cogenic viruses are stimulated by dou-
ble-stranded RNA and DNA but not
by single-stranded RNA (I3). Transfer
RNA, which has been shown to bind
ethidium bromide (I14), stimulates the
reaction (15). Perhaps the strong inhibi-
tion by ethidium bromide indicates that
transcription of the RNA of these vi-
ruses must involve double-stranded re-
gions. There is now evidence that
ethidium bromide inhibits the growth
of tumors in mice and interferes with
the replication of MSV(M) in cell cul-
tures (16).
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Abstract. A medium has been developed which permits the isolation and growth
of Borrelia hermsi, an organism that causes relapsing fever.

Although relapsing fever borreliae
may be maintained in the laboratory in
experimental animals or in embryo-
nated eggs, they have not been culti-
vated in artificial media (Z). Recently
in this laboratory, studies on the effects
of various chemical and physical factors
on the survival of Borrelia hermsi in
vitro led to the development of a
growth medium for this organism. Bor-
relia hermsi (2) has been maintained
in continuous cultivation for 8 months
(36 subcultures) and has retained its
ability to infect mice.

The growth medium which evolved
from the preliminary studies is shown
in Table 1. The maximum yield of
organisms, 3 X 107 to 5 X 107 per
milliliter, was obtained after 7 days of
incubation. The calculated generation
time for B. hermsi in culture was 18
hours.

The contribution of individual com-
ponents in the medium to the yield of
organisms is shown in Table 2. Absence
of N-acetylglucosamine from the me-
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dium reduced growth by 90 percent.
Deletion of Proteose Peptone No. 2,
Tryptone, or albumin also reduced the
yield, but to a lesser extent. Eliminating
gelatin from the medium did not in-
fluence the yield of organisms when
tubes were inoculated with 105 orga-
nisms; however, growth was not ob-
tained in the absence of gelatin when
a smaller inoculum was used (103 or-
ganisms).

Organisms were tested at the 15th
and 26th subculture for infectivity in
mice by the intraperitoneal inoculation
of .02 ml of medium from 5-day-old

“cultures. In both instances, maximum

spirochetemia was observed in the
blood 48 hours after inoculation. Orga-
nisms from the 26th subculture were
maintained in mice through four pas-
sages and then reisolated by culturing
blood from the fourth animal.
During incubation, the pH of the
culture medium dropped from an initial
value of 7.8 to 6.8 at 7 days after in-
oculation. In studies on the carbohy-

drate metabolism of purified suspen-
sions of Borrelia duttoni prepared from
infected rat blood, Fulton and Smith
(3) found that glucose was rapidly
metabolized to lactic acid. This was
not accompanied by any detectable
utilization of oxygen. In culture, B.
hermsi was found to require high
amounts of glucose, and growth was
limited by acid production unless a
high concentration of phosphate buf-
fer (.05 mole/liter) was included in
the medium. These culture require-
ments suggest a similar metabolic
pathway for glucose catabolism in B.
hermsi; the spirochete, however, would
not grow in the total absence of oxy-
gen. Culture tubes filled completely to
the top with medium did not sustain
growth. Conversely, growth was poor

Table 1. Composition of growth medium for
Borrelia hermsi. Basal medium and bovine
albumin solutions were stored at —20°C. The
gelatin solution was autoclaved at 115°C for
15 minutes and stored at 4°C. Sodium bicar-
bonate solution was freshly prepared at the
time of use. Borosilicate screw-cap tubes with
Teflon liners (13 by 100 mm) were used as
culture vessels. The tubes (9 ml, total capacity)
were filled with medium to a final volume of
8.5 ml. Complete medium was prepared from
the stock solutions by addition of 4 ml of
sodium bicarbonate solution, 34 ml of bovine
albumin (fraction V, 10 percent solution ad-
justed to pH 7.8 with NaOH), and 2 ml of
distilled water to 80 ml of basal medium. The
mixture was sterilized by filtration under pres-
sure through a 0.22-ym membrane filter and
dispensed in 6-ml portions per culture tube.
The sterile gelatin solution (7 percent) was
liquefied by immersion in warm water, and
2 ml was added to each tube. Five-tenths
milliliter of sterile rabbit serum was added
and the tubes were mixed by inversion. Tubes
were inoculated with .05 ml of B. hermsi (sub-
culture or a suspension of organisms obtained
from infected mouse blood) and incubated at
35°C after the caps were securely tightened.

Stock Final
Compound solution ct?;‘;z?;
(g/liter) (mg/ml)
Basal medium
Na,HPO,-7H,0 26.52 12.40
NaH,PO,-H,0 1.03 0.48
NaCl 1.20 0.56
KC1 0.85 0.40
MgCl,-6H,0 0.68 0.32
Glucose 12.75 6.00
Proteose Peptone )

No. 2% 5.95 2.80
Tryptone* 2.55 1.20
Sodium pyruvate 1.06 0.50
Sodium citrate-

dihydrate 0.47 0.22
N-Acetylglucosamine  0.53 0.26
NaHCO,

(4.5 percent) 1.06
Bovine albumin 20.00
Gelatin 16.50
Pooled rabbit serum 6 percent

* Difco Laboratories.
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Table 2. Factors influencing the yield of Bor-
relia hermsi in vitro. The yield is the number
of organisms per milliliter as determined by
the method of Magnuson et al. (5) after in-
cubation at 35°C for 7 days.

Inocu-

Deletion 1 Yield
um

N-Acetylglucosamine 10° 0.6 X 107
Proteose Peptone

No. 2 10° 2.5 x 107
Tryptone 108 1.2 X 107
Albumin 10° 2.8 X 107
Gelatin 10° 5.2 X 107
Gelatin 10° No growth
Complete medium 10° 5.4 % 107
Complete medium 102 6.1 X 10°

when cultures were exposed to more
aerobic conditions in tubes filled only
half full of medium. These results sug-
gest that a small amount of oxygen
was used by the organisms. ’
Evidence in further support of some
consumption of oxygen was provided
by the requirement for pyruvate in the
medium. Growth was not obtained in
medium lacking pyruvate, but orga-
nisms did grow in the absence of pyru-
vate if catalase was added to the
medium. This suggests that the func-
tion of pyruvate was in the destruction
of hydrogen peroxide produced by the
autoxidation of flavoproteins (4).
The function of N-acetylglucosamine

[ury

in the medium has not been determined.
Glucosamine in equimolar concentra-
tion stimulated growth slightly. N-Ace-
tylgalactosamine and N-acetylmannos-
amine were inactive.

: RicuArRD KELLY
Department of Pathology,
Baptist Memorial Hospital, and
University of Tennessee
Medical Units, Memphis 38103
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Possible Prebiotic Condensation of Mononucleotides by Cyanamide

Abstract. The condensation of mononucleotides has been carried out in aque-
ous solution at neutral pH in the presence of cyanamide. Oligodeoxyribonucleo-
tides up to five units have been formed when montmorillonite was present.

The investigations carried out during
the past two decades make it quite
clear that monomers such as amino
acids, sugars, pyrimidines, and purines

could have been formed under condi-
tions that may have existed on the
primitive earth (/). Once the mono-
mers were formed, condensation reac-

tions could have resulted in the forma-
tion of peptides, of nucleosides, and of
sugar phosphates and nucleotides (in
the presence of phosphate). Condensa-
tion of nucleotides to oligonucleotides
and polynucleotides might have been
initiated in a similar manner.

Formation of oligonucleotides in an
anhydrous environment under prebiotic
conditions has been reported; dinucleo-
tides and trinucleotides have been pro-
duced in the presence of inorganic
phosphate salts when nucleosides are
heated in the absence of water (2).
In. addition, Schwartz and Fox re-
port that a polymer (1 percent yield) is
formed when cytidylic acid is heated
in polyphosphoric acid (3). The prod-
uct exhibited alkaline hyperchromicity
after incubation in 0.1M NaOH at
37°C, and also indicated the presence
of 2,5’ and 3’,5" phosphodiester linkage
after enzymatic degradation.

Oligonucleotide formation has also
been carried out in aqueous systems in
the presence of a water-soluble car-
bodiimide. Sulston et al. (4), using a
water-soluble carbodiimide, have shown
that the formation of oligoadenylic
acids from adenylic acid was facili-
tated by a polyuridylic acid template.
Similarly, the condensation of guanylic
acid was facilitated by a polycytidylic
acid template (5).

Condensation reactions could have
been mediated by compounds that have
been produced in reactions simulating
a prebiotic environment. Cyanamide is

one such compound. Cyanamide has

been formed by ultraviolet irradiation
of ammonium cyanide solutions and
by electron irradiation of mixtures of
methane, ammonia, and water (6).
Cyanamide can tautomerize to carbodi-
imide (HoN—C=N<>HN =C = NH),
the parent compound of the dialkyl-

10000

10000,

1000%

100K

Radioactivity {count/min)

—
S
e

M)

1000+

Radioactivity (count/min)
g

-
=)

25 30 35 40"
Fraction number

444

aqueous media.

25 30 35 40 45 50 55 60 65 70 75

Fraction number

Fig. 1 (left). Condensation of thymidylic acid by cyanamide in
Fig. 2 (right). Polymerization of thymidylic

acid by cyanamide in the presence of montmorillonite.
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