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Concerning the plasma protein and hematocrit velues, table 10
also shows the wide variations which are characteristic. Laobeo
capensis has the highest mean hematocrit and plasn- protein
velues and L. umbratus the louest hematocrit and B. holubi

the lowest plasma protein value. In the case of L. capensis,
C. geriepinue end B. holubi, the male fish have higher mean
values for both hematocrit and plasme protein concertrations
and in L. umbrotus the situation is reversed. (In the cese

of C. gariepinus many more females than males were studiec.)

These observations are discussed on p 42 and 45 .

4.2 Separation of one or more fractions
In the cese of L. umbrotus, L. cepensis and 8. holubi verious

fractions from the yel electroptoretogram were chosan gnd efforts

made to isolate them. The next sections report these resulte.

4.2.1 Labeo umbratus separation

Precipitation with NBZSD“ according to the scheme of Hows
{1923 a and b) yielded the effects shown in fig. 11 (super-
natant fluid examined.) The fish used had an additional frac-
tion no. 3s. (Due to the fect that additional fractions occur
and also due to the variations found, blood from only ong
animal was usad). Ten percent ~°250h caused the pro-
nounced effects shown in fig. 11, remocving fractions & and 8
(paper glectrophoresis) and depressing others. Fourteen
percent (14%), 18% and 22X NaESU“ had very little additional
effert; cnly depressing the peaks. Twenty-six percent

NaZSD“ had the most pronounced effect and only peaks 14, 10
33/;0.9.,!!"'
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and 20.end 21 remained (gel electrophoresis). At .this stage
it was possible to equate fractions 3 (plus 3a) and 7 (plus
residue of 8, with fractions 13, 18 and 20 and 21. (Paper and
gel electrophoresis respectively). According to the above

results, it was decided to study peak 13 more closely.

Three (3) ml plasma were subsequently precipitnted with 26%

NaZSD".

Plate 7 Comparavive "standard" patterns abtained on g2l electro-

phoresis. From left to right: Humar, L. umbratur, C. garie-

pinus, L. cepensis and 8. holubi.

3“/-.0....
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Control experiments showed that the 3 hour exposure in the
waterbath had no influence on the normal electrophoretic pattarn:
After centrifugation, 2 ml supernatant were put on a Sephadex
G-100 column. The elution pattern is shown in figure 12. Above
tive various pesks, the pattern obtainad from fluid reapplied

to polyacrylamide gels is shcwn in diagrammatic form. The

two major fractions present, 13 and 18, were reasonably well
separated but other small fractions were still present in both
cases. The tubes containing the desired fractions wers then
pooled (gel 2 in figure 12) and diaslyzed against several chonges

or distilled water and then freeze-dried (9,25 mg).

After re-running the dried fraction on polyacrylamide gels,

the whole sample was subjected to iso-electric focusing in o

pH gradient of 5 - 8., After 72 hours the effluent was read in
the Peikin-Elmer spectrophotometer and the fractions vigualized
on gels. The result so obtained is shown in figure 13.
Fraction 13 had an iso-electric point of pH 5,75 and after cerc-
ful elution from the column it was found to be completely se-
narated from the other fractions. Fraction 18 was found to

have a rether low isc-glectric point end due to the fact that

it wae found at the end of the pH gradient, the pH cou.d not

be measuwr 4 accurstely. It was found to be in the region of

L.2.

The reported fraction 13 wes diclyzed ond freeze-dried. An
extremely lou yield wac obtained - 0,7 mg. The absorption

curve of *his fraction is shown in fig. 14, The protein nb-
sorbed strongly at 275 and 220 nm and had @ minimum value ot

268 nm.
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The column used for initial separation (Sephadex G-100) waes
standardized with 2 mg alcohol dechydrogenase, 1,7 mg cytochrone

C, 2 mg albumin fraction V(bgving)} 2 mg Vit. B, , ard blue dux-

12
tran immedintely after the plasms had eluted. Approximctc
nverage molecular weight of fraction 13 was then determined cc-
cording to the method of Andrews (1965). Figure 15 shows tho
results obtained and it wes found that fraction 13 had an op-
proximate average molecular weight of 69,100. Fraction 18 ap-

parently has o much higher sverage molecular weight (acove

120,000) due to the foct that it eluted just after the front.

Finally, the remaining fraction 13 was dissolved in distill.d
water and o titration curve performed. At the same time 2 ti-
tration on bovine albumin (having the same concentration as that
of fraction 13) wans also performed. The results are shown in
fig. 16. The curves obtained arc very similar but were not

very good, probably duc to the low protein concentration.

A summary of the main results obtained on this fish, compared

to thnt of the other two, is presented on p 39

4.2.2 Labec capensis scparation

Sodium sulphate precipitetion yielded very similor cffecte to
those obtnined on L. umbrotus ( see fig. 17 )s The fish uscd,
hed 8 very small fraction 6 (paper glectrophoresis) and both
fractions 13 and 16 on gel clectrophoresis. Ten percent
quﬂk again coused tho biggest effects, removing froction O

(paper clectrophoresis) and smoothing the gelpnttern in n woy.
,‘I......‘.
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Fourteen percent (143), 18, 22% had little effect but 26% pro-
cipitated all the pesks except 5 and 9 (paper glectrophoresis)
and 13, 16, 138 and 20 - 22 (gel glectrophoresis). It was now
agein possible to equate fractions 5 and 9 with fractions 13
and 16 and 18 and 20 to 22 (paper and gel glect ‘ophoresis) re-
spectively. According to the above results it was thus decided

tc study froctions 13 and 16 more closely.

After precipiteting, 3 ml plasma (again no pouling) with 26%

NaZSu“

Sephadex G-100 column. T+e elution pattern is shown in fig.

and gentrifugation, 2 ml supernatont were applied to z

18. The patterns for the two mudfish species were very similer
and the secparation achieved was again reasonably good. The
tubes containing the dosirud fraction were then pooled (gel 2

fig. 18), diaslyzed ond freeze-dried.

After another analytical clectrophoretic run the whole samplo
was subjected to iso-clectric focusing in o pH gradient of

5 - 8 for 72 hours. The rosults obtained after reading the
effluent spectrophoctomctrically and visualizotion on gels oro
shown in figure 19. Fraction 13 had an jso-glectric point of
5,78, fraction 16 an igo-glectric point cf 5,41 and fraction
18 an iso-electric point of 4,3 (could sgain wut be measurcd
accurately - see p 34 ). Fractions 12 and 16 were not
completely separated from one another. The tube conteining the
two partially separated fractions werc pooled separately,
dialyzed and frecze-dried, The yield at thie singe was 9.1k

mg and 6,74 mg respectively fur fractions 13 and l6.
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The frections were then subjected to pieparative polyacrylemice
glectrophoresis in a 5% gel containing 0,1% S5.0.8. (Tris-
glycine buffer, pH 8,5). The pattern obtained is shown in
figure 20 and it is immediately evident that the yigld was
very low and also that the separated fractions now migrated

more than normally - 2,5 mm and 32,5 mm respectively compar.d

‘to 20 and 28 mm previously.

Standardizetion of the column used for initial separation
(Androws). yislded identicsl results to those obtained fur L.

umbratus; approximote average molecular weight of 68,900 (scc

fig. 15) for fractions 13 and 16 and above 120,000 for frocticn
18. The 2 fractions obtained by preparative gel electrophorecis
wore now pooled, concentroted with sucrose, dialyzed (reperfodly)
and then spplied to encther Sephadex G-100 column. After
standardization it wae found that the approximate average malo-
cular weight was 34,200. (The protcin could just be detccted in

this casc).

Prior to this determinntion, the sbsorption spectra nf the tuwo
fractions were determined. These turned out to be identicnl
tc that of fraction 13 of L. umbratus (sec fig. 14 for com-

parison).

At this stage virtuelly nothing of the proteins wes left, ond

tho study discontinued. See p 39 for summery nnd compariscne.

Barbus holubi separantion

The fish used in this case coms from the Hartebeespoort Dim
sa/",.oocao
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Provincinl Fisheries Department and were cbtained in thc carly
spring. On paper electrophoresis, the patterns were identicol
to those reperted earlier. Gel electrophoresis, however,

showed o difference in the area of frection 12. In the patterns
reported earlier (see p28 ) unly one prominent band 12 wes
nlways present. In the case of the fish now used, 3 very close-
ly associated bands were present. This difference ia sham in
fig. 21 where it can be secn that fraction 12 ie¢ now o diffusc
band and not o promincnt peak. The rest of the patterns weic
identical to those reported earlier and possible reasons for
this varistion are discussed on p45 . (In the case of thco
mudfish, fish caught nt the same locality ond season werc uscd

for 41l studigs.)

Fig. 21 also shows the results cbtained by NaZSDA precipitotion
of ths plosme proteins. These erc more complicated than in tho
cnse of the previous fish species. Ten percent (105).Nazath
precipitsated fractions 1, 2 and 3 and flettenud poeks 5 and 7
in the casc of the paper clectrophorctogram. Fourieen porcont
(b)), 18% and 22s N:zsoh flottened thesc penks more and 265
precioitated everything except peoks 6 and e In the cese of
gel electrophoresis the tendency to flatten is also noticud

and with 26% Nazsoh it is found that only fractions 8, 12

(3 bands) and 17 arc left.

The fish useu were relatively small, slthough sexunlly maturc
(350 g) and it wos therefurc decided to pool the plasma from
4 fish, T . . From euch fish was first run on gelsand!
thase nrove . identical. Four (&) ml of plasmn wers: thon
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precipiteted with 726% N3250“ and applicd to a larg ‘v Sephadox
G-100 column (93 cm) than used previously. The c.ution pa .tern
obtained is shoen in figure 22 and it can be seen that the
geparation is rot much better than in the casc of the other two
fish using shorter columns. During the clution, it was found
that the tubes containing rraction 8 ahsorbed stronyly at L5

nm. This important point is discussed an page 44 p

The tubes contoining fraction 12 in portially purificd foiw
were pooled, the somple dinlyzed and freeza-dried (yield ~ 10,5
my). The sample was then again subjected to isc-clectric fo-
cusing in a pn gradient of 5 - 8. The slution pattern and ncl
patterns so obtzined are shown in figurc 23. Fraction 12 (3
bands) wos found to have an isc-electric point of 5,81 and
fraction 17 an iso-clectric point of 3,8 {(not mensured accurstr-

1v).

Approximate averagec moleculnr weight determination acrording
the Andrew's method showed that fraction 12 (3 bands) had =
value of 55,500, and fraction 17 a value of 89,100. The frac-
tions obtained from the isu-electric column werc then agoin
placed on 5% polyscryl.sice gels conteining C,1% S.D.S. nfter
dialyeis ond freeze-drying. No differenceswere observed when

compared to the distances moved an normal gols.

4e2.4 SUMMARY

Toble 12 sunmarizes the rclovont results on 4he 3 Pish znociie

studied. Preo/pitotion with 26% Nazsa“ gave very s milor -c-
.D/-....Cl
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sults oxcept in the case of B. holubi whore »n additional froc-
tion, no. 8, wes not precipitated. The fractions studied wcre
vecy similar in distancc moved in the gels for the two mudfish
epeciege and the average wolecular weights wre again very simi-
lar. An interesting point here is froction 16 of L. capensis
whick had an iso-oloctric point of 5,41. Borbus holubi pro-
teins had characteristics diffcrent from those of the mudfish
and 5.0.5. had no effcct herce In the cose of L. copensis

a protuund effect was seen which indicates that dimer rYormctinn
is possible and proboble in these proteins. The absorption

spactra for the three fish proteins were identical.

From the present results, it scems that L. copensis and L.
ubratus are very similar in both electrophoretic pattern and
in the charscteristics of some of their fractions. C. gorigp-

inus nnd 8. hoiubi each hnve their own pattcrnse end in thc cosc

of B. holubi, fraction characteristics. At this stage it is

a)lso poseible to £ e that equating of a fish pattern of the
specins studied witn that of the human and opnlying thc nomcn-

clnture of the latter. would not be a very profitnble technicuc

(sce p 25 ).

DIScussIoN

The work of Bouch and Ball (1966) conclusively shows thot the
method of czpture has an importent effcct on the plasma protcin
pattern, components and concentration. 1nter glia, they showcd
thot the plasms protein concentration starts decreoasing within

_“1/0230..9‘
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60 mirwtes after capture and this downword trend is mointained for
at least 300 min. (termination of the experiment). . Haottingh
(1873) alsc showed that in at least the mudfish and yellowfish,
plasma hemoglobin concentration is high aufter capture ond this
high level is maintained for ot lenst two wecks aftcr capturc.
This is probably due to hemolysis (shock-reaction?). It is thory-
fore of vitol importonce in this kind of work to stnte the mathod
of capturc and Lo use only animals thot have in no way been in-
Jured. The fish so obtained should then he kept for ot lesst tuw
wesks in agu ria in the laboratory to overcome the emotional

etress ond other influcnces of capturg.

The fish used in this study were 2ll outained by nettino und Lilaod
wos either obtained immediotely on capture or oftar a dolay of ot
leost 2 weecks. The plasme protein pottorns so obtnined (erc idun-
ticol. The variotions observed im the various fish (sac p28 )
were present in blood obteined by either mcchod and it con be
assumed that the methods of copture and transportstion give re-
lisble results although = certain amount af experimental error iz

dafinitely still present.

The method of teking blood also meorits some discussion. Wedemoyor
(1970) has thown that M5-222 is = powerful stressing agent for
fish ond many of the affects of this susstance have not boe
clearly elucidated up to dote. Thc doses used in this study fall®
into the ronge suggusted (Klontz ond Emith, 1968) but more work

is noucessary to be ab‘e to stete definitoly whother MS-222 tos

or has not on effect un the plnsmn proteins. The fish werc

found to be sedated enowgh for cardiac suncture by the dosaqgu

used bLut it must be Lorne in mind that o certain amount of ngi-
"2/..0.....
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tatiuvn is eclways present in netting fish and this cffect cannut bc

eliminaced.

Cardiec puncture is ggain o recognized technique for obtaining
blood in fish (Klontz and Smith, 1968) and it has been stresscd
that small syringes should be used due to the fact that excossive
negetive pressure causes hemolysis. The plasms used in this
study was always inspected for hcmolysis and if present, the
somple was rejected. A certnin amount of hemoglobin is hawcver

always present (see p 43 ).

The enticoagulont used in this study (heparin) wes found to bo
very effective and tha syringes werc only cocted with this fluic.
In the cesec of the bartel, however, this technique was found not
to be very cffective and o smoll amount of heparin was added to
the blood (this was later correc.. d for). It is o well known fnct
thot fish hove o very ropidly activated blood clotting mechoniam
(Wolf, 1959) and this is agnin apparently related to the degreo

of agitation (Klontz, 1967).

From the foreqgoing, 1t is evident that - fair amount of inherent
gxperimental error is still present in the techniques for obt-in-
ing fish bluod and also thot the influences of anaesthetics,
anticongulants, agitation, etc. have not yet been clearly eluci-
doted. These factors influenced the rousulte obtained to o un-

known extent.

Varintione in the hematocrit volue seem to be n charncteristic o
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fishes. Young (1949) for instance, found that repected hemoto-
crits on individual fish (cpaleye) during several months showed
that the values always bocome lowered when » fish lost appetitc

or become supposedly diseased. Sanc (1950) found an influence of
gonad development on the bemotocrit of both sexes of rainbow trout.
The values reported in tables 2, 4, 6 ond 8 alsc show a large
variation and this could not be correlated with weight, length

or reproductive activity but the male fish had higher mean valucs
than the females except in the case of L. umbrotus. Seeing thnt
within one specics all thc animols were cought in the same season,
the latter con therefore nlso not influence the hematocrit. Dict
could be a possihle foctor seeing that it is not kncun to what
extent the trout pellets given were apprecicted. It is also known
that the hometocrit corrclstes well with the hemoglobin concen-
tration in these fish  (Hottingh, 1973) but not with the red blood
cell count (unknown for ©. goriepinus). More work is thereforc
necded to clucidnte these problems fully. At present it can cnly
be said that in L. ceopensis, B. holubi ond C. garigpinus the mnlos
usunlly have higher hemntocrit values than the femsles, buf the
gffects, if any of age senson, activity and captivity are unknown
in these fish. | 2 tu the large individual variations the dif-

ferences hetwoan males and females ore of doubtful valuc.

The variations observed in the plasme protein concentretions olso
seam to be a fish charactoristic. In the cnse of L. copensis
and C. gariepinus the voluee were again hign ~ in the males thon
in the females; in the coso of L. umbrotus, the femoles hed

higher values and in case af B. holubl no difforences were ob-
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served. Due to ths vury large individual variations, the dif-
ferences observed werc not stantistically significant and theso
differences are therefore again of rather doubtful volue. Vsrious
factors could influence the plasmn protein concentration. In the
First {'ace, the diet during captivity is of iportance. The work
of Summcrfelt gt sl (1967) shows clearly that this factor influcn-
ces the concentration and components. As has becn seid before, it
is not sure to what oxtent the trout pellets were eaten, and somc
fish might not hove beon fully nourished. In thg second placc

age might influence the concentration (Sazmo, 1960) ne well k]
discasc (Fujdiya, 1961). As frur ns could bo seen, anly hezlthy (igh
were used in this study out this factor is of obvious importarce
dug to the fact that minor injuries due to capture and trangpor-
tation could hove induced mild infections. iIn tho third place,
the stoge of sexunl activity is known to influsnce *he monecnip--
tions (Thomns ond McCrimmen, 1964). WMo corrcintions could bo
found here but this micht hove been duc to tho relntivaly smcll
numbers of fish investignteu. If o hundred or morg of goch spacicy
werc used, this influencc mivht nove come to light. A fourth
facior is pollution. Even in Sguth Africa y O important foctur
in designing an experiment, is to obtain an "unpollutoc ©ish’.

No work has been done on the influeoce of pollution or the fish
plasmc proteins (as far ua is known {o the outhor) and it is alen
nat known to what extent the water im which the fish were crught
(verious locolities) wns polluted. The water was certainly not
clean and this factor would in all prabability influence the

concegntrations.
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Due tc the fact that the fish from the vorious species were all
caught in the some season snd locality (except see pp 37 end 65 ),
these factors could not have had ony influence on the veriotions in
noncentration. These factors du influence the concent: tion

(Maire end Sindermsn, 1960; Seito, 1957) end it would be interest-
ing to repest some of this work on gimilar fish obtained from

other locelities and then to sec whether tha individue) veriotions
now occur nt o higher or lower meon value. A seasonal veriotion
would probobly be associoted with a gexual veriation os w-

greater numbe.s of fish would ther have to be used.

It is olso known that tompercture has an effect on the concentration
(Mgisner end Hickman, 1967) -z well as the st.~e of the life cycle
(Sano, 1960). The temperature in the waters wherc the fish were
cnught ranged botuwesn 13 - 16°C and the fish were al) mature.

These two factors could therefore not have had an affect in this

case.

From the foregoing it is evident thnt excapt for diet, pollution,
age and sex which might heve influenced the concentrations, he
plasma proteins of #1l four species investig2ted varies ~anside-
reblyv and this couvld ~ot be correlated with body weight end sength.
In goneral it can be concluded that this incividuol varintion is ¢
characteristic of fishes ond this agrees with the work of Tsuyuki

end Roberts (1965), Mulcahy (1970) and others (see table 1).

Conzernino the paper glectropheretic patterns obtained on the four
species iy is clear from fig. S that each species has a charscter-
jstic pattern distinguisable from the others. The two mudfish

spacies hove Very gimilar patterns but differ sufficiently for

Qﬁ/ékaee’F!?'
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jdentificetion (number of fractions and relative mobilities). Cer-

toin similarities are mlso present in the patterns of L. capensis,

L. umbratus and C. geriepinus but the pnttern of 3. holubi is lie-

tinct. The peper electrophoretogram cen therefore be used as ©
menns of identificction of these four species but fc not sensitive
enough for routine anelysie of plasma within one species (sec
later). As has nlso beer seid on p 24 the applicotion of the
human nomencloture to fish blood is not advisable olthough certnin

similarities cxict (see p 28 S

The variations observed in the percentage protein of the vearious
fractions of the peper glectrophorctogram, is intereeting. The
gsame factors which influcnce the plasma protein concentration (sou
above) persumablv influence the pnttern nbtained on glectrophoresice.
it is thereforu extreordanory that no cerrelation could be found
potwean the patturns ond sex, saxuel activity =nd body weight =nd
length. As in th. case of the protein concentrotion, pollution,
age, dict onc .isedse probably influesce the protein concentration
ot the various fracticns, but wes not slucideted in this study

(see apove for references).

The additionsl fractions abserved in the patterns of C., gaoriepinus
and L. umbrotus were probnbly due to slight gxperimental dif-
ferences during different experiments, ond 21so during the some

yun (different areas of the papar). In the case of L. umbrr tus, 30K
of the snimals studied showed ihese frections (see toble & )
end in this cose somn other influer-e (experimentsl ot gnvirocn-
mental) is pru: work .

‘07/.00-0.
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Far routino annlysis of the plosme protein,pattern polyescrylomidc
gel electrophoresis wes found to be superior to paper electropho~
resis (Thempsaon, 1967). The comparative summary in fig. 10 shows
that from 19 to 22 components were obtoined by the methed (comprre
with the 8 to 10 components obtoined with pesper electrophoresis).
The similarity in the patterns are obvious from fig. 10 but ecch
prattern is specific enough for esch species to be used as & moone
of identification. Even in the crse of the two mudfish speciase
investigrted tho patterns ore in » way distinct (number of froc-

tions and mabilitices).

The factors discuésed enrlier that could influence the percentagc
protein of the various fractions ond the totol plasme protein
concentration (sce p 43 ) would presumably show up better in thie
method of separntion. Especially in the cose of B. holubi whorc

3 bands were observed In "bend 129 in fish cought ot the Pravineirl
fisheries end unly onc bnd in fish cought nt Villiers, secson ~nd
locoality could hove hod on influence. It should nlso be borne in
mind that Snito (1957) showed thot the potterns from wild end
hatchery rocrcd fish differ. Hore agein factors such ne diet,
sexunl zctivity, pollution end mge might have had 2 proncunccd
effect but were unfortunntely not controlled in this study. Tno
relative numoers of fish used, were 2lso small (Mnirs and Sincden-
man, 1960). No sexunl differences in the potterns were observed
nnd this corresponds to the work of Summerfelt gt 1 (1967) but
differs from thet of Thomas and McCrimmon (1964) end Seito (1980).
It is possiblc thet this veriotion i only found in certain

specipn of fish., ODuec to the Foct thot the nets used werc feirly’
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selective concerning length ond thus nlso size, only fish of rolo-
tively similer dimensions were caught and this eliminated sexurlly

immoture fish. The age voriations were however not influenced.

The mejor varintions observed in the polyscrylamide electrophorotic
patterns #s shown in fig. 2, 4, 6 and £ could nlso have been du~ to
experimentnl differcnces ond not purely duc to the foctors die-
cussed in the previous pnragreph. Plate 3 gshows the gel pntterne
of L. cepensis plosma proteins and it con bec seen thet similar
fractions do not exactly correspond (this is nlso obscrved in somo
of the other gels). This wns due to shrinkage of some of the gule
after prolonged storage (they were only photogrophed after - daoloy
of gome weeks). This voarintion wos never observed in frosh gels
»nd seeing thnt they were immedintely scanned ofter destaining, this
connot explain the major variotions. Another foctor to be bornc

in mind is thnt the major vorietions were nlso found in blond from
different animals during the some gxperiment (8 semplaoe run ot the
same time). The same applies to the ndditionnl bends observod in
somg fish ns tabul-ted in tobles 3, 5, 7 eand 9. It therefore scems
that thesg voriations are renl in some cnases; probably o polymor-
phism (Bornct nnd Tsuyuki, 1967) or due toc an uncontrolled or
unknown enviranmental factor (Roberson gt 21, 1961; Scito, 1957;

Shell, 1961 and Thomas =2nd McCrimmon, 1964).

From the foregoing it can ngoin be concluded that gel electropho-
resis is n valunble tool in both the separation of plosme protceins
~nd identification of closely related fish specics (L. copensis

and L. gggggggg). Each of the species investigated has n charac~

terictic pottern but varintions do oceur within @ framowork.
“,9/.......
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‘Compared to some of the puhiished patterns of fish plosma or scrum
proteins (fig. 24) it can also be seen that the four species in-
vestigated have chorocteristic pntterns generally in line with

reported results.

The scheme introduced by Howe in 1923 for the precijp tetion of
plasma proteins formed the bnsis of one of thc systems of nomen-
cinture applied to these proteins. (Pennel, 1960). By using dif-
ferent salts, vorious proteins were precipitoted ond according to
c system using unzsa“, the proteins still in sclution after pre~
cipitation with 22: NrZSDh were clossified ns elbuming, It is not
pnssible to obtain highly purified products with this meth d and
it should only be used ns the first step prior to chromntogrophic
separation (Putnem, 1965). From Figs. 11, 17 ond 21 it is clenr
shat the different selt concentrations used did diminish some of tho
fractions in all threc fish studied, but only » few of these wcrc
entircly removed. A further point is thot 26k N“gsoa wns found to
be morec effestive than 225 Nn250“ in the cose of these fish. (In
the crse of ax blood done as o contral, the same npplied - varigu-
froctions were completely precipitoted, cthers were diminishod ond
aftor 22a NEZSD“ nre-ipitotion, it was not anly the albumin Lond
thet remained). Ascording to the classicrl scheme then the froce
tione remeining in plrame ~fter the 22, precipitetion ore olbumine.
This would then not =gree witih nnother nomgncloture, thoet of
Tisclius, in which the nlbumins heve the highest glectrophoretic
mobility in o restrictod pA. (Putnam, 1955). It can bc seen from

tre mentionaed figures thot this is not the cose nnd this nomen-

cloture 1+ cherefore not upplicable.
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1% could “e argued that the colurns used in the casc of L. c:pensis
and L. wmbrosus for ceporotion of the proteins after precipitaticn,
were too short. The separations achieved wore rensonable and in

the cose of 3. holubi where a much longer col n was used, the some
degree of seprration was ochieved. If coluwas of 100 cm in lenoth
with Sephadex G-200 were used, better sepnration would possibly

have resulted. After & further sop-ration step, uithax.prepnrvtivc
gel electrophoresis or isu-electric Tocusing cr both, the froctions
obterined were completely separmted from each other in the cnse of

L. umbrotus (Fig. 13) and L. copensis (fig. 20) but not in the cosc
of B. holubi (fig. 23 - fraction 12). This latter protein could not
be seprorated into 3 individucl components by the methods used.
Mahler and Cordes (1968) point out thet seversl criterin erc noces-
snry before o protein is pure: cryst=llinity, solublility curvis,
ultrocentrifuge studies, electrophoretic studies, otc. The criterium
uscd in this study wne onlv the presance of cne band on gel clcec-
trophoresis and it con therefore not be snid that nny%f thec freoe-

ticn3 isolnted were definitely purce.

The method of cpproximete nversge moleculor weight determinntion
according to Andrews is known to have = experimental error of
approximately ten percent (Andrews, 1965)., It is olso known th-t
the eugnr content of the proteins influences the results cbtainod.
Anthrone determinntions done on somples of the gamll amount of
protein svnilnble ofter geparntion were negntive. It con thero-
fore be concluded that the results summorized in table L2 concor.-

ing moleculc” e ght ore correct within ten percent.

The range scp-rted for the moieculcr weight of elbemin in the litu~

rnture is from 65,00L (rdt) to 7C,000 (aquinu)(PutngT. 1965). Thu
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