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INTRODUCTION

The nature and origin of the urinary proteins in albuminuria has
been a subject of considerable discussion. Presumably these proteins
are blood plasma proteins which have passed through the capillary wall;
however, there is some evidence that they may have originated from
some other source.

The urinary proteins have been compared with other body proteins
such as those from blood, liver and kidney by the precipitin reaction
and by the effect of the protein upon smooth muscle from an animal
which has been allergically sensitized. The biological reactions are
very valuable for the identification of proteins but as was cited by
Woodman (1) in the case of lactalbumin and serum albumin, the pre-
cipitin and anaphalaxis reactions may not always give the true picture.
It is probably wise before drawing conclusions about the identity of a
protein to compare the biological reactions with both physical and
chemical means of identification.

There has been some study of the optical rotations for these proteins
but the results of different workers have varied considerably due to the
state of purity of the proteins used. Young (2) and Hardy and Gardi-
ner (3) have shown that variations in the pH at which the readings are
taken cause optical rotation for protein solutions to differ. In 1909
Kossel and Weiss (4) noticed that the optical rotation for protein solu-
tions in dilute alkali at room temperature diminished for about two
weeks and then became constant. This phenomenon was called race-

' The contents of this paper were submitted by J. W. C. as a partial ful-
fillment for the degree of Doctor of Philosophy.
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mization. Certain of the amino acids obtained from these racemized
proteins by acid hydrolysis were found to be optically inactive whereas
if obtained before racemization they were optically active. Dakin (5)
ascribed this change to a keto-enol tautomerism of the = CH-CO
groups in the protein molecule. Thus amino acids with free COOH
groups remain optically active during racemization while those in a
peptide linkage become optically inactive. By studying the optical
rotations of the amino acids isolated from the protein before and after
racemization he was able to learn something as to their position in the
protein molecule as well as to the quantity of each acid present. This
is valuable as two proteins may contain identical quantities of the
various amino acids and still be different. This method was very long
and tedious.

Woodman(1) noticed that the optical rotation of the protein during
racemization under constant conditions, if plotted against time, gave a
definite curve. He studied the racemization curves of a number of
proteins in N/4 and N/2 alkali at 370 C. and concluded that each protein
has a characteristic racemization curve when obtained under the same
conditions. He also showed that heat coagulation or different means
of isolating the protein did not effect the curve.

It therefore appeared that to study the identity of the urinary, edema
fluid and blood plasma proteins by this method would be of value.

Precipitation and purification of the proteins
In this work the proteins were obtained from blood plasma, edema

fluids and nephritic urines. The pH at which the precipitation is car-
ried out affects the fractionation of the proteins; therefore, the urine
was adjusted to the same pH as that of the plasma and edema fluids,
7.4, before precipitation. The blood plasma and edema fluids which
were rich in protein were diluted 1 5. A volume of saturated am-
monium sulphate equal to one half of that of the protein solution was
added with stirring. This produced one-third saturation which pre-
cipitated the fibrinogen and euglobulin. The solution was allowed to
stand a few hours and filtered. In cases of nephritis this fraction was
so small it was discarded.

To the above filtrate, one-third of its volume of saturated am-
monium sulphate solution was added, thus bringing it to one-half
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saturation. After being allowed to stand, preferably over night, the
solution was filtered on a pleated filter and the precipitate washed with
half saturated ammonium sulphate solution. The half saturated fil-
trate was then adjusted to the point of maximum precipitation for the
albumin, by adding a little more ammonium sulphate and 10 per cent
acetic acid. This point was at a pH of about 5.1. After allowing to
stand for 24 hours the albumin was filtered out on a pleated filter.

From this stage the two fractions were subjected to the same treat-
ment. They were dissolved in distilled water and diluted until the
solution was less than one per cent.

The proteins were heat coagulated and the pH adjusted to the point
of maximum precipitation by adding 10 per cent acetic acid. The solu-
tion was allowed to stand until the precipitate settled and the super-
natant liquid siphoned off. Hot distilled water was then added until
the original volume was reached and as soon as the precipitate settled
this liquid was removed by siphoning. This process was repeated
until no test could be obtained for sulphate, with barium chloride, or
for ammonium with Nessler's reagent. This usually required 7 or 8
changes when large beakers were used. In the above procedure it was
necessary to keep the supernatant liquid at the isoelectric point of the
protein. As the ammonium sulphate was removed there was a ten-
dency for the liquid in which the protein was suspended to become
acid. To prevent this a burner was placed under the beaker containing
the solution, each time when a new portion of hot water was added.
If the solution was turbid a drop or two of dilute sodium hydroxide
was added.

The protein was next transferred to a 250 cc. centrifuge tube and
centrifuged to remove as much water as possible. It was then treated,
without removal from the tube, by boiling with 95 per cent alcohol
three times, absolute alcohol once, absolute alcohol ether mixture once
and with ether twice, the liquid being centrifuged off each time, while
it was still hot in the case of the alcohol. This gave a fine white powder
which appeared to be lipid free.

METHODOF RACEMIZATION

Woodmanused one gram of protein for an analysis but in the present
work the procedure was modified so only 0.2 gram of protein was used.
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This did not affect the accuracy and the reading was simplified as the
solution remained during racemization in the polariscope tube instead
of a flask from which samples had to be taken for each reading. The
protein, in a weighing bottle, was placed in a dessicator over calcium
chloride for several days before the sample was weighed out. The 0.2
gram sample was placed in a 10 cc. volumetric flask and 4 cc. of
carbon-dioxide-free water added. The flask was shaken until the pro-
tein was completely wet and dispersed into fine particles. While
shaking the flask, 5 cc. of normal carbon dioxide-free sodium hydroxide
was added. The contents were diluted almost to volume and placed in
an incubator at 38° C. Under these conditions solution was complete
in 10 to 20 minutes and the volume was made up to 10 cc. thus ginvng
a 2 per cent protein solution in 0.5 normal alkali. Heat coagulated
proteins from which the lipids had not been thoroughly extracted gave
a turbid solution with alkali and could not be used. The solution was
filtered into a 5 cm., jacketed T polariscope tube where it remained in
an incubator throughout the racemization period. Optical rotation
readings were taken every few hours at first and later only every 24
hours in a Schmidt and Haentsch polarimeter with an electric bulb and
chromate filter (10 per cent potassium chromate solution, 30 mm. thick-
ness) as a source of light.

The experimental error in reading this type of polarimeter using 5
cm. tubes with protein solutions is about 0.010 after one's eye has be-
come accustomed to reading. An average of several readings gave the
final result. However there are times when one's eye is less sensitive
and a single reading may vary as much as 0.020. In this work 0.010
reading on the polariscope was equivalent to 1° specific rotation.

In this method of identification of a protein one is not interested so
much in a single reading as in the type of curve given by all the read-
ings. There is only a few degrees difference in the specific optical rota-
tions of serum albumin and serum globulin. The curves start at 670
and 720 respectively and at 6 hours the readings are both the same, 59°.
However the pseudoglobulin continues to drop more rapidly, its reading
remaining 20 or 30 below those of the albumin until 55 hours at which
time the curves again cross each other, the albumin readings after this
being less than those of the pseudoglobulin. The curves thus given,
though never more than a few degrees apart, are easily distinguished
(see Chart 1).
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Lactalbumin, which is probably closely related to serum albumin,
gives a curve, which could not be mistaken for the serum albumin
curve, as is shown by Woodman(1). At the beginning of the racemiza-
tion period in N/4 alkali its optical rotation is 170 higher than that of
serum albumin and at the end of the period it is still 30 high.. (In
aqueous solution lactalbumin has less optical rotation than serum al-
bumin.) These two proteins have also been shown to be different by
Hartley (6) and Crowther and Raistrick (7) using the Van Slyke nitro-
gen distribution method.

20 40 60 80 100 120 140 160 I80 200 2z0
Time in hours

CHART 1. RACEMIZATIONCURVESOF SERUMPSEUDOGLOBULINAND SERUM
ALBUMIN IN 0.5 N. NaOH

With the technique used in this work if two proteins are identical
the curves plotted from the data of either will be the same and no

single reading should be over 20 from this curve. Very few readings
will be over 10 from the curve.

EXPERIMENTAL

The proteins used in this experiment were obtained from the follow-
ing cases.

Case I. J. D., number C1128, age 19, diagnosed as chronic diffuse glomer-
ular nephritis. A specimen of urine was obtained.

Case II. F. H., number C3568, age 41, diagnosed as diffuse nephritis,
diabetes mellitus and arteriosclerotic gangrene. A specimen of urine was

obtained. The albumin-globulin ratio of the blood was 1: 1.
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Case III. R. S., number D4616, age 32, diagnosed as subacute mixed
nephritis. Specimens of urine and chest fluid were obtained. The blood
protein ratio was 2.5 parts of globulin to 1 part albumin.

Case IV. E. Nu., number C2521, age 32, diagnosed as tuberculosis of the
lungs. A specimen of chest fluid was obtained.

Case V. A. Er., number E339, age 58, diagnosed as portal cirrhosis. A
specimen of ascitic fluid was obtained.

Case VI. V. P., number A4452, age 15, diagnosed as acute nephritis.
Specimens of blood and urine were obtained. Globulin was slightly in ex-
cess of the albumin in the blood proteins.

The normal blood sample was obtained by pooling blood from four con-
valescent patients who had been in the hospital for peptic ulcer, heart failure,
tuberculosis and a psychopathic condition respectively.

Comparison of the proteins by racemization
Two series of readings were taken upon the racemization of both the

serum pseudoglobulin and the serum albumin. These are given in
Chart 1. Racemizations for each protein were made in duplicate ex-
cept for the chest fluid albumin of R. S. of which there was enough
material for one determination only. Three sets of readings were taken
on the urine albumin of J. D. as the second set, due to an error, gave a
curve about two degrees lower than the other two curves. The nephri-
tic blood from V. P. was not entirely lipid free. This delayed the
solution of the protein and the filtration so that the first reading which
was not obtained until six hours later, was 50 lower than that of normal
serum albumin. The presence of lipids in proteins lowers the optical
rotation. This solution remained turbid throughout the period making
reading difficult and inaccurate. Therefore this data was disregarded
in drawing conclusions.

The racemization curves of the urine albumin from R. S., F. H.,
J. D., and V. P. (Charts 2 and 3) are similar to the curves given by
serum albumin. The data obtained from the chest fluid albumin of
R. S. and Nu. (Chart 4) and from the ascitic fluid of Er. (Chart 3)
when plotted give curves similar to that of serum albumin. It appears
from these data that the albumins from these various sources are serum
albumin.

The pseudoglobulins obtained from the urine of the above patients,
when racemized, gave data and curves (Charts 5 and 6) which are
similar to those given by the serum pseudoglobulin. Pseudoglobulin
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from the blood of V. P., a nephritic, gave the same curve (Chart 6) as
that given by normal serum pseudoglobulin, thus indicating that the
blood proteins of nephritics are normal.

Serum Ibumin
Urine PIbumin from R. S. 0

_'F.H. a

OuplIcatt determinalions were mnde and where
these aqreed only one is indicated
The points . represent a Third serlos on J.D.

_ _ _ _ _ _ _ _ _ -
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CHART 2. RACEMIZATION CURVESOF URINE ALBUMINS IN 0.5 N. NaOH

Serum Albumnin
Ascilic Fluid Albumin from Er. 0
Urine Albumin frotn VP.
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and from the chest fluid of Nu. (Chart 7) gave data for which the
greatest variation from the curve for serum pseudoglobulin was two
degrees, thus being within the limits of the experimental error present
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in reading the polariscope. However if one analyses these data closely
it will be noted that the curves plotted from them are not exactly iden-
tical with that of serum pseudoglobulin. The curves given by these

7d0
Serum Alburnin
Chest Fluid Albumin from R.S. 0

NuL
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CHART 4. RACEMIZATION CURVESOF EDEMA
NaOH

FLUID ALBUMINS IN 0.5 N.
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CHART 5. RACEMIZATION CURVESOF URINE PSEUDOGLOBULINSIN 0.5 N.
NaOH

two proteins are slightly above the normal curve at 25 to 45 hours and
below it in the later part of the period. For this reason one might con-
clude that these proteins were not identical with the serum protein.
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However these curves suggest the possibility that serum albumin was
present as an impurity and the authors feel that this was the case.
Fractionation of proteins is carried out best when the solution contains

Serumrseudo9lobulin T
LAscitic Fluid Pseudo_lobulin from Er. 0

Urine Pseudoqlobulin from V.P o
- 20___ B0to 60 100 120 140lood V.P 0
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RACEMIZATION CURVESOF PSEUDOGLOBULINSIN 0.5CHART 6. N. NaOH

Serum Pseudo9lobulin
Chest Fluid Pseudoglobulin from Nu ^
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CHART7. RACEMIZATION
Time in Fhour.s

CURVE OF EDEMAFLUID PSEUDOLGOBULININ
0.5 N. NaOH

about 1.5 per cent of protein. In these two instances, as was shown by
the amount of protein obtained, the fluids were not diluted sufficiently
before fractionation. Kauder (8) and Gibson and Banzhof (9) found
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that if blood plasma, diluted with one or two volumes of water, were
fractionated with ammonium sulphate a larger quantity of protein
would be precipitated at a given saturation of the salt than if the solu-
tion was more dilute. This shows that part of the next fraction is pre-
cipitated along with the desired fraction if the solution is too concen-
trated. Therefore one would expect these samples of pseudoglobulin
to contain some albumin.

With these considerations in mind it seems that one is justified in
concluding that the pseudoglobulin from these two sources is most
probably serum protein as were the albumins from the same sources.

It is of interest that one of the authors is examining some of the pro-
teins used in this experiment by means of the Van Slyke nitrogen distri-
bution method and the results so far obtained indicate that the corre-
sponding proteins from the different sources are identical.

SUMMARY

The method for the racemization of proteins has been modified so
that only 0.2 gram is required for an analysis.

The racemization curves given by the albumins and pseudoglobulins
from the nephritic urines are similar to those of the corresponding
serum proteins.

Pseudoglobulin from blood of a nephritic patient gave a curve identi-
cal to that of normal blood.

The proteins of ascitic fluid and chest fluid appear to be serum pro-
teins.
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