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Summary. Of  116 chitinolytic actinomycetes,  previously 
isolated f rom marine sediments, 85 were found to pos- 
sess antimicrobial  activity. A high correlation was 
noted between chitinolysis and bioactivity. A majori ty 
of  them suppressed the growth of  Gram-posi t ive bacte- 
ria but only a few inhibited Gram-negat ive strains and 
almost one-hal f  of  them exhibited antimycotic activity. 
Several of  the last group yielded polyenes of  which 
heptaenes were the most  commonly  occurring ones. 
Other strains synthesized detectable amounts  of  fl-lac- 
tam antibiotics. It is suggested that  chitinolysis may 
serve as an indicator  of  potential  bioactivity among  ma- 
rine actinomycetes.  

t inomycetes to hydrolyze chitin (Hsu and Lockwood 
1975). Based on this observation, we recently surveyed 
our collection of marine actinomycetes for chitinolytic 
activity and found that  many  of  the strains share this 
property.  Consequently,  part  of  our collection has been 
divided into an easily definable cluster based on a com- 
mon  secretory property,  namely the elaborat ion of  chi- 
tinases. 

In the present investigation, we have  a t tempted to 
ascertain if chitinolytic activity may be related to the 
synthesis of  antimicrobial  substances. Toward this end, 
116 chitinolytic strains were grown in submerged cul- 
ture and analyzed for the product ion of  antibacterial 
a n d / o r  antifungal compounds.  

Introduction 

Actinomycetes have long been recognized as. pr ime 
sources of  antibiotics, enzymes and of  other important  
metabolites.  For  example,  over 4000 of  the naturally oc- 
curring antibiotics discovered are synthesized by this 
group of  microorganisms (Okami and Hot ta  1988). The 
search for novel antimicrobial  substances has, in recent 
years, included actinomycetes obtained f rom sources 
other than soils. Included among these have been acti- 
nomycetes isolated f rom marine environments (Okami 
1986). 

A variety of  pretreatments and selective media  are 
available to enhance the isolation of  specific groups of  
act inomycetes (Cross 1982), The applicat ion of  pre- 
treatments and selective media to microbial  popula-  
tions found in marine sediments has led to the success- 
ful isolation of  bioactive actinomycetes. For example,  
heat, phenol,  the use of  membrane  filters and plating 
on chitin agar has contributed to the recovery of  anti- 
biot ic-producing strains from marine sediments (Pisano 
et al. 1986). 

With respect to chitin agar, the selective nature of  
this substrate is attributed to a widespread ability of  ac- 
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Materials and methods 

Microorganisms. The actinomycetes used in this investigation 
have been isolated from marine sediments and deposited in the St. 
John's University culture collection. 

Chitinolytic activity. Cultures were transferred to chitin agar (Hsu 
and Lockwood 1975) and incubated at 28°C for up to 4 weeks. 
Plates were examined at 48-h intervals for evidence of chitinolysis 
expressed as clear zones around individual colonies. Two separate 
trials were made to confirm the activity. 

Cell wall analysis. Analyses of whole-cell hydrolysates of the acti- 
nomycetes were made for the determination of cell-wall chemo- 
types (Becker et al. 1964). 

Fermentations. Each actinomycete selected was grown in test 
tubes (150 x 25 mm) containing 12 ml of two fermentation media. 
One was based on the seed medium used by Tunac et al. (1985) 
except that Proflo (Traders Protein, Ft. Worth, Tex., USA) was 
substituted for cotton seed meal. The other was the PS medium 
reported by Okazaki and Okami (1972), which contains 3% starch, 
2% corn steep liquor, 1.5% Pharmamedia (Traders Protein) and 
1% beef extract. The fermentation tubes were inoculated with one 
loopful of the desired actinomycete and incubated for 72-96 h on 
a rotary shaker (Psycrotherm, New Brunswick Scientific, Edison, 
N J, USA) operated at 250 rpm at 28 ° C. The contents of each tube 
were then centrifuged at 2000 g for 20 min and both the cleared 
fermentation broths and mycelial pellets collected. 
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Determination of bioactivity. Fermentation broths were examined 
for antimicrobial activity against Gram-positive and Gram-nega- 
tive bacteria, yeasts and filamentous fungi. The bacteria used were 
Bacillus subtilis, Escherichia coli, Mycobacterium smegmatis, Pseu- 
domonas aeruginosa and Staphylococcus aureus. The yeasts tested 
were Candida albicans and C. krusei. The filamentous fungi in- 
cluded Aspergillus niger ATCC 12846, Fusarium moniliforme 
ATCC 10052 and Trichoderma viride ATCC 8678. The preparation 
of fungai assay plates was described in an earlier report (Pisano et 
al. 1987). All test microorganisms were grown on glucose-peptone 
agar (Difco, Detroit, Mich., USA) to which paper discs (12.5 ram, 
Schleicher and Schuell, Keene, NH, USA), charged with 0.1 ml of 
a specific fermentation broth, were added. The plates were incu- 
bated at 37°C for the detection of antibacterial and at 28°C of 
antifungal activity. Growth inhibition of the test microorganisms 
was assessed daily for up to 72 h. 

Nature ofantimicrobial activity. The nature of the antimycotic ac- 
tivity exhibited by some of the actinomycetes was determined 
spectrophotometrically (Pisano et al. 1987). Both the fermentation 
broths and mycelial pellets were examined, fl-Lactam antibiotics 
were detected by the induction of [~-lactamase activity in Bacillus 
licheniformis (Sykes and Scott 1985) using the chromogenic sub- 
strate 2-azo-p-dimethylaniline cephalosporin (PADAC) according 
to Jones et al. (1982). 
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Fig. 2. Bacterial and fungal species inhibited by bioactive chitino- 
lytic marine actinomycetes. Abbreviations refer to test organisms 
listed in Materials and methods 

Table 1. Nature of inhibitory substances produced by some 
strains of actinomycetes isolated from marine sediments 

Active component Strain number 

Results and discussion 

Of the 116 marine actinomycetes capable of  degrading 
chitin, 85 (73%) were bioactive. The activity was prima- 
rily directed against Gram-positive bacteria, which 
were inhibited by 68% of  the actinomycetes (Fig. 1). In 
contrast, only 11% were active against Gram-negative 
strains. Figure 1 also reveals that 47% of the actinomy- 
cetes exhibited antimycotic activity. Both yeasts and fil- 
amentous fungi were also inhibited. Antibacterial and 
antifungal activity was produced by 37% of  the actino- 
mycetes. Analysis of  the antimicrobial .spectrum pro- 
vided specific information on the inhibitory patterns 
obtained. B. subtilis, for example, was inhibited by 58% 
of  the producer  strains (Fig. 2). Similarly, another  
Gram-positive test organisms, S. aureus, was also sus- 
ceptible to inhibition by a large proport ion (50%) of  the 
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Fig. 1. Groups of microorganisms inhibited by bioactive chitino- 
lytic marine actinomycetes 

Antifunoal 
Heptaenes 124, 427, 441,899, 942, 584, 1234, 1318, 

1892 
Hexaenes 869, 1894, 1904, 1908 
Methylpentaenes 940 
Pentaenes 1112 

Antibacterial 
fl-Lactams 587B, 619, 1049, 1050 

actinomycetes. M. smegmatis, the only acid-fast bacte- 
rium utilized, was inhibited by 18% of  the bioactive ac- 
tinomycetes, E. coli was inhibited b y  11%, whereas P. 
aeruginosa was suppressed by only 5%. Among the fun- 
gi, C. krusei was susceptible to the action of  49% of  the 
actinomycetes, whereas C. albicans was inhibited by 
32%. With respect to the filamentous fungi, T. viride 
was slightly more prone to inhibition than either A. 
niger and F. moniliforme. 

The nature of the antimicrobial substances produced 
by selected isolates was also determined. Of  53 of  those 
that exhibited antifungal activity, 15 were identified as 
producing polyene antibiotics (Table 1). Heptaenes 
were produced by nine strains and hexaenes by four 
strains. A methylpentaene and a pentaene were each 
synthesized by only one actinomycete. In a previous in- 
vestigation, heptaenes were also found to be the major 
polyene synthesized by marine actinomycetes (Pisano 
et al. 1987), but in a later report hexaenes predominated 
(Pisano et al. 1989). The only antibacterial activity iden- 
tified was attributable to the production offl-lactams by 
four of  the marine actinomycetes (Table 1). The 
amounts detected, as determined by the use of  PADAC, 
appeared to be minimal. Consequently, activity was not 
always evident in repeat trials. This is in agreement 
with the observation that secondary metabolites are 
usually produced in minor amounts by wild-type 
strains (Htitter 1982). Although screening for fl-lactam 
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antibiotics in nature has been successful (Sykes and 
Wells 1984), no reports are available concerning the 
production of  this class of  antibiotics by actinomycetes 
isolated from marine sediments. 

The importance o f  the composition of  the medium 
employed for the product ion of  antibiotic activity by 
marine microorganisms was demonstrated previously 
(Okazaki and Okami 1972). In the present investigation, 
the nature of  the fermentation medium directly in- 
fluenced the elaboration of antimicrobial substances. 
This was demonstrated by the fact that 60% of  the acti- 
nomycetes produced active broths when grown in the 
medium of  Tunac et al. (1985) as compared to 40% in 
the PS medium of  Okazaki and Okami (1972). 

The determination of  cell wall chemotypes revealed 
that only 16% of  the 116 chitinolytic actinomycetes pro- 
vided cell extracts that contained meso-2,6-diaminopi- 
melic acid (DAP) whereas the remainder yielded cell 
extracts containing LL-DAP. This proport ion of  meso- 
DAP- to LL-DAP-containing strains is significantly 
lower than that obtained in an earlier investigation in 
which rifampicin was employed for the isolation of  ac- 
t inomycetes from marine sediments (Pisano et al. 1989). 
The proport ion of  meso-DAP-containing actinomycetes 
rose with the rifampicin concentrations utilized. In the 
present report, 12 of  the 18 (67%) actinomycetes dis- 
playing the rneso-DAP chemotype were bioactive. In 
comparison, 73 of  98 (75%) strains containing LL-DAP 
were active. 

These observations suggest that a good correlation 
exists between chitinolytic activity and the product ion 
of  antimicrobial substances .by marine actinomycetes. 
Based on these results it is tempting to suggest that chi- 
tinolysis might be employed as an indicator of  potential 
bioactivity in this group of microorganisms. Tests for 
chitin-degrading activity are both inexpensive and easy 
to perform. In cases where actinomycetes are collected 
from marine environments, initial isolations might be 
effected through the use of  chitin agar. In the present 
investigation, pre-selection of  chitinolytic strains segre- 
gated a group of  marine actinomycetes in which ap- 
proximately 75% were bioactive. This proport ion of  ac- 
tive strains significantly exceeds the proportions ob- 
tained in previous studies in which chitinolysis was not 

used a selective criterion. In those investigations the 
percentages of  bioactive strains obtained were 16% 
(Pisano et al. 1986); 13% (Pisano et al. 1987); and 46% 
(Pisano et al. 1989). 
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