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infections. When therapy was delayed as long
as 5 days, the 3 antibiotics substantially
reduced kidney damage and the number of
positive cultures obtained if given in large
doses. Sulfadiazine was not beneficial for
either infection if treatment was delayed
more than one day after inoculation. The
same was true for polymyxin (Pseudomonas
infection). When one treatment i.v. was given
1 hour after challenge, only those agents
found active in the delayed therapy experi-
ments gave good results. The other chemo-
therapeutics were ineffective by any test meth-
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od. Gamma globulin as well as specific anti-
sera reduced the incidence of gross kidney
damage and infection when administered be-
fore or up to 24 hours after i.v. inoculation.
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The Estimated Size of Pseudomonas aeruginosa B-Galactosidase (32905)
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Variations in structure of the enzyme
B-galactosidase provide an index for natural
relationships among bacteria (1). Previous
studies comparing Bacillus megaterium and
Escherichia coli B-galactosidases suggest no
relatedness (2); this is exemplified by the
difference in size of their respective enzymes
(mol. wt. 150,000 and 518,000). A similar
comparison revealed the B-galactosidases of
E. coli and Aeromonas formicans to be identi-
cal in size, but very different in amino acid
composition (3). Because the Esckerichia and
Aeromonas enzymes alone are antigenically
similar, size may be employed as a major
distinction.

Members of the genera Pseudomonas and
Aeromonas are taxonomically allied by simi-
larities in morphology, i.e., polar flagellation.
The natural relationship of Aeromonas spe-
cies to pseudomonads, or to enteric organisms
(e.g., E. coli), is unresolved despite the use of
Adansonian analysis for overall similarity and
methods for testing nucleic acid homologies
(4). The isolation of B-galactosidase from P.
aeruginosa provides new evidence for the
reexamination of this controversy.

Materials and Methods. Ps. aeruginosa
strain X was provided for this study by R. G.
Doggett; it is one of 28 strains capable of
hydrolyzing o-nitrophenyl-g8-D-galactopyrano-

side (ONPG). The basal culture medium
(Vogel and Bonner, medium E) was prepared
by adding to 670 ml of distilled water 10 gm
of MgSO, + TH,0, 100 gm of citric acid * H,0,
500 gm of KoHPOy, and 175 gm of Na(NH,4)-
HPO, * 4H,0; these ingredients diluted 50-
fold will support growth of the organism and
the addition of 0.2% (w/v) lactose insures
enzyme production. Cells for extract prepara-
tion were grown in 2-liter Erlenmeyer flasks
containing 1 liter of basal medium plus lac-
tose. The flasks were incubated on a rotary
shaker for 18 hours at 37°C. The final cell
density was 150 units in a Klett-Summerson
colorimeter (660-my filter). Cells were har-
vested by centrifugation and washed once with
five times their wet weight of basal medium.

The extraction and enrichment procedures
for Ps. aeruginosa B-galactosidase were per-
formed at temperatures of 4-10°C. A 20%
(w/v) suspension of cells in 0.1 M sodium
phosphate buffer, pH 7.0, containing 10—%
M B-mercaptoethanol was sonified for 10
min; cellular debris was removed by centrifu-
gation at 30,000¢g for 20 min. The assay of
B-galactosidase employing ONPG has been
described (3); the Lowry Folin—phenol meth-
od was used to determine total protein (5).
The specific activity of the cell-free extract
was 0.37 units/mg of protein. Fractionation
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was accomplished with the addition of strep-
tomycin sulfate (2.5%w/v) to precipitate nu-
cleoprotein, ammonium sulfate (50%v/v) to
precipitate B-galactosidase, and Sephadex G-
100 filtration using previously reported meth-
ods (3). A single peak of enzyme activity was
revealed in the filtration pattern. Selected
fractions of high specific activity (9.28 units
/mg of protein) were concentrated by ammo-
nium sulfate precipitation for use in estimat-
ing the molecular weight of this enzyme.
These preparations were stable during re-
frigeration for 1 week and yielded colorless
solutions when dialyzed against extract buffer.

The molecular weight of Pseudomonas
[B-galactosidase was estimated by gel filtra-
tion on Sephadex G-100 using a Sephadex
Laboratory Column (Pharmacia, Uppsala,
Sweden). The column was 2.5 X 37 cm; the
flow rate was 4.0 ml per cm? per hour. One
ml fractions of eluate were automatically
collected with a siphon which was siliconized
by prior application of Desicote (Beckman
Instruments, Inc., Fullerton, Calif.). The
sample volume was 1.2 ml and the void
volume was determined with Blue Dextran
2000 (Pharmacia). Andrews (6) has estab-
lished the suitability of standards employed
in this experiment. Bovine serum albumin
(mol. wt. 67,000) and ovalbumin (mol. wt.
45,000) were determined as total protein.
Cytochrome C (mol. wt. 12,400) was esti-
mated spectrophotometrically at 412 mu. A
separate filtration for each standard located
its relative position in the elution pattern.
Standards combined with the enzyme were
easily discernible and 1.0-ml fractions elimi-
nated extrapolation of the solute peak to an
apex (Fig. 1).

Results and Discussion. There is a linear
relationship between the logarithm of the
molecular weight of the protein standards and
the ratio of their elution volume, V to the
void volume, V, of the column (Fig. 2).
I found the elution profile of Pseudomonas
B-galactosidase closely situated to that of
ovalbumin in each determination; the two
proteins cannot be distinguished by calcula-
tion of V/V,.

Proteins offer a mosaic of properties which
lends itself to detailed comparisons. Where
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Fic. 1. The Sephadex G-100 filtration pattern of
P. aeruginosa p-galactosidase (A) and standards:
Blue Dextran 2000 (A), bovine serum albumin and
ovalbumin (@), cyvtochrome C (O). Each fraction
(1.0 ml) was assayed according to the text; the re-
spective assay values are represented on a scale of
1-12 units for profile comparison.
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Fic. 2. Estimation of the molecular weight of P.
aeruginosa B-galactosidase (O). The following pro-
teins of known molecular weight (see text) were em-
ployed in the method of Andrews (6): bovine serum
albumin (@), ovalbumin (A), cytochrome ¢ (A).
Each symbol indicates a single value; the void
volume (V,) was separately determined for each
of the three filtrations performed.

functionally analogous proteins derived from
established taxonomic groups have been ex-
amined, results suggest that shared structural
properties are an expression of the degree of
relatedness (7,8). The estimated molecular
weight of Ps. aeruginosa [-galactosidase
(mol. wt. 45,000) contradicts the alliance of
this organism and A. formicans, for aeromon-
ads are known to closely resemble E. coli in
terms of their gB-galactosidases (mol. wt.
518,000). This suggests a natural separation
between Ps. aeruginose and the Escheri-
chia—Aeromonas group. There is further evi-
dence for this conclusion in the regulation of
tryptophan biosynthesis (4).

The p-galactosidase is

unique in the
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amount of variation exhibited among bac-
teria. Size is a major distinction which may
ultimately be related to the dimensions of a
specific chromosomal segment in each organ-
ism. In certain cases, substrate specificity will
be the primary concern; phosphorylation
precedes hydrolysis in the catabolism of lac-
tose by Stapkylococcus aureus (9).

Summary. The p-galactosidase of Pseu-
domonas aeruginosa was isolated and en-
riched approximately 25-fold. Gel filtration
experiments provide an estimated molecular
weight of 45,000. The comparatively small
size of this enzyme is evidence for the
nonrelatedness of pseudomonads and previ-
ously characterized microorganisms (e.g.,
Aeromonas formicans).

1187

1. Marmur, J., Falkow, S., and Mandel, M., Ann.
\Rev. Microbiol. 17, 329 (1963).

2. Rohlfing, S. and Crawford, I., J. Bacteriol. 91,
1085 (1966).

3. Rohlfing, S. and Crawford, I, J. Bacteriol.
92, 1258 (1966).

4. Crawford, I, Sikes, S., and Melhorn, D., Arch.
Mikrobiol. 59, 72 (1967).

5. Lowry, O., Rosebrough, N., Farr, A, and Ran-
dall, R., J. Biol. Chem. 193, 265 (1951).

6. Andrews, P., Biochem. J. 91, 222 (1964).

7. Rutter, W. and Groves, W., “Taxonomic Bio-
chemistry and Serology,” p. 417. Ronald Press,
New York, 1964.

8. Kaplan, N, “Evolving Genes and Proteins,”
p. 243. Academic Press, New York, 1965.

9. Hengstenberg, W., Egan, J., and Morse, M,,
Proc. Natl. Acad. Sci. U. S. 58, 274 (1967).

Received Dec. 4, 1967. P.SEB.M.,, 1968, Vol. 127.

Anticonvulsant Activity of Antiparkinsonism Agents* (32906)
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Despite the progress in the treatment of
epilepsy provided by the introduction of
diphenylhydantoin and trimethadione, a large
proportion of patients are only partially
benefited and some seizure patterns are almost
completely resistant to anticonvulsants cur-
rently available. Infantile myoclonic spasms
and akinetic seizures in children are particu-
larly resistant, and frequently are associated
with a poor prognosis. A wider spectrum of
anticonvulsant medications is urgently need-
ed for the control of these and other refracto-
ry seizure patterns (1).

The choice of the synthetic, antiparkinson-
ism, atropine-like agents, procyclidine (Ke-
madrin) and trihexyphenidyl (Artane), for
investigation as potential anticonvulsants was
prompted by the evidence for a cholinergic
factor in the propagation of the seizure dis-
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U.S. Public Health Service (Grant No. NB 05161-04),
Bethesda, Md., and the Brain Research Foundation,
Chicago.

charge, the site of action of these drugs
centrally at the level of the reticular system
and centrencephalic structures, and their po-
tency  against  nicotine-induced  elec-
troencephalographic abnormalities observed
in experimental animals(2-4). Atropine is
known to reduce spike-and-wave paroxysms
in some patients with petit mal(2), but its
chronic administration in anticonvulsant
doses would be precluded by the occurrence
of side effects. The newer, synthetic, antipark-
insonism agents are more specific in their
central anticholinergic action and have fewer
peripheral effects. The potential value of this
class of compounds as anticonvulsants has
been demonstrated in the present laboratory
and preliminary clinical study.

Methods. Procyclidine and trihexyphenidyl
were examined for their ability to protect
mice from experimental seizures, and the
anticonvulsant activity of procyclidine was
also determined in children with frequently
recurring seizures that had proved refractory
to conventional antiepileptic compounds.



