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ABSTRACT 
-

By the method ot agar gel electrophoresis the prote~, 

pattern ot blood serum wal studied in 49 specimens ot 'marinus', 

53 ot 'mentella' and in 43 ot the ·'giant' types ot redtish trom 

the Ioeland - Greenland Area of the North-Welt Atlantic. It was 

tound that the studied torms ot redtiah ditfer trom each other 

statistically signifioant in eli - globulins and 'A' and 'B' 

albumins. being probably. under a genetic oontrol ot a pair ot 

autosomal alleles. A general evaluation of the biochemical poai

tion of the 'giants' leads to the conclusion on their hybrid 

origin. 

The 'marinus' and 'mentella' types ot redfiah from the North

West AtlantiC differ in thermostability of isolated muscles 

(Altukhov et al., I967). Inasmuch as this feature had been estab~ 

lished as the species-speoific criterion tor poikilothermal ani

mals (Ushakov. I959a; 1959b; 1964) we Surmised the intraspeoifio 

level ot divergence in the studied torms of redfish. 

On the other hand. it was di.oovered that the 'marinus' 

West Greenland pOpulation appeared to be oharacterised by a oer

tain level of thermo.tability ocoupying an intermediate position 

between the 'marinus' and 'mentella' trom the Iceland area. The 

oiroumstanoes ot suoh kind as well as an examination of number ot 

biological peouliaritie. ot the West Greenland 'marinus' type. 

inoluding a relatively high frequenoy ot so oalled '~iants' in 

this region gave us grounds to regard the West Greenland 'marinus' 

as 'marinua' type only by it. external outlook. but aotually being 

hybrids FJ between 'marinu.' and 'mentella' torma partially in

terbreeding in Iceland water •• Apparently. both tor a solution 
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and tor a fuller under8tanding ot this problem, cl08ely connected 

with the taxonomical relations ot the redfiahes, it is advisable 

to analyse their difterentiation not only in any single diagnosti· 

cal characteristio but by a oomplex ot feature8. In addition to 

the work done in thi8 direction troa the position ot molecular 

taxonomy'by other author8 (O'Rourke, 1961; Schaeffer, 1961) we 

represent in this report the data ot our investigatIons of the 

blood serum proteins of 'marinus' and 'mentella' and also the 

'giant' form of the redfishes by the method of agar gel electro

phoresis. 

Materials and Methods. 

The work took place on board the r/v 'Sevastopel' of the 

Polar Research Institute ot Marine Fisheries and Oceanography 

(Murmansk) and in the laboratory of Moscow University in autumn 

1965- winter 1966. Durine the period of investigations 142 samp

les of serum from 'marinus', 'mentella' and the 'giant' forms of 

redfish were put to electrophoresis in agar gel. To 'giants' w~ 

refered specimens of more than 60 em. in length. The places of 

trawling this fish are shown in the map (fig.I). Below we de

scribe the main methodical procedures. 

Blood Sampling and preparation of serum. The blood was taken 

with the help of sterile Paster's pipette by cardiae puncture. 

and put into test-tUbes. As is known, blood of many and especially 

of fresh-water fishes coagulates in a very short time, measured 

in dozens of seconds or even in seconds (Puchkov, I954). But in 

redfish, due to yet unknown reasons, the process of blood clotting 

is extreemly delayed. That is why we centrifUged the fresh-s~

led blood for 10.15 min. at 6000-7000 revolutions per minute 

without waiting for coagulation, put it in glass ampullas, con

served with mertiolate (1:10000) and kept it frozen. At fUrther 

unfreezing colour!le.s clots appeared in some of them, in the 

others clots were absent tor they, probably, had been removed 

after oentrifugation together with blood cells. 
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Electrophoresls was oonduoted in a handmade plastlgla.s, 
apparatus (Zllber and Abelev, 1962) in I per cent 'Di~co' agar 
gel spread over 9xl2 om photographio glassplate with eaulsion 
washed o~t. 

Agar was preparated 1n medinal-veronal butter with pH. e,6 
(fluotuation 6,4-8,e). This butter was also in the vessel sec
tions of the ollllera. Samples diluted with the same butter in 
I to 2 proportion were plaoed in standard trenChes and were put 
to eleotrophoresis for 1,5 hours at a VOltage ot 60 v and. a 
current of 12-15 mao Atter this prooedure the plates were put 
in a 5 per cent aoet10 acid for f1xat10n, dried and coloured 
during an hour with 'Amido Black lOB'. 

The results were read visual17 and with a help of a micro
photometer, taking into account onl7 qual1tative characterestlcs 
of protein speotrum-the absence or presenoe of d1stinct oompo
nents differing in mobi11t7. 

Results 

The results are represented in photographs of phoregrams 
(f1g.2~a) and b7 three dens1tometrio ourves (fig.2b). Photo
graphs HI 1-7 show the phoregrams of blood serum from individual 
spec~n8 of redti8h and W 8 represents normal human aerwa gi
ven here for compar1son. It's protein oompoaition haa been well 
stud1ed., (Grabar et BurtIn, 1960) and is designated b7 us ac
cordiag to theae data (tig.2, below). 

The ex.·
'
nation ot the material obta1ned showed following 

ditterenoea between the redtish and human blood serum proteina 
to be the IIIOst conspeoiol"'U I) flontr&r7 to the redtish albumin, 
human albumin is Characterised b7 a .uoh lesser mobil1t7J 2) two 
distinot fraot10ns are vls1ble in the oathode halt of the human 
serum phoregr8lll C} - and r - globul1ns), whereas in the approp
riate part of redtish protein speotrum the separation of the 
proteins i. weak and their ..all oonoentration allows us to 
oondder them to be identioal with Y - globulins. Benoe, from 
this point of vi.. in the anode part of the redt1ah blood pho
regrUUl )3, "'- - globulins and albumins are a1tuated - the most 
mobile fract10ns Cfig.2, above). 

04 



- II -

The l1 ... t" reoll!lTIHt "Iso e.tabliah R wide individu.al variabl-

U.t,- of the ""'",pI",/!! e:xpreslI9d by the presence or absence of 

oertp.:tn protnlnA •• UffaX'ing from each other by their electropho~ 

retlo mobIlity. al1.ch pa.ttern is oharacteristic both for albumin 

lind to 1\ grep. t <'Ixl;ent for globulin parts of the phoregrl!Ull. As 

hll.1!I bel!n already mentioned, the differentiation of proteins ill 

!lol; clep.r ono\l8b In the '¥ - globulin ,"one only; that's why we 

do not dlllCUIHI thin :r.one of spectrum nOlr. On the contrary, in 

the ,;one or ci.. - Y - globulins it is possible to reveal four 

1'rl\otlo11S (phot'egrAIII/.! DN 1,4), and in some Cl\ses a dl vision of 

cI, 2 - globulin .. into t"o ImbfrB-ctlonlJ lI1Ily be seen. 

The vlU"'-l\blllty 01' I\lb\11111ns Is also typical. Thus, serra 

from the redflllh DR 1-3 possess 111011' albumin (It my be marked 

II./.! 'D' type), the nera of redflsh DB 6,7 have a more rapid 

'A I type, l\J"ld 1n f'lllh NN 4.5 both type.. (, AB') are f'ound. 

The1'lnbl1ity of albumins vl'lrle8 frolll test to test depending on 

IlII'1VBx'p.l c'-rCl1mlilt~ll"~" (Grl\b"r et Burtin, 1960), but if in the 

IJ91!1p1l'le IItu.dif!ld th!.'l'e is even Il. sIngle serum containIng both 

p.lbllln.lnll It 111 rl'll",t;lvely I.'lmplB to understand to whIch type, 

A or B, thel.le vllrll1.tlonll 1'e[.ar. 
Table I. 

Frequenoy of th'!' p1'otoln fractiono in redf'lsh 
blood sem 

------- NllInbir ----rrotEiln --rri"cffiOs - - -
of -Albumins Globulins FOri"" of 

rEldflah tel! t.l'lcl ------.-. 
fll'lh .f<. AD B 0(, "'2 ft. )"2 )' 

'mllrinllS' 

'glB-ntll' 

'mentelll\' 

46:4 

43 

53 

--------
8,7 8,7 82,6142.5 100 100 2.5 

18,6 16,4 65,0 16,3 100 100 7,0 

22,6 37,8 39,6 17,0 100 100 9,4 

100 

100 

100 

Note: xl As 1n 6 cases the protein pattern in this part of 
t.hl'l np"" t1'\1"'- 1lll.llE'",red to be uuslltiJllffllOtory, the 
9lobuliolll "ere stuc11ed onl'y in 40 specimens. 

The l)\(llvltlIlO\l vl\rl".hl'u.ty of blood prot.ein oomposition in 

l'edfl"hes t ... ke!l pll\Q(I lnd ... p.,ndently from their tl.\;<o :tlomlcal rel8.-

·l:loDA. vi?.. I'Ix."m:lnlug the ""mple B of 'mentella', 'marinus' or 

'gl!lntA' It. l!l pM!llble to finll f1nh of any of the d1aooverttd 

05 



.• 'i -

tYPI:>A. A I; -til" ,,,."'''' 1;1,"", t-.hore II! a differenoe in freq,~ency of' 
t.hel1o px'o\:l}:\.nR b'ltl'To""n 1;h", form!!! of redflsh (table I). Acoording 
to t.hill feA tm.'e the mOl! t RliJrtificant is the difference between 
the l)I1ftrlmtl'! 1 ruul ')I1"n\;'I1J.1,I.' redfil!h, substantially differing 

from eAch other In .frequenoy of the I!pecimens with albwn!n B, 
AB ",u<l '''1 - glol:>1\l1ll" (P -< (). 05). By albtmtin A and J3Q - globu-

floi) 
1:1.111'1 the dl.f.fe.l:'l'noo l"r;tR.t.!I't.lolltlly I!IlgnlfIc!l.nt. HOlfever, tho 
liken"ss Is probl\bly determined not by a real absence of dif'-, 
f'lI'01HIOS, bUI; rA.I:h<:'r hy 1Il1 :"f1l11nf'f'lcient values 01' compared samp-
los. 

AI! to the prol;!'!lu compolilition of the 'giants 1 sar:- a _ the;r 
do not show blol',hel1l1CAl identity 'with lmarinus', in spite of 
tllo1.r IJtl'lJrtng e.~l;ernAl l:l.lreneAII, though these dl1'ferencel! are 

statl!ltically signlflollnt nol; by all variable protein fractionE, 
",xc"pt "-lbumln - B ",,,d oZl - globulin (r,;; 0,05). On the other 
lu\nd, the 'giAnts' I'tPoe very oloflEl, If not identical to S.lnarinu~ 
by fllequoney of J.\lbmllln A and 0<1 - tl1ld )32 - globulins, but 

.froqu.enfly of ,,-lbumln B lind AD 81gniflcB.ntly differ from lmarinus' 
(r <4 0,05). 

It la knoJln, tJ.m,t the lndlvl<lual variability ot: I!erwn pro-
1;1l1nl! Cf)nJlf'lcted with their presenoe 01' absenoe in some specimens. 
if! often genotlcally oontrolled. It 1s uSlla.lly especially well 
notlcof\blo in alblu!1lnll. "here two types of the protein show 
three dlat;lnct phenogroupl!. vIlli •• A, AB and B. Such interdepen
dellcy lIuggoll!;'" 1\ g'3netlc cont.rol by a pair of autosomal oodond
nBnt nUdes. Thill hypothea:l.lI ill verIfied below by the lla.rdy

W'llnhorg dlBtributlon on ... n eXAmple at: frequencies in a sample 
of '/IIont;I'>1J.1I 1 (O,'!IJpA l1ud O,59qB). 
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'J'able 2. 

Ver.lflo",.tJ~n of fl:eno1;.lc I"qulJ.lbl"lllm and contl"ol 
by a t;wo··ellellc. ""ne of 'mentella' albumlns. 

Phenotype 
--..... -.- .. -- ·:.tI..t.1!!lk~X:=~of p_henotYJl_~ -2 (f_F)2 

Genotyp", ~IHHH'vot1 expectod X:: F 
(f) (F) 

----.---- -----_._,,--- .--'--"- ._, .... _.,._,_._._--_.-

A ,I(I. I~ 8,90 1,08 

AD AB ~!O 25,60 1,22 

D DB 2[ 18,50 0.33 
.•.. "'.' ... _ .•.• _--.. _._-_._-_._---

N " f>:) N -;:: 53 -:x~= 2,63 

One oe.n se" fJ:om. t.he tnble, t;hl'.tthel'e 1 fI no signifioant 

dIfference het, ... ,,,,, the fActlwl n.ud e"~.pected Illllnl"o",;, of the pheno-

types bol;h in any ofl;he throe phenotypical classes and sU1IIlIIal"il-

ly. 'l'hl~ lIIemlB the synl;')Jl) of It 'i}<1nAl;lo contl'01 or l;he albumins 

:1.9 reiU1y \;1'Io-1l1leJJ.c, Ilnd 1:11'0> 'ml)nteJ.la' populatlon from whioh 

thq gl Tetl !lemplo le t:ak!Hl J(1 In rr,(motlc o ql.ll 1 lb:!.um. M91t1ngthe 

1111.111"1 "I'I.louTRtim'" foX' 'mn.l'lnl1B' Rnd the 'gientEl' the Hardy

W(llnberg lA" do"''' 110\; :1''''1''.11:1\0 ('.nll 'x.2 oon:1'oee ~o 1'7,:;3 and 14,64 

rl'!IIpe ~fit~vely. 

P.1~.~'1.:~,'J)·q)L 

RXAmtnf'tJ,on of n~p()T'lm~nl;f'.l (In,!;,, "lwlYPl :!.lgnlf'l"!lnt diffe-

rencns :tn pX'o t,eln oompo"ll;.t.?1l ".1' hJ 00<1 "'.nlong tb.e inves l;lga l;ed 

formA of ro(I1.'ll'lh. Jl:l'lpl:clnJJ.:vI.n tn'os tlng Is the biochemical 

posi t;:t01l or t.11.9 'p,lAntfl'. In ".lbnmln A t;hey a.pproach the 'lIIL\ri-

ml,.' form., in ~loJmlln - ,,(," the 'mentella I and occupy an 

in termedlAte pOAll;lon ill AlbumIn D freq\\e11,cy, clearly ind1oat1ng 

the hyhr:J.d orlg:tn or the 'glpnt' ftll'l11n. 'J'hls explains the reason 

why 1.n A,pplytl1~ R '"Ath .. mll'.tlol'l.l RI1"lysls 01' the 'marinulI' samples 

Ar'd. or I;h .. 'glAnt.II' the jf'U.'r1y-W"lnb",1'p. J.1\\'1 doO!'!s not raalize _ 

thO!'! vlolAl;lon. of p,.nm.:Lltlon :1.11 t:he result of II. sterlll"at:!.on of 

ttl" ""'-.loX·'.ty (l.f Ap",,,:lm".HA. Of ()ol1.r·"o, .it JA possiblo to mention 

so,"", ot;h.eJ:' cIrcum!:! t;"nc~s Pl'A"I'ln.tlngtha establlshm.ent of a gene

Un '!lqnlHhrl11!1I (e.g." NeeJ ,. Sohull, 1954; Ll, 1955, Stern, 1960), 

but. In 1:11111 SU:HA.tloXl we I1.CI;UA11y pay Attention to sterllizatlon. 

'1'h1", 11n'l of l"H,A,n:oh h"" h"'ATI d:l"IlI.II'H""ld :til our pravious report. 

The n.ccompllfll\'l(\ IItu<1.y rl)VMtIm the dlrfoI'ont1l1.tlon of the 
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'''''u'ln\ll!' n.n,l '",."nt-Iln. ' 1' .. (1[ll1h in ODe more infioreted fea tUl'e -

I;;h", prot.eln compol'll tlon of the blood serum. 'l'he fact agrells 'lfl th 

tho r .. nul t.R ob tn.ln .. tl by- Schuffer and 0 'Rourke whIch demonstrate 

th .. pOlllliblli'\;Y to ,u's tlnglt1sh both forms in the antigene compo

st t10n of blooel !iI.od FHl'1tno!\.o:1.d composition of gIll mucus and 

/!11u~oles. TOfT,eth"r l'Il til our dl".-I;9. on electrophresia this ag().1n 

1'11.1 stH,l;he qUM! I;lon "'bout I;he taxonomIcal range of dIvergency 

of ·t.h", 'mFl.J.'im1.R' !>nd 'ml'llll,; .. lll'l.' redf:l.sh f.rom the North Atlan'·,ic. 

£<!n~pp-1!. 

1) By-the m .. thod of II!',"'I' gel electrophoresls statlstically 

l!:l.gn1.ficant dlff .. x'ancl'Ill IiI.l'O dIscovered In protein compositIon 

of blood serum of the 'mfll.rlnus' and 'men\;ella' redfish from the 
. i-~~) 

HOl'l;h-l'Vest At.I,-,nl;lc. 'rhon" d:l.fferances refer both to d. 1 - glob~i\(. 

~ IID,l to albuntlns .a IHlel AB, evIdently being und.er dIrect gene-

t:1.c oOIl"rol. 

~) ~I'he 'glliln~' r"ldfIl'1h iJr.Pi te of' their strIkIng exter-

11l\1 llJ<aIV~l.Ia to 'm'lr..I.nulI' ehow no bIochemical ident1 ty with 

the", rJlffl!lrlllg lIufficiently from the latter In frequency of 11.1-

btlldn B 'mel c,(, - globul:tnl'!. '['he 'g:lImtll' also d1,!'.fer signi!' 1-

cAntIy from thl!l 'm<)"t611,,' In frequency of albwnln phenotypes B 

"'ml A.B. A gen"r"l 8"'III-lul'ltlctn of t-he bioohemicl.I.l pOllil;ion of the 

'gllmt:'" leRoA to the conollll!li(ll\ on their hybrId nature. 

3) A AII",,"l'lrl:r.atlon of dl\tll. reeleTed by us and by other 1n

velltigl\tora enable UII to ralae a question about the taxonomioal 

l'"ng" of <.Uverg"'ncl!! bl!!I;'''!IAll. t;h'!J 'mRrlnus' !Uld 'mentella' re<lflsh. 
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