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and spleen were enlarged but the lungs were usually free from gross
lesions. Caseation never occurred in the avian infections.
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We have investigated the nature of the relationship between cal-
cium and protein in blood serum and other protein-containing fluids,
using the frog-heart method, previously described,* for direct estima-
tion of calcium ion concentrations, and have accumulated evidence
concerning the hypothesis® that there is a substance, like citrate, and
other than protein, which binds calcium in serum and other fluids of
the body. When purified electrolyte-free serum proteins (beef) are
dissolved in solutions of approximately the electrolyte concentration
of the serum, calcium combines with the protein in a manner analo-
gous to that previously described for citrate.* The combination rep-
resents an equilibrium between protein, total calcium, and calcium
ions, and this equilibrium may as a first approximation be described
by the mass law equation

Cat+ Prot™

m [——[—C]ai.fr[m—]] —K
in which

Ca** = calcium ion concentration—mols. per kg. water.

t Prot® — base combining capacity of protein present at pH of solution, in
equivalents X 0.5, less equivalents combined with calcium, per kg.
of water

CaProt = calcium combined with protein expressed as mols of Ca per kg.

K= (v:‘:)a;lt;:{::int. '

In logarithmic form this equation is written as pCa*+ + pProt® — pCaProt =
PKipprot it which p indicates the negative logarithm.

* This work has been aided by a grant from the Josiah Maecy, Jr., Foundation.

1 MecLean, F. C., and Hastings, A. B., Proc. Soc. Exp. BioL. AND MEp., 1933,
30, 1344.

2 Greenwald, 1., J. Biol. Chem., 1926, 67, 1.

8 McLean, F. C., and Hastings, A. B., Proc. Sec. Exp. BioL. AND Mep., 1933,
80, 1136.

t The assumption, implied by the equation, that the base combining equiva-
lents of protein behave as though they were divalent ions is purely empirical, in
order to fit the data at hand.
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When normal human serum is diluted with a solution containing
approximately the electrolyte concentration of the serum, but with-
out calcium, and when calcium is added to the various dilutions, the
same relationship is found. From observations on both serum and
purified serum proteins at pH 7.35 (approximately) a value of 2.22
has been derived for pKcarrot when grams of protein are reduced to
base combining capacity by use of the factors given by Van
Slyke, Hastings, Hiller, and Sendroy.* Agreement of the values for
pKearrot Obtained from protein-containing fluids and from purified
serum proteins indicates that it is unnecessary to postulate any appre-
ciable amount of other calcium-binding substances in human serum.

Table I includes all observations on undiluted human material in
which total calcium, total protein, and calcium ions have been deter-
mined upon the same specimens. In all cases the factor used for re-
ducing grams of protein to base combining capacity at pH 7.35 is
0.243, which assumes a normal distribution of albumin and globulin.
Further work may indicate the desirability of applying separate fac-
tors to these proteins.

These observations, while still few in number, include a wide
range both of total calcium and total protein. Further work is re-
quired to establish the significance of such discrepancies between the
calculated and observed calcium ion concentrations as are included in
Table 1. '

Additional evidence that the frog-heart method is specific for
ionized calcium, other conditions being equal, and that calcium bound
to protein is physiologically inactive with respect to the frog-heart
preparation, has been obtained from the observation that when
citrate is added to solutions of purified proteins, or to serum, the
values found for calcium ions satisfy simultaneously the mass-law
equations for calcium citrate and for calcium proteinate.

For human material it is concluded that the protein-containing
fluids may, from the standpoint of the state of calcium, be regarded
as solutions of calcium proteinate, which dissociates as a weak elec-
trolyte into calcium and protein ions, with an undissociated fraction
of calcium proteinate, the degree of dissociation depending upon a
mass-law relationship. At any given pH, therefore, the concentra-
tion of calcium ions is determined by the total calcium and the pro-
teins present. Other substances binding calcium in human material,
if any, must be in relatively low concentrations, unless as a resuit
of unusual conditions.

4 Van Slyke, D. D., Hastings, A. B., Hiller, A., and Sendroy, J., Jr., J. Bioi.
Chem., 1928, 79, 769.



