amounts into 125-ml Erlenmeyer flasks and sterilized
by autoclaving at 10 psi for 10 min. The inoculum
consisted of approximately 0.01 ml of a washed cell
suspension, and the incubation period was 48 hr at
35° C. Growth was measured turbidimetrieally with
a Klett-Summerson photoelectric colorimeter, using
the blue filter. No growth ocecurred in the absence of
putrescine, and maximum growth response was ob-
tained at a concentration of approximately 0.5 ug/ml.
Growth response of the organism was almost linear
between 0.05 and 0.25 pg putrescine/ml. The presence
of putrescine did not alter the biotin requirement for
this organism. Three additional strains of N. perflava
have been investigated, and all demonstrate a require-
ment for putrescine similar to that exhibited by cul-
ture #876.

Other diaminic compounds? which we have tested
for growth response with N. perflava (876) indicate
that spermidine, agmatine, and cadavarine may be
substituted for putreseine. Of these compounds, ca-
davarine was the least active, and it is possible that
its low activity might be due to contamination with
putrescine.

Experiments are in progress at this time to deter-
mine the extent to which the amino acid content of
the medium, as shown in Table 1, can be reduced
without materially affecting growth, and to determine
what effect these alterations may have on the vitamin
requirements of this organism.
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urinary excretion of copper is excessive (I, 3), the
pigmented Kayser-Fleischer corneal ring, which is
characteristic of the disease, presumably contains
copper (1), and the level of serum copper has been
reported to be abnormal (4, 5). Sinece most, if not
all, of the copper normally present in serum is bound
to ceruloplasmin (6), an investigation of this protein
in Wilson’s disease was undertaken. This paper re-
ports the first results of the study, which show that
there is a deficiency of ceruloplasmin in patients with
this disease.

Ceruloplasmin is a blue a-globulin, with a molecu-
lar weight of 151,000, containing 0.349, copper, or
8 atoms copper/molecule (7). Normal plasma con-
tains about 30 mg of the protein/100 ml so that
ceruloplasmin constitutes roughly 0.59% of the plasma
proteins. The copper appears to be an integral part
of the molecule and is presumably responsible for
its blue color, the absorption peak of which is at
6100 A.

Spectrophotometric. This method is based on the
observation that the blue color of ceruloplasmin dis-
appears on the addition of reducing reagents (6),
such as ascorbic acid. Blood from fasting subjects
was drawn, with precautions to avoid hemolysis.
After centrifuging the blood twice and clarifying the
plasma by Seitz filtration, light absorption was meas-
ured in a Beckman spectrophotometer from 5400 to
6600 A. A cell with a 5.0 em path length was re-
quired. When successive measurements of the spec-
tral curve showed no change with time, a solution
of buffered sodium ascorbate was added in sufficient
amount to make the plasma concentration 0.279%,.
Spectra were measured hourly for at least 5 hr at
room temperature, by which time (although not much
sooner), the maximum decrease in optical density at
6100 A had occurred. The concentration of cerulo-
plasmin was estimated by dividing this deerease in
optical density, corrected for dilution, by the extine-
tion coefficient &5 5™ 100 A = 3.4.

Immunochemical. Rabbits were immunized with
either crystallized or purified ceruloplasmin (pre-
pared and kindly supplied by D. R. Kominz and J.
L. Oncley, of the University Laboratory of Physical
Chemistry). The antisera obtained, even when erys-
tallized ceruloplasmin was the antigen, gave precipi-
tin tests with other purified plasma proteins, as well
as with ceruloplasmin. The antiserum could be ren-
dered specific for ceruloplasmin by repeated ab-
sorption with the serum of a patient with Wilson’s
disease which- was particularly low in ceruloplasmin
content. The method for the quantitative determina-
tion of ceruloplasmin in serum was similar to meth-
ods previously published (8). Copper determinations
were made according to the method of Cartwright,
Jones, and Wintrobe (9).

The results are shown in Table 1. It is apparent
that in each individual the immunochemical method
yields consistently higher values for eceruloplasmin
than the spectrophotometric method. This is true
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TABLE 1

CERULOPLASMIN LEVELS IN PLASMA AND SERUM OF
NORMAL SUBJECTS AND PATIENTS
WITH WILSON’S DISEASE

Spectro- Immuno-
photometric chemical
method method
(mg cerulo- (mg eerulo-
plasmin/100 plasmin/100
ml plasma) m] serum)
Normal subjects H.M. 16.5
H.S. 181 H.S. 335
€C ¢ 15.4
€C ¢ 14‘2
E.B. 154 E.B. 258
L. A. 19.0 L.A. 376
N.N. 13.2 N.N. 301
W.Bo. 10.7 W.Bo. 23.6
W.Be. 121 W.Be. 38.7
Av  15.0 Av 316
Patients with
‘Wilson’s disease M. M. <2.0 M.M. 4.0
€C ¢ < 2.0
BE.M. <20 E.M. 128
D.B. <20 D.B. 11.8
€ ¢« ‘0
(XX < 3‘0
E.R. 7.5
R. K. 6.4
D.P. 4.3
M.G. 183
J.G. 9.7
Av < 2.0 Av. 94

both for normal subjects and for patients with Wil-
son’s disease. It is probable that the immunochemical
results are a more reliable index of the plasma
ceruloplasmin than the spectrophotometric values.
In two instances, copper analyses of the specific pre-
cipitate were used to calculate the ceruloplasmin con-
tent of the serum. In one normal subject, the value
obtained, 39.4 mg 9%, compares with 33.5 mg % by
the immunochemieal method and 18.1 mg 9% by the
speetrophotometric method. In the other, a patient
with Wilson’s disease, copper analysis of the specific
precipitate gave a value of 4.6 mg % ceruloplasmin.
The immunochemieal method gave a value of 4.0 mg %,
and the spectrophotometric method gave a value of
less than 2 mg %.

The reasons for the inaccuracy of the spectro-
photometric method are not clear. The mechanism of
the reduction of ceruloplasmin by ascorbie acid in
plasma is probably complex, as shown by the fact
that the time required to reach equilibrium is so
long and that optical densities may rise at a given
wavelength before finally falling. The low values of
ceruloplasmin obtained by this method may in part
reflect the increase in optical density at 6100 A,
which hemoglobin solutions give on being treated
with ascorbie acid, thus diminishing the net decrease
due to reduction of ceruloplasmin. Our plasmas
usually contained between 1 and 4 mg hemoglobin/
100 ml (10).

October 31, 1952

Nevertheless, we have included the spectrophoto-
metric values for two reasons. First, when the de-
creases in optical density produced in plasma by
ascorbic acid at 6100 A and longer wavelengths are
plotted against wavelength, the shape of the curve
resembles closely curves obtained with solutions of
purified ceruloplasmin. This suggests that cerulo-
plasmin is responsible for the optical density de-
crease, although not all the ceruloplasmin appears
to react. Second, the differences obtained between
normal subjects and patients with Wilson’s disease
are striking enough to make this method a practical
way of studying relative plasma ceruloplasmin lev-
els. The immunochemical method, unfortunately, re-
quires purified ceruloplasmin to produce the antisera,
and at present very little ceruloplasmin is available.

Patients with Wilson’s disease have much less
ceruloplasmin in their serum than normal subjects
despite the fact that their copper levels may be
either higher or lower than normal (4, 5). The cerulo-
plasmin content of their sera is consistently too low
to account for the serum copper present. The excess
nonceruloplasmin serum copper is not freely dialyz-
able since measurement of the cerebrospinal fluid
copper of three patients with Wilson’s disease showed
it to be from one tenth to one third the serum level.
This is not surprising in view of the faet that other
plasma proteins, including albumin and iron-com-
bining globulin, are capable of binding copper, al-
though not as tightly as ceruloplasmin (6, 11, 12).

In order to determine whether hepatic cirrhosis,
which is characteristic of Wilson’s disease, is asso-
ciated with deficiency of ceruloplasmin, the serum
ceruloplasmin content was measured immunochemi-
cally in three patients with Laennec’s cirrhosis. The
values obtained were 27.9, 47.3, and 51.5 mg/100 ml.

Further studies are in progress to determine the
role of ceruloplasmin in normal physiology and
Wilson’s disease. The familial character (1) of the
disease suggests that it is another example of a
pathologic condition related to a congenital defi-
ciency of a specific plasma protein, such as is seen
in hemophilia.
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