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The API ZYM system was used to investigate enzymatic activities of Legion-
ella pneumophila and other Legionella-like organisms. Leucine aminopeptidase,
alkaline and acid phosphatase, butyrate and caprylate esterase, and phosphoami-
dase activities were consistently detected in all strains tested. No evidence of
myristate lipase, trypsin, chymotrypsin, or glycosidase activity was found.

Legionella pneumophila and Legionella-like
organisms have emerged as significant respira-
tory pathogens in certain patient populations.
There exist relatively few biochemical tests
based on positive reactions for identification of
this group of organisms (9, 11). Biochemical
characterization is complicated by the fact that
these organisms have an unusual metabolism
characterized by the ability to use amino acids
as the major source of energy and carbon (8).
They also do not grow on standard laboratory
media. Definitive identification of an isolate as
one of the described species requires gas-liquid
chromatography of cellular fatty acids (14) or
direct immunofluorescent staining (3).

We examined the enzymatic profiles of non-
proliferating cells by using the 19 chromogenic
substrates comprising the API ZYM system
(Analytab Products, Plainview, N.Y.). While
this study was in progress, Miiller (16) published
the enzymatic profiles of four strains of L.
pneumophila, using the API ZYM system. We
expand upon his observation with L. pneumo-
phila and extend it to other described species,
considered by some to be in the genus Legion-
ella (1, 2, 10, 12, 13) and by others to be in the
genera Tatlockia and Fluoribacter (7).

Nine strains of L. pneumophila, designated
Bellingham 1 (serogroup 1), California 1 (sero-
group 1), Knoxville 1 (serogroup 1), Philadel-
phia 2 (serogroup 1), Togus 1 (serogroup 2),
Bloomington 2 (serogroup 3), Los Angeles 1
(serogroup 4), Dallas I-E (serogroup 5), and
Chicago 2 (serogroup 6), and one strain each of
L. micdadei (Tatlock), L. gormanii (LS-13), L.
bozemanii (WIGA), L. dumoffii (TEX-KL), and
L. longbeachae (Longbeach 4), were studied. L.
longbeachae was provided by R. M. McKinney,
Centers for Disease Control, Atlanta, Ga.; all
other strains were provided by R. D. Miller,
School of Medicine, University of Louisville,
Louisville, Ky.

All strains were plated on buffered charcoal
yeast extract agar (BCYE) (17) and incubated
for 48 h at 37°C in an atmosphere of 5% CO, in
air. Strains of L. pneumophila were also plated
on Mueller-Hinton medium (MH-IH) (5) supple-
mented with 5% (wt/vol) dried bovine hemoglo-
bin and 1% (vol/vol) IsoVitaleX (BBL Microbi-
ology Systems, Cockeysville, Md.) and
incubated for 72 h. The other Legionella-like
organisms failed to grow on MH-IH.

Dense cell suspensions were prepared in 4 ml
of sterile saline from growth on these media and
adjusted to a turbidity approximating a McFar-
land no. S standard. A sample of each suspen-
sion was plated onto 5% sheep blood agar to
check for contamination.

Each cupule of the API ZYM strip was inocu-
lated with 2 drops of the prepared bacterial
suspension. The strips were then placed in a
moist chamber and incubated for 4 h at 37°C in
5% CO; in air. After incubation, 1 drop each of
reagent A (Tris, 250 g; HCI [37%], 110 ml; lauryl
sulfate, 100 g; distilled water to 1,000 ml) and of
reagent B (Fast Blue BB, 3.5 g; 2-methoxyeth-
anol to 1,000 ml) were added to each cupule.
The colors were allowed to develop for 5 min.
The color intensity of the reactions was quanti-
tated by assigning values of from 0 to 5 accord-
ing to the color chart provided by the manufac-
turer. We translated the manufacturer’s values
as follows: 0 = negative, =1 = weakly positive,
2-3 = positive, and 4-5 = strongly positive
reaction.

The enzymatic activities assayed and results
are presented in Table 1. All strains tested gave
similar enzymatic profiles. Alkaline (pH 8.5) and
acid (pH 5.4) phosphatase, leucine aminopepti-
dase, butyrate and caprylate esterase, and phos-
phoamidase activities were consistently detect-
ed. The only exception was L. bozemanii, which
showed no caprylate esterase activity.
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TABLE 1. Enzymatic activities of Legionellaceae
as tested by the API ZYM system

Enzyme Result?
Acid phosphatase...................... ... ++
Alkaline phosphatase ...................... ++
Butyrate esterase .............. ..o +
Caprylate eSterase . ..........ouoeiveneenenns +b
Myristate lipase ..................o -
Leucine aminopeptidase. ................... ++
Valine aminopeptidase ..................... +¢
Cystine aminopeptidase .................... +d
Trypsin. . ...ovoi i -
Chymotrypsin..........cooovviiiiiiiinn.. -
Phosphoamidase........................... +

a-D-Galactosidase ............... ... . ... -
B-D-Galactosidase ............c..oveiiinnnn. -
B-p-Glucuronidase. ............ ...l -
a-D-Glucosidase . ...l -
B-D-Glucosidase .. ... -
N-acetyl-B-p-glucoaminidase ............... -
a-D-Mannosidase .. ..., -
a-L-Fucosidase . ............. ..., -

44+, Strongly positive: +, positive; =, weakly
positive; —, negative.

L. bozemanii was negative.

°L. pneumophila and L. bozemanii only; all others
were negative.

9L. pneumophila only; all others were negative.

Miiller (16) reported that L. pneumophila has
a wide range of aminopeptidase activity, includ-
ing valine and cystine aminopeptidases. We
found no convincing evidence of either valine or
cystine aminopeptidase activity in the strains of
L. pneumophila tested; however, there was
some suggestion of weak action on these sub-
strates. Leucine, valine, and cystine are among
the amino acids required by some strains of L.
pneumophila (8). The difference in relative
aminopeptidase activity with regard to these
three substrates is puzzling. Perhaps subtle vari-
ations in media composition, technique, or pas-
sage history of the strains are responsible for
this apparent discrepancy between Miiller’s re-
sults and our own.

Of the Legionella-like organisms, only L. bo-
zemanii showed weak valine aminopeptidase
activity. An expanded aminopeptidase profile
using other amino acids as substrates might
provide a means of distinguishing the species.

The broad pH range of the phosphatase activi-
ty may indicate that phosphatase activity plays
an essential role in metabolism of the Legionel-
laceae.

Miiller (16) reported that L. pneumophila pos-
sesses esterase activity but no lipase. We found
apparent butyrate and caprylate esterase activi-
ty. L. pneumophila has significant proteolytic
activity (15; T. C. Thorpe and R. D. Miller,
Abstr. Annu. Meet. Am. Soc. Microbiol. 1981,
D3, p. 43), and it is possible that the esterase
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activity detected here was a result of proteolytic
enzymes and not specific esterases, since most
proteolytic enzymes also catalyze hydrolysis of
ester bonds (18).

No myristate lipase, chymotrypsin, trypsin,
or glycosidase activity was found. The lack of
glycosidase activity demonstrated by this group
of organisms is consistent with their reported
inability to ferment carbohydrates (11).

The nine strains of L. pneumophila tested
showed no qualitative or quantitative differences
in enzymatic activity when inocula obtained
from BCYE and MH-IH were compared.

The API ZYM strip has proved useful as an
aid in the identification of other bacteria (4, 19,
20). The findings of strong phosphatase, strong
leucine aminopeptidase, esterase, and phos-
phoamidase activities and no glycosidase activi-
ty, when coupled with the other phenotypic
characteristics described by Hébert (9), provide
additional criteria to identify an isolate as a
member of the family Legionellaceae. The 19
substrates used in this assay system, however,
do not differentiate the organisms at the species
level. Additional strains of the Legionella-like
organisms should be tested as they become
available, to determine whether the other spe-
cies are as homogeneous with respect to their
enzymatic profiles as L. pneumophila appears to
be. The similar enzymatic profiles obtained with
this group of genetically heterogeneous free-
living organisms (6) may be a reflection of the
fact that they occupy a similar ecological niche.

Many fascinating questions remain unan-
swered concerning the physiology of this group
of organisms. It remains to be seen whether an
expansion of the enzymatic profile will provide a
useful means of species identification.

We thank Richard Miller and Roger McKinney for kindly
providing cultures.

LITERATURE CITED

1. Brenner, D. J., A. G. Steigerwalt, G. W. Gorman, R. E.
Weaver, J. C. Feely, L. G. Cordes, H. W. Wilkerson, C.
Patton, B. M. Thomason, and K. R. Lewallen Sasseville.
1980. Legionella bozemanii species nova and Legionella
dumoffii species nova: classification of two additional
species of Legionella associated with human pneumonia.
Curr. Microbiol. 4:111-116.

2. Brenner, D. J.. A. G. Steigerwalt, and J. E. McDade.
1979. Classification of Legionnaires’ disease bacterium:
Legionella pneumophila, genus novum, species nova, of
the Family Legionellaceae familia nova. Ann. Intern.
Med. 90:656-658.

3. Broome, C. V., W. B. Cherry, W. C. Winn, and B. R.
MacPherson. 1979. Rapid diagnosis of Legionnaires’ dis-
ease by direct immunofluorescent staining. Ann. Intern.
Med. 90:1-4.

4. D’Amato, R. F., L. A. Eriquez, K. M. Tomfohrde, and E.
Singerman. 1978. Rapid identification of Neisseria gon-
orrhoeae and Neisseria meningitidis by using enzymatic
profiles. J. Clin. Microbiol. 7:77-81.

5. Feely, J. C., G. W. Gorman, R. E. Weaver, D. C. Mackel,
and H. W. Smith. 1978. Primary isolation media for



VoL. 15, 1982

10.

11.

12.

Legionnaires disease bacterium. J. Clin. Microbiol.
8:320-325.

. Fliermans, C. B., W. B. Cherry, L. H. Orrison, and L.

Thacker. 1979. Isolation of Legionella pneumophila from
nonepidemic-related aquatic habitats. Appl. Environ. Mi-
crobiol. 37:1239-1242.

. Garrity, G. M., A. Brown, and R. M. Vickers. 1980.

Tatlockia and Fluoribacter: two new genera of organisms
resembling Legionella pneumophila. Int. J. Syst. Bacter-
iol. 30:609-614.

. George, J. R., L. Pine, M. W. Reeves, and W. K. Harrell.

1980. Amino acid requirements of Legionella pneumo-
phila. J. Clin. Microbiol. 11:286-291.

. Hébert, G. A. 1981. Hippurate hydrolysis by Legionella

pneumophila. J. Clin. Microbiol. 13:240-242.

Hébert, G. A., A. G. Steigerwalt, and D. J. Brenner. 1980.
Legionella micdadei species nova: classification of a third
species of Legionella associated with human pneumonia.
Curr. Microbiol. 3:255-257.

Jones, G. L., and G. A. Hébert (ed.). 1979. ‘‘Legion-
naires’ *’: the disease, the bacterium, and methodology.
Center for Disease Control, Atlanta, Ga.

McKinney, R. M., R. K. Porschen, P. H. Edelstein, M. L.
Bissett, P. P. Harris, S. P. Bondell, A. G. Steigerwalt,
R. E. Weaver, M. E. Ein, D. S. Lindquist, R. S. Kops, and
D. J. Brenner. 1981. Legionella longbeachae sp. nov.,
another etiologic agent of human pneumonia. Ann. Intern.
Med. 94:739-743.

13.

14.

15.

16.

17.

18.

19.

20.

NOTES 177

Morris, G. K., A. Steigerwalt, J. C. Feely, E. S. Wong,
W. T. Martin, C. M. Patton, and D. J. Brenner. 1980.
Legionella gormanii sp. nov. J. Clin. Microbiol. 12:718-
721.

Moss, C. W., R. E. Weaver, S. B. Dees, and W. B. Cher-
ry. 1977. Cellular fatty acid composition of isolates from
Legionnaires disease. J. Clin. Microbiol. 6:140-143.
Miller, H. E. 1980. Proteolytic action of Legionella pneu-
mophila on human serum proteins. Infect. Immun. 27:51-
53.

Miiller, H. E. 1981. Enzymatic profile of Legionella
pneumophila. J. Clin. Microbiol. 13:423-426.

Pasculle, A. W., J. C. Feely, R. J. Gibson, L. G. Cordes,
R. L. Myerowitz, C. M. Patton, G. W. Gorman, C. L.
Carmack, J. W. Ezzell, and J. N. Dowling. 1980. Pitts-
burgh pneumonia agent: direct isolation from human lung
tissue. J. Infect. Dis. 141:727-732.

Stryer, L. 1975. Biochemistry, p. 116-117. W. H. Free-
man and Co., San Francisco.

Tharagonnet, D., P. R. Sisson, C. M. Roxby, H.R.
Ingham, and J. B. Selkon. 1977. The API ZYM system in
the identification of gram-negative anaerobes. J. Clin.
Pathol. 30:505-509.

Waitkins, S. A., L. C. Ball, and C. A. M. Fraser. 1980.
Use of the API ZYM system in rapid identification of a-
and nonhaemolytic streptococci. J. Clin. Pathol. 33:53—
57.



