portable Tíme

Control, James B. Carter Ltd", Winnipeg).

Food was offered on alternate days at a ratíon of

2 g of food per fish per week. IL consisted of a frozen

beef liver and ocean perch fillets (10:1 by weíghr) wiËh

to facilitate dispersal when added to water. The total

\À/as approximately 6.6 ye per 100 g of food.

approximately

homogenate of

gelatín added

íodide contentl

Periodic outbreaks of fungus r¡rere prevented by adding 40 ¡1 of

one per cent (r,¡/v) aqueous malachite green per 1íter of tank vrater.

1-Dried. food
Iodide content vas

was ground and d.igested r+ith perchloric acid.
measured. by ceric ion red.uction.
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TABLE VI

GENERAL INFOR}fATION PERTAINING TO FISH

FISH
GROUPA

ANII'ÍALS
PER GROUP

}fEAN
I{EIGHT (g)

MEAN FORK
LENGTH (cm)

I
2

J

4

5

6

7

B

9

10

11

I2

13

10

10

10

10

10

10

10

10

10

10

10

10

20

70.5

65.1

r17.5

83.4

98 .0

78.9

116.6

82.6

r02.2

93.9

123,2

92.5

118.4

18.2

tB.2

2r.9
21.0

2r.5
t9.6
2r.6
20.8

20.9

2t.5
22.4

21,2

21.9

a_Each tish
plasma sample.

group represents the animals used to obtaín one pooled



Clearance

v¿ater flow

weeks and

(1946) and

(Carassíus

22

of the dye rarithin t\.ro hor.rrs vas assured by adjustment of the

to 100 liters peï hour, Acclímation vras carried out for three

therefore corresponded to acclimation periods used by Brett

Anthony (i961) for sirnilar temperature shifts wíth the goldfish

auratus )

Blood Collectíon

I.Ihen initially removed from the tank, acclimaËed fish were

tightly anaesthetízed with tricaj-ne methanesulphonaËe (l4S-222, 0,05 g/liter)

Each fish was further anaesthetized wítlnI{,5--222 (0.3 g/fiter) as used by

Schiffinan and Fromm (1959) and the caudal peduncle transected. Blood

from the caudal artery was collected in disposable aluminíurn weighing

dishes contaíning a drop of heparin solution (1 mr = 1000 uSp units) ro

Prevent clotting. fndividual blood samples were placed in 1.5-n1 conícal

plastic centrifuge tubes and cenËrifuged at 15rO0O x g for five mínutes.

Prasma thus obtained was pooled, subdivJ-ded into smaller samples and

stored in 2-ml plastic beakers at -22 c. pooled human plasma samples

were obtaíned from the l,,línnipeg General Hospítal and stored as described

for fish plasma. The storage period never exceeded B weeks.

Haematocrits were routi-nely determined for indivídual blood samples.

A capillary tube (75 x 0.8 nm) was applied to a drop of freshly dravrn

blood and the capíllary acËion resulted in the formatíon of a blood

column r^rithin the tube. One end of the tube was sealed wíth a pliable

vinyl plastic (Critoseal, Biological Research, Inc.) and the tube centri-

fuged at 151000 x g for fíve minutes,
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3. T-otal. Protein Determination by Bíuret }fethod

One hundred ¡r of a poored-plasma sample was placed in a

10 x 1 .2 cm cuvette and to this rvas added 2.4 mL of Biuret reagent

(Biuret Reagent Tablets, cambridge chernical products, rnc., Dearborn,

Michigan). A standard v¡as prepared in an identical manner wíÈh the

exception that the plasma sample was replaced by Lab Trol (nade Reagents,

rnc.). After 30 mínutes the color reaction \,¡as sËopped by adding 0.6 m1

of sodium sulfite to each cuvette. The optical densíty of the sample

and standard were obtained with a Bausch and Lomb spectrophotomerer

(Spectronic 20) at a \^iavelength of 555 m¡. Total protein v¡as calculated

as follor,¡s.

Toral Prorein in 91100 *1 = Pl*tl l"t"itr of Unknown Protein inoptic@ x srandard
(g/100 ml)

Total Tþyronine ConcenËratÍon

since excessíve amounts of ínorganic iodíne, iodoproteíns or

iodotyrosj.nes are known to influence the results obtained wíth method.s

normally used in determining thyronine concenËrations (Bio-science

Laboratories, 1969), and sínce the concentration of ínorganic iodine is

particularly high in rhe brook rrour (509.0146.0 ¡g/100m1; Dorey, 1970)

the thyroxíne-by-column method v¡as chosen. This method is uninfluenced

by high inorganÍc iodíne (up to a minimum of 1000 ¡g/100m1), iodoprorein

or iodotyrosine concenËrations,

Analyses $Iere carried out by Bio-Science Laboratories, Van Nuys,

Calífornia, using their application of the thyroxíne-by-column method.

this method, plasma samples are made alkaline with sodiurn hvdroxide

4.

In
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solution and poured onto anion-exchange columns (Dowex-1). Thyroxine

and related compounds, plasma proteins and plasma íodide are trapped in
the column. sodium acetaLe in Ísopropyl alcohol is then added to the

column" This solution removes plasma proteins, carbonate and bÍcarbonate

ions. Removal of these ions prevenl-s the evolutj-on of carbon dioxide

gas and subsequent disruption of the column r,¡hen acid is added. Column

washes of íncreasing concentrations of acetic acid are used to remove

monoiodotyrosines and diiodotyrosÍ-nes. Fina1ly, T3 and T4 are eluted

with a column wash of 502 (v/v) acetic acíd. Thyronine iodine Ís colouri-

metrically measured at 420 m¡r with arsenious acid and ceric ammonium

sulphate.

Three 4-m1 alíquots of a plasma pool from 20 fishes were analvzed

Radíoactíve Materials

Radioactive hormones (T3:t and T4x; specifíc activity, 16.5 _ I35.0

mcí/mg) lrere supplíed by Mallínckrodt Nuclear, st. Louis, Missouri, and

radioiodide by Atomic Energy of Canada, Ottar,ra. Both T3* and T4* r¿ere

routÍnely anaLyzeð. for the presence of iodide (i25t-). The methods used

for this estimation lrere: descending paper chromatography butanol:acetic

acíd:water (4:2¿I, v/v) i ascending thin-layer chromatography on MN-

Polygram silica Gel (s/uv254; Machery-Nagel, Duren, Germany) r¿ith a

butanol:ethanol:6N ammonia (50:40:I0, v/v) ; or paper electrophoresÍ-s

wiÈh Gelman High Resolution Buffer (pH 8.6) for 12 minutes at 300 volrs

and 12 millíamperes (2 ma/stríp). chromatograms and electrophoretic

strips \'/ere cross sectioned and the radioactivity present in each segment

determined by counting for one minute. The results obtained were plotted

on graph paper and the íodíde content expressed as a percentage of Èhe

total radioactivity comprising iodide and thyronine peaks.
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Radioactívity was measured by placing sarnples in test tubes
(I5 x 1'5 cm) or flat-botËomed counting rubes (14 x 1.4 crn) and inserting
in a well-type.scintillation detector (Nuclear Chicago) havíng a thallium:
activated sodium-iodide crystal (2\,,x2\,t). This d.etector vras connected

to an analyzer-scaler (Nuclear Chicago, Ilodel 8725) .

6. Preparatíon of Thyronine-plasma l,fixtures

RadíoacLive hormone (t3* or T4"') in 50'Z propylene glycor ruas added

to plasma so the added hormone concentration was 0.05 ¡g/mr. rf higher
added*hormone concentrations were requíred the necessary amount of the

sodium salt of cold T3 or T4 was used. Normally the final volume of the
hormone-plasma solution I¡Ias approximately 40 tímes greaËer than the volume

of Ëhe added hormone solutíon.

The cold hormone v¡as pïepared by dissolving T3 or T4

4"/' aqueous propylene glycol (v/v) solutíon containing sodium

at a concentration of 0.1 N. This was then diluËed to 0.002

propylene glycol.

inlmlof

hydroxide

N with 4%

Unless otherv¡ise specified

two hours, at 10 C, with constanL

I,'Iater Bath Shaker, Model G77 , New

, plasma thus prepared was íncubated for

agitatíon, in total darkness (Metabolic

Brunsrn¡ick Scientif ic Co. ) .

7. Thyronine-Binding by Tríchloroaca!¿s Acíd precípitation

Trichloroacetic acid precipitation of fish plasma proteíns has

been used by a number of investigators (Hickman, 1961; Eares, 1963;

Huang and Hickman, 1968; Dorey, i970) to determine the amount of radío-
active or non-radioactive thyroid hormone in the circulation. Addition
of plasnia-thyroÍd-hormone complex to trichloroacetic acid results in
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precipitation of the proteins and destruction of the plasma iodide-

proteín bond (Leloup and Fontaine, 1960). The plasrna-thyroid-hormone

bond is apparently unaffected. Thus if plasma is íncubated rvith T4* and

added to trichloroacetic acid one rvould expect the added hormone to

appear as radioactiviËy in association with the precÍpitate. Any free
12\ -I would appear in the supernatant.

An experíment (see Results) was carried ouË to determÍne the most

reliable trichloroacetic acid-plasma proteÍ-n precípiËatíon technique and

to assess the effect of incubaËion temperature. As a result of this

experíment. the routine procedure outlíned in Figure 4 was adopted.

The fraction of the total radioactÍvity bound to plasma proteín

waS calculated ¿aanr,lino fn tho fgllqWing equation.

In

by

'ronrinn 
Þ , Bound ComtlMír ("or*tírg tr r ac LJ-utr l]oun(l = ,,3,,¡

most instances this v¡as expressed as a percenËage by multiplying

100 .

B. Thyronine-Bínding by Equilibriurn Dialysis

Equilibrium dialysís of plasma incubated with thyroid hormones

lvas carried out similar to the method described by Huang and Hickman

(1968) for iodide dialysis against plasma proteins. The dialysís rubing

(diarneter 0.64 cm, union carbide) used had an average pore size of 24 A

and contaíned cellulose, glycerine, \,rater and a small amount of sulphur.

Prior to use the tubíng r¡ras soaked for 24 hours in three changes of

distílled r,rater. sections \./ere then cut measuríng 9 cm (ín length).

The end of each section was twisËed, turned baclc ín the shape of a "U,'



Figure 4. Flow
techníque.

chart of trichloroacetic acíd proËeín-precipiËatíon
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Plasma (100 pl)
I

w
Add plasma to 0.5 r¿1 of 12.5% trichloroaceÈic acid (TCA) in a 1.O-inl conical
plastic centrifuge tube. Break the resulting protein precipitate into
sma11 flakes r¡iÈh a glass stirring rod.

I
Iv

centrifuge at 151000 x g for 10
mínutes (International Mícro-
capillary CentrÍfuge, Model MB,

pipet off

0.5 ml supernata ,t /
(add to counting tube "4")

./ 
slanted head)

+

precipÍtate
I

I resuspend precipitate in
I 
o.s *r or 2.sT" rcl

I

Y
centrifuge at 15,000 x g for

pipeË off

0.5 m1 supernaËan
(add to counting tibe "At')

10 minutes

+

wash centrifuge tube in 0.5 ml of 0.1 N

NaOH and add to counting tube t'8"

precipitate
I
I

w
dissolve precipitate in 0.5 rnl of
0.1 N NaOH and add to countíng
tube rrStr

(countíng Ëube "A,") (counting tube "8")

*
Radioactivity recorded as counts per mínute. Minimum total

count 1000.
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and tÍed r.rith rayon string. The índividual sectíons r,/ere placed in

13 x 1.4 cm siliconized t.est tubes containing 3 m1 of Hickmants fish

saline (Hoar and Hickrnan, 1967). A 2so-u1 sample of a radiohormone-

plasma mixture was placed inside each section of the dialysís tubing.

Equilíbrium was established within B hours, but dÍalysis was continued

for a total of.24 hours, at 10 c, with constant agitation, ín total

darkness (Metabolic WaËer Bath Shaker, Model G77, New Brunsrvick Scientific

Co., Tnc.). Separate 100 ¡1 sarnples \,Jere then taken from ínsíde and out-

side the dialysis bag and added to counting tubes containing a.9 ml of

Ìrater. Each tube ruas counted to a mínimum of 1000 counËs. The percentage

of the added hormone bound to the plasma proteins r.¡as calculated as

fo1lows.

Percentage of
Added Hormone
Bound to Plasma
Proteins

= .Pf"s*a-Ho*91. S"* pU)- IUU

9. Ce1lu1ose Polyacetate ElectrophoresÍs

Electrophoresis using cellulose polyacetate medium was carried. out

ín a Gelman horizontal electrophoresís cell with eighË cellulose poly-

acetate strips (sepraphore rrr Cellulose polyacetate support Medium,

2,5 x 17.0 cm). The anode and cathode buffer chambers were each filled

ü¡ith 250 ml of buffer. Cellulose polyacetate strips were marked along

the edge at 0.5-cm intervals, soaked in buffer, placed on a sheet of

Parafílm and blotted gently. A 2-u1 sample (conraining 0.004-0.006 ¡ci)
of prevíously íncubated plasma-hormone mixture, or radioactíve hormone

alone (in aqueous saturated sucrose solution) was applied to each strip
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with a Gelman electrophoresis sample applicator consisting of two

parallel rvires approximately I rnm apart. Electrophoresis was carried

out usíng constant current, at 10 C, in total darkness. The duration of

the run and condítions of electrophoresis are given in Table xV.

Following electrophoresis all strips vrere stained for five minutes

in a solutíon of 0.2"/" by weight of ponceau s, 7.5% by wej_ght trichloro-

acetic acid, ar.d 7.5% by weight sulfosalicylic acid (Nerenberg, 1966).

To prevent proteins from being r¡ashed-off in the staining solutÍon, a

7.5%-tríchloroacetic acid solution was used rather than the usuallv

recommendeð. 37" (Nerenberg, 1966). The staíned strips were cleared r¿ith

successive changes of. 5% (v/v) acetic acid and rínsed r^/íth distilled

\^Iater. Prelíminary experiments índicated no difference in the location

of radioactívity betr,¡een strips subjected to staining and clearing pro-

cedures and those not subjected to such treatment. Individual strips

\.üere removed from the water rínse, placed on glass mícroscope slíd.es

(11 x 25 cn), and lightly blotted. Each was then \,,/et-scanned at 575 m¡r

t'¡ith a Gelscan Scanner (logaríthmic response recorder). Scanner settings

used were: defining slít, 0.125 cm; scan width, 1.0 cm; scan speed, fast;

chart speed, 200 nm/min; millivolt control settÍ-ng, 50. since the

scanning speed of the stríp and Ëhe chart speed of the recorder \,Jere not

idenEical the resulting electrophoretogram gave a protein fractíon migrat1on

dístance 2.2 tírnes Èhat of the strip.

The strips rtere sectioned at Ëhe previously marked 0.5-crn inter-

vals and each section counted for one minute. Radioactívity was expressed

as a percentage of a sËandard or as a percentage of the total radio-

activíty on the strip. That radioactivity in excess of I"/" on reolicare
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striPs \,Jas averaged and plotted in relation to the densítometric scan of

the plasma protein fractions. Percr-nt:opq nf lsss than 12 I.rere not

plotted unless.occurring consistently at a specific location or betr{een

radíoactive peaks. Standards r¿ere prepared by applying to each of trvo

I x 2.5-cm sections of cellulose polyaceËate a sample identical to that

placed on each strip.

I0. Paper Electrophoresís

Paper elecËrophoresis was conducËed using a Shandon horízontal

paper elecËrophoresis cel1 (Kohn Tank, 25 x 24 cm) in conjunction with

six 3.5 x 20.2-cm strips of hTfratman number one chromatography paper.

Each strip \^Ias marked on the edge at 0.5-cn intervals. The location for

sample applicatíon was similarly marked. Anode and cathode chambers of

the ce11 were each filted \víth 325 ml of buffer. The strips were dipped

in buffer, placed on a Parafilm sheet and líghtly blotted. A 5 ¡r1

sample of incubated radíothyronine mixture (contaíning 0.010-0.014 ¡Ci)
or a 5¡1 sample (containing 0.010-0.014 ¡Cí) of radíoactive hormone ín

aqueous saturated sucrose solution rvas applied to each strip as described

for cellulose polyaceEate elecËrophoresis. Electrophoresís \^ras carried

out using constant voltage, at 10 C, ín total darkness. The duraÈion of

the run and milliampere variation are given in Table XV.

Following electrophoresis one strip was sËained as described for

cellulose polyacetate, cleared in successive changes of. 5% (v/v) acetic

acid, rinsed r^/ith distilled r^7ater, and oven dríed at 80 C. The strip

was then scanned at 575 m¡ with a Gelscan scanner adjusted as follows:

defíning slit, 0.2 cm; scan width, 1.0 cm; scan speed, fast; chart speed,

200 mm/min; millivolt settíng, 50.
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The unstaíned stríps \,Jere sectioned at 0.5_cm intervals and each

section counted for one minute. The radíoactiviËy was expressed as a
percentage of a standard prepared. by applyíng to each of t¡vo I.0 x 3.5_cm

sections of l,rrhatman number one chromatography paper a sample identical
to that placed on each strip. The radioactivity thus recorded rvas plotted
as described for cellulose polyacetate.

11. Acrylamide Ge1 Electrophoresis

Front and side elevaËions of the acrylamide ge1 electrophoresis
equípment are shoi,¡n ín Figure 5. The stand. and lower electrode chamber

$Iere supplied as parË of a vertícal starch-gel electrophoresis system
(Buchler rnstruments, fnc. Fort Lee, N. J.). The upper erectrode chamber

\ùas constructed from Plexiglass sheeting (0.6-cm thickness). Tr¡o sections
of Plexiglass were sandwiched together to form the base of the upper

electrode chamber. Ten uiatching holes (diameter, r.r1 cm) were drirred
Ëhrough each of the Plexiglass sections. The holes of sides in apposition
r'Iere approprÍately countersunk to permÍt the positioning of syntheËíc
rubber, corrosion-resisting grommets (1.0 cm inside diameter, 1.4 cm

outsíde diameter). Each electrode chamber was supplied with a platinum
elecÈrode.

Glass tubing (0.8 cm inside d.iameter, 1.1 cm outside diameter) rvas

cut into 13.8-cm rengths and. the end.s bevelled v¡Íth a grinding stone. A

number of tubes rr'ere then sealed on one end. (bottom) by insertion into
red rubber vacutaíner caps (Becton, Dickinson and co., parsippany, N. J.).
Each tube was placed in an upright posÍtion and 12 ml of vTater pÍpeted

ínto Ëhe inËeríor. Ten Êubes \{ere selected ín which the heights of the



Figure 5. Front
enrrìnmanl-

PE, platinum
uDner hrffer

and side elevatíons of
(G, grommets; GT, glass
o'l on l-rn¡la . Q11, vu, support
chamber).

acrylamide gel electrophoresis
tube; LB, lower buffer chamber;
block; SS, support stand; UB,
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menisci coincided. These tubes were diamond-marked at the base of the

meniscí and used as a matched set of Ëubes for acrylamide electrophoresis.

Prior to use the glass Ëubes were thoroughly cleaned and rínsed

ín a 1:200 (v/v) aqueous solution of Photoflo (Canadian Kodak Co.). After

oven dryíng at 90 C one end of each tube was sealed by inserËion into a

Vacutainer cap. The uncapped end of each tube was then pushed through

Ëhe grournets in the base of the upper electrode chamber. A thin filrn of

siliconized stopcock grease (Silicone LubricanË, Dow Corníng Corp.,

Midland, Mích.) was apptied around thaË portion of the tubes siËuated in

the electrode chamber and another gronrnet slipped over each unsealed end.

The whole system was placed inside a refrigerator and cooled to 5 C. Using

a 10-m1 continuous pípetor (automatic syringe), individual tubes were

fi11ed to the diamond mark wíth acrylamíde ge1 solutíon (Table VII).

Immediately thereafter 0.2 mI of waËer was layered on top of the gel solutíon

ín each Ëube with a lengÈh of polyethylene tubing forced over the needle

on a dísposable l-ml tuberculin syringe. The barrel of the Èuberculin

syringe was in turn connected to a micro-pipeË filler (Adams Suction

ApparaËus, Clay Adams Division of Becton, Díckínson and Co., Parsíppany'

N. J.) by a 2.5-cm section of rubber tubing.

After gelation the apparatus vras removed from the refrigerator and

the water Layer poured off the gels. Any remaíning vrater vlas removed by

lighËly touching the ge1 surface with a piece of absorbent tissue. The

Vacutainer caps l,/ere removed and the top of each ge1 aligned with the

upper edge of the elecËrode chamber base. An inverted test tube was used

to push the rubber grommets into contact wíth the floor of the electrode

chamber. This seal prevented leakage from the upper buffer chamber.
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TABLE VII

ACRYLAMIDE GEL CO}POSITION

CONSTITUENT CONCENTRATIONA VOLIIME (m1)

Acrylarnide Monomer*" 15 .02 7 5

N,Nf methylenebísacrylamide* 2.2% 13

I,later 19

TeÈrameËhylenediamine/< 0.287" 19

Buffer (concentration of buffer constítuents 19
given ín Table XIV is the eoncentration
in 150 rn1, í.e., the final volurne)

Ammonium persulfareb l2.oo"/" I

GEL TOTA]. VOLI]ME. 150

*Eastman Chemícals.

aconcentraËi on gíven is the concentration in a prepared solution
which was mixed with other constituents as indicated to a total volume
of 150 url.

L"Catalyst solídifying ge1. Added just prior to pouring gels.

Data similar Ëo that given by Nerenberg (1966).
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Buffer tuas first layered on the gel surfaces in the glass tubes. This

prevented air-bubble formation between the gel surface and the open end

of the tubes. Upper and lorn'er buf f er chambers lvere each f il1ed with 500

ml of buffer and the apparatus returned to the refrÍgerator.

A separate sample r^7as prepared for application to each gel. Thís

was done by placing a 2-m1 disposable beaker (Dispo Beaker, canadian

Laboratory supplies) r,rith a cone-shaped bottom into the open end of a

13 x 1.1-cm test tube. A ridge around the outer edge of the beaker pre-

vented toËal entry into the test tube. Saturated. aqueous sucrose solutÍon,

followed by a plasma-radioactive-hormone míxture or radioactive hormone

r'¡as added to each beaker. A crystal of bromphenol blue (rnarker dye) rvas

placed ín beakers contaíning plasma samples for applicatíon to gels that

would eventually be stained. No such marker d.ye was added to samples

desËined for applicaÈion Ëo gels used ín localízing radíoactivity as it

was feared that thÍs dye might interfere with formation of the protein-

hormone complex (normal procedure for any particular electrophoretic run

was to st.ain half of the total number of gels for protein fraction

Iocalization and to section half for radioacËivi-ty LocaLízation). Indi-

vidual. bealcers r¡Iere covered rsith ParafÍlm draron dor,¡n over the upper end

of the test tube. The sucrose and plasma-hormone or sucrose and. hormone

components \,.rere mixed by placing the test tube in a Vortex rnixer (Delux

Mixer Scientific Products).

fndividual samples were draron into glass tubes (0.4 cm insíde

diameter, 0.5 cm outside diameter) pulled to a fíne point (12 cm total

length). Each tube in turn r,/as connected to an Accropet pípet filler

(Manostat Corporation) by a length of polyethylene tubing. The fine poin¡
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of the glass tube was gently slipped through the surface of the buffer
ín Ëhe upper chamber and applied againsË the inner r,¡all of the gel tube.

The sainple vras.then slowly released onto the upper surface of the ee1.

Electrophoresis was carríed out with constant current at 10 C,

in total darkness. The duration of the run and voltage varíations are

given in Table XV.

EIecÈrophoresis conËínued until the marker dyes had reached a

predetermined poínt 9 cm from Ehe origin. All of the gels were then

removed from the tubes by ringing the end of each tube between the gel

and the tube wal1 r¿ith a 2O-gauge hypodermic needle connected. to the

outer casíng of a disposable tuberculin syrínge. The syrínge rüas con-

nected to runníng tap'rn/ater by a length of rubber Ëubing.

Those gels destíned for staining were immediately transferred to
test tubes (15 x 1.5 cm) containing a solution of. 12.5"/" trichloroacetic
acid (w/v) and 0 ,04% coomassÍe blue (v¡/v). After sraining for 15 hours

the gels were individually destained in tr¿o changes (one hour each) of 5%

acetic acíd:ethanol (9:3, v/v). Gels tended to take up the staining
soluËion and thereby increase ín d.iameter and lengËh. Thís particular

destaining procedure returned the gels to their original síze. prior to

scanning, each ge1 rvas submerged ín a I"/. Photoflo solutíon and returned

to its original glass tube. Tubes contaíning the gels were scanned at
q7q 

-,, ,.^,:..^ ^ -r/f mp uslng a carrier similar to, but larger than, the one normally

supplíed with Ëhe Gelscan unit for scanning dísc electrophoretic sepa-

rationg. scanner settings used r,¡ere: defÍning slit, 0.05 cm; scan width,

0.7 cm; scan speed, fast; chart speed, 200 mm/min; millívolt setting, I00.

The resulting electrophoretograms shov¡ed a protein fraction dísplacement

2.35 times that of the gel.
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Gels to be sectÍoned for raclioactivity deterrninations r{ere placed

individually on a slicing platform consisting of two pocket combs

(length, 13 cm) alÍgned pararlel to each other with a wooden block
(0.9 x 1.0 x 13 cm) glued betrveen. The gel posítíon r¡as secured by

insertíng thin plastic strips between the teeth of the combs at either
end of the gel. The slicing platform had been previously marked at 0.5-cm

inËervals' A stainless sËeel razor blade períod.ically dipped in concen-

trated Photoflo was used to section each ge1 ínto 0.5-cm segments. rndi_
vidual sections were placed in glass counting tubes and counted for one

minute' Radioaetivity per section rÀ7as expressed as a percentage of the
radioactívity applied to the gel by counting duplicate stand.ards of the
applied amount ín 0.86 m1 of water. Thís volume corresponded in geomerry

to thaË of the gel segments. Results obtaíned for corresponding sections
of replicate gels vrere averaged and radíoactivity ín excess of one per

cent of the standard ploËted in relati-on to the median densitometric scan.

Values of less than one per cent were plotted only íf consistently occur-
ring i-n a specific migratory position or bet\,,reen radj-oactive peaks.

12. verifícation of Hormone Binding to specifíc plasma protein
Fractions in Acrylamíde Gel

The binding of T3* and T4'* to specific prasma protein fractions
in the gel was verifíed by equilibríum dialysis. Fish plasma-T3* mixrure
or físh plasma-T4* mixture (both at 0.05,¡:g/mr) nas appried to each of four
acrylamide ge1s. At the same tíme samples of free T3* or free T4* in
agueous saturated sucrose solution (controls, 0.05 )tg/nL) were applied

to another four gels in the same electrophoretic system. Electrophoresís
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ï/as conducted usÍng the tris-HCl-glycine buffer described in Table XIV.

according to conditions descríbed in Table xv. Followinø el ecrssphoresís

the gels vJere cut into 0.5-cm sectíons. The central 1-cm section was

taken from the major radioactive peak of each gel and placed inside

individual 10-cm lengths of dialysís tubing (diarneter 2.0 cn; union

Carbide). Thís tubing r,ras treated identical to and had the same comDo-

sition as that prevíously described (see, Thyronine-Binding by Equilibrium

Dialysis). Buffer identical to that used in the electrophoretic gel was

placed inside (5 ml) and outside (20 nr) the dialysis membrane. The

ouËer contaÍner for each dial;'sis bag consisted of a 50-m1 siliconízed

glass beaker. These beakers were sealed wíth Parafilm and incubated

at 10 C' with constant agitation, in total darkness, for 40 hours in the

case of fish plasma or corresponding controls. Equilibrium $/as established

r¡ithin 24 hours. At the end of this oeríod the rad.ioactívity remaining

ín Ëhe gel was determined by additÍon of each se,smenr fo e t-esr lsþs

(14 x 1.4 cn) and counting to a total of 1000 counts. Duplicate samples

were taken from Ëhe solutions ínside and outside the dialysis tubing,

placed in flat-bottomed counting tubes, and counted to 1000 counts. The

radíoactivity Ínside (includíng that in the ge1 segments) and outside the

dialysis membrane was then converted to counts per mínute (CPtf) per millí-

litre and the following dialysis índex calculated.

ñj^r-,^j^ r_r^__ _ CPI'Í/ml Inside-Cplf/ml Outsideur_arysr_s j-noex =

The hígher the index the greater has been the retention of radioactivíty

(radíoÈhyronine) r¿ithin the dialysis bag. rt was assumed that íf rhe

proteins in the bag rvere bínding radiothyronínes this would be reflected
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in a día1ysÍs index higher than control sections where no proteins r^/ere

Present. The objective of this experiment r,,/as to determine if greater

retention of radíoactivity occurred when proteins were present ín the ge1.

rt was not used to obtain an exact quantitative measure of Ëhyronine

binding by a particular plasma protein fraction.

13. Injection Procedures

Immediately prior to injection the animals were anaesthetized in

fqs-222 (0.05 g/liter). The radj-oactive materÍa1 (T3'^, T4* in 502 propylene
1rqglycol or Na'--I in agueous solutíon) was injected ín a volume of 0.1 m1

using a one-inch,26-gauge needle aËÈ.ached to a 1-m1 tuberculin syringe.

The tip of the needle was inserted parallel to and just below the lateral

line at a point corresponding to the anterior edge of the dorsal fin.

The injection was íntraperiÈoneal.



RESULTS

Total Protein

Total protein.concentratíons for the pooled plasma samples are

given in Table VIII. Bartlettrs Test (Snedecor and Cochoran, 1967) for

homogeneity of varíance resulted in accepËance of Ëhe nu11 hypothesis

that the variances \À7ere equal (P>0.5). A one-way analysis of variance

gave a sígnificant F value (137.39; P<0.01) showing that some of Ëhe

means differed. Tukeyrs Fixed Range Test (Snedecor and Cochoran, 1967)

índícated those means which dÍffered

q Haematocrits

Mean haematocrit values obtained for the different fish groups

given in Table VIII. A1Èhough small dífferences do appear betr¡een

groups Ëhey show liËtle relationshÍp to the total protein concentratíon.

3. Plasma Thyronine Levels

Bio-Scíence Laboratories (Van Nuys, California) determined the

plasma thyronine concenËrations using t.he thyroxíne-by-column method.

Results obtained for the three subsamples of the single plasma pool were:

0.8, 0.9 and 0.5 pC/100 ml (meanz 0.73 ¡g/100 m1). These values were

approximately one-tenth that normally found for human plasma.

4" Variation in Trichloroacetic Acid Protein-Precipitation l{ethod

A series of experiments was conducted to deÈermíne the most

reliable method of precipitating protein-bound radioiodine usíng tri-

chloroacetic acid. The variations in the method already outlíned ín

are

Ëhe
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TABLE V]II

}IAEMATOCRIT A}ID TOTAL PROTETN VALUES

FOR POOLED PLAS}ÍA SAI"IPLES

FISI] I'ÍEAN MEAN EQUALITY LINES AT 
"GROUP HAEMATOCRIT TOTA-L PROTEIN FIVE PER CENT LEVEL*

7" e/100 rnl (Total Protein)

1.7b 3.68 J o. 1lc.

5 40.7!2.6 3.77t0.13
1 39.4 t 2.3 3.83 t 0.17

2 40.0 t 2.6 3.86 ! 0.26

10 40.2 ! 4.4 4.28 ! 0.29

11 37.9 ! 3,6 4.70 ! 0.28

6 35.5 ! 2.7 4.72 t 0,19

3 39 .2 ! 2.5 5 .00 È 0.30

8 42.7 ! 2,6 5.77 ! 0,23

72 39.1 I 3. B 5.78 ! 0.32

9 48.4 ! 4.0 6.27 ! 0.28

7 40.9 I 3.6 6.31 I 0.20

Bartlettrs Test for Homogeneity of Variances (Total Protein)

Chí square calculated 7.74 (P> 0.5)
Degreesfreedom.. 11

One:I{ay ANOVA Summary (Total Proteín)

Treatment Sum of Squares ¡ . 53.444 (degrees freedom = 11)
Error Sum of Squares 1.715 (degrees freedom = 55)
Total Sum of Squares 55.159
Ifean Square Treatment 5,344
Mean Square Error 0.038
F calculated 137 .38 (P< 0.0 f)

2oAny tr,ro means not i¿ithin the boundary of the same vertical l-ine
are significantly different at the 57. LeveL.

h
"Ninety-five per cent confidence interval: mean based on values

from 10 físh.
cNínety-five per cent confidence interval: mean based on 5 repli-

cates from each plasma pool.

t1
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Figure 4 (method III) are summarized in Table fX. Using these methods

the fraction of the Ëotal radíoactivity bound to plasma proteins v¡as

deËermined for B replicates of both fish and human plasma incubated with

T4* (0.05 p4/rll.I; radioiodide conter,t 5% of total radioacriviry) ar

temperatures of 10,20 and 36 C. The effect of either one or t\.ro washes

with 2.57" trichloroacetic acíd v¡as examined in the 20-C group.

A factoral analysis (Snedecor and Cochoran, 1967 ) was conducted

on the results obtained r¿hen Ëhe precipitate l¡ras washed once r^rith 2.52

tríchloroacetic acid (tables x and xr). Here, the degree of bíndÍng has

been reported as a fraction of the total rad.íoactivÍty rather than a

Percentage. This was necessary to facilitate t.he statistical analysis.

The daË.a vlere tested for homogeneity of variances by use of Bartlett I s

Test. The chi square calculated was 93.96 (P<0.005); therefore, Ëhe null

hypothesis that the variances Ì{7ere equal was rejected. A transformation

for the data was obtained using Taylorrs Por*rer Law as outlined by

SouËhwood (1966). The transformation \À/as accomplíshed by the conversion

of each value to the tenth po\,;er. Bartlettrs Test was performed on the

Ëransformed daËa and the null hypothesis for homogeneity of variances

accepted (chi square calculated = 4.08; P>0.995).

All the main factors, íncubation temperature, prqcípitation tech-

nique and blood type (i.e., species) had a significant effect on the

resulËs (P<0.0f). There ruas j-nteraction between incubation temperature

and precipitation technique, and incubatíon temperature and btood type.

Interactíon r^/as also apparent between all the main factors. No inter-

actíon was observed between precipitatíon technique and blood type.
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As a result of this experiment, precipitation technique III

(1 rvash) r,ras selected as the most reliable of those examined. This

method rvas routinely used for estimating thyronine-binding by plasma

proteins.

Comparison of Radiothyronine-Plasma-ProËein Binding by Dialysis
and Precipitation

The reliability of the trichloroaceËic acid precipitaEíon method

for assessing binding of thyronines r¡ras checked by equilibrÍum dialysis.

T3* or T4*, at. varíous specif íc acËivities , v/as íncubated r^rith f ish

plasma at 10 C to provide added hormone concentrations of 0.05,0.215,

0.5, 2,75 arlð, 5.0 'ye/nL. At each concentration four replicate

determinations were made with the protein precipitatíon technique and

four v¡ith the equílíbrium dialysis method.

Duplicate samples of T3* and T4* were analyzed by paper chromato-

graphy. Less than 17" of the radioact.ivity in T4:t was inorganic. However,

II.27" of the T3^' radioactivity was inorganic and a correcrion for this

high inorganic radíoiodide content \nras necessary.

The binding of iodíde to the plasma proteíns of the brook trouË

was estímated by substituting ll"125l (0.10 pCí) for the radioactive

hormone in the dialysis procedure prevíously descríbed. The mean of four

replicaËes indicated that 90.92% of the radÍoiodide was associated r¿íth

the plasma proteins. Thís compared well with results obtained by Huang

and Hickman (1968) on Salmo gairdneri. Each percentage of hormone bound

to plasma proteíns in the T3* precipitatíon analysis was increased by a

factor of 0.909 x 11.15 (per cent I25[ bound to plasma protein/lO0 x per
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t25 _-cent --- T present in the T3't sarnple) . This perrnitted a comparÍson of

precÍpítation and dialysis results

The results are summarízed in Tabte xrr. A one-way analysís of

variance was conducted to evaluate the effect of added-hormone concen-

Ëratlon within each precípítation or díalysis group. Bartlettts Test

v¡as used to assess the homogeneity of variances wíthin each precipítation

or dialysis group. No effect of added hormone concentration r¿as appaïenc,

but ín each case the precipitation Ëechnique gave a lor¿er protein-bound

percentage.

6 " Electrophoresis

To identify the fish plasma protein fractíons binding thyroíd

hormones and to analyze the effect of hormone concenËration on this pheno-

menon, plasma-protein-radiohormone mj-xtures t,rere electrophoresed on

several media in combination wíth different buffer systems.

Thyronine-binding propertÍes of fish and human plasma proteins

TÀiere compared. T3rk and T4:-" ín aqueous saturated sucrose solutíon or
L25 _-I in aqueous solutíon l,/ere separately electrophoresed in the absence

of plasma proteins to esËablish the location of the unbound component.

In all sysËems any radioiodide present migrated ahead of the plasma proteíns.

Table XIII provídes an index for the electrophoretíc analyses. Buffers

used in the varíous systems are described in Tabte XIV, and the condítions

of electrophoresis are outlined ín Table XV.

A photograph and densitometric scan of a representatíve electro-

phoretic separation of fish plasma proteíns on acrylarnide gel are provided

in Fieure 6.
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TABLE XII

SUMI'ÍARY OF DIALYSIS-PROTEIN PRECIPITATION STUDY OF

THYRONINE-BIND]NG TO TROUT PIASI'IA PROTEINS

T4?tI{ORMONE

CONC

uË/ ¡ru
Z BOUND

(rcA PPrN)

g5 . 33r0.654
94 .65!7.46
94.45!1.56
94 .7 5!0 .7 7

94.20!L.55

Z BOUND
(DIALYSIS)

98.56t1 .43
99 .35t0.7 1

99.11r0.80
99.76!0.97
99. 18t0.B2

Z BOUND
(TCA PPTN)

96.36!2.70
94.95!r.69
94 .7 0!0 .9r
95 .4 110 . B0
94 . 15r1 .55

Z BOUND
(DIALYSIS)

99.67r0. 13
99.56!0.04
99 .57 t0 . 0B
99 .57 r0. 12
99 .5810.09

0.05
0.275
0.5
2,75
qrl

Bartlett I s Test
=:------:------;pr_arysl-s uroups

Chí Square
Calculated.... "

Degrees
Freedom

Summary of

TSS (df=4)
ESS (df=16)
13s
MST
MSE
F

4

(P > 0. s00)

One-I^iay ANOVA I^Iíthin

2.837
9.352

12. 183
0.708
0.623
1. 135

(NS, 0.01)

1 .80

¿+

(P > 0.7s0)

Precipitation

r.426
5.682
7 .r07
0.3s6
0.379
0 .941

(NS,0.01)

4.9s

4

(P> 0.2s0)

or Díalysis Groups

11.088
16.596
27 .6Bs
2.772
1. 106
2.s05

(NS, 0.01)

for Homogeneity of Variances l^líthin Precipitation or

3. 16

4

(P> 0. s00)

0.008
0.037
0 .046
0.002
0.002
0.833

(NS, o.o1)

oNinety-five per cent confidence ínterval about the mean.

Abbreviatíons Used:

TSS
ESS
dss
l"fST
MSE

df
lte

treatment sum of squares
error sum of squares
total sum of squares
mean square treafmenE
mean square elror
degrees freedom
not significant at level indicated.
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TABLE XÏV

BUFFERS USED FOR ELECTROPHORESIS

BUFFER PIl CONSTITUENTS
CONCEMRATION OF

CONST]TUENTS

TRIS_HCL

TRIS^HCL

TRIS-EDTA-BORATE

TRIS-HCL-GLYC]NE
( oa1 hrr f f ar\
\ÞY- v!.-&v- /

(electrode buffer)

B.B

7.4

B.B

TRIS
HCL

TRIS
HCL

TRIS
EDTA
BORIC ACID

TRIS
GLYCINE

TRIS
HCL
GLYCINE

0.279
0.050

0.059
0.050

0,420
0.020
0. 107

M

E

M

g

M

M

M

0.0025 M

0.0316 M

0. 020 If
0.005 M
0.250 M

8.1

70

TRIS: tris (hydroxymeËhyl) amino meËhane

EDTA: et.hylenediamine tetTaacetíc acid (as free acid, not.
sodium salt)

?reparation temperature of buffer soluËions: 10 C



TABLE XV

CONDITIONS OF ELECTROPHORESIS FOR

VAR]OUS SYSTEI'ÍS

START FINISH ELECTROPHORESTS
}ffiDITN'{ BUFFER PH I'fA VOLTS MA VOLTS HOURS

Cellulose
PolyacetaËe T-E-B 8 . B 10 .0 27 5 10 .0 315 2.00

Paper T-H 7 .4 7 ,0 150 7 .I 150 6.50

T-H B.B 6.0 150 6.2 150 6.50

T-E-B B.B 5.0 150 5,2 150 10.00

Acrylaníde _Gel T-H B.B 5.0' 50 5.0 B0 16.00

T-H-c B . 1 3. 5a 2oO 3.5 400 r.7 5

Abbreviatíons used: T-H . TRIS-HCL
T-E-B TRIS-EDTA-BORATE
T¡H=G . TRIS-HCL-GLYC]NE
TRIS Ëris (hydro4'meËhyl) amíno

methane
EDTA ethvlenediamÍne tetraacetic

acíd (as free acid not sodium
salt).

Milliamperes and voltages unless otherwise specifíed represent
totals for the system. Replicates given in Table XIII.

tMillir*peres per gel.



FÍgure 6. Photograph and
phoretic separaÈion of
HCl-glycine buffer, pH

densiÈomeLric scan of
fish plasma proteins
ö. t.

representatíve electro-
on acrylamide ge1. Tris-
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a" Triiodothyronj-ne

1) Cellulose Polyacetate. The radíoactivity remained near the

origÍn when either fish or human plasma-T3* mixture rvas examined

(Figure 7a,b)" No association with particular protein bands was observed,

buÈ a comparison of results obtained in the presence and absence of plasma

indicated displacement of T3:t toward the anode in the former case. Thís

dísplacement \{as greater wíth human plasma. This suggests that T3* has

a moderate affíniËy for cerËain fish plasma proteÍn fractions, a grearer

affinity for certain human plasma proËein fracËions, and an even greater

affinity for cellulose polyacetate.

2) Paper. Paper electrophoresis of human plasma-T3* mixture at

pH 7.4 (Figure Ba) indicated thaË most radíoactivity corresponded to

Ëhyroxine-binding globulin. Some radioactivity occurred. in Ëhe beta

globulin-fibrinogen region and a smaller auount ín the alburn-ln region.

At pH B.B (Figures 9a, 10a) urost radíoactivity was ín the thyroxine-

binding globulín area while lesser amounts appeared with albuurln, fíbrinogen

and gamma globulin fractions. Free T3* (electrophoresed ín the absence of

plasma) remained on the orígín at pH 7.4 anð. in the beta to garnma globulin

regions at pH 8.8. Different buffer systeas at Ëhe same pH (Fígures 9a,

10a) altered the radioactivity of the albumin region. At pH B.B the

Ëris-EDTA-borate buffer system had a greater proportÍon of hormone asso-

ciated v¡ith the alburnin fractÍon.

ElecËrophoresis perforned on fish plasma-T3* mixture at pH 7.4

(Figure Bb) resulted ín a broad band of radioactivity from albumin-líke

to gamma-globulin-like fractions. At pH B.B (Figures 9b, 10b) the radío-

activity v¡as located in a regÍon extending from albumin*lilce through to
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gamma-globulín-like fractions. In this latter instance- rhe maín radio-

active peah appeared in the postalbumin-like area regardless of the

buffer system used. A smaller traÍ1ing peak was located in a position

identical to that of hormone electrophoresed in the absence of plasma.

In sunnnary, paper electrophoresis of human plasma proteín-T3t(

mÍxture always resulted in a major pealc of radioactivity in the thyroxine-

binding globulin region. The distribution of radíoactivíty in albumin

and fibrinogen Ëo garnna globulin regions was influenced by the pH and

composition of the buffer. The locaËion of radioactivity after paper

electrophoresis of fish plasrna-T3'* mixture indicated binding, but the

distrib.utíon of radioactivity made it impossíble to assign binding

properties to any specific plasma proteín fraction. The anodal movement

of radioactivity in the presence and absence of plasma exceeded that

observed for ce1lulose polyacetate medíum, suggesting a greater affÍnity

of T3* for the medium in the latter case.

3) Acrylamide GeI. Follorn'íng electrophoresÍs of human plasma-Tl*

mixture on acrylamide gel at pH 8.8 and 8.1 the radioactivity was situated

prínarily in the postalbumin region (Fígures 11a, 72a). small amounrs

corresponded to albumin and prealbumin fractions. At the lor¿er pH less

hormone r,/as associated with prealbumins. Free hormone occurred in Èhe

prealbumin position.

At a pH of B.B with fish plasrna-T3* míxrure (Figure 11b) rhe

radioactivity corresponded to a very diffuse, leading prealbumín-like

fraction. At a pH of 8.1 (Figures 12b,c) radíoactivity rn'as associated

t¿ith Ëhe alburnin-like and two slowest prealbumin-like fracËj-ons. A small,
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but consistent amount of radioactivily appeared with proteíns in the

beta-globulin-lÍke region. Increasing the added hormone concentration

did not alter the position or distributÍon of radioactivity.

The location of radioactivÍty after electrophoresis of T3:l in the

presence of human plasma compared favourably to Ëhat found usíng.paper

electrophoresis wíÈh the greaËest proportíon of radÍoactívity in the

postalbumin area. The position of radioactivity following electrophoresís

of fish plasma*T3* míxture differed considerably from that obtained lvíth

paPer medium, rvhere the major peak was prealbumin-líke, but consÍstency

was exhibited wíth most of the radíoactivíty in prealbumin-like regions

regardless of the buffer system.

b " Th-yroxíne

1) cellulose Polyacetate. when human plasma-T4*- mixture r,¡as

electrophoresed on cellulose polyacetate medium at pH B.B (Figure 13a)

mosË of the radioactíviËy was associated wiËh the thyroxine-binding

globulín, albumin and prealbumin proteÍns. Smaller amounts of radj-o-

activit.y rn¡ere found in Ëhe beta globulín and gamrna globulin posítíons.

Free hormone extended from the orígin to the gamma globulin region.

I^liËh fish plasina-T4 mlxture (tígure 13b) the hormone exhÍbited an

affínity for the plasma proteins. This was ind.ícated by anodal displace-

ment of the radioactívity when plasma vras present. However, the radio-

actívíty generally extended from the orígÍn to gamma-globulin-líke area

thus preventing identífication of bínding fractions. Increased hormone

concentrations simply resulted in a spreadíng of the radioactive zone.

A comparison of the radioactÍvity posíti-on ín the presence and

absence of human plasma demonstrates that T4* has a hisher affinirr¡ fnr
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the plasrna protelns or a lower affinity for the medium than does T3rr.

The increased migratlon of radioactir'íty in the presence of human plasma

shorus that the affínity for the hormone by human plasma proteins exceeds

that of fish plasma proteins.

2) Paper. when T4t was electrophoresed with human plasma on

paper medium at pH 7.4 (Figure 14a) the radíoactivity was found maínly

in the thyroxine-binding globulin region, but some corresponded to the

albur¡rin fraction. Free T4* remained close to the origin. The location
of radioactivity changed at pH 8.8 in rvhich case small amounts were

sítuated in both prealbumin and albumin areas, nevertheless, most remained

in the thyroxine-binding globulin region (Figure 15a). At pH g.B most

radíoactivity remained in Ëhe thyroxine-bínding globulin region, but

small amounts appeared in both prealbumin and albumín regions.

Fish plasma-T4* mixture electrophoresed at pH 7.4 and, B.B

(Figures 14b, 15b) suggested assocíatíon of Ëhe hormone with albumÍn-like

through to ganna-globulÍn-like fractions. At the lower pH most hormone

r'vas ín the gamma-globu1in-like region and a smaller portion occurred as

a peak in a postalbumin-like position. I,,iith the hígher pH, one major

peak of radíoactivity appeared ín the postalbumin-like zone with a pos-

sible second peak in Ëhe gamma-globulin-1ike region. Radioactive hormone

electrophoresed in the absence of plasma was sítuated in the beta- co

gamrna-globulín-1íke area.

The human plasma-T4* separation resembled that on cellulose poly-
acetate medium. The greatest proportion of radioactivity was Ín the

thyroxine-binding globulin region, but the distriburion varied ruith pH.

Variability in the position of radioactivity folloruing electrophoresís
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of fish plasina T4'å mixture prevented the descriptíon of specÍ-fic fractions

as protein binders, but binding rnas exhibited by the greater anodal-

dísplacement of radÍoactívity in the presence of plasma.

3) Acrylamide Gel. Human plasma-T4* mixture electrophoresed on

acrylamide ge1 at pH B.B and 8.1 (Figures 16a, 17a) resulted in peaks of

radíoactivity at prealbumin, albumirr and postalbumin positions. At pH

B.B a greater proportion of the radioactivity raras found in the post-

albumín region and a smal1 portion ín Ëhe prealbumin region.

trrlhen f ish plasma^T4* mixture was electrophoresed at pH B . B (Fígure

l-6b) the radioactivity was found in a posítion corresponding to prealbumin-

like fractions; however, the prealbumin-like band was so díffuse that

assignment of bíndj-ng properties to specific fractÍons proved difficult.

Also, radioactivity r^ras located in similar regions botþ in the presence

and absence of plasma. At pH 8.1 (Figures 17b,c,d) a sharp radioactive

peak was centered over the leading prealbumin-1ike fraction and extended

Ëo the second and third prealbumin-líke fractions. A small amount of

radioactivity was found in the beËa-globulin-like region. The free

hormone migrated far in advance of the plasma protein fractíons and

normally left the gel to enter the anode buffer chamber. Increasing the

added hormone concentration hardly altered the binding phenomenon; however,

a slight íncrease of radíoactivity occurred ín the albumin-like region at

the highest hormone concentratíon.

In summary, electrophoresÍs of human plasma proteín-T4;t mixture

gave results similar to those described by others (table xxr): a major

peak of radioactivity in the postalbumin zone and minor peaks in pre-

albumin and albumin zones; variation in the distribution of radioactivitv
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accordíng to the buffer system used. hlith fish plasma-T4:r nixture the

major radioactive peak corresponded to prealbumin-like fractions regard-

less of the buffer system used, and minor peaks of rad.ioactivity appeared

in the albumin-líke and beta*globutin-1íke areas. Alteration of the

added hormone concentration had little effect on bínding.
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EXPLANATION OF TERI'ÍS AND ABBREVIATIONS USED TN FIGURES 7 TO L7

. Recovery. The total amount of radioactivity recovered. fromelectrophoretic strips or gels. This value is expressed as a percenEageof the standard. The number of strÍps or gels used to obtain this ísgiven in brackets.

Iodíde. Radioiodíde (t"l-) present in the
sampre as a percentage of Ëhe total radíoactivity
minrf innc\-,*--ÉÈ+v¿¿vl.

original T3* or T4*
(mean of tr¡o deter-

^ - - Radioacti-ve-peak percentages. fn each figure the mean and 952contidence interval are gíven for the radioactivity in indivídual peaks.unless othervrise indicated, the radioacËivity is expressed as a percen-tage of the sËandard. The radÍoactivity in a segment is considered tocontribute Ëo a peak if the percentage in the partícular segment isequal to or greater Ëhan one per cent of Ëhe standard. Aniounts ofradíoactivity less Ëhan one per cent \.vere recorded ¡¿ith peaks only ifconsistently occurring. The number of elecËrophoretic strips or gels
used to determine these percentages v,ras the same as used for the calcu-lation of recovery. Lines showíng the position of radioactivity aregoverned by the same criteria. fn each figure, the plot of radioactivítyrelative to plasma protein fractions is taken iro* 

"l""trophoretic strípsfrom a single rePresentaËíve electrophoretic run; therefore, the numberof observations may differ from that used for calculation of radioactive-peak percentages.

symbols. and AbbrevÍations_. symbols and abbrevíatíons used: V ,origín; n, number of replicates; A, arbumin; Af, alpha-l-globurin i A2,alpha-2-globulin; B, bera globulin; F, fribrínogen; G, gamma globulÍn;H?, haptoglobinsi rG, ímmunoglobulinsi pA, preaibunini Þnr,n, f,osralbumÍn.

Cor-nparisons betr,¡een Human- and Fish Plasma Proteins. Comparisons
between electroprroretic separations or tuman a"a fish-piãs*, prät.írr"
are made on the basis of migration distance. There does not exist afraction to fraction relationship between a densitometric scan of fishplasma proteins and a densitomeËric scan of human plasma protei_ns.



Fígure 7a. Electrophoresis of human-plasma-T3* mixture on cellulose
poryacetate medium. Tris-EDTA-boraEe buffer, pH B.B. Added T3*
concentration: 0.05 ¡:g/m1. Recovery: sucrose-T3*, 94.422 (n = B);
plasma^T31\, 95.55% (n = B). rodide: 2,49%. see page 60 for further
clari-ficaËíon.

- - radíoactivity location (plasma-TJJr)3 n = 8
'--_--o-- radioactivity locatÍon (sucrose-T3*) : n = B

- densitometric scan of plasma protein separation

Fígure 7b. Electrophoresis of fish-plasma-T3* mixture on cellulose
pol-yaceËate medium. Tris-EDTA-borate buffer, pH B.B. Added T3*
concentration: 0.05 pg/ïI1. Recovery: sucrose-T3*, 93.r0"Á (n = B);
plasma-T3*, 94.00% (n = B). rodide: 2,497". see page 6o for furËher
clarÍficaËion.

- - radioactíviËy locatíon (plasrna-Tl*)3 n = B
radioacLivíty location (sucrose-T3*): n = B

- densítometric scan of plasma proËein separation
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Figure Ba. Electrophoresis of human-plasma-T3is mixture on paper medium.
Tris-HCt buf fer, pH 7 .4. Added T3:t concentration: 0.05 Fg/mL.
Recovery: sucrose-T3*, 95.007" (n = 1); plasma-T3*, 97,437. (n = 4).
Iodídez 2,49%. See page60 for further clarifícation.

- - radioactivity location (plasma-Tl*)¡ n = 4
----------o- radíoactivity location (sucrose-T3*) : n = 1

- densitometríc scan of Þlasma protein separation

Figure Bb. Electrophoresis of físh-plasma-T3* mixture on paper medium.
Tris-HCl buffer, pH 7.4, Added T3* concentration: 0.05 PC/nf .

Recovery: sucrose-T3*, 94.23% (n = 1); plasma-T3*, 94.047( (n = 4).
Iodídez 2.497". See page 60 for further clarification,

- radíoactivity location (plasma-Tl:t) 3 n = 4
---------o- radioactivity location (sucrose-T3*) : n = 1

- densitometric scan of plasma protein separation
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Figure 9a. Electrophoresis of human-plasma-T3* mixture on paper medíum.
Trís-HCl buffer, pH B.B. Added T3* concenrrarion: 0.05 Fg/nL.
Recovery: sucrose-T3*, 94.96i4 (n = 1); plasma-Ty\, 92,06T" (n = 4).
Iodide: 2,497". See page 60 for further clarifícation.

- - radioactívity location (plasma-TJx'); n = 4o- radioactivity locatíon (sucrose-T3*): n = 1

densítometric scan of plasma protein separation

Figure 9b. Electrophoresís of fish-plasma-T3* mixture on paper medium.
Tris-HCl buffer, pH B.B. Added T3* concentrarion: 0.05 pg/n:i_,
Recovery: sucrose-T3*, 93,347. (n = 1); plasma-T3*, 89,597! (n = 4).
Iodidez 2.49%. See page 60 for furrher clarificarion.

- - radioactivity locaÈion (plasma-TJ:t); n = 4

--=o- 
radioactivíËy locatíon (sucrose-T3*) : n = 1

densítometric scan of plasma protein separation
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Figure 10a. Electrophoresis of human-plasrna-T3* mixture on papeï
medium. Tris-EDTA-borate buffer, pH B.B. Added T3'l concentration:
0 . 05 pg/mt . Recovery : sucrose-T3?k , 97 ,07 "/" (n = 1) ; plasma-T3* ,
95.52i1 (n = 4). fodidei 2.497". see page 60 for furrher clarífi-
cation.

- - radioacËivity location (plasma-TJ*)¡ n = 4o- radíoactivity location (sucrose-T3*); n = 1

- densitometric scan of plasma protein separation

Fígure 10b. ElecËrophoresÍs of fish-plasm¿1-fl* mixture on paper medium.
Trís-EDTA-borate buffer, pH B.B. Added T3* concentration; 0,05 pelil:f_.
Recovery: sucrose-T3*, 706.2I7. (n - 1) ; plasma-T3*, 96.27"1 (n = 4) .
Iodide¿ 2.31-%. See page 60 for further clarificarion.

- - radioactivity locatíon (plasma-TJ:k): n = 4
' ' o- radioactÍvity location (sucrose-T3*): n = I

- densitometric scan of plasma protein separatíon
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Figure 11a. Electrophoresis of human-plasna-T3* mixture on acrylamide
ge1 medium. Tris-HCl buffer, pH B.B. Added T3x concentration:
0.05 ¡rg/u1l. Recovery: sucrose-T3rt, 96.30:l (n = 1) ; plasma-T3*,
97,767. (n = 1). rodide: 2.49"/". see page 60 for furrher clarifi-
cat ion.

- - radioactivíty location (plasma-TJ*)¡ n = 1o- radíoactÍvíty location (sucrose-T3*): n = 1

- densitometric scan of plasma protein separatl-on

Figure l1b. Electrophoresis of fish-plasma-T3* mixture on acrylamide
gel medium. Tris-HCl buffer, pH B.B. Added T3* concentration:
0.05 ¡rg/ml. Recovery: sucrose-T3*, 96,30il (n = 1); plasma-T3*,
97.767" (n = 4). fodide: 2.49%. see page 60 f.or furrher clarífi-
caËion.

- - radioactivíty locaËíon (plasma-TJ*); n = 1o- radioactivity location (sucrose-T3*): n = 4

- densitometric scan of plasma protein separaËion
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Figure 12a. Electrophoresis of human-plasma-T3x" mixture on acrylamide
gel medium. Tris-HC-1-glycine buffer, pH 8.1. Added T3* concen-
tration: 0.05 lt4/nl-. Recovery: sucrose-T3*, 95,72"/" (n = 5);
plasma-T3*, 95.082 (n = 5). Iodide: 2.49%. See page 6O for further
clarífication.

- - radíoactivity location (plasma^T3*): n = 5
---------{)- radioactivity locatíon (sucrose-T3*): n = 5

- densitometric scan of plasma protein separation

Figure 12b. Electrophoresis of fish-plasma-T3* mixËure on acrylamide
gel medíum. Tris-HCl-glycine buffer, pH 8.1. Added T3* concen-
tration: 0.05 pg/nf. Recovery: sucrose-T3*, 95.72"Å (" - 5);
plasma-T3x, 92.777" (n = 10). IodÍde¿ 2.49%. See page 60 for further
clarificatíon.

- - radioactivity location (plasma-TJ*): n = 5
--------o- radíoactivity location (sucrose-T3*) : n = 5

- densítometric scan of plasma proteín seÞaration

Figure 12c. Electrophoresis of fish-plasma-T3-x míxture on acrylamíde
gel medium. Tris-HCl-glycine buffer, pH 8.1. Added T3* concen-
tration: 5 .0 FElnI. Recovery : sucrose-T3* , 95 .I2'/. (n = 5) ;
plasma-T3*,96.067. (n = 10). Iodidez 2,497". See page 60 for furËher
clarificat íon .

- - radíoactivíty location (plasma-TJ*); n = 5

radioactivity location (sucrose-T3*): n = 5

- densiËometric scan of plasma protein separation
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Figure' 13a" Electrophoresis of human-plasma-T4:t mixture on cellulose
polyacetate medium. Tris-EDTA-borate buffer, pH 8.8. Added T4''.
concentration: 0.05 ug/m1. Iodidez 8,44%. See page 60 for further
clarification.

location (plasma-T[x) 3 ¡¡ = 2

location (sucrose-T4*'): n = 4
scan of plasma protein separation

FeF--radioactivity
radioactivity
dens Ítometric

- - radioactivity
radioactivity
densitometric

Figurea 13b. Electrophoresís of fish-plasma--T4* mixture on ce1lu1ose
polyacetate medium. Tris=EDTA-borate buffer, pH B.B. Added T4*
concentration: 0.05 ug/m1. Iodide: 8.447". See page 60 for further
clarification.

location (plasma-Td-x); n = 4
locatíon (sucrose-T4*): n = 4
scan of plasma proteín separation

Figure' 13c. Electrophoresis of físh-plasma-T4* mixture on cellulose
polyacetate medium. Tris-EDTA-borate buffer, pH. B.B. Added T4*
concentratj-on: 0.5 ug/m1. Iodide:8.44%. See page 60 for further
claríficat ion.

- - radioactiviËy location (plasma-T{:b)¡ n = 4
radioactivíty location (sucrose-T4*): n = 4
densitometric scan of plasma protein seoaration

Figure' 13d. Electrophoïesis of fish-plasma-T4* mixture on cellulose
polyacetate medium. Tris-EDTA-borate buffer, pH B.B. Added T4:t
concentration: 5.0 ug/rnl. Iodide:8.44%. See page 60 for further
clarifícation.

- - radioactivity location (plasma-T{*)¡ n = 4
----------o- radioactivity location (sucrose-T4*) : n = 4

densitometric scan of plasma protein separation

aln each of these figures radioactivíty is plotted as a percencage
of the total on Èhe strip. Therefore, recoveries are not given as a
percentage of a standard. For the radioactive peaks t'rr" rvas the same as
used for radioactivity location.
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Figure 14a. Electrophoresis of human-plasrna-T4* mixture on paper
medium. Tris-HCl buffer, pH 7.4. Added T4¡l concentratíon:
0.05 ¡e/m1. Recovery: sucrose-T4*, 91,997" (n = 1); plasma-T4*,
91.567" (n = 4) " See page 6O for further clarification.

- - radioactivity locatíon (plasrna-T{>t); ¡r = 4
o- radíoactiviËy location (sucrose-T4*): n = 1

- densítometric scan of plasma protein seÞaration

Figure 14b. Electrophoresis of fÍsh-plasma-T4* míxture on paper medium.
Tris-HCl buffer, pH 7.4. Added T4* concentration: 0.05 Fg/mL.
Recovery: sucrose-T4*, 93.90"Á (n = 1); plasma-T4*, 93.367" (n = 4).
Iodide: 2.317". See page 6O for further clarification.

- - radioactivity location (plasma-T/¡*); n = 4
radioactivity location (sucrose-T4*): n = 1

- densíËomeËric scan of plasma proteín separation



68

7 8 9 l0
OISTÀilCE FROH CATHODE ETID OF SIRIP CM

(¡) -l 50

I

I

{uo
I

I

{i0
I

I

{,0

I

¡

{ro
I

I

L

o

rr 1 I 9 l0
DtsT/\iict FRoM c^Tt]0oE Lt¡0 0F sTRtp cM



Fígure 15a. Electrophoresis of human-plasma-T4* mixture on papeï
medíum. Tris-HCl buffer, pH B.B. Added T4:'c concentration: 0.05 pg/n|,
Recovery: sucrose-T4*, 93.37"A (n = 1); plasma-atax,93.737" (n = 4).
Iodide: 2.3I7". See page 6O for further clarification.

Figure 15b. Electrophoresís of físh.plasma-T4* mixËure on paper medium.
Tris-HCl buffer, pH B.B. Added T4* concentrarion: 0,05 lrg/mL,Recovery: sucrose-T4*, L05,76% (n = 1); plasma-T4*, 99.95% (n = 4).
rodide: less than 7%. see page 60 for further clarification.

- - radioactivity location (plasma-T¡*)¡ n = 4
o- radíoactivity location (sucrose*T4*): n = 1

densítometric scan of plasma protein separaËion

- - radioactivity location (plasma-T(x)¡ n = 4o- radioactivity location (sucrose-T4*): n = 1

densitometric scan of plasrna protein separation
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Figure 16a. Electrophoresis of human-plasma.T4* mixture on acrylamíd.e
gel medium. Tris-HCl buffer, pH B.B. Added T4* concentration:
0.05 Fg/nL, Recovery: sucrose-T4*, 93,7OZ (n = 1); plasma-T4*,
90.44% (n = 1). Iodídez 2.377.. See page 60 for further clarificaËion.

- - radíoactivity location (plasma-Td*)¡ n = I. o- radioactivity location (sucrose-T4*): n = 1

- densitometric scan of plasma protein separation

Figure 16b. Electrophoresís of fish-plasma-T4* mixture on acrylamide
gel medium. Tris-HCl buffer, pH B.B. Added T4* concentraÈion:
0.05 pg/ml. Recovery: sucrosê:T4+'r 93.7OT" (n = l); plasma-T4*,
90.44% (n = 4). Iodide: 2.317"" See page 60 for further clarífícation.

- - radj.oactiviËy location (plasma-T{*)¡ n = 1

--o- 
radioactivity locat,ion (sucrose-f4*) ; n = 4

- densitometric scan of plasma protein separation
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- - radioactivity location (plasma-T{*); n = 4

densítometric scan of plasma protein separation

Figurea 17b. Electrophoresis of fish-plasma-T4x mixture on acrylamide
gel medium. Tris-HCl-glycine buffer, pH 8.1. Added T4'k concen-
tration: 0.05 pclnl. Recovery: plasrna-T4*, 85,207. (n = 16). Iodide:
6"817". See page 60 for further clarification.

- - radioactívity locatíon (plasma-T{:k); n = 4
densitometric scan of plasma protein separation

a ,-Figure* 17a. Electrophoresis of human-plasrna-T4* nixture on acrylamide
^^1 -^J í,,-È;s! ,rrçursru. Tris-HCl-glycine buffer, pH 8.1. Added T4* concen-
tratíon: 0.05 pC/r\L. Recovery: plasma-T4x, 89.057" (n = 4). Iodícle:
8.44%. See page 60 for further clarification.

a a_Figure* 17c. Electrophoresís of fish-plasrna-T4* mixture on acrylamíde
gel medium. Trís-HCl-glycine buffer, pH 8.1. Added T4* concen-
tration: 0.5 yg/u.t. Recovery: plasma-T4x, 88.222 (n = 16). Iodide:
6.BIi¿. See page 6O for further clarification.

a ._.Figure* 17d. ElecËrophoresis of fish-plasma-T4* mixture on acrylamide
gel medium. Tris-HCl-glycine buffer, pH 8.1. Added T4* concen-
Ëration: 5.0 yg/mJ-. Recovery: plasma*T4'r , BB.5BZ (n = 16). fodide:
8,44%. See page 60 for further clarification.

- - radioactÍvity location (plasma-T(:t): n = 4

densitometric scan of plasma proÈein separation

- - radíoactivity location (plasma-'T(:t): n = 4

densitometric scan of plasma protein separation

"Ir, Ëhi" buffer sysÈem sucrose-T4* nixture migrated off Ëhe
gel.
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7. Gel Dialysis to Verífy Thyronine Binding

It is difficult on the basis of electrophoresis alone to determine

if coincídence of radiothyronines r,¡ith a protein fraction ïepresents
hi-,¡-in^ ^c +L^u-Lrrurrrg or rne radiohormone by that fractíon. For this reason qel sectÍons

containing free hormone \.{ere compared by dialysis with those supposedly

containing bound hormone. The results are shov¡n in Table xvr.

When 100-¡11 samples of either plasma-radiothyronine mixture or

radíothyronj-ne-sucrose mixture ü7ere electrophoresed and the sections of
gel conËaining radioactive peaks compared by dialysis, binding \^/as shorvu*

for both T3x (pco.0o1) and T4* (p<0.05). The dialysís index l,/as more

variable when no plasma \.,7as present.

8. Binding of Intraper,itoneally-Injected T3* a.nd T4*

Ten físh were injected r^¡ith 5 ¡Cí of T3*c (specific activity 35.6

nci/mg) and 10 wirh 5 ¡cí of T4:r (specifÍc acrivíry 135 mci/mg). They

were killed 3 hours after injection and a pooled plasma sample collected

for both groups. The percentage of the total radioactívity bound to

plasma protein \Àras assessed by trichloroacetic acid precipitation

(tab1e xvrr).

Ten replicates from each plasma pool were electrophoresed using

acrylamíde ge1 and tris-HCl-glycíne buffer (Figures 18a,b). Nine of the

ten gels carried large (50 ¡rl) plasma samples, rvhile the tenth carríed

^ 1( ..1 ^^--r^a 1) Pr samPre. The latter gel and four others \,{ere stained in Coomassie

b1ue. The remaininø five vrerê sectioned. (0.5 cm) and each section counted.

for one minute or a total of 1000 counts in regíons where radioactive

peaks rvere l-ocated. Radíoactivity rvas expressed as a percentage of a
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TABLE XVI

GEL DIALYSTS TO VERIFY THYRONINE BINDING

HOMOGENEITY OF

SAMPLE VAR]ANCES MEAN

ELECTROPHORESED F DTAIYSIS df FOR

ON GEL CAICT]LATED df INDEX Ë CALCULATED IIIII

T4 + FISH
PLASI"ÍA (100 ¡:1)

T4 + SUCROSE

CONTROL (100 ¡1)

T3 + FISH
PLASI"IA (100 ¡1)

T3 + SUCROSE

coNrROL (100 ¡r)

270 .73 3 ,3
(s,0.025)

1.33 3,3
(NS,0.025)

0.68110.008b

0.28Ct0.126

0.65910.034

0.2s510.039

t' = 17. 164
(P <0.05) J

25.11
(P< o.oo1) 6

^"Th" value calculated for Ëhe analysis of independent samples
,1

when 6i f 6f (Snedecor and Cochran, 1967).

h"Ninetv-five per cent confidence ínterval about the mean.

AbbreviaËíons used: df, degrees freedom; NS, not sígníficant at
leve1 indicated; S, significant at leve1 indicated.
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TABLE XV]I

PERCENTAGE OF TROUT*PLASI'ÍA fu\ÐIOACTIVITY PRECTPITATED W]TH
TRICHLOROACETIC ACTD FOLLOI^/ING ]NJECTIONA OF T3* OR T4,t

FISH
NI]I"ÍBER IJ^ T4*b

I
2

3

4

5

o

7

B

9

10

65.2

76,3

68.B

67 .3

oJ..)

67 .9

65.7

/ J.4

74.4

65.9

82.2

74.3

78.9

7 3.6

60.3

72.1

76.5

69.s

ot.I

74.9

7 3,0

72,2

Mean. 68.8

Pooled plasma samples (mean of
trvo determinations). c o 69.9

'Ten fish were injected with T3* and ten with T4*.
Ëhe animals were numbered I Ëo 10.

b_.-Three hours after iniection of T3:t or T4:l .

In each case



Figure 18a. Electrophoresis of plasma from T3* injected físh, Acrylamide
^^r -^ri"- Tri s-HC'l -o-l wnirro hrrf for nH R 1ËEr ilrEuIulrt.

- - - - 
ä::l?;:;:;::: ::::'l?"",ï.''¡ ¡rnfain cannrn,i¡rÍoLeln separaEl_on

Fígure l8b. ElectrophoresÍs of plasma from T4*-injected físh. Acrylamide
gel medium. Tris-HCl-glycine buffer, pH 8.1.

1?sFigure 1Bc. Electrophoresís of plasma from Na'--I -in¡ected fish.
Acrylamide gel medíum. Tris-HCl-glycíne buffer, pH 8.1. "Total
countrr refers to total counts recorded ín a 2O-rninute period.

- - radioactivity locatÍon: n = 5
densitometric scan of plasma protein separation
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standard and plotted relative to the medían electrophoretÍc scan. In

gels containing the large plasma samples certain bands were obscured by

protein trailíng from leading fractions. Difficulties in fraction

identification were to some extenË overcome by reference to the gel

containing the 1571 sample.

For T3*-injected fish the percentage of the total radioactíviËy

bound to the plasma proteins ranged from 61.6-76.3 with a mean of.69.9

(tabte XVII). For the pooled plasma sample 69.9"/" of the radioactíviry

was bound. Electrophoresis of the pooled plasma sample (Fígure 1Ba)

showed two peaks of radioactivíty: a large peak ín Ëhe beta-globulin-líke

region; and a smaller peak in the slowest prealbumin-like to albumin-like

regíon.

For T4*-injected fish the percentage of the total radioactivity

bound to plasma proteins ranged from 60.3-82.2 with a mean of 73.0

(table xvrr). rn Ëhe pooled plasma sample 72"27" of rhe radioacÈíviry

t¡as bound. Three radioactive peaks were ídentified following electro-

phoresis of the pooled plasma sample (Fígure l8b): a broad peak overlying

the two leading prealbumin-like fractions; a second peak overlying the

third prealbumin-líke fraction; and a Èhird peak in the region of the

beta-globulin-IÍke protein fractions.

9. Ch-romatogr.aphy of Pooled Plasma

Thin-layer chromatography of

fish injected v¡ith T3* revealed T3'l

1?5 -T3J<, T4?t and ---I rvere identif ied

The percentage of thyronines

favourablv with the value obtained

from Tnipe1-ed fish

samples from the pooled plasma of
. r25_-and ---I , whereas after T4't lnjecËion

(Table XVTII).

present in both instances compared

for the bound fraction in trichloroacetic
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TABLE XVIII

THIN-LAYER C}IRO}IATOGRAPHY OF RAÐIOIODOCOI"TPOUNDS IN TROUT PLASMA
FOLLOI,¡ING T3* OR T4* INJECTIONA

STRIP
/o

ORIGfN"
/"

/"L4^
TOTAL

THYRONINE
/õ

IODIDE REMAINDERb
o,/ q/
lo lo

T4* INJECTED

Chloroform;Methanol : ConcenLrated Arnmonia (50 :25 :2 .5 , v /v)
r 3,2
2 3,9
3 4.4

I 2.8
) )q
? ??

T3? INJECTED

55.9 14 .4
58. B t2 .1
s5 .5 14 .4

25.4 1.1
2I.2 4 .0
23.2 2.5

7.6
3.5
3.0

70.3
70,9
70 .0

Butanol:Ethanol:6N Ammonia (50 :40:10, v/v)
57 .6 13.5
6t.2 72.3
s9.B 14.0 73.8

7 L.7
13.5

18 .5
20.5
20.9

24.7
2t.0
16.9

¿¿.+
2r,2
23.2

Chloroform:Methanol:Concentrated Ammonía (50 :25 :2.5, v/v)
r 2.1
natL J.+
3 2.2

1 3.2
2 2.6
3 1.5

Butanol :Ethanol:6N Ammonia (50 :40 :10, v/v)
tt
J.J
na

r.6
12
2,0

67 .r
oL+.1
76.0

66.r
65.1
68.7

68.6
66.9
78.0

68.3
68.4
71 .0

4.J
B.B
2.8

6.L
7.7

letermÍnatíons rnade by

Percentage of the total
at the origin or in unspecified

J. G. Eales.

radioactivíty on the sËrip remaining
areas (remainder).



78

acícl analysis. These data are consistent v¡íth the hypothesis that botir

T3* and T4'\- are bound to plasma proteÍns

10' Bínding of Endogenously produ.ced Radioiodocompounds

Ten fish were injecred rvirh Na125r (i0 ¡ci). Fifry days afrer
Ínjection the conversion ratio (percentage of the Ëota1 radioactivíty
bound to plasma proteins) r^¡as determined for each fish by trichloro_
acetíc acid precípitation of the plasma proreins (Table xrx). plasma

from Ehe fíve fish wiËh the highest conversion ratio were pooled and

electrophoresed using acrylamide gel and. trís-HC1-glycine buffer (Figure

l8c). To each of nine gers was applied 100 ¡1 of the pooled plasma

sample. A 15 ¡1 sample rvas appliecl to the tenth gel. Fíve of the gels
(including the one carrying 15 yr of plasma) were staíned and scanned,

and the other five sectioned (0.5 cm). Each section was counted for 20

minutes due to the lorv level of radioactívity in the protein-bound fractíon.
The counts obtained for correspondÍ-ng segments.of replicate gels were

averaged and plotted relatíve to the med.i_an densitometric scan.

The percentage of Ëhe total radíoactivity bound to plasma proteins
ranged from 1. B ro 5.1 with a mean of 2.9 (Tab1e xrx) . fn rhe pooled

plasma sample 2.7% of the total radioactivíty was bound to plasma proteins.
Three major radíoactive peaks occurred follor^ring electrophoresis of the
pooled plasma sample: in the reading prealbumÍn-like regíon; in the
prealbumin-like to albumin-.lihe regíon; and in the beta-globulin-like
region (Figure lBc). Typical of results obtained when a high proportion
of radioíodide rvas Present' the origin retained a faírly large proportion
of the radioactivity.
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TABLE XIX

PERCENTAGE OF TROUT-PLASMA RADIOACTIVITY PREC]PITATED I^JITH

TRICHLOROACET]C ACID FIFTY DAYS AFTER INJECTION ¡P ¡'1251

FISH
NUI'fBER

PERCENTAGE OF

RADIOACTIVITY PREC IPITATED

_t

¿

J

+

5

6

B

o

10

Pooled plasma samples
two determinations)

1R* qv

5,1

/a

2,2

/\

t '),

2.9

t^

2.2

3,4

Mean 2,9

(mean of
2.7
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1i Variation in Relative Percentages of Fish-Plasma-Pro tein Fract íons
Binding Thyronines

In view of the variation in total protein for dífferent plasma

pools, it rvas d.eemed advisable to record relatíve percentages of the

total proteÍn (by densitornetry) in fractions occurring at migratory
posÍtions corresponding to the radioactive peaks ín the geI. This pro-

cedure r'¡as follol¿ed for analyses involving acrylamíde ge1 witir tris-Hcl-
glycine buffer (pH 8.1) since it was mosr commonly used. Table XX gives

means and 95"/" confidence intervals for Ëhe relative percentages of the

total protein in fractions from fish plasma r,¡hich, follorving electro-
phoresis' corresponded in mí-gration v¡ith radíoacÈíve peaks. These results
were automatically provided by the integrator component of the densito-

meter. Líttle variation was observed betr¿een the pooled plasma samples.
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TABLE XX

RELATIVE PERCENTAGES OF TOTAL PROTEIN IN FRACTIONS CORRESPONDING

IN MTGRATION TO RADIOACTIVE PEAKS

TATATIVI&

FISH PROTEIN
GROUP gml 100rnl

NO. OF

GELS
PAl

/"

PA2 PA3
ALBUM]N- BETA
LTKE GLOBULIN-
Z LIKE

t-

2
2
2
2

2

2

2
J

J

J

J

I

4

oMeans !95% confidence interval.

Abbreviations used: PAl, fastest rnigrating prealbumín-like fraction;
PA2, second fastest migraËing prealburnin-líke fraction; PA3, third fastest
migrating prealbumin-like fraction.

J. ÕO

5 .00

+

4
I

q

5

+

4

4

5
5

5

5
5

5

2.34!0.454
L.44!0 .59
1.5910.34
7.66!0 ,25
1.82t0.88
7.7 6!0 ,27
7.92!0,96
1.53t0.78
2 .0810 .59
) )-1 +^ É'9.

L.r4!0 .28
2.5110.84
2. 1310.50
1 .8410 . 90
1.47r0.81

1 . 13t0 .86
1.9111.02
1 .4910.98
7.76!0 .28

2.97 !0 .40
', aa+^ /, /,
L. JJ:V .1=

2,44!0 .22
2.2r!0,09
2.48!0 .43

2.25!O ,54
2 .62!0 .7 2
1.85Ì0.48
3.1110.81
2.5811.90

1.98È0.25
J"Z1IU.OO
J. ¿+lV .OV
i .64r0. B7
1 ,80r0. 94

1 .4210. BB

1 .83t1. 10
7.24!0 .7 2
2.1510.51

2.48!0,4I
1 .76r0 .56
1 .90t0 . 54
¿. ))11. oJ
2 .09t0.68

2.09!0.47
2.77 !1.07
1.9710.40
2.27 !0.35
2.66!1.59
7 .71!0 .7 2
2.72!0.7 L

3. 1510 .79
r.62!0 ,46
1.6910.40

2.02!0.7I
1.9811. 15
1.5210 .50
1.4810.31

15.BL!z,49
75.67lt.78
76.63!2.32
15 .09r1. 14
15 .5311 .79

17 .96r1.35
th /h+tt \h

15.6111.52
16.3011. 1B

15.3113.52

16 .45!2.29
15.93r1.54
L6.35!2.49
19.7811.50
19 .3310 . B8

18 .7 3!2.77
15 .07t1 .33
r4. B012 .60
17 .06!2.08

12.42!3,36
12.56!r.59
14 .39!2 ,67
15. 1110.39
14.32!2.08

13 .23!2 .75
tI.96!2.86
L3.92!r.39
9.65r1.01

10.72!r,40
13. 5012 .99
10 . 18t6.40
13.4411.55
t3.49!2.48
13.73t0.91

II.32!2.70
19 .69!2.40
15. 13r1.28
15.9113.37

10
11
I2

J. OJ

+.¿ó
' -;4. tu
s.7B



D]SCUSSION

1. Total Plasma Protein

Field et al. (1943) reported a total plasma proteÍn value of 3.46

9/100 m1 for Salvelinus fontinalis and observaËions from 2 .2 to 7.6 g/I00

ml have been recorded for different species of fishes (reviewed by

Fenrvick, 7964). The results of these earlier investígatíons compare

favourably with those obtained in the present study (range, 3.68-6.31

gm/100 m1; meanr 4.82 9/100 nl). The variation betrveen pooled plasma

samples is not unusual since the total proteín of físh plasma changes

with acclimatíon temnernfrrre- se.ason, Sex, age and nutri¡ional staËus

(reviewed by Fenwick, 1964). Furthermore, Ëhese differences in total

plasma protein did not influence the relatíve percentage of the total

protein present in fractions binding thyroid hormones and had no detectable

influence on the bindíng phenomenon.

AlteraËions in the total plasma protein did not relate to changes

haematocrit as variation in one failed to correspond with variatíon

Ëhe other.

Radiothyroníne-Protein Bindíng by Díalysis and Precipitation

At all added thvronine concentrations there \,Jere no differences

in binding detected by trichloroacetic-acid precípitation or equilibrium

dialysis. Thus both T3* and T4'! were taken up by a protein fraction or

fractions with high binding capacity.

The differences observed in thyronine binding between t.he precipi-

tation and díalysis techniques were probably due to a loss of either

l-n

ln

)
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precipitate or hormone to the supernatant as a result of physical or

chemical treatment. Holvever, the dífferences were sma1l (approximately

4%) indicatÍng that the trichloroacetÍc acid precipÍtation technique is
a reliable measure of plasma protein-thyroid hormone complex formation.

3. Electr.ophoreti.c Studies

a. Thyronine-Binding to Human plasma proteins

A summary of results from previous electrophoretic stud.ies of
thyronine binding to human plasma proteins ís provided in Table xxr.
These investigations along wíth those of Britton er al. (1965), Launay

(1966) and Gordon and coursofrides (1969) show rhar thyroid hormone

binding to the plasma proteins during electrophoresis may be altered by:

the type of elec.trophoreËic medium; Ëhe pH and. íonic strength of the

buffer; the added hormone concentration; and the temperature of the

electrophoretic system. Hence, specific comparisons between this and

other experimenËs are difficult Ëo make and cautíon must be used in the

interpretation of results.

Lack of hormone migration d.uring electrophoresís of T3-plasma

proËein mixture on cellulose polyacetate medium (Fígures Tarb) implies

the affinity of T3* ís greater for the electrophoretic medium and less

for the plasma proteins than is T4'l'. This probably reflects the

greater affinity of T4* for human plasma proteins.

The human plasma protein-thyronine binding observed ín Lhis study

generally agrees with that reported elsewhere (Table XXI). At the added

hormone concentrations exarnined thyroxine-binding globulin is the major

thyronine-binding protein fraction while albumin and prealbumin carry
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lesser amounLs. Smaller proportions of hormone are located in the ore-

albumin region at pH 7.4 than at pH B.B:

h Thì,?^ñjñ^-nindíns to Fjsh plasma proteins
":jj*-jja Lv r f Ðrr t.

1) fS-* Binding. The author knotr's of no previous electrophoretic

studies for plasma protein-T3* mixtures froni físhes.

Electrophoresís of fish plasina-T3* samples on cellulose polyacetate

was of no value in identifying hormone-binding plasma protein fractions.

The affinity of T3)" for cel1ulose polyacetate medium ís greater than for

fish plasma proteíns; a fact rvhich permits only rninimal mígration of the

hormone from the point of application.

Although paper electrophoresis of fish plasma-T3* mixture made it

irnpossíble to assign bindíng propertíes to specífíc plasma protein

fractions, radíoactive peaks did occur ín albumin- and postalbumín-like

posítions (Figures 9b, 10b). Salvatore et al. (1959), Leloup (196la,b),

Farer et al. (7969) and Tanabe et a1. (i969) describe similar postalbumín-

like fractions as binders of T4'k (Figures 2 and 3; Table rv). This could

mean thaË plasma proteín fractions described as T4* binders also acc as

T3* binders; ho\^/ever, it is impossíble to make direct comparisons.

Furthermore, it is difficult Ëo ascertain r^¡hether the hormone is in fact

associated with these fractions or símply traíled behind a leadíng binding

fraction due to an affinity for the electrophoretic medium.

Acrylarnide ge1 electrophoresis at pH 8.8, although suggestÍng

thaË a prealbumin-like fractj-on acts as a binder, presenrs a raLher

confusing picture r+ith the occurrence of free and bound T3* in almost

idenLical mÍgratory posi-tions. Also, the hormone-bínding protein fraction
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appears as a rather diffuse band and does not readily lend itself to

fraction ídenrif ication.

The acrylamide ge1 systen at pH 8.1 proved most valuable for

identification of T3*-bindíng proteins. Here the radioactive peaks and

plasma protein fractÍons ¡n'ere sharp and clearly defined. Regardless of

the added hormone concentration there \.{as little varíation in bínding

wiÈh the major radioactive peak located in the prealbumin-like to albumin-

like area. The occurrence of a small radioactive peak in the beÈa-globulin-

like region suggests a low capacity bindíng fractíon in that area.

2) 'ttt Binding. Tt rvas Ímpossible to identify hormone-binding

plasma protein fractions following electrophoresis o¡ 14tp1asma protein

mixËures on cellulose polyacetate medium. Binding is indicated by the

dísplacernent of radioacËívity in the direction of protein migratíon.

This displacement exceeds that observed with T3* and suggests that T4x

has the greater affinity for protein. No mention of this hormone-medium

interaction is rnade by Tanabe et a1. (1o'69> ín their description of T4*-
;

binding plasma protein fractions of Anguí11a japonica, Carrassius giblio

l-ongsdorfi and Fugu niphobles (fa¡le fV) follor,ring reverse-flow electro-

phoresis on cellulose polyacetate medium. Such an interaction would

ínfluence the interpretatíon of their results.

Although paper elecËrophoresis of fish plasma-T4* míxture made it

impossible to assígn binding properties to specific plasma protein fractíons,

radioacËive peaks Ìrere apparent (Figures 14b and 15b). The occurrence of

a major peak of radioactivíty in the albumin-like to postalbumin-like

(thyroxine-binding globulin-like) position is simílar to results obtaíned

by Leloup (196ia) on Salmo salar, Alosa a1osa, Lampetra planeri and
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Anguilla anguilla (Figure 2). Horvever, the danger in makíng dírect

cornparisons betvreen this and other studíes must again be emphasized. The

trailing peah of radioactivity found in the beta-globulin-1ike to garnma

globulin-lilce area corresponds Èo free hormone ín mígratory position and

probably represents absorption of T4x to the electrophoretic medíum.

The location of most radíoactivity in a prealbumÍn-like position

followíng acrylamide gel electrophoresis of fish plasma-T4* mixtures at

pH B.B not only corresponds to free and apparently bound T3*, but also

to free T4t!, {lthn,roh t-ha nrar'l_bumin-like fraction may bind T4." the

interpretation of results is complicated by the similar migration of free

and bound hormones and by the poorly defíned boundaries of the leading

prealbumín-like protein fraction.

AfLer acrylamide gel electrophoresis of fish plasma'-T4* mixture
i

at pH 8.1 the major radioacËive peak \^/as centered over the leading pre-

albumin..like band. The center of this peak \^ras ahead of the cenËer of

the peak obtained follovring electrophoresís of físh plasrna-T3x samples.

The srna11 radíoactíve peak in the beta-g1obu1in-1íke region is símilarly

located for T3,k and T4*, suggestíng non-specificity for T3* and T4x.

Sirnilar binding properties for T4x have been assigned to the beta-

globulin-like fractions of Scyllium ste_llare, Salmo salar, Protopterus

annecËens, the conger eel (Figure 2; Leloup, 1961arb), the prealbumin-

líke fractions of the mullet (Figure 2; Salvatore et a1., 1962), and of

Anguilla japo_nica, Carrassius giblio longsdo.rfi and Fugu niphobles

CTable IV; Tanabe et al., 1969). The lack of alteratíon ín bínding at

increased addecl-hormone concs¡l¡nfinnq imnlipq the prealbumin-like-bínding

fractíon is of high hormon.e capacity and that of the beta globulin region
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exhíbit no change

concentrations of

Salmo sa1ar, Alosa alosa

in orotein fractions bínd

1.5 to 10.0 pg/ml plasma

c. Bínding of Injected Radiothyronines

1) f:* Tnjected. Radioiodide present as an impuríty in the

ínjected T3* sample represented 1L27" of. the total radioactivíty. Thín-

layer chromatography and trichloroacetic acíd precipitation of plasma

from fish ínjected with T3'l (tables XVII and XVIII) shor,¡ed an increase

i-n the percentage of radioiodide. This may represent in vivo deíodination

of T3:l or clearance of T3* from the circulatory system at a rate exceeding

that of radíoiodide. The large portion of radioactÍvity associated with

the bet.a-globulin-1Íke componerrt following electrophoresís illustrates

the importance of thís fraction as a binder of thyroíd hormones. The

second radioactíve peak, situated in a region identified as a binding

síte for T3x, trailed in Ëhe directíon of the beta-globulín-like fraction

to an extent greater than that observed after electrophoresís of plasma

incubated rvith T3*. This laËter sítuation was probably due to: (1) a loss

of definition resulting from the síze of plasma sample applied; (2) the

greater proportion of radioactivÍty located in Ëhe beta-globulin-like

area; and (3) the presence of T3* derivatives bindÍng to other proteíns.

The position of radioactive peaks relatíve to plasma protein fractíons

conforms to that obtained after electrophoresis of T3*..plasma incubated

mixtures.

2) "14* Injected. Radioiodíde present as an impuríty ín the injected

T4,l sampl.e \{as less than 12. Thin-layer chromatography and tríchloroacetic

acid precipitation of plasma from fish ínjected rvíth T4:t (Tables XVII

Qq

AîñAnorll||,âncrra||or'* 3låyjijg arrËu!r!d Þrutlfd! r_y

ine T4* over added hormone--_Þ -

(Fígure 2; Leloup, 1961a).
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and XVIII) shor,'ed an increase in the percentage of radioiodide. This

increase ín radíoiodide \^/as accompanied by the appearance of T3*

srrppe-stinp that ín vivo deiodination of T4* and T3* had occurred. The

radioactive peaks identified after electrophoresis occurred in the pre-

albumin-1íke position, thought specific for T4,.', the prealbumin- to

albumin-líke positíon, thought specífic for T3*, and the beta-globulín-

like positÍon, thought specifíc for T3:t or T4*. ThÍs agrees with chroma-

tographic identification of both T3* and T4* in the pooled plasma sample

(Table XVIII).

d. Binding of Endogenous Radioiodocompounds

The three peaks of radíoactivity that occurred after electro-

phoresis of plasma from fish injected with Na125t 
"t.located 

in positions

similar to T3* and T4* electrophoresed in incubated plasma-hormone

mixtures. The locatíon of these radioactive peaks shorvs little similarity

to that found afxer reverse flow paper electrophoresis of plasma from
'l ?1Na*-*I injected ammocoete larva of Lampetra planeri (Figure 2; Leloup,

196lb). In this latter case a thyroxine-binding-globulin-1ike protein

is the bínder.

In summary, the beta-globulin-like fractíon may be non-specífic

(bind T3'! or T4*), of low capacity (relatively few binding sites) and of

high affínity (types of binding sites) ínsofar as T3* and T4-* are

concerned. Furthermore, i-t may possess a greater affinity for T3* than T4x.

Thís latter difference is suggested by alteration in the síze of beta-

globulin-líke radioactive peaks following electrophoresis of pooled plasma

samples from T3*- and T4't-ínjected fishes (Figures 17 and 18). The pre-

albumín-like and albumín-like protein fractions, while specifíc for T3*
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or T4*', appear to have high hormone-carryÍng capacíty. The low total

thyroníne values (as determined by Bio-Science Laboratories) found in

F1--:^ ^*^^-i^^ /r' 5-0.9 pg/100 ml) indicate that the added-hormorre concen-LlraÞ ÞPçLIEù \v. 
t

tration used in the incubation studies probably exceeded the carrying

capacity of the beËa-globulin-like proteins wíth the excess hormone

being taken-up by prealbumin-lílce and albumin-like proteins. This

parallels the situation in mammals rvhen thyroxine-bínding globulín becomes

saturated and excess hormone is taken up by albumin and prealbumin plasma

proteins.

Followíng injectíon of T3* or T4*, f.ar lower levels of radio-

thyronines would be found in the plasma. At these more physiological

concentratíons a hÍgher proportion of the radioactívity rr'as assocíated

with the beta-globulin-like fraction. The endogenous radioiodocompounds

r¿hich would be produced at physiological leve1s also showed prominent

binding in the beta-globulin region.

Under normal circumstances, one might envisage prealbumin-lÍke,

alburnin-líke and beta-globulin-like fish-plasrn¿-protein fractions trans-

porting thyroÍd hormones. The immediate effect of excess free hormone

could conceivably be buffered through binding to prealbumin-líke and

albunín-lÍke proteins .



SU}ß{ARY AND CONCLUSIONS

1. The plasma Proteins of brook trout (Salvelinus f ont þel-!x) were found

to bind T3* and T4Jç. This rvas verified by tÏíchloroacetic acid

protein-precipitationandbyequilibriumdialysis,ForbothT3*and

T4x the percentage of added hormone in the free or unbound sÈate T¡Ias

less than 1% when determined by equilÍbrium dialysis and approximately

5% when determined by tríchloroacetic acid protein precipitation'

2.Electrophoresisofhumanplasma_T3.*andplasma-T4:kmixtureson

cellulose polyacetate, paper and acrylamide gel confirmed ' at an

added hormone concenEratíon of 0.05 ¡e/m1, that thyroxine-bindÍng

globulin Ís the major thyronine binder while albumin and prealbumin

proteins carry less. A smaller proportíon of T4*" is located in the

prealbumÍn region at pH 7^4 than at B.B. T3* showed binding to pre-

albumín fractions only on acrylamide gel medium' in which case a

smallerproportiofiwaslocatedintheprealbuminregionatpHB.l

than aË PH B.B.

? Due to t.hYronine adsorPtion

on cellulose polYacetate and

T3¡t and T4r' binding Proteins

to the supportíng medium, electrophoresís

paper rvas of little value for ídentifyíng

of fish plasma.

4" rncubarion of físh plasma rvirh 13* or T4* (0.05-5.0 ¡:eiml) follov¡ed

by electrophoresis on acrylamide gel implicated prealbumín-like and

albumin-lilce proteins as major hormone binders, and beta-globulin-

like proteins as minor binders. The beta-globulin-like proteins appear
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ro he nôn-sDecífic for fl:k ¿nd f{'*. The leadíng prealbumin-like

protein fraction mainly binds T4,t and the slo¡uest prealbumin-líke

fracËion mainlv binds T3*.

5. The prealbumin-like to albumin-1ike proteins have a high hormone-

binding capacity. Trichloroacetic acíd protein precipitation,

equilibrium dialysis and electrophoretic techniques all faíled to

establish any effect of increased hormone concenlration (0.05-5.0

us/¡nl) on the binding phenomenon.

6. As determined by ion-exchange-column, normal thyronine concentration

in Ëhe plasma of brook trout (0.5-0.9 ¡S/100 m1) is approximately

one-tenth that of humans. This suggests that added hormone concen-

tratíons used for incubation wiËh fish plasma may have exceecied the

bindíng capacity of protei-ns normally complexing ruith T3 and T4.

7 " Electrophoresis of pooled plasma sample from fishes injected with

T3rc or T4* resulted in radíoactive peaks at positions identical to

those obtaíned after electrophoresís of incubated plasma-hormone

mixtures. However, the proportion of radioactivity in Ëhese positions

differed with that found after electrophoresís of incubated plasma-

hormone mixtures. The plasma from injected animals had a much greater

percentage of the total radioactivity in the beta-globulin-líke region.

This difference probably reflects differences in plasma-thyronine

concentration. Radiothyronine concentration in the plasma of ínjected

anímals was less than that in incubated plasma-hormone mixtures.
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B. Electrophoresis of pooled plasma samples frorn fish ínjected with
l?q

Na"'I resulted in radioactive peaks ín regions corresponding to

those described for T3:k and T4l.. MosË of the radioactivity

was equally divided between the slowest migrating prealburnín-like

proteín fraction and the þg¿¿-globulin-lilce proteins. A srnall amount

of radioactivíty paralleled the leadíng prealbumin-like proËein.

9. T3* and T4* at hígh concentraËíons are nainly bound by the prealbumin-

like and albumin-1ike proteins of trout plasma. Smaller amounts are

associated with beËa-globulin-like fractions. At more physiologícal

thyronine concentïations the beta-globulin-like fractíons appear to

bind a greater proportion of the total hormone" All these plasma

protein fractions may normatly bind T3* and T4*" At higher thyronine

concentratíons prealbumin- and albumin-like fractions may serve to

take up excess hormone vrith litËle resulting change in the circulaÊing

free thvronine levels.
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