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Brdic¢ka described a catalytic reaction at
the dropping mercury electrode (DME) pro-
duced by certain amino acids, polypeptides
and proteins dissolved in a cobalt-containing
buffer of suitable pH(1). This reaction has
gained considerable significance and has
found application not only in clinical diagno-
sis of malignancies and other diseases but
also in biochemical studies of native and de-
natured proteins(2).

Most workers have reported currents in
millimeters of deflection of a galvanometer
with unspecified sensitivity and characteris-
tics of their DME were not defined so that
an accurate evaluation of their data and their
comparison with those obtained by others be-
comes impossible. According to Miiller(2)
the only satisfactory method for reporting
results is in terms of current density, ex-

pressed in microamperes per square millimeter -

(pa/mm?) of electrode surface. This obvi-
ously requires accurate knowledge of current
and of surface area of DME, but it is applic-
able to any single measurement.

The purpose of this paper is to report re-
sults of our studies in pure normal human
plasma protein fractions such as albumin,
gamma globulin, ceruloplasmin and transfer-
rin. Master curves relating current density
to concentration for various proteins giving
rise to Brdi¢ka reaction are proposed in this
paper. Effects of temperature and alkaline
digestion on wave heights for each protein
fraction were also studied.

Methods. Ultracentrifugation studies were
carried out in a Spinco model E analytic
ultracentrifuge.! Initial concentrations for 4
protein fractions, namely, albumin, gamma
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08013-02, a grant from American Cancer Society
T-353, U.SP.HS. Grant No. HE-07995 and the
Children’s Leukemia Foundation of Michigan.

t Beckman Model E Analytical Ultracentrifuge,
Spinco Division, Palo Alto, Calif.

globulin, transferrin and ceruloplasmin were
49, 3.0, 2.2 and 3.5 g% respectively. These
samples were run in 3 different dilutions in
normal saline and S rate was calculated for
infinite dilution. Protein concentrations were
determined by the biuret method(3).

Serum protein fractions. Human albumin
was prepared by starch block electrophoresis
(4). The front half of the albumin was re-
moved, eluted, dialyzed, and lyophilized prior
to use. Crystalline transferrin was prepared
by Dr. K. K. Inman, Department of Public
Health, Lansing, Mich., according to a meth-
od previously described(5). Ceruloplasmin
and gamma globulin were obtained by large
scale methods of preparation (Cohn fraction-
ation) by American National Red Cross
(courtesy of Dr. J. H. Pert). Purity of mate-
rials was determined by ultracentrifugation,
immunoelectrophoresis, and starch gel elec-
trophoresis. Albumin and transferrin sedi-
mented as single peaks and on immunoelec-
trophoresis (Fig. 1 b, d), these two materials
gave single precipitin arcs with a horse anti-
serum directed against whole human serum
(Pasteur Institute). On starch gel electro-
phoresis, each material contained a main com-
ponent and a minor slower migrating compo-
nent as shown in Fig. 1 e, f. Minor compo-
nent of albumin represents a small amount of
a polymer (possibly dimer) as previously
shown(6,7). Minor component present in
transferrin preparation represents most prob-
ably that fraction of transferrin from which
sialic acid was cleaved by natural sialidases
(8).

Both ceruloplasmin and gamma globulin
afforded a major and a minor peak by ultra-
centrifugal analysis. The materials were
found homogeneous by immunoelectrophore-
sis (Fig. 1 a, c), but heterogeneous by starch
gel electrophoresis (Fig. 1 g, h). All pure
preparations of ceruloplasmin prepared by
the method described above contain a number
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FIG. 1. Immunoelectrophoretic and starch gel electrophoretic patterns of albumin, gamma
globulin, transferrin and ceruloplasmin: a & g — ceruloplasmin, b & e — albumin, ¢ & h-—gamma

globulin, d & f — transferrin.

of polymers as previously shown(6,9). Gam-
ma globulin preparations obtained by the
Cohn method usually show the presence of a
small amount of aggregated material.

Polarographic methods. Surface area of
mercury drop was determined by the method
of Miiller (2). The height of the mercury col-
umn was kept at 80 cm and the size of the
capillary tube! was such that the mercury
drop time averaged 2 to 5 seconds.

For each 9 ml of DiCo buffer (1.6 X 10—3
M CoCly, 0.1 N NH,CI and 0.1 N NH,OH)
used, 1 ml of 1 N ammonium hydroxide was

} E. H. Sargent, Chicago, IlI.

added just before use to assure minimal loss
of ammonia. Nitrogen was bubbled through
the solution to expel atmospheric oxygen, be-
fore adding the protein. The protein was then
added and nitrogen bubbled for a few sec-
onds. The pH of the protein solution in
buffer was 9.5.

Each protein was dissolved in normal sa-
line and diluted to make a 5 g% solution.
Protein solutions were polarographed repeat-
edly at time intervals to check the difference
in result, if any, due to the lapse in time be-
tween the start and finish of a series of de-
terminations. The effect of temperature on
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the polarographic tracings of the buffer blank
and each protein solution were recorded at
2°,23°, 37° and 60°C.

The polarogram was recorded immediately
after addition of each protein solution by
means of a Sargent! model XX polarograph
between applied voltages of —0.8 to —1.9 v.
In each phase the sensitivity of the polaro-
graph was adjusted to produce maximum
height of the curve for each protein. For each
protein concentration tracings were obtained
at 2 sensitivities. Current density was calcu-
lated from wave heights and sensitivity of the
galvanometer and expressed as pa/mm? sur-
face area of mercury drop. The tracings were
obtained at room temperature (23 =+ 1°C)
except when the effect of temperature was
studied. A blank buffer wave was always re-
corded at 2 different sensitivities and proper
correction for protein wave height made each
time.

The polarographic curves for L-cysteine in
DiCo buffer, between the concentrations of
1 X 10-%to 1 X 10—* M, was obtained in a
manner similar to that described above.

The alkali digestion was performed as de-
scribed by Miiller(2). The protein digest was
polarographed in 10 ml of the standard DiCo
buffer open to air. An undigested protein so-
lution to which water had been added in ex-
actly the same proportion was used as con-
trol. The catalytic waves were expressed in
pa/mm? surface area of the mercury drop and
plotted against time on a semilogarithmic
graph paper.

Results. Polarographic tracings for each
protein fraction were reproducible under the
conditions of our experiments. In some pre-
liminary experiments, polarographic tracings
were obtained initially and one hour after ad-
dition of protein solution to the buffer, at
room temperature and at 2°C. No change in
the tracings was observed.

Fig. 2 shows the effect of temperature on
the polarograms. The first wave was higher
at room temperature but at 2°C the second
wave was greater, thus exhibiting the “cross-
ing effect.” Suppressive effects of ceruloplas-
min and transferrin on cobalt peak at 2°C
were markedly decreased. Both waves showed
a slight shift towards positive potential, as
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FIG. 2. Effects of temperature change on polaro-
graphic tracings of differnt protein fractions. The x -
axis (E—) represents the change in applied voltages
of —0.8 to —1.9 v during the polarographic tracing
and the y - axis represents the wave height (cur-
rent). The protein double waves have been marked
1 and 2 in the Figure.

temperature increased. In cases of cerulo-
plasmin and transferrin the first protein wave
could not be distinguished at 60°C.

-Fig. 3 & 4 present the master curves for
the two waves in the 4 protein fractions. In
most dilute solutions of albumin, gamma glo-
bulin and transferrin, both protein waves,
seemed to overlap each other; however, as
the concentration was increased beyond 10—°
M/liter, the curves were distinct and charac-
teristic for each fraction. Ceruloplasmin
showed differences from others even in more
dilute solutions. The first wave in ceruloplas-
min became gradually indistinct as the con-
centration was increased until it disappeared
at 4 X 10~% M concentration. The cerulo-
plasmin second wave showed similar phe-
nomena and disappeared at 2 X 10— M con-
centration. Generally speaking, the current
density of each wave increased with increase
in protein concentration up to a certain point
beyond which an increase in protein concen-
tration was accompanied by a decrease in the
wave heights. Fig. 4 also shows the curve for
L-cysteine in DiCo buffer. No limiting height
for the current density could be reached even
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with an increase in hundred-fold concentra-
tion of L-cysteine.

The results of alkali digestion test are pre-
sented in Fig. 5. Within the first few minutes
following digestion, wave heights of albumin
increased and subsequently showed decrease
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FIG. 3. Master curves relating current density to
protein concentrations for protein wave I.

FIG. 4. Master curves relating current density to
protein concentrations for protein wave IL. The
master curve for l-cysteine is also presented in this
Figure.

FIG. 5. Change in current density ws time follow-
ing alkaline digestion.

with increase in time of digestion. Initial rise
in wave height following digestion was pres-
ent in other fractions also but not as promi-
nent as in albumin and in case of gamma glo-
bulin the change was very minimal. How-
ever, all fractions showed a decrease in wave
heights as digestion was prolonged, such that
a straight line could be drawn through the
points when the wave heights in pa/mm? sur-
face area of mercury were plotted against the
time of digestion in minutes on a semiloga-
rithmic scale. From this one could obtain T
145 for “molecular decay reaction” as de-
scribed by Miiller(2) for each fraction. Each
protein fraction gave a typical value for T 5
as indicated in the Figure. These half lives
were the same for the first and second protein
waves of each fraction.

Discussion. Until recently separation and
purification of plasma protein fractions have
been very difficult. Previous workers study-
ing the BrdiCka reaction used human sera and
only a few reports describe studies on pro-
teins obtained by Cohn’s fractionation tech-
niques(2). Human sera represent mixtures of
various proteins; therefore, results of such
studies cannot be regarded as specific for any
proteins. The techniques of our protein frac-
tionation yielded pure material; therefore,
studies on these gave characteristic results of
Brdicka reaction.

The underlying reaction of the catalytic
current is complicated and not well under-
stood. It is believed that this involves a cata-
lytic reduction of hydrogen ion from the co-
balt containing buffer to which protein is
added(2). Cystine and cysteine give single
waves in DiCo buffer with peaks at the same
potential at which the second peak occurs: in
the protein-containing solutions. Most in-
vestigators believe that this wave is due to
the presence of SH and SS groups present in
the protein(1,2). If one compares the rise in
the curves of the human protein fractions and
of cysteine in Fig. 4, one finds a close paral-
lelism in dilute solutions. One may therefore
speculate that perhaps a fixed multiple of SH
groups in each molecule of protein is acti-
vated. However, when the concentration of
proteins increases beyond 3 X 107% M this
parallelism no longer remains valid. These
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curves suggest protein-protein interaction at
higher concentrations of the proteins.

The result of the alkali denaturation test is
interesting. Each protein fraction gave a spe-
cific T 2% for “molecular decay reaction.”
Both protein waves were affected in similar
fashion, indicating that decay reaction in-
volved molecule as a whole. Activation reac-
tion for albumin, however, revealed differ-
ences between two waves indicating that this
probably concerns different places on same
protein molecule. Similar observations in va-
rious Cohn fractions and plasma albumin ob-
tained from different species have been re-
ported in the literature(2).

Summary. The polarographic characteris-
tics of pure protein fractions appear to be
specific in nature. These techniques therefore
could be utilized as useful tools for studying
normal and abnormal serum proteins.
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Differentiation of Muramidase and B-Lysin. (31046)
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B-lysin and muramidase (lysozyme) are 2
bactericidal substances found in the sera from
a variety of mammalian species. These two
substances have numerous similarities which
make them difficult to differentiate but which
separate them from bactericidal antibody-
complement systems. Both g-lysin and mu-
ramidase are lethal for Gram-positive species
in contrast to the antibody-complement sys-
tems which are primarily bactericidal for
Gram-negative organisms. They are also less
specific than antibody in their bactericidal
spectra. B-lysin and muramidase resist in-
activation at boiling temperatures for short
periods of time; whereas, complement is read-
ily destroyed by heat. Furthermore, it has
been demonstrated that B-lysin can be sepa-
rated from both antibody and complement by

* Supported by USPHS Grant AT 01171 and career
program award 5-K3-AI-22, 162, Nat. Inst. Allergy
and Infect. Dis.

Seitz filtration of serum(1). Data will be pre-
sented indicating that this is also the case
with serum muramidase. Early evidence in-
dicating that B-lysin and muramidase were
probably different substances was obtained by
Myrvik and Weiser(2) who demonstrated
cytologic differences in the appearance of
Bacillus subtilis exposed to egg white mu-
ramidase and to rabbit serum. Their obser-
vation that the destruction of the bacterial
cell was more complete with rabbit serum
than with egg white muramidase could be
due to the combined effects of serum g-lysin
and serum muramidase. Much of the evi-
dence to be reported demonstrating that these
substances are different was dependent on the
discovery of purification techniques for g-
lysin(1) and the subsequent production of
neutralizing anti-g-lysin serum(3).

Materials and methods. Rabbit 8-lysin and
anti-rabbit-3-lysin were prepared and as-



