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ABSTRACT 
 

Twenty nine actinomycetes isolates randomly selected of 130 from Burullos Lake were 
investigated. These isolates were characterized taxonomically for 63 phenotypic characters 
including morphological; biochemical, nutritional, substrate utilization and anti-microbial 
analyses.  The results were analyzed by numerical techniques using the simple matching 
coefficient (SSM) and unweighted pair group average linkage (UPGMA) clustering. At 
54% similarity level, the majority of actinomycetes strains were grouped into six phena (A, 
B, C, D, E and F) only two strains were grouped separately and formed two single clusters 
at this level. A representative strain from each phenon was chosen, they were identified as 
Streptoverticillum morookaense, Nocardia brasiliensis, Streptomyces alanosinicus, 
Streptomyces globosus and Streptomyces gancidicus 

 
INTRODUCTION 

 
Reliable identification of bacteria remains 

an important task in environmental 
microbiology. Phenotypic approaches using 
either conventional or commercial systems 
are still used in the majority of laboratories. 
Phenotypic identification of isolates from 
natural sources has limitations related, among 
others, to the influence of cultural conditions 
on morphological and biochemical 
characteristics and to the effect of 
environmental pressure on gene expression 
(Maruyama et al., 2000; Soutourina et al., 
2001). The recently proposed class 
Actinobacteria (Stackebrandt et al., 1997) is 
comprised of high -G-C-  content gram 
positive bacteria and includes the 
actinomycetes (order: actinomycetales), 
whose members have an unparalleled ability 
to produce diverse secondary metabolites. 
These bacteria are primarily saprophytic and 

are best known from soils where they 
contribute significantly to the turnover of 
complex biopolymers, such as 
lignocelluloses, hemicelluloses, pectin, 
keratin and chitin (Williams et al., 1984). 
Despite their importance in soil ecology, 
actinomycetes are best known as source of 
antibiotics. The cultivation of rare or novel 
actinomycetes taxa has become a major focus 
in the search for the detection of new 
pharmaceutical agents (Bull et al., 2000). 

Actinomycetes can easily be isolated from 
fresh water and especially sediments of rivers 
and lakes. However, as stated by Al-Diwany 
and Cross (1978), who reviewed our present 
knowledge on actinomycetes in aquatic 
habitats, the occurrence of these organisms 
may simply mean that they survive at these 
sites because most of them are endowed with 
spores or cells which show higher resistance 
toward unfavorable conditions than most 
bacteria. Certain actinomycetes such as 
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Micromonospora spp. are inhabitants of mud, 
and Nocardia amarae belongs to the flora of 
activated sludge. The occurrence in water of 
other actinomycetes such as Rhodococcus 
coprophilus, has even been regarded as an 
indicator of farm effluent and animal 
pollution (Rowbotham and Cross, 1977). 
Most streptomycetes found in these habitats 
are probably derived from soil and are merely 
presented there as inactive but still viable 
arthrospores. However, some may find 
suitable conditions for growth. 

 This is the first report of numerical 
taxonomy of actinomycetes strains isolated 
from Burullous Lake. The present 
investigation was designed to present new 
insights into the microbial ecology to clarify 
the taxonomy of actinomycetes flora in fresh 
water lake environments using phenotypic, 
physiological and biochemical data and 
depending on numerical taxonomic 
procedures. 

 
MATERIALS AND METHODS  

  
Sites of sampling                                                                                                                                 

Sediment and water samples were 
seasonally collected from 11 stations along 
the whole area of Burullos lake (Fig. 1) 
during 2003.   
Strains and culture conditions 

The studied population consisted of 29 
strains from among 130 isolates which were 
randomly selected from Burullos Lake 
sediments (Abu–Elela et al, 2004).  
Actinomycetes generally  randomly selected 
with colonial appearance and pigmentation 
after (2-6) weeks of incubation at 28ºC. 
Isolation medium consisted of: soluble 
starch,10.0g; KNO3,2.0g; K2HPO4,2.0g; 
MgSO4 .7H2O,0.05g;  CaCO2,0.02g ; FeSO4, 
0.01g and agar, 20.0 g and  prepared with1 
liter of lake water (Küster and Williams, 
1964) . Culture stocks were maintained at -20 
ºC in starch nitrate broth with 10% glycerol.  

Cellular morphology, aerial hyphae, 
diffusible and substrate mycelial pigments, 
and the presence of spore mass, growth at 
different temperatures (20-50ºC), and the 
effect of different pH (5-9) were examined as 
described by (Shirling and Gottlieb, 1966). 
Isolates were screened for sodium chloride 
tolerance (0-10 %) according to (Tresner et 
al., 1968).The utilization of different carbon 
and nitrogen sources were carried out 
according to (Pridham and Gottlieb, 1948).  
All tests were performed at 28ºC for up to 3 
weeks. 

For morphological characterization the 
following media were used Krasslinikov SRL 
agar (Mostafa, 1985), Glycerol- asparagines 
agar (Shirling and Gottlieb, 1966), Glycerol- 
nitrate agar (Mostafa, 1985), Czapek- Dox 
agar (Mostafa, 1985) and Inorganic salts- 
starch agar (Shirling and Gottlieb, 1966). 

Electron microscopy was performed using 
the coverslip technique (Kawato and 
Shinobu, 1959). The coverslip was cut with a 
glass file and a suitable fragment with growth 
on it, it was mounted on a specimen stub, 
coated with gold palladium under vacuum, 
and examined with scanning electron 
microscope Jeol ISM-5300 operating at 10 
Kv at the Central laboratory, Faculty of 
Science, Alexandria University.  

 Additional phenotypic characterization�
were performed using the standard 
procedures, catalase and urease production 
were examined by the method of (Weyland et 
al., 1970), melanin production according to 
(Shirling and Gottlieb, 1966), nitrate 
reduction (Williams et al., 1983), sulphide 
precipitation (Cowan, 1974) and indole 
production (Molin and Ternstrom, 1986). 
Lecithinase was conducted on egg-yolk 
medium according to the method of Nitsh and 
Kutzner (1969), lipase (Elwan et al., 1977), 
protease (Ammar et al., 1991), pectinase 
(Ammar, et al., 1995), amylase (Ammar et al, 
1998). Degradation activities were detected 
according to (Nonomura and Ohara, 1969). 
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Antimicrobial activity :The ability of the 

tested strains to inhibit the growth of other 
micro-organisms as Escherichia coli HP101, 
Staphylococcus aureus ATTC 29523 and 
Bacillus subtilus  were determined as 
described by (Goodfellow et al., 1990). 
Zones of inhibition were scored as positive 
results after 24 h at 28C°. Resistance against 
phenol (0.002, 0.01 w/v), crystal violet    
(0.0001, 0.001 w/v), sodium azide (0.01w/v) 
and antibiotic resistance of the strains were 
examined for the ability to grow on medium 
supplemented with antibiotics one at a time 
using gentamycin (998 �g.ml-1), 
erythromycin (804 �g.ml-1), tetracycline (990 
�g.ml-1) and cefixine (997 �g.ml-1) were 
detected according to (Williams et al., 1983). 

Detection of diaminopimelic acid (DAP) 
isomers and diagnostic sugars were carried 
out according to Becker et al. (1964) and 
Lechevalier and Lechevalier (1970 b) in AL-
Azhar University Fermentation 
Biotechnology and Applied Microbiology 

and the identification was completed by 
comparison with standard strains. 

Numerical analysis was not used for a 
direct taxonomical purpose but also to 
facilitate data handling and strains grouping. 
A total of 63 characters were coded as 
negative (0) or positive (1). The simple 
matching coefficient (SsM) (Sokal and 
Michenu, 1958) and the Jaccard coefficient 
(Sj) (Sneath, 1957) were used and clustering 
was achieved by unweighted pair group 
average linkage UPGMA (Sneath and Sokal 
,1973). The computations were performed by 
using SYSTAT-PC program V 7 (Wilkinson 
et al., 1992) on an IBM computer.  

 
RESULTS 

 
Clustering of actinomycetes strains using the 
SSM coefficient with the UPGMA algorithm 

Analysis of the selected strains of 
actinomycetes strains by numerical 
techniques using the simple matching 
coefficient (SSM) and UPGMA clustering 
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yielded the dendogram in Fig.2 according to 
the distribution of positive characters of the 
major and minor clusters shown in (Table 
1).The data show that at 54% similarity level, 
the majority of the strains were grouped into 
six phena (A, B, C, D, E and F) that 
contained the 29 isolates under investigation. 
Only two strains were grouped separately and 
formed two single clusters at this level.  

Phenon A: This phenon comprised only 
four strains clustered at 54% similarity level, 
as shown in (Table 1). All strains grew well 
on the different used media except one strain 
that was unable to grow on inorganic salts 
starch agar. Substrate mycelia were yellow 
brown (2 strains), reddish brown (1 strain) 
and blue (1 strain). They were all possessing 
aerial mycelia, two strains were whitish gray, 
one strain was blue and the other one was 
yellow. Diffusible pigments were yellowish 
brown. Optimum growth was obtained at (30- 
40 ºC), one strain grew at 50 ºC and two 
strains grew at 20 ºC. The optimum pH for 
growth of these phenon members is 7.The 
most utilizable sugars were D-glucose, D-
fructose and lactose; on the other hand L-
arabinose was not utilized as a sole carbon 
source. The majority grew at 7% NaCl. 
Catalase is produced by one strain . Urease 
and nitrate reductase were observed in two 
strains where as sulfide production was 
detected only in one strain. There are no 
chitinase or gelatinase activities in all 
members. Only one strain exhibit 
antagonistic activity against Staphylococcus 
aureus. They were all susceptible to phenol 
(0.01w/v), two strains were resist crystal 
violet (0.0001 w/v) and only one strain resists 
it at (0.001w/v). 

Phenon B: This Phenon contained three 
strains at 55% similarity level. They grew 
well on all utilized media. Two strains had 
yellow brown and one strain had violet 
substrate mycelium. The aerial mycelia 
shows different colours as recorded in (Table 
1). All members were not pigmented. They 
were able to grow well at pH (5-8), the 
majority grew at pH 9  at temperature ranged 
from (20- 40 ºC). D-glucose was utilized as a 

sole carbon source by all strains. Where as D-
Fructose was utilized by most strains. D-
rhamnose, mannitol, galactose and xylose 
were utilized by only one strain. One strain 
tolerated up to 7% NaCl. Catalase and urease 
produced by most strains. Nitrate reductase 
was produced by all the phenon members. 
They all were able to degrade starch; most of 
them degraded cellulose and tyrosine. Only 
one strain showed antibiosis against 
Escherichia coli HP101. They were resistant 
to phenol (0.002 w/v) and crystal violet 
(0.0001w/v) and most of them resisted crystal 
violet (0.001w/v) and gentamycin at (998 
�g.ml-1). 

Phenon C: The 6 strains included in this 
phenon were clustered at 65% similarity 
level. They were able to grow at all media. 
The substrate mycelia shows varying degrees 
of colors. Four of the phenon members 
possessed gray aerial mycelia where as one 
strain was violet and the second was pink 
gray. All were not pigmented. 

They all have an optimum temperature of 
(30- 40 ºC) and a  pH range from 6-9. They 
all utilized D-fructose and lactose. Three 
strains grew well at 7% NaCl. Two produced 
catalase and only one reduced nitrate to 
nitrite. Only two strains were able to degrade 
chitin and all of them had the ability to 
degrade starch, cellulose, and tyrosine. They 
did not show any activity toward gelatin. All 
had antagonistic effect against 
Staphylococcus aureus, and only one strain 
showed activity against Escherichia coli 
HP101, and also one strain against Bacillus 
subtilis. There were only two strains that 
exhibit resistance against (0.001w/v) crystal 
violet, Meanwhile All members resist phenol 
at (0.002w/v) and crystal violet at 
(0.0001w/v). They were susceptible to the 
used antibiotics. 

Phenon D: Five strains are grouped in 
this phenon at similarity level 55%. As 
shown in (Table 1), one strain characterized 
by violet substrate mycelium. The rest have 
yellow brown. Four strains had gray aerial 
mycelium and only one had violet aerial 
mycelium. They could not grow in 
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Krasslinikov agar medium, but they could 
utilize the other media. Most of them were 
not pigmented but  only one strain  secreted a  
reddish brown pigments. They grew 
efficiently at temperature range (20- 40ºC); at 
pH (6-9) and only one succeeded in growing 
at pH 5. Lactose were utilized by all strains 
while, 80% of them utilized D-glucose, 
mannitol and xylose and two strains utilized 
D-fructose and rhamnose. Only one strain 
used raffinose, three strains used galactose 
while no one used L-arabinose. One strain 
tolerated up to 7% NaCl. Starch and tyrosine 
were degraded by all members. Melanin and 
catalase were produced but no sulfide 
precipitation by all members, two only 
reduced nitrate and produced urease. One 
strain gave antimicrobial activity against S 
aureus .All resisted phenol (0.002 w/v), two 
strains resisted crystal violet (0.001 w/v) but 
four strains resisted it at (0.0001 w/v), they 
were susceptible to all antibiotics used.       

Phenon E: At 60% similarity level this 
phenon included three strains. As reported in 
(Table 1), two strains had reddish brown 
substrate mycelia and one had violet. One 
had yellow and two had gray yellowish pink 
aerial mycelia. Only one strain grew on 
Krasslinikov agar medium, all of them grew 
over all the utilized media. One strain 
produced reddish brown diffusible pigments. 
They strains grew at (20- 40 ºC). They are 
able to grow at different pH (6- 9). D-glucose 
and lactose utilized by all members of this 
phenon, two stains utilized rhamnose, 
mannitol, L-arabinose and D- xylose. D- 
Fructose and galactose were utilized by only 
one strain; raffinose was not utilized by any 
member of this phenon. With respect to NaCl 
tolerance, only one strain tolerated up to 7%. 
All produced catalase. Nitrate reduced to 
nitrite, sulfide precipitated and melanin 
produced by only one strain. They were all 
able to degrade starch and the majority 
degraded tyrosine. Two strains showed 

antibiosis against Bacillus subtilis where as 
one strain gave activity against E. coli and S. 
aureus. They were resistant to (0.002 w/v) 
phenol and (0.001w/v) crystal violet. 

Phenon F: At 55% similarity level, six 
strains constituted this phenon, 3 strains 
characterized by reddish brown substrate 
mycelia, 2 strains had yellow brown and one 
strain had violet colored substrate mycelium. 
The majority had gray aerial mycelium and 
two members had yellow and only one had 
violet substrate mycelium (Table 1). All 
strains grew well on all used media except 
one strain that could not grow on 
Krasslinikov agar medium. Diffusible 
yellowish brown pigments were noticed only 
in three strains. All of them grew at (20- 
40ºC) with exception of one strain that grew 
up to 50º C, also all strains grew at pH (6- 9) ,  
while three  strains grew well at acidic range 
at pH 5.They used D-glucose, D- fructose, 
and D-xylose as a sole carbon source at a 
concentration of (1% w/v). The majority used 
rhamnose and mannitol. About 50% of the 
strains utilized raffinose lactose, L-arabinose 
and galactose. Most of them grew in presence 
of 4% NaCl , 50 % grew in 7% NaCl, and no 
one could grow at 10 %.  

The biochemical tests showed that 50% 
produced catalase, the majority reduced 
nitrate to nitrite, three of them were able to 
produce urease, and precipitate sulfide. 
Melanin production was negative. They 
degraded starch, cellulose and tyrosine and 
four of them degraded gelatin but none of 
them degraded chitin. Only three strains 
showed antibiosis against gram negative 
bacterium Escherichia coli HP101 and the 
majority showed antibiosis against gram 
positive bacterium Staphylococcus aureus, all 
strains had antibiosis against Bacillus subtilis. 
they could resist (0.002 w/v) phenol and 
(0.001w/v) crystal violet. Only one strain 
resists gentamycin (998�g. ml-1), and 
erythromycin (804 �g. ml-1). 
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Fig. 2. Simplified dendogram showing the relationships among phena based 

on the S sM-UPGMA analysis  
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Phenon A B C D E F
Character : No of 4 3 6 5 3 6

strains
Growth on
Krasslinikov agar 100 100 100 0 33 83
Glycerol asparagine agar 100 100 100 100 100 100
Glycerol nitrate agar 100 100 100 100 100 100
Czapek-Dox agar 100 100 100 100 100 100
Inorganic salts starch agar 75 100 100 100 100 100
Substrate mycelium
Yellow brown 50 67 33 80 0 33
Reddish brown 25 0 50 0 67 50
Blue 25 0 0 0 0 0
Violet 0 33 17 20 33 17
Aerial mycelium
Gray yellowish pink 0 33 0 0 67 0
Pink gray 0 67 17 0 0 0
Gray 0 0 67 80 0 50
Whitish gray 50 0 0 0 0 0
Blue 25 0 0 0 0 0
Violet 0 0 17 20 0 17
Yellow         25 0 0 0 33 33
Diffusible pigment
Unpigmented 0 100 100 80 67 50
Reddish brown 0 0 0 20 33 0
Yellowish brown 100 0 0 0 0 50
Growth at
20 ºC 50 100 100 100 100 100
30 ºC 100 100 100 100 100 100
40 ºC 100 100 100 100 100 100
50 ºC 25 0 0 0 0 17
Growth at PH       
5 50 100 50 33 0 50
6 75 100 100 100 100 100
7 100 100 100 100 100 100
8 75 100 100 100 100 100
9 75 67 100 100 100 100
Utilization of
D-Glucose 75 100 83 80 100 100
D-Fructose 75 67 100 40 33 100
L-Arabinose 0 0 50 0 67 50
Lactose 75 0 100 100 100 50
Raffinose 50 0 67 20 0 50
Rhamnose 50 33 67 40 67 83
Mannitol 25 33 67 80 67 67
Galactose 25 33 50 60 33 50
Xylose 25 33 67 80 67 100

Table 1. Comparison of the frequencies of positive and negative characters for the six clusters 
                        of actinomycetes obtained by numerical taxonomy analysis.
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Growth in NaCL%    
0 100 100 100 100 100 100
4 100 100 100 100 100 100
7 75 33 50 33 33 50
10 0 0 0 0 0 0
Degredation of
Starch 1% 100 100 100 100 100 100
Cellulose 1% 50 67 100 0 0 100
Chitin 0.25% 0 0 33 0 0 0
Gelatin 0.4% 0 0 0 0 0 67
Tyrosine 0.1% 100 67 100 100 67 100
Enzyme activities
Catalase 25 67 33 100 100 50
Urease 50 67 0 40 0 50
Nitrate reduction 50 100 17 40 33 67
Sulfide precipitation 25 0 0 0 33 50
Melanin production 0 0 0 100 33 0
Antibiosis against
E.Coli 0 33 17 0 33 50
S.aureus 25 0 100 20 33 83
B.subtilis 0 0 17 0 67 100
Resistance to
Phenol (0.01w/v) 0 0 0 0 0 0
Phenol (0.002 w/v) 100 100 100 100 100 100
Crystal violet (0.001 w/v) 25 67 33 40 100 100
Crystal violet (0.0001 w/v) 50 100 100 80 100 100
Gentamycin (998 µg.ml-1) 0 67 0 0 0 17
Erythromycin (804 µg.ml-1) 0 0 0 0 0 17
Tetracycline (990 µg.ml-1) 0 0 0 0 0 0
Cefixine (997 µg.ml-1) 0 0 0 0 0 0

Cont.
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Identification of the isolates 
Strain (29) was carefully selected so that 

their characters were representative to the 
majority of the strains included in the phenon 
(A). It was identified as Streptoverticillum 
morookaense as shown by their phenotypic 
characterization in (Table 2), the strains grew 
on all media .Yellow brown substrate 
mycelium and gray aerial mycelium with 
long straight filaments of conidia, showing 
side branches at regular intervals (Fig. 3a), 
the diffusible pigment was gray yellowish 
brown. It is non motile. The cell wall 
hydrolysate contained LL-DAP and the 
sugars were not detected. It grew at (20 - 
40C°) at pH (6-9) and NaCl (0-4%). All 
sugars were utilized except L-arabinose, 
lactose and ribose. All amino-acids were 
available. It degraded starch, tyrosin, xanthin, 
and esculin. Produced amylases, proteases 
and pectinases in addition to urease and 
nitrate reductase and precipitated sulfide. No 
melanin or indole production. No 
antimicrobial effect against all tested strain. It 
resisted phenol (0.002 w/v) and crystal violet 
(0.0001 w/v). 

  The representative of phenon (B) was 
strain (11) which is subjected to complete 
identification and identified as Nocardia 
brasiliensis. Its characters recorded in 
(Table2). It grew on all media with light 
yellowish brown substrate mycelium and 
pink gray aerial mycelium carrying chain of 
conidia (Fig. 3b).  Cell wall analysis 
indicated that the cell wall contained meso-
DAP and arabinose and galactose. No 
pigments. Growth occurred at (20- 40 C°) at 
pH (5-9) and NaCl (0-7%). D-glucose, D-
fructose, rhamnose, galactose, xylose, 
trehalose, maltose, mannose and sodium 
citrate were utilized as carbon sources while 
L-valine, L-alanine and L-arginine were 
utilized as nitrogen sources. Catalase 
negative, no sulfide precipitation or melanoid 
or indole production. It degraded starch, 
tyrosin and esculin and hydrolysed protein, 
lipid and lecithin. Absence of antibiosis 
against the tested strains. It showed 

susceptibility to all antibiotics except 
gentamycin at (998 �g.ml-1), and most 
chemicals. 

Strain (38) is representative to phenon (C) 
had a great similarities to Streptomyces 
alanosinicus.  As showed in the data in Table 
(2) .All media were suitable for growth. The 
substrate mycelium was reddish brown and 
the aerial mycelium was gray with spiral 
spore chain (Fig. 3c). The cell wall 
hydrolysate contained LL-DAP with no 
diagnostic sugars .  No diffusible pigment 
was detected. Growth occurred at (20- 40C°); 
pH (6-9) and NaCl (0-4 %). Most sugars were 
utilized. Only L-alanine and L-arginine were 
utilized as nitrogen sources . No urease but 
nitrate reductase was detected. Melanin and 
indole were negative. No sulfide or catalase 
production. It degraded xanthin and esculin 
and produced amylases, cellulases, proteases, 
lipases, pectinases and lecithinases. It showed 
antibiosis against E. coli and B. subtilis. This 
strain resisted phenol (0.002 w/v) and crystal 
violet (0.0001w/v). 

From phenon D, strain (31) was selected. 
It showed similarities to Streptomyces 
globosus. Its main features showed in (Table 
2).This strain had yellowish brown substrate 
mycelium with gray aerial mycelium carrying 
spiral and rectiflexible spore chain which is 
non motile (Fig. 3d) . LL-DAP was detected 
in the cell wall and no diagnostic sugars. It 
grew on all media at (20 - 40°C) at pH (6-9) 
at salt concentration ranged from 0-7%. 
Sugars utilization as carbon sources was very 
limited where it only used D-glucose, lactose, 
xylose, maltose and sodium acetate but it 
utilized L-cycteine, L-alanine L-arginine and 
L-tryptophane as nitrogen sources. This strain 
produced catalase, urease, and nitrate 
reductase in addition to melanoid pigments 
but no production to indole. It degraded 
starch, tyrosine , esculin and xanthin and 
resisted phenol (0.002 w/v) and crystal violet 
(0.0001w/v). it showed  no antibiosis against 
tested strains. 

Strain (44) as a member of phenon (E) 
characterized by morphological, 
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physiological and biochemical features 
assigned it to Streptomyces ruber. Its 
characters recorded in (Table 2). It was able 
to grow on all media forming reddish brown 
substrate mycelium and gray yellowish pink 
aerial mycelium carrying chain of non motile 
spores (Fig. 3e). The cell wall hydrolysate 
contained LL-DAP with no sugars. The 
growth temperature ranged from (20-40° C) 
at pH (6-9) at saline range (0-4%).No 
utilization of L-arabinose, raffinose, sucrose, 
sodium citrate and ribose as carbon sources 
and no utilization to L-cyctein, L-
phenylalanine and L-tryptophane as nitrogen 
sources. No catalase , urease or melanoid 
pigments. Indole negative. Starch, tyrosine 
and xanthine were degraded and protein, lipid 
and lecithin were hydrolyzed by this strain. 
Detection of antimicrobial agents against E. 
coli and S. aureus. It resisted phenol (0.002 
w/v) and crystal violet (0.001 w/v) but 
showed a great susceptibility against all 
antibiotics tested.  

Phenon F included strain (45) in which, 
the cell wall composition as in (Table 2) 
contained LL-DAP and no diagnostic sugars. 
It was identified as Streptomyces gancidicus. 
The substrate mycelium was yellow brown 
and the aerial mycelium was gray with chain 
of non motile spores (Fig. 3f). The diffusible 
pigment was gray yellowish brown. The 
strain could not grow at 50° C, pH range 
from (5-9) was available for growth at (0-7%) 
NaCl. The utilized sugars were D-glucose, D-
fructose, rhamnose, mannitol, galactose, 
xylose, trehalose, sodium citrate and mannose 
while the utilized amino-acids were L-
cycteine, L-valine and L-arginine. Urease and 
nitrate reductase positive but no sulfide 
production. No melanin or indole production. 
It degraded starch, tyrosine, gelatin, cellulose, 
esculin and xanthin in addition to production 
of lipases and proteases. Antibiosis was 
detected against all tested strains. Phenol 
(0.002 w/v), crystal violet (0.001 w/v) and 
sodium azide (0.01 w/v) had been resisted.  

 
DISCUSSION 

 
       The use of numerical identification 

and the development of matrices for routine 
use have been successfully applied to various 
groups of bacteria (Vilhelmsson et al., 1996; 
Garabito et al., 1998). 

Classification on the basis of numerical 
taxonomic criteria (Jones, 1978; Sneath, 
1979) has pointed towards the order 
actinomycetales as a "natural" phenetic group 
(Jones, 1975). Taxonomic ideas on the 
actinomycetes were reviewed (Goodfellow 
and Minnikin, 1981). Large databases of 
physiological data are important sources of 
differentiating characters (Goodfellow et al, 
1990; Kampfer and Kroppenstedt, 1991).   

Taxa species circumscribed in numerical 
phenetic investigations have high information 
content and are either indispensable or 
sufficient to entitle an organism to group 
membership (Goodfellow, 1989). 

Possible problems in numerical 
taxonomic studies can be minimized by the 
choice of suitable tests and statistics (O'Brien 
and Colwell, 1987). It is necessary that all the 
tests can be employed for all strains, that test 
reproducibility is high and that the majority 
of the phena show a low overlap with other 
phena (Sneath, 1979). Additionally, the 
results of numerical taxonomic studies should 
be compared to other numerical surveys and 
to classifications based on chemical, 
genetical and serological data (Goodfellow, 
1986). 

The isolated actinomycetes were 
subjected to numerical taxonomic study and 
were clustered at similarity level into 6 
phena. 

Phenon A included four strains, strain 
(29), shared in many characters with the 
reference strain Streptoverticillium 
morookaense in such that , both had gray 
yellowish brown substrate mycelia, the aerial 
mycelia consisted of long, straight filaments 
of conidia showing side branches at regular 
intervals and whitish to gray spore masses. 
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The cell wall hydrolysates of both strains 
contained LL-DAP with no diagnostic sugars. 
No motility. Absence of melanin. They 
utilized fructose, galactose and mannitol, 
degraded esculin, produced nitrate reductase 
and grew at 5% NaCl. Our isolate can not 
utilize raffinose and in this respect it differs 
from the reference strain. According to the 
recommended international Keys viz. 
(Buchanan and Gibsons, 1974; Williams; 
1989; and Hensly, 1994), strain (29) 
identified as S. morookaense. 

It is widely accepted that the genera 
Streptomyces and Streptoverticillium are 
closely related. Both have cell-wall I 
(Lechevalier and Lechevalier, 1970 a, b), a 
high content of GC in their DNA (Pridham 
and Tresner, 1974a, b) and high similarities 
in DNA homology (Kroppenstedt et al, 
1981), and are lysed by the same phages 
(Wellington and Williams, 1981). 
Additionally, they contain similar 
menaquinones, fatty acids and polar lipids 
(Lechevalier et al., 1977).The only support 
for distinguishing between Streptomyces and 
Streptoverticillum has come from DNA-RNA 
pairing studies (Gladek et al., 1985). 

Phenon B included only 3 strains with 
morphological and biochemical 
characteristics similar to members of 
nocardioform actinomycetes (Group 22 in 
Bergey's Manual of Systematic Bacteriology, 
Holt and Williams, 1994). 

Strain (11) was similar to the reference 
strain Nocardia brasiliansis in that, both of 
them had pink gray aerial hyphae and the 
aerial mycelium consisted of chain of 
conidia. The cell wall hydrolysates contained 
meso-DAP with arabinose and galactose as 
diagnostic sugars. The two strains were non 
motile, lacking melanin pigments, positive 
for urease and nitrate reductase, degraded 
xanthine and esculin and utilized galactose 
and glucose where as mannitol, rhamnose and 
maltose not utilized. So it could be stated that 
actinomycete isolate (11) is suggestive of 
being related to Nocardia brasiliensis. 

The presence of LL-diaminopimelic acid 
in strains number: 38 (phenon C), 31 (phenon 

D), 44 (phenon E) and 45 (phenon F) with no 
diagnostic sugars is consistent with the 
proposal that these strains belong to the genus 
Streptomyces and related genera (Williams et 
al., 1989). As pointed out by (Williams et al., 
1983), there is no simple, rapid procedure for 
objective identification of streptomycetes. 
The problems of streptomycetes 
identification are largely a reflexion of the 
difficulties in streptomycetes taxonomy. 
Morphological or pigmentation 
characteristics were not included in 
streptomycetes taxonomy ( Kampfer et al., 
1991). Because it is generally  accepted that  
more than one category of spore chains can 
be observed in the same species and the 
distinction between rectiflexibiles and spirals 
is not clear (Williams and Wellington, 1980; 
Williams et al., 1989). The determination of 
the color of the spore mass is also not easy 
(Kutzner, 1981), and especially with respect 
to spore color and other morphological 
criteria. These traditional characters, which 
are often difficult to determine (Williams and 
Wellington, 1980, Kutzner, 1981), are 
inadequate for classification and 
identification. 

Carbon source utilization tests have been 
found for in earlier studies to be characters 
with great differentiation potential. The 
utilization of sucrose, L-arabinose, inositol, 
mannitol, rhamnose and raffinose were 
recommended as an aid to species 
differentiation in the International 
Streptomyces Project (Shiriling and Gottlieb, 
1972) and these tests have been used in 
several identification schemes (Nonomura, 
1974; Szabo et al., 1975). 

As pointed out by Kampfer and 
Kroppenstedt (1991), streptomycetes 
taxonomy is still developing. The phenetic 
and diversity of streptomycetes is a major 
problem. 

The four strains 38, 31, 44 and 45 showed 
great affinity to family streptomycetaceae 
(Buchanan and Gibbons, 1974; Williams, 
1989; and Hensyl, 1994), especially genus 
Streptomyces.    
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Our isolate (38) had chemotaxonomic 
properties and cultural and morphological 
characteristics that are consistent with the 
reference strain Streptomyces alanosinicus. 
Both possess the same cell wall chemotype; 
produce gray aerial mycelia carrying gray 
spiral spore chains. No observed motility or 
produced melanin pigments. They utilized 
arabinose, fructose, galactose, glucose, 
mannitol, raffinose and xylose but no utility 
to sucrose. It was belong to  S. alanosinicus.  

Strain (31) and the reference strain 
Streptomyces globosus are related to each 
other. Their aerial mycelia are bearing spiral 
and rectiflexible spore chains forming gray 
spore masses. The cell wall contained LL-
DAP with no sugars; absence of motility; 
glucose and xylose were utilized where as no 
utilization for fructose, galactose, mannitol, 
raffinose, sucrose. L-arabinose utilization 
was the only difference between our isolate 
(31) and the reference strain because our 
isolate can not utilize it. So that it was 
identified as S. globosus. 

Strain (44) was closer to the reference 
strain Streptomyces rubber, they had grayish-
yellowish pink spore masses, the spore chains 

were spiral, and the substrate mycelia were 
reddish brown. The same cell wall 
chemotype.  

No detection to motility or melanin 
production. Both of them utilized arabinose, 
fructose, glucose, mannitol, rhamnose and 
xylose. 

Strain (45) and the reference strain 
Streptomyces gancidicus shared in most 
characters. Their spore masses were in the 
gray series with gray yellowish brown 
substrate mycelia .Spore chains are spirals. 
Their cell hydrolysates contained LL-DAP 
with no diagnostic sugars. No motility. 
Absence of melanin. Both of them were able 
to consume arabinose, fructose, glucose, 
galactose, mannitol and xylose where as they 
were unable to utilize raffinose and sucrose.   

Surprisingly, we were not able to isolate 
genera known to be present in marine 
environments such as Micromonospora, and 
Rhodococcus although Streptomyces was 
commonly observed. Streptomycetes were 
notably dominant in the sediment samples 
and in this respect we agreed with the results 
obtained by (Abou-Elela, 1999; Ghanem et 
al., 2000).  
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Fig. (3). Scaning electron micrographs showing the growth of different actinomycetes on starch 

nitrate medium after 14 days. (a) Streptoverticillum morookaense  (b) Nocardia 
brasiliensis (c) Streptomyces alanosinicus (d) Streptomyces globosus (e) Streptomyces 
rubber (f) Streptomyces gancidicus. 
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