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It was shown by Greene et al.(1) that
Leptospira canicola could be grown in a
chemically-defined medium of amino acids,
niinerals. purines, pyrimidines and vitamins
supplemented with dialyzed rabbit serum. At-
tempts to iractionate the dialysed serum by
ammonium sulfate precipitation resulted in
about 80% loss of the activity and the re-
maining activity was not concentrated in any
fraction. In the present investigation an
active fraction obtained by a modified pro-
cedure has been found to replace dialysed
rabbit serum.

Experimental. The chemically-defined basal
medium was prepared by introducing 0.3 ml
each of solution A (36 mg % of each of the
19 amino acids employed previously)(1),
solution B (vitamins, purines and pyrimidines
in the concentrations given previously) (1)
and solution S (autoclaved and filtered aque-

*This work was aided by grants from the
National Institutes of Health (U. S. Public Health
Service) and the University of California.

t Mrs. Gordon H. Ball.

ous solution of the following salts at mg per
cent concentrations given in the parentheses:
Na,HPO, (312), KH.PO, (420), NaCl
(1280), Na,CO; (32), KCl (32), CaCl. (32))
into each 15 x 127 mm test tube. The tubes
were autoclaved for 30 minutes at 15 1b pres-
sure, 0.5 ml of solution G (36 mg % filter-
sterilized aqueous solution of L-glutamine)
and a selected volume of test material were
added to each tube, each tube was inoculated
with a culture of the test organism and each
solution was diluted to 6 ml. The pH of the
medium was 7.2-7.4. The transfer medium
was prepared by adding 0.8 ml of filter-steril-
ized, dialysed rabbit serum?! to each tube con-
taining an autoclaved mixture of 0.5 ml of
solution S, 3.96 mg of Witte’s peptone and
4.3 wl of water. Leptospira canicolad was
transferred weekly by inoculating this medium
with 0.4 ml of a 7-day culture of the spirochete
and incubating the mixture for 7 days at 32°.
The inoculum was prepared by centrifuging
(2000 RPM for ¥ hr) the 7-day growth, sus-
pending the cells in a quantity of solution S
sufficient to produce a turbidity of 30-40 de-
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termined with a Klett-Summerson photo-
electric colorimeter equipped with a No. 42
blue filter. 0.4 ml of this suspension was
added to each tube in subsequent experiments.
Photometric readings were made at the time of
inoculation and after 7 days incubation at 32°
to determine the effect of test materials. The
whole rabbit serum was fractionated in pre-
liminary experiments by mixing varying
amounts of solid ammonium sulfate with 5.0
ml aliquots of the serum and allowing the
mixtures to stand overnight in the refrigerator.
The suspensions were centrifuged, the super-
natant liquids were decanted and each precipi-
tate was suspended in an ammonium sulfate
solution of the same concentration as that
emploved to obtain the precipitate. Each
suspension was centrifuged, the sediment was
dissolved in 0.85% saline solution and the
mixture was diluted to 4.0 ml. Each super-
natant liquid was diluted to 4.0 ml. Each
sample (suspension or supernatant liquid) was
dialysed against 0.85% saline to remove excess
ammonium sulfate. and each dialysed sample
was diluted to 5.0 ml. DPrecipitation of glo-
bulins was prevented by this treatment.

In larger-scale fractionations 225 ml of
dialysed rabbit serum was dialysed (with
intermittent stirring) against a solution of
ammonium sulfate oi a concentration such
that a: equilibrium a 42.5"& saturated solu-

$ The authms are mdnbtcd to Mr. C. D. Boone
(Puente, Calif.) for rabbit blood. Dr. E. J. Cohn
tor the crystaliine human plasma albumin, the
Lederle Laboratories. Pearl River, N. Y., for the
crystalline sheep and crystalline bovine albumin,
No. 2. and the Hyland Laboratories (Los Angeles,
Calif.y for niltering and bottling the rabbit serum.
For this purpuse 100 ml aliquots of serum were
placed in cellulose sausage casings (The Visking
Corp. size 36 32) and the latter were suspended in 3-
eal. bottles of distilled water. The bottles were al-
lowed to stand in the relrigerator for 10 days during
which the water was changed twice dailv. The re-
sulting  dialysed serum  was  filter-sterilized and
stored in sterile Dottles in the refrigerator. The
dialysed serum was added to media in amounts
cquivalent to a concentration of 109¢ whole serum.

§Strain No. 18 (Hond Utrecht IV) and Lepto-
spira icterohemorrhagice, Strain No. 20 (Wiznberg)
were obtained through the courtesy of Dr. K. F.
Meyer, University of California, San Francisco.
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FI1G. 1. Eleetrophoretie patterns of ascending and
Aescending boundaries of rabbit serum albumin,
The pH was 8.41 using barbitol buffer and the
ionic strength 1. The determination was made
over about 6 hr at 200 volts and 4.5 milliamperes.
The authors are indebted to Dr. Sidney Roberts,
U.CL.A. Medical School, for these determinations.

tion resulted. This slow (7 days) precipita-
tion produced relatively large aggregates
which could be separated conveniently by
filtration. The suspension was filtered and
the precipitate was washed with 25 ml of
cold 42.5% ammonium sulfate solution. The
filtrate (containing the active material) was
dialysed for 7 days, while changing the water
twice daily, to remove excess salts. The small
amount of precipitate was removed by filtra-
tion and the filtrate was dialysed for 7 days
against a solution of ammonium sulfate of a
concentration such that at equilibrium a 71%
saturated solution resulted. The suspension
was filtered and the precipitate (containing
the active material) was washed with 50 ml
of cold 71% saturated solution of ammonium
sulfate. The precipitate was dissolved in

TABLE 1. Response of Leplospira canicola to

Rabbit Scerum Fractions.®

¢ ammonium sul- Inerease in optical density

t.m 8t utumtmn J-‘)hr.nv l’rccipitate

14 2 31.6 be

25.8 24.4 .0

42.5 23 .0

36.49 7.8 13.6

1t 0 17.6
Control (dinlysed serum) 35 30

7 (whole serum) 225 36.3

#10% by volume of test material prepared in
preliminary experiments was added to the chemi-
eally-defined basal medium. Filtrates and preeipi-
t.ms were assayed at different times,

t At ln;,,hu concentrations the preeipitate in
the resulting viscous suspensions could not be sep-
arated by filtration or centrifugation.

+ No precipitate formed.
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TABLE TI. Response of Leptospira canicola to
Rabbit Serum Albumin.

Albumin \

Albumin -
Prepara- Prepara-
tion No. 1,* tion No. 2,}
ml/tube Activityt ml/tube Activityt
.0 1 .0 0
3 3 2 8
1 [ 4 16
1.3 15 K 33
17 19 8 36
2 24 1 40
2.5 37 1.5 39
27 37
3 38
Control 34 Control 335
(dialysed (dialysed
serum) serum)

# Larger-scale preparation eontaining 2.75 mg
N/ml,

t Optical density, cach valuc average of 5 de-
terminations.

$6.9 mg N/ml

water and reprecipitated twice in the same
manner. Other preparations from as much
as 2 liters of dialysed serum were made by
analogous methods.

Results and discussion. The most active
fraction of serum albumin was demonstrated
to be electrophoretically homogeneous as
shown by the patterns of the ascending and
descending boundaries (Fig. 1).

As shown in Table I the growth of Lepto-
spira canicola on the described chemically-
defined basal medium with added filtrate de-
creased and with added precipitate increased

with increasing concentrations of ammonium
sulfate employed to fractionate proteins in the
dialysed rabbit serum. According to the data
in Table II growth of the spirochete increased
with increasing concentration of the albumin
fraction precipitated at 71% ammonium sul-
fate saturation. As indicated in Table III full
growth of the organism was not maintained in
serial subcultures on the chemically-defined
medium lacking the amino acids (solutions A
and G) but supplemented with the albumin.
Since it was determined that 2.5 ml of the
albumin fraction (Preparation 1) containing
6.9 mg of nitrogen was as effective in promot-
ing growth of the spirochete as 0.8 ml of the
dialysed rabbit serum (equivalent to 0.6 ml
of the whole serum) containing 4.8 mg of
albumin nitrogen, there was an approximate
correlation between the activity of the albu-
min in the dialysed serum and its most active
fraction isolated by ammonium sulfate pre-
cipitation. Although the active fraction may
have been partially denatured the lack of
exact equivalence in activity of these albumins
may be explained, at least in part, if the esti-
mate of nitrogen in the albumin of the dialysed
serum were incorrect. In making this esti-
mate it was assumed that the serum contained
5% albumin and the latter 16% nitrogen.

The activities toward Leptospira canicola
of serum albumins obtained from bovine,
horse, human and sheep bloods are tabulated

TABLE ILI. Response of Leplospira eanicole Rabbit Serum Albumin in Different Media.

—Inerease in optieal density ¥——m——————

Initial ——— Subculture
Group culture 1 2 3 4 3 6 7
A Albumint C-D M 31 33 26 27
Control C-DM 33 33 38 34
B Albuming C-D M 32 28 25 10 26 29 30 27
W 45 22 18 0
(C-D M)-(AA) 49 40 23 18 23 923 14 2
Controlt S-B 34 34 29 33 35 31 31 30
C Albumin§ C¢-DM 19 21 35 39 30 32 39
S-B 33 41 406 47 44 41 47
Control! S-B 22

31 43 26 36 36

# Each valuc is the average of 2 determinations in Group A, 4 in Group B, and 6 in Group

C. The groups were not run simultancously.

12,5 ml (2.75 mg N/ml) of preparation No. 1 used per tube.

1 Dialysed rabbit scrum.

¢.8 ml (6.9 mg N/ml) of preparation No, 2

|l Whole rabbit serum (different lots).

used per tube.

C-D M, ehemically-defined medium; D-W, distilled water; S-B, stock base (same as transfer

medium).
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TABLE IV, Response of Leptospira canicola to

Different Serum Albumins,

Albhumin Activity®*
1. Crystalline hovine, No, 1# 0
2. humant 0
3. Control (dialysed rubbit sevum) 36
+. Crystalline bovine, No, 24 10
3. sheepd 12
6. Salt-precipitated sheepd 30
. hovined ]
N, horse | 13
9, rabhity® 24
10. Control (dialysed rabbit serwm) 33

* Neohol-fractionated  product  obtained  from
Armowr Laboratories, Chicago, 111

t Aleohol fractionated produet obtained through
the conrtesy of Dr, L2, 0, Coling Ilarvied University.,

1 Aleohol fractionated product obtained through
the courtesy of Lederle Luboratories, Pearl River,
NoY.

§ Preparved by the authors from whole blood ob-
tuined from the Los Angeles Wassermann Supply
Co,, Los Angeles,

Prepared by the authors frem whole blood ob-
tained tfrom the Vietory Slaughtering Co., Los
Angeles,

¢ 1ol (498 mg N/ml) used per tube,

5 Inerease i optical density Ceach value aver-
age of 5 determinations) atter T-days incubation
at 32¢0 The chemically-detined hasal medium was
used with samples 1-3 iod the stock medium supple-
mented with peptone and minerals with saomples
3-8.

in Table 1V, Generally, the crystalline and
the alcohol-precipitated albumins lacked, or
had low, activity while the salt-precipitated
albumin fractions (except bovine) exhibited
activity nearly comparable to that of the con-
troi (dialysed rabbit serum). Savino an:
Rennella(2) reported that hematin was a
growth factor for L. icterohcmorrhagiae but
it seems unlikely that the growth effects ob-
served in the present experiments are ac-

Rate of Potassium Exchange in the Rat Erythrocyte.*

PotAssiuM EXCHANGE IN RAT ERYTHROCYTE

counted for by heme compounds. It may be
noted that traces of heme compounds were
present in the inactive, as well as the active,
fractions of the rabbit and horse sera.

In further experiments it was found that
salt-precipitated horse or sheep albumin could
substitute satisfactorily for dialysed rabbit
serum or salt-precipitated rabbit albumin in
supplementing a basal medium containing
only peptone and salts. Subculturing of L.
canicola was not attempted although it was
determined that L. icterohemorrhagice could
be progagated satisfactorily by transferring
it weekly over a 3-month period in the pep-
tone-salts-rabbit serum albumin medium. It
is of interest that Chang(3) was unable to
maintain L. icterohemorrhagiae in a medium
in which horse serum was replaced by crystal-
line bovine serum albumin.

Summary. Leptospira canicola has been
cultivated satisfactorily on a chemically-de-
fined medium supplemented with electro-
phoretically-homogeneous  rabbit  albumin
separated from serum by ammonium sulfate
fractionation. The results of experiments
with crystalline bovine and human serum
albumins and with salt-precipitated albumin
fractions from bovine, horse and sheep sera
have been presented.
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Previous studies have shown that the
human eryvthrocyte utilizes nearly a millimole

* This work was supported in part by the U. S.
Atomic Energy Commission.

t National Research Council Fellow in the Medical
Sciences.

of glucose for every millimole of potassium
that enters the cell(1). The following ex-
periments were undertaken to determine if a
similar relationship existed in the metabolism
of the rat erythrocyte.

Mature white rats of the Wistar strain were



