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Concerning the plasma protein and hematocrit values, table 10 

also ghoua tho wide variations which arc characteristic. LhUbc 

cgpqnsia has the highest mean hematocrit and plasty protein 

values and L. umbratus the lowest hematocrit and 0. holubl 

the lowest plasma protein value. In the case of L.. cnpensi9 ,

C. Qarieplnuo End B. holubl. the male fish have higher mean 

values for both hematocrit and plasma protein cnncertratlons 

and in L. umbratus the situation is reversed. (In the case 

of C. oarleplnus many more females than males were studied.) 

These observations are discussed on p U2 and U5 .

U .2 Separation of one or more fractions

In tho case of L. umcrntus, L. capensis and 3. holubi vrrious 

fractions from tho gel elactrophnretjgro'n were chosen and efforts 

made to isolate them. The next sections report these resultp-

<*.2.1 Labeo umbratus separation

Precipitation with Na2S0^ according to the scheme of Howe 

(1923 a and b) yielded the affects shown in fig. 11 (super­

natant fluid examined.) The fish usad had an additional frac­

tion no. 3a. (Due to the fact that additional fractions occur 

and also due to the variations found, blood from only one 

animal was usad). Ten percent NogSO^ caused the pro­

nounced effects shown in fig. 11, removing fractions and fl 

(paper electrophoresis) ond depressing others. Fourteen 

percent (IV,;.), 16% and 225c N b ^  had very little additional 

effpnt; cnly depressing the peaks. Twenty-six percent

No S0^ had the most pronounced effect and only peaks IU, 13
33/..»»f«*•••
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and 20.and 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 nnd 

gel electrophoresis respectively). According to the above 

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

Three (3) ml plasma were subsequently precipitated with

Plate 7 Comparative "standard" patterns obtained on 9*3] elactro-

phoreais. From left to right: Human, L. umbratur. C. qaric- 

pinus. capensls and Q. holubi.

3U/



Control experiments showed that the 3 hour exposure in the 

iiiaterbatn had no influence on the normal electrophoretic pattern. 

After centrifugation. 2 ml supernatant were put on a Scphadux 

G-1Q0 column. The elution pattern is shown in figure 12. AbOJt 

the various peaks, the pattern obtained from fluid reapplied 

to polyacrylamide gels is shewn in diagrammatic form. The 

two major fractions present, 13 and IB, were reasonably w&ll 

separated but other small fractions were still present in bath 

codes. The tubes containing the desired fractions were then 

pooled (gel 2 in figure 12) and dialyzed against several chnngee 

o. 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 a 

pH gradient of 5 - 8. After 72 hours the effluent was read in 

the Peifc in-El m a r  spectrophotometer and the fractions vi3ue!i z«'j 

on gels. The result so obtained is shown in figure 13.

Fraction 13 had an iso-electric point of pH 5,75 and after care­

ful elution from the column it was found to be completely se­

parated from the other fractions. Fraction 18 was found to 

have a rather low iso-electric point and due to the fact that 

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

be measu1 d accurately. It was found to be in the region of

U . 2 .

The reported fraction 13 was dic-lyzed and fre«ze-dried. An 

extremely lou yield wae nbtaincd - 0,7 mg. The absorption 

curve of this fraction iB sho»jn in fig. 1*». The protein nb- 

aorbed strongly at 275 and 220 nm and had a minimum value et 

268 nm. 3* / ...........
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The column used for initial separation (Sophadex G-1D0) was 

standardized with 2 mg alcohol dehydrogennsu, 1,7 mg cytochrome 

C, 2 mg albumin fraction V (tovinei 2 mg Vit. B ^  and blue dex- 

tran immediately ^ftsr the plasma hod eluted. Approximate 

nveragc molecular weight of fraction 13 was then determined re­

cording to the method of Andrews (1965). Figure 15 shows the. 

results obtained and it wos found that fraction 13 had an op- 

proximate average molecular weight of 69,100. Fraction 13 ap­

parently has o much higher average molecular weight (acove 

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

Finally, the remaining fraction 13 was dissolved in distill d 

water and a titration curve performed. At the some time a ti- 

tration on bovine albumin (having the same concentration an th~t 

of fraction 13) wos also performed. Thu results are shown in 

fig. 16. The curves obtained are very similar but were not 

very good, probably due to the low protein concentration.

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

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

*♦.2.2 Labec enpensis separation

Sodium sulphate precipitation yielded very similor effects tu

those obtnincd on L,. umbratus ( s o b  fig. ’7 )* The fish used,

had o very small fraction 6 (paper el-iCtrophorGaia) nnd both

fractions 13 and 16 on gel eloctrophoresis. Ten perccnt

Mt^O^ again caused t» l biggest cffccts, removing fraction Q

(paper oloctrophoresis) nnd smoothing the gelp';ttern in n w^y.

*56 / . . . . . . . .



fourteen percent (14;0, IQ, 22% had little effect but 2&% pre­

cipitated all the peeks except 5 and 9 (paper electrophoresis) 

and 13, 16, 13 and 20 - 22 (gel electrophoresis). It was now 

agair possible to equate fractions 5 and 9 with fractions 13

b.id 16 and 16 and 20 to 22 (paper and gel elect ophoreais) re­

spectively. According to the above results it was thus decided 

to study fractions 13 and 16 more closely.

After prscipitatJ ng, 3 ml plasma (again no pooling) with 26>o

Nn Lu, and centrifugation, 2 ml supernatant were applied to =
2 4

Sephadex G-100 column. The elution pattern ia shown in fig.

18. The patterns for the tuc mudfish species wore very Ljimilr r 

and the separation achieved was again reasonably good. The 

tubes containing thu de&irud fraction were then pooled (qel 2 

fig. 18), dialyzed and freeze-dried.

After another analytical electrophoretic run the whole sample 

was subjected to iso-electric focusing in a pH gradient of 

5 - 8  for 72 hours. The results obtained after reading the 

effluent spectrophotometrically and visualization on gels . r•- 

show.! in figure 19. Fraction 13 had an iso-eloctric point of 

5,78, fraction 16 an iso-eloctric point cf 5,41 and fraction

18 an iao-electric point of 4,3 (could again uui be measured 

accurately - see p 34 >• Fractions 17 and 16 were not 

completely separated from one another. The tubo containing bhc. 

two partially separated fractions wen. pooled separately, 

dinJyzed nnd freeze-dried. The yield at this stnQB w o b  9,11 

mg and 6,74 mg respectively f^r fractions 13 and 16.

•J6»
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The fractions were then subjected to preparative palyac-'ylrmidE 

ulectrophoresis in a 5% gel containing 0,1% S.O.S. (Tris- 

glycina buffer, pH 3,5). The pattern obtained is shown in 

figure 20 and it is immediately evident that the yi«ld was 

very low and also that the separated fractions now migisted 

more than normally - 2-<,5 mm and 32,5 mm respectively compared 

to 20 and 28 mm previously.

Standardization of the column used for initial separation 

(Andrews), yiBided identical results to those obtained fur L. 

umbratus; approximate average molecular weight of 68,900 ( e c l  

fig. 15) for fractions 13 and 16 and above 120,000 for fraction 

18. The 2 fractions obtained by preparative gel a] ectrophor^silE 

were now pooled, concentrated with sucrose, dialyzed (repcr” tr'ly) 

and then applied to another Sephadex G-100 column. After 

standardization it was feund th~t the approximate average mole­

cular weight was 3<*,200. (The protein could just be detected in 

this cobc).

Prior to this determination, the absorption spectra the tuc 

fractions were determined. These turned out to be identical 

te that of fraction 13 of L. umbratus (see fig. I4* for com­

parison).

At this stage virtually nothing of the proteins was left, and 

the study discontinued. See p 39 for summary and comparisons.

i*.2.3 Barbus holubi separation

The fish uBed in this case came from the Hnrtebcespoort D-m
38/*»•••••••



Provincial Fisheries Department and were obtained in the corly 

spring. On paper clectrophoresis, the patterns were identical 

to those reported earlier. Grl electrophoresis, however, 

showed a difference in the area of fraction 12. In the patterns 

reported earlier (sec p 28 ) oi<ly one prominent band 12 was 

always present. In the case of the fish now used, 3 very close­

ly associated band*? werti present. This difference io shoin in 

fig. 21 where it can be seen that fraction 12 it now c diffusa 

band and not n prominent peak. The rest of the patterns wtjic 

identical to those reported earlier and possible reasons for 

this variation are discussed on pi*5 . (In the case of the 

mudfish, fish caught at the same locality end season were used 

for dll studies.)

f- ig. 21 also shows the results obtained by Nr.^SO^ precipitation 

of thr; plasma proteins. These are more complicated than in the 

cose of the previous fish species. Ten percent (10;>) 

precipitated fractions 1, 2 and 3 and flattened peaks 5 and 7 

in the case of the paper electruphoretogram. Fourtetn percent 

(!«♦*), 13Jc and 22/> flattened those pecks more and 26;-

precioitated everything except puiks 6 and u. In the case o> 

gel electrophoresis the tendency to flatten i3 also noticed 

and with 26> Na^SC^ it is found that only fractions G, 12 

(3 bands) "ind 17 are left.

The fish usei. wuro relatively small, although sexually mature 

(350 g) and it was therefore decided to pool the plasma trcrri 

U fish. T' from u;ich fish was fir3t run on g e l s  and!

these prove- idonticol. Four (<*) ml of plasma w e r , then

............
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procipiteted with 1S% NagSO^ and applied to n larg r Sephpdu.x 

G-100 column (93 cm) than used previously. The caution pa tern 

obtained la shown in figure 22 and it can he seen that the 

separation ie not much better than in the case of tho other two 

fish using shorter columns. During the elution, it was found 

that the tubes containing inaction 8 absorbed strongly at <*C5 

nm. This important point is discussed on page .

The tubes containing fraction 12 in partially purified form 

were pooled, the sample dlnlyzcd and f ruez-3-dried (yield - ID,5 

my). The sample ues then age,-in subjected to isci-cleetric fo­

cusing in n pn gradient of 5 - 8. The elution pattern and ^ei 

patterns so obtained ore shown in figure 23. Fraction 12 (3 

bands) was found tu hove an isc-electric point of 5,81 and 

fraction 17 an iso-electric point of 3,8 (not measured accuratr- 

l y ) .

Approximate average moliiculai weight determination ncnordinn 

the Andrew's method showed that fraction 12 (3 bands) had 

v/pli.e of 55,500, and fraction 17 a value of 89,100. The frac­

tions obtained from the isu-electric column were then again 

placed c>n 5% polyacryl^..,j.i □ gels containing 0,1'^ S.D.S. after 

dialysis and freeze-drying, fto differencoswere observed when 

compared to the distances moved an normal gels.

<4.2.4 SUMMARY

Table 12 summarizes the relevant results on the 3 fish soaci; s 

studied. Prtc pitation with 26;* Na^SU^ gave very s'nilar "l-

0/.....



ault3 cxcept in the. case of B. holubi where an additional frnc- 

tian, no. 6 , was not procipitstcd. The fractions studied were 

wox'v similar in distance moved in the guls for the two mudfish 

species and the average ircltcular weights ur re again rery simi­

lar. An interesting point here is fr-ction 16 Df L. caponnis 

which had on iso-o\octric point of 5,41. Barbus holubi pro­

teins had characteristics different from those of the mudfish 

and S.D.b. hod no effect here. In the case of L. crpcnsi-i 

a profound effect was seen which indicates that dimer r'ormrtinn 

is passible and probable in these proteins. The absorption 

'>p3Ctr3 for the three fish proteins were identical.

From the present results, it r,.;ems that L. capensis and L. 

uMbratus ire very similar in both electrophoretic pattern nc1 

in the characteristics of some of their fractions. C.. Qc.riep~ 

Inus and B. huiubi each have their uu,n patterns and in thu cr.st 

□f B. huiubi. fraction characteristics. At this stage it is 

a)so posrible to r e that equating of a fish pattern of the 

species studied witn that of the human and cpnlying the nomen­

clature of the latter, would not be a very profitable techninue

(see p 25 )•

PISCLiSSIOf'

The uioi'k of Bouch and Ball (1966) conclusively shows thct the 

method of capture has on important effect on the plasma prot-in 

pattern, components ?.nd concentration. Inter c Un, they shower; 

that tnc plaamr, protein concentration starts decreasing within



GO minutes after capture nnd this downward trend i3 maintained far 

at least 300 min. (termination of the experiment). . Hattingh 

(1973) also showed that in at least the mudfish and yellowfish, 

plasma hemoglobin concentration is high after cspturo and this 

high level is maintained for at least two weeks after capture.

This is probably auo to hemolysis (shock-reaction?). It is there­

fore of vital ImDortance in this kind of work to state the method 

of capturc and lo use only animals that hove in no wny been in­

jured. The fish so obtained should then be kept for rt least twu 

wesks in aqu-ria in the laboratory to overcome the emotional 

stress and other influences of capturc.

The fish used in this study were all OLtnineri by nettino and blood 

was either obtained immediately on capture or after a delay of at 

lenst 2 weeks. The plasmr protein patterns so obtained i>erc iden­

tical. The variations observed in the various fish (see p28 ) 

were present in blaed obtained by either method nnd it can be 

assurr.od that the mothudB rjf capture and transportation give re­

liable results although a certain amount of experimental error is 

definitely still present.

The method of taking bluod also merits some discussion, tiledemey .r

(1970) has shown that MS-222 is a powerful stressing agent fcr

fish and many of the affects of this suastance have not bee’'

clearly elucidated up to date. The doses used in this study f * H '

into the range suggested (Klonts and fmlth, 1968) but more work

is necessary to be ob1 a to strtc definitely wnether MS-222 h::s

or has not on effect en the plasma proteins. The fish were

found to be sedated enough for cardiic puncture by the dosage

usua but it must be borne in mind that a certain amount of ngl-
^2/ . . . . . . . .
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tatien is clways present in netting fish and this affect cannot be 

eliminated,

Cardiac puncture is tfcgain a recognized technique for obtaining 

blood in fish (Klontz and Smith, 19S8) and it has been stressed 

that small syringes should be usod due to the fact that excessive 

negetivc pressure causes hemolysis. The plasma used in this 

study was always inspected for hemolysis and if present, the 

sample was rejected. A certain amount of hemoglobin is however 

always present (see p 43 ).

The anticoagulant used in this study (heparin) uns found to bu 

very effective and th:> syringes were only carted with this fluid. 

In tho esse of the barbel, however, this technique was found not 

to be very effective and a small amount of heparin was added to 

the blood (this was later corroc.. i for). It iB a well known f-ct 

that fish have a very ropidly activated blood clotting muchaniism 

(Uulf, 1959) and this is again apparently related to the dogrc^ 

of agitation (Klontz, 1967).

From the foregoing, it is evident that c fair amount of inherent 

oxperimental error is still present in the techniques for obtrin- 

ing fish bluod and also that the influences of anaesthetics, 

anticoagulants, agitation, etc. hnvu not yet been clearly eluci­

dated. These factors influenced the results obtained to a un­

known extent.

Variations in the hematocrit value seem to be a characteristic o''

43/*



fishC9. Young (1949) for instance, found that rsjpouted henrto- 

crits on individual fish (cpsleye) during several months showed 

tnat the values always become lowered when a fish lost, appetite 

or become supposedly disensed. Sane (irSO) found an influence of 

gonad development on the hemrtocrit of both sexes of rainbow trout. 

The values reported in tables 2, 4, G and 8 also show a large 

variation and this could not be correlated with weight, length 

or reproductive activity but the male fish had higher mean values 

than the females except in the case of L. umbratu3. Seeing that 

within one species nil the animals were cnught in the same donaon, 

the latter can therefore also not influence the hematocrit. Diet 

could be 3 possible factor seeing that it is not knejn to what 

extent the trout pellets given were appreciated. It is alao known 

that the hematocrit correlates well with the hemoglobin concen­

tration in thosu fish (Hnttingh, 1973) but not with the red blr:d 

cell count (unknown for C. garieplnus). Mare wur> is therefore 

needed to elucidate these problems fully. At present it can only 

be said that in L. crspensls. 9. holubl and C. qorieplnus tho maloa 

usually hove higher hematocrit values than the females, but the 

effects, if 3ny of age season, activity and captivity nrt unknown 

in these fish, r i to thr lprge individual variations the dif­

ferences between males and females ore of doubtful value.

The variations observeo in the plasma protein concentrations r.lr-:c 

9Qom to be a fish characteristic. In the case of L. capensis 

anfl C. qariepinus the values were again hic.n ? in the males than 

in the females; in the cnao of L. umbratus. the females had 

higher values and in case of B. holubi no differences were ob-



sorved. Due to the u-jry large individual variations, the dif­

ferences observed were not statistically significant and these 

differences are therefore again of rather doubtful value. Various 

factors could influence the plasma protein concentration. In the 

first r ^ce, the diet during captivity iB of i -portance. The work 

of Summurfelt et al (1967) shows clearly thnt this factor influen­

ces the concentration and components. As has been said before, it 

is not sure to what extent the trout pellets were eaten, and some 

fish might net hove be^n fully nourished. In thu second place 

nge might influence the concentration (Sana, I960) ns well as 

disease (Fujiyn, 1961). As f ir ns couid be seen, only healthy fish 

were used in this study nut this factor is of obvious importance 

dUL to the fact that minur injuries due to capture nnri transpor- 

tation could h,.;vo induced mild infections. In tna third piece, 

the stage of sexu-1 activity is known to influence the concentr - 

tions (Thomas and McCn.mncn, I9f,0. I\lu correlations could be 

found here but this micht have been riue te thu relatively onrll 

numbers of fish investigateu. If •- hundred or more of c'ch specie’, 

were used, this influence niyht nave come to light. A fourth 

Factor is pollution. Even in South Africa , a.- important frct.r 

in designing an experiment, is to obtain an "unpolluted fish’.

No work has been done on the influu.ice of pollution or tiie fish 

plasma proteins (ris far us is known to the author) and It is alt.«' 

nnt knuwn to what extent the water in which the fish were caught 

(veriou3 localities) was polluted. The water was certainly not 

clean and thia factor would in -'11 probability influence the 

concentrations.

<♦5/......



Dub tc the fact that the fish from the various species wure rll 

caught in the same season End locality (except see pp 3 7 rnti 65 j, 

theBe factors could not havi. had any influence an the variations in 

concentration. These factors du influence the concent- tion 

(Mairs end Sindermnn, I960; Saito, 1957) end it would be interest­

ing to repeat same of this work on similar fish obtained from 

other localities and then to seu whether thq individur’1. variations 

now occur at n higher or lower ir.uan value. A seasonal variation 

would pmbnbly be associated with b saxunl vnrietio- m> ur- 

greator numbt-S of fish u£>ulci then have to be used.

It 1S rlso known that temperature has an effect on the concentration 

(Meianer and Hickman, 196") -<s well as the st.-'s of the lire cycle* 

(Sano, I960). The temoerature in the waters whert the fish were 

cnught ranged botuean 13 - 16°C and the fish were all mature.

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

case.

From the foregoing it is evident thnt except for diet, pollution, 

age and sex which might hove influenced the concentration*, .he 

plasma proteins of ell four species investigated varies ansic^;- 

r&blv and this c u lIc! -ot be correlated with body weight end ,.engtf . 

In goneral it can be concluded that this individual variation id r 

characteristic of fishes and this agrees with the work of Tauyiwi 

ond Roberts (1965). Mulcahy (1970) and others U « a  table 1).

Conoerr ino the paper electrophoretic patterns obtained on the four 

species It is claar from fig. 9 that each species has a character­

istic pet tarn diatinquisnble from the others. The two mudfish

spdeios have very similar patterns but differ sufficiently fur
<♦6/.
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identificfititin (number of fractions and relative mobilitiee). - r- 

toln similarities are also present in the patterns of L. cajjensis,

L. umbratus and C. aarleplnus but the pattern of 9. holubi. is Jis- 

tinct. The paper electrophoretogrnm c m  therefore be U3ea as r 

means of identification of these four species but !n not sensitive 

enough for routine analysis of plasma within one species (sec 

later). As has nlso beer said on p 2U the application of the 

human nomenclature to fish blood is not advisable although certain

similarities uxict (see p 28 >•

The variations observed in the percentage protein of the various 

fractions of the paper electrnphoretogram, is interesting. The 

same factors which influence the plasma protein concentration (sne 

above) persumablv influence the pattern obtained on electrophoretic. 

It is therefore extraardanary that no correlation could be found 

bctwean the patterns and sex, sexual activity end body weighs ^nd 

length. As in t*. case of the protein concentration, pollution, 

age, diet ant laeosa probably influence the protein concentration 

ot the various fractions, but wrs not elucidated in this study 

(see aoovo for references).

Tho additional fractions observed in the pattern* of C. c^ie^inus 

nnd L. umbratus were probably due to slight experimental dif­

ferences during different experiments, and also during the scim. 

vun (different areas of the popar). In the case of L. umbrrtuc, 

of the ani»r,l8 studied showed these fractions (see table U 

rnd in this cast cornu other influence (experimental or environ­

mental ) is prui< work.

<♦ 7 / .........
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Far routine analysis of the plasms protein,pattern polyncryl^midc 

gel electrophoresis was found to bo superior to paper elGctrapho- 

resis (Thompson, 1967). The comparative summary in fig. IP shows, 

that from 19 to 22 compononta were obtained by the methad (compare 

with the 8 to 10 components obtained with paper electraphorcsis). 

The similarity in the patterns Ere obvious from fig. 10 but erch 

P'tttern is specific enough for each species to be used as a means 

of identification. Even in the case of the two mudfish spccias 

investigated the patterns ^re in p way distinct (number of f a c ­

tions and mobilities).

The fnctors discussed uarlier thnt could influence the percent*^, 

protein of thu various fractions ",nd the tctnl plasma protein 

concentration (see p 43 ) would .jrasumnbly show up better in thic 

method of separation. Especially in the case of 0. holubi whore.

3 bands were observed In "bmd 12" in fish caught at the Provincirl 

fisheries and only one1 b^nd in fish caught at Uillicrs, season -nti 

locality could have had an influence. It should also be term in 

mind that Saitu (1 9 5 7 ) showod th~t the patterns from wild rnri 

hatchery reared fish differ. Here again factors such as diet, 

Sujxu^l activity, pollution pnd age might have had a pronounced 

effect but were unfortunately not controlled in this study. The 

relative numoers of fish used, were also small (Mrirs and Sinden- 

nnn, 1960). !ta sexual differences in the patterns were observed 

nnd this corresponds to the work of Summerfelt et al (1967) but 

differs from thrt of Thomas nnd McCrimmon (1964) and Saito (1950).

It is possible that this variation is only found in certain 

species af fish. Due to the fact that the nets used were f»irly

48/ . , ...........
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selectivu concerning length rnri thus also size, only fish of r~i;'- 

tively similar dimensions were caught and this eliminated sexu'lly 

immature fish. The- age variations were however nGt influenceC.

The major vnriatiuns observed in the polyacrylamide electrophoretic 

patterns r« shoun in fig. 2, 4, 6 and £ could also have been dir to 

experimental differences and not purely due to the factors dis­

cussed in the previous paragraph. Plate 3 shouts the gel pattern? 

of L. capensls plasma proteins and it c^n bo seen that similar 

fractions do not exactly correspond (this is also observed in s.-me 

of the other gels). This was due to shrinkage of some of the gels? 

after prolonged storage (they weic only photographed after del y 

of gome weeks). This variation was never observed in fresh gels 

and seeing th"t they were immediately scanned after destaininq, this 

cannot explain the major variations. Another factor to be burn, 

in mind is thnt the major variations were also found in blood from 

different animals during the same experiment (8 samplea run t the 

same time). The same applies to the additional bands observed in 

some fish as tabulated in tables 3 , 5, 7 and 9. It therefore seemc 

that these variations are reel in some cases probably a polymor­

phism (Barnet and Tsuyuki. 1967) or due to an uncontrolled or 

unknown environmental factor (Roberson et el, 1961; Scito, 1957; 

Shell, 1961 and Thomas and McCriiwnon, 196U).

From the foregoing it can ngtin be concluded thnt gel electropho­

resis is a valuable tool in both the separation of plasma proteins 

•nd identification of closely related fish species (L. en p t n ^  

and L. umbratus). Each of the species investigated has " ch r c -  

terittic pattern but variations do occ-ir within n framework.
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'Compared to some of the published pottGrns of fish plasm-’ or sc.rum 

proteins (fig. 2U) it can also be seen thot the four species in­

vestigated hove chnmeteristic patterns genernlly in line with 

reported results.

The scheme introduced by Howe in 1923 for the precit trtion of 

plasma proteins formed the basis of ^nc of the systems of nomen­

clature applied to these proteins. (Pennel, 1960). By using dif­

ferent salts, vrrious proteins u'ere precipitoted and according to 

c syBtem using Nn.,50^, the proteins still in solution nfter pre- 

cipit tion with ?2 N^SO^ were classified ns albumins. It is m l  

possible to obtain highly purified products with this met.h J enc: 

it should only be used as the first step prior to chromatographic 

separation (Putnam, 1965). From fins. 11, 17 ”nd 21 it is cltr r 

*hst the different snlt concentrations used did diminish somr; of th, 

fractions in nil three fish studied, but only a few of these were 

entirely removed. A further point is th. 26* N r pSO^ was fount* t. 

be nure effe:tive than 22A Na?SOu in the crse of ^e fish. .In 

the c ’se of ox blood done as n control, the same applied - v» riw.. 

fractions were completely precipitated, ethers were diminish nd 

after 22/u Na^SO^ ore-ipitrtion, it was not only the albumin j~nri 

that remained). According to the classical scheme then the frac­

tions remaining in pi smr -fter the 22, precipitation are albumins 

This would then not agree with anather nomenclature, that of 

Tiselius, in which the albumins have the highest electrophoretic 

mobility in n restricted P** iPutnnm, 1955). It can be seen fr m 

tfe mentioned figures thnt t M s  is not the c..se nd this nomen 

clature i>. wherefore not applicable.
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It could ‘ic argued that the colurns used in the cesg of L. cr pcnsis 

and L. umbratus far aeporatinn of the protox.is after precipitation, 

mere too short. The separations achieved wore reasonable and in 

the cnsr? of 9. holubl where a much longer col n was used, the same 

degree of separation was achieved. If coluvis of 100 cm in length 

with Sephadex G-200 were used, better separation would possibly 

have resulted. After p. further sup ration step, eithei preparative 

gel electrophoresis or isu-electric focusing or both, the frrctions 

obtrined were completely separated t'rum each othnr in the case or 

L. umbr-'tus CfiQ. 13) and L. capensis (fig. 20) but not in the cr :aa 

of B. holubl (fig. 23 - fraction 12). This latter protein cnuld net 

be separated into 3 individual components by the methuds used.

Mahler and Cordes (1968) point out that several criteria ere neces­

sary beforu a protein is pure: crysta.llinity, solubility curves, 

ultracuntrifuge studies, electrophoretic studies, otc. The critgrium 

usod in this study wr9 onlv the presence of one band on gel clcc-
*

trophoresis and it can thf;refore not be said that any of the frrc- 

t i om isolated were definitely pure.

The method of approximate average molecular weight determination 

according to Andrews* 1b known to have a experimental error of 

approximately ten percent (Andrews, 1965). It 19 also known th t 

the pugar content of the proteins influences the results cbtainui . 

Anthrone determinations done on samples of the gnmll amount of 

protein rv^il^ble after separation were negative. It can ther..- 

fore be concluded that the. results summarized in tnble 12 concur 

ing boIbcuIp- <•*. ght arc correct within ten percent.

The ronge .cp_rte*J for tiie moiecuirr weight ut alb^in in the lite­

rature is from 65.00U (rot) to 70,000 (equine)(Putnam 1965). Th,
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