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Complete 5s ribosomal RNA sequences were obtained for four acidophilic actinomycetes, seven neutrophilic 
streptomycetes and a strain of Streptoverticiffium bafdaccii. All of the organisms contained RNAs belonging to the 
120 nucleotide type. An evolutionary tree was generated after combining the test data with results from similar 
studies on representative Gram-positive bacteria. The acidophilic, neutrotolerant and neutrophilic actinomycetes 
were recovered in a distinct cluster that was equated with the genus Streptomyces. The sequence data support the 
view that the genera Charnia, Efytrosporangium, Kitasatoa and Microeffobospria should be considered as 
synonyms of the genus Streptomyces. The recovery of the Streptoverticiffium bafhccii strain on the fringe of the 
Streptomyces cluster is also consistent with current trends in the taxonomy of these organisms. Further work is 
needed to determine the taxonomic status of the two streptomycete subgroups that comprised the streptomycete 
cluster. 

Introduction 

The genus Streptomyces is currently defined using a 
combination of chemical, morphological and physio- 
logical properties (Williams et al., 1989). The genera 
Actinopycnidium, Actinosporangium, Chainia, Elytrospor- 
angium, Kitasatoa and Microellobosporia have been 
distinguished from Streptomyces by morphological crite- 
ria, but they share many other phenotypic properties 
with Streptomyces and have therefore been proposed as 
synonyms of this genus (Goodfellow et al., 1986, a-d). 
The genus Streptouerticilliurn can be distinguished from 
Streptomyces by its verticillate sporophores but in other 
respects has many characters in common with strepto- 
mycetes. In an extensive numerical taxonomic survey 
(Williams et al., 1983), numerous type strains of 
Streptomyces and related taxa were assigned to 23 major 
(six or more strains), 20 minor (two to five strains) and 25 
single-membered clusters. The minor and singk-mem- 
bered clusters were considered as species and the major 
clusters regarded as species-groups. 

The nucleotide sequence data reported in this paper have been 
submitted to GenBank and have been assigned the accession numbers 
M59335-MS9346 inclusive. 

Members of validly described Streptomyces species 
behave as neutrophiles in culture, growing between 
pH 5.0 and 9-0 with an optimum close to neutrality. 
Acidop hilic and neutrotolerant actinomycetes with 
phenotypic properties characteristic of Streptomyces 
have been isolated from acidic habitats, notably soil 
(Williams et al., 1971; Khan & Williams, 1975; 
Goodfellow & O'Donnell, 1989). Acidophilic isolates 
grow in the range from about pH 3.5 to 6.5, with 
optimum rates at pH 4.5 to 5-5, and their neutrotolerant 
counterparts between pH 3.5 and 7.5, but optimally 
around pH 5.5. Acidophilic and neutrophilic actinomy- 
cetes have not been the subject of objective comparative 
studies though members of the two groups have been 
separated using numerical taxonomic procedures (Khan 
& Williams, 1975; Williams et al., 1983). 

5s ribosomal RNA sequencing has been used to 
establish evolutionary relationships between diverse 
prokaryotes including Micrococcus and Staphylococcus 
spp. (Dekio et al., 1984), Mycoplasma spp. (Rogers et al., 
1985), Thiobacillus and Thiomicrospora (Lane et al., 1985), 
the Vibrwnaceae (MacDonell & Colwell, 1985), and 
coryneform actinomycetes (Park et al., 1987a, b). In the 
present work representative strains of acidophilic actino- 
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Table 1. Source and taxonomic histories of test strains 

Laboratory 
number Name and clustee Source$ 

*KCTC 9080 S 
*KCTC 9079 S 
*KCTC 9065 S 

*KCTC 9066 S 

KCTC 9075 S 

KCTC 9142 S 
*KCTC 9071 S. 

griseus subsp. griseus 

sclerotialus (syn. Chainia antibiotica) 

cinereus (syn. Microellobosporia cinerea) 

purpureus (syn. Kitasatoa kauaiensis) 

diastaticus NCIMB 9603; NRRL 2650 

JCM 4047; KCC-S 0047; Y. Okami, NIHJ 106; IMRU 3463 

JCM 3039; KCC A-0039; H. A. Lechevalier, 3750; M. J. Thirumalachar; soil, 

JCM 3040; KCC A-0040; IMRU 3855; H. A. Lechevalier, 3855; soil, Pilta, 

JCM 3177; KCC A-0177; A. Matsuame, KI-100027; T. Hata, KA281; soil, 

griseus subsp. cretosus JCM 4742; KCC-S 0742; I F 0  13457; SAJ; ISP 5561; CBS 137.21 

Poona, India 

Malta 

Kauai Island, Hawaii, USA 

brasiliensis ( s  yn. Ely trosporangium 

Acidophilic actinomycete (cluster 28) 
Acidophilic actinomycete (cluster 4) 
Neutrotolerant actinomycete (cluster 30) 
Acidophilic actinomycete (cluster 10) 

JCM 3086; KCC A-0086; IMUR 2572; J. C. Falciiode Morais, CCIB 71 ; soil, 

JL 46, Hamsterley Forest, County Durham, UK, A2 horizon 
JL 85, Hamsterley Forest, F horizon 
JL 338, East Cramlington Colliery, Northumberland, UK, coal waste 
JL 445, Woodhorn Colliery, Northumberland, UK, coal waste 
JCM 4272; KCC S-0272; IPV 174; soil, Arcinazzo, Italy 

brasiliense) Alianca, North of Pernambuco, Brazil 
KCTC 9091 
KCTC 9092 
KCTC 9093 
KCTC 9094 
‘KCTC 908 1 Streptoverticillium baldaccii 

* Type strain. 
t Clusters defined by Lonsdale (1985). 
$, CBS, Centraalbureau voor Schimmelcultures, Baarn, The Netherlands; IFO, Institute for Fermentation, Yodogawa-ku, Osaka, Japan; IMRU, 

Waksman Institute of Microbiology, Rutgers, The State of University of New Jersey, Piscataway, NJ, USA; IPV, Institute of Plant Pathology, 
University of Milano, Milano, Italy; ISP, International Cooperative Project for Description and Deposition of Type Cultures of Streptomyces; JCM, 
Japan Collection of Micro-organisms, RIKEN, Wako-shi, Saitama, Japan; JL, John Lonsdale, Department of Microbiology, University of 
Newcastle, Newcastle upon Tyne, UK; KCC, KCC Culture Collection of Actinomycetes, Kaken Pharmaceutical Co. Ltd, Tokyo, Japan; KCTC, 
Korean Collection for Type Cultures, Genetic Engineering Research Institute, Korea Institute of Science and Technology, Daejon, Korea; NCIMB, 
National Collection of Industrial and Marine Bacteria, Aberdeen, UK ; NIHJ, Department of Antibiotics, National Institute of Health of Japan, 
Tokyo, Japan; NRRL, ARS Culture Collection, Northern Regional Research Center, Peoria, IL, USA. 

mycetes (Lonsdale, 1985) were compared with marker 
neutrophilic streptomycetes using data derived from 5s 
rRNA sequencing studies. 

Methods 

Bacterial strains and culture conditions. The sources of the test strains 
are given in Table 1. The strains of Streptomyces brasiliensis, S. griseus, 
S .  purpureus and S.  sclerotialus were grown in yeast-starch medium 
(yeast extract, 0.2%, w/v; soluble starch, 1-0%, w/v) at pH 7.3. The 
acidophilic and neutrotolerant actinomycetes and S. diastaticus KCTC 
9142 were grown in Bennett’s broth (Jones, 1949), and S .  cinereus 
KCTC 9066 and Streptoverticillium baldaccii KCTC 9081 in ISP media 
3 and 4 (Difco), respectively. The organisms were grown in shake flasks 
at 30°C for 2d, then checked for purity and harvested by 
centrifugation. 

Isolation and sequencing of 5s rRNA. Wet biomass was homogenized 
with aluminium oxide, mixed with Tris/HCl and DNAase, and the 
subsequent phenolized lysate treated by polyacrylamide gel electro- 
phoresis, as previously described (Park et al., 1987~). The sequences 
were determined using both the chemical and enzymic methods 
(Peattie, 1979; Donis-Keller, 1980). 

Phylogenetic analysis. Evolutionary distances (K,,,, values) were 
calculated after Kimura (1980). An evolutionary tree was generated 
using published procedures and data from earlier studies on representa- 
tive Gram-positive bacteria (Park et al.,  1987~). 5s rRNA secondary 
structure models were constructed using the method of Tinoco et al. 
(1971) as adapted by Hori & Osawa (1986). 

Results and Discussion 

The 5s rRNA nucleotide sequences were aligned by 
juxtaposing the defined secondary structures and were 
divided into 15 regions (Fig. 1). A and A’, B and B’, C 
and C’, and D and D’ are the sequences that can base- 
pair with each other. The loop region aLb connects the 
base-paired regions A and B ; other based-paired regions 
are connected by bLc, cLc’, c’Lb’, b’Ld, dLd’ and d’La’ as 
shown. The percentage sequence homology values are 
given in Table 2. 

Ten of the twelve strains contained rRN A molecules 
120 nucleotides long. The exceptions, S. sclerotialus 
KCTC 9065 and Stu. baldaccii KCTC 9081, had 5s 
rRNAs consisting of 121 and 122 nucleotides, respective- 
ly. On the basis of primary and secondary structure the 
5s rRNAs of the organisms tested belonged to the 120 N 
type (Hori & Osawa, 1986). However, all of the rRNA 
sequences were found to have a bulge in the A-A’ helix, 
and unique sequences, such as 5’-CUGCA-3’ and 5’- 
UGUGG-3’, in the helix D-D’ region. These properties 
have previously been reported from 5s rRNA sequences 
of coryneform (pleomorphic) actinomycetes and from a 
strain of S. griseus (Park et al., 1987a, b; Simoncsits, 
1980). The 5s rRNAs from S. diastaticus KCTC 9142, S. 
purpureus KCTC 9075, the S. griseus strains (KCTC 9079 
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KCTC 
1. S t r e p t o m y c e s  s c l e r o t i a l u s  9065 
2. S .  g r i s e u s  subsp.  g r i s e u s  9080 
3. S .  g r i s e u s  subsp.  c r e t o s u s  9079 
4. S. c i n e r e u s  9066 
5 .  S .  p u r p u r e u s  9075 
6. S .  d i a s t a t i c u s  9142 
7. S. b r a s i  I i e n s i s  9071 
8. S t r e p t o v e r t i c i l l i u m  b a l d a c c i i  9081 
9. A c i d o p h i l i c  a c t i n o m y c e t e  9091 

10. A c i d o p h i l i c  a c t i n o m y c e t e  9092 
11. N e u t r o t o l e r a n t  a c t i n o m y c e t e  9093 
12. A c i d o p h i l i c  a c t i n o m y c e t e  9094 

10 20 30 40 
- - - - - - - - - + -  - _ - -  -- - -+- - -  _ _ _ _ _  - + _ _ _ _  - - - - - + - - - - - - -  

CUUUCCCUCCU CAUA CCCUCACC CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUGCU CAUA CCCUUACC CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUCCU CAUA CCCUUACC CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUCCU CAUA CCCUCACG CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUCCU CAUA CCCUUACC CAAAC CCCCCG UUACAUUCCCAAC 
CUUUCCCUCCU CAUU CCCUUACC CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUCCU CAUA GCCMACG CAAAC CCCCCG UUACAUUCCCAAC 
CUUUCCGUCCU CAUA CCCUUACG CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUCCU CAUA CCCUCACC CAAAC CCCCCC UUACAUUCCCAAC 
CUUUCCCUCCU CAUA CCCUCACC CAAAC CCCCCC UUACAUCCCCAAC 
GUUUCCCUGGU CAUA CCCUCACC GAAAC CCCCCG UUACAUUCCCAAC 
CUUUCCCUCCU CAUA CCCUCACC CAAAC CCCCCC UUACAUACCCAAC 

A aLb B bLc  C C L C ’  

- - - -__ -__ -_  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ -  _ - _ _ _ _  _ _ _ _ _ _ _ _ _ _ - _ -  

50 60 70 80 90 100 110 120 
- _ + - - _ - -  - _ _ _  + - - _ - - - - -  - + - - - - - - - -  - + - - - - _ -  - - _ +  _ _ _ _ _ _ _ -  -+-- - - - - - -_  +_---_-..-_+_-. 

CCCCAACC UAAC CCUUACACC CCCCAUGCUA CUCCACCC CCCA CCCUCUCC CACACUAGCAC CCCCCCCAACAA 
CCCCAACC UAAC CCUUUCACC CCCCAUGCUA CUCCACCC CCCA CCCUCUCC CACACUACGAC CCCCCCCAACA 
CCCCAACC UAAC CCUUUCACC CCCCAUCCUA CUCCACCC CCCA CCCUCUCC CACACUACCAC CCCCCCGAACA 
CCCCAACC UAAC CCUCACACC CCCCAUCCUA CUCCACCC GCCA CCCUCUCC CACACUACCAC ACCCCCCAACA 
CCCCAACC UAAC CCUUUCACC CCCCAUCCUA CUCCACCC CCCA CCCUCUCC CA(;ACUACCAC CCCCCCCACCA 
CCCCAACC UAAG CCUUUCACC CCCCAUCGUA CUCCACCC CCCA CCCUCUCC CACACUACCAC CCCCCCCAACA 
CCCCAACC UAAC CCUUACACC CCCCAUCCUA CUCCACCC CCCA CCCUCUCC CACACUACGAC ACCCCCCAACA 
CCCCAACC UAAC CCUUUCCAC CCCCAUCCUA CUCCAUCC CCCA CCCUCUCC CACACUAGCAC CCCCCCCAACAAU 
CCCCAACC UAAC CCUCACACC CCCCALWIA CUCCACCC CCCA CCCUCUCC CACACUACCAC CCCCCCGAACA 
CCCCAACC UAAC CCUCACACC CCCCAUCCUA CUCCACCC CCCA CCCUCUCC CACACUACCAC CCCCCCGAACA 
CCCCAACC UAAC CCUUACACC CCCCAUCCUA CUCCACCC CCCA CCCUCUCC CACACUACCAC CCCCCCCAACA 
CCCCAACC UAAC CCUCACACC CCCCAUCCUA CUCCACCC CCCA CCCUCUCC CACACUACCAC CCCCCCCAACA 
- - -_____ _ _ _ _  --------- -__------- - - - - -___ _ _ _ _  ____----  - - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  

C’ c ’Lb ’  B’ b ’Ld  D dLd’  D’ d’La’  A‘ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 

Fig. 1. Sequence alignment of 5s rRNAs from 12 actinomy- 
cete strains. A, A’, etc., base-paired regions; aLb, bLc, etc., 
loop regions. 

Table 2.  Homology percentage matrix of SS rRNA sequences 

1 2 3 4 5 6 7 8 9 10 11 12 

KCTC 
1. Streptomyces sclerotialus 9065 100 
2. S. griseus subsp. griseus 9080 97 100 
3. S. griseus subsp. cretosus 9079 97 100 100 
4. S. cinereus 9066 97 96 96 100 
5. S. purpureus 9075 96 99 99 95 100 
6. S. diastaticus 9142 96 99 99 95 98 100 
7. S. brasiliensis 907 1 98 97 97 99 96 96 100 
8. Streptoverticillium baldaccii 908 1 94 95 95 91 94 94 92 100 
9. Acidophilic actinomycete 909 1 98 97 97 99 96 96 98 92 100 

10. Acidophilic actinomycete 9092 97 96 96 98 95 95 97 91 99 100 
1 1. Neutrotolerant actinomycete 9093 99 98 98 98 97 97 99 93 99 98 100 
12. Acidophilic actinomycete 9094 97 96 96 98 95 95 97 91 99 99 98 100 

and 9080) and Stv. baldaccii KCTC 9081 were character- 
ized by the presence of double U-U mismatches in the 
B-B’ helix. 

The phylogenetic tree (Fig. 2) generated from the 5s 
rRNA sequence data shows that the acidophilic, 
neutrotolerant and neutrophilic actinomycetes form a 
distinct evolutionary group that can readily be distin- 
guished from the marker ‘coryneform’ actinomycetes 
and representatives of the genera Bacillus, Lactobacillus 
and Staphylococcus. It is evident, therefore, that acido- 
philic and neutrotolerant actinomycetes with a combina- 
tion of chemical, morphological and physiological 
properties corresponding to those characteristic of 
neutrophilic streptomycetes should be assigned to the 
genus Streptomyces. 

The proposals that the genera Chainia, Elytrosporan- 
giurn, Kitasatoa and Microellobosporia become synonyms 
of the genus Streptomyces (Goodfellow et al., 1986a, b, c )  
are underlined by the sequence data. Similarly, the 
recovery of the Stu. baldaccii strain on the fringes of the 
Streptornyces cluster is in line with some previous studies. 
Streptornyces and Streptoverticilliurn can be distinguished 
on the basis of sporophore morphology (Williams et al., 
1989) and by data from numerical taxonomic (Williams 
et al., 1983) and rRNA :DNA homology studies (Gladek 
et al., 1985). 

The recovery of the streptomycetes and the streptover- 
ticillium strain in a phylogenetically distinct taxon is in 
good agreement with corresponding evidence drawn 
from 16s rRNA cataloguing studies (Stackebrandt et al., 
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Aureobacterium testaceum 
Corynebacterium aquaticum 
Curtobacterium citreum 

Streptomyces sp. JL 338 
Streptomyces sclerotialus 
Srreptomyces sp. JL 46 
Streptomyces sp. JL 445 
Streptomyces sp. JL 85 
Streptomyces brasiliensis 
Streptomyces cinereus 
Streptomyces griseus subsp. griseus 
Streptomyces griseus subsp. cretosus 
Streptomyces diastaticus 
Streptomyces purpureus 

streptoverticillium baldaccii 

Cellulomonas hiazotea 
Rhodococcus erythropolis 

Arthrobacter glohiformis 
Pimelobarter simp1e.r 

Corjnebacterium glutamicum 
Corynebacterium xer0si.y 

Breribacterium linens 

Staphylococcur aureus 
Lactobacillus riridescms 

Bacillus suhtilis 

Pseudomonas puorescens 

Escherichia c011 

I I I I I 

112 K,, 
0.4 0.3 0.2 0.1 

Fig. 2. Phylogenetic relationships among streptomycetes and selected Gram-positive and Gram-negative bacteria based on 5s  rRNA 
sequence data. 

1983). The taxon circumscribed using these rRNA data 
corresponds to the family Streptomycetaceae (W aksman 
& Henrici, 1943). Further cooperative work, however, 
needs to be undertaken to determine the taxonomic 
status of the two streptomycete subgroups that were 
recognized (Fig. 2). The first subgroup contains the S. 
griseus strains, S .  diastaticus KCTC 9142 and S. 
purpureus KCTC 9075, and the second subgroup S. 
brasifiensis KCTC 9071, S.  cinereus KCTC 9066, S.  
scferotialus KCTC 9065 and the acidophilic 
strep tomyce tes. 

This research was supported by grant BSE7029-125-3 from the 
Ministry of Science & Technology (MOST) of the Republic of Korea 
and by UNDP, ROK/87/018/A/01/12. One of us (J.L.) gratefully 
acknowledges receipt of a NERC studentship. We would also like to 
express our appreciation to Professor Yung-Chi1 Hah, Professor Kook- 
Hee Kang and Dr Heui-il Kang for helpful suggestions and discussions. 
We also thank Kie-Jung Park, Keun-Chul Lee, and Moon-Soo Lee for 
their excellent computing and technical assistance. 

References 

DEKIO, S., YAMASAKI, R., JIDOI, J., HORI, H. & OSAWA, S. (1984). 
Secondary structure and phylogeny of Staphylococcus and Micrococ- 
cus 5s rRNAs. Journal of Bacteriology 159, 233-237. 

DONIS-KELLER, H. (1980). Phy M : an RNase activity specific for U and 
A residues useful in RNA sequence analysis. Nucleic Acids Research 

GLADEK, A., MORDARSKI, M., GOODFELLOW, M. & WILLIAMS, S. T. 
(1985). Ribosomal ribonucleic acid similarities in the classification 
of Streptomyces. FEMS Microbio/ogy Letters 26, 175-1 80. 

GOODFELLOW, M. & O’DONNELL, A. G. (1989). Search and discovery 
of industrially-significant actinomycetes. Society for General Micro- 
biology Symposia 44, 343-383. 

GOODFELLOW, M., WILLIAMS, S. T. & ALDERSON, G. (1986a). Transfer 
of Chainia species to the genus Streptomyces with emended 
descriptions of species. Systematic and Applied Microbiology 8,55-60. 

GOODFELLOW, M., WILLIAMS, S. T. & ALDERSON, G. (19866). Transfer 
of Elytrosporangium brasiliense Falciio de Morais et al., Elytrosporan- 
gium carpinense Falciio de Morais et al., Elytrosporangium spirale 
Falcgo de Morais, Microellobosporia cinerea Cross et al., Microellobo- 
sporia flavea Cross et al.,  Microellobosporia grisea (Konev et al.) 
Pridham and Microellobosporia violacea (Tsyganov et al.) Pridham to 
the genus Streptomyces, with emended descriptions of the species. 
Systematic and Applied Microbiology 8, 48-54. 

GOODFELLOW, M., WILLIAMS, S. T. & ALDERSON, G. (1986~). Transfer 
of Kitasatoa purpurea Matsumae and Hata to the genus Streptomyces 
as Streptomyces purpureus comb. nov. Systematic and Applied 
Microbiology 8, 65-66. 

GOODFELLOW, M., WILLIAMS, S. T. & ALDERSON, G. (1986d). Transfer 
of Actinosporangium violaceum Krasil’nikov and Yuan, Actinosporan- 
gium vitaminophilum Shomura et al. and Actinopycnidium caeruleum 
Krasil’nikov to the genus Streptomyces, with amended descriptions 
of the species. Systematic and Applied Microbiology 8, 61-64. 

HORI, H. & OSAWA, S. (1986). Evolutionary change in 5s rRNA 
secondary structure and a phylogenic tree of 352 5s rRNA species. 
BioSystems 19, 163-1 72. 

8, 3133-3142. 



Class$cation of streptomycetes by SS rRNAs 2269 

JONES, K. L. (1949). Fresh isolates of actinomycetes in which the 
presence of sporogenous aerial mycelia is a fluctuating characteristic. 
Journal of Bacteriology 57, 141-145. 

KHAN, M. R. & WILLIAMS, S. T. (1975). Studies on the ecology of 
actinomycetes in soil. VIII. Distribution and characteristics of 
acidophilic actinomycetes. Soil Biology and Biochemistry 7 ,  345-348. 

KIMURA, M. (1980). A simple method for estimating evolutionary rates 
of base substitutions through comparative studies of nucleotide 
sequences. Journal of Molecular Evolution 16, 11  1-120. 

LANE, D. J., STAHL, D. A., OLSEN, G. J., HELLER, D. J. & PACE, N. R. 
(1985). Phylogenetic analysis of the genera Thiobacillus and 
Thiomicrospora by 5s rRNA sequences. Journal of Bacteriology 163, 

JANSDALE, J. (1985). Aspects of the biology of acidophilic actinomycetes. 
PhD thesis, University of Newcastle upon Tyne. 

MACDONELL, M. T. & COLWELL, R. R. (1985). Phylogeny of the 
Vibrionaceae, and recommendation for two new genera, Listonella 
and Shewanella. Systematic and Applied Microbiology 6, 171-182. 

PARK, Y.-H.. HORI, H., SUZUKI, K.-I., OSAWA, S. & KOMAGATA, K.  
(1987~). I hylogenetic analysis of the coryneform bacteria by 5s 
rRNA sequences. Journal of Bacteriology 169, 1801-1 806. 

PARK, Y.-H., HORI, H., SUZUKI, K.-I., OSAWA, S .  & KOMAGATA, K. 
(19876). Nucleotide sequence of 5s ribosomal RNA from Rhodococ- 
cus erythropolis. Nucleic Acids Research 15, 365. 

PEA-ITIE, D. A. (1979). Direct chemical method for sequencing RNA. 
Proceedings of the National Academy of Sciences of the United States of 
America 76, 1 760- 1764. 

ROGERS, M. J., SIMMONS, J., WALKER, R. T., WEISBURG, W. G., 
WOESE, C. R., TANNER, R. S., ROBINSON, I. M., STAHL, D. A., OLSEN, 
G., LEACH, R. H. & MANILOFF, J. (1985). Construction of the 

75-8 1. 

mycoplasma evolutionary tree from 5s rRNA sequence data. 
Proceedings of the National Academy of Sciences of the United States of 
America 82, 1 160- 1 164. 

SIMONCSITS, A. (1980). 3' Terminal labelling of RNA with beta-32P- 
pyrophospate group and its application to the sequence analysis of 5s 
RNA from Streptomyces griseus. Nucleic Acids Research 8, 41 11- 
4124. 

STACKEBRANDT, E., LUDWIG, W., SEEWALDT, E. & SCHLEIFER, K.-H. 
(1983). Phylogeny of sporeforming members of the order Actinomyce- 
tales. International Journal of Systematic Bacteriology 33, 173-1 80. 

TINOCO, I., JR, UHLENBECK, 0. C. & LEVINE, M. D. (1971). Estimation 
of secondary structure in ribonucleic acids. Nature, London 230,362- 
367. 

WAKSMAN, S .  A. & HENRICI, A. T. (1943). The nomenclature and 
classification of the actinomycetes. Journal of Bacteriology 46, 337- 
341. 

WILLIAMS, S. T., DAVIES, F. L., MAYFIELD, C. I. &KHAN, M. R. (1971). 
Studies on the ecology of actinomycetes. 11. The pH requirements of 
streptomycetes from two acid soils. Soil Biology and Biochemistry 3, 

WILLIAMS, S. T., GOODFELLOW, M., ALDERSON, G., WELLINGTON, 
E. M. H., SNEATH, P. H. A. & SACKIN, M. J. (1983). Numerir.al 
classification of Streptomyces and related genera. Journal of Geceral 
Microbiology 129, 1743-1813. 

WILLIAMS, S. T., GOODFELLOW, M. & ALDERSON, G. (1989). Genus 
Streptomyces Waksman and Henrici 1943, 339AL. In Bergeys Manual 
of Systematic Bacteriology, vol. 4, pp. 2452-2492. Edited by S. T. 
Williams, M. E. Sharpe & J. G. Holt. Baltimore: Williams & 
Wilkins. 

187-195. 


