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ABSTRACT

By the method of sgar gel oloctropﬁbrasis the protein .
pattern of blood serum was studied in 49 specimens of 'marinus?’,
53 of 'mentella'’ and in 43 of the 'glant! types of redfish from
the Iceland - Greenland Area of the North-~West Atlantic. It was
found that the atudied forms of redfish differ from each other
statiatically significant in 0(1- globulins and 'A' and 'B!
albumins, being probably, under a genetlic control of a pair of
autosomal alleles. A general svaluation of the biochemical posi-

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

The 'marinus' and 'mentella! types of redfish from the North-
West Atlantic differ in thermostability of isolated muscles
(Altukhov et al.; I1967), Inasmuch as this feature had been astabJ
lished as the specles-speoific criterion for poikilothermal ant-
mals (Ushakov, J959a; I958b; I964) we surmiased the intraspecific
level of divergence in the studlied forms of redfish,

On the other hand, 1t was discovered that the ‘marinus’
West Greenland pépulation appeared to be characterised by a cerw
tain level of thermostability occupying'an intermediate position
between the 'marinus' and 'mentella' from the Iceland area, The
clrcumstances of such kind as well as an examination of number of
biological peculiarities of the West Greenland 'marinust! type,
including & relatively high frequency of mo called 'giants'! in
this reglon gave us grounds to regard the West Greenland 'marinus'
as 'marinus' type only by its external outlook, but actually being
hybrids Fy between 'marinus' and 'mentella'! forms partially in-

terbreeding in Iceland waters, Apparently, both for a solution
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end for a fuller understanding of this problem, closely comnected
with the taxonomical relations of the redfishes, it is advisabie
to analyse thelr differentiation not only in any single diagnosti-
cal characteristio but by a complex of features, In addition %o
the work done in this direction from the position of molecular
taxonomy by other authors (0'Rourke, 196I; Schaeffer, I96I) we
represent in this report the data of our investigations of the
blood serum proteins of 'marinus' and 'mentella' and also the
'glant' form of the redfishes by the method of agar gel electro-
phoresls,

Materials and Methods.

The work $ook place on bodrd the r/v 'Sevastopol' of the
Polar Research Institute of Marine Fisheries and Oceanography
(Murmansk) and in the laboratory of Moscow Univefsity in autum

1965~ winter I966., During the period of inveatigations I42 samp-
les of serum from 'marinus', 'mentella' and the 'glant'! forms of
redfish were put to electrophoresis in agar gel, To 'glanta' we
refered specimens of more than 60 cm, 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 Plpette by cardiae puncture,

and put into teast-tubes, As is known, blood of many and especlally
of fresh-water fishes coagulates in a very short time, measurei

in dozens of seconds or even in seconds (Puchkov, I954), But 1#
redfish, due to yet unknown reagsons, the process of blood clotting
15 extreemly delayed. That is why we centrifuged the fresh-samm-
led blood for I0-I5 min, at 6000~7000 revolutions per minute
without walting for coagulation, put it in glass ampulles, con-
served with mertiolate (I:I0000) and kept it frozen. At further

unfreezing colourjlesa clots appeared in some of them, 1in the

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

after centrifugation together with blood cells.
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Electrophoresis was conduected in a handmade plastiglass,
apparatus (Zilber and Abelev, 1962} in I per cent 'Difco' agar
gel spread over 9xI2 oﬁ Photographie glassplate with emulsion
washed off, | |

Agar was preparated in medinal-veronal buffer with PH= 8,6
(fluctuation 8,4—8,8); This buffer was also in the vessel sec-
tions of the camera, Samples diluted with the same buffer in
I to 2 proportion were placed in standard trenches and were put
to electrophoresis for I,5 hours at a voltage of 60 v and a
current of I2+I5 ma, After this procedure the plates were put
in a & per cent acetiec acid for fixation, dried and coloured
during an hour with 'Amido Black IOB!',

The results were read visually and with a help of a mioro=-
photometer, taking into account only qualitative ehéracterestioé
of protein spectrum-the absence or presence of distinct compo-

nents differing in mobility,

Results

The results are represented in photographs of phoregrams
(rig.2.a) and by three densitometrie ocurves (fige2b). Photo-
graphs NN I-7 show the phoregrams of blood serum from individual
specifinens of redfish and N 8 represents normal humsn serum gi-
ven here for comparison. It's protein compogition has boon weoll
studled; (Grabar et Burtin, I960) and is designated by us ac-
cording to these data (fig.2, below),

The examination of the material obtained showed following
differences between the redfish end human blood serim proteins -
to be the most conspeciocls: I) contrary to the redfish albumin,
human albwmin is characterised by a much lesser mobility; 2) two
distinot fractions are visible in the cathode half of the human
serum phoregram (f - and Y - globulins), whereas in the approp-
riate part of redfish protein speotrum the separation of the
proteins is weak snd their small oconoentration allows us to
oonsider them to be 1d‘ntinal with Y - globulins, Hence, from
this point of view in the anocde part of the redfish blood pho-
regrams .o - globulins and albumine are situated - the most

mobile fractions (fig.2, above).
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The date recisyved almo establish a wide individusl variabil-
1Lty of the pamples expressed by the presence or absence of
certain proteina, dilffering from each other by their electropho-
retliec mobllity. Sueh pattern 1s characteristic both for albumin
and to A great extent for globulin parts of the phoregram., As
has been already mentioned, the differentiation of proteins ias
nok elear anough in the Y - globulin zone oﬁly; that's why we
do not dlacuass thla zone of spectrum now, On the contrary, in
the zone of «{ - P~ globulins it is possible to revesal four
frantions (phoregrama NN 1,4), and in some cases a dlvision of
0(2 ~ globulina into two subfractions may be seen,

The variabllity of albumins ia also typical. Thus, sera
from the redfish NN I1-3 possess slow albumin (1t mmy be marked
a8 'DB' type), tha gera of redfish NN 6,7 have a more rapid
‘A' typa, ard in fish NN 4,5 both typea ('AB') are found,

The mobllity of albumine varies from teat to test depending on
several circumatsnees (Orabar et Burtin, I960), but 1f in the
aamples atudied there ia even a single serum contalning both
albumina it 1la relatlvely simple to understand to which typo,
A or B, theme variations rerer.

Tahle 1.

Frequenoy of the protein fractions in redfish
blood sera

e

Number —_ Froteln fractions

Forms of of Albumins Globulina
redflash teatad

risn A AB B oLy oy P Pa X

'marinus ' a6™ 8,7 0,7 82,6[42.5 I00 100 2,5 I00
tplanta! 43 18,6 16,4 65,0|I6,3 I00 100 7,0 I0O
tmontella’ 53 22,6 37,8 39,6 (17,0 100 Y00 9,4 100

Note: x/ As in 6 cases the protein pattern in this part of
the apeatrum appeared to be unsatisfactory, the
globulina were atudied only in 40 specimens,
Tha indlvidual variability of hlood protein composition in
redfishes takes plrce independently from thelr taxonomical rela-

tlona, viz., examining the samples of 'mentella', 'marinus' or

'glanta’ 1t 18 poasible to find £ish of any of the discoverad
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typen. AL the mame time, there is a difference in frequency of
these proteins batween the forma of redfish (table I). Acocording
to this feature the most slgnificant is the difference between
the "marinua' anq "mentellat redfiah, subatantially differing
from each other in frequency of the specimens with albumin B,
AB and o4~ plobnline (p < 0.06). By albumin A and Po - globu-

ﬂot)
Una the Alffersnon 15(§tatisbioally significant, However, the

1ikeness is probably determined not by & reasl abaence of dif-
Lerences, ut rakhep by an mmafficlent valuer of compared samp-
lea.

As to the protein compoaition of the 'gilants' sera . the:r
do not show blochemical identity * With 'marinus', in spite of
their atriking externnl likenesa, though these differences are
statlatlerlly signifficant not by all variable protein fractions,
oxcapt nlbumin ~ B and o{s - globulin (P< 0,06). On the other
hand, the 'glanta' aye very close, 1f not identlcal to S,marinus
by fvequeney of albumin A and cK} - and B, - globulina, but
frequenay of albumin B and AB slgniflicantly differ from 'marinus®
(Fr £ 0,05).

It %8 known, that the Individual variability of aerum pro-
taina connected with thelr presence or absence in soma specimens,
1s often genetlceally controlled. It 1g usmally especislly well
nokiecenble in albumina, where two types of the protein show
three dintinet phenegroupa, vig,, A, AB and B, Such interdepen-
dency suggesats a genetie control by g pair of autosomal codoml-
nant aileles. This hypothesis 1a verified below by the Hardy-
Weinberg ﬁlgbrlbutlon on an exsmple of frequencies in a sample

of "mentellat (0,41pA and 0,59qB),
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Table 2.

Vorifieatlon of genetie equillbrium and control
by a Ltwo~rllelle gene of 'mentella’ albumina,

“Humber of phenotypes 2 (£-F)?
Fhenotype  Genotypa  spaarved expected K> F

(r) (F)
A Y. 12 8,90 1,08
AB AB 90 25,60 1,22
B % of 18,50 0,33

N = 5% N = 5% X’= 2,63

Y L - wr = = -

One ¢an sen from the table, that there ia no signiflcant
difference betwaan the factunl nand expected uumbers, of the pheno-
types both 1n any of the thrae phenotypleal classes and summarll-

ly. This meana the syabkem of a fonaiic control of the albumins
ta redlly btwo-~allelie, and tha 'mentella' populatlon from whlch
the given aample 1a taken Iln 1ln genetie equilibium. Meking the
gama anlenlationa for 'marirna! and the 'gianta' the Hardy-
Walnberg law doer pot resllze ond ?Lg sonnes Lo J7,33 and 14,64
respacfijvely,
Dlacunalon

Examination of exporimental dntn ahows algniflesant diffe-
rences in protein cormponlbklon of Hlood smong bthe Invesatigated
forma of redfish. Fap€elally Interveating ls the blochemical
position of the '‘gianta!, In albumin A they spproach the 'marl-
mis! form, in Hlobulln - o, - the 'mentella' and ocdupy an
intermediate porition in albumin B fregquency, clearly lnﬁioating
the hybrid orlgin of the 'gient' forms, This explainsg the reason
why in applying A mwathematblenl annlysis of the 'ri'umz‘lrmﬁl semples
and of the fgiants'! the Hardy-Welnbarp law does not realize -
tha vlolatlon of papmixion 1a the result of a aterilization of
the majorlty of apacimena. Of aconrae, 1t la poasible to mention
soms ather clreumatances preventlng the eatablishment of a gene-
tic squilibrium (e.g., Heal & SB8chull, [854; Li, 1955, Stern,Il960),
but In thls sltuation we actunlly pay attention to asterilization.
This Line of renearoh haa bhesn dlacusred in our previous report.

Tha accompllished study roveals the differentiation of the
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'marinua’ and 'menta)ln’ redfish in one more inflereted feature -
the protein composltlon of the blood serum. The fact agreass with
the renults obkalned by Schulfer and 0'Rourke whlch demonstrate
the possibllity Yo Alatlognuish both forms in the antigene compo-
sltlon of bleod and sminoacld composition of glll mucus and
rmiscles. Together with our data on electrophresis this agdin
ral=zes the gneshtlion about the taxonomlecal rangs of dlvergency

of the '‘marlnua! and "menbella' redfish from the North Atlan'sic.

Conclusions

T} By the method of agar gel electrophoresis statistically
slgnificant dlffexrences are dlscovered in protein composition
ol blood servm of the 'merinus! and 'mentella' redflsh from the
Horth~West Atlantie. These differences refer both to ol - gloﬁéﬁg
kg and to albuminas B and AB, ovldently being under direct gene-
tie ocontrol.

2) The tglant' redlfish ifaplte of their striking exter-
nal likeness to 'marinua'! show no blochemical identlty with
them d1ffaring aufficlently from the latter in frequencey of al-
bumin B and (s - globulinm. The 'glanta’ also differ algnifi-
eantly from tha Ymentella' In Irequency of albumin phenotypes B
and AB. A genaral evmluatlon of the hiochemical position of the
'glanta' leads to the concluslon on their hybrid nature,

3) A summarization of data recleved by ua and by other in-

veatligators enable us to ralae a guestion about the taxonomical

range of dlvergence between the 'marinus' and 'mentella' redfish,
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