History) were examined. None is preserved,
but we were able to infer that some had
once been polyp-balls because of their small
size and lack of epitheca. Some of the more
mature specimens, larger in size and with
epitheca, showed none of the irregularities
seen in our own adult colonies. These probably
did not bear polyp-balls. In other respects
these corals were all very similar.

10. The corals were observed and collected while

Adenosine Triphosphatase

one of us (J.D.T.) was engaged in ecological
studies on the atoll of Aldabra in the western
Indian Ocean (46°24’E, 9°24’S). These in-
vestigations are part of the Royal Society
Expedition to Aldabra. The specimens which
were collected are now in the British Museum
(Natural History). We thank J. W. Wells
for commenting on the manuscript and G.
R. Adams for the photographs.

5 June 1969 L}

Sensitive to DDT in Synapses of Rat Brain

Abstract. The insecticide DDT selectively inhibits the action of a Na',K*,
Mg?*-adenosine triphosphatase found in the nerve ending fraction of the rat
brain. As judged by the concentrations of inhibitors that give 50 percent of
enzyme inhibition, DDT was approximately 1000 times more toxic than its non-
insecticidal analog, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene. The degrees of
inhibition of this enzyme system by various toxic and nontoxic DDT analogs
were closely related to a general toxicity in vivo of these compounds. Moreover,
the extents of inhibition of this enzyme system by DDT were much higher at low
temperatures, an indication of a causal relation between poisoning in vivo by
DDT and the inhibition in vitro of the Na',K*,Mg%*-adenosine triphosphatase

system.

The toxicity of DDT may result from
its ability to disrupt the transport
mechanisms of sodium and potassium
ions in the nervous system (/). How-
ever, the biochemical mechanisms by
which DDT causes such disruptions are
unknown.

Chlordane and other chlorinated
hydrocarbon insecticides partially in-
hibit the adenosine triphosphatases in
rabbit brain (2), and also there is an
adenosine triphosphatase that is particu-
larly sensitive to DDT in. the rat brain
(3).

There are at least three different
groups of adenosine triphosphatases
existing in the nervous system: Na*K*,
Mg2+-adenosine triphosphatases (4),
which are particularly sensitive to oua-
bain; Mg2?+,Ca?- or contractile adeno-
sine triphosphatase, which is sensitive to
Mersalyl (5); and other Mg2*-adenosine
triphosphatases (4, 6). The former two
enzymes may take part in the mecha-
nisms of ion transport in the nervous
system.

In view of the possibility that a causal
relation might exist between the enzy-
matic system involving active ion trans-
port mechanisms and the sites of DDT
attack, we have expanded our earlier
study (3) to partially characterize the
DDT-sensitive adenosine triphosphatase
and to study the effects of other DDT
analogs on the enzyme system.

The enzyme source was the acetone
powder preparation of the nerve ending
fraction (3). The preparations were
either suspended in 0.05M tris(hydroxy-
methyl)aminomethane - hydrochloride
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(tris-HCl) buffer (pH 7), or in buffer
similar to the one developed by Skou
(7) (pH 7.6), containing 0.25 mole/
liter of sucrose, 0.03 mole/liter of imi-
dazole, 1 mmole/liter of ethylenedia-
minetetraacetate, and 0.1 percent deoxy-
cholic acid. The preparations were
homogenized at 0°C for 3 minutes with
a small Potter-Elvehjem homogenizer.
The homogenate was centrifuged for
30 minutes at 20,000g. The precipitate
was resuspended in the same medium to
contain 0.1 to 0.2 mg/ml of protein. A
portion (0.2 ml) of the enzyme prepara-
tion was added to 1.6 ml of a standard
incubation mixture containing 0.1M
NaCl, 20 mM KCI, and 6 mM MgCl,
in 0.03M tris-HCI buffer (pH 7.6) (8) or
in 1.6 ml of a standard assay mixture
at pH 7 as described (3). In all cases

Activity of Nat, K*
Mg?*adenosine triphosphatase (%)

167 169 15T T TR
Concentration (M)

Fig. 1. Relation between the concentration
of DDT and DDE and the degrees of
inhibition of Na*K*,Mg*-adenosine tri-
phosphatases. Degrees of inhibition .of the
enzyme was plotted in probability units to
give a linear relation against log-concentra-
tion of inhibitors (7/6).

the system was first incubated at 24°C
with Mersalyl (10-¢ mole/liter, Sigma)
for 10 minutes (added with 18 pnl of
distilled-deionized water). The DDT and
its analogs (9) were added to the system .
with 18 ul of ethanol (95 percent); the
system was maintained for an addi-
tional 10 minutes. To assay the adeno-
sine triphosphatase activity, 1 umole of
adenosine triphosphate (ATP) (disodium
salt) was added with 0.2 ml of tris-HCI
buffer, and the system was maintained
for 30 minutes, normally at 24°C. The
total scale of assay procedure for in-
organic phosphorus was 15 ml (0). The
enzyme activity (24°C) of average prep-
arations was in the order of 15 nmole
per milligram of protein per minute of
ATP hydrolyzed at pH 7.6. In all cases,
an identical set of tests was made with
the same enzyme sources, except that
they were first incubated with 10-*M
ouabain (Nutritional Biochemicals). This
portion of the enzyme activity was sub-
tracted from the total activity to esti-
mate the Na+K+Mg?*+adenosine tri-
phosphatase activity. On average, 37
percent of the total activity of these
enzyme preparations was due to the
adenosine triphosphatases sensitive to
ouabain at pH 7.6 and 24°C.

To establish the general identity of
the adenosine triphosphatase sensitive to
DDT, (i) the Mg2+,Ca2*-adenosine tri-
phosphatase was isolated from the rat
brain homogenates at pH 7 by the
method of Puszkin et al. (5), and (ii)
the Na+,K+*,Mg2+-adenosine triphospha-
tases of the acetone powder preparation
(3) from the nerve ending fraction of
the rat brain were partially activated by
the enzyme solution and the assay buf-
fer mixture of Skou at pH 7.6 in the
presence of 10—6M Mersalyl (5). The
Mg2+,Caz+-adenosine triphosphatase was
more sensitive toward DDE than to
DDT (inhibition of 10-°M DDT and
DDE was 33.7 percent and 47.1 per-
cent, respectively). It cannot, therefore,
be the DDT-specific, target enzyme.
This was in agreement with the previous
observation that 2.5 X 10-*M Mersalyl
mainly inhibited Mg?>+,Ca2*-adenosine
triphosphatase so that the remaining
enzyme became more sensitive to DDT
than to DDE (3).

When the Nat K+ Mg2+-adenosine
triphosphatase was tested against DDT
and DDE (Fig. 1) it became evident
that a portion (approximately 50 per-
cent) of this enzyme system was par-
ticularly sensitive to DDT but not to
DDE. Since the DDT-inhibition curve
showed a sharp break at 50 percent,
it appeared likely that there were more
than one Na* K+ Mg?+-adenosine tri-
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Fig. 2. Relation between the toxicities in
vivo of DDT analogs (9) toward mos-
quito larvae (Aedes aegypti) and the
amount of the Na*,K*,Mg*-adenosine tri-
phosphatase activity remaining after inhibi-
tion by 10°M of these analogs [expressed
in percent activity of the enzyme remain-
ing in probability units (/6)]. The toxicities
are expressed in terms of insecticide con-
centration which gives 50 percent of
mortality (LCy) in the mosquito popula-
tions as tested by the World Health Orga-
nization standard method. The LC; value
for DDA could not be determined because
of its low toxicity to mosquito larvae.

phosphatase in this preparation and that
one of them was particularly sensitive
to DDT. The inhibitor concentrations
that resulted in 50 percent inhibition
(I;,) of Na'"K*,Mg2*-adenosine tri-
phosphatase was for DDT approximately
3 X 10-"M as opposed to 3 X 10-*M
for DDE.

The same enzyme source was also
tested against DDT and DDE in the
K+,Mg?+ buffer at pH 7 (3). The in-
hibition curves obtained for K*,Mg?+-
adenosine triphosphatases were almost
identical to those in Fig. 1.

To study the relation between the
actual toxicities in vivo and the extent
of adenosine triphosphatase inhibition,
several DDT analogs (final concentra-
tion, 10-°M) were incubated with the
same enzyme preparation. The results
(Fig. 2) indicated that the degrees of
inhibition of the Na+,K+,Mg2+-adenosine
triphosphatases were closely related to
the actual toxicities in vivo against mos-
quito larvae of those DDT analogs.

The insecticide DDT is much more
toxic at lower temperature (negative
temperature correlation). Experiments,
at 37°C, indicated that the activity of
Na+,K+,Mg?*-adenosine triphosphatase
in relation to the total adenosine tri-
phosphatase activity (mainly Mg~
adenosine triphosphatases) was much
less at 37°C (less than 10 percent). Ac-
curate assessment of toxicity of DDT to
this small portion of NatK+Mg-
adenosine triphosphatase activity was,
therefore, difficult. The Ij, value ap-
peared to be, however, higher than
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10-M. When the incubation tempecra-
ture was lowered to 13°C, the activity
of the Na+,K+,Mg?"-adeonosine triphos-
phatase increased to 50 percent of the
total adenosine triphosphatase activity
and the I, value toward DDT de-
creased to approximately 5 X 10-SM.
Moreover at this temperature, 100 per-
cent of the Nat,K+Mg2+adenosine
triphosphatases were sensitive to DD'T.

Electrophysiological studies (/1) in-
dicate that the minimum concentration
for DDT to elicit the neurophysiologi-
cal symptoms of DDT poisoning in the
isolated abdominal nerve cord (central
nervous system) of the German cock-
roach at 24°Cis 1 to 3 X 10-°M. Eaton
and Sternburg (/2) showed that when 1
ug (threshold or sublethal amount) of
DDT was injected into a male Ameri-
can cockroach only a portion (25 per-
cent) of given DDT (approximately
10-°M) reaches to the nerve cord itself,
and the remainder stays with the lipid
sheath. Our I, value, therefore, is at
least in the same order as the actual
threshold concentration of DDT in the
central nervous systems of the German
and American cockroach.

Another piece of evidence supporting
the view that this enzyme system is in-
volved in the actual poisoning processes
of DDT is the fact that the same en-
zyme preparation contains a component
which specifically binds with C'*-DDT
(13). The concentration of specific
DDT-binding substances is also in the
same magnitude at 3 X 10°"M (I3, 14).

The Na+K+Mg2+adenosine triphos-
phatases are known to be present in
many biological membranes and the
evidence of their contribution to the
process of active transport of Na* and
K* is accumulating (4). Although the
synapses are not known to be the most
sensitive site for DDT attack (sensory
endings are), they take part in the
process of DDT poisoning (I5) and
contain significant amounts of Na* K+,
Mg+2-adenosine triphosphatases. There-
fore, the involvement of an adenosine
triphosphatase or an adenosine triphos-
phate-utilizing system, or both, in DDT
poisoning is a likely possibility.

FuMio MATSUMURA
K. C. PATiL
Department of Entomology,
University of Wisconsin,
Madison 53706
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Acta 32,

Phosphonomycin, a New Antibiotic
Produced by Strains of
Streptomyces

Abstract. Phosphonomycin is a newly
discovered antibiotic produced by strep-
tomycetes. It is effective, when admin-
istered by the oral route, to mice in-
fected with Gram-positive or Gram-
negative microorganisms. The antibiotic
is bactericidal and inhibits cell-wall syn-
thesis.

A new antibiotic, phosphonomycin,
was discovered during a search for or-
ganisms producing broad-spectrum anti-
biotics. We report here some of the bio-
logical properties of the agent.

Phosphonomycin is produced in aer-
ated, submerged cultures of strains of
Streptomyces fradiae (ATCC 21096),
Streptomyces viridochromogenes (AT-
CC 21240), and Streptomyces wed-
morensis (ATCC 21239) grown on a
variety of media. One medium which
produced activity and was employed for
the isolation studies had the following
composition: oatmeal, 20 g; tomato
paste, 20 g; and water to 1 liter. Phos-
phonomycin was differentiated from
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