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Summary. Actinomycetes were isolated from ma- 
rine sediments collected in Sandy Hook Bay, New 
Jersey. A variety of pretreatments, including heat 
and phenol, were employed to improve the recov- 
ery of these microorganisms. In addition, plating 
of sediment samples on chitin agar, and filtration 
through cellulose membrane filters were also uti- 
lized. These pretreatments eliminated or severely 
curtailed the growth of contaminating microor- 
ganisms thereby facilitating the isolation of acti- 
nomycetes. A total of 120 isolates was obtained, 
of which 19 displayed significant antimicrobial 
activity. Most of the activity was directed against 
gram-positive bacteria, but inhibition of gram-ne- 
gative species and a yeast were also evident. 

logy of actinomycetes in natural habitats such as 
soil or water samples. Their primary utility ap- 
pears to have been with soils. 

Very little is known concerning the application 
of pretreatments to marine sediments to enhance 
the isolation of actinomycetes that synthesize an- 
timicrobial substances. Since marine sediments 
represent an environment which is markedly dif- 
ferent from that associated with soil samples, it is 
not clear how effective the pretreatment of such 
sediments would be for the recovery of bioactive 
actinomycetes. 

This work was therefore undertaken to deter- 
mine if the application of various pretreatment 
methods and the use of selective media would en- 
hance the isolation of bioactive actinomycetes 
from marine sediments. 

Introduction 

Goodfellow and Haynes (1984) have suggested 
that actinomycetes found in the marine ecosystem 
have been relatively neglected, and that they may 
be viewed as a selected gene pool possibly con- 
taining organisms capable of producing useful 
metabolic substances. They further suggested that 
the availability of methods which permit the isola- 
tion of specific groups of microorganisms make 
the exploitation of marine microorganisms a de- 
sirable goal. Cross (1982) has reviewed a variety 
of pretreatment techniques and selective media 
which are utilized to favor the isolation of specific 
genera of actinomycetes. The pretreatments dis- 
cussed included enrichment, physical, and chemi- 
cal methods. Cross indicated that pretreatments 
and selective media may be used to study the eco- 
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Materials and methods 

Sample collection. Marine sediments were collected at eight 
sampling sites in Sandy Hook Bay, New Jersey in May, 1985. 
Water depths at these locations varied from 0.33 to 7 m. Sedi- 
ments were brought to the surface by means of a Van Veen 
sampler. Total counts of  actinomycetes, in each sample, were 
performed using M3 agar (Rowbotham and Cross 1977). 

Pretreatments. Pretreatments used included dry heat (Nono- 
mura and Ohara 1969) followed by plating on starch-casein 
agar (Okazaki and Okami 1972), and exposure to 1% phenol 
with subcultures being made on glucose-asparagine agar (La- 
wrence 1956). Some of the sediments were plated directly on 
to chitin agar (Hsu and Lockwood 1975), or subjected to filtra- 
tion through cellulose ester membrane filters followed by iso- 
lation on modified Bennett agar (Hirsch and Christensen 
1983). Cycloheximide (100 p,g/ml) as incorporated in the latter 
agar substrate to prevent fungal growth. All isolation agar me- 
dia employed in this study were incubated at 28°C for at least 
four weeks. Sample dilutions of up t o  1 0  - 4  , in sterile saline, 
were usually sufficient to obtain isolated colonies of actinomy- 
cetes. Controls, which did not receive a specific pretreatment, 
were included in all experiments. 
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Determination ofbioactivity. Antimicrobial activity was readily 
determined by streaking individual actinomycete isolates on 
one side of  a Petri dish covering approximately one-third of 
the surface of the glucose-peptone agar (Difco) layer. After in- 
cubation for 72--120 h at 28°C, a variety of test microorgan- 
isms were cross-streaked at right angles to the border of  the 
actinomycete. The test species were comprised of Staphylococ- 
cus aureus, Escherichia coli, Pseudornonas aeruginosa, Bacillus 
subtilis, Mycobacterium srnegmatis, and Candida krusei. The 
cross streaked plates were reincubated at 28 ° C for 48 h and 
examined for inhibition of the test strains. 

Identification of  actinomycetes. Criteria for the identification 
of actinomycetes included characteristic growth on starch-ca- 
sein agar, chitin hydrolysis, selective filtration (Hirsch and 
Christensen 1983), and microscopic examination. In addition, 
analyses were made of  whole cell hydrolysates (Becker et al. 
1964) of the active strains to determine cell wall chemotypes. 

Results and discussion 

Total counts of actinomycetes in the Sandy Hook 
Bay samples ranged from a maximum of 2.4 × 10 6 

cfu/g sample to a minimum of 103 cfu/g. In all, 
approximately 120 isolates, identified as actino- 
mycetes, were recovered. The use of heat reduced 
the number of undesirable bacteria occurring on 
the isolation plates. Occasionally, however, mu- 
coid colonies were evident. Microscopic examina- 
tion revealed the absence of hyphae and typically, 
the cells stained gram-negative. In contrast, con- 
trols which were not heated, were usually over- 
grown with contaminants. Nonomura and Ohara 
(1969) reported that treating soil with heat at 
120°C drastically reduced the number of undesir- 
able bacteria and in addition, the isolation of 
streptomycetes was also considerably curtailed. 
They reported heat to be selective for the isolation 
of Microbispora and Streptosporangium. Heat has 
also been employed for the isolation of salt marsh 
actinomycetes (Hunter et al. 1981). In the present 
study, phenol pretreatment eliminated the out- 
growth of all but a few bacterial colonies. In addi- 
tion, the occurrence of fungal growth was sharply 
reduced. Control plates, prepared from untreated 
sediments, exhibited an abundance of contami- 
nating fungi. A similar observation was reported 
previously (Lawrence 1956). Figure 1 illustrates 
the appearance of a variety of predominantly acti- 
nomycete colonies obtained from marine sedi- 
ments, pretreated with phenol, in the work being 
reported. Chitin agar, as a selective medium, 
proved to be effective for the isolation of actino- 
mycetes (Fig. 2). Contaminating microorganisms 
did not occur in significant numbers and hence, 
did not interfere with the isolation of preferred 
strains. The selectivity of chitin-containing media 

Fig. 1. Appearance of actinomycete colonies isolated from a 
sample treated with 1% phenol. Colonies were plated on glu- 
cose-asparagine agar 

Fig. 2. Examples of chitinolytic colonies of actinomycetes 
plated on chitin agar 
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is attributed to what has been described as a near 
universal ability of actinomycetes to hydrolyze 
chitin (Hsu and Lockwood 1975), although this 
view is not entirely shared by others (Williams 
and Wellington 1982). The filtration method of 
Hirsch and Christensen (1983) was successfully 
applied, in the present study, to the isolation of 
bioactive actinomycetes from marine sediments. 
The presence of cycloheximide in the agar sub- 
strate suppressed fungal growth and allowed acti- 
nomycetes to pass through the filter, and to estab- 
lish growth on the underlying agar surface with- 
out competition. Worthy of note is the fact that 
most of the active actinomycetes collected in this 
study resulted from filtration methodology. Ana- 
lyses of whole cell hydrolysates disclosed that all 
19 strains contained L-2,6-diaminopimelic acid as 
part of their cell wall composition. Based on cell 
wall chemistry, colonial characteristics, and mi- 
croscopic examination, the active actinomycetes 
were identified as being streptomycetes. 

A total of 19 strains of actinomycetes, which 
displayed antimicrobial activity, was recovered 
from the marine sediments collected in Sandy 
Hook Bay (Table 1). Only one active culture, SG- 
53, was obtained from heat treated sediments. 
Five of the active strains, Sg-102, Sg-ll3, Sg-125, 
Sg-127, and Sg-202, were collected from sedi- 
ments pretreated with phenol. The greatest num- 
ber of active strains were isolated from samples 
which were passed through cellulose ester mem- 

T a b l e  1. An t imic rob i a l  act ivi ty  by s t ra ins  of  ac t inomyce tes  iso- 
l a t ed  f rom Sandy  H o o k  Bay 

Strain  S.  E.  P. B. M.  C. 
aureus coli aeruginosa subtilis smegmatis krusei 

SG-53 - + + + 
SG-102 + + + - 
SG-112 - + - + 
SG-113 - + - + 
SG-117 - + + - 
SG-122 + + - + - + 
SG-123 + + + + 
SG-124 + + + + 
SG-125 + + + + 
SG-127 + + + + + + 
SG-130 - + + + 
SG-132 + + + - 
SG-135 - + + + 
SG-151 + + + + 
SG-152 - + + + 
SG-153 + - - + + + 
SG-159 + - - + + - 
SG-202 + - - + + + 
SG-207 + + - + + - 

+ = inh ib i t i on  - = no inh ib i t ion  

brane filters. Ten active strains were collected in- 
cluding SG-112, SG-117, SG-122, SG-123, SG- 
124, SG-130, SG-132, SG-135, SG-153, and SG- 
159. Three strains isolated from chitin agar also 
proved to be active. The ability to inhibit all test 
microorganisms was evident solely with strain 
SG-127. By far, the most prominent inhibitory ac- 
tivity noted was directed against gram-positive 
bacteria. All of the actinomycetes displayed sig- 
nificant inhibition of B. subtilis and 12 inhibited 
the growth of S. aureus. Activity against E. coli 
was attributed to three actinomycetes whereas 
only one inhibited P. aeruginosa. Almost all of the 
isolates were active against M. smegmatis. Inter- 
estingly, considerable antifungal activity was de- 
tected. More than one-half of the total number of 
active cultures inhibited C. krusei. 

The results obtained in the present investiga- 
tion demonstrate that the kinds of pretreatment 
methods reviewed by Cross (1982) and Williams 
and Wellington (1982), may be successfully ap- 
plied to marine sediments to facilitate the isola- 
tion of actinomycetes. Both physical and chemical 
treatments were employed in the work being re- 
ported. In addition, the utility of selective media, 
such as chitin agar, for the recovery of bioactive 
strains of actinomycetes from these sediments was 
also underscored. Soil actinomycetes have long 
been a prime source of antimicrobial substances, 
but it is now apparent that strains from other lo- 
cales, marine habitats in particular, may yield new 
and interesting antibiotics (Okami et al. 1979; 
Okazaki et al. 1975). Thus, it appears logical to 
extend our investigation of the marine habitat as a 
source of additional genera of actinomycetes in 
the search for novel metabolites. The applicability 
of special pretreatment techniques to marine sedi- 
ments would be expected to facilitate the isolation 
of interesting species with special biosynthetic ca- 
pabilities. 

Acknowledgements. This work  is the resul t  of  research  spon-  
sored by N O A A ,  Office of  Sea Grant ,  D e p a r t m e n t  of  Com-  
merce,  u n d e r  G r a n t  No. NA83AA-D-00034  (Project  No. A /  
N-7), and  the N e w  Jersey Mar ine  Sciences Consor t ium.  

References 

Becker  B, Lecheva l i e r  MP, G o r d o n  RE, Lecheva l ie r  H A  
(1964) R a p i d  d i f fe ren t ia t ion  be tween  Nocardia and Strepto- 
myces by p a p e r  c h r o m a t o g r a p h y  of  whole-ce l l  hydroly-  
sates. A p p l  Mic rob io l  12:421--423 

Cross  T (1982) Ac t inomyce tes :  a con t inu ing  source  of  new me- 
taboli tes .  Deve l op  Indus t  Mic rob io l  2 3 : 1 - - 8  

G o o d f e l l o w  M, Haynes  JA (1984) Act inomyce tes  in mar ine  se- 
diments .  In:  Ort iz-Ort iz  L, Bojal i l  LF, Yako le f f  V (eds) 



288 M.A. Pisano et al. : Isolation of bioactive marine actinomycetes 

Biological, biochemical, and biomedical aspects of actino- 
mycetes. Academic Press, New York, London, pp 453-- 
472 

Hirsch CF, Christensen DL (1983) Novel method for selective 
isolation of actinomycetes. Appl Environ Microbiol 
46: 925--929 

Hsu SC, Lockwood JL (1975) Powdered chitin agar as a selec- 
tive medium for enumeration of actinomycetes in water 
and soil. Appl Microbiol 29:422--426 

Hunter JC, Eveleigh DE, Casella G (1981) Actinomycetes of a 
salt marsh. In: Schaal KP, Pulverer G (eds) Actinomycetes, 
Zbl Bakt Suppl II Gustav Fischer Verlag, Stuttgart, New 
York, pp 195--200 

Lawrence CH (1956) A method for isolating actinomycetes 
from scabby potato tissue and soil with minimal contami- 
nation. Can J Botany 34:44--47 

Nonomura H, Ohara Y (1969) Distribution of aetinomycetes 
in soil. VI. A culture method effective for both preferential 
isolation and enumeration of Microbispora and Streptospo- 
rangium strains in soil (Part I). J Ferment Technol 
47:463 --469 

Okami Y, Hotta K, Yoshida M, Ikeda D, Kondo S, Umezawa 
H (1979) New aminoglycoside antibiotics, istamycins A 
and B. J Antibiotics 32:964--966 

Okazaki T, Kitabara T, Okami Y (1975) Studies on marine mi- 
croorganisms. IV. A new antibiotic SS-228Y produced by 
Chainia from shallow sea mud. J Antibiotics 28:176--184 

Okazaki T, Okami Y (1972) Studies on marine microorgan- 
isms. II. Aetinomycetes in Sagami Bay and their antibiotic 
substances. PAntibiotics 25:461--466 

Rowbotham TJ, Cross T (1977) Ecology of Rhodocoeeus copro- 
philus and associated actinomycetes in fresh water and ag- 
ricultural habitats. J Gen Microbiol 100:231--240 

Williams ST, Wellington EMH (1982) Principles and problems 
of selective isolation of microbes. In: Bu'lock JD, Nisbet 
LJ, Winstanley DJ (eds) Bioactive microbial products: 
search and discovery. Academic Press, New York London, 
pp 9--26 

Received May 23, 1986/Revised August 6, 1986 


