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Zone Electrophoretic Studies of Proteins and Glycoproteins of Bovine

Serum and Synovial Fluid.
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The electrophoretic patterns of bovine se-
rum and synovial fluid were determined as
part of a broader study in the human. The
scarcity of information concerning bovine syn-
ovial fluid glycoproteins prompted this report.

Methods. Undialyzed samples of serum or
synovial fluid were subjected to electrophore-
sis at room temperature, on Whatman 3 mm
paper, 3 cm. wide, in barbital buffer of ionic
strength 0.075, at pH 8.6, for 16 hours at a
constant current of 0.6 milliampere/strip.
The Spinco model R series C, paper electro-
phoresis apparatus was used. After oven dry-
ing at 110°C, for 15 minutes, glycoproteins
were additionally fixed to the papers and
cleared of buffer salts by a wash in absolute
alcohol. Paper strips were dyed for proteins
with amidoschwarz 10 B dye and for glyco-
proteins by a modification of the periodic acid-
Schiff technic(1). The dyed paper strips
were analyzed in a Spinco model RA densi-
tometer, using Wratten filters No. 58 and 22
for proteins and an interference filter with
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maximal transmission at 561 mu for glyco-
proteins. Synovial fluids were digested by
140 turbidity reducing units of bull testicular
hyaluronidase at 37°C for 1% hours prior to
electrophoresis to remove the viscous anomaly.
Weight of protein applied to each paper strip
was equivalent to 10 microliters of a 4.5 g/100
ml solution of protein. For glycoprotein de-
terminations 30 microliters of serum and 50
microliters of synovial fluid were applied to
the paper. Protein concentration was deter-
mined by biuret method and protein-bound
hexose by modification of the anthrone tryp-
tophane reaction(2).

Material. Serum from 13 cows was ob-
tained immediately after slaughter. Synovial
fluid was aspirated from third joint of fore-
leg at the same time. In eight animals bi-
lateral joints were aspirated making a total of
21 specimens of synovial fluid. This material
was obtained through the courtesy of Hormel
Co., Austin, Minn.

Results. Table I describes the mean pro-
tein and glycoprotein patterns of 13 bovine
sera. Mean values from 13 human control
sera are included for comparison. There was
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8.08 = .64 g of protein and 124 + 12 mg of
protein-bound hexose/100 ml of bovine serum.

e &% Alpha 1 and alpha 2 globulins were only infre-
- - quently separated by the conditions of elec-
trophoresis used. There was 3.37 = .29 g of
oo <+ albumin, 1.19 =+ .10 g of alpha globulin, 1.23
“ a -+ .15 g of beta globulin and 2.28 =+ 49 g of
\ gamma globulin/100 ml of bovine serum. In

o7 < eeR e

& c\w comparison to human serum, bovine serum
contained significantly more beta and gamma
globulin, significantly less albumin and es-
B5° S sentially the same concentration of alpha
globulins. The marked increase in gamma
globulin accounted for the higher bovine se-

v o’ rum protein.

The protein-bound hexose of bovine serum
(124) was significantly higher than human
T o serum (100) but the mean bovine hexose/
- protein (PR) ratio of 1.53 == .12 did not dif-
fer significantly from the mean human value
© o o of 1.42 «+ .12. The distribution of protein-
aF E er bound polysaccharide in bovine serum was
s similar to human serum with slightly less al-
@1 g 29 bumin polysaccharide and slightly more alpha

g globulin polysaccharide.
§ Table T also describes the mean protein and
oc B x» glycoprotein patterns of 21 bovine synovial
-2 7 fluids. There was 1.80 &+ .66 g of protein
g and 36 = 11 mg of protein-bound hexose/100
=a g Sk ml of b.ovine synovi:'il ﬂui('i. The protein con-
s R centration of synovial fluid was only 229 of
the serum protein, but the synovial fluid had
a higher relative concentration of albumin
i pel (50%) and a lower relative concentration of
gamma globulin (219%) than the comparable
12 o9 g fractiqns in serum (alb.umi'n—'42%f gamt.na
globulin 28%). The distribution of bovine
synovial glycoproteins was essentially com-
12 on W parable to serum glycoproteins but the failure

to distinguish the alpha 1 and alpha 2 zones
may have masked significant differences be-
o oo o1 tween fluid and serum.

- ° The mean hexose/protein (PR) ratio of bo-
vine synovial fluid (1.98 = .46) was signifi-
cantly higher than bovine serum (1.53 = .12)

82 L RO . o

g = indicating preferential permeability of one or
more glycoproteins.

. o Comment. The electrophoretic pattern of

g‘{i gg bovine serum (or plasma) has been studied

in a few animals by moving boundary electro-
phoresis using a variety of buffers(3-5). Con-
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siderable variation in these reports resulted
from differences in technic, with albumin rang-
ing from 38-43% and gamma globulin from
11 to 28%. In a large series of 51 Devon
steers, Brandish ez al.(6), using moving boun-
dary electrophoresis in a phosphate buffer of
pH 7.5 and an ionic strength 0.18, noted al-
bumin to comprise 46.6% . alpha globulins
14%, beta globulins 8.9% and gamma globu-
lins 30.5% of a mean serum protein of 7.0 =
.5/100 ml. They noted that albumin re-
mained relatively stable in their normal bovine
population with a mean concentration of 3.2
¢/100 ml while total serum protein varied with
changes in gamma globulin. The thirteen bo-
vine sera studied. in the present report, had
an albumin concentration of 3.37 g per 100
ml with a higher total protein (8.08) which
related to an increase in gamma globulin.

Hesselvick (7). using moving boundary elec-
trophoresis, demonstrated hyaluronic acid.
albumin, beta and gamma globulins in equine
synovial fluid. Subsequent investigators(8)
have shown alpha globulins to be present in
bovine syncvial fluid and have measured
higher relative concentrations of albumin and
lower relative concentrations of globulin in
synovial fluid in comparison to serum. The
results of the present report are in accord with
these findings.

Neubaus et al.(9) eluted the alpha, beta
and gamma globulins of bovine synovial fluid
after electrophoresis on starch and measured
the protein and hexosamine concentration of
each fraction, ncting an increase in the hexosa-
mine/protein ratio of the fluid in comparison
to serum. The increase in the hexosamine/
protein ratio was predominantly in the alpha
globulin zone and was considered to result
from the preferential permeability of seromu-
coid. The present report supports the finding
of a relative increase in the glvcoproteins of
synovial fluid as compared to serum but does
not offer evidence as to the identity of this gly-
coprotein(s). Neuhaus(9), other(10), and
the present authors were not able to readily
separate the alpha 1 and alpha 2 globulins of
bovine serum and synovial iluid.

Summary. 1) Zone electrophoresis of 13
bovine sera yielded a mean concentration of
337 = .29 g (42%) albumin, 1.19 + .10 g
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(15%) alpha globulin, 1.23 = .15 g (15%)
beta globulin and 2.28 =+ .49 g (28%)
eamma globulin /100 ml. Serum protein-hound
hexose was 124 mg/100 ml or 1.53 =+ .12%
of the mean serum protein concentration of
8.08 g/100 ml. Zone electrophoretic separa-
tion showed albumin to contain 7 =+ 4%,
alpha globulins 51 =+ 6%, beta globulins 23
+ 49% and gamma globulins 20 = 5% of the
protein-bound polysaccharide. 2) Twenty-one
svnovial fluids from the same animals had a
mean concentration of .90 + .27 g (50%) al-
bumin, .24 + .08 g (14%) alpha globulins,
29 = .10 g (169%) beta globulins and .37 &
A1 g (21%) gamma globulin/100 ml. Syno-
vial fluid protein-bound hexose was 36 =+ 11
mg /100 ml or 1.98 =+ .46% of the mean syno-
vial fluid protein of 1.80 g/100 ml. Zone elec-
trophoretic separation showed albumin to con-
tain 10 # 5%, alpha globulins 49 + 8%,
beta globulins 28 + 5%, and gamma globulins
14 + 49 of the protein-bound polysaccha-
ride. 3) The synovial fluid had relatively
more albumin (50%) and relatively less
gamma globulin (21%) than serum (albumin
429%, gamma globulin 28%) and a higher hex-
ose /protein (PR) ratio indicating preferential
permeability of albumin and one or more gly-
coproteins. Alpha globulins were not sepa-
rated into alpha 1 and alpha 2 zones.
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