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Tmis work is a continuation of that of Holiday [1936] and of Ogston [1936]. The
work of Tiselius [1937], on the separation of serum proteins by electrophoresis
which has appeared since this work was begun, has explained some of the earlier
results and in some degree reduced the value of ours. It is now clear from his
investigations and from those of McFarlane [1935] that homogeneous pre-
parations of serum proteins are not obtained by precipitation with ammonium
sulphate.

In our earlier work some degree of variation was found in the quantitative
properties of different specimens of normal horse serum proteins. Our first
object was to establish whether these variations are due to causes other than
detailed differences in the method of separation; measurements were therefore
made on the pseudoglobulins of the serum of a number of normal persons,
separated by a standardized technique. As the opportunity arose, measurements
were made also on some preparations of normal serum albumin, on serum and
urinary proteins of two nephrotic patients, on some purified antibodies to
types II and III pneumococcus and on a solution of seroglycoid prepared by
Dr L. F. Hewitt.

Ultraviolet absorption spectra were measured as described by Holiday [1936].
Potentiometric titration curves were obtained by the method of Ogston [1936]:
at least two concordant runs were made over each limb of the curve. Discordant
results were very rare. The number of primary amino groups was obtained by
potentiometric titration in presence of 4% formaldehyde.

MATERIALS
(1) Normal pseudoglobulin in serum obtained from 30 ml. of human blood

was thrice precipitated from 20-fold dilution by 40 % saturated ammonium
sulphate, allowing minimum time for floculation: the time of contact with
strong ammonium sulphate never exceeded 8 hr. The separated globulin was
dialysed in rotating cellophane sacs against running distilled water until negative
to the Nessler test for ammonia, performed on the protein solution. The pre-
cipitated euglobulin was removed by ifitration.

(2) Normal albumin. A specimen of normal human albumin was prepared
from human blood by two successive precipitations by 80% saturated am-
monium sulphate after removal of the globulin, and dialysis against distilled
water. Of three specimens of crystalline horse serum albumin, one was prepared
by Dr Wolff in these laboratories; one was kindly sent to us by Dr L. F. Hewitt;
the third was prepared by the method of Hewitt [1936] and had a carbohydrate
content of less than 0.1 %.
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(3) Nephrotic proteins were prepared from the serum and urine oftwo patients.
From serum, the pseudoglobulin was obtained by the method given above: two
fractions of albumin were obtained by 66 % and 80 % saturated ammonium
sulphate respectively. From urine, after thorough dialysis against tap water,
two pseudoglobulin fractions were obtained by 40 and 50% saturated ammonium
sulphate, and albumin by 60% saturated ammonium sulphate.

(4) Concentrates of protein antibodies to types II and III pneumococcus
were prepared by Prof. J. R. Marrack from serum of immunized horses; the
antibodies were obtained from their sera by elution of the specific precipitates.

RESULTS
(1) Tyrosine and tryptophan. Values of the tyrosin and tryptophan contents

of the proteins derived from their ultraviolet absorption curves [Holiday, 1936]
are given in Table II.

Corrected values,for the extinction coefficients of tyrosine and tryptophan
were used in the calculation, based on a rematching of spectrograph plates with

Table I. Moi'ecular extinction coefficients of tyrosine and tryptophan
In N/10 NaOH e x 10-3

Wave-length mp& ... 260 265 270 275 280 285 290 295 300 305 '310 315
Ty-rosine 1-75 1-14 1-08 1-24 1-54 1-96 2-24 2-26 1-89 1-14 0-471 0-182
Tryptophan 3-10 3-80 445 5-15 5-43 4-65 4-35 2-15 1-10 0 45 0-140 0-051

In N/10 HCl e x 10-3
Wave-length m,u ... 260 265 270 275 280 285 290 295 300 305 310 315i
Tyrosine 0-55 0-86 1-15 1-24 1-08 0-55 0-07 - - -

Tryptophan 3-90 4-65 5-23 5-37 5-46 4-45 3-72 1.35 0 57 0 -10

a photoelectric microphotometer: these corrected values are given in Table I.
The revised equations for the analysis of mixtures are:

Mtwosine = (0-99 E3 - 0-032 E220) x 10 3.
Mtryptophan = (0-207 E280 - 0-280 E305) x 10-3.

The following is a more reliable method of correcting for haze or pigment than that given
formerly:

(1) Mtryptophan is obtained from the nomogram.
(2) From this E305 (tryptophan) is calculated = Mtryptophan x 0,45 x 103.

Table II. Amino, tyrosine, tryptophan: milliequivalents per g. protein
Protein Amino Tyrosine Tryptophan

Mean of 13 normals 0-449 0-380 0-150
Standard deviation 0-030 0-040 0-013
A 13 0-600 -
Horse crystalbumin (Hewitt) 0-680 0-278 0-016
Horse crystalbumin 0-670 0-290 0-005
Crystalbumin, horse albumin 0-650
Horse seroglycoid (Hewitt) 0-415 0-320 0-114
H 40 (serum) 0-415 0-365 0-164
H 50 (urine) 0-530
I 40 (urine) 0-500 0-304 0-168
I 50 (urine) 0-395 0-315 0-163
H 66 (serum) 0-640 0-304 0-080
H 80 (serum) 0-680 0-392 0-033
H 60 (urine) 0-570 0-355 0-020
Anti type II 0-500 0-410 0-103
Anti type II 0-590 0-470 0-160
Anti type III 0-410 0-380 0-160
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(3) Since tyrosine in neutral solution has no absorption at 305 m, the difference between E305

(tryptophan) and the extinction at 305mg of a neutral or acid solution of protein represents
absorption due to haze or pigment (Epig).

(4) Assuming that Epig is the same at 305m/A and at 280mit and the same in acid and alkaline
solutions, correction is made by subtracting Epig from the extinctions of the protein in alkaline
solution at these wave-lengths: from the corrected extinctions Mtyrosine and Mtryptophan are
calculated.

(2) Titration curves. The titration curves are expressed in Table III as
titres from pH 7 in miliequivalents per g. protein. In Table II are given the
free amino groups in milliequivalents per g. protein.

DiSCUSSION
Tiselius [1937] has shown that globulins separated by ammonium sulphate

precipitation are mixtures, with the oc-globulin predominating in "pseudo-
globulin ": he states (p. 1476, line 27) that his fractions differ in light absorption.
Since their mobilities differ, their titration curves may differ. McFarlane [1935]
found that pseudoglobulin preparations obtained by precipitation are somewhat
heterogeneous in the ultracentrifuge. It is therefore not surprising that varia-
tions are found in the quantities which we have measured. Nevertheless we
believe that our mean results represent fairly well the properties of normal
pseudoglobulins prepared by our methods, and that, in lack of general avail-
ability of the electrophoretic method of separation, comparisons with these of
values obtained with other proteins may be of some value.

There is no correlation with age or blood group of the variations found;
comparison of these with our previous results for horse serum pseudoglobulin
does not suggest any significant differences between them. The pseudoglobulins
from the serum and urine of nephrosis give absorptions and titration values
which vary somewhat from the normals, but it is doubtful whether these differ-
ences are sufficient to show with certainty that they are constitutionally different.

The values obtained for the antibodies should strictly be compared with
those of horse serum euglobulin whose solubility properties they imitate, but
reliable results for comparison are not available [Ogston, 1936]. However, it
seems clear that the antibodies to types II and III pneumococcus are different
from each other and that both are considerably different from serum globulin.
Type II antibody shows a greater amino-titre than normal. Type III antibody
resembles pseudoglobulin except in showing higher titres below pH 5, indicating
a greater number of carboxyl groups. Neither antibody solution was completely
precipitable by specific polysaccharide.

The two preparations of crystalbumin show closely concordant properties
and there is no reason to doubt that our results represent the behaviour of this
protein. The cruder preparation of human serum albumin differs from these to
some extent, but since it-was not crystallized, it probably contains seroglycoid:
its titration curve accords with this.

Comparison with normals of the serum and urinary albumin of nephrosis,
shows that the latter differ from normal and from each other: we regard these
differences as significant.

The results obtained with seroglycoid are interesting since both the content
of tyrosine, tryptophan and amino groups and the form of its titration curve
suggest the properties of a globulin rather than of albumin. Comparison of the
titration curves of seroglycoid and of crystalbumin suggest that, if their iso-
electric points do not differ much, electrophoretic separation will be easy only
at a pH below 4-5 or above 9.
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1. The ultraviolet absorption and potentiometric titration curves of a number
of proteins have been measured. From them the contents of the proteins in
tyrosine, tryptophan and amino groups have been estimated.

2. Satisfactorily concordant results have been obtained with normal human
serum pseudoglobulin: serum and urinary pseudoglobulin of nephrosis do not
differ significantly from normal.

3. Antibodies to types II and III pneumococcus are considered to differ in
their properties from normal globulins.

4. Measurements have been made on purified serum albumins: serum and
urinary albumin of nephrosis are significantly different from normal.

5. Seroglycoid resembles globulin rather than albumin in its properties.

The authors thank members of the laboratory staff for gifts of blood; Dr
L. F. Hewitt for a gift of crystalbumin and of seroglycoid prepared by him;
Prof. J. R. Marrack for preparation of the antibody solutions; and Dr Wolff for
a specimen of crystallized albumin.
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