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ABSTBACT

The present investigatlon i¡ras undertaken with a dual pur-
pose in mind". !'lrst, to deternine the riornal range of total
proteln conterrt, and the varlabl]ity in the electrophoretic
patterns of the goldfish, Carasslug auratus, and" secondly, ùo

lrrvestrigate thernally ind"uce d altera.tlons ln the plasna pro-

telns "
Two hundred- gold-flsh were d.ivid_ed. lnto equal lots and

accllmated. to 5orl2o r20o, and, 3OoC for a !ûlnlmum of twenty-slx
days. Plasma samp]e s ürere taken ând totâI protel¿ d-eternlna-

tfons made. Fract ional separatlon was carrleð- out using the
vertioal starch-gel procedtrreû Relâtlve antl absolutê co]lcêt]-

tratlons of each of ühe electrophoretlc fracùlons were ôeter-
mlnecl at the four test teaperatu-res. Each fractlon was ohar-
acterized by a nean moblllty and. mean slze ând. several fractlons
rel-ated to thelr h.una'rl counterparts,

Although golclflsh plesna protelns d.J.d not flt jn with
the evolutlonary patterns postufated. with respect to ùhe co¡n-

plexlty of proteln fractlons, they did. concur ln protelrr
oonoentration and the nature of the fractions present, That

is, fractlons r4r1th the nobillty of humârÌ ga.nna-globullns were

absent, albumln was found only a minor constlluent, ãrd tlpo-
protelns formed. by far the largesb portio¡l of the plasroa

proü e lns.

Vårlatlons 1n the aburìdancl es of inðivldual frâctlons
as welL as total proteln were considerable wlthj.n each group
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as weLl as between groups. In geixeral, total- proteln and

globulln d-ecrease¿l as the tenperalure lnoreâsed, whlle afbunln

and. the ooßplexity of the patterns lncreased". fhe slgtrlfl-
ca.nce of the nornal ]-eve1s, arxd the thernally induceð altera-
tlor3.s, vüere allsousseal ]r1th regard. to physlologloal slgnlffcanxoer
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lNTRODUCTTON

The present lnvestlgatlon üras undertaken lrlth the aln

of exa.nlrxlng several aspects of plasna protelrrs of the gold.-

fish, Carasslus auratus.

(1) The e stabll shment of nornal values for total plasna

proteln, anai fo1Iovr1n€ electrophoretlc separation, estlloatlon

of the normal- rel-âtlve and" absolute âmount s of the nesolvetl

proteln fractl ons r

(2) The deternlnation of thernally lnducecl alteratloils

ln tbe pfas!ßa proteln vaLues.

(3) To inveÊtlgate the possiblLlty of utlllzing efeotro-

plroretlo separatloxx of plasna proteins as an lnd"ex of phyÉlol-

ogloal state wltb regard to thernal envlronnent.

Desplte the coplouF llterature avâl1-abIe ooncernlng the

thernal rel-atlons of fishes (Bretü, L94l-5?t Fryr Brett, and

Clawson, l-?Lz; Fry, Hart, arxcl [rlalker, ].9r+6; Fryr 19¿]7; Hartt

L9t+7-52; Black, 1953i Mcc.auley, 1958; Kanungo âJîcl Prossert

1959i üaar, t962)¡ and the phylogenetic slgnlflcance of thelr
plasna ar.d. serlrm protetn patÈerns (Lepkoysky, 1929; Drtlhont

Ig1t+a; Drilhon, tr'lne, and Daulous, 1958; Drllhont I959i Sulyat

Box, anal Gunter, 1960; Buecker, 196I), few i'{orkers have

exaninecl the effeet of tenperature on the blood. protelns

(Salto, lgs?ci Sorvachev, 195?; Melsner and lllckrna,rr, 1962)l

Stutlles ori environmental contro]. of proteln neùabolism

krave ln the past been llnitedr ând have sonetlnes involvetl
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taken fron each of the tesü groups nentloned. above. The

values obtaine¿ are d.iscussed- wlth regârd. to those previously

reported for this taxononic group¡



LITERATUBE BEmË!'l

Llterature pertlnaflt to thls toptc w111 be dlscussed'

und.er the following heaclings !

1. Cyraraoþer1zat lon of the pl-asna protelns

a¡ Albumfn

b¡ AlPÏral-globu1lns

o. AIPYIaZ-globullns

c[. Beta-globullns

e. Cramma-globullns

2, ¡'unct lons of the plasna protelns

aj VlscositY effects

b. Reserve of bod-Y ProÛelns

c. Hydrostatlo ârtd" osr¡otlo relatlonslrlps

d¡ Trânsport ßechanlsms

e. Blood. coagulatlon

f, Clroulatlng antlbodles

8. Bufferlng oapaclty of the plasma protelns

3, Vertebrate Plasma protelns $Ilth partlcular refer-

enoe to those of the fisbes

a. lfhe plasna protelns of the hlgher vertebrafes

b. She Plasrna Protelns of flshes

t+. Alteratlons ln the plasúa protelns

1.

The separaÈ 1on, charaoterl zat lont a¡rd ldentificatlon of



:4.;::.r.r.:j::r;:::r::::. :.-: : ::ì:i ir. !:::.;::.:'-::i :..:,..':.,': :.'-.:::. ::4::::',

5

lhe plasna protelns preceecled. knoxrledge of their fu]1ctiorr. â's

early as 1830 Lleblg and- IvluLcierl lsolatetl a;Iið- àrt¿':-:rzeè bloocl

alburaln al1al fibrln. Slnoe t hâ,t tlne the blood. plåsna ariil

serun proteins have been süìrctleð by a ûrlde varlety of methocl-s,

anci have been charaoterlzed ln terús of a nunber of physlcal

ând ahemfcal propertles. Due to the cllYerstty of the neùhocls

enployecl, a profnslon of terns has appeared ln the J.lterature,

an(L lt 1s now d.ifficult to equate a proteln separatecL by one

techntque, r,t1th that separated. by another (crook et' a]-, 1954i

Dr1lhon, 1960; Amln et a,1, L9622 søLbrtles, 1962)r

flre classlcal separatlon of the serun protelns lnto

a]-bumln and gtobulln fractlons was depentlent upon the lnsoIu-

bility of globufln ln d.ilute, s1lghtly aolcilf ted serun. Thfs

first preelpitatlon teehnlque has been replaoed. by varlous

salt fractlonatlon nethod.s, aad, theser although provld'ing

further fractlonation of the globul-1ns, have proven cuüber-

some. S1nce each new saMntroclucetl as a precipltatlng agent

fraotlonated the protelns dlfferentla]-ly, lt beoa!Ûe neoessary

to reileflne the fraetlonË wlth regaral to solubLlltles at dlffe-

rent salt concentratioixs. with the lntroductlon of the sveclberg

analyblcal uftraoentrifuge, t?re Tlsellus movlng botmclary elee-

trophoresls, character j.zatlon and separat lon of the plasna

proteins I,ùere facilltated. These technlques, hor¡üever, intro-

aluced. new problens lnto the classiflcatlon of the blood' protelns'

lLt*utg anð llu1d-er - cited in g&. Plasna Protelnsr vol. I' 1p60t
p.2. F.W. Putnanr sð.
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Since the pro¿elns were nos¡ separåteai on the basis of d.lffe-
rent physlcal propertles sìreh as sed.lnentation constants,

and. elecfrophoretic mobllltles 1n a varlety of buffers, 1t

again beoame necessary to red.eflne the varlous fractions 1R

terms of these properties r
The proteins of bfootl serun, as orlginally separated.

eleotrophoretlcally by Tlsellus (1937), were termeal a]bunlrx,

alpha-, beta- and. gamma-globulln ln oraler of d.ecreaslng a¡aocÞl

mobilltyr Thls classlflcatlon traÊ been largeLy retalnec!

altb.ough the fractlons obtairxeil by clifferent electropboreü1o

bôchnlqì.res have been shown to conslst of ¡rlxtures of nany

protelnB with slnllar properties (Pou1lk and Snlthies, 1958;

Parker and. Beanx, 1962i VÐ.îdenheuval, 19621 a Reeently an

attempt has been macle by SrÁithtes anil Poullk (1956) antl Poullk

and. Smithles (1958) to correlate the fractions obtalneô by

paper electrophoresls wlth those obtalned. by starch-gel elec-

trophoresls through the use of two-d.lmenslonal el-ectrophore Êls,

fhls lnvolves eleetrophoresis otx fll-ter paper, followeð by a

seooncl electrophoresls at right ângles 1n stârch-geI. |[hls

systen furnlshes lnformatlon on the separatlolx of the orlglnal

fraotlons on starch-geI . By this tecbnlque more t han twenty

seperate fraetlons have been resolvecl ln nornal humâfl aerun

(Pou]lk anð Snlthles, 1pJ8; Snlthles, l-959b). Ivlore reoently,

Hemmings ar¡d. Jones (f9$) combinecl high-resolut lolx Porath col-

umn eleotrophoresfs with starah-geI electrophores ls, alrd

resolvecl norna]- hunan serus lnto twenty-flve d.lsllnct fraotlons.
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Although each of the orlginal pLasna proteLn fractlorls
of flselfus (1937) have been shoÌür to be heterogenous, each

has retalned a certain lnd.epenclent lnporùalxce in blological
reaetlons ( ivlad.d.en ancl Whipple, 1940 ) . For tbls reason,

the nane of a.ny subfractlon shoultl lndloate tbe origlnal
fractlon fron whlch it cane. . Such a system of nonerxolature

has bee$. suggestecl by Snlthles (f955r; Poullk arx¿l Smlthles

(t958); arìô craber (1963). However, these syste¡rls ârê so¡rê-

what eompllcated, and. should. be replâced by a slnpler systeÉ

¡thlch takes lnto âccouvlù the physiologloal role of each

fraotlon as well as lts physteocheßtcal properùles (Graber,

L9631'-

For purposes of slnp].lclty the nonenolatìÌre used. for
fraotlons sepârated. by paper electropboresls wlLl be usecl,

(Neuhaus g-!., aI, 1961; Amln gL al, 1962). Tbls systen employs

tbe terns albunln, alphal- globu}ln, alpha2-globulln, beta-

globulln, ancl ganlra-globulln ln orcler of d.eoreaslng moblllty
(See Flg,1) r Aôdtttonal fraotions are varlousJ.y lndlcated. by

tbe actd itlo¡x of Arabla subserlpts lnatlcating the nobllity of

the subfractlons reLative to otber subfractlons obtalneal fron

the 1n1t1al fractlon. fhat ls, lf a thlrct alpha-gIobulln were

founcl to mlgrate behind the alpba2-g1obultB fraction, the new

alpha-globulin would. be glven the r¡ane of alptø3-g1obulfn.

As previously stated", a varlety of plasna proteln frac-

tions have þeen lsolated by tvÍo-dLnenslonal electrophoresls



GLOBULINS

Ftg¡¡¡e 1. ÍIYpical electropboretic patte:ca obtalaed.f¡on no¡'"nal' boa¡
plasoa þ paper electrophoresis.
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(see Flg'2), a¡ld. al-though some have certaln physlcal charac-

terlstics ltx oonnon, they all have sone feature speelfle to

thenselves. Furthernorer slnce no s lngle nethoal nay iLel1n-

eate al-1 of the plasna protelns, ft 1s necessary to thlnk

ln terns of groups of protelns when descrlblng the noleeuLar

parameters of the plasna protelns (Pnelps and- Puüna¡Û, 1960).

Thus, ln the ensulng ðlsousslon on the characterlzation of

ttre plasma proteins the varlous subfractlons w111 be grouped'

¡.md-er the olcler â.nð broader head'lngs r albumln, alpha-r beta-r

anal galsma-g1obullns.

a.@,
Albwnln has bhe lowest nolecular we lght of all the

report the noleoulår rüelght of buman albunln to lle betì.reen

6orooo ând ?or0oo, wiÈh the most frequently cited' value belng

69 OOA. Furlhermore, wlth the exceptlon of an oecaslonally

characterlzed pre-albunin (Snlthles, 1959b) ' 
albunln haF the

hlgheÊt net obarge of the proteln eonponents of the plasna at

physlologlcal pH (Phelps ancL Putnan, 1960)' Beeause of these

feaùuresalbumfnhasmostoftenbeenfowxd-tohavethegreat.

est electrophoretlc mobtllty lrx novlng bountlary (fisellust

I93?) t paper (Bler, 19591 , and stareh-ge} electrophoresis

(Snlthles, 1955).

b. Alphar -globullns
A1ùhough nillgrablng on paper ln one or two poorly
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reÊo]-ved. zones, the a1phal-globìr]lns are actual-Iy a nlxture

of protelns wlth narked. physlco-chenlcal d.lf fereÐ.ees r In
two-alinens ional electrophoresls of nornaf hunan seru¡¡, tÌìf s

barxil 1s resolveð into three separate fractions. Tbe fastest

nlgratlng fractÍon, ürhl-ch rûoves with a noblllty greater than

that of albunln, was orlglnally termed. pre-albunln by Snltbies

(L955), but has sfnce been ldentlfled as an acld.lo alptÉ1-

glyooproteln or aynononously, orosonucold. (Snithles, 1958;

Phe1ps anaL Putnan, 1960). The other two fractions have not

as yet been ldentlfted, although Poulik and Smlthles (1958)

found- that ln one-¿llnerrs lonål staroh-gels, the largest por-

tlon of the alphal-globulln ls not resolvecl fron the albumln

fractlon, while the Êeoonal, whlch ls probably an alphal-

llpoproteln, forns the flrst post-albunfn of Snithies (1955;

Cooper, 1960). The moleoular welghts of the varlous protelns

ln this fraotion range from approxinately 411000 for the

orosonucol.d. to between l-50r000 a]3'd 4001000 for the a1pha1*

llpoproteln (Dittner, 1961).

o. Alptra2-g1obu1ln

Alptra2-g1obu}1n, llke the a1pha1-gIobulIn fraotlon,

has been found to þe a heterogenous mlxture (Pou$k ând SmithleÊ,

1958; snlthies, 1959b; Phelps a.nd. Pì.rtnan, 1960) whlch nay be

separate(i lnto at least ten fractlons by two-d"lmenslonal elec-

trophoresis. Anong these fractlons are the post-a1bunlns of

Smlthies (1955), slx henogfobin blnd.lng protelns or hapËo-
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globlns, and. a large heat-labll"e glycoprotein¡ al.plt¿-2'

glycoproteln (Poultk a,nð Snithies, 1958). Whlle most of the

sub-fractions of the alpLra2-globulln group are of hlgh noleou-

lar r'le lght, consl¿erable varlatforì 1s evld-ent (See F19.2).

Abouü two-thlras of thls fractlon is mad.e up of a hlgh

noleoular welght alpha2{s¿s¡oglobulln r¡those nolecì.rlar wef ght

approxirnates B2Or0OO (Pfretps aYrd. Putnan, 1960). Desplte lts

heterogeneity this fractlon ls unresolvetl by paper electro-

phoresls åJld. moves as a single band between the a1pha1- and

beta-globulln fraotions.

dl. Betâ-alobullns

None of the protelns of thls heterogenous nlxture

(Snithles, L959b) bave been adequately charãcterlzeð by

physico-chenf cal neans (Phelps and- Putnam, 1960). îhus far,

four fractions have been resolved by two-d.lmenslonâl electro-

phoresls, of vrhlch one has been ld-entlfled- as a hlgh moleoular

welght beta-llpoproteln, The beta-llpoprotelns have a ratlo

of fat to protein of approxinatel-y l} : L (Harpert 1957), ar'ð-

consequentlÍ¡ wh1le they have a reLatlvely low speclflc

grâvlty (Poullk and. Snlthies, 1958) they have a molecular

weight ürhlct¡ 1s often in excess of one nllllon (Phe1ps and

Putnan, 1960).

e. @bu].lng
This plasna proteiri fractlon 1s å nultifarlous group

contributlng the bulk of the olrculatlng al3tlboalies (Harpert
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L95?). It nornally nigrates 1n gels as a vrld.e band possess-

Íng a contlnuous range of nobllltles (Pou1ik and. Smlthies,

1958; Snithies, l-959a), but has been sho$n by nore subtle

lnmunooheüical neans, to conslst of nxore tharx tv'fenty 
't1s-

tinot antibod,les in normal hunan serun (Porter, L96o).

Accordlng to Phelps and Putnan (1960), nThe ganna-globullns

appear to conslst of â Gaus slâ.n envelope of protellx conponents

dlfferlng contlnuous].y 1n physlcal arÌd chenleal propertlest

and. overlapplng ln blologlcal functlo¡ln. fhe most character-

istlc paraneter of the ganma-globullnsr 1n electrophoretlc

stud.les, has been thelr cathoðal nob11ity. IJnder nost electro-

phoretio condltlons they behave as anions whlle the renainðer

of the plasna protelns behave as catlons (Tlsellus, 1937).

HoÌrever, varlous authors (Poullk al3d Snlthles, 1958; SnlthleÊ,

lg sga]Õ) have recently d.enonstrateal that sone gan0ma-globullns

nây shovr anodal noblfltyr and Poultk t:-95?) haci earlier d"enon-

strated that the dlrectlon of mlgrâtlon of huEtan ganna-globullns

could be reversed by chan€1ng the buffer systen used. Recently,

BlnetÈe arÌd Schmlcl (196]) d.enonstrateit varlous fracùions lrx

pathologlcal hur¡an ganma-globul1n âil¿l thus âddeô nore proof

to the heterogenelty theory of gamna-globuIlr1.

2. tr'unct 1oÍrs of the Plasna Protelns (See F19.3)

Íhe plasma protelns are a very complex nlxture lnclucl-

fng slnple protelns 1lke alburaln, and. mlxed protelns suoh as thê
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glyooprotelns and. lipoprotelns. Following the general pat-
tern of West alîd Tod.d. (1955), the princlpal fujrlctloris of

the pLåsma protelns nlght be sr¡mmarized. by the followlng

statenent s :

(a) By contributing to the visoosity of the bloodl they

hefp provlde ühe vaÊcular reslstance to bIood" flow whlch 1s

essential for efflclent heart aotio¡x¡

(b) They serve as a nlnor source of reserve proüeln for
the tlssues of the bod.y.

(c) By vlrtÌre of their osmotic pressì¡re (co].lolal os!0otic

pressure or oncotlo pressure) they irelp na1nte.ln the osmotlc

relatlonshlp between clrculaùIng blood. arid. lnterstltlal,
fluicls.

(d) Sy the fornatlon of oornplexes they may rend.er var-

iouÊ agueous 1aso1uble substånces soluble, and âssfst ln the

trânsport of netabolically aetive naterlals.
(e) lhey provld.e nany of the conponents of the hemo-

statlc nechalxlsm and therefore are of great importance ln

blood ooagulation.

(f) Tire ganma-globullr¡ fractlon ls the prlnclpal slte

of the oircu"latlng ârttlbod.les ¡

(g) Stnce the blood protelns are amphoterlo they ald"

1n the buffering of the bloo¿l.

A nore d.etalled. disousslon of these functiolts nay be

founcl ln the following texto

a. Y,!.Ê.æ.Ë¡-u¿-U.gee.!.c

If the vlscosity of lñater ls arbitrarlly set at
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one, then the vlsooslty of plasna w111 be approximately 1.J,

arxd. that of whole bl"ood. about 3.0. Therefore, the blood. cells

are three tlnes âs effiolent ln ralslng the vlsooslty of the

blooð as the blooil protelns and. for all pracùlca1 purposeÊt

the plasna proteins are rxob a slgnlfioant oonslderat lolx in

hemod¡råamlo stuail es of honiotherns (Guyton, 1961). However,

since vlscoslty lncreases about tüto and. one-half tlnes wlth

a d.eorease ln tenperature froÉ 3?oc to oog (nueh and. Fulùon,

L96Ol , the viscoslty effects of the plasua protelns nay be

of some 1n¡rortanoe ln polkllothermlo anlnal s exposecl to oo1d.

Increases tn vlsooslty tend to inorease perlpheral reslstance,

prod.uclng a]1 lrxcrease in blood pressure, or red.uctlon la

car¿llac output. ilncler nost oond.ltlonE Gard.lao output f s not

affecüecl by slight lncreases ln perlpheral reslstaßce, anÔ

hence one night expeot that the nornal respons e w111 be one

of lnoreasect bloocl pressure (Guyton, 1961) '

b. Reserve of BodY Proteln

The plasnaa protelns serve as a nltrogen reserve

durlng perlod.s of hypoproteinemla (Mactden anti Whlpple, l-940 i

ProsÊer 9þ- a!, 1950 i flar?er, 1957), anô there ls also a glve-

a,nd.-take betvreen the protelns of the plasea anð those of the

blsÊues (sohoenheiner É at¡ f939i Stelnberg et a.L, 1956'). A

d.og, wh1le fasting, was naintalned fn nltrogen equlllbrlun by

parerrteral adrlnistratlon of pLasma protelns by Mactden ancl

Vlhlpple (191+0), and nore recently, Cohn (1945) has deseribeit

how hunan patients 1n coma eould be slnllarlly naintalneùr
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Furthernore, lt has beerr found by Etarvation as ütell as

techniques lnvolving plasmaphaert sl s 2 (Mad¿en et 41, 1950)r

that fasting ðogs retain the poùentla]- to regenerate thelr
blood. protelns.

o. I¡yairosÈatlc and" Ojlmotlc Rglatlotxshlps

The nal-nt enano e of the osnotlc relationsfrlp between

the olroutatlng blooat ancl the tlssue spaces ls largely a

fr.¡¡ct lon of ùhe plasna protelns (Prosser et 41, 1950; llest

ancl Toai.d, 195þ; Harper, 1957). Slnce the osnotic concentra-

tlon of the electrolytes and non-probeln organle solutes in
plasna and" lnterstttial fluld.s are, for all practioal purposest

ld.ent ioal (Harper, :..957), the oncotlc pressure of the plasma

protefns 1s responsible for cotxtrol of the equlllbrlu@ bet-

Íreea }Íat er and. eleetrolytes 1n the blootl and lnterstltlal
flulds (Cohr, 1945),

Of the total osnotlc pressure of hrüan plasna (&940 mm.

iþ.) the blooê protelns conbrfbute about 25 nllllneters.

However, the lnterstlÈtal fluiê6 also contaLn sone protelÌl

(Guyüon, 1961) and this nay pro¿luoe an oncotlc pressure of

about 10 nllllnreters (Prosser .et 4., 1950). Therefore, the

effectlve oncotlc pressure of blood. over lnterstitlal flulds

ts 15 nn. Hg. (25-10). This force tend-s to draw water froro

the lnterstitial flul<is back lnto the blood. on the other

2A teohnlque lnvolvlng the wlthd.rawal .of bloocl froln a3 aninal,
re*o.rt*]of the bloocl þrotelns, arßd- relnieotlon of Èhe d'epro-
telnated blood..
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håncl, thls force ls opposed. by the hydrostâtic pressure of
the blooil brhlch varles fron 30 to 15 mn. Hg, fron the arterlal_

to venous sld"es of cap1llarles. Furthernore, this hyd.ro-

stât10 pressure 1s also oppoÊed. by ari lnterstltlal hydrostâtia
pressure of approxlnately I na. Hg. caused by the lnterstitlal
f1uld. currently oecupyln€ a portlon of the avallable tlssue
spaoes. IIence, the effectlve bydrostatlo pressure at the

ârùerlal enai of the caplllary ls close lo 22 mn. ¡tg (30-8),

while that at tt:'e venous enð ls about 7 nqrn. of llg. (15-8).

Thus, on the oaplllary sld.e, the hydrostaÈLc pressure exeeeds

the effertlve oncotlo pressure by f mn. of Hg (22-15), ana

thLs favors the flltratlor¡ of materlals outward. fron the oapll-

larles lnto the tlssue spaces. On the venous side, the pressure

d.ifferentlal ls reverseô, anð a net pressure of B mn. of IIg.

(?-f5) favors reabsorptlon of yrater and dlssolved naterlals
(Harper, I957'l . Albunln, by vfrtue of itrs relâtlvely losr

moleoular welght and. high concentratlon, iE the prlnoipal

pfâsna proùeln l¡xvolved in malntalnlng thls oncotic pressure

(Coh.lr, 1945; Harper, I95?i Beûrett and" Frlealerx, J-962). Where-

as one gram of albunln ylelcls an oncotLc pressure of 5.54 mø.

of Hg. the sane amount of globulfn procluces only 1'43 nn. of

pressure, (Harper, L9571 . Put in another way, the ålbunln

1s responslble for about ?5fi of the total oncotlc pressure

of the plasna protelrxs (Foster, 1960).
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ci, Transport Meotranls¡rs

Although â1bußlu. shows Llttle t endÊrxcy to forn

stable llpoproteins (Harper, L9571 , lt has been assigned. an

lmportant role ln the transport of fatty acid.s, ancl hence is
lnportant in übe transport of llpids fron organ to orgalx

(Haurowltz, 1961).

Llplds are also assoclated. wlth the alptral-and. beta-

globullns, thelr conplexes belng caIIed. alpha1-, and. beta-

lLpoprot elr¡s a Of these, the beta-llpoprotelns, whlch nlgrate

electrophorettcally ln the reglon of beta-globullnr are the

nost lnportant ln the transport of llpids (Harper, 195?;

Linalgren and. NlcholÊ, 1960). f'lxe l!ûporta:lce of these llpo-
protelns can be seen ln the faot that nearly ITA of t]ne îtelght

of s erlrm 1s úad.e up of Llpid.s ( Lindgren ancl Nieholsr L960) t
ar¡¿L lt is e onnon knowledge Ëtrat llp1ds a¡ict l-ipfd-1lke c on-

pound-s are inportant ln the melabollsn âJld. nutrltlon of

anJ.nal s.

.A,s lde from thelr lnportant role ln llpld transportt

the plasna proteins also for¡o oomplexes wlth henoglobln (Her-

nan, 1961); henoglotlln clerivatlves Fuoh as henat 1¡x ( Ifaurowltz,

196f ); lron (Allison, I959i Snltl¡les aJxd. Hlller, 1959i Becknant

].96zl; ancl oùher less lnportant Êubstanoes lìxolud.tng varlous

ions (Laure11, 1960); carbohydrates and. hornones (Ingbar, lpJB;

Antoniatles, 1960; uaurowltz, 1961).

Tbe heüog]-obln b1nð1ng protelns, or haptogloblns, have
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been charaeterized. as åLpfÉZ-globullns (Allison and. Rees,

1957, all.d. are glycoprotelrxs (Ilaurowltz, t96I; Hernan, 196t).

The haptogloblns appear to be of lrBportalìoe ln iron ancl

he!ûoglobln conservation (Laure11, 1960) although Gltlln åndt

Janeway (1960) have questionetl thls.
The iron-blnd.ing beùa-globullns, sid.erophlllns or trâ,rls-

ferrlns, act 1n the tranÊport of lron (A111son, 1959; Snithles,

I959Ìli Beoknan, 1962), and" are inportant ln nalntalnLng a

physlologioalLy tolerable 1evel of blood lron (Gttlin and

Janeïray, 1960). They also .serve ln the trarxsport of irotx

from the slte of absorptlon ln the alinentary traetr åsd, the

Êlte of erythrooyte destruotlon ln the ret lculo-enclothelial

systeÍr of the Ilver, to the looâtlon of hemoglobln synthesls

ln tbe bone narrov{ (earber and- Sheeler , L963).

o. Blood. CoaAtllat ion

fhlE topic h.a s been ad.equately oovered 1n numerous

bloohenlstry an d" phystology be;rts and" lû111 not be recapitulateal

here (Hawk, Oser, ar' cl Suruúerson, 1-9I+? I .

f, Circu1atlnA Antlbod.les

The plasma protelns lnolude Ùhe clreulatlng antl-

boalleÊ and. âre thus paranoìmt among the d.efense neohaJrlsns

of the body (Harper, 19571 , Although bhe greater part of

these antlboalles are located" arorlgst the ganma-globullns

(Harper, 195?l , they have been found ln all of tbe varlous

eleotropþoreÈfo fractions (Porterr 1960 ) .
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g. BuffeIinE Capacltv of the ?lasma Protelns

By vlrtu.e of their amphoterlo nature (Harrow and'

M^zvr, Lgs?), the plasna and- cefl protelns aet ås buffers

(Fitts, 1963't , ancl lndeed, they forn the most abulodaÏìt buf-

fer of the bod.y (Guyton, 1961). conventionally, oae tloes

not thlnk of the plasna protelns as possessing an lnportant

role ln acLd-base balance. Acoordlrig to Pltts (1963) r the

plasma protelns aocount for only J$ of tîe bufferlng in res-

piratory aclðosls, If ln resplratory alkaloslsr and L% in the

buffering of strorxg aclds and" bases. on the other hancl,

Guyt on (f961) stateô that in vlew of the constant exohange

between the vaEcular, lntôrstitlalr âildt oe]-lular elemenÙs, that

It was not iustiflable to speak in terns of the bufferlng poYrer

of blooð aloner l{enoer taklng lnto acoount the bufferlng of

the blood anal 1ï¡terstltlal fluld.s, Guyton (1961) asslgns the

follovrlng relaülve bufferlrg powers to the four nost lnportant

buffer s.

Blcarbonate 1.0

Phosphate 0'3

Plasma Protelrx
a,nð InterstitlaL 0.S
f lulal Proteln

Hernoglobln 1,5

Thus, the blooct protelr¡sr though linited 1n ooncentratlont

are probabty qulte i!ûportant as part of the flrst line of

defense against sllght pH change s of the bLooða
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Phyfogenetlo varlatlons of tbe plasna protelnÊ of

vertebrates bave been revXevreal by Engle and. lJoo¿ts (1960)t

aral Dittner (196I). În general r such revlews approach ùhfs

problen by inallcatlng changes ln total proteln, the conplex-

lty of the electrophoretlc patÈern, the relatlve abund-aneê

of the varlous proteirx fractlolxsr and the sources of variatloltr

Electrophoret lc plasna proteln patterns have been des-

crlbed. ln riunerous vertebrates lnoluctlng nan (smlthles, l)JJi

l!JB; Barr, 1958; Harrls .E!.al.¡ 1958; Ilorsefall and Snlthlest

1958; Sarker anal Bearll , L96!i l¿uclel .et êt, l'962')i Ùhe chln-

panzee (BueÈtner-Januseh, J-g6i-) ¡ cattle (Ashton, l957abe t

1958abc); horses (.Ashton, 1958e); sheep (Ashtonr 1958a'l; goats

(Ashton, 195sb); ptgs (Scopes, 1963), the hlppopotanus (l,reln-

rea, 1960)i golalflnohes a.ntl canarles ( Beakman et å1r !9621 ;

reptlles (Dessauer âJlld Foxr 1956¡ Barber and Sheeferr 1961t

L963ri amphibfans (Dessauer and Fox, 1956; îox et a1,1961);

antl flsh ( Cushlng, 1952; Hild.man , 1956', slnèerrûan arxtl ualrst

1959; sulya et 41, :-960-6:-l Malrs anô Slndernan, 1p62¡ Thoraas

å,nd. Mccrlnmon, 1p64). AlÈhough al]- of tbe prevloì.¡s1y nen-

tloned. workers reportedl variatfons ln pattern anong the

incllvlduals of any glven specles, there are reproduolble

speole s-characterl stl c features in nosù protelri patterns

(Deutooh and Goodloe, t9L+52 Moore, l.9t+5i Lat'l:e'" øJl;ö, zak-rt 1957,



23

Gunt er et 41, 1961). Distlnst d.lfferences tlave also been seen

betvreen the lower anci hlgher vertebrates (Deutsch anil"

Mosha,n, I9¿+9; Gleasori. aü.d. Frleðberg, 1953; Dessauer aRd- Fox,

I956i Zwe1.g and. crensharür J-95?; cohen arrd Sttckler, 1958;

Baril g[ aI, 1961; cu:rter et a]., 1961; Leon and ]ülLson, I96f;

Dessauer, Fox, a8.d Hartwlg, 1962; Fried-, 1963). Sfnce these

varlatlons have been s ho¡,¡n to be genetlcally based (Snithles,

L955; Asttbor¡, !)llc, 1958b; Smithles, 1958; Beck¡oan et aI,

1962) vartous autlrors have attenpted to clenolxstrate phylo-

genetlc relatlonships, and. thelr physlologloal slgniflcanee

(Irlsawa a¡xd- Irlsavra, L954; Robertson, 1954; Frleden et g!,

195?; FuJlya, Lp6Li Gunter et a]-, 1961; Leone and Wllsont

1p61 ; Ðessaur et aI, 1962). HovÍever, though deflnÍ"te evo-

luùlonary varlatlons in tbe proteln patterrls have been

reported. (Turner, 193?; Deutsoh ånd. GoodLloe, 1945; Moore, l-9l+5i

Deutsah and. MeShan, 1949; Irl Ear^ra a.nd. Irlsâwar 1!J4; Bobertson,

1954¡ Dessauer anal Fox, I)J6, 1958; Gunter et g!, 1961 ;

Dessauer et aI, 1962), J-ltÞIe success nas net attenpts to

relate these changes to physlologloal frurction (Irlsawa and.

lrlsawa, 1954; ¡'rled.en gq 41, l-95?i Leone ånd. Wllsonr L96I;

Barber and Sheeler, L963).

Keeplng ln nlnd. that nally exceptlons exist, ùhe ger¡eral

pattern 1n the serun proteLns as one ascends the pbylogenetia

scale nay be sumnarl zed. as foLfows:

1, The total proteln ooncentration lncreases.

tl. There fs an lncreaÊe ln the anount of albunln
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rel"atlve to gfobulln, that ls, the albunin/

gl-obul-in (Á,,/G) ratlo lncreaseË.

111. The eleetrophoretlc patterfls tend to þecoloe

nore complex, a¡d" show an lncrease in the rxumber

of d.emotlstrable fraotions.
1v. There is a qualltatlve ar.d quantltatlvê lnorease

ln htgh nolecular we lght fractlons Ìrhlch exhlbft

electrophoretlo noblllties ln the range of hrüoalx

ganna-globul lns o

A nore detalleal d.iseì¡Ëslon of these trentls trlIl be founal

1n the followlng text.

a. The PfasÍ0a Proteln6 of the HiEher Vertebrâtes

The more ad"vanc eaL vertebrates have a hlgher coneentta-

tlon of blood. proteins (Prosser .9!. gL¡ 1950 ) r anal generally

$hon an elevatecl albwlln to globulln ratlo relatlve to Èhat

of the lower vertebraÙes (See Tabte I). It 1s lnteresting at

thls point to refer back to the functlon of the plaÊma pro-

telns. As we ascenð the phy]-oger].etlc scale the hydrostatlc

pressure tends to increase (Prosser et êlr 1950 ) I a,rlal tht¡s t

the lncrease 1n total proteln nay serve to nalntaln the bal-

ance beÙween the hy¿iroÊtatic ancl onootlo pressure 48, an anlnal

beoomes more conplex (Rodbarô arid' Fe ld.manr 19116)'

WhiLe eleoürophoretlc ar¡afysls of blrd' aúcl nanmal. pro-

tein pâtterns eharaeterlst lcally reveals albwrin as the naJor
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TABLE I. Total P1asma Protein and' Albunln
Èo Globu1ln Ratios at Varlous
Leve1s of Vertebrate Phyla

Group an(l
Species Referense a/s

Botal Pro
in gn8,

teln
ø

Manroal s
Hono sapiens

Hlppopotanus
anpblbius
( Hlppopoùanus )

Erinacens
êuropaeus
( tie¿getros )

Sü¡lne

Blrd.s
Chlcken
(SI¡.not given)

P1ðgeon
(Sp.not glven)

Ðuok
(Sp.not glven)

furkey
(Sp.not given)

Reot 1].e s
Alligator
nlF Ë iE s ipl ens 1s
(AI11gaÈor)

Natrlx natrlx
(Grass snake )

Natrix s. slpeclon

Chelydlra
s erpent ina
( snappine turÈle)

MoFarlane. et
a:-, I96L' -
l¡Je lnbråun, 1960

Suoaalalnen
et gL, 1961

Miller, et al,
1961

A.úln, elL ?t
t962

Moore, L9ll5

Deutsch and.
Goodloer l!4J

ll ll

Barll- et a1.
tg6t'

Senlow, 1963

Cohen, l95l+

ll tl

6.5 - 7,O

o?

?.9

2.L

o r52

A 
"72

2.A

2.L

2.2

2r0

2oO

0.1

0.2
(Oot. )
O.2
( Jr¡ne )

0.4

0.2

4.56

,+. oB

4.65

4.oo

contlnued
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TABLE I ( Contlnued.)

Group ané
Speole I Reference

Total Proteln
ln gns.Øa/e

Reptlles (conttd)
Chrysenys
elegans

Arnphlblans
Rana
cate6bla.uå
(8u11 frog)

Banå herksherl
( radpole )
(aðult)

Bånå p1plenÉ
(Leopárct frog)

AmbystoBa tlg-
rlnun
(Tlger sulanan-
der)

Anbystona macula-
tun

Fish
Grilre sp.

Scylllun stellare

Squalus sP.
(Dogflsh)

Lanpetra fluvLatl'¡
11s
{IanpreY)

Lânnifornes
(3 specte s )

C lrrhtna nrlgula
( Indlar¡ carp)

Co}a;enrL)J4

Freiôeni g.!. alr
l.953

Frleden, g! alt
L957

Gleason and
Frled.berg 1953

fia.blÀ, L962

cleason, et gL
1953

Drl]hon, 195¡+a

s 1960

Lepkoysky'1929

Lepkoyskyrl929

Gunter, et al"
1961

Das, 1961

o.2 2.1+3

0.r1 1.01
( tadpole )o.8g 2.59
(aôult)

no aIb,
0.13

(lIttle alb) a.26

no a1b.

no albr 0.9

no alb.

trace s

0.30

?.6

3,5

4.0

3.6

no aIb, 2.2

0.8 2.69

conttnued.
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TASLE I (Continued)

Croup anct
Spee 1e I Re ferenee A/G

Total Proteln
ín Ems.lê

Sþ (cont'd)
Labeo rohlta
(Carp)

Catla catla
(carp)

Leuciscus oephå-
lus
Barbus fluvlatl-
l-us

Cyprlnus carplo
(Suropean carP )

Salvellr¡us
fontlnalls
Corogorxus clup-
eo lcle s
(Wbiteflsh)

lotalurus lacus-
trls
( catflsh)
l,ep 1ðo st eiforües
(3) (cars)

Clupetfornes (l+)

Sl luroid.eae
( Sfrark s )

I{uglt i f ornes

Ðas, 1961

Dâs, 1961

Planas and.
Gras, 1957

PIailâs aÊ¿l
Gras, 1957

Field. 6¿ al.
tglt3 '

Deutsah andl
McSLìaJtr I9¿19

Sorvacheve,
l-957

Flelcl. et 41.
t943 "

Robert s on,
L954

Lepkoyskyrl929

Gurrter et 41.
tg6L

Gurxter et aI"
:-g6r

Gunter et al,
L961

Gwlt er et 41,
t96L

2.87

3.11

J.o

. 3.0

' 4.15

3.2

3.9

3.t+6

412

4.oo

2.87

3.89

2,91,.

3.?8

contlnuecl

0.8

o.?

0.5

o13

3.6

0.3

Z¡L

0.3

no aLb.

0,02

0.3

or2
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rABLE I ( Cont lnuect)

Group a;Ird.
Speoles Referenoe A/ç

Total Proteln
ln gns.Ø

. PerolforneE
ïÞerch-ãsl-
AcS.penser sturlo
( Sturgeon)

Probochor(lateÊ
Ascldlaoea

Phallusla nanmlL-
lata

TLralLacea
Salpa nâxlna
( sata ¡

Gunter.et aI.
I961"

Magnlnr1960

RoberËsonr1!J&

Robertsonr llJll

0.08

0.34

3.7A

3.9

0 .03

0.03

oomponent (Comnon, MoKfnley, ancl l{aw, 1953; SnfÈhies, I955i

Engle anè Wood.s, L960), the reptlleÊ and amphlblanÊ typl-
call-y ha.ve sera ln which the globullns are the nost abuadant

protel¡xs (Deutsoh ana Mo$han, 1949; Cteason arxal Frleilþergt

1953i Dessauer andi Fox, 1956; I,eone aJldl tül].solrr 1961). In

acoorilance wlth thls general trend, tbe maiorlty of fishes

have proteln patternr conposed largely of the higher mole-

aular r{elght fraatlons such as alpha- anil beta-globullns

(Dr1lhon, :.953r:-g5gt sulyargL gL, 1960; GunterrgL aIr1961).

Whlle Gleasorx an(l Frled.berg (I95Ð found llttl-e or no

albuûtn ln the turËle, Trlonyx gg&ggLigEr coen (1954) report-

ed ltrs presence ln snraL l- arnount d in flve specles of ttlrtles.

The later sfualles of Ul,{elg and Crensba¡¡ (f957) anô Cohen

anð Stlckler (1958) llave indloaùeè bbe absence of a fraoÈlon

wlth the noblllty of hunan €Lbunlnr ar¡tl these workers have
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reporteal that the fastest moving conponent found 1n three

speoles of the genus Pseì¡ðenys anð ln the snapp ing tì¡rtIe,
Chelyalra serÞ ent l¡xa, had the same noblllty as the alphal-

globulln fraetlon of hunan serum. More recentlyr Leone â]1c[

l,rl1lson ( 19ó1) d.enonstrated. albumin to be a norBal, though

minor constltuent of the ptasna protelns ln Êlne speoles of

turtle s.

Fron thls evitlenoe lt 1s lnposslble to nake any broað

statement about the oflaracterlstlc presence or absence of

albumln ln the turtle. However, all of the prevlously nen-

ttoned workers agree 1n the faet that the turtles, llke

fishes, hal¡e a low albunin content rel-atlve to the blrd.s anð

ma!ßmals. [hese finillngs are supportedl by oertaln physiologl-

oal and. hlstologlcal features. The parenchynal ceJ.ls of the

Ilver, v''hlch are responslble for the productlon of albunin

l-n man, ( Madd.en andt llh1ppIe, 1940 ) r k¡ave been d-escrlbeð aE

clffhotlc-llke, aJld. ¡ronfunct ionål, in the llvers of flsh,

anphiblarxË, arßat reptlles (E1las aæd Bengelsdorf, 1951).

$here nay be a functlonal slgnificance assoolated vrlth

thlÊ 10ü, albunin in fishes and' reptlles. llhe ooncentration

of albr¡n1n ln the sera of turtles nLrst be oongruoìf,s with

the low hytrostatlc pressure reported for these animals

(Rod.bard a.nd. Feldman t 1"91+6) r otherwlse, the orìcot1e pressure

of the sera woulcl always exceecl the hydrosüatlo pressure

(Leone and WlLson, 1961) a¡xd the a¡llmal would be subieot to

henodl].ut fon.
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Electrophoretlo patÈerns of reptlfes d'iffer substan-

tially fron those of the birôs and. nammal s lrx another featuret

Seixlow (1963) founð beta-g].obullns to be the nost precloml-

:3ant fraotlon 1n the grass snaker NatrÍx natrlx. subEta¡lü1at-

lng ùhe earl-ler f inding of Bar1l g9. a1.r ( 1961) ,who bad.

reported. atph,al-gIobul1n as the najor co¡Bpo1tent 1n yoì¡xg

al,llgators (*Iffsêtor nls s lssiplensls ) . In both oases albunlñ

was present 1n relatlvely snall amountsr a sltuatlon compar-

able to that alesorlbed. ln turtles.
Wlth regard. to pLasma probeln pattern, amphlblâns åo nof

present a oonsistent picture. Albumln has been reportecl as

lackfng ln the salanalxðers Ambystona maculatun (Gleason andl

Frled"berg, 1953) i Anbystoma tlgrfuxu'n navortlouts (Hahn, 196zl ¡

arxd othexs (Dessauer anð Fox, 1956). Gleason a¡ûd' Frled'berg

(loc.oft.) dlð, however, report the presenee of snall anount s

of albwnin ln the frog, Rana plplens, antl roudpupplr r I@S.

roaculaùun. Ilahn (þ.clt.) h.a s recently noüed that the alpha-

globuLln ln 44ÞLËE@, tisrlnus ryLtg, resolved by paper

electrophoresis r separated. lnto a sharp, conoentrate'l banð,

s1ú114r to hunan albunln. He therefore suggests that alpha-

globulfn tmay serve physlologlcally as the albunln of lhe

speclesn. On the other hancLr Frletlen et al, Q957) reportea

albunin/globulln ratlos of 0.86 and' o.5o 1n the frogs 'Rana

eatesbla a atxÕ @, hecksherlr whlle Rees et g!., (1-9621 }r,ave

noteê the presenoe of albrmin 1n the frog IesgxE Iaevls. In
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conpany ?ü1th the evid.ence froE anphiblan netanorphosl s, Írhlch

wlll be d-lscusseil 1ater, Frled.en et al, (f95?) and Hahre (i-962)

have suggesteal that an lncreased. albunf n,/globulln ratio ls an

ad.apt 1ve feature associated. with the development of terres-
trlallty. By osnotlc lrxfluence, increasecl al bumfr. woÌrld. a1d.

in the conseryat 1on of body watèr ând. plasna volume (FrledLen

et aI, I95?'l by ínareaslng water regulatlon 1n the kldneys

a¡d tlssues ( HahJx, loe.oit.).
The lron-blnd.ing protelns or traJlsferrinE are unfque 1vr

the anount of âttentlon they have recelvetl fron taxonoúl sts

anal evolutlonists, Slnce Snlthles (1955) flrgt conmented

upon the genetlc varlat lorxs in human trå^nsferrlrrs, tttlnerous

workers have vlenretl Èhese protelns as a mearis of d.eteetlng

phylogenetlo rel-atlonshlps. Genetloally controlled. trans-

ferrin systeûs have rxow been founä ln a nunber of other

nan¡nals (A1l1son, 1959; elbleÈbe et ù.t 1959; Barber an¿l

Bearn, l-962,, blrd.s (Barber anat Sheeler, 1961 ; Beot<mæ .9-t el,
19621 , repùlles (Barber and Sheeler, ;--96!, 1963; Dessauer

et eL 1962), amphibians (Fox et aL, 196l-, Dessauer gq alr
11962l , and. flshes (Drllhon, 9!.3L, 1958; Barber a.nc[ sheeler,

1961).

Many specles lnclud.lng turtles (Barber and. Sheeler,

f961); snakes (Dessauer et 41, 196z); the chinpa.nzee ( Buettner-

Janusch, :--g6]-l; arxcl nan (Glblette gÈ e}., 1959; Smlthles, 1959b;

Parker anal Bearn, L96z) Vøve been for¡nd. to conÈallx n¿ltt1ple
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fractlon transferrln systensr However, the nore normal

situatlon 1s thaÙ a slngle transferrln occurs (Dessauer g!

aI, lg62i Barber and. Sheeler, 19631. Although associåted"

wlbh tbe sane general physlological funotlon, iron trånsportt

these protelns may shollr maJor physico-chenloâl cllfferences

in the serun of d.lverËe specles, ancl 1]x lndivlôìrals of the

sane speoles (Barber and Sheeler, 1963)., The nult lfarlousnes s

of these protelns has led Ðessâuer É 41, (l-962) to suggest

that trrey nlght be anenable to natural selectlon. That lst

hor0ogenelùy of tran8ferrlns nay be a characterlstlc of oldert

estabfishetl speeles, while those in a more active phase of

evolutlon, a.Ïld. 1n which natural seleotion has not aalopted the

nost suitaþLe tra.risferrin, are characterized. by transferrin

heterogeneit y.

b. The Plas!ûa Protelns of Flshes

Blood. proteln stutlles in flsh haYe been linlted in

nurber, af'ìa ðo noÈ present a ooncordlant plcture, llost stualles

hâve been confined. to speeies speelflclty of plasna protefns,

and. attenpts to relate the efectrophoretlc patterr¡s of fishes

to that of nan (See Íable 11). Unfortunately, varlous authors

(Deutsah anä Mcshan, 19I+9; Salto, L957ac) erxil revlewers

(Dibtmer, 1961) fiave fabelled. the proteln fractlons by nunbert

ar¿ have mad.e ixo attenpt to identffy then. For thls reasont

severaf exoellent studles on the eleotrophoretlc patterns of

flshes blood coulð not be lncluded. tn Table II.
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The plasna protein content of flshes is low in conparl-

soïr to that of the htgher vertebrates (See Tables I a.r}d II)t

and. as previously noted-, ana].buninenla appears as a prinltlve

characterlstic (Gunter et, alt 1961). In vlew of the low

hyd.rostatic pressures reported for various flsb (lvJott, 1957),

these flnôlngs are in accord- wlth what one woula expect fron

the preYlous ðiscussion colxcernlng the low values reoorded for

the turtles. That is, in f1sh, as ln turtlesr a 1o¡r oncotic

pressure iE lxeceÊsitated. by ühe lov¡ blood. hyd.roÉtâtlc pressure

lf nornal fluicl exchange beËlúeen the tissues an¿l bfood. 1s to

occur, (Rodbard and- Feldlnan, 19471 .

There ls nuch controversy lit the llterature wlth regard-

to quantitatlve and qualltative aspects of fish albutilx.

Fielð gL al, (1943) afld Deuüsch antL Goodloe (19¿15) report the

absence of albuüln 1n cyclostonês al1d elas¡robraÍrches. [hls

finaling L€s slnoe been verlfled by Xe'lsawa and Jrisaüra (I9 5I+)

1ix the skate, Raia Kenolel, anð the shark Heterodlolttos Japonl-

' as well as by Drllhon ana Flne (1959\ wl¡o foultd. arx absence

of albumln irr the sharks, Scyll1uË1 oåtulus and ggx}þIElIg

oanlcula. Becentf y, Gt¡nter É gL, (1961) worklng vrlth three

speoles of sharks, Lannifor¡ßs, anti three speoles of garst

Lepldosüelforma, andl Sulya et åLr ( f 961) wlth three other

specles of sharkes, have found. anâlbumlnenla to be a oons 1Êtenf

feature of the electrophoretlc patterEs. Ilovüever, an lnter-

esting situatlon is seen wlth regard. to petro!Êyzontld' oyolo-
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l95z); goldflsh, Crasslus auratus ( Hildman, 1956); and varlous

specles of troub and sâInon (Rld.geway, 1962). Furthermore,

Fie1d. gL aI, (1943) and. Doo1ittle a.ncl Surgenor (1962) also

reported. ttlat cyclosto!ûes, elasnobraÅches, and. teleost flshes

were founc¡. to cor¡ta.1n a flbrlnogen nolecule whlch oould be

preolpftâtecl by hunan thrombln.

AÉ a general rule, most workers hâ.ve found. loi{ values for,
or a conplete absence of fract lons wlth nobllltles oonparâbIe

to those of the hunan gar¡nra-globulins (DeubÊoh anð GoodJ"oe,

1945; Sa1to, l957ai Becker et 4r 1958). Deubsoh alld McSha¡r

{19&9) reported, the absence of ganna-globullns Ín slxteen

specfes of fresh water teleosts, ÌùhlIe Eâgle g[ a1, (1958)

d.lsoovereð slnilå.r ffnd"ings ln tr{enty specles of nrarlne fele-
ost$. Further, Beeker et â,1, (1958) fouttd. ganßa-globulln

pre$erxt 1n only one speoies ( Ehurmus thlrnrlus ) of six stu¿ledt

and ÐrlIhon (L959, reports thls fraotton in only two out of

fifty specles ( Thy¡nmus sp. and. ry fluvlatus) ' No evlalenoe

of gamna-glo bulin hae been found. ln the alewife, @ pseutlo-

harenzus; Amerloan shad., A. saÞf d.lsslBa; blì¡ebaek herriixgr A.

aestlvalls; Atlantlc heßfng, Cfupea ÌÞrengus harengus; and the

Atlafltic rnenhaôen, Brevoortla tyranflus ( Sinderman and Mairst

1958; l{alrs and SlndernaJ¡, L962r. Ho¡¡ever, Sulya É gtr (1960)

belleved. ganna-globultn to be a nor¡ual constltuent of the

serum of Ùwenty-six speoles of flsh taken fron the Gulf of

Mexlco. Gamma-g1obullns have â1so been ôetected in eIls,
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Arrguill-a sp. (Drllhon ;."95l+r, the sea lamprey, Petronyzon

marinus d.orsatus (Rall et aI, 1961), anð the land-lookeê sea

lamprey, Petronyzorx narinus (Thonas and lvlccrlnmon, 1!64), as

well as other elasnobranches (Salto, 3-95?ai Þîgle gL aI, I958i

Fujiya, 1961). It appears, therefore, that whlle ganIlå-

globulln 1s charact eri stlcally present ln the lower ffshes,

the nore ad.vancecl ones are 1eÉs consistent nrlth respect to

lts occuranoe. However, refeffing back to the ct¡aractenlza-

tion of the ganna-globullns (p.I2)r lt nay well be reallzetl

thaù the functional ganma-globullns of sone flshes alght sholr

anoclsl nobLllty. [hus, lt is not justiflable to say that flsh
tlåve lxo ganna-g1obu11$s, hrt ft is quite eorrect to say that

some fish have no eleotrophoretlc fractlon wlùh the nobl1lüy

of hunan ganna-globulln.

The most oharaoterlstlc feature of the blood proteln

pattern of flshes ls the predonlnF.noe of the al-pha- a.rld beta-

globullns (See Table II), and the corresponttlngly htgh llpo-
protelr¡ leve1s.. Drllhon (1959) and. Sulya et 41, (1960) f¡ave

reporteal alpha- anil þeta-globullns to be the nost predomlnant

fractlons in over flfty specles of flsh. These workers bave

reeently been supportect by the flnd.lngs of Magnllx (1960), 1n

the sturgeonr, Á.cipenser sturlo, and by Rall et 4r (1961) ln
the lanprey, Petronyzon marlnus narlnus¡ Furthermorer Flelê

(I9tt3) I{orrls (LgtþÐ, Das (1961) and Su1ya *. aI, (1961) have

fowrcL llpicl and- cholesterol level-s ln the blooil of many salü

7"rí 
tll ìi;risrrya

I Ltennnt i
\gtq¡lrg-l
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anal fresh ]raü er flshes that far exceed. those ln man. These

find-ings are conslstent lth the higb llpoproteln content

reported fn nany flsh (Drll.hon, IpJS; Sulya et e'I, 1960; Das¡

1961).

It tras been shorm ln a nu¡nber of specles of f1sh, that,

unllke na¡Âmallan l-1poprotelns, the flsh lfpoprotelns often

nigrate wlth the a]-bumln band" durlng paper electrophore s!. s

(Ðrllhon, 195&; Satto t 1958; ¡riorrls, 1959). îhls probably

accounbs for the hlgh albumln reported Ín sone fish (Salto,

1958 ¡ Melsner arid. Hieknan, J-9621 . fhat ls, where one worker

rnea$ures the albunln fracÈiorx per ser a¡3oüher nay d"lfferentiate

it into two funotlonally d.lssinllar protelrxs, thuÊ reportiltg å

nuoh lower albr¡mln content for the specLesr

4- Alterations 1n the Plasma Protehxs

A variety of afteratlons fn the plasna and. serum pro-

teins of flsh have been descrlbeci 1n the llüerature. f\rrner

(l-93 5l reports a decrease wlth age 1n the total oncotio pres-

sure of ùrout blooð. On the other hand, Salto (1957d') found

an overall lnerease ln two speoles of nar lne elasnobraþ.ohes

(Mustelus Êrlseus ancl Dasvatls akaJev). îhls latter reporü

ls substantiaüeð by that of liagnin (1960) e¡ho found. an

lncrease tn both total proteln anÔ albumln content wltb age ln

ttre sturgeon, 4gÅ!.æ süurlo. fhe albunln/gIobulln ratlo ln

thls lnstance increasecl fron Q.26 IYL young sturgeon to 0.34

1n old-er anlaa.l"s. Elecùrophoretfc a¡alysls of pre-spawning and.
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parasitfc sea lanpreysr &ÞæEËg marlnus, d.emonstrateô a two-

fo10 lncrease ln total proteln ( thomas alxd- Mccrlnmon, 1964).

Variatlons also oceur aþ þl'Le tlne of netanorpbosls 1lt

varlous anlrF.Is. Slrxee metanorphosis 1s a perloð of rap lcl

ontogenetlo ôevelopnentr it has reoelvecl nuch attentlon. For

obvlot¡s reasoïrs the anphlbiaixs have reeelYedl the greatest

attentlon ln thls respect (Frieclen et åtr 1957; Herner a¡rdL

¡'ried.ea, 196o ; Ber¡rett anal Frieòenr 1962; H9,ylr' t L962, . Howevert

ontogenetle chå¡ìge s have âlso been tleserlbed. ln ühe ohlcken

(3n1n et ø"1, L962); swine (¡ttller et al, I96Li Yàþ (l'llse gþ.

ú., 1963); lanb (sifversteln, L96t+); nan (Das and Bhattacharya,

1961) and others (Iloore et 4.r 19¿'5; Marshall and Deutsch, 1pJ0;

Moore, 1959 ; Eng1e alld l¡Iood.8 r 1960 ) . Studles on changes ln

thebloo.Iprotelnsoffishesdurfngnetanorphosl8arellnlte¿l
to the lower forns and. fev¡ oonprehe,nslvê exanlnatlons hg've

been made (salùo, Lg5?d.| Ratl et at, 196J-; Thomas aldl Mccrlnmont

3]64,. The results of suoh stuc[1e6 have generally been 1n

agreement wltb those fron hlgher verÈebraùes ln thât nost

authors report an lncrease 1n the total protein andl ln tbe

aumber of ðemonstrable fractlons,

Sex based. d.lfferences have been noteè þy varlous workers

incluctiug Drllhon (19541; l4agnln (1960)¡ and' Thomas a¡ndt

McCrlnnon (1964), but the results are fragnentary and d'o nott

as a rule, .agree .. Urlsù É. 3]-, (196f ) lnduoeô ân lnorease

1n total protefn ln the kelp bassr Paralabrax gla.u@ÞE,r by

lnjeoüionwithestrogensbutsuahstuclleshavebeenserious].y
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hanpere ¿1, by the lnd.lvldual variations anong the test a.n1ma1s.

Ðril-hon (r95t+), sorvachev Q95?) and Fujlya (1961) have

stud"leð the effeots of starvatlon on plasna protetuls, anð although

they lrave reported specles speoificlüy wlth regard. to these

change s ( Sorvachov, þ.9!!,. ) , all- have f ouJìi[ an eventual d.e-

orease tn üotâl protefn leve]-. Thls is largely aecouirtable

ln terlÊs of a d.eoreased. albunin oonteatt

Very few stud.les have been oarrletL out olr the effects

of extrtnslc factors upon plasma proteln patter¡1r although

Slnalernan a]xd. ]lairs (1958) dlat flnd. decreâseð serum a]bumln

ln sea herrÍngs sufferlng fron a fw€us dlsease, lcbhyospor-

ld.lun hofefl, as well as certain qualltative alteratlons 1n

the eleotrophoretic pattern. ¡'uJ lya (1961) mad.e a study of

the effeots of varfous ooncentratlons of ind^tlBtrlal wastea on

tbe plasma protelnE of flsheB, but very few sueh stuclles have

been caruied. out t xd.er oontroLled corrditlons.

llhe effects of climåtlo faotors on the blood. protel¡¡s

of fishes bave been seld.on Êtuctleð, and. what reports ühere

are show d.lfferent results. Meisner ar¡al Hl okßa,n (L962)

exa¡oinecl tbe effeot of be!ûperature arid. photoper iotl on the plasma

protelns of the rainbow trout, Salno Ealrdljerlr anô found- a¡r

elevated. albumin/globulln natio aù 8oC relative to tlrat at

16ot. They reportect that thls ttecrease was the result of a

ilecreased. albunlü corxtent coì¡plecl wltb an lnerease 1n beta-

globulin at the hlgher teúperature. Íhelr flnctXugs cllsagree

with those of Sa1Èo (195?a') arxcl Sorvaehev (L95?l . saito (Ì95?o)
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founù a d.ecreaseè total protein and- albunln ln both the carpt

Cyprlnus carplo and. naokerel, þg@ tapelnooephalus, dur 1ng

the wlnter nonths, and. Sorvachev (1oo.g!!.), worklng wlth the

sanre specles of carp, noteð a d.ecrease ln afbunln aÊ well as

tn alpha- anè beta-gIobullns alurlng übe colder nonths. How-

ever, õlnoe the wlnter oorresponôs witiÌ a clecrease fux foocl

consumptlon (Sorvachev, f95?t Lt was ctlfflcul-t to ðeternlne

wrìether these cha"nges r¡ere ¿lue to the tenperature pg .Er or

to the aoconpan¡rln€ alüeratloïrs ln feedfng habitc



T'IASffi,IATS AND YIEfHODS

1^ Exþerlnental Anlnals

Gold.flsh (Carasslus auraùus ) of both sexe6 aacl ranging

in weight fron J to JJ grans, wlth a neån welght 63 13.& t 1.4

grans, were obtalned from the Golclflsh Supply conpanyt Stouff*

v111e, O]1.tarlo. Altbough no attenpt was nad-e to sex the flsh,

It was notea that the great majorlty were la a gravld' conè1-

t lon.

The flsh were fecl a specially prepared flsh fooclt

obtalnetl fron the Malxttoba FlsherleE DepartmenË r âfl.d were

allowed to feed aù libitun ð411Y.

2Ç Aquarla and. çondltlons of AccI

fhe aquarla useel" were of woocl construction aåd' Ûeasure¿l

20r x 18ll x 38r', with a total oapa.clty of J0 lnperl'a1 gallons.

The tanks were palntect wlth an lnert epoxy-¡6s1¿1r a¡xd were

fllled. to half capacity with dlstllIeè water. The tanks were

helcl in constant tenperaÈure roons at a1r tenperatures below

tbose of the tar.kÊ. Constant !'¡ater temperatures were then

obtalned by use of 300 watt, Teflon-wrapped, oopper-coll¡

heatlng eLements ueedl 1n co¡]J unot lon wlùh thermistor thermo-

regulators 2.

]-Flsher Ëpoxy-resin Laboratory Palnt. Flsher Solentiflo Company.

zrhernÍstenp lenperature controller! Model--6Jr, Iellow sprlngs
Tns trunenÈ- Conpäny Ltô., Yellow Springs r ohlor
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The water in the tanks ü¡as elutrlated. by the use of sub-

surfaoe, afr operated-, plastlc fllters, charged $tith flne

glâss r4rool anð activated- oooonut charcoal.

Oxygen conter¡t of the water l{as nalntalned near aatu-

ratlon by eontfuxuous âereatlon.

Photoperlod. was oontrolleal at sixteen hours per atay by

ßeaxrs of tlght fittiag hooiLs equipped !ûlth lneand'esoent l+O

watt bufbs3 placecl approxlnately 154 above the surface of t]re

water and. activated. by ÏïIternatic Tlme Switctrest&

Til¡o bund.red. flsh were d.lvld.ed into four equal lots ârxd

were acolinated at 5.0 t 0.5og, r2|o t o,5oc, 20.0 I o.5oc

arid. 30.0.t o.5oC for a perloci not less than 26 days. fhls

lnterva - exceeds the perXod" suggested by Bretü (1946) and.

Anthony (1961) as required for aocllnatlon to these ltsr Thls

range of teBperatures also approxfmateE the range of ther¡nal

toleranoe of the goldflgh (Brett, 1956).

Uncter these cond.ltlons the flsh appeare¿l to renaln ln

a healtbJ oonaltlon a.ntt the mortallty rate was l"ow.

3. Method of Plasna Collectlon

PrÍor !o sa¡ßpllng the flslr were anaesbhetized. in tr1c8.1ne

Bethanesulphonate (yt1 222, 1:101000), ând were oonsid'ereÉl to be

fully narcoülzed" when lncapa.ble of rlghtlng reactlons. The

3General Eleotrlc Lumlllne 52: General ËIeetrlc Compaay.

4Ïnter¡naùlc Tlme Swltckr: Moclel T101, fnternatlonal Reglster
Co|' Ch. I11.
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aninals were then lightly d.rled. wlth a pâper torÍel_, and the
soales caud.ed. of the anuE rernoved. by sorapplng. A clean

sharp scalpel wâs used. to anputate the caudal peduTtcle, and the
Þ]ooci ¡.¡as allowecl to rurx Lnto polyethylene d.lshes lfghtly
d-usted wlth d.ry disodlum ethylened.ianinetetraacetate (ED[A) to
prevent ooagulatlon. Samples were lBnedlately oeertrifugecl at
101000 rpns. for four mlnutes, after which the plasna ¡úas

plpetted. off ancl sùoreô fn stoppered oentrlfuge tubes at -10oC.

Sanoples wlth nore ühan sllght traoes of haernolys 1s vfere ¿!tE-

oard.etl.

fherê is sone controversy regarËilng the effect of freez-
lng and. thawing on electrophoretlc patterns Goswanl antl Barue

(L959', found that there was no ohârìge 1n the paper eleotro-
phoretlc pâtter]x of proteln fo1Jowlng cold. storagee Matherüs

ând Buthalâ (195ô) also reported no change s in lhe paper

eleotrophoretlc patùern of swlne serun fol"lowÍng repeated.

freezlng and. thaürlng. On ¿he other hand, Pensinger et al, (lr95gl

reported. that suoh treatúent cause o haïrges 1n the relatlve per-

centages of several protelr. fractforis, whlle Snithles (1955)

reported. variatj-oûs 1rx the abund-anoe of ar-.ptø-Z globulln frac-
tlons when the protelns were 6tored for üore than one week+

In vfew of the confllctlng reports, care was taken to erìsure

that a1.L sanples were subJected to the sane treatnent. All
samples were storecl frozen for a perlod of at least one week

prlor to testing, ancl no sa,rnpl e that had. been frozea nßore tbên
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or.ce was used.r By thls method. lt was hoped, that varlatlonÊ
ln the pattern d.ue to the effects of freezing å,rrd thawlng

were helcl to a mininun. Sinee the absolute pattern was not

as lnFortaJ¡t, ln thls stud.y, as the varlatlons itx pattern d.ue

to the d.lfferent accllnatlon tenperatures, speclff.c effect of

freezlng anct thawing was not aleternlne¿lr

LIt Electroþhoretlo lechnlque

a. General DlsouEs1oil

,Iþe electrophoretlo technique enployed ln thls e)q)erl-

noent lnvolved. the starch-gel prooed.ure of Snithles (1955,

L959a,, Thts technlque 1s of the zone electrophoretlc type,

anct 1s ooffloÌx]"y eallect tvertloal staroh-ge] eleotrophoresl s Í .

Tt was chosen for ühls erq)erlrent because ft combiixes the

advantages of zone detectton by stalnfng, high resolutl on,

free¿Lon fron serious abÊorptlon effects, and. gooat reprod.ucablllty.

fhis lnproved. starch-ge1 technlque has the further ad.vantage

ùhat ùhe sanple nay be lntro¿Luced- lnltlally 1nÈo the ge1 âs a

narrow and. even zone.

Follorvlng eleotrophoresls the gels r'rere sl.lced and. stalned.,

Stalnlng wtth A-n1a[o Black was oaffled. out as reconnencied by

Snlthies (1955). Ëlnce thls d.ye apparerxtly ctoes not obey Beer|s

Law (snlthles, 1959b¡ Jansen, 1962; Matsul and Yaeno, L963),

âbso]ute amount s of the varlous proteln fråotlons nay not be

aceurately d.eternlnecl. However, athe relatlve amountE, Eo
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deternlnecl, are useful in the quantltatlve eÉtlnatlon of aievia-

ùions fron nornalltyn (Snithles, ;.-959b),

I]x ord.er to cheok electrophoretlc reprod.uc 1b1llty and the

staltdng teohrÌique, a s tand.aral reference plâsßa ,""o-n"o15¡ of

kr¡.o1m oonposltion was userl. Suah sanples were stalned an(l

analysed. 1n the sane mann er as elq) er lm ental sanples. Four

fractlons were forrnd. anð rramed., in orcier of öeoreas lng anodal.

mobtltty, albumln, globu].ln-3, gIobu]-ln-Z, anal globu.Iln-lr

îhe nealx of ùhe areâ uJ}aler each fracülon, as well aF the Bean

relâtlve peroent of each frâctlonr was deternlned together

wlùh standsril ateviallon, stand-ârd. error, anð' 95% f1ðucal llnits
of the neanr å,s oan be seen from Table TII, tbe va1ì¡es were

d-lstributed. l¡x approxinately nornal fashlonr and the value for
albwûln obtalnetl (65% of total), was clos€ to that as ]lsteal

for the Êa!ûple (6?fi1 . The albumln:globulln ratio of 2.0 was

close to that of the aoüuaL A./G ratTo of 2.L. It nay also be

notect tbat the varlatlons in mlgratton d.l stances of the var-

ious fraotlo¡r.s were snall reLatlve to the total nfgrallon of

tbe fraotlons. fhls Iat¿er flnd-lng suggested thal a hlgh

ciegree of reproalucabluty mlght be expeoted vrith regarals to

fractlon noobility. Desplte thls, howeverr 1t 6oßetLnes provecl

d.tfflcult to separate band.s wlth olosely sinllâl' mobll1ties.

Other inportânt sources of error lnherent in thls teoh-

nLque lilclud-e¿l; nonuixlfornity 1n gel thlckness, and defornatf on

5I,ab TroL: Ffsher Soientlflo conpany.
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of gels. The ftrst was lârgely overcome by sllolng the ge].

longftudlnaLLy, in the horizontal p]-a.ne, after placlng the gel

ln a sllclng tray of uniforo d.epth. Tlre seeonal was partly

overeone by carrylng out efeotrophoresls ln a cold roon whioh

lncreâsed the rigli¡.1ty of the gel (Matsul arxal Y¿eno, 1963).

Furthernore, rlefornatlon by stretchlng, ¿lurlflg the hanclllng

of the gel, was eltnlrxatecl by placlng the gel o¡. a wet surface

prior to ¿iensitonetrlo analyslÉ.

b, Dlnenstons of the Apparatus6

A plexlglass tray6 wlt,h internal d.i¡nens ions of 6 ¡nm 1n

depth, 12I n¡a ln blld.Ëh, and 318 mn in length Ìvas used. as both

the ge1 nould d.urlng preparatlon, ancl" as support dur lng electro-

phoresls. [hls tray rÀras fltteê wlth renovable end. pLecesr and

a renovable top of flexlble polyethyl-ene 1.5 mEI thlokr fhe top

was fltted. wlth a precut etght slot moulcl. fhe lncllvlitual

sanple slots nrere 10 nn 1a l-ength by 5.5 nm ln depthr and. 1.0 nn

ln ü¡ld.th. Locateal between eaoh slot forner was a clroulâr saer

cut 4 nn wiale so that a rid.ge 1.J nm 1n belght was forneil bet-

ween eacb slot, Tbls rldge prevenÈed the sanple fron orùe sloÈ

contaurinatlng the sample ln arâ.other. fhe sliclng tray hacl the

sane d.lEenslons as the ge1 tray br.rt was only one half aF d.eep.

The reservolrs for the brldge solutions, as well as a speoially

bullt platforn for the Levelllng of the ge1s, were supplleti

6$xact measurenents along with construotloa cletatls nay -þe
found. ln Snlbhies, I959a. Bioohen. Jour. [, pp.JBJ-J86.
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r,rlth the gel tray.

o. conpositlon avrd Preþaratlon of the Gefs

ostarch hydrolyzed. for get electrophores ls r was obtalned'

from the Connaught Med.loa1 Research L,aboratories and the pro-

cealure for tbe preparatlon of the gels follolÀred' the prescrlbe't

ln6truoü1ons7 anal those d.escrlbecL by Snithles (1955, 1959a) aiîd.

Poulik að¿[ snlthies (1958). Borate buffers (see fab]'e rv) wlth

a pH of BogO t o.O5 ütere usetl throughout these e¡.perlnents.

ÎABLE IV. Compositlon of Staroh Gels
for the Varlous Lots of
Staroh Usealr

Lot No.
Gns. of Stareh,/loo nls

of Buffer Useel
oomposltlorx of

tÌ¡e Buf fer

t7?-L

tB8-1

190-1

L2.4

11.8

11.3

O .0260 IvI Borâte
0.0104 u NaOH

o.0260 M Borate
0.0104 I{ NaOH

O.O27O M Borate
0.0108 M NaOH

fhe amount of staroh used. for eaoh ]00 ¡nI of buffer

varied. dependlng upon tbe suppllers reconmend-atlons (See fabJ-e

IV) for the partlcular Iot of starch usedr the average anount

useat bei-ng 11.8 grans per 100 nl of buffer. Sinoe 500 ml of

ge1 were prepareð at a tlne, the average total anoulaù of starch

r,lThr.r lots of sùarch were obtaineal fron the nanufaoturer each
with d.lfferent reoo!$flendatlons rrlth regards to buffer aJxd

süarch ooÌüposltlolx. For detalls see Table II.
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useð fur eaoh geI a¡lounted to 59 grans.

fo prepare the geI, the proper amount of rrStarch

hyd.rolyzeiLrr was ad.d.et[ to 500 n1 of buffer ln a 2000 ml vacuu¡n

flask. Thls mlxture was then stlrred. unÈll a homogenous sus-

penslon of starch was produoeal. fhe flask was then heated over

a nsked. flane wLth oontlnual swlrllng to ensure even heatlng of

the suspenslon, lleating was contlnued. r¡nt1l the suspenslon of

starch was Just short of bolllng, at ûlilch polnt the starch

gralns rupüured. and. a vlscous, homogeneous solutlon of Êtarch

was obtained.. Further heatlng andl svrirllng causecl the vlscos-

lty of the solutlon to atrop well below the naximun seen at

the tlne of rupture of the starch gralÌlË. The solutlon vras

then d.egassed by vac uun to renove air buþbLes. fhe degas s lng

time was kepù to a minlmr¡m ln ord"er to preîeixt exeesslve loss

of buffer, slnoe losses result ln increased. starch con'ceintra-

tton whloh then effects proteln noblllty ður1ng eleetrophores-

fe, (Snltbies, I)62). fhe starch solutlon waB poureal lnto the

gel tray, anò lnned.lately covered. ürlth Ùhe polyethylene top,

ûrhicb haal prevlously been coated wlth a thln layer of nlneral

o11, and. heatecl to 7OoC. Þetrapnent of alr bubbles was largely

avo ld.ed. by loÌrrerfng the top lrx a d.lagorral manner f ron end. t o

enc[. Any a1r bubbles whl.ch were trappeð coulcl be readlly

removed. by gentLy presslng out the exoess gel wlth a flat piece

of plastlc. fh18 latter prooedure d-id. not renove ühe air bub-

bles trapped in the olrcular saw outs beüureen the slotsr Hor¡-
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ever, since alr bubbles which were trapped. between the slots

and. the cathod.e e,rrci of the gel d.l d. noÈ affecþ nlgratlon,

thls problem was 1argely overcome by lnltlally placlng the top

such that the slot formers were aB close to the cathod"e encl

as possfble. Then, when Èhe sl.ots were üoved- d.owa to thelr
flnal posltLon, by slld.ing the top ¿[o$]x the gel, the bubbleÉ

which were tråppeal ln the olrcular saw cuts were left behfnci

ln that parù of the ge1 between the Elots and" the catho¿le. The

posltlon of the s1ots, wlth regarat to alistance from the cathod"et

vras lmporta.r¡t slnce the voltage gracllent varies over the length

of the gel (Snlthies, 1955). The dlstance fron the cathode

selected" for this e:.perinent was 8.0 cn., and was oon stant in
all rms. The gel was Èhen âlJ-owecl to cool to roon tenpera-

ture an¿i 1n d.o lng so beoane seml-trarlsparent, anil- fairly rlgld..

fhe top was renovecl by carefully pryfrig the slales and- the slot
formers loose from the gel wlth a flat spatula.

orrc e the top had. been re¡soved. the gel ütas used. Lru[eal-

lateLy as Smithles (1955) had. tr)revloììsly alenonstrâùed that gels

âIlor¡red. to stantl losù sone of thelr resofvlng powerr

dle Introd.uetlon of the Saml)le

Slnce all plasna sanûples had. prevlousLy been frozen,

they were removed. fron the freezer about l0 nlnutes before use,

an¿l allowed- to come to roon temperature o With Ùhe use of a

61s¡e-p1pette, 60 nicroliüers of sanple were adÖed to each slotr

Of the eight slots one Í¡as use¿l as a control and" was f11lec[

ì¡rith a speclmen of rl,ab Tro1r; the remalning seven .belng f1lleü
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lrith samples froÍr d.ifferent f lstr, In the case of the control,

only 40 micro-Ilters ûrere uFed. as sanples of larger slze containecl

too nuch albuBln whlch, tencting to diffuse lÊ,teraIly, obscureô

nelghborlng sanple s.

The end.s of the castlng tray were renoveil, arxd i¡Ilth câre

befng taken not to trap any alr bubbl-es, each slot was covered.

rnrlth a glass oover sllp, The glass sllps were then covereè with

nolten petroleum jelly (at a¡out 45oC) so that an alr-tfght
and" water-proof seal was forned. fhe cover sllps prevented.

llquidt petroleun jelly fron seeping lnto the slots, and. the

saroples, therefore, renafned. in uJllforn contaot wlth the ge1

surface. The top surfaoe of the gel rtas then covered" tü1th a

non-porous, trarxsparent filrn ( Saran WrapS) leå.vlng bare the

encls wÍth whloh the fll-ter paper wleks cane lnto oontaet

(See Figure ll).

en@
ElectrlcâI contaot wlth the ge1 was mad"e rù1th six thlck*

nesses of flLter p"p"rg whlch had. prevlously beerr soaked. ln
borate brictge solutlon (0.3 ¡{ of borate and. 0.06 M of NaOH).

lhe arrangenenÈ of the apparatus d.urlr]g eLectropho¡.esls nay

be seen ln Flgure 4. fhe ohanbers a, b, a,yld. c were f i]-leat urlth

500 nI of borate brid.ge solutiorx while ohanber d. was ftlled.
u:.lvln L0% NaCl solutlon. Cbanber A, cor¡taining the AC/ACCI

8S"ran tr{rap: Dow Chemloa} Coripâ,vry.

9Wh*trrrt Fifter Paper No.I: W. & R, Balston Co¡
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ù\ \\'

*!eue 4. Íhe e:çerineatal arra.ngeneat. fo¡ vertic¿l dtarch-gel
electrophoresia (soitb5.esr 1959ù.

ê ar¡d b - trays contalling bridge eolutÍon. c - t¡a¡r coataining
brídge solutíoa wltb appro-i.steþ 12 thich¡esses of filter paper at the
bottorn on $hich the end of the gel rests. iI - tray containing 10Ø NaCl
Eolution for tbê positlve ¡eversible ¿e/¿æf eLect¡ode. 1 * Position of
aanple sIots. e - gel t¡ay. 5 - gef.- 4 - rate¡ ploof seal ( Ss¡a¡ Fap).
5 - f,tl'ter papeir 6 - anotle.
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cathoale, was corlfiected to chamber b by elght lhicknesses of

filter paper, üthIle chanber c and. d were coy'nectetl sinllarily.
Tn ad.d.ltlon, the bottoB of chanber c, I^ihlch came in contact

wlth the ge1, was l1ned wtth ten thlclcnesses of fflter paper,

wbile chanber al contained a solutlon of 10ø NaCl for the

posltive reverslble Ag/ AgC1 efectrotie. [he eleoÈrodesfo were

ooilecl reverslble electroales mad.e from el ectro1ytl cal ly puri-

fled. sllver coated. with silver chlorlcle. The use of these

eleotrod-es l¡as reconmend-ed. by Snlthles (l-955) as the elec-

trodle process lnvolves only Èhe transport of soô1un chlorlcle

fron bhe positive to the negative electroaie chamber, and. no

hyd.roge¡x or hydroxyl lons are 1nvolved. (anonymous). Conse-

quently, use of these electroðes prevents tfle pH changeÉ ln

the gels whlch acoonpany the use of plat inun or carbon elec-

trod.es.

rhe electrodes 1ÀIere attacheal to a regulatecl power supplyll

v'rhich could. dellver povrer at either constant voltage or c on-

stant current.

f. Conditlons of Efectrophoresls

The tray was set up, vrltb the cathoale at the top and.- the

anoite at the botton (See Ffgure 4), so that migratlon would

occur ln â vertlcal, d.ownward. dlrectlon. Eleotrophoresis con-

Iogg/Agcf Flectrod"es: otto Hlller co., Mad.lson, hlisconsln.
11Po*"* Supp1y: Heathklt Regulatecl Power supply, Meôe1 !P-321

Daystron Llnlteal, Cooksvllle, Ontarlor
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sisted. of suþiectlng the gel to a constÐ'ir't voltage of ll.4

volts per cm for a perlod of threnty hours at a cons tant air

temperature of I0oC. I]nd"er these cond.ltions the curuent

reading at the beginning of the run îrâs between 14 anÔ 15

mllllanperes (roA), and rose to 16 or 17 nA d'L1r 1ng the

course of the run. Although thÌs lncrease in amperage lød

no apparent effect on the r¡lob1fity of the proteinst a

markeð shrlnkage of the gel at the ano da1 end" Ôid accoBpany

any excesslYe increa$e in the current. Both the shrinlage

anai the lncreased current appeared to be câused by the

dlfference lil cofioentratlon betvúeen tbe buffer ln the gel and

the buffer in the brldge solutlon. It appeâred that as the

two solutlons in chanbers c ånd. d. cane lnto equlllbrlun ftitll

each other, the osmotlc concentration of chambç¡ s ing¡eased"

markedly causlrg a novement of buffer soluöion out of the ge1

and lnto the âno dal chamber. 'Ihls movenent caused the anode

end of the gel to shrlnk, and. at the sane tlme caused an

increase ln the coilcentrallon of buffer tn the anod-al er¡d' of

the gel , thereby d-ecreasing the resistance of the ge1 to the

current arrd- ralslng the current floÏ{. }'fhen shrlnkage becaae

so pronounceó as to interfere with proteln mlgration, the

gel was ùlscarded, and- fresh bridge solutlons were prepared'12

l2Under norna]. cond.l.tlons the same brf ige solutlon was used
iãr ã peri"ð of one week' The number of el-ectrophoreti c

"*tu "ipuãted. 
to have no lnfluence on the lerrgth of tlne

tfrat airj' one brid.ge solutlon could' be Lrsedr
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J. Ðetectlon of the Protelns

a. SlicJns and StalnlnÃ

Followlng electrophoresis the gel was carefully rernoved

fron the gef-tray by turnlrrg tt out onto a piece of plastio

screening whfch had been cut to slze. The use of thts screell

aluring the stainln€ proeedure mad.e 1t posslble to reduoe de-

fornatlon of the geln The ge1 was then pJ-ace<l ln the sllctng

tray such that the slots v{ere away from the cuttlng blook andl

the oiroular saw cutÊ were oxx top. Gels were sllced longltu¿ll-

nâlly ln the horizontal plane by means of a sharp, slngle eclged'

ðernatoneknlfe.Slld.lngofthegelalongtheÊllo1ngpath
was prevented by dry lng the sur"face of the gel rúhich came ln

oontact wlth the fl-oor of the sllcing tray. After thê gel was

sliceal the two halves were separated', and the top ?ra]f dls*

card"eaf, whlle the other half Ûtas retålned' for stalnlng'

The gel, stlIl on tbe screening, Ìras stalneð 1n an

aqueous solutlon of 1ø Amld.o black a¡rd. 5% aaebl-c ac1ð for

twelve ßlnutee. The aotual stalning tlmer and the concentra-

tion of acetlc ac1al, are not crltlcat (Matsul and" Taeno, 1963).

Although Fâ.zekâ.s gq 4t, Gg6Ð ancl Jânsen (1962\ hâve reportetl

that Aßid.o black ls not a satlsfactory dye for the evaluat lon

of proteln co¿oentratlons on elther oellulose aoetate or â'gar*

ge1, Matsul and. Yaeno (1963), and Smithles (1963) have used'

ühis dye wlth reasonable suocess on sùâroh-gel preparatlonsr

b. Ðestalnlne of Stalneal Gels

After stalnin€, the gel was removed, afld" excess dye
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r¡ashed. off wlth waterr Destainlng was carrled. out in â.II

autonatic gel wastling naohinel3 (Pert et aI., 1959) with the

carbon eleoùrod.es attachett to a !2 vo].t Schauer Rectlfler.

fhe washlng machlne was fllled wlth an aqueous acetic acl¿l

solutlon (approxinat el,y 3%) arrd. the current flowfng across

the electrod.es ad.justedt to five âmperesr Under ühese conill-

tlons the ge1 could. be destalnecl in about thtrty mlnutes ând.

was then nearly olear, excepb fo'r the stalned. protelns (See

Figure 5). Although prolongeô washlng reduced the stantLard.

devlation of the apparent proportlons of the fractlonÊ (Matsut

arrd. Yaeno, 19631 , it also red.ue ed. the efflciency of the den-

Êltoneter ln record.lng fractlons srlth low proteln concentra-

t fons.

6. gcannlns of Stalned EleotroÞhoretlo StrlÞs

Stained. and. ürasheal gels were cut longitud.fnafly into

elght, Ëeparate, el-ectrophoretlo strips, each contalnfng the

eleotrophoretlo pattern of a particular sansple. Each Etrlp

was scanned. using a Photovolt lv]odel 525 tr€'nsmlsslon densl-

toneter 1n combfnatlon wlth a sel-f-balancirg potentiometer-

reeorderl4. The transnlsslon density ìrnit (Mode1 52'C) was

fitted utlth, a soanning stage designed to aoconodate starch-

ge]. strips, and a motor d.rlve assenbly unlt, which automatl-

l3Auüo¡riatlc Gel Wa.shing Machlne: otto Hllfer company.

l4goth the d.ensltometer and- the reooraler were obtainecl fron
the PhotovolÈ Corporatlon, New York, N.T.



6z

r
T

:?
e,

*.

*

æ;

FIGirns 5. Eleotrophoretlc Pattern of
Gol¿ffsh Plasna Followlng
Süalning ånô Destalning.



63

cally d.rove the starch strlps past the scannlng head at a

speed of 42 r¡¡r/minut e. The chart speed., on the recortLer, was

5L nn/nln., henoe, the electropherogram of the geJ as expan-

d,el. 22% ln ]-eûgth. îhe sltt slze of the Ilghù fron the

stabillzed. llght Bource was 1.J by 0*2 ¡ûlllinetersr
fhe varfable response record.er offered a choice of

twelve reßponse funotfons, ranglng fror¡ l1near (Ø transmisslon)

through several senl-logarithnic functlons, bo logarlbhmic

(optical d:enslty) and further Èo trans-logarfthmle firnctlons

(true concentrat lons ) 
15 ¡ Tbe response settlng selected for

this stuôy îras five (n5tt) (approxlnatlon of absorbå.nce ) slnoe

lt was fo und- that wlth the stain âIl.d flLter used (595 lanbala)

the dye appeare¿l to obey Beerrs Law. Thls was ascertalned by

testlng a lsrown sample for ltts relatlve percentage of varlous

fractlons. For thls pÌrrpose Lab-Trol waE used. wlth arì albumln

conoentratl on of 6?% anal a knorirr A,/G ratlo of 2.1, After
eJ-ectrophoresis ared. s carining the perceixt of al br¡.¡ria aîð. A/G

râtlos l{ere, as prevlous}y seen, near norna} (See Table III).

7. Analysls of Absorbancy Curve of Electropherogra¡û

ao l{easurenents (See F1g. 6)

The nigratlon d.lstance of each fråotlon was record.ed. as

the ¿fÊtance betvreer¡ the potnt of applioation, and the peak

of the fraotlon. The area r¡nder each fractlon, and. the totaL

158,r11"t1" 800-5 of the Photovolt corporatlonr
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area und.er the ourve, neasurecl planlnetrlcal ly r were record.eð

in cnz. In measurlng tbese areas, the comnon practlce of

d.ellnltlng the fractlons by d.ropplng a I1ne vertloally d.ourr-

üard fron the lowest polilt betvJeen tv{o neighborlng fraotlons

'$raE use¿l. As Labouohe (l-962) has polnÈeô ouùr thls praotlce

lntroduoes certalix errors into the calculatlons. Since the

area between two adJacent frâctlorxs I's eomposed of proteln

fron both frâctionsr alld. slnce each fractlon has lts owYr

characteristic curve, thls area !0ay not be dfvldecl everxly

between the ttÍo fracttons. Howeverr slnoe the pì¡rpose of thls

exlperitent was not to neasr¡re exact quãfltlt les of the varlolrs

plasma protelns, thls featììre was lgnorecl.

A's polnted out by varlous authoritles (snlthies, 1955;

Sa1to, l-95?b, and Drflhon, 1960)1 lt 1s dlfficulù to naltre the

various fraotlons w lthot¡ü oarrylng out speclflG chemloal

determinatlo¡xs. lhis 1s causeð by the facts that:
(1) Protelns ü¡1th the sane noblllty nay have entirely

ctifferent fractlons in dåfferent anlnals (Barber

and. Scheeler' 1963) r ar1d

(2) b]ns:t the fractlonÊ obtaineê by paper electrophor-

esls are further fraot lonated by ùhe starcb-gel

technlque (Srnlthles, :rgSg:Di cooperr 1960). For

thls reaÊon the system of riaming, as used' by Salto

(1958), has been ad-opteð. îhe peak wlth the least

a,trodal nobltity haÊ been callecl fractlon one, and'
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the others are nunbereal ln ord"er of lncreaÉlng

nobiltty.

b. Calculatlons

The total area und.er the curve was d.eterßlned for flfty
flsh at eaeh tenperature wltb the rnean, standard" a[evlâ,È1on,

stand.aral error, anl, 95fr f ld.ucal 11nits. Values ¡'rere obtalneal

for the amount under each fractlon, ühe relatlve percent con-

trlbuted. by eâch frå.otlon to the total, and the posttfon of

eaob frâ.otlon. Regresslon 1lnes for each of these were then

aaloulated. by the l-east squares method-, relatíng x to tem-

peråture, and. Êigntftcance tests were carrieð out on the d.if-

ferenoe of meaÍrs, of the relatlve peroent of each fractlont
between the varlous experlmental tenperatureÊ. lhe anount of

each fractlon u¡as câlculated. by nulttpfylng the totå] proteint

âs d-etermlned. by the Bluret reactlori (See below), by the rela-
tlve percent of eaoh fractlolt at the corre$ponaling tenperature.

B. Photgsral}hfc leohrjlque

fhe gels were photographecl wlth a 35 nm canera usl?rg

Ilford., Extra Fine Graln, Pan F f118. The gels were placetl

on anx x-rey vie$ter havlag a ldratüen Red. A safety fllter anct

ll-lumlnated. with a 25 Ìñatt, red. llght. Exposure tlme was one

second. at F2. Tlre negative was ¿leveloped" ln Koðak developer

fornula ÐB for tbree mlnutes at 20oc, whl1e the posltlve r'¡as

Bade wlth Cod.abronld"e Faper f'3. After photo graphlng the ge]-s
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were wrâppeð ln Saran kÍrap and storeð in a refrlgerator at

1oo oentrlgrade.

9. Ialent lflcatlon of the Plasna Protelns

llhe great naJority of the fraotlons rf{ere characterlzed.

by thefr noblllty relatlve to the nobllity of the fraot lons

1n hunan pLasBa a.¡¡.cl w111 be dl scussect below. Thls ¡'¡a s car-

rietl out by separatlng the pLasna protelns of gold-flsh along

ürith those from huüanx plasmar purlfleci tlumalx albunln, ånd a

lmorüx control serunü. The haptogloblns anal llpoprotelns vrere

cleteoted by speclâl procedure s (SniüÌrles, L959b) and' are

dlsousseal ln aletall herer.tnðer.

a. !&9!@Þs.
Followtng electrophoreslE bhe gels were plaaedl ln faü

stalning solutlon nad.e by nixfng a saturated met ha¡ol soLutlon

of the fat ðye (o11 retl. O) wlùh an equal vol-une of 20% bîI'

chLoroacetlc aeid.. The gels were feft in thls sollrtfon for

Êlxtee¡x ho¡rrÉ. Gels were then renoveð anð the flne cleposlt

of solf a[ dye on tbe surfaoe of the ge]s was wiped off. Lipld

oontatnlng fractlons appeared. as plnk bands.

b. SaptoÆ.oblng.

Foflowlng sllolng, the top half of the gel was plaoecl

in a nlxtìr.re of L00 nI of water, 0.5 nol glaolal aeetlo acldt

0.2 mI hyclrogen peroxlôe (3Ofi w/v\ arrl o.2 gn of benzld"lnet
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Ifenoglobin conbafutlng banðs beeame vlslble as blue areas ln

approxlmately two ninutes. Photographs of tlre haptogloblns

were obtained. v,tlth a polaroid canera..

lo- Total Proteln Deternfnation

lotal protein was deternineô by the Bluret reacùion

uslng the ol:iglnal a].kaltne oopper tart]"at e proced"ure as

d.esorlbeè for use wlth the Colenan Ultranlcro Analytlcal pro-

gra,Ë. A Blxty nlcrollter sanple was aclded. to a lZ x 75 ßrt

cuvette and to this was aôùed. 1.2 nI of Bluret reagentlT. The

nlxture vüas allowed to lncubate for thtrty niÌrutes ât the end

of whlch 0.3 ml of 251á soallum sulflte was add"ed ln order üo

stop the color reactlon. fhe optical ðenslty of the sample

was then read. ln a Cole!ûan Jualor SpeotrophotoÌteter (Mod.el 6C)

at, 555 lanbd.a, A b].ank anð a Etanaiard. were prepared' ln the

sane way replaolrg the plasna wlth 60 mlcroliÙers of d'ls-

tll-Ieô water ar,I([ løb lrrol regpectlve]y.

Total proteln ldas caloulateð accorôlng to the equatlon;

optlcaL d.enslty of t'Unlqro¡r4 tgtal$ x protefn in s tandarcl_
optioal clensi tY of stand'ard'

= gms fi total proteln

l?Bto*"t Reagent Tabfets: containing copper !"If?!9f ?:èlIT
oãtasslun Iartrate. el}ô potasslun lod.lde. supplÍect þy Ene-d;;;iA;; cnè¡¡taat'produãts rno., Deârborn' Mlchlgan'
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Plasna proteln coneentraùlon a']td eleetrophoretlc paÈ-

terns were ðetermlned for four groups of anlnals accllnatea

at 5oc, Lzoc, zooc, ar¡d 3ooc' Data indicatlng the nunber of

anlma].s in eaah groupr nean ¡reight and welght ranger and

ranrge of acclinmation tlnes are sum¡narlzed- ln Table V below.

TABLE v. Test Anlnals - Genera Ðata Sho¡'¡lng
Acclinatlon llnes, Sanple Sizesr Mean
Welght anè trìIeight Ra;lrge r

Nor of ldoieht. Agrs- ,Il1?,GrouD Aniraals fuean nange (Lavs¡

5tcl
lzocl
20ocl

3oocl 50

5ocz 25

tzocz 25

50 25 6'62
50 24 7-6t
50 L2 6-2,2

9 3-35
3t tl..*55
32 8-53
10 6*22
9 5-36

26 - 4t+

Ltq - 60

29-56
29-33
26-44
t+4 ^ 60

33-56
30-33

zoocz

3oocz

25

25

lAnlnal s used. for electrophoresls
2Aninal s used. for tota - protein deternûlnatfons

the golctflsh was fol¡nd. bo have highly coagulable an'[

easl].y haenolyzed blood.. In aalal1tlon, the vlscosity of the

blood" vras observed to be considerably higher at the two lower

test tenperatures. Íhese f eatwes reÏrd.ereð the oollection of
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uixhaenolyzed plasna d.lf flcult, and many sa!¡ples üIere ttlsoard'ed'

¿Lue to traces of haenolysis. Deterninåt'lor! of totâ'l- proteln

content and eleotrophoretlo separatlons xrere nortnally carrletl

out on ôlfferent sanples alue to the smal] amou¡t of plasna

avallable fron any one anlnal.

1. fotal Plasxoa Proteln

Due to the welght dlfferenoes of the a'rrinal s used' pre-

llrninary stuctl es r,¡ere oarrieð out to deternlrte the effect of

weight on total pro¿eln oontent ' The results of such studles

were ln agreenent vrLth those of Houstotx (u¡rpublished. ctata) ln

tt¡at the èlfferenoes attrfbutable to welght were Smalf, aÍ}d

for all practieal purposeÊ may be neglecteð.

Values for totat protefn in tv{enty-flve samples taken at

each of the four acolinatlon tenperatures are sunmarlzed ln

Table VI below.

TABLn VI. Total Plasna Proteln as a Fu-rrctlon
of Tenperature.

vean (95í Llnlts)

Stô. Devfatlon

Bange

2.88!0;21 3.]-3*0.25

o.5o O.57

1;88-3.68 2,25-l+.73

2.22tO.25 2.O8xO.23

0.58 O.52

o.60-3.45 0.83-3.08

P values (tb I test)

( one-ralfed.)

less than 0.05 regarded' as s lgniflcant
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5oc to tzoc P > o.o5 N.s.

50Ç to zooc F < o.ol s.

5oc to 3ooc P < o.o1 s.

12oc to 3ooc P < o.or s'
12oc to zooc P < o.o1 s.

zooc to 3ooc p ) o.o5 N.S{

Regresslon (total proteín vs temperature ) Y = 3,25 - 0.0i1 X

Ehe mean value of the totat proteln content for all flÊh

studled. was 2,58 8ß fit a value falling wlthln the range of

proteirx coïItent reported. for teleosts (see Íable I). The

overall alecrease ln the plasma protelrx as aocllmatlon tempera-

ture lncreaseil fron 5oC to JooC, amorxrt eð. to 2?.8%r avld' was

hlghly slgnlfl caïrt (P<O.Ol). Varlatlon$ betrúeerr the values

of total protein at the dlffererxt accli¡natlon tenperature s

were signlfloant at the 0.01 Level ln flve of the soven con-

pârlsona ¡nacle (see fabl-e vI). The remainlng two, 5oc-12oC,

ând. 20oc-3ooc comparisons were not si gniflcânt at the 0.05

1evel.

It ls interestlng to note lhat the aleorease lix total

proteln þetween lzoc and. 2Oo c 13.13 ' 2.22 = u.91) was greater

thân that between 5oc an¿ 3ooc (2.88 - 2.08 = 0.80). Thls may

have been the result of a ohanc e lnorease between 5oC anè lZoC

(3.13 - 2.88 = o.25lr (see Figure 7) but mosÙ IlkeIy an

aoceleraüed. deorease ln total protetn between 12oC ând 20oC

2a $JectroÞhoreù1o Ana1ysl s-of the plasna Protelns

Considerable variâtion was founð wtth regard to tot'al
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Fig¡¡16 ]. Ve,riêtÍon i¡ tota} proteln with teloperaùr.re. Vertic¿l line
rèpreEentg Eta¡da¡d tteviation; horizontel line, urea'n; vertical
bæt 95y'o fiducial liûits of t¡ê 8êa$.
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nunber of fractlons (gee Table VII) as well aø s|ze ånd' shape

of ourve (see Flg.B) in the el-ectropaerogranns of d.lfferent

flsh.
TABLE VII. Summary of the Nwnber of Fracflon$

Resolveci from AIl Fish Tested..

Peroent Occurârice of Vaflous NumberÊ-io--'r*t% TobalGroup

50c

120C

200c

3ooc

A112(¡vlean)

6282826821
Z IO Zlr tt'Lt 18 2 ú

2 t4 30 2t+ 14 t2 tl

4t2223226&-
4t62;632L65L

1200

1272

I2B6

t2?6

l-259

lsarnple slze of eaoh group was Jo.
2fotul nu¡nber of fish used wa6 200.

UB j-r\g the nean d.lstrlbutlon of fractlolx rrunber as the

expected. val-ues r it was found that the d.lstrlbutlons for the

5oc an¿ 20oc flsh dlffered slgnificantly (P( o.or)r whlle

those for the 12oc anô 30oc flsh ctld not (P) 0.05).

P values ( tchlzt test) less tharÌ 0.05 regard'ed as

s lgnl flcanü.

Soc P < o.ol
L?oC F > O.O5

200c P < 0.01

3ooc P > o.o5
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tÌlgure 8. Pogsible va¡lation in tÌ¡e electrotrùaerograns obtalnêä at 5oC.



75

lhe number of fractlons obtalneå by eleotrophoresis of

any olxe fish ranged. fron f0 to 16 wlth an overafl roeant value

of 13. Inclucllng â.1I runÊr a þoþa! of twenby-one seperated

fraotlons were obtalned., thirteen of whlch occurreal tn 5Oló bo lOOfi

of the samples (soe Table il-ltI) and. Ï{fll be referred" to as the

typlcal fractlonsr Of theser onl-y three appearect ln 100ø of ttre

runsrsuggestlngthelnterlnd.lvid'ualvarlationposslbleÌ/Ílthln
this group of anlmals. AË in(llcatecl in Table VII there was a

sllghL trencl toward an increase ln fraction number with lncrease¿l

aoollnatloir tenperature (Fig.9).

Îhe migratlon d'lstanoes of bhe varlous fractiorls, neasureð

ln oentlmeters, nay be seen in Table VIII. Contrary to Malrs

antl Sinilernan (1960) and Thonås ancl Mo0rlnoon (1964), the no-

bllttles of the varlous fractlons reúalneÔ falrly oonËtant froB

one group to aJeother and there brere no appar ent s lgnlfloa¡nü

d"iffer€noes. Further, 1n no case ÔlcL any sampl-e shon even the

sflghtesttraceofafraotionWlthcatbodatnobllltyalthough
the naJorlty had low ¡nobllities rel-ãt lve to thãt of hunan albu-

ni/¡ (Fig.lo ). As previ otlsly nentioned', the fractions have

beennumbered'fro¡sonetotwenty.onelnord.erofincreaslng

nobllity.
A s tmmary of the thernâI1y lncluceð changes in the total

area wrder the electrophoretlo ourve, percentage of the total

area und-er the curve oontributeð by each fractlon, ând' ùhe

absolute anount of each fractlon, together wlth the approprlate
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'IABLE VIII. Ocourance and. Mobllities of the
Plasma Protelns of the Golclflsh

Fract 1on ffi Ocourance (#)ffi
1

2*

3*

4*

5*

6*

7*

8*

9*

10

11*

lz
L3

14*

L5

16*

t7
l8*
I9

20*

2L

0r3

U.þ

1o1

l.?
213

2.8

3.4

+.L

4.6
¿ro

5.0

5.5

6,3

6.6

6.9

? .ll
7.9

9.0

0.6
1.0

L.6

2.3

2.8

3.4

4.0

4.6

¿l.B

64

5.5

6,2

6,6

6.9

?,2

7,9

8r6

100

72

8,+

98

98

92

62

100

16

50

28

t+2

96

2t+

92

2t+

100

o.3

0.6 0.6
1.0 J-rZ

!.6 a.7

2.2 2r2

2.8 2.8

3.)+ i.4
4.0 4.1

4.5 4.?

4.9

5.r 5.2

5,4 5,9

6.! 6.2

6.1+ 6*6

6.8 ?.o

7,o 7.L

7"? 8.1

9.6 9.6

- 10.8

gI+ 100 98

72 58 6a

96 90 80

9e r00 g8

96 loo 98

74 96 90

62 ?6 ?6

100 100 100

4-tz
6tt tt+ tl8

14 2+ 20

26 36 4t+

90 90 88

18 26 38

86 92 go

22 22 30

100 100 100

-]-2
r4r2 1+.6 r4.3 1&.0 1OO lOO 1Oo lOO

- 16-5 - 6 -
* Fract lons oons idered. to be typloalo
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fulformation regard.ing slgnlficance of nearls aJ1'l regressfon

agalnst tenperature wifl be fourxd' ln d'eta1l below.

a. Toüal Area Und-er -the Curve

Tbe total area l¡lder the curve v{as oons ldered- approxlnately

proporùiona1 to the total- stalnable protein ln the sanple ancl

was useé as a rougÌr lndex of the proteln eoncentratlon'

The nean total area ìüral'er the curve f or al l sanples was

zB.9 aß2 (s = 13.? c 2, 95fi fialuclåt llnitÊ 28.9 t 1r9, süt

error = Ir0 enz). In accordanoe wlth the total proteln 4eter-

minat tons (fab1e VI), total area trnder the curve showecl ã

deorease with temperature fron 36.! cm? at SoC to 25'7 aø2 al

30oc (Table 1X), the ¿ltfference being slgnlflcant at the 0'01

1evel.

TABLË IX. Dlfferences an¿t gigniflcanoe of Diffe-
. rences Eetween the Tota1 Areâ Und^er

Curve at DÍffererrt Aocll]ûatlon Tenpera-
tureg.

îotal Area
Urxder Curve

(enz¡
5@c 120c zooe 3ooc

vean (95% lfnlts)
StCl.. Deviatforx

Std.. Error

RaJrge

36.L!4Ç3

]-5.6

4tZ

L2"?=6L.3

29.?!3J
11.6

1.6

8,6-60.4

24.2!3.L

11t7

r.o
8.6-58.0

25.?!3.5

L2 rll
1.8

5.6-58.O
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P values (zr test) fess tha.n 0.05 regardeð as signiflcant
( one-tall"ed ) .

soí - fZoC ?< o.ol

5oC * Z0oC P< 0.01

5oc - 3ooc P<0"01

12oC-zOoC P<o.l-
12o4 - 3OoC P< 0¡01

zooc-3ooc P>0,10
All inter-group d.ifferences of neans, wrlth ihe exceptlon of

2go - )QoÇ, were fou¡d- to be signlfi.cant âù the 0.01 fevel.

The regresslon of total area und"er curve agal-ns t temperatr¡re

was Y = 36,0 - O,Llz X (see F19.11),

b.@
Of the twenty-one fractlons recognlzed ln gold.flsh

pfasma, eight were presevrt ln less Vnan 5a% of ùhe rìinst

and were not consldereð to be typlcal oonstiùuents (Table VIII).

Fach fråctlon nay be chå.racùerized by a. mean noblllty (faÌ:Ie

VIII) and. a mean slze (Fig.12). fhts flgure also ll1-ustrates

the netbod of numberlng fraotions.

Data for typlcal fractlons fro¡a all ru¡rs ln each tenpera-

ture group ls presented. ln Table X, af!d. incllrd.es t:ne means, 95%

fiduclal 11mlts, and s tan"d.ard devlatlons of the percentâge of

the total ãrea und.er the curve conlributed by each fractlont

as well as the absolu-te anount (nean relative peroent x meen

total proteln) of each frâct1on.

Tabte XI showÊ, ln âdditlon to the regresslons of relative

percent contributêd. by each fractlon to tenperature and abso-

lube anour¡t of each f!'a.ction to t enperature, the slgniflcance
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TABLE X. Iqean Absolute Anou"rrt and. Percent Contrl-
butlon to the Total- Area Unôer the Curve
of Each tr'raction.

Frac- Ficlucal Llnits (fi contrl- Anount
tron croup (7-Cöntrr¡uiión) "¡utron) (¡ne.Øl

5oc 1.8 t 0.39 1.4 50

Lzac tJ !, o,25

zooc 2å ! o.5r

3ooc 2.9 I o.6L

o.9 40

1.8 50

2.2 6o

5oc

L2øC

20oc

3ooc

2.6 ! o,?Lt

2.o t, o,I+3

3J t o.?B

3.t+ ! o.?4

213

I.1
2.2

213

7o

6o

?o

70

5oc

!20C,

2ooc

3ooc

!.7
1.4

1.8

90

?0

70

6o

3.1 t o.tl?

2J ! o.4t

3J t 0.68

3.1 I 0.5&

( Orr

120C

2009

3ooc

r.b
1.4

r.7
t.7

100

90

80

70

3.6 ! o.45

2.9 I oJ9

3.5 t o.t+?

3.2 ! o.t+7

oontlrxueal



Tå.BLË X (Contfnued )

yleaJl wj-tlî g5fi Devlã.t1on Absolute
¡?ac- Fiducal Llnfts (ft Conttt- Anou4!
tion Group (ø ContrlbuÈlon) butlon (ms.%l-

50c

rzoc

200c

300c

2.9

2.O

t.7
!.5

L20

]00

9o

?o

4.1 : 0.82

3.2 ! o.55

4.o ! o.4?

3.3 f o.l+t

50c

120C

200c

3oos

2.9

IrB

1.8

r.4

þ.r t 0.94

3& ! o.5t

3.5 ! o.53

3.5 ! 0.41

120

L00

80

?o

50c

120C

20oc

3ooc

2.8 ! o.2?

3.2 ! o.55

i.5 ! o.?3

3.2 t o.53

0.8

!.7
2.3

rr5

80

100

BO

7o

5oc
r 'rO¡r

20oc

3ooc

to

2.9

1.9

1o9

200

260

140

100

?.0 ! o.53

B.l+ I o.8o

6.4 ! o,53

+.g ! o,53

5oc

t20c

200c

3oot

1.5

I.B
1.8

1.4

110

110

7o

60

3,8 I o.5t

3.6 t c.BL

iJ ! o.?g

3.1 t 0.60

oontlnued
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îABLE x (Continued)

Frac- tr'lducal Llmits (ft Co*rt- Anoulxü'tiäå- o"oup _ t?-_ðäãñi¡ütroãt "¡"tron (ne;ø)

1l+

50c

r20c

200c

300c

9.9 I t.r8
8.1 t 1.2g

?.9 j t.l8
8.5 t 0.96

4.0

4.4

4n0

3.4

280

250

180

180

16

5oe

r20c

200c

300c

5.o

B.B

l+ .j
3.8

360

380

zLO

zLO

],2.6 t L,4g

Lz'3 ! 2,55

93 ! t.z5
ro.2 t 1.10

18

5oc

120C

.rn O¡r

300C

39.9 ! 2.35

39.5 ! 3¡:3
4L,4 ! 3,23

3gJ ! 2,86

8.5

12.0

tl,?
10.3

1150

rzt+o

920

820

20

50c

J.20C

200e

300c

3.8

3.3

4.4
L+.6

180

170

1ó0

200

6.3 I r.ro
5,5 ! o,92

?,Lv ! I,zz
g.8 ! r.2?



TABLE Xf. Relationship Betüteen Refâ.tlve and
Absolute Amourrt s of Eacll Fraotlon
to Temperature.

Regresslon
Fract- (a) netãttve 1ó to stsrrifícance of inter-qrouÐ dlfferenoelon ,_. l:i!îI?!ul:_ "--;¡-;;;;ã (ì"T-ã"- Ìi]-Ëstil-

( o, AosoJ-ute anû.
to tery.ap.fr 5-]-2 5-2o 5-3o lzg I2-3o 2o-3o

2 (â) Y=1.18 + o.O5x S NS VS VS VS NS ,,,., ,

(b) y=0.04 + o.ooo5x

3 @l y = 2.06 + 0.0þx Ns Ns Ns vs vs Ns ', ,

(b) Y=0.065 + 0.0001x

4 (a) Y=?,7t* + 0.oL3x VS NS NS VS S N$

(b) Y=0.09 - 0.001x

5 þl 1=3.41 - 0.00?x S NS NS S NS NS

(b) Y=0.10 - 0.001x

6 (a) Y=3.97 - 0*o2x S NS S NS NS NS

(b) Y=0.13 - 0.002x

7 þ) Y=3.85 - 0.016x Ns NS Ns Ns NS NS

(b) ï=0.1J - 0.002x

B (a) \=2.9Q + o.o16x NS S NS NS NS NS

(b) Y=0.093 - 0.o0o6x

9 (a) Y=8.4 * 0.10x VS NS VS VS VS S

(b) T=0.26 - 0.005x
ont inueal ,, , , ,

-

¿P values greater thall 0.05 are regard.ed" as no! slgniflcant (NS),
less than-0.05 but greater than 0:oI as slgniflcant (S), and.
less than 0,01 as very s igrâificant (VS)r

lJb
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îABLB XI ( Contlnued.)

(a)
Fracù-
1on (b)

PreJ.atíve ft to
t enperature
Absolute amt.
to temp ^em.ú

Signiflcance of lnter-group d.lfference
of ¡neans (tzt or ttt teSt)

5-12 5-2A 5-20 I-Z-ZQ 7"2-io 20-'10

NS

NS

NS

VS

NS

NS

NS

VS

NS

VS

VS

VS

vs

VS

NS

NS

NS

NS

NS

11

14

16

1B

20

(a) 14.93 - o.o29x

(b) Y=0.126 - 0.002x

(a) Y-gJ+ - 0.05x

(b) Y=0.30 - 0.004x

(a) y=11.08 - o.lzx
(b) Y=0.41 - 0.00?x

(a) Y=40.08 - 0.003x

(b) Y=1.f0 - 0.02x

(a) Y=4.65 + 0r16x

(b) T=0.16 + O.O007x

NS{Ê NS.'È S* NS* NSn NS'E

Itt test results

of all lnter-group d.lfferences of means* This alata is also 111us-

trated tn Figures 13-26 lnoluslve, aLorig wlth the mean percent of

total globulin, regression of totål percent of the curve conürlbu-

ted. by gl-obulln against t emperature, mea.r] values of tfle afbunln

to globulln ratlo, ancl the regression of albunln to €5lobulln ratlo
wlth t emperature s

It v{as fourd. that of the thirteen typlca} fractlons, the

relative percent showed" a slplflcant decrease (P<0.05) in six,



FIGI.IRE 13, Varlation 1n tot¿àl plasna proteln (A),
relatlve (B), and. a.bsolute amounts (C)
of fractlon 2 wlth temperatì.¡re.

Ord.inåte A: lotal proteln, gn.ø
Ord.inate B: Refatlve percent of toüaL

proteln contrlbuted by Frac-
tlon 2r

Orctlnate C: Absolute amovnt,, gø.ft

Vertlcal l-lnes represent stand"ârd ilevia-
tlons; horlzontal l-ines, nean; vertlcal
Vars, 95ft flduclal 1lmlts; equatlonE,
regresslon agalnst tenperature.
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FIGURE 1&, Variatlon fn totâl plasna proteln (A),
relative (B), and. absolute anolmts (C)
of fraction 3 vrlth tenperature.

Ord.lnâte A¡ Total proteln, Bn.Ø
oralli:]åte B: Relative percent of total

proteln oontrlbuted by
fractTon 3.

Ord^inate C: Absolute a,r,ov,$t, g.n.16

Vertical l1nes represent stand.ard. ôevla-
bioni lno]".j.zontal llnes, mearr; vertlcal
},ars, 9516 flducal ll¡nlts; equatlons,
regresslon agalnst temperatureo
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FIGIIRE 15. Variatlon 1n total plasma protein (4,),
relatlve (B), and. âbsolute annoi¡¡rt s (C) of
fractfon 4 wlth te¡tperature.

Ordlnate A: Total protein, gm.f
Ord-1nate B: Relatlve percerrt of total

protein contrlbuted by frac-
t lon ll.

0rd.inate C: Absolute anounts, gn,f
Vertical llnes represenü standarci devlation;
horizontâ1" lines, mean; vertlca! bars, 9516
fid.ucla1 Llmlts; equatlon^s, regresÊlon againsù
temperature.
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FIGURE 16. Variatlon.in total- plasma proteln (A),
relatlve (B), and. absolute anounts (C)
of fractlon 5 wtth t enp erature.

Or¿llnate A: Total proteln, gn.S
Ord.lnate B! Relatlve percênt of total_

proteln contributecl by

ordlnare ., fi331i";å ååormts, grB./

Vertfcal llnes represent stand.ard" d.eviatlon:horlzontal llnes, mean; vertice.I bars, )J$ 'flduclal llnits;' equatlons, regressioít
agalns t t eurperaüure.
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FIGUEts 17¡ Variatton in total pfasna protetn (A),
relative (n), ana. absolute anounts (C)
of fractlon 6 wlth tenperature.

Ord.lnste A: Botal proteln, gm.f
Ordinate B: Relative percent of totaÌ

proteln contrlbuted by
fractLon 6.

ord.fnate C¡ Absolute anrounts, gn.f
Vertfcal llnes represent stand.arat d.evia-
tlon; horlzontâl 1ines, nean¡ vertlcal bars,
95fr f :"dualal l1nlts; equatlons, regresslorr
agalnst tenaperature I
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FÏGURE 18, Varlation.in tobal plasEa proteln (A) 'reletlve (B), and absoluüe aroounts (C)
of frâctlon I with tenperature.

Or¿Llnate A: Total proteln, gm.f
Ordinate B: Relative percent of totaL

protein contrlbìrted. by
fractlon Z.

Ord.inate C: Absolute amatmt, gm.fi

Vertical lånes represent stand.ard ðevla-
tion; horlzonùa1 lines, nean; vertlcal
bars, )Jft flaiuclal ltnits; equations
regressf on against te¡ûperature,
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¡'TGTTRE 19. Variatlon ln total plasna proteln (A).
relatlve (g), ana absolute- anounts 

- (cfof fractlon 8 wlth tenperature.
Ordlnate A: Tota1 protein, gn. fOrdinate B: Retatiîe percéni óf'total

proteltx oontrlbuted. by
fraoülon 8.

Ord.lnate C: Absolute amount, gn. f
VerËloal llnes repre8ent stand.aral clevla-tlon; horlzontal l1nes, üean; vertlcalbars, 95fl flctuolal limÍts; e{;uatlons.
regresslon agalnsü tenperature o
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FIGURE 2O. Vârlatlon 1n total plasma Þrotetn (A) _relatlve (g), ana aÈsolute- anounts'(tfof fracülon 9 vülth tenperature.
Ord.lnate A: fotaL proteLn, gm. øOrdlnate B: Rel_ative peroénã òf-totaL

proùeln contrlbuted. by
fraotl,on 9.Ordlnate C: Absolute €nount, gn.S

Vertlcal_ lfnes represent s tajtd.aral devíatlon:horlzontaL llnesr- mean; vertlaat øàrs, gSlÁ-'flctuclal limlts¡ - equstÍo¡xs, regressfoá --'agalnst tenperaiure.
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¡'TGUNE 21. Varlatlon ln total plaÊna proteln (A),
relatlve (B), and" absolute anounts (C)r
of fractlon 11 i¡rltb t enperature.

Ordlnâ.te A: gotaL ¡¡roteln, gn.f
Ordtnate B: Re1atlve peroent of total

protel¡x contrlbuted bY
fractlon 11.

Oritlnate C: Absolute anount, gn.P

Vertioal Llnes represent stantlartl- clevla-
tlon; hortzorxtal llnes, neafl; vertlaal
}rars, 95fi flðuefal lLnfts; equatlorxÉr regresslon
agalnsü temperature,
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!'IGUBE 22. Varlatlon ln total plasma proteln (A),
relatlve (B), and absolute anount s (C)
of fraotlon 14 wlth teüperature.

Ordlnate A! Total proi.eJ:a, gm.fi
Ord.lnate B! Relatlve percenù of total

protehx oontrlbuteil by
fraotlon 1Il.

Orttinate C: Absolute anór.rat, gn.f
Vertical llnes represent s taüdartl d.evlatlorx;
hortzontal llnesrnean; vertloal bars, 95fr
fldueia]- Ilnlts; equat lons, regresslon agalnst
tenperature.
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I'IGIIBB 23. Varlatlorx ln total plasna proteLa (A).
relatlve (B), and absolute anounüs (C)
of fractlon 16 yrlth t enperature.

Ord.irrate A: Total proteln, gn. fi
Orcllnate B: Jlelatlve perceat of total_

proteln contrlbutecl by

ordrnare r, iil3:lå;å 
tÅ3,*", 

*.g
Vertloal llnes represeltt standsral clevlatlorx:
horlzontal llnesr-nean; vertloal øars, 95fi 'fliLuolal l1n1ts ; equâti ons, regre s s ioa" agalrxst
teroperature.
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FIGUBE 24. Varlatlon ln total plasna proteln (À),
relative (B), and. absolute amormtÉ (C)
of fraotloú. 18 vrlth temperature.

0rd.lnaÈe A: lotal proteln, gm. f
Ordtnaüe B! Relattve pereent of total

proteln contrlbutetl by fractlon
18r

Ord-inate C: Absolute amovnt, ga,fi

VertlcaL llnes represent stanalaral alevlât lon;
horlzontal llnes, mean; vertlaal bare, 95ft
f 1c[ucla1 11nlts; equatlons, regresslon
agafnst tenûperature,


