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TABLE III.
Effect of Streptomycin upon Growth of Different
Actinomycetes.
Units of streptomyecin re-
quired to inhibit growth in
1 ml of medium
' N
Organism 2 days 3 days
A. albus* 0.4-1.25 0.4-1.25
4~ asteroides — 125
A. gypsoides — 4.0-12.5
A. antibioticus < 04 < 04
A. lavendulae 1.25 1.25
A. griseus >125 >12.5
Actinomyces 3462 4-12.5 4-12.5

* Said to be causative agent of ear infection.

whereas A. antibioticus, the organism that
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produces the powerful actinomycin, was most
sensitive to it.

Summary. Mycobacterium tuberculosis is
subject to the bacteriostatic action of a variety
of antibiotic substances. There is consider-
able variation in this respect, both in the
sensitivity of the same organism to different
substances and of different species or even
strains of the same species of Mycobacterium
to the same substance. Streptomycin is also
highly effective against various related organ-
isms, namely, Erysipelothrix and actinomy-
cetes, comprising both saprophytic and parasi-
tic strains, with considerable variation among
different species.
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Identification of the Serum Fraction Carrying Syphilitic Reagin by Electro-
phoresis.*

JouN A. CooPEr.

(Introduced by C. J. Farmer.)

From the Department of Chemistry, Northwestern University Medical School, Chicago, IIl.

In earlier reports’* it was shown that the
serum proteins in all stages of syphilis show
characteristic and significant alterations from
the normal values. An increase in all of the
globulin components was found with a decrease
in the concentration of the albumin com-
ponent which maintained the total protein
concentration in the normal range. Since no
correlation could be established between the
concentration of any globulin component or
components and the strength of the quantita-
tive serological reactions, the fraction con-
taining the reagin responsible for the positive
serological reactions could not be determined.
The present investigations were undertaken
to establish the identity of the syphilitic

* This investigation was supported by a grant
from the Abbott Fund of Northwestern University.
The work has also been aided by a grant for equip-
ment from the American Association for the Ad-
vancement of Science to Dr. H. B. Bull.

1 Cooper, J. A., and Atlas, D. H., in Physical
Biochemistry by H. B. Bull, John Wiley and Sons,
New York, 1943.

2 Cooper, J. A,, J. Invest. Derm., in press.

reagin,

Soon after the Wassermann reaction was
introduced and other flocculation and com-
plement fixation tests appeared, a number of
studies were made on syphilitic sera in an
effort to determine in which fraction or frac-
tions the reagin occurred.®-7 and others Tp gen-
eral all workers were in agreement on the fact
that the reagin was present in the globulin
fraction and was not present in the albumin
fraction. Further work on fractionation of
the globulins, however, brought forth dis-
agreement among the investigators on the
globulin fraction carrying the reagin. The
earlier fractionation technics involved sep-
arating the globulin into pseudoglobulin and
euglobulin and the lack of exact characteriza-

3 Mackie, T. J., J. Hygiene, 1923, 21, 386.

4 Mackie, T. J., J. Hygicene, 1926, 25, 176.

5 Gilmour, W., Recent Methods in the Diagnosis
and Treatment of Syphilis, 2nd Ed., London, 1924,
. 346.

6 Noguchi, J., J. Exp. Med., 1909, 11, 84,

7 Bagle, H., Laboratory Diagnosis of Syphilis,
C. V. Mosby Co., St. Louis, 1937, Chap. XVI.
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TABLE 1.
Effect of Inactivation and Floceulation by the Kahn Antigen on Syphilitic Sera.
A a B ¥
Patient pH G A A A Remarks
G.B. 7.81 1.26 0.11 0.25 0.43 Untreated
7.80 1.28 0.11 0.25 0.41 Inactivated
7.82 1.51 0.11 0.27 0.29 ” and flocculated
J.M. 8.60 0.80 0.15 0.56 0.55 TUntreated
8.60 0.76 0.16 0.58 0.58 Inactivated
8.60 0.90 0.14 0.52 0.48 ’? and flocculated

tion of the fractions led to divergent results.

In the work to be reported here, salt frac-
tionation was employed, but the electro-
phoretic components present in the fractions
thus obtained were determined and a correla-
tion established between serological reactions
and the electrophoretic globulin components
present in the sample.

Methods. Electrophoretic Methods. The
0.025 M lithium diethyl barbiturate, 0.025 M
diethyl barbituric acid, 0.025 M lithium chlo-
ride buffer of Longsworth, Shedlovsky, and
MacInnes® was used in all cases with the
exception of the serum from J.M. shown in
Table I. In this analysis the 0.1 M sodium
diethyl barbiturate, 0.02 M diethyl barituric
acid buffer’ was used. The latter buffer has
the advantage that the & and e boundaries
separate from the y boundaries.® The sam-
ples of serum and the protein fractions were
diluted 1:2 with the buffer before dialysis.
The cell was the conventional 3-piece cell of
Tiselius!® and the lens system was that of
Philpot as modified by Svensson.!!

Fractionation with ammonium sulfate. In
order to identify the electrophoretic fraction
which carries the Kahn and Wassermann
reagin, samples of syphilitic serum giving
strong Kahn titers, were combined to give a
pooled sample of 1000 ml.

The pooled serum was diluted with an equal
volume of distilled water and 2 liters of sat-
urated ammonium sulfate solution were added
slowly by a capillary pipette while stirring the
solution. The precipitated globulins were

filtered off and the filtrate was brought to
0.75 saturation with ammonium sulfate. The
precipitate (A) was filtered off.

The precipitated globulins were dissolved in
a liter of 0.9% sodium chloride and the result-
ing solution filtered. Saturated ammonium
sulfate solution was added through the capil-
lary pipette to 0.22 saturation and the pre-
cipitate filtered off (GI). The filtrate was
brought to 0.34 saturated and the precipitate
(GII) filtered off. The filtrate from GII was
brought to 0.40 saturation with ammonium
sulfate and the insoluble fraction (GIII)
filtered off. The remainder of the protein
(GIV) was precipitated at half saturation
with ammonium sulfate. In the fractionation
procedures, no attempt was made to control
the pH.

All of the fractions were dissolved in 0.95
sodium chloride solution to give a final con-
centration around 5 g of protein/100 ml.
These solutions were dialyzed in the ice box
against 0.9% NaCl until free of sulfate ion.
The protein concentrations were determined
by Kjeldahl analyses.

Serological Reactions. The various fractions
were submitted for serological examination by
the standard Kahn test, the quantitative Kahn
test, the Wassermann (Kolmer) test, the
Kahn temperature verification test,® the
Kahn salt verification test,’*> and the Hinton
test. All of the tests with the exception of
the Wassermann (Kolmer) reaction were done
on both inactivated samples and uninactivated
samples.}

8 Longsworth, L. D., Shedlovsky, T.,
MaclInnes, D. A, J. Exp. Med., 1939, 70, 399.
9 Longsworth, L. G., Chem. Rev., 1942, 830, 323.
10 Svensson, H., J. Biol. Chem., 1941, 189, 805.
11 Svensson, H., Kolloid Ztschr., 1940, 90, 141.

and

12 Kahn, R. L., J. Lab. and Clin. Med., 1943,
28, 1170.

t The author wishes to express his thanks to Dr.
Herman N. Bundesen, President of the Chicago
Board of Health, for making serum from clinical



250 ELECTROPHORETIC STUDIES ON SYPHILITIC SERA

Results. In an attempt to determine the
fraction or fractions of syphilitic serum which
combine with the Kahn antigen to produce
the flocculus a large sample of blood was
obtained from each of two patients with
strongly positive serological reactions and
clinical manifestations of syphilis. The serum
was prepared and divided into 3 portions. An
electrophoretic analysis was made on one por-
tion without further treatment. The second
sample was inactivated according to the
standard Kahn technic for 30 minutes at
56°C. After inactivation an electrophoretic
analysis was obtained. The third sample was
inactivated by heating 30 minutes at 56°C
and Kahn antigen was added to the undiluted
serum to obtain a copious floc. After stand-
ing overnight in the ice-box, the floc was
centrifuged off and an electrophoretic analysis
was made on the supernatant fluid.

The results obtained are given in Table I.

No significant change in the distribution of
electrophoretic fractions of the sera resulted
from inactivation. The treatment of inacti-
vated serum with the Kahn antigen produced
a decrease in the y/A ratio in both cases.
The decrease in this fraction in the serum of
J.M. was smaller. These experiments indicate
that the reagin is present in the y globulin
fraction of syphilitic sera.

Another approach to the problem was made.
A large volume of syphilitic serum (1000 ml)
was obtained by pooling small quantities of
serums which gave strongly positive Kahn
reactions. This serum was fractionated as
outlined above with ammonium sulfate and
five fractions were obtained.

The original pooled serum and the 5 frac-
tions were analyzed electrophoretically. The
number of components present in each frac-
tion was determined and the concentration of
each fraction obtained. The electrophoretic

material available; to Dr. John White, Director of
Laboratories, Chicago Board of Health; H. Worley
Kendell, Surgeon (R), U.S.P.H.S., medical director
of the Chicago Intensive Treatment Center; Miss
Elsie Miller, Chief Laboratory Technician, Chicago,
Intensive Treatment Center; Dr. A J. Shaughnessy,
Director of Laboratories, Chicago Branch, Illinois
State Department of Health, for their kind co-
operation in running the serological reactions.

~

Mobilities of electrophoretic
components,
cm/sec volt X 105
B v
Glob. Glob. Glob.

Albumin

t4
Glob.

B
Glob.

g/100 cc

Concentration of
Electrophoretic fractions,

a
Glob.

TABLE II.
Electrophoretic Analyses of Protein Fractions Obtained from Syphilitic Serum by Ammonium Sulfate Precipitation.
[
Albumin

Total
protein
cone.
g/100 cc

Potential
gradient
volts/em

in tube

pH

sat. with
(NH,4)280,4
causing

Fractional
precipitation

GI

GII

GIII

GIV

A
Original serum

Fraction




TABLE III
Serological Reactions of Protein Fractions from Syphilitic Sera.

Temperature

Hinton

Salt verification

verification

Quant,

Standard Kahn
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‘Wassermann
Inact. Uninact. Inact.

Uninact. Inact.

Inact.

Uninact.

Kahn
Inact.

Electrophoretie .
Uninact. Inact.

fractions present

Fraction

g
E]
doubt.

neg.

ph.
2
bRl

)
b2

(2]
’

syph.

40
120
80

pos.
neg.

pos.
2
2

neg.
”»

A, a, gand v
g and «
a, ﬂand-y
a, g and ~
a
A, a and ﬂ

Original sera
GI
GII
GIII
GIV

bRl

bR

)y

A

components were identified by their mobilities.

The results of the electrophoretic analyses
are given in Table II.

Samples of the 5 fractions ‘were submitted
for serological examination, The results are
given in Table III.

Consideration of the results of the electro-
phoretic analyses and the results of the stand-
ard Kahn test shows that all of the fractions
which give positive serological reactions con-
tained B and vy globulins. Since fraction GI,
which gave the highest titer in the quantitative
Kahn reaction contains no a globulin, the
latter fraction apparently carries none of the
reagin. These findings indicate that the
Kahn reagin is carried in the 8 or y globulin
fraction or both. The Wassermann (Kolmer)
reaction was strongly positive in the fractions
having positive Kahn reactions. The reagin
for the complement fixation test is carried
in the same fractions as the Kahn reagin.

Coburn and Moore®® report that the Was-
sermann reagin present in the sera of patients
with lupus erythematosus who were appar-
ently not syphilitic, is found in the 8 and y
fractions. The present work would then
indicate that the true reagin and the reagin in
falsely positive blood are present in the same
fractions. The fact that their electrophoretic
mobilities are the same, however, does not
mean that they are alike in other respects.

All fractions which gave positive Kahn
reactions also gave positive verification reac-
tions in both the temperature and salt dis-
persability tests, and hence no indication of a
non-syphilitic reagin was found. Fraction
GIII which showed a negative Kahn reaction
when inactivated, nevertheless gave a positive
verification test after inactivation. The inac-
tivated samples of this fraction gave positive
Kahn reactions and verification tests. These
phenomena are probably due to the small
amounts of y globulin present in this fraction.

The Hinton test was negative for all frac-
tions except GIII. In the test of this fraction
without inactivation the result was doubtful.
The presence of 0.9% NaCl in the samples
may have interfered with the technic of the
examination with this reaction. The possi-

13 Coburn, A. F., and Moore, D. H., Bull. Johns
Hopkins Hosp., 1943, 73, 196.
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bility that the mechanism for this reaction
differs from that of the Kahn and Wasser-
mann reactions also exists.

Summary. T. Electrophoretic analyses are
reported for syphilitic sera, before inactiva-
tion by heating to 56°C for 30 minutes, after
inactivation, and after inactivation and floccu-
lation with the Kahn antigen. No significant
change occurred on inactivation but floccula-
tion with the antigen apparently removes
some y globulin from solution. 2. Electro-

TEMPERATURE ON SURVIVAL TiME BACTERIA-FREE T. vaginalis

phoretic analyses and serological reactions of
protein fractions obtained by salting out with
ammonium sulfate are reported. From the
data obtained, the 8 or y globulin fractions
or both have been identified as carriers of the
Kahn and Wassermann reagins.

The author wishes to thank Dr. H. B. Bull, Pro-
fessor C. J. Farmer, and H. Worley Kendell, Sur-
geon (R) (U.S.P.H.S), for their interest and sug-

gostions,
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Physiology of Bacteria-free Trichomonas vaginalis.

VII: Temperature in

Relation to Survival and Generation Time.*

GARTH JoHNSON AND MARGARET H. TRUSSELL,

(Introduced by E. D. Plass.)

From the Department of Hygiene and Preventive Medicine and the Department of Obstetrics
and Gynecoloqy, State University of lowa, Iowa City, Iowa.

Information regarding the response of
Trichomonas vaginalis to various tempera-
tures should be useful in studies of the
epidemiology of the infection and may indi-
cate the limitations of heat in therapy.

The effect of temperature extremes upon
Trichomonas vaginalis in contaminated cul-
tures has been described. Leuckardt' and
Dock* reported a sensitivity to cold. Fuku-
shima?® subcultured the organisms successfully
after 3 days in an ice box. Fischer? reported
growth following 21 days storage at 3-5° C.
Mohr* described multiplication of tricho-
monads that had been frozen for 24 hours
after being kept for 8 days at room tempera-
ture. Survival at room temperature for 7
days was reported by Fukushima,2® and for
8 days by Mohr.? Weiler® failed to subcul-

* Aided by a grant from the Ortho Rescarch
Foundation.

1 Leuckardt, R., Die Parasiten des Menchen und
die von ithnen herruhrenden krankheiten, 2 aulf,
Bd. 1, pp. 311-317, Leipzig, E. ¥. Winter, 1879.

2 Dock, G., Tr. Path. Soc. Phila., 1896, 17, 287.

3 Fukushima, K., Nihon Fujinka Gk. Z., 1934,
29, 8 (Jap. J. M. Sc., Gnee., Feb., 1936).

4 Fischer, I., Prensa med. argent., 1935, 22, 340.

5 Mohr, H., Z. f. Geburtsh. u. Gynak., 1937,

ture from cultures kept at 18-20° C for 36
to 48 hours. The thermal death time was
described as 10 minutes at 46°C by Davis?
and 5 minutes at 47° C by Matsuda.8

In the present studies, a culture-medium
containing cysteine, peptone, liver infusion,
maltose and human serum was used.? Test
organisms were obtained from 2-day cultures,
demonstrated to be bacteria-free with thio-
glycollate medium. The numbers of organisms
in the inocula were determined by hemocy-
tometer count. Fluctuations in temperature
were minimized by immersing the culture
tubes in water. Temperatures were main-
tained within less than =+ 0.5° C. Ther-
mometers were standardized against a Bureau
of Standards certified instrument under con-
ditions comparable to the test involved. Ex-
perimental temperatures below the prevailing

115, 115.
6 Weiler, ., Z. f. Hyg. u. Infektionsk., 1938,
121, 27.

7 Davis, C. H., 4dm. J. Obst. and Gynec., 1929,
18, 575.

8 Matsuda, K., J. Orient. Med. (Abstr. Sect.),
1935, 28, 47.

9 Johnson, G., and Trussell, R. E., Proc. Soc.
Exp. BroL. AND MED., 1943, 54, 245.





