Fean

Fluid Protein Number of
Spocics m::n concen=- Methods froctions Remarks Reference
1 e d tration
Y. 9
Mudf'ish P 3,84-4,56 } Polyacrylamide 20 Marked differences Hattingh, 1972
Barbel P 5,76 gel and Lowry 17 Between S and P
Tilapia P bh,72 22
Salmon P 6,6 - - Season and spawning ‘obertson gt al, 1961
activity lowers the
valuc
Mackerel 5 5,6 Paper electro- 7 Season and culter Saito, 1957
Carp 4,8 phoresis influence value
Goldfish P 3,6 Coclorimetry - No sexual difference Summarfelt et al, 1967
Carp - 3,9 - - Starvation csuses Sorvechov, 1957
reduction
Salmon 8 - Psper electro- 5 Increased temp. Meisner end Hickman, 1962
phnresis decreascs A/G ratio.
Photoperiod ro effcct
Rainbow Trou* P - Biuret. Paper 5 Method of capture and |Bouch and Ball, 1566

electrophoresis

shock influcnces value
of protein asnd frac-
tions
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3.1 Animels

The fish used in tt s stugy were all healthy and sexually matura
animi.ls. They were either netted in various areas of the Vaal
River or obtained from Provincial Fisheries in the same season
(see tables 2, 4, 6 and 8). At the slightest sign of injury

due to capture or transportation, thc fish were discarded. In
some casns blood was immediately drawn as the fish left tho
water, and in other cases the animals were transported the
laboratory in large oxygen supplied tanks and left for tuwo
weeks in sguaria in the laboratory at room temperature (s
gb1 ). The temperature difference between river and aguaria
was minimal and all fish used were acclimatized to temperatures
of .P - 219C. The fish which were kept in the aguaria werc fed

on trout pellets.

In tables 2, 4, 6 and 8 the sexual stage of the fieh is indi-
cated with a number after the sex. After blood wae drawn the
the abdomen was opened and the sex determined. If the fish woe
in a prespawning, spawning or postspawning condition this wrio
indicated with the numerals 3, & or 5 respectively. In all
other cases (without numerals) the animals were in a resting

condition.

The weight of the fish was determined with a Mettler P 11

balance and the length measured was the forklengthe.
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3.2 Plaseg proteins

Prior to sampling of blood individual animals were anaesthetizod
in agueous tricane methanesulphonate (MS 222 - 75 mg/L). Blood
samples were than collaétad by cardiac puncture (Klontz and
Smith, 1968), drawn up slowly in 5 ml syringes (containing e
film of heparin - 5,000 units/ml). The fish were agitated =s
little as possible. In the case of the barbel it was found

necessary to add s little more heparin then usual.

Plasma wos obtaingd by centrifuging the blood in a Christ micro-
centrifuge at 15,000 r.p.m. for 3 min (199,00 g). The fluid so

obtained was immcdiately amalysed.

3.2:1. Plaemg protein content:

The plasma protein content wee detcrmined according to the

mathod of Lowry gt al (1951).

3.2.2 E;gctroghorgeig

(a) Celluluse-acotate elec trophoresis

For paper electrophoresis, a Beckman micraozone chsmber was
employed using cellulose-acetate papar. This eguipment
was powered - by o Beckman Duostat. Diethylbarbiturate
buffer wae used at a pH of 8,6, ionic strength 0,075.
Plasms samples of 1 u 1 were used. All runs were for

1 h el s constert voltage of 250 V and a: a starting cur-
rent of 3,5 mA and terminal curren. of 9,5 mA. Ihe cloc-
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trophoresis pspers were stained with Poncesu S and dried in
the customary manrer. They were scanned with a Beckman

Densitometer R110 equiped with an integrator.

.(b) Polyacrylamide gel electrophoresis

For the other method of electrophoresis, an Acrylophor
slectrophoretic chamber was employed using 5% pulyacrylamido
gels (see p20 ) and applying 3 - & y 1 of plasma. This
chamber was powered by a Pleuger powerpack and the sanploc
were run for 25 min. at 80 V and then for enother 35 min.

at 160 V in Trie-glycine buffer, pH 8,5. The gels werc
stained with amido black, destained in the customary menr.r
in 5% scetic acid and scanned in the same Beckman Densito-

meter.

In both cases the electrophoretic fractions were assignod
numbers in order of increasing mobility. Human blood was

treated in the same way for comparison.

3.2.3 Separation and related aspects

In the case of Labeo umbratus, Labeo cepensis and Barbus halubi
one fraction (from the polyascrylamide electropharctogram) was
chosen and attempts were then made to obtain this fraction in

pure form (see p 32 ).

Initislly salt precipitation with sodium sulfate was carricc
out "er 3 hours at 37°C. The selt concentrations used werc

11%, 14%, 18%, 22% ant 26%. This method is according to the
17/......‘..
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scheme of Howe (1923 a and b) and the salt was added to 0,5 cc
plasma tc give the required concentration. The various mixtures
were then subjected ©o alaétrophoraais to see the offect.
Control experiments were petformed to see the effect of this
high temperature on the pattern of normal blooo and it was found
that the patterns bcfore and after the three hour exposure wore

identical.

Precipitation with 26% sodium sulphate was found to be the most
effective (see p 32 ) and 3 cc. plasma from all three fish were
subsequently precipitated with this concentration. After 3
hours the suspension was spun down in a Sorvall refrigerated
cantrifuge at 30,000 g for 10 min. and the supernatant liquor
was subjected to one or more of the following separation

procedures:

(a) Preparative electropherssis (Shandon), on 5% polyacrylenide
containing 0,1% S0S. Tris-glycine buffer, pH 8,5, was uscd
both for electrophoresis and for elution (seperation
aschieved at 350 V and 30mA). Elution was carried out ot
0°C at 12-15 ml/h end was recorded with a LKE Uvicord re-
corder at 254 nm. Fractions of 2ml each were collecter
with a2 refrigerated Ultrorac fraction collector. Absorbanc
of all fractions obtained were also read in a Perkin-Elmcr
spectrophotometer at 260 wnd 280 nm. 25 u ¢ of the fracticnc
obtained were run on 5% polyacrylazmide-gel electrophorcesis

for analytical purposes.

(b) Chromatography on Sephadex G-100 equilibrated with Tris-
HCI buffer, pH 7,5 and 0,05 M, Coluon sizes were 2,5 x
37,% em; 1,5 x 65 cm and 2,5 x 93 cm respectively for the
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(c)

% W

mudfish, yellowfish and barbel. Elution and recording
were carried out as in (a) above. The s3ame columns werc
used for approximate average molecular weight determino-
tiors according to the method of Andrews (1965) using
analytically pure albumir (Fraction ¥) cytochrome C,
vitamin 812' alchohol dehydrogenasc and blue dextran tc

.

standardize the columns (see p 35 ).

Isoelectric focusing carried out in a LXR 7010 electro-
focusing column uging e linear 0-50% sucrose donsity
gradient andfX8 ampholine of pH range 5 - 8 at a concoen-
tration of 1%. The column was maintuined at 0°C and cloc-
trofocusing waes carried out for 72 hours at a potential of

700 v.
After completion of el ctrofocusing, 2,0 ml frections worc
again collected and resd. pH was measured with n Radiometor

model 25 pH meter to en accuracy of 0,02pH units.

After separation and visualization of the fractions, thu

aliquote centeining the desired protein wore pooled anc

dialyzed ageinst scveral changes of distillied water at 6°c.
The samplc so obtained was freeze-dried in o Virtis frooz..
Son

drie. and weighed on a Mettler 5 decimal place halancc.

Absarption specctra of the proteins were obtained on a Por-
kin-Elmer spectrophotumeter and the titration curve of 2
Labro umbratus proteir. was performed on a Radiometer titri-
graph and autoburette ABU 13, using 0,01 N NaOH and RCl.

Minor experimental details will be described in the various

sactions.
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3.2.4  Chemicals.

All chemicals used were analytically pure (A.R.) end most
were cbtained from Merck. The MS 222 used was chtained
from Sandoz. The ampholine used for isc-electric focusing
was obtained from LKB and the albumin, cytochrome C,
Vitamin 312‘ alcohol dehydrugenase and blue dlxtr!ﬁ used

for standardization of the columns, from Seravac.
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L. RESULTS

4.1 Cellulose-acetate and polyecrylamide gel glectrophoresis

Preliminary experiments werc performed on both methods to dotor-
mine the exact times necessary for proper separation (within
the limits of the technigue) and it was found that 1 hr wes
adequate in the case of paper electrophocresis et 250 V. 1In

the case of gel electrophoresis, 25 min.at 80 V and 35 min.

at 160 V sufficed. In the latter case it was slso found nccco-
sary to seec the eiect of the concentiaticn of acrylamidc on
the separation and experiments wa.e rerformed with 3%, 5%, e,
10%, 12%% and 15% gels. Typicel results so obtained orc shoun
in plates 1 and 2. The 3% gels presented o diffuse picturc in
the case of some bands and it wes found that thc 5 gel showed
o well defined pattorn with good resolution All subsequcntl

studies were thereforc performed on 5% gels.

4.1.1 L. copensis glectrophoresis
w

The fish used werec all cought in the Vaal River (Barrage)
except for 2 which were obtained from = locality down river
(villiprs). On paper electrophoresis, the plasma separated
inte 10 componente. Toble 2 summarizes oll the dota obtained
on 22 fish snd an immediate observation is the big variations
in both hematocrit and plasma protein concentration. A con-
gant pattorn was obcained on glectrophoresis which is shown
on figure 1. Variations in the percentage protein were ob-
sorved in various fractions, especially in fractions 5, 7 and

9. These variations could not be correlated with length,
21'/.......



weight, sex or hematocrit (see table 2). Compered to the prit-
tern of the human (fig. 1), it can be seen that different
mobilities are involved and care should thersfore be applicd in
naming the fractions of L. capensis after the human nomenclo-
ture. It might indeed be r~gued that ibhe patterns are very
similar and that the fish one is not as expanded as thet of
the human., Fractions 2 and 3 would then represent gomma glo-
bulins and fibrinogen; fractions &4 and 5 the betaz globuling;
fraction 6 the beta1 globuling; frections 7 and 8 the alphr:1
and alphaz globuline and fractions 9 and 10 thoc albumins. In
iater sections (p28 ) this argument shall be shown to be in-

curract.

From table 2 it is clear that the major fractions present ara
5, 6, 8 and 9 and they rupresent a mean of 7,94, 6,94, 4,33 ond

4,59 mg/ml protein respectively.

In the case of polyacrylamide electrophoresis, « more compli-
cated picture wes obtoined. Plate 3 shows the typical pattorne
obtained with that of the human on the left. This is again »
fairly constant pattorn but variations arc gvicent in the nid-
dle third of the pattern in the percentage protein of verious
fractions. This variation is illustrated more clearly in

fig. 2 and table 3. The "normal" or "gtandard"® pattern is tho
full pattern in fig. 2 and the prominent peaks are 3, 2, 6,

9, 13, 18 and 20 - 22. The veriations arc found in poaks

13 - 16. In 2 small percentage of fish two prominent pesks,

13 and 14 sre found and in isolated cases an extre peock 16 is
22/'..'...



observed. In otbgr cases, no pesk 13 is present, but = hosk
14. The differences between prominent peak 13 or & ang wlso
between 13 and 14 (if both are present) from diffarent Fish,
might be due to small differences in experimentul) techniquo
(variation in pH) but on the other hand, these might indeed
represent different fractions. The various peoks werc numbored
according to their relative mobilities and not according to

the distance moved and it would seem thot these are indeed dif-
ferent patterns in differcnt fish within one spocies (divferant
protein cuncentrations). These varintions could not bes cor-
related with length, weinht, sex nor homotocrit and wes alsn

not reflected in the paper electrophoretogram.

Plate 1 Polyacrylamide gel electrophoresis of L. capensis plasma.
from left to right the gels are 3%, 5%, 73%, 10%, 12¥%, and

15%. The best resolution was obtained on the 5% gel.
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Plate 2 Polyacrylamid: gel electrophoresis of C. gariepinus plasma.
From 1eft to right the gels are 5%, 734%, 10%, 123% and 15%.

The best resolutions were again obtained on the 5% gel.

Plate 3 Polyacrylamide gel electrophoresis of L. capensis plasme
compared to that of the human (left). Major variations are

found in the middle third of the pattern.
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hulparinnn te that of the human again shows thot very fow
similarities aru present. Fraction 18 of L. copunsis alwsys
cantained the larpest amount of protein (tablc 3) and this
could therefore represent an elbumin if the pattern of the
human is considercu (human albumin contains tho most amount nf

protein - Putasm, 1965).

Finally mention should be mede of the fact thot somz fish
contained additional swmall fractions not present in the "ston-
dard" electrophoretogram. These froctions are shown in table 3
and it can be seen that they rcpresent o smnll amount of protcin,’®
This could agein be due to experimental technique (sce pug for
a full discussion of this) or could alsc bc definite additional

fractions.

L. umbrotus clectrophoreeis

The fish used were again nll obtained from the Vaal River.
Paper clectrophoresis yielded £ fractione and tablc & summerizus
all thc data abteincd from 16 fish. A big varigtion in hema-
tocrit : d plasma protein concentration is agein evident. A®
constent pattern was obtained on paper electrophoresis and i
shown in fig. 3. In 300 of the animnls, fractions 2 snd 5 so-
parnted into two and this is depicted as fractions 2a and 3a in
table &, (see next section). The major fractions present werc
fractions 3, & and 7. No correlation botween varistions in
percentasge protein and the sdditional fractions on the ono hond
and length, weight, sax «or hematocrit on the other could he

obtained.
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In comparison to the human pattern the same arguments concerning
nomenclature can be applied as in the previous section. This
will héunver not be done due to arguments outlined on p 51

of the giscussinn. Comparison of the mudfisi> e~tterns and

those of the other two fish species is nede onp 28 .

On polyscrylamide electrophoresis 21 froctions were obteined
Plate & ond fig. & show these results. A falrly constant
pattern wes obtained. The "standerd" pattern is agoin the
full pattern in fig. & and the prominent pecks ave &, 7, 9,
13, 18 and 20 (talbe 5). Less variation is found here than

in the cese of L. copensis but pesks 13 to 15 are mgain variec-
ble. In some ceses two pecks are observed, a 13 and a 1k or

a 13 and 2 15. Peak 13, however, is prescnt in all caeses. In
some caucs the double poek pattern is reflecied in the papor
electropherogram with the additionsl fractions 2a and 30 but
this is not so in 2ll ceses. It is therefore not possible to
refer to any peek in the paper clettropherogrem as being re-
presented by a particular peek in the gel electropherogram ar
vice versa. The variamtions observed could agein not be cor-

releted with any varisble in tsble %.

There is little correlation between the pattern of L. umbrotus
and that of the humen except that peak 18 might again be re-
garded as @ albumin due to the fect that it contains the largest
smount of protein. In the cese of L. umbratus only one ad-
ditionsl fraction not present in the "standerd" electropho-
retogra’ was observed snd thot was 8 peak 102 in the case of

fish l4. (table 5).
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It should be mentioned that numerical correlation of frections
of the different fish is not possible due to the fact that
different relative robilities zre involved. The patterns for
L. umbretus and L. capensis are very similer but fractions 10
have relative mobilitios of 65 and 67 respectively. Othar

small differences exist and shall be pointed cut en p 28 .

Plate & Polyacrylamide gel electrophoresis of L. umbratus lasma
compared to that of the human on the left. Major variations

are again found in the middle thirc of the pattern.
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L.:.3 Clarizs garisepinus electrophoresis

The fish used in this case were obtained in the sarly spring
from the Lowveld Provincial Fisheries Department. Paper elec-
tropnoresis yielded 8 components with only one case of an
additional fraction - fish 3 which had a fraction 5a (see
table 6). As with the previous animals, wide variations ir
the plasma protein concentrations sno hematocrits are cherac-
teristic (table G). The constant pattern obtained ie shown in
fig. 5. The major hands present were 3, &, 5, 6 and 8 and the
biggest amount of variation was also observed here. As with
the previous fish, no correlation could be obtained with this
and the other variables. The comparison with the human is in-
deed striking here, except for the gamma globulins and fibrinogaen.
Frection B also contains the greatest amount of protein and
this is then o significani pocint when compored with the other

fish species (see p 28 Je

The results obteined with polyescrylemide gel electrophoresis is
ghown in teplz 7, plate § and figure G. The variation in the
percentage protein of existing frections is more pronounced in
the case of this fish than in any other species investigated.
The varintion is mostly in 7ractions 14 to 19 as shown in fig.
6. In the standard pastiern the prominent fractions are 3y By

9, 10, 16, 17 end 20 and 21.

Fraction 21 again contains the greatest amount of protein and
similorities between the barbel and humen plasma are evident.
No additional small fractions were observed as in the case of
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the othar fish and the last fraction (22) migrated less then

humen albumine (In the mudfish this wae not the case.)

L.i.4 Borbus holubi electrophoresis

All fish used were ohtained from the Vaal River in the winter.
Nine components were found on paper electrc~*oregsis. Table 8
and fig. 7 shows the rosults obtained. As with the previous
fish, wide varistions in plasma protein concentraticn and hemo-
‘ocrit are evident. The 9 fractions obtained were more con-
stant than in the other fish snecies and no. & fraction wes the
only nne to show n wide varietion. The pattern is difficult to
equate with that of the human and the prominent pesks are 5, ©,
7 and 8 with the latter two having the greatest percentage

protein.

Polyacrylemide electrophorssis yielded s rather standard pet-
tern with only one bend, no. 15, which showed the variation elso
found earlier. Table 9, plate B and fig. 8 show the results
obtained. The prominent peaks are 3, &, 8, 12 and 17, Fraction
17 contained the greatest percentage protein and this festure
is therefore constant in ell species exemined. Only one ec-
ditions) frac*tion was observed, e fraction 7a in fish 11

(table 9). Migration of the last fraction in this case wes

also leas than in the human.

4a1.5 SUMMARY

At this stage a summary of the main results so f. -~ repor*ed

would be sppropriste. Table 10 summarizes the rgsults o~ ihz
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paper electrophoresis of the 4 fish species investigated. Carec
should be taken in equating the fractions of L. umbratus with
that of the ogher fish due tc the fzct that fractions 2n and

2b found in 30, of the fish investigated, have been incorporated
into the table (see p 69 ). Figure 9 compares the electropho-
retic patterns and it cen be seer that the two mudfish specics
have very similar patterns, with that of L. umbratus expandec
more than that of L. capensis. The parbel and yeilowfish have
characteristic patterns of their own which are rather different

from that of the mudfish.

£ Polyacrylamide electrophoresis of C. geriepinus plasma

compored to that of the human on the left. Major

variations are found in the middle third of the pattern.
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Plate 6 Polyacrylamide glectrophoresis of B. holubi plasma
compared to that of the human on the left. In the middle

third of the pattern the variation' is evident.
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Fraction 8 of the bartel is charactsristic in that it conteins
the greatest percentage protein (fraction with greatest rele-
tive mobility). The yellowfish fractions migreted less then
that of the other fish. In the case of L. copensis and L.
umbratus, fraction 5 and fraction 3 respectively contain tha
greatest percentage protein and in the yellowfish frection Ge
The characteristic wide variations in hematocriv and plasme
protein concentration are shown in table 10 end it is evident
that L. capsnsis contains the highest and B. holubi the lowest

plansma protein ccncentrations.

Table 11, plate 7 and figure 10 summarize the results obicined
on gul electrophoresis. Only "standard" patterns are prescnted.
As was the case with peper electrophoresis, the patterns of

L. umbratus and L. capensis ere here agein very similer. The
vaiations observed sre also similar (see figures 2 and &). Tn
all four cases (figure 10) a relatively immobile fraction (1)

is found ond the lest prominent oesk in nll four cases con-
tains the greatest percentage protein (L. umbratus end L. capen-
sis, no. 18; C. gariepinus no. 21 and 8. holubi na. 17). B.
holubi anu C. garispinus last fractions migrated less than

that of the other two species. Closer inspection of fig. 10
will show that the prominent peaks in all four cases are very
similar in distance moved except peak 16 and 17 in the case

of C. gariepinus. The similarity in the curves are more

striking here than in the case of paper electrophoresis.

Finally, it is mentioned again that no correletion between tho
variations observed in thz electrophoretic patterns and the

other tabulated variables was found. 32/
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