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Electrophoresis and Antibody Nitrogen Determinations of a Cold
Hemagglutinin.*

DaxieL Stats, ELy PERLMAN, JEssE G. M. BurLowa, aND RuTH GOODKIND.
From the Medical Service, Harlem Iospital, New York City.

We have recently reported a case of gan-
grene of the tips of the fingers and toes in a
patient whose blood contained extremely po-
tent cold hemagglutinins.® During the in-
vestigation of this case, studies relative to
electrophoresis and cold hemagglutinin anti-
body nitrogen determinations were carried
out. They are reported because such details
have not been published hitherto.

That cold hemagglutinins are in the globulin
fraction of plasma proteins was suggested by
Landsteiner? in his careful study of this anti-
body. Clough and Richter® and Koepplin,**
using salt precipitation procedures, came to
similar conclusions.

Methods and Results. 1. Electrophoresis.
50 ml of venous blood were clotted firmly for
several hours at 37°C. Using aseptic tech-
nic, the serum was separated from the clot
and divided into equal portions. One was

* These studies received support from the Lit-
tauer Pneumonia Research Fund of New York
University College of Medicine, the Metropolitan
Life Insurance Company, and from Mr. Bernard
M. Baruch, Mr. Bernard M. Baruch, Jr., Miss Belle
N. Barucl, and Mrs. H. Robert Samstag.
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t Erythroeyte ghosts were prepared by hemolyz-
ing pucked saline-washed red blood cells with 10
volumes of distilled water. 189 sodium chloride
solution was added to raise the tonicity to 0.9% and
the hemolyzed cells were then centrifuged. After
decanting the supernatant hemoglobin solution, the
procedure of hemolysis by water and removal of
hemoglobin was repeated 7 or 8 times to secure the
ghosts almost free of hemoglobin. Before use in
absorption tests, they were washed 4 times with
0.859, sodium chloride solution.

stored at 4°C. The other portion was sub-
jected to 6 absorptions at 4-C using homol-
ogous “erythrocyte ghosts.”’t

The agglutinated erythrocyte ghosts were
separated from the serum by centrifugation
at 4°-8°C. By this method the serum ag-
glutinins were partially removed. The cold
hemagglutinin titer of the unabsorbed serum
was 1/2560 at 4°C; whereas the titer of the
absorbed serum was 1/320 at 4°C, Further
exhaustion of the absorbed serum was not
attempted because of the prolonged centrifu-
gation which would have been required to
separate the weakly agglutinated ghosts from
the serum. The multiple absorptions had not
altered the color of the serum. (The absorp-
tions were carried out under aseptic con-
ditions).

The two samples of serum were then di-
luted separately, with diethylbarbituric acid-
sodium hydroxide buffer of pH 8.63 and ionic
concentration 0.10, to reduce their protein
content to 1.5 g per 100 ml. Each sample
was then placed in a cellophane bag and
dialyzed against the buffer at 4°C for 3 days
until salt equilibrium had taken place. (In
this part of the experiment asepsis was not
maintained).

At the conclusion of the dialysis, electro-
phoretic patterns of each serum were made
and are reproduced in Fig. 1 and 2.

The electrophoretic curves were obtained
by the method described by Longsworth,
Shedlovsky and MacInnes.®  Planimetric
measurements are indicated beneath each of
the figures. There is a 16% decrease in
gamma globulin concentration after absorp-
tion, the areas of the other components main-
taining the same ratio to the area of the al-
bumin component. We interpret this to
mean that a portion of the gamma globulin

6 Longsworth, I. G., Shedlovsky, T., and Maec-
Innes, D. A., J. Exp. Med., 1939, 70, 399.
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FIGURE 1. Descending electrophoretic

pattern of unabsorbed serum.
Area under albumin=170 (arbitrary plani-
meter units)
Area under )’f;lobulin =87.5 {arbitrary pla-
nimeter units)
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FIGURE 2. Descending electrophoretic
pattern of the absorbed serum.
Note: The changes in theoll,d 2
and/gfmctions were not signif-
icant.
Area under albumin =150 (arbitrary pleni=
meter units)
Area under Yglobulin =64.5 (arbitrary pla-
nimeter units)

of the absorbed serum had been removed and
that the cold hemagglutinins have the same
mobility as gamma globulin.

2. Cold hemagglutinin antibody nitrogen.
1 ml of packed erythrocyte ghosts, almost
free of hemoglobin, prepared as in the pre-
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vious experiment was mixed with 5 ml of
serum obtained from blood clotted at 37°C.
The mixture was placed at 4°C for 6 hours.
The ghosts were tightly agglutinated on the
surface of the serum. After removal of the
serum, 5 ml of ice cold 0.85% saline solution
was added to the ghosts. The temperature
was maintained at 4°C. This saline (1st wash-
ing) was replaced with 5 ml of fresh cold
saline (2nd washing), etc., until the ag-
glutinated ghosts had been washed 4 times.
Throughout all of these procedures, the tem-
perature did not rise above 6°C and was
maintained as close to 4°C as possible.

The packed agglutinated washed ghosts
were resuspended in 2 ml of 0.85% saline
solution and placed in the water bath at
37°C. In a few minutes the agglutination
broke up and the ghosts were freely dispersed.
After 30 minutes, during which time the tube
was shaken several times, the tube was cen-
trifuged at room temperature. The super-
natant clear saline solution was removed
(resuspended antibody).

One ml of packed washed normal ghosts
was mixed with 2 ml of 0.85% saline solu-
tion and kept at 4°C for one hour. The tem-
perature was then increased to 37°C for one
hour and the tube centrifuged at 22°C.

Cold hemagglutinin titrations of the orig-
inal serum, the 4 washings and the resus-
pended antibody were performed according
to the technic previously described.! Total
nitrogen determinations of the washings, re-
suspended antibody, saline solution and saline
solution which had been in contact with nor-
mal ghosts were performed by a micro-
Kjeldahl technic.

Chart I summarizes these results.

CHART 1.
Titer cold Total nitrogen
Specimen hemagglutivrins mg/ml
1st washing 1/40 0.614, 0.722
2nd P 1/20 0.153, 0.146
3rd 7’ 1/10 0.059, 0.060
4th ” 1/10 0.035, 0.028
Resuspended antibody 1/2560 1.483, 1.464
Original serum 1/5120
Saline solution — 0.009, 0.003
Saline solution in con-
tact with normal
ghosts — 0.004, 0.004
Blank for reagents — 0.027, 0.034

(Blank has been deducted)
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The high nitrogen values for the washings
are due to non-antibody protein of the serum.
The progressive reduction in the values indi-
cates the removal of this protein by successive
dilution. The possibility that non-antibody
protein was non-specifically taken up in the
lattice of agglutinated ghosts cannot be ex-
cluded. Therefore a portion of the nitrogen
in the resuspended antibody may not repre-

METABOLISM OF SULFAPYRIDINE IN THE Dog.

sent antibody nitrogen.

Summary. Study of a human cold hemag-
glutinin revealed:

1. The cold hemagglutinin had the electro-
phoretic mobility of gamma globulin. 2. A
cold hemagglutinin titer of 1/2560 at 4°C
was equivalent to 1.473 mg per ml of anti-
body nitrogen.
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Metabolism of Sulfapyridine in the Dog.

C. J. WEBER, J. J. LaLicH, anp R, H. Major.
From the Hixon Laboratory for Medical Rescarel, University of Kansas, School of Medicine,
Kansas City, Kansas.

The therapeutic efficacy of the sulfona-
mides has stimulated an interest in the pos-
sible changes these compounds may undergo
in the animal body. It is well known that
the sulfonamides are acetylated in the human
body and in this form they are relatively in-
active. However, it is possible that other
forms of conjugation or alteration in struc-
ture may occur which might modify their
toxicity or activity.

Scudi? reported the isolation from dog
urine of an hydroxysulfapyridine conjugated
with glucuronic acid following the ad-
ministration of sulfapyridine. No details
were given on the isolation of this compound
nor data concerning the probable position of
the hydroxy group. Thorpe, Williams, and
Shelswell® have suggested the possibility that
the hydroxyl group might be introduced in
the animal body in either the 2 or 3 position
of the benzene ring of the sulfonamide.

Our interest in this problem was aroused
when we were unable to isolate from the urine
sulfapyridine as the reduction product of
2-(p-nitrobenzenesulfonamido) pyridine when
the latter compound was administered orally
to dogs. The same difficulty was encountered
when sulfapyridine was administered. Sulfa-

1Secudi, J. V. Science, 1940, 91, 486.
2 Thorpe, W, V., Williams, R. T., and Shelswell,
Biochem. J., 1941, 85, 52.

pyridine added to urine can be isolated read-
ily by prolonged ether extraction. We there-
fore, decided to attempt the isolation of the
diazo reacting substances which are excreted
in dog urine when sulfapyridine is adminis-
tered orally. The values given for diazo re-
acting substances in the urine are those de-
termined by the Bratton and Marshall®
method, using sulfapyridine as a standard.
Four dogs were given orally 5 g of sulfa-
pyridine daily for 4 days and the urines were
collected daily for 6 days, and preserved with
chloroform. The combined urines gave a
total sulfapyridine value of 67 g and no in-
crease in color was obtained after acid hy-
drolysis indicative of the fact that the dog
apparently does not conjugate any of the
sulfapyridine as an acetyl derivative. Pro-
longed ether extraction in a continuous ex-
tractor for 9 hr resulted in the extraction of
9 g of diazotizable material as determined
colorimetrically. When small quantities were
extracted with ether in a more efficient ex-
tractor, 16.5% of the total diazotizable ma-
terial was extracted by ether and 13.8% was
extracted in the first 3 hours. This value of
16.5% probably represents the total amount
of sulfapyridine which is excreted uncon-
jugated. The gummy material extracted with

3 Bratton, A. C., and Marshall, E. K., Jr,
J. Biol. Chem., 1939, 128, 537.





