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ABSTRACT

GUTHRIE, R. K. (North Texas State Univer-
sity, Denton), A. W. ROACH, AND J. K. FERGUSON.
Serology of aerobic aquatic actinomycetes. I.
Factors involved in antiserum production and in
vitro antigen-antibody reactions. J. Bacteriol. 84:
313-317. 1962.-The use of adjuvants permits
shortening of immunization schedules, which re-
sults in improved specificity of in vitro reactions
using sonically disrupted actinomycete antigenic
preparations. The demonistration of specific sero-
logical reactions and of cross reactions is simpli-
fied, specificity is increased, and multiplicity of
reactions is detectable by the use of agar-gel
diffusion techniques in the study of individual
isolates.

During the past few years a special subcom-
mittee of the American Society for Microbiology
has made concerted efforts to find those criteria
which are stable enough for delimiting actino-
mycetic taxa. In 1958 the committee discussed
microscopic and macroscopic morphology and
agreed that the diameter of hyphae, spore color,
and sporophore spiralation were constant and
reduplicatable and generally free from environ-
mentally induced mutation. Other aspects of
laboratory systematics were discussed and dis-
carded in detail or considered to be variable, such
as type and formation of pigments, production of
antibiotic spectra, comparable spectra derived
from the utilization of carbon sources, hydrolytic
and proteolytic activity, and chemical composi-
tion of the mycelium and spores. Unfortunately,
there was no time at that session for a discussion
of phage specificity or serological evidence.
The use of serology as a comparative or com-

plementary taxonomic tool was indicated by
Ehrlich et al. (1948). These investigators com-
pared identified strains of Streptomyces venezuelae
to S. lavendulae. They checked the strains mor-

phologically as to spore size, colony color, and
aerial mycelium configuration. Similarly, they
compared the nutritional spectrum of each strain
based upon its quantitative utilization of 35 car-
bon sources. As a check on the results, a note at
the end of the paper states that the strains were
sent to A. B. Hillegas at Parke, Davis & Co., who
conducted a serological study. Hillegas gave rab-
bits weekly injections of a saline suspension of
living spores for 3.5 months. In his agglutination
tests he found that a strong reaction occurred
between antisera and homologous antigens in
each strain. He also found a strong cross reaction
of S. venezuelae with S. lavendulae antiserum, but
weak reactions between S. lavendulae and S.
venezuelae antiserum. Other attempts have been
made at serological definitions in the group, and,
although showing promise, the serological studies
have not been expanded to a broad survey of
serological properties as a taxonomic aid.

Earlier work indicated that, although the
aerobic actinomycetes would stimulate,antibody
production in laboratory animals, the confusion
of cross-reacting strains and variable results from
agglutination, precipitation, and complement-
fixation tests with these organisms seems to have
discouraged attempts at such studies. Aoki (1936)
correlated complement binding and agglutination
reactions of the actinomycetes, finding nine ag-
glutinating types (one anaerobic, eight aerobic).
In these types, only the anaerobic and two of the
aerobic types could be easily demonstrated, and
occurrence of agglutination in the remaining six
aerobic groups was difficult to show. Aoki con-
cluded that the spores contained more of the
agglutinogen than did the mycelium.
Much of the serological study has been con-

centrated on the pathogenic actinomycetes, until
the emphasis placed on the aerobic group by the
search for antibiotic producers. Erikson (1940)
showed antigenic relationships of Actinomyces
israelii and A. bovis, but could obtain no cross
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reactions with either saprophytic or parasitic
aerobic forms. Ludwig and Hutchinson (1949),
followed by Slack et al. (1955), have shown the
presence of common antigens in microaerophilic
strains and divided these forms into two sero-
logical groups. For antiserum production, Ludwig
and Hutchinson (1949) used both ball mill ground
antigen and sonically disrupted mycelium anti-
gen. Injection schedules with each antigen type
were either intravenous and subcutaneous in-
jections for 7 consecutive days, or injections of
increasing amounts of antigen every other day for
a 2-month period. Only the long-term schedule
produced satisfactory antiserum, and repeated
schedules increased the titers. Sonically disrupted
growth was used for agglutination and precipita-
tion tests. Cross reactions were distinguished by
differences in titer. Slack et al. (1955) used whole
actinomycete cells suspended in saline and pre-
served by Merthiolate. Injection schedules con-
sisted of three 6-day periods of daily intravenous
injections separated by rest periods of 1 week.

This first report deals with the comparison of
various means of antiserum production in the
rabbit, using aerobic actinomycete strains iso-
lated from fresh water and marine environments.

MATERIALS AND METHODS

All cultures for the preparation of antigens for
injection and testing were grown in Emerson's
broth medium. Flasks containing 200 to 300 ml of
broth were inoculated with a loopful of culture
from stock Emerson agar slants. The flasks were
shaken at room temperature for several days
through the primary submerged growth stage.
When a pellicle of secondary mycelium was ap-
parent on the surface, the cultures were removed
from the shaker and allowed to incubate at room
temperature until an adequate amount of surface
growth was obtained.

For immunizing antigen preparation, most of
the culture broth was removed from the flask,
leaving both the secondary and primary mycelia.
The first antigen was prepared by grinding the
mycelia with mortar and pestle. The heaviest
pieces of pellicle were removed by sedimentation.
phenol was added to a final concentration of 0.5%,
and the material was injected. The same prepara-
tion was used for testing antiserum in agar-diffu-
sion tests. For agglutination tests, the solids were
separated by centrifugation and were then sus-

pended in saline. This procedure was repeated
until a fairly stable suspension was obtained.

For subsequent immunizing antigens, the flask
cultures were used as above. The material was
prepared by removing most of the culture broth
and leaving only enough liquid to wash the actino-
mycetic mat from the flask into a 10-kc Raytheon
sonic oscillatory. The mycelium was subjected to
sonic oscillation until uniformly disintegrated.
This suspension, containing broth from the cul-
ture, was used in preparing the antigens for im-
munization and in testing antisera in subsequent
work. For agar-diffusion precipitation testing,
the material was used without additional treat-
ment. For agglutination test antigen, the solid
material was separated by centrifugation and
resuspended in 0.85% saline for use. The super-
natant liquid material after centrifugation was
used for tube precipitation tests.

Tests for determination of antibody included
test-tube agglutination, ring (tube) precipitin
and agar-diffusion precipitin tests. Agglutination
and tube-precipitin tests were done using dilution
of the antiserum for determination of titer. Agar-
diffusion precipitin titers were also determined
by dilution of antiserum; however, in these tests
each band of reaction is reported as a titer.

Plates for agar-diffusion tests were prepared by
using 1% "Ion Agar" in distilled water. To the
melted agar were added phenol to a final concen-
tration of 0.5% and methyl orange dye to a final
concentration of 0.1 %. Well patterns for applica-
tion of antigen and antibody were cut using the
appropriate pattern of "Feinberg Agar Gel
Cutter" (Consolidated Laboratories Inc., Chicago
Heights, Ill.). After wells were cut, plates were
refrigerated for 4 days to 1 week before use in
tests. After application of the antigen and anti-
serum preparations, a moisture chamber was
provided and the plates allowed to sit at room
temperature for 4 days before the reactions were
read.

Antisera were produced in rabbits by various
injection schedules. Several different isolates of
aerobic actinomycetes have been used in this
work. Where animals on one injection schedule
had received the same antigen preparation, the
sera were tested both as pools and individually,
as noted in the results.

RESULTS AND DISCUSSION

The injection schedule for antiserum produc-
tion, using mortar-ground antigen, consisted of
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TABLE 1. Antiserum production using sonically disrupted actinomycete antigen

Injection schedule Antiserum tests*

Interval Number of A tier Precipitation Agar-diffusion
Amount Route between Agglutination hter

injections injections titer (tube) titerst

days

1 ml sc 2 8 Negative Negative Negative
followed by

1 ml Sc 2 33 1:4 Negative Negative

2 ml sc, iv 2 22 1:16 1:16 1:32
1:8
1:4

1 ml sc 1 14 Negative Negative Negative
repeat
X2 Negative Negative Negative

1 ml iv 1 14 Negative Negative Negative
repeat
X2 Negative Negative Negative

* Antiserum for these tests was used as pools of serum from two rabbits, and each serum was tested
individually. Titers reported are titers of pooled serum. Animals were bled for antiserum 2 weeks after
final antigen injection.

t Titers represent reactivity of the serum for different antigenic components of the actinomycete
isolate.

17 1-ml injections administered subcutaneously
at 2-day intervals, and was modified from sched-
ules reported by Ludwig and Hutchinson (1949).
The coarseness of the mortar-ground preparation
used in agglutination tests made reading of these
tests difficult. Antisera tested individually and
as a pool from four injected rabbits showed some
reactivity in these agglutination tests, but only
with a very low titer in the pool (1:10). Agar-
diffusion tests were completely negative with
serum produced in these animals when the super-
natant fluid from the antigen preparation was
used for testing. The low titer produced and the
instability of the antigen in agglutination tests
led to discarding this method of antigen prepara-
tion in favor of the sonically disrupted mycelia.

Injection schedules and tests of antisera pro-
duced by injection of sonically, disrupted antigens
are shown in Table 1. These injection schedules
again were modified from those of Ludwig and
Hutchinson (1949). The test antigen for ag-
glutination, although a much finer suspension and
more stable than the mortar-ground preparation,
was still difficult to read in these tests. Agglutina-
tion tests were positive after an extremely long
injection schedule of subcutaneous injections.

Titers were low in all animals so injected. Both
tube-precipitin and agar-diffusion precipitin tests
with these antisera were negative.

In the schedule using simultaneous subcuta-
neous and intravenous injections, titers by all
methods were increased. The highest titer was
shown in the agar-diffusion tests, and it was
possible to distinguish multiple bands of reaction.
In these tests however, the precipitation bands
were broad and diffuse, and, when checked by
antigen-dilution tests, indicated a broadened
specificity of antibody.

Neither the schedule using subcutaneous nor
intravenous injections alone produced any de-
monstrable antibody by any test method used.
In consideration of these test results, it appears
doubtful that the large amount of antigen in-
jected could have masked antibody to show an
apparent lack of antibody. In the four schedules
shown, total antigen injected varied from 41 to
44 ml. If massive antigenic exposure had swamped
antibody response in the three essentially nega-
tive schedules, then the greater amount of
antigen (44 ml) injected by the combined route
schedule should also have reduced this response.
Yet, in this schedule, antibody was demonstra-
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TABLE 2. Antiserum production using sonically
disrupted actinomycete antigen in adjuvant

Injection schedule Antiserum tests*

Amount Interval Number Aggluti- Precipi- Agar
of in- Route between of in- nation tateon diffusion
jection injections jections titer (tube) titerst

ril days

1 sc 2 3 1:16 1:32 1:32
1:16
1:4

1 sc 2 3 1:32 1:64 1:64
1:32
1:4

1 sc 2 3 1:8 1:16 1:32
1:4

* Tests carried out on serum from individual
immunized animals. Each animal represented was
immunized with a different actinomycete isolate.
Animals were bled for antiserum 2 weeks after final
antigen injection.

t Titers represent reactivity of the serum for
different antigenic components of the actinomy-
cete isolate.

ble, and by agar-diffusion tests, multiple reaction
bands were demonstrated.

Because of the production of the diffuse pre-
cipitation bands in agar-diffusion tests with the
above long schedule immunization procedures,
subsequent work included adjuvant addition to
the antigen. The same sonically disrupted actino-
mycete mycelial preparation used above was
mixed with paraffin oil (heavy) and lanolin,
anhydrous (USP). This mixture included two
parts actinomycete preparation, two parts par-
affin oil, and one part lanolin. The mixture was
emulsified in the sonic oscillator on preparation,
and formed a fairly stable suspension. Before
injection, the mixture was thoroughly shaken to
insure uniformity of injections. Titers were
generally higher than in other antisera (Table 2).
These results are of tests on individual serum
samples rather than on pools, and represent
responses of these animals to different actino-
mycete isolates as antigens. With this im-
munizing preparation, no animal failed to produce
demonstrable antibody after a single series of
three injections.
The most satisfactory method of detection of

antibody with these organisms was the agar-diffu-

sion plate. This method showed multiple-reacting
systems in the antisera produced by the above
injection schedule. Although the tube-precipitin
test showed titers of about equal height, the
multiple reactions could not be detected by the
tube method.
The success of the sonically disrupted mycelia

in production of antiserum, when this material
was injected without adjuvant, was limited to the
schedule using simultaneous injections by the
subcutaneous and intravenous routes. When
either route was used singly, no demonstrable
antibody was produced. When the above antisera
were tested by agar diffusion, however, broad and
diffuse bands of reaction were produced (Fig. 1,
reaction ABA). When these reaction bands were
compared to those of antiserum produced by in-
jection of sonically disrupted antigen in adjuvant,
it was seen that the bands are much sharper in
this short schedule antiserum (Fig. 1, reaction
ACA). The antisera used in the test shown were
prepared using the same actinomycete isolate. Pro-
duction differed only in the inclusion of the
adjuvant and in the injection schedule. The
specificity of reaction was considerably improved
and the number of cross reactions greatly reduced
in these short schedule sera as compared to the

FTG. 1. Comparative agar-diffusion reactions of
marine isolate # 55. A = antigen; B = long-schedule
antiserum; C = short-schedule serum with adjuvant.
Note the diffuse precipitation bands of the long
schedule serum (ABA) in contrast to the sharp
precipitation bands of the short schedule with ad-
juvant serum (ACA).
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lengthy injection schedule which is necessary

when adjuvant is not included.
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