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Summary 
 
An extensive literature review concerning the taxonomic status of the species of 

genus Streptomyces has been made. The classical microbiological and chemo 
taxonomical methods which form the bais of the present classification of the species 
of this genus, as well as, the modern molecular biological aproaches - analysis of 
protein patterns, multilocus enzyme electrophoretical (MLEE) analysis, restriction 
analysis, analysis of the nucleotide sequences of 16S and 23S RNA, RNA/DNA se-
quencing, DNA fingerprinting with different probes or polymerase chain reaction 
(PCR) primers were described. The  profound analysis showed the advantages of 
the molecular biological methods for streptomyces taxonomy and indicated that 
none of these methods applied independently could solve the existing problems in 
the taxonomy of genus Streptomyces. A wider application of the molecular genetic 
aproaches is necessary in order to specifiy the taxonomic status of the species in-
cluded in categoriy III and IV according to Bergey and to find a criterion for distin-
guishing between the closely related species, as well as, to e evaluate the ho-
mogenity of some streptomyces species. 

 
1. Classical and numerical taxonomy of genus Streptomyces 

 
Streptomycetes represent a widely spre-

ad in  nature group of microorganisms; they 
play an important role in the circle of the or-
ganic matter and have an industrial impor-
tance as producers of secondary metabolites. 
In order to protect the patent rights, new spe-
cies of streptomycetes have been described, 
in many cases groundlessly (around 3000 
patent species in different collections have 
been deposited) which has resulted in some 
difficulties in their precise classification. 

At present genus Streptomyces consists 
of aerobic, Gram positive actinomycetes, 
forming substrate mycelium which differenti-
ates in an air one with long chains of conidia. 
The streptomycetes possess cell wall chemo-
type I [44].  

The earliest attempts for classification of 
the streptomycetes have been made between 
1914 and 1962 and are based on the results 
obtained from the investigations of limited 
number of morphological characteristics [61, 
63]. Waksman defined the aerobic actinomy-

cetes in genus Streptomyces in 1961 [75]. A 
general revision of the genus was made in 
1966 with the International Streptomyces Pro-
ject (ISP) [62], as a result of which in the ap-
proved list streptomycetes species remain just 
459 of the initially described 1000. For com-
parison, the number of the cultures defined 
with different names in the collection cata-
logues is much greater: ATCC catalogue 
(1982) - 673; DSM catalogue (1983) - 473; 
JCM catalogue (1986) - approx. 600. This 
classification is based on relatively small 
number of morphological, cultural and phy- 
siological characteristics. 

The application of chemical methods in-
fluenced the development of the actinomyces 
systematics at the genus level and even at 
higher taxonomic levels [17, 36, 47, 71]. The 
separation of genus Streptomyces from other 
streptomyces groups (on the same taxo-
nomic level) is not a problem [17, 65]. The 
streptomycetes can be distinguished from all 
the rest actinomycetes in morphological and 



  

chemotaxonomical (aminoacids [67], diami-
nopimelic acid [67], fatty acids [41], lipids [42, 
60], phospholipids [41], menaquinones [1], 
mycolic acids [47], sugars [67]) characteris-
tics. The use of the above mentioned  chemo-
taxonomic methods leads to more profound 
and precise characterization of the genera. 

Twenty five genera have been described 
in the last edition of Bergey's Manual [80]: Ac-
tinobispora, Actinocineospora, Actinoma-dura, 
Actinomyces, Actinoplanes, Actinocynema, 
Frankia, Microbispora, Micromonospora, Mi-
cropolispora, Microtetraspora, Nocardia, No-
cardioides, Nocardiopsis, Promic-
romonospora, Pseudomonocardia, Intraspo-
rangium, Kineospora, Kitasatoa, Saccharo-
monospora, Saccharopolispora, Streptomy-
ces, Streptosporangium, Streptoverticilium, 
Thermoactinomyces. 

Among the sporoactinomycetes the pre-
sence of L-diaminopimelic acid in the cell wall 
is a fact of diagnostic value for the streptomy-
cetes [17]. The registered differences in some 
chemotaxonomic characteristics (in the pat-
terns of the fatty and mycolic acids) among 
the species of genus Streptomyces, are of 
limited importance for their species differentia-
tion [36]. 

The numerical taxonomy has been ap-
plied for streptomycetes since the 60s [16, 
64]. Silvestri et al. [64] have studied 200 
strains in 100 characteristics, grouped in 25 
variation groups. The results of this analysis 
have shown that many of the characteristics 
used for classification of the streptomyces 
species are strongly variable and hard for in-
terpretation. A considerable step ahead in the 
taxonomy of the streptomycetes is the nu-
merical classification of Williams, from  1983 
[81],  which uses 475 strains, among them 
394 streptomycetes type cultures from ISP 
characterized in 139 morphological, cultural, 
physiological and biochemical characteristics. 
The type streptomyces strains are devided 
into 9 cluster groups that include 23 major 
(with 6 to 71 strains), 20 minor (with 2 to 5 
strains) and 25 single-member (with 1 strain 
only) clusters. On the basis of this clasification 
the  homogenous and well-defined species 
are treated as minor and single-member clus-
ters, while the major clusters which are with 
high degree of heterogenity, are marked as 
species clusters. 

This study has formed the basis of the 
classification of the species of genus Strep-
tomyces in Bergey's manual [80]. The species 
S. albidoflavus, S. halstedii, S. exfoliatus, S. 

roshei, S. lydicus, S. fradiae, S. laven-dulae, 
S. rimosus and S. albus are accepted as well-
defined. The taxonomic status of these spe-
cies is supported by several other investiga-
tions (chemical [46, 59], enzymatic [20, 32], 
serological [56], RNA/DNA sequencing [48], 
hybridization studies [38, 39] and rRNA se-
quence analysis [68, 70, 82]). 

However, the status of many taxons in-
cluding some of the minor and the single -
member clusters remains unclear. The spe-
cies grouped in categories III and IV accor-
ding to Bergey [80] have to be considered 
with unclear status, until further genetic infor-
mation is available.  

The species status of the li above lisyed 
strains is confirmed also by the numerical ta-
xonomic investigations of Kampfer et al. [30] 
of 821 strains belonging to genera Streptomy-
ces and Streptoverticillium which are charac-
terized by the use of 329 physiological tests. 

The phenetic data of Kampfer et al. [30] 
confirm the addition by Mordarski et al. [48] of 
S. coelicolor, S. albidoflavus, S. albidus, S. 
alboniger, S. canescens, S. citreus, S. fellus, 
S. limosus, S. rutgersensis, and S. sampsonii 
to one taxon, and S. alboviridis, S. cratifer, S. 
oligocarbophilus to another genospecies on 
the basis of DNA-DNA homology. The cha-
racterized by Korn et al. [35] strains by phage 
typing as S. griseus are placed in different 
subclusters and clusters of Kampfer. This 
confirms the separation of these strains ob-
tained by Okanishi et al. on the basis of DNA 
homology [51]. 

The distribution of S. exfoliatus and S. 
violaceus in cluster 2 according to Kampfer 
(S. exofoliatus, Williams groups A4 and A6) is 
in agreement with the standpoint of Williams 
et al. [81] that these strains have to be 
grouped in 1 species because of the consi-
derable overlapping of their phena A5 (S. exo-
foliatus) and A6 (S. violaceus). 

The group of S. violaceoruber defined by 
Korn et al. [35] by phage typing is placed also 
in cluster 2 according to Kampfer, with the 
exception of the type strain of S. violaceo-
ruber DSM 40049 which shows considerable 
physiological and biochemical differences and 
is placed in another cluster. 

The greater part of the strains belonging 
to genus Streptoverticillium studied by 
Kampfer et al. [30] is localized in subcluster 
22-1 which fact confirms the standpoint for 
unification of the 2 genera. The S. fradiae 
strains (Kampfer subcluster 22-5) are closely 
related to S. lavendulae  and to the Strep-



  

toverticillium strains which is also in correla-
tion with the results of Williams et al. [81]. 

The S. hygroscopicus species is defined as 
heterogenous in the work of Kampfer et al. [30]. 
Four strains of S. hygroscopicus which are lo-
calized in cluster 25 (S. lydieus) are thought to 
be synonyms of S. violaceusniger. These 
strains differ from the S. hygrosco-picus strains 
grouped in clusters 53 to 57. The heterogenity 
of the S. hygroscopicus strains is confirmed 
also by the analysis of its fatty acids [36]. An-
other example for a heterogenious species is S. 
violaceusniger. The strains of this species are 
localized in closely linked and overlapping clus-
ters acording to Kampfer. 

The status of the following strains is not 
confirmed by the numerical taxonomy of 
Kampfer: S. griseoruber ISP 5281T, S. gri-
seoruber ISP 5227T (Williams cluster A21), S. 
xanthophaeus ISP 5134T (Williams group 
F61), S. amakusaensis ISP 5219T, S. fuma-
nus ISP 5154T, S. griseochromogenes ISP 
5499T (Williams group A18), although they 
exhibit very low hybridization values. 

The basic data of the numerical taxo-
nomic investigation of Williams are used to 
create a probabilistic identification matrix [79] 
which is applied in the identification of un-
known streptomycetes from different habi-
tats, as well as, for identification of the spe-
cies groups defined by the numerical taxo-
nomy [49]. Similar matrix is created and used 
by Kampfer et al. too [30]. 

The numerical taxonomy gives more ob-
jective criterion for clarification of the intra-
group differences in the taxonomy of the 
streptomycetes but does not help for the clear 
definition of the species. The similarity level in 
the groups which is used for that purpose is 
subjective or is interpreted freely by the inves-
tigator. 

The data obtained by the numerical taxo-
nomy must be interpreted keeping in mind 
that the similarity among the strains can be 
disrupted by numerous factors (see Williams 
et al. [83]) and that the marker strain is not 
always the best representative of the species 
[19]. For instance, the incorporation of Nocar-
dioides albus, N. dassonvillei and Saccharo-
polyspora hirsuta to genus Streptomyces is 
not made on a solid basis. The strains of No-
cardioides possess a cell wall chemotype I, 
they are resistant to virulent phages of strep-
tomycetes [76] and differ from the last in the 
results of the lipid analysis and DNA/DNA hy-
bridization values [74]. N. dassonvillei differs 
from the streptomycetes in the chemotype of 

its cell wall [41] and in the resistance to strep-
tomycetes phages but also in the content of 
menaquinones [1] and rRNA sequention [72], 
while S. hirsuta - in its cell wall chemotype, 
the content of menaquinones and the resis-
tance to virulent phages for streptomycetes 
[1, 76,]. 

For more precise characterization of the 
species of genus Streptomyces new methods 
are applied - serological, physiological, bio-
chemical, etc. [18, 56]. 

Qqualitative enzyme tests for differentia-
tion of the streptomycetes were applied by 
Goodfellow et al. [18] for 88 streptomyces 
strains belonging to 19 different species 
groups of Williams. Different patterns of ex-
tracellular enzyme activities were found in 
each of the groups using tests for hydrolysis 
of fluorogenic 4-methylumbelliferyl-linked 
substrates. In their investigations Kampfer et 
al. [31] applied enzyme tests with nitrophenyl 
or nitroanilide-linked substrates and obtained 
similar results, as well as, some differences. 
The species S. albidoflavus and S. griseus 
(S. anulatus) can be distinguished on the 
basis of the enzyme activity of β-L-
fucosidase. But not all strains studied by  
Kampfer et al.   produce  β-D-galactosidase 
and for the β-D-glucuro-nidase and for sul-
phatase production, other patterns are ob-
tained. Obviously, these tests are important 
for characterization of the streptomycetes 
but they can not be used for their unambigu-
ous identification. These qualitative enzyme 
tests together with some other physiological 
and biochemical characteristics are included 
in the computer assisted classification of 
Goodfellow et al. [21] in which it is shown 
that S. albidoflavus species-group encom-
passed taxospecies coresponding to S. albi-
doflavus, S. anulatus and S. halstedii. 

The serotaxonomic analysis of Riddel et 
al. [56] is important for the taxonomy of strep-
tomycetes because it confirms the view of 
Williams [81] for unification of 4 closely re-
lated strains of cluster 1B (S. griseus, S. 
griseinus, S. griseobrunneus  and S. globis-
porus) in 1 species, as well as, 2 strains from 
cluster 61 (S. goshikiensis and S. lavendulae) 
and 2 from cluster 55 (Stv. cinnamoneum and 
Stv. griseocarneum). 

The quantitative chemotaxonomic me-
thods are also applied to some species of ge-
nus Streptomyces [49, 58] but the possibility 
the species to be differentiated on the basis of 
data for quantitative determination of fatty ac-
ids remains questionable [59]. 



  

2. Application of molecular biological approaches in taxonomy 
At present the existing classification of 

the species of genus Streptomyces is based 
only on the similarity of the phenotypic cha-
racteristics. The numerical taxonomy is one of 
the best methods for creation of classification 
systems for prokaryotes but it does not take 
into consideration the phylogenetic linkages 
among the bacteria, and it does not distin-
guish pricisely enough between the closely 
related species. Great attention has been 
payed to the application of molecular ap-
proach in taxonomic investigations in order to 
solve this problem. As  compared with the 
phenotypic, chemical, enzymatic and sero-
logical characteristics, which cover only 5-
10% of the genome, the molecular genetic 
methods deal directly or indirectly with the 
genome polymorphism. Such methods as pro-
tein patterns, MLEE analysis, plasmid pat-
terns, restriction analysis, analysis of the nu-
cleotide sequences of 16S and 23S RNA, 
DNA fingerprinting with different probes or 
PCR primers, give a possibility for estimation 
of the real genetic similarity among species. 

 
2.1. Indirect analysis of the ge-

nome. Some investigators propose ELISA 
[33], electrophoretical mobility of total protein 
extracts [10] and computer programed ana-
lysis of radiolabeled protein binding patterns 
[29] as new approaches in the taxonomy of 
streptomycetes. 

The patterns of the ribosomal proteins 
obtained by twodimensional PAGE and 
HPLC, reported by Fierro et al  [12] and Ochi 
[50] provide useful information for the classifi-
cation and identification of streptomycetes. 
There is a considerable variability in the ribo-
somal protein patterns of some species - S. 
venazuele, S. violaceus, S. parvulus, S. hy-
groscopicus, while the ribosomal protein pat-
terns of S. lavendulae and S. avidinii are quite 
similar. This suggests that the two species are 
closely related (if they do not represent a sin-
gle taxon [50]). 

The multilocus enzyme electrophoresis 
which has been a standard method in the eu-
caryotic population genetics and systematic 
for a long time, is applied more widely in the 
investigations of genetic heterogenity in bac-
terial populatins [5, 43, 55] and for clarifying 
the intraspecies diversirty of the procaryotes. 
MLEE analysis is not performed for genus 
Streptomyces. As far as the genera of Acti-
nomycetales is concerned, this method is ap-

plied only for isolates of genus Frankia [13] for 
aminopeptidases and esterases. 

The obtained results showed that the 
method is applicable for pure cultures and the 
data coinsides in a considerable degree with 
the results obtained by molecular methods 
such as restriction fragment lenght polymor-
phism (RFLP) and sequencing of amplified 
rDNA. 

 
2.2. Direct analysis of the genome. 

Restriction analysis and DNA/DNA hybridiza-
tion methods are those suitable for distin-
guishing of some streptomyces species but 
for many others the data are contradictory. 
For example, unconvincing are the results ob-
tained by DNA/DNA hybridization [39] be-
tween the members of the groups F61 (S. 
lavendulae) A21 (S. griseoruber) and A18 (S. 
cyanneus) [81]. In many of the investigated 
strains the hybridization values of the mem-
bers of one group are lower compared with 
the members of the different groups of Wil-
liams [37, 48]. 

Phylogenetic relationship has been found 
out between representatives of: Streptomyces 
cluster-group, the S. lavendulae cluster and 
the Streptoverticillium cluster [16].  

The RNA/DNA sequencing analysis is a 
method which registrates a phylogenetic re-
lationship. The determination of the full 16S 
rRNA sequencing of S. lividans [73] and S. 
coelicolor [3] has given a possibility the 2 
species to be classified as S. violaceoruber. 
The registered partial sequencing of 16S 
rRNA of 14 species belonging to genera 
Streptomyces and Streptoverticillium [82] to-
gether with the data of the numerical phe-
notypic analysis and chemotaxonomic pro-
perties give a possibility to include genus 
Streptoverticillium in genus Streptomyces. 

The more strictly conservative regions of 
rRNA are in the basis of the phylogenetic 
analysis and are used for creation of universal 
oligonucleotide probes and primers for identi-
fication of rRNA of the members of higher 
taxons [68, 70]. 

The variable rRNA regions (depending 
upon the degree of variability) allow the incor-
poration into the isolates to the lower ta-xons 
(genus, species, strain) using sequen-cing 
analysis [83], oligonucleotide probing [9, 69, 
68], or PCR  diagnosis [4, 45, 57]. For  ex-
ample, nucleotide 929 of 16S rRNA (S. ambo-
faciens nomenclature [54]) is highly specific 



  

for the streptomycetes and this nucleotide to-
gether with its flanking regions allows the 
construction of genus-specific probe. The re-
gions 158 to 203 of 16S rRNA and 1518 to 
1645 of 23S rRNA (helix 54 [54]) are used as 
diagnostic probes for selection of PCR pri-
mers and they possess a great potential for 
investigation of the species differentiation. 
The degree of variability in the regions 982 to 
998 (α-region), 1102 to 1122 (β-region) and 
150 to 200 (γ-region) of 16S rRNA is more 
weekly represented (in comparison with helix 
54 of 23S rRNA) but it is determinative for 
some species (S. baldacii, S. lavendulae, S. 
albofaciens, S. griseus) [68]. 

Stackebrandt et al. [60] in their work have 
used the sequencing information for 16S and 
23S rRNA/DNA of 69 strains of 53 species to 
build phylogenic trees, which topology is 
compared with each other and with the clus-
ters of the numerical taxonomy of Williams 
[81]. For instance: 

1. The phylogenetic analysis based on 
the analysis of 1137 nucleotides of 16S 
rRNA/DNA sequencing of 15 streptomycetes 
is important with the clustering of the species 
of the phenetic groups A and F and with the 
clustering of non-verticillia forming streptomy-
cetes; 

2. In most parts of the phylogenic tree 
based on the analysis of 226-nucleotides-long 
stretch covering the variable regions α and β 
(S. ambofaciens nomenclature) [54] of 59 
strains of 53 species, a correlation is found 
between 16S rRNA and numerical phenetic 
analysis. This correlation is obvious for the 
closely related species as S. albus and S. 
flocculus [A16] and for the grouping of the 
species belonging to phenetic clusters A16, 
A19, A23, A20, A37 and F55 [70]. 

The sequencing analysis of chosen 16S 
RNA regions of 77 strains of 55 species also 
confirms the very high degree of relationship 
among most of the described streptomyces 
species [68]. However, the determination of 
the species can not be done only on the basis 
of the homology in 16S rRNA because the 
differences between the sequences are 
mainly in the variable regions which are of 
limited importance for the phylogenic lin-
kages [68]. 

Together with 16S and 23 rRNA, 5S 
rRNA is also used for estimation of the rla-
tionship among different procaryotes [8, 40, 
53] including the streptomycetes [52]. The 
data of sequencing analysis of 5S rRNA con-
firm the view of Goodfellow, 1986 [22, 23, 24, 

25] that the genera Chainia, Elitrosporangium, 
Kitasatoa and Microelobospora must be 
treated as synonyms of genus Streptomyces, 
but more precise molecular-biological investi-
gations are needed to determine the taxo-
nomic status of the 2 streptomycetes sub-
clusters which appeared surprisingly in the 
streptomycetes cluster based on 5S rRNA 
sequencing analysis [52]. The opinion that the 
sequencing analysis applied alone can not 
solve the problems in the taxonomy of strep-
tomycetes is accepted as general. 

Inspite of the presence of wide base-data 
and the very high degree of variability of the 
sequences in the different rRNA regions, ac-
cording to Stackebrandt et al. [50] there are 
three main problems in the molecular strategy 
based on the nucleotide sequences of rRNA 
for identification of pure cultures: 

1. The target region (in 16S rRNA in 23 S 
rRNA or in 16S and 23S rDNA) for PCR pri-
mers probably is not unique enough to allow 
the registration of differences among closely 
related sequences [66]; 

2. The application of this strategy is li-
mited to those taxons for which a sequencing 
information is avilable; 

3. Different taxons can show identical re-
gions, consequently the investigated species 
will be wrongly refered to one taxon [68]. 

These problems increase in the taxons 
which possess a great number of phylogeni-
cally closely related members. A typical re-
presentative of such a taxon is the genus 
Styreptomyces. A possible way of overco-
ming these problems is  applying together  
different probes and a set of specific PCR 
primers. 

Recently, the use of rRNA or mDNA oli-
gonucleotides for direct hybridization of whole 
cells by fluorescent probes for strain or species 
specific genes [2, 27, 28] is applied in the identi-
fication of bacterial species. But this method, as 
well as the above mentioned ones based on the 
nucleotide sequencing of rRNA and PCR re-
quires availability of sequencing information for 
respective genes in the genome of the species 
or the strain and consequently,  is not applica-
ble for the taxons for which there is not such an 
information. 

A method by which the above mentioned 
problems could be overcome is DNA fin--
gerprinting of the whole genome using single 
primers chosen arbitrary and PCR (AP-PCR - 
Arbitrary Primed Polymerase Chain Reaction) 
[77, 78]. AP-PCR does not require a set of 
specific primers. Primers regardless of the 



  

sequence of their genome are used. Respec-
tively, no knowledge for the biochemistry and 
molecular biology of the microorganisms un-
der investigation is needed. 

Every primer gives a different model of 
AP-PCR products and by using any primer a 
polymorphism among the strains can be re-
gistered. The data give the possibility even 
closely related strains of one and the same 
species to be detected. The registered DNA 
polymorphism is named by Williams et al [78] 
Random Amplified Polymorphic DNA Markers 
(RAPD). The obtained PCR products common 
only to some individuals, act as polymorphic 
markers equivalent to the other polymorphic 
characteristics used in the phylogenic investi-
gatons and genetic mapping. 

The AP-PCR method has been firstly 
applied f in 1990 by Welsh and McClelland 
for testing strains of 5 species Staphylo-
coccus and 11 strains Streptococcus pyo-
genes, the relationship between which 
have been determined by DNA-DNA hy-
bridization [34]. Later it was applied to 
some eukaryotes [6, 7, 11, 26]. It is shown 
that AP-PCR gives a quantitative evalua-
tion of the genetic relationship on species 
and subspecies level which corres-ponds 

to the registrated phenotypic schemes [77, 
78] . 

The application of this method will 
make for distinguishing between the closely 
related streptomycetes species, for the 
clarification of the borderlines between the 
species in the polymorphic III and IV cate-
gories [80] and for the obtaining of  addi-
tional genetic information for a strain of ge-
nus Streptomyces with unknown taxonomic 
status. 

From the review of the literature con-
cerning the present taxonomic status of 
genus Streptomyces and the methods ap-
plied in the bacterial taxonomy it became 
clear that several important questions have 
to be solved: 

1. Creation of a criterion for differentia-
tion between closely related genera; 

2. Evaluation of the homogeneity of 
some streptomyces strains;  

3. Specification of the taxonomic status 
of the species included in III and IV catego-
ries according to Bergey's manual [80]. 

Neither of these questions can be 
solved applying only one of the presently 
used in the bacterial taxonomy methods. 
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