a range from O to 400 pg of protein
(Fig. 3). There was a profound dimi-
nution of activity of the sphingomye-
lin-cleaving enzyme in preparations
from patients with Niemann-Pick
disease compared with those obtained
from normal human beings and
patients with various other disorders
(Table 2). Although we studied only
three patients with Niemann-Pick
disease the mean value of sphin-
gomyelin-cleaving enzyme in the con-
trol series was 4.4 units per milligram
of protein, whereas it was 0.36 unit
per milligram of protein for patients
with Niemann-Pick disease. This dif-
ference in mean is highly significant
(8). The specificity of this assay is in-
dicated by the fact that enzyme activity
in the leukocyte preparations obtained
from patients with other sphingolipo-
dystrophic conditions, such as Gau-
cher’s disease and Fabry’s disease, was
normal. Thus, our techniques should
be useful in the diagnosis of Gaucher’s
disease and Niemann-Pick disease.
Whether these procedures can be used
to detect heterozygous carriers of these
diseases remains to be seen.
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D-Gluconic Acid: Isolation from the
Defensive Secretion of the
Cockroach Eurycotis decipiens

Abstract. The major water-soluble
constituent of the defensive secretion of
Eurycotis decipiens was identified as
gluconic acid, isolated in the form of
calcium D-gluconate. The acid, in equi-
librium with its lactones, is present in
unusually high concentration.

Adults of Eurycotis decipiens (Kirby)
have a large defensive gland which
opens through the intersegmental mem-
brane between the sixth and seventh
sternites. Except for its white color,
the large secretion-filled reservoir is
similar in appearance and position to
the gland which is found in Eurycotis
floridana (Walker) (1) and which pro-
duces and stores 2-hexenal (2) for de-
fensive purposes.

The aqueous, acidic, milky fluid
(0.58 ml) from 72 specimens of E.
decipiens (3) was dissolved in methanol.
Volatiles which included 2-hexenal
(about 5 percent) (identified by infrared
spectra and gas-liquid chromatography)
were removed in a vacuum. After
extraction with methylene chloride, the
residue (39.6 mg) was dissolved in
methanol (1 ml). The infrared spec-
trum of a disc obtained from a lyo-
philized aqueous potassium bromide so-
lution of the methanol-soluble fraction
was similar (essentially identical from
1900 to 500 cm—1) to that derived
from an equilibrated aqueous solution
of §-p-gluconolactone. A chromatogram

. of the methanol-soluble fraction was

developed with a mixture of butanol,
acetic acid, and water (4:1:5) and
sprayed with silver nitrate in acetone

and then alcoholic sodium hydroxide.
By comparison with chromatograms of
known materials the pattern of spots
could be interpreted in order of in-
creasing mobility as an O-gluconylglu-
conic acid (4), §-gluconolactone and
gluconic acid, methyl gluconate, and
y-gluconolactone. Methyl gluconate was
an artifact of storage in methanol. Gas-
liquid chromatography (5) of material
subjected to trimethylsilylation indicat-
ed the presence of a gluconolactone
but not of glucose.

The gluconic acid fraction was passed
through a cation exchange resin (H+
form). After the effluent was treated
with calcium carbonate, calcium D-glu-
conate monohydrate ([a]p28= +5°) was
isolated by crystallization from water
and identified by comparison of infra-
red spectra (Fig. 1). The bp-gluconic
acid, in equilibrium with its lactones, is
a major constituent (6.8 to 8.2 percent,
weight to volume) of the secretion. Af-
ter Eurycotis decipiens ejects its secre-
tion, the volatiles, 2-hexenal and water,
evaporate and leave a mixture of glu-
conic acid and lactones as a residue.
The secretion effectively repelled the
fire ant (6), probably because of the
presence of 2-hexenal.

The compound 2-hexenal has previ-
ously been identified in the defensive
secretions of Hemiptera, cockroaches,
and an ant (7).

Aldonic acids have not been found
previously in plants or animals in ap-
preciable amounts. L-Arabonic acid
has been isolated from gum arabic (8)
and from  Austrocedrus  chilensis
(D. Don), Florin and Boutelje (9).
Gluconic acid (about 0.18 percent by
weight) occurs in pasteurized honey
(10) where it originates in a honey

WAVELENGTH g

28 3 38 4 ). A4 L] ° 10 112 13 14 1516 18 2022 25
L Sua S g I S St B LI SISt B S e A, A AU SR NS st S B S N 2 LA pE T T T T T T T T
=z
=3
»
o
b3
»
z
3
@
[
L I L 1 L 1 L i 1 1 1 2 1 1 1 " 13 2 1 1
4000 3600 3200 2800 2400 1700 1800 1300 1100 900 700 500

WAVENUMBER cm™!

Fig. 1. Infrared spectra of calcium D-gluconate monohydrate (KBr disc). Curve a is
the spectrum of the salt obtained from the methanol-soluble fraction of E. decipiens
secretion. Curve b is that of an analytically pure sample from the recrystallization

of commercial material.
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glucose-oxidase system (/7). The occur-
rence of D-gluconic acid in E. decipiens
is another example of a well-known
substance that occurs in unusually high
concentration in an arthropod defen-
sive secretion.

GEORGE P. DATEO

Louis M. RoTtH

Pioneering Research Division,
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Seasonal Inhibition by Bacillus licheniformis

Abstract. Clostridium botulinum type F has been identified during the summer
months in mud samples from a small stream. Its absence during the period from
October to April in these mud samples is attributed to the presence of Bacillus

licheniformis.

During the summer, a survey of
sewage lagoons and adjacent streams
in eastern North Dakota produced
two samples (from a sewage lagoon
and a small stream) which yielded cul-
tures producing Clostridium botulinum
type F toxin. During the fall and win-
ter months the organism could not be
identified (as determined by toxicity
assays) from mud samples obtained
from the small stream. It was deter-
mined that Bacillus licheniformis was
present during these periods and was
at least partially responsible for the
inhibition of growth and hence toxin
production of Clostridium botulinum
type F.

Previous isolations or identifications
of CI. botulinum type F have been
few (I), and it is altogether possible
that seasonal or other variations oc-
cur in areas other than reported here.
Other workers have noted that certain
organisms will inhibit CI. botulinum
growth and toxin production, such as
Cl. sporogenes (2), Bacillus sphaericus
(3), Brevibacterium linens (4), and
Escherichia coli and Streptococcus fae-
calis (3).

Mud samples which yielded CL
botulinum type F toxin (or no toxicity)
were placed in 1-g amounts into 9 ml
of sterile, previously boiled and cooled,
brain heart infusion (BHI) broth
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(Difco). All tubes were incubated in a
Brewer anaerobic jar at 30°C for 36
to 40 hours. The supernatant of the
culture (4340g for 10 minutes) was
injected into 6-week-old Swiss mice in
0.4-ml amounts by the intraperitoneal
route. The animals were observed for
periods up to 5 days; however, all
deaths attributable to toxin occurred
within 2 days.

The toxin (0.4 ml of the culture
supernatant) was identified by injec-

tion into mice that had been protected

with antitoxin to Cl. botulinum types
A, B, C, D, E, or F or tetanus (see
Table 1). Heated supernatant alone
(100°C for 10 minutes) failed to kill
mice.

Mud samples obtained in June,
July, and August were positive for
Cl. botulinum type F, whereas sam-
ples obtained any time between Octo-
ber and May were negative. These neg-
ative samples were inoculated with a
toxin-producing strain of CI botuli-
num type A (American Type Culture
Collection No. 7948) and subsequent-
ly cultured as described above. No
deaths occurred when culture super-
natant was injected into mice, while
controls with pure cultures of Cl. botu-
linum type A killed mice and showed
type-specific neutralization with anti-
toxin (Table 2).

Table 1. Neutralization pattern of cultures
identified as Clostridium botulinum type F.
Results are given as the number of mice that
died out of the number tested. S, centrifuged
supernatant of cultured mud samples; HS,
heated supernatant (100°C for 10 minutes).

Soutgcxei n of Antitoxin Results
S None 15/15
S ABCDE 20/20
S F 0/10
S Tetanus 4/4
HS None 0/8

Serially diluted cultures of these
negative mud samples yielded pure cul-
tures of a variety of organisms; of
these only B. licheniformis inhibited
the growth and toxin production of
Cl. botulinum type A when the two
organisms were cultured together in
BHI broth. Bacillus licheniformis had
no effect on the preformed toxin, on
the basis of the fact that supernatants of
36-hour cultures of Cl. botulinum type
A remained toxic after extended in-
cubation in fresh medium with B.
licheniformis. Mixed cultures of the
above organisms (when CI. botulinum
type A was initially present in concen-
trations of 1.6 X 103 organisms or
less per milliliter) resulted in nontoxic
cultures, provided that B. licheni-
formis was initially present in concen-
trations above 7.3 X 103 organisms per
milliliter (Table 3).

Bacillus licheniformis produces the
antibiotic, bacitracin (5), which is prob-
ably responsible for the growth-inhibit-
ing phenomenon observed here. It is
not known why . B. licheniformis is

Table 2. Inhibitory effect of mud on toxin
production by Cl. botulinum type A. Results
are given as the number of mice that died out
of the number tested.

Media inoculated

with Antitoxin  Results
Cl. botulinum type A None 6/6
Cl. botulinum type A A 0/6
Cl. botulinum type A
+ mud None 0/6
Mud alone None 0/6

Table 3. Inhibition of toxin production by B.
licheniformis. Results are given as the num-
ber of mice that died out of the number
tested. The media was inoculated with
1.6 X 10® CI. botulinum type A per milliliter
and various amounts of B. licheniformis.

B. licheniformis

(cells/ml) Results
73 X 108 0/3
73 x 10° 0/3
73 X 10 4/6
73 X 10t 3/6

o . 6/6
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