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pregnancy also prepare the host for the allogeneic challenge
of mating. Such a relationship between the ovary and thymus
would add further support to the concept of a thymic-ova-
rian interaction®.
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Lunar soil and Zagami meteorite inhibit biosynthesis of itoic acid, a siderophore
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Summary. Lunar soil, Zagami meteorite, and Gorda Ridge ocean basalt inhibited the synthesis of iotic acid and coproporphy-
rin III in iron-deficient Bacillus subtilis cultures. Synthetic ilmenite did not. The results indicated that the three natural
samples served as sources of iron for the organism, but the ilmenite did not.

Key words. Siderophore; Bacillus subtilis; itoic acid; porphyrin; lunar soil; meteorite; ilmenite.

Since Fe(IIT) is extremely insoluble in water, almost all mi-
croorganisms, especially under iron-deficient growth condi-
tions, excrete iron-binding compounds known as sidero-
phores that chelate iron, and transport the bound iron into
the cells’2. Bacillus subtilis, for instance, when grown in an
iron-deficient growth medium? (FeDGM), excretes 2,3-dihy-
droxybenzoylglycine (itoic acid), the first chemically identi-
fied siderophore?®, and coproporphyrin III° into the culture
medium. Excretion of these two compounds is extremely
sensitive to iron concentration in the growth medium, and
stops as iron concentration rises*’. The present study was
undertaken to test whether extraterrestrial minerals and ter-
restrial minerals of a similar elemental composition serve as
sources of iron for the organism and inhibit thereby the
excretion of these compounds.

Materials and methods. Samples of lunar soil (10084,151),
Zagami meteorite, Gorda Ridge ocean basalt, Quebec il-
menite, and synthetic ilmenite were provided by the Solar
System Exploration Division of the Johnson Space Center,
Houston, Texas. These mineral samples (10 mg) were auto-
claved in 250-ml flasks containing 50 ml FeDGM. The flasks
were inoculated with five drops of a freshly grown Bacillus
subtilis (ATCC 15933) in FeDGM, and incubated for three
days at 30 °Cin a gyratory shaker at about 50 cycles/min. The
cells were removed by centrifugation at 10,000 g for 10 min,
and the absorbance of each supernatant, diluted five-fold,
was read at 320 nm and 405 nm for the measurement of itoic

acid and corproporphyrin I11, respectively®*®. All flasks con-
taining FeDGM were previously rinsed thoroughly with 6 N
HCl in order to remove any possible iron contamination on
the inner wall of the flasks.

Results and discussion. A typical spectrum of the supernatant
of the 3-day-old Bacillus subtilis culture grown in FeDGM
showed two peaks which were not observed with the addition
of iron (fig.). The peak near 320 nm was indicative of itoic
acid and another at 405 nm of coproporphyrin III. The lunar

Effect of extraterrestrial and terrestrial minerals on biosynthesis of itoic
acid and coproporphyrin IIT by Bacillus subtilis. Each number represents
absorbance of the 3-day-old culture supernatants at the approximate
absorption maxima of itoic acid (320 nm) and coproporphyrin Il (405
nm). The numbers without parentheses are the mean absorbance of four
determinations, and those in parentheses the ranges. The addition of the
minerals was at 200 mg/l of FeDGM. The minerals were virtually insolu-
ble, and stayed as solids at the bottom of the culture flasks.

Minerals added to

Absorbance of 3-day-old culture

FeDGM supernatants at
320 nm 405 nm

None 5.00 (5.32 4.70) 1.07 (1.23 -0.925)
Lunar soil 0.661 (0.690-0.625) 0.216 (0.225-0.210)
Zagami meteorite 0.584 (0.615-0.555) 0.196 (0.205-0.190)
Gorda Ridge basalt 0.663 (0.680-0.655) 0.215 (0.225-0.200)
Quebec ilmenite 1.14 (1.24 -1.05) 0.615 (0.830--0.500)
Synthetic ilmenite 3.17 (3.53 -2.71) 1.58  (2.09 -1.13)
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Spectra of the 3-day-old culture supernatants of Bacillus subtilis grown in
FeDGM (upper) and in FeDGM plus 100 pg iron (FeCl;)/1 (lower).
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soil (10084.151), collected during the Apollo 11 mission®, the
Zagami meteorite, postulated to be of Mars origin'®, and the
Gorda Ridge basalt!!, a representative of the most abundant
volcanic rock on earth, all completely inhibited excretion of
itoic acid and coproporphyrin II. No inhibition of copro-
porphyrin III excretion and slight inhibition of itoic acid
excretion were observed with the synthetic ilmenite. The
Quebec ilmenite inhibited excretion of both, but not to the
same extent as the other three natural samples (table). The
result indicated that iron was released from the extraterres-
trial and terrestrial materials, and transported into the orga-
nism through the ‘low affinity’? itoic acid-independent trans-
port system. However, the iron must have come from such
sources as pyroxenes and olivines, but not from ilmenite, all
of which are abundant in the lunar soil, the Zagami meteorite
and the ocean ridge basalt. Failure of the synthetic ilmenite
to release iron for utilization by the organism reflected the
tight crystalline structure of ilmenite. The inhibition of excre-
tion of these two compounds by the Quebec ilmenite indi-
cated that this ilmenite sample was somewhat contaminated
with other iron sources. It is interesting to note that ash from
Mt St.Helen inhibited biosynthesis of rhodotorulic acid, a

siderophore of Rhodotorula pilimanae '*.
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Differential effects of prostaglandins and isoproterenol on cAMP content and Na, K pump activity in rat

submandibular acini
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Summary. The f-adrenergic agonist isoproterenol and prostaglandins E, and E, (but not F,,) increased the cAMP content of
rat submandibular acini in vitro, but only isoproterenol enhanced ouabain-sensitive **Rb (K) uptake. These findings suggest
that cAMP is not involved in the activation of the Na, K pump in salivary cells.
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Several lines of evidence indicate that activation of a Na, K
pump localized in the basolateral cell membrane! is an im-
portant consequence of autonomic stimulation in the sali-

vary glands®**. Enhanced pump activity is observed with
both cholinergic® and f-adrenergic? stimuli, but the specific
mechanisin in each case is not entirely clear, as the two types



