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Identification of new isolates belonging to the family Actinomycetaceae requires
extensive numbers of biochemical tests, supplemented with gas-liquid chromatog-
raphy determination of fermentation end products and, often, analysis of cell wall
composition. This paper describes the results of the testing of 162 strains of
Actinomycetaceae and related taxa for 20 different enzymatic activities including
phosphatases, esterases, aminopeptidases, and glycosidases. The results of all
tests were read after 4 h of incubation. The results obtained in the study provide
significant new information on the biochemical properties of these groups of
bacteria. An identification scheme based upon 13 selected tests, which allow the
identification of these groups of bacteria within 4 h, is proposed.

The family Actinomycetaceae as defined in
the eighth edition of Bergey’s Manual of Deter-
minative Bacteriology (20) comprises five gen-
era: Actinomyces, Arachnia, Bifidobacterium,
Bacterionema, and Rothia. Besides forming
part of the normal oral flora of humans and
various animals (1), most species of this group
of bacteria are well established as human path-
ogens (1, 5, 21) and have recently attracted
considerable attention for their possible impli-
cation in periodontal disease and dental caries
(21). However, identification of few other groups
of bacteria has remained, to the same extent,
such a speciality as that of the Actinomyceta-
ceae. Although many of the species of Actino-
mycetaceae have been extensively studied, using
standard biochemical tests, the applicability of
such tests have remained limited because the
results are often irreproducible. The identifica-
tion of new isolates requires a fairly extensive
series of biochemical tests, in addition to gas-
liquid chromatographic determination of glucose
fermentation end products, supported in some
cases by analysis of chemical and antigenic com-
position of cell walls. The performance of bio-
chemical tests on these bacteria requires incu-
bation for 7 to 14 days, and the other procedures
can both be time consuming and require spe-
cialized methods or equipment.

During recent years, the rapid identification
of bacteria has been a growing necessity, and
new methods for detection of enzyme activities
have been applied to bacteriology. Such meth-
ods include the use of chromogenic enzyme sub-
strates which allow the demonstration of a va-
riety of enzymes formed by suspensions of non-
growing bacteria (3, 11). Besides being rapid, the

interpretation of results obtained by such tests
is not complicated by side effects of the multiple
reactions that may occur in complex nutrient
culture media containing the substrate. A vari-
ety of such synthetic substrates are now com-
mercially available and provide a simple way of
screening bacteria for enzyme activities. This
paper presents the results of the application of
the API ZYM system (Societe Analytab Prod-
ucts Inc., La Balme Les Grottes, France; U. S.
marketing expected soon) and other rapid tests
for individual glycosidases (13) to a collection of
representative strains belonging to the family
Actinomycetaceae and some related taxa. A
scheme for the identification of these bacteria
within 4 h is proposed.

MATERIALS AND METHODS

Bacterial strains. One hundred and sixty-two
strains comprising 121 reference strains and 41 isolates
from dental plaque of monkeys (14) and humans (15)
were used in the study. The 162 strains included
representatives of the genera Actinomyces, Arachnia,
Bacterionema, Bifidobacterium, Rothia, Nocardia,
Propionibacterium, and Corynebacterium (Table 1).
New isolates were identified with standard biochemi-
cal and physiological tests (21) and gas-liquid chro-
matographic determination of glucose fermentation
end products (4).

Cultural conditions. The bacteria were cultured
on brain heart agar (Difco Laboratories, Detroit,
Mich.) supplemented with yeast extract (Difco), res-
azurin, vitamin K, hemin, and cysteine-hydrochloride
(7). Incubation was performed anaerobically or aero-
bically with 10% CO; according to the optimal growth
conditions of the respective taxa. Cultures used for
inoculation of the tests were incubated at 37°C until
sufficient growth was obtained (2 to 6 days).

API ZYM tests. The API ZYM system, which

127



128 KILIAN J. CLIN. MICROBIOL.

TABLE 1. Strains used in this study

Strain designation®

NCTC' 9429, NCTC 9430, NCTC 9431, ATCC? 13683, ATCC 19012,
ATCC 19009

NCTC 4860, NCTC 6827, NCTC 6826, NCTC 6830, NCTC 10215,
NCTC 10236, ATCC 10049, ATCC 10048, ATCC 12102, ATCC
12103, WVU 3073, C 65°, INGB 17°, A80/77°, A91/77°, A332/76°,
A1746/76°, A309°, 16.143’, 16.164’

NCTC 10301, ATCC 12104, WVU 398a%, W1096°, TF 11°, B 120,
2.17, 2.27°, 5.287, 6.157, 6.237, 8.1127, 9.13", 9.180’, 10.1617, 15.1867,
16.1797, 17.1447, 5¢c14%, Dc8®

NCTC 9931, NCTC 9935, ATCC 17982, ATCC 17929, Be 31°, 3.198’,

Species
Actinomyces bovis . .............. ... ..

A. israelii

A. naeslundiv ... ... ... ... . ...

A.odontolyticus . . .................. ...

17.27
A. viscosus
Serotypel ........... ... ... ATCC 15987, ATCC 15988, WVU 440°, NY 1°
Serotype 2 ..... ... ATCC 19246, WVU 626°, WVU 6274, W 1053°, WVU 371°, B25°,
B236%, RF7°, H21°, 6.1307, 9.147, 9.1957, 9.145, 17.8, 17.198”, Ban5®,
Dan68®, Dan67%, 5ae94°
Arachnia propionica
Serotypel .......................... ATCC 15157, WVU 471°, WVU 1529°, WVU 449°, WVU 427°, WVU
439°, WVU 1089°
Serotype 2 .. ... ... WVU 346°, WVU 1578°, WVU 1579°

NCTC 10206, NCTC 10592, ATCC 14265, ATCC 14266, J 1337°, A
1839°, 9.1357, 16.23, 17.16’

NCTC 10471, NCTC 10472, ATCC 15696

ATCC 15703, ATCC 15704, F 167"

B 669", F94'°, F276'°, F320"°

ATCC 27534, ATCC 27678, B 735", B 757", B 764"

ATCC 15423, ATCC 15424

Bacterionema matruchotti ..... .. ... .. .

Bifidobacterium bifidum ..... .. ... .. ...
B. adolescentis . ..... ... ... ... ... ...
B. catenulatum ... ... ... .. .. .. ... .. ..
B. dentium
B. (“Actinomyces”) eriksonii . ..........

Corynebacterium cervicis ......... ... .. NCTC 10604

C. diphtheriae subsp. mitis . ....... .. ... NCTC 10349

C. haemolyticum ...................... NCTC 9697, NCTC 9998
C. pyogenes subsp. hominis ....... ... .. NCTC 10513
C.ulcerans ........................... NCTC 7907

C.X€rostS . .. ................... ... NCTC 7238

Nocardia asteriodes . ... ..... .. .. .. ... NCTC 630, NCTC 1935, NCTC 4524, NCTC 8595, NCTC 9969,
ATCC 10905, ATCC 19247, Mo 5001, Mo 5006°, A 792/77°, A
410/76°, A 2201/69°

NCTC 10300, ATCC 19019, ATCC 19296, ATCC 19297

NCTC 1934, M6 5005°

NCTC 3026, NCTC 4162, NCTC 9999, NCTC 10000

NCTC 737, ATCC 11827, A 406°, 1.1677, 1.1717, 1.1977, 2.2007, 3.124,
3.1707, 4.112b", 4.130b’

NCTC 10207, ATCC 14189, ATCC 14190, ATCC 14191, ATCC
17931, B 28/74%, B 50/74°, MG B27°, 4.19, 17.16"

*Sources of strains: ' National Collection of Type Cultures, Colindale, London; > American Type Culture
Collection, Rockville, Md.; * G. H. Bowden, MRC Dental Epidemiology Unit, London Hospital, London; * E. D.
Fillery, MRC Dental Epidemiology Unit, London Hospital, London; °J. Bodenhoff, Statens Seruminstitut,
Copenhagen, Denmark; ® K. Holmberg, Statens Bakteriologiska Laboratorium, Stockholm, Sweden; ” isolated
from dental plaque of Tanzanian children (reference 15); ® isolated from dental plaque of Macaca irus monkeys
(reference 14); ® M. A. Gerencser, West Virginia University, Morgantown; ' V. Scardovi, Instituto di Microbio-
logica Agraria, Universita di Bologna, Italy.

N. brasiliensis ... . ....................
N.caviae ........... ... ...............
N. (Streptomyces) pelletieri ..... ... .. ...
Propionibacterium acnes

Rothia dentocariosa .. ... ......... .. . ..

allows detection of 19 different enzymatic reactions, is
a standard device ready for use. The 19 tests per-
formed by this system are: alkaline phosphatase, es-
terase, esterase lipase, lipase, leucine aminopeptidase,
valine aminopeptidase, cystine aminopeptidase, tryp-
sin, chymotrypsin, acid phosphatase, phosphoamidase,
a-galactosidase, B-galactosidase, B-glucuronidase, a-
glucosidase, B-glucosidase, B-glucosaminidase, a-man-
nosidase, and a-fucosidase. This battery of tests was
applied to all 162 strains to select substrates that could

be used to distinguish genera and species. In addition,
this screening included the application of the o-nitro-
phenyl-B8-p-xylosidase (ONPX) test which detects g-
xylosidase activity (13).

Cupules of the API ZYM strip containing the re-
spective substrates were inoculated with 2 drops of a
heavy suspension of bacteria in sterile saline (turbidity
between MacFarland standards 5 and 6) as recom-
mended by the manufacturers. After incubation aero-
bically for 4 h at 37°C, the reactions were read after
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addition of 1 drop each of API reagents A and B
(reagent A: tris(hydroxymethyl)aminomethane, 250 g;
HCl, 37%, 110 ml; laurylsulfate, 100 g; distilled water
to 1 liter; reagent B: 3.5 g of fast blue BB (Sigma
Chemical Co., Saint Louis, Mo.) in 1 liter of 2-meth-
oxyethanol). The intensity of the reactions which de-
veloped within 5 min was graded from zero to five with
reference to the API ZYM color reaction chart. To
determine the reproducibility of the results, a number
of strains from each taxon was examined at least twice.

Tests with nitrophenol derivatives. Determi-
nation of B-xylosidase activity and the glycosidases
included in the API ZYM system was also performed
as separate tests by using chromogenic nitrophenol
derivatives. The principle of these tests was that ap-
plied previously to Enterobacteriaceae (13). The com-
positions of the respective glycosidase test substrates
are provided in Table 2. The pH values of the buffers
used represent the respective pH optima for the color
reactions, determined as previously described (13). A
single strain of Actinomyces viscosus was used in the
pH assays of a- and B-galactosidase, a- and B-glucosi-
dase, and B-xylosidase. For determination of pH op-
tima of the reactions of B-glucuronidase, B-N-acetyl-
glucosaminidase, and a-mannosidase, a strain of Pro-
pionibacterium acnes was used. Finally, a strain of
Actinomyces odontolyticus was used in the assay for
a-fucosidase.

For the standard, routine procedure, one loopful of
bacteria (approximately 1 mg of dry weight) was sus-
pended directly in 0.5 ml of the respective enzyme
substrates. The development of a yellow color, indi-
cating released nitrophenol, was recorded after incu-
bation for 4 h.

RESULTS

With reference to the API ZYM color chart,
the reactions obtained could be divided into
negative (grade 0), weak positive (grade 1 to 2),
and strong positive reactions (grade 3 to 5). The
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reactions were consistent on repeated testing,
with the exception of minor variations in inten-
sity of the color reaction. These variations never
exceeded one grade in the reference color chart.

Twelve of the tests included in the API ZYM
system generally yielded strong positive or neg-
ative reactions with consistency among strains
within the individual taxon. The results obtained
with these 12 tests are summarized in Table 3.
The remaining seven tests were the tests for
alkaline and acid phosphatase, esterase, esterase
lipase, lipase, and leucine and cystine aminopep-
tidases. Only lipase was uniformly absent in all
strains. Virtually all of the strains produced es-
terase, esterase lipase, and leucine aminopepti-
dase. The reactions obtained in the test for
cystine aminopeptidase were generally weak and
were not consistent within individual species.
Only strains of Nocardia and some strains of
Bifidobacterium produced alkaline phospha-
tase. In contrast, virtually all strains, except for
those of Arachnia, Rothia, and Bifidobacter-
ium, produced acid phosphatase. However,
many of the reactions were weak.

Table 3 also includes the reactions detected in
the ONPX test for B-xylosidase. Activity was
demonstrated by strains of Actinomyces, Bifi-
dobacterium, and Nocardia, except for Nocar-
dia pelletieri. With strains of Actinomyces is-
raelii and Nocardia species, this reaction devel-
oped almost instantaneously. With other posi-
tive strains, a clear reaction developed within 4
h, although the reactions seen with strains of
Actinomyces bovis and A. odontolyticus re-
mained weak.

In combination with information on catalase
activity and oxygen requirement, the 12 selected

TABLE 2. Composition of glycosidase test substrates

Enzyme Substrate (Sto;lvc(ﬁ) Buffer pH lt:gzr::l;]-
a-Glucosidase 4-Nitrophenyl-a-p-glucopyrano- | 0.1% |Phosphate 8.0 PNPG
EC 3.2.1.20 side (Merck) (Sgrensen) 0.067 M
B-Glucosidase 4-Nitrophenyl-8-p-glucopyrano- | 0.1% |Phosphate 8.0 NPG
EC 3.2.1.21 side (Merck) (Sgrensen) 0.067 M
a-Galactosidase 2-Nitrophenyl-a-D-galactopyran- | 0.1% |Phosphate 8.0 a-Gal
EC 3.2.1.22 oside (Fluka) (Sgrensen) 0.067 M
B-Galactosidase 2-Nitrophenyl-8-p-galactopyran- | 0.1% |Phosphate 8.0 ONPG
EC 3.2.1.23 oside (Merck) (Sgrensen) 0.067 M
a-Mannosidase 4-Nitrophenyl-a-D-mannopyran- | 0.1% |Phosphate 8.0 PNPM
EC 3.2.1.24 oside (Calbiochem) (Sgrensen) 0.067 M
B-N-acetylglucosamin- | 4-Nitrophenyl-N-acetyl-8-p-glu- | 0.1% |Phosphate 8.0 GNAC
idase EC 3.2.1.30 cosaminide (Calbiochem) (Sgrensen) 0.067 M
B/Glucuronidase 4-Nitrophenyl-B-p-glucopyra- 0.1% |Tris(hydromethyl)- 8.5 PGUA
EC 3.2.1.31 nosiduronic acid (Merck) aminomethane-hy-
: drochloride 0.05 M
B-Xylosidase 2-Nitrophenyl-B-p-xylopyrano- 0.1% |Phosphate 8.0 ONPX
EC 3.2.1.37 side (Koch-Light) (S¢rensen) 0.067 M
a-Fucosidase 4-Nitrophenyl-a-L-fucopyrano- 0.1% |Phosphate 8.0 PNPF
EC 3.2.1.51 side (Koch-Light) (Serensen) 0.067 M
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tests of the API ZYM system and the ONPX
test provide a basis for identification of the
species included in the study. As revealed by
Table 3, each genus showed a characteristic
basic pattern of reactions. The pattern for the
Bifidobacterium species was very similar to that
of the Actinomyces species. However, the two
groups of bacteria could be distinguished on the
valine aminopeptidase reaction. This reaction
also separated Bacterionema matruchotii and
Rothia dentocariosa, which were almost iden-
tical in all other reactions. Among the Actino-
myces species, A. bovis showed a distinct pattern
of reactions which differentiated this species
from the other species of Actinomyces. The re-
sults obtained for strains of Arachnia propion-
ica are tabulated as two separate groups com-
prising serotype 1 and serotype 2 strains, respec-
tively. The former group of strains showed more
pronounced biochemical reactivity. The Cory-
nebacterium strains representing six species
were differentiated from all other strains by
almost uniformly negative reactions. One strain
of Bifidobacterium adolescentis (F167) showed
a reactivity pattern different from the two other
strains of that species, including the type strain
(Table 3) in that strain F167 was positive for 8-
glucuronidase and B-glucosaminidase and nega-
tive for the reactions of a-galactosidase, 8-glu-
cosidase, and B-xylosidase.

In addition to the B-xylosidase test (ONPX),
all glycosidase tests were also performed as sep-
arate tests with the respective chromogenic ni-
trophenol derivatives (Table 2). Some of these
tests have previously been applied to a study of
Enterobacteriaceae (13). The pH optima deter-
mined for test color reactions common to the
two studies were identical, except for that of the
a-fucosidase test. In this study the optimal color
intensity was achieved at pH 8.0 with a strain of
A. odontolyticus, whereas the optimum with a
strain of Haemophilus parasuis was determined
previously at pH 7.5. The results obtained with
these tests were identical with those obtained in
the API ZYM system.

DISCUSSION

A common characteristic of all the biochemi-
cal tests used in this study is their simplicity. All
tests are based on single synthetic substrates in
a buffer to which nongrowing bacteria are ex-
posed. Results of such tests are rapid and highly
reproducible and are not affected by differences
in oxygen requirements of the bacteria being
tested. Furthermore, such tests may be applied,
with no alterations, to bacteria with various
special growth requirements (12, 22). In contrast,
standard biochemical tests are often markedly
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influenced by the composition of the basal me-
dium used and require incubation for several
days, particularly with the relatively slow-grow-
ing bacteria considered in this paper.

The API ZYM system has been designed for
detecting enzyme activities in tissues, tissue cul-
tures, biological fluids, and microorganisms. The
system allows demonstration of 19 different en-
zymatic reactions within 4 h by using small
sample quantities. When applied to bacteria, a
heavy suspension of bacterial cells harvested
from a pure culture on an agar plate or in a fluid
medium is used directly as inoculum. The type
of growth produced on agar media by the bac-
teria considered in this study is easily removed,
and preparation of a suitable inoculum suspen-
sion presents no problems. Since none of the
tests depends on enzyme induction, any medium
which provides good growth may be used.

Of the 19 enzymatic reactions detectable by
the API ZYM system only one, the lipase reac-
tion, was uniformly negative with all 162 strains.
Twelve of the remaining tests proved to be of
considerable value for differentiating the species
studied. The selected 12 tests were those that
showed the most clear-cut results with the high-
est degree of consistency within the individual
species. In combination with the ONPX test for
B-xylosidase (13) and information on catalase
activity and oxygen requirement, this series of
tests provides a basis for identifying species of
Actinomycetaceae and some related species
within 4 h (Table 3).

The strains used in this study belonged pri-
marily to the genera Actinomyces, Arachnia,
Bacterionema, and Rothia. Some of the other
species were represented by relatively few
strains. However, the strains of all taxa included
type strains, whenever available, and strains
which have been extensively characterized as
part of strain collections studied by numerical
taxonomic, serological, and genetic principles (6,
8, 9, 10, 19). With the genera Nocardia, Propi-
onibacterium, and Bifidobacterium, only such
species which may, by their ecology, present
differential diagnostic problems were included.
Further studies may be required to determine
the consistency of the enzyme reactions within
some of the taxa represented by only a few
strains.

In the identification scheme presented in Ta-
ble 3, differentiation of some species is based
upon a single or a few enzyme reactions. Al-
though the present study seems to indicate a
high consistency of these reactions, the perform-
ance of a few conventional tests may, in cases of
doubtful identification, be required for verifica-
tion of the diagnosis. However, the results ob-
tained after 4 h with the tests listed in Table 3
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allow selection of very specific confirmatory
tests.

Most of the characteristics upon which the
identification scheme is based are new to the
classification of bacteria. Thus, the information
provided in Table 3 adds significantly to the
general characterization of the species studied.
Only the B-galactosidase, the a-galactosidase,
and the B-glucosidase tests may be partially
equated with conventional fermentation tests.
The principle of the B-galactosidase test is well
known from the o-nitrophenyl-B8-p-galactopy-
ranoside (ONPG) test, which has been exten-
sively used to detect potential lactose fermenters
among Enterobacteriaceae (2, 17, 18), Haemo-
philus (12), and various other gram-negative
bacteria (16). Because of the different structure
of the natural substrate, lactose, and the ONPG
molecule, the results obtained by the two tests
do not always agree. Thus, the ONPG test usu-
ally gives more positive results (16). In this
study, a positive B-galactosidase reaction con-
formed with the known pattern for lactose fer-
mentation by the species examined (21). How-
ever, the consistency of results was considerably
higher than that reported for these bacteria
when tested by the conventional lactose fermen-
tation test (20, 21). Thus, the frequency of lac-
tose fermentation in strains of the Actinomyces
species is reported to vary from 23 to 93% (21),
whereas all 76 actinomyces strains of this study
showed B-galactosidase activity. The same pat-
tern is evident when the a-galactosidase test is
correlated to its theoretic equivalent, the raffi-
nose fermentation test. Species which are known
to ferment raffinose produced positive results in
the a-galactosidase test, but with a higher degree
of consistency.

A similar parallel may theoretically be drawn
between the test for -glucosidase and the con-
ventional cellobiose fermentation test. However,
the results obtained in this study with the former
test did not correlate positively with the known
ability of these bacteria to ferment cellobiose.
Thus, the B-glucosidase test retains a value as
an independent test. Both the a- and B-glucosi-
dase tests have previously been applied to en-
terobacteria (13) and haemophili (12), but, with
few exceptions, the two tests yielded weak and
uncertain reactions with these bacteria. With
the group of bacteria included in this study, all
reactions were strong and clear-cut.

All other tests outlined in Table 3 reveal new
information on the enzymatic properties of this
group of bacteria. The natural substrates for the
enzymes demonstrated by these tests are widely
distributed in nature (24). The enzyme B-glucu-
ronidase, which has been found to be an exclu-
sive character of Escherichia coli and some
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Shigella species among Enterobacteriaceae
(13), attacks all the natural B-p-glucupyranosi-
durates present, for example, in many polysac-
charides. 8-N-acetylglucosaminidase has the po-
tential of cleaving the repeating unit of hyalu-
ronic acid and splitting off terminal acetylglu-
cosamine present in some blood group sub-
stances. a-Mannosidase attacks a-D-mannoside
bonds present, for example, in ovalbumin and
ribonuclease B. Natural glycoproteins such as
serum proteins, salivary glycoproteins, and gly-
coproteins of cellular membranes of which fu-
cose is a component are potential substrates for
a-fucosidase. B-Xylosidase has the ability to split
B-1-4-linked xylose oligosaccharides, from xylo-
biose to xylohexaose, which are present, for ex-
ample, in partial hydrolysate of wheat flour. The
two serine proteinases, trypsin and chymotryp-
sin, are usually considered to be animal enzymes.
Only trypsin has previously been demonstrated
in strains of Streptomyces as a component of
Pronase (23). Trypsin hydrolyzes peptides,
amides, and esters at bonds involving the car-
boxyl group of L-arginine or L-lysine. Chymo-
trypsin also cleaves peptides, amides, and esters,
but it does so preferentially at carboxyl groups
of the hydrophobic amino acids. Finally, valine
aminopeptidase attacks bonds at N-terminal va-
line molecules in peptides.

The results of this study elucidate some of the
taxonomic problems of the family Actinomyce-
taceae. A. bouis is known to differ from the other
Actinomyces species in its habitat, its specific
type of cell wall peptidoglycan, and its potential
biochemical activity (21). The gap between A.
bovis and the other Actinomyces species is fur-
ther widened by the results of this study, which
show that the biochemical activity of A. bovis
differs considerably from the basic and common
reactivity pattern of all the other Actinomyces
species (Table 3). Actinomyces naeslundii and
A. viscosus, which by many are considered a
single species, also produced identical results in
the present tests. However, it is noteworthy that
all four of the serotype 1 strains of A. viscosus
(animal isolates), like strains of A. odontolyticus,
were characterized by a-fucosidase activity,
which was absent from all other strains included
in the study.

It has previously been indicated that A. pro-
pionica may be a heterogeneous species. Thus,
Johnson and Cummins (10) found that A. pro-
Dpionica strain WVU 346, which was so identified
on the basis of its morphological and biochemi-
cal characteristics, showed no DNA homology
or serological cross-reactivity with the type
strain. However, no biochemical differences
have supported the subdivision of the species. In
this study, strain WVU 346, together with two
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other serotype 2 strains, was biochemically dis-
tinguished from all serotype 1 strains of A. pro-
pionica. This may indicate that serotype 2
strains warrant recognition as a separate species.

The API ZYM system is commercially avail-
able as a complete set containing 19 tests. Al-
though only 12 of the tests seem to be useful for
separating species of Actinomycetaceae and
some related genera, the system represents an
invaluable addition to the battery of biochemical
tests used in numerical taxonomic studies of this
group of organisms and probably others as well.
The system possesses many advantages over
conventional diagnostic procedures. Besides re-
vealing more rapid results, the system is rela-
tively inexpensive and can be stored for consid-
erably longer periods of time. For specialized
purposes, where smaller numbers of tests are
required, the glycosidases may be demonstrated
with identical results by using tests based upon
nitrophenol derivatives (Table 2).

ACKNOWLEDGMENTS

I am grateful to the colleagues mentioned in Table 1 for
their generous supplies of bacterial strains. The advice and
suggestions of H. S. Bleeg and G. H. Bowden are much
appreciated. Kirsten Holmgren is thanked for excellent tech-
nical assistance.

This investigation was supported by Fonden til Fremme af
Videnskabelig of Praktisk Odontologi (Calcinfonden).

LITERATURE CITED

1. Bowden, G. H., and J. Hardie. 1973. Commensal and
pathogenic Actinomyces species in man, p. 277-299. In
G. Sykes and F. A. Skinner (ed.), Actinomycetales:
characteristics and practical importance. Academic
Press Inc., New York.

2. Billow, P. 1964. The ONPG test in diagnostic bacteriol-
ogy. 2. Comparison of the ONPG test and the conven-
tional lactose-fermentation test. Acta Pathol. Microbiol.
Scand. 60:387-402.

3. Biirger, H. 1967. Biochemische Leistungen nichtprolifer-
ierender Mikroorganismen. Zentralblatt. Bacteriol. Par-
asitenkd. Infektionskr. 202:97-109.

4. Carlsson, J. 1973. Simplified gas chromatographic pro-
cedure for identification of bacterial metabolic products.
Appl. Microbiol. 25:287-289.

5. Georg, L. K. 1975. The agents of human actinomycosis,
p. 237-256. In A. Balows, R. M. DeHaan, V. R. Dowell,
and L. B. Guze (ed.), Anaerobic bacteria: role in disease.
Charles C Thomas Publisher, Springfield.

6. Goodfellow, M. 1971. Numerical taxonomy of some no-
cardioform bacteria. J. Gen. Microbiol. 69:33-80.

7. Holdeman, L. V., and W. E. C. Moore. 1972. Anaerobe
laboratory manual. Southern Printing Co., Blacksburg,
Va.

8. Holmberg, K., and H. O. Hallander. 1973. Numerical

RAPID IDENTIFICATION OF ACTINOMYCETACEAE

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

21.

133

taxonomy and laboratory identification of Bacteri-
onema matruchotii, Rothia dentocariosa, Actinomyces
naeslundii, Actinomyces viscosus, and some related
bacteria. J. Gen. Microbiol. 76:43-63.

. Holmberg, K., and C.-E. Nord. 1975. Numerical taxon-

omy and laboratory identification of Actinomyces and
Arachnia and some related bacteria. J. Gen. Microbiol.
91:17-44.

Johnson, J. L., and C. S. Cummins. 1972. Cell wall
composition and deoxyribonucleic acid similarities
among the anaerobic coryneforms, classical propioni-
bacteria, and strains of Arachnia propionica. J. Bac-
teriol. 109:1047-1066.

Kersters, K., and J. DeLey. 1971. Enzymatic tests with
resting cells and cell-free extracts. Methods Microbiol.
6A:44-65.

Kilian, M. 1976. A taxonomic study of the genus Hae-
mophilus, with the proposal of a new species. J. Gen.
Microbiol. 93:9-62.

Kilian, M., and P. Biilow. 1976. Rapid identification of
Enterobacteriaceae. 1. Detection of bacterial glycosi-
dases. Acta Pathol. Microbiol. Scand. Sect. B
84:245-251.

Kilian, M., and G. Rolla. 1976. Initial colonization of
teeth in monkeys as related to diet. Infect. Immun.
14:1022-1027.

Kilian, M., A. Thylstrup, and O. Fejerskov. 1977. The
microbial composition of dental plaque of Tanzanian
children as related to water fluoride concentration and
degree of dental fluorosis. Caries Res. 11:115.

Lapage, S. P., A. Efstratiou, and L. R. Hill. 1973. The
ortho-nitrophenol (ONPG) test and acid from lactose in
Gram-negative genera. J. Clin. Pathol. 26:821-825.

Lapage, S. P., and M. S. Jayaraman. 1964. Beta-galac-
tosidase and lactose fermentation in the identification
of enterobacteria including salmonellae. J. Clin. Pathol.
17:117-123.

LeMinor, L., and F. BenHamida. 1962. Avantages de la
recherche de la B-galactosidase sur celle de la fermen-
tation du lactose en milieu complexe dans le diagnostic
bactériologique, en particulier des Enterobacteriaceae.
Ann. Inst. Pasteur (Paris) 102:267-277.

Scardovi, V., and F. Crociani. 1974. Bifidobacterium
catenulatum, Bifidobacterium dentium, and Bifidobac-
terium angulatum: three new species and their deoxy-
ribonucleic acid homology relationships. Int. J. Syst.
Bacteriol. 24:6-20.

. Slack, J. M. 1974. Family 1. Actinomycetaceae Buchanan

1918, 403, p. 659-660. In R. E. Buchanan and N. E.
Gibbons (ed.), Bergey’s manual of determinative bac-
teriology, 8th ed. Williams and Wilkins Co., Baltimore.

Slack, J. M., and M. A. Gerencser. 1975. Actinomyces,
filamentous bacteria. Biology and pathogenicity. Bur-
gess Publishing Co., Minneapolis.

. 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 anaer-
obes. J. Clin. Pathol. 30:505-509.

. Trop, M., and Y. Birk. 1968. The trypsin-like enzyme

from Streptomyces griseus (pronase). Biochem. J.
109:475-476.

. White, A., P. Handler, and E. L. Smith. 1973. Principles

of biochemistry, 5th ed. McGraw-Hill Book Co., New
York.



