. ADEX-ACRYLAMIDE

number of

techniques for the high resolution separation of

protein mixtures have already been developed.
welude isoelectric focusing

omplex These
for pl determinations, and

rophoresis on various types of gel media, such as poly-
wwrylamide, agarose and starch gel.
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All of these techni-
and separation media are discussed comprehensively by
wordon (1975). Surprisingly, little consideration seems

» have been given to the modification of the resolving

such techniques by the incorporation of other ma-

into the original medium, which may then change the

basis of the separating proces:; and thereby result

. better separation of the proteins. As was pointed out
fore (see Section 1.2

2), electrophoresis i1n acrylamide gels
itaining agarose has been described (Uriel, 1966),

vhysical

but the
solving power was not significantly different from that

the conventional acrylamide gels. The additior of Am-

holytesto acrylamide has been described and vwsed by ~otbol
19 and others with great success. Sephadex has al:~

n used as a medium for electrophoresis by Whiteh.:l e:
(1971) and Johansson and Rymo (1964).

performed isoelectric focusing

sl e
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in layers of granulated
using Sephadex and Biogel.

the newlv developed sephadex-acrylamide gel described in
“hisg study, Sephadex G=25 (Superfine) is used primarily as
mechanical stabilizer for low concentration polyacrylamide
rels. Because of the low concentration of acrylamide in the
jephadex-acrylamide gel, separation of the proteins (at pH
:,6) is achieved primarily on the basis of molecular charge,

which 1s to be expected in low concentration polyacrylamide

rels (Chrambach & Rodbard, 1971; Johansson, 1972), A gure

nolyacrylamide gel at such a low concentration is, however,

practically impossible to handle. By determining sectional

trogen and monosacharide concentrations of the sephadex-
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of the latter being 4,7 for human albumin (White et al,

1968). Further studies are required to elucidate the factors
responsible for this condition in the present results, since
they appear to indicate that other factors besides pI may also
contribute to the electrophoretic mobilities of proteins in

sephadex=-acrylamide gels.

When using body fluids such as aqueous humor and CSF, which
have a very low protein concentration, a constant current
was applied during electrophoresis. This was done because
at constant voltage the upper albumin bands »f aqueous
humor and CSF corresponded to the lower plasma albumin
separated under the same conditions for the same animal.
When applying constant voltage, the current through each
gel varied depending on the resistance of the protein sam-
ple and individual gels. With a low protein concentration
(low resistance) the current was higher and the proteins
migrated further.Thus it was found that when electrophoresing
diluted plasma samples, the albumin migrated further than
those of undiluted plasma under the same separating con-
ditions. Therefore, it does not mean that the upper albu-
min of aqueous humor or CSF is different from that of plas-
ma, since its relative mobility is the same as that of
lower plasma albumin. It was also found that the agueous
humor or CSF albumin band stained wit.. BCG, indicating

that it is the upper albumin. When applying cunstant cur-
rent, the upper albumin bands of agueous humor, CSF and
plasma migrated to the same position under the same condi-
tions.

When using sephadex-acrylamide gel for the separation of
body fluid proteins of various animals, the results showed
that a higher degree of protein resolution could be ob-
tained than when conventional means of acrylamide gel
electrophoresis is applied. Another advantage of this

gel is that it is not time consuming for the estimation of
21 of proteins (at pH 8,6) and, as with the polyacrylamide
gel, only small volumes of proteins are required, a factor
which may be important when valuable or expensive specimens
are used.
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The greatest disadvantage of the gel 1is that it is very

soft and easily stretched, which causes difficultv in handling.
Because it is opaque, conventional scanning is impossible
whilst this characteristic also renders accurate photo-

graphy difficult. In addition, the visual resolution of

the proteins is poor in comparison with that of acrylamide

gels.

However, by doing CIE, it could be seen that all the proteins
were present in the sephadex-acrylamide gel and also that
they can be quantitated by this method, since the area
enclosed by the precipitate is proportional to the antigen
concentration. This of course, only applies when the
"rockets" are run to completion (Clausen, 1971). Several
experiments were performed with varying ratios of antigen
to antibody during the 2,5 hour CIE. The optimum ratio was
used where the "rocket" peaks were fully grown during the
2,5 hours. At higher ratios the albumin "rocket" had
migrated off the agarose plate while at lower antigen/anti-
body ratios the "rocket" peaks were too small for meaning-

ful comparison.

4.2 HETEROGENEITY OF ALBUMIN

Albumin is one of the most comprehensively studied proteins
mainly due to its ready availability in relatively large
quantities. Reports indicate that human serum albumin, apart
from its well known heterogeneity in the low pH range (below
pH 4)wnich results in alteration from the normal form tec a
faster migrating form (N-F transition; Foster, 1960 ; Foster
et al, 1965), may also be heterogeneous electrophoretically
(Graber et al, 1960; Reinek et al, 1963), chromatographi=-
cally (Janatova et al, 1968), isoelectrically (Reis & Wetter,
1969; Spencer & King, 1971) as a result of aging (Rosenoer
et al, 1277) and also due to various physical manipulations

such as dye binding, drugs, decay of fluorescence
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and others (Peters, 1980). This, however, is

not the classical condition of bisalbuminemia, but may be a
transient phenomenon, A question that has often arisen, is
whether human serum albumin is heterogenous in vivo or
whether the observed heterogeneity results from preparative
techniques. Electrophoretic and immunoelectrophoretic
studies on normal human serum (Laurell & Nil&hn, 1966),
would seem to suggest that it might contain more than one
species of albumin. The only reports of two distinct albu-
min fractions under normal conditions are those by Merler

et al (1962) and Rotbol (1970), beth of which studied
urinary albumin, A multiplicity of albumin bands using a
mixture of ampholytes having varying isoelectric points, have
also been demonstrated by Kaplan and Foster (1971), Reis and
Wetter (1969) and Wallevik (1973). Valmet (as quoted by
Rosenocer et al, 1977) attributed this resolution mainly to
fatty acid contaminants in the albumin, finding a distinct
difference in pI between fatty acid-containing and fatty
acid-free albumin components, but others have not observed

such significant effects. b

The two distinct albumin fractions obtained with SAGE of

the body fluids studied here seem to be two species of mo- ég
lecules with the same molecular masses differing from one ﬁ@

another only in PI, the lower albumin having a lower PI
than the upper albumin. This was previously also proposed
by Rotbol (1970), reporting a second urinary albumin with

- a lower pI as determined on acrylamide gel containing

Ampholytes at pi 3 to 10.

l From results obtained with the isolated lower albumin (human)

1 as compared to BSA, the hypothesis is put forward that the o)
| lower albumin may be an unbound albumin, i.e. one which is i
a carrier molecule but is not loaded at the time of investi- Qé
gation (see section 3.1.4.1). The physiological importance i
of these observations lies in the possibility that the cir- fﬁ
culating albumin concentration may be underestimated by dye-

binding assays, as can be seen from the results obtained with

SN "N
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BeG (see Table 2).

It has been shown that interstitial fluid has a rela-

tive higher concentration of the lower a 'umin as compared
to the upper albumin than has plasma (see section 3.2.2.3).
It would seem reasonable to assume that interstitial £luid
albumin contains relatively more unbound albumin than does
plasma, due to the nutrient requirements of the tissues,
and that the lower albumin therefore represents an unbound
molecule or one which is bound to metabolites. These
suggestions are, however, not conclusive and further studies
are necessary in order to ascertain the functions and
characteristics of the lower albumin.

The ability of the lower albumin to combine with dyes such
as Amido Black, seems to be much more variable than that of
the upper albumin (final staining intensity). After
staining with Amido Black it would appear that the lower
albumin is less concentrated than the upper albumin. How-
ever, in doing CIE, the upper and lower albumin can be shown
to be of equal concentration when the rockets are run to
completion, proving that Amido Black does not stain both
types of albumin tc the same degree. It was also

found that the lower albumin does not bind at all to dyes
such as EBcG, BpR and BpB. The effect of BpB added tc plas-
ma before SAGE seems to be dependant on the final BpB con-
centration (Section 3.1.3). Presumably, at high concentra-
tions of BpB all of the upper albumins are bound to BpB,

L e &

IR NP










136.

thawirng of frozen plasma has an adverse effec. .1 the phy-
sical and biochemical properties of plasma proteins
(Pensinger et al, 1959; Schultze & Heremans, 1966}, For
this reason, the plasma samples used in this study were
divided into a number of alicuots of small volume kefore
freezing. When needed for experimental purposes, an ali-
guot of plasma was used and then discarded. 1In this way the
same plasma sample could be used repeatedly without repeated
thawiny and freezing thereof. It was established that plas-
ma or serum samples kept frozen were not adversely affected,
regarding protein concentration or electrophoretic separation
pattern, for periods of up to 18 months.

The results obtained with plasma, sampled from various ani-
mals, all revealed a double albumin fraction after SAGE.

In all cases the albumin was represented by a single band

cn PAGE. An exception was horse plasma where at least two
major albumin fractions could be observed, as well as a

few minor fractions with greater mobilities on the acryla-
mide gel (Fig. 19). However, during SAGE only the characte-
ristic double albumin fraction could be demonstrated. An
explanation of these results at present can be, at best,
speculative and by no means conclusive. It mayv possibly be
that the different protein fractions observed in horse
plasma on acrylamide gel in the albumin region, are indeed
all representative of the albumin component. The continuous
nature of the albumin rocket peaks enclosing the more mobile
protein fractions in the albumin region (see Fig. 20) proves
that these fractions are albumin. Polymorphism of horse
plasma albumin has been demonstrated by several workers
(e.g. Osterhoff et al, 1974), but the reason why polymorphism
of the horse would PBe indicated during PAGE and not for
sheep (polymorphism of sheep albumin as indicated by Tucker,
1975), or cattle (Osterhoff, 1968), cannot be explained.

In the context of the results obtained with SAGE where the
albumin component consisted of two major fractions only,

it would appear that the lesser fractions observed on the
polyacrylamide gel are species of albumin molecules similar
to the major albumin fractions in pI, but differing in

molecular mass.

I A AR ——
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This heterogeneity of albumin was also verified by cr sed-
immunoelectrophoretic studies. From these results it became
clear that the phenomenon of albumin variants was not species-
specific nor was it restricted in its distribution amongst

body fluids within a species.

Body fluid protein concentrations determined in this study
were found to compare favourably with those reported in the
literature, with few excertions. The protein concentration
of 79,7 + 0,76 g/1 for bovine plasma reported here is in
agreement with the 75,0 + 5,8 g/l reported by Kawamura et
al (1974). Conversely, a much lower protein concentration
of 41,0 g/l was reported by Pappenheimer and Soto=-Rivera
(1948) for bovine plasma. Plasma protein concentraticn of
the pig (69,3 + 5,5 g/1) was found to be similar to the ave-
rage 67 g/l reported by Cartwright et al (1948). Similarly,
a plasma procein concentration of 75,6 + 2,75 g/l for the
horse strongly supports a previous report of 75,3 + 1,6 g/l
(Kirk et al, 1975).

Gibson and Segal (1975) reported a plasma protein concen-
tration for the dog of 72,8 + 2,6 g/1 which is substan-
tially higher than the 50,6 + 0,84 g/l reported for the i

same animal in this study. However, plasma protein concen= s

trations for the dog of 49,0 + 6,0 g/1 (Vreim & Staub, o
1976) have also been reported and compare favourably with [ﬁ
the results of this study. The plasma protein concen= jﬁ

tration of the cat reported here (63,0 + 5,3 g/l)was also

found to be in agreement with the 63,5 + 4,8 g/l reported

by Schultze et al (1972). Similarly, the rabbit plasma

protein concentration reported in this study is well within
the range of values reported in the literature for the same
animal (see Table 14). A protein concentration of 2,6 + 1,64 4
g/l for rabbit CSF was found in this study and is in agree- "
ment with the 2,9 g/l reported by Cserr et al (1972). These !
results indicate that the protein concentration of 0,3 g/l 5@
for rabbit CSF reported by Davson (1967) is not represen=- ii
tative for the species.
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De Lanne et al (1958) also reported an increase in the albu-
min concentration during muscular activity, while Poortmans
(1971) reported an increase in both albumin and globulin con-
centration.

it was reported by McAlpine et al (1971) that changes in the
electrophoretic pattern of plasma proteins from physically
untrained humans occurred in the/B ~globulin region folluwing
physical exercise. In this study, however, similar results
could not be obtained with the polyacrylamide gel medium,.

No difference in electrophoretic banding patterns of the
plasma proteins before and after exercise of either physi-
cally trained or untrained subjects could be demonstrated on
this gel medium. However. by determining the % composition
of each protein, moxe conelusive results weculd be available.

The results oktained with SAGE, appear to be of more interest.
n marked increase in the lower albumin of the physically
untrained subjects after exercise was found to occur. A
similar significant change in lower albumin during exercise
could not be demonstrated for physically trained subjects.
Seen in the context of the characteristics of the lower al-
bumin reported elsewhere in this study, it would appear that
loading of the lower albumin (unloaded) was more complete

in the physically trained subjects, thus explaining the in-
cyeased lower albumin (unloade .) in the untrained subjects
after nhysical exexrcise (see also Section 4.5).

4.4.1.2 Field conditions

Resnlts obtained on the blood parameters of athletes partici-
pating in strenous physical exercise under field conditicrs,
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An increase in plasma protein concentration after mus-
cular activity has been reported by Ebert and Stead
(1941), Bojanovski and Filip (1956), De Lanne et al
(1958), Tiblin et al (1966), Haralambie (1969),
Poortmans (1971), Tibes et al (1974), Maron et al (1975),
Senay and Fortney (1975) and Noakes and Carter (1976).

FmC T

This increase in protein concentration could be due to a

e s

filtration of watexr out of the vascular bed (Barcroit &

Kato, 191%5; Landis, 1231; Kaltreider & Meneely, 1940; Ebert

& Steed, 1941; Nylin, 1947; Adolf et al, 1947, Holmgren, 1956;
De Lanne et al, 1958; Saltin, 1964; Kozlowski & Saltin, 1964;

[
|
L

Ekelund, 1967a). Tissuc breakdown has also been hypothesized
to be the cause of an increased plasma protein concentration
(Poortmans, 1971). Thus the interstitial fluid volume
increases and this will lead to an increased lymph flow
(Rusznyak et al, 1967) containing extravascular protein that
has been shown to exist in considerable amounts in the

R e R R e I A e L

cutaneous tissue spaces (Schultze & Heremans, 1966). Con-
seguently the delivery of protein to the vascular volume

by way of the iymph ducts would increase (McCarrell,1940).
In this study, however, no significant changes in plasma
protein concentrations could be demonstrated.

More extensive studies are necessary in order to satisfac-
torily explain the anomalous results.

As was the case with physically trained subjects under labo-
ratcry conditions, no definite change in electrophoretic

banding pattern of athletes during physical exercise could
be observed on either acrvliamide or sephadex=-acrylamide gel.

The plasma albumin component of athletes was represented
mainly by an upper albumin (during SAGE),with a less
prominent lower albumin which was either unchanged or

slightly decreased after the race. In one case (subject
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Probably the most significant result of this study, is the
separation of albumin into two distinctly separate subfrac-
tions. On the basis of the results obtained here, attempts
were made to determine a few of the characteristics and
functions of the more mobile albumin subfractions. The
results of several experimental approaches indicated that
the two so-called albumin subfractions are indeed character-
istic albumins, although they differ in some respects.

By means of CIE it could be shown that the two albumin sub-
fractions are present in plasma at approximately equal con=
centrations. It was also shown that the two albumin sub-
fractions were immunologically related, préducing a uniform
continuous "rocket" with two distinct pcaks in CIE. Dye=-
binding studies have also revealed that, in spite of their
similarities, the lower albumin does not Linc certain dyes
(e.g. BcG and BpR), as does the upper albwrin. These re-
sults indicate that albumin concen.ration cetexainations ba-
sed on dye-binding studies, should be approached ~itionsly,
as the presence of a lower albumin component oull :ause
underestimation of the total albumin concentratior by this
method of assay. The reasons for the lower albmuin not
binding to certain dyes can be no more than speculative at
this stage. If the lower albumin is an unpound form ol the
upper albumin, it is conceivable that binding to fatty acids,
hormones etc. caused conformational changes in the protein
molecule, thus eapocing smecific binding sites for the dves

involved.

Evidence was also obtained that the lower albumin subfrac-
tion was associated with the erythrocytes,probably with the
outer surface of the cell membrane (Section 3.1.4.1). It

has previously been shown that crystalline bovine albumin,

as well as human albumin, kirndns to the cell membrane of

fresh red blood cells (Williams, 1973). The precise nature
and extent of the interaction between any given concentration

of either human or bovine serum albumin in the intact erythro-

cyte membrane depends upon the chronological age of the cell
concerned (Williams, 1973). Thus from these results it would
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